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This study investigated the phytochemical, antimicrobial and antioxidant
properties of methanolic leaf fractionated extracts of Excoecaria agallocha. Antibacterial
activity test of fractionated extract of Excoecaria agallocha was conducted via Disk
diffusion assay. Micro titer broth dilution technique was performed to determine the
minimum inhibitory concentration (MIC) and Minimum Bactericidal Concentration
(MBC). Qualitative and quantitative DPPH radical scavenging activity determines the
antioxidant activity in E. agallocha. Chromatographic separation was completed using
thin layer chromatography (TLC) and column chromatographic techniques. Phytochemical
screening of fractionated extract revealed active constituents including alkaloids,
saponins, flavonoids, terpenoid and tannins. In vitro antibacterial activity of column-
fractionated extract demonstrated inhibitory effect against Flavobacterium indicum,
Chryseobacterium meningosepticum, Chryseobacterium indologenes and
Chryseobacterium gleum isolated from diseased fish. MIC and MBC of E. agallocha
fractionated extract was 1.56 mg/ml and 3.12 mg/ml, respectively. TLC-based qualitative
DPPH analysis revealed antioxidant activity in E. agallocha extract, specified by yellowish
stain on maroon color TLC plate. These bands indicate the presence of various compounds
that could act as potential antimicrobial agents. The present study indicates that E.
agallocha leaves contain active phytochemicals which inhibit bacteria and could be
useful in the treatment of microbial infections in fish.
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A significant increase in the use of
antimicrobial drugs for the control and treatment
of disease-related issuesin fish farming has been
observed®. Plant-based medicines are currently
playing a major role in the treatment of disease
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due to minimally observed side effects. Extracts
from mangroves and mangrove-associated species
have proven to possess antimicrobial activities
against humans, animals, and plant pathogens 2.
One mangrove species, Excoecaria agallocha
(Euphorbiaceae) hasbeen widely usedin traditional
medicine®. The bark and wood of this specieshave
been used for thetreatment of flatulencein Thailand,
whereastheleavesand latex are used asfish poison
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in India . Furthermore, in Pakistan the latex has
been used as a remedy for ulcers, rheumatism,
leprosy and paralysis®. In Sri Lanka, smoke from
burning E. agallocha wood is used for leprosy
treatment, and the root, when minced with ginger,
is used for embrocating swollen hands and feet ©.
Despite these therapeutic usesfor E. agallocha, it
has been recognized to contain skin irritants.
Interactionswith skin may trigger inflammation and
produce quick blistering; in addition, contact with
eyes can cause temporary blindness’. Recently, 8
revealed the potential bioactivities of metabolites
from mangroves are a good remedy for a number
of allments such as headache, abdominal troubles,
and skin diseases. Moreover, mangroves have
many bioactivities such as antioxidant,
antibacterial, antiviral, and anticancer due to the
presence of numerous phytochemicals® 1, The
anti-oxidative activity of E. agallocha leaf extract
was investigated and the results suggested that
environmental plants exposed to strong sunlight
might require an efficient antioxidant system 2.,
Previously, ethanol extract of E. agallocha showed
significant antioxidant activity > 14 While
methanolic crude extract of E. agallocha leaves
had antioxidant and antibacterial activity & 15 16,
Thus, considering the biomedical importance of
mangroves, the present study was carried out to
determine the phytochemical, antimicrobial and
antioxidant properties of E.agallocha |eaf extract.

MATERIALSANDMETHODS

Microor ganisms

Fish bacterial stockswere obtained from
Fish Disease Laboratory, University Malaysia
Terengganu (UMT) Malaysia. They include:
Flavobacterium indicum, Chryseobacterium
indologenes, Chryseobacterium gleum and
Elizabethkingia meningoseptica
(Chryseobacterium spp, Elizabethkingia spp,
previously put under Flavobacterium family).
Collection and extraction

Theleavesof Excoecaria agallochawere
collected fromrural areasin Terengganu, Maaysia
(5U24'38.29U N and 103U05' 31.32U E). Theplant
wasidentified at the Plant Taxonomy L aboratory,
University Malaysia Terengganu (UMT). The
extract of E. agallocha was prepared by
standardized procedure as described by 7.
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Phytochemical screening

