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1 Introduction

1.1 Biosurfactant

Biosurfactants are surface-active agents produced by several species of bacteria and
yeast. The molecules could be high molecular or low molecular weight cell-bound or
cell-free secondary metabolites. Structurally composed of hydrophobic and hydro-
philic moieties, biosurfactants are amphiphilic molecules. This structure of
biosurfactant facilitates the efficacy of biosurfactant in decreasing the surface tension
of various mediums as well as air-water interfacial tension. Owing to their unique
structure, biosurfactants are reported to have immense application potential in
various sectors such as agriculture, pharmaceutical, cosmetics, food sectors, biore-
mediation, etc. (Nguyen et al. 2008; Akubude and Mba 2021; Aslam et al. 2021).

The low molecular biosurfactants are classified as glycolipid, lipopeptide, fatty
acids, and polymeric surfactants based on the structure. Glycolipids are the
biosurfactant that has a carbohydrate moiety attached to a hydrophobic fatty acyl
chain consisting of 8–18 carbon. The fatty acyl chain is a long hydroxyl fatty acids
chain connected with either an ester or ether group. Based on the carbohydrate
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moieties, glycolipids are classified as rhamnolipid, sophorolipid, mannosylerythritol
lipid, and trehalose lipid (Malakar and Deka 2021). Glycolipids are produced by a
diverse array of bacteria, and fungi and have tremendous multifarious activities. The
lipopeptides consist of peptides attached to a fatty acyl chain. The lipopeptides are
classified as surfactin, iturin, and fengycin. Various high molecular weight
biosurfactants such as corynomycolic acid, spiculisporic acid, agaricic acid,
emulsan, liposan, alasan, and lipomanan are also reported to be produced by several
microbial communities (Fujii et al. 1999; Mulligan and Gibbs 2004; Santos et al.
2016; Vijayakumar and Saravanan 2015) (Fig. 1).

These classes of secondary metabolites are produced in response to several
environmental conditions by a large number of microbes. Bacteria and yeast belong-
ing to genera of Pseudomonas, Bacillus, Rhodococcus, and Candida are reported to
produce different types of biosurfactants (Singh et al. 2019). Various species of
Pseudomonas are reported to produce rhamnolipid, a type of glycolipid structurally
composed of one or two rhamnolipids attached to a fatty acyl chain. Species of
Burkholderia such as Burkholderia glumae, Burkholderia thailandensis, and
Burkholderia plantarii are also reported to produce rhamnolipid (Costa et al.
2011; Dubeau et al. 2009; Hörmann et al. 2010). Another form of glycolipid,
Sophorolipid is structurally composed of sophorose attached to the lipid chain.
They are mainly produced by non-pathogenic yeast such as Starmerella bombicola,
Candida batistae, Rhodotorula babjevae, etc. (Costa et al. 2018; Kim et al. 2021;
Sen et al. 2017). Sophorolipid has recently been intensely studied owing to multi-
farious activities. The lipopeptide viz. surfactin, iturin, and fengycin are produced by
various Bacillus species. Various lipopeptides producing bacteria produce one, two,
or all three types of lipopeptides. The lipopeptides are well-known for their antimi-
crobial activities against a wide range of the pathogen. Surfactin is reported to
exhibit more antibacterial activity while fengycin produces effective antifungal
activity.

In recent decades, biosurfactants have received enormous interest owing to their
multifarious activities. The antimicrobial activities of almost all the discovered
biosurfactants have been reported. The presence of a hydrophilic head and hydro-
phobic tail gives the biosurfactant a structural resemblance with the lipid bilayer of
the cell membrane. As a result, biosurfactant exhibits antimicrobial activity by
inserting the lipid chain into the lipid bilayer. This results in the cell membrane
disintegration and changes in cell membrane permeability. Consequently, the
intercellular materials leakage results in cell death (Yalcin and Ergene 2009; Vatsa
et al. 2010; Otzen 2017; Sana et al. 2018). Several studies revealed the antimicrobial
activity of biosurfactants indicating its efficacy in pharmaceutical fields. An antimi-
crobial agent needs to exert antibiofilm activity on the pathogen to prevent the
recurrence of infection. In this regard, biosurfactants can be a potential alternative
as several works of literature report the antibiofilm activity of various types of
biosurfactant.

Work involving the antibiofilm strategy of biosurfactants is still in laboratory
conditions. The practical antibiofilm application of biosurfactant has not yet devel-
oped into a commercial prospect. In the last 5 years, several work has been published
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Fig. 1 Structural representation of various types of biosurfactants

which highlights the efficiency of biosurfactant in exhibiting antibiofilm activity.
Various types of biosurfactant are investigated, where they have shown efficient
antiadhesive, biofilm inhibition and biofilm disruption activity. Figure 2 indicates
the increasing amount of work in the biofilm in several sectors.
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Fig. 2 Work done on
antibiofilm activities of
biosurfactant in the last few
years

2 Biofilms

The world of microorganisms is very complex. The microbial flora has several
impacts on various life forms on the earth. They are an integral part of the food,
indigenous flora of several host bodies, and are often part of the gut microflora. The
microbes are known to render various beneficial as well as harmful impacts on the
host. Although the microbes survive as an individual colony-forming unit, in several
cases, they tend to aggregate to form the biofilm. Thus biofilms are an important
adaptation and survival strategy commonly employed by bacteria, yeast, and fungal
pathogen. Biofilm could be composed of a single type of organism or different
microbial colonies, adhered to a given substrate. The biofilm is composed of single
or multiple species of the microbes attached while being embedded in an extracel-
lular polymeric substance, known as the exopolysaccharide (EPS). This
exopolysaccharide is composed of eDNA, proteins, and polysaccharides (Sharma
et al. 2019). Biofilm-associated cells regulate specific genes that have impacts on
growth rate. In a complex biofilm, consisting of several species of microbes, the
close proximity of the microbes in a biofilm enables the microbes to exchange
substrate, various metabolic products, and removal of toxic end products (Hollmann
et al. 2022). The formation of biofilm is a multistep approach involving (a) surface
adsorption of macro and micro molecules; (b) microbial adhesion to the substratum,
(c) EPS production; (d) colony aggregation, and (e) biofilm maturation (Fig. 3).

Biofilm formation is initiated by attachment of microbes to the substratum which
is regulated by diverse factors such as growth condition, substratum, and cell surface
properties. The type of substratum determines the growth of the biofilm on it. In
order to form the biofilm, the planktonic cells must adhere to the substratum. The
growth of biofilm is believed to be better on rough and hydrophobic substrates. In
addition to this, biofilm formation is also dependent on the type of the microbial
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Fig. 3 Steps of biofilm formation

cells. Cells with flagella, pili, fimbriae, or glycocalyx are reported to exhibit efficient
attachment of the microbes to the substratum. The cell surface hydrophobicity of the
microbial cells is reported to play an important role in microbial attachment to the
substratum (Donlan 2001). In certain cases, several microbial colonies form a mobile
biofilm that is devoid of the attachment of microbes to the substratum. Cells are thus
irreversibly attached to the substratum, which then undergoes cell division to
produce micro- and macro-colonies of the microbes.

The attachment phase is followed by the initiation of biofilm formation. Once the
cells were successfully attached to the substratum, the microbial cells start to form a
monolayer of the microbial cells and secrete exopolysaccharide (EPS) consisting of
extracellular polysaccharides, structural proteins, cell debris, and nucleic acids.
Initially, the EPS consists of extracellular DNA (eDNA) which is ultimately taken
over by polysaccharides and structural proteins. Simultaneously there is the forma-
tion of microcolonies which exhibits significant growth and quorum sensing. EPS
are highly hydrated (98% water) and have micro “water channels” to allow the cells
growing within the biofilm to have an access to essential nutrients and oxygen.
Biofilm-associated organisms grow more slowly than planktonic organisms.

