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ABSTRACT: Many types of seagrass are known to produce active compounds, including those with the ability to
function as antimicrobials. This study focused on the potential of crude methanol extract from the seagrass Thalassia
hemprichii as an antimicrofouling agent. Seagrass T. hemprichii was macerated and then extracted with methanol. To
identify active components, biofilm bacterial inhibition assays were performed using the diffusion method. Isolates
of biofilm-forming bacteria were characterized and placed into eight groups. Bacterial inhibition assays demonstrated
that T. hemprichii extract was able to inhibit the growth of biofilm-forming bacteria, producing a 26 mm inhibition
zone. The effects of T. hemprichii extract was similar to chloramphenicol, which formed a 28 mm inhibition zone. No
inhibition zone was observed using methanol, the extraction solvent. The growth inhibitory properties of T. hemprichii
extract were further examined for each bacterial isolate. Inhibition zones produced by T. hemprichii extract using several
bacterial isolates were similar to chloramphenicol (27 mm): P1, 26 mm; P3, 27 mm; P4, 24 mm; P7, 26 mm; and P8,
26 mm. In contrast, T. hemprichii extract was less effective at inhibiting the growth of other bacterial isolates: P2,
21 mm; P5, 14 mm; and P6, 9 mm. Overall, our analysis demonstrates that T. hemprichii extract can inhibit the growth
of biofilm-forming bacteria, proving its potential as an antimicrofouling agent.
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INTRODUCTION

Biofouling is one of the most important problems
currently facing the marine industry. Primary
causes, in both marine and freshwater environ-
ments, are related to sunken ships and the presence
of other materials underwater. There are two types
of biofouling, microfouling and macrofouling1. Mi-
crofouling includes bacteria, fungi or algae that
grow attached to floating objects inundated by sea-
water. Macrofouling is mostly caused by barnacles
(Balanus) which are broadly distributed in coastal
regions and estuaries. Barnacles are found on hard
natural surfaces as well as artificial substrates, espe-
cially in intertidal zones2.

Currently, the prevention of biofouling uses trib-
utyltin (TBT)-based antifouling paint, which has
been proven to be very effective in dealing with
fouling cause organisms. However, adverse envi-
ronmental side effects, especially toxicity to non-
target organisms, has resulted in a ban on the
use of TBT in many countries3. In addition, the
International Maritime Organization has issued a
resolution endorsing a restriction on the use of TBT-

based paint on ships4. Other chemicals commonly
used as antifouling additives in paint are arsenic,
organo-mercury, DDT, and tin5. These chemicals
have hazardous toxic effects, high persistence in
the environment, and can harm many marine or-
ganisms6, 7. Hence there is a need to develop a
substitute for these antibiofouling chemicals, such
as natural products, that are more environmentally
friendly.

Seagrass is one of several sea plants known to
have active compounds that may have utility as an
antibiofouling agent8. Thus an investigation into
the potential of bioactive compounds present in sea-
grass may allow for the production of new antibio-
fouling compounds. Seagrass is grown throughout
the ocean in tropical regions, especially near In-
donesia. In addition to the ready supply of seagrass
as a source of antibiofouling material, there are sev-
eral advantages of natural products as antifouling
agents including being environmental-friendly, non-
mutagenic and non-carcinogenic; easily obtained
from natural sources; and increased effectiveness,
as some natural product have higher activities than
chemicals currently in use9.
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There are many seagrass species in the ocean
surrounding Indonesia, including 12 species from
7 different genera. The species that have been
characterized are as follows: Cymodocea rotundata,
C. serrulata, Enhalus acoroides, Halodule uninervis,
Halodule pinifolia, Halophila decipiens, Halophila
minor, Halophila ovalis, Halophila spinulosa, Sy-
ringodium isoetifolium, Thalassia hemprichii, and
Thalassodendron ciliatum10, 11. The extent of sea-
grass in Indonesian coastal areas is estimated to
reach 30 000 km2 and this large natural resource
is currently under-utilized12. Seagrass may contain
natural products capable of retarding the growth
of microorganisms that colonize the surface of sub-
merged objects, forming a sheet called a biofilm14.
Antifouling agents are utilized to prevent the growth
of biofilm-forming bacteria on materials in seawa-
ter13.

