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ABSTRACT

The present communication deals with the in vitro antioxidant studies of the acetone and aqueous methanol extracts of four wild edible fruits e.g.
Morus indica, Parkia roxburghii, Prunus nepalensis and Terminalia bellerica, collected from Meghalaya state in India. The total phenol varied from
10.49+0.14 to 95.40+0.74 mg/g in the aqueous methanol extract and 9.21+0.23 to 130.48+0.97 mg/g in the acetone extract of the fruits. Flavonoids
content were between 2.14+0.02 and 7.07+0.01 mg/g in aqueous methanol extract and varied from 2.21+0.14 to 10.37+0.10 mg/g in the acetone
extract. 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging effect of the extracts was determined spectrophotometrically. The highest radical
scavenging was observed in the acetone extract of M. esculenta with ICso = 0.058+9.72E-05 mg dry material. The greater amount of phenolic
compounds leads to more potent radical scavenging effect as shown by the acetone extract of T. bellerica . Flavonol content was observed highest in
the acetone extract of P. nepalensis (14.12 + 0.05 mg/g) and least in the aqueous methanol extract of P. roxburghii (2.83+0.11 mg/g). The reducing
power of the extracts of the plants were also evaluated as mg AAE (ascorbic acid equivalent)/g dry material. The results indicate that these wild

edible fruits can be utilized as natural antioxidant.
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INTRODUCTION

Antioxidants refers to compounds that can delay or inhibit the
oxidation of lipids or other molecules. Oxidation reactions can produce
free radicals and these radicals are responsible to many disorders and
diseases in humans such as infections, diabetes, arthritis, ischemia and
reperfusion injury of many tissues, gastritis, cancer, coronary heart
diseases and AIDS L. As antioxidants have been reported to prevent
oxidative damage caused by free radical, it can interfere with the
oxidation process by reacting with free radicals, chelating, catalytic
metals and also by acting as oxygen scavengers 2. It is established that
consumption of antioxidant substances has been linked to the
reduction in the incidence of oxidative-stress related diseases 3. The
use of currently available synthetic antioxidants like butylated
hydroxy anisole (BHA), butylated hydroxyl toluene (BHT) has been
limited due to their toxicity and side effects. They are suspected of
being responsible for liver damage and carcinogenesis in laboratory
animals. Hence strong restrictions have been placed on their
application and therefore research for the determination of the natural
oxidants source is important *.

Potential sources of antioxidant compounds have been searched in
several types of plant materials such as vegetables, fruits, leaves,
barks, roots and crude palnt drugs. Flavonoids, flavonols and other
phenolic compounds are especially common in leaves, fruits, stem
and barks. They are important in the plant for normal growth
development and defense against infection and injury. Flavonoids
an other phenolic compounds have been suggested to play a
preventive role in the development of cancer and heart diseases.
With the development in techniques and recent researches, it has
been proved that certain non-nutritive chemicals in plants such as
terpenoids, flavonoids and phenolic compounds which were earlier
thought to be of no importance to human diet, possess antioxidant
properties > The antioxidant activity of phenolics is mainly due to
their redox properties which allow them to act as reducing agent,
hydrogen donators and singlet oxygen quenchers 6.

It is widely accepted that fruits and vegetables have many healthful
properties and consumption in sufficient amount has been associated
with protection against various forms of cancer, a number of chronic
diseases, such as neoplasm, cardiovascular diseases, inflammation,
neurodegenerative pathologies, cataracts, diabetes as well as the
ageing process. It has also been established that fruits are the major
sources of dietary antioxidant vitamins such as vitamin A, B, C and E
and phenolic compounds which are also act as antioxidant 3.

Natural antioxidants especially phenolics, flavonoids and flavonols
from tea, wine, fruits, vegetables and spices are already exploited
commercially either as antioxidant additives or as nutritional
supplements *. Though many other fruits and vegetables have been
investigated in the search for novel antioxidants in the past few
years but generally there is still a demand to find more information
concerning the antioxidant potential of plant species as they are safe
and also bioactive. Therefore, the main objective of this study was to
determine the antioxidant activity of different wild edible fruits
grown in the Meghalaya state in India.

