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Abstract: The adhesion of organisms to surfaces is an event that occurs in natural and artificial systems 

and is commonly known as bio-encrustation. The elimination of biofouling through less aggressive and 

ecological methods has aroused the interest of researchers and industries worldwide. Among the 

products with the greatest potential for altering surfaces, surfactants act at cell-cell and cell-surface 

interfaces, reducing surface hydrophobicity, the adherence of microorganisms, and the formation of 

biofilms. Biological surfactants have stood out for their versatility and proven effectiveness in recent 

years as valuable tools, especially due to their biodegradable characteristics when compared to synthetic 

surfactants. Thus, they can transform and modernize biotechnology by providing more robust 

antifouling technologies. This review discusses the possible roles and applications of synthetic and 

biological surfactants from different sources, such as biofouling reducing agents, addressing the 

potential alteration of surfaces, reducing surface tension, biological activities (antimicrobial, 

antibiofilm, and anti-adherence), biodegradability, and anticorrosion activity. Market trends and the 

potential uses of these multifunctional biomolecules in biofouling control are also cited, along with 

examples from the literature using biosurfactants as antifouling agents.  

Keywords: surfactants; biosurfactants; antimicrobial activity; antiadhesive action; anticorrosion effect; 

antibiofilm.  
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1. Introduction: Fouling is a problem, and eco-friendly solutions are needed 

Fouling is a natural process or may be facilitated by the actions of living organisms. 

Such a process emerges on the surface of artificial structures or other living beings, occurring 

in both open environments and closed spaces. All that is needed is the presence of moisture, 

particles carried by air, and a fouling agent [1–4].  

Biological fouling is denominated in biofouling (BF) and caused by the most varied 

living organisms [5–7]. Biofouling is difficult to eliminate from the environment. Conventional 

cleaning treatments are used but require the concomitant use of different control methods [8–

12]. Biofouling causes harm to industries, such as mechanical, functional, and structural 

changes to equipment (e.g., the clogging of the pores of ultrafiltration membranes) and the 

wear of materials, such as the destruction of pipes due to microbiologically influenced 
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corrosion (MIC) and the chemical alteration of products (e.g., fuels) [3,13–15]. Many of these 

sectors employ antifouling coatings, cleaning agents, or biocide solutions, which only relieve 

the problem for a short period. Moreover, many of these products are recalcitrant, and there is 

often no control over the discarding process. This leads to the contamination of water bodies, 

soil, and crops; it can produce biochemical changes in phytoplankton and zooplankton 

physiology and have carcinogenic and teratogenic effects on mollusks such as oysters and 

shellfishes [2,9,16,17]. 

Thus, studies on this issue have focused on diverse strategies, such as searching for 

substances and materials with antifouling properties that impede or delay the adherence process 

[3,11,18,19].  

Synthetic surfactants are commonly used as cleaning or sanitizing agents in fields 

plagued with biofouling. These tensioactive agents are useful washing materials and contribute 

to the maintenance of equipment and utensils [20,21]. However, the frequent use of these 

surfactants is associated with toxicity problems to the local environment [22–27]. 

Surfactants are substances with useful properties, such as dual affinity (capacity to unite 

to compounds with different polarities) and reduce the surface tension of the surrounding 

medium [28–30]. Due to these aspects, surfactants have been exploited in different applications 

by the petroleum, environmental, food, and biomedical industries [28–31] 

Stratistics Market Research Consulting published ‘Surfactants - Global Market Outlook 

(2017–2026)’, in which it states that the global market of surfactants produced by BASF, 

DowDuPont, Evonik Industries, Nouryon (previously AkzoNobel), Clariant, Huntsman, Kao, 

Stepan, Grupo EOC, Croda International, Sialco Materials, Aarti Industries, Enaspol, Oxiteno, 

KLK Oleo, Solvay, Unger Fabrikker, and Galaxy Surfactants represented US $ 31.29 billion 

in 2017 and this figure is expected to reach US $ 58.85 billion by 2026, with a predicted 

compound annual growth rate of 7.3% [32]. With this accelerated industrial development, 

negative environmental changes occur on a global scale. This forces industries to seek 

alternatives that are less harmful to the environment and deliver new products/services that can 

maintain their activities and annual revenue goals. A class of natural molecules, denominated 

biosurfactants, emerges as a possible replacement for synthetic surfactants. Biosurfactants are 

compounds obtained from natural sources, such as microorganisms, plants, and animals, and 

have several attractive properties. Biosurfactants have attracted increasing attention due to their 

low toxicity, biodegradability, the possibility of production from industrial waste products, and 

tolerance to extreme environmental conditions. Some biosurfactants, especially glycolipids and 

lipopeptides, have antimicrobial properties and can prevent adherence, thereby impeding 

biofilm formation [33–35]. These natural compounds also have other characteristics that can 

be applied for the mitigation of biofouling.  

This review discusses the problem of biofouling in different industrial fields, the 

organisms involved, as well as different prevention and mitigation strategies, highlighting the 

main contributions of surfactants in general and biosurfactants in particular.   

2. Biofouling is complex and causes economic losses  

Fouling is a heterogeneous process of elements – an undesirable deposition of inorganic 

and/or organic matter that can occur practically anywhere moisture comes into contact with 

exposed materials, causing the corrosion and deterioration of the affected surfaces [3]. 

Biofouling (biological fouling) is a natural process resulting from the activity of living 

organisms. Biofouling on the surface of materials is described as one of the main problems in 
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marine and freshwater environments, particularly affecting maritime transport activities due to 

the reduction in profits caused by the increase in fuel consumption [36,37]. 

The environmental impact of measures used to mitigate biofouling ranges from harm 

caused by industrial paints with heavy metals and other toxic components to the formation of 

a large amount of organic waste during the cleaning process, which has harmful effects on the 

environment when in contact with ocean water [38]. Thus, fouling is a challenge in the fields 

susceptible to this phenomenon. Fouling results in functional problems, additional costs, and 

financial losses due to its effects on equipment and components [7,11,37,39–41]. Numerous 

activities that currently use maritime routes are installed at locations near abundant water or 

require large volumes of water themselves, such as gas and oil refineries, hydroelectric and 

thermoelectric plants, the food industry, and desalination activities, all of which can have 

materials, equipment, and devices with different fouling problems [3,42–45]. Table 1 lists the 

fields, problems commonly found in these fields, and related fouling agents. 

