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Abstract

Background and Obijective: The present study encompassing nutraceutical, nutritional and antioxidant properties of two wild
edible fruits Bischofia javanica and Ficus cunia from Sikkim Himalaya dwells on the study of local plants from Sikkim Himalaya
that is traditionally used.

Materials and Methods: Proximate parameters of the selected fruits were analysed by standard methods. The content of phenolic
components, ascorbic acid, tannins and antioxidant parameters were analysed. In addition, some mineral constituents were also
estimated.

Results: The presented studies established Bischofia javanica as an excellent protein supplement while the other fruit, Ficus cunia
as a good supplement for vitamin-C. Furthermore, the Ficus cunia fruit due to its higher content of phenolics, flavonoids and
flavanols is an excellent source of antioxidant which has been proven by several anti-oxidant assays.

Conclusion: The antioxidant activity shown by both the fruits is due to the significant presence of ascorbic acid, tannins and
phenolic components like flavonoids, flavonols and total phenols etc. These fruits may be included in the local diet together so that
one will address the malnutrition due to protein deficiency while other will take care of vitamin and antioxidant deficiency of the
modern diet.
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1. Introduction

Wild fruits are used for human consumption because of their
assumed health benefits for which they could be categorized
as medicinal foods and nutraceuticals. Knowledge of such
foods is there in the cultural tradition of many ethnic
communities and as such considered as traditional knowledge
(4, Low fruit and vegetable consumption is regarded as one of
the main risk factor for mortality in the world . However,
wild edible fruits and vegetables are known to be excellent
source of nutrients such as minerals, vitamins, carbohydrates
etc. And they may contribute an important part of diet
providing health and nutrition while also serving as an
appetizer B, In view of this, wild foods could become useful
vehicles for improved nutrition and increased food supply ™.
Studies have shown that there is a connection between the
intake of fruits and vegetables and a reduced rate of heart
disease, mortality, common cancers and other degenerative
diseases as well as aging, and this is attributed to the fact that
these foods may provide an optimal mix of phytochemicals
such as natural antioxidants, fibres and other biotic
compounds [,

Bischofia javanica Blume (BJ) belongs to family
Euphorbiaceae, locally known as Bishop wood (Eng), Kainjal
(Nep) and Sumong-kung (Lep) is an evergreen tree, upto 30m
tall with palmately 3-foliate somewhat fleshy leaves. Flowers
tiny, green, without petals and fruits globose or subglobose,
berrylike, fleshy, upto 10 mm in diameter, brown or blue-
black in color. Ficus cunia Buch.-Ham. exRoxb. (FC) of
family Moraceae locally known as Khasray-Khaniu (Nep) and

Tungshee-kung (Lep) is a tree which grows upto 10 m in
height. The Bark is thick, reddish brown and contains milky
juice. Fruits are borne on special shoots arising near the base
of the trunk. Fruits about 20 mm in diameter and brownish-red
in color. Both these plants grow in the Sub-Himalayan tract of
Sikkim Himalaya at an altitude between of 300-1400 m amsl
and in both the cases the ripening of fruits takes place during
April-June. In traditional medicine, the leaves and buds of BJ
are used in tonsillitis and throat pain whereas infusion of
ground bark is used for abortion 1 and the decoction of tree
bark is used for curing diarrhoea and dysentery 71, The major
phyto-constituents isolated from Bischofia javanica are tannin,
B amyrins, betulinic acid, friedelan-3a-ol, epifriedelinol,
friedelin, luteolin, quercetin, beta-sitosterol, stigmosterol and
ursolic acid @1,

Similarly, in the the local traditional medicine across the
Himalaya, FC is used in various ways. The latex of the plant is
used to cure boils I, it is also drunk to cure fever [1% Raw
fruits are eaten in diarrhea and the decoction of the bark is
taken against dysentery and liver complaints M. The dried
leaves of FC have shown the presence of condensed tannins
(+)-catechins, flavonoids quercetin, quercitrin [*2, terpenes and
shikimic compounds I,

Wild edible plants are used as supplements to the cultivated
crops and as famine foods during the lean season in this
Himalayan region. Although these fruits are known to be
edible, the nutritional information for the fruits is not
available. Poor knowledge of the nutrient composition is one
of the reasons for low fruit and vegetable consumption in
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developing countries [, Therefore, the documented
information on the wild edible fruits may serve as baseline
data for introduction of new food items for improved nutrition
and health.

