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Abstract: The aim of this study was to evaluate the antioxidant and antimicrobial activities of the
defatted methanol extracts of Cassia glauca, C.fistula, C.didymobotry, C.sophera, C.occidentalis,
C.grandis and C.nodosa. Dot-blot and DPPH staining, reducing power and total antioxidant capacity
were used for determination of antioxidant activity of the tested extracts. Results exhibited that, the
defatted methanol extracts of the tested Cassia species demonstrated varying degrees of antioxidant
activity with different antioxidant models and C.glauca was the most active plant. The antioxidant
activity of the defatted methanol extract of C.glauca increased with increasing of the temperature and
acidic pH whereas it decreased by storage. The antimicrobial screening was carried out by using disc
diffusion method toward certain bacteria and fungi strains. C.glauca, C.occidentalis, C.fistula,
C.didymobotrya, and C.sophera extracts exhibited variable antimicrobial activity whereas the methanol
extracts of C.grandis and C.occidentalis did not show any activity. The methanol extract of C.glauca
was also the most active. Owing to the high antioxidant and antibacterial activities of the defatted
methanolic extract of C.glauca, this extract was fractionated using different organic solvents;
chloroform, ethyl acetate and n-butanol and these fractions were tested as antioxidant and antimicrobial
agents. The ethyl acetate and n-butanol fractions exhibited high activities. 
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INTRODUCTION

Infectious disease caused by bacteria, viruses, fungi and parasites are still a major threat to public health,
despite of the tremendous progress in human medicine (Zampini, 2009). During the last two decades, the
development of drug resistance as well as the appearance of undesirable side effects of certain antibiotics has
lead to the search of new antimicrobial agent mainly among natural products with the goal to discover new
chemical structures, which overcome the above disadvantages (Zampini, 2009; Okemo, 2003). At present the
current research are focused on plant extracts which can be sourced and selected more easily based on their
ethno-medical uses (Okemo, 2003; Lachmy, 2010; Arora, 2007). The ability of the plant extracts as
antimicrobial agent is due to of their antioxidant properties which are correlated with their phenolic contents
(Arora, 2007; Do, 2004; Plum, 1997). The phenolic compounds are common in many plants and exhibited
antioxidant properties due to their high redox potential (Plum, 1997; Zielinski, 2007). They also showed a wide
range of biological activity as antimicrobial activity, anticarcinogenicity and antiproliferation and many
biological activities of these compounds can be attributed to their antioxidant properties (Cushnie, 2005; Huang,
2004; Nanasombat, 2009). Many reports have shown that some Cassia species contain antibacterial,
antidiabetic, antimalarial, anticarcinogenic and hepatoprotective substances (Nanasombat, 2009; Tona, 1999;
El-Sawi, 2010; Sharma, 2000). In our previous screening of some Egyptian plants as antioxidant agents
(El-Hashasa, 2010); we found that the methanolic extracts of seven Cassia species have scavenging activity
of DPPH. This result encouraged us to determine the antimicrobial activity of these plants extracts using agar
diffusion method and to evaluate their abilities as antioxidant agents using different methods such as Dot-Blot
and DPPH staining and reducing power. Also, the effect of some factors such as different pH values,
temperature changes and storage on the antioxidant activity of the plant extracts was carried out.
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MATERIALS AND METHODS

Plant Materials:
The leaves of Cassia species in this study were collected from different localities in Egypt especially from

EL-Zohrea Garden, Cairo, Egypt, El-Orman Garden and Garden of Faculty of Agriculture, Giza, Egypt. The
collected plants were kindly identified by Mrs Traeza Labib, El-Orman Botanical Garden. The plants were
shade dried and finally powdered by electric mill and kept for extraction process.

Extraction and Fractionation: 
Two hundred grams of each dried powdered plant leaves were separately extracted four successive times

with 85 % methanol. The methanolic extract of each plant was evaporated under vacuum to dryness using
rotatory evaporator. The defatted methanolic extract of C. glauca was successively fractionated with different
organic solvents as chloroform, ethyl acetate and n-butanol. The different fractions were evaporated under
reduced pressure to dryness. The dried extracts were kept away from any moisture in well plastic vials for
antimicrobial assay and antioxidant studies.