Table 1. Areas favorable to fouling, main problems, and biofouling. 

Areas Related issues Main biofouling  References  

Marine Increased fuel consumption; 

Wear of submerged structures; 

Increased corrosion of structures; 

Increased equipment maintenance 

cost; 

Reduced watercraft's efficiency; 

Reduced equipment life span. 

Marine algae 

Mussels,  

Tubular warms, 

Marine biofilms 

(Pseudoalteromonas sp. 

Pseudomonas sp., Bacillus sp.) 

Barnacles (Ex:Balanus sp.) 

Tubular worms 

[46–48] 

Medical  Formation of biofilms and infections 

in catheters; 

Periodontal diseases such as plaque 

formation; 

Contamination of contact lenses and 

eye infections. 

Microorganisms and biofilms 

Staphylococcus aureus 

Staphylococcus epidermidis 

Bacillus sp 

Candida albicans  

Streptococcus mutans 

Escherichia coli 

Pseudomonas aeruginosa 

Serratia sp. 

 

[18,43,49,50] 

Oil, Thermoelectrics, etc. Pipe clogging; 

Loss of liquid pressure due to the 

reduction of the tube diameter; 

Corrosion in pipelines; 

Alteration of the chemical 

composition of the products; 

Loss of friction in the pipes; 

Reduced efficiency of heat exchange 

in heat exchangers; 

Health risk of workers due to the 

production of toxic organic 

compounds; 

Continuous repairs to commercial 

and industrial systems and 

equipment; 

High production cost due to 

equipment maintenance; 

Reduced equipment replacement 

time; 

Fall in the company productivity. 

Microorganisms and biofilms 

Algae 

Barnacles 

Mussels 

Tubular warms   

[51–54] 

Desalination and drinking 

water treatment plants 

Clogging of the membrane pores; 

Increased liquid pressure due to 

reduced pore diameter; 

Reduced efficiency of reverse 

osmosis; 

Alteration of the chemical 

composition of the water; 

High production cost due to 

equipment maintenance; 

Microorganisms, biofilms and 

algae  

[55–58] 
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Areas Related issues Main biofouling  References  

Development of bacteria in drinking 

water pipes; 

Health risks from microbial 

contamination; 

Fall in company productivity. 

Papermaking, food-

processing and sugar-

alcohol industries 

Contamination of products; 

Deterioration of products due to 

changes in the chemical composition 

and functionality of the items; 

Flow reduction in the pipes; 

High production cost due to 

equipment maintenance; 

Health risk to workers by pathogenic 

organisms; 

Fall in company productivity. 

Microorganisms and biofilms [56,59–62] 

2.1. Different organisms are involved. 

The development of biofouling is a dynamic, highly complex process. The main agents 

of such a process are biofilm-forming microorganisms, such as bacteria, diatoms, fungi, and 

algal spores. Micro- and macroalgae and invertebrates (macro-organisms, such hydroids, 

barnacles, worms, and bivalves) are also reported to cause this type of problem on submerged 

marine surfaces. Indeed, there are more than 4,000 fouling organisms throughout the world 

[3,11,63,64]. Figure 1 is a schematic of the overall biofouling process in a metal pipe in the 

saline environment (A) and filtration membranes surfaces (B). 

 
Figure 1. Outline of the overall process of biofouling in a metal pipe in a saline environment over time, the 

corrosion process was not highlighted in this example (A), and filtration membranes surfaces (B). 

3. Non-surfactant methods for the treatment of biofouling 

Humans have been attempting to mitigate the fouling process for more than 2000 years. 

Coatings with plant-based resins, tar, wax, and asphalt are cited in some of the earliest reports 

of coatings for the hulls of ships applied by the ancient Greeks. Different alternatives (lead, 

arsenic, zinc, nickel, and galvanized iron) were tested together with coatings designed to seal 

the iron of the copper coating [11,65]. Tributyltin-based products were once the most widely 

used chemical antifouling treatments and have been banned since January 2003, although these 

products continue to be used clandestinely in some undeveloped countries [66]. Thus, the 

search for less toxic or nontoxic replacements was begun [11,67–69].  

https://doi.org/10.33263/BRIAC122.25602585
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.25602585  

 https://biointerfaceresearch.com/ 2564 

The control of biofouling can be achieved through different physical, chemical, and 

biological processes or the development of materials with antiadhesive and/or antimicrobial 

surfaces. The combination of such techniques may also be employed [37]. Figure 2 displays a 

flowchart of major treatments cited in the literature. These methods tend to control the 

emergence of different types of biofouling on different surfaces and materials [11,63,70]. 

Treatment with biosurfactants, which is the topic of this article, appears in the figure as one of 

the biological methods, but it can also serve as chemical treatment, depending on the type of 

product developed. With physical methods, there is no use of chemical substances. With 

chemical treatments, injectable (biocides), free, or surface-bonded chemical products are used. 

In the form of paints, antifouling coatings containing biocides are the most adequate for 

application on watercraft surfaces, the inner part of pipes, aquiculture tanks, and offshore rigs. 

Biocides in their free form are generally used as cleaning agents or adjuncts of physical 

strategies in environments with a large amount of moisture, such as pipes and membrane filters 

[2,15,69,71,72]. 

 
Figure 2. Flowchart representing the most common treatments cited in the literature to control the growth of 

different types of biofouling on different surfaces and materials. 

4. Surfactants for the control of biofouling 

Surfactants are substances often used to reduce the surface tension of a liquid and may 

or may not also significantly reduce interfacial tension. These are amphipathic molecules with 

a polar (hydrophilic) fraction and a non-polar (hydrophobic) fraction, meaning that surfactants 

have the dual characteristics of hydrophilicity and hydrophobicity [73,74]. Due to having an 

active surface with different poles in the molecule, surfactants tend to adsorb to and interact in 

different systems [75,76]. Surfactants are characterized by properties such as the critical 

micelle concentration (CMC), the hydrophilic-lipophilic balance (HLB – balance in the size 

and force of the hydrophilic and lipophilic portions in a surfactant molecule), chemical 

structure, charge, and source of origin [77–79]. 

