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The present study was undertaken to assess the effect of processing into jam and nectar on phytochemical characteristics,
in vitro antioxidant activity viz. reducing power, iron chelating activity, DPPH, ABTS, nitric oxide, superoxide and
hydrogen peroxide radical scavenging assays of figure Ficus carica L. fruit. Figure pulp extracts exhibited significantly
higher antioxidant activity than fig jam and fig nectar extracts. Total phenolics however to decreased by 10 and 55 %,
flavonoids by 98 and 45%, anthocyanins by 79 and 33% and tannins by 83 and 77% in fig jam and fig nectar, respectively,
when compared with the fig pulp. However, in vivo studies to determine the antioxidant potential of the fruit need to
conducted before it can be recommended as nutritional substitutes.
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peroxide radical scavenging activity.

At present times, it is believed that the regular
consumption of dietary antioxidants may reduce
the risk of several serious diseases (Hunter and
Fletcher, 2002). Regular consumption of fruits and
vegetables has always been associated with health
benefits, but their mechanism has become clear
only in the recent decades. Fruits and vegetables
contain a wide variety of biologically active, non-
nutritive compounds known as phytochemicals.
These phytochemicals impart health benefits beyond
basic nutrition (Oomah and Mazza, 2000). Studies
have shown that regular consumption of dietary
antioxidants lower the risk of several diseases
(Wargovich, 2000; Kahkonen et al. 1999; Hunter and
Fletcher, 2002). The common FIG (Ficus carica L.)

is a tree native to southwest Asia and the eastern
Mediterranean region, belong to botanical family
Moracea. Fresh fruits have a short, post-harvest life
of 7—10 days, but with a combination of cold storage
and a CO,-enriched atmosphere, the fruit can be
stored for up to 2—4 weeks (Sozzi et al. 2005). They
contain phenolic substances; have a positive effect
on human health. Although FIGS are an important
fresh fruit as well as a delicious dried fruit and are
consumed in most parts of the world, there are
only a few reports dealing with the phytochemical
composition of this fruit, and there is dearth of
information on the effects of processing methods
on the in vitro antioxidant activity of fig products.
Therefore, it is pertinent to have the information on
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nutritional composition and influence of processing
methods on antioxidant activity of fig products,
which may be useful in finding out the technological
solutions to preserve their antioxidant activity and
improving the bioavailability. So, the present study
was conducted to determine the in vitro antioxidant
activity of fig pulp and its products.

Materials and Methods

Preparation of FIG products

FIG (Ficus carica L.) fruit was purchased from local
market of Anantapur, Andhra Pradesh (India). Fully
mature fruits were selected, washed thoroughly
with distilled water and non edible portion of fruits
were removed.

FIG pulp: Five kg fig fruits were blended in a blender to
a smooth pulp. The fruit pulp was kept in sterilized jars
and stored in refrigerator for analysis.

FIG jam: One kg fig pulp was taken and cooked slowly
with gradual addition of one kg sugar and 2.5 g citric
acid till the temperature reached 105° C and the cooking
mass approached 68° Brix determined using an Abbe
refractometer. The jam was filled in clean dry jars and
stored in refrigerator for quality analysis.

FIG nectar: One kg fig pulp was taken and heated slowly
with gradual addition of 600 g sugar, 2400 ml water
and 2.5 g citric acid till the contents mixed properly.
The nectar was filled in clean dry bottles and stored in
refrigerator for quality analysis.

Determination of phytochemical constituents: Tannins
were estimated by Vanillin hydrochloride method given
by Price et al. (1978), whereas sample preparation for
other phytochemicals viz. total phenols, total flavonoids
and total anthocyanins was carried out according to
Counet and Collin, (2003). Total phenols in the samples
were determined following method given by Caboni
et al. (1997), total flavonoids by Lamaison and Carnat,
(1990) and total anthocyanins by Guisti and Wrolstad,
2001 method.

In vitro antioxidant activity

Preparation of extracts: Five gram of the sample was
taken in a soxhlet extractor and extracted with 95%
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ethanol for 72 h. The extract recovered by distillation
was used in subsequent experiments.

