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Abstract
Moringa oleifera Lam. has been used as a traditional medicine for the treatment of several
diseases. In this study, the antioxidant activity and simultaneous HPLC profiling of
polyphenolic compounds in 80% ethanol and water extracts of M. oleifera tender and
mature leaves available in Bangladesh were investigated. The 80% ethanol extract of M.
oleifera tender leaves contained high concentration and more amount of 3,4dihydroxybenzoic acid, (-) epicatechin and rosmarinic acid (201.32±1.94, 213.08±1.96
and 133.84±1.42 mg/100 g of dry extract, respectively) than that of mature leaves
(82.55±1.09, 141.86±1.10 and 16.23±0.76 mg/100 g of dry extract, respectively). On the
other hand, the water extract of M. oleifera tender leaves contained a high concentration of
catechin hydrate, trans-ferulic acid and quercetin (530.05±1.91, 166.38±0.90 and
771.74±1.34 mg/100 g of dry extract, respectively) than that of mature leaves
(207.21±0.90, 62.42±0.45 and 483.25±1.04 mg/100 g of dry extract, respectively). It was
also found that 3,4-dihydroxybenzoic acid, catechol, p-coumaric acid and trans-cinnamic
acid were detected only in 80% ethanol extract of M. oleifera leaves but syringic acid was
identified in the water extract. In DPPH free radical scavenging activity test, IC 50 values
of 80% ethanol extract of tender leaves (EETL), 80% ethanol extract of mature leaves
(EEML), water extract of tender leaves (WETL) and water extract of mature leaves
(WEML) were found to be moderately significant (105.50±1.05, 115.00±1.14,
216.00±1.34 and 269.50±1.56 μg/mL, respectively) when compared to the IC50 value of
ascorbic acid, 3.32±0.07 μg/mL. The polyphenolic compounds are responsible for
antioxidant activity. On the basis of the present study, it can be suggested that the leaves
show antioxidant activity and it’s contained a significant amount and different types of
polyphenolic compounds. Standardized polyphenolic compounds from M. oleifera leaves
could be used as a better source of natural antioxidant supplement.

1. Introduction
Moringa oleifera Lam, is a tree of a monogeneric
family, native to the sub-Himalayan tracts of
Bangladesh, India, Pakistan, and Afghanistan. It's being
also grown in different countries of the world like as
West, East and South Africa, Tropical Asia, Latin
America, The Caribbean, Florida and The Pacific Islands
(Fahey, 2005). It is considered one of the world’s most
useful trees because almost every part of the tree has
some nutritional, medicinal and other beneficial
properties (Luqman et al., 2012). Different parts of the
M. oleifera tree are containing high amounts of Vitamin
C and Mineral (Ahmed et al., 2016; Ahmed et al., 2018).
On the other hand, M. oleifera seed kernels show good
*Corresponding author.
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antioxidant activity (Jahan et al., 2018). The M. oleifera
plant is used in several purposes such as for human
consumption, medicinal, animal fodder, water
purification, fertilizer, living fence, alley cropping,
natural pesticide, fuelwood and growth hormone for the
plant (Bashir et al., 2016; Falowo et al., 2018). The
medicinal properties have been attributed to
phytochemical compositions of the various parts of
Moringa such as roots, bark, leaf, flowers, fruits, and
seeds (Anwar et al., 2007; Kumar et al., 2010). Moringa
tree was also used in the folk medicine where the
infusions, decoctions and concoctions of various parts of
this plant are used in the treatment of several ailments
such as cardiac and circulatory stimulants; possesses
antitumor, antipyretic, antiepileptic, anti-inflammatory,
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antiulcer, antispasmodic, diuretic, antihypertensive,
cholesterol
lowering,
antioxidant,
antidiabetic,
hepatoprotective, antibacterial, and antifungal activities
(Anwar et al., 2007).
Oxidative stress is a physiological condition
resulting from an imbalance between reactive oxygen
species (ROS) and antioxidants in favor of the former.
Oxidative stress is the underlying condition responsible
for several chronic diseases such as diabetes,
hypertension, inflammation, and cancer (Nimse and Pal,
2015). Management of oxidative stress involves the use
of antioxidants, which are molecules intended to quench
or trap ROS and prevent oxidative damage (Sreelatha
and Padma, 2009; Nimse and Pal, 2015). With increasing
desire to adopt healthy lifestyles, consumers are
declining more and more from the use of synthetic
antioxidants due to their side effects (Win et al., 2011) in
favor of dietary sources of antioxidants (Ibrahim et al.,
2013). This trend is further justified by the fact that
antioxidant components from dietary sources are
relatively safe. The extracts of M. oleifera leaves have
exposed potent antioxidant activity against free radicals,
prevent oxidative damage to major biomolecules and
afford significant protection against oxidative damage
(Amaglo et al., 2010). Several phenolic compounds and
alkaloids are reported to be responsible for the beneficial
health effects (Stohs and Hartman, 2015; Cuellar-Nuñez
et al., 2018). Polyphenols are secondary compounds
broadly dispersed in the plant kingdom. They are divided
into several classes’ phenolic acids, flavonoids, stilbenes,
and lignans, which are distributed in plants and food of
plant origin (Manach et al., 2004; Manach et al., 2005).
There is proof that phenolic substances exhibit
antioxidant properties by stopping the oxidation of LDL
lipoprotein, platelet aggregation, and damage of red
blood cells (Cheynier, 2005). Moreover, phenolics act as
metal chelators; antimutagens and anticarcinogens;
antimicrobial agents; clarifying agents (Proestos et al.,
2005).
This study was designed to evaluate the antioxidant
activity and qualitative and quantitative analysis of
polyphenolic compounds in 80% ethanol and water
extracts of tender and mature leaves of M. oleifera.
2. Materials and methods
2.1 Plant material
A group of leaves samples separated into tender
leaves and mature leaves were collected from M. oleifera
tree growing at Dhaka, Bangladesh. The collected leaves
were segregate on the bases of leaves color. Tender
leaves were light green (aged between 1 and 1.5 months
old), and mature leaves were dark green (aged between 3
eISSN: 2550-2166

