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The Antibacterial Activity of Cassia fistula Organic Extracts
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Background: Cassia fistula, is a flowering plant and a member of Fabaceae family. Its leaves are compound of 4 - 8 pairs of opposite leaflets. 
There are many Cassia species around the world which are used in herbal medicine.
Objectives: This study was designed to examine in vitro anti-bacterial activity of methanolic and ethanolic extracts of C. fistula native to 
Khuzestan, Iran.
Materials and Methods: The microbial inhibitory effect of methanolic and ethanolic extracts of C. fistula was tested on 3 Gram positive: 
Bacillus cereus, Staphylococcus aureus and S. epidermidis and 5 Gram negative: Salmonella Typhi, Kelebsiella pneumoniae, Escherichia coli, 
Pseudomonas aeruginosa, and Proteus mirabilis bacterial species using disc diffusion method at various concentrations. The minimum 
inhibitory and bactericidal concentrations (MIC and MBC) were measured by the tube dilution assay.
Results: The extract of C. fistula was effective against B. cereus, S. aureus, S. epidermidis, E. coli and K. pneumoniae. The most susceptible 
microorganisms to ethanolic and methanolic extracts were E. coli and K. pneumoniae, respectively. Also B. cereus and S. aureus showed the 
least sensitivity to ethanolic and methanolic extracts, respectively. The MIC (minimum inhibitory concentration) and MBC (minimum 
bactericidal concentration) of ethanolic extracts against S. aureus, E. coli, S. epidermidis and K. pneumoniae were also determined.
Conclusions: With respect to the obtained results and regarding to the daily increase of the resistant microbial strains to the commercial 
antibiotics, it can be concluded that these extracts can be proper candidates of antibacterial substance against pathogenic bacterial 
species especially S. aureus, E. coli, K. pneumoniae and S. epidermidis.
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Implication for health policy/practice/research/medical education:
This manuscript has been focused on a native medicinal plant that has excellent antibacterial activity, hence this study can be used for the treatment of 
infectious diseases especially those caused by resistant species.
Copyright ©  2014, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background

Since the introduction of the antibiotics, they have been 
known as one of the most important tools against bacte-
rial infections (1). Although, in the past years due to the 
widespread and in some cases incorrect use of antibiot-
ics we can see dramatic increase in microbial resistance 
against antimicrobial agents that is a critical reason for 
finding new drugs with les resistance and side effects (1). 
The medicinal plants have been used from ancient times 
especially in Asia, and have been used for the treatment of 
specific illness (2). In Iran, we can find the history of using 
these plants in Ibn-Sina (Avicenna, 980-1037) books (3, 4). 
They contain active components used in the treatment of 
many human diseases. Many studies showed that some 
plants contain many components like peptides, unsatu-
rated long chain aldehydes, alkaloid constituents, some 
essential oils, phenols and soluble compounds in water, 
ethanol, chloroform, methanol and butanol (5-7). 

Cassia fistula (Leguminosae), is distributed in different 

parts of the world including Asia, South Africa, Mexico, 
China, East Africa and Brazil. It is an ornamental tree with 
beautiful bunches of yellow flowers (8). It has been ex-
plained in the Indian literatures that C. fistula has advan-
tageous application against some diseases such as skin 
infection, liver troubles and tuberculous glands and even 
this plant is used as a drug for rheumatism treatment, 
hematemesis, pruritus, leucoderma, and diabetes. Also 
Considerable effects of C. fistula against some microbes 
have been observed. With respect to these properties, this 
plant is used as broad-spectrum antimicrobial agent for 
treatment of some infectious diseases (8, 9).

Bacterial infectious diseases are widespread in 
Khuzestan (southwest of Iran) meanwhile different 
studies have reported the emergence of antibiotic re-
sistant strains from this province. Actually, the raise of 
antibiotic resistant pathogens is a growing concern all 
over the world and WHO assign it as an emerging public 
health problem (10). For example some bacteria such as 
Escherichia coli and Klebsiella spp., the main agents of UTI 
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(urinary tract infection), had high resistance to cephalo-
sporins that is resulted from the production of extended-
spectrum beta-lactamases (ESBL). The EBSLs genes are 
located on transferable plasmids and consequently their 
distribution will be at high rate (11).

2. Objectives
The aim of this study was to discover the antimicrobial 

effects of C. fistula flowers, a native plant in Khuzestan, 
and comparing its properties with commonly used anti-
biotics. These results can be useful in finding new anti-
bacterial agents.

3. Materials and Methods

3.1. Plant Collection and Identification
C. fistula was freshly collected in April 2011 from Sha-

hid Chamran University farmlands, Ahvaz, Khuzestan 
province. The taxonomic identification of this plant per-
formed by comparison with existing herbarium in Biol-
ogy department of Shahid Chamran University.

