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ABSTRACT
Feronia limonia (L.) Swingle fruit is much used in India as a stomachic, diuretic, cardiotonic and tonic to the liver and lungs. In this study, free and
bound phenolic compound extracts were obtained by successive extractions of feronia limonia ripe fruit pulp. Total phenolic content was evaluated
following Folin–Ciocalteu method; antioxidant activity by the DPPH assay and antimutagenic potential by the Ames test. The phenolic glycoside
extract presented higher (229.0 mg/g, GAE) total phenolic contents followed by phenolic ester (37.5 mg/g) and free phenolics (11.0mg/g). Where
as the antioxidant activity was 88.7%, 11.8% and 3.8% respectively. Phenolic glycoside extract showed antioxidant activity higher than that of
commercial antioxidant Trolox (64.6%) and Butylated hydroxytoluene (83.2%). At 2500 µl/plate a significant antimutagenic effect was shown by
phenolic glycoside extract and the order of antimutagenic activity was found phenolic glycosides > phenolic esters > free phenolics. Results
indicated good correlation between total phenol content, antioxidant activity and antimutagenic effect. Phenolic glycosides in feronia limonia ripe
fruit pulp showed promising antioxidant activity, antimytagenic effect and needs further exploration for their effective use in both modern and
traditional system of medicines.
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INTRODUCTION
Feronia Limonia (L.) Swingle (wood apple), belonging to the family
Rutaceae and is widely distributed in most tropical and subtropical
countries. The feronia limonia is native and common in India, Sri
Lanka, China and Indonesia, where it is cultivated along roads and
edges of fields and occasionally in orchards1. Feronia limonia fruit
was known as a medicinal plant already in ancient Greek and Roman
times and one of the most important plants of ‘Ayurved’, the
traditional Indian medicine. In India, the fruit is used as a stomachic,
diuretic, cardiotonic and tonic to the liver and lungs2. Some recent
reports identified its use in gastrointestinal disorders3.
During the last three decades, the antioxidant‐based
drugs/formulations for the prevention and treatment of some
diseases like atherosclerosis, stroke, diabetes, alzheimers disease,
and cancer have appeared4. This has attracted a great deal of
research interest in natural antioxidants, and trend towards the use
of natural phytochemicals specially phenolic compounds present in
berry crops, tea, herbs, oilseeds, beans, fruits, and vegetables has
increased.
Many research studies have shown that, diets rich in of fruits;
vegetables and derived food products have health benefits against
cardiovascular disease, chronic disease and certain types of cancer5.
The principal agents responsible for these protective effects could
be the presence of antioxidant substances that exhibit their effects
as free radical scavengers, hydrogen‐donating compounds and
reducing agent6. However, more recently the polyphenols have been
investigated since they have been found to be beneficial as strong
antioxidants and antimutagens7. Phenolic compounds are some of
the most widespread molecules in nature and widely exist in fruits,
nuts, grains and vegetables are reported to have multiple biological
effects, including antioxidant activity, antitumor, antimutagenic and
antibacterial properties8. The antioxidant activity of phenolic
compounds is mainly due to their redox properties, which can play
an important role in body defense systems9. Due to their health
promoting properties, there has been renewed interest in studying
and quantifying phenolic metabolites of fruits, nuts and vegetables.
However, as far as we know, no literatures on antioxidant activity
and antimutagenic effect of feronia limonia fruit ripe pulp have been
published. Thus, the objective of the present work was to extract the

phenolic compounds present in feronia limonia fruit pulp and
determine their total phenolic content, antioxidant activity and
antimutagenic effect to evaluate their probable contribution as
antioxidants and antimutagens, which could be eventually used as
potential agents in phytomedicine.
MATERIALS AND METHODS
Chemicals and reagents
Folin‐Ciocalteu reagent were obtained from Merck, Germany, DPPH
[1,1‐diphenyl‐2‐picrylhydrazyl], Butylated hydroxytoluene (BHT),
Trolox were obtained from Sigma‐Aldrich (Germany). Gallic acid
monohydrate, Ascorbic acid and Sodium azide were obtained from
S.D.Fine‐chem (Mumbai, India). All solvents and other chemicals
used for this study were of analytical reagent grade and obtained
from Ranbaxy Fine Chemicals Ltd. (Mumbai, India). Molten soft agar
was obtained from HiMedia (Mumbai, India) The Salmonella
typhimurium strain TA100 were obtained from Trinova Biochem
(Germany). Presently, it is being maintained in laboratory at the
Primal Life Sciences, Mumbai, India.