and 3.5 months old) which reported by Shuib et al.
(2011). After that, all leaves were washed separately in
water and then dried in a freeze dryer (Alpha 2-4 LD
plus, Christ, Germany) at -56°C for 32 hrs to constant
weight for moisture determination. Finally, the sample
was pulverized in a mill to get M. oleifera tender and
mature leaves fine powder.
2.2 Preparation of 80% ethanol and water extracts
One gram each of the powdered samples was
weighed and extracted in 100 mL 80% ethanol and
distilled water for 24 hrs on an orbital shaker. The
extract was further filtered using Whatman filter paper
No. 1. Thereafter, the filtrated sample of 80% ethanol
was dried using a rotator evaporator and water extracted
was dried by freeze dryer. After that, 80% ethanol
extract of tender leaves, 80% ethanol extract of mature
leaves, water extract of tender leaves and water extract of
mature leaves were labeled by EETL, EEML, WETL and
WEML. Finally, both dried extracts obtained was kept at
4°C for subsequent analysis.
2.3 Chemicals and Reagents
DPPH (2,2-diphenyl-1-picrylhydrazyl), Gallic acid,
3,4-Dihydroxybenzoic acid, Catechin hydrate, Catechol,
(-) Epicatechin, Caffeic acid, Vanillic acid, Syringic
acid, Rutin hydrate, p-Coumaric acid, trans-Ferulic acid,
Rosmarinic acid, Myricetin, Quercetin, trans-Cinnamic
acid and Kaempferol were purchased from Sigma–
Aldrich (St. Louis, MO, USA). Water (HPLC),
Acetonitrile (HPLC), Methanol (HPLC) was collected
from Active Fine Chemicals Ltd. (Bangladesh) and
Acetic acid (HPLC) and Ethanol were obtained from
Merck (Darmstadt, Germany).
2.4 DPPH free radical scavenging activity test
The antioxidant activity of M. oleifera tender and
mature leaves were determined following one
complimentary method such as DPPH free radical
scavenging activity tests. The method of Govindarajan
(Govindarajan et al., 2003) was used for performing the
DPPH radical scavenging activity. Each sample extracts
(2 mL) and 2 mL DPPH (0.1 mM) solution were mixed.
Vortex and allowed to stand at the dark place for 30
mins. The absorbance of the mixture was read against a
blank at 517 nm using a double beam Analykjena UV/
Visible spectrophotometer (Model 205, Jena, Germany).
The radical scavenging activity was expressed as the
inhibition percentage (I %) and calculated as per the
equation:
I (%) = (Ablank – Asample/Ablank) x 100
Where Ablank is the absorbance of the control
© 2020 The Authors. Published by Rynnye Lyan Resources
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2.5 Preparation of working standard solutions for HPLC

