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Effect of Solvents on Phytochemical Analysis and Antibacterial

Activity of Leaf and Bark Extracts from Rhizophora apiculata
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ABSTRACT

Rhizophora apiculata is a traditional mangrove plant belonging to RHIZOPHORACEAE
family. Leaves and bark of this plant were extracted with sequential increasing polarity of organic
solvents: hexane, ethyl acetate, and methanol, respectively. All six extracted were studied on

antibacterial activity with four bacterial strains (Bacillus cereus TISTR 687, Staphylococcus aureus
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TISTR 1466; Escherichia coli TISTR 780 and Samolnella typhi TISTR 292) by using disc

diffusion method. It was found that the methanolic bark extracted show the best antibacterial

activity. Phytochemical screening method was employed and the results revealed the presence of

terpenoids, flavonoids, saponins, tannin and anthraquinone in both of leaves and bark. However,

anthraquinone was only found in bark extracted with methanol. This study suggested that the best

solvent which extracted secondary metabolites from leaves and bark was methanol.
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INTRODUCTION

Mangrove forest plays role as an important
natural source which founded in tropical and
subtropical areas. Extracted mangrove plants
contain various biological actives antiviral,
antibacterial, antifungal and antioxidant
compounds which provide rich sources of a wide
variety of phytochemicals such as; terpenoid,
flavonoid, saponin, tannin and alkaloid (Shelar
et al., 2012). In addition, it has been reported
that mangrove leave extracts were nontoxic
to human and were environmentally friendly
because of less pollutant produced (Opara
and Wokocha, 2008). Rhizophora apiculata,
locally known as bakau minyak, belongs to
Rhizophoraceae family which is one of the most
common mangrove plants in case of containing
an abundance of biologically active compounds.
The crude extracts from different parts of this
plant were reported to possess diverse medicinal
properties such as polysaccharide from leaves
showed anti- HIV activity (Premanathan et al.,
1999), the barks of R. apiculata found its property

to treat anticandadal activity (Hong et al., 2011),

and antioxidant from bark and twig (Vijayavel
et al., 2006; Loo et al., 2007; Loo et al., 2008;
Rahim et al., 2008; Gao and Xiao, 2012) as
well as mosquito larvicidal activity from root
(Shelar et al., 2012). The previous studies
reported that several extracts from some
organic solvents of R. apiculata leaves and
bark provided diverse medicinal properties
(Abeysinghe, 2010; Ravikumar et al., 2010).
Additionally, methanolic and water extracted
from R. apiculata leaves (Shamsuddin et al.,
2013) and petroleum ether, ethyl acetate,
ethanol, and water from R. apiculata bark
(Sulaiman et al.,, 2011; Lim et al., 2006)
significantly exhibited against a series of
test bacteria, but 70% aqueous acetone bark
extract have little effect against Gram-negative
bacteria (Sulaiman et al., 2011). However,
the explanations about correlation between
antibacterial activities with phytochemical
property which extracted from different solvents
appears in only a few studies. For further study
of the additional information about R. apiculata

leaves and bark, the screening of this plant
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finding for any antibacterial activity in order to
find the new source of valuable materials as well
as the second metabolites with new therapeutic
agents is important to work. Expanding the
same research (instead of using petroleum ether,
ethanol, and water extracts), the aim of this
study was to evaluate the antibacterial activity
of medicinal R. apiculata by using different
solvents including hexane, ethyl acetate, and
methanol extracted leaves and inner barks in
order to gain the phytochemical correlation and
preliminary them in vitro for antibacterial activity
which could be used to against a wide range of
pathogenic and food spoilage microorganisms.
Correlation between secondary metabolite by
phytochemical study and antibacterial agent will

be discussed.

MATERIALS AND METHODS
Extraction of R. apiculata’ leaves and bark
The leaves and barks of R. apiculata were
collected during September-October 2011 from
Rajamangala beach, Rajamangala University of
Technology Srivijaya, Trang province which
located in the southern part of Thailand. One
thousand grams of green leaves and 1000 g of
reddish brown inner barks from R. apiculata
were dried at 50°C and were successively
extracted by sequential increasing polarity of
organic solvents such as hexane, ethyl acetate,
and methanol over a period of seven days at
room temperature. Crude extracts were acquired
by concentrating the extract under the reduced

pressure by using the rotary evaporator to give

the crude extracts of leaves and bark as green
and pale-yellow, green and green, and green and
reddish-brown from hexane, ethyl acetate and

methanol, respectively.

