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Abstract
The number of multi-drug resistant microbial strains and the appearance of strains with reduced 
susceptibility to antibiotics are continuously increasing and it has been attributed to indiscriminate 
use of broad spectrum antibiotics. It is common sense that the scarcely explored extensive Malaysian 
biodiversity would yield countless opportunities to find plant species potentially secreting metabolites, 
exhibiting antimicrobial activity, among other medicinal properties. In this study leaves and barks of 
Rhizophora stylosa were collected and extracted using various organic solvents such as petroleum ether, 
chloroform and methanol. These crude extracts were further evaluated for antimicrobial properties 
by different methods against Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus 
pyogenes, Escherichia coli, Klebsiella pneumoniae and Pseudomonas aueroginosa. The bark extracts 
were more potent than leaf extracts of R. stylosa. The chloroform extracts were found to have the 
highest antimicrobial activity with an MIC of 0.1 mg/ml and MBC of 6.3 mg/ml.
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iNtRODUCtiON
 Infectious diseases cause a serious public 
health issue which remain a major threat to the 
whole world (Jacoby et al., 2010; Fonkwo et al., 
2008).Currently, multi drug resistance become a 
major problem due to the usage of various anti-
microbial drugs that necessitated the search for 
alternative antimicrobial agents from natural 
resources (Sasidharan et al., 2011; Saad et al., 
2011). It is well known that plants are the rich 
source of active compounds which inhibit growth 
of several microorganisms (Saad et al., 2012). 
Malaysia is one of the 12 mega diversity centres of 
the world and is rich in plant genetic diversity with 
many of the plants used for medicinal purposes 
(Nasir and Yusmah, 2007). Burkill (1996) in his 
extensive compilation of the economic products of 
the Malay Peninsular, recorded not less than 1,300 
plants have been used in traditional medicine. 
Over the years, there has been an increasing 
demand for medicinal plants within Malaysia for 
use in folk medicine. (Jantan, 2004).
 Mangroves were known to possess high 
medicinal values and are used for the treatment 
of various diseases (Patra & Thatoi, 2011). They 
were also found to be the rich source for their 
novel products due to the presence of various 
active antimicrobial compounds (Bhimba et 
al., 2010). The metabolites isolated from these 
plants are found to be biologically active when 
compared to others which gets activated after 
the tissue damage or pathogen attack (Ncube et 
al., 2008). Mangroves are known to play a vital 
role in shoreline protection, enhancement of 
water quality in nearshore environments and in 
supporting estuarine and marine food chains. 
An alkaloid isolated from mangrove plant Fagara 
zanthoxyloides was found to pocess antibacterial 
activity (Bandaranayake 2002). Xanthopen 
extracted from C. inophyllum was found to have 
anti-viral property (Patra & Thatoi, 2011). Similar 
results were seen with the extracts of Pongamia 
pinnata against simian and human immuno-
deficiency virus (Premanathan et al. 1999a, b). The 
derivative of flavonol extracted from rhizospora 
species were found to pocess strong antioxidant 
property. Gedunin a compound isolated from 
mangrove plants were found to have anti-cancer 
activity (Uddin et al. 2007). The stem and leaf 

extracts of E. agallocha displayed antimicrobial 
activity. (Masuda et al. 1999; Konishi et al. 1998). 
The bark of Xylocarpus moluccensis was found 
to show antimicrobial properties against wide 
range of micro-organisms (Nathan et al. 2005; 
Omar et al. 2003; Jun et al. 2008). The bark and 
leaves of few mangrove plants displayed species 
specific activity against virulent microorganisms 
(Choudhury et al. 2005). An ester isolated from 
H. littoralis known to pocess potent antifungal 
property (Bandaranayake 2002). 
 Many mangrove plants especially 
Rhizophoraceae species show strong antimicrobial 
properties (Patra & Thatoi, 2011). The plants of 
Rhizophora species grows in coastal regions in 
limited areas in Malaysia, Indonesia and Australia 
and they are widespread throughout most tropic 
coastal areas of the western pacific region to east 
Africa (Nasir and Yusmah, 2007). It consists of 
three species namely R. mucronata, R. stylosa, 
and R. apiculata and two hybrids, R. x lamarckii 
and R. x annamalai. It has been reported that 
some extracts of Rhizophora species have 
wide variety of pharmacological properties like 
antifungal (Caceres et al., 1993), antibacterial 
(Melchor et al., 2001), anti-inflammatory (Marrero 
et al., 2006), antiulcer (Berenguer et al., 2006), 
antiseptic (Laphookhieo et al., 2004) and efficacy in 
wound healing (Fernandez et al., 2002). Although 
abundant literature on the medicinal properties 
of plants exists, some species of the myriads of 
mangrove plants remain unexplored. Hence this 
study is an attempt to explore the antibacterial 
properties of Rhizophora stylosa leaves and bark 
extracts against Gram positive and Gram negative 
bacteria.

