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The present study envisages the antioxidant activity of different fractions of leaves of Acacia
nilotica Willd. Ex. Del. The leaves of Acacia nilotica after drying and grinding were serially extracted
with solvents of increasing polarities to obtain the hexane, chloroform, ethyl acetate, n-butanol
and aqueous fractions. The total phenolic and flavonoid content of the fractions was determined.
The antioxidant capacity was done by using Total Antioxidant Capacity (TAC), Cupric ion Reducing
Antioxidant Capacity (CUPRAC) and lipid peroxidation assays. It was found that the fractions
exhibited the radical scavenging activity in a dose dependent manner. The maximum total phenolic
and total flavonoid content was found in ethyl acetate fraction 93.3 GAE mg/g and 61.19 RE mg/g.
A maximum inhibition of 93.25 ascorbic acid equivalents (mg/g) of ethyl acetate fraction followed
by chloroform was observed in total antioxidant capacity assay. In CUPRAC assay, the ethyl
acetate fraction was found to have maximum reduction potential of 99.06% at 200 µg/ml of
concentration whereas in lipid peroxidation assay the hexane fraction exhibited the maximum
inhibition (86.85%).
Keywords: Acacia nilotica, Antioxidant assays, CUPRAC, Lipid peroxidation

INTRODUCTION

hydroxyl radicals (OH–) (Grisham and Mc Cord,

The role of free radicals and active oxygen in the
pathogenesis of human diseases including
cancer, aging and atherosclerosis has been
recognized (Halliwell and Gutteridge, 1992).
Electron acceptors such as molecular oxygen,
react rapidly with free radicals to become radicals
themselves also referred to as Reactive Oxygen
Species (ROS). The ROS include superoxide
–
anions (O 2 ), hydrogen peroxide (H2O2) and
1

1986). Lipid peroxidation which involves a series
of free radical mediated chain reaction process,
is also associated with several types of biological
damage. Therefore much attention has been
focused on the use of antioxidants, especially
natural antioxidants to inhibit peroxidation and to
protect the biomolecules from damage due to free
radicals.
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prevention of formation of carcinogens from
precursor substances (Manach et al., 2004).
Several studies have reported that extracts from
Acacia species, rich in phenolics have strong
antioxidant activities (Singh et al., 2004; Arora et al.,
2005; Kaur et al., 2005). A. nilotica offers a variety
of bioactive components such as gallic acid, ellagic
acid, isoquercitin, leucocyanadin, kaempferol-7diglucoside, rutin, derivatives of (+)-catechin-5gallate and m-catechol. They have spasmogenic,
vasoconstrictor, antihypertensive, mutagenic,
carcinogenic, spasmodic, inflammatory, oxidant and
platelet aggregatory properties (Singh et al., 2007).

Antioxidants are used to protect human beings
from the ill-effect caused by oxidative stress that
is exerted by enhanced production of ROS as a
result of exposure to pollutants. The body has
several mechanisms to counteract oxidative
stress either by naturally generated endogenous
antioxidants (in situ) or supplied externally (exog
enous antioxidants (Halliwell and Gutteridge,
2007).
A great number of aromatic, spicy, medicinal
and other plants contain chemical compounds,
exhibiting antioxidant properties. Source of natural
antioxidants are primarily, plant phenolics that may
occur in all parts of plants such as fruits,

MATERIALS AND METHODS

vegetables, nuts, seeds, leaves, roots and barks

Chemicals/Reagents

(Pratt and Hudson, 1990). Many of these

of great interest in the food industry because they

Ammonium molybdate, Sodium phosphate,
Sulphuric acid, Aluminium Chloride, Sodium
Hydroxide, Folin-Ciocalteu reagent, Copper
Chloride, Neocuproine, Ammonium Acetate, TBA
(2-Thiobarbituric Acid), TCA (Trichloroacetic acid),
Potassium Chloride, Tris-HCl, Ferrous
Ammonium Sulphate, Ascorbic Acid, Hydrochloric
acid, Sodium nitrite, Sodium carbonate.

