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Abstract

Purpose – The purpose of this paper is to investigate various extracts of Annona squamosa L
(Annonanceae) and Carica papaya L (Caricaceae) seeds for their antioxidant activity, free radical
scavenging ability, total phenolic and flavonoid contents.
Design/methodology/approach – Samples from both the seeds were prepared by subjecting them
to microwave-assisted extraction. After determining their antioxidant properties and polyphenolic
contents, correlation between them was also investigated.
Findings – Highest antioxidant activity (3,179.66 g gallic acid equivalent/g of dry extract) and
phenol content were registered by chloroform:methanol extract of C. papaya seeds. Maximum radical
scavenging activity (3,201.63 ascorbic acid equivalent antioxidant capacity g/100 g of dry extract)
was exerted by water extract of A. squamosa seeds, whereas acetone extract of C. papaya registered
highest flavonoid content among all extracts. Polar extracts were found to be better free radical
scavengers compared with those less polar. Hexane extracts showed least DPPH radical scavenging
activity. Acetone proved efficient in extracting flavonoids, whereas phenols were best extracted in a
mixture of chloroform and methanol. Phenolic metabolites seem to be contributing significantly
towards antioxidant activity of the C. papaya extracts, but less so in the case of A. squamosa.
Originality/value – There have been few reports on antioxidant activity of non-edible parts of
commonly consumed fruits. The research indicates that seeds may be a promising source of
antioxidants, which may have therapeutic implications.
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Introduction
Reactive oxygen species (ROS) are O2 free radicals and play dual role of being both
deleterious and beneficial to biological systems (Rudolf, 2001). Apart from their role in the
diseased conditions in the body, ROS are also known to have a role in the spoilage of food
by the autoxidation of lipids, the enzymatic oxidation, during storage and processing in
fats, oils and fat-containing foods (Matthaus, 2002). Antioxidants are defined as
substances, present at low concentration relative to the oxidizable substrate, which
significantly delay or prevent oxidation of substrate (Godfraind, 2005). Human body does
not synthesize overwhelming amount of antioxidants to compensate with the damaging
effects of ROS (Halliwell, 1996). Although synthetic antioxidants such as butylated
hydroxy toluene, butylated hydroxy anisole, gallic acid esters and tertiary butylated
hydroquinone have potential to neutralize free radicals, they have been criticized due to
possible toxic effects, low solubility along with moderate antioxidant activity. Hence there
arises a need to discover new potential natural sources of antioxidants.

Several studies have successfully correlated the phenolic content with antioxidant
activity. For example, natural phytochemicals present in berry crops, tea, oilseeds,
beans, fruits and vegetables, herbs and spices such as rosemary, thyme, sage, nutmeg,
turmeric, white pepper, chili pepper ginger and several medicinal plants are good
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source of antioxidant activity (Emami, 2007) and this antioxidant activity have been
correlated to the plant secondary metabolites such as flavonoids, carotenoids,
alkaloids, tannins and phenolic compounds.

Many fruits have inedible seeds and are not part of human diet. However, such seeds
are a part of ayurvedic preparations against many diseases. Further, since seeds are the
primary stage of plant life cycle, they have strong defence mechanism possibly due to the
presence of phytoconstituents contributing to antioxidant activity. In the present study,
the seeds of Annona squamosa L (Annonaceae; commonly known as custard apple) and
that of Carica papaya L (Caricaceae) were evaluated for their antioxidant activity. The
relationship of antioxidant activity with total phenolic and flavonoid content was also
studied. Pulp of C. papaya is already known to have antioxidant properties (Fischer, 1998).

Materials and methods
Materials
Solvents (Merck): methanol, hexane, acetone, chloroform and ethanol. Molybdate
assay: sodium phosphate (SRL, Mumbai, India), ammonium molybdate (S-d fine
chemicals, Mumbai), H2SO4 (Merck). DPPH free radical scavenging assay: 2,2-
diphenyl-1-picryl hydrazyl (DPPH, Himedia). Total phenolic content: sodium carbonate
(S-d fine chemicals), Folin-Ciocalteu reagent (SRL). Total flavonoid content: ammonium
chloride (Merck), potassium acetate (Merck), quercetin (S-d fine chemicals).

