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 ABSTRACT : Phytochemical content, antioxidant activity and reducing power of five ethnic
medicinal plants of Manipur was analysed to study the antioxidant content commonly used by
the traditional healers for the treatment of different inflammatory diseases and ailments.
Antioxidant activity of methanolic extracts of five medicinal plants was investigated by using
DPPH method which ranged from 47.82±0.041 per cent to 72.62±0.08 per cent inhibition. The
phytochemical contents like total alkaloids, total flavonoids, total phenol, total carotenoids
content ranged from 5.95±0.01 to 16.11±0.01 mg caffeine /100g on dry weight, 34.95±0.02 to
228.15±0.02 mg quercetin (QE)/100g on dry weight, 88.46±0.01 to 225.50±0.01 mg catechol
equivalents (CE)/100g on dry weight, 0.81±0.005 to 3.80±0.005 mg/100g, respectively. Pearson
correlation revealed a positive correlation between total phenol content, total flavonoids content,
total carotenoids content and free radical scavenging activity (DPPH) of five medicinal plants
extracts. However a negative correlation was found between total alkaloids content and free
radical scavenging activity of medicinal plants extracts. The reducing power five medicinal
plants extracts was statistically significant and positively correlated with DPPH free radical
scavenging activity (r = 0.651; p< 0.01). The study revealed that the plants with higher antioxidant
activity (DPPH) showed high absorbance. Higher absorbance indicates more reducing power.
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Phytochemicals are the secondary metabolites
produced by plants that are responsible for the
smell, colour and flavour of fruits/vegetables/

plant foods. Phytochemicals present in the plants are
reported to have antioxidants properties that will prevent
the oxidative chain reaction initiated by the free radicals
and counteract the damaging effects of reactive oxygen
species (ROS) produced within the organism from
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molecular oxygen (Rahman, 2007). Free radicals are
responsible for the aetiology of high number of chronic
and degenerative diseases. There is a long history of
medicinal usage of plants for the treatment of human
disorders (Tanab et al., 2002). The plants which have
been selected for medicinal use over thousands of years
constitute the most obvious choice of examining the
current search for therapeutically effective new drugs
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such as anticancer drugs, antimicrobial drugs,
antihepatotoxic compounds (Dewick, 1996). According
to World Health Organization (WHO), medicinal plants
would be the best source to obtain variety of drugs. About
80 per cent of individuals from developed countries use
traditional medicines, which has compounds derived
from medicinal plants. However, such plants should be
investigated to better understand their properties, safety,
and efficiency (Arunkumar and Muthuselvam, 2009).
Medicinal plants contain phytochemicals or bioactive
compounds such as phenol, carotenoids, tannins,
alkaloids, terpenoids, steroids, flavonoids etc. which
provide definite physiological action on the human body
(Edcoga et al., 2005). These compounds are synthesized
by primary or rather secondary metabolism of living
organisms. In the present study, quantitative
phytochemical analysis were carried out in five
medicinal plants namely Cissus adnata (Kongouyen),
Clerodendrum serratum (Moirang khanam), Polygonum
barbatum (Yelang), Allium hookeri (Napakpi) and Allium
odorum (Nakuppi) of Manipur (Plate 1) to assess its
antioxidant activity and reducing power.

RESEARCH  METHODS
Collection of plant material :

The required fresh plants/plant parts were collected
on the advice of the traditional healers, from various
places of Thoubal district (24°37´N and 93°30´E),
Manipur, India and also from the local market of
Manipur. The samples were collected during the month
of December and January and also June and July, in the
year 2013-2014.

Preparation of sample :
After collection the tender leaves or required plant

parts were cleaned by removing the infested and diseased
portion. The leaves were thoroughly washed under
running water and finally in distilled water and shade
dried till the leaves became very crisp. The dried plant
material were then ground properly into fine powder in
an electrical grinder and stored in an airtight container
with identification labels. The ground plant species were
stored in a refrigerator at 4°C. These powdered materials
were used for further different chemical analysis.
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Plate 1 : Selected medicinal plant samples

Cissus adnata (Kongouyen)   Clerodendrum serratum
(Moirang khanam)

Polygonum barbatum (Yelang)

Allium hookeri (Napakpi) Allium odorum (Nakuppi)
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Determination of antioxidant activity :
Free radical scavenging assay :