retard oxidative degradation of lipids and thereby

Plant Material

antioxidant compounds possess antiinflammatory,
antiatherosclerotic, antitumor, anticarcinogenic,
antibacterial or antiviral activities to a greater or
lesser extent (Sala et al., 2002). Crude extracts
of fruits, herbs, vegetables, cereals and other
plant materials rich in phenolic compounds are

improve the quality and nutritive value of food

The medicinal plants promote self healing and

The leaves of Acacia nilotica (L.) Willd Ex Del.
were collected from trees growing in the Guru
Nanak Dev University Campus, Amritsar.
Botanical identification was made from Herbarium
of Department of Botanical and Environmental
Sciences, GNDU, Amritsar.

good health in ayurvedic medicine practices and

Plant Extract

(Kahkonen et al., 1999; Rice et al., 1995).
Acacia nilotica (L.) Willd Ex Del. (Fabaceae)
is an vital multipurpose plant (Kaur et al., 2005).
It is also popular ornamental avenue tree in India.

have been acknowledged to provide the nutrients

The leaves of plant were thoroughly washed with
tap water, dried at room temperature and ground to
fine powder. The powdered leaves were extracted
as per the protocol shown in Flow Chart 1. The
concentrated solutions were then lyophilized to get
the dry powder of respective fractions.

and therapeutic ingredients to prevent, mitigate
or treat many diseases. It also serves as a source
of polyphenols (Singh et al., 2009a). Phenolic
compounds exert their protective effect by acting
as blocking agents or suppressing agents, in the
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Flow Chart 1: Extraction Procedure Using Maceration Method

PLANT MATERIAL (POWDER)
Extracted with 80% methanol in water

Residue

Supernatant
Filtered and concentrated in rotary vacuum evaporator.

80% methanol
extract
Dissolved in Distilled Water
Aqueous Methanol Extract
Partitioned with Hexane; thrice

Hexane Fraction

Remaining Extract
Partitioned with Chloroform; thrice

Chloroform Fraction

Remaining Extract

Partitioned with Ethyl Acetate
Acatate; thrice

Ethyl Acetate Fraction

Remaining Extract
Partitioned with n-Butanol: thrice

n-Butanol Fraction

Remaining Extract

Determination of Phytoconstituents

water, 0.5 ml of Folin-Ciocalteu reagent (1:1) along

The total phenolic and flavonoid content of different
fractions was estimated using different methods.

with 1.5 ml of 20% sodium carbonate solution.
The mixture was allowed to stand for 2 h at room
temperature. After completion of reaction, the

Total Phenolic Content

volume was raised to 10 ml by adding distilled

The total phenolic content in the different fractions
of A. nilotica was determined by Folin-Ciocalteu
method (Yu et al., 2002). In this method, 0.1 ml of
extract solution was added to 0.9 ml of distilled

water. The absorbance of mixture was measured
at 765 nm. The amount of total phenolic content
of different fractions was expressed as mg/g
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Gallic acid equivalents from calibration curve of
standard solution of gallic acid.

The experiment was conducted in triplicates and
values are expressed as mg/g AAE of extract.

Total Flavonoid Content

Cupric Ion Reducing Antioxidant Assay –
CUPRAC Assay

The total flavonoid content of different fractions
(TFC) was analyzed by using rutin as standard
(Kim et al., 2003). To 1 ml of extract solution (each
of 100 g/ml concentration), 4 ml of distilled water,
300 l of sodium nitrite and aluminium chloride
were added. The mixture was incubated at room
temperature for 5 min. After the completion of
incubation, 2 ml of sodium hydroxide was added
and final volume of solution was raised to 10 ml
by addition of distilled water. The absorbance of
samples was measured at 510 nm. The total
flavonoid content for all the fractions was
expressed in terms of Rutin equivalents (mg/g).
The curve absorbance versus concentration is
described by the equation: y = 0.0016 x –0.0006
(R2 = 0.9951) where x = concentration and y =
absorbance