Rapid Screening of Antioxidant by Dot-blot and DPPH Staining: 
Each diluted extract was carefully loaded onto a 20 cm x 20 cm TLC plates (silica gel 60 F 254; Merck)

and allowed to dry (3 min). 5 µl of each sample were loaded in order of decreasing concentrations (2, 1, 0.5,
0.25 and 0.125 mg/ml) along the row. The staining of the silica plate was based on the procedure of Soler-
Rivas et al. 2000. The sheet bearing the dry spots was placed upside down for 10 s in a 0.4 mM DPPH
solution. Then the excess of solution was removed with a tissue paper and the layer was dried with hair-dryer
blowing cold air stained silica layer revealed a purple background with white spots at the location where
radical scavenger capacity presented. The intensity of the white color depends upon the amount and nature of
radical scavenger present in the sample 

Reducing Power Assay:
Reducing power of each extract or fraction was determined according to the method of Oyaizu, 1986. Each

sample 1 ml in methanol was mixed with 2.5 ml of sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of
1% K3Fe(CN)6 incubate at 50 °C for 20 min.  After adding 2.5 ml of trichloro- acetic acid, the mixture was
centrifuged at 3000 rpm for 10 min. The supernatant solution 2.5 ml was them taken out and immediately
mixed with 2.5 ml of methanol and 0.5 ml of 0.1% ferric chloride. After incubation for 10 min, the absorbance
against blank was determined at 700 nm. Three replicates were made for each tested sample. Increased
absorbance of the reaction mixture indicated increased reduction power. Ascorbic acid standard was used for
comparison.

Determination of Total Antioxidant Capacity:
The antioxidant activity of each extract was determined according to phosphomolybdenum method reported

by Prieto et al 1999 using ascorbic acid as standard. In this method, 0.3 ml of each extract (100µg/ml) in
methanol was combined in dried vials with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate). The vials containing the reaction mixture were capped and
incubated in a thermal block at 95 °C. After the samples had cooled at room temperature, the absorbance was
measured at 695 nm against a blank. The blank consisted of all reagents and solvents without the sample and
it was incubated under the same conditions. All experiments were carried out in triplicate. The antioxidant
activity of the extracts was expressed as the number of equivalents of ascorbic acid (AAE).

Effect of Different Temperatures, Different pH Values and Storage on the Antioxidant Stability of the Plant
Extract: 

Studying the effect of temperature on the antioxidant activity of the 85% methanol extract of the tested
plants according to the reported procedures by Arabshi et al 2007. Each extract was incubated at different
temperatures (27, 50, 70 and 100 °C) for 30 min. After that the antioxidant activity was separately determined
as previously mentioned. For pH stability; each plant extract was incubated at different pH values (3, 5, 7, 9
and 11) for 30 min, then the antioxidant activity was separately evaluated. For storage, stability; each plant
extract was stored in dark condition at 27 °C for 1-4 weeks. The antioxidant activity of the extract was
determined after each one week.



Aust. J. Basic & Appl. Sci., 5(9): 344-352, 2011

346

Microorganisms and Culture Conditions:
Two Gram-positive bacterial strains; Bacillus subtilis and Staphylococcus aureus and one Gram-negative

strain Escherichia coli, as well as two fungal strains Aspergillus niger and Candida albicans were used in the
present study. The bacterial strains were incubated on a nutrient slants for 48 h at 37 °C followed by
inoculation in Mucller Hinton agar medium while the two fungal strains; Aspergillus niger, and Candida
albicans were cultured on Malt agar medium. The bacterial and fungal culture and the assessment of the
antimicrobial activity of the tested extracts were carried out at the Department of Agriculture Microbiology,
National Research Center Giza, Egypt. 

