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Abstract

In the present study total polyphenols, antioxidants and antimicrobial activities of the bark
powder extracts of Pajanelia longifolia in water, ethanol, methanol and ethyl acetate were
estimated and analysed. Soxhlet method was employed for preparation of bark extracts in
different solvents. FRAP assay was used to determine the total antioxidant activity and phenols
were estimated by FC assay. Antibacterial and antifungal activity studied by well diffusion
method. Water and methanolic extract had the highest amount of polyphenols (28.51 and 25.62
mg pyrocatechol equivalent/g raw material respectively) followed by ethanol and ethyl acetate
extracts. Among the four extracts, 70% methanol extract showed the maximum antioxidant
activity while ethyl acetate extract exhibited the minimum. Antibacterial activity of the extracts
was tested against 7 bacterial species such as Staphylococcus aureus, Vibrio parahaemolyticus,
Escherichia coli, Bacillus subtilis, Proteus mirabilis, Lactobacillus casei and L. fermentum. Vibrio
parahaemolyticus and Bacillus subtilis were found to be susceptible to the ethanolic extracts at a
concentration of 5mg/ml. Other bacterial species including E. coli was found to be the most
resistant organism and was not inhibited by any of the extracts. The present study showed that
Pajanelia longifolia has significant levels of antioxidant and antimicrobial activity against a V.
parahaemolyticus and Bacillus subtilis.The present study is the first scientific report in the
literature to show the presence of antioxidant and antimicrobial activity of the said plant.
Therefore the result strengthens the existing traditional usage of the plant for the therapeutic
use.
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Introduction

Located in a tropical belt, India is endowed
with a rich wealth of fauna and flora with
inumerous medicinal plants. These plants
have made a good contribution to the
development of ancient Indian Materia
Medica. One of the earliest treatises on
Indian medicine, the Charaka Samhita (1000
B.C), records the use of over 340 drugs of
vegetable origin (Pullaiah, 2006). Most of
these continue to be gathered from wild
plants to meet the demand of the medical
profession. India, in particular, has a big
scope for the development of the
pharmaceutical and phytochemical industry.
The Indian Pharmacopoeia (1966)
recognizes 85 drug plants whose ingredients
are used in various pharmaceutical
preparations. During the last two decades,
the pharmaceutical industry has made
massive investments on pharmacological,
clinical and chemical researches all over the
world in an effort to discover still more
potent plant drugs; in fact, a few new drug
plants have successfully passed the tests of
commercial screening.

Herbs have been shown to contain varied
levels of phytochemicals like polyphenols
(Bravo, 1998; Chung et al, 1998; Crozier,
2000; Urquiaga and Leighton, 2000), tannins
(Mekhfi, 2006; Chen et al., 2009), flavonoids
(Hertog et al., 1993; Percival, 1998; Urquiaga
and Leighton, 2000), lignins (Dizhbite et al.,
2004; Ralph et al., 2007; Garcia et al.,, 2010),
alkaloids (Sawant et al., 2004; Zhang et al,,
2007; Staerk et al, 2009), glycosides
(Yokosuka et al,, 2009; Leong et al., 2010),
phytosterols (Amsterdam et al, 2005),
essential oils (Oliveira et al., 2010; Tohidpour
et al., 2010) and saponins (Cheeke, 1998;
Chen et al, 2009) which have various
pharmaceutical properties. Among them
antioxidants (Dickinson, 2002; Pouteau et al,,
2003; Adedapo et al, 2008), antimicrobial
compounds (Basim et al, 2005; Adeyemi et al,
2008; Ghalem and Mohamed, 2009),
anticancer agents (Weng et al.,, 2009; Silva et
al, 2008; Yokosuka et al.,, 2009), antiageing
molecules (Turner, 2006), agents that
prevent cardiovascular disease and many

other health promoting chemicals are
importantly being studied in herbal plants.

In recent years there has been a remarkable
increment in scientific articles dealing with
oxidative stress. To counter the oxidative
stress, herbal products give promise as a
potential treatment. Therefore identification
of flavonoids and other dietary polyphenol
antioxidants present in plant foods as
bioactive molecules is imperative. The
present data available in the literature also
supports the idea that health benefits
associated with fruits, vegetables and red
wine in the diet are probably linked to the
polyphenol antioxidants they contain. Tree
bark extracts contain many antioxidants that
can help neutralize free radicals in everyday
life by boosting the immune system.

