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Abstract: According to various research, Biosurfactants are generally composed of amphipathic motes that have both 
hydrophilic and hydrophobic ingredients. The hydrophilic composites generally correspond to positive, negative, or amphoteric 
charged ions, whereas the hydrophobic composites are made up of a long chain of fatty acids. It is getting important in 
biotechnology products for numerous industrial applications including in food, cosmetics and cleaning products, medicine, drug, 
and oil and gas. Bacterial cells produce an admixture of biosurfactant( BS) lipids with the help of which oil is dispersed into 
veritably fine droplets and therefore the bioavailability of CO is increased. Biosurfactants are surface-active site compounds 
produced by microorganisms. Biosurfactant generally refers to surfactants of microbial origin. Most of the biosurfactants 
produced by microbes are synthesized extracellularly and numerous microbes are known to produce biosurfactants in large 
relative amounts. This study concentrates on the insulation of biosurfactant-producing microorganisms from soil samples. 
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I. INTRODUCTION 

Chemical substances known as surfactants are made up of amphipathic molecules with hydrophilic and hydrophobic moieties that 
separate at physical contacts. The polar moieties can be cationic, anionic, nonionic, or amphoteric molecules, whereas the non-polar 
moieties are frequently chains of hydrocarbons. Surfactants can create microemulsions, in which hydrocarbons are soluble in water 
or vice versa, and lower surface and interfacial tensions thanks to the mix of hydrophobic and hydrophilic moieties.[1] Because they 
can increase the aqueous solubility of Non-Aqueous Phase Liquids (NAPLS) by lowering their surface/interfacial tension at the air-
water and water-oil interfaces, surfactants, the active ingredients in soaps and detergents, are frequently used to separate oily 
materials from a particular media.[2]. Surface-active chemicals produced by microorganisms called biosurfactants, also known as 
surface-active substances, either attach to cell surfaces or are discharged extracellularly in the growth media.[3] The primary 
classifications of biosurfactants are based on their chemical makeup and microbiological source. Glycolipids, phospholipids, 
polymeric biosurfactants, and lipopeptides (surfactin) are the four primary groups of biosurfactants. Rhamnolipids, also known as 
phorolipids and trehalolipids, are the most well-known glycolipids. Both aqueous solutions and hydrocarbon mixes have lower 
levels of surface tension and Critical Micelle Dilution (CMD) due to these molecules.  These characteristics lead to the creation of 
micelle formations, which allow hydrocarbons to dissolve in water or in water-soluble hydrocarbons. [4] Surfactants are widely 
employed in industrial, agricultural, food, cosmetic, and medicinal applications. However, the majority of these molecules are 
chemically synthesised, and because of their refractory and persistent nature, they may pose environmental and toxicological risks.  
Recent developments in biotechnology have drawn attention to an alternate, environmentally acceptable method for producing 
several kinds of biosurfactants from microorganisms. [5] Biosurfactant-producing microorganisms are abundant in nature and can 
be found in soil, sediment, and sludge as well as freshwater, groundwater, and the sea. Additionally, they can be found in harsh 
environments (oil reservoirs), and they can survive in a variety of temperature, pH, and salinity conditions. [6]  
Additionally, they are capable of being removed from environments that are undisturbed and in which they perform physiological 
functions that do not involve the solubilization of hydrophobic contaminants, such as antibacterial activity, biofilm formation, or 
processes of motility and surface colonisation. [7] 