ABTS radical scavenging activity: ABTS radical cation
was produced by reacting ABTS solution (7mM) with 2.4
mM ammonium persulphate and the mixture was allowed
to stand in dark at room temperature for 12-16 h before
use. For the study, different concentrations (50-250ug/ml)
of ethanolic extract (0.5ml) were added to 0.3 ml ABTS
solution and the final volume was made up with ethanol
to make 1 ml. The absorbance was read at 745 nm and
the experiment was performed in triplicate (Shirwaikar
et al. 2004).

DPPH radical scavenging activity: To 1 ml of fruit extract
at various concentrations (40-240pg/ml) in methanol, 1
ml DPPH was added. It was then, incubated at 37°C for
30 minutes. The absorbance of the test mixture was read
at 517 nm. Experiment was performed in triplicate and
percentage inhibition of DPPH radical was calculated
(Sreejayan and Rao, 1996).

Iron chelating activity: The reaction mixture contained
Iml O-phenanthroline, 2ml ferric chloride and 2 ml
of ethanolic extract and was incubated at ambient
temperature for 10 minutes. The absorbance of the sample
was read at 510 nm against blank containing 2 ml of
ethanol instead of sample. The experiment was performed
in triplicate (Benzie and Strain, 1996).

Reducing Power: Different concentrations of the ethanolic
extract (60-240 pg/ml) were mixed with 2.5 ml of
phosphate buffer and 2.5 ml of 1% potassium fericyanide
in 10 ml test tubes. The mixtures were incubated for 20
min at 50°C. At the end of the incubation, 2.5ml of TCA
was added to the mixtures, followed by centrifuging
at 5000 rpm for 10 min. and the upper layer (2.5ml)
was mixed with 2.5 ml of distilled water and 0.5 ml of
0.1 % FeCl; and the absorbance was read at 700 nm.
Experiment was performed in triplicate (Jayaprakash
et al. 2001).

Nitric oxide radical scavenging activity: To 1 ml
of sample extract in phosphate buffer containing
different concentrations (30- 240 pg/ml), 1ml of sodium
nitroprusside was added. The mixture was incubated
at 25°C for 150 min followed by addition of 1 ml of
griess reagent. Butylated hydroxyl toluene was taken in
different volumes to make different concentrations and
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run in a similar way. Absorbance was read at 546 nm
and the percentage inhibition was calculated (Sreejayan
and Rao, 1997).

Superoxide radical scavenging activity: To 3 ml of sample
extract in phosphate buffer (to produce concentrations of
30- 200 pg/ml), 1 ml of NBT and 1 ml of NADH were
added. The reaction was started by the addition of 100 pl
of PMS and the mixture was then, incubated at 25°C for
5 minutes followed by measurement of absorbance at 560
nm against Butylated hydroxyl toluene as positive control
(0.2 mg/ml), which was taken in different volumes (200-
1000 pl) to obtain different concentrations and treated in
a similar way (Robak and Gryglewski, 1998).

Hydroxyl radical scavenging activity: Varying volumes
of extract (50-250 pg/ml) were mixed with 0.02 ml of
100 mM KH,PO,- KOH buffer (pH 7.4), 0.2 ml of 0.2
mM FeCls, 0.1 ml of mM EDTA, 0.1 ml of 10 mM H,O,
and 0.2 ml of 2- deoxyribose and mixed thoroughly. It
was incubated at room temperature for 60 min. Then,
1 ml of 1%TBA (1g in 10 ml of 0.05 NaOH) and 1 ml
of 28%TCA were added. All the tubes were kept in hot
water bath for 30 min. BHT was used as a ppositive
control for comparison. Absorbance was read at 532nm
with reagent blank containing ethanol in place of extract.
Decreased absorbance of reaction mixture indicated
increased hydroxyl radical scavenging activity (Halliwell
et al. 1987).

Statistical analysis: The data obtained were analyzed
statistically for analysis of variance in a completely
randomized design (Sendecor and Cochran, 1994). The
data were expressed as the mean + standard deviation
(three replicates) and a probability of (P < 0.05) was
considered to be statistically significant.