The use of herbal drugs to treat infectious
disease has become popular worldwide now.
Infectious diseases represent a critical
problem to health and they are one of the
main causes of morbidity and mortality
worldwide. The development of antibiotic
resistant bacteria and the toxicity caused by
prolonged drug treatment has led to the wide
use of medicinal plants by the traditional
medical practitioners for curing various
diseases in their day to day practice (Kaur et
al,, 2009). Indians have long been using many
of the herbal products and formulations to
counter the microbial activity on open
wounds and skin infections well before the
inventions of antibiotics. A wide range of
medicinal plants have antibacterial and
antifungal activity as evidenced by the ethno
botanical use besides being strengthened by
the scientific data. Nowadays, bacteria still
threaten human life even though the
occurrence of many antibiotics has improved
human health in the past eighty years. For
the past decade or more multiple drug
resistant strains of bacteria such as
methicillin resistant Staphylococcus aureus
(MRSA), Enterococci and other Gram positive
cocci have been highlighted and showcased
in the medicine (Tohidpour et al., 2010).

A lot of plants with medicinal value used in
the Indian traditional medicine have not yet
been characterized for their active principles.
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Hence, these plants remain unrecognized for
their potential uses. Research on such plants
can provide useful information for their
exploitation in treating diseases. One such
plant of great medicinal importance is P.
longifolia which is distributed in the Western
Ghats. The products of this plant have been
used widely in Ayurveda for treating
arthritis; stomach disorders wound healing
and now prescribed for obesity by local
folklore practitioners. However, proper
scientific information on the medicinal
properties of the plant has not been taken up
by any researchers.

The objectives of the present investigation
were to quantify the total phenolics and
antioxidant activities in the ethanolic,
methanolic, aqueous, and ethyl acetate
extracts of - P. longifolia and to study the
antimicrobial activities of different extracts
on various bacterial and fungal species.

Material and Methods

Plant material collection: The plant
Pajanelia longifolia was identified and
verified by a taxonomist and the herbarium
is deposited in the department. The bark
was collected and air dried. Coarse powder of
the dried bark of P. longifolia was prepared
by milling the same in Alva’s Pharmacy,
Mijar, Moodbidri. The powder was stored at
dark, warm and dry place in the laboratory.

Preparation of extracts: Water, 70%
methanol, ethanol and ethyl acetate extracts
were chosen for the present study and
accordingly the powdered barks of P.
longifolia was extracted with various
solvents by soxhlet method and concentrated
by using rotary evaporator. The extracts
were stored at -10°C. For each type of solvent
extraction three replicates were taken.

Determination of total phenolics: The
amount of phenolic compound in the extracts
of P. longifolia was determined using the
Folin-Ciocalteau  (FC) assay using
pyrocatechol as a standard (Sadasivam and
Manikam, 2008). 25 mg of the extract was
dissolved in 5 ml of respective solvent and
diluted to 50 ml with distilled water in a

standard volumetric flask. Exactly 1 ml
sample of three different concentrations (50
ug, 100 pg and 250 pg) of the extract were
treated with 0.5 ml of Folin-Ciocalteau
reagent and the reaction mixture was
incubated for 3 minutes at room
temperature. To this 2 ml of 20% Na,CO3was
added and the tubes were kept in a boiling
water bath for exactly 1 minute. The tubes
were allowed to cool. The absorbance was
measured against a respective solvent blank
at 650nm using a UV-visible
spectrophotometer (Elico, SL159).

Determination of antioxidant activity: The
Ferric Reducing Antioxidizing Power assay
(FRAP assay) was used to determine the
antioxidizing activity of the extracts. A
modified method of Adedapo et al., (2008)
was adopted. The stock solutions included
300 mM acetate buffer (3.1 g CzH3NaO2:3H20
and 16ml C2H40;), pH 3.6, 10 mM TPTZ (2, 4,
6-tripyridyl-s-triazine) solution in 40 mM
HCl, and 20 mM FeCl3-6H,0 solution. The
fresh working solution was prepared by
mixing 25ml acetate buffer, 2.5 ml TPTZ, and
2.5ml FeCl3'6H20.