The methanol extract underwent chemical
tests were carried out to identify the constituents
using previously described procedures by 8.
Antibacterial Assay
Disk diffusion assay

Disk diffusion assay was carried out on
Anacker and Ordal’s agar (EAOA) following the
method described by *°. Briefly, the disc (6 mm in
diameter) wasinfused with 10 mg/ml extract (20ig/
disc) and placed oninoculated agar. Antibiotic disc
was used as positive control (Flumequine 30 ig -
disc), and discsimpregnated with 20l of methanol
was used as negative controls. Discs were then air
dried and placed equidistantly onto the surface of
the pathogen seeded on Anacker and Ordal’s agar
(EAOA) and incubated at 28°C for 48 h. The growth
inhibition was assessed asthe diameter (mm) of the
inhibition zone around the discs. The experiment
wascarried out intriplicate.
Determination of Minimum inhibitory
concentration (MIC)

The minimum inhibition concentration
(MIC) of the crude extracts was determined for
active component that showed antimicrobial
activity against test organisms. The micro titer
broth dilution technique was performed according
to standards methods using sterile 96 well-micro
titer plates 2. Bacteriawere cultured overnight in
Anacker and Ordal’s broth (EAOB) at 28°C and
adjusted to achieve aturbidity of 0.5 McFarland
1.5x 108CFUmML. A 1001l of Anacker and Orda’s
broth (EAOB) were allocated to each wells. For
each assay, thefirst wellswere inoculate with 100
il of 200 mg/ml crude extracts, followed by thetwo
fold dilution until 0.098mg/ml. Microbial
suspensions of 10 il were used as inoculants.
Positive growth control included broth and
inoculums (without extracts suspension). Micro
titer plateswere sealed with parafilm to ensure the
bacteria does not become dehydrated. Plateswere
further incubated at 28°C for 48 h. After incubation,
turbidity of each wellswere observed visually and
the optical density (OD) were measured at 540 nm
by amicro titre reader model 680 (Bio-rad, US).
Dilution values|lower than theyielding valuee” 2
than the doubling concentrationswere interpreted
as MIC results. The results were confirmed with
micro dilution assays with the addition of 101l of
0.1% 2, 3, 5-Triphenyltetrazolium chloride (TTC)



LAITH et al., Biosci., Biotech. Res. Asia, Vol. 13(1), 561-568 (2016)

(w/v) (Merck, Germany) into each well and
incubated for 1h for reaction. Color changesfrom
purple to pink were observed visually where the
bacteriawere ableto reducethe TTCinto formazan.
Thelowest concentrations that inhibit the growth
of bacteriawith the absence of visual color changes
wererecorded asMIC. Testswererunintriplicate.
Determination of Minimum bactericidal
concentrations(MBC)

MBC extract was determined according
to2L. Plates that displayed negative results from
the MIC assay were taken as samples and sub-
cultured onto a new Anacker and Ordal’s agar
(EAOA) and wereincubated at 28°C for 48 h. The
MBC inhibited bacterial growth on the agar plate
surface and is therefore the lowest extract
concentration. Experiments were performed in
triplicate, and the mean readings were recorded. If
ratioof MBC/MICwasd” 2, theactivecrudeextract
was considered as bactericidal; if not, it was
considered as bacteriostatic. If theratiowase” 16,
then the active crude extract is considered to be
ineffective 2.

Deter mination of antioxidant properties
Qualitative DPPH radical scavenging activity

Silica gel sheets were left to air-dry and
then sprayed with a0.5% solution of 2, 2-Diphenyl-
1-picrylhydrazyl (methanolic DPPH) (Sigma-
Aldrich, Germany). After a time lapse of 0.5 h,
antioxidant activity was detected as a pale-yellow
stain on the purple background .