There are two main types of surfactants: synthetic surfactants obtained through 

chemical synthesis with petroleum byproducts and natural (biological) surfactants, known as 

biosurfactants, which are produced by microorganisms, plants, and animals using 

biotechnology [30,80–82]. 

4.1. Synthetic surfactants, directly and indirectly, contribute to the control of biofouling. 

Synthetic surfactants derived from petroleum products are widely employed as 

detergents, emulsifiers, humectants, foaming agents, and dispersants in the petrochemical 
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industry as well as in the composition of hygiene products, cosmetics, foods, and fabric 

softeners. Surfactants also have clinical use, especially for the treatment of wounds. 

Commercially available surfactants include fatty acids, ester sulfonates or sulfates (anionic), 

and quaternary ammonium salts (cationic) [30,83–86]. In surfactants of a synthetic origin, the 

non-polar portion is formed by polycyclic aromatic or aliphatic hydrocarbon, whereas the polar 

portion may be ionic, non-ionic, or amphoteric [75,76]. The relative contributions of each 

portion determine the relative hydrophobicity of the molecule [87]. Amphiphilic copolymers 

with hydrophobic and hydrophilic groups have excellent antifouling properties [69].  

In biofouling control, surfactants are generally used as disinfectants and surface 

cleaning agents, which in most cases aim for biofilm removal. For such, these products anchor 

their hydrophobic units to the surface of the dirt and maintain their hydrophilic portions aligned 

in the direction of the volume of the aqueous phase, leading to the removal of the dirt 

[84,85,88]. Disinfectants significantly reduce the microbial burden and eliminate pathogens 

[89]. Surfactants are also widely used for the removal of fouling on different types of 

membranes [80]. The pre-contact of surfaces can lead to the adsorption of some residues of 

surfactants on the surface, which can affect the development in biofilm in two ways: i) 

modification of biofilm formation capacity, as surfactants can counteract cell metabolism, 

either favoring or hindering the adherence forces that maintain the mechanical stability of the 

biofilm; and/or ii) the development of biofilms of a less cohesive characteristic that can lead to 

the detachment of the biomass [69]. 

4.1.1. Quaternary ammonium compounds (QACs). 

Cationic surfactants are often used as bactericides, hair conditioners, and fabric 

softeners [29,85,90–93].  

Table 2. Commercial chemical treatments containing quaternary ammonium compounds (QACs) and poly 

quaternary compounds for combating fouling.  

Quaternary 

surfactant 

Trade name and 

chemical name 

 

Mode of action 

 
Application Toxicity 

 

 

References  

Bulab® 6002 - 

Poly [oxyethylene 

(dimethyliminio) 

ethylene 

dichloride] 

As a cationic 

polymer, it binds to 

negatively charged 

surfaces, including 

microorganisms and 

shellfish 

membranes. 

This product is used to control algae in 

swimming pools and as a microbicide to 

control microorganisms in commercial 

and industrial water systems. It is also an 

effective molluscicide and can prevent 

biological fouling by mollusks. 

Toxic to fish, 

mussels, and 

other aquatic 

organisms. 

 

 

 

[94] 

Bulab® 6086 - 

Alkyl chloride 

(C12-16) 

dimethyl benzyl 

ammonium. 

As a cationic 

surfactant, it binds 

to negatively 

charged surfaces, 

including 

microorganisms and 

mollusk membranes. 

 

This product is used for algae control in 

commercial and industrial recirculating 

cooling water towers and wastewater 

systems. It is also used to control mollusks 

in fresh and saltwater cooling systems. 

Toxic to fish, 

oysters, 

shrimp and 

aquatic 

invertebrates. 

 

 

 

[94] 

Slimicide™ C-74 - 

Dodecylguanidine 

hydrochloride and 

N-Alkyl 

dimethylbenzyl 

ammonium 

chloride 

The compounds 

destroy the gills of 

the mollusks. 

 

This product is used to control mollusks 

in cooling water recirculation systems, 

single-pass industrial cooling water 

systems, auxiliary water systems and 

wastewater systems. 

Toxic to fish 

and wildlife. 

    

 

[94] 
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Quaternary ammonium compounds (QACs) are cationic surfactants with a surface-bonding 

activity that produce antifouling biocidal effects. The pre-conditioning of surfaces with a traditional 

QAC [cetyltrimethylammonium bromide (CTAB)], and a new series of fluorinated QACs reduces the 

respiratory activity of biofilms [26]. QACs and ammonium polyquaternium are widely used classes of 

organic disinfectants. QACs are organic salts that have a wide variety of uses in the industry. As a 

cationic surfactant, Bulab® 6086 bonds to negatively charged surfaces, including those of 

microorganisms and the membranes of mollusks [94]. QACs are mainly used as disinfectants and anti-

septic formulations in homes as well as animal health, agriculture, and industrial installations. These 

compounds are effective against a variety of bacteria, fungi, and viruses at very low concentrations. 

Table 2 lists commercial chemical treatments containing (QACs) and commercial ammonium 

polyquaternium used for combating biofouling. 

4.1.2. Anionic and non-ionic surfactants. 

Soaps and detergents belong to the group of anionic surfactants. Sodium dodecyl sulfate 

(SDS) is an anionic surfactant with hydrophilic properties and hydrophobic groups, making it 

semi-soluble in organic and aqueous solvents. Anionic surfactants, such as SDS, together with 

a strong chelating agent, such as ethylenediaminetetraacetic (EDTA), affect the fouling layer, 

weakening the forces of cohesion between the fouling agents as well as between the fouling 

agents and the membrane surface. SDS solubilizes macromolecules by forming micelles, which 

assists in removing impurities from the surface of the membrane [95]. 

The synthetic anionic detergents commonly used in cleaning products contain linear 

sodium alkylbenzene sulfonate. These detergents are a mixture of alkylbenzene sulfonates, in 

which the main component is SDS, which is established as the standard of a biodegradable 

anionic detergent [93]. The treatment of biofilms with chemical products and surfactants, such 

as CTAB, ortho-phthalaldehyde (OPA), sodium hydroxide, and sodium hypochlorite, promote 

the weakening of the mechanical stability of biofilm [26]. 