Determination of antioxidant activity: Four
different concentrations 50 pg, 100 pg, 175
pug and 250 pg of the water extract, 70%
methanol extract, ethanol and ethyl acetate
extracts were prepared. Exactly 1 ml of each
sample concentration was treated with 3 ml
FRAP reagent and the absorbance was read
at 593 nm immediately in a UV-visible
spectrophotometer (Elico, SL159). Iron (II)
sulfate (FeSO47H20) was used as the
standard. The antioxidant activity of the
extracts was also compared with standard
ascorbic acid (200uM to 1000uM).

Determination of Antibacterial Activity:

Test organisms: The test organisms used for
the study are Staphylococcus aureus,
Escherichia coli, Ballicus subtilis, Proteus
mirabilis, Vibrio parahaemolyticus.,
Lactobacillus casei and L. fermentum. The
microorganisms were taken from the
laboratory collection kept at the Department
of Biotechnology, Alva’s College, Moodbidri.
The isolates were subcultured in Mueller-
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Hinton broth and were maintained as slants
of the same agar medium.

Well diffusion assay: 24 hour old culture of
each of the above mentioned test bacterium
grown in Mueller-Hinton broth, was
swabbed over the Mueller-Hinton agar
plates with a sterile cotton swab. Six wells
were bored into each swabbed plate. As
much as 120 pL of each extract of different
concentrations 500 pg, 1000 pg, 2000 pg and
5000 pg was added to four wells per plate.
Penicillin served as the positive control and
50% DMSO was added which served as the
negative control. The plates were incubated
at 37°C for 24 hours. Diameters of the
inhibition zones were measured in
millimeters (mm).

Determination of Antifungal Activity:

Test organisms: Bread mould fungi were
isolated and cultured in Sabouraud’s
Dextrose broth at room temperature for 48
hours.

Well diffusion assay: Sabouraud’s dextrose
agar was used for well diffusion assay of
fungal cultures. 48 hour old culture of each
fungal culture in Sabouraud’s dextrose broth
was swabbed over the Sabouraud’s dextrose
agar plates with a sterile cotton swab. Six
wells were bored into each swabbed plate. As
much as 120 pL of each extract of different
concentrations 500 ug, 1000 pg, 2000 pg and
5000 pg was added to four wells per plate.
To one well Nystatin was added which
served as the positive control and to the
remaining well 50% DMSO was added which
served as the negative control. The plates
were incubated at room temperature (28°C)
for 48 hours. After 48 hours, the plates were
observed for inhibition zones and the
diameters of the inhibition zones were
measured in millimeter (mm).

Results and Discussion

Percentage yield of various bark extracts of
Pajanelia longifolia in different solvent
system was given in table 1. Water extract of
bark powder of the plant yielded a final
product of 36.37%. Similarly, a high

percentage of 37.15 was recorded for
methanol extract followed by 17.53 and 4.23
for ethanol and ethyl acetate extract
respectively. The level of phenolic
compounds in the plant extracts is
considerable. The highest phenolic content of
28.51 mg pyrocatechol equivalent/g raw
material was observed in the water extract.
On the other hand, the ethyl acetate extract
showed least phenolics content of 6.31 mg
pyrocatechol equivalent/g raw material. In
case of 70% methanol extract and ethanolic
extract the total polyphenols amounted to
25,62 and 1594 mg pyrocatechol
equivalent/g raw material respectively (Fig.
1). Phenol and phenolic compound such as
flavonoids have been shown to possess
significant antioxidant activities. Aiyegoro et
al,, (2009) estimated polyphenol content of
the aqueous extract of Helichrysum
pedunculatum leaves by FC method and they
found it to be 0.512 mg gallic acid
equivalent/g of extract. Adedapo et al,
(2008) reported that methanol extract of the
stem of Calpurnia aurea has higher total
phenolics (11.79 mg tannic acid/g of dry
plant material) then that of the leaf extract
(9.62 mg tannic acid/g of dry plant material).
Amarowicz et al, (2009) have reported
polyphenol content of 290 mg/g in fractions
of red lentil extract. In the present study also,
water and methanolic extract showed the
higher polyphenols and the results are
supported with the earlier reports (Bravo,
1998; Chung et al,, 1998; Crozier et al., 2000).
Polyphenols exhibit a wide range of
biological effects as a consequence of their
antioxidant properties (Adedapo et al,
2008). They inhibit LDL oxidation in vitro
(Frankel et al,, 1993). Polyphenols have been
also found to protect DNA from oxidative
damage with important consequences in the
age related development of some cancers
(Halliwell, 1999). In addition, polyphenols
have also shown antithrombotic and anti-
inflammatory effect (Gerritsen et al, 1995;
Mulddon and Kritchevsky, 1996).

