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Abstract. The metabolites produced by the marine macroalgae are 

considered as a source for the natural product antifoulants. In this study, 

the surface and whole thallus extracts of the marine macroalgae Dictyota 

dichotoma was tested against a biofilm-forming bacterial strain Vibrio 

harveyi and barnacle larval settlement to understand the best extraction 

strategies for antifouling screening bioassays. The surface extracts were 

prepared in different time duration by dipping the algal samples for 10, 

20 and 30 seconds in hexane. The results indicated that the extracts (both 

surface and whole thallus) obtained from the macroalgal samples have 

strong antifouling activities against the bacterial strain V. harveyi and 

barnacle larvae settlement. The extraction duration of the surface extracts 

strongly affected the antifouling activity. In all the assays, the surface 

extract obtained by 30 sec. dipping in the solvent showed high inhibitory 

activity than whole thallus extract. In conclusion, this study indicated the 

necessity for the inclusion of surface extraction methods for antifouling 

screening assays using marine macroalgae as a source for natural 

products. 

Keywords: Biofouling, Biofilms, Barnacle larvae, Natural products, Bioactive compounds, 

seaweeds; Red Sea. 

1. Introduction 

Biofouling is a serious annoyance that results 

in significant economic losses for marine 

infrastructure and maritime industries such as 

pipelines, desalination water intake systems, 

ship hulls, probes and sensors, construction 

materials, and filters. (Chambers et al., 2006; 

Hellio and Yebra, 2009; Schultz et al., 2011). 

The maritime industries are using various 

antifouling measures for controlling fouling on 

marine underwater structures (McCloy and De 

Nys, 2000; Carver et al., 2003; Lodeiros and 

Garcia, 2004; Satheesh et al. 2016). Among 

them, antifouling paints have long been the 

most effective method to prevent biofouling, 

where toxic biocides such as organotin (e.g. 

tributyltin fluoride, tributyltin oxide), and 

copper (e.g. Cuprous thiocyanate, cuprous 

oxide) are released from the coatings and 

inhibit the attachment of fouling organisms 

(Alberte et al., 1992; Thomas et al., 2001). 

Although biocide based antifouling coatings 

were efficacious against fouling, the long-term 

usage of these biocides posed environmental 
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risks to non-target creatures (Gibbs et al., 

1990; Callow and Callow, 2002). For instance, 

TBT is highly toxic to non-target organisms 

such as mussel (larvae mortality), oyster (shell 

malformation), and   gastropod (imposex) 

(Alzieu, 2000; Sonak, 2008; Thomas and 

Brooks, 2010). Because of environmental 

concerns about the use of TBT as a biocide, 

the International Maritime Organization (IMO) 

and the Marine Environment Protection 

Committee (MEPC) prohibited the use of TBT 

for antifouling applications (Satheesh et al. 

2016). Alternatively, natural products from 

both marine and terrestrial organisms are 

considered eco-friendly antifouling 

compounds due to their properties such as 

biodegradability, low-toxicity and broad-

spectrum antifouling property at very low 

concentrations (Turk et al., 2007).  

Among the marine organisms, marine 

macroalgae produce lots of biologically active 

compounds that can act as a chemical barrier 

against pathogenic microorganisms, herbivores 

and biofouling organisms (Charles and Victoria, 

2005; Paul et al., 2006). Over 3000 marine 

macroalgal derived natural products mainly 

belong to polysaccharides, lipids, fatty acids, 

sterols, phenolics and carotenoids have been 

documented (Perez et al., 2016). The antifouling 

action of chemicals obtained from marine 

macroalgae has been widely described (Piazza et 

al. 2011; Cho 2013). For instance, Chapman et 

al. (2014), found the antifouling activity of the 

compound 3-bromo-5-(diphenylene)-2(5H)-

furanone isolated from the green algae Ulva 

rigida. Whereas, Munoz et al. (2013) isolated 

the antifouling acyclic linear diterpenoids from 

the brown algae Bifurcaria bifurcate. Similarly, 

Umezawa et al. (2014) isolated the antifouling 

Omaezallene from the red algae Laurencia sp. 

Besides, the production of the antifouling 

compounds from various macroalgae such as 

Laurencia sp., Ulva sp., Galdieria sp., 

Pterocladiella sp., Asparagopsis sp. etc. have 

been reported (Dahms and Dobretsov, 2017).   

Secondary metabolites are extracted 

from macroalgae using a variety of 

extraction techniques and solvents. The 

majority of the previous studies used whole 

thallus extract for screening the bioactivity 

and separation of metabolites (e.g. Cho 

2003; Medeiros et al. 2007; Salama et al., 

2018). Some previous studies highlighted 

the role of surface-associated molecules in 

marine algal chemical defense (Nylund et 

al., 2007; Sudatti et al., 2008; Thabard et 

al., 2011; Rickert et al., 2016). During the 

extraction process from the whole thallus, 

there is a possibility of losing some of these 

metabolites due to the sample handling and 

drying process. Further, extraction of whole 

algal tissue may not provide the essential 

metabolites due to the presence of 

antifouling defence molecules on the 

surface of the thallus (Nylund et al., 2007). 

As a result, it is critical to analyze the 

bioactive role of chemicals linked with the 

surface of marine macroalgae. Hence, the 

objective of this study was to evaluate the 

antifouling activity of surface and whole 

thallus extracts of the brown macroalgal 

species Dictyota dichotoma collected from 

the Red Sea in Saudi Arabia. The findings 

of this investigation would contribute to our 

understanding of antifouling defence 

activity of marine macroalgae and also 

could provide a lead for the formulation of 

extraction strategies for the isolation of 

natural product antifouling compounds.  

