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In the present study antioxidant and antimicrobial activities of extracts from leaves and flowers of local
AKk (Calotropis procera) were examined. The antioxidant components were extracted using 80%
aqueous methanol, 80% aqueous ethanol and 80% aqueous acetone solvents. The antioxidant yield
from leaves and flowers of C. procera ranged from 8.48 to 14.07 g/100 g dry weight. The total phenolic
and flavanoid content were considerable with total phenolic yields (expressed as gallic acid
equivalents) reported in the range of 0.11 to 0.32 g/100 g dry weight, and total flavonoid content
(expressed as catechin equivalents) reported in the range 0.01 to 0.10 g/100 g dry weight. C. procera
extracts exhibited a reasonable DPPH radical scavenging activity (IC50 8.81 to 37.30 mg/ml) and
inhibition of linoleic acid peroxidation (13.63 to 41.53%). Antimicrobial activity of the extracts was
evaluated against selected strains of bacteria and pathogenic fungi. The present results revealed that
among the samples analyzed, maximum antioxidant and antimicrobial activities were exhibited by 80%
ethanol extract of leaves whereas lowest by 80% acetone extract of flowers. From the results of the
present investigation, it could be concluded that C. procera extracts can be explored as a potential
source for isolation of antioxidant and antimicrobial agents. However, an appropriate solvent extraction
system should be used to recover potent antioxidant components from C. procera.

Key words: Akk extracts, solvent extraction, phenolic components, antioxidant assays, antimicrobial potential,

microorganisms.

INTRODUCTION

Reactive oxygen species and free radicals formed during
oxidation have been reported to contribute to diseases
such as cancer, diabetes, cardiovascular diseases and
ageing (Halliwell and Gutteridge, 1999). Antioxidants
have the ability to protect the body from oxidative
damage (Ozsoy et al.,, 2008) by scavenging the free
radicals and inhibiting peroxidation and other radical-
mediated processes. Although a number of synthetic
antioxidants like butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA) and tertiary butyl-
hydroquinone (TBHQ) are commercially available,
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due to safety concerns, their use is often restricted in the
food industry (Liu and Yao, 2007). In the recent years,
significant attention has been directed towards exploring
plant-based natural antioxidants, especially the phenolics
and tocopherols (Chaovanalikit, 2004; Katalinic, 2006;
Aneta, 2007). Such natural antioxidants are not only
reported to have anti-carcinogenic potential and protect
the foods from oxidative deterioration, nevertheless these
are also associated with other health beneficial effects,
such as lowering the incidence of aging, inflammation,
cardiovascular diseases and certain cancers (Frankel,
1995; Katalinic, 2006; Igbal et al., 2007; Liu and Yao,
2007).

On the other hand, human health has serious threats
being faced due to in take of food contaminated with
food-borne microorganisms. The presence of these
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microorganisms can mess up the food stuff and reduce
the quality of processed foods (Soliman and Badeaa,
2002). To develop the microbial resistance, it is
necessary to search new potential effective substances
against these pathogenic microorganisms, which steers
to antibiotic formation.

It is widely accepted that some biologically or
chemically active compounds isolated from plant
materials have ability to inhibit the growth of pathogenic
organism (Farnsworth, 1966; Levens et al., 1979; Kuhnt
et al., 1994; Meyer and Afolayan, 1995; Hussain et al.,
2008, 2011). Calotropis procera, a member of the family
Asclepiadaceae, locally known as “akk”, is an erect,
much branched perennial shrub with milky latex
throughout the parts (Khanzada et al., 2008; Meena et
al., 2010). The plant, commonly known as giant
milkweed, is also known by several other names such as
sodom apple, calotrope, French cotton and small crown
flower (English) (Howard, 1989; Liogier, 1995; Parrotta,
2001). The species, a native of West Africa is now widely
distributed and found in parts of the American, Asian and
Australian continents (Rahman and Wilcock, 1991).