Antioxidant activity was measured by using DPPH
method according to Vani et al. (1997). Two grams of
dried sample was extracted with 20 ml of methanol
(99.5%). The extraction was done twice each for hours
in shaking machine. The supernatant was filtered using
whatman No. 1 filter paper after centrifuging the
suspension at 10,000 rpm for 15 min, till analysis
filtrated stored at -20°C. 100µl of aliquot of sample
extract was taken in a test tube and added 2.9 ml of
DPPH solution (0.005 mM solution of 2, 2 diphenyl-1-
picryl-hydrazyl prepared in 99.5% methanol) after added
this solution vortex vigorously. The test tube was
incubated in dark for half an hour. The discoloration of
DPPH was measured against blank at 517nm. Methanol
was used as blank and DPPH methanolic solution was
used as standard. Radical scavenging activity was
calculated by the following formula :

100x
A

)– A(A
inhibition%

b

ab

where, A
b
 is the absorbance of blank

A
a
 is the absorbance of sample

Reducing power assay :
Reducing power of the sample was determined

according to the method of Oyaizu (1986). 0.5 g of dried
sample was extracted with 20 ml of methanol (99.5%).
The extraction was done twice each for hours in shaking
machine. The supernatant was filtered using whatman
No. 1 filter paper. 2.5 ml of 0.2M phosphate buffer (pH
6.6) and 2.5 ml of 1 per cent potassium ferricyanide
were added to 1 ml of methanolic sample extraction
solution and mixed gently. The mixture was incubated
at 50°C in a water bath for 20 minutes. Reaction was
stopped by adding 2.5 ml of 10 per cent trichloroacetic
acid (TCA) and the mixture were centrifuged at 4000
rpm for 10 minutes. From the top layer, 2.5 ml was
transferred into the tubes containing 2.5 ml distilled
water and 0.5 ml of 0.1 per cent ferric chloride
(FeCl

3
.6H

2
O). The resulting solution was mixed well

and after 5 minute the absorbance was measured at 700
nm against blanks. Control was prepared in similar
manner excluding samples. Ascorbic acid at various
concentrations was used as standard.

Total phenolic content :
Total phenol was assayed by the method proposed

by Malick and Singh (1980). The homogenate was
prepared with 0.5g of the powdered samples in 10-times
volumes of 80 per cent ethanol in a pestle and mortar.
The homogenate was centrifuged at 10,000 rpm for 20
minutes. The residue was re-extracted with 80 per cent
ethanol. The supernatants were pooled and evaporated
to dryness. The residue was then dissolved in a known
volume of distilled water (5ml). Different aliquots (0.2
to 2.0ml) were pipetted out into test tubes. The volume
in each tube was made up to 3.0ml with distilled water.
To all the tubes, 0.5 ml of Folin-Ciocalteau reagent was
added and mixed. After 3 minutes, 2.0ml of 20 per cent
sodium carbonate solution was added to each tube. After
mixing the tubes thoroughly, all the tubes were kept in a
boiling water bath for exactly 1 minute, and allowed to
cool. The absorbance was measured at 650 nm against a
reagent blank. The concentration of the total phenols in
the test sample was expressed as mg catechol/100g
material.

Total flavonoids content :
The total flavonoids were determined according to

Aiyegroro and Okoh (2010) with slight modification.
Dried 0.5 g of sample powder was weighed and mixed
with 5 ml of 80 per cent ethanol in 100 ml of conical
flask and put on a shaker at 200 rpm for 24 hrs. After 24
hrs, the extracts were filtered through Whatman No. 42
filter paper. The volume of the filtrate was adjusted to 5
ml with 80 per cent ethanol. 0.5 ml of extracts of each
sample was taken in a test tube followed by addition of
1.5 ml 95 per cent ethanol, 0.1 ml of 10 per cent
aluminium chloride, 0.1 ml of 1M potassium acetate and
2.8 ml of distilled water. After incubation for 30 min at
room temperature, the absorbance was measured at 415
nm in a spectrophotometer. Quercetin was used as
standard to make the calibration curve.