The total antioxidant activity of the bark
extracts was found to be in the range of 250
to 2600 mM Fe (II)/g raw material as showed
in figure 2. Among the four extracts, 70%
methanol extract showed the highest
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antioxidant activity (2566 mM Fe (II)/g raw
material). Standard ascorbic acid showed an
antioxidant activity of 2272 mM Fe (II)/g
standard ascorbic acid. However, the Ethyl
acetate extract had the lowest (262 mM Fe
(I1)/g raw material) antioxidising activity. In
case of water extract and ethanol extract the
antioxidant activity showed 1127 and 630
mM Fe (II)/g raw material respectively.
Antioxidant activity increased proportionally
with the polyphenol content. Zargar et al,
(2011) in their study showed that methanol
extract of Vitex negundo leaf exhibited
significantly (p < 0.05) higher antioxidant
activity in terms of measurements of DPPH
free radical (IC50), FRAP and pS-carotene-
linoleic assays than those of hexane extract
and essential oil. Methanol extract of V.
negundo leaf also contained high amounts of
bioactive compounds including total phenolic
compounds (363 mg GAE/g), epicatechin
(16.98 mg/g), quercetin (13.45 mg/g),
catechin (8.95 mg/g) and myricetin (3.32
mg/g) while the concentrations of
tocopherol, f-carotene and lycopene were
found to be lower.

According to recent reports, a highly positive
relationship between total phenols and
antioxidant activity appears to be the trend
in many plant species (Adedapo et al., 2008;
Souri et al,, 2008). Kumar et al,, (2010) found
that methanol leaf extract of Koelreutaria
paniculata, Acacia catechu and Mimusops
hexandra showed strong inhibitory activity
whereas that of Hamelia patens exhibited
moderate DPPH radical scavenging activity at
concentration of 200 pg/ml. However,
methanol extract of Swietenia mahogoni,
Murraya exotica, Murraya koenigii, Alstonia
scholaris, Ficus benjamina and Sapindus
trifoliatus exhibited weak hydrogen donating
potential in DPPH assay. Sivakumar et al,,
(2010) observed the total phenolic and total
tannins were quantitatively estimated in
stem parts of Tinospora cordifolia in 7.2 %
w/w and 8.7 % w/w respectively. They
concluded that the greater amount of
phenolic and tannins compounds leads to
more powerful free radical scavenging effect
as shown by methanolic extract of Tinospora
cordifolia stem. Adedapo et al, (2008)
reported that methanol extract of the stem of

Calpurnea aurea which has higher
polyphenol content, also has higher
antioxidant activity (3146.98 uM Fe (1I)/g of
dry mass) than that of the leaf extract
(111.98 mM Fe (II)/g of dry mass). Ara and
Nur (2009) recorded antioxidant activity of
methanolic extract of Lippia alba using DPPH
free radical scavenging assay to be 34.4
pug/ml. The present study also records
highest antioxidant activity in correlation
with the highest polyphenol content for
methanolic extract. Therefore, the plant P.
longifolia showing remarkably high amount
of antioxidant activity could be employed in
Ayurveda formulations and further research
would isolate the active principle of the
antioxidants.

For the Bacterial susceptibility tests,
Penicillin antibiotic was used as a positive
control. The diameter of the inhibition zone
was measured in millimetre. Most of the
fractions showed signs of inhibition with
inhibition zone ranging from 0 to 18 mm. The
ethyl acetate and the ethanol extract showed
particularly strong inhibition (Table 2).
Before well diffusion test was carried out, a
broth dilution test was done to see the
possible antimicrobial activity of the drug.