The objective of the present work is to assess and compare
different phytochemicals present in two edible wild fruits, BJ
and FC growing in same altitude and fruiting at the same
season which are commonly eaten by the local community.
The phytochemical analysis, antioxidant activity, reducing
power and total phenolic contents of both the fruits were
evaluated. The study proved that these wild edible plants may
have the potential to be valuable food sources and could easily
be part of a strategy for food and nutritional security in this
part of the world.

2. Materials and methods

Fresh fruits of Bischofia javanica Blume and Ficus cunia
Ham. exRox. were collected from the forest of Central
Pandam in Sikkim (ca 1000m amsl.). The samples were
collected within 9.00 AM in ice bag and immediately brought
to the laboratory for analysis.

2.1 Proximate analysis

The fruits samples of Bischofia javanica (BJ) and Ficus cunia
(FC) were washed thoroughly, sliced and oven dried at 70°C
until they are completely dry. The dried sample were ground
into a fine powder using a mechanical grinder and stored at
room temperature in desiccators until further analysis.

To determine moisture content, 25g of fresh fruit sample each
was weighed and placed in an electric oven for 12-18 hours at
105°C in triplicate. The percentage loss in weight was
expressed as percentage moisture contents. To determine ash
content 2g of dried powder of fruits in triplicate were placed
in a muffle furnace at 550 + 5°C for 8 hours until ash was
obtained. The ash content was then calculated by measuring
the weight loss percentage [*],

The crude protein contents of the fruits were estimated by
using auto Micro Kjeldhal apparatus (Kjeldac-Foss A 8200).
For this 1g of dried fruit powder was mixed with 3 grams of
digestion mixture (96.5g Na.,SO, + 2.59 CuSQO4 +1g Se) to
which 30 ml of conc. H,SO4 was added and digested in
Kjeldahl digestion at 400°C for 80 minutes until the mixture
was clear. The digest was filtered into a 100 ml volumetric
flask and the solution was diluted up to the mark with distilled
water. Ammonia in the digest was steam-distilled from 10 ml
of the digest to which 20 ml of 45% NaOH solution had been
added. The ammonia liberated was collected in 50 ml of 20%
boric acid solution. Ammonia was estimated by titrating with
standard 0.01 M HCI solution using a mixed indicator (0.01 g
of methyl red and 0.03 g of bromaocresol green in 100 ml of
alcohol). Crude protein was estimated by multiplying the
value obtained for percentage nitrogen content by a factor of
6.25 as per AOAC [16],

Crude fibre contents of the two wild edible fruits were
estimated by acid-base digestion 11 with 1.25% H,SO, and
1.25% NaOH solutions. Approximately 2g (W1) dried powder
sample was put into a 600 ml beaker and 200 ml of boiling
1.25% H,SO was added. The contents were boiled for 3 min,
cooled, filtered and the residue was washed three times with
50 ml aliquots of boiling water. The washed residue was

further digested by boiling in 200 ml of 1.25% NaOH for 30
min. The residue from the digest was washed three times with
50 ml aliquots of boiling water and finally with 25 ml ethanol.
The washed residue was dried in an oven at 130°Cto constant
weight and cooled. The residue was scraped into a crucible,
ashed at 550°C for 2 hours, cooled in desiccators and
reweighed. Crude fibre content (%CFb) was expressed as
percentage loss in weight on ignition.

%CFb = (W2-W3) / W1 x 100
Where, W1 = Weight of sample
W2 = Weight of dried residue
W3 = Weight of ash

The crude fat contents was determined from two grams of
dried fruit powder which was placed in a thimble of a Soxhlet
apparatus (Borosil) above a pre-weighed receiving flask
containing petroleum ether (b.p. 40-60°C). The flask was
heated for eight hours, the thimble was removed and the
solvent distilled off. The flask containing the crude lipid was
heated in the oven at 100°C for 30 minutes to evaporate the
solvent, cooled and reweighed. The difference in weight was
expressed as percentage crude lipid content.

The carbohydrate content was obtained by indirect method
difference method [*8 by subtracting the values obtained for
moisture, crude protein, crude fats, crude fibre and ash from
100 as per the following formula:

Carbohydrates =
100 — (%Moisture + %CP + %CF + %CFb + %Ash)

where,

CP = crude protein,
CF = crude fat
Cfb= crude fibre.

