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Objective: To evaluate and compare the maximum antimicrobial activity by screening different
parts of Caesalpinia sappan L. extracted in different solvents against Salmonella ebony (MTCC
3384) (S. ebony), Klebsiella pneumoniae (MTCC 432) (K. pneumoniae), Escherichia coli (MTCC
443) (E. coli) and Bacillus subtilis (MTCC 10619) (B. subtilis).
Methods: Dried plant parts were extracted with petroleum ether, methanol, chloroform and
water by Soxhlet extraction method. The extracts were tested against S. ebony, K. pneumoniae, E.
coli and B. subtilis by using the agar well diffusion method.
Results: Among the above solvents, the methanol and chloroform and aqueous extracts
of leaves, seeds, bark and heart wood showed strong antibacterial activity. The inhibition
zone for heart wood extracts against K. pneumoniae was (30.333 ± 0.330) mm in methanol,
chloroform (28.166 ± 0.730) mm and aqueous extract (28.166 ± 0.170) mm; for B. subtilis,
that was (27.333 ± 0.440) mm in methanol, (27.166 ± 0.170) mm in chloroform, (26.166 ±
0.440) mm in aqueous extract and least in petroleum ether (12.660 ± 0.170) mm. The leaf
extracts in methanol showed maximum antibacterial activity against S. ebony as seen by the
inhibition zone (16.000 ± 0.290) mm and K. pneumoniae (13.000 ± 0.290) mm. The maximum
antibacterial response of the seed extract against K. pneumoniae was observed in chloroform
solvent (14.000 ± 0.580) mm followed by aqueous extract (13.833 ± 0.600) mm. No response
was observed in petroleum ether and methanol.
Conclusions: The heart wood extracts showed the highest antibacterial activity having a
minimal inhibition concentration of 2 mg/mL in all three solvents against the four bacterial
strains, except petroleum ether where MIC was 5 mg/mL against E. coli and B. subtilis. The
aqueous and methanolic extracts of bark showed minimal inhibition concentrations of 5 mg/
mL and 2 mg/mL against K. pneumoniae respectively whereas aqueous extract of bark showed
a minimal inhibition concentration of 5 mg/mL against E. coli.
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1. Introduction
The growth of new infectious diseases and emergence of several
infections appears to have been controlled, but the increase in
multidrug resistance bacteria is followed which poses a serious
threat to human and animal and creats the necessity for studies
directed towards the development of new antimicrobials. Since the
1930s to 1960s, 20 classes of antibiotics were available in market
but in the last four decades only three new classes of antibiotics
have been introduced[1-3]. Considering the failure to acquire new
molecules with antimicrobial properties from microorganisms,
the screening and identification of antimicrobials from natural
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plant sources is of great importance. Phytochemicals derived from
plant secondary metabolites serve as the prototype to develop less
toxic and more effective medicines in controlling the growth of
microorganism[4,5]. These compounds have significant therapeutic
application against human pathogens including bacteria, fungi or
virus. Caesalpinia sappan L. (C. sappan) or East Indian red wood tree
(Caesalpiniaceae) is a medicinal plant having a lot of pharmaceutical
and commercial importance. The heart wood of C. sappan is
traditionally used in India (Ayurveda) for wound healing, treatment
of ulcers, diarrhea, epilepsy, diabetes, etc. An herbal drink of the heart
wood is used for its blood purifying effect and anti-diabetic effect[6,7].
In traditional Chinese medicine, it is used as analgesic and antiinflammation for the treatment of traumatic disease and menstrual
disorders. The seeds are used as a stomachic in Indo-China. The tree is
also a source of the commercial redwood or Brazil wood. Flavonoids[810] and phenolic[11,12] such as 4-O-methylsappanol, protosappanin
B[13], protosappanin A[14], protosappanin E, caesalpin J[15], brazilin[16],
brazilein, triterpenoid and steroid (such as camp sterol, stigmasterol,
β-sitosterol) were isolated from the wood. The hepatoprotection[6],
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immunomodulation[16], hypoglycemia[17], anticomplementary[18],
anticonvulsant[19], anti-inflammatory, anti-oxidation[20-22] and other
biological activities of C. sappan have been reported. The antibacterial
activity has been reported earlier by using different strains and solvent
extracts of different parts of the plants[23-26], but only a limited solvent
extracts were used for antibacterial activity assay. The objective of
this study was to evaluate and compare the maximum antimicrobial
activity by screening different parts of C. sappan extracted in different
solvents against Salmonella ebony (MTCC 3384) (S. ebony), Klebsiella
pneumoniae (MTCC 432) (K. pneumoniae), Escherichia coli (MTCC
443) (E. coli) anaad Bacillus subtilis (MTCC 10619) (B. subtilis).