Fruit samples, pretreatment and storage
The fruits of Feronia limonia (L) Swingle were harvested from
different trees of same origin during January 2008 in a rural area of
Pune Distric Maharashtra, India. After harvesting, the fruits were
identified and authenticated in the Department of Botany, The
Institute of Science, Mumbai, India. All the healthy fruits of uniform
size and appearance were tested for maturity. The mature fruits
were kept in the sun for two weeks to fully ripen10. The outer
wooden rind was broken with hammer and scooped out pulp were
sieved through mesh to remove seeds and fibrous particles. Pulp
homogenisded under nitrogen for 20 min and kept in an airtight
container in a freezer (at ‐18°C) until further use.
Extraction
Phenolic compounds in ripe fruit pulp were extracted as methanol
soluble free phenolics and bound phenolic compounds i.e. phenolic
glycosides released after acid hydrolysis, and phenolic esters
released after alkaline hydrolysis, as described by Matteo et al., b
2004, and Shela et al., 200411,12with some modifications.
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Extraction of free phenolics
In order to collect the free phenolic compounds, four gram of pulp
was sonicated in 40 mL with a mixture of methanol and water (4:1,
v/v), for 30 min. After centrifugation at 1000 rpm for 10 min,
supernatant removed in separating funnel and extraction was
repeated two more time. Combined supernatant was extracted twice
with 50 mL hexane. Upper organic layer were discarded and lower
aqueous layer was divided in to two equal parts and evaporated
under reduced pressure at 40°C. One part of residue was
reconstituted with 10 mL mixture of water and formic acid (99.7:0.3,
v/v) and other was reconstituted with 10 mL DMSO for
antimutagenic activity. The residual pulp, obtained after sonication
and filtration, was divided into two equal parts and used for
phenolic glycosides and phenolic esters phenolic compound
extractions.
Extraction of phenolic glycosides
One part of residual pulp was digested with 100mL of 2 N
Hydrochloric acid in methanol at 95°C for 60 min, After cooling the
solution was filtered and the filtrate extracted twice with 50 mL
diethyl ether: light petroleum ether (1:1, v/v). Upper organic layer
discarded and the lower aqueous layer was extracted five times with
50 mL mixture of of diethyl ether and ethyl acetate (1:1, v/v). The
combined organic layer was divided in to two equal parts and
evaporated under reduced pressure at 40°C. One part of residue was
reconstituted with 100 mL of 0.1% HCl in methanol and other was
reconstituted with 5 mL DMSO for antimutagenic activity.
Extraction of phenolic esters
Second part of residual was digested with 100mL of 2M NaOH at
room temperature and shaken under nitrogen gas for 20 h .The
mixture was then acidified at pH 2–3 in 10M of hydrochloric acid in
a cooling‐ice bath and extracted with 100mL of hexane to remove
lipids by a seperating funnel. The final aqueous layer was extracted
five times with 50mL of diethyl ether–ethyl acetate (1:1, v/v) using
seperating funnel. The combined organic layer was divided in to two
equal parts and evaporated under reduced pressure at 40°C. One
part of residue was reconstituted with 20 mL of water–formic acid
(99.7:0.3, v/v) and other was reconstituted with 5 mL DMSO for
antimutagenic activity.
Total phenolic contents
Total phenolic content of all three extracts were determined using
Folin‐Ciocalteu reagent method as described earlier by Miroslaw T
et al., 2006 13. To 100 µl of each extract and gallic acid standard
solutions (0.2,0.4,0.5,0.6 and 0.7 mg/mL) 2.5 mL of Folin‐Ciocalteu
reagent (1N) added and followed by 7.5 mL of 7.5% sodium
carbonate solution was added and mixed well. After 2h incubation at
room temperature, the absorbance was measured at 765 nm. The
results were expressed as milligram of gallic acid equivalent (GAE)
per gram of dry weight (DW).
DPPH radical scavenging activity
The scavenging activity of 1, 1‐diphenyl‐2‐picrylhydrazyl radical
(DPPH) free radicals by three extracts and known antioxidant was
performed as described by Farrukh A et al., 2006 with some minor
modifications 4. An aliquot of 200 µl of free phenolic (0.25‐2.5
mg/ml), phenolic esters (0.07‐0.7 mg/ml), phenolic glycosides
(0.015‐0.15 mg/ml), Trolox (0.02‐0.20 mg/ml) and BHT (0.015‐0.15
mg/ml) were mixed with 800 µl of 50 mM Tris‐HCl buffer (pH 7.4),
the mixture was then added to 1 mL of 500 µM DPPH in ethanol.