Energy value in kilocalorie per gram (kcal/g) was estimated
by multiplying the content of crude proteins, crude fats and
carbohydrates by the recommended factors of 4, 9 and 4,
respectively and then taking the sum of the values. The value
was then converted to kilojoules by multiplying by 4.2 121,

Energy value (kcal/g) = (CP x 4) + (CF x 9) + (Carb. x 4)

2.2 Phytochemical analysis

Crude alkaloid was determined as per Harborne 21, Briefly,
2.5 g of the sample was added with 100 ml of 10% acetic acid
in ethanol and covered and allowed to stand for 4 h. This was
filtered and the filtrate was concentrated on a water bath to
one-quarter of its volume. Concentrated ammonium hydroxide
was added dropwise to the extract until complete precipitation.
The precipitate was collected and washed with dilute
ammonium hydroxide and then filtered. The residue is the
alkaloid, which was dried and weighed.

To extract and estimate crude saponin, ten grams of dried fruit
powder was defatted with petroleum ether for 1h at 40 °C in a
water bath and then extracted with methanol for 1 h with mild
heating. It was then filtered and centrifuged at 50009 for 10
min. In order to get crude saponin extract, the methanolic
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extract was dissolved in mixture of methanol and acetone (1:5
v/v) to precipitate the saponins. It was filtered and dried.
Crude saponin was collected and weighed and the crude
saponin content is expressed in mg/g of dried fruit powder 24,
Tannin was extracted from 5g sample which was mixed with
50 ml distilled water and shaken for 1 hr. After that, 5 ml of
filtrate was pipetted out and mixed with 3 ml of 0.1 M FeCl3
in 0.1 N HCI and 0.008 M potassium ferrocyanide. It was
estimated by measuring the absorbance at 605 nm within 10
min using tannic acid (10-100pg) as standard 22,

From the fruit samples which were dried at 70 °C for 48h in
an electric oven (Rivotek) and ground into fine powder a two
step extraction process was adopted for the hydrophilic and
hydrophobic contributions in this study 23, First the sample
were extracted with water (hydrophilic part) and then with
acetone (hydrophobic part). 10.0g of dried powdered sample
was mixed with 100ml of distilled water and this homogenate
was centrifuged at 6000 rpm in Hermle Labortechnik Z 32HK
centrifuge machine for 15 minutes and supernatant was
collected in a clean test tube. This extraction procedure was
repeated 3 times and supernatants were pooled in a flask
(WE). The solid residue was further extracted thrice in
acetone (1:10 v/v) and supernatants were also pooled (AE).
The total phenol contents was determined from both water and
acetone extracts following the method of Lin et al. 4
Aliquots of 1.0 ml of water and acetone extracts (10 fold
dilute each) were mixed with 5 ml of 10 fold diluted Folin-
Ciocalteau reagent and 4ml of 7.5% Na>COs. The mixture was
incubated at room temperature 90 minutes and the absorbance
was measured at 760 nm in UV-vis spectrophotometer. The
phenol content was determined using Gallic acid as standard
for the calibration curve. Results were expressed as mg GAE
(Gallic acid equivalent/100g FW) and the calculations were
done by using the following formula:

TPC=C x V/m

Where,

TPC= total phenol content

C= concentration of Gallic acid (mg/ml)
V= volume of plant extract (ml) and

m= weight of pure plant extract (g)

The flavonoid contents in water and acetone extracts were
measured as per the method of Lin et al. *4. A volume of 5 ml
of water or acetone extract was transferred to the test tube,
mixed with the 0.3 ml of 5% sodium nitrite for 5 minutes.
Then 0.3 ml of 10% aluminium chloride was added. After 6
min, reaction was stopped by addition of 2 ml sodium
hydroxide. The mixture was further diluted with distilled
water up to 10 ml. The absorbance of the mixture was
immediately measured at 510 nm. Rutin was used as standard
and the flavonoid contents were calculated and expressed as
rutin equivalents (RtE).

To measure the total flavonol contents in the water and
acetone extracts 2.0 ml of each sample was taken and 2.0 ml
of 2% AICI; and 3 ml sodium acetate (50 g/L) solutions were
added. The mixture was incubated for 2.5 h at 20°C and the
absorption was measured at 440 nm. Total flavonols content
was calculated and expressed as as RtE (mg/g) as per the

method reported by Kumaran and Karunakaran 231,

Ascorbic acid was determined according to the method of
Klein and Perry 81 with slight modifications. Water and
acetone extracts were re-extracted with meta-phosphoric acid
(1%, 10 ml) for 45 min at room temperature and filtered
through What man No 4 filter paper. The filtrate (1.0 ml) was
mixed with 9 ml of 2, 6-dichloroindophenol (0.8 g/1000 ml)
and the absorbance was measured at 515 nm  within 30
minutes. Ascorbic acid content was calculated on the
basis of calibration curve of L-ascorbic acid and result
was expressed as ascorbic acid equivalents (AAE).