A. Biosurfactant's Physiological Function in Microorganisms 
A number of microorganisms produce biosurfactants, which are primarily released extracellularly or linked to cell components 
during growth on water-immiscible substrates [8]. Although the molecular mechanisms relating to the uptake of their substrates are 
still unclear and incompletely understood, the main physiological function of biosurfactants is to enable microorganisms to grow on 
water insoluble substrates by reducing the surface tension at the phase boundary. This makes the substrate more readily available for 
uptake and metabolism. [8,9]  
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The evidence that emulsification is a natural process induced by extra-cellular agents is indirect, and there are some conceptual 
challenges in comprehending how emulsification can provide a (evolutionary) advantage for the microorganism producing the 
emulsifiers. It has been suggested that when the surface area becomes limiting, biomass increases arithmetically rather than 
exponentially. The antibacterial properties of biosurfactants towards different microorganisms serve as another physiological 
function. Different surfactants typically hinder various taxa. In addition, biosurfactants have been demonstrated to play a role in 
virulence, cell desorption, and cell adhesion, which confers the most stability under adverse environmental circumstances [8]. 
Biosurfactants have been produced using substances such as urea peptone, yeast extract, ammonium sulphate, ammonium nitrate, 
sodium nitrate, meat extract, and malt extracts. Although the most widely used nitrogen source for the production of biosurfactants 
is yeast extract, the concentration of its use depends on the organism and the growth medium. Arthrobacter paraffineusfavours 
ammonium salts and urea as nitrogen sources for the generation of biosurfactants, whereas P. aeruginosa prefers nitrate for 
optimum surfactant synthesis [10]. 

 
B. Producing Biosurfactants is Impacted by Certain Factors 
Either by excretion or attachment to cells, biosurfactants are made. Through the lowering of surface tension between phases, which 
increases the availability of hydrophobic substrate for uptake and metabolism, biosurfactants' primary physiological function is to 
promote access to or enable microbial cells to develop on insoluble substrates. These substrates' various uptake processes are 
outlined. Direct contact between cells and large hydrocarbon droplets, direct ingestion of dissolved hydrocarbons in the aqueous 
phase, and interaction with emulsified droplets (emulsion) have all been documented. Additionally, biosurfactants play a role in how 
bacteria adhere to hydrocarbons. These carbon sources can support microbial growth due to cell adsorption to insoluble substrates 
and surfactant compound excretion [11].The best biosurfactant yield can be difficult to achieve since a variety of factors can affect 
the development and metabolism of microorganisms during fermentative synthesis. Numerous studies have been conducted to 
determine the best mix of substrates for a defined culture medium to promote intracellular diffusion and the synthesis of chemicals 
of interest.[11,12,13]. 
It's crucial to specify the growth conditions for a chosen strain of microbe in order to get the best possible biosurfactant production. 
Considerable factors include supplies of carbon and nitrogen, lipophilic substrate content, availability of micronutrients, inoculum 
size, temperature, pH, aeration, and agitation speed [14].Although the majority of biosurfactant-producing microorganisms produce 
these substances under more constrained circumstances, it is important to look into the growth phase (exponential or stationary 
phase) that results in the highest production rate. [11]In order to find the best culture conditions for the highest production of 
biosurfactants at the lowest possible cost, the chemical and physical parameters of the fermentation process can be optimised using 
statistical methods, which give the chance to study the effects of interactions between the different variables [15,16]. 
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Figure1:Chemicalstructuresofsomecommonbiosurfactants(a)Mannosylerythritollipid(b)Surfactin(c)trehaloselipid(d)Sophorolipid(e)Rhamnolipid(f)Emulsan.[8
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The method must incorporate upstream production and downstream processing in order to create biosurfactants economically. 
Mechanisms to increase production must be taken into account, including new statistical techniques (like surface methodology), AI-
based methods like Artificial Neural Intelligence combined with Genetic Algorithm (ANN-GA), and the use of recombinant 
bacterial strains. Most recently, Ambaye et al. [17] Cost-effective large-scale industrial biosurfactants production for the importance 
of the environment can be achieved through the use of genetically modified microbial strains, cost-effective substrate(s), optimised 
media, improved fermentation processes, better downstream processing, and purification of end products. 
 
C. Carbon Sources 
The kind of carbon substrate has an impact on and influences the quantity and quality of biosurfactant production. [18] According to 
reports, a good source of carbon substrate for the generation of biosurfactants is diesel, crude oil, glucose, sucrose, and glycerol [19]. 
 