2. Materials and methods
2.1. Collection of plant material
The seed, bark and heart wood of C. sappan used in this study were
obtained from a commercial supplier (Farm Trust India, Palakkad,
Kerala, India), and leaf materials were collected from a 4-year-old
plant grown from the above seeds in the green house facility of Yogi
Petroleum ether

Vemana University and it was confirmed by Dr A. Madhusudhana
Reddy, Asst. Prof., Department of Botany, Yogi Vemana University.
The plant materials were washed, chopped, shade dried and
powdered and then packed in polythene bags for further analysis.
The voucher specimen (Yogi Vemana University Net house (KDP)
AMR4721YVUH) was deposited in herbarium facility of Department
of Botany, Yogi Vemana University.

2.2. Preparation of plant extracts
Soxhlet extraction method was used for the extraction of seed,
bark, heart wood and leaves of C. sappan[27]. Twenty grams of plant
powder was packed in Whatmann No. 1 filter paper and placed in
extraction chamber which was suspended below the round bottom
flask containing the solvent (200 mL) and above the condenser.
The flask was heated and the solvent evaporated, moved into the
condenser where it was converted into liquid that dropped down into
the extraction chamber containing the plant materials. The extraction
chamber was with solvent surrounding the sample, and designed as
when solvent exceeded a certain level it overflowed and dropped into
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Bark
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wood

Seed

Figure 1. Extracts of leaf, bark, heart wood and seed of C. sappan in various solvents.
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905

Arunkumar Naik Bukke et al./Asian Pac J Trop Dis 2015; 5(11): 903-907

Light brown and viscous gel
Dark green and jelly
Shiny brown powder
Shiny brown powder
Light brown viscous
Black and hard jelly
Light black crystals
Shiny brown crystal powder
Light brown jelly
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Agar well diffusion method was followed to determine the
antimicrobial activity[28]. Nutrient agar plates were swabbed (sterile
cotton swabs) with 8-h broth culture of respective bacteria. Each of
these plates’ wells (6 mm diameter and about 2 cm apart) were made
of sterile cork borer. Each plant extract of methanol, chloroform,
petroleum ether and water was further diluted in DMSO with the
concentration of material used of 100 mg/mL. About 50 µL of different
concentrations of plant solvent extracts were added with micropipette
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Figure 2. The antimicrobial activity of leaf, bark, heart wood and seed
samples of C. sappan on K. pneumoniae and E. coli.
A: Pertoleum ether; B: Chloroform; C: Methanol; D: Water; -Ve: Negative
control (DMSO); +Ve: Control (Ampicillin).
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2.5. Antibacterial activity assay
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MICs are important in diagnostic laboratories to confirm resistance
of microorganisms to an antimicrobial agent and also to monitor the
activity of new antimicrobial agents. MIC is generally regarded as the
most basic laboratory measurement of the activity of an antimicrobial
agent against an organism.
The MIC was determined by agar well diffusion technique. A serial
dilution method was used for reconstituting the extracts. In first
reconstituting process, 100 mg of extract was dissolved in 1 mL of
dimethyl sulfoxide (DMSO) then diluted with sterile distilled water
to achieve decreasing concentration range of 1, 2, 5, 10 and 30 mg/
mL. One milliliter of each dilution was introduced with micropipette
in wells of nutrient agar plates which had been already seeded with
standardized (0.6 optical density) of test bacterial cells. All the plates
were incubated at 37 °C for 24 h. The least concentration of each
extract showing a clear inhibition zone was taken as MIC.

+Ve

C
B

The pure cultures of S. ebony, K. pneumonia, B. subtilis and E. coli
were obtained from Institute of Microbial Technology, Chandigarh,
India. All the cultures were revived aseptically in freshly prepared
nutrient broth medium and incubated at 37 °C.

2.4. Minimum inhibition concentration (MIC)
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2.3. Culture of bacterial strains

C

C
B

Seed

7.40
17.05
6.65
17.60
10.25
19.70
12.25
3.95
10.70

K. pneumoniae

Seed

1.48
3.41
1.33
3.52
2.05
3.94
2.45
0.79
2.14

The response of S. ebony, K. pneumonia, E. coli and B. subtilis to the
four solvent extracts of leaves varied (Table 2, Figures 2 and 3).

