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INTRODUCTION

Marine biofouling is a result of growth of microbes,
algae and sessile invertebrates on submerged sur-
faces, both natural and man-made. Despite being a
natural process, fouling is one of the most important
problems marine technology faces (Callow, 1986;
Gerhart et al., 1988). Fouling organisms may colo-
nize man-made structures, creating problems such as
inadequate surface aeration (Davis et al., 1989;
Safriel et al., 1993), speed reduction and increase of
fuel consumption of boats and ships (Champ &
Lowenstein, 1992). The competition for living space
is intense in the marine environment and hence all

submerged surfaces in the sea are innate or suscep-
tible to fouling (Wahl et al., 1994; Steinberg et al.,
1997). Fouling of ship hulls increases the hydrody-
namic drag, resulting in a significant increase of the
operational and maintenance cost. It was found that
5% fouling on the hull of a tanker may increase fu-
el cost by 17% and according to Lewis (2001), 1 mm
thick layer of slime may cause a 15% loss of ship
speed.

The biological fouling can be subdivided into
three main stages, whilst it now seems that some of
these stages can overlap with each other or occur in
parallel. They are: conditioning film formation, mi-
crofouling or biofilm formation and macrofouling.
Conditioning film formation is an initial event in the
formation of a biofilm. When a solid surface is ex-
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posed to seawater, it adsorbs dissolved organic ma-
terials such as proteins, polysaccharides, humic acids
and small hydrocarbons and a thin molecular condi-
tioning film is formed (Marshall et al., 1994; Callow
& Callow, 2002).

Formation of a conditioning film on a substratum
encourages the next sequential process called biofilm
formation or microfouling. The predominant organ-
isms in the microfouling process are bacteria, algae,
fungi, protozoa and diatoms. After adhesion, the
bacteria not only reproduce, but also extrude a mu-
cous material (Costerton et al., 1978, 1985) com-
posed of polysaccharides with variable amounts of
proteins. Adsorption of bacteria to a surface may be
completed within 10 min (Wiencek & Fletcher,
1995). The formation of an initial biofilm is closely
followed by the attachment of larger organisms,
such as diatoms and ciliated stalked protozoa.

Corpe (1973) has reported the initial bacterial
colonizers to be pseudomonads, principally species
of Pseudomonas, Flavobacterium and Alcaligens.
Avelin et al. (1984) have isolated 18 biofilm bacteria
derived from five genera viz. Aeromonas, Alcaligens,
Flavobacterium, Pseudomonas and Vibrio. Bacteria in
the biofilm, such as those of the genus Vibrio, have
been found to be effective in inducing settlement and
metamorphosis of the coelenterates, like Cassiopea
andromeda and Hydractina echiata (Hofmann et al.,
1978; Newmann, 1979). Whether the inductive is
within the biofilm is poorly understood (Johnson et
al., 1991), however it is clear that bacteria can stim-
ulate settlement of hydroids (Spindler & Müller,
1972), polychaetes (Kirchman et al., 1982), gas-
tropods (Morse & Morse, 1984), bivalves (Fitt et al.,
1990), barnacles (Maki et al., 1990), etc. Often, the
settlement of macrofoulers, such as blue mussels and
barnacles, causes a serious damage to ship hulls,
cooling systems of power stations, aquaculture sys-
tems, fishing nets, pipelines and other marine infra-
structure.

Hence, there is a need for proper fouling control
strategy for all surface materials that come into con-
tact with the seawater. TBT, a biocide used in an-
tifouling applications, is considered as the most suc-
cessful antifouling substance. TBT-based antifouling
paints maintain efficiency for five or more years and
save the shipping industry (2.5 billions of US$ per
year in fuel, dry docking and associated costs). It is
the most toxic compound ever deliberately intro-
duced to marine environment without any compre-
hensive environmental risk assessment. The TBT re-

leased from antifouling paints is now known to ad-
versely affect the marine environment and numerous
states have regulated its use (Lewis, 2001). TBT is
toxic to a variety of marine species, particularly to
shellfish (Baumann, 1991; Matthiessen & Gibbs,
1998). The most sensitive invertebrate species, in-
cluding dog whelk, Nucella rapillus, exhibit imposex
(imposition of male sexual characters on the female)
at a concentration <1 ng l-1.