Methanol (200 µl) only was used as the experimental control. The
reaction mixtures were incubated for 30 min at at room
temperature and the decrease in absorbance was measured at 517
nm. The percent inhibition was calculated from the following
equation and results were expressed as “percentage inhibition” (%)
of the DPPH on of dry weight.

% Inhibition = [(Abs. of control – Abs. of test sample)/ Abs. of
control] x 100
EC50 value was determined from the plotted graph of scavenging
activity versus the concentration of extracts, which is defined as the
amount of antioxidant necessary to decrease the initial DPPH radical
concentration by 50% 14.
Antimutagenic effects
The Antimutagenic Effect of all extracts was studied using the tester
strains of Salmonella typhimurium (TA100) through the standard
plate incorporation Ames test as described by Negi PS et al., 2003 15.
Each extract (625, 1250 and 2500 μg /plate) were assayed by
plating with 2 ml molten soft agar containing 0.1 ml of 10 h old
culture of Salmonella typhimurium (TA100) strains.
Sodium azide was used as a diagnostic mutagen (1.5 µg per plate) in
the positive control and plates without test samples and without
sodium azide was considered as negative controls. His+ revertants
were counted after incubation of the plates at 37 °C for 48 h. The
mutagenicity of sodium azide in the absence of test samples was
defined as 100% inhibition. Each extract was assayed using
triplicate plates. The % inhibition was calculated according the
formula given below.
[% Inhibition =(1‐T)/(M) * 100]
Where T is the number of revertants per plate in the presence of
mutagen and the test sample and M is the number of revertants per
plate in the positive control. The number of spontaneous revertants
was subtracted from the numerator and the denominator. The
antimutagenic effect (% inhibation) between 25‐40% was
considered moderate and strong when more than 40%. The
antimutagenic effect (% inhibation) less than 25% was considered
as weak and was not recognised as positive result16.
Statistical method
All experiments were performed in three replicates and results are
reported as Mean ± SD.
RESULTS AND DISCUSSION
Phytochemicals, especially phenolics, in fruits, nuts and vegetables
are suggested to be the major bioactive compounds for health
benefits 7, 8. This study was designed to screen the total phenolic
content antioxidant activity and antimutagenic effect of free and
bound forms phenolic made by applying solvent extraction and
hydrolysis from feronia limonia ripe fruit pulp of Indian origin.
The total phenolic content was determined using FolinCiocalteau
reagent to evaluate their correlation with antioxidant activity and
antimutagenic effect. In present study, we observed that the residue
obtained after free phenolic compound extract produced red colour
upon treatment with heat and mineral acids. A red solution was
insoluble in water, but soluble in amyl alcohol, is a characteristic of
anthocyanidins. Anthocyanidins are produced from the acid
hydrolysis of procyanidins and this would tend to confirm that
glycoside bound phenolic compound show presence of
anthocyanidins 17.
Total phenolic contents
Total phenolic content of all three extracts were determined
using Folin‐Ciocalteu reagent method, which is based on the
complex formation of molybdenum‐tungsten blue in alkaline
solution18.
The phenolic contents, expressed as mg gallic acid equivalents
per gram of dry weight (mg/g GAE dw), were found to be the
highest, i.e.229.0±0.6 mg/g in phenolic glycosides, after that 37.5 ±
0.5 mg/gm in phenolic esters and lowest 11.0 ± 0.6mg/gm in free
phenolic extract. There was a remarkable difference between total
phenolic content in free, phenolic esters and phenolic glycosides
are showed in Fig.1.
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antioxidant activity 12,26, 27 and there is a linear correlation between
phenolic content and antioxidant activity. The correlations indicate
that phenolic compounds were responsible for the antioxidant and
antimutagenic effect exhibited in this study. High total phenolic
content is generally regarded as an indication of high total
antioxidant capacity and antimutagenic effect 28. It has also been
suggested that compounds, which possess antioxidant activity can
inhibit mutation and cancer because they can scavenge free radical
or induce antioxidative enzyme29. The results suggested that the

anthocyanidins from phenolic glycosides contributed significantly
to the antioxidant activity and antimutagenic effect of the Feronia
limonia ripe fruit pulp. Feronia limonia ripe fruit can be considered
an important source of phenolic compounds, which exhibit their
antioxidant activity and antimutagenic effect. A bound form of
phenolic glycosides in fruit pulp is supporting its potential use as an
antioxidant and antimutagenic phytochemicals. However, further
work is required to determine which anthocyanidins are responsible
for antioxidant and antimutagenic effects.
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