Seed

Water

Seed
Leaf
Bark
Heart wood
Seed
Leaf
Bark
Heart wood
Seed

Dark green and viscous
Brown and viscous
Light brown and shiny crystals
Yellow viscous gel
Black and jelly
Light black and jelly
Brown and crystalline

3. Results

A

B

D
B

Seed

Methanol

Characterization

Heart wood

Leaf
Bark
Heart wood
Seed
Chloroform Leaf
Bark
Heart wood

Yield
(%)
2.95
0.30
0.40
4.65
15.80
1.05
1.70

Heart wood

Petroleum
ether

Total
weight
0.59
0.06
0.08
0.93
3.16
0.21
0.34

Heart wood

Plant part

Heart wood

Solvent

Bark

Table 1
Yields of extracts of different plant parts in various solvents.

into wells made by sterile cork borer (6 mm) and allowed to diffuse
at room temperature in laminar air flow chamber for 30 min. Control
experiments comprising inoculums without plant extract were set up.
The plates were incubated at 37 °C for 18–24 h for bacterial pathogens.
The diameter of the zone (mm) was measured. The experiment was
performed in triplicate and repeated three times for each replicates, and
the readings were taken.

Leaf

the flask. After that, the flask containing the extract was distilled and the
solvent was collected back. Then the final filtrate evaporated to dryness
in a steady air for about 24 h in a previously weighed Petri plate and the
final weight obtained and color was observed (Figure 1 and Table 1).
The dried extract was sterilized under UV rays and checked for sterility
on nutrient agar plate and further used for antibacterial assay.

A
A

Figure 3. The antimicrobial activity of leaf, bark, hear wood and Seed
samples of C. sappan on S. ebony and B. subtilis.
A: Petroleum ether; B: Chloroform; C: Methanol; D: Water; -Ve: Negative
control (DMSO); +Ve: Control (Tetracyclin).
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Table 2
The antibacterial activity of different parts of C. sappan extracts against the pathogenic bacterial strains. mm.
Plant part

Leaf

Bark

Heart wood

Seed

Solvent
Control
Petroleum ether
Chloroform
Methanol
Water
Petroleum ether
Chloroform
Methanol
Water
Petroleum ether
Chloroform
Methanol
Water
Petroleum ether
Chloroform
Methanol
Water

S. ebony
22T
8.500 ± 0.500
0.000 ± 0.000
16.000 ± 0.290
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
16.000 ± 0.580
15.666 ± 0.600
0.000 ± 0.000
24.500 ± 0.500
26.000 ± 0.000
24.167 ± 0.730
9.333 ± 0.330
16.000 ± 0.580
9.666 ± 0.670
9.000 ± 0.580

Zone of inhibition
K. pneumonaie
E. coli
28A
13A
10.833 ± 0.440
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
13.000 ± 0.290
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
12.833 ± 0.600
0.000 ± 0.000
13.166 ± 0.930
0.000 ± 0.000
17.500 ± 0.760
14.833 ± 0.600
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
28.166 ± 0.170
26.166 ± 0.170
30.333 ± 0.330
26.666 ± 0.440
28.166 ± 0.730
24.000 ± 0.290
0.000 ± 0.000
0.000 ± 0.000
14.000 ± 0.580
15.500 ± 0.290
0.000 ± 0.000
0.000 ± 0.000
13.833 ± 0.600
0.000 ± 0.000

B. subtilis
20T
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
0.000 ± 0.000
16.500 ± 0.580
12.000 ± 0.290
12.666 ± 0.170
27.166 ± 0.170
27.333 ± 0.440
26.166 ± 0.440
11.500 ± 0.760
11.833 ± 0.600
0.000 ± 0.000
12.166 ± 0.170

The data are expressed as mean ± SE; Each value is a mean of triplicate; Test concentration of extracts is 5 mg/mL (50 µL/well), and concentration of the
standard antibiotic discs of ampicillin and tetracyclin is 30 mg/disc; A: Ampicillin; T: Tetracyclin.