The TBT from the ship paints becomes adsorbed
by the surrounding seawater and accumulates in the
sediment around harbors and also in shipping lanes
(Stewart & Thompson, 1997; Hashimoto et al.,
1998). It becomes absorbed by animals and accumu-
lates in the food chain. In some countries, the
seafood samples were found to contain TBT above
the tolerable average residue levels (TARL) (Bel-
froid et al., 2000). To avoid such conditions, several
scientists are still trying to formulate harmless, non-
toxic and eco-friendly antifouling agents based on
natural products in the form of extracts from marine
and terrestrial organisms.

Considering the threat to the marine environ-
ment, the International Maritime Organization
(IMO) proposed a phasing out of TBT-based an-
tifoulants by 2003, followed by a complete ban by
2008 (Lewis, 2001). Therefore, there has been con-
siderable interest regarding the way marine plants
and animals resist this assault and also whether
there are any “natural” mechanisms that could pro-
tect artificial surfaces. To combat this problem, there
is an urgent need to identify eco-friendly antimicro-
fouling compounds other than synthetic chemicals.
The natural antimicrobial compounds originating
from medicinal plants can be used as a replacement
for the chemicals commonly used in antifouling coat-
ings. In view of this, the present study was under-
taken in order to find out suitable antimicrofouling
compounds from selected medicinal plants.

MATERIALS AND METHODS

Description of the study

Four different panels such as wood, fiber glass rein-
forced plastic (FRP), stainless steel (316L) and car-
bon steel, which are widely used to construct ship
hulls, boats and other structures, were used as foul-
ing patterns. All the panels were of the same size, i.e.
15 cm length × 10 cm breadth × 2 mm width. Each
panel was exposed to a depth of 1 m from an an-
chored boat in Chinnamuttom fisheries harbor (8Æ 6′
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12′′ N, 7Æ 34′ 09′′ E) at the southeast coast of India.
The panels were assessed every 24 h up to 72 h and
the biofilms were swabbed using sterile cotton swabs
(Wahl et al., 1994) and transported to the laborato-
ry in aseptic conditions on ice. Simultaneously, wa-
ter samples were also collected from the study area
to determine the physico-chemical properties of the
water. Water temperature was recorded using a ther-
mometer (Hermes, India; sensitivity ± 1ÆC). Salin-
ity and pH of the water samples were recorded using
a salinity refractometer (New S-100, Tanaka Sanjiro,
Japan; sensitivity ± 1 ppt) and a pH meter (Elico, In-
dia). Other chemical parameters, such as dissolved
oxygen, silicate, nitrate, total phosphorous, phos-
phate and ammonia were analyzed based on APHA
(1985).

Isolation of biofilm bacteria

The collected swabs were transferred to test tubes in-
dividually containing 10 ml of sterile seawater. From
each tube, 1 ml of the sample was taken and serially
diluted up to 10-4 dilution. A volume of 0.1 ml of the
10-4 dilution was plated on a Petri dish containing
Zobel marine agar (2216) and incubated at 30ÆC for
48 h. The mean total bacterial population was esti-
mated and recorded in each plate. Pure bacterial
colonies were isolated and identified to species by
Bergey’s Manual of Determinative Bacteriology
(Holt et al., 1994). The individual biofilm colonies
were re-streaked in Zobel marine agar and kept as a
stock.

Selection of medicinal plants

Ten medicinal plants (Lawsonia innermis, Zingiber
officinalis, Phyllanthus niruri, Curcuma longa, Cyn-
odon dactylon, Solanum xanthocarpum, Calotropis gi-
gantia, Ricinus communis, Azadirachta indica and
Aloe vera) having antibacterial properties were se-
lected for the present study. 

Extract preparation

The above plants were washed thoroughly, air-dried
in shade and macerated with a mixer grinder. The
powdered material was extracted in a Soxhlet appa-
ratus using methanol as a solvent. Extracts were fil-
tered with Whatman No. 1 filter paper, evaporated
and concentrated. The crude extracts were used for
the antibacterial assay.

Antibacterial assay

The individual biofilm colonies were seeded in
Muller Hinton agar plates. The antibacterial assay
was determined using the standard disc diffusion
method (Kirby Bauer method, Bauer et al., 1966).
Sterile Whatman No. 1 filter paper discs of 5 mm di-
ameter were impregnated with 25 mg/disc of the
crude extract, air-dried and placed on Muller Hinton
agar plates seeded with individual organisms and in-
cubated for 24 h at 30ÆC. The assay was carried out
in triplicate. The zone of inhibition was measured in
mm from the centre of the disc and the results were
recorded.

Statistical analysis

The results obtained were analysed through the two-
way ANOVA test according to Zar (1974).