Extract preparation
Seeds of both the plants were procured from local market of Ahmedabad city. They were
authenticated for their unambiguous identity by Prof. Y.T. Jasrai, Head of Botany
Department, Gujarat University, Ahmedabad. Seed extracts were prepared by microwave-
assisted extraction technique (Kothari et al., 2009). One gram of seed powder was added to
50 ml of respective solvent and pre-leached for 1 min. Five different solvents used were
hexane, acetone, chloroform:methanol (2:1), ethanol (50 percent) and water. The extracts
obtained after microwave heating (at 720 W, for 300, 120, 50, 70 and 180 s in hexane,
acetone, chloroform:methanol, ethanol and water, respectively, with intermittent cooling
for avoiding overheating) were cooled, centrifuged at 10,000 rpm for 15 min and filtered
through Whatman #1 filter paper (Whatman International Ltd., England). The
supernatants were evaporated at the respective boiling points of the solvents. Dried
extracts were then reconstituted in respective solvents, and stored in a refrigerator.

Antioxidant assays
Total antioxidant activity by molybdate assay
The assay is based on the reduction of Mo (VI) to Mo (V) by the sample and subsequent
formation of a green phosphate/Mo (V) complex at acid pH (Pilar et al., 1999). The tubes
containing extract and reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and
4 mM ammonium molybdate) were incubated at 95�C for 90 min. After the mixture had
cooled to room temperature, the absorbance of each tube was measured at 695 nm. The
standard curve was prepared by using the known concentrations of gallic acid. The
antioxidant capacity of extracts was expressed in terms of g of gallic acid equivalent
(GAE)/g of dry extract.

DPPH radical-scavenging activity
The capacity of the extracts to scavenge the stable DPPH free radical was measured
(Duan et al., 2007). Avolume of 0.1 ml of extract was mixed with 2.9 ml of 0.1 mM DPPH
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solution. The blank contained 0.1 ml of extract and 2.9 ml of DPPH solution. Negative
control was prepared by mixing 0.1 ml of methanol with 2.9 ml of DPPH solution. The
radical scavenging activity was calculated in terms of ascorbic acid equivalent
antioxidant capacity (AEAC) by using the following formula (Lim et al., 2007):

AEAC ¼ Acontrol � Asample=Acontrol � Aascorbic acid

� concentration of ascorbic acid � ðmg=mlÞ � volume� 100=g of sample

where A is Absorbance.

Estimation of total phenolic content
Folin-Ciocalteu method was used to determine the total phenolic content of the sample
as described by Singleton and Rossi (1965). In all, 0.2 ml 10 percent v/v Folin-Ciocalteu
reagent was added to the 0.1 ml of the sample, and was vortexed for 5 min, followed by
addition of 0.8 ml of sodium carbonate. This reaction mixture was incubated for 2 h at
room temperature. The absorbance was measured at 765 nm. The calibration curve
was prepared by employing gallic acid at concentrations of 0.4 to 1.6 mM.

Estimation of total flavonoid content
Aluminum chloride colorimetric method was used for flavonoids determination (Chang et
al., 2002). 0.5 ml of each plant extract was separately mixed with 1.5 ml of methanol, 0.1 ml
of 10 percent aluminum chloride, 0.1 ml of 1 M potassium acetate and 2.8 ml of distilled
water. The reaction mixture was allowed to stand at room temperature for 30 min and the
absorbance of the reaction mixture was measured at 415 nm. The calibration curve was
prepared by using quercetin at concentrations of 12.5 to 100mg/ml in methanol.

Statistical analysis
Statistical significance between experimental results was evaluated with a Mann-
Whitney U test. P values less than 0.05 were considered to be statistically significant.

Results and discussion
Results of different assays performed for all the extracts are presented in Table I.