The present communication deals with the evaluation of antioxidant
activity of four wild edible fruits like Morus indica Linn. (Moraceae),
Parkia roxburghii G. Don (Mimosaceae), Prunus nepalensis Ser
(Steud) (Rosaceae) and Terminalia bellerica Roxb
(Combretaceae),collected from different places of Meghalaya state,
India. The main target of our research was to examine the total
phenolic content, flavonoid content, flavonol content and radical
scavenging capacity related to antioxidant potential of these four
wild edible plants. The antioxidant activity of these plant extracts
has been determined as the free radical scavenging ability using
stable 2, 2-diphenyl- 1-picrylhdydrazyl (DPPH) and ascertained by
measuring reducing power. The traditional use and ethnobotanical
importance of these plant has also been mentioned.

Morus indica Linn known as Soh Lyngdkhur (Khasi) in Meghalaya
state, belongs to the family Moraceae. Ripe fruits are black in colour
and eaten by the local people and used in the treatment of fever. The
decoction of the leaves are used as gargle in inflammation of vocal
cords 7.

Parkia roxburghii G. Don. belongs to family Mimosaceae, locally
known as Zong Tan in Mizoram and Jong Sak in Manipuri . In Manipur
it is considered as the most costly vegetable. Both flowers and pods
are eaten as vegetable. The Manipuri takes this vegetable as raw in
preparation of "Singju", a typical Manipuri salad. Sometime this may
be mixed with fish and in preparation of typical delicious curry the
"Iromba". Mizos, Garos, Kacharis, Nagas, Mikirs are also consuming the
pods as vegetables. In Malaya, both seeds and pods are valued in
medicine. Pods pounded in water are also used for washing the head
and face. Bark and the leaves are employed in making lotion for skin
diseases and ulcer 8.

Prunus nepalensis Ser (Steud) belongs to family Rosaceae locally
known as Soh long in Khasi hills of Meghalaya. The fruits are edible
and also used to make fruit juice called as Um Soh- Iong in khasi.
Fruits are astringent, leaf are diuretic and used in dropsy °.



Terminalia bellerica Roxb. belongs to family Combretaceae locally
known as Humra guti in Meghalaya. The seeds are eaten by local
people for curing gastric problem and stomach disorders. The fruits
of this plant are used in piles, dropsy, leprosy, biliousness, dyspepsia
and headache 7. The fruit possesses antibacterial properties and
myocardial depressive activity.

MATERIALS AND METHODS
Plant materials

The four plant materials e.g the fruits of Morus indica, Parkia
roxburghii, Prunus nepalensis and Terminalia bellerica, were
collected from different market of Meghalaya state, India on March
2010 and authenticated in our office. The voucher specimens were
preserved in the Plant Chemistry department of our office under
registry no BSITS 26, BSITS 29, BSITS 30, BSITS 31, respectively.
The plant parts were shed-dried, pulverized and stored in an
airtight container for further extraction.

Extraction of plant material ( Aqueous methanol and Acetone
extract)

One gram of each plant material were extracted with 20 ml each of
aqueous methanol (20%, v/v) and acetone at ambient temperature,
with agitation for 18 -24 h. The extracts were filtered and diluted to
50 ml and aliquot were analyzed for their total phenolic, flavanoid
and flavonol content, reducing power and their free radical
scavenging capacity.

Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH), butylated hydroxytoluene
(BHT), ascorbic acid, quercetin  were purchased from Sigma
Chemical Co. (St. Louis, MO, USA)., Folin-Ciocalteus’s phenol reagent,
gallic acid, potassium ferricyanide, Aluminium chloride, FeCl3 and
sodium carbonate were from Merck Chemical Supplies (Damstadt,
Germany). All the chemicals used including the solvents, were of
analytical grade.

Estimation of total phenolic content

The amount of total phenolic content of crude extracts was
determined according to Folin-Ciocalteu procedure 1°. 20 - 100 pl of
the tested samples were introduced into test tubes; 1.0 ml of Folin-
Ciocalteu reagent and 0.8 ml of sodium carbonate (7.5%) were
added. The tubes were mixed and allowed to stand for 30 min.
Absorption at 765 nm was measured (UV-visible spectrophotometer
Hitachi U 2000 Japan). The total phenolic content was expressed as
gallic acid equivalents (GAE) in miligram per gram (mg g!) of
extract.