A comprehensive review on traditional and medicinal
uses and the phyto-chemistry of C. procera is published
by Ahmed et al. (2005). As such the plant has been
extensively employed to cure several diseases like
leprosy, ulcers, bronchial asthma and skin infections,
piles and disorders of the spleen, liver and abdomen in
the native medicine systems of Sudan, Unan, Arab and
India (Watt and Breyer-Brandwisk, 1962; Kartikar and
Basu, 1994).

Latex, derived from this plant, has been reported to be
used as an abortifacient (The Wealth of India, 1950).
Similarly, a multitude of biological properties, for
example, spasmogenic, antidysentric, antisyphilitic, anti-
rheumatic, antifungal, mullusccide, diaphoretic have been
ascribed to different parts of this useful plant (Sharma,
1934; Watt and Breyer-Brandwisk, 1962; EI-Badwi,
1997). However, there has been no detailed examination
of its antioxidant and antimicrobial activity. The purpose
of the present investigation was to evaluate the
antioxidant and antimicrobial activities of the extracts
from selected parts of C. procera grown in the central
Punjab region of Pakistan using different extraction
solvents.

MATERIALS AND METHODS
Collection and pretreatment of plant material

Samples of leaves and flowers were assayed from the fully mature
plants of C. procera grown in the vicinity of National Institute for
Biotechnology and Genetic Engineering (NIBGE) Faisalabad,
Pakistan.

The specimens were identified and authenticated by a
taxonomist at the Department of Botany, University of Agriculture,
Faisalabad, Pakistan. The specimens were cut into small pieces
and then ambient air-dried and stored in polythene bags at -4°C.

Chemicals and reagents

Linoleic acid, 2,2-diphenyl-1-picrylhydrazyl, gallic acid, Folin—
Ciocalteu reagent, ascorbic acid, trichloro-acetic acid, sodium
nitrite, aluminium chloride, ammonium thiocyanate, ferrous chloride,
ferric chloride, potassium ferricyanate and butylated hydroxytoluene
(99.0%), were obtained from Sigma Chemical Co. (St. Louis, MO,
USA). All other chemicals (analytical grade), that is, anhydrous
sodium carbonate, ferrous chloride, ammonium thiocyanate,
chloroform and methanol, used in this study were procured from
Merck (Darmstadt, Germany). All culture media and standard
antibiotic discs were procured from Oxoid Ltd. (Hampshire, UK).

Extraction from plant materials

The dried leaves and flowers material were ground into a powder
(80 mesh) in a grinding mill (Tector-Cemotec 1090 sample mill,
Hognas, Sweden). The ground material (20 g) were separately
extracted with 200 ml of 80% methanol (80:20, methanol: water),
80% ethanol (80:20, ethanol: water) and 80% acetone (80:20,
acetone: water) by using an orbital shaker (Gallenkamp, UK) for 8 h
at room temperature. The extracts were filtered through Whatman
No.1 filter paper to isolate the insoluble residues. The residues
were re-extracted twice with fresh aliquots of the same solvent and
three extracts for each solvent combined. The solvent was removed
under vacuum at 45°C, using a rotary evaporator (N-N series,
Rikakikai Co. Ltd, Tokyo, Japan) and the resulting residue stored at
-4°C until used for further analyses.

Antioxidant activity of plant extracts
Determination of total phenolic contents (TPC)

The amount of TP was assessed using Folin-Ciocalteu reagent
procedure with a slight modification as described by Chaovanalikit
and Wrolstad (2004). The dried residue was reconstituted in water
(1 mg/ml) and 1.0 ml mixed with 0.5 ml of Folin-Ciocalteu reagent
and 7.5 ml deionized water. After 10 min at room temperature 1.5
ml of 20% (w/v) sodium carbonate was added. The mixture was
heated in a water bath at 40°C for 20 min and then cooled in an ice
bath. The absorbance was recorded at 755 nm using a
spectrophotometer (Hitachi U-2001, model 121-0032). Gallic acid
standards (5 to 100 ppm) were treated in a similar manner. TPC
was calculated relative to gallic acid and therefore expressed as
gallic acid equivalents (GAE) per gram of dry residue. All samples
were analyzed in triplicate.

