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ABSTRACT
The present study aims to evaluate the in vitro free radical scavenging behavour and antioxidant potential from the
fruits of four different Indian medicinal plants (Punica granatum, Citrus limetta, Prunus armeniaca and Syzygium
cumini). The free radical scavenging behavior and antioxidant potential of the aqueous extract of fruits of four
different Indian medicinal plants were evaluated by employing different in vitro assays such as reducing power
assay, Superoxide anion scavenging assay, and DPPH (1,1-Diphenyl-2-picrylhydrazyl) assay. The total phenolic
and flavanoid contents were assessed by Folin-Ciocalteau and aluminium chloride reagents. From this study, the
results indicated that the aqueous extract of Punica granatum showed highest total phenolic content i.e. 46mg/ml
and Prunus armeniaca was found to be rich in reducing power at the dose of 16.5mg/ml. Further Syzygium cumini
showed fine DPPH radical scavenging activity by 85% inhibition and Citrus limetta showed good scavenging
activity for Superoxide anion radical by inhibiting 60%. The results obtained in the present study indicate that the
fruits of Punica granatum followed by Syzygium cumini are a potential source of natural antioxidants which may
be due to its copious phenolic and flavanoid contents.
Key words: Free radical scavenging behaviour; Antioxidant Activity, DPPH antioxidant assay; Phenolic Content;
reducing power assay
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INTRODUCTION
A free radical is any chemical species capable of independent existence and possessing one or more unpaired
electrons, an unpaired electron being one that is alone in an orbital. The simplest radical is the hydrogen atom [1].
These are continuously produced by the body's normal use of oxygen [2]. When cells use oxygen to generate energy
free radicals are produced by the mitochondria. These by-products are generally reactive oxygen species (ROS) that
result from the cellular redox process. The free radicals have a special affinity for lipids, proteins, carbohydrates and
nucleic acids [3]. The reason free radicals are often considered dangerous is because when they steal electrons, they
cause damage to the other atoms. For example, if many free radicals are created inside the skin by repeated exposure
to the sun, they may steal electrons from the nearby atoms that make up proteins used to build healthy skin. If many
of these are damaged and the body isn’t able to create new healthy skin like it used to, wrinkles may develop.
Antioxidants often come into play in these kinds of scenarios because they are able to give up electrons to the free
radicals. In turn, this can help prevent some of the cells in the body from getting damaged. Free radicals are highly
reactive and unstable compounds produced in the body during normal metabolic functions or introduced from the
external environment such as pollution and cigarette smoke. Antioxidant works to maintain the oxidant at optimum
level and to reduce free radical, stopping it from forming before it can disrupt living cells in our body. However,
excessive oxidants or free radicals can cause cell damage and lead to chronic diseases. Researchers believe that on a
large scale, this may lead to slowed aging and/or the prevention of certain diseases. For example, some studies have
shown that vitamin A applied directly to the skin may help reduce wrinkles. Many experts believe this is due to the
symbiotic relationship that antioxidants and free radicals have and the resulting protection of the body’s atoms.
Natural antioxidants occur in all parts of plants. These antioxidants include carotenoids, vitamins, phenols,
flavnaoids, dietary glutathione and endogenous metabolites. Plant derived antioxidants have been shown to function
as singlet and triplet oxygen quenchers, free redical scavangers, peroxide decomposers, enzyme inhibiters, and
synergists [4].
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Fruits and vegetables contain many different antioxidant components [5-7]. The consumption of fruits and
vegetables has been associated with low incidences and mortality rates of cancer [8] and heart diseases [9]. Eating
fruits and vegetables also reduces blood pressure, boosts immune system, detoxifies contaminants and pollutants,
and reduces inflammation [10].
Present work is focused on exploring antioxidant potential of citrus fruits which have been valued as part of a
nutritious and tasty diet. Citrus and citrus products are a rich source of vitamins, minerals and dietary fibre (nonstarch polysaccharides) that are essential for normal growth and development and overall nutritional well-being.
MATERIALS AND METHODS
Sample Collection
Four different types of fruits were purchased from the local market of Jaipur, India. The fruits included Punica
granatum L, Citrus limetta, Prunus armeniaca and Syzygium cumini.
Chemicals and Reagents
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) and 6-hydroxy-2,5,7,8–tetramethyl
chromane-2-carboxylic acid (Trolox) were purchased from Sigma Chemicals Co. Methanol, Ethanol, Sodium
acetate tri hydrate, ferric chloride hexahydrate (FeCl3. 6H2O), Folin-Ciocalteu Phenolic reagent, Sodium carbonate
were from Merck. All the chemicals used were of analytical grade.
Preparation of Extract
Fruits of the plant were cut into small pieces and then macerate in to pestal and mortar and finally material was
extracted by successive soaking for three days using aqueous solvent. The aqueous extracts were filtered using
muslin cloths and cottons and were ready for further investigation.
Antioxidant Activity Determination
Total Phenolic Content (Folin-Ciocalteu Method)
The total phenolic content was determined in all the four extracts using the Folin-Ciocalteu reagent according to the
method of Sinkard et al. (1977) [11] using quercetin as a standard. The total phenolic content was expressed as
Quercetin equivalents in milligrams per ml of extract.
DPPH Radical Scavenging Activity Assay
Free radical scavenging activity of the plant extracts was determined by the method of Yamaguchi et al. (1998)
[12]. Briefly, 1.5 ml of DPPH solution (0.1 mm, in 95% ethanol) was incubated with fruit extract. The reaction
mixture was shaken well and incubated for 20 min at room temperature and the absorbance of resulting solution was
read at 517 nm against a blank. Quercetin was used as standard references. The radical scavenging activity was
measured as a decrease in the absorbance of DPPH and was calculated using the following equation:
⁄

