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Abstract Antioxidant properties, physico-chemical charac-
teristics and proximate composition of five wild fruits viz.,
Garcinia pedunculata, Garcinia xanthochymus, Docynia
indica, Rhus semialata and Averrhoa carambola grown in
Manipur, India were presented in the current study. The
order of the antioxidant activity and reducing power of the
fruit samples was found as R. semialata>D. indica>G.
xanthochymus>A. carambola>G. pedunculata. Good corre-
lation coefficient (R2>0.99) was found among the three
methods applied to determine antioxidant activity. Total phe-
nolic content was positively correlated (R2=0.960) with the
antioxidant activity however, total flavonoid content was not
positively correlated with the antioxidant activity. Physico-
chemical and proximate composition of these fruits is docu-
mented for the first time.
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Introduction

Fruits contain high levels of biologically active components
that impart health benefits beyond basic nutritional value.
Within the biologically active components, natural antioxi-
dants have attracted interest because of their safety and poten-
tial therapeutic effect (Rufino et al. 2011). The interest of
consumers towards lesser known wild edible fruits has arisen
due to their various health beneficial effects and organoleptic
properties. These wild fruits have played an important role in
supplementing the diet of rural people. Detailed information
about the health promoting components of lesser known fruit
species could lead to a better understanding of the beneficial
effects and an increased consumption of these fruits, including
their utilization in functional foods and as ingredients in
nutraceuticals, medicines and pharmaceuticals (Yilmaz et al.
2009). Use of wild fruits as a food has decreased due to
improvement and hybridization in commercially cultivated
fruits. Any scientific evidence for the health benefits of such
wild fruits in addition to their nutritional value would be a
value addition to the plants producing such fruits. Concerning
their medicinal properties, the most commonly studied
benefit is their antioxidant effects (Karuppusamy et al. 2011).
Assessments of antioxidant properties of natural compounds
are very important because of their uses in medicine, food and
cosmetics (Halliwell 1996). Epidemiological evidence sug-
gests that antioxidant contained in fruits and vegetables can
help to prevent the development of several diseases.

The present communication deals with the antioxidant
profile, physico-chemical characteristics and proximate com-
position of five wild edible fruits viz., Garcinia pedunculata,
Garcinia xanthochymus, Docynia indica, Rhus semialata and
Averrhoa carambola grown in Manipur, India. These fruits

P. B. Sharma :H. S. Devi (*)
Medicinal Plant and Horticultural Resources Division,
Institute of Bioresources and Sustainable Development (IBSD),
Takyelpat Institutional Area, Imphal 795001, India
e-mail: huidrom_sunitibala@rediffmail.com

H. S. Devi
e-mail: sunitibala.ibsd@nic.in

P. B. Sharma
e-mail: bale_sharma@yahoo.com

P. J. Handique
Department of Biotechnology, Gauhati University,
Guwahati 781014, India
e-mail: pjhandique@rediffmail.com

J Food Sci Technol (February 2015) 52(2):894–902
DOI 10.1007/s13197-013-1128-2



are either consumed raw or made into sweets or preserves.
There are several reports on medicinal and others significant
values of these fruits. However, basic information like
physico-chemical characteristics and proximate composition
is limited.

Methods

Authentication of the species

Each plant species was properly identified (Fig. 1) and au-
thenticated by submitting a voucher specimen to Botanical
survey of India, Eastern circle, Shillong, India. Accession
numbers are as follow:

Species Accession no.

Garcinia pedunculata
Roxb.

80727(Assam), BSI/ERC/Tech/Herbarium
Submission/444.

Garcinia xanthochymus
Hook. f.

78852 (Assam), BSI/ERC/2012/Plant
identification/68.

Docynia indica (Wall.)
Decne.

78853 (Assam), BSI/ERC/2012/Plant
identification/68.

Rhus semialata Murray (Assam), BSI/ERC/Tech/Herbarium
Submission/444.

Averrhoa carambola L. (Assam), BSI/ERC/Tech/Herbarium
Submission/444.