Total antioxidant activity
Different extracts showed the total antioxidant activity in the wide range of 107 to
3179.66 g GAE/g of dry extract. Highest total antioxidant activity was exerted by the
chloroform-methanol extract of C. papaya seeds, and lowest by its acetone extract.
Higher activity in polar extracts suggests that polar phytochemicals are largely
contributing to the total antioxidant activity of the seeds. Ascorbic acid (0.1 mM) used
as a positive control registered an activity of 53 g GAE/g.

DPPH radical scavenging assay
Extracts showed radical scavenging activity in the range of 61.19 to 3201.63 AEAC g/
100 g of dry extract. Highest and lowest activity was exerted, respectively, in water and
hexane extract of A. squamosa seeds (Table I). Extracts prepared in polar solvents are
better free radical scavengers than those prepared in less polar solvents as evident from
the fact that hexane extracts of both seeds exhibited least DPPH scavenging ability,
whereas water extracts exhibited the highest. The potency of the extracts in scavenging
the radicals is due to the number of hydrogens available for donation by the hydroxyl
groups (Chen and Ho, 1995). Higher activity of the aqueous extracts may be due to the
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Table I.
Results of different
assays of A. squamosa
and C. papaya seed
extractsa
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presence of high hydroxyl groups, which is proportionate to their phenolic content. Free
radicals act as a trigger to a number of degenerative diseases, therefore samples having
free radical scavenging activity can be of potent medicinal importance.

Total phenolic content
Plant phenolics present in fruits and vegetables have received considerable attention
because of their potential antioxidant activity. Total phenolic content of different
extracts was recorded in the range of 23.51 to 528.29 g GAE/g of dry extract. The
highest total phenolic content appeared to be present in chloroform-methanol extracts.
Acetone appears to be poor in extracting phenolics.

Total flavonoid content
The flavonoid content as analyzed by the aluminum chloride colourimetric method
was found to fall in the range of 5.72 to 77 mg quercetin equivalent/g of dry extract.
Acetone extract of C. papaya seeds showed maximum flavonoid content, followed by
ethanol extract of A. squamosa. Water extracted least amount of flavonoids, as opposed
to notable amount of phenols extracted in it. Acetone appeared best for flavonoid
extraction. Suitability of acetone for extraction of flavonols has already been reported
by Afolayan and Meyer (1997).

Correlation of the total phenolic and total flavonoid content with the
antioxidant capacity
Neither flavonoid nor phenolic content of the seed extracts of A. squamosa was found
to have linear correlation with the total antioxidant capacity. In case of C. papaya total
phenolic content of the seed extracts was found to have a positive linear correlation
with the total antioxidant activity, the correlation coefficient being 0.88 (Figure 1).
Chloroform-methanol extract of C. papaya seeds was found to be the most active
antioxidant as well as with highest phenolic content indicating contribution of phenolic
phytoconstituents towards antioxidant activity. In neither of the seeds, flavonoid
content of the seed extracts was found to have a significant linear correlation with the
total antioxidant activity. Thus majority of the phytochemicals responsible for
antioxidant activity of the C. papaya extracts seem to belong to phenol group (possibly
other than flavonoids) of plant metabolites.

Finally, this study has identified chloroform:methanol extract of C. papaya seeds to
possess high antioxidant activity (attributable to its high phenolic content), and water
extract of A. squamosa seeds to possess high radical scavenging activity. The presence
of antioxidant activity in extracts prepared in all the different solvents (which differ
widely in their polarity) indicate that phytochemicals contributing to the antioxidant
activity of the seeds tested belong to different groups of plant metabolites and vary

Figure 1.
Correlation of the total

antioxidant activity with
total phenolic content of
C. papaya seed extracts
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widely with respect to their chemical properties. Further investigation for isolation and
identification of the phytoconstituents responsible for antioxidant activity is desirable.
Such findings can contribute to the increasing database of the medicinal plants and
may be of importance in varietal improvement, food preservatives, nutraceuticals,
cosmetics and biopharmaceuticals in a race with the degenerative diseases like cancer,
cardiovascular diseases and neurodegenerative diseases.
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