D. Sources of Nitrogen 
Since protein and enzyme synthesis is dependent on nitrogen, nitrogen is vital in the biosurfactant production medium. The creation 
of biosurfactants has utilised a variety of nitrogen compounds, including urea peptone, yeast extract, ammonium sulphate, 
ammonium nitrate, sodium nitrate, meat extract, and malt extracts. Although yeast extract is the most popular nitrogen source for 
making biosurfactants, its use in terms of concentration depends on the organism and the culture medium. Arthrobacter paraffineus 
prefers ammonium salts and urea as nitrogen sources, whereas P. aeruginosa uses nitrate to support maximal surfactant synthesis 
[20]. 
 
E. Environmental Variables  
These play a huge role in the yield and properties of the biosurfactant that is produced. As the product may be impacted by 
variations in temperature, pH, aeration, or agitation speed, it is always required to optimise the bioprocess in order to generate 
significant quantities of biosurfactants. According to reports, the majority of biosurfactant production takes place in a temperature 
range of 25–300C [21]. He said that 8.0, the pH of sea water in its natural state, was the optimum for producing. Aeration and 
Agitation: As both aid in the transport of oxygen from the gas phase to the aqueous phase, aeration and agitation are significant 
elements that affect the generation of biosurfactants. It has been hypothesised that the creation of bioemulsifiers can improve the 
solubilization of water-insoluble substrates and subsequently ease nutrient delivery to bacteria. This may also be related to the 
physiological function of microbial emulsifiers. Bednarski and Adamczak [20]It was noted that when the air flow rate was 1 v/m 
and the dissolved oxygen concentration was maintained at 50% of saturation, the best production value of the surfactant (45.5g/l) 
was attained. Salt concentration: Because salt concentration affects the cellular activities of microorganisms, it also has a 
comparable impact on the synthesis of biosurfactants in a particular medium. Contrary findings were seen for some biosurfactant 
compounds, however, which were unaffected by concentrations up to 10% (weight/volume), despite small CMC reductions being 
found [19]. 
 
F. Formulation of the Production Media for Biosurfactants 
Since there are many connected factors involved in cell-based bioprocesses, monitoring each parameter independently becomes 
tiresome, time-consuming, and expensive. to manage numerous data sets simultaneously Media optimisation techniques such as 
Response Surface Methodology (RSM) and statistical techniques like Taguchi and Plackett-Burman Design have frequently been 
utilised to improve biosurfactant production procedures [22]. Table 1. In addition to statistical techniques, an AI-based technology 
called Artificial Neural Intelligence paired with Genetic Algorithm (ANN-GA) has also been tested for media optimization [23] 
 

Table1 Different low-cost waste substrate sex pointed in recent times for biosurfactant production. 
Sr.
no. 

Typeofindustry/waste Typeofmicrobialspecies References 
 

1 Food and Agroindustrial residue 
(datemolasses,sugarcanebaggasse,orangepe
el, sesame peel flour, tuna 
fishresidue,bananapeel,potatopeel,cornste
ep liquor, peanut oil cake, 
cassavawaste,moringa residue) 

Halobacteriaceae archaeon, 
Bacilluspumilis, Bacillus 
licheniformis,Cunninghamellaphaeosp
ora,Candidatropicalis, 
Pseudomonasaeruginosa 

Chooklinetal.(2014);Sharma 
etal.(2015);Kumaretal.(2016);Linsetal
.(2016); Rubio-Ribeauxet al. 
(2017);Magalh~aesetal.(2018) 
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2 AnimalWaste(slaughterhousewaste,animal
fats,fishprocessingwaste) 

Pseudomonas gessardii, 
Nocardiahigoensis, 
Aneurinibacillusmigulanus 

Ramanietal.(2012);Patiletal.(2016);Se
llamietal.(2016) 

3 Agroindustrialandmillwaste(includingrefiner
y waste) (olive mill waste,tannery 
pretreated effluent, palm oilindustry waste, 
soybean oil industrywaste) 

Brachybacterium,paraconglomeratum,Ps
eudomonas aeruginosa, 
Bacilluspseudomycoides, 
Pseudomonasaeruginosa,Bacillussub
tilis 