Quantitative DPPH radical scavenging activity

Methanolic DPPH was used to determine
the scavenging activity of extracts. This activity
was measured through the bleaching of the purple
color methanol solution as described by 2.
Chromatographic Characterization

Analytical thinlayer chromatography (2l
of 1 mg/ml extracts) was performedon TLC silica
gel kiesd gel 60 F254 (Art No. 1.05735.0001 Merck,
Germany). Silica gel 60 F254 chloroform-ethyl
acetate 9:1 (v/v) acts as a mobile phase in a pre-
saturated solvent chamber by using Whatman filter
paper No. 1 (Maidstone, UK). TLC wasdevel oped
1 cmfrom the bottom of the plates until the solvent
front reached 1 cm from the top of the plates as
described by .

Column Packingand Fractionation

Approximately 220,000 mg of Kiesdl silica
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gel (0.040-0.063mm; 70- 230 meshASTM) (Merck,
Germany) were packed into a 250 mi
chromatography column using hexane as eluent,
tapped slowly and left overnight. Silica gel acted
asthe stationary phase, while solvents the mobile
phase as described by 2.
Satistical analysis

Datawere expressed as mean + standard
deviation of triplicate measurements. Analysis of
variance (ANOVA) and the mean was compared
with least significant difference (P<0.05) using
Gestate 12.1 program.

RESULTS

Extraction and Solvent Partitioning of E.
agallocha

A total of 6 crude extractswere obtained
from methanolic crude extracts of E. agallocha.
Thehighest extraction yield wasfound in methanol
partitionswith avalue of 23,110 mg, while hexane
partitions gave the lowest extraction yield of 0.500
mg (Table ).
Phytochemical screening of E. agallocha

Phytochemical studies showed E.
agallocha leaf extracts contained a variety of
phytochemical constituents including: tannins,
flavonoids, steroid, tarpenoid, and saponin (Table
2).
Invitro Antimicrobial activity of extractsof E.
agallocha against bacteriasamples

The present study used two isolates of
E. meningoseptica, from ekidney and skin diseased
fish. Inaddition, three speciesfrom the samefamily
(C. gleum, C. indologenese and F. indicum) were
isolated from diseased fishin Malaysia. The mean
zoneof inhibition for E. agallocha fractions 1, 2, 3,
4,5 and 6 on bacterial tested in this study ranged
from0-6,0-11,0-8,0-17,6-23,and 8- 28 mm,
respectively. The lowest mean inhibition zone
recorded was fraction 1, while the highest mean
inhibition zone recorded wasfraction 6. Therewas
asignificant difference (P < 0.05) among fractions
(Figurel).
Minimum Inhibitory Concentration (M1C) and
Minimum Bactericidal Concentration (M BC)

Theantimicrobial activitiesof the extracts
were quantitatively assessed by determining the
MIC and MBC, respectively. Fractions 5 and 6
showed the lowest MIC and MBC value at 1.56
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and 3.12 mg/ml, respectively. These results were
statistically significant (P<0.05) comparewith other
fractions(Table 3).

Antioxidant tests

Qualitative DPPH radical scavenging activity

Color changes were observed on Silica
Gel G plates when methanolic extracts of E.
agallocha (5 pl) were spotted at the bottom of the
plate and sprayed with DPPH. Yellow spotson the
purple color of DPPH reagents on TLC indicate
positive antioxidant activity (Figure 2).
Antioxidant (Quantitativeanalysis)

Quantitative analysis of E. agallocha
antioxidant activity was carried out using vitamin
C (ascorbic acid) as a standard reference. Higher
concentrations of plant extracts produced higher

antioxidant activity with R2 value, whichis0.970
(Figure 3). According to the graph, at a
concentration of 0.5 mg/ml, vitamin C can achieve
level 2 antioxidant activities. However, extracts of
E. agallocha need to be at a higher concentration
to achievethe samelevel of antioxidant activity as
vitamin C.
TLC Profiling of E. agallocha leaf extracts
TLC profiles indicated the presence of
phytochemical compounds in E. agallocha leaf
extracts. Variation of different values of the
retention factor (R) wastheinitial stepin selecting
the appropriate solvent for specific compound
isolation, regarding their polarity index value. In
this study, TLC profiling of E. agallocha was
developed by different solvent mixtures in the

Table 1. Percentage yield of the methanolic
extract of Excoecaria agallocha leaves