Determination of total flavonoids

Total flavonoids were estimated using the method of Ordonez et al.
11, To 0.5 ml of sample, 0.5 ml of 2% AICl; ethanol solution was
added. After one hour at room temperature, the absorbance was
measured at 420 nm (UV-visible spectrophotometer Hitachi U 2000
Japan). A yellow color indicated the presence of flavonoids. Total
flavonoid contents were calculated as quercetin (mg/g) using the
following equation based on the calibration curve : y = 0.0353x +
0.0566, R2 = 0.9985, where y was the absorbance and x was the
quercetin equivalent (mg/g).

Determination of total flavonols

Total flavonols in the plant extracts were estimated using the
method of Kumaran and Karunakaran 2 . To 2.0 ml of sample
(standard), 2.0 ml of 2% AICl; ethanol and 3.0 ml (50 g/L) sodium
acetate solutions were added. The absorption at 440 nm (UV-visible
spectrophotometer Hitachi U 2000 Japan) was read after 2.5 h at
20°C. Total flavonol content was calculated as quercetin (mg/g)
using the following equation based on the calibration curve : y =
0.0513x + 0.1658, R2 = 0.9995, where y was the absorbance and x
was the quercetin equivalent (mg/g).
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Measurement of reducing power

The reducing power of the extracts was determined according to the
method of Oyaizu 1986 13. Extracts (100 pl) of fruit extracts were
mixed with phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and 1%
potassium ferricyanide (2.5 ml). The mixture was incubated at 50°C
for 20 min. Aliquots of 10% trichloroacetic acid (2.5 ml) were added
to the mixture, which was then centrifuged at 3000 rpm for 10 min.
The upper layer of the solution (2.5 ml) was mixed with distilled
water (2.5 ml) and a freshly prepared ferric chloride solution (0.5
ml, 0.1%). The absorbance was measured at 700 nm. Reducing
power is given in ascorbic acid equivalent (AAE) in milligram per
gram of dry material.

Determination of free radical scavenging activity

The free radical scavenging activity of the plant samples and
butylated hydroxyl toluene (BHT) as positive control was
determined using the stable radical DPPH (1,1-diphenyl-2-
picrylhydrazyl) 4. Aliquots (20 - 100 pul) of the tested sample were
placed in test tubes and 3.9 ml of freshly prepared DPPH solution
(25 mg L1) in methanol was added in each test tube and mixed. 30
min later, the absorbance was measured at 517 nm (UV-visible
spectrophotometer Hitachi U 2000 Japan). The capability to
scavenge the DPPH radical was calculated using the following
equation:

DPPH scavenged (%) = {(Ac - At)/Ac} x 100

Where Ac is the absorbance of the control reaction and At is the
absorbance in presence of the sample of the extracts. The
antioxidant activity of the extract was expressed as ICso. The ICso
value was defined as the concentration in mg of dry material per ml
(mg ml') that inhibits the formation of DPPH radicals by 50%. Each
value was determined from regression equation.

STATISTICAL ANALYSIS

Values are presented as mean * standard error mean of three
replicates. The total phenolic content, flavonoid content, flavonol
content, reducing power and ICso value of each plant material was
calculated by using Linear Regression analysis.

RESULT AND DISCUSSION
Total phenol, flavonoid and flavonol content of the extracts

The screening of the aq methanol and acetone extracts of four wild
fruits revealed that there was a wide variation in the amount of total
phenolics ranging from 9.21 +0.23 to 130.48+0.97 mg GAE/g dry
material (Table 1). The highest amount of phenolic content was
found in the acetone extract of T. bellerica (130.48+ 0.97 mg GAE/g
dry material), while least amount was observed in the acetone
extract of M. indica (9.21%0.23 GAE). The Aq methanol extract of T.
bellerica (95.40+0.74 GAE and the acetone extract of P. nepalensis
(55.51+0..34 GAE) and P. roxburghii (79.63+0.43 GAE) was also
found to contain a very good amount of phenolic compounds.