Kiranetal.(2014a);Gudin~aetal. (2016); 
Li et al. (2016); Moya-
Ram´ırezetal.(2016);Radzuanetal.(201
7) 

4 Wastecookingoil(wastefryingcoconutoil, 
wastecookingoil) 

Pseudomonasaeruginosa,Candidalipol
ytica 

GeorgeandJayachandran(2013);Lanetal.(
2015);Souzaetal.(2016) 

 
In the past ten years, a lot of research has been done on media optimisation, particularly for the most well-known biosurfactant 
producers, the Pseudomonas, Bacillus, and Candida species. The kind and quantity of the media's carbon and nitrogen sources, as 
well as the type and ratio of the metal cations, have all been thoroughly investigated and proven to be crucial for the formation of 
biosurfactants in both shaking flasks and large-scale fermenters. Table 2 provides a summary of some of the significant carbon 
sources that, when cultures were cultivated in shaking flask and large-scale fermenter containers, generated the greatest reported 
biosurfactant output. The most affordable and lucrative substrates for industrial-scale biosurfactant production, namely for 
Pseudomonas, Bacillus, and Candida species, are vegetable oil and hydrocarbon-based substrates [24]. 
 

Table2 Yield comparisons for biosurfactant production in bioreactors. 

Sr.
no
. 

Nameoftheorgani
sm 

Reactorused Criticalcarbonsourceinmedia Maximumyieldrep
orted 

Reference 

1 BacillussubtilisE8 3·7-lfermenter(32h,1·0vvm) Solublestarch(80gl—1) 12.20 gl—1 Gong 
etal.(2009) 

2 Pseodomonaszju.
u1M 

50-
lbioreactor(84h,0·6vvm
,35°C) 

Fryingoilassolecarbonsource 
(4%) 

20 gl—1 Yongetal.(2007
) 

3 Pseudomonascep
aciaCCT6659 

50-
lbioreactor(60h,1·0vvm,28°
C) 

Canolawastefryingoil 40.5 gl—1 Soaresetal.(201
8) 

4 Pseudomonasaeru
ginosaM408 

50-lreactor(120h,1·0 
vvm,28°C) 

Oliveoil(40gl—1) 12.6 gl—1 Jietal.(2016) 

5 Candidabombicol
a 

3-lbioreactor(120h,28°C) Cornsteepliquor,molasses, 
soybean wastefryingoil5%(v/v) 

61 gl—1 Pintoet 
al.(2018) 

6 Candida 
bombicolaURM3
718 

Shakeflask(144h,28°C) Molasses,cornsteep liquor, 
soybean, waste frying oil 5% 
(V/V) 

8.4 gl—1 Lunaetal.(2016
) 

7 Candidatropicalis
UCP0996 

50-lreactor(120h,1·0 
vvm,28°C) 

Sugarcane molasses, cornsteep 
liquor, wastefryingoil(2·5%) 

7.36 gl—1 Almeidaetal.(2
017) 

8 Candidalipolytica 
UCP0988 

2-lbatch 
50-lbatch(144 h,28°C) 

Animalfat(5%)andcornsteepliquo
r(2·5%) 

10 gl—1 
40 gl—1 

Santosetal.(201
7) 
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Table: 3 Media optimization studies for biosurfactant production by Pseudomonas, Bacillus and yeast species (RSM: response 
surface methodology; PBD: Placket Barman design; CCD: central composite design; CCRD: central composite rotation alder sign; 