Seagrass has bioactive compounds and a great
potential for providing the raw material for phar-
maceutical, cosmetic, food, and other biotechnology
industries14, 15. Several seagrass species exhibit
antibacterial activity including Thalassia hemprichii,
Halodule pinnifolia, S. isoetifolium, C. serrulata, and
C. rotundata16. Seagrass T. hemprichii is among
the aquatic plants known to produce triterpenoids,
flavonoids, and phenol hydroquinones that function
as antibacterial agents17. In addition, the com-
pounds produced by T. hemprichii exhibit antiox-
idant activity18. Hence this study examined the
potential of bioactive compounds present in extracts
from the seagrass T. hemprichii to inhibit the growth
of biofilm-forming bacteria.

MATERIALS AND METHODS

Sampling

Samples of seagrass Thalassia hemprichii (Fig. 1)
were collected from the sand substrate at a depth
of 3–4 m near the beach of Barrang Lompo Island,
Makassar (Fig. 2). The seagrass was washed with
distilled water to remove salt and any attached
material, then placed at room temperature until
dry. The dried grass was ground to obtain a fine
particle size for easy extraction. Biofilm bacteria
were obtained using the dredging method near the
pole dock at Potere Wharf, Makassar (Fig. 3) and
taken at a depth of 1 m from the surface sea.
Samples of biofilm-forming bacterial were placed in
sample bottles.

Fig. 1 The samples of seagrass T. hemprichii were col-
lected from the beach of Barrang Lompo Island, Makassar,
South Sulawesi, Indonesia.

Fig. 2 Map and the sampling points of seagrass
T. hemprichii on the beach of Barrang Lompo Island,
Makassar, South Sulawesi, Indonesia.

Fig. 3 Map and the sampling points of biofilm at Potere
Wharf, Makassar, South Sulawesi, Indonesia.
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Isolation of biofilm bacteria

The samples of biofilm-forming bacteria were se-
rially diluted to 10−1–10−4 with a physiological
solution of NaCl 0.9%. Diluted bacteria were then
inoculated onto Medium Marine Agar media (ATCC)
in a Petri dish and incubated at 37 °C for 24 h. The
number of colonies formed as well as characteristics
of each colony was investigated including colony
colour, shape, elevation, texture, and Gram staining.
Distinct colonies were isolated from the Agar Nu-
trient and grown in test tubes. The composition of
Nutrient Agar media (MERCK) was as follows: 15 g
agar, 3 g beef extract, 5 g peptone, 5 g NaCl, 2 g
yeast extract/per 1000 ml distilled water.

Biochemical analysis of bacterial isolates

Fermentation tests of isolates for utilization of glu-
cose, lactose, mannitol, maltose, and saccharose
substrates, as well as other support tests, were per-
formed. The ability to utilize citrate and nitrate was
also examined. Other tests include motility, indole,
catalase, and urease activity. 100 µl of suspended
bacteria were injected into appropriate test strips
and incubated at 35–37 °C for 48 h. Any change in
the colour was measured according to instructions
provided19, 20.

T. hemprichii extraction

Extraction of T. hemprichii was conducted using the
maceration method21, 22. Methanol (1:3 w/v) was
used as the extraction solvent for dried T. hemprichii.
Samples were placed in a water bath at 60 °C for
24 h, then filtered using fast qualitative filter paper
Whatman No. 1. The residue was re-extracted three
times following the same procedure. The filtrate
was stored in at 10 °C. All the filtrates were com-
bined, then concentrated with the rotary evaporator.
The formula to calculate the extract yield is

EYV (%) =
B2

B1
×100, (1)

where EYV is the extract yield value (%), B1 is the
initial sample weight, and B2 is the final weight
(extract value).