Chemicals

2, 2-Diphenyl-1-picrylhydrazyl (DPPH), 2, 2′-Azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt, potassium peroxodisulfate, (±)-6-hydroxy-2, 5, 7, 8-
tetramethylchromane-2-carboxylic acid (TROLOX), Aluminium
chloride, gallic acid, L-ascorbic acid, quercetin were purchased
from Sigma Aldrich, USA. Methanol (spectroscopic grade
and GR-grade), petroleum ether (GR-grade) were purchased
from E. Merck, Germany. Folin-Ciocalteu’s reagent was pur-
chased from SRL, Mumbai, India.

Preparation of fruit extract for the determination of antioxidant
activity, total phenolic content and total flavonoid content

The fruit samples were first washed with running tap water
and finally with distilled water. The edible part was chopped
into pieces and dried in a circulating air oven at temperature
≤60 °C until a constant dried weight was obtained. The
dried sample was ground into powdery form by using Kitchen
blender. The pulverized moisture free sample was then
macerated in methanol (GR-grade, Merck) for 72 h with
intermittent shaking. The clear and coloured solution was
decanted and filtered through filter paper (Whatman no.1).

The filtrate was then concentrated through vacuum rotary
evaporator (Buchi, Switzerland) at temperature below
60 °C. The crude methanolic extract thus obtained was
assessed for antioxidant activity, total phenolic and flavonoid
content.

Determination of antioxidant activity

DPPH• method

Antioxidant activity by DPPH• method was determined
according to the method of Sharma and Bhat (2009) with
minor modifications. DPPH• working solution (200 μM)
was freshly prepared in methanol (spectroscopic grade) by
vortexing for atleast 15–20 min and was used within 3-h of
preparation. 1.0 ml of DPPH•working solution (200 μM) was
added to 3.0 ml of antioxidant solution dissolved in methanol.
The reaction mixture was vortexed for 5–10 s and incubated at
room temperature in a dark place for 30 min. After which
the absorbance was immediately read at 517 nm against the
methanol as blank. Spectrophotometer (Cary-Bio 100, Varian,
Australia) was used to record the readings. Stock solution
(10 mM) of standard antioxidant compounds was freshly
prepared by dissolving in methanol and diluted to their opti-
mum concentration range to give the best concentration re-
sponse curve (CRC) for the fixed reaction time, 30 min.
Percentage DPPH• scavenged was calculated by using the
general formula:

% free radical scavenged ¼ 1−As=Ac � 100

where As is the absorbance of the reaction mixture, Ac is the
absorbance of the negative control.

Many researchers use linear regression to intrapolate IC50

or EC50. In fact, the data should be subjected to an appropriate
non-linear regressionmodel to reflect the truemeaning of IC50

or EC50. Plot of % free radical scavenged versus log of
concentration of antioxidant was used to construct CRC from
which IC50 was evaluated (Fig. 2).

ABTS•+ method

Preparation of ABTS radical cation (ABTS•+) solution was
prepared according to the method of Rice-Evans et al. (1996)
i.e., ABTS and K2S2O8 were dissolved together in distilled
water to a final concentration of 7 mM and 2.45 mM respec-
tively. The mixture was incubated in dark at room temperature
for 12–16 h before use. ABTS•+ solution is stable from pH 3.0
to 6.5 but optimal at pH 4.5 (Cano et al. 1998). ABTS•+ stock
solution thus prepared was diluted with 20 mM sodium ace-
tate buffer, pH 4.5 to an absorbance of 0.7±0.01 at 734 nm
at ambient temperature to prepare working solution (w/s)
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(Ozgen et al. 2006). 3.0 ml of ABTS•+ working solution was
mixed with 30 μl of standard/extract solution prepared in
methanol and incubated at room temperature for 30 min.
Absorbance was read at 734 nm against the reagent blank
(3.0 ml+30 μl MeOH). Similarly, the data were subjected to
non-linear regression for the evaluation of IC50.