Results and Discussion

Phytochemical content of fig pulp and its products
is presented in Table 1. Table 1 shows a decrease in
all the studied phyto-chemical components in fig
jam and nectar samples when compared with fig
pulp. The decrease in all the studied phytochemical
components can be due to addition of sugar in the
products and use of heat in the processing which
leads to the various physic-chemical changes in the
fruits. Total phenolics were found to decrease by 25
% and 52 % in fig jam and fig nectar, respectively,
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when compared with the fig pulp. Phenolic
compounds are antioxidants and are subjected to
oxidation during storage and processing of foods
(Titchenal and Dobbs, 2004).

Physical and biological factors such as temperature
increase and enzymatic activity might have
in the destruction of phenolics. Enzymes such
as polyphenol oxidase are responsible for the
browning reaction of phenolics but they are
normally inactivated during jam preparation due to
processing/ cooking at high temperatures. However,
there could be losses of bioactive phenolics due
to the cooking process that may decrease their
functional properties (Kim and Zakour, 2004). The
decrease in the phenolic content of fig nectar can
be attributed to the oxidation of polyphenols by
endogenous polyphenol oxidase and ascorbic acid
oxidase (Giovanelli et al. 2001 a). The decrease
in the flavonoid content of fig jam and fig nectar
when compared with fig pulp can be due to the
addition of sugar in the processing which did not
contribute any flavonoid content to the developed
products. As reported by Crozier et al. 1995; Price
and Rhodes, 1997, decrease is probably due to
chemical or thermal degradation. However, fruit
nectar processing can increase the flavonoid content
as extraction processes can release flavonoids
from the rind (Sluis et al. 1997) and this explains
comparatively lesser decrease in the flavonoid
content of fig nectar than fig jam. Total anthocyanins
were not detected in fig pulp and its products
viz. fig jam and fig nectar. Significant loss of
tannins in fig jam and fig nectar than fig pulp was
observed due to thermal degradation of tannins. The
considerable decrease of tannins in the products can
be due to extraction and release of tannins from the
cell matrix, due to breakage of bonds with proteins
(Rehman and Shah, 2001).

The in vitro methods for evaluation of antioxidant
activity have been developed to measure the
efficiency of natural antioxidants either as pure
compounds or as plant extracts. The DPPH
radical has widely been used in model systems to
investigate the scavenging activities of antioxidative
compounds. DPPH" is a stable free radical and
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accepts an electron or hydrogen radical to become
a stable diamagnetic molecule. The methodology
involves reaction of specific compounds or extracts
with DPPH" in methanol solution. In the presence
of hydrogen donors, DPPH" is reduced and a
free radical is formed from the scavenger. The
reaction of DPPH is monitored by the decrease
of the absorbance of its radical at 517 nm, but
upon reduction by an antioxidant, the absorption
disappears (Brand et al. 1995). DPPH radical
scavenging activity of fig pulp, fig jam and fig
nectar extracts at varying concentrations (50— 250
pg/ml) were measured and the results are depicted
in Fig 1 (a). All the studied extracts viz. fig pulp,
fig jam and fig nectar showed appreciable free
radical scavenging activities. Fig pulp had the
strongest radical scavenging activity while fig nectar
showed the lowest free radical scavenging activity.
A dose-response relationship was found in the
DPPH radical scavenging activity i.e. the activity
increased with an increase in the concentration
of extract. ANOVA results revealed significant
differences in the free radical scavenging activity
among fig pulp, fig jam and fig nectar (P<0.05)
(Table 2). DPPH scavenging activity of the extracts
can be correlated to the presence of flavonoids
and phenolic compounds (Khalaf et al. 2008.). The
phenolic compounds present can act as free radical
scavengers by virtue of their hydrogen-donating
ability (Shahidi et al. 2007).With their high content
of phytochemicals such as flavonoids, tannins,
stilbenoids, phenolic acids and lignans fruits and
fruit products are potentially excellent antioxidant
sources. During the processing of fruits to jams,
total phenol content is reduced (Amakura et al. 2000)
resulting in lower antioxidant values in processed
fruit products than in fruit pulp. Figure 1(b)
represents the ABTS radical scavenging of fig pulp,
fig jam and fig nectar. The ABTS radical, generated
by potassium persulfate, is presented as an excellent
tool for determining the antioxidant activity of
hydrogen- donating antioxidants (scavengers of
aqueous phase radicals) and of chainbreaking
antioxidants (scavengers of lipid peroxyl radicals).
All the extracts exhibited ABTS radical scavenging
activity in a concentration dependant manner. The
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scavenging activity was observed in the following
order: Fig pulp> fig jam > fig nectar. ANOVA results
revealed significant differences in the free radical
scavenging activity among fig pulp, fig jam and
fig nectar (P<0.05) (Table 2). Fruits and vegetables
are significant sources of phytochemicals, but
processing decreases the phenolic content and
hence, affects their potential as radical scavengers.
Earlier researches have also reported significant
effect on the antioxidant potential of fruits and
vegetables by both cooking and storage (Nicoli
et al. 1999).