The microcolonies then start growing on the substratum and eventually develop
into a mature biofilm. The biofilm develops in three dimensions. The biofilm
architecture of various microorganisms is mediated by EPS molecules, which pro-
duces a spatial organization to facilitate cells cluster in microcolonies. The final
biofilm formed is a multilayered microbial community. A mature biofilm consists of
108–1011 cells per gram wet weight, which might comprise of the same or several
different species (Flemming et al. 2016).

Biofilms are reported to be omnipresent, thus rendering several harmful as well as
beneficial effects. Microbial biofilms are reported to be present in tooth enamel
surfaces in the oral cavity, ship hulls, medical devices and thus are responsible for
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chronic illness, nosocomial infections, industrial pipe fouling, spoilage and contam-
ination of foods, as well as ship hull fouling (Muhammad et al. 2020).

2.1 The Adaptive Beneficial Impact of Biofilm on Microbes

Biofilm renders several adaptive advantages to the microbial colonies involved in the
biofilm. Microbes bound to a biofilm tend to resist nutrient deprivation, changes in
pH, oxygen radicals, disinfectants, and antibiotics better than planktonic organisms
(Jefferson 2004). The biofilm provides a local lifestyle for the microbes affected by
stage-specific expression of genes and proteins. The biofilm exopolysaccharide acts
as an interface between the biofilm and its environment, enabling its interaction with
the surrounding environment. The essential component of the biofilm is the
exopolysaccharide which contains water-soluble and water-insoluble components
of the matrix. The water-soluble components are gel-forming polysaccharides, pro-
teins, and eDNA, and water-insoluble components are amyloids, cellulose, fimbriae,
pili, flagella, etc. (Flemming et al. 2016; Ibanez de Aldecoa et al. 2017). Among
these components, eDNA is reported to play an important role in the formation of
biofilm and the production of extracellular matrix, which stabilizes the biofilm
structure. The eDNA could also be the source of horizontal gene transfer, providing
several adaptive capabilities to the microbes within the biofilm. Recent studies have
revealed that biofilm is a thousand times better in retreating the effect of antibiotics.
Antibiotic resistance has been an emerging global concern as this has failed the
effectiveness of several types of antibiotics. Microbes in the biofilm receive protec-
tion against antimicrobial drugs, environmental stresses, the host immune system,
and shear forces (Santos et al. 2018). In many cases, the biofilm acts as a mediator for
horizontal gene transfer, which can sometimes cause the acquisition of antibiotic-
resistant genes among the microbes participating in the biofilm.

Biofilm is the microbial society wherein individual microorganisms as well as
microbial communities communicate within the biofilm to initiate different physio-
logical processes and cooperative activities. This behavior is influenced by small
diffusible autoinducers that are produced by the microbial community within the
biofilm (Berlanga and Guerrero 2016). Biofilm offers the opportunity for changes in
the microbial cells owing to gene regulation, thereby inciting the formation of novel
genetic changes (Fig. 4).

2.2 The Genetic Prospect of Biofilm Formation

Successful production of biofilm is regulated by the up- and downregulation of
several genes. Upregulation of algD, algU, rpoS, and genes controlling
polyphosphokinase (PPK) synthesis are reported to play a significant role in the
biofilm formation of P. aeruginosa (Pulcini 2001). Various genes play an important
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Fig. 4 Beneficial impact of biofilm formation on the microbial community

role in the synthesis of biofilm matrix such as csgA, involved in the synthesis and
aggregation of colanic acid protein in E.coli (Jefferson 2004). algC gene, required
for alginate synthesis in Pseudomonas aeruginosa plays an important role in
maintaining the pathogen biofilms (Davies et al. 1993). In the case of gram-positive
biofilms such as in the biofilm of S. mutans, sucrose-dependent polysaccharide
production and biofilm formation are influenced by Glucan binding protein GbpA
(Loo 2003). Intercellular adhesin locus (icaADBC) in Staphylococcus aureus and
Staphylococcus epidermidis are reported to encode the genetic products responsible
for the synthesis of a β-1-6-linked poly-N-acetylglucosamine polymer called PNAG
or PIA (polysaccharide intercellular adhesin) (Heilmann 2003).

Biofilms of Staphylococcus aureus were reported to upregulate genes encoding
enzymes involved in glycolysis or fermentation due to oxygen limitation in the
developed biofilm (Becker et al. 2001). Owing to the upregulation of certain genes
and downregulation of other genes, the metabolic activity of the biofilm embedded
cells is altered compared to the planktonic cells. Nakamura et al. (2016) reported that
in a biofilm, genes involved in the biosynthesis of other secondary metabolites,
xenobiotics biodegradation and metabolism, lipid metabolism, membrane transport,
amino acid and carbohydrate transport, biosynthesis of secondary metabolites, and
stress response are upregulated, while the genes involved in the respiratory chain,
nucleotide biosynthesis, fatty acid metabolism, and DNA repair are downregulated.
Rumbo-Feal et al. (2013) reported the overexpression of 1621 genes in the biofilm of
A. baumannii compared to stationary phase cells including 55 genes that were only
expressed in biofilms, thereby causing changes in amino acid and fatty acid metab-
olism, motility, active transport, transcriptional metabolism, and quorum sensing.
Thus, with several upregulation and downregulation of the genes, the organisms in
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the biofilm community strive in the biofilm, being protected from several harsh
environmental factors.

2.3 The Beneficial Impact of Biofilm

Several microbial biofilm and consortia are reported to exhibit various beneficial
impacts in day-to-day anthropogenic activities. Rapid industrialization, urbaniza-
tion, and exponential population growth have created major water contamination. In
various cases, bacterial communities have been employed through biofilm-based
wastewater treatment technology to neutralize and degrade organic and inorganic
compounds in wastewater. (Muhammad et al. 2020). In this technology, biofilm-
forming microorganisms are added to the wastewater which then utilizes organic and
inorganic compounds present in the wastewater as nutrients. The pathogens present
in the wastewater are also trapped by the biofilm, thereby cleaning the water (Sehar
and Naz 2016).

Microbial biofilms are also part of various plant, animal, and human body
systems. Along with rendering harmful effects, in certain cases, biofilm is reported
to exhibit a beneficial impact. In the agriculture system, the biofilm of plant growth-
promoting microbes renders efficient protection against several phytopathogens.
Rhizobacteria colonize the roots of plants, thereby promoting plant growth through
nitrogen fixation, mineral uptake, production of phytohormone, pathogen suppres-
sion as well as protection from both biotic and abiotic stresses (Goswami et al.
2020). Goswami and Deka (2020) reported that root colonization of B. altitudinis in
mustard plants yielded better root architecture along with elevation of the growth
factors. The root colonization of microbes mainly involves bacterial isolates belong-
ing to the genera Bacillus, Pseudomonas, Streptomyces, Serratia, and
Stenotrophomonas (Arrebola et al. 2019). Biofilm by Paenibacillus polymyxa in
the rhizosphere of peanuts was reported to protect against crown root rot disease
caused by Aspergillus niger (Haggag and Timmusk 2008).