2. Materials and Methods 

2.1 Collection of Algal Samples 

The macroalgal species D. dichotoma 

was collected from the Obhur creek 

(21°42'33.52"N and 39° 5'45.71"E) on the Red 

Sea shore of Jeddah, Saudi Arabia. The 

collected macroalgal samples were transported 

to the laboratory in polythene bags containing 

seawater. The macroalgal samples were then 

rinsed with filtered seawater (Millipore, 0.45 

µm) to remove any dirt and other attached 

epifauna. Following that, the samples were 

used for extraction.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x000e9%3Brez%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=27005637
https://link.springer.com/article/10.1007/s10811-017-1322-0#ref-CR99
https://link.springer.com/article/10.1007/s10811-017-1322-0#ref-CR42
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahms%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=28846625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dobretsov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28846625
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2.2 Extraction of Metabolites 

Hexane was used as the solvent to 

extract the secondary metabolites of the algal 

samples at the ratio of 1L hexane kg-1 (wet 

weight) of macroalgal samples (de Nys et al., 

1998; Thabard et al., 2011). Hexane was 

selected as a solvent as it may extract the 

molecules both from the surface and 

associated biofilms (Thabard et al., 2011). 

Two different types of extracts were obtained 

from the alga viz. surface extracts and whole 

tissue extracts. The surface extracts were 

prepared in different time duration by dipping 

the algal samples (about 5 g in 5 ml of hexane) 

for 10, 20 and 30 seconds. The whole tissue 

extract was prepared by grinding the algal 

samples (5 g) in a pestle and mortar and 

extracted with 5 ml of hexane for 48 h. After 

extraction, the extracts were centrifuged 

initially at 3000 rpm for 10 min. at 4 °C to 

remove the debris. Following that the extracts 

were concentrated in a rotary evaporator under 

reduced pressure. The concentrated extracts 

were kept at -20°C for further studies.  

2.3 Bioassays Against Biofilm-Forming Bacteria 

The biofilm-forming bacterial strain 

Vibrio harveyi (NCBI GenBank accession 

number: KY266820) isolated from the 

aquaculture cage nets (Balqadi et al., 2018) 

was used as a target organism to test the 

antifouling activities of the macroalgal 

extracts.  

2.4 Bacterial Growth Inhibition Assay 

According to conventional 

microbiological techniques, the biofilm bacterial 

strain V. harveyi was inoculated into the marine 

nutrient broth (Himedia, India) and kept at an 

incubator at 30 °C.  About 3 ml of overnight 

grown bacterial culture was taken in small test 

tubes and the macroalgal extracts (whole algal 

extract and surface extracts: 10 sec. 20 sec. and 

30 sec.) were added. Three different 

concentrations (10, 30 and 50 µl ml-1) of the 

extracts were used for the experiments.  The OD 

of the bacterial culture was measured before the 

addition of extracts and immediately after the 

addition of the extracts at 630 nm in a 

spectrophotometer. The cultures were incubated 

at room temperature (28◦C) for 3 h and after that, 

the OD was measured.  The bacterial cultures 

without the addition of extracts were considered 

as a negative control and hexane were taken as a 

positive control.  The experiment was repeated 

three times (n=2 for each experiment) and the 

percentage of bacterial growth inhibition was 

calculated using the following formula 

Biofilm growth inhibition (%)  =
Control OD ˗ Experiment OD

Control OD
× 100 

2.5 Biofilm Inhibition Assay-Microtitre Plate 

Assay 

The microtitre plate biofilm 

development assay was used to investigate the 

effects of macroalgal extracts on biofilm 

growth inhibition according to the procedure 

described previously (O’Toole  2011) with 

some modifications. The overnight grown 

bacterial cultures (41×106 CFU ml-1) were 

taken (300 µl in each well) in microtitre plate 

wells. To this, 20 µl of the extract was added 

with triplicates in each concentration. In 

addition, the controls were maintained with 

hexane (20 µl). The extract concentration was 

selected based on the results of the bacterial 

growth inhibition assay. The microtitre plates 

were kept in an incubator for 24 h at 28◦C. 

After the incubation period, the plates were 

inverted to remove the bacterial cultures and 

rinsed with filtered seawater. The microtitre 

plate wells were then stained with 150 µl of 

0.1% crystal violet solution. The plates were 

kept for 10 min. for adequate staining of the 

bacterial cells attached to the surfaces and 

after that, the stain was removed. The wells 

were rinsed again with filtered seawater and 

150 µl of glacial acetic acid was added to each 

well. After 10 min. the O.D was measured 

using a plate reader (Biotek) at 630 nm.  

2.6 Effects of Macroalgal Extract on 

Extracellular Polymeric Substance (EPS) 

Production in Biofilm-Forming Bacteria 

This experiment was conducted to 

understand the effects of the algal extract on 
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EPS production in biofilm-forming bacterium 

V. harveyi. Overnight grown V. harveyi culture 

was inoculated into marine broth taken in a 

250 ml conical flask. To this, the algal extracts 

(whole thallus and surface extracts) were 

added (100 µl). The control flasks were 

maintained without the addition of algal 

extracts. The flasks were kept in a shaker at 

room temperature (28 °C) for 5 days at 120 

rpm. After the incubation period, the culture 

medium was centrifuged at 10000 rpm for 15 

min. at 4 °C. The supernatant was collected in 

test tubes and added with an equal volume of 

cold ethanol. After that, the test tubes were 

kept at room temperature for 24 h for EPS 

precipitation. The white precipitate formed in 

the bottom of the tubes were collected, washed 

with distilled water and used for the 

quantification of carbohydrate and protein 

content. The carbohydrate concentration of the 

EPS was determined by the Phenol-Sulphuric 

acid method (Dubois et al., 1956). Lowry et al. 

(1951) method was used for measuring the 

protein concentration of the EPS produced by 

the biofilm-forming bacterium V. harveyi.  