The flavonoid contents of the extracts in terms of quercetin
equivalent were between 2.14+ 0.02 to 10.37 +0.10 mg/g dry
material (Table 2). Highest amount of flavonoid content was
observed in the acetone extract of T. bellerica (10.37 +0.10 mg/g).
The aq. methanol extracts of M. indica (7.04 +0.06 mg/g) and T.
bellerica were also found to contain a very good amount of
flavonoid.

In case of flavonol, the highest amount was observed in the acetone
extract of P. nepalensis (14.12+0.05 mg/g) followed by T. bellerica
(11.06+ 0.10 mg/g) (Table 3). Appreciable quantities of flavonol
were found in the acetone extract of M. indica (5.33+ 0.06 mg/g) and
P. roxburghii (5.00+ 0.06 mg/g) (Table 3).

It has been established that phenolic compounds are the major
plant compounds with antioxidant activity and this activity is due
to their redox properties.
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Table 1: Total phenolic content in the fruits collected from Meghalaya

Total phenolic content (GAE mg g of dry material)

Name of the plant Local name at Meghalaya Parts used (Mean+SEM)

Aq methanol extract Acetone extract
Morus indica Soh Lyngdkhur Fruits 24.94 +0.58 9.21+£0.23
Parkia roxburghii Zong Tan Fruits 49.39 +0.25 79.63+ 0.43
Prunus nepalensis Soh Iong Fruits 10.49 +0.14 55.51+ 0.34
Terminalia bellerica Humra guti Fruits 95.40 £0.74 130.48+0.97

Values are mean + SEM (n =3)

Phenolic compounds are a class of antioxidant agents which can
adsorb and neutralize the free radicals !5. Flavonoids and flavonols
are regarded as one of the most widespread groups of natural
constituents found in the plants. It has been recognized that both
flavonoids and flavonols show antioxidant activity through
scavenging or chelating process!. In addition to their antioxidant
activities, flavonoids inhibit enzymes such as prostaglandin
synthase, lipoxygenase and cycloxygenase, closely related to
tumorigenesis, and may induce detoxifying enzymes such as

glutathione S-transferase. Many kinds of flavonoid have been
reported in fruits and vegetables and their types and contents vary
with cultivar and maturation 6. The results strongly suggest that
phenolics are important components of these plants. The other
phenolic compounds such as flavonoids, flavonols, which contain
hydroxyls are responsible for the radical scavenging effect in the
plants. According to our study, the high content of these phenolic
compounds in T.bellerica, P. nepalensis, P. roxburghii and M. indica
can explain their high radical scavenging activity.

Table 2: Total flavonoid content in the fruits collected from Meghalaya

Name of the plant Local name at Meghalaya Parts used Total flavonoid content (mg g! of dry material)
(Mean+SEM)
Aq methanol extract Acetone extract
Morus indica Soh Lyngdkhur Fruits 7.04 £0.06 2.21+0.14
Parkia roxburghii Zong Tan Fruits 4.05 +0.03 4.35+0.06
Prunus nepalensis Soh Iong Fruits 2.14 +0.02 3.74+0.13
Terminalia bellerica Humra guti Fruits 7.07 £0.01 10.37+0.10

Values are mean + SEM (n =3)

Table 3: Total flavonol content in the fruits collected from Meghalaya

Name of the plant Local name at Meghalaya Parts used Total flavonol content (mg g of dry material)
Mean+SEM
Aq methanol extract Acetone extract
Morus indica Soh Lyngdkhur Fruits 4.16 £0.04 5.33+£0.06
Parkia roxburghii Zong Tan Fruits 2.83£0.11 5.00+ 0.06
Prunus nepalensis Soh Iong Fruits 3.79 +0.06 14.12+ 0.05
Terminalia bellerica Humra guti Fruits 3.68 +£0.04 11.06+0.10

Values are mean = SEM (n =3)
Reducing power assay

The reducing powers of the four wild fruits were evaluated as mg
AAE/g dry material as shown in Table 4.