MATERIALS AND METHOD
 Petro leum ether,  Ethyl  acetate, 
chloroform, methanol, mannitol salt agar, 
cetrimide agar, MacConkey agar, blood agar, 
Mueller-Hinton Agar (MHA), Mueller-Hinton 
Broth (MHB), Dimethyl Sulfoxide (DMSO). All the 
chemicals used in this course of study were of 
analytical grade obtained from Sigma-Aldrich, 
HiMedia and Becton Dickinson and Company. 
The barks and leafs of R. stylosa were collected 
from Bagan Lalang Beach, Sepang, Selangor, 
Malaysia (2°35’N, 101°41’E) and were identified 
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and authenticated by the Herbarium Department 
of the Forest Reserve Institute of Malaysia (FRIM) 
(Ref. No. FRIM394/490/5/17(90)
Collection of Plant Materials
 The barks and leafs of R. stylosa were 
collected from Bagan Lalang Beach, Sepang, 
Selangor, Malaysia (2°35’N, 101°41’E) as shown in 
Fig. 1,2,3. and were identified and authenticated 
by the Herbarium Department of the Forest 
Reserve Institute of Malaysia (FRIM) 
Pre-Treatment of Plant Materials
 The collected leaves and barks were 
washed thoroughly and shade dried at room 
temperature which were homogenized further to 
get a fine powder.
Preparation of Crude Extracts
 The extraction was done by using various 
solvents such as petroleum ether, chloroform, 
methanol using Soxhlet apparatus method (Negi 
et al., 2001). 100g of plant powder was subjected 
to Soxhlet apparatus with 500ml of solvents for 
48hrs. After the extraction the solvents were 
removed and crude extracts were dried and stored 
in desiccators. The obtained powder was further 
diluted with DMSO in order to prepare various 
concentrations i.e 12.5 mg/mL, 25. mg/mL, and 
50 mg/mL.
Bioactivity studies of Crude Extracts
Preparation of Stadardized Inoculum
 Six microbial strains consisting of 
both gram positive and gram negative bacteria 
namely Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus pyogenes, Escherichia 
coli, Klebsiella pneumoniae and Pseudomonas 
aueroginosa were used in this study. ATCC 
numbers of these strains was mentioned in Table 
1. The selective media used to obtain these strains 
were mannitol salt agar (for mannitol-fermenting 
S. aureus and S. epidermidis), blood agar (for S. 
pyogenes), cetrimide agar (for P. aeroginosa), and 
Mac Conkey agar (for E. coli and K. pneumoniae). 
These cultures were further maintained by 
culturing in nutrient agar slants at 4°C for 10 days 
Pure colonies of test bacterium were inoculated 
into fresh Mueller-Hinton Broth (MHB) from 
a culture in Mueller-Hinton Agar (MHA). The 
inoculum was standardized by comparing to 0.5 
McFarland Turbidity standards to a concentration 
of 1-2 x 108 CFU/ml (Baron et al., 1994; Saeed & 
Tariq, 2005)

Fig. 1. Rhizophora stylosa Plant

Fig. 2. Rhizophora stylosa Leaves            

Fig. 3. Rhizophora stylosa Bark
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Antimicrobial Assay by Agar Well Diffusion 
Method
 Agar well diffusion technique was carried 
out in Muller-Hinton Agar plates as described by 
Perez et al. (1990). 50 µl (0.05 ml) of standardized 
bacterial suspension was spread over the plate 
using a cotton swab and wells of 7mm diameter 
were made using standard well borer. 50µl of 
each extract were added to well where DMSO and 
Norfloxacin drug was used as negative and positive 
drug respectively. These inoculated plates were 
incubated at 37oC for 24 h. All the experiments 
were carried out in triplicates and the inhibition 
zone was observed.
Antimicrobial Assay by Minimum Inhibitory 
Concentration Method
 The minimum inhibitory concentration 
(MIC) of the extracts was evaluated in the 96-well 
microtiter plate in triplicate using the broth micro-
dilution method. It was done as described by Saad 
et al(2014). A two fold dilution was made by mixing 