Reducing power assay

The reducing power was determined according to the method
of Oyaizu (1986). Gallic acid (0.05–1.0 mM) was used to
construct the standard curve. The reducing power was
expressed as gallic acid equivalent (GAE) mg/g extract.

Determination of total phenolic content

Total phenolic content (TPC) was determined according
to the method of Singleton and Rossi (1965). Gallic acid
(10–50 μg/ml) was used to construct the standard curve. TPC
of the extract was expressed as gallic acid equivalent (GAE)
g/100 g ext.

Determination of total flavonoid content

Total flavonoid content (TPC) of the methanolic fruit extract
was determined according to the method of Meda et al.
(2005). Quercetin (2.5–17.5 μg/ml) was used to construct

Fig. 1 Five selected wild edible
fruits grown in Manipur, India.
a Garcinia pedunculata, a’ TS
of Garcinia pedunculata, b
Garcinia xanthochymus, c
Docynia indica, d Rhus semialata
and e Averrhoa carambola
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the standard curve. TPC of the extract was expressed as gallic
acid equivalent (GAE) g/100 g ext.

Determination of physico-chemical characteristics
of the fruit

Physical characteristics of the fruit were assessed from 50
randomly picked freshly harvested mixture of matured unripe
and ripe fruits sample (Table 1). Some important physico-
chemical characteristics of the fruit juice were also assessed
(Table 2). The edible portion of the fruit was first shredded
with stainless steel shredder. 100 g of this shredded sample
was ground in mortar and pestle and sieved with squeezing
throughmuslin cloth. The crude/pulpy juice thus obtainedwas
centrifuged at 13,200 rpm, 4 °C for 15 min to obtain clear/
solid free juice. Extractable juice was expressed in ml per
100 g fresh weight. pH was measured using pH 700 (Eutech
Instruments, Singapore). Total soluble solid (TSS) was read
by using hand refractometer (Sper scientific, China). Total
titratable acidity (TTA) of the fruit was determined by poten-
tiometric titration method (AOAC 2000), expressed in citric
acid equivalent (% w/w).

Proximate composition

Determination of moisture content

Moisture content (MC) of the fruit was determined gravimet-
rically by weighing fresh fruit sample before and after drying
in an air circulating oven (NSW-143, Narang Scientific,
India). A 20 g of finely shredded fresh sample was weighed
(Mettler Toledo, Switzerland) accurately in a clean and dried
glass petriplate, W1 and dried in the oven at 70 °C until a
constant weight was achieved, W2.

MC %ð Þ ¼ W1−W2=W1 � 100

The dried edible portion of the fruit thus obtained was
finely ground into powdery form for use in subsequent anal-
ysis of proximate composition.

Determination of crude fat content or ether extractives

A known weight of pulverised dried sample was macerated in
petroleum ether for 72 h with intermittent shaking. The clear

Fig. 2 Concentration response
curves of % free radical
scavenged versus log of
concentration of a five wild edible
fruits through DPPH method,
b five wild edible fruits through
ABTS method, c standards
through DPPH method, and d
standards through ABTS method.
GP: Garcinia pedunculata,
GX: Garcinia xanthochymus,
DI: Docynia indica, RS: Rhus
semialata, AC: Averrhoa
carambola

Table 1 Physical characteristics
of five wild edible fruits grown
in Manipur, India

Each value is given in mean ±
standard deviation (n=50) deter-
mined from randomly picked
harvestable stage samples.
*across (diameter)

Weight (g) Shape Circumference (cm) Length (cm)

Garcinia pedunculata 460.49±133.61 Globose 30.45±3.4 9.35±1.16

Garcinia xanthochymus 57.26±8.75 Globose 14.62±1.24 5.98±0.77

Docynia indica 60.91±9.88 Globose 15.05±0.93 5.47±0.29

Rhus semialata 19.6±1.28 Flattened round 0.43±0.05 across*

Averrhoa carambola 122.33±23.83 Star-shaped 18.92 ±1.21 11.61±0.92
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coloured solution was slowly decanted and filtered through
Whatman no. 1 filter paper. The residue was redissolved
repeatedly in the petroleum ether until decolourisation. The
combined extract was concentrated by using rotary vacuum
evaporator.