Certain microorganisms can remediate hydrocarbon contaminated sites. The
introduction of biofilm producing hydrocarbon-degrading microbes can remove
the hydrocarbon from the contaminated sites (Upadhyayula and Gadhamshetty
2010; Rodríguez-Martínez et al. 2006). This formation of biofilm can enhance the
rate of remediation of noxious hydrocarbon.

There are reports that certain bacterial strains can be used to prevent the corrosion
of many metals. Zuo et al. (2004) reported that a cyclic decapeptide produced by
biofilms of Bacillus brevis was effective in inhibiting corrosion-causing, sulfate-
reducing bacteria (SRB), thereby preventing mild steel corrosion. Aerobic biofilms
are reported to better prevent corrosion due to their efficient oxygen consumption
(Kip and Van Veen 2015).

A huge number of beneficial microbes are present in the human gut. The gut
microbiome plays a vital role in different metabolisms which were found to be
present from the oral cavity to the large intestine (Hussain et al. 2020). This
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colonization of gut microbes starts at birth or even before when the virtually sterile
baby encounters new microbial environments (De Vos 2015). Biofilms formed by
the gut microbiota use quorum sensing (QS) to coordinate their social behavior,
thereby influencing host cell activities in a non-invasive manner (Deng et al. 2020).
The colonization of various beneficial bacteria and yeast on several parts of the host
body is reported to provide several benefits along with repelling pathogens (Byrd
et al. 2018).

3 Biofilm: A Threat

Although, there are reports that biofilms have some beneficial impact, however, the
harmful effect of it cannot be ignored. Biofilms are one of the major reasons for the
recurrence of infection in many cases. Their presence is detrimental to several health
aspects of the human and life stock. Biofilms have a detrimental effect on the food
processing industry as biofilms may lead to food spoilage which would be harmful
(Galie et al. 2018). Biofilm formed by Listeria monocytogenes, Escherichia coli,
Pseudomonas spp., Vibrio parahaemolyticus, Staphylococcus aureus, Geobacillus
stearothermophilus, and Campylobacter jejuni is reported to pose several health
threats such as bacterial gastroenteritis, food spoilage, diarrhea, foodborne intoxica-
tions, and emetic syndrome (Muhammad et al. 2020). The persistence of various
biofilms on drinking water distribution systems can be the cause of severe health
hazards (Loveday et al. 2014). Biofilms of phytopathogen are reported to cause a
detrimental impact on agriculture. Biofilm of pathogen tends to revert the effect of
several antibiotics used in agriculture, thus impacting the agriculture yield. Pierce’s
disease of grapevines and citrus canker are reported to be caused by the biofilm
produced by Xanthomonas citri and Xylella fastidiosa (Ference et al. 2018; Kyrkou
et al. 2018). Biofilms produced by Ralstonia solanacearum is reported to be
involved in the pathogenesis of tomato (Mori et al. 2016; Yao and Allen 2007).
Biofilm produced by Pseudomonas aeruginosa on roots of A. thaliana and sweet
basil is reported to kill the plants within 7 days (Danhorn and Fuqua 2007).

The most significant negative role played by the biofilm is its role in several
hospital-acquired infections. The persistence of biofilms produced by pathogens in
various medical devices such as breast implants, mechanical heart valves, joint
prostheses, pacemakers catheters, ventricular shunts, contact lenses, prosthetic
heart valves, cerebrospinal fluid shunts defibrillators, and ventricular-assisted
devices are reported to exhibit several health threats (Darouiche 2004; Muhammad
et al. 2020). Medical devices are often contaminated with biofilms produced by
coagulase-negative Staphylococci, Staphylococcus aureus, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Enterococcus sp., and Candida albicans
(Kokare et al. 2009). These contaminated devices might expose pathogens to the
host internals, thereby resulting in fatal systemic infections. Recurrence of biofilm is
reported to be a constant reason for the persistence of various infections. Among
several pathogens, S. aureus and coagulase-negative Staphylococci are reported to
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cause two-thirds of implantable device-associated Staphylococcal infections.
Among several staphylococcal species, S. aureus and S. epidermidis are the leading
cause of hospital-acquired, surgical site, and bloodstream infections with high
hospitalized rates (Khatoon et al. 2018). Biofilm of pathogenic bacteria is reported
to be the main cause of diseases such as cystic fibrosis (CF), chronic wounds,
infective endocarditis (IE), periodontitis, otitis media, and osteomyelitis (Southey-
Pillig et al. 2005; Akyıldız et al. 2013; Masters et al. 2019; Jamal et al. 2018). It is
estimated that 65% of all bacterial infections and 80% of microbial infections are
associated with biofilm (Jamal et al. 2018; Dhar and Han 2020).

The biofilm retreats the effect of several antibiotics, thereby failing their antimi-
crobial activity against the pathogens (Vestby et al. 2020). Different pathways are
involved in the antimicrobial repelling activity of biofilms such as slow or incom-
plete penetration of the antibiotics into the biofilm, an altered chemical microenvi-
ronment within the biofilm, multicellular properties of the biofilm, EPS-mediated
inhibition of the diffusion of the antibiotic into the biofilm. Antibiotic resistance of
biofilm is rendered by the multicellular nature of biofilms (Sharma et al. 2019).
Persisters cells are another type of cells in a biofilm in which the cells are in a
dormant state exhibiting multidrug tolerance phenotypic rather than genetic varia-
tions (Helaine and Kugelberg 2014; Ayrapetyan et al. 2015).

3.1 Harm Rendered by Bacterial Biofilm

Bacterial biofilms are reported to be present in every inch of the earth. They colonize
every living and non-living substratum, thereby becoming an inevitable part of
several living and non-living systems. It is known that about 40–80% of bacteria
on the planet form biofilm (Flemming and Wuertz 2019). Several superficial,
internal, as well as systemic infections are reported to cause increased severity
owing to the biofilm of the pathogen. Cystic fibrosis is a pulmonary infection caused
by the persistence of P.aeruginosa biofilm (Southey-Pillig et al. 2005). Periodontitis
is a biofilm-mediated infection that damages the gums, the soft tissues as well as
bones supporting the teeth. The infection is reported to be caused by Porphyromonas
gingivalis, Actinobacillus, Prevotella, and Fusobacterium (Listgarten 1986; Kanwar
et al. 2017). Enterococcus faecalis and Enterococcus faecium are associated with
nosocomial infections. These pathogens are well-known for causing biofilm-
oriented infections which are often difficult to treat (Paganelli et al. 2012). Another
condition such as Cholesteatoma is reported where the keratinizing squamous
epithelium is trapped in the middle ear and/or in the mastoid process in which
81.3% of cholesteatomas are reported to be biofilm-associated (Galli et al. 2016;
Kaya et al. 2013). Several chronic infections caused by bacteria are often reported to
be biofilm-mediated (Wilkins et al. 2014). The biofilms produced by Staphylococcus
epidermidis and Staphylococcus aureus are the causes of nosocomial infections and
infections through medical devices frequently (Otto 2008). In a bacterial biofilm,
around 1% of cells are antibiotic-resistant (Sharma et al. 2019). Approximately 95%
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of urinary tract infections (UTIs) are associated with urinary stent and catheter tubes,
while intravascular devices such as pacemakers, left ventricular assist devices,
implantable cardioverter defibrillators, and prosthetic vascular grafts are reported
to be associated with 87% of bloodstream infections, and 86% of pneumonia are
associated with mechanical ventilation (Nandakumar et al. 2013). Twelve percent of
hip periprosthetic infections are caused by Propionibacterium acnes, Peptococcus
saccharides, Peptococcus magnus, and Peptostreptococcus magnus biofilm (Geipel
2009). 78.2% of the chronic wounds are reported to be associated with biofilm (Dhar
and Han 2020).