RESULTS

Physico-chemical parameters of water samples of
Chinnamuttom fisheries harbor

During the three days of study, the physical and
chemical parameters of the seawater of Chinnamut-
tom fisheries harbor showed little fluctuation (Table
1). The salinity was normal (35-36 ppt). Similarly, the
levels of temperature, pH and dissolved O2 (DO2)
did not vary significantly (26-28ÆC, 8.0-8.2 pH and
5.1-5.3 mg l-1 DO2). Other parameters, such as sili-
cate, nitrate, nitrite, total phosphorous, phosphate
and ammonia levels were marginally variable, i.e.
0.133-0.319, 2.06-3.66, 0.155-0.278, 17.75-21.30, 14.2
-21.30 and 0.011-0.035 Ìmol, respectively.

Bacterial density of biofilm on experimental panels

The variation in Total Viable Count (TVC) of
biofilm during 24, 48 and 72 h exposure of panels in
Chinnamuttom fisheries harbor water is shown in
Fig. 1. The TVC of biofilm was found to increase
with time in all tested panels. For instance, the TVC
of biofilm samples of the wooden panel within 24 h
was 25 ± 3.26 × 104 CFU ml-1. This level increased
subsequently during 48 h (31.3 ± 2.05 × 104 CFU ml-1)
and 72 h (40.0 ± 2.44 × 104 CFU ml-1).

The bacterial density on the stainless steel panel
exposed to seawater during 24 h was 30.0 ± 2.97 ×
104 CFU ml-1. This density increased to 40.37 ± 3.8
and 85.3 ± 9.03 × 104 CFU ml-1 during 48 and 72 h,
respectively. Likewise, the bacterial population on
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the carbon steel panel was 16.0 ± 2.94, 24.0 ± 3.74
and 39.0 ± 3.26 × 104 CFU ml-1 during time intervals
of 24, 48 and 72 h, respectively. The bacterial densi-
ty on the FRP panel in the exposure durations of 24,
48 and 72 h had a marginal increase of 10.3 ± 2.05,
12.6 ± 2.49 and 19.6 ± 1.24 × 104 CFU ml-1, respec-
tively.

The bacterial density in the tested panels was in
the following order: stainless steel panel > wooden
panel > carbon steel panel > FRP panel. The sta-
tistical analysis on bacterial density in the panels re-
vealed that the variation among the panels (P) as
well as among the time duration (T) were statistically
significant (FP = 5.97 and FT = 5.68, p < 0.05).
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TABLE 1. Physico-chemical parameters recorded in the seawater of the study area in Chinnamuttom fisheries harbor

Salinity Temperature Dissolved Silicate Nitrate Nitrite Total Phosphate Ammonia
Days (ppt) (ÆC) oxygen pH (Ìmol) (Ìmol) (Ìmol) phosphorus (Ìmol) (Ìmol)

(mg l-1) (Ìmol)

35.0 26.0 5.10 8.0 0.159 3.666 0.278 21.30 17.75 0.035
1 ± ± ± ± ± ± ± ± ± ±

0.0 0.0 0.10 0.0 0.003 0.012 0.002 1.10 1.50 0.0

36.0 27.50 5.30 8.20 0.319 3.147 0.207 17.75 21.30 0.011
2 ± ± ± ± ± ± ± ± ± ±

0.0 0.0 0.15 0.0 0.003 0.016 0.004 1.50 1.40 0.0

36.0 28.0 5.20 8.0 0.133 2.065 0.155 18.87 14.20 0.031
3 ± ± ± ± ± ± ± ± ± ±

0.0 0.0 0.20 0.0 0.001 0.008 0.003 1.20 0.80 0.0

Each value is a mean of three replicates (± SD)

100

90

80

70

60

50

40

30

20

10

0
24 48

Hours

Wood

72

B
ac

te
ria

l d
en

si
ty

 (
10

4  
C

F
U

m
l-1

)

Stainless steel
Carbon steel
FRP

FIG. 1. Bacterial density (104 CFU ml-1) recorded in the panels exposed to seawater of Chinnamuttom fish-
eries harbor at different time intervals.