Antimicrobial Assay:
Antimicrobial activity of the defatted 85% methanolic extract of Cassia species was carried out using disc

diffusion method which was previously reported by Bauer et al 1966. Each extract was dissolved in methanol
and completely evaporated before application on test organism-seeded plates .Sterile filter paper discs (6 mm
in diameter, Whatmann No.1) were individually moistened with 50 µl of tested extract at concentration of 20
mg /ml and dried. Ten ml of Muller –Hinton agar medium in case of the bacteria or Malt agar medium in case
of the fungi seeded with the test organism was poured into Petri dishes under aseptic conditions in a laminar
flow chamber. After the medium in the plates solidified, the prepared discs were distributed on the surface of
the prepared agar plates along with control (discs loaded only with 50 µl of 95 % methanol). The treated and
the control were kept in an incubator at 37 °C for 24 h for bacteria and 48 h at room temperature for fungi.
After incubation, the antimicrobial activity was evaluated by measuring the inhibition zones (including the
diameter of disc) and values less than 12 mm were considered not active extract against bacteria or fungi.
Standard antibiotic; ampicillin (10µg/disc) and Nystatin (20µg/disc) were used as reference or positive control
and methanol was used as a negative control. All the tests were performed in triplicate.

Determination of the Minimum Inhibitory Concentrations (MICs):
The minimum inhibitory concentration (MIC) of the tested extracts was determined by serial tube dilution

technique (Khan, 2007; Mosaddik, 2003).The plant extract (1 mg) was dissolved in 2 ml distilled water (3
drops Tween 80 was added to facilitate dissolution) to obtain stock solution having concentration of 500 µg/ml.
Serial dilutions were prepared from the stock solution and each prepared concentration was transferred to test
tube containing 1 ml nutrient broth medium. After preparation of suspensions of test organisms (10 organism
per ml), 1 drop of suspension (0.02 ml) was added to each broth dilution. After 18 h incubation at 37 °C, the
tubes were then examined for the growth. The MIC of the extract was taken as the lowest concentration that
showed no growth. Growth was observed in those tubes where the concentration of the extract was below the
inhibitory level and the broth medium was observed turbid (cloudy). Distilled water with 3 drops of Tween
80 and ampicilin were used as negative and positive control respectively. 

Statistical Analysis:
All experiments were run in triplicate and statistical analysis were performed using SPSS (13) software.

Analysis of variance was performed by ANOVA procedures. Results were given as means ± standard deviation,
significance level was defined as P 0.05. 

RESULTSND DISCUSSION

Rapid Screening of Antioxidant by Dot-blot and DPPH Staining:
Antioxidant capacity of the defatted methanol extracts of the tested Cassia species was determined using

eye-detected semi-quantitatively by a rapid DPPH staining TLC method. Each diluted extract was applied as
a TLC layer that was then stained with DPPH solution. This method was typically based on the inhibition of
the accumulation of oxidized products. The generation of free radicals was inhibited by the addition of
antioxidant and scavenging of the free radicals shifted the end point. Ascorbic acid was used as a positive
control. Initial faint spots appeared and 1 h later weak spots could be observed in sample row. These white
spots with strong intensity appeared quickly at the concentration of 0.50 mg/ml of each extract (Soler-Rivas,
2000). The results in Figure 1 revealed that, all the tested extracts showed activity but the methanol extract
of C.glauca was the most active. Also, the ethyl acetate fraction derived from the methanolic extract of
C.glauca showed high activity than chloroform and n-butanol fractions at all concentrations as shown in Figure
6. These results revealed that all the tested extracts react positively with DPPH and these reactions depend on
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Fig. 1: Dot blot assay of the defatted 85% methanol extracts of Cassia species on silica sheet stained with
DPPH solution in methanol.

the ability of these extracts as free radical scavenging agents. Large diameter and high color intensity of the
resulting dots (spots) indicate the high radical scavenging capacity of the tested extract (Darker dots indicate
higher radical scavenging capacity values). In previous study dilutions of each water and ethanol extracts of
Ipomoea aquatica at 6.25 mg dry matter /ml showed white spots with strong intensity quickly when analyzed
by dot-blot method (Huang, 2005). 