Crude fat content %ð Þ
¼ wt:of pet:ether extract=wt:of the dried sample� 100

Determination of ash content

1.0 gram of defatted dried sample was put in a clean and
preheated crucible, W1 and heated in a gas furnace for about
5–6 h or until a constant weight of greyish white ash, W2 was
obtained. Desiccator was used for cooling the crucible while
weighing and monitoring the weight.

Ash content %ð Þ ¼ W2=W1 � 100

Determination of fibre content

Fibre content was determined by the non-enzymatic gravimet-
ric method of AOAC (1995) with slightest modifications. A
0.5 g pulverized defatted sample, W1 was placed in an open
mouth 250 ml conical flask along with 150 ml of 0.25 N
H2SO4 and 0.4 ml of acetone as foam suppressor. The mixture
was heated in microwave oven (Samsung-Bio) at 200 °C
with some intermittent gap for a total of 20 min. The
undigested residue was filtered and rinsed with distilled
water to remove any remaining acid. This undigested residue
was then subjected to base digestion with 0.3 N NaOH
by following the same procedure of acid digestion. The
residue thus obtained was scrapped into a clean crucible

and dried to a constant weight, W2 in an oven at 100 °C.
Then, the crucible containing the sample was heated in a
gas flame for about 5 h or until a constant weight of
greyish white ash was obtained, W3. Desiccator was used
for cooling the crucible while weighing and monitoring the
weight.

Fibre content %ð Þ ¼ W2−W3=W1 � 100

Determination of crude protein content

Crude protein was determined according to the method of
Thiex et al. (2002) with minor modifications. A 0.5 g of
pulverized dried sample was digested in 10 ml of H2S04 at
420 °C using copper sulphate and potassium sulphate as
catalyst mix. Digested sample was distilled using 40 %
NaOH in Kjel-Tech (Pelican, India). Ammonia was absorbed
in excess of 4 % boric acid solution and then titrated with
standard acid (0.02 N HCL) to estimate total nitrogen
content. Crude protein content was evaluated by using
the factor 6.25.

Nitrogen content % ¼ 0:014� N titrant� Net ml titrant=sample wt: g

� 100

Crude protein content % ¼ % Nitrogen content� 6:25

Determination of nitrogen and lipid free extract

The nitrogen and lipid free extract (NLFE) which con-
sists of carbohydrate, such as sugars, starches and hemi-
celluloses can be calculated according to the formula of
AOAC (2003).

NLFE %ð Þ ¼ 100− % crude fat contentþ% crude protein contentþ% fibre contentþ% ash contentþ% MCð Þ

Table 2 Physico-chemical characteristics of juicy and dried wild edible fruits grown in Manipur, India

Sample Juice content
(ml/100 g)

Colour of
crude juice

TSS Clear juice
(ml/100 g)

Colour of clear
juice (ml)

PH TTA %

Garcinia pedunculata 63 Greenish yellow 5 57.38 Light milky 1.69±0.05 2.53±0.26

Garcinia xanthochymus ND yellow▪ 1.3▪ ND Light yellow▪ 2.84±0.01▪ 14.4±0.45▪

Docynia indica 84 Reddish brown 8 81 Reddish brown 2.76±0.01 1.35±0.15

Rhus semialata Nil/Dry fruit Light brown* 1.8* Nil Turbid light brown* 2.76±0.02* 16.51±0.56*

Averrohoa carambola 86 yellow 5 82.93 Light yellow 1.35±0.03 1.47±0.17

*Values or parameters taken from water decoction of dried rind (5 g/100 ml). ▪Values or parameters taken from water decoction of dried fruit (2.5 g/
100 ml). TSS: total soluble solids. TTA: total titratable acidity (citric acid equivalent). ND: not determined
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Determination of energy value

The energy value was estimated by using the conversion
factors described in FAO (2003).