Total alkaloids content :
The alkaloids present were estimated by using

spectrophotometer (Shamsa et al., 2008). The plant
materials (5g) were ground and then extracted with
methanol for 24 h in a continuous extraction (soxhlet)
apparatus. The extract was filtered and methanol was
evaporated on a rotary evaporator under vacuum at a
temperature of 450 C to dryness. A part of plant residue
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was dissolved in 2 N HCl and then filtered. One ml of
this solution was transferred to a separatory funnel and
washed with 10 ml chloroform (3 times). The pH of this
solution was adjusted to neutral with 0.1 N NaOH. Then
5 ml of BCG solution and 5 ml of phosphate buffer were
added to this solution. The mixture was shaken and the
complex formed was extracted with 1, 2, 3, and 4 ml
chloroform by vigorous shaking. The extracts were
collected in a 10-ml volumetric flask and diluted to
volume with chloroform. The absorbance of the complex
in chloroform was measured at 470 nm against blank
and caffeine was used as standard. TAC was expressed
in milligram caffeine equivalent (mg CE).

Total carotenoids content :
Total carotenoids content was determined according

to Anaya (1999). 5 g of sample with 3 g of celite powder
was ground with 50 ml cold acetone and filtered through
whatman No. 4 filter paper. 40 ml of petroleum ether
was taken in a 500 ml separating funnel and acetone
extract was added in the funnel. Therefore the solution
was washed 3-4 times with distilled water to discard the
lower aqueous phase without discarding the upper phase.
The upper phase was collected in 50 ml volumetric flask
and 15g of anhydrous sodium sulphate was added to
remove the residual water. The solution was again
filtered and volume was made up with petroleum ether.
The absorbance was record at 450nm in a
spectrophotometer. The total carotenoids content was
(µg/g) calculated as

weightsamplex(2592)efficient-coAbsorbance
factordilutionx10x(ml)volumexAbsorbance



Statistical analysis :
The results of all experiments performed were

expressed as Mean ± SD of three determinations, the
test of significance was applied wherever necessary and
values obtained as p<0.01 were considered as
statistically significant.

RESEARCH  FINDINGS AND  DISCUSSION
The findings of the present study as well as relevant

discussion have been presented under following heads :

Determination of radical scavenging activity
(DPPH):

The primary characterization of scavenging ability
of the plant extracts has been studied using a stable free
radical DPPH. The results of radical scavenging activity
of all the medicinal plants are shown in Fig. 1. There
was a great variation of free radical scavenging activity
(RSA) among the five medicinal plants of Manipur. The
DPPH scavenging activity of five medicinal plants
ranged from 47.82±0.041 per cent to 72.62±0.08 per
cent inhibition, respectively. The highest DPPH
scavenging activity was found in Clerodendrum
serratum (72.62±0.08 %), followed by Cissus adnata
(72.53±0.107), Allium hookeri (55.50±0.092), Allium
odorum (51.72±0.011), Polygonum barbatum
(47.82±0.041). An antioxidant inhibits the lipid
peroxidation or other molecules providing protective
against reactive oxygen species or by scavenging free
radicals. DPPH method measures electron donating
activity of other compounds in the mixture and hence
provides an evaluation of antioxidant activity due to free
radical scavenging. Determination of the free radical
scavenging capacity or antioxidant potential of the test
sample shows its effectiveness, prevention and repair
mechanism against many health related disorders and
diseases such as infections, diabetes, arthritis,
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Fig. 1 : DPPH radical scavenging activity in 5 different ethnic medicinal plant extracts of Manipur
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cardiovascular diseases, cancer, Alzheimer’s diseases,
AIDs etc. (Kumar and Abbas, 2012). The five medicinal
plants of Manipur are rich in antioxidant contributed by
the presence of many phytochemicals such as phenol,
flavonoids, alkaloids, carotenoids etc. which may helps
in preventing against free radicals

Reducing power of five medicinal plants :
The reducing power ability of the 5 medicinal plants

of Manipur is given in Fig. 2.
The reducing power of five medicinal plants was

evaluated and the results were expressed as ascorbic acid
equivalents. As observed from Fig. 2. Polygonum
barbatum has minimum reducing power (0.61±0.003)
and Clerodendrum serratum has maximum reducing
power (2.19±0.05) amongst the five medicinal plant
extracts. The results obtained were statistically
significant and positively correlated with DPPH free
radical scavenging activity (r = 0.651; p< 0.01).
Reducing power is associated with antioxidant activity
and serves as a significant reflection of the antioxidant

activity. Compounds with reducing power indicate that
they are electron donors and can reduce the oxidized
intermediates of lipid peroxidation processes, so that
they can act as primary and secondary antioxidants
(Chanda et al., 2009). Presence of reducers
(antioxidants) causes the conversion of the Fe3+/
ferricyanide complex used in this method to ferrous
form. By measuring the formation of Pearl’s Prussian
blue at 700 nm, it is possible to determine the
concentration of ferrous ions. Increased absorbance of
the reaction mixture indicated increased reducing power
of the extracts (Soni and Sosa, 2013). The high value of
the reducing ability of selected 5 medicinal plants
indicates the high reducing power ability (Chung et al.,
2002). So, the high reducing power is indicative of the
hydrogen donating ability of the active species present
in the plant extract (Shimada et al., 1992).