2.3 Antioxidant Analysis

DPPH scavenging activity of the wild edible fruits was
determined according to Yu et al., 1 with slight modification.
Briefly 2.0 ml of the sample extract or standards was added to
the 5 ml of 0.5 mM DPPH solution (20mg of DPPH powder
dissolved in 100ml of methyl alcohol and vortexed. The
mixture was then incubated in dark for 30 minutes at room
temperature and the decolourization of DPPH was measured
against blank at 517 nm. Results expressed as % inhibition
was calculated by following formula:

% of inhibition = [(Ac(o) —AA(t)) / Ac(o)] x 100

Where,
Ac(0) = Absorbance of control at the time of start of reaction
Aag = Absorbance of sample extract after 30 minutes

The hydroxyl radical scavenging activity of water and acetone
extracts were calculated as described by Yu et al., P71 with
slight modification. This assay is based on Fenton reaction.
Briefly 2.0 ml of 0.2 M phosphate buffer (pH 7.2), 0.04 ml
ferrous sulphate (0.02 M), 2 ml of extract and 1 ml of 1, 10-
phenanthroline (0.04 M) were taken in a test tube. The Fenton
reaction was initiated by addition of 0.1 ml of 7 mM H;0..
Absorbance was measured at 560 nm after 5 minutes
incubation at room temperature. The relative hydroxyl radical
scavenging activity (%) was calculated as:

Scavenging Activity (%) = (Abank-Asample) / (Ablank) X 100

Hydrogen peroxide scavenging activity of the water and
acetone extracts was determined by 81 method with slight
modification. The extract (4 ml) was mixed with 2.4ml of
4mM H,0; solution prepared in 0.1M phosphate buffer (pH
7.4) and incubated for 10 minutes at room temperature. The
absorbance was measured at 230 nm against blank, containing
the extract without H,O.. Scavenging activity (%) was
calculated by:

Scavenging Activity (%)= (Ablank - Asample) / (Ablank) X100

2.4 Quantification of Selected Metals

For each fruit three sample powder (1.0 g each) was weighed
and digested with nitric acid (HNO3), sulphuric acid (H2SOa4)
and perchloric acid (HCIO,) (20:4:2) solution for 40 minutes
on hot plate in fume hood until the reddish brown fumes
disappeared®! and a clear solution was obtained. The samples
were left to cool and contents were filtered. A blank digest
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was also carried out in the same way. Each sample solution
was made up to a final volume of 50 ml with distilled water
and stored in a refrigerator before the analysis. An atomic
absorption spectrophotometer (Perkin Elmer) was used for the
quantification of iron, copper and calcium concentrations 1%
while the phosphorous content of measured with a
spectrophotometer using K;HPQ, as standard (7,

3. Results and discussion

3.1 Proximate compositions

The proximate analysis showed the moisture content of the
fruits to be 69.16 and 80.52 for BJ and FC respectively
(Table-1). The high level of moisture content in these fruits
indicates the low shelf life of the fresh fruit. The level of crude
fiber in food can be an indicator of the level of non-digestible
carbohydrate and lignin. The crude fibre obtained were from
1.05 and 1.53% of FW for BJ and FC respectively (Table 1)
which is quite appreciable and comparable to that of some
berries having a value between 0.85 to 1.48 % B4, High crude
fiber content is responsible for the prevention of diseases like
cancer, coronary heart diseases, obesity etc. 2 %I, Dietary
fibre also contributes to beneficial effects related to
indigestibility and constipation. Both the fruits has very low
amount of fat, 0.35% in FC and 1.15% in BJ respectively.
This type of food composition of high fibre and low fat makes
an ideal diet for overweight people. In addition, an appreciable
amount of crude alkaloids and crude saponins present in both
the fruits may be responsible for its medicinal properties.
Alkaloids are good spasmolytic and anesthetic agents while
saponins helps in boosting the immune system, lowering the
cholesterol levels in the blood and reducing the risk of getting
intestinal cancer. Moderate quantity of alkaloids and saponins
was found in both the fruits (Table-1). Ash content indicates
the content of the total mineral in food. The ash content of BJ
and FC was found to be 0.57 and 0.20 % respectively which is
comparable to those of S. theezans fruit which showed a value
of 0.48 + 0.03% B4 for the same. A relatively appreciable
level of proteins was found in both the species of fruits.
Protein synthesis is necessary for the general development of
the plants. In the present case, BJ showed twice the amount of
protein (2.18%) as compared to the FC (0.89%). However,
alkaloid content was found more in FC (0.22mg/g) as
compared to that in BJ (0.16mg/g) [Table 1]. Could the
proteins have developed for the above reasons or the value
expressed also takes into account the nitrogen from secondary
metabolites is an open question.