MHB with a stock solution of extract. 0.1 mL of 
MHB was added to all wells and 100µL of plant 
extract was added to the first well which gives a 
concentration of 50 mg/mL and serial dilution was 
done in order to obtain 0.1mg/mL A standardized 
bacterial suspension of the test organism with 
concentration of 1-2 x 108 CFU/ml (0.5 McFarland 
standard) was prepared and diluted. 5 µl of this 
suspension was added to each well which gives 
a concentration of 5 x 105 CFU/ml. Two control 
wells were also used where bacterial suspension 
and MH broth were taken as positive and negative 
control. These plates were incubated at 37°C for 24 
h and the absorbance was taken at 630nm using 
ELISA tray reader.
Antimicrobial Assay by Minimum Bactericidal 
Concentration Method
 The MBC of the extracts was determined 
by using the plating method. A loop was inserted 
into the wells of the overnight incubated microtitre 
plates from column 1 to 10 of MIC assay plates and 
streaked onto Mueller-Hinton (MH) agar plates. 
The plates were incubated at 37°C for 24 h and the 
growth of micro organisms was observed on plate. 
The MBC was recorded as the lowest concentration 
of the extracts that did not show any bacterial 
growth.
Statistical Analysis
 All the data obtained were analysed using 
the statistical software, Minitab™, which performs 
a multifactorial ANOVA (analysis of variation) 
for the comparison of different plant parts in 
relation to different solvent systems and different 
organisms.

ResUlts AND DisCUssiON
Preparation of Crude Extracts
 The crude extracts were prepared 

Table 1. Bacterial stains with ATCC number and Gram 
status

Bacterial Strain ATCC Strain  Gram 
 Number Status

Staphylococcus aureus 29213 Gram 
  positive
Staphylococcus epidermidis 12228 Gram 
  positive
Streptococcus pyogenes 19615 Gram 
  positive
Escherichia coli 25922 Gram 
  negative
Klebsiella pneumonia 13863 Gram 
  negative
Pseudomonas aeruginosa 27853 Gram 
  negative

Table 2. Percentage yield of crude extracts of R. stylosa leaves and barks

Plant Part Organic  Amount  Amount   % yield
 Extract of Powder  of Extract 
(R. stylosa)  Extracted (g) Obtained (g)

LEAVES PE 800 64.8 8.1
 CL 800 60.0 7.5
 MT 800 169.6 21.2
BARKS PE 1120 70.6 6.3
 CL 1120 142.2 12.7
 MT 1120 361.8 32.3
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using various solvents such as petroleum ether, 
Chloroform and methanol by soxhlet method. 
The percentage of yield was calculated and 
tabulated in Table 2. The methanolic extracts of 
both the extracts was showing the maximum yield 
percentage followed by chloroform and petroleum 
ether.

Bioactivity Studies of Crude Extracts
 Mangrove plants like Rhizospira species 
were reported to have various bioactivities 
like antibacterial,, antiviral, antifungal and 
anti-inflammatory properties. (Laphookhieo 
et al., 2004). Hence this study mainly focuses 
on evaluation of antibacterial properties of 
Rhizophora stylosa against various species of gram 
positive and gram negative bacteria.

Table 3. Zone of Inhibition of Plant Extracts of Rhizophora stylosa

Bacteria   Petroleum Ether   Chloroform   Methanol
Strain
 12.5 25 50 12.5 25 50 12.5 25 50
 mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL

S. aureus 8.2 ± 0.3 8.7 ± 0.3 10 ± 0.5 8.7 ± 0.3 9.8 ± 0.8 11.3 ± 1.2 8.7 ± 0.3 8.8 ± 0.3 10.2 ± 0.3
S.  8.5 ± 0.5 9.5 ± 0.9 10.3 ± 0.3 8.8 ± 0.3 9.3 ± 0.6 12 ± 1.0 8.7 ± 0.3 8.8 ± 0.3 9.2 ± 0.8
epidermidis
S. pyogenes 8.5 ± 0.5 9.3 ± 0.8 9.8 ± 0.3 8.8 ± 0.6 9.2 ± 0.3 11.3 ± 0.6 8.3 ± 0.3 9.0 ± 0.5 9.2 ± 0.8
E. coli 10.7 ± 0.3 13.5 ± 0.9 15.8 ± 0.3 11.3 ± 0.3 12.3 ± 0.6 16.5 ± 0.5 9.7 ± 0.6 13.3 ± 0.3 13.7 ± 0.6
K.  11.7 ± 1.2 12 ± 1.0 13 ± 0.5 9.7 ± 1.2 9.8 ± 0.8 11.3 ± 0.6 10.7 ± 0.3 10.8 ± 0.3 11.7 ± 0.6
pneumonia
P.  15.5 ± 0.9 15.8 ± 0.8 18.3 ± 0.6 16.3 ± 0.6 18.2 ± 1.6 19.7 ± 0.6 15.3 ± 0.6 16.8 ± 0.3 17.2 ± 0.3
aeroginosa