Reducing Power:
It has been reported that the reducing powers of any plant extract may serve as a significant indicator of

its potential antioxidant activity (Oyaizu M., 1986; Mohamed, 2008). The reducing power is generally
associated with the presence of reductant which exerts antioxidant action by breaking the free radical chains
by donating a hydrogen atom. Therefore, in the present study, the presence of reductants in the antioxidant
extracts cause the reduction of the Fe 3+ /ferricyanide complex to Fe2+ /ferrous form, so the reducing power of
the tested extracts can be monitored by measuring of Perl's Prussian blue at 700 nm (Alabsalvar, 2006). The
results in Figure 2 showed that all the defatted methanol extracts of Cassia species have reducing power and
C.glauca extract was the most active. The activity of the plant extracts is probably due to the presence of
phenolic compounds which might act as electron donors. These results are in full agreement with the previous
studies which reported that the reducing power of plant extracts are correlated with the phenolic content
(El-Hashasa, 2010; Mohamed, 2008; Awika, 2003).

Total Antioxidant Capacity:
The total antioxidant capacity of the methanol extract of the tested Cassia species was measured

spectrophotometrically through phosphomolybdenum method which is based on the reduction of Mo (IV) to
Mo (V) by the tested extract and the subsequent formation of green phosphate /Mo (V) compounds with a
maximum absorption at 695 nm (Prieto, 1999). A high absorbance value of the sample indicates its strong
antioxidant activity. The results appeared that all the tested Cassia showed a good total antioxidant activity.
The methanolic extract of C.glauca was the most active (556.65±2.45 mg equivalent to ascorbic acid / g
extract). In our previous study, it was appeared that there is positive correlation between the total antioxidant
capacity of the methanolic extracts of the tested Cassia species and their total phenolic contents (El-Hashasa,
2010). Also, many previous studies reported on a linear relationship between the total antioxidant capacity of
plant extracts and their phenolic contents (Prieto, 1999; Awika, 2003).

Effect of Temperature, pH and Storage on Antioxidant Capacity of the Methanolic Extract of C.glauca:
It has been reported that the antioxidant activity of any extract or compound are strongly affected by many

factors such as concentration, temperature, pH value and time of storage (Arabshahi-Delous, 2007; Gazzani,
1988). Therefore, the most active methanol extract of C.glauca was subjected to different temperatures 5, 27,
50, 70 and 100 °C, different pH values 3, 5, 7, 9 and 11 and storage in dark at 27 °C for 1-4 weeks. The total
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Fig. 2: Reducing power assay of the methanolic extracts of Cassia species at concentration 200 µg/ml.

antioxidant capacity of the methanol extract of C.glauca was determined under these different conditions. The
results in Figure 3 exhibited that the activity increased with increasing the temperature up to 100 °C. This may
be attributed to the activation of the antioxidant molecules in the tested compound at high temperatures and
means that the methanolic extract of C.glauca is stable at high temperature. These results are in full agreement
with the reported results by Rehman et al, 2003 .They found that the antioxidant activities of Ginger extracts
have good heat thermal stability. Juntachote and Berghofer also found that the ethanol extract of Holy basil
and Galangel have good heat thermal stability up to 80 °C (Juntachote, 2005). 

The results in Figure 4 showed the total antioxidant capacity of the methanol extract of C.glauca increased
in acidic medium whereas it decreased at alkaline pH. These results indicated that the antioxidant activity of
the plant extract is strongly dependant on pH values. Yen and Lee 1997 also found that the antioxidant
properties of Aspergillus candidus are high at acidic pH and it decreased at alkaline pH range (Yen, 1997).
From this study, it has been found that the antioxidant properties of C.glauca decrease by increasing the time
of storage as shown in Figure 5.