3.2 Harm Rendered by Fungal Biofilm

The association of fungal biofilm has been reported to cause millions of infections
yearly. Biofilms formed by Candida spp., Aspergillus spp., Fusarium spp.,
Pneumocystis spp., Rhizopus spp., Rhizomucor spp., Cryptococcus neoformans,
Blastoschizomyces capitatus, Malassezia pachydermatis, and Trichosporon asahii
have received the most attention due to their pathogenicity (Kernien et al. 2018). The
persistence of fungal biofilm on various medical devices can cause fatal harm to
patients with a high rate of morbidity. Patients with implanted medical devices or
compromised immune systems may be highly susceptible severe, disseminated
disease with high mortality caused by biofilms of Candida spp. (Douglas 2003).
The fungal biofilm defers in the structure compared to bacterial biofilm. Various
fungal biofilm is formed by the filamentous hyphae along with the
exopolysaccharide. The biofilm formed by Candida albicans is reported to be
progressed by hyphae formation, followed by the filamentation of the species to
form the biofilm. The fungal biofilm protects the pathogen from antimicrobial
defenses, such as defensins, and oxidative stress. Owing to their high tolerance of
antifungals and immune evasion strategies, fungal infections are difficult to treat.
Candida albicans and Candida parapsilosis biofilms are reported to exhibit anti-
fungal resistance against fluconazole, amphotericin B, nystatin, voriconazole, and
others, while Aspergillus fumigatus biofilms are resistant to itraconazole and
caspofungin drugs. Cryptococcal biofilms are reported to endure the effect of
fluconazole and voriconazole, and biofilms of Trichosporon asahii display resis-
tance to amphotericin B, caspofungin, voriconazole, and fluconazole (Fanning and
Mitchell 2012). Invasive aspergillosis caused by Aspergillus fumigatus is character-
ized by a high mortality rate (Jayshree et al. 2006). Thus, biofilm-mediated infec-
tions of fungus are reported to be a major concern in various hospital-acquired
infections as well as surgical infections.
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4 The Current Approach to Deal with Biofilm

The biofilm formed by the microorganisms are hard to control due to the inefficacy
of several antimicrobial drugs. Biofilm-mediated loss incurred in the health sector as
well as agriculture is a problem that needs to be addressed. Several attempts have
been made to disrupt the biofilm. Various antibiotics are used to treat biofilm-
mediated infections. However, the side effects of antibiotics in the process of
treatment cannot be ignored. One such antibiotic, rifampin is reported to exhibit
antibiofilm activity against S. aureus and S. epidermidis; however, the risk of
emergence of rifampin resistance during treatment seems to be a hindrance in the
process of biofilm management. Several antibiofilm agents are small molecules or
enzymes that have the potential to disrupt or inhibit biofilm. Another promising
antibiofilm strategy is to modify the biomaterials used in medical devices to prevent
biofilm formation (Chen et al. 2013; Schilcher and Horswill 2020). As biofilms resist
the inflow of various antibiotics, an increased dose of antibiotics is often given to
treat the biofilm-mediated infection. The topical application of antibiotics in surgical
wounds is reported to inhibit the biofilm formation of the pathogen (Ciofu et al.
2017). Römling and Balsalobre (2012) reported that nucleotide second messengers,
c-di-GMP, (p)ppGpp, and potentially c-di-AMP are major regulators of biofilm
formation and associated antibiotic tolerance, and targeting the pathways could
hinder biofilm of the pathogens. In cases, where traditional antibiotics fail, coating
of the medical devices, vaccination against biofilms, and quorum sensing inhibitors
are promising future options for the prevention and treatment of biofilm-mediated
infection (Zimmerli and Moser 2012). Adopting one of the mentioned strategies may
not effectively control persistent biofilms. An efficient treatment of biofilm infec-
tions requires the removal of the infected foreign bodies from the infected site,
selection of an effective and well biofilm penetrating antibiotics, systemic or topical
administration of antibiotics in high dosage and combinations of different antibiotic,
administration of anti-quorum sensing or biofilm dispersal agents (Wu et al. 2015).
Owing to the rise in antibiotic resistance, along with the collaborative process,
attempts have been made to search for a potent antibiofilm agent that can effectively
malfunction the resistant potential of various biofilms.

5 Role of Biosurfactant in Inhibiting and Disrupting Biofilm

Pathogenic biofilms are a global concern as they tend to increase the severity of
various diseases and complicate the treatment procedure. Biosurfactant, a potential
antimicrobial agent has been held high due to its reported antibiofilm activity. To
portray effective antibiofilm efficacy, it is very essential that the agents are capable of
inhibiting biofilm formation and disrupting preformed biofilm (Padmavathi and
Pandian 2014). The pathogen cells require to adhere to the substratum to initiate
the biofilm formation. Biosurfactants are reported to inhibit the biofilm adhesion of
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Fig. 5 Antibiofilm activity exhibited by various biosurfactant

the pathogen (Mishra et al. 2020). Adsorption of biosurfactant to the surface of the
substratum changes the hydrophobicity of the cells, interfering adhesion. The inhi-
bition of biofilm formation by biosurfactant is also established by enhanced mem-
brane disruption, and electron transport chain inhibition, thereby restricting cellular
energy demand (Satpute et al. 2016a). Several reports revealed the effectiveness of
biosurfactants in interfering with the genes and the products that play an important
role in the formation and maintenance of biofilm (Yan et al. 2019). The biofilm
inhibition efficacy of biosurfactant can be utilized in the process of coating agents for
medical implants to prevent the biofilm formation of the pathogen. Quorum sensing
is reported to be an important mechanism in the process of biofilm formation, which
is reported to have interfered with the presence of biosurfactants (Satpute et al.
2016a). There are also reports that the biosurfactants can modify the chemical
composition of the exopolysaccharide of the biofilm. Exopolysaccharide is an
important constituent of the biofilm which serves the survival strategy of the
microbial community. Interference of biosurfactants with the exopolysaccharide
can have a detrimental effect on the biofilm (Paraszkiewicz et al. 2021). Kim et al.
(2015) reported that the interaction of rhamnolipid with protein and carbohydrate of
the exopolysaccharide results in the reduction of the amide group and decrease of
glucosamine respectively due to their interference in N – H bonds. The antibiofilm
efficacy of several types of biosurfactant has been reported against a wide range of
fungi, pathogenic yeasts, and bacterial biofilm. The antiadhesive, biofilm inhibition
and biofilm disruption property of biosurfactant is facilitated by several mechanism
which are summarized in Fig. 5.
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6 Antibiofilm Activity Against Bacterial Pathogen