Diversity of bacterial strains on biofilm of tested
panels

The bacterial strains isolated from different panels
were subjected to Gram staining, motility test as well
as biochemical and physiological tests for species lev-
el identification (Table 2). In total, eight bacterial
strains were isolated and identified from all tested
panels. They were Pseudomonas aeruginosa, Holo-
monas aquamarina, Vibrio alginolyticus, Enterobacter
agglomerans, Serratia marcescens, Vibrio fischeri, Vib-
rio parahaemolyticus and Serratia liquifaciens. The di-
versities of bacterial strains at 24, 48 and 72 h were
pooled together and produced as a mean value. In all
panels, P. aeruginosa ranged from 29 ± 0.81 to 35 ±
1.63%, followed by H. aquamarina with a range be-
tween 21 ± 0.81 and 29 ± 1.63%. Vibrio alginolyticus
was maximum (21 ± 1.24%) in the wooden panel
and minimum (13 ± 1.63%) in the carbon steel panel.
Serratia marcescens was found to be more abundant
in the wooden panel (12 ± 0.81%) than in the other
tested panels (5-6%). Enterobacter agglomerans and
V. fischeri were found within a range of 5 to 8% in all
tested panels. Vibrio parahaemolyticus and S. liquifa-
ciens were found in smaller proportions (1-4%).

Antimicrofouling activity of medicinal plant extracts

The antimicrofouling activity of the methanolic ex-
tracts of the selected medicinal plants was screened
against the eight isolated biofilm bacterial strains.
Among the 10 tested plants, four (P. niruri, L. inner-
mis, A. indica and A. vera) showed a better bacterial
growth inhibitory effect. Among these, P. niruri ex-
hibited the highest inhibitory activity by forming a
zone of inhibition with a range from 12 to 15 mm

against all bacterial strains. Next to this, L. innermis
recorded a zone of inhibition between 10.0 and 12.5
mm against all bacterial strains. Azadirachta indica
showed a zone of inhibition with a range of 9.5 to
11.5 mm and A. vera with a range of 8.5 to 10.5 mm.
The least active plant C. dactylon also exerted an in-
hibitory effect on two bacterial strains, H. aquama-
rina (6.5 mm) and S. marcescens (4 mm) (Table 3).

DISCUSSION

In general, the potential of materials exposed to nat-
ural seawater can be influenced by several abiotic
factors and may result in adhesion of biotic factors
including bacteria and other unicellular microor-
ganisms creating a biofilm (Palanichamy et al., 2002).
In the present study, four different panels (substra-
ta) were exposed to seawater in order to determine
the potential quantity and diversity of microfoulers
in the panels along the Chinnamuttom fisheries har-
bor, at the southeast coast of India. During the ex-
perimental period, the microbial load (TVC) was
found to increase gradually, i.e. from 25 to 40, from
30 to 85.3, from 16 to 39 and from 10.3 to 19.6 × 104

CFU ml-1 in the wooden, stainless steel, carbon steel
and FRP panels, respectively from 24 to 72 h inter-
vals. The observed increase in the microfouling bio-
mass was due to enhanced settlement and growth of
already colonized microbes on the panel surface
(Jordan & Staley, 1976; Gerchakov et al., 1976;
Wiencek & Fletcher, 1995).

In the present study, out of four substrata used,
stainless steel panel showed the highest bacterial
load, whereas the lowest bacterial population was
observed on the FRP panel. The highest population
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TABLE 2. Percentage diversity of bacterial strains recorded in different panels exposed to seawater in the study area of
Chinnamuttom fisheries harbor

Bacterial strains
% diversity in tested panels

Wood Stainless steel Carbon steel FRP

Pseudomonas aeruginosa 29 ± 0.81 33 ± 2.49 35 ± 1.63 31 ± 1.24
Halomonas aquamarina 23 ± 1.63 21 ± 0.81 27 ± 0.81 29 ± 1.63
Vibrio alginolyticus 21 ± 1.24 19 ± 1.63 13 ± 1.63 15 ± 0.81
Enterobacter agglomerans 5 ± 1.63 8 ± 1.24 5 ± 0.81 7 ± 1.63
Serratia marcescens 12 ± 0.81 6 ± 1.63 6 ± 1.24 5 ± 1.24
Vibrio fischeri 5 ± 1.24 6 ± 0.81 8 ± 0.81 6.5 ± 0.62
Vibrio parahaemolyticus 4 ± 2.49 3 ± 0.81 2 ± 1.63 3 ± 1.63
Serratia liquifaciens 1 ± 0.81 4 ± 1.24 4 ± 1.24 3.5 ± 1.24