2.7  Collection of Barnacles and Larval 

Rearing 

The barnacle Amphibalanus amphitrite 

adults were collected from the Obhur creek 

and maintained in a glass tank in the 

laboratory. The barnacles were kept in the tank 

with moderate aeration and provided a mixed 

diet consisting of Artemia nauplii and 

microalga (Chaetoceros). The nauplii released 

by the adults were collected and transferred to 

small tanks. The nauplii were reared up to the 

cypris stage (settling stage) using a mixed 

algal diet according to the procedure reported 

previously (Salama et al. 2018).  

2.8 Barnacle Larval settlement Assay 

The cypris larvae were used for 

settlement assays. The settlement assay was 

conducted in 6-well plates using 25 larvae in 

each well according to the procedure described 

earlier (Salama et al. 2018). The macroalgal 

extracts were added (20 µl ml-1) to the wells. 

The control wells were maintained with 20 µl 

ml-1 hexane. The plates were kept in dark at 

room temperature and the number of cyprids 

settled was counted under a stereomicroscope 

after 24 and 48 h. The experiment was 

conducted in replicates (n=3) using a different 

batch of barnacle larvae.  

2.9 Statistical Analysis 

The variations in biofilm bacterial 

growth inhibitory and antibiofilm activities of 

the surface and whole thallus extracts were 

tested using one-way ANOVA (Analysis of 

variance). The anti-larval settlement activity of 

the extracts was tested using two-way 

ANOVA. The extract type and experiment 

duration were used as factors for two-way 

ANOVA. For the assays which showed 

significant variation between the extracts, the 

Tukey HSD test was conducted to understand 

the pair-wise interactions (between surface and 

whole thallus extracts). The statistical tests 

were carried out using Statistica (ver.13) and 

P<0.05 was considered as significant.  

3. Results 

3.1 Bacterial Growth inhibitory Activity of 

the Macroalgal Extracts 

The macroalgal extracts inhibited the 

growth of the biofilm-forming bacterial strain 

V. harveyi. The degree of inhibition varied 

between the extract types (Fig. 1). A 

maximum of 63.36% of growth inhibition was 

noted in the bacterial culture treated with 30 µl 

of 30 sec. surface extract. The maximum 

percentage of growth inhibition observed in 

the bacterial culture treated with other extracts 

were 24 (10 sec.), 28.93 (20 sec.) and 33.72 

(whole thallus extract). Notably, the surface 

extract obtained by dipping the alga for 30 sec. 

showed strong activity than other extracts 

including whole thallus extract. One-way 

ANOVA results revealed a significant 

variation in bacterial growth inhibiting activity 

between the extracts (F=73.61; df=3,8; 

P>0.001). Further, post-hoc Tukey test results 

showed significant variations between all the 



Antifouling Properties of Brown Macroalgae Dictyota Dichotoma Collected from the Red Sea…                                      43 
 

extracts except 20 sec surface extract and 

whole thallus extract (Table 1). 

3.2 Biofilm Inhibition of Macroalgal Extracts 

The results indicated a reduction in 

biofilm formation on the microtitre plates due 

to the treatment of bacterial culture with 

macroalgal extracts (Fig. 2). The inhibition of 

biofilm growth on the plates was evidenced by 

the decrease in optical density (OD) of the 

wells after being treated with the extract. First 

of all, the extracts (both surface and whole 

thallus) treatment significantly (P<0.05) 

reduced the biofilm formation of the bacterium 

V. harveyi (F=92.213; df=4, 40; P>0.001). 

Among the extracts, the 30 sec. surface extract 

treatment showed a significant reduction in 

biofilm development than other extracts (Table 

1).  

3.3 Effects of Macroalgal Extract on EPS 

Production in Biofilm-Forming Bacteria 

The carbohydrate and protein 

concentrations of the extracellular polymeric 

substance produced by the biofilm-forming 

bacterium V. harveyi were 81.78 and 29.83 µg 

ml-1 respectively. However, a reduction in total 

carbohydrate (F=4311.41; df=4,10; P<0.001) 

and protein (F=4956.37; df=4,10; P<0.001) 

content of the EPS was noted in the bacterial 

cultures treated with the macroalgal extracts 

(Fig. 3). In all the extract treatments, the 

reduction in carbohydrate was significant from 

the control (Table 2). For protein content, the 

reduction was significant except 10 sec. 

surface extract treatment (Table 2). The 

maximum decrease in carbohydrate and 

protein concentration was observed in the 

bacterial culture treated with 30 sec. surface 

extract.  

3.4 Anti-Larval Settlement Activity of the 

Macroalgal Extracts 

The barnacle larval settlement assay 

results showed the anti-settlement activity of 

the macroalgal extracts. In the control plates, 

82.66% of larval settlement was observed after 

48 h under laboratory conditions. However, 

the settlement percentage was reduced on the 

plates which contained the larvae treated with 

macroalgal extracts (Fig. 4). The settlement 

percentage was very low for the larval groups 

treated with 30 sec. surface extract and whole 

thallus extract. In this assay also, the 30 sec. 

surface extract exhibited a higher settlement 

inhibition rate than other extracts. Two-way 

ANOVA results revealed a significant 

variation in larval settlement percentage 

between the extract treatments (Table 3). 

Further, post-hoc Tukey test indicated 

significant variation in the settlement rate 

between control and extract treated groups 

(Table 2).  

 

 

Table 1. Post-hoc Tukey test results for the pair-wise comparison of bacterial growth inhibiting activity and biofilm 

inhibitory activities of the extracts (P<0.05=significant).  