Preliminary phytochemical analysis revealed the presence of
phenols and also alkaloids, flavonoids, glycosides, saponins,
steroids, tannins, terpenoids and triterpenoids. These are
important secondary metabolites since they play many
biological roles %1, Hence the analyses of these metabolites

are valuable due to their medicinal importance. The variation
on the secondary metabolite level may be due to variation in
the polarity of the solvents as well as the nature of the species
used B3¢, The difference in energy content of the two varieties
was a function of their composition; FC appeared to contain
more moisture, protein, lipid and crude fibre while BJ had
higher ash value. It may, therefore be concluded that the
differences in the proximate values were a result of variation
in species.

Table 1: Proximate analysis of two wild edible fruits, Ficus cunia
Buch.-Ham. exRoxb. and Bischofia javanica Blume from Sikkim

Himalayas
Type of analysis - - Mate;nal — -
Ficus cunia | Bischofia javanica
Moisture content (%) 80.52+1.79 69.16 + 3.54
Ash content (%) 0.20 £ 0.035 0.57 £0.034
Crude fat (%) 0.35+0.017 1.15 £ 0.023
Crude fibre (%) 1.53+0.135 1.05 + 0.060
Total protein (%) 0.89 £ 0.030 2.18 +0.100
Total carbohydrate (%) 16.51 +0.37 25.89 + 0.84
Crude alkaloids (mg/g) 0.22 +0.025 0.16 + 0.025
Crude saponins (mg/g) 13.02 + 1.56 11.88 +0.67
Total energy value (kcal/g) | 72.75 +2.33 122.63 + 6.94

3.2 Phytochemical compositions

3.2.1 Total phenols

High level of total phenol content is the uniqueness of
Himalayan plants. During the present study the level of total
phenols was found to be quite high in the both the wild fruit
analyzed which provides a high nutritional value to both
(Table-2). Phenolic compounds contribute to quality and
nutritional value in terms of modifying color, taste, aroma,
and flavor and also in providing health beneficial effects.
Phenolics provide plant defense mechanisms to neutralize
reactive oxygen species (ROS) in order to prevent molecular
damage and damage by pathogenic microorganisms, insects,
and herbivores B, Phenolic compounds are the most
important class of phytochemicals which are effective
antioxidants as free radical scavenging, chelating metals ions
and oxygen radical absorbance B8, Of the fruit extracts, the
extract with the highest levels of total phenols (567 mg/100g)
was found in the acetone extract from BJ. In general, the two
fruits analysed showed total phenolic contents between 189 to
342 mg/100g GAE similar to other wlde fruits like Rubus
ulmifolius (297.39mg/100g), Crataegus azarolus (379.16
mg/100g) and Crataegus monogyna (216.61 mg/100g) [,
The antioxidant activity of phenols from these small wild
fruits plays an important role in the protection of
macromolecules from oxidative damage, thereby preventing
many health problems including cancer, diabetes,
cardiovascular diseases, and obesity 11,

Table 2: Estimation of total phenols (mg/100g GAE), flavonoids, flavonols (mg/100g RtE) of two wild edible fruits, Ficus cunia Ham. exRoxb.

and Bischofia javanica Blume from Sikkim Himalayas (Values are mean + SE, n=3)

. Type of Type of analysis
Material extract Total phenols Flavonoids Flavonols
Ficus cunia WE 342.56 + 3.69 151.46 £2.35 44.60 +2.27
AE 327.74 £18.67 246.70 £ 3.54 52.34 +5.81
Bischofia Javanica WE 258.31 + 8.50 29.23+1.60 25.76 £2.25
AE 189.62 £ 18.76 351.18 + 20.87 47.75 £ 3.52
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3.2.2 Total flavonoid content

Flavonoids are therapeutic, water soluble polyphenloic
compounds in fruits and vegetables having potential health
benefits as antioxidant, antiproliferative and chemopreventive
agents M, The important characteristics of flavonoid is that
they constitute one of the major groups of phenolic
antioxidants that reveal anti-proliferative activities in
numerous cancer cell lines and inhibit tumor growth in a few
animal models. Kaempferol, quercetin, and kaempferol-3-(60-
coumaroyl)glucoside, isolated from strawberry extracts
showed anti-proliferative activities in cervical, colon, prostate
and oral cavity cancer cell lines 4, The flavonoid content in
the investigation presented was found to be slightly higher as
opposed to that of total phenol content which is higher in
water extract in both the fruits (Table-2). Under the present
studies, the falvonoid content in the acetone extrct of BJ
(351.18mg RtE/100g) was found to be the very high and
comparable to that found in Malus sylvestris 31, Similarly, the
water extract of FC showed the flavonoid content to be 151.46
which is comparable to that of Berberis lycinum (141.2 mg
RtE/100g). At the same time, the water extract of BJ showed a
flavonoid content (29.23 mg RtE/100g) one fifth that of FC
but comparable to that of Vitis jacquemontii (30.29 mg
RtE/100g) 441,