Phytochemical analysis

Six various extracts of R. apiculata
extracted by hexane, ethyl acetate, and methanol
were subjected to the qualitative chemical
analyses in order to detect the presence of
anthraquinone, terpenoid, saponin, tannin, and
alkaloid by the modified following procedure
(Tukiran, 2013; Bhatt and Dhyani, 2012; Mouafi
et al., 2014):

Alkaloid

Two grams of leaf and bark extracts were
shaken in 15 mL of 2% H,SO, and warmed.
Few drops of Dragendroff’s reagent were added
to each filtrate and subsequently observed for
the formation of orange brown precipitate which
may indicate the presence of alkaloids.

Anthraquinone

Two hundred milligrams of leaf and
bark extracts were boiled withl0 mL of 10%
H,SO, in the test tube for 5 minutes, filtered
and extracted with chloroform. Then, 3%
ammonia solution was added to give rose pink
color which appeared in the ammonia layer
indicating the presence of anthraquinone.

Flavonoid

Two hundred milligrams of leaf and
bark extracts were treated with 3 mL of 95%
ethanol. The solution was warmed, and fragment

of magnesium metal was added to this solution.
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Then 2-3 drops of concentrated hydrochloric
acid was added. Cherry color would indicate the
presence of flavonoids.

Saponin

Two hundred milligrams of leaf and bark
extracts were treated with water in a microtube
separately shaken well. Foam that appeared
could indicate the presence of saponin.

Terpenoid

Two hundred milligrams of leaf and bark
extracts was extracted with 3 mL of petroleum
ether for three times and 2mL of chloroform
was later added. Then concentrated solution of
H,SO, was slowly added. This test is called
“Salkoski test . Appearing of brown ring at the
edge joint of two layers indicated the presence
of terpenoid.

Tannin

Two hundred milligrams of leaf and
bark extracts were separately shaken in water
and warmed. A few drop of 1% FeCl; solution
was consequently added and observed for the
formation of brownish green or blue black colors

which may indicate the presence of tannin.

Antimicrobial activity

Two gram-positive (Bacillus cereus TISTR
687 and Staphylococcus aureus TISTR 1466)
and two gram- negative (Escherichia coli TISTR
780 and Salmonella typhi TISTR 292) bacterial
strains were used for antibacterial screening
which were obtained from the National Center
for Genetic Engineering and Biotechnology,

Thailand. The in vitro antibacterial activities

of leaves and bark from R. apiculata were
determined by using the paper disc diffusion
method which modified from NCCLS, 1993
(Villanova, 1993). For the disc diffusion assay,
the bacteria which were incubated in Tryptic soy
broth (TSB) at 35°C for 24 h was measured for
the turbidity at 0.5 McFarland standards (10*
CFU/ml) before swabbing over the surface of
media (Tryptic soy agar, TSA) which allowed
to solidify by using a sterile cotton swab. All
crude extracts were dissolved in the dimethyl
sulfoxide (DMSO) to give stock solutions of
100 mg mL" and were used as 10 uL of tested
crude extracts on sterile filter paper discs
(6 mm in diameter of Whatman No. 1 filter
paper). After overnight incubation at 35°C for
24 h, the zones of inhibition were measured in
the millimeter. Gentamicin and penicillin were
used as the positive controls whereas DMSO
was the negative controls. All experiments were
repeated three times and the average values are

presented.

Statistical analysis

The result were presented as the mean
+ standard deviation of three independent
experiments (n = 3). Statistical analyses were
done by one-way ANOVA followed by the
Duncan’s Multiple Range Test (DMRT) with P

< 0.05 as a limit of significant.

RESULTS AND DISCUSSIONS

In this work, three solvents (hexane, ethyl

acetate, and methanol) were used to prepare R.
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apiculata leaves and bark extracts. All crude
extracts were tested for the antibacterial activity
(S. aureus, B. cereus, E. coli and Samonella
typhi) which showed in Table 1 and Figure 1
by the paper disc diffusion method. The results
showed that almostcrude extracts were active
against B. cereus, S. aureus, and Samonella
typhi. For B. cereus strain, all leaf extract

showed diameter inhibition zone in 7.81-9.38

mm range which found the highest in hexane
extract (9.38 mm). Meanwhile, S. aureus and
Samonella typhi occurred at same range of 8.38-
8.85 and 8.17-8.93 mm, respectively. However,
the crude extract from barks with methanol
showed the highest antibacterial activity with
diameter inhibition zone at 9.75, 10.44, and 9.75
mm in B. cereus, S. aureus, and Samonella typhi,