Bacterial growth inhibiting activity Biofilm inhibitory activity 

Extract Extract P Extract Extract P 

10 s 20 s 0.041 10 s 20 s 0.999 

 30 s <0.001  30 s <0.001 

 W 0.020  W 0.999 

20 s 30 s <0.001  Control <0.001 

 W 0.950 20 s 30 s <0.001 

30 s W <0.001  W 0.999 

    Control <0.001 

   30 s W <0.001 

    Control <0.001 

   W Control <0.001 
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Fig. 1. Bacterial growth inhibiting activity of the extracts of D. dichotoma. The bacterial growth inhibitory activity was 

measured using spectrophotometer method. Error bars indicate the SD of mean (n=3). 10 s, 20 s, 30 s are the surface 

extracts prepared by different dipping duration. W=whole thallus extract.  

 

 

Fig. 2. Biofilm inhibiting activity of the extracts of D. dichotoma. The biofilm inhibitory activity was measured using 

microtitre plate method. Error bars indicate the SE of mean (n=3). 10 s, 20 s, 30 s are the surface extracts prepared by 

different dipping duration. W=whole thallus extract.  
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Fig. 3. Effects of macroalgal extracts on extracellular polymeric substance production in biofilm-forming bacterium V. 

harveyi. A). Changes in carbohydrate concentration after algal extract treatment. B). Changes in protein 

concentration after algal extract treatment. Error bars indicate the SE of mean (n=3). 10 s, 20 s, 30 s are the surface 

extracts prepared by different dipping duration. W=whole thallus extract. 

Table 2. Post-hoc Tukey test results for the effects of macroalgal extracts on carbohydrate content of the extracellular 

polymeric substances produced by biofilm-forming bacterium  and barnacle larval settlement (P<0.05=significant).  

 Carbohydrate Protein Barnacle larval settlement 

Extract Extract P P P 

Control 10 s <0.001 0.093 <0.001 

 20 s <0.001 0.002 <0.001 

 30 s <0.001 <0.001 <0.001 

 W <0.001 0.006 <0.001 

10 s 20 s 0.987 0.177 <0.001 

 30 s <0.001 0.001 <0.001 

 W <0.001 0.458 <0.001 

20 s 30 s <0.001 0.035 <0.001 

 W <0.001 0.945 0.037 

30 s W 0.012 0.011 0.005 

 



46                                                                            Dina Saeed Salim Basndwah et al. 

 

 

Fig. 4. Anti-larval settlement activity of the algal extracts against barnacle larva. Error bars indicate the SE of mean (n=3). 

10 s, 20 s, 30 s are the surface extracts prepared by different dipping duration. W=whole thallus extract.  

Table 3. Two-way ANOVA results for the anti-larval settlement of D. dichotoma extracts. Extract type and experiment 

duration were used as factors for the ANOVA (P<0.05=significant).  

Effects SS 
 

Degree Of Freedom 
 

MS 
 

F 
 

p 
 

Extract 
 

12690.33 4 3172.58 193.058 <0.001 

Time 
 

653.33 1 653.33 39.757 <0.001 

Extract*Time 
 

587.67 4 146.92 8.940 <0.001 

Error 
 

328.67 20 16.43   

 

 

 

4. Discussion 

The results of this study showed the 

inhibitory activity of extracts obtained from D. 

dichotoma against biofilm-forming bacteria 

and barnacle larva. This is in accordance with 

the previous studies which reported the 

antifouling activities of D. dichotoma against 

different fouling organisms (Siless et al. 2018; 

Bakar et al. 2019; Gadhi et al. 2019). Further, 

in a previous study, Cho et al. (2001) indicated 

strong inhibitory activity of macroalgal 

extracts against invertebrates in laboratory 

experiments. Many other investigations also 

showed the production of antifouling 

compounds by marine macroalgae for 

deterring the settlement of invertebrates (for a 

review see: Dahms and Dobretsov 2017).  

The extracts were tested against a 

biofilm-forming bacterium and barnacle larvae 

to assess the antifouling activity against the 

micro- and macrofouling organisms. In 

addition, the effect of the extracts on EPS 

production in biofilm-forming bacterium was 

also assessed in this study. EPS are produced 

by the microorganisms after attachment on 

substrates and believed to play a key role in 

biofilm formation (Flemming et al. 2007). 

Hence, the compounds which reduce or inhibit 

the production of EPS and other signal 

molecules are considered as good fouling 

control agents (Satheesh et al. 2016). In this 

study, the macroalgal extracts affected the 

production of EPS in V. harveyi which was 

evidenced by the reduction in carbohydrate 

and protein content after treatment. Microbial 

EPS mainly contains carbohydrates and a 

small amount of protein along with other 

macromolecules (Flemming et al. 2007). 

Hence, measurement of these macromolecules 
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will indicate the quantity of EPS production 

under different experimental conditions.  

Most of the previous studies showed the 

results of antifouling activities from the 

extracts of whole thalli of marine macroalgae 

(e.g. Hellio et al. 2002; Aguila-Ramirez et al. 

2012; Salama et al. 2018). This approach will 

not help to understand the antifouling 

mechanism of macroalgae in natural 

conditions. In marine algae, the compounds 

produced for defense purposes are mainly non-

polar and located in the surface layers of the 

algae (Murugan et al. 2012). Further, Paradas 

et al. (2016) reported that the fatty acid 

derivatives that are responsible for the 

antifouling activity of the red alga Laurencia 

translucida are produced in the corticoid cells 

and stored in the surface layers. These 

compounds are playing multiple ecological 

functions in macroalgae against the colonizing 

epibiotic bacteria and herbivores (da Gama et 

al. 2014). As fouling organisms come into 

contact with the surface of the macroalgae, the 

metabolites located in the surface may act as a 

primary defense tool. Hence, surface 

extraction of the macroalgal samples instead of 

whole extracts may give more ecological 

relevance (Nylund et al. 2007), especially for 

testing against the bacteria.  