YND : yield not document 

 
Rhamnolipid synthesis was encouraged by low magnesium concentration and optimal iron (Fe) concentration. In one of the most 
recent studies, blackstrap molasses was employed as the carbon source and RSM was used to optimise medium for the generation of 
rhamnolipids using the Pseudomonas aeruginosa strain (Raza et al. 2016). Total sugar (TS), carbon: nitrogen (C: N) ratio, and 
incubation time were the variables under observation. RSM provided a representation of the link between the intended response and 
independent input factors.All of the parameters were found to have an impact on the rhamnolipid yield, which was determined to be 
at its highest at TS 2%, C:N = 20, and T = 5 days. For increasing the production of rhamnolipids, the use of organosulfur 
compounds in the production medium has produced encouraging results. Surface tension was observed to be reduced more 
effectively in the presence of 4, 6-dibenzothiophene (DBT) by a sulfur-using strain of P. aeruginosa. Moreover, the rhamnolipid 
congeners generated varied depending on the sulphur compound used. Thus, it was discovered that sulphur had a significant impact 
on the quantity and variety of rhamnolipid congeners generated [27]. These strains also have the potential to be employed in a 
coproduction setup, which combines the production of biosurfactants with another bioprocess—in this example, desulphurization—
to lower the total cost of the process. A rich mineral salts medium with nonlimiting carbon and nitrogen sources, a pH of almost 
zero, and the availability of crucial metal cations has been determined to be most beneficial for the formation of lipopeptides 
because lipopeptide production was discovered to be growth-associated as well. [28] It has been discovered that the bioavailability 
of iron (Fe) and manganese (Mn) salts in the media is essential for boosting the formation of biosurfactants of the lipoprotein type. 
Recent research on adding crude glycerol and Mn to agricultural feedstock led to improved growth and 793 mg/l of crude 
lipopeptide [29]. It was hypothesised that Mn would increase the microbial culture's use of ammonium nitrate, increasing the 
availability of free amino acids for surfactin production. According to several investigations, lipopeptides have chelating properties 
that reduce the amount of metal source that is available for development in the medium. Therefore, it has been discovered that 
occasional feeding of Fe and Mn promotes development. However, a number of elements interact together to influence both the 
quality and amount of biosurfactant production, and all of these combinations must be considered when creating the ideal media. In 
parallel, it becomes crucial to hunt for areas that have not been thoroughly investigated for improved biosurfactant production. 

Sr.no
. 

Organism Strategyand/criticalvariablesstudiedforoptimizing
media 

Maximum 
reportedyiel
d 

Reference 

1 BacillussubtilisN7 PBDand CCD; effect of Fe+2,Mn+2 0·706gl—1 Luoet al. (2013a) 
2 BacillussubtilisHSO121 PBD-RSM;CaCl2,maltose, L-arginine 47·58gl—1 Haddad et al. 

(2014) 
3 Bacillusmegaterium EffectofFe;intermittantFe+2feeding 4·2 

±0·15gl—

1  

5·8-
foldincrea
se 

Rangarajanetal.(20
12) 

4 Bacillussubtilis Effect ofMn; Mnsupplementation YND;6·2-
foldincrease 

Huangetal. (2015) 

5 PseudomonasaeruginosaOCD1 ZnSO4followedbyintermittentMnSO4 

supplementation 
0·980gl—1 Sahooet al. (2011) 

6 Pseudomonasaeruginosa 
ATCC9027 

RSMandbatchvsfed-batchcultivation;nitrate 
andmagnesiumsalt 

8·5gl—1 Luoetal.(2013b) 

7 PseudomonasaeruginosaDN1 Palmoilascarbonsource;C/Nratio20 25·98gl—1 Maetal.(2016) 
8 StreptomycescoelicoflavusNBRC155

39T 
PBD,inoculumleveloliveoil,NaNO3 0·475gl—1 Kalyanietal.(2014) 