Determination of total flavonoid contents (TFC)

TF contents were determined following the procedure by Dewanto
et al. (2002). The dried residue was reconstituted in water (100
mg/ml) and 1.0 ml was placed in a 10 ml volumetric flask. Distilled
water (5.0 ml) was added followed by 0.3 ml of 5% NaNO,. After 5
min, 0.6 ml of 10% AICIl; was added and 5 min later, 2 ml of 1 M
NaOH was added and volume made up with distilled water. The
solution was thoroughly mixed and the absorbance was read at 510
nm. A similar approach was adopted for the catechin standards (5
to 100 ppm). The amount of TF was calculated using a calibration
curve for catechin (5 to 100 ppm) and expressed as catechin
equivalents (CE) per dry matter. All samples were analyzed in
triplicate and results averaged.

Antioxidant activity determination in linoleic acid system

The antioxidant activity of extracts was determined by measuring



the % inhibition of peroxidation in a linoleic acid system as
described by Osawa and Namiki (1981) with a little modification.
The dried extracts (5 mg) for each treatment was added to a
solution containing linoleic acid (0.13 ml), 99.8% ethanol (10 ml)
and 0.2 M sodium phosphate buffer, pH 7, (10.0 ml). The resulting
mixture was then diluted to 25.0 ml with distilled water. The solution
was incubated at 40°C and the degree of oxidation was measured
following thiocyanate method (Yen et al., 2000). Briefly, 10 ml of
ethanol (75%), 0.2 ml of an aqueous solution of ammonium
thiocyanate (30%), 0.2 ml of sample solution and 0.2 ml of ferrous
chloride solution (20 mM in 3.5% HCI) were added sequentially.
After stirring (3 min), the absorption was measured at 500 nm. A
control was performed with linoleic acid but without extracts.
Synthetic antioxidants; butylated hydroxytoluene (BHT) and
ascorbic acid (200 ppm) were used as a positive control. The
maximum peroxidation level observed as 432 h (18 days) in the
sample that contained no antioxidant component was used as a
test point. Percent inhibition of linoleic acid peroxidation was
calculated to express antioxidant activity. Percent inhibition of
linoleic acid peroxidation:

=100 — [(Abs. increase of sample at 360 h/Abs. increase of control
at 432 h) — 100]

Determination of reducing power

The reducing power of the extracts was determined according to
the procedure described by Yen et al. (2000). Equivalent volume of
plant extract containing 12.5 to 50.0 mg of dry matter was mixed
with sodium phosphate buffer (5.0 ml, 0.2 M, pH 6.6) and
potassium ferricyanide (5.0 ml, 1.0%); the mixture was incubated at
50°C for 20 min. Then 5 ml of 10% trichloroacetic acid was added
and centrifuged at 980 g for 10 min at 5°C in a refrigerated
centrifuge (CHM-17; Kokusan Denki, Tokyo, Japan). The upper
layer of the solution (5.0 ml) was diluted with 5.0 ml of distilled
water and ferric chloride (1.0 ml, 0.1%), and absorbance was read
at 700 nm (Hitachi U-2001). The measurements were run in
triplicate and the results were averaged.

DPPH radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical assay was carried
out spectrophotometrically as described by Tepe et al. (2005).
Aliquots (50 pl) of various concentrations (0.10 to 5.0 mg/ml) of the
extracts were added to 5 ml of 0.004% methanol solution of DPPH.
After incubating the samples for 30 min at room temperature, the
absorbance was read against a blank at 517 nm:

1(%) = 100 x (Aplank — Asample/ Ablank)

Where Apiank is the absorbance of the control reaction (containing all
reagents except the tested compound) and Asampe is the
absorbance of the tested compound. Extract concentration
providing 50% inhibition (ICso) was determined from a graph plotting
percentage inhibition against extract concentration.