Extract and control solutions

The positive control solution contained 0.9 µg/l
chloramphenicol dissolved into 6 ml methanol then
homogenized using vortex. The negative control
solution was the methanol solvent used in extract
preparation. The T. hemprichii extract was prepared
by dissolving 0.01 mg/l extract with 2 ml methanol

Table 1 The macroscopic morphology of biofilm bacterial
colonies.

Type of Characteristics of colony

Biofilm Colour Shape Morphology Elevation

P1 green irregular undulate convex
P2 brown irregular undulate raised
P3 white circle filamentous raised
P4 green irregular undulate flat
P5 yellow irregular filamentous flat
P6 brown circle undulate convex
P7 yellow irregular filamentous umbonate
P8 yellow circle filamentous raised
P9 yellow irregular undulate raised

then homogenized using a vortex mixer. The pos-
itive control solution was used as a comparison to
establish whether the extract exhibited antibacterial
potential. If the diameter of the zone of inhibi-
tion exceeds that of the positive control then the
T. hemprichii extract would be considered to have
potential as an antimicrofouling agent.

Biofilm bacterial inhibition assay

Suspensions of biofilm bacteria cultures (0.3 ml)
were used to inoculate 50 ml nutrient agar solution
in 300 ml Erlenmeyer flasks. Samples were shaken
to make homogeneous and poured into a Petri dish
and allowed to solidify. 6 mm filter paper discs
were soaked with T. hemprichii extract solution then
placed on the biofilm bacteria culture plate. Plates
were incubated at 37 °C for 48 h and the zone of
bacterial growth inhibition around the paper disc
was measured. Antifouling activity was determined
based on the presence of an inhibitory zone around
the paper disc. Chloramphenicol solution, positive
control, and methanol solvent, negative control,
were used to compare the activity of T. hemprichii
extract against of biofilm-forming bacteria. In sub-
sequent experiments, T. hemprichii extract was also
tested for activity against each type of bacterial
isolate obtained from biofilm bacterial using the
same procedure.

RESULTS AND DISCUSSION

Measurement and characteristic of biofilm
bacterial colonies

Biofilm-forming bacteria were sampled from wood
pole scour at the wharf at Potere, the total bac-
teria obtained was 6.0×106 CFU/g. Examination
of colonies formed on Marine Agar media allowed
identification of nine types of bacterial colonies,
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based on the macroscopic morphological character-
istics. Morphologically, the isolates showed vari-
ations in the colour, margin, shape, and texture
of the colonies (Table 1). The colonies obtained
exhibited five colours, namely, yellow, brownish
white, yellowish white, milky white and brownish.
In addition, there were two forms of colonies, round
and irregular; with the colony margins being entire,
undulate and filamentous; elevations were flat, con-
vex, and raised.

Macroscopic characteristics, such as colony
morphology, are often helpful in microorganism
identification. A colony is a mass of microorganisms
all originating from a single mother cell. Hence
within a colony microorganism are all genetically
uniform and each colony represents an individual
bacterial clone25. Each type of bacteria will display
different colony morphologies22, 23. Colonies may
be coloured due to the properties of the growth
media or pigment production by the bacteria. In
certain differential and indicator mediums, bacteria
may produce coloured colonies due to changes in
pH or enzymatic activity24. Pigments produced by
bacteria may also colour the colonies. The dis-
tinct morphological characteristics observed from
individual colonies were predictive of different bio-
chemical responses among the isolates. However,
microscopic examination provided less information
as nine of the bacteria isolates exhibited sphere-
shaped cells: P1, P2, P5, P6, P7, and P8, while other
isolates were Gram-negative and rod-shaped: P3,
P4, and P9.

The biochemical tests for each isolate included
analysis of fermentation ability on sugar substrates,
ability to utilize citrate and nitrate, urease activity,
H2S formation, motility, and indole formation. Iso-
lates P5 and P7 displayed similar biochemical and
morphological characteristics and it is suspected
that these two isolates are the same type. While
the other isolates exhibit many biochemical dif-
ferences, although the morphological examination
of the colonies and Gram staining are the same.
In total, the number of isolates obtained is eight
distinct types. These eight isolates demonstrated
phenotypic diversity, and none of the eight isolates
shared phenotypic patterns (Table 2).