Bacterial biofilm has been a major cause of several medical emergencies in terms of
infection. Several glycolipids and lipopeptides are reported to exhibit antibiofilm
activity against several bacterial pathogens. Among the glycolipid, rhamnolipid, and
sophorolipid are well-known for their effective antibiofilm activity against numerous
pathogens. Rodrigues et al. (2006) reported that rhamnolipid applied silicone rubber
inhibited 66% adhesion of biofilm produced by Streptococcus salivarius and Can-
dida tropicalis. Glycolipid from Burkholderia sp. has been reported to exhibit
antibiofilm activity against S. aureus (Ashitha et al. 2020). Biosurfactants produced
by Pediococcus acidilactici and Lactobacillus plantarum were reported to exhibit
antiadhesion and antibiofilm activity against S. aureus by regulating the expression
of biofilm-related genes cidA, icaA, dltB, agrA, sortaseA, and sarA and interfering
with signaling molecules (AI-2) in quorum sensing systems (Yan et al. 2019).
Several studies have been carried out to establish the synergistic efficacy of
biosurfactants with essential oils and antibiotics. Mukherji and Prabhune (2014)
reported efficient antibiofilm activity of sophorolipid containing essential oils
against V. cholera. Staphylococcus species are well-known for dwelling in several
types of superficial as well as invasive infections. Several species of Lactobacillus
are reported to produce biosurfactants, known as surface lactin or surflactin (Satpute
et al. 2016b). Biosurfactant secreted by a probiotic strain, L. fermentum RC-14 is
reported to reduce the adhesion of S. aureus on surgical implants, which would be
effective in reducing implants-related infections (Gan et al. 2002). Pseudofactin II, a
cyclic lipopeptide produced by Pseudomonas fluorescens is reported to decrease the
adhesion of Escherichia coli, Enterococcus faecalis, Enterococcus hirae, Staphylo-
coccus epidermidis, and Proteus mirabilis in glass, polystyrene, and silicone sur-
faces (Janek et al. 2012). Velraeds et al. (1996) reported the inhibition of adherence
of uropathogenic cells (pathogen involved in urinary infection) of Enterococcus
faecalis by 77%. Biosurfactants are reported to exhibit synergistic antibiofilm
activity when combined with various antibiotics (Rivardo et al. 2011). Cell bound
biosurfactant of Lactobacillus rhamnosus has been reported to inhibit pathogen
attachment as well as disrupt the preformed biofilm of B. subtilis, P. aeruginosa,
S. aureus, and E. coli cells within biofilms (Patel et al. 2021). Thus the strong
antibiofilm activity of various types of biosurfactant has been reported, which pro-
vides a prospect of finding an efficient antibiofilm alternative.

7 Antibiofilm Activity Against Fungal Pathogen

The detrimental effect of fungal biofilm is reported to be far more severe than
bacterial biofilm. While the fungal biofilm tends to resist the antifungal activity of
several antifungal agents, several types of biosurfactants are reported to exhibit
efficient antibiofilm activity against fungal biofilm. The biofilms of dermatophytes
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are reported to complicate various soft skin infections. Maťátková et al. (2017)
reported the synergistic antibiofilm activity of rhamnolipid and amphotericin B on
the biofilm of Trichosporon cutaneum and Candida parapsilosis. Lipopeptide from
entomopathogenic fungus Beauveria bassiana was reported to exhibit antibiofilm
activity against M. canis (Abdel-Aziz et al. 2020). Rhamnolipid produced by
Pseudomonas aeruginosa SS14 was reported to exhibit promising biofilm dispersive
activity against Candida tropicalis (Borah et al. 2019). Another glycolipid called
Trehalose lipid, produced by Rhodococcus fascians BD8 has been reported to
exhibit 95% antiadhesion activity against Candida albicans against polystyrene
surface and silicone urethral catheters (Janek et al. 2018). Sophorolipid along with
amphotericin B is reported to exhibit antibiofilm activity against Candida albicans
(Haque et al. 2017). Surfactin has been reported to exhibit antibiofilm activity
against Candida albicans by controlling the expression of hyphal-specific genes
such as HWP1, ALS1, ALS3, ECE1, and SAP4 (Janek et al. 2020). Among the
several lipopeptides, the lipopeptide Iturin is reported to exhibit an antifungal impact
on fungal pathogens by disrupting the cell membrane. Iturin is reported to pass
through the cell membrane and interacts with the nuclear membrane and other
cytoplasmic organelles membrane of the fungal pathogen (Rodrigues and Teixeira
2010). Janek et al. (2012) reported that a cyclic lipopeptide Pseudofactin inhibited
92–99% biofilm adhesion inhibition against C. albicans at a concentration of 0.5 mg/
ml. With the decreased response of conventional antifungals against the fungal
pathogen, biosurfactants can be a promising alternative with efficient antibiofilm
activity.

8 Conclusion

Biofilm has a detrimental impact on several anthropological activities.
Biosurfactants, with their promising antibiofilm activity, can decrease the pathogen
adhesion and biofilm formation and can effectively disrupt the preformed biofilm.
This facilitates the utilization of biosurfactants in food sectors to avoid the deterio-
ration of food quality owing to biofilm-forming species. They can be of immense
importance in the management of biofilm-mediated infections as well as the biofilm-
oriented agricultural infections. With the emergence of antibiotic-resistant strains,
the treatment of several infections has become critical. Malakar and Deka (2021)
reported the antibiofilm efficacy of various biosurfactants against several bacterial as
well as the fungal pathogen. Owing to their non-cytotoxicity, biosurfactant is a
potent antibiofilm alternative with a promising prospect. The practical implementa-
tion of biosurfactants as an antibiofilm agent in several fields can be a biological
alternative to several chemicals, that are used to get rid of the resistant biofilm.
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9 Future Perspective

Biosurfactants are microbial non-toxic metabolites with an efficient antibiofilm
efficacy. They can be a promising alternative to several chemical antibiofilm agents
available on the market. The efficiency of biosurfactants to exhibit antiadhesive
activity, biofilm inhibition, and biofilm disruption can be exploited in various fields
such as biofilm repellent in biomedical applications, anti-biofouling agents, biofilm
inhibitors in packaged food, etc., which would reduce the burden of chemical agents
to the environments as well as would decrease the long-term toxicity caused by the
chemical agents.

Acknowledgment Chandana Malakar is thankful to the Department of Biotechnology (DBT),
Govt. of India for providing financial assistance as Senior Research Fellow (vide letter No. DBT/
JRF/BET-17/I/2017/AL/351 dated 01/06/2017) to carry out the research for Ph. D. degree.

References

Abdel-Aziz MM, Al-Omar MS, Mohammed HA, Emam TM (2020) In vitro and ex vivo antibiofilm
activity of a lipopeptide biosurfactant produced by the entomopathogenic Beauveria bassiana
strain against Microsporum canis. Microorganisms 8(2):232

Akubude VC, Mba BA (2021) Application of biosurfactants in algae cultivation systems. In: Green
sustainable process for chemical and environmental engineering and science. Elsevier, Amster-
dam, pp 97–108

Akyıldız I, Take G, Uygur K, Kızıl Y, Aydil U (2013) Bacterial biofilm formation in the middle-ear
mucosa of chronic otitis media patients. Indian J Otolaryngol Head Neck Surg 65(3):557–561

Arrebola E, Tienda S, Vida C, De Vicente A, Cazorla FM (2019) Fitness features involved in the
biocontrol interaction of Pseudomonas chlororaphis with host plants: the case study of
PcPCL1606. Front Microbiol 10:719

Ashitha A, Radhakrishnan EK, Mathew J (2020) Characterization of biosurfactant produced by the
endophyte Burkholderia sp. WYAT7 and evaluation of its antibacterial and antibiofilm poten-
tials. J Biotechnol 313:1–10

Aslam AA, Ishtaiq M, Badar R, Nazir MS, Tahir Z, Abdullah MA (2021) Applications of
biosurfactants in the production of industrially relevant bioproducts. In: Green sustainable
process for chemical and environmental engineering and science. Elsevier, Amsterdam, pp
173–201

Ayrapetyan M, Williams TC, Oliver JD (2015) Bridging the gap between viable but non-culturable
and antibiotic persistent bacteria. Trends Microbiol 23(1):7–13