Antimicrobial activity
Microorganisms tested

C. procera leaves and flowers extracts were individually tested
against a set of microorganisms, including Gram positive bacteria
Bicillus pumilis JF313263, Gram negative bacteria Escerichia coli
DH5a, pathogenic fungal strain Aspergilus niger and Fusarium
oxyesporum. The pure bacterial and fungal strains were obtained
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from NIBGE, Faisalabad, Pakistan. The purity and identity of the
strains were further verified by the Department of Veterinary
Microbiology, University of Agriculture Faisalabad, Pakistan.
Bacterial strains were grown overnight at 37°C in nutrient agar (NA,
Oxoid, Hampshire, UK) while fungal strains were cultured overnight
at 30°C using potato dextrose agar (PDA, Oxoid).

Disc diffusion method

The antimicrobial activity of C. procera leaves and flower extracts
was assessed by agar disc diffusion method (National Committee
for Clinical Laboratory Standards, 1997). The discs (6 mm in
diameter) were saturated with 15 pl extracts of 100 mg/ml
concentration placed on the inoculated agar. Amoxycillin (25 to 100
mg/ml/disc) (Oxoid) and Flumequine (25 to 100 mg/ml/disc) (Oxoid)
were used as positive control for bacteria and fungi, respectively.
Disc without samples was used as a negative control. Antimicrobial
activity was calculated by measuring the inhibition zone.

Micro-dilution broth method

Determination of minimum inhibitory concentration (MIC), which
represents the concentration of extracts that completely inhibits the
growth of microorganisms, was done following micro dilution broth
susceptibility assay, as reported by NCCLS (1999). A series of
dilutions were prepared in the range 5 to 100 mg/ml of extract in a
96-well microtitre plate, including one growth control (NB/SDB +
Tween 80) and one sterility control (NB/SDB + Tween 80 + test oil).
160 pl NB and SDB for bacteria and fungi, respectively, were added
onto the micro plates with 20 pl of the tested solution. A 20 ul of the
suspension of tested microorganisms containing 5 x 10° colony-
forming units CFU/ml (confirmed by viable count) of standard
microorganism was inoculated onto the micro-plates. The plates
were incubated at 37°C for 24 h for bacteria and at 30°C for 48 h for
fungi. Amoxycillin and Flumequine were used as positive control for
bacteria and fungi, respectively. The growth was indicated by the
presence of a white ‘pellet’ on the well bottom. The MIC was
calculated as the highest dilution showing complete inhibition of the
tested strains.

Statistical analysis

Three different samples of flowers and leaves C. procera were
assayed. All the experiments were conducted in triplicate unless
stated otherwise and statistical analysis of the data was performed
by analysis of variance (ANOVA), using STATISTICA 5.5 (Stat Soft
Inc, Tulsa, Oklahoma, USA) software. Statistically significance
difference was denoted by probability value of p < 0.05. All data are
presented as mean values + standard deviation (SD) for triplicated
determinations.

RESULTS AND DISCUSSION
Antioxidant yield

The antioxidant yield (g/100 g dry weight) from the leaves
and flowers of C. procera extracted with aqueous
methanol (80%), aqueous ethanol (80%) and aqueous
acetone (80%) are shown in Table 1. The antioxidant
yield from leaf material varied significantly (p<0.05) with
the extracting solvent used. For example, aqueous
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Table 1. Extract yields (g/100 g of dry weight) from C. procera leaves and flowers.

Extracts Leaves Flowers

80% Methanol 13.10%° + 0.39°,
80% Ethanol 12.06 + 0.24% 14.07 +0.282,

80% Acetone 8.73+0.17% 8.48 +0.25°%

10.87 +0.32%,

Values are mean *= SD for three different samples of each part analyzed individually in triplicate.
Different superscript letters within the same column indicate significant (p< 0.05) differences of means
among the extracting solvents; Subscript letters within the same row indicate significant (p< 0.05)

differences of means between the plant parts.

Table 2. Total phenolic content (GAE g/100 g of dry matter) and total flavonoid contents (CE g/100 g of dry matter) of C. procera

leaves and flowers extracts.