3.2. Extract Preparation
The flowers of C. fistula were shade dried at room tem-

perature for 7 days and then finely powdered using elec-
tronic blender. One gram of powder was extracted using 
10 mL of alcohol (ethanol or methanol)-distilled water 
solution (8:2 v/v), centrifugation (3000 rpm) for 15 min-
utes and finally harvesting the supernatant (12, 13). This 
process was repeated for three times. Eventually the ex-
tracts were placed at room temperature to evaporate the 
solvent (12, 13).

3.3. Bacterial Test
A total of 8 bacterial species were tested including 3 

Gram positive: Bacillus cereus, Staphylococcus aureus and 
S. epidermidis and 5 Gram negative: Salmonella Typhi, Ke-
lebsiella pneumoniae, E. coli, Pseudomonas aeruginosa, and 
Proteus mirabilis. These species were originally isolated 
from the clinical samples and identified based on stan-
dard phenotypic tests according to Bergey’s manual of 
systematic bacteriology.

3.4. Determination of Antibacterial Activity
Antibacterial activity of the ethanolic and methanolic 

extracts of the plant were studied by standard paper disc-
diffusion method (14). Stock cultures of the bacteria were 
grown in Muller Hinton broth (MHB, Merck, Germany) 
medium at 37˚C for 22 hours. Final cell concentrations 
were adjusted to 105 CFU.mL-1 with reference to the Mc-
Farland turbidometry (15). A lawn culture was prepared 
from bacterial suspension on Muller-Hinton agar (MHA, 
Merck, Germany) using sterile cotton swab and allowed 
to remain in contact for 1 minute. Five concentrations of 

ethanolic and methanolic extracts were prepared as fol-
lows 0.05, 0.1, 0.2, 0.4 and 0.6 g/mL. Sterile 6 mm filter pa-
per discs were saturated with 30 µL of different concentra-
tions of extracts (16, 17). So the effective dose of each disc 
was reached to 1.5, 3, 6, 12 and 18 mg, respectively. Then it 
was allowed to evaporate the solvents and the discs were 
placed on bacterial cultures. The plates were left at room 
temperature for 1 hour, then the petri dishes were subse-
quently incubated at 37˚C for 24 hours and the inhibition 
zone of each disc was measured in millimeter.

3.5. Determination of Minimum Inhibitory Concen-
trations 

The minimum inhibitory concentration (MIC) of the 
extracts was determined for most sensitive bacterial spe-
cies. A 16-hour culture was diluted with a sterile physi-
ologic saline solution (0.9% (w/v) sodium chloride) with 
reference to the 0.5 McFarland turbidometry to achieve-
ment the inoculum approximately equal to 105 CFU.mL-1 
(15). In the tube dilution assay, standard bacterial suspen-
sion and different concentration of extracts (5, 10, 20, 40, 
80 and 160 mg/mL) were added to tubes containing 1 mL 
Muller Hinton broth. These tubes were incubated at 37°C 
for 24 hours. The first tube of the series with no sign of 
visible growth was considered as the MIC. This process 
has been done three times (18).

3.6. Determination of Minimum Bactericidal Con-
centrations 

To determine the MBC, for each set of test tubes in the 
MIC assay, a loop full of broth was collected from the 
tubes without any visible growth and cultured at 37°C for 
18 - 24 hours. The highest dilution that yields no colony 
formation on solid medium was considered as MBC (19).

3.7. Time-Kill Kinetic Study
The time-kill kinetics was studied by culturing one stan-

dard loop of the suspension from the tube possessing 
MBC on MHA from 0 to 36 hours. This was performed at 
the first hours of intervals for the first 18-hour study, and 
then at 2-hour intervals for the later 18 hours (18). 

4. Results
Both alcoholic extracts of C. fistula exhibited antibac-

terial activity against Gram positive and Gram negative 
species. As a result, both alcoholic extracts efficiently in-
hibited three Gram positive species including S. aureus, 
S. epidermidis and B. cereus and two Gram negative bacte-
ria including E .coli and K. pneumoniae. The antimicrobial 
activity results were shown in Tables 1 and 2. The highest 
activity (with inhibition zone diameter about 26 mm) 
was demonstrated in case of ethanolic extract of C. fistula 
flowers against E. coli while the lowest activity (with in-
hibition zone diameter about 7 mm) was demonstrated 
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by the ethanolic extract against B. cereus and S. aureus 
and methanolic extract against B. cereus and S. epider-
midis. On the other hand, the ethanolic and methanolic 
extracts were not active against S. Typhi, P. aeruginosa, K. 

pneumoniae and P. mirabilis. The results of MIC and MBC 
of ethanolic and methanolic extracts for 3 bacterial spe-
cies were shown in Table 3. Time-kill kinetic of ethanolic 
extract of C. fistula was 4 hours (Table 4). 