mobile phase was filtered through a 0.45 µm Nylon 6, 6
membrane filter (India) and degassed under vacuum. For
the preparation of calibration curve, a standard stock
solution was prepared in methanol containing gallic acid
(20 µg/mL); 3,4-dihydroxybenzoic acid (15 µg/mL);
catechin hydrate (50 µg/mL); catechol, (-) epicatechin,
rosmarinic acid (30 µg/mL each); caffeic acid, vanillic
acid, syringic acid, rutin hydrate, p-coumaric acid, transferulic acid, quercetin (10 µg/mL each); myricetin,
kaempferol (8 µg/mL each); trans-cinnamic acid (4 µg/
mL).

Sixteen (16) phenolic standards were dissolved with
methanol in a 25 mL volumetric flask to produce stock
standard solutions. The concentrations of stock solutions
ranged from were 4.0 to 50 µg/mL. The appropriate
volumes of each stock solution were mixed together and
then diluted serially to prepare the working standard
solutions. All solutions were stored under refrigeration.

2.7 Statistical analysis

2.6 HPLC analysis

DPPH free radical scavenging activity of the EETL,
EEML, WETL and WEML were found to be increased
with the increase of concentration of the extract (Table
1). The extract of EETL, EEML, WETL and WEML
exhibited 84.24±0.24%, 75.61±0.48% 71.55±0.75% and
67.64±0.93% respectively, radical inhibitions at 400 µg/
mL whereas at the same concentration the standard
ascorbic acid exhibited 97.15±0.03% inhibitions. IC50
values of EETL, EEML, WETL and WEML were found
to
be
significant
(105.50±1.05,
115.00±1.14,
216.00±1.34 and 269.50±1.56 μg/mL, respectively)
when compared to the IC50 value of ascorbic acid,
3.32±0.07 μg/mL. IC50 values of 80% ethanol extract are
lower than water extract may be due to the presence of
more number of polyphenolic compounds. On the other
hand, may be due to the presence of a higher
concentration of polyphenolic compounds, IC50 values of
tender leaves is lower than mature leaves in both
extracts. The antioxidants interact with DPPH, a purple
colored stable free radical and convert to colorless 1,1-

HPLC analysis was performed on a Shimadzu (LC20A, Japan) equipped with a binary solvent delivery
pump (SIL-20A HT), an autosampler (SIL-20A HT),
column oven (CTO-20A) and a photodiode array
detector (SPD-M20A) and controlled by the LC solution
software (Lab Solution Separation was performed using
Luna C18 (5µm) Phenomenex column (4.6 x 250 mm) at
33°C. The mobile phase composed of A (1% acetic acid
in acetonitrile) and B (1% acetic acid in water) with
gradient elution: 0.01-20 mins, solution A 5-25% and
solution B 95-75%; 20-30 mins, solution A 25-40% and
solution B 75-60%; 30-35 mins, solution A 40-60% and
solution B 60-40%; 35-40 mins, solution A 60-30% and
solution B 40-70%; 40-45 mins, solution A 30-5% and
solution B 70-95%; and 45-50 mins, solution A 5% and
solution B 95% was used in this study. The sample
injection volume was 20 µL and the flow-rate was set at
0.5 mL/min. The UV detector was set at 270 nm and
applied for validation of method and analysis. The

The results of the three replicate experiments were
pooled and expressed as mean±standard deviation (SD).
3. Results and discussion
3.1 DPPH free radical scavenging activity