Zone of Inhibition (mm); BARKS (mean ± S.D)
S. aureus 12.5 ± 0.5 13.7 ± 1.2 14.3 ± 1.2 13.8 ± 0.3 14.5 ± 0.5 15.7 ± 1.5 13.2 ± 0.8 13.7 ± 1.2 14.5 ± 1.3
S.  13.8 ± 0.8 15 ± 0 15.5 ± 0.5 13.7 ± 0.6 15 ± 1.0 15.8 ± 0.3 16.3 ±0.5 17.3 ± 0.3 19.3 ± 0.6
epidermidis
S. pyogenes 13.5 ± 0.5 14.5 ± 0.3 14.0 ± 0.3 12.5 ± 0.3 13.0 ± 0.3 14.0 ± 1.2 12.5 ± 0.5 13.7 ± 1.2 13.7 ± 0.6
E .coli 15.3 ± 0.6 16.5 ± 0.5 17.2 ± 0.3 16.7 ± 0.6 17.5 ± 0.5 18.5 ± 0.5 13.3 ± 0.6 14.8 ± 0.3 16.2 ± 0.3
K.  11.3 ± 0.6 12.3 ± 0.6 13.3 ± 0.3 10.7 ± 0.6 13.3 ± 0.3 13.7 ± 0.6 14.3 ± 0.6 15.3 ± 0.6 16.7 ± 0.6
pneumonia
P.  10.5 ± 0.5 13.2 ± 1.4 13.3 ± 1.5 11.3 ± 0.3 12.7 ± 1.2 16.2 ± 1.0 11.3 ± 0.6 13.7 ± 0.3 14.3 ± 1.2
aeroginosa

Zone of Inhibition (mm); LEAVES (mean ± S.D)

Antimicrobial Assay by Agar Well Diffusion 
Method
 The antibacterial assay was done 
by agar well diffusion method and zone of 
inhibition was measured in triplicates and 
expressed as mean zone of inhibition (in mm) 
± standard deviation as shown in Table 3. The 
extracts of various concentrations 12.5, 25 and 
50 mg/ml were tested against Gram-positive 
bacteria (Staphylococcus aureus, Staphylococcus 
epidermidis, and Streptococcus pyogenes) and 
Gram-negative bacteria (Escherichia coli, Klebsiella 
pneumonia, Pseudomonas aeruginosa). The 

zone of inhibition of leaf extracts against gram 
positive bacteria were ranged between 8 and 
12,11 and 19 for gram negative bacteria whereas 
the zone of inhibition of bark extracts were in 
range of 11 to 19 in both gram positive and gram 
negative bacteria. Among all the leaf extracts the 
chloroform extracts showed the maximum zone 
of inhibition against gram negative bacteria. The 
maximum zone of inhibition for leaf extracts was 
seen in chloroform extract against gram negative 
bacteria Pseudomonas aeruginosa, whereas 
the maximum zone for bark extracts is seen in 
chloroform extracts against gram positive bacteria 
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S. epidermidis and S. aureus which is in contrast 
with leaf extracts. Overall the highest zone was 
observed in bark extracts which is similar with the 
reports of tannin extracted from bark of Rhizospora 
species (Lim et al., 2006). The results also showed 
that these extracts act in dose dependent manner 
as the increase in zone was seen with increase in 
concentration from 12.5 to 50mg/mL.
Antimicrobial Assay by Minimum Inhibitory 
Concentration Method
 The minimum inhibitory concentration 
was evaluated by micro dilution method and the 
results were interpreted and tabulated in Table 
5. The MIC of petroleum ether and chloroform 
extracts were found to be less whereas maximum 
MIC was observed in methanol extracts in both 
the cases. The MIC of petroleum ether were 

found to be in the range of 0.2 to 0.8 mg/ml for 
leaves and <0.1 mg/ml and 0.2 mg/ml in case of 
barks whereas chloroform extracts were ranging 
between 0.1 to 1.6 mg/ml and < 0.1 mg/ml for 
leaves and barks respectively. Hence among all 
the Chloroform extracts of bark extracts gave the 
least MIC against both gram positive and negative 
bacteria except P. aeruginosa which indicates that 
they are more effective towards selected bacteria 
when compared to other extracts. The bark 
extracts were found to exhibit higher antibacterial 
properties compared to the leaf extracts. This 
effect is likely due to the presence of different 
active ingredients and plant phytochemicals in 
bark extracts compared to leaf extracts (Courtois 
et al., 2012).