The surface molecules are generally 

extracted by gently soaking the algal samples 

in relevant solvents (Saha and Wahl, 2013; 

Othmani et al., 2016; Gadhi et al., 2018). 

Dipping of algae in the solvents for 5-10 s is 

considered effective as it will not affect the 

algal cells (Nylund et al., 2007). In this study, 

the algal samples were soaked in the solvent 

for three durations such as 10, 20 and 30 

seconds to understand the antifouling 

efficiency. Though the effects of these three 

soaking durations on algal thallus were not 

tested in this study, the extract obtained by 30 

seconds soaking duration showed strong 

antifouling activity than the other extracts. 

Notably, the whole tissue extract showed less 

activity than 30 sec. surface extract. The 

variations observed in the activity may be due 

to the concentration of compounds in the 

extracts obtained by different extraction 

duration.  

The marine algal surfaces are colonized 

by many microorganisms like bacteria, fungi 

and microalgae (Dahms and Dobretsov, 2017). 

The microbial communities associated with 

the marine organisms are distinct from the 

microbes associated with other substrates or 

those living in the water (Wahl et al., 2012). 

Numerous studies indicated the defence role of 

epibiotic bacterial communities associated 

with the macroalgae (See reviews: Hollants et 

al. 2013; Satheesh et al. 2016). Specifically, 

the antifouling activity of bacteria associated 

with the macroalgae was reported by Harder et 

al. (2004), Rajasree et al. (2012) and  Dahms 

and Dobretsov, (2017). Hence, the observation 

of the higher antifouling activity of the surface 

extracts may be due to the presence of many 

microbial communities on the algal surface.  

In conclusion, the results of this study 

proved that marine algae possess a surface-

associated antifouling mechanism for defense 

from the colonizing organisms and herbivores. 

The surface-antifouling defense may be 

achieved mainly through the secondary 

metabolites. These compounds might be 

produced by the algae or the algal-associated 

bacterial communities. The extraction duration 

of the surface-associated metabolites strongly 

affected the antifouling activity. As the 

metabolite production and microbial 

association in algal communities are varied 

over spatial and temporal scales (Dahms and 

Dobretsov, 2017), further studies by including 

seasonal sampling regimes may provide more 

insights regarding the surface-associated 

antifouling molecules. Further, this study 

indicated the need for the inclusion of surface 

extraction methods for antifouling screening 

studies using macroalgae and other marine 

organisms. 

References 

Aguila, N., Arenas-Gonzalez, A., J, H.-G., Gonzalez-

Acosta, B., Borges-Souza, J., Veron, B., Pope, J. and 

Hellio, C. 2012. Antimicrobial and antifouling activities 



48                                                                            Dina Saeed Salim Basndwah et al. 

 

achieved by extracts of seaweeds from Gulf of California, 

Mexico. Hidrobiológica: [Hidrobiologica], 22, 8. 

Alberte Rs, S. S. and Zahuranec B., 1992. Biofouling 

research needs for the United States Navy: program 

history and goals. . Biofouling, 6, 91–95. 

Alzieu C., Biological effects of tributyltin on marine 

organisms. In: De Mora SJ (Ed.), Tributyltin: Case Study 

of an Environmental Contaminant. Cambridge University 

Press,Cambridge, 167–211. 

Amsler, C., 2008. Algal chemical ecology. Springer . London, 

http://dx.doi.org/10.1007/978-3-540-7, 313. 

Bakar, K., Mohamad, H., Latip, J. and Hock Seng, T., 

2019. Sterols compositions, antibacterial, and antifouling 

properties from two Malaysian seaweeds: Dictyota 

dichotoma and Sargassum granuliferum. J. Appl. Pharm. 

Sci, 9, 47-053. 

Balqadi, A. A., Salama, A. J. and Satheesh, S. 2018. 

Microfouling development on artificial substrates 

deployed in the central Red Sea. Oceanologia, 60, 219-

231. 

Barbosa, J. P., Teixeira, V. L. and Pereira, R. C. 2004. A 

dolabellane diterpene from the brown alga Dictyota pfaffii 

as chemical defense against herbivores. BOT MAR, 47, 

147-151. 

Callow ME, C. J. 2002. Marine biofouling: a sticky  problem. 

Biologist, 49, 10–14. 

Carver, C., Chisholm, A. and Mallet, A., 2003. Strategies to 

mitigate the impact of Ciona intestinalis (L.). J. Shellfish 

Res. , 22, 621-631. 

Chambers Ld, Stokes Kr, Walsh Fc and Rjk, W. 2006. 

Modern approaches to marine antifouling coatings. Surf. 

Coat. Technol., 3642–3652. 

Chapman, J., H. C., Sullivan, T., Brown, R., Russell, S., 

Kiterringham, E., Le Nor, L. and Regan, F., 2014. A 

Review of Organotin Regulatory Strategies: Pending 

Actions, Related Costs and Benefits. Sci. Total Environ 

258(1), 21-71. 

Charles A, V. F., 2005. Defensive and sensory chemical 

ecology of brown algae. Advan Botan Res, 43, 1-91. 

Cho, J. Y., 2013. Antifouling chromanols isolated from brown 

alga Sargassum horneri. J. Appl. Phycol., 25, 299-309. 

Cognetti, G., Maltagliati, F. and Pretti, C., 2012. 

Antifouling coatings and ecological control in marinas. 

Mar. Pollut. Bull., 64, 175-176. 

Da Gama, B., Plouguerne, E. and Pereira, R., 2014. The 

Antifouling Defence Mechanisms of Marine Macroalgae. 

Adv. Bot. Res , 71, 413-440. 

Dahms, H. U. and Dobretsov, S., 2017. Antifouling 

Compounds from Marine Macroalgae. Mar. Drugs, 15, 

265. 