Examination of colony morphology is a method
often used to describe the characteristics of bacteria
growing on agar media; however, there are limits
to its use in identification. It is difficult to utilize
morphology as the basis for classification of bacteria
because many species form fractal colonies due
to environmental, physicochemical, and biological

factors. In contrast, the morphology of a bacterial
colony on a solid agar medium depends on the
nutrient diffusion field which is two-dimensional.
When concentrations of nutrients are low, diffusion
growth of bacteria will be limited26.

Distinct bacterial isolates will often produce
different metabolites due to altered activity of
metabolic enzymes. These characteristics can be
detected based on the substrate in growth media
as well as through the use of a colour indicator
after adding the test reagent24. When the agar
changes colour, it is usually due to bacteria either
feeding on the nutrients that produce the colour
or from changes in the pH of the external envi-
ronment through the release of acidic or basic by
products19, 20.

T. hemprichii extraction

The value of yield was determined by the dry weight
of Thalassia hemprichii of 275 g and the extract
obtained, 83.4 g. The amount of extract produced
using methanol was calculated with the formula (1)
to have the EYV 30%, indicating a high quantity
based on the weight of the extracted compared to
the initial sample weight. The reason for using
methanol as the solvent for T. hemprichii extraction
was due to it being a polar solvent with hydrogen
bond potential. This type of solvent should allow the
bioactive compounds contained in T. hemprichii to
dissolve easily. As a result, the bioactive compounds
could be easily obtained, as judged by the high
yield27. The solubility of a substance in a polar
solvent depends on the compounds ability to form
hydrogen bonds28. The amount of T. hemprichii ex-
tract obtained with methanol was higher than when
n-hexane was used as a solvent. This suggests that
T. hemprichii contains more bioactive compounds
that are polar compared to those that are nonpo-
lar14.

Antimicrofouling potential of T. hemprichii

Analysis of the antimicrofouling ability of
T. hemprichii extract on biofilm-forming bacteria
culture as a whole was conducted using the agar
diffusion method. There was an inhibition zone
formed around the paper disc on nutrient agar
media containing T. hemprichii extract. The disc
with T. hemprichii extract produced a 26 mm
inhibitory zone and chloramphenicol, the positive
control, caused a 28 mm inhibitory zone to be
formed. No growth inhibition was observed
with the paper disc containing methanol as a
negative control (Fig. 4). The inhibitory ability of
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Table 2 The biochemical characteristics of the biofilm bacterial isolates.

Isolate P1 P2 P3 P4 P5 P6 P7 P8 P9

Microscopic Gram staining + + − − + + + + −
Microscopic shape S S R R S S S S R
Glucose fermentation − + + + + + + +
Sucrose fermentation + − + + + + + + +
Fructose fermentation − + + + + − + − −
Lactose fermentation − + + + − − − − +
Monnitol fermentation + + − − − − − −
Inositol fermentation − − − − + − +
Starch hydrolysis − + + − + + + −
Catalase + − − + − + − +
Citrate (utilization) + + + − + − + +
Urease (utilization) + + + − + + + +
Nitrate reduction) + + + + + + + +
H2S formation − − − − − + − −
Motility + + − + − + − −
Indole + − − + − + − +

(a) (b)

(c)

Fig. 4 Test of T. hemprichii extract activity as an antimi-
crofouling agent; (a) inhibitory zone in the T. hemprichii
extract, (b) inhibitory zone in the positive control, and
(c) no inhibitory zone in the negative control.

