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Marine biofouling is a major concern for the maritime industry, environment, and human health. Considering that biocides

currently used in marine coatings to prevent this phenomenon are toxic to the marine environment, the search for

antifoulants with environmentally safe properties is needed. Some natural and synthetic flavonoids have been evaluated

over the last few years for their potential to prevent the settlement and/or the growth of marine organisms on submerged

structures, thereby preventing marine biofouling.
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1. Introduction

Marine biofouling is a consequence of the settlement and accumulation of adhesive marine organisms’ forms on

submerged surfaces, namely on ships, causing huge concerns for the maritime industry, the marine environment, and

human health . This phenomenon causes huge economic impacts for maritime industries, since the increase in a

ship’s roughness leads to an increase in fuel consumption and consequently to extra fuel costs. Moreover, the damage to

ships due to discoloration and corrosion are also notorious, and a longer drydock period is necessary to repair the ship .

Marine biofouling is also responsible for environmental and health concerns, as it promotes an increase in the emission of

polluting gases and the spread of invasive species to other geographical locations, threatening the native species,

reducing the biodiversity, and causing the introduction of diseases . Considering the huge impact of marine

biofouling, some antifouling strategies have been adopted to prevent this phenomenon. Since the 1960s, the incorporation

of tributyltin (TBT) in marine coatings were used by the maritime industries worldwide, as TBT was able to control a broad

spectrum of fouling organisms. However, TBT has been demonstrated to cause impairments in the growth, development,

reproduction, and survival of many marine species, and therefore, the use of this biocide was completely banned by the

International Maritime Organization in 2008 . As an alternative to the use of TBT and other organotins, some old-

fashioned techniques, namely using copper and zinc, and booster biocides, including Irgarol 1051, Zinc pyrithione,

Chlorothalonil, and Sea Nine 211, have been used in marine coatings. However, although some of these molecules were

described as environmentally friendly biocides, several toxic effects have been attributed to these alternative biocides .

Since the antifouling compounds used have proven to be harmful to the marine environment, the search for new more

sustainable alternatives is urgent. One of these strategies can be the use of natural and nature-inspired compounds,

namely flavonoids, which have shown interesting antifouling activity when tested against some biofouling marine

organisms . Flavonoids are natural polyphenols divided into several subclasses, including chalcones, flavonols,

flavones, flavanones, isoflavones, flavans, flavanols, and flavanonols (Figure 1), which are not only commonly found in

terrestrial plants, but also found in marine sources . These compounds have been widely described over the last

decades for having a wide range of biological properties, namely anticancer, antimicrobial, anti-inflammatory, antidiabetic,

antioxidant, cardioprotective, and neuroprotective . Despite the wide range of biological activities attributed to

flavonoids over the last few decades, few studies reported their potential as antifoulants. The first paper reporting an

antifouling assay using a flavonoid was carried out in 1989 . Until now, 21 research papers described the antifouling

potential of flavonoids obtained from marine and terrestrial sources, as well as synthetic ones, through the inhibition of the

settlement of macrofouling species, namely mussels, barnacles, and algae, as well as their activity against microfouling

organisms, including marine bacteria and diatoms.
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Figure 1. Examples of subclasses of flavonoids.

2. Antifouling Flavonoids

A total of 106 flavonoids with antifouling activity against macrofouling (mussels, barnacles, algae) and microfouling

(diatoms, bacteria, protozoans) species have been reported, including mainly chalcones, flavonols, and flavones. Other

classes of flavonoids with antifouling potential were also reported but less represented, namely flavanone, isoflavone,

flavan, flavanol, and flavanonol derivatives (Figure 2A). Most of the studies (60%) were performed using microfouling

species (namely marine bacteria and diatoms), and only 24% of the compounds were evaluated against macrofouling

organisms, mainly mussel and barnacle species. Nonetheless, 16% of the tested compounds were evaluated against both

macrofouling and microfouling organisms (Figure 2B). As shown in Figure 2C, most of the compounds were obtained

through synthesis in a laboratory (55%), followed by natural flavonoids (26%) and commercial compounds (19%). Among

natural flavonoids, the percentage of antifouling flavonoids obtained from marine sources is almost as high as those from

terrestrial sources, as shown in Figure 2D.