De Nys, R., Dworjanyn, S. A. and Steinberg, P., 1998. A 

new method for determining surface concentrations of 

marine products on seaweeds. Mar. Ecol. Prog. Ser. - 

MAR ECOL-PROGR SER, 162, 79-87. 

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. 

and Smith, F., 1956. Colorimetric Method for 

Determination of Sugars and Related Substances. J. Anal. 

Chem., 28, 350-356. 

Flemming, H.-C., Neu, T. R. and Wozniak, D. J., 2007. The 

EPS matrix: the “house of biofilm cells. J. Bacteriol. Res., 

189, 7945-7947. 

Gadhi, A. A., El-Sherbiny, M. M., Al-Sofynai, A. M., Ba-

Akdah, M. A. and Satheesh, S., 2019. Antimicrofouling 

activities of marine macroalga Dictyota dichotoma from 

the Red Sea. JAMS, 23, 58-67. 

Gao, M., Li, F., Su, R., Wang, K., Li, X. and Lu, W., 2014. 

Antifouling potential of the marine microalga Dunaliella 

salina. World J. Microbiol. Biotechnol., 30. 

Gibbs PE, B. G., Pascoe PL and BURT GR., 1990. 

Reproductive abnormalities in female Ocenebra erinacea 

(Gastropoda) resulting from tributiletin induced imposex. 

J. Mar. Biol, 70, 639-656. 

Gu, Y., Yu, L., Mou, J., Wu, D., Xu, M., Zhou, P. and REN, 

Y., 2020. Research Strategies to Develop Environmentally 

Friendly Marine Antifouling Coatings. Mar Drugs, 18. 

Harder, T., Dobretsov, S. and Qian, P.-Y., 2004. 

Waterborne polar macromolecules act as algal antifoulants 

in the seaweed Ulva reticulata. Mar. Ecol. Prog. Ser., 274, 

133-141. 

Hellio, C., Berge, J.-P., Beaupoil, C., Gal, Y. and 

Bourgougnon, N., 2002. Screening of Marine Algal 

Extracts for Anti-settlement Activities against Microalgae 

and Macroalgae. Biofouling, 18, 205-215. 

Hellio, C. and Yebra, D., 2009. Advances in marine 

antifouling coatings and technologies. Cambridge. 

Advances in marine antifouling coatings and technologies. 

Cambridge. 

Higgins Hoare, A., Tan, S. P., Mcloughlin, P., Mulhare, P. 

and Hughes, H., 2019. The Screening and Evaluation of 

Fucus serratus and Fucus vesiculosus Extracts against 

Current Strains of MRSA Isolated from a Clinical Hospital 

Setting. Sci. Rep., 9, 17911. 

Hollants, J., Leliaert, F., De Clerck, O. and Willems, A., 

2013. What we can learn from sushi: a review on 

seaweed–bacterial associations. FEMS Microbiol. Ecol., 

83, 1-16. 

Jaradat, N., 2021. Phytochemical Profile and In Vitro 

Antioxidant, Antimicrobial, Vital Physiological Enzymes 

Inhibitory and Cytotoxic Effects of Artemisia jordanica 

Leaves Essential Oil from Palestine. Molecules (Basel, 

Switzerland), 26, 2831. 

Lodeiros, C. and N, G. 2004. The use of sea urchins to 

control fouling during suspended culture of bivalves.  

AQCLAL, 293-298. 

Lowry, O., Rosebrough, N., Farr, A. L. and Randall, R. 

1951. PROTEIN MEASUREMENT WITH THE FOLIN 

PHENOL REAGENT. J. Biol. Chem., 193, 265-275. 

Maia, F., A.P.Silva, Fernandes, S., Cunha, A., Almeida, A., 

Tedim, J., Zheludkevich, M. L. and Ferreira, M., 2015. 

Incorporation of biocides in nanocapsules for protective 

http://dx.doi.org/10.1007/978-3-540-7


Antifouling Properties of Brown Macroalgae Dictyota Dichotoma Collected from the Red Sea…                                      49 
 

coatings used in maritime applications. Chem. Eng. J., 

270, 150. 

Mccloy S and R, D. N., 2000. Novel Technologies for the 

reduction of biofouling in shellfish aquaculture. In: 

Fisheries N (ed) Flat Oyster Workshop, 19-23. 

MEDEIROS, H. E., GALLERANI, G. and GAMA, B. A. P. 

D., 2007. Antifouling activity of seaweed extracts from 

Guarujá, São Paulo. Braz. J. Oceanogr., 257-264. 

Munoz J, C. G. and Kock M., 2013. Linear diterpenes from 

the marine brown alga Bifurcaria bifurcata: a chemical 

perspective. Phytochem Rev ., 12 (3), 407-424. 

Murugan, A., Begum, M.S., Ramasamy, M.S. and Raja, P., 

2012. Antifouling and antipredatory activity of natural 

products of the seaweeds Dictyota dichotoma and 

Chaetomorpha linoides. Nat. Prod. Res. 26(10), pp.975-

978. 

Nylund, G., Gribben, P., De Nys, R., Steinberg, P. and 

Pavia, H., 2007. Surface chemistry versus whole-cell 

extracts: Antifouling tests with seaweed metabolites. Mar. 

Ecol. Prog. Ser., 329, 73-84. 

Othmani, A., Bouzidi, N., Viano, Y., Alliche, Z., Seridi, H., 

Blache, Y., El Hattab, M., Briand, J.-F. and Culioli, G., 

2014. Anti-microfouling properties of compounds isolated 

from several Mediterranean Dictyota spp. J. Appl. Phycol., 

26, 1573-1584. 

Othmani, A., Briand, J.-F., Aye, M., Molmeret, M. and 

Culioli, G., 2016. Surface metabolites of the brown alga 

Taonia atomaria have the ability to regulate epibiosis. 