9 RhodococcuserythropolisATCC42
77 

UseofNaNO3,MgSO4,phosphatebuffer(pH) 0·285gl—1 Pachecoetal.(2010) 
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II. BIOSURFACTANTS APPLICATIONS 
A. Oil Industries 
The total daily oil consumption in 2018 increased by 1.5% over the previous year to 99.5 million barrels [30]. At the current pace of 
usage, light and medium oils should become more difficult to get, increasing reliance on heavy and extra-heavy oils. Additionally, it 
is anticipated that within the following 40 to 45 years, all remaining oil reserves would be exhausted [31]. In order to increase 
production, extend the time it takes to explore reserves, and gain access to oil residues trapped in rock pores, which are thought to 
make up about 60% of the oil in reservoirs, the oil industry is constantly looking for technological advancements. Primary, 
secondary, and tertiary procedures are often used to carry out the oil recovery process. [32] 
Primary, secondary, and tertiary procedures are typically used to carry out the oil recovery process [33]. The primary and secondary 
approaches each include natural and induced pressure, while the tertiary method includes enhanced oil recovery (EOR) operations. 
In order to improve oil output and extend the life of decreasing reservoirs, EOR uses heat, the injection of miscible gas, and 
intriguingly, surfactants that are synthetically generated [34]. In order to recover secondary oil from sediments, microbial enhanced 
oil recovery (MEOR) includes substituting biologically derived secondary metabolites for synthetic surfactants. These biologically 
derived secondary metabolites include acids, biopolymers, enzymes, gases, solvents, and the most promising biosurfactants 
[35,36,37,38]. 
In order to promote microbial development during MEOR, nutrients and microorganisms that create biosurfactants are added to the 
oil reservoir [39,40]. By encouraging the drop in surface tension between the oil and rock, which lessens the capillary pressures that 
prevent the passage of oil through rock pores, biosurfactants are effective at mobilising immobile hydrocarbons [41,42]. In MEOR 
simulations using the biosurfactant made by B. amyloliquefaciens, Alvarez et al. [43] attained a petroleum hydrocarbon recovery 
rate of more than 90%. Using the foam fractionation approach and the biosurfactant generated by Bacillus sp. GY19, Khondee et al. 
[42] were able to extract 100% of the oil. Using the synthetic surfactants examined in the study [44] and biosurfactants derived from 
B. subtilis strains [45]. Reported higher recovery rates of 6-25% for heating oil, 16-24% for viscous paraffin oil, 13-18% for light 
Arabic oil, and 15-17% for heavy crude oil, demonstrating the effective recovery of residual oil from reservoirs exploited for 
lengthy periods of time. The recovery rate of medium weight oils increased by 11.91% when P. aeruginosa's rhamnolipid was 
present, leading to a 50.45% recovery rate, which was higher than the recovery rates attained with the synthetic surfactants used in 
the study [44]. The amount of biosurfactants needed to remove oil residues trapped in the porous rock may make the process 
unprofitable, making the use of biosurfactants in MEOR a contentious matter. Additionally, it is seen to be counterintuitive to use 
compounds for oil recovery whose primary value proposition is to replace synthetic chemicals from the petrochemical industry [46, 
35].  
The same qualities that are helpful for oil exploration can also be employed for bioremediation, which is frequently required due to 
accidents and the resulting hydrocarbon contamination of the environment [47,48].Biosurfactants can sustain a high rate of 
biodegradation in polluted soils, which makes them a good ecological alternative to synthetic surfactants, according to 
bioremediation methods. Biosurfactants can be released in situ, where they can carry out their effects with less subsequent handling 
work and are technically effective, as opposed to its synthetic equivalent [49]. With the added benefits of low toxicity and 
biocompatibility, biosurfactants promote the dispersion of contaminants in the aqueous phase and increase the bioavailability of the 
hydrophobic substrate to microorganisms for the subsequent removal of such pollutants through biodegradation [50].In addition, 
because of the repulsion between its major groups and soil particles caused by its adsorption on the contaminant surface, the release 
of pollutants from the soil is favoured. In the second scenario, pollutants that are incorporated into micelles are more likely to 
partition into the aqueous phase. The wash solution containing the surfactant can be recycled, which lowers cleanup costs, while 
pollutants partitioned into micelles can be recovered and demulsified, or even electrochemically destroyed or adsorbed on activated 
carbon [49]. 
According to Jadhav et al. [51], adding a biosurfactant made by Oceanobacillus sp. improved crude oil biodegradation by up to 90%. 
Using the biosurfactant created by B. brevis, Mouafi et al. [52] successfully achieved excellent dispersion and emulsification of 
motor oil in water. Numerous studies have shown the application potential for the cleanup of oil-contaminated soil. Surfactin is one 
of the many surfactants utilised in biotechnological decontamination procedures, with clearance rates of biomolecules produced by 
B. licheniformis exceeding 85% and those produced by B. subtilis above 88% [53,54,43]. There have been other biosurfactants 
utilised successfully in soil remediation by species of Bacillus, Pseudomonas, and Candida [55,56,57]. Hentati and others [58] It has 
recently been demonstrated that Pseudomonas aeruginosa'sglycolipidic biosurfactant is capable of removing hydrocarbons from 
contaminated soil.  
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The biosurfactant outperformed the studied chemical surfactants in terms of effectiveness. As with MEOR, there are concerns about 
whether microbial fermentation will be able to create enough biosurfactants to carry out bioremediation over the vast regions of 
hydrocarbon-contaminated land or ocean caused by either extended industrial usage or unintentional discharge. Although numerous 
studies have demonstrated that biosurfactants are an appealingoption for removing and/or improving the degradation of hydrophobic 
contaminants in soil, it is important to keep in mind that they, along with their synthetic counterparts, may have no effect or even 
delay degradation by inhibiting microbial metabolism [49, 55].  
 