Phytochemical content :
Total alkaloids content :

The total alkaloids content of five medicinal plants

Fig. 3 : Total alkaloids content in 5 ethnic medicinal plant extracts of Manipur
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Fig. 2 : Reducing power in 5 different ethnic medicinal plant extracts of Manipur
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was evaluated and the results were expressed as caffeine
equivalents. Total alkaloids content of five medicinal
plants showed significant variation, ranging from
5.95±0.01 to 16.11±0.01 mg caffeine /100g dry weight.
The highest alkaloids content was found in
Clerodendrum serratum (16.11±0.01) and lowest content
in Polygonum barbatum (5.95±0.01). Antioxidant
activity of alkaloids is that they have an important role
in preventing various diseases by increasing superoxide
dismutase activity, decreasing superoxide anion and
malondialdehyde (MDA) formation and bind with
catalyzing metal ions (transition metals like iron and
cupper ions), which can reduce the concentration of
metal ions in lipid peroxidation (Schroeter et al., 2002).
Alkaloids with hydroxyl substitution and a partially
desaturated pyridine ring are most active which can
scavenge reactive oxygen species (ROS) and reactive
nitrogen species (RNS) by rapid donation of a hydrogen
atom to radicals (Pietta, 2000). The antioxidant activity
of the 5 medicinal plants also contributed by alkaloids
not only phenols and flavonoids content by rapid
donation of a hydrogen atom to radicals which are
responsible for the treatment of various diseases
including diabetics, cancer, cardiac dysfunction,

respiratory disorders etc. and as local anaesthesia and
in relief of pain (Huang et al., 1996).

Total flavonoids content :
The total flavonoids content of five medicinal plants

was evaluated and the results were expressed as
quercetin equivalents. From the Fig. 4 it was observed
that total flavonoids content of five medicinal plants
showed significant variation, ranging from 34.95±0.02
to 228.15±0.02 mg Quercetin (QE)/100g of dry weight.
The highest flavonoids content was found in Cissus
adnata (228.15±0.02 mg/100g) and lowest content in
Allium hookeri (34.95±0.02). The antioxidant property
of flavonoids is that they are potent free radical
scavengers due to presence of double bond in hydroxyl
position in their molecule. Flavonoids interferes
oxidation of lipids and other molecules by rapid donation
of hydrogen atoms to reactive oxygen free radicals
(Schroeter et al., 2002). High flavonoids content of 5
medicinal plants may also contribute the antioxidant
activity of medicinal plants by rapid donation of
hydrogen atom to the free radicals which helps in
preventing against free radicals induced degenerative
diseases.

Fig. 5 : Total phenol content in 5 different ethnic medicinal plant extracts of Manipur
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Fig. 4 : Total flavonoids content in 5 different ethnic medicinal plant extracts of Manipur
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Total phenol content :
The total phenol content of five medicinal plants

was evaluated and the results were expressed as catechol
equivalents. Total phenol content of five medicinal plants
showed significant variation, ranging from 88.46±0.01
to 225.50±0.01 mg catechol equivalents (CE)/100g of
dry weight. The highest phenol content was found in
Cissus adnata (225.50±0.01) and lowest in Allium
odorum (88.46±0.01). The antioxidant activity of
phenolic compounds is related to the acid moiety and
the number and the relative positions of hydroxyl groups
(in the 2- and 4- positions or in the 3-, 4-, 5-positions
confer the greatest antioxidant activity) on the aromatic
ring structure (Seifu, 2012). Polyphenol protects from
oxidative damage by donating hydrogen or electron to
the free radicals and plays a beneficial role in reducing
the risk of coronary heart disease, diabetes, arthritis and
cancer (Willcox and Bodeker, 2004). The antioxidant
activity of 5 medicinal plants may be contributed by the
presence of phenol which inhibits the oxidative
mechanisms that are responsible for many health related
disorders and diseases. So, the higher phenol contents
in the 5 medicinal plants contribute more antioxidant
activity which is therapeutically helpful in preventing
many degenerative diseases.