Table 4. Zone of Inhibition of Norfloxacin

  Zone of Inhibition (mm)
    Leaves       Barks

Bacteria Norfloxacin Bacteria Norfloxacin
Strain (400 ng/ ml) Strain (400 ng/ ml)

S. aureus 23.8 ± 0.2 S. aureus 24.3 ± 0.1
S. epidermidis 22.2 ± 0.1 S. epidermidis 21.9 ± 0.3
S. pyogenes 15.2 ± 0.2 S. pyogenes 14.8 ± 0.2
E. coli 20.1 ± 0.3 E. coli 19.6 ± 0.1
K. pneumonia 14.7 ± 0.1 K. pneumonia 14.2 ± 0.2
P. aeroginosa 21 ± 0.2 P. aeroginosa 20.7 ± 0.1

Table 5. MIC of Plant Extracts of Rhizophora stylosa

Bacterial   MIC (mg/ml)   MBC (mg/ml)
Strain
 PE CL MT PE CL MT

     LEAVES
S. aureus 0.2 0.2 1.6 25 12.5 25
S. epidermidis 0.8 0.1 1.6 25 25 25
S. pyogenes 0.8 0.8 3.2 25 12.5 25
E. coli 0.2 0.2 6.3 50 12.5 25
K. pneumonia 0.8 1.6 6.3 50 6.3 12.5
P. aeruginosa 0.2 0.2 6.3 25 12.5 12.5
  BARKS
S. aureus < 0.1 < 0.1 0.4 0.8 0.8 0.8
S. epidermidis 0.1 < 0.1 0.8 6.3 0.8 1.6
S. pyogenes 0.2 0.1 0.2 12.5 12.5 12.5
E. coli 0.2 < 0.1 0.1 25 12.5 12.5
K. pneumonia 0.2 < 0.1 1.6 3.2 1.6 1.6
P. aeruginosa 0.2 0.2 0.4 6.3 12.5 6.3

Antimicrobial Assay by Minimum Bactericidal 
Concentration Method
 The minimum bactericidal concentration 
assay was carried out to determine the ability of 
the extracts to kill the microorganisms completely. 
This test enabled the determination of the viability 
of the organisms within the medium at various 
concentrations of given extracts. The MBC was 
taken as the lowest concentration of extracts 
from the MIC assay which inhibited the growth 
of microorganism when subcultured onto MHA 
plates. The bactericidal activity was found to be 
maximum for chloroform extracts of leaves when 
compared with petroleum ether and methanol. 
The activity of both petroleum ether and methanol 
extracts was found to be similar with a dosage of 
25mg/ml. The bark extracts followed the similar 
pattern with leaf extracts.
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Statistical Analysis
 This analysis showed a statistical 
significance as the p- value was less than 0.05, thus 
indicating that both parts of R. stylosa plant (leaves 
and barks) and the different solvent systems 

(petroleum ether, methanol and chloroform 
extracts) (Fig. 4) had significant effect on the 
antibacterial properties exerted against both 
Gram-positive and Gram-negative bacteria (Fig. 5).

Fig. 4. Plot of multifactorial ANOVA analysis of MIC comparing plant parts, solvent systems and bacterial strains.

Fig. 5. Plot of multifactorial ANOVA analysis of MIC comparing Gram-positive and Gram-negative organisms
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CONClUsiON
 The leaves and barks were collected from 
Selangor, Malaysia and extraction was done using 
different solvents by soxhlet apparatus method. 
The maximum yield was found when methanol 
was used as solvent followed by petroleum 
ether and chloroform. These crude extracts were 
further diluted to different concentrations for 
evaluation of antibacterial properties against 
various gram positive (Staphylococcus aureus, 
Staphylococcus epidermidis, Streptococcus 
pyogenes gram) and negative bacteria (Escherichia 
coli, Klebsiella pneumoniae and Pseudomonas 
aueroginosa). The antibacterial activity of these 
extracts was determined by agar well diffusion 
method, microdilution method. The least MIC 
concentration of extracts were further carried to 
determine Minimum bactericidal activity. From 
this study it was found that the chloroform extract 
of Rhizophora stylosa was showing the strongest 
activity against the selected bacteria, followed 
by petroleum ether and methanol. Since these 
extracts were predicted to be potent against 
various gram positive and gram negative bacteria, 
they can be used a broad spectrum antimicrobial 
in treating several bacterial diseases.
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