The reducing abilty of the aq methanol extract of the fruits in
descending order was T.bellerica > P. roxburghii > M. indica > P.
nepalensis. The highest reducing power was exhibited by the
acetone extract of T.bellerica ( 76.65 + 0.09 mg/g AAE) which is

also high in phenolic content (130.48+ 0.97 mg GAE/g dry
material) and acetone extract of M. indica showed lowest
activity in terms of ascorbic acid equivalent. In this assay, the
presence of antioxidants in the extracts reduced
Fe+3/ferricyanide complex to the ferrous form. This reducing
capacity of the extracts may serve as an indicator of potential
antioxidant activities through the action of breaking the free
radical chain by donating hydrogen atom 3.

Table 4: Reducing power (Ascorbic acid equivalent) of the fruits collected from Meghalaya

Name of the plant Local name at Meghalaya Parts used Ascorbic acid equivalent (AAE) (mg g! of dry material)
(Mean+SEM)
Aq methanol extract Acetone extract

Morus indica Soh Lyngdkhur Fruits 13.63+£0.04 9.78+0.06

Parkia roxburghii Zong Tan Fruits 28.41+0.06 32.25+0.12

Prunus nepalensis Soh Iong Fruits 10.19+£0.04 37.41+0.24

Terminalia bellerica Humra guti Fruits 50.07+0.10 76.65+0.09

Values are mean + SEM (n =3)

DPPH radical scavenging activity

The evaluation of anti-radical properties of four wild edible fruits
was performed by DPPH radical scavenging assay. The 50%
inhibition of DPPH radical (ICso) by the different plant materials was
determined (Table 5), a lower value would reflect greater
antioxidant activity of the sample.

DPPH stable free radical method is an easy, rapid and sensitive
way to survey the antioxidant activity of a specific compound or

plant extracts 7. The antioxidant effect is proportional to the
disappearance of the purple colour of DPPH in test samples. Thus
antioxidant molecules can quench DPPH free radicals by providing
hydrogen atom or by electron donation and a colorless stable
molecule 2,2- diphenyl-1-hydrazine is formed and as a result of
which the absorbance ( at 517 nm) of the solution is decreased.
Hence the more potent antioxidant, more decrease in absorbance
is seen and consequently the ICso value will be minimum. In the
present study the highest radical scavenging activity was shown
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by the acetone extract of T. bellerica (ICso= 0.058 + 9.72E-05 mg
dry material), whereas the acetone extract of M. indica showed
lowest activity (ICso = 0.53 = 0.009 mg dry material). Strong
inhibition was also observed for the acetone extract of P.
roxburghii (ICso = 0.12 * 0.0001 mg dry material and aq
methanol extract of T. bellerica (ICso = 0.20 + 0.0004 mg dry
material). The high radical scavenging property of T. bellerica
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may be due to the hydroxyl groups existing in the phenolic
compounds chemical structure that can provide the necessary
component as a radical scavenger. The aq. methanolic and acetone
extracts of all of the plants under investigation exhibited different
extent of antioxidant activity and thus provide a valuable source of
nutraceutical supplements. Depending on the values, some plants
are more important than some others.

Table 5 : Free radical scavenging ability of the plant samples collected from Meghalaya by the use of a stable DPPH radical (Antioxidant
activity expressed as IC 5o)

ICso value (mg dry material )

Name of the plant Local name at Meghalaya Parts used (Mean * SEM)
Aq methanol extract Acetone extract
Morus indica Soh Lyngdkhur Fruits 0.21+0.0005 0.53+0.009
Parkia roxburghii Zong Tan Fruits 0.23+0.0002 0.12+0.0001
Prunus nepalensis Soh long Fruits 0.32+0.003 0.27+0.004
Terminalia bellerica Humra guti Fruits 0.20+0.0004 0.058+9.72E-05
Values are mean + SEM (n =3)
CONCLUSION 5. Mishra ], Srivastava RK, Shukla SV, Raghav C S. Antioxidants

The result of present study showed that the acetone extract of T.
bellerica which contain highest amount of phenolic compounds and
flavonoids exhibited the greatest reducing power and radical
scavenging activity. The acetone extract of P. nepalensis contain
highest amount of flavonols and flavonols also showed strong
radical scavenging activity. The radical scavenging activities of the
selected plants extracts are still less affective than the commercial
available synthetic like BHT. As the plant extracts are quite safe and
the use of synthetic antioxidant has been limited because of their
toxicity, therefore, these wild edible fruits could be exploited as
antioxidant additives or as nutritional supplements.
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