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Abstract

Biofouling refers to the attachment of organisms to the
surface of an object submerged in water. It is often undesirable
due to its detrimental effects, meanwhile, one way of
managing biofouling is via antifouling. This study aims to
examine the potential of kenikir (Cosmos caudatus) and
bandotan (Ageratum conyzoides) leaves extracts as an
alternative to natural antifouling. The research was conducted
using the exploration method where the extract of both plants
was examined in field and laboratory scales. Moreover, the
extracts were mixed with paint without antifouling and then
tested on a field scale by painting on wooden blocks.
Observations were made by counting the number of
microfouling in form of bacterial colonies attached to the
painted wood surface by scraping the surface of the wood
submerged in freshwater for one week. The results showed
that the number of bacterial colonies with kenikir leaves
extract was less than the bandotan extract. Moreover, based
on the phytochemical analysis results, both kenikir and
bandotan extracts contain alkaloids, steroids, tannins and
saponins, however, the alkaloid content in kenikir leaf extract
was higher compared to bandotan leaves. In conclusion,
kenikir leaves extract has greater potential as an alternative
source of antifouling compared to bandotan because the
former has more bioactive content, especially alkaloid
compounds.

INTRODUCTION

Biofouling is the accumulation or microalgae, protozoa, and meroplankton
growth of unwanted organisms, plants, or (Agostini et al., 2019; Fujita et al., 2015;
animals on the surface of an object Marhaeni, 2012). This occurs due to the
(natural or artificial) submerged in water adsorption of organic molecules on the

such as bacteria, viruses,
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water, followed by bacterial colonization
which produces Extracellular Polymer
Substance (EPS) which forms biofilms
(Agostini et al., 2019; Aykin et al., 2019).
Meanwhile, organisms attached to water-
submerged materials tend to grow rapidly
and cause weathering (on wood) or
corrosion (on  metal). Biofouling
organisms often cause various problems
that are detrimental to humans such as
damage to ship structures, fish cultivation
cages, fishing nets, and others (Aykin et
al., 2019; Nakano and Strayer, 2014).

One way to solve biofouling
problems is by using paints or coatings
containing antifouling substances. This
prevents the attachment of
microorganisms; therefore, it provides
effective protection in the long term.
Furthermore, the main purpose of the
antifouling application is to prevent the
initial formation of micro fouling such as
bacterial biofilms by preventing contact
between organisms and substrate surface
(Aykin et al., 2019; Romani, 2010).

Antifouling substances in paints or
coatings commonly used nowadays
contain heavy metal compounds such as
TBT (Tri-n-Butyl Tin) (Guardiola et al.,
2012; Wells and Sytsma, 2009). However,
these compounds are not only toxic to
biofouling organisms but also other
organisms, including humans. Therefore,
the production of antifouling coating
paints is challenging for manufacturers to
create and develop alternative natural
materials to prevent water pollution from
these toxic compounds. Furthermore,
research and development on antifouling
coating products that are environmentally
friendly (nmatural) and non-toxic are
becoming increasingly extensive (Aykin et
al., 2019). Currently, the development of
antifouling coatings using natural
materials is still far from
commercialization, however, studies are
ongoing with the expectation of producing
efficient and safe antifouling agents
(Yebra et al., 2004).

Several previous studies regarding
anti-fouling materials with natural
ingredients have been carried out using
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bioactive = compounds from plants.
Meanwhile, Kenikir and bandotan are
plants with secondary metabolites,
therefore in theory, these plants are
applicable as antifouling agents. The plant
part used in making antifouling extracts
are the leaves due to the composition of
the secondary metabolites. Leaves, being
the site of photosynthesis contain sugars
and carbohydrates are used in the
formation of secondary metabolites. This
study aims to determine the type of plant
extract with the most antifouling potential
between kenikir (Cosmos caudatus) and
bandotan (Ageratum conyzoides).

METHODOLOGY
Place and Time

This study was carried out in
Embung Maron, Kebumen Village,
Baturraden  Sub-District, =~ Banyumas
Regency in August 2020.