Table 1. DPPH radical scavenging activity of M. oleifera leaves (tender and matured) and standard ascorbic acid
Concentration of % inhibition % inhibition % inhibition % inhibition % inhibition by
sample (µg/mL)
by EETL
by EEML
by WETL
by WEML
Ascorbic acid
0
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
2.5
3.17±0.31
2.83±0.14
2.54±0.15
2.38±0.19
40.50±0.01
5
5.39±0.43
3.40±0.10
3.11±0.35
3.02±0.14
65.44±0.03
10
8.53±0.17
5.55±0.21
4.87±0.97
3.89±0.68
72.29±0.01
20
11.50±0.36
10.45±0.34
7.76 ±0.96
7.44±0.32
83.96±0.01
40
22.56±0.62
21.11±0.87
15.01±0.96
11.54±0.85
90.98±0.06
60
29.37±0.26
27.43±0.13
17.22±0.44
13.72±0.36
93.28±0.01
80
42.67±0.23
35.04±0.19
23.50±0.87
19.93±0.18
95.15±0.01
100
48.14±0.22
45.57±0.25
27.45±0.38
23.76±0.37
96.86±0.03
200
77.07±0.59
67.71±0.76
47.71±0.58
40.19±0.96
96.92±0.01
400
84.24±0.24
75.61±0.48
71.55±0.75
67.64±0.93
97.15±0.03
IC50 (µg/mL)
105.50±1.05 115.00±1.14 216.00±1.34 269.50±1.56
3.32±0.07
eISSN: 2550-2166
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standard antioxidant.
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Table 2. Contents of polyphenolics compounds (mg/100 g of dry extract) in the M. oleifera tender and mature leaves (n=3)

FULL PAPER

Name of Standard
Gallic acid
3,4-Dihydroxybenzoic acid
Catechin hydrate
Catechol
(-) Epicatechin
Caffeic acid
Vanillic acid
Syringic acid
Rutin hydrate
p-Coumaric acid
trans-Ferulic acid
Rosmarinic acid
Myricetin
Quercetin
trans-Cinnamic acid
Kaempferol

TLEE
ND
201.32±1.94
86.43±0.96
64.09±0.95
213.08±1.96
ND
ND
ND
97.25±1.74
47.35±1.54
60.48±0.85
133.84±1.42
ND
66.58±0.54
4.37±0.23
ND

MLEE
ND
82.55±1.09
70.79±0.91
43.43±0.54
141.86±1.10
ND
ND
ND
31.15±0.95
46.96±0.38
9.17±0.11
16.23±0.76
ND
7.67±0.46
0.82±0.08
ND

TLWE
ND
ND
530.05±1.91
ND
84.39±0.94
ND
ND
12.24±0.35
35.25±0.94
ND
166.38±0.90
65.52±0.59
ND
771.74±1.34
ND
ND

MLWE
ND
ND
207.21±0.90
ND
83.55±0.62
ND
ND
3.44±0.35
11.29±0.74
ND
62.42±0.45
60.56±0.78
ND
483.25±1.04
ND
ND

Values are expressed as mean±RSD. RSD: Relative Standard Deviation (n=3). ND: Not Detected