Hydrogen peroxide occurs naturally at low
concentration levels in the air, water, human
body, plants, microorganisms, food and beverages.
The iron-dependent decomposition of hydrogen
peroxide produces hydroxyl radical, a highly
reactive and biologically toxic species, via the
Fenton reaction. This reductive cleavage of H,0O, is
considered as the main source of hydroxyl radical
in vivo, and is a major mechanism of biological
damage (Mao et al. 1996). Fig 1 (c) shows hydroxyl
radical scavenging activity in fig pulp, fig jam and
fig nectar. The per cent scavenging activity with
respect to all the extracts increased as concentration
of extracts increased from 50- 250 ug/ml. ANOVA
results revealed significant differences in the free
radical scavenging activity among fig pulp, fig
jam and fig nectar (P<0.05) (Table 2). This can be
correlated to the presence of total phenols in the
extract. The hydroxyl radical scavenging activity is
attributed to the radical scavengers like flavonoids,
phenols, vitamin ¢ and 3 carotene present in fruits
(Elmastas et al. 2006).

Antioxidants act by scavenging the NO radicals
(Chandha and Dave, 2009). The NO scavenging
activity in fig pulp was found to be greater than
fig jam and fig nectar [Figure 1 (d)]. The per cent
scavenging activity with respect to all the extracts
increased as concentration of extracts increased from
50- 250 ug/ml. ANOVA results revealed significant
differences in the free radical scavenging activity
among fig pulp, fig jam and fig nectar (P<0.05)
(Table 2). Nitric oxide radical scavenging activity is
correlated to the presence of phenolic compounds
(Sonawane et al. 2010).
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Fig. 1: Radical scavenging activities of fig pulp, fig jam and fig nectar extracts (a) DPPH (2,2-diphenyl- 1-picrylhydrazyl)
radical scavenging activity (b) ABTS (2,2’- azinobis 3- ethyl benzothiazoline-6- sulphonic acid diammonium salt) radical
scavenging activity (c¢) Hydroxyl radical scavenging activity (d) Nitric oxide radical scavenging activity (e) Super oxide
radical scavenging activity

*Values are mean = SD of 3 observations

Bars marked with same letters are not significantly different (P<0.05)
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Table 1: Influence of processing on the phytochemical composition of fig pulp, jam and nectar

Sample/ Parameters Fig pulp Fig jam Fig nectar
Total phenolics (mg %) 161.2+0.82 133.3+0.20 (25) 77.8+0.72 (52)
Total flavonoids (mg %) 4.4+093 0.4+1.10 (98) 2.0+ 0.61 (45)

Total anthocyanins 0.5+0.92 0.2+0.71 (79) 0.4+0.73 (33)
Tannins (mg %) 100.6 +0.43 16.6+1.02 (83) 22.5+0.72 (77)

Values are mean = SEM of 3 observations

Figures in the parenthesis indicate % decrease over the fruit pulp values

Table 2: Significant differences between antioxidant activities of fig pulp and its products