3.2.3 Total flavonols
Both the fruits, FC and BJ showed an appreciable amount of

total flavonols with their acetone extracts showing greater
flavonol content. The maximum level of flavonol at 52.34 and
47.75 mg RtE/100g in acetone extract of FC and BJ
respectively which was comparable to that of Pistacia
integerrima (69.46 mg Rt/100 g) 11, In contrast, the pods of
Prosopis cineraria, a tree growing in tropical climate yields
almost three times more flavonols in its acetone extract*® than
that of the fruits under the present study.

3.2.4 Ascorbic acid

Ascorbic acid (Vitamin C) acts as potent antioxidant agent.
All known physiological and biochemical actions of vitamin C
are due to its action as an electron donor, by donating
electrons, it prevents other compounds from being oxidized
461, During the present studies the water extract of FC showed
an appreciable level of ascorbic acid as compared to the other
fruit (Table-3). The ascorbic acid content was higher in case
of water extract than the acetone extract. The ascorbic acid
content of BJ was comparable to that of Prunus Espinosa 2%,
but the water extract of FC showed three times more ascorbic
acid content (Table-3). In may be safely said that the ascorbic
acid content in both the fruits are in conformity with that of
different other wild fruits 7 and the level was also somewhat
similar to that in the roots and leaves of Hypochaeris radiate
1481 Ascorbic acid also helps in the absoption of iron and
phenols. Associated with this, the higher phenolic content of
the fruit makes it a better antioxidant.

Table 3: Ascorbic acid and total tannin content (mg/100g dry wt.) in two wild edible fruits, Ficus cunia Ham. ex Roxb. and
Bischofia javanica Blume from Sikkim Himalayas (Values are mean + SE, n=3)

. Type of analysis
Material Type of Extract Ascorbic acid Total Tannin
Ficus cunia WE 92.14 +£3.10 16.1 + 1.67
AE 26.73 £0.64 145+1.76
Bischofia javanica WE 30.86 £2.93 22.36 £2.60
AE 19.25 +2.28 22.96 £2.75

WE = Water extract; AE = Acetone extract

3.2.5 Total tannin content

The tannin content was very high in BJ (Table-3).Tannins are
known to produce anthelmintic activities as they bind to free
proteins in the gastrointestinal tracts of host animals. The
content of tannin in both the FC and BJ in all sxtracts found to
be quite low ranging from 15 to 13mg/100g dry wt. In
comparison, the minimum tannin content was three times
more in case of apple fruit 3. This may be explained by the
fact that perhaps both the solvents used-water and acetone
may not be good solvents for tannin extraction from these
fruits. This idea is also vindicated by the fact that tannin
content in two varieties of monkey kola “9 is comparable to
that of the present two fruits under study.

3.2.6 Antioxidant enzymes

The activity of anti-oxidant enzymes may be an indication of
general vigour and vitality of the plants. The antioxidant
enzymes like catalase, peroxidase and superoxide dismutase
are absolutely critical for maintaining optimal cellular and
systemic health and well-being. In the present study the fruits
of BJ showed a higher activity of antioxidant enzymes
particularly superoxide dismutase (Fig. 1). Earlier studies on

the leaves of Phaseolus vulgaris had shown that enzymes
catalase and peroxidase showed an inverse relationship B,
Quite unexpectedly, same type of relationship was noticed in
this case with FC showing relatively more catalase and
relatively less peroxidase activity while BJ showing just the
opposite. Peroxidases participate in a great number of
physiological processes, such as the biosynthesis of lignin and
ethylene, defence against pathogens and wounding, auxin
metabolism and stress response. Peroxidase constitute the first
line of defence against reactive oxygene species (ROS) and
changes in its indicates the redox status of plants 4. SOD is
an essential enzyme that detoxifies the highly reactive
superoxide radical to create hydrogen peroxide. Left
unchecked, the superoxide radical is capable of creating
numerous other reactive species including peroxynitrite, lipid
peroxyl and alkoxyl radicals which can cause destructive
havoc throughout the body. The primary functions of this
enzyme are to neutralize the superoxide radical and protect
cellular proteins, lipids and DNA from ROS-induced
destruction. In the presented study, the SOD activity in FC
was not that great, however, FC showed an activity of 2.31
units/min/g FW which is comparable to that of banana (2.84
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units / min/g FW) (52,

BFC OBJ
3
2.5 T
2 I
1.5 ——
1 |
0 —
0 B e I .
CAT POX sOD
Enzyme activity (units min-1 g-! fresh wt.)