The leaf extracts in methanol showed the maximum antibacterial
activity against S. ebony as seen by inhibition zone [(16.000 ±
0.290) mm] and K. pneumoniae [(13.000 ± 0.290) mm]. This
was followed by petroleum ether [(10.833 ± 0.440) mm]. The
antibacterial activity was absent in leaves extracted in chloroform
and water against S. ebony and K. pneumoniae. The leaf extracts in
all solvents did not show any antibacterial activity against E. coli
and B. subtilis strains.
The bark extracts in methanol showed the maximum antibacterial
activity against all the tested strains. The maximum inhibitory
zone against K. pneumoniae was (17.500 ± 0.760) mm, followed
by B. subtilis (16.500 ± 0.580) mm, S. ebony (16.000 ± 0.580)
mm and E. coli (14.833 ± 0.600) mm, and this was followed by
water extract against S. ebony [(15.666 ± 0.600) mm] and B.
subtilis [(12.000 ± 0.290) mm]. The petroleum ether extract of bark
showed good response against K. pneumoniae [(12.833 ± 0.600)
mm] and no antibacterial response against S. ebony, E. coli and B.
subtilis. Similarly, the chloroform extract of the bark showed good
antibacterial response against K. pneumoniae [(13.166 ± 0.930) mm]
and none against S. ebony, E. coli and B. subtilis. Among all the bark
extracts in different solvents the petroleum ether, chloroform and
methanol showed good antibacterial activity.
The heart wood extracts in chloroform, methanol and water
overall showed a very good antibacterial activity against S. ebony,
K. pneumoniae, E. coli and B. subtilis, while the petroleum ether
showed antibacterial activity aginst B. subtilis only (12.666 ± 0.170)
mm). The methanol extract of heart wood showed the strongest
activity against K. pneumoniae as seen by the inhibition zone
(30.333 ± 0.330) mm followed by water extract (28.166 ± 0.730)
mm and chloroform extract (28.166 ± 0.170) mm. This was followed
by B. subtilis (27.333 ± 0.440) mm in methanol, chloroform (27.166
± 0.170 mm, water (26.166 ± 0.440) mm and the least in petroleum
ether (12.660 ± 0.170) mm.
The seed extracts showed good responses against S. ebony in all
the solvents (petroleum ether, chloroform, methanol and water). The
maximum inhibition zones for S. ebony was observed in chloroform
[(16.000 ± 0.580) mm], followed by methanol [(9.666 ± 0.670)
mm], petroleum ether [(9.333 ± 0.330) mm] and water [(9.000 ±

0.580) mm]. The next best response for inhibition activity was seen
against B. subtilis where the inhibition zone was maximum in water
extract [(12.166 ± 0.170) mm], followed by in chloroform [(11.833
± 0.600) mm] and petroleum ether [(11.500 ± 0.760) mm], but no
antibacterial activity was seen in the methanol extract. The maximum
antibacterial response of the seed extract was against K. pneumoniae
was observed in chloroform extract [(14.000 ± 0.580) mm], followed
by water extract [(13.833 ± 0.600) mm]. No response was observed
in petroleum ether and methanol extracts.

4. Discussion
The search for antimicrobials from natural sources has received
many attentions and efforts having been put in to identify compounds
which can act as suitable antimicrobials agent to replace those
synthetic ones. Here we present a comparative study of antimicrobial
activity of different solvent extracts of seed, leaves, bark and heart
wood against S. ebony, K. pneumoniae, E. coli and B. subtilis.
Our preliminary investigation showed that all solvents selected
(methanol, chloroform, petroleum ether and aqueous extracts) for
C. sappan were active against the tested strains (Figures 2 and
3). Susceptibility of each plant extract was tested by serial microdilution method and agar well diffusion method.
The methanolic extracts of C. sappan showed significant
antimicrobial activity against all tested microorganisms used (Table
2). Though the mechanism of the action of these plant constituents is
not yet fully known, it is clear that the effectiveness of the extracts
largely depends on the type of solvent used. The methanolic and
aqueous extracts showed strong antimicrobial activity as compared
to petroleum ether extracts. This observation clearly indicates
the existence of non-polar residues in the extracts which have
higher bactericidal ability as they were reported earlier [23-26].
Aqueous extracts of plant parts of C. sappan showed significant
antimicrobial activity, which was similarly reported earlier in bark
extracts only[23]. Furthermore, petroleum ether extract from leaves
of C. sappan had been reported to have the minimum antimicrobial
activity against tested pathogenic bacteria used for assay. However,
there were no any antimicrobial assay reports on seed extracts of
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C. sappan, and in case of leaves, bark and heart wood few reported
in aqueous extracts has been observed[23-26], but none in organic
solvents such as petroleum ether, methanol and chloroform.
In the present study, the MIC value of the active plant extracts
suggested that the plant extracts were more bacteriostatic at lower
concentrations and bactericidal at higher concentrations. Among
the four tested bacterial strains, S. ebony was very sensitive to plant
extracts in all solvents tried, followed by K. pneumoniae, B. subtilis
and E. coli, the later one was more resistant when compared with the
three other organisms. The presence of high amount of secondary
metabolites in heart wood of C. sappan has a strong inhibiting
effect on bacterial growth as seen by the inhibition zone. It has been
reported that the aqueous extracts of heart wood of C. sappan has
also shown antibacterial activity against some oral pathogens[26].
The present comparative study has shown that the heart wood
extracts in organic solvents showed the maximum antibacterial
activity against the tested strains of human pathogen. This work
can be further used as a base for identification, isolation and
purification of these phyto constituents, which can be further used
as a potential source for new drugs.
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