Fig Pulp and its DPPH radical | ABTS radical Hydroxy Nitric oxide Super oxide
Products scavenging scavenging radical radical radical
activity activity scavenging scavenging scavenging
activity activity activity
Fig Pulp vs Fig Jam * * ns * ns
Fig Pulp vs fig Nectar * * * * *
Fig Jam vs Fig Nectar ns ns ns * *

ns not significant
* Significantly different at 5% level

Superoxide anion is a weak oxidant; still it gives rise
to generation of powerful and dangerous hydroxyl
radicals as well as singlet oxygen, both of which
contribute to oxidative stress (Chandha and Dave,
2009). The SO scavenging activity was found to
be very high in both the extracts. SO scavenging
activity is associated to total flavanoids which is
higher in the methanolic extract (Chen and Yen,
2006; Chandha and Dave, 2009). Superoxide radical
scavenging activity of fig pulp, fig jam and fig nectar
is presented in Fig. 1 (e). Figure pulp exhibited
higher scavenging activity than its processed
counterparts, owing to comparatively higher per
cent of phenolics, flavonoids, tannins and vitamin
C. ANOVA results revealed significant differences in
the free radical scavenging activity among fig pulp,
fig jam and fig nectar (P<0.05) (Table 2). Flavonoids
inhibit lipid peroxidation in vitro at the initiation
stage by acting as scavengers of superoxide anions
and hydroxyl radicals (Afanas et al. 1989).

The antioxidant effect exponentially increases as
a function of the development of the reducing
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power, indicating that the antioxidant properties
are concomitant with the development of reducing
power (Oyaizu, 1986). Reductones are believed
not only to react directly with peroxides but also
prevent peroxide formation by reacting with certain
precursors. Among fig pulp, fig jam and fig nectar,
fig pulp had the highest reducing power (Fig. 1). At
concentrations of 50-250 ug/ml, reducing power of
the extracts followed the order fig pulp > fig jam>
fig nectar. Fig pulp exhibited reducing power in the
range from 0.45+0.03 (%) to 0.83+0.05 (%), whereas
fig jam and fig pulp from 0.26+0.01 (%) to 0.53+0.03
(%) and 0.32 £ 0.03 (%) to 0.48+0.05 (%), respectively.
ANOVA results revealed significant differences in
the free radical scavenging activity among fig pulp,
fig jam and fig nectar (P<0.05). The reducing power
is mainly correlated to the presence of reductones
like ascorbic acid (Li et al. 2008).The reducing
power of the extracts of fig pulp, fig jam and fig
nectar increased with increasing concentrations of
the extracts. Ferrous ion, commonly found in food
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systems, is well known as an effective pro-oxidant
(Chandha and Dave, 2009). The purpose of the test
of ferrous ion chelating activity was to determine
the capacity of fig pulp, fig jam and fig nectar to
bind the ferrous ion catalyzing oxidation. Ferrozine
can quantitatively form complexes with Fe2+. In
the presence of other chelating agents, the complex
formation is disrupted with the result that the red
colour of the complex decreases. A measure of the
rate of colour reduction therefore allows estimation
of the chelating activity of the coexisting chelator
(Yamaguchi et al. 2000). In this assay, the extracts
of fig pulp, fig jam and fig nectar interfered with
the formation of a ferrous and ferrozine complex,
suggesting that it has chelating activity and captures
ferrous ions before ferrozine. Fig pulp exhibited
highest ferrous ion chelating activity (0.13+ 0.03)
followed by fig jam (0.10+0.04) and fig nectar
(0.03+0.01). A dose dependent relationship was
observed in the ferrous ion chelating activity of
the fig pulp, fig jam and fig nectar. ANOVA results
revealed significant differences in the free radical
scavenging activity among fig pulp, fig jam and fig
nectar (P<0.05).

Conclusions

Processing of fig fruit pulp into jam and nectar
resulted in a significant decrease in phytochemical
composition of the products. Among the extracts
analyzed, fig pulp exhibited the highest antioxidant
activity followed by fig jam and fig nectar, as
analyzed by different methods. The consumption of
these fruits and fruit may play a role in preventing
human disease in which free radicals are involved,
such as cancer, cardiovascular diseases and aging.
However, further investigations on individual
components, their in vivo antioxidant activity, and
the different antioxidant mechanisms are warranted.
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