T. hemprichii was similar to the positive control,
indicating that the extract has potential as an
antifouling agent.

T. hemprichii extract contains reducing sugars as
well as bioactive compounds including flavonoids,
alkaloids, and steroids, which are toxic to microor-
ganism14, 29. In addition, the bioactive flavonoid
(flavones glycoside liteolin 7-O-β-D-glucopyransyl-
2-sulphate) isolated from T. testudinum was able to
inhibit the growth of fouling organisms and fungi22.
Alkaloids are a class of toxic compounds that destroy
the peptidoglycan component of bacteria resulting
in the irregular arrangement of the cell wall30, 31.
Steroids and related compounds cause toxicity to

Table 3 The formation of inhibition zone of the biofilm
bacterial isolates.

Isolate Inhibition zone of bacterial growth (mm)

biofilm T. testudinum Chloramphenicol Methanol
bacteria extract (+ control) (− control)

P1 26 28 0
P2 21 28 0
P3 27 28 0
P4 24 28 0
P5 14 28 0
P6 9 28 0
P7 17 28 0
P8 26 28 0
P9 26 28 0

microorganisms through increased the permeability
of the cell membrane, resulting in leakage of cellular
contents17. T. testudinum extract also contains phe-
nol compound that can damage the cell membrane,
causing changes in cell permeability leading to inhi-
bition of cell growth or cell death22. In addition,
phenol compounds can alter the conformation of
membrane proteins, distorting the cell wall, and
promote lysis32, 33.

T. hemprichii extract was tested on each of 8
bacterial isolates to determine if growth inhibition
occurred with each of biofilm-forming bacteria. This
analysis utilized the formation of a clear zone as
an indicator of growth inhibition (Table 3). The
T. hemprichii extract has different inhibitory ability
against bacteria from each group. Isolates that were
sensitive to T. hemprichii extract include P1, 26 mm;
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P3, 27 mm; P4, 24 mm; P8, 27 mm; and P9, 26 mm
with the size of inhibition zone indicated. The
inhibition zone produced by T. hemprichii extract for
these isolates were similar to the chloramphenicol,
the positive control, of 28 mm. The other bacterial
isolates displayed a significant difference in the in-
hibitory zones due to T. hemprichii extract. In these
more resistant isolates the inhibitory zone diameter
was as follows. P2, 21 mm; P5, 14 mm; P6, 9 mm;
and P7, 17 mm. The results for isolates P5 and
P7 are not substantially different, and these bacte-
ria exhibit similar morphological characteristics and
may belong to the same genus. The differences
in the inhibitory zone produced by T. hemprichii
extract may be related to the adaptive ability and
to the nature of microbial resistance of each bac-
teria34. It is possible that the composition of the
more complex and simpler components of Gram-
negative bacterial cell wall may affect the toxicity of
compounds in the T. hemprichii extract35, 36. Gram-
negative bacteria are generally more sensitive to
polar compounds, compared to Gram-positive cells,
as they lack the peptidolglycan cell wall. The
outer membrane of Gram-negative bacteria is com-
posed of lipopolysaccharides, porins, and lipopro-
teins. These components may facilitate the passive
diffusion of low molecular, weight hydrophilic com-
pounds, such as alkaloids and flavonoids, present in
T. hemprichii37, 38.

The morphology of leaves of T. hemprichii is
thick, wide, and long. The shape of the leaves may
enhance their ability to store more bioactive com-
pounds. This morphology of T. hemprichii may also
provide a substrate for epiphytic organisms consist-
ing of flora (macro and microalgae), fauna, bacteria,
and detritus and any other sessile organism38, 39.
In addition, conditions of pressure that occur nat-
urally as well as competition of T. hemprichii with
other organisms may promote the production and
accumulation of several types of bioactive secondary
metabolites for use as a defence against predators,
parasites, and attacks from other organisms38.

CONCLUSIONS

The results presented here indicate that the crude
methanol extract of T. hemprichii exhibits good
antimicrofouling activity against several biofilm-
forming bacteria. The inhibitory zone diameter
of the extract is 26 mm, similar to the inhibitory
zone of 28 mm for chloramphenicol, the positive
control. Although not all of the biofilm-forming
bacteria were equally sensitive, overall the bioactive
material present in T. hemprichii extract exhibits

good antimicrofouling activity.
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