Antimicrobial Activity:
The antimicrobial activity of the defatted methanolic extracts of C.glauca, C.grandis, C.nodosa, C.fistula,

C.didymobotry, C.sophera and C.occidentalis was determined by using the agar diffusion method. The results
in Table 1 showed that at a concentration 20 mg/ml, all the tested methanolic extracts of Cassia species except
C.nodosa exhibited antimicrobial activity with inhibition zones ranging from 8 to 20 mm in diameter. The
methanolic extract of C.fistula showed inhibition against two bacterial strains; B. subtilis and S.aureus. Also,
C.fistula, C.didymobotrya and C.sophera extracts exhibited inhibition against Candida albicans strain. The
methanolic extract of C.glauca showed high activity against the three bacterial strains; B.subitlis, E.coli and
S.aureus whereas it was inactive against the two tested fungal strains. The methanolic extract of C.fistula was
only active against one the fungal strain; A.niger. The methanolic extract of C.grandis showed inhibition
against one bacterial strain B.subtilis whereas C.sophera extract had activity against two bacterial strain;
B.subtilis and E.coli. In this study, the antimicrobial activity of the extracts was compared to standard
antibiotics (Oxoid) such as Ampicillin (10µg) and Nystatin (20µg) which were used as positive controls. It was
also appeared that the pure solvent used in this study had no inhibitory effects on the microorganisms tested
(The inhibition zone of solvent control methanol was zero) so that it was not active against all of the tested
microorganisms .This findings were consistent with those of Arya et al 2010, they observed that the aqueous
and methanol extracts of C.occidentalis showed considerable activity against seven human pathogenic bacterial
and two fungal strains (Arya, 2010). Also, these results agreed with the findings of Abo et al 1998, they
reported that leaves extracts C. sieberiana, C.alata and C.occidentalis have antimicrobial activity (Abo, 1998).
Lachmy et al. 2010 found that the methanol extract of C.fistula has antimicrobial activity. 

Basically, the MIC value indicates the potential of each extract to inhibit the microbial growth at lowest
concentration. Based on the initial antimicrobial screening assay in the present study, the strains which show
high positive results against the tested Cassia extracts were selected for further studies to determine the MIC
value and the MIC value are as shown in Table 2. The MIC values against all the tested bacterial and fungal
strains are ranged from 2 to 32 mg/ml and found to be active against bacteria such as B.subtilis, E.coli,
S.aureus and fungi such as C.albicans and A.niger. From these results, it was appeared that, there are
substantial differences between the MICs of various plant extracts. The methanolic extract of C.glauca had the
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Fig. 3: Effect of temperatures on the total antioxidant capacity of the defatted methanol extract of C. glauca.

Fig. 4: Effect of different pH values on the total antioxidant capacity of C. glauca. 

Fig. 5: Effect of the time of storage on the total antioxidant capacity of the defatted methanol extract of C.
glauca. 

Table 1: Antimicrobial activity of the defatted methanolic extracts of Cassia species.
Sample Inhibition zone (mm)

---------------------------------------------------------------------------------------------------------------------
B.s E.c S.a C.a A.n

C. glauca 20 17 20 - -
C. grandis 8 - - - -
C. nodosa - - - - -
C. fistula 18 - 15 12 14
C. occidentalis 12 14 - - -
C. didymobotrya 15 17 - 10 -
C. sophera 10 12 - 8 -
Control (95% MeOH) - - - - -
Ampicillin ( 10 µg/ml) 20 20 18 - -
Nystatin( 20 µg/ml) - - - 18 20
(-); not active, B.s= Bacillus subtilis; E.c= Escherichia coli; S.a= Staphylococcus aureus; C.a= Candida albicans ; A.n= Aspergillus niger
- Inhibition zone diameter of 250 µl of 20 mg/ml of different extracts
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most effective antibacterial activity against the three tested bacteria strains (MIC = 8-16 mg/ml). The bacterium
B.subtilis was the most sensitive strain to the methanolic extracts of C.glauca and C.fistula (MIC = 8 mg/ml)
whereas, fungal strain; C.albicans and was sensitive to the methanolic extract of C.fistula and C.didymobotrya
(MIC = 32 mg/ml respectively). These results verify the earlier studies that methanol is the better solvent for
more consistent extraction of antimicrobial substances from the tested plant extracts and are full agreement with
the previous studies on the extracts of C.fistula (Vasudevan, 2009; Panda, 2010). Similar to antioxidant activity,
only the extracts containing a high phenolic content exhibited high antimicrobial activity. Thus, it may be
concluded that the phenolic compounds in the methanolic extracts of the different Cassia species could be the
main components which possess the antioxidant and antimicrobial properties. 