diphenyl-2-picryl hydrazine. Antioxidants, on interaction
with DPPH, either transfer an electron or hydrogen atom
to DPPH, thus neutralizing its free radical character
(Naik et al., 2003). M. oleifera leaves extract
significantly reduced DPPH radicals.
3.2 Determination of polyphenolic compounds by HPLC
The contents of the polyphenolic compounds in the
leave of both 80% ethanol and water extracts of M.
oleifera were analyzed by RP-HPLC DAD system.
HPLC-DAD analysis of the polyphenolic compounds of
the extracts showed Table 2. M. oleifera tender leaves of
80% ethanol extract had the more amount of 3,4dihydroxybenzoic acid, (-) epicatechin, rutin hydrate,
trans-ferulic acid, rosmarinic acid and quercetin
(201.32±1.94, 213.08±1.96, 97.25±1.74, 60.48±0.85,
133.84±1.42 and 66.58±0.54 mg/100 g dry extract
respectively) than mature leaves (82.55±1.09,
141.86±1.10, 31.15±0.95, 9.17±0.11, 16.23±0.76 and
7.67±0.46 mg/100 g dry extract respectively). But
catechin hydrate, catechol, p-coumaric acid and transcinnamic acid were closely each other in tender and
mature leaves (86.43±0.96, 64.09±0.95, 47.35±1.54,
4.37±0.23 and 70.79±0.91, 43.43±0.54, 46.96±0.38,
0.82±0.08 mg/100 g dry extract respectively). On the
other hand, Table 2 illustrates that M. oleifera tender
leaves of water extract had the more amount of catechin
hydrate, trans-ferulic acid and quercetin (530.05±1.91,
166.38±0.90 and 771.74±1.34 mg/100 g dry extract
respectively) than mature leaves (207.21±0.90,
62.42±0.45 and 483.25±1.04 mg/100 g dry extract
respectively). But (-) epicatechin, syringic acid, rutin
hydrate and rosmarinic acid were closely each other in
tender and mature leaves (84.39±0.94, 12.24±0.35,
eISSN: 2550-2166

35.25±0.94, 65.52±0.59 and 83.55±0.62, 3.44±0.35,
11.29±0.74, 60.56±0.78 mg/100 g dry extract
respectively). Only syringic acid was found in water
extract and 3,4-dihydroxybenzoic acid, catechol, pcoumaric acid and trans-cinnamic acid ware found in
80% ethanol extract of M. oleifera leaves.
Antioxidant activities not only depend on the
extraction method but also on the solvent used for
extraction. The presence of various antioxidant
compounds like polyphenolic compounds with different
chemical characteristics and polarities may or may not be
soluble in a particular solvent (Turkmen et al., 2006).
Polar solvents are frequently used for recovering
polyphenols from plant matrices. The most available
solvents are aqueous mixtures containing ethanol,
methanol, acetone, and ethyl acetate. Ethanol has been
known as a good solvent for polyphenol extraction and is
safe for human consumption (Dai and Mumper, 2010).
Similarly, water extract is also safe for human
consumption. The chromatographic separations of the
polyphenolic standard are shown in Figure 1. In this
study, we found that 80% ethanol extract of M. oleifera
leaves (tender and mature) contain ten polyphenolic
compounds showed in Figures 2 and 3 whereas in water
extract which contain seven polyphenolic compounds
showed in Figures 4 and 5. This may be due to the fact
that 80% of ethanol is suitable for extracting some
bioactive compounds with a broad range of polarity and
water are suitable for extracting some bioactive
compounds with strong polarity. On the other hand,
Polyphenols are mostly soluble in organic solvents that
are less polar than water (Kim and Lee, 2002). The
experimental results indicated that both 80% ethanol and
water extract of tender leaves contained a high
© 2020 The Authors. Published by Rynnye Lyan Resources
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Figure 1. HPLC chromatogram of sixteen polyphenolic standards (1. Gallic acid, 2. 3,4-Dihydroxybenzoic acid, 3. Catechin
hydrate, 4. Catechol, 5. (-) Epicatechin, 6. Caffeic acid, 7. Vanillic acid, 8. Syringic acid, 9. Rutin hydrate, 10. p-Coumaric acid,
11. trans-Ferulic acid, 12. Rosmarinic acid, 13. Myricetin, 14. Quercetin, 15. trans-Cinnamic acid and 16. Kaempferol)

Figure 2. HPLC chromatogram of 80% ethanol extract of M. oleifera tender leaves: 1. 3,4-Dihydroxybenzoic acid, 2. Catechin
hydrate, 3. Catechol, 4. (-) Epicatechin, 5. Rutin hydrate, 6. p-Coumaric acid, 7. trans-Ferulic acid, 8. Rosmarinic acid, 9.
Quercetin and 10. trans-Cinnamic acid

Figure 3. HPLC chromatogram of 80% ethanol extract of M. oleifera mature leaves: 1. 3,4-Dihydroxybenzoic acid, 2. Catechin
hydrate, 3. Catechol, 4. (-) Epicatechin, 5. Rutin hydrate, 6. p-Coumaric acid, 7. trans-Ferulic acid, 8. Rosmarinic acid, 9.
Quercetin and 10. trans-Cinnamic acid