% =1−

× 100

(1)

Total Flavanoid
The amount of total flavonoid content was determined by Aluminum chloride method [13]. The reaction mixture
(3.0 ml) comprised of 1.0 ml of extract, 0.5 ml of aluminum chloride (1.2%) and 0.5 ml of potassium acetate (120
mM) which was incubated at room temperature for 30 min and absorbance was read at 415 nm.
Reducing Power
The reducing power was determined by the method of Athukorala et al. (2006) [14]. 1.0 ml extract was mixed with
2.5 ml of phosphate buffer (200 mM, pH 6.6) and 2.5 ml of potassium ferricyanide (30 mM) and incubated at 50°C
for 20 min. Thereafter, 2.5 ml of trichloroacetic acid (600 mM) was added to the reaction mixture, centrifuged for 10
min at 3000 rpm. The upper layer of solution (2.5 ml) was collected and mixed with 2.5 ml of distilled water and 0.5
ml of FeCl3 (6 mM) and absorbance was read at 700 nm.
Superoxide Anion Radical Scavenging Assay
The assay for superoxide anion radical scavenging activity was measured as described by Robak and Gryglewski
(1998) [15]. 1 ml of sample was taken and mixed with 0.5 ml of phosphate buffer (50 mM, pH 7.6), 0.3 ml
riboflavin (50 mM), 0.25 ml PMS (20 mM), and 0.1 ml NBT (0.5 mM). After 20 min of incubation, the
absorbance was measured at 560 nm. Ascorbic acid was used as standard. The scavenging ability of the fruit extract
was determined by the equation (1).
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RESULTS
Total Phenolic Content
The content of phenolic compounds (Quercetin equivalent/ 100 gm of fruits) was determined from a standard plot
prepared taking quercetin as the standard. The highest activity was observed for Punica granatum (46 mg /ml)
followed by Syzygium cumini (41mg/ml), Prunus armeniaca (34.5mg/ml) and Citrus limetta (20.5mg/ml).
DPPH Radical Scavenging Activity Assay
As shown in the figure 2, the antioxidant activity of the fruits tested, was found to vary over 170-fold
170
from that at
the lowest value. Syzygium cumini shows highest percent of DPPH inhibition of 82% and lowest is 28% shown by
Prunus armeniaca fruit pulp.
Total Flavanoid Content
Figure 3 presents mean total flavonoid content of different fruits. Flavonoid compounds are considered to be the
largest group of naturally occurring phenols [16]. Thus, it is not surprising to see that total flavonoid content
accounts
counts for almost half of the phenolic compounds in samples. Total flavonoid content of Punica granatum
(38mg/ml) was found to be highest among all other fruits.
fruits