The cupric ion reducing potential of different
fractions was determined by Apak et al. (2007)
method. To the mixture [1 ml (10 mM) copper (II)
chloride, 1 ml (7.5 mM) neocuproine and 1 ml
(1.0 M, pH 7) ammonium acetate buffer solution],
added 100 µl of extract solution. The reaction
mixture was allowed to stand for 30 min at room
temperature and absorbance was measured at
450 nm. An increase in absorbance indicates the
increased reduction ability. The percentage
reduction for the fractions at dif ferent
concentrations was calculated by using the
formula: [1-(Absorbance of control-Absorbance
of sample)/Absorbance of control]*100.

Determination of Antioxidant Activities

The method of Ohkawa et al., 1979 was used
with some minor modifications for determination

Lipid Peroxidation Assay

The antioxidant potential of different fractions of
Acacia nilotica was measured by employing the
following methods:

of lipid peroxidation. In this procedure, 0.5 ml of
extract solution, 0.5 ml of homogenate (egg yolk
10% in 0.15 M KCl) and 0.5 ml of reaction mixture

Total Antioxidant Capacity (Molybdate Ion
Reduction Assay)

(0.16 mM Ferrous ammonium sulphate, 30 mM

The total antioxidant capacity was measured by

above mixture was incubated for half hour at

spectrophotometric method given by Prieto et al.

37°C. After the completion of incubation, 2 ml of

(1999) with slight modifications. Briefly, 300 µl of
extract solution was added to 3 ml of reagent

TBA (10% TCA, 0.5% TBA, 0.25 N HCl) was added

solution (0.6 M sulphuric acid, 28 mM sodium

for 1 h or 100°C for 30 min. The mixture was

phosphate and 4 mM ammonium molybdate). The

cooled in ice bucket and centrifuged at 2000 rpm

mixture was incubated at 95°C for 1.5 h. After
incubation, the mixture was cooled at room

for 10 min. The optical density of the supernatant

temperature and the absorbance was read at 695

solution. The percentage inhibition was calculated

nm against blank. Ascorbic acid equivalents were

by using the formula: [(Absorbance of control-

calculated using standard graph of ascorbic acid.

Absorbance of sample)/Absorbance of control]*100.

Tris-HCl, 0.6 mM Ascorbic acid) were added. The

and further incubated on water bath/oven at 80°C

(pink color) was read at 532 nm against blank
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Statistical Analysis

The antioxidant activity of fractions of A. nilotica
(leaves) was determined by employing TAC,
cupric ion reducing antioxidant capacity and lipid
peroxidation assays. Figure 1 depicts the total
antioxidant capacity of methanolic fraction of
leaves of Acacia nilotica. Different extract/
fractions of Acacia nilotica showed very potent
antioxidant capacity. Among all the fractions
studied, it was observed that the ethyl acetate
fraction showed the highest total antioxidant
capacity viz. 93.25 mg/g AAE and the aqueous
extract showed the least antioxidant capacity that
is 1.75 mg/g AAE. The antioxidant capacity of
different fractions was observed to be in the
following order: chloroform (80 mg/g AAE)>
methanol (48.75 mg/g AAE)> n-butanol (40.75 mg/
g AAE) > hexane (38 mg/g AAE) > aqueous (1.75
mg/g AAE).

All the measurements were taken in triplicates
and presented as mean ± SE.