Figure 4. HPLC chromatogram of water extract of M. oleifera tender leaves: 1. Catechin hydrate, 2. (-) Epicatechin, 3. Syringic
acid, 4. Rutin hydrate, 5. trans-Ferulic acid, 6. Rosmarinic acid, 7. Quercetin
eISSN: 2550-2166
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Figure 5. HPLC chromatogram of water extract of M. oleifera mature leaves: 1. Catechin hydrate, 2. (-) Epicatechin, 3. Syringic
acid, 4. Rutin hydrate, 5. trans-Ferulic acid, 6. Rosmarinic acid, 7. Quercetin

concentration of polyphenolic compounds than mature
leaves of M. oleifera. The higher levels of the
compounds in the tender leaves are in accordance with
the role of secondary metabolites in a plant’s defence
mechanism over the extensive production of reactive
oxygen species (ROS). Meanwhile, as the leaves aged,
the compounds are enzymatically changed to other
secondary metabolites. Thus, the lower level of these
marker compounds in the mature leaves (Shuib et al.,
2011).
In the present study, the concentration of coumaric
acid is lower value but ferulic acid is a higher value
(tender leaves) than reported by Castillo-López et al.
(2017) for methanol extract of M. oleifera leaves. In this
study, the value of catechin, epicatechin, rutin and
quercetin obtained for water extract was lower than the
reported by Oboh et al. (2015) (20.19±0.03 mg/g,
29.73±0.01 mg/g, 60.38±0.02 mg/g and 137.81±0.01
mg/g respectively) for M. oleifera leaves. On the other
hand, the results of catechin, epicatechin, rutin and
quercetin observed by Ademiluyi et al. (2018)
(6.08±0.01 mg/g, 43.37±0.04 mg/g, 91.05±0.01 mg/g
and 17.83±0.01 mg/g respectively) ware higher than the
current experiment.
Presence of apex concentration of phenolic
compounds results in this high percentage inhibition
value of the extract. The scavenging ability of the
phenols is due to the hydroxyl groups in their chemical
construction (Hatano et al., 1989). Polyphenolic
compounds can avert mutagenesis and carcinogenesis in
humans when ingested up to 1 g from a diet rich in fruits
and vegetables on a regular basis (Tanaka et al., 1988).
Phytochemicals, especially polyphenols such as phenolic
acids, flavonoids, phyenylpro-panoids are accountable
for the free radical scavenging and antioxidant activities
of plants. Therefore, these phenolic compounds account
for the significant antioxidant activity of M. oleifera.
All of the polyphenolic compounds are show
different types of biological activity. For example, 3,4dihydroxybenzoic acid, catechin, epicatechin, rutin,
eISSN: 2550-2166

ferulic acid, rosmarinic acid and quercetin were found to
be a potent antioxidant, anti-inflammatory and anticancer
activity (Kakkar and Bais, 2014; Kumar and Pruthi,
2014; Wang et al., 2016; Alagawany et al., 2017; Gullón
et al., 2017; Prakasha et al., 2019; Bae et al., 2020).
Whereas, in our study significant amount of 3,4dihydroxybenzoic acid, catechin hydrate, (-) epicatechin,
rutin hydrate, trans-ferulic acid, rosmarinic acid and
quercetin are present in M. oleifera leaves. Therefore, M.
oleifera leaves show significant DPPH free radical
scavenging activity which may be due to the presence of
different polyphenolic compounds.
4. Conclusion
The results of the present study showed that 80%
ethanol extract of M. oleifera leaves showed a higher
number of polyphenolic compounds than water extract.
On the other hand, high amounts of polyphenolic
compounds are present in tender leaves compare to
mature leaves. Due to the presence of more
polyphenolics compound, it also shows good antioxidant
activity. From the above study showed that the
concentration of polyphenolic compounds in the extracts
of M. oleifera leaves was sufficient to be considered as a
potential antioxidant supplement source. Therefore,
Moringa leaves can be considered a product with
potential application in the food and pharmaceutical
industries, which can have positive financial and social
benefits to the population.
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