respectively. None part of this plant showed any

Table 1  Antimicrobial activities of crude extracts Rhizophora apiculata leaf and bark extract
Zone of inhibition diameter (mm)
Solvent
plant Part used Gram positive Gram negative

used B. cereus S. aureus E. coli Salmonella
R. apiculata leaves H 9.38+048" 8.8540.34" 0.00+000° 8.17+0.09°
E 7.81£0.30° 8.7440.17° 0.00+000° 8.394+0.45?
M 8.77+0.50" 8.38+0.58" 0.00+000" 8.93+0.74"
bark H 6.3740.37°  0.00£000°  0.00£000°  0.00+£000"
E 8.09+0.46" 8.85+0.31° 0.00+£000° 0.00£000°
M 9.75£0.30°  10.44£0.40°  0.00+000°  9.75%0.36"

Remark : Values are express as meantSD (n = 3) (Conc. 0.1 mg/disc); H = hexane, E = ethyl acetate, M = methanol

47 ¢ Mean within a row with same letters are not significantly different at the 95% confidence level by the Duncan’s

Multiple Range Test (DMRT)

B.cereus Salmonella %

Figure 1 Antimicrobial activity of crude extracts to Bacillus cereus (left) Staphylococcus aureus
(Middle) and Salmonella typhi (Right) RBH, RBE and RBM are bark of R. apiculata
extracted by hexane, ethyl acetate and methanol, respectively. RLH, RLE and RLM are
leaf of R. apiculata extracted by hexane, ethyl acetate and methanol, respectively. The

technique was performed by disc diffusion method.
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antibacterial activity to E. coli and two parts
of hexane and ethyl acetate bark extracts also
showed none antibacterial active for Salmonella.
It could be explained that Gram-negative
bacteria has thicker cell wall than Gram-positive
bacteria. It has an outer membrance comprising
high content of lipid-polysaccharide sheet, which
may protect against the passage of hydrophobic
groups (Abed et al., 2013).

The result of phytochemical screening
(Table 2) of hexane, ethyl acetate, and methanol
R. apiculata leaf and bark extracts showed
the presence of bioactive compounds such
as terpenoids, flavonoids, saponins, tannin,
and anthraquinone. None of extracts showed
positive results for alkaloid. The positive results
provided from terpeniod test in almost extracts

except methanolic bark extract. Flavonoid,

Table 2

saponinand, and tannin were founded in only
methanolic extract. In addition, anthraquinone
was only founded in methanolic bark extract. As
a phytochemical screening result, R. apiculata
contains these secondary metabolites which
may show antibacterial activity. Moreover,
the difference in the antibacterial activity of
extracts may be attributed to the difference in the
composition of those bioactive phytochemicals.
These results could suggest that the presence
of anthraquinones from methanolic bark extract
plays an important role to antibacterial activity
with the highest zone of inhibition value 10.44
mm for S. aureus. Hence, more studied are
required to isolate the bioactive compounds and
to determine the action of bioactive substances

in this part.

Phytochemical constitution of Rhizophora apiculata extracts.

R. apiculata extract

Part used Phytoconstituents

Hexane extract

Ethyl acetate extract ~Methanol extract

leaves

Terpenoid +
Flavonoid -
Saponin -
Tannin -

Alkaliod -

Anthraquinone -

+

+ o+ o+ +

bark

Terpenoid +
Flavonoid -
Saponin -
Tannin -

Alkaliod -

Anthraquinone -

{32 {32
Remark: + means presence and - means absence
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CONCLUSION

The leaves and bark of R. apiculata on the
successive extraction with hexane, ethyl acetate,
and methanol gave six fractions exhibiting
the bioactive substances i.e. anthraquinone,
terphenoid, flavonoid, saponin, and tannin by
preliminary phytochemical analysis. Both parts
of R. apiculata on various crude extracts gave
fraction which demonstrated a varied level of
broad spectrum antibacterial activity. Good
activity was exhibited by methanol fraction by
barks against R. apiculata to S. aureus, B. cereus,
and Salmonella typhi, respectively. However,
none parts of this plant showed antibacterial
activity against the E. coli. Therefore, it could be
concluded that methanol was determined to the
best solvent for isolation of bioactive secondary
metabolites. The finding of the present study
provide further evidence which was consistent
to the antimicrobial property corresponding to
phytochemical studies which showing the active

ingredients in R. apiculata.
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