Total phenolics

Total flavonoids

Extracts

Leaves Flowers Leaves Flowers
80% Methanol 0.15+0.01%, 0.21 +0.01%, 0.05 + 0.02%, 0.07 +0.01%,
80% Ethanol 0.20 +0.022, 0.32+0.01%, 0.08 +0.01%, 0.10 £ 0.01%,
80% Acetone 0.11 £0.02°, 0.15 + 0.02°% 0.01 +0.01%, 0.03 +0.02°,

Values are mean + SD for three different samples of each part analyzed individually in triplicate. Different superscript letters within the same
column indicate significant (p< 0.05) differences of means among the extracting solvents; Subscript letters within the same row indicate

significant (p< 0.05) differences of means between the plant parts.

ethanol gave the maximum yield at 12.06 g/100 g dry
weight while aqueous acetone gave the poorest yield at
8.73 g/100 g dry weight. For the flower extractions with
the same solvents, while aqueous ethanol extracted the
most antioxidants it was not significantly greater than that
extracted by aqueous methanol. The higher yields from
leaves and flowers with 80% ethanol revealed greater
efficacy of this solvent towards recovering antioxidant
components from these materials. The present results
also depicted a significant (p<0.05) difference of the
extract yields between the two plant parts tested,
especially, when aqueous methanol and ethanol were
used, which might be linked to the availability of different
extractable antioxidant components into the solvents.

Ahmad et al. (2009) reported the extraction yield with
90% ethanol from the leaves of C. procera, to be 14.17
g/100 g, higher than that determined in the present study
with 80% ethanol. Such differences in the extracts yield
might be attributed to the availability of different
extractable components as well as to the nature of soil
and agro-climatic conditions of the regions from where
the plant tissues harvested (Hsu et al., 2006).

Our results regarding higher antioxidant extract yield
with ethanol are in agreement with the findings of Oktay
et al. (2003) who examined higher extract yields from
fennel (Foeniculum vulgare) seeds with ethanol. Amount
of antioxidant components that can be extracted from a
plant material depends on different factors such as
chemistry and availability of extractable plant com-
ponents and nature of extracting solvent, as well as
extraction techniques employed (Hsu et al., 2006).

Total phenolic (TP) and flavonoid (TF) contents

Plant phenolics are gaining continuing interest as ingre-
dients for functional foods and nutracetical applications
due to their potential health benefits (Aneta et al., 2007).
Phenolic compounds from plants are known to act as
very good natural antioxidants (Awika et al., 2003). Many
studies reported that total phenols and flavonoids
contribute significantly to the antioxidant activities of fruits
and vegetable (Katalinic et al., 2006). The amounts of
total phenolics (TP) and total flavonoid (TF) in the leaves
and flowers extracts of C. procera, varying from 0.11 to
0.32 GAE (g/100 g) and 0.01 to 0.10 CE (g/100 g)
respectively, are given in Table 2. The amount of
phenolic components extracted from leaves and flowers
using different solvents varied significantly (p<0.05) with
regard to the extraction solvent and material used.
Ethanol extract (80%) of flowers showed the maximum
contents of TP and TF 0.32 and 0.10 ¢g/100 g, res-
pectively. Ethanol is usually preferred for the extraction of
antioxidant compounds from plant matrices mainly due to
its lower toxicity and good extraction efficacy (Karadeniz
et al., 2005; Tung et al., 2007).

This difference in the amount of TP and TF may be due
to varied efficiency of the extracting solvents to dissolve
endogenous antioxidant compounds of the tissues
analyzed. The ability of different solvents to extract TP
and TF followed the order: 80% ethanol > 80% methanol
> 80% acetone. Of the two parts of the tested plant,
flowers were found to contain relatively higher amount of
phenolics (p<0.05) and flavonoids (p>0.05). Differences
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Table 3. DPPH radical scavenging activity (ICso value) and inhibition of linoleic acid peroxidation (%) of C. procera leaves and

flowers extracts.