Fractions Ratio Percentage Weight (mg)*
Hexane 100% 0.21% 05
Hexane: Chloroform 11 0.04% 0.09
Chloroform 100% 0.08% 0.19
Chloroform: Ethylacetate 11 2.83% 6.73
Ethylacetate 100% 2.24% 5.33

M ethanol 100% 9.71% 23.11

*Values were calculated with respect to the amount of the methanolic crude extract

Table 2. Preliminary phytochemical analysis of Excoecaria agallocha leaf extracts and Solvent Partitionin

S Secondary metabolites Excoecaria agallocha leaves extracts

No. F1 F2 F3 F4 F5 F6 Leaf Extracts
1 Carbohydrates - - - - - - -
2 Anthraguinones - - - - - - -
3 Terpenoids - - + + + + i
4 Flavonoids - + - + + + +
5 Saponins - - - - - - -
6 Tannins + - + + + + +
7 Alkaloids + + + + + + +
8 Steroids - + - + - - -
9 Cardiac glycosides - - - - - - -
10 Fixed ail - - - - - - +
11 Protein + + + - + + +
12 Fat - - - - + +
13 Gum + + + + + + +
14 Lingin - - - - + + +
15 Voldtileail - - - - - - -

F1-F6 =Fraction from E.agallocha (+) Present(-) Absent
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visualization of short wave, long wave UV, iodine
vapors and sprayed reagents; e.g., Anisaldehyde-
sulphuric reagents, dragendroff’s reagents, and
FeCl, reagents. For the determination of antioxidant
properties, the developed TLCswereleft toair-dry
for 0.25 hand then soaked in a0.04 % (w/v) solution
of 1, 1-diphenyl-2-picrylhydrazyl (DPPH) of
methanol. Retention factor (R,) of methanol crude
extracts of E. agallocha were detailed (Figure 4).
Retention factor (R)

The methanol crude extracts of E.
agallocha leaves with the maobile phases of ethyl
acetate- chloroform (2:8) successfully separated
the compounds with the retention factor (R)).
ShortwaveR, valueswere; R, 1: 0.96, R 2: 0. 84, R,
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3:0.66,R 4:0.52,R 5:0.42,R, 6:0.28,R 7: 0.1.
Long-wave R, values; R, 1: 0.96, R, 2: 0. 80, R, 3
0.70,R4:0.62,R5:0.40,R6:0.26,R 7: 0.1.AS
reagent R, values; R 1: 0.96, R, 2: 0. 80, R, 3: 0.64.
lodideR, values; R 1: 0.96, R 2: 0.84, R, 3: 0.66, R,
4.:0.46,R 5:0.3,R 6:0.14. Therangesof the4 were
between 0.24 - 0.96. A total of 10 spots were
identified encompassing 7 unique colors (Black,
Pink, Brown, Purple, Blue, Yellow and Green). These
spots were developed visually (Figure 5).
Phenolic compounds were a major
component in the E. agallocha ethyl acetate
fraction at the R, value of 0.70 and 0.80. Three
fractions, hexane with solvent system hexane:
chloroform, chloroform with solvent system

Table 3. Minimal inhibitory concentration (MI1C) and minimal
bactericidal concentration (MBC) (mg/ml) for thefraction

Strain Fractionl Fraction2 Fraction3 Faction 4 Fraction 5 Fraction6

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
1 0.0a 0.0a 25b 50c 125d 25b 6.25e 125d 3.12f 6.25e 3.12f 6.25e
2 00a 00a 25b 50c 25b 50c 3.12f 6.25e 312f 6.25e 3.12f 6.25e
3 00a 00a 25b 50c 25b 50c 3.12f 6.25e 312f 6.25e 3.12f 6.25e
4 0.0a 0.0a 25b 50c 125d 25b 3.12f 6.25e 156g 3.12f 1569 3.12f
5 25b 50c 25b 50c 125d 25b 3.12f 3.12f 156g 3.12f 1569 3.12f

1 (F.indicum), 2 (E.meningoseptica -kidney), 3 (E.meningoseptica -skin), 4 (C. gleum) 5 (C .indologenes) Different
letter show significant differences (P <0.05)