Fig 1: Variations in the activity of different antioxidant
enzymes viz., catalase, peroxidase and superoxide dismutase
(units/min/gm fresh wt) in two wild edible fruits Ficus cunia

Ham. ex Rox. and Bischofia javanica Blume from Sikkim
Himalayas. (CAT=Catalase, POX=Peroxidise,
SOD=Superoxide dismutase) (Values are meant SE, n=3)

3.2.7 DPPH assay

The DPPH method is an easy, rapid, stable and sensitive way
to determine the antioxidant activity of a specific compound
or plant extracts P31, In this assay, DPPH free radical accepts
hydrogen and gets reduced by an antioxidant. A freshly
prepared DPPHe solution is of deep purple colour with
absorption maximum at 517 nm and in the presence of
antioxidant, this colour disappears due to quenching of DPPHe
free radicals and converting them into a colourless product
2,2-dipenyl-1-picryl hydrazine (54,

Acetone extract of both the fruits showed higher DPPH
scavenging activity with FC showing the highest activity
(86.47% inhibition). In contrast, the cold aqueous extract of
wild edible mushroom, Boletus edulis showed similar activity
while the same in alcoholic extract showed a higher activity
1551, Both the water and acetone extract of BJ and FC in this

study showed DPPH activity within the range as reported
earlier for wild apple in different extracts (8.12 — 78.43 %) by
Stojiljkovic et al., *31, High scavenging activity of this extract
can be explained on account of its high flavonoid content 8],
Thus, flavonoids contribute to the DPPH scavenging activity
of FC fruit extracts.

3.2.8 H20:2 scavenging capacity

Endogenous activity of oxidase enzymes or phagocytic
activity may generate Hydrogen peroxide in the cells. H,O,
may directly or indirectly play a role as a messenger molecule
in the synthesis and activation of several inflammatory
mediators. When the antioxidant systems scavenge the
hydrogen peroxide, the absorption spectrum decreases through
the inhibition of peroxidase activity on H,O,. The ability of
different extracts of the two wild fruits BJ and FC to scavenge
H20; is shown in Table-4. Of the extracts analyzed, the rate of
scavenging is moderate in all the cases. However, FC in
acetone extract shows and inhibition of about 95%. The H,0;
scavenging capacity shown by these two fruits ranging
approximately between 65% and 95% is comparable to that of
Crataegus monogyra (81.04%), Prunus spinosa (80.59%) and
Crataegus azarolus (78.61%) [,

3.2.9 Hydroxyl radical scavenging assay

Hydroxyl radicals are known to be the most reactive of all the
reduced forms of dioxygen, and are capable of damaging
almost every molecule found in living cells. These radicals
have the capacity to join the nucleotides in DNA and cause
strand breakage, which contributes to carcinogenesis,
mutagenesis and cytotoxicity [°6, Table-4 shows the inhibition
of hydroxyl radicals by extracts of wild fruits. The results
show that both the fruits had a significantly high antioxidant
activity. However, the low activity in acetone extract of BJ
may be due to experimental error (Table-4). The range of
hydroxyl radical scavenging activity in the two fruits varied
between 56.2 to 72.0 % which is somewhat similar to that of
the metahnolic extract (60.8%) and ethanolic extract (73.4%)
of Boletus edulis mushroom [°],

Table 4: Determination of antioxidant potential of two wild edible fruits Ficus cunia Ham. exRoxb. and Bischofia javanica Blume from Sikkim
Himalayas in terms of their DPPH Scavenging Activity, Hydroxyl Radical Scavenging Activity, Hydrogen Peroxide Scavenging Activity,

Superoxide anions scavenging activity and Ferric ion Reducing Antioxidant Power (FRAP Assay) (Values are mean + SE, n=3)

Material Type of DPPH Sgayenging Hydrox_yl Radi_ce_ll Hydroggn Peroxi_de
Extract Activity Scavenging Activity Scavenging Activity
Ficus cunia WE 44.11 £1.47 59.74+1.61 64.90 + 2.36
AE 49.62 + 3.29 62.18 + 6.77 94.55 + 4.08
Bischofia javanica WE 66.670 + 5.53 56.2 +2.42 74.24 +2.17
AE 86.47 +3.14 72+1.73 82.142 + 4.82