Table 3. Commercial antifouling products containing surfactant substances in their formulations as an active or 

adjuvant. 

Chemical 

treatment 

 

Commercial antifouling 

products that contain 

surfactant 

Types of biofouling that fight 

and/or inhibit 

References 

Bromine 
ACTI-BROM® 1338 

SPECTRUS® OX1201 
Mussels (mollusk) 

[94] 

Quaternary 

Ammonium and 

Polyquaternary 

Compounds 

BULAB® 6002 

 
Mussels 

 

 

 

 

 

 

[94] 

BULAB® 6086 

 
Mussels 

Clam-Trol CT-2 

 
Mussels 

H-130 Microbiocide 

 
Bacteria, fungi, algaes, mussels 

Slimicide™ C-74 

 
Mussels 

VeliGON 

 
Mussels 

Aromatic 

hydrocarbons 

Mexel® 432/0 

 

Bacteria, fungi, algaes, barnacles, 

mussels 

[94] 

The MEXEL® company (http://www.mexel432.com/en/) presents its product 

MEXEL® 432 as a film that acts on the molecular level as a biodegradable, non-oxidant, 

tensioactive emulsion with dispersant properties that avoids micro- and macro-fouling, 

corrosion, and slime, serving as an antifouling, anticorrosion, mud-dispersant, and mussel-

repellent agent. The company also reports that the emulsion enhances thermal efficiency and 

https://doi.org/10.33263/BRIAC122.25602585
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.25602585  

 https://biointerfaceresearch.com/ 2567 

protects the environment. Table 3 lists commercial antifouling products containing surfactants 

in their formulations as the active ingredient or an adjuvant that combat biofilms, mussels, and 

barnacles. 

As we have seen, surfactants are important cleaning agents and are widely used in the 

field of biofouling. These compounds are often considered harmless based on their 

biodegradability and are speculated to have low environmental concentrations. However, most 

surfactants are derived from chemical sources and easily accumulate in humans, animals, soil, 

and water [96]. Visible manifestations of the toxicity of surfactants are seen in microbes, plants, 

and animals. It is important to make the correct choice of surfactants, especially those free of 

phosphates and ecologically friendly [31]. Surfactants not made from petrochemicals are 

needed, and the increase in research on natural replacements for these chemical surfactants is 

extremely relevant. Thus, greater attention has been given to biosurfactants and the 

identification of their possible applications [97–99]. 

4.2. Biosurfactants (BS) are multifunctional biomolecules that can replace synthetic 

surfactants. 

Biosurfactants are surfactants of a non-petrochemical origin that also reduce surface 

and interfacial tensions between different elements. These are a group of structurally diverse 

molecules classified mainly based on their origin (microorganism, plant, or animal) and 

chemical structure [77,80,82,97,100–102]. 

Biosurfactants are the products of microbial metabolism or are obtained from the 

extraction of plant elements with secondary activities [86,98] and have several advantages over 

synthetic surfactants, such as biodegradability (easily decomposed by microorganisms), low 

toxicity (Lethal Dosis = 50), the availability of substrates (produced from industrial waste 

products and/or inexpensive materials), tolerance to a wide range of temperatures and pH, 

tolerance to salinity, surface and interfacial activity (lowering surface tension), 

biocompatibility with diverse organisms and digestibility. These natural compounds are also 

used as biopesticides and employed in biomedical applications (antimicrobial, anticarcinogen, 

antiadhesive activities; immunological adjuvants, antiviral activity, gene delivery), the food 

industry, cosmetics, and oil recovery activities. Biosurfactants can be employed in products 

and materials as emulsifiers, demulsifiers, wetting agents, foaming agents, dispersants, and 

detergents and can be used as functional food additives and ingredients [103–108]. Due to their 

unique properties, these surface-active biomolecules have attracted considerable interest in 

recent years [77]. Studies also indicate the possibility of employing modern genetic, molecular 

tools to design new products and formulations and enhance the compatibility of these 

biomolecules with chemical and biological products [87]. Unfortunately, however, the 

production of biosurfactants is not yet economically viable compared to their synthetic 

counterparts [77,109]. 

4.2.1. Biosurfactants are a structurally diverse group of molecules. 

Biosurfactants include simple molecules, such as phospholipids and fatty acids, 

glycolipids, lipopeptides, and high molecular weight polymers, such as lipopolysaccharides. 

Within the molecule, the part that is soluble in water may be a carbohydrate, amino acid, cyclic 

peptide, phosphate, carboxyl acid, or alcohol, whereas the hydrophobic portion may be 

saturated unsaturated, hydroxylated, or branched long-chain fatty acids or other structures 
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[31,81,110]. Biosurfactants include a wide variety of tensioactive compounds, such as 

glycolipids, lipopeptides, polysaccharide-protein complexes, phospholipids, fatty acids, and 

neutral lipids [99]. The most widely known biosurfactants obtained from microorganisms are 

glycolipids produced by Pseudomonas sp. and Candida sp. and lipopeptides produced by 

Bacillus sp. [98,111,112]. The most widely studied plant-based biosurfactants are saponins 

obtained from plant species such as ginseng (Panax ginseng), soapbark (Quillaja saponaria 

Molina), soybean (Glycine max L.), chickpea (Cicer arietinum L.), and asparagus (Asparagus 

officinalis) [86,113,114]. Biosurfactants of animal origin are from bovine and porcine sources. 

In the United States (beractant, calfactant, and poractant alpha) have been evaluated for the 

treatment of respiratory distress syndrome in premature infants [115]. Biosurfactants can also 

be classified based on molecular weight: low molecular weight tensioactive agents 

(biosurfactants) and high molecular weight tensioactive agents (bioemulsifiers) [116]. 

Rhamnolipids (RHLs) are produced by the bacterium P. aeruginosa and consist of a 

main glycosyl group and a fatty acid tail (e.g., a rhamnose portion and 3-hydroxydecanoic 

acid). Their extraordinary biological and surface activities make RHLs adequate for direct 

application in different industries [117]. Reviews performed by Chong and Li [118], Lovaglio 

et al. [119], and Müller et al. [120] offer an overview of the production of different raw 

materials, diverse applications, and strategies for the dissemination of these surfactants in the 

market. The literature suggests that a considerable number of publications and patents have 

been dedicated mainly to glycolipid biosurfactants of the RHL class, which have been studied 

in detail [121].  