Each value is a mean of three replicates (± SD)



on the stainless steel may be due to its surface na-
ture. Similarly, in the case of carbon steel, the bac-
terial population was lower than that of the wooden
panel, but the difference was not large. The variation
in bacterial population on different substrata may be
due to the surface and/or the nature of the substra-
tum used. Little & Wagner (1997) have reported that
the rate of initial bacterial colonization is substra-
tum-dependent, i.e. not all surfaces are colonized at

the same rate.
It has been suggested that effective inhibition of

biofilm formation at the early stage would lead to a
surface that lacks the necessary characteristics to
permit the settlement of larvae of macrofoulers (Sa-
tuito et al., 1997; Wieczorek & Todd, 1997). There-
fore, the application of paints with antibacterial ac-
tivity may disrupt the early stages of biofilm devel-
opment and provide an antifouling coating for the
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TABLE 3. Antimicrobial activity of methanolic extracts of medicinal plants against the microfouling bacterial strains iso-
lated from the test panels exposed to seawater in the study area of Chinnamuttom fisheries harbor

Zone of inhibition (mm)/methanolic extracts of plants
Bacterial strains

1 2 3 4 5 6 7 8 9 10

Pseudomonas 10.0 7.0 13.0 8.0 8.0 7.5 10.0 9.5
aeruginosa ± ± ± ± R ± R ± ± ±

0.23 0.40 0.62 0.44 0.44 0.40 0.23 0.23

Vibrio fischeri 11.0 7.5 13.0 7.5 8.5 6.0 10.5 10.5
± ± ± ± R ± ± R ± ±

0.23 0.40 0.23 0.40 0.40 0.40 0.23 0.40

Halomonas 10.5 7.0 14.0 7.5 6.5 7.5 5.5 7.0 10.0 10.0
aquamarina ± ± ± ± ± ± ± ± ± ±

0.40 0.23 0.23 0.23 0.44 0.40 0.44 0.23 0.11 0.23

Serratia liquifaciens 12.5 7.5 15.0 8.5 7.0 6.5 11.0 9.0 
± ± ± ± R ± R ± ± ±

0.44 0.23 0.23 0.62 0.23 0.23 0.44 0.40

Vibrio 11.5 8.0 12.0 8.0 6.5 6.0 9.5 8.5
parahaemolyticus ± ± ± ± R ± ± R ± ±

0.44 0.62 0.23 0.23 0.44 0.44 0.44 0.44

Vibrio alginolyticus 11.0 7.5 13.0 7.0 6.0 7.5 11.5 9.0
± ± ± ± R ± R ± ± ±

0.62 0.62 0.43 0.40 0.23 0.40 0.44 0.44

Serratia marcescens 10.5 7.5 12.0 7.5 4.0 7.0 6.5 10.0 9.5
± ± ± ± ± ± ± R ± ±

0.23 0.23 0.44 0.44 0.23 0.23 0.40 0.62 0.62

Enterobacter 11.0 7.5 14.0 7.5 6.0 7.5 11.5 9.0
agglomerans ± ± ± ± R ± R ± ± ±

0.23 0.44 0.40 0.44 0.23 0.40 0.23 0.62

1: Lawsonia innermis, 2: Zingiber officinalis, 3: Phyllanthus niruri, 4: Curcuma longa, 5: Cynodon dactylon, 6:
Solanum xanthocarpum, 7: Calotropis gigantia, 8: Ricinus communis, 9: Azadirachta indica, 10: Aloe vera
Each value is a mean of three replicates (± SD)
R: Resistant



protection of marine structures. The study of natur-
al product antifoulants has included the assessment
of the activity of crude extracts or isolated metabo-
lites in antifouling assays (Armstrong et al., 2000a, b).

Methanolic extracts of 37 marine organisms in-
cluding marine plants and animals were screened for
antibacterial properties against five biofilm bacteri-
al strains. Among these, 10 plant and nine animal ex-
tracts exhibited good antibacterial activity against
one bacterial strain. The extracts of three species of
marine plants [Stocheospermum marginatum (brown
alga), Cymodocea rotundata (seagrass), Padina tetra-
stromatica (brown alga)] and three species of marine
animals [Petrosia sp., Psammaplysilla purpurea (spon-
ge), Cassiopeia sp. (jelly fish)] were active against all
tested strains (9-11 mm) (Bhosale et al., 2002). In
view of this, methanolic extracts of 10 medicinal
plants were also screened in the present study for an-
timicrofouling activity against eight biofilm bacteri-
al strains isolated from different substrata. Among
the tested plants, P. niruri, L. innermis, A. indica and
A. vera showed a great inhibition effect against all
tested microfoulers. The zone of inhibition ranged
from 8.5 to 15.0 mm in diameter.

From the present study, it may be inferred that
plant species with active principle compounds could
be used as components for preparation of antimi-
crofouling substances (antifouling paints) as an eco-
friendly alternative solution against biofouling.
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