Table 1. Results of Antibacterial Activity of Ethanolic and Methanolic Extracts of Cassia fistula Flowers

 Ethanolic Extract (Effective dose, mg) Methanolic Extract (Effective Dose, mg)

Bacterial species 18 12 6 3 1.5 18 12 6 3 1.5

Gram positive

B. cereus 9a 8 7 - - 8 7 - - -

S. aureus 13 10 9 7 - 12 10 8 - -

S. epidermidis 15 14 11 9 - 13 13 9 7 -

Gram negative

E. coli 26 20 17 13 11 22 20 18 14 10

K. pneumoniae 23 22 19 16 12 25 22 18 17 13
a  Diameter of Inhibition zone (mm), disc diameter: 6.4 mm.

Table 2. Inhibition Zonea of Standard Antibiotics on Tested Bacteria

Antibiotic Disc

Bacterial species NFb CBb NBb DXb OXb Vanb Cefb Tetb Penb

Gram positive

S. aureus R 13 31 15 R 15 25 20 30

B. cereus R 7 18 18 R 15 12 14 R

S. epidermidis R 36 29 21 R _ _ _ _

Gram negative

E. coli R R 17 11 R _ _ _ _

K. pneumoniae R R 11 R _ R 13 R R

P. aeruginosa R R 16 R R R R R R

S. Typhi R 27 34 30 R _ _ _ _

P .mirabilis _ _ _ _ _ R 19 R 15
a Diameter of Disc: 6 mm
b  Abbreviations: NF, Nafcillin 1 mcg; CB, Carbenicillin 100 mcg; NB, Novobiocin 30 mcg; DX, Doxycycline 30 mcg; CL, Colistin 10 mcg; MT, Methicillin 5 
mcg; OX, Oxacycline 1 mcg; R, Resistance

Table 3. Antibacterial Activity (MIC and MBC, mg.mL -1) of the Ethanolic and Methanolic Extracts of Cassia fistula

Ethanolic Methanolic

S. aureus E. coli S. epidermidis K.pneumoniae S. aureus E.coli K.pneumoniae

MIC 40 5 40 5 20 10 5

MBC …. 40 …. 160 40 20 160

Table 4.  The Time-Kill Kinetic of Methanolic Extract of C. fistula at 20 mg/mL Concentration Against E. coil

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 22 24 26 28 30 32 34 36

Ethanolic 
Extract

+a + + -b - - - - - - - - - - - - - - - - - - - - - - -

a  (+): Growth
b  (-): Growth Inhibition
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5. Discussion
About 80% of world population use plant extracts or 

their active components in traditional therapies (1). In 
this study, we have studied the ethanolic and methano-
lic extracts obtained from C. fistula flowers. Both extracts 
showed significant activity against five of the tested 
strains. Interestingly, among sensitive strains, the Gram 
negative bacteria were more sensitive than Gram positive 
ones. From this finding it can be concluded that the pos-
sible target site of these extracts is the structures except 
the cell wall. It may be affect the outer membrane of Gram 
negative bacteria or protein synthesis mechanisms. 

In any case, these extract can be a proper candidate us-
ing against infections caused by Gram negative bacteria. 
Furthermore, there was a direct relationship between 
effective dose of these extracts and their antibacterial ef-
fects. Also, in some cases, they showed an effective dose 
1.5 mg which can be a significant finding. These antibac-
terial activities were comparable to routinely used an-
tibiotics. Most of the antimicrobial effects of C. fistula is 
related to their components and secondary metabolites 
like phenolic compounds (20, 21). Phytochemical studies 
showed that this plant containing components like sapo-
nin, triterpnoids, glycosides, anthraquinore, steroids and 
flavonoids that inhibit the growth of the tested bacterial 
strains (22, 23). The presence of this component inhibits 
the growth of tested bacterial strains. 

The antimicrobial activity depends on the contents 
of phenolic components of the plant extracts. High 
amounts of phenolic group  in the aerial parts of C. fis-
tula implied that these components may be the active 
compounds, which may be responsible for the antibacte-
rial activity (24). Rizvi et al. observed that Cassia species 
had a significant activity against Gram positive micro-
organisms. They claimed that this is the result of some 
substances like flavonoids and polysaccharides (23). Abo 
et al. also found that leaves extracts of C. fistula have con-
siderable antimicrobial activity (25). Vasudevan et al. re-
ported that methanolic extracts inhibited Gram positive 
bacteria more than Gram negative species (24). The result 
of this study suggests that C. fistula extracts can be useful 
to treat infectious diseases and must be considered as a 
new source of antibacterial agents.
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