B. Detergent Industry  
Products for personal care, household cleaning, and tough industrial cleaning are all part of the detergent market. The petrochemical 
industry typically provides the surfactant chemicals utilised in formulations in this business. For instance, during the COVID-19 
epidemic, the most commonly used surfactant in the personal care and home care industries was derived from crude oil, which 
makes biodegradation challenging and poses a significant hazardous risk to aquatic habitats [59]. Biosurfactants are increasingly 
emerging as a viable commercial replacement for these synthetically generated surfactants [60].This predicament has sparked the 
hunt for environmentally friendly goods, such as straight-chain (non-branched) chemical compounds used in biodegradable 
detergents that facilitate effective microbial decomposition [61]. Replace synthetic surfactants with green surfactants, such as 
biosurfactants, and particularly those that are effective at low temperatures and/or in hard water, as this is a deliberate strategy to 
develop more sustainable detergents [62,63].The ability of biosurfactants to emulsify, which is important for detergent activity, is 
one of their key characteristics in this field. Other qualities, in addition to this one, are comparable to commercial detergents and can 
be used in the laundry and detergent sectors [64,68]. A lipopeptide from B. subtilis SPB1 was found to be more effective than 
conventional detergents at removing vegetable oil and coffee stains, according to Bouassida et al. [66]. Fei and co. [67]10,000 
different cosmetic products' performance were examined, and 25–30% of these products were reformulated annually. The use of 
new active ingredients for the market or the industry is a factor in about 10% of these reformulations. Each year, these businesses 
add up to 80 new substances to their product line [68]. In this situation, using biosurfactants is one way to satisfy the demand for 
new components. Biosurfactants represent minimal dangers to humans and the environment due to their renewable, biodegradable, 
low-toxic, or non-toxic nature, which is in accordance with the interests of the developing consumer market and, as a result, the 
cosmetic business. 
The development of safer, more inventive cosmetics has a good potential of being directly impacted by investments in the applied 
research of these biomolecules [69]. Cosmetics require the foaming, wetting, dispersing, and solubilizing qualities that 
biosurfactants naturally possess. Additionally, foaming is a desired quality for shampoos, soaps, and shaving creams. Water-in-oil 
creams with wetting capability can permeate the skin more readily. To combine pigments into a variety of goods, including nail 
paint and hair dyes, dispersing and solubilizing capacity is required [70,71]. Glycolipid and lipopeptide biosurfactants in general, 
which have antimicrobial, skin surface moisturising, and low toxicity properties that could make them suitable substitutes for 
chemical surfactants in current cosmetic and personal skincare pharmaceutical formulations, are examples of microbial 
biosurfactants that are applicable to the cosmetic industry [72]. Specific effects have also been reported such as moisturising 
properties (mannosylerythritol lipid), antiviral and antibacterial action (trehalolipids), increased dissolution of immiscible 
compounds in water (sophorolipids), moisturising and stabilising properties (emulsan), photoprotective potential (amino acids 
similar tomycosporin), foaming (surfactin), and mucosal re-epithelialization (rhamnolipids) [73,74]. 
 