Becker P, Hufnagle W, Peters G, Herrmann M (2001) Detection of differential gene expression in
biofilm-forming versus planktonic populations of Staphylococcus aureus using micro-
representational-difference analysis. Appl Environ Microbiol 67(7):2958–2965

Berlanga M, Guerrero R (2016) Living together in biofilms: the microbial cell factory and its
biotechnological implications. Microb Cell Factories 15(1):1–11

Borah SN, Sen S, Goswami L, Bora A, Pakshirajan K, Deka S (2019) Rice based distillers dried
grains with solubles as a low cost substrate for the production of a novel rhamnolipid
biosurfactant having anti-biofilm activity against Candida tropicalis. Colloids Surf B:
Biointerfaces 182:110358

Byrd AL, Belkaid Y, Segre JA (2018) The human skin microbiome. Nat Rev Microbiol 16(3):
143–155



Role of Biosurfactants in Biofilm Prevention and Disruption 497

Chen M, Yu Q, Sun H (2013) Novel strategies for the prevention and treatment of biofilm related
infections. Int J Mol Sci 14(9):18488–18501

Ciofu O, Rojo-Molinero E, Macià MD, Oliver A (2017) Antibiotic treatment of biofilm infections.
APMIS 125(4):304–319

Costa SGVAO, Déziel E, Lépine F (2011) Characterization of rhamnolipid production by
Burkholderia glumae. Lett Appl Microbiol 53(6):620–627

Costa JA, Treichel H, Santos LO, Martins VG (2018) Solid-state fermentation for the production of
biosurfactants and their applications. In: Current developments in biotechnology and bioengi-
neering. Elsevier, Amsterdam, pp 357–372

Danhorn T, Fuqua C (2007) Biofilm formation by plant-associated bacteria. Annu Rev Microbiol
61:401–422

Darouiche RO (2004) Treatment of infections associated with surgical implants. N Engl J Med
350(14):1422–1429

Davies DG, Chakrabarty AM, Geesey GG (1993) Exopolysaccharide production in biofilms:
substratum activation of alginate gene expression by Pseudomonas aeruginosa. Appl Environ
Microbiol 59(4):1181–1186

De Vos WM (2015) Microbial biofilms and the human intestinal microbiome. NPJ Biofilms
Microbiomes 1(1):1–3

Deng Z, Luo XM, Liu J, Wang H (2020) Quorum sensing, biofilm, and intestinal mucosal barrier:
involvement the role of probiotic. Front Cell Infect Microbiol 10:504

Dhar Y, Han Y (2020) Current developments in biofilm treatments: wound and implant infections.
Eng Regen 1:64–75

Donlan RM (2001) Biofilm formation: a clinically relevant microbiological process. Clin Infect Dis
33(8):1387–1392

Douglas LJ (2003) Candida biofilms and their role in infection. Trends Microbiol 11(1):30–36
Dubeau D, Déziel E, Woods DE, Lépine F (2009) Burkholderia thailandensis harbors two identical

rhl gene clusters responsible for the biosynthesis of rhamnolipids. BMC Microbiol 9(1):1–12
Fanning S, Mitchell AP (2012) Fungal biofilms. PLoS Pathog 8(4):e1002585
Ference CM, Gochez AM, Behlau F, Wang N, Graham JH, Jones JB (2018) Recent advances in the

understanding of Xanthomonas citri ssp. citri pathogenesis and citrus canker disease manage-
ment. Mol Plant Pathol 19(6):1302

Flemming HC, Wuertz S (2019) Bacteria and archaea on Earth and their abundance in biofilms. Nat
Rev Microbiol 17(4):247–260

Flemming HC, Wingender J, Szewzyk U, Steinberg P, Rice SA, Kjelleberg S (2016) Biofilms: an
emergent form of bacterial life. Nat Rev Microbiol 14(9):563–575

Fujii T, Yuasa R, Kawase T (1999) Biodetergent IV. Monolayers of corynomycolic acids at the
air-water interface. Colloid Polym Sci 277(4):334–339

Galie S, García-Gutiérrez C, Miguélez EM, Villar CJ, Lombó F (2018) Biofilms in the food
industry: health aspects and control methods. Front Microbiol 9:898

Galli J, Calò L, Giuliani M, Sergi B, Lucidi D, Meucci D, Bassotti E, Sanguinetti M, Paludetti G
(2016) Biofilm’s role in chronic cholesteatomatous otitis media: a pilot study. Otolaryngol Head
Neck Surg 154(5):914–916

Gan BS, Kim J, Reid G, Cadieux P, Howard JC (2002) Lactobacillus fermentum RC-14 inhibits
Staphylococcus aureus infection of surgical implants in rats. J Infect Dis 185(9):1369–1372

Geipel U (2009) Pathogenic organisms in hip joint infections. Int J Med Sci 6(5):234
Goswami M, Deka S (2020) Isolation of a novel rhizobacteria having multiple plant growth

promoting traits and antifungal activity against certain phytopathogens. Microbiol Res 240:
126516

Goswami M, Malakar C, Deka S (2020) Rhizosphere microbes for sustainable maintenance of plant
health and soil fertility. In: Rhizosphere microbes. Springer, Singapore, pp 35–72

Haggag WM, Timmusk S (2008) Colonization of peanut roots by biofilm-forming Paenibacillus
polymyxa initiates biocontrol against crown rot disease. J Appl Microbiol 104(4):961–969



498 C. Malakar et al.

Haque F, Sajid M, Cameotra SS, Battacharyya MS (2017) Anti-biofilm activity of a sophorolipid-
amphotericin B niosomal formulation against Candida albicans. Biofouling 33(9):768–779

Heilmann C (2003) Molecular basis of biofilm formation by Staphylococcus epidermidis. In:
Wilson M, Devine D (eds) Medical implications of biofilms, vol 1. Cambridge University
Press, Cambridge, pp 110–135

Helaine S, Kugelberg E (2014) Bacterial persisters: formation, eradication, and experimental
systems. Trends Microbiol 22(7):417–424

Hollmann B, Perkins M, Walsh D (2022) Biofilms and their role in pathogenesis. https://www.
immunology.org/public-information/bitesized-immunology/pathogens-and-disease/biofilms-
and-their-role-in. Accessed 28 Mar 2022

Hörmann B, Müller MM, Syldatk C, Hausmann R (2010) Rhamnolipid production by Burkholderia
plantarii DSM 9509T. Eur J Lipid Sci Technol 112(6):674–680

Hussain A, Ansari A, Ahmad R (2020) Chapter 4—Microbial biofilms: human mucosa and
intestinal microbiota. In: Yadav MK, Singh BP (eds) New and future developments in microbial
biotechnology and bioengineering: microbial biofilms. Elsevier, Amsterdam, pp 47–60

Ibanez de Aldecoa AL, Zafra O, González-Pastor JE (2017) Mechanisms and regulation of
extracellular DNA release and its biological roles in microbial communities. Front Microbiol
8:1390

Jamal M, Ahmad W, Andleeb S, Jalil F, Imran M, Nawaz MA, Hussain T, Ali M, Rafiq M, Kamil
MA (2018) Bacterial biofilm and associated infections. J Chin Med Assoc 81(1):7–11

Janek T, Łukaszewicz M, Krasowska A (2012) Antiadhesive activity of the biosurfactant
pseudofactin II secreted by the Arctic bacterium Pseudomonas fluorescens BD5. BMC
Microbiol 12(1):1–9