Energy value kcal=100gð Þ

¼ % available carbohydrate� 4ð Þ þ % protein� 4ð Þ þ % fat� 9ð Þ½ �

Statistical analysis

The experimental results were expressed in mean ± standard
deviation (SD) of three independent determinations. The
physical dimension of the fruit was expressed in mean ± SD

(n=50).Where applicable, the data were subjected to one way
analysis of variance (ANOVA) and the means were separated
by Tukey’s post hoc analysis at P<0.05 using SPSS v.17.
Calculation of IC50 was performed using GraphPad Prism® v
5.03. A non-linear regression model, log (inhibitor) vs.
normalised response- variable slope was chosen to intrapolate
IC50.

Results and discussion

Maceration of pulverized dried sample in methanol was cho-
sen as an extraction method in order to minimize possible
artifact formation or sample degradation. Percentage recovery

Table 3 Antioxidant activity of
five wild edible fruits grown
in Manipur, India

Values are given in mean ± stan-
dard deviation of three indepen-
dent determinations. Values with-
in the parentheses are given in
μM. ND: not determined. Values
in the same column followed by
the same letter are not signifi-
cantly different at p≤0.05 as
measured by Duncan’s test

Sample DPPH method

IC50 (μg/ml)

ABTS method

IC50 (μg/ml)

Reducing power assay

(GAE mg/g ext.)

Garcinia pedunculata 493.30±12.06a 535.70±4.04a 2.96±0.36a

Garcinia xanthochymus 92.08±0.93b 95.27±0.34b 10.33±1.86b

Docynia indica 33.89±0.89c 49.83±0.24c 24.18±1.26c

Rhus semialata 5.31±0.07c 5.84±0.17d 124.62±4.19d

Averrhoa carambola 261.30±7.35d 284.70±4.13e 5.49±0.81a

L-Ascorbic acid 2.04±0.12c (11.58±0.13) 2.01±0.20d (11.40±0.15) –

Trolox 2.52±0.17c (10.05±0.13) 2.52±0.21d (10.07±0.13) –

Gallic acid 1.04±0.06 c (6.15±0.03) ND –

Fig. 3 Correlation curves of a
IC50 values obtained by DPPH
method versus IC50 values
obtained by ABTS method,
b 1/(GAE mg/g ext.)×1,000
values obtained by reducing
power assay versus IC50 values
obtained by DPPH method,
c TPC (GAE mg/g ext.)
versus 1/IC50 values of DPPH
method×1,000 and d TFC
(QE mg/g ext.) versus 1/IC50

values of DPPH method×1,000
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(w/w) of methanolic fruit extract (syrupy consistency) of G.
pedunculata, G. xanthochymus, D. indica, R. semialata and A.
carambola was found to be 41.00, 21.33, 18.91, 15.10, and
30.00 % respectively.

There are different methods and methodologies for the
determination of in vitro antioxidant activity. Unfortunately,
no method has been standardised so far and there is no single
antioxidant assay for food labelling. It is generally observed
that antioxidant activities (IC50s) of standard references vary
significantly even by applying a particular method, like
DPPH. Hence, the requirement for standard antioxidant assay
is very essential in order to compare the results of different
laboratories and validation of the conclusions (Sharma and
Bhat 2009). In the present study, the modified versions for the
determination of antioxidant activity by DPPH• and ABTS•+

method were formulated in order to achieve uniformity and
results thereof. The concept of CRC, fixed reaction time and
proper interpretation of IC50 were the key elements of the
modified versions. Many workers have been interpreted their
result from linear regression analysis which is, in fact, an
obscurity with respect to the true meaning of IC50 or EC50.
For consistency, IC50 is used for inhibition assaywhile EC50 for
stimulation assays, even though there is no fundamental differ-
ences between them (Campbell et al. 2012). Use of IC50 or
EC50 would be best pronounced for the assay when the reaction
conforms to steady state condition with concomitant use of