Table 4. Thin layer chromatography resolution of the
fraction of the methanolic extract of Excoecaria agallocha leaves

Fractions Solvent System Ratio  No. of Spots R, value

Hexane Hexane: Chloroform 4.6 4 [0.56,0.58,0.71, 0.94]

Hexane: Chloroform Hexane: Methanol 91 2 [0.19, 0.53]

Chloroform Hexane: Chloroform 4.6 4 [0.42,0.52,0.64,0.94]

Chloroform: Ethyl acetate Chloroform: Methanol 91 4 [0.68,0.82,0.96, 0.98]

Ethyl acetate Dichloromethane: Methanol 1.9 2 [0.67,0.74]

M ethanol Dichloromethane: Methanol 3.7 3 [0.70, 0.80, 0.88]

Extract Chloroform: Ethyl acetate 8:2 7 [0.14,0.32,0.5,0.6,
0.74,0.9,0.96]

hexane: chloroform and chloroform: ethyl acetate
with solvent system chloroform: methanol, revealed
four evident spots. Two fractions, ethyl acetate
with solvent system dichloromethane: methanol
and hexane chloroform with solvent system hexane:
methanol revealed two evident spots. Three spots
were observed on the methanol fraction with

solvent system dichloromethane: methanol. The
range of the R, valuewas 0.24 - 0.96 (Table4).

DISCUSSION

Theresults of thisexplorative experience
with crude extracts of Excoecaria agallocha have
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been contained tannins, flavonoids, steroid,
tarpenoid, and saponin. On the other hand, the
result of this work indicates that the significant
differences within fractions may be attributed to
themangrove-plant extracts and their antimicrobial
activity against pathogenic bacterial strains. Our
observations in this study in accordance to the
results of previous studies by 6172728 indicated
that E. agallocha leaf extracts displayed
antimicrobial activity.

Based on disc diffusion results,
methanolic crude extract of E. agallocha leaves
are in agreement with the result of % showed that
biological activity test of mangrove E. agallocha
crude extract against Vibrio mimicus and V.
Costicolaof inhibition zone on diffusion agar was
10.35+0.05and 12.6 + 0.05 mm, respectively.

The results of present study are
corroborated by the findings of % reported that
themangroveleaf extracts of E. agallocha showed
maximum inhibitory activity was 18 mm against
Streptoccocus aureus. The diameters of the zone
of inhibition shown by the methanol extract against
the pathogenic bacteriain this study were similar
to the finding by *.