C. Pharmaceutical and Medical Sector  
Because of their antibacterial, anti-adhesive, and enzyme-inhibiting capabilities, biosurfactants have been utilised in the 
pharmaceutical and medical industries for various therapeutic applications [75]. Gene-releasing biosurfactants, medications, as well 
as antiviral and anticancer activity, are some of the key areas of research on these biomolecules in medicine and pharmacy [76]. By 
limiting the adhesion of dangerous bacteria, these features also offer new therapeutic methods to the prevention and treatment of 
illnesses and infections [74]. Giri [77]. found that biosurfactants, such as lipopeptides and glycolipids, can harm cell membranes, 
causing lysis and death as a result, preventing the growth of cancer cells. The antibacterial, anticancer, and anti-mycoplasma 
capabilities of surfactin are present. Because of their capacity to scavenge free radicals, lipopeptides have also been linked to 
improved tissue development and epidermal differentiation as well as decreased inflammation and wound healing [78]. 
Rhamnolipids or sophorolipids biosurfactants from Pseudomonas aeruginosa, Burkholderiathailandensis, and 
Starmerellabombicola were reported to contribute to oral hygiene by removing bacterial biofilms or inhibiting other bacterial 
cultures in the oral cavity [79, 80]. This is an additional application in oral health. 
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D. Agricultural  
The adaptable qualities of biosurfactants also made it possible for them to be used in agriculture, primarily to replace synthetic 
surfactants in the formulations of pesticides and agrochemicals, favouring the expansion of "green chemistry" in this sector in 
response to the need to minimize/eliminate harmful effects on the environment and human health caused by the excessive use of 
chemical compounds [81,82]. 
According to the literature, rhamnolipid and lipopeptide biosurfactants work as bioremediation agents for soils, surface water, 
groundwater, and waste streams contaminated with hydrophobic organic compounds, such as metals [83,84] and polycyclic 
aromatic hydrocarbons. This results in an improvement in soil quality, which is crucial for the growth of crops. Biosurfactants from 
the lipid classes of mannosylerythritol, rhamnolipids, and lipopeptides can be utilised as biopesticides to manage a variety of pests, 
diseases, phytopathogenic fungi, and weeds because of their antimicrobial action [85,86].Regarding the inhibition of the activity of 
aphids, mosquitos, and harmful toxins produced by the fungus Aspergillus parasiticum in peanut, cotton, and maize crops, other 
lipopeptides and some glycolipids have also demonstrated promising results in this field, preventing microbial infections and pest 
infestations [31,74]. 
Through the effective distribution of metals and micronutrients in the soil and the creation of biofilm on roots, biosurfactants and 
microorganisms that produce them can both serve as nutrients for plants (a carbon source) and aid in the absorption of essential 
substances for their proper development. They can also protect plants from harmful substances. [82,87,88] 
 

III. CONCLUSION 
In the agricultural, cosmetic, food, pharmaceutical, and environmental industries, there is a rising demand for innovative specialised 
chemicals. It is only natural to go to the microbial world to meet the demand for these chemicals, which must be both effective and 
environmentally safe. Realising a new chemical product's potential is challenging, though, since concerns about economy, efficacy, 
and efficiency arise. The food and textile industries, environmental cleanup, and the recovery of fossil fuels are all possible 
applications for biosurfactants. The current lack of widespread use of biosurfactants is a result of the high cost of production brought 
on by the use of pricey substrates and ineffective recovery techniques. Use of low-cost carbon substrates may have a substantial 
impact on the economics of biosurfactant manufacturing. 
In this review, we've covered a full analysis of the numerous ways to make biosurfactants cost-effective, as well as their more recent 
roles as high-end specialty chemicals, biological pest controllers, and a new breed of molecules for the cosmetic and healthcare 
industries. Biosurfactants will be successful chemicals in the future when combined with large-scale fermentation, genetic 
engineering, and metabolic engineering. 
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