ICs5o Value (mg/ml)

% inhibition of linoleic acid oxidation

E

xtracts Leaves Flowers Leaves Flowers
80% Methanol 14.36 + 0.28°%, 11.19 + 0.23% 26.13 + 0.52% 32.44 + 0.64°%,
80% Ethanol 11.86 + 0.35% 8.81+0.17% 30.84 +0.61% 41.53 +0.83%,

80% Acetone 37.30 £ 0.75%

29.68 + 0.59%

13.63+0.41% 17.7 £ 0.53%

Values are mean * SD for three different samples of each part analyzed individually in triplicate. Different superscript letters within the
same column indicate significant (p< 0.05) differences of means among the extracting solvents; Subscript letters within the same row
indicate significant (p< 0.05) differences of means between the plant parts.

in the amounts of TP and TF in the two parts tested could
be explained by the fact that presence of phenolics is
affected by plant tissues, maturity at harvest, growing
conditions, soil conditions and post-harvest treatment
(Jaffery et al., 2003).

No earlier reports are available on the total phenolics
and flavonoids contents of C. procera flowers extract with
which to compare the results of our present analysis.
However, according to Ramesh et al. (2009), total
phenolics and flavonoids in methanol (80%) extract of
leaves of C. procera from India were determined to be
3.8 and 2.1 mg/g, respectively. These amounts are quite
low compared to our present data. In another study by
Patel et al. (2010), the amount of TP 14.94 mg/g
determined in the leaves of C. procera were found to be
comparable to our result of 80% methanol extract while
total flavonoids (28.05 mg/g) were found to be higher
than our present data. Such variations of TP and TF
among different studies might be ascribed to the use of
different extraction solvent and as well as to the varied
agro-climatic factors of the regions from where the plant
materials were harvested.

DPPH radical scavenging assay

DPPH is a very stable organic free radical with deep
violet color which gives absorption maxima within the 515
to 528 nm. Upon receiving proton from any hydrogen
donor, mainly from phenolics, it loses its chromophore
and became yellow. It is widely accepted that as the
concentration of phenolic compounds or the degree of
hydroxylation of the phenolic compounds increases,
DPPH radical scavenging activity and hence antioxidant
activity of a plant extract or a related compound also
increases (Sanchez-Moreno et al., 1999).

C. procera leaves and flower extracts exhibited good
radical scavenging activity, with [Cs, (the extract
concentration which scavenged 50% of the DPPH free
radicals) values ranging from 11.86 to 37.30 mg/ml| and
8.81 to 29.68 mg/ml, respectively (Table 3). Ethanol
extract of flowers showed the lowest ICsq value of 8.81
mg/ml corresponding to the highest free radical
scavenging activity and thus antioxidant activity. The

present results indicated significantly (p<0.05) higher
radical scavenging activity of ethanolic flower extract
compared with other solvent extracts. Among the extracts
tested, acetone extract from leaves showed the highest
ICs value, 37.30 mg/ml, indicating its minimum potential
to scavenge free radicals, most probably due to presence
of less amount of phenolics compared to other extracts.
This is also evident from the results of Table 2 that
acetone extracts had low amount of TP. Free radical
scavenging activity of different extracts followed the
order: 80% ethanol extract > 80% methanol extract >
80% acetone extract. Of the two tissues tested, the
flowers extracts relatively exhibited lower ICs, value,
showing their better ability to scavenge free radicals than
the leaves extract. On the other hand, all the tested
extracts offered lower antioxidant activity, when
compared with a synthetic antioxidant BHT. The DPPH
radical scavenging capacity of the tested extracts might
be explained in due part to the presence of phenolic
components (Siddhuraju et al., 2002).

No earlier reports are available in the literature
regarding the DPPH radical scavenging activity of C.
procera flower extract with which to compare the results
of our present experiment. However, DPPH radical
scavenging activity (ICso value 0.255) mg/ml) of methanol
(80%) extract from leaves of C. procera from India as
investigated by Ramesh et al. (2009) was found to be
lower than that of 80% methanol leave extract in our
present analysis.

Antioxidant activity in linoleic acid system

Linoleic acid, a polyunsaturated fatty acid (PUFA) upon
oxidation produces peroxides which oxidize Fe** to Fe®*
and the later forms complex with SCN". The intensity of
the color of the complex formed corresponding to the
concentration is read spectrophotometrically by
measuring absorbance at 500 nm. A higher concentration
of peroxides formed during reaction offers a higher
absorbance value correlating to lower antioxidant activity.