Biofouling, 32, 801-813. 

O’Toole, G.A., 2011. Microtiter dish biofilm formation assay. 

J. Vis. Exp., 47, 2437 

Paradas, W. C., Tavares Salgado, L., Pereira, R. C., Hellio, 

C., Atella, G. C., De Lima Moreira, D., Do Carmo, A. 

P., Soares, A. R. and Menezes Amado-Filho, G., 2016. 

A Novel Antifouling Defense Strategy from Red Seaweed: 

Exocytosis and Deposition of Fatty Acid Derivatives at the 

Cell Wall Surface. Plant Cell Physiol., 57, 1008-1019. 

Paul Na, D. N. R., Steinberg PD,. 2006. Chemical defense 

against bacteria in the red alga Asparagopsis armata: 

linking structure with function. Mar. Ecol. Prog, 306, 87–

101. 

Pereira, R., Cavalcanti, D. and Teixeira, V., 2000. Effects of 

secondary metabolites from the tropical Brazilian brown 

alga Dictyota menstrualis on the amphipod Parhyale 

hawaiensis. MAR ECOL-PROGR SER, 205, 95-100. 

Pereira, R. and Vasconcelos, M., 2014. Chemical defense in 

the red seaweed Plocamium brasiliense: spatial variability 

and differential action on herbivores. Braz. J. Biol., 74, 

545-552. 

Pereira, R. C., Pinheiro, M. D., Teixeira, V. L. and Da 

Gama, B. A., 2002. Feeding preferences of the endemic 

gastropod Astraea latispina in relation to chemical 

defenses of Brazilian tropical seaweeds. Braz J Biol, 62, 

33-40. 

Perez Mj, F. E. and Domínguez H,. 2016. Antimicrobial 

action of compounds from marine seaweed. Mar. Drugs, 

9, 14(3): 52. 

Piazza V, R. V., Garaventa F, Greco G, Smyrniotopoulos 

V, Vagias C, et al., 2011. Terpenes from the red alga 

Sphaerococcus coronopifolius inhibit the settlement of 

barnacles. Mar. Biotechnol, 13, 764–772. 

Rajasree, V., Sathianeson, S. and Vincent, S., 2012. 

Antifouling activity of marine epibiotic bacterium from 

the seaweed Sargassum wightii. Int. J. Mar. Sci., 28, 37-

44. 

Rasool, F., Sharma, D., Anand, P. S., Magani, S. and 

Tantravahi, S., 2021. Evaluation of the Anticancer 

Properties of Geranyl Isovalerate, an Active Ingredient of 

Argyreia nervosa Extract in Colorectal Cancer Cells. 

Front. Pharmacol., 12. 

Rickert, E., Lenz, M., Barboza, F., Gorb, S. and Wahl, M., 

2016. Seasonally fluctuating chemical microfouling 

control in Fucus vesiculosus and Fucus serratus from the 

Baltic Sea. Mar. Biol., 163. 

Rusdi, N. A., Kue, C. S., Yu, K.-X., Lau, B. F., Chung, L. 

Y. and Kiew, L. V., 2019. Assessment of Potential 

Anticancer Activity of Brown Seaweed Compounds Using 

Zebrafish Phenotypic Assay. Nat. Prod. Commun., 14, 

1934578X19857909. 

Saha, M. and Wahl, M., 2013. Seasonal variation in the 

antifouling defence of the temperate brown alga Fucus 

vesiculosus. Biofouling, 29, 661-8. 

Salama, A., Satheesh, S. and Balqadi, A., 2018. Biofouling 

community development on nylon net panels submerged 

in the central Red Sea coast, Saudi Arabia. Cah. Biol. 

Mar.. 

Satheesh, S., Ba-Akdah, M. A. and Al-Sofyani, A. A., 2016. 

Natural antifouling compound production by microbes 

associated with marine macroorganisms — A review. 

Electron. J. Biotechnol., 21, 26-35. 

Schultz, M. P., Bendick, J. A., Holm, E. R. and Hertel, W. 

M., 2011. Economic impact of biofouling on a naval 

surface ship. Biofouling, 27, 87-98. 

Siless, G. E., García, M., Perez, M., Blustein, G. and 

Palermo, J. A., 2018. Large-scale purification of 

pachydictyol A from the brown alga Dictyota dichotoma 

obtained from algal wash and evaluation of its antifouling 

activity against the freshwater mollusk Limnoperna 

fortunei. J. Appl. Phycol., 30, 629-636. 

Soares, M. H., Dias, H. J., Vieira, T. M., De Souza, M. G. 

M., Cruz, A. F. F., Badoco, F. R., Nicolella, H. D., 

Cunha, W. R., Groppo, M., Martins, C. H. G., Tavares, 

D. C., Magalhães, L. G. and Crotti, A. E. M., 2017. 

Chemical Composition, Antibacterial, Schistosomicidal, 

and Cytotoxic Activities of the Essential Oil of Dysphania 

ambrosioides (L.) Mosyakin & Clemants 

(Chenopodiaceae). Chem Biodivers, 14. 

Sonak S., 2008. Implications of Organotins in the marine 

Environment and Their Prohibition. J. Environ. Manage, 

90(1), S1-S3. 



50                                                                            Dina Saeed Salim Basndwah et al. 

 

Sudatti, D. B., Rodrigues, S. V., Coutinho, R., Da Gama, B. 

A. P., Salgado, L. T., Amado Filho, G. M. and Pereira, 

R. C., 2008. Transport And Defensive Role of Elatol At 

the Surface of the Red Seaweed Laurencia Obtusa 

(Ceramiales, Rhodophyta). J. Phycol., 44, 584-591. 