non-regression analysis of the data for the evaluation of IC50 or
EC50. Plot of % free radical scavenged versus log of concen-
tration of antioxidant was used to construct CRC from which
IC50 was evaluated (Fig. 2). And finally, the value of IC50

should correspond to the final concentration of the test mixture.
IC50 of L-ascorbic acid, TROLOX and gallic acid deter-

mined by the modified DPPHmethod were found to be 11.58,
10.05 and 6.15 μM respectively. IC50 of L-ascorbic acid and
TROLOX determined by the modified ABTS method were
found to be 11.4 and 10.07 μM (Table 3). In DPPH method,
IC50 of L-ascorbic acid corroborated the value of 11.8 μMand
10.2 μM as reported by Sharma and Bhat (2009) and Mishra
et al. (2012) respectively. However, IC50 of gallic acid was
found to be 6.15 μM as compared to 4.2 μM of Mishra et al.
(2012). IC50 of L-ascorbic acid and TROLOX in both the
methods were agreeable. However, IC50s of methanolic fruit
extracts of ABTS method were slightly higher than DPPH
method in each of the respective extracts (Table 3). Possible
explanation for such minisculus variation might be due to the
solvent system of the assay mixture. DPPH assay was
completely performed in organic solvent while in ABTS
method, 1 % of the solvent systems was methanol. Hence,
the crude methanolic extract might have experienced some
matrix interference. During the standardization of ABTS
method, a higher ratio of crude methanolic extract solution
to ABTSw/s was observed, which is rendering turbidity in the
assay mixture. Hence, a critical ratio has been observed. IC50

is inversely proportional to the antioxidant activity and there-
fore the values were inversed for comparison with reducing
power. The order of the antioxidant activity in both free
radicals and reducing power assay methods of the methanolic
fruit extracts was found as R. semialata>D. indica>G.
xanthochymus>A. carambola>G. pedunculata (Table 3).
Antioxidant potential of R. semialata was comparable to that
of standard antioxidant tested (Table 3). The relationship
between the DPPH and ABTSmethods was significantly high
(R2=0.9992) (Fig. 3a). And the relationship of DPPH and
reducing power assay methods was also significantly high
(R2=0.9918) (Fig. 3b). Therefore, all the three methods were
highly correlated and validated with each other.

Table 4 Total phenol content (TPC) and total flavonoid content (TFC) of
five wild edible fruits grown in Manipur, India

Extracts TPC (GAE mg/g ext.) TFC (QE mg/g ext.)

Garcinia pedunculata 9.44±0.24a 0.607±0.027a

Garcinia xanthochymus 31.31±2.07b 5.313±0.668b

Docynia indica 49.26±4.21b 0.504±0.074a

Rhus semialata 172.84±15.33c 2.775±0.275c

Averrhoea carambola 43.11±2.46b 0.379±0.01a

Values are given in mean ± standard deviation of three independent
determinations. Values in the same column followed by the same letter
are not significantly different at p≤0.01 as measured by Duncan’s test

Table 5 Proximate composition of five wild edible fruits grown in Manipur, India

Sample Moisture
content (%)

Crude fat
content (%)

Ash
content (%)

Crude fibre
content (%)

Crude
protein (%)

N2 free
extract (%)

Energy value
(Kj/100 g)

Garcinia pedunculata 85.00±1.80a 0.44±0.12a 1.37±0.06a 3.40±1.92a 3.16±0.23a 6.61±3.26a 43.10±12.51a

Garcinia xanthochymus 80.96±2.96b 7.57±0.78b 1.65±0.07b 2.73±0.62a 5.01±0.28b 2.06±1.95a 96.48±15.24b

Docynia indica 74.60±1.81c 0.17±0.01a 2.64±0.12c 7.16±0.81b 1.94±0.18c 13.48±2.3b 63.23±9.77a

Rhus semialata 7.50±2.12d 8.90±1.44b 3.70±0.26d 21.07±3.22c 3.94±0.15d 54.89±3.61c 315.39±27.12c