RESULTS
Figure 1 shows the total phenolic content of
methanol fractions of A. nilotica in terms of mg/g
GAE. The analysis of phenolic content showed
comparative abundance of phenolic compounds
in ethyl acetate fraction followed by chloroform
and methanol fractions. Ethyl acetate fraction
showed highest phenolic content of 93.3 mg/g
GAE while chloroform and methanol fractions was
having 89.3 and 81.3 mg/g GAE. The aqueous
fraction showed the least phenolic amount.
Figure 1: Total Antioxidant Capacity,
Flavonoid and Phenolic content of Different
Fractions of Acacia nilotica, Total Antioxidant
Capacity is expressed as Ascorbic Acid
Equivalents (AAE); Flavonoid content is
expressed in terms of Rutin Equivalents (RE)
and Total Phenolic Content as Gallic Acid
Equivalents (GAE)

Figures 2 and 3 depict the inhibition
percentages of different fractions of leaves of
plant in comparison to standard compound which
was used as natural antioxidant compound. In
CUPRAC assay, the ethyl acetate fraction of
Acacia nilotica was found to have effective
potential in converting Cu2+ to Cu+ with reduction
potential of 99% at 200 µg/ml and 91% at 180 µg/
ml concentrations. The intensity of colored
Figure 2: Reduction Potential of Different
Fractions of Acacia nilotica as Measured by
Cupric Ion Reducing Antioxidant Capacity

The total f lavonoids were measured
spectrophotometrically. Figure 1 depicts the total
flavonoid content of extract/fractions in terms of
mg/g RE of extract. It was observed that fraction
of ethyl acetate showed the highest TFC (61.19
mg/g RE), whereas in other extract/fractions the
flavonoid content was found in the following order:
chloroform (47.44) > methanol (23.88) > n-butanol
(16.56) > hexane (16.12). The aqueous fraction
showed the flavonoid content in negligible amount.
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coping with illness. A. nilotica is reported to have
habitual medicinal uses such as appetite
enhancer, strength and nutrient supplement for
sore joints, stomach ache and clear out
circumcision wounds. Antioxidants have been
implicated in many diseases such as malaria,
cardiovascular disease, gastric ulcer, diabetes,
malignant tumors, rheumatic joint inflammation,
cataracts disease (Chang et al., 2001; Kahkonen
et al., 1999). Natural antioxidants such as
flavonoids, phenolics, tannins, curcumin and
terpenoids are found in this plant (Moskovitz et
al., 2002).

Figure 3: The Effect of Different Fractions of
Acacia nilotica in Lipid Peroxidation Assay

complex, i.e., chromophore [Cu (I)-Nc] increased
with the electron donating ability of the extract.
Ascorbic acid was used as standard compound
(Figure 2). The ability of different fractions in
converting the Cu2+ to Cu+ was observed in the
following order: chloroform (78.91%)> n-butanol
(76.7%)> methanol (55.28%)> hexane (30.45%)
and aqueous (11.84%) at 200 µg/ml of
concentrations.

Extracts of medicinal herbs and spices are the
most studied natural antioxidants (Yanishlieva et
al., 2006). Source of natural antioxidants are
primarily, plant phenolics that may occur in all
parts of plants such as fruits, vegetables, nuts,
seeds, leaves, roots and bark (Grisham et al.,
1998 ; Pratt et al., 1990). A lot of these antioxidant

Lipid peroxidation process proceeds via radical
chain reaction resulting in the formation of lipid
hydroperoxides (LOOH). The results of lipid
peroxidation assay showed that the hexane
extract/fraction of A. nilotica showed maximum
percentage inhibition as more peroxyl radical
scavenging potential (86.85%) than ethyl acetate
fraction (52.30%) at 200 g/ml of concentration
whereas the methanol, n-butanol and chloroform
fractions also showed the detectable scavenging
potential, viz., 45.75%, 28.57% and 20.81%,
respectively (Figure 3).

compounds have antiinflammatory, atherosclerotic,

DISCUSSION

are a group of polyphenolic compounds with

antitumor, anticarcinogenic, antibacterial or
antiviral activities to a greater or lesser extent (Sala
et al., 2002). It is well-known that phenolic
compounds contribute to quality and nutritional
value in terms of modifying color, taste, aroma,
flavor and also in providing health beneficial
effects. Different phenolic compounds serve in
plant defense mechanisms to counteract ROS
in order to survive and prevent molecular damage
and damage by microorganisms, insects and
herbivores (Vaya et al., 1997), whereas flavonoids
known properties such as free radical scavenging