The antioxidant activity of the leaves and flowers
extracts of C. procera was also assessed by monitoring
their ability to inhibit lipid peroxidation (Table 3). The level
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0.6 4

Reducing power

MethanolLE EthanolLE  Acetone LE Methanol FE Ethanol FE

Treatments

T125 mgmL
m 25 mg/mL
0 37.5 mg/mL
® 50 mg/mL

Acetone FE

Figure 1. Reducing power (absorbance data at 700 nm) of C. procera leaves and flowers

extracts. LE: Leaves extract, FE: Flower extract.

of inhibition of linoleic acid oxidation by leaves and
flowers extracts were found to be moderate, 13.63 to
30.84% and 17.71 to 41.53%, respectively. As expected
80% ethanolic extract of leaves and flowers offered
higher inhibition of peroxidation (41.53%) than other
extracts which might be attributed to the presence of
higher amount of phenolic compounds in these extracts.
Flowers extracts generally exhibited superior activity
towards inhibition of linoleic acid oxidation than the
leaves, revealing their better antioxidant activity. All the
tested extracts exhibited much lower inhibition of linoleic
acid peroxidation than that given by BHT (92.01%). The
order of inhibition of linoleic acid oxidation offered by
leaves and flowers extracts of C. procera was noted to be
as: 80% ethanol > 80% methanol > 80% acetone. Due to
lack of data on the percentage inhibition of linoleic acid
peroxidation of C. procera leaves and flower, we could
not compare present results with literature.

Reducing power of extract

Measurement of reducing potential can also be used to

express antioxidant activity of the plant extracts. In this
assay ferric ions are reduced to ferrous ions with change
in color from yellow to bluish green. The intensity of the
color depends on the reducing potential of the antioxidant
compounds present in the extract. Greater the intensity of
the color, greater will be the absorption; consequently,
greater will be the antioxidant activity (Zou et al., 2004).
The reducing power of bioactive compounds is strongly
related to the antioxidant activity (Siddhuraju et al., 2002;
Yildirim et al., 2001). In the present work, a regular
pattern of increase in reducing power as a function of
extract concentration was observed for almost all the
tested samples (Figure 1). The reducing potential of the
leaves and flowers extracts was measured for
concentrations ranging between 12.5 to 50 mg/ml, the
consequent absorbance values recorded were in the
range of 0.01 to 0.52. The maximum absorbance value
(0.52) was recorded for 80% ethanol extract of flower,
while the minimum (0.01) for 80% acetone extract of
leaves. The reducing power of different extracts varied
statistically (p<0.05). We did not find any earlier study on
the reducing power of C. procera leaves and flower
extracts with which to compare the data of the present
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Zone of inhibition (mm) against tested organisms

Parameter Bacillus pumilis Escherichia coli Aspergilus niger Fusarium oxysporum
Leaves Flowers Leaves Flowers Leaves Flowers Leaves Flowers
80% Ethanol extract ~ 19.20 +0.25°%,  17.60 + 0.42°% 14.90 +0.31°,  12.30 +0.27% 5.30+0.21°,  3.90+0.18%%, 7.70+0.26°, 5.80 +0.19%,
80% Methanol extract 17.40 + 0.45% 14.70 + 0.36% 12.70 £0.31%  10.90 + 0.29% 4,90 + 0.18b°a 3.20+0.21% 6.40+0.17°% 6.10+ 0.23‘“’a
80% Acetone extract ~ 10.20 +0.24°,  9.80 +0.31% 9.80+0.27%  7.60 +0.29% 420+0.12% 5.70 +0.21% 5.50+0.16%  4.30 +0.26%
Amoxicillin 22.70 + 0.56% 17.90 + 0.43° - -
Flumequine - - 28.70% + 0.71 24.20% + 0.86

Values are mean + SD for three different samples of each part analyzed individually in triplicate. Different superscript letters within the same column indicate significant (p< 0.05) differences of
means among the extracting solvents; Subscript letters within the same row indicate significant (p< 0.05) differences of means between the plant parts.

Table 5. Minimum inhibitory concentration (MIC) value of C. procera leaves and flowers extracts against tested microorganisms.