Fig. 1Total Phenolic Content in citrus fruits

Fig. 2 DPPH Assay in citrus fruit

Fig. 3 Total Flavanoid Content in citrus fruit

42

Bhatt et al

Euro. J. Adv. Engg. Tech., 2016,
201 3(3):40-44
______________________________________________________________________________

Fig. 4 RP Assay in citrus fruit

Fig. 5 Super Oxide Anion Radical Scavenging Assay in citrus fruit

DISCUSSION
Reducing Power
The reducing ability of extract of the fruits in descending order was Syzygium cumini > Prunus armeniaca / Punica
granatum > Citrus limetta.. In this assay, the presence of antioxidants in the extracts reduced Fe /ferricyanide
complex to the ferrous form. Reducing power of Syzygium cumini (24mg/ml) was found to be maximum as
compared to other citrus fruits.
Superoxide Anion Radical Scavenging Assay
The ability of the phytochemicals from the ethanol extract to scavenge the superoxide anion was carried out using
the pyrogallol autooxidation method. Among the various citrus fruit pulp Punica granatum showed highest
Superoxide activity (72%) among all the fruits followed by Citrus limetta (60%), Syzygium cumini (48%) and
Prunus armeniaca (30%).
Total Phenolic Content
The plant phenolics constitute one of the major groups of compounds acting as
as primary antioxidants or free radical
terminators, so it was reasonable to determine their total amount in the fruit extracts. Some authors have earlier
reported a direct correlation between antioxidant activity and total phenolic content [17-18].
[17 18]. The antioxidant
ant
activity
of phenolic constituents may be related to their redox properties, which allow them to act as reducing agents or
hydrogen-atom
atom donors, their ability to chelate metals, inhibit lipoxygenase and scavenge free radicals [19].
DPPH Radical Scavenging Activity Assay
The bleaching of DPPH absorption by a test compound is representative of its capacity to scavenge free radicals
generated independently of any enzymatic or transition metal-based
metal based system. This is a widely used method to
evaluate antioxidant
ntioxidant activities in a relatively short time compared with other methods. Antioxidants react with
DPPH which is a stable free radical and convert it to 1,1-diphenyl-2-(2,4,6-trinitrophenyl)
1,1
trinitrophenyl) hydrazine. The degree of
decolourization indicates the scavenging
scavenging potentials of the antioxidant compounds. The decrease in absorbance of
DPPH radical is caused by antioxidant through the reaction between antioxidant molecule and radical results in the
scavenging of the radical by hydrogen donation [20].
Total Flavanoid Content
Calorimetrically analysis of polyphenolic and total flavonoid contents indicated that the ethanolic extract of orange
peel had highly amounts of TPC and TFC and this in agreement with Ma et al.2008
.2008 [21] who studied the physical
and chemical characteristics of citrus peel and traced high amount of TP.
Reducing Power
Regarding the reducing power, it is found that the amount of phenolic compounds was high in Pomegranate and
there was a tight relationship between the amount of total phenolic content and the reducing power. These results
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were previously recorded [21] indicating that the reducing power of bioactive compounds is associated with
antioxidant activity. Thus, it is necessary to determine the reducing power of phenolic constituents to elucidate the
relationship between their antioxidant effects and the reducing power [22].
Superoxide anion radical scavenging assay
Dioxygen form superoxide anions O2- by a single electron transfer during the pyrogallol autooxidation in basic
solutions. The superoxide anions are scavenged by antioxidants and consequently, decrease the rate of pyrogallol
autooxidation or even inhibit it.
CONCLUSION
In the present study, antioxidant property and free radical scavenging behaviour of citrus fruits has been examined.
Results showed that Punica granatum had the highest Phenolic content, Total flavanoid content, and Superoxide
activity followed by Syzygium cumini. There were significant differences in the contents of all activity of studied
citrus fruits. These investigations clearly show the potential value of Pomengrate (Punica granatum) and Jamun
(Syzygium cumini) fruits as a significant source of phenolic compounds. These fruits can be considered as a good
source of natural antioxidants and may show potential future use in food and nutraceutical supplement formulations.
Therefore, daily consumption of the juices of citrus fruits with food may reduce malnutrition and the risk of
cardiovascular and cancer diseases as well.
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