Research Materials

The materials used in this study
were the kenikir (C. caudatus) and
bandotan (A. conyzoides) leaves, ethanol
96% (maceration extraction); laban
wooden blocks, non-antifouling black oil
paint (apply antifouling paint); aquadest,
chloroform, KI solution, HgCl,, HCI, FeCls,
CH;COOH glacial, H.SO4 (phytochemical
analysis); aquadest, plate count agar
(MERCK) (total plate count). And the
equipment used for this study was trays,
blender, storage glass jars, rope, eye hook
screws, 1,5-inch brushes, sterile cotton
swabs, sample bottles, measuring cup,
analytical balance (OHAUS, PA224, USA),
rotary evaporator (BUCHI Rotavapor R-3,
Switzerland), petri dish, test tubes
(PYREX), micropipette 200-1.000 pul,
Bunsen burner, Lutron YK-2001PHA
(TDS, DO, Temperature meter), Lutron
PH-222 (pH meter).

Research Design

This study was conducted via the
exploration method by making extracts
from kenikir and bandotan leaves, the
extracts was then mixed with wood paint

Samudra et al. (2021)
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without antifouling on wooden blocks.
The concentration of antifouling paint
treatment for each extract were 0 ppm,
250 ppm, 500 ppm, 750 ppm, and 1000

Work Procedure
Extraction of Test Materials

The extraction method used was
maceration, meanwhile, the kenikir (C.
caudatus) and bandotan (A. conyzoides)
leaves were collected and cleaned with
running water, and then dried. Afterward,
the dried leaves were mashed using a
blender until they become powder
(simplicial). The simplicial was then
soaked in 96% ethanol solvent with a ratio
of 1: 4 for 24 hours, the filtrate obtained
was macerated again thrice and
concentrated in a rotary evaporator of
BUCHI Rotavapor R-3 brand with a
temperature of 70°C (Senja et al., 2014;
Sari and Triyasmono, 2017).

Phytochemical Analysis
Phytochemical analysis on the
bioactive compounds of kenikir (C.

caudatus) and bandotan (A. conyzoides)
leaf extracts indicate several compounds
including alkaloids, steroids/
triterpenoids, tannins, and saponins.

Test Panel Preparation

A test panel was prepared in form of
a wooden block with a size of 7x7 cm and
a thickness of 2 cm. Each block was given
a hook hole to tie the nylon rope, strung
horizontally, and was then painted using
black oil paint treated with the test
material based on the test concentration,
namely O ppm, 250 ppm, 500 ppm, 750
ppm, and 1000 ppm.

Trapping of Biofilm Bacteria

The bacteria biofilm was trapped by
submerging the test panel in water with a
depth of about 30 cm from the surface for
one week.
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Water Physical and Chemical Data

The  physical and  chemical
parameters of water observed include
temperature, pH, TDS, and dissolved
oxygen (DO). Observations are made
every other day for one week.

Isolation of Bacteria

The bacteria were isolated by
swabbing the surface of the test panel for
each treatment concentration with an area
of 3x3 cm using a sterile cotton bud while
the sample was put into a sterile bottle
containing  100ml  distilled  water.
Furthermore, media for bacteria culture
was in form of MERCK nutrient agar with
23g in 500 ml of distilled water,
thereafter, it was sterilized via autoclaving
at 121°C for 15 minutes (Olsvik et al.,
1994). Bacterial isolation from each
sample was carried out in Duplo with
dilution factors of 10!, 10, and 107 using
the spread plate method on sterile petri
dishes.

Bacterial samples were incubated at
room temperature for 3 x 24 hours. The
bacterial colonies on each plate were
counted using the Total Plate Count (TPC)
method. Meanwhile, bacterial colonies
that appear visually were directly counted
with the provisions of about 30-300
colonies. Data on the number of colonies
were recalculated using the Colony
Forming Units (CFU's) formula (Fardiaz,
1989) as follows:

) _ 1 1
CFU S/I’l’ll =nx delution factor  spread plate
Where:

n = number of colonies
Data Analysis

The data analysis was carried out
using a descriptive comparative method by
observing the trend in the number of
bacterial colonies in each extract
treatment.

RESULTS AND DISCUSSION

Bacteria constitute one of several
biofilm  microbes, meanwhile, the
freshwater biofilms generally consist of
Proteobacteria, Bacteroidetes, and

Samudra et al. (2021)
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Cyanobacteria. Beta-Proteobacteria is a
type of Proteobacteria that dominates
biofilms in freshwater (Besemer, 2015;
Romani, 2010). Besides, biofilm bacteria
that stick to the substrate surface often
trigger the attachment of other organisms.
Bacterial biofouling tends to increase the
process of destroying the substrate surface
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by increasing its "adsorbent" potential,
hence the substrate experience faster
corrosion (Characklis and Cooksey, 1993).
Based on the observation on the number
of bacterial colonies obtained after sample
isolation, the number of bacterial colonies
from Kkenikir leaf extract was less
compared to the bandotan (Figure 1).