Total carotenoids content :
The total carotenoids content of five medicinal

plants showed slight variation, ranging from 0.81±0.005
to 3.80±0.005 mg/100g, respectively. It was observed
that the highest carotenoids content was found in Allium
odorum (3.80±0.005 mg/100g) and lowest in Allium
hookerii (0.81±0.005). The antioxidant property of
carotenoids is that they are very efficient physical and
chemical quenchers of singlet oxygen (1O

2
), as well as

potent scavengers of other reactive oxygen species
(ROS). The presence of carotenoids in the medicinal
plant extracts playa a protective role in a number of ROS-
mediated disorders such as cardiovascular diseases,
several types of cancer or neurological, as well as
photosensitive or eye-related disorders (Fiedor et al.,
2005). The presence of carotenoids in 5 medicinal plants
also leads to the antioxidant property of the medicinal
plants.

Correlation between phytochemical content and free
radical scavenging activity :

Pearson correlation showed that there was a
significant positive correlation between total phenol
content and antioxidant activity of 5 medicinal plant
extract as determined by DPPH radical scavenging assay
(r=0.565; p<0.01) of 5 medicinal plants extract. Phenolic
compounds contribute a greater antioxidant property
mainly due to their redox properties and are capable of
neutralising lipid free radicals and preventing
decomposition of hydro-peroxides into free radicals and

Fig. 6 : Total carotenoids content in 5 different ethnic medicinal plant extracts of Manipur
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Table 1 : Pearson correlation co-efficient between DPPH (%) and different phytochemical contents of five medicinal plants
Variable Correlation with DPPH in five medicinal plants

Total phenol  (mg/100g) 0.565**

Total flavonoids (mg/100g) 0.587**

Total alkaloids  (mg/100g) -0.309NS

Total carotenoids  (mg/100g) 0.505**
** Correlation is significant at the 0.01 level (2-tailed).
     NS=Non-significant
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also act as highly effective free radical scavengers which
are mainly due to their redox properties and can play an
important role in adsorbing and neutralizing free
radicals, quenching singlet and triplet oxygen or
decomposing peroxides (Li et al., 2006).

Positive correlation was also observed between total
flavonoids content and antioxidant activity by DPPH
radical scavenging assay (r=0.587; p<0.01) of 5
medicinal plants extract. Free radical quenching activity
of flavonoids depends on the specific substitution pattern
of free hydroxyl group on their structure specially B
ring with 3', 4' dihydroxy groups and 3-OH group at C
ring are essential features for strong antioxidant activity
(Amic et al., 2003).

There was no correlation was found between DPPH
radical scavenging activity and total alkaloids contents
of 5 medicinal plants extract. Many research studies
found negative correlation between the total alkaloids
content and DPPH free radical scavenging activity. Sheik
and Chandrashekar (2014) revealed that the negative
correlation observed between the total alkaloids and the
DPPH radical scavenging activity could be due to the
presence of some of the active phenolic compounds in
plant extract contributing towards scavenging of free
radicals. The presence of aromatic –OH group in
alkaloids are responsible for their antioxidant efficiency,
similarly to phenolic antioxidants, via chain-breaking
mechanism by donation of hydrogen (Lucia et al., 2004).

Pearson correlation also showed that there was a
significant positive correlation between total carotenoids
content and antioxidant activity by DPPH radical
scavenging assay (r=0.505; p<0.01) of 5 medicinal plants
extract. The free radical scavenging activity and also
stated that antioxidant activity of carotenoids depend
on the number of double bonds and capacity to quench
radicals by hydrogen atom transfer or by accepting
electrons from radicals.

Conclusion :
From the present study it can be concluded that

five ethnic medicinal plants of Manipur which are used
by the traditional healers/maibas/maibis are rich in
flavonoids, carotenoids, alkaloids, phenols, and have
higher antioxidant capacity and potential to reduce and
scavenge ROS which are produced due to oxidative
stress. Therefore it may be helpful in the prevention and
treatment of oxidative stress induced inflammatory

diseases like diabetes, cardiovascular diseases, cancer,
arthritis, gout, neurodegenerative diseases, respiratory
tract infections and skin disorders etc. Along with the
free radical scavenging activity, these plants also have
high reducing power which provides the potentiality or
ability of these medicinal plants to reduce and scavenge
free radicals. The study also provided baseline data for
future studies geared towards the therapeutic benefits
of common medicinal plants of Manipur.
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