Minimum inhibitory concentration (mg/ml) against tested organisms

Parameter Bacillus pumilis

Escherichia coli

Aspergilus niger

Fusarium oxysporum

Leaves

Flowers

Leaves Flowers Leaves

Flowers Leaves Flowers

28.00 + 0.56%
33.00 + 0.75%

80% Ethanol extract
80% Methanol extract
80% Acetone extract  39.00 * 0.87%
Amoxicillin 18.00 + 0.54°
Flumequine -

31.00 + 0.82%
38.00+ 0.95°%
43.00 + 0.95%,

21.00 +0.61% 26.00 + 0.54°%

25.00+ 0.69°% 29.00 + 0.76%

30.00+ 0.81%, 38.00 + 0.74%,
16.00+ 0.49°

- 21.00 + 0.58°

35.00 + 0.68%
42.00+ 1.12%
48.00 + 1.23%

41.00 + 0.84%
49.00 +1.10°%
57.00 + 1.19%,

33.00 +0.74%  38.00 +0.73%
38.00 +0.82%  43.00 + 1.09°%,
51.00 +1.23%  56.00+ 1.17%,

25.00 + 0.69°

Values are mean * SD for three different samples of each part analyzed individually in triplicate. Different superscript letters within the same column indicate significant (p< 0.05) differences of
means among the extracting solvents; Subscript letters within the same row indicate significant (p< 0.05) differences of means between the plant parts.

analysis. The reducing power data of different
tested extracts followed the similar trends as were
observed for linoleic acid inhibition assay.

Antimicrobial activity

The antimicrobial activity of the extracts produced
from C. procera leaves and flowers against

pathogenic microorganisms are shown in Tables 4
and 5. The results obtained from disc diffusion
method, indicated that B. pumilis was found to be
the most sensitive microorganism showing greater
inhibition zones, varying from 10.2 to 19.2 mm
and 9.8 to 17.6 mm when exposed to the leaves
and flowers extracts, respectively (Table 4). As
expected, the leaves and flowers extract against
B. pumilis showed the lowest MIC values ranging

from 28 to 39 mg/ml and 31 to 43 mg/ml,
respectively (Table 5). Relatively smaller inhibition
zones 9.8 to 14.9 mm and 7.6 to 12.3 mm and
corresponding higher MIC values, 21 to 30 mg/ml
and 26 to 38 mg/ml for extracts of leaves and
flowers, respectively, indicated their weak
antimicrobial activity against E. coli. It was also
observed that leaves extracts showed greater
antimicrobial activity against fungal and bacterial
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strains than the flowers extracts (Table 4). Fungal strain
F. oxysporum was found to be most sensitive to leaves
and flower extracts showing inhibition zones in the range
of 5.5to 7.7 mm and 4.3 to 6.1 mm, respectively (Table
4) and exhibited lower MIC values, 33 to 51 mg/ml and
38 to 56 mg/ml, when compared with A. niger which
showed inhibition zones in the range of 4.2 to 5.3 mm
and 3.2 to 5.7 mm and MIC values of 35 to 48 mg/ml and
41 to 57 mg/ml, respectively (Tables 4 and 5). Overall,
the extracts from leaves of C. procera showed better
antifungal activity than the flower extract. The variations
in the antimicrobial activity of the investigated plant
extracts, with regard to the two parts tested might be
attributed to the different chemical composition of the
extracts. Some earlier studies showed that the changes
in chemical composition of an extracts directly affected
their biological activities (Celiktas et al., 2007).

In general, extraction by different solvents of C.
procera leaves and flowers in the present study yielded
the extracts with varying chemical composition,
antioxidant and antimicrobial activities. These differences
can be ascribed to the availability of different extractable
components depending upon the nature of extraction
solvents and plant part used. Therefore, we concluded
that an appropriate extraction process should be
employed to recovering maximum quantity of potent
antioxidant components from C. procera plant material. A
further detailed study on the isolation and structural
elucidation, and in-vivo biological activities of the
functional compounds in different parts of C. procera is
highly recommended.
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