Owing to the high antioxidant and antibacterial activities of the defatted methanolic extract of C.glauca,
it was submitted to fractionation process using different organic solvents such as chloroform, ethyl acetate and
n-butanol .Also these fractions were tested as antioxidant agents. The results in Figure 7 showed that, the three
fractions have antioxidant activities and reducing powers as well as the ethyl acetate fraction was the most
active. Also, the three fractions were screened as antimicrobial agents against three bacterial strains B.subtilis,
E.coli, and S.aureus and against two fungal strains; C.albicans and A.niger. The results in Table 3 showed that
the three fractions have antimicrobial activity but the ethyl acetate fraction is the most active. Minimum
inhibitory concentrations (MIC) of the ethyl acetate fraction against the tested bacterial and fungal strains
ranged from 8-16 mg/ml Table 4. These results are in full agreement with many previous studies which
showed that the phenolic compounds are responsible for antimicrobial properties and antioxidant activity
(Vasudevan, 2009; Panda, 2010). 

Conclusion:
The present study demonstrates that the methanolic extracts of the tested Cassia species have antioxidant

and antimicrobial activities and these activities are due to present of mixture of different compounds in each
extract and these activities seem to depend on the contents of phenolic groups in each plant extract. The
methanolic extract of C.glauca exhibited high antioxidant and antimicrobial properties due to it have high
phenolic content which may be responsible for these activities. This finding provides an insight into the usage
of the leaves of Cassia species in traditional treatment of wounds or burns associated with bacterial and fungal
infections. Therefore, it is important to point out for further chromatographic separation of the ethyl acetate
and n-butanolic fraction derived from the most important methanolic extract of C.glauca to detect its most
chemical constituents.

Table 2: Minimum inhibitory concentration (MIC) of the defatted methanolic extracts of the most active Cassia species. 
Sample B.s E.c S.a C.a A.n
C. glauca (mg/ml) 8 16 8 - -
C. fistula (mg/ml) 8 - 16 32 16
C. didymobotrya (mg/ml) 16 16 - 32 -
Ampicillin (µg/ml) 2 4 4 - -
Nystatin (µg/ml) - - - 4 2
(-); not active, B.s= Bacillus subtilis; E.c= Escherichia coli; S.a= Staphylococcus aureus; C.a= Candida albicans ; A.n= Aspergillus niger

Table 3: Antimicrobial activity of the successive fractions derived from 85% methanolic extract of C.glauca. 
Sample Inhibition zone (mm)

--------------------------------------------------------------------------------------------------------------------
B.s E.c S.a C.a A.n

EtOAc ext. 20 17 18 15 --
BuOH ext. 10 18 14 - 14
CHCl3 ext. - 12 8 10 -
Control (95% MeOH) - - - - -
Ampicillin ( 10 µg/ml) 20 20 18 - -
Nystatin ( 20 µg/ml) - - - 18 20
- (-); not active, B.s= Bacillus subtilis; E.c= Escherichia coli; S.a= Staphylococcus aureus; C.a= Candida albicans ; A.n= Aspergillus
niger. 
- Inhibition zone diameter of 250 µl of 20 mg/ml of different extracts

Table 4: Minimum inhibitory concentration (MIC) of the successive fractions derived from 85% methanolic extract of C. glauca.
Sample B.s E.c S. a C.a A.n
EtOAc ext. (mg/ml) 8 16 8 16 -
BuOH ext. (mg/ml) 32 8 16 - 16
Ampicillin (µg/ml) 2 4 4 - -
Nystatin (µg/ml) - - - 4 2
(-); not active, B.s= Bacillus subtilis; E.c= Escherichia coli; S.a= Staphylococcus aureus; C.a= Candida albicans; A.n= Aspergillus niger.
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Fig. 6: Dot blot assay of different fractions of C.glauca on silica sheet stained with DPPH solution in
methanol. 

Fig. 7: Reducing power assay of different fractions of C. glauca at concentration 200 µg/ml.
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