Sophorolipids are produced by different non-pathogenic species of yeasts and are 

therefore preferable for use in food production. As a rule, these biosurfactants are produced by 

yeasts of the genus Candida. Indeed, Candida bombicola is the most widely used to produce 

sophorolipids, which occur in two forms: lactonic and acidic [122].  

Table 4. Classification and types of biosurfactants produced by different organisms. 

Classes                                         Biosurfactant types Producing microorganisms 

Glycolipides Rhamnolipids Pseudomonas aeruginosa 

Trehalolipids Mycobacterium tuberculosis 

Sophorolipids Candida apicola,  

C.bombicola, Rhodorogula bogoriensis e Torulopsis 

gropengiesseri 

Lipopeptides and 

lipoproteins 

Surfactin, Iturin, Fengicin and 

Liquenisin 

Bacillus subtilis 

Bacillus licheniformis 

Fatty acids, 

phospholipids and 

neutral lipids  

Corynomycolic acid  

Spiculisporic acid 

Phosphatidylethanolamine  

Corynebacterium lepus; Penicillium spiculisporum 

Acinetobacter 

Acinetobacter sp., Rhodococcus erythropolis 

Polymeric 

biosurfactants  

Emulsan 

Liposan  

 

Mannoprotein 

Acinetobacter sp 

Yarrowia lipolytica; 

Candida lipolytica  

Saccharomyces cerevisiae 

Particulate 

biosurfactants 

Extracellular vesicles 

Whole microbial cells 

Acinetobacter sp. 

Some Cyanobacteria 

Vegetal biosurfactants Saponins  Panax ginseng (ginseng), Quillaja saponária (Quillaja 

saponaria Molina), (soybean) Glycine max (L.), Cicer 

arietinum (L.) (chickpea) and Asparagus officinalis 

(asparagus) 

Animal biosurfactants Beractant and  

Calfactant 

Poractant 

Oxen  

 

Pigs  

Lipopeptides produced by Bacillus sp. are generally divided into three groups 

(surfactin, iturin, and fengycin) based on the specific peptide chain and fatty acid structures. 

Surfactin, which is a cyclic lipopeptide composed of seven amino acids, is mainly produced by 
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Bacillus subtilis. Its hydrophobic portion is composed of a long chain of 13 to 15 carbon atoms. 

Surfactin has antimicrobial, antibacterial, hemolytic, and antiviral activities as well as pore 

formation capacity, which are considered useful for industrial applications [123,124].  Table 4 

offers a summary of the main biosurfactants. 

4.2.2. Biosurfactants have useful properties for application as antifouling agents. 

The unique properties of biosurfactants compared to their chemically synthesized 

counterparts and the wide availability of substrates make these biomolecules adequate for 

commercial applications [110]. The distinctive characteristics of biological surfactants are 

related to their biological activities, surface activity, tolerance to a range of pH values and 

temperatures, tolerance to ionic strength, biodegradability, low toxicity, emulsifying and 

demulsifying capacity, and antimicrobial activity [81,116]. Figure 3 shows the actions of these 

molecules in terms of changes in surfaces and biological activities (antimicrobial, antibiofilm, 

and anti-adherence).  

By reducing the surface tension between liquids and the air, surfactants enable greater 

penetration of different fluids, such as solvents and antimicrobial agents [29,85,90–92]. 

Biosurfactants spontaneously adsorb to surfaces, altering properties such as wettability and 

charge [28,125-128]. Reducing tension also exerts an influence on the wettability, making 

surfaces hydrophilic and facilitating the cleaning process in cases of fouling. Several factors 

are important to the adherence of fouling organisms. In microorganisms, the role of 

physicochemical factors [surface characteristics (hydrophobicity, roughness, and electrical 

charge), temperature, pH, water activity, salinity, pressure, oxygen demand, etc.] should be 

considered, as these aspects contribute to the regulation of the biofilm structure [129,130]. The 

influence of hydrophobicity on a number of fouling organisms has been investigated, often 

with mixed or conflicting results.  

 
Figure 3. Activities of biosurfactants of interest in the area of biofouling. (A) Antibiofilm and anti-adhesive 

action; (B) Antimicrobial action and (C) anticorrosion activity. 

Regarding synthetic surfactants, the negative effects of SDS on crustaceans are less 

pronounced, but there are reports of the harmful effects of this surfactant on the feeding habits 

of filtering bivalves and suspension-feeding mussels. A study addressing the effects of 

tetradecyltrimethylammonium bromide, sodium dodecyl sulfate, and Triton X-100 on filtering 

rates by marine mussels revealed that all three surfactants inhibited the filtering of food items 
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in the water [131]. A toxicity study comparing the effects of a rhamnolipid to SDS on the 

phagotrophic alga Ochromonas danica investigated the loss of motility as well as permeability 

and lysis of the membrane. O. danica is a sensitive algal species with no protective cellular 

wall. The results suggest that the rhamnolipid was significantly less biolytic compared to SDS 

and the effects required a longer exposure time. The lysis of O. danica cells by the rhamnolipid 

was only substantial at concentrations higher than the critical micelle concentration [132]. 

4.2.2.1. Biological activity - Antimicrobial, antibiofilm, and antiadhesive properties. 

Besides antibacterial, antiviral, and antifungal activities, biosurfactants are also good 

inhibitors of microbial adhesion and the consequent formation of biofilms [133–136]. The 

proposed mechanism of action for these biological activities suggests that biosurfactants can 

release the intracellular content, causing the lysis or disturbance of the cells of the target 

pathogen. By adhering to proteins of the membrane, biosurfactants alter the lipid content, 

dysregulating the osmolarity of the cell and the configuration of the cell wall, which leads to 

an increase in toxicity to the target organism [137–139]. Biosurfactants produced from different 

microorganisms have antimicrobial activity against phytopathogens and are promising 

biocontrol agents in the quest for sustainable farming [140]. The microbial biosurfactants most 

widely reported as biocontrol agents are rhamnolipids and lipopeptides. Saponins, which can 

come from marine or plant sources, have several biological effects, such as permeabilization 

of the membrane as well as immunostimulating, hypocholesterolemic, and anticarcinogenic 

properties [141-143]. Saponins are chemical weapons of attack or defense against 

microorganisms, predators, and parasites. These biomolecules are often used to investigate 

their antifungal, antibacterial, antifouling, anti-tumor, and anti-inflammatory activities. 