=@ Kenikir Bandotan

0 —_—————————e

750 1000

Extract concentration (ppm)

Figure 1.

The number of bacteria in the
kenikir leaf extract panel showed a lower
yield which was more stable for all
treatment concentrations compared to the
bandotan leaf extract. The analysis results
on the number of bacterial colonies with
kenikir and bandotan leaf extracts are
presented in Table 1. Furthermore, with
the 96% ethanol maceration method, the
concentration of kenikir leaf extract was
effective at 250 ppm and 1000 ppm
concentrations.

Kusuma et al. (2015), reported that
the best kenikir leaf extract toxicity was

Number of microfouling bacterial colonies.

obtained from 96% ethanol extract with
139 ppm reflux method and 70% ethanol
extract with 142 ppm maceration method.
The 250-ppm concentration was closest to
142 ppm. Furthermore, Kusuma et al.
(2015) also stated that a compound is
declared to have acute toxicity when it has
an LCso value less than 1000 ppm.
Therefore, kenikir leaf extracts at a
concentration of 250 ppm, 500 ppm, and
750 ppm have toxic properties,
meanwhile, the one with the highest
bioactivity potential is at a concentration
of 250 ppm.

Table 1.  Result of analysis on number of bacterial colonies.
Extract . Dilution 2, bacteria Number of Colonies 2, Colonies
. Concentration Code types (cfu/ml)
P 100 10% 10° 10" 10? 10°
Kenikir 0 ppm KO 127 8 12 2 1270 800 12000 4690
250 ppm K250 129 0 0 3 1290 0 0 430
500 ppm K500 84 20 10 1 840 2000 10000 4280
750 ppm K750 57 49 0 1 570 4900 0 1823
1000 ppm K 1000 92 0 0 2 920 0 0 307
Bandotan 0 ppm B0 91 76 0 1 910 7600 0 2837
250 ppm B 250 9 9 0 2 90 900 0 330
500 ppm B 500 6 43 212 1 60 4300 212000 72120
750 ppm B750 21 360 36 2 210 36000 36000 24070
1000 ppm B1000 352 18 94 2 3520 1800 94000 33107
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The total number of bacterial mixture for antifouling substances. The
colonies on wood coated with kenikir leaf effectiveness of kenikir leaf extract as an
extract was less than bandotan because antifouling agent compared to bandotan is
the macerated kenikir leaf extract with strengthened according to the results of
96% ethanol has more effective bioactive phytochemical analysis shown in Table 2.

compounds applicable as a coating

Table 2.  Phytochemical analysis results of kenikir and bandotan leaf extracts.
Bioactive Compounds Kenikir Leaves Bandotan Leaves

Alkaloids ++ +
Steroids/Triterpenoids + +
Tannins + +
Saponins + +

Description: (-) there are no bioactive compounds
(+) there are bioactive compounds
(++) there are more bioactive compounds

Based on the phytochemical analysis bacterial due to the presence of an
of kenikir and bandotan leaf extracts aglycone group. These compounds act by
obtained with 96% ethanol, both extracts disrupting the permeability of bacterial
were shown to contain active alkaloid cell membranes (Mengkido et al., 2019).
compounds, steroids/triterpenoids, Based on the phytochemical analysis
tannins, and saponins. Alkaloids are types on kenikir and bandotan leaf extracts,
of secondary alkaline metabolites in research on the number of biofouling
plants. It functions as a defense compound bacteria, as well as various references
against pathogens and predators due to its regarding the effectiveness of bioactive
toxicity. This toxic effect differs in each compounds as antibacterial, both extracts
plant depending on the dosage, exposure showed good potential as an antifouling
time, and individual characteristics. agent. The potency of alkaloid bioactive
Moreover, this compound disrupts the compounds, steroids/triterpenoids,
constituent of the bacterial cell wall tannins, and saponins in inhibiting
(peptidoglycan) hence, causing death. bacterial growth made these compounds
Several studies have reported the use of functional antifouling agents. This is seen
alkaloids as anti-bacteria (Rahmawati et in the biofouling process which begins
al., 2017; Puspitasari, 2016; Matsuura and with bacterial growth on the substrate
Fett-Neto, 2015). surface submerged in water, these bacteria