The present results revealed E.
agallocha minimal inhibition concentration (MIC)
valuewas 1.56 mg/ml, and the minimal bactericidal
concentration (MBC) vauewas 3.12 mg/ml against
bacteria. In comparison with the result of the study
of ¥ stated that the M1 C of E. agallocha leaf extract
ranged from 5 to 7 mg/ml against the following
bacteria: Pseudomonas aeruginosa, Bacillus
subtilis,  Staphylococcus epidermidis,
Saphylococcus aureus, Vibrio cholera, Shigella
flexneri, Bacillus licheniformis, Bacillus brevis
and Escherichia coli. Furthermore, the partitioned
portions of methanolic extract of E. agallocha
revealed the existence of tannins, flavonoids,
alkal oids and saponins. These are compoundsthat
areknown to have various curative effects agai nst
most pathogenic organisms as reported by many
researchers %2, The results of the present study
are corroborated by the findings of * that the
highest antibacterial activities in mangrove
halophytes were due to the presence of high
content of phenols, which include phytochemicals
such as; akaloids, tannins and flavonoids, are
present in the E. agallocha extract. However,
alkaloids have numerous functions including
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anal gesics, anti-inflammatory, antispasmodic and
bactericidal effects *. Moreover, tannins display
anticancer activity and inhibition of cell protein
synthesis *. Also, steroidal extracts displayed
antibacterial activities*, while flavonoids exhibit
antimicrobial and antioxidant properties *.
Meanwhile, thin layer chromatography (TLC)
analysisrevealed agreat potential for E. agallocha
that appeared in the form of the many bands on
the TL C-plates. Combinations of ethyl acetate and
methanol solventswere used to carry out the TLC.
All pure solvents separated into seven bands and
showed the presence of phenolic compounds. The
results of the present study are corroborated with
previousfindingsof 3 that TL C chromatograms
of plant extracts showed the presence of phenolic
compounds, such as tannins and flavonoids and
these compounds possess diverse biological
properties such as anti-inflammatory, anti-bacterial
and antioxidant activities. Supporting the results
of the present study, * showed that E. agallocha
bark fractions were a potential source of
antioxidants and various phytochemicals give
different Rf valuesin different solvent system. This
variation in Rf values of the phytochemicals
providesavery important cluein the understanding
of their polarity and also helps in selection of
appropriate solvent system for separation of pure
compounds by column chromatography.
Compounds showing high Rf valuesin less polar
solvent systems have low polarity and those with
lower Rf value have high polarity. Mixtures of
solvents with variable polarity in different ratios
can be used for separation of pure compounds
from plant extracts. The selection of appropriate
solvent systems for particular plant extracts can
only be achieved by analyzing the Rf values of
compoundsin different solvent system. Presently,
TLC profiling using different solvent systems
indicated the presence of diverse types of
phytochemicalsinthese plants. Different Rf values
observed for compounds also provideinsight into
their polarity. However, in the study of “ reported
that the biochemical assays such as total
antioxidant and DPPH scavenging potential are
particularly suitable for the evaluation of
antioxidant activity of crude extracts. E. agallocha
crude extract was as potent as Vitamin C with a
maximum inhibition of 97% at 0.5 mg/ml in
comparison to 95% for vitamin C at equal



LAITH et al., Biosci., Biotech. Res. Asia, Vol. 13(1), 561-568 (2016)

605

B C. gleum

H C. indologenase
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Zone of Inhibition [mm)

Fig. 1. Antibacterial activities of the fraction of Excoecaria agallocha against bacteria

Different letter show significant differences (p<0.05)

Rl _————

Ri 2

Fig. 2. Antioxidant activity of Excoecaria agallocha
crude extract

concentrations. Our findings were also similar to
the findings of *that the qualitative DPPH assay
revealed the presence of significant antioxidant
activity in the alcoholic extract of E. agallocha,
specified by a yellowish stain on the maroon
background of a TLC plate the authors suggested
that E. agallocha may have a potential antioxidant
effect according to the DPPH antioxidant assay
results.

Hence, the result obtained in the present
study shows that the methanolic extract of E.
agallocha has potential antioxidant propertiesasin
agreement with previous study by 4 3% 4142
Therefore, E. agallocha can be used as alternative
to the antibioticsfor the treatment or prevention of
bacterial infectionsin fish.

3
y=1.151x+0.125
25 R?=0,970 <+ #=-= Methanolic
e B = Excoscana
> o zzallocha
== -~ Vitamin C

o

Absorbance (Abs)

2
o

Linear { Methanoliz
Excoscaria agallocha)

0 1 2

Concentration (mg/ml)

Fig. 3. Comparing antioxidant activity of Excoecaria agallocha with Vitamin
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AR reagent Iodine

Fig. 4. TLCfingerprinting of Excoecariaagallocha crude extracts (CHCL -EtOAc 8:2) on TLC silicagel kiesel gel

60 F,, (Art No. 1.05735.0001 Merck, Germany)

(a): UV 254 nm; (b): UV 366 nm; (c): anisaldehyde/sul phuric reagent; (e):1odide.

Black = = -
= = Pink
Brown — —
Purple = =
Blue —==9
YleW____» — — Pink
Green==~""

Fig. 5. TLC fingerprinting of the leaves crude extracts
of Excoecaria agallocha
(CHCL ,-EtOAc8:2) on TLCsilicagel kiesel gel 60 F,,,

CONCLUSON

The results of the present study
concluded that the crude extract of selected
mangrove plantsisagood source of antimicrobial
and antioxidant agents. However, further studies
on the purification of bioactive compounds are
currently under way to discover more effective
solutions for treating diseases.
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