Researchers have even sought to produce saponin synthetically to eliminate the need for 

primary sources [142,144]. Surfactin A has been tested as a biocontrol agent for combating 

phytopathogens. This biosurfactant is reported to be an effective biocontrol agent for bakanae, 

a fungus that attacks rice, and should be incorporated into management strategies for this 

disease [145]. Biosurfactants have exhibited antagonistic effects on zoosporic phytopathogens 

that have acquired resistance to commercial pesticides [146]. A review performed by Santos et 

al. [147] offers a description of the antimicrobial, antibiofilm, and antiadhesive activities of 

biosurfactants of a microbial origin. 

Lactic acid bacteria produce several antimicrobial compounds, such as biosurfactants, 

bacteriocin, hydrogen peroxide, and carbon peroxide, inhibiting pathogens' growth [148–150]. 

Thus, the antimicrobial, antibiofilm, and antiadhesive properties of biosurfactants produced by 

this group of microorganisms are of interest to the field of biofouling control. Table 5 

summarizes the microorganisms, biosurfactants produced, and respective properties that could 

be useful in antifouling activities.  

Table 5. Biosurfactants of microbial origin with possible biotechnological applications in the area of 

antifouling. 

Producing microorganism  Produced biosurfactant 
Effects and/or potential 

biotechnological application 
References 

Pseudozyma aphidis DSM 

70725 
Mannosylerythritol lipids 

Antimicrobial and antibiofilm 

activities 

 

[151] 

Acinetobacter junii B6 Lipopeptide 
Antimicrobial, antibiofilm and 

antiproliferative activities 
[152] 

Pediococcus acidilactici 

and Lactobacillus 

plantarum 

Biosurfactant of lactic acid bacteria 
Antimicrobial, anti-adhesive and 

antibiofilm activities 
[150] 
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Producing microorganism  Produced biosurfactant 
Effects and/or potential 

biotechnological application 
References 

Bacillus subtilis VSG4 and 

Bacillus licheniformis 

VS16 

Lipopeptide 
Antioxidant, antibacterial and anti-

adhesive activities 
[153] 

Halomonas sp. (BOB-3) Rhamnolipid Antibiofilm activity [154] 

Lactobacillus pentosus 

and Lactobacillus 

paracasei 

Glycolipopeptide macromolecules  
Anti-adhesive and antimicrobial 

activities 
[155] 

Lactobacillus casei Authors called BS – BI and BS – Z9 

Antioxidant, antibiofilm, 

antibacterial, anti-adhesion and 

biofilm dispersion effects 

[33] 

Burkholderia thailandesis Rhamnolipid 
Antimicrobial activity and inhibitor 

of biofilm formation 
[156] 

Pseudomonas aeruginosa 

and Bacillus subtilis 
Rhamnolipids and Surfactin 

Anti-adhesive, antibiofilm and 

antimicrobial activities 
[111] 

Rhodococcus ruber 

IEGM231 

Glycolipids containing trehalose as 

the hydrophilic portion 

Adhesion inhibition 

 
[125] 

Lactobacillus agilis CCUG 

31450 

The authors suggest that the cell-

bound biosurfactant should be a 

glycoprotein 

Anti-adhesive and antimicrobial 

activities  
[148] 

Candida bombicola 

ATCC22214 
Sophorolipids 

Disorder of biofilms, bactericidal 

agent for biomedical technological 

applications 

[157] 

Bacillus subtillis C4, M1 

and G2III 
Surfactin Antimicrobial activity [158] 

Pseudomonas aeruginosa 

and Bacillus subtilis 
Rhamnolipids and Surfactin 

Disturbance in the structure of 

pathogenic biofilms formed by pure 

or mixed cultures 

 

[159] 

Pseudomonas aeruginosa 

and Bacillus subtilis 
Rhamnolipids and Surfactin 

Anti-adhesive and antibiofilm 

effects 
[160] 

Trichosporon 

montevideense 

Hydrophobic side-chain glycolipid 

or heteropolysaccharide 
Inhibition of biofilm formation [161] 

Candida lipolytica UCP 

0988 
Rufisan 

Anti-adhesive and antimicrobial 

activities 
[162] 

Candida sphaerica 

UCP 0995 
Lunasan 

Anti-adhesive and antimicrobial 

activities 
[163] 

Serratia marcescens 

acession number 

(GQ214001) 

Glycolipide 
Anti-adhesive and antimicrobial 

activities and biofilm disturbance 
[164] 

Pseudomonas aeruginosa 

and Pseudomonas 

licheniformis 

Rhamnolipids Anti-adhesive effect [165] 

Pseudomonas aeruginosa 

and 

Bacillus subtilis 

Rhamnolipids and Surfactin 

The anti-adhesive effect, 

disturbance of pre-formed biofilms 

and EPS removal 

 

[166] 

Bacillus natto TK-1 Lipopeptide 
Anti-adhesive, antimicrobial and 

anti-tumor activities 
[167] 

Bacillus circulans Lipopeptide Anti-adhesive activity [168] 

Pseudomonas aeruginosa 

PAO1 
Rhamnolipid 

Affects biofilm architecture 

 
[169] 

4.2.2.2. Biodegradability, stability, and toxicity are key characteristics of BS. 

Olasanmi and Thring [170] highlight the biodegradability of biosurfactants. The 

authors explore the diverse applications and recognize biosurfactants as potential sustainable 

ingredients in a wide variety of commercial products. Biosurfactants are significantly less 

harmful to the environment than chemical surfactants, which are toxic and recalcitrant. Unlike 

their synthetic counterparts, biosurfactants are mineralized to CO2, and H2O by the 

microorganisms themselves [170]. The intense current movement toward industrial 

sustainability has stimulated the active interest in biosurfactants as possible alternatives to 

chemical surfactants. Besides being produced with the use of renewable substrates, 
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biosurfactants have characteristics in line with the famous term "environmentally friendly". 