Kenikir and bandotan leaf extracts then produce Extracellular Polymer
also contain steroids/triterpenoids, Substances (EPS) to form Dbiofilms
tannins, and saponins. (Characklis and Cooksey, 1983; Richard et
Steroids/triterpenoids are potential anti- al., 2017). Therefore, based on the
bacterial and anti-fungal, which destroys antibacterial properties of kenikir and
the structure of the bacterial cell wall and bandotan leaf extracts both are applicable
disrupts active transport as well as proton as antifouling agents.
strength in the bacterial cytoplasmic Based on the research results, the
membrane (Rahmawati et al., 2017; Dewi amount of alkaloid bioactive compounds
et al., 2012). Moreover, tannins also act as in kenikir leaf extract was higher than
anti-fouling agents. This is in line with bandotan. This was also supported by the
Idora et al. (2015) and Bellotti et al. smaller number of bacterial colonies in the
(2012) which reported that tannin extract kenikir leaf extract; hence this extract is
has an antifouling effect by inhibiting more potent as an antifouling agent. This
biofouling growth. Meanwhile, saponins was supported by Rasdi et al. (2010)
are bioactive compounds that act as anti- which stated that the phytochemical

https://e-journal.unair.ac.id/JAFH 217 Samudra et al. (2021)
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screening of C. caudatus leaf extract
showed several compounds including
terpenoids, flavonoids, alkaloids, tannins,
and saponins in ethanol solvent. These
results indicate the maximum number of
bioactive compounds responsible for its
potential as anti-microbial.

The ineffectiveness of the bandotan
leaf extract as an antifouling agent is
probably due to the inadequate eluent or
solvent used. Solvent selection for the
maceration process tends to be more
effective when attention is paid to the
solubility of the natural solvent compound
(Radiena and Dompeipen, 2019). The

DOI : 10.20473/jafth.v10i2.22652

solvent that effectively separates the
bandotan leaf extract components is n-
hexane and ethyl acetate in the ratio of 2:
1. This is based on the chromatographic
profile (KLT) of this extract eluted with
various solvent ratios. Meanwhile, in large
amounts, bandotan leaf extract is more
effective as an antifouling agent. This is in
line with Mengkido et al. (2019) who
stated that the higher the concentration of
bandotan leaf extract as an anti-bacterial,
the greater the inhibition power.

The observation results of water
physical and chemical parameters are
shown in Table 3 below:

Table 3.  Observation results of water physical and chemical parameters.
Parameter Unit Results
I II 111 I\
Temperature °C 27,9 22,9 24,6 26,0
pH - 8,02 8,06 8,08 8,21
Dissolved oxygen(DO) mg/1 7,7 9,4 8,4 8,0
TDS mg/1 68 72 72 70
Environmental factors including showed that both extracts contain
temperature and pH also influence the alkaloids, steroids, tannins and saponins,
formation of biofilms. Temperature but the alkaloid content in kenikir leaf
changes affect the structure of the extract was higher than bandotan.

bacterial colonies and the function of the
biofilm. Furthermore, drastic changes in
water temperature also affected the
structure of the bacterial community
meanwhile, pH also correlated with the
composition of the biofouling bacterial
community (Besemer, 2015). According to
the observations on the water physical and
chemical parameters, the temperature and
dissolved oxygen values fluctuated, while
the pH and TDS values were more stable.
However, Romani (2010), reported that in

contrast to biofilms in seawater,
freshwater Dbiofilms easily adapt to
fluctuating temperatures, hence, the

formation of these organisms is not
affected.

CONCLUSION

Based on the results, the number of
bacterial colonies on wood, coated with
paint mixed with kenikir leaf extract was
lesser compared to bandotan leaf extract.
In addition, the phytochemical analysis
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Therefore, it was concluded that kenikir
leaf extract is more suited as an alternative
source of antifouling compared to
bandotan due to the higher bioactive
content, especially alkaloid compounds.
The optimal concentration of kenikir leaf
extract as an antifouling agent is 250 ppm
and 1000 ppm.
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