WE = Water extract;

AE = Acetone extract

3.3 Minerals

In wild edible plants or any other plants for that matter,
mineral elements are an integral part of the architechture of its
chemical molecules and structural units. These are responsible
for medicinal as well as toxic proprieties of these plants 5],
These trace elements act as enzyme cofactors. The essential
enzymes that require the Fe (1) as cofactor in body are
pyruvate oxidase, mitochondrial cytochrome, ribonucleotide
reductase, tyrosine and proline hydrolase, monoamine

oxidase, glucose-6- phosphate.

The presence of vitamin C in FC and BJ will enhance the
absorption of iron in humans. Copper is an important enzyme
co-factor involved in electron transport chain. The enzymes in
the body that require the Cu (Il) ion as cofactor are
cytochrome-c-oxidase, superoxide dimutase, protein-lysine 6-
oxidase €1, Calcium plays important role in the regulation of
membrane permeability for various ions and various metabolic
processes. Endopleura uchi fruits contained 96mg/100g of
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calcium B which is slightly higher than that found in FC and
BJ. Calcium plays essential role in health of bone and teeth as
well as regulating blood pressure.In the present analysis it was
found that the contents of iron (4.51mg/g DW) and copper
(016 mg/g DW) is higher in FC while that of calcium
(71.80mg/g DW) and phosphorous (65.45mg/g DW) is higher
in BJ (Figure-2). Interestingly, in both the cases, the calcium:
phosphorus ratio was found to be greater than one, indicating
that these minerals are present in the correct proportions in
both these fruits [4?]. Thus, it may be safe to mention that these
wild fruits may be included in the diet as a complementary
source of these minerals.

4. Conclusion

The world has witnessed growing scientific and commercial
interests in wild plants and plant based products, mainly due
to their vast economic potential and widespread cultural
acceptability, however, less than 5% species have been
analyzed as potential medicine, while the rest (95%) of the
plants are still there to be analyzed %%, Food production must
be actively combined with evaluation, selection,
domestication and greater consumption of under-utilized or
wild edible plants that are of local or regional importance to
effectively increase nutritional security.

The main antioxidant substances found in fruits and plants
include ascorbic acid, carotenoids and phenolic compounds
1611, Besides the phenolic acids and their derivatives, the fruits
always contain members from one or more groups of
flavonoids, such as glycosylated flavones/flavonols,
flavanones, anthocyanins, proanthocyanidins, as the main
phenolic components 2,

Considering the activity shown in the different antioxidant
assays, we noted a certain association between the ability of
fruits to scavenge H»O, and superoxide anions with both the
species showing a high H,O, and low superoxide scavenging
activity. However the highest scavenging activity was shown
by the acetone extract of BJ in case of DPPH scavenging
activity (Table). The differences shown by the same fruit in
different antioxidant tests may be due to the different reaction
media and to the different chemical natures of the radical
species generated. The different antioxidant activity of these
two fruits may also be due to differential content of
antioxidant compounds in fruits, such as phenolic compounds,
ascorbic acid and carotenoid etc [,

In this study certain associations between the phytonutrient
concentration and total antioxidant activity were found. In
fact, in FC which showed much higher phenolic and and a
high concentration of ascorbic acid also showed a much
higher capacity for scavenging H»O,. The proximate
compositions, nutritional and antioxidant activities of these
fruits suggested that both BJ and FC contains nutrients,
polyphenolic compounds and antioxidant activities that are
useful for human health. Both these fruits have potential as a
resource for dietary health supplement. Low energy, high
moisture, low fat and low protein make the fruit suitable for
patients with some physiological conditions.

The present study has positively contributed to some extent
towards adding two new fruits from Sikkim Himalaya in food
repertoire as a nutritional and Nutraceutical supplement.

Table 5: Determination of minerals, iron, calcium, copper and
phosphorous (mg/100g dry wt.) in two wild edible fruits, Ficus cunia
Ham. exRoxb. and Bischofia javanica Blume from Sikkim
Himalayas(Values are mean + SE, n=3)

Minerals _ _ Plant spt_ecies _ _
Ficus cunia Bischofia javanica
Iron 451+0.13 2.66 +0.015
Calcium 40.53 £3.22 71.80 £ 2.60
Copper 0.16 £ 0.012 0.10 £ 0.015
Phosphorus 0.35 £+ 0.055 65.45 + 1.88
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