Suresh, M., Iyapparaj, P. and Anantharaman, P., 2016, 

Antifouling Activity of Lipidic Metabolites Derived from 

Padina tetrastromatica. Appl Biochem Biotechnol, 179, 

805-18. 

Tchokouaha Yamthe, L. R., Appiah-Opong, R., Tsouh 

Fokou, P. V., Tsabang, N., Fekam Boyom, F., Nyarko, 

A. K. and Wilson, M. D., 2017. Marine Algae as Source 

of Novel Antileishmanial Drugs: A Review. Mar. Drugs, 

15, 323. 

Thabard, M., Gros, O., Hellio, C. and Marechal, J.-P., 

2011. Sargassum polyceratium (Phaeophyceae, Fucaceae) 

surface molecule activity towards fouling organisms and 

embryonic development of benthic species. J. Phycol. 54, 

147-157. 

Thomas KV., 2001. The environmental fate and behaviour of 

antifouling paint booster biocides: a review.  Biofouling, 

17, 73–86. 

Thomas KV, B. S., 2010. The environmental fate and effects 

of antifouling paint biocides. Biofouling, 26, 73–88. 

Turk T, F. R. and Sepcic K., 2007. Mechanisms of Toxicity 

of 3-Alkylpyridinium Polymers from Marine Sponge 

Reniera sarai. Mar. Drugs, 5, 157-167. 

Umezawa, T., Oguri, Y., Matsuura, H., Yamazaki, S., 

Suzuki, M., Yoshimura, E., Takeshi, F., Nogata, Y., 

Serisawa, Y., Matsuyama‐Serisawa, K., Abe, T., 

Matsuda, F., Suzuki, M. and Okino, T., 2014. 

Omaezallene from Red Alga Laurencia sp.: Structure 

Elucidation, Total Synthesis, and Antifouling Activity. 

Angewandte Chemie, 126. 

Vinothkanna, A., Manivannan, P., Muralitharan, G. and 

Sekar, S., 2014. In Silico Probing Of Anti-Arthritic 

Potential Of Traditionally Fermented Ayurvedic 

Polyherbal Product Balarishta Reveals Lupeol And 

Desulphosinigrin As Efficient Interacting Components 

With Urec. Int. J. Pharm. Pharm. Sci., 6, 469-475. 

Wahl, M., Goecke, F., Labes, A., Dobretsov, S. and 

Weinberger, F., 2012. The Second Skin: Ecological Role 

of Epibiotic Biofilms on Marine Organisms. Front. 

Microbiol., 3. 

Wang, S., Wang, G., Weinberger, F., Bian, D., Nakaoka, 

M. and Lenz, M., 2017. Anti‐epiphyte defences in the red 

seaweed Gracilaria vermiculophylla: non‐native algae are 

better defended than their native conspecifics. J. Ecol., 

105, 445-457. 

Young Cho, J., Kwon, E.-H., Choi, J.-S., Hong, S.-Y., Shin, 

H.-W. and Hong, Y.-K., 2001. Antifouling activity of 

seaweed extracts on the green alga Enteromorpha 

prolifera and the mussel Mytilus edulis. J. Appl. Phycol., 

13, 117-125. 



Antifouling Properties of Brown Macroalgae Dictyota Dichotoma Collected from the Red Sea…                                      51 
 

 

التي تم  Dictyota Dichotomaالخصائص المانعة للحشف من الطحالب البنية الكبيرة 
 مقارنة بين مستخلصات التالوس السطحية والكاملة :البحر الأحمرجمعها من 

  1ساتيانسون ساتيش و ،1،2محسن محمد الشربيني و ،*1دينا سعيد سالم باسندوة
قسم  2وقسم الأحياء البحرية، كلية علوم البحار، جامعة الملك عبد العزيز، جدة، المملكة العربية السعودية،  1

 ، مصر41522علوم البحار، كلية العلوم، جامعة قناة السويس، الإسماعيلية 
basndwahdina@gmail.com 

*
 

تعتبر المستقلبات التي تنتجها الطحالب البحرية الكبيرة مصدرًا لمضادات التلوث  .صلخستالم
الطبيعية. في هذه الدراسة، تم اختبار المستخلصات السطحية والكاملة للطحالب البحرية الكبيرة 

Dictyota dichotoma  ضد السلالة البكتيرية المكونة للغشاء الحيويVibrio harveyi وbarnacle  تسوية
اليرقات لفهم أفضل استراتيجيات الاستخراج لفحص المقايسات الحيوية المضادة للحشف. تم 
تحضير المستخلصات السطحية في فترات زمنية مختلفة عن طريق غمس عينات الطحالب لمدة 

ثانية في الهكسان. أشارت النتائج إلى أن المستخلصات )سواء السطحية أو  30و 20و 10
حصول عليها من عينات الطحالب الكبيرة لها نشاط قوي ضد الحشف ضد الكاملة( التي تم ال
واستقرار يرقات البرنقيل. أثرت مدة استخراج المستخلصات السطحية  V. harveyiالسلالة البكتيرية 

بشدة على النشاط المضاد للحشف. في جميع المقايسات، تم الحصول على مستخلص السطح 
ي المذيب نشاطًا مثبطًا مرتفعًا عن مستخلص الثعلب الكامل. ثانية. أظهر الغمس ف 30بمقدار 

في الختام، أشارت هذه الدراسة إلى ضرورة إدراج طرق الاستخراج السطحي لفحوصات الفرز 
 .المضادة للحشف باستخدام الطحالب البحرية كمصدر للمنتجات الطبيعية

البرنقيل، المنتجات الطبيعية، الحشف الحيوي، الأغشية الحيوية، يرقات : الكلمات المفتاحية
 .المركبات النشطة بيولوجيا، الأعشاب البحرية. البحر الاحمر

 

 

 

 

 

 



 

 