Figure 2. (A) Classes of flavonoids with antifouling activity. (B) Bioactivity evaluated for antifouling flavonoids against

macrofouler, microfouler, or both types of fouling organisms. (C) Basis of flavonoids studied for antifouling activity. (D)

Source of natural flavonoids.

2.1. Chalcones

A total of 61 chalcones (1-61) with antifouling potential have been reported . Although this class of

flavonoids is common in nature, all chalcones reported to have antifouling activity were obtained by chemical synthesis.

The structures of chalcones with antifouling potential are shown in Figure 3.
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Figure 3. Structures of chalcones 1-61 with antifouling activity and SAR considerations.

2.2. Flavonols

Flavonols comprise the second most reported class of flavonoids with an effect in the prevention of marine biofouling. A

total of 21 flavonols (62-81) with antifouling activity . The structures of flavonols with antifouling

potential are presented in Figure 4.
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Figure 4. Structures of flavonols 62-82 with antifouling activity and some SAR considerations. Compounds 63, 64 and 77-
79 were isolated from marine sources.

2.3. Flavones

Thirteen flavones (83-95) were also found to exert some influence in the prevention of marine biofouling 

, being the structures of compounds presented in Figure 5.

[18][19][20][24][25][26]

[27][28]



Figure 5. Structures of flavones 83-95 with antifouling activity and some SAR considerations. Compounds 84-86, 89 and

90 were isolated from marine sources.

2.4. Flavanones

Only four flavanones (96-99) with antifouling activity have been reported so far (Figure 6) .

Figure 6. Structures of flavanones 96-99 with antifouling activity.

2.5. Isoflavones

A total of three isoflavones (100-102) with antifouling activity were described (Figure 7) .

Figure 7. Structures of isoflavones 100-102 with antifouling activity. Isoflavone 101 was isolated from marine sources.

2.6. Other Flavonoids

Other flavonoids, including two flavans (103-104) , one flavanol (105) , and one flavanonol (106)  (Figure 8),

also showed some potential in marine biofouling prevention.

Figure 8. Structures of other classes of flavonoids with antifouling activity, including flavans 103-104, flavanol 105 and

flavanonol 106. Flavonoids 105 and 106 were isolated from marine sources.

3. Conclusions

The phenomenon of marine biofouling is very complex, involving a wide diversity of marine organisms and depending on

multiple variables, and, generally, the screening studies performed englobe a few or even just one biofouling species.

A total of 106 flavonoids with antifouling activity against macro- and microfouling organisms were compiled by chemical

classes. Although some flavonoids were only evaluated for their activity against one single species of fouling organisms,

namely the mussel M. galloprovincialis or the barnacle A. amphitrite, some compounds, including the flavonols kaempferol

(63) and quercetin (64), or the flavone luteolin (85), displayed antifouling activity against several marine organisms,

showing their potential to be effective in real scenarios of complex biofouling communities. Some flavonoids, namely the

isoflavone genistein (100) and chalcones 4, 45, and 51–56, were incorporated into marine coatings, showing interesting

antifouling potential in field assays.

Considering the need of obtaining environmentally safe antifoulants, ecotoxicological assessments are needed. In fact,

only a few flavonoids were assessed for their ecotoxicological behavior against marine non-target species, namely

chalcones 48–50 and 57–59 and flavones 75 and 95, which proved to be non-toxic against A. salina. In addition, studies

of toxicity in human cell lines should be performed for the most promising antifouling compounds. Only chalcone 57 was
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assayed against one human cell line and the potential for toxicity was compared with a commercial biocide. Chalcone 57
was shown to be non-toxic, whereas the commercial biocide displayed toxicity to the human cell line at low

concentrations.

Considering the feasible high-scale synthesis of flavonoids in the laboratory, allied with their high potential as antifoulants,

this class of compounds could be considered for incorporation into antifouling paints.
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