Medicinal plants have a long history of use in
therapy throughout the world and still make an
important part of traditional medicine. The use of
medicinal plants is perhaps the oldest method of

activity, inhibition of hydrolytic and antioxidative
enzyme and antiinflammatory action have been
isolated from plants (Omale et al., 2008; Frankel
1995; Pourmorad et al., 2006).
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A. nilotica belonging to family Fabaceae has
highest total phenolic and flavonoid content that
is 93.3 mg/g GAE and 61.19 mg/g RE
respectively. As seen in Figure 1, the total
antioxidant capacity of the ethyl acetate fraction
of plant showed the highest antioxidant capacity
as 93.25 mg/g AAE. The different antioxidant
capacities of the plant extracts depend upon the
composition of extracts. The antioxidant activities
of different fractions were measured using
CUPRAC and lipid peroxidation assays.

dose dependent manner. The ethyl acetate
fraction of Acacia nilotica was found to have
effective potential in converting Cu2+ to Cu+ with
reduction potential of 99% at 200 µg/ml.
LPO has been broadly defined as the oxidative
deterioration of polyunsaturated lipids (Kappus,
1991). Lipid peroxidation is a complex system
where generation of the initiator molecule is
followed by chain initiation, propagation,
branching and termination reactions (Catala,
2006; Schnitzer et al., 2007; Fukuzawa, 2008).

In general, the important feature of CUPRAC
assay is its versatility, i.e., applicability to both
hydrophilic and lipophilic antioxidants (Apak et al.,
2004; Apak et al., 2005) by a simple change of
solvent. The chromogenic redox reagent used for
the CUPRAC assay was bis(neocuproine)
copper(II) chelate and this reagent is useful at pH
7. The absorbance of the Cu(I)-chelate formed
as a result of redox reaction with reducing
polyphenols was measured at 450 nm. The
chromogenic oxidizing reagent of the developed
CUPRAC method, i.e., bis(neocuproine)
copper(II) chloride (Cu(II)-Nc) reacts with nelectron reductant antioxidants (AO). In this
process, the reactive Ar-OH groups of
polyphenolic antioxidants are oxidized to the
corresponding quinones (ascorbic acid is
oxidized to dehydroascorbic acid) and Cu(II)-Nc
is reduced to the highly coloured Cu(I)-Nc chelate
showing maximum absorption at 450 nm. The
color was due to the Cu(I)-Nc chelate formed.
The bis(neocuproine)copper(I) cation
chromophore is soluble both in water and organic
media, therefore the CUPRAC method is capable
to assay both hydrophilic and lipophilic
antioxidants (Apak et al., 2007). The percentage
inhibition of different fractions of plant was done
and it has been observed that the results showed

LPO occurs mainly in biomembranes, where the
content of unsaturated fatty acids is relatively high.
The scavenging peroxyl radicals acts due to their
hydrogen donating property. Fe2+ induced lipid
peroxidation is also a good system for assessing
antioxidant action of different extracts. One of the
degradation products of lipid peroxidation is
malondialdehyde which causes cell damages
form a pink colour chromogen with thiobarbituric
acid. The antioxidant compounds present in the
extract scavenged the hydroxyl radicals
generated in the Fenton reaction in the liver
homogenate.
In lipid peroxidation assay, the potential of
hexane fraction was found to be highest in
scavenging the peroxyl radical as compared to
ethyl acetate fraction in CUPRAC assay at 200
µg/ml of concentration. In this assays, as the
concentrations of the extract was increased the
inhibition of lipid peroxidation was also increased.
The broad range of antioxidant activity of the
extracts indicates the potential of the plant as a
source of natural antioxidants or nutraceuticals
with potential application to reduce oxidative
stress with consequent health benefits.
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