Moreover, the capacity to tolerate high temperatures and salt concentrations make 

biosurfactants attractive to numerous industrial processes and products. These natural 

compounds can be used in environmental cleaning processes involving the biodegradation and 

detoxication of industrial effluents as well as the bioremediation of contaminated soils 

[171,172]. The functional stability of biosurfactants is an extremely useful property for 

industrial applications, as these natural compounds have a broad range of tolerance with 

regards to temperature, pH, and salinity. In contrast, chemical surfactants become inactive 

when submitted to extreme variations in temperature, pH, and concentrations of sodium 

chloride [106,132].  

The biodegradability of different biosurfactants was achieved by the release of CO2. 

Acinetobacter baumanni LBBMA ES11, Acinetobacter haemolyticus LBBMA 53, and 

Pseudomonas sp. LBBMA 101B consumed biosurfactants produced by Bacillus sp. LBBMA 

111A (mixed lipopeptide), Bacillus subtilis LBBMA 155 (lipopeptide), Flavobacterium sp. 

LBBMA 168 (mixture of flavolipids), Dietzia maris LBBMA 191 (glycolipid), and 

Arthrobacter oxydans LBBMA 201 (lipopeptide) as carbon sources. SDS was also mineralized 

by these microorganisms but at a much lower rate [173]. The biodegradability, acute toxicity, 

embryonic toxicity, and cytotoxicity of synthetic monorhamnopyranosyl-β-hydroxydecanoyl-

β-hydroxydecanoate (Rha-C10-C10) were investigated against biosynthesized mono-

rhamnolipid mixtures (bio-mRL). All Rha-C10-C10 and bio-mRL diastereomers were 

biodegradable, with mineralization ranging from 34 to 92% [174]. Acute toxicity tests 

performed with Daphnia magna, Vibrio fischeri, and Selenastrum capricornutum indicated that 

the toxicity of surfactin produced by a strain of Bacillus subtilis isolated from the soil of a 

Brazilian mangrove was lower than that of its chemical derivates [175]. 

4.2.2.3. Anticorrosion activity of BS can affect MIC and protect structures. 

Numerous metals as well a nickel-based and aluminum-based alloys, are part of the 

composition of carbon steel and stainless steel, which are used in structures located in marine 

and freshwater environments, such as port installations, water cooling circuits, ships, and 

related equipment. When exposed to moist media, these materials are colonized by various 

microorganisms, which adhere and grow, forming biofilms. This fouling process is known as 

biocorrosion or microbiologically influenced corrosion and occurs mainly through 

electrochemical reactions of sulfate-reducing bacteria. This activity alters the structures and, 

consequently, lowers the performance of these materials [176,177]. Materials such as concrete, 

asphalt, polymers, coatings, as well as some oils and emulsions are also subject to microbial 

corrosion [136]. In a liquid medium, the anticorrosion action of surfactants occurs due to either 

physical (electrostatic) adsorption or chemical reactions that occur on the surface of the 

immersed material [178]. 

Studying the influence of a rhamnolipid biosurfactant complex on corrosion and the 

repassivation of a recently cut aluminum alloy (Al-Cu-Mg) surface, Zin et al. [179] found that 

the rhamnolipid effectively inhibited the corrosion of the alloy in the water of synthetic acid 

rain. The efficiency was credited to the adsorption of the biosurfactant. Moreover, inhibition 

was greater with the increase in the rhamnolipid concentration up to a certain point.  

Species of Bacillus sp. synthesize a wide variety of antimicrobial surfactants, such as 

surfactin, iturin, and fengycin, which belong to the family of lipopeptides. These biosurfactants 
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have biological activities that can be useful against sulfate-reducing bacteria [147]. Płaza and 

Achal [136] recently published a review on biosurfactants with anticorrosion activity. 

5. Applications of biosurfactants in fields with biofouling problems and correlates 

A search of the Scopus database in 2020 retrieved only three papers published in the 

last ten years addressing antifouling and biosurfactants. The studies involved analyses of the 

properties of the cellular surface of bacterial biofilms in seawater [180], the involvement of a 

rhamnolipid in cell adhesion and the development of biofilms [181], and the antibiofilm 

activity of biosurfactants produced by bacteria associated with corals in the Gulf of Mannar 

[182]. These studies focused only on the biofouling aspect of biofilms. Other studies, although 

not directly mentioning the term biofouling, can be analyzed as sources of information. Some 

of these studies demonstrated that metallic surfaces pre-conditioned with biosurfactants could 

strongly inhibit the microbial contamination of materials, inhibiting or reducing the subsequent 

development of biofilms [180] and the development of biofouling on immersed metallic 

structures when incorporated into paints [183]. Lipopeptide 6-2 produced by Bacillus 

amyloliquefaciens anti-CA ruptured the cells and protoplasts of the biofilm-forming bacteria 

Pseudomonas aeruginosa PAO1 and Bacillus cereus 1A06374. Lipopeptide 6-2 also inhibited 

biofilm formation and dispersed pre-formed biofilms. On fouling processes and algae, 

lipopeptide 6-2 eliminated the larvae of the barnacle Balanus amphitrite, inhibited the 

germination of spores of Laminaria japonica, and inhibited the growth of protozoans, all of 

which are fouling organisms in marine environments [184]. The lipopeptide biosurfactant 

produced by the SDS21 strain exhibited bactericidal activity against plankton cells and sessile 

cells, eradicating more than 99% of bacterial biofilm on the surface of polystyrene, glass, and 

stainless steel. This biosurfactant can be used as a disinfectant or in effective disinfectant 

formulations against plankton bacteria or biofilm, as it maintains its bactericidal and 

antibiofilm activities even when exposed to extreme conditions [185].  

 
Figure 4. Schematic of the possible actions of biosurfactants in relation to mitigation of biofouling. 1-2 

destructuring of incrustations such as inorganic and organic particles and biofilms in pores of filtering 

membranes, 3- adhesion and protection of surfaces against fouling in general and 4 - indirect inhibition of the 

formation of macro-fouling by antimicrobial action and interruption of chemical signal. 