Methanolic extract showed the inhibition of
microbial growth in both. The organic extract
of Ethanol when used at a concentration of 5
mg/ml showed antibacterial activity against
Vibrio parahaemolyticus (Fig. 3) and Bacillus
subtilis representing both Gram positive and
Gram negative bacterial groups as well as
pathogenic and non pathogenic groups. The
growth of the most of the other bacterial
species like Staphylococcus  aureus,
Escherichia coli, Proteus mirabilis,
Lactobacillus casei and L. fermentum could
not be retarded by the plant extract at any
concentrations tested. However, only
methanol extract showed antifungal activity
to both the isolates tested. Similarly, Bhatet
al, (2011) reported the diethyl ether-
methanol extract of the leaves of Calycopteris
floribunda and its petroleum ether-butanol
fraction exhibited a good antibacterial
activity against Bacillus cereus, B. subtilis and
Staphylococcus aureus. Adedapo et al., (2008)
studying the antibacterial property of
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methanolic extract of Calpurnia aurea
showed that a broad spectrum antibacterial
activity could be noticed at 5mg/ml against
various species of Staphylococcus,
Micrococcus and Streptococcus. Ghalem and
Mohamed (2009) studied Pistacia vera for its
antimicrobial activity and showed that
antimicrobial activity against Gram negative
as well as Gram positive bacteria was
recorded with Proteus sp. being inhibited
greatest. Similarly, antibacterial activities of
Turkish pollen and propolis extract were
investigated against 13 different species of
bacterial pathogens by Basim et al.,, (2005).
Adeyemi et al, (2008) tested the ethanolic
extracts of Alchornea cordifoila against
Helicobacter pylori, Salmonella typhi, S.
enterotidis and Escherichia coli for its
susceptibility. They reported that all the
organisms were sensitive to the drug.
Similarly, there are a numerous reports
showing antibacterial activity of various

plant derivatives against various Gram
positive and Gram negative pathogenic as
well as non pathogenic bacteria and fungi.
Salar and Dhall (2010) reported 40 to 60%
antimicrobial activity against Staphylococcus
aureus, Staphylococcus epidermidis,
Escherichia coli, Aspergillus niger and Candida
albicans with Prosopis cineraria, Capparis
decidua, Tinospora cordifolia,  Carissa
carandas and Cordia dichotoma.
Antimicrobial activity of Synedrella nodiflora
was tested using petroleum ether,
chloroform, acetone, methanol and distilled
water extracts against three bacteria- B.
subtilis, E. coli, S. aureus and two fungi-
Aspergillus  flavus,  Candida  albicans.
Petroleum ether extract showed maximum
activity against all the microbes tested except
E. coli. Candida albicans is most susceptible
to all extracts except methanol (Bhogaonkar
etal, 2011).

Table 1: Total Yield of Various Extracts of Pajanelia longifolia in Different Solvents

Parameter Water Ethanol 70% Methanol Ethyl acetate
extract extract extract extract
Yield (%) 36.37 17.53 37.15 4.23
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Table 2:

Antimicrobial Activities of Different Solvent Extracts of P. longifolia Bark

Against Bacterial and Fungal Species

Parameters

Water extract

Ethanol extract

70% methanol

extract

Ethyl acetate extract

Antibacterial
Activity

at various
concentrations

(+/)

1000

Hg/m
1

2000

Hg/m
1

5000

Hg/m
1

1000
Hg/m

2000
Hg/m

5000
Hg/m

1000
Hg/m

2000

pHg/m
1

5000
Hg/m

1000
pHg/m

2000
Hg/m

5000
Hg/m

Staphylococcus
aureus

Escherichia coli

Bacillus subtilis

Proteus mirabilis

Vibrio
parahaemolyticus

Lactobacillus casei

L. fermentum

Antifungal Activity (+/-)

Aspergillus niger

Penicillium
chrysogenum
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FC Assay
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Fig. 1: Total polyphenol content in the bark extracts of P. longifolia
expressed as mg pyrocatechol equivalents/g raw material
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Fig. 2: Antioxidizing activity of the bark extracts of P. longifolia
expressed as mM Fe (II) /g raw material
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Fig. 3: Inhibition Zone Produced by Pajanelia longifolia Ethanol Extract Against V.
Parahaemolyticus
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