Janek T, Krasowska A, Czyżnikowska Ż, Łukaszewicz M (2018) Trehalose lipid biosurfactant
reduces adhesion of microbial pathogens to polystyrene and silicone surfaces: an experimental
and computational approach. Front Microbiol 9:2441

Janek T, Drzymała K, Dobrowolski A (2020) In vitro efficacy of the lipopeptide biosurfactant
surfactin-C15 and its complexes with divalent counterions to inhibit Candida albicans biofilm
and hyphal formation. Biofouling 36(2):210–221

Jayshree RS, Shafiulla M, George J, David JK, Bapsy PP, Chakrabarti A (2006) Microscopic,
cultural and molecular evidence of disseminated invasive aspergillosis involving the lungs and
the gastrointestinal tract. J Med Microbiol 55(7):961–964

Jefferson KK (2004) What drives bacteria to produce a biofilm? FEMS Microbiol Lett 236(2):
163–173

Kanwar I, Sah AK, Suresh PK (2017) Biofilm-mediated antibiotic-resistant oral bacterial infections:
mechanism and combat strategies. Curr Pharm Des 23(14):2084–2095

Kaya E, Dag I, Incesulu A, Gurbuz MK, Acar M, Birdane L (2013) Investigation of the presence of
biofilms in chronic suppurative otitis media, nonsuppurative otitis media, and chronic otitis
media with cholesteatoma by scanning electron microscopy. Sci World J 2013:638715

Kernien JF, Snarr BD, Sheppard DC, Nett JE (2018) The interface between fungal biofilms and
innate immunity. Front Immunol 8:1968

Khatoon Z, McTiernan CD, Suuronen EJ, Mah TF, Alarcon EI (2018) Bacterial biofilm formation
on implantable devices and approaches to its treatment and prevention. Heliyon 4(12):e01067

Kim LH, Jung Y, Yu HW, Chae KJ, Kim IS (2015) Physicochemical interactions between
rhamnolipids and Pseudomonas aeruginosa biofilm layers. Environ Sci Technol 49(6):
3718–3726

Kim JH, Oh YR, Han SW, Jang YA, Hong SH, Ahn JH, Eom GT (2021) Enhancement of
sophorolipids production in Candida batistae, an unexplored sophorolipids producer, by
fed-batch fermentation. Bioprocess Biosyst Eng 44(4):831–839

Kip N, Van Veen JA (2015) The dual role of microbes in corrosion. ISME J 9(3):542–551
Kokare CR, Chakraborty S, Khopade AN, Mahadik KR (2009) Biofilm: importance and applica-

tions. Indian J Biotechnol (IJBT) 8:159–168

https://www.immunology.org/public-information/bitesized-immunology/pathogens-and-disease/biofilms-and-their-role-in
https://www.immunology.org/public-information/bitesized-immunology/pathogens-and-disease/biofilms-and-their-role-in
https://www.immunology.org/public-information/bitesized-immunology/pathogens-and-disease/biofilms-and-their-role-in


Role of Biosurfactants in Biofilm Prevention and Disruption 499

Kyrkou I, Pusa T, Ellegaard-Jensen L, Sagot MF, Hansen LH (2018) Pierce’s disease of grapevines:
a review of control strategies and an outline of an epidemiological model. Front Microbiol 9:
2141

Listgarten MA (1986) Pathogenesis of periodontitis. J Clin Periodontol 13(5):418–425
Loo CY (2003) Oral Streptococcal genes that encode biofilm formation. In: Wilson M, Devine D

(eds) Medical implications of biofilms, vol 1. Cambridge University Press, Cambridge, pp
212–227

Loveday HP, Wilson JA, Kerr K, Pitchers R, Walker JT, Browne J (2014) Association between
healthcare water systems and Pseudomonas aeruginosa infections: a rapid systematic review. J
Hosp Infect 86(1):7–15

Malakar C, Deka S (2021) Biosurfactants against drug-resistant human and plant pathogens: recent
advances. In: Biosurfactants for a sustainable future: production and applications in the envi-
ronment and biomedicine. Wiley, Chichester, pp 353–372

Masters EA, Trombetta RP, de Mesy Bentley KL, Boyce BF, Gill AL, Gill SR, Nishitani K,
Ishikawa M, Morita Y, Ito H, Bello-Irizarry SN (2019) Evolving concepts in bone infection:
redefining “biofilm”, “acute vs. chronic osteomyelitis”, “the immune proteome” and “local
antibiotic therapy”. Bone Res 7(1):1–18

Maťátková O, Kolouchová I, Kvasničková E, Ježdík R, Masák J, Čejková A (2017) Synergistic
action of amphotericin B and rhamnolipid in combination on Candida parapsilosis and
Trichosporon cutaneum. Chem Pap 71(8):1471–1480

Mishra R, Panda AK, De Mandal S, Shakeel M, Bisht SS, Khan J (2020) Natural anti-biofilm
agents: strategies to control biofilm-forming pathogens. Front Microbiol 11:2640

Mori Y, Inoue K, Ikeda K, Nakayashiki H, Higashimoto C, Ohnishi K, Kiba A, Hikichi Y (2016)
The vascular plant-pathogenic bacterium R alstonia solanacearum produces biofilms required
for its virulence on the surfaces of tomato cells adjacent to intercellular spaces. Mol Plant Pathol
17(6):890–902

Muhammad MH, Idris AL, Fan X, Guo Y, Yu Y, Jin X, Qiu J, Guan X, Huang T (2020)
Beyond risk: bacterial biofilms and their regulating approaches. Front Microbiol 11:928

Mukherji R, Prabhune A (2014) Novel glycolipids synthesized using plant essential oils and their
application in quorum sensing inhibition and as antibiofilm agents. Sci World J 2014:890709

Mulligan CN, Gibbs BF (2004) Types, production and applications of biosurfactants. Proc Indian
Natl Sci Acad Part B 70(1):31–56

Nakamura Y, Yamamoto N, Kino Y, Yamamoto N, Kamei S, Mori H, Kurokawa K, Nakashima N
(2016) Establishment of a multi-species biofilm model and metatranscriptomic analysis of
biofilm and planktonic cell communities. Appl Microbiol Biotechnol 100(16):7263–7279

Nandakumar V, Chittaranjan S, Kurian VM, Doble M (2013) Characteristics of bacterial biofilm
associated with implant material in clinical practice. Polym J 45(2):137–152

Nguyen TT, Youssef NH, McInerney MJ, Sabatini DA (2008) Rhamnolipid biosurfactant mixtures
for environmental remediation. Water Res 42(6–7):1735–1743

Otto M (2008) Staphylococcal biofilms. Bacterial Biofilms 322:207–228
Otzen DE (2017) Biosurfactants and surfactants interacting with membranes and proteins: same but

different? Biochim Biophys Acta (BBA) Biomembr 1859(4):639–649
Padmavathi AR, Pandian SK (2014) Antibiofilm activity of biosurfactant producing coral associ-

ated bacteria isolated from Gulf of Mannar. Indian J Microbiol 54(4):376–382
Paganelli FL, Willems RJ, Leavis HL (2012) Optimizing future treatment of enterococcal infec-

tions: attacking the biofilm? Trends Microbiol 20(1):40–49
Paraszkiewicz K, Moryl M, Płaza G, Bhagat D, Satpute K, Bernat P (2021) Surfactants of microbial

origin as antibiofilm agents. Int J Environ Health Res 31(4):401–420
Patel M, Siddiqui AJ, Hamadou WS, Surti M, Awadelkareem AM, Ashraf SA, Alreshidi M,