Many commercially available antifouling agents were developed from herbicides and 

pesticides. When present in this type of formulation, these substances are known as antifouling 

boosters [186]. Due to their larvicidal and mosquitocidal activities as well as antifungal activity 

against plant pathogens, glycolipids are being used as biopesticides. Besides improving the 

vital status of plants, glycolipids safeguard stored products from possible predators. Therefore, 
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this class of biosurfactants can be used for the development of antifouling formulations [187]. 

The Ecover company produces a sophorolipid from Candida bombicola to clean products for 

rigid surfaces and clothes detergents. Jeneil industries uses a rhamnolipid from Pseudomonas 

aeruginosa and sells Zonix as a fungicide. MG Intobio also uses a sophorolipid from Candida 

bombicola in soaps [31,188,189]. Figure 4 displays a schematic of the possible actions of 

biosurfactants regarding the mitigation of biofouling. 

Patents involving biosurfactants used as antifouling agents are scarce (Table 6). Such 

patents are related to rhamnolipids, sophorolipids, surfactin, fengycin, iturin, and lactobacilli. 

However, many patent seekers state that biosurfactants are being used as antimicrobial and 

antibiofilm agents or biocides, without explicitly mentioning antifouling activity in the patent 

requests. 

Table 6. Patents citing biosurfactant and biofouling in their documents with biological source and applications. 

Biosurfactant Biological source Applications  Patent Title Patent number References 

AAFOB-

1IDA2H 

named 

biosurfactant  

 

Bacterium Cobetia 

marina 

(MM1IDA2H-1) 

Treatment of 

infectious 

pathologies in 

aquaculture; 

Additive and 

Emulsifier of paints 

and inducer of the 

immune system of 

fish  

The strain of Cobetia 

marina and 

biosurfactant extract 

obtained from the 

same 

EP2716749A1 [190] 

Rhamnolipid 

and 

 Sophorolipids  

Bacterium 

Pseudomonas 

aeruginosa (DS10-

129) 

Yeasts of the genus 

Candida sp. 

Paint composition as 

an emulsifier, 

dispersant, and 

biocidal additive 

substitute. 

Aqueous coatings 

and paints 

incorporating one or 

more antimicrobial 

biosurfactants and 

methods for using 

the same 

US2013029646

1A1 

[191] 

 

Surfactin and  

Fengicin 

Bacillus 

licheniformis 

(V9T14) 

Antibiofilm and 

antimicrobial that 

can be used in 

combination with 

biocides to prevent 

the formation and/or 

to eradicate 

planktonic bacteria 

or biofilms, 

preferably on biotic 

and abiotic surfaces. 

Biosurfactant 

composition 

produced by a new 

Bacillus licheniforms 

strain, uses and 

products thereof 

US8377455B2 [192] 

 

 

Surfactin and 

Iturin  

Bacillus 

methylotrophicus 

(SCSGAB0092CCT

CC) 

Inhibition of 

barnacle larva 

fixation (antifouling 

activity), 

antibacterial, 

antifungal and 

antiviral with wide 

industrial 

application. 

Methylotrophic 

bacillus for 

producing surfactins 

and iturina. 

Compounds and 

application of 

methylotrophic 

bacillus 

CN102994418B [193] 

 

Not cited  Not cited Industrial cleaning 

method using 

biosurfactant and 

electro-coating 

systems to remove or 

inhibit the growth of 

microorganisms. 

Treating an 

electrocoat system 

with a biosurfactant 

US7413643B2  

[194] 

 

Biosurfactant 

from 

lactobacillus  

Lactobacillus 

acidophilus RC14 

Antimicrobial, 

Antibiofilm, 

prevention of biofilm 

formation on 

surfaces. 

Lactobacillus 

therapies 

US6051552A [195] 
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6. Final Considerations and Future Trends 

Studies on biosurfactants specifically for combating biofouling remain scarce 

compared to those on the use of these biomolecules in bioremediation, oil recovery, cosmetics, 

pharmaceuticals, and food products.  

Advancements in knowledge on interactions between micro- and macro-species in 

aquatic ecosystems, the role of biofilms, and adherence mechanisms to different types of 

surfaces can contribute to the development and improvement of technologies to inhibit 

biofouling.  

Innovative studies are needed to replace chemically synthesized biocides as antifouling 

and anticorrosion agents can be replaced with eco-friendly alternatives. It is fundamental to 

discover novel biological pathways for producing biosurfactants on an industrial scale and 

obtaining products that achieve better results. Companies that need to control biofouling choose 

chemical products that are effective, work quickly, and have minimal environmental impact. 

Thus, biosurfactants are promising for fields that require the protection of surfaces, such as 

medical devices, immersion lenses, metal pipes, concrete, and polymers. Reducing the 

corrosive effect inducted by microbes on these materials is of considered interest. The literature 

describes applications involving intelligent antibacterial coatings that release charged or 

encapsulated biocides. Besides antibiotics, antimicrobial peptides and quaternary ammonium 

compounds are examples of such biocides [196]. Biosurfactants, such as lipopeptides, can be 

used for the development of intelligent antibacterial coatings. Such coatings have been widely 

studied to obtain materials that can line or constitute medical devices, medical installations, 

textiles used for hospital bedding, uniforms for patients and employees, curtains, bandages, 

and food packaging. Despite the numerous studies on the production of novel types of natural 

antifouling agents, the development of alternative, biodegradable, less toxic products 

containing biosurfactants is an important strategy for acquiring products that are more 

compatible with the environment. Many biosurfactants are useful tools for biotechnology and 

are advantageous for humanity. A number of patents have been issued involving biosurfactants 

produced by microorganisms such as Pseudomonas spp., Bacillus spp., and Candida spp., 

demonstrating the potential for the production and industrial application of these biomolecules.  

Considering the similarities between biofilms and biofouling, the results of currently 

ongoing studies are expected to contribute to the development of methods that prevent the 

process of biofouling in the different fields affected by this phenomenon. Therefore, it is 

encouraging to see that there is much more room for investigations regarding the properties of 

biosurfactants in this respect. Important first steps have been taken by studies addressing 

anticorrosion and biosurfactants as herbicides, algicides, and larvicides. It is important to unite 

this knowledge for use in antifouling applications. 
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