Averrhoa carambola 89.04±1.68e 0.75±0.09a 1.65±0.10b 1.84±0.15a 4.04±0.41d 2.67±1.30a 33.60±7.59a

Values are given in mean ± standard deviation of three independent determinations. Values in the same column followed by the same letter are not
significantly different at p≤0.05 as measured by Duncan’s test
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Total phenolic content among the fruits were found in
the order of R. semialata>D. indica>A. carambola>G.
xanthochymus>G. pedunculata (Table 4). However, total flavo-
noid content was found in the order of G. xanthochymus>R.
semialata>G. pedunculata>D. indica>A. carambola
(Table 4). A tendency of co-relationship has been observed
between the antioxidant potential and the total phenolic con-
tent (R2=0.960) (Fig. 3c). However, no similar relationship
was observed for the total flavonoid content (Fig. 3d) which is
in agreement with other findings of Gálvez et al. (2005),
Heinomen et al. (1998) and Matthäus (2002). The possible
explanation for such non-correlation ship might be due to the
complex structure of the flavonoids or their slow reacting
antioxidant potential.

Physical and some of the physico-chemical characteristics
of the fruits are enumerated in Tables 1 and 2 respectively.
Among the fruits tested, A. carambola, D. indica and G.
pedunculata were juicy and the measured juice content of
them were respectively 86, 84 and 63 ml per 100 g fresh fruit.
Clear juice obtained after centrifugation of the above three
fruits were substantial with negligible amount of solid matri-
ces (Table 2). Fruit of G. xanthochymus is less juicy as the
pulp was found associated with sticky and gummy substances
whereas R. semialata is a dried fruit in nature. Hence, these
two fruits were further treated with water decoction procedure
in microwave oven so as to enable the assessment of TSS, pH
and TTA. Among the three juicy fruits, TSSwas found highest
in D. indica (ca. 8) followed by ca. 5 in each of the G.
pedunculata and A. carambola (Table 2). TSS of each of the
decocted fruit extract was also evaluated; however, it is not the
true reflectance of its natural juice. The acidity (pH) of the five
fruits ranged from 1.35 to 2.84 (Table 2). Among the three
juicy fruits, TTA was found highest in G. pedunculata and
least in D. indica. However, TTA of water decocted extracts
were comparatively higher than the natural fruit juices
(Table 2). Such consequence was possibly due to extraction
procedure (water decoction treatment in microwave oven)
involved in sample preparation.

Table 5 shows the proximate composition of the fruits. MC
was found highest in A. carambola (89 %) and least in R.
semialata (7.5 %). Crude fat content was found highest in R.
semialata (8.9 %) followed byG. xanthochymus (7.57 %) and
least in G. pedunculata (0.44 %). Crude protein was found
maximum in G. xanthochymus (5.01 %) and minimum in D.
indica (1.94 %). N2 free extract or carbohydrate content was
found highest in R. semialata and least in G. xanthochymus.
Energy value was found highest inR. semialata and least inG.
pedunculata. Physico-chemical characteristics and proximate
composition of the fruits were documented for the first time
and these do not necessarily meant for the superiority of a
fruit. The whole experimental analyses were performed from
the fruit sample harvested at its right edible stage. Minor
variation in the compositional makeup or whole experimental

results might arise due to differences in the maturity stages of
the fruit, climatic and geographical conditions. Each fruit has
its own peculiarity and health beneficial effect, say, G.
pedunculata, having the least antioxidant activity among the
five fruits under study, has been found to possess (−)-
Hydroxycitric acid, which is well recognised for its anti-
obesity effect. Likewise, each fruit has its own several reports
of significances, which were not mentioned in the present
study.

Conclusions

Overall, the data from this study would help in prospecting of
such wild underutilised fruits. The present work was primarily
aimed to fill up the basic limited experimental results of the
selected underutilized wild fruits. Results of the experimental
data do not essentially determine the superiority of a fruit.
Value addition and commercialization of such wild fruits will
uplift the socio-economic conditions of rural people and at-
tract the interest of consumer.
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