Snoussi M, Rizvi SMD, Bardakci F, Jamal A (2021) Inhibition of bacterial adhesion and
antibiofilm activities of a glycolipid biosurfactant from Lactobacillus rhamnosus with its
physicochemical and functional properties. Antibiotics 10(12):1546



500 C. Malakar et al.

Pulcini ED (2001) Effects of initial adhesion events on the physiology of Pseudomonas aeruginosa.
Montana State University, Bozeman

Rivardo F, Martinotti MG, Turner RJ, Ceri H (2011) Synergistic effect of lipopeptide biosurfactant
with antibiotics against Escherichia coli CFT073 biofilm. Int J Antimicrob Agents 37(4):
324–331

Rodrigues LR, Teixeira JA (2010) Biomedical and therapeutic applications of biosurfactants.
Biosurfactants 672:75–87

Rodrigues L, Banat IM, Teixeira J, Oliveira R (2006) Biosurfactants: potential applications in
medicine. J Antimicrob Chemother 57(4):609–618

Rodríguez-Martínez EM, Pérez EX, Schadt CW, Zhou J, Massol-Deyá AA (2006) Microbial
diversity and bioremediation of a hydrocarbon-contaminated aquifer (Vega Baja, Puerto
Rico). Int J Environ Res Public Health 3(3):292–300

Römling U, Balsalobre C (2012) Biofilm infections, their resilience to therapy and innovative
treatment strategies. J Intern Med 272(6):541–561

Rumbo-Feal S, Gomez MJ, Gayoso C, Álvarez-Fraga L, Cabral MP, Aransay AM, Rodríguez-
Ezpeleta N, Fullaondo A, Valle J, Tomás M, Bou G (2013) Whole transcriptome analysis of
Acinetobacter baumannii assessed by RNA-sequencing reveals different mRNA expression
profiles in biofilm compared to planktonic cells. PLoS One 8(8):e72968

Sana S, Datta S, Biswas D, Auddy B, Gupta M, Chattopadhyay H (2018) Excision wound healing
activity of a common biosurfactant produced by Pseudomonas sp. wound medicine,
23, pp.47–52. Exp Dermatol 28(5):601–608

Santos DKF, Rufino RD, Luna JM, Santos VA, Sarubbo LA (2016) Biosurfactants: multifunctional
biomolecules of the 21st century. Int J Mol Sci 17(3):401

Santos ALSD, Galdino ACM, Mello TPD, Ramos LDS, Branquinha MH, Bolognese AM,
Columbano Neto J, Roudbary M (2018) What are the advantages of living in a community?
A microbial biofilm perspective! Mem Inst Oswaldo Cruz 113:e180212

Satpute SK, Banpurkar AG, Banat IM, Sangshetti JN, Patil RH, Gade WN (2016a) Multiple roles of
biosurfactants in biofilms. Curr Pharm Des 22(11):1429–1448

Satpute SK, Kulkarni GR, Banpurkar AG, Banat IM, Mone NS, Patil RH, Cameotra SS (2016b)
Biosurfactant/s from Lactobacilli species: properties, challenges and potential biomedical
applications. J Basic Microbiol 56(11):1140–1158

Schilcher K, Horswill AR (2020) Staphylococcal biofilm development: structure, regulation, and
treatment strategies. Microbiol Mol Biol Rev 84(3):e00026–e00019

Sehar S, Naz I (2016) Role of the biofilms in wastewater treatment. In: Microbial biofilms-
importance and applications. InTech, London, pp 121–144

Sen S, Borah SN, Bora A, Deka S (2017) Production, characterization, and antifungal activity of a
biosurfactant produced by Rhodotorula babjevae YS3. Microb Cell Factories 16(1):1–14

Sharma D, Misba L, Khan AU (2019) Antibiotics versus biofilm: an emerging battleground in
microbial communities. Antimicrob Resist Infect Control 8(1):1–10

Singh P, Patil Y, Rale V (2019) Biosurfactant production: emerging trends and promising strategies.
J Appl Microbiol 126(1):2–13

Southey-Pillig CJ, Davies DG, Sauer K (2005) Characterization of temporal protein production in
Pseudomonas aeruginosa biofilms. J Bacteriol 187(23):8114–8126

Upadhyayula VK, Gadhamshetty V (2010) Appreciating the role of carbon nanotube composites in
preventing biofouling and promoting biofilms on material surfaces in environmental engineer-
ing: a review. Biotechnol Adv 28(6):802–816

Vatsa P, Sanchez L, Clement C, Baillieul F, Dorey S (2010) Rhamnolipid biosurfactants as new
players in animal and plant defense against microbes. Int J Mol Sci 11(12):5095–5108

Velraeds MM, Van der Mei HC, Reid G, Busscher HJ (1996) Inhibition of initial adhesion of
uropathogenic Enterococcus faecalis by biosurfactants from Lactobacillus isolates. Appl Envi-
ron Microbiol 62(6):1958–1963

Vestby LK, Grønseth T, Simm R, Nesse LL (2020) Bacterial biofilm and its role in the pathogenesis
of disease. Antibiotics 9(2):59



Role of Biosurfactants in Biofilm Prevention and Disruption 501

Vijayakumar S, Saravanan V (2015) Biosurfactants-types, sources and applications. Res J
Microbiol 10(5):181

Wilkins M, Hall-Stoodley L, Allan RN, Faust SN (2014) New approaches to the treatment of
biofilm-related infections. J Infect 69:S47–S52

Wu H, Moser C, Wang HZ, Høiby N, Song ZJ (2015) Strategies for combating bacterial biofilm
infections. Int J Oral Sci 7(1):1–7

Yalcin E, Ergene A (2009) Screening the antimicrobial activity of biosurfactants produced by
microorganisms isolated from refinery wastewaters. J Appl Biol Sci 3(2):163–168

Yan X, Gu S, Cui X, Shi Y, Wen S, Chen H, Ge J (2019) Antimicrobial, anti-adhesive and anti-
biofilm potential of biosurfactants isolated from Pediococcus acidilactici and Lactobacillus
plantarum against Staphylococcus aureus CMCC26003. Microb Pathog 127:12–20

Yao J, Allen C (2007) The plant pathogen Ralstonia solanacearum needs aerotaxis for normal
biofilm formation and interactions with its tomato host. J Bacteriol 189(17):6415–6424

Zimmerli W, Moser C (2012) Pathogenesis and treatment concepts of orthopaedic biofilm infec-
tions. FEMS Immunol Med Microbiol 65(2):158–168

Zuo R, Örnek D, Syrett BC, Green RM, Hsu CH, Mansfeld FB, Wood TK (2004) Inhibiting mild
steel corrosion from sulfate-reducing bacteria using antimicrobial-producing biofilms in Three-
Mile-Island process water. Appl Microbiol Biotechnol 64(2):275–283


	Role of Biosurfactants in Biofilm Prevention and Disruption
	1 Introduction
	1.1 Biosurfactant

	2 Biofilms
	2.1 The Adaptive Beneficial Impact of Biofilm on Microbes
	2.2 The Genetic Prospect of Biofilm Formation
	2.3 The Beneficial Impact of Biofilm

	3 Biofilm: A Threat
	3.1 Harm Rendered by Bacterial Biofilm
	3.2 Harm Rendered by Fungal Biofilm

	4 The Current Approach to Deal with Biofilm
	5 Role of Biosurfactant in Inhibiting and Disrupting Biofilm
	6 Antibiofilm Activity Against Bacterial Pathogen
	7 Antibiofilm Activity Against Fungal Pathogen
	8 Conclusion
	9 Future Perspective
	References




