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 Abstract 
 

Surface-active agents or surfactants are amphiphilic compounds derived naturally or chemically synthesized. Natural 

surfactants or so-called biosurfactants can be obtained from bacteria, yeasts, and fungi as well as plants. Due to their 

hydrophilic and hydrophobic molecules, biosurfactants offer the ability to reduce surface or interfacial tension and create 

microemulsion between aqueous and organic phases. Many studies have suggested biosurfactants as a better substitution to 

chemical surfactants since they are more environment friendly, biocompatible, and has lower toxicity. This review article is 

provided to introduce some general information regarding microbial-derived biosurfactants including five main classes of 

biosurfactants and several distinctive properties that confer them as promising surface-active agents. Due to their diverse 

molecular structures, biosurfactants have been applied in various applications. Thus, several common biosurfactant recovery 

methods are discussed and examples of biosurfactant applications in hydrocarbon removal as well as in industrial processing 

are highlighted.  
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Abstrak 
 

Agen permukaan aktif atau surfaktan ialah komponen ampifilik yang diperolehi secara semulajadi atau sintesis kimia. 

Surfaktan semulajadi atau juga dikenali sebagai biosurfaktan boleh didapati daripada bakteria, yis, fungi dan tumbuh-

tumbuhan. Disebabkan oleh molekul hidrofilik dan hidrofobik, biosurfaktan menawarkan kebolehan untuk mengurangkan 

tegangan permukaan atau tegangan antara permukaan, dan mencipta mikroemulsi di antara fasa larutan air dan organik. 

Banyak kajian telah mencadangkan biosurfaktan sebagai penggantian yang lebih baik untuk surfaktan kimia kerana 

biosurfaktan lebih mesra alam, lebih biokeserasian dan rendah ketoksikan. Kajian ulasan ini disediakan untuk 

memperkenalkan beberapa informasi secara umum berkenaan biosurfaktan daripada mikrob termasuk lima kelas utama 

biosurfaktan dan beberapa ciri berbeza yang menjadikan mereka agen aktif permukaan yang bagus. Disebabkan oleh 

struktur molekul yang pelbagai, biosurfaktan telah digunakan dalam pelbagai kegunaan. Oleh itu, beberapa kaedah 

pengekstrakan dibincangkan dan contoh kegunaan biosurfaktan dalam penghapusan hidrokarbon dan proses industri 

diketengahkan.  

 

Kata kunci: Biosurfaktan, hidrokarbon, pengekstrakan, pengemulsian, tegangan permukaan 
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1.0 INTRODUCTION 
 

Surface-active agents (surfactants) are amphiphilic 

compounds comprised of both hydrophilic (polar) 

and hydrophobic (non-polar) portions in the 

structure. Surfactants are important for their ability to 

reduce surface or interfacial tension as well as to 

trigger emulsifying activity between two immiscible 

phases, conferring them with essential roles in many 

applications such as bioremediation, oil and 
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petroleum industries, food processing, laundry and 

detergent, cosmetics, medical and pharmaceuticals, 

and agriculture as wetting agents, foaming agents, 

emulsifiers, stabilisers, antiadhesive agents, and 

antimicrobial agents [1–3]. Surfactants can be 

derived either from chemical synthesis or natural 

synthesis. Chemical surfactants are commonly 

distinguished according to their polar portion and the 

dissociation level in the water. Their groups include 

anionic, cationic, non-ionic, or zwitterionic, based on 

the ionic charge of the hydrophilic portion [2]. Non-

polar parts of chemical surfactants are commonly 

comprised of paraffin, olefins, alkylbenzenes, 

alcohols, and alkylphenols. Meanwhile, the polar 

parts that determine which group the surfactants are 

classified into can be sulphonate, sulphate, 

carboxylate group, polyoxyethylene, 

polyoxypropylene, or polyol derivatives [4]. 

Meanwhile, biosurfactants that are mainly produced 

by microorganisms can be differentiated based on 

microbial origins and chemical composition. Two 

main categories of biosurfactants are low molecular 

weight (glycolipids, lipopeptides, and phospholipids) 

and high molecular weight (polymeric compounds 

and particulate biosurfactants) with molecular sizes 

of 1 to 2 kDa and larger than 1 MDa, respectively 

[5,6]. The hydrophobic parts of biosurfactants are 

usually saturated or unsaturated fatty acids, hydroxy 

fatty acids, or fatty alcohols. Meanwhile, the polar 

parts might consist of carbohydrates, polar peptides 

or acids, or small hydroxyl, phosphate, or carboxyl 

groups [7].  
The main disadvantage of surfactants is that they 

are made from long-established chemical 

surfactants, which have some drawbacks. They are 

less degradable by microorganisms in the 

environment, resulting in longer persistence in the 

environment and the potential for harm to the 

microbiota and aquatic ecosystem [8]. Chemical 

surfactants such as sodium laureth sulphate, 

ammonium laureth sulphate, or alkyl ether 

phosphates that are abundantly applied in daily 

care products such as cosmetics and cleaning 

agents can irritate the sensitive skin and might 

contribute to dermatological problems. Besides, the 

production of chemical surfactants that particularly 

come from petroleum can contribute to the 

depletion of that non-renewable resource. Contrarily, 

biosurfactants are recognised to be eco-friendly, 

biodegradable, and lower in toxicity, which instigates 

them to be extensively studied as a replacement for 

chemical surfactants [9, 10]. In fact, these natural 

surfactants can be feasibly synthesised from cheap 

raw materials such as hydrocarbon-based oils and 

agricultural-based oil effluent [11]. Due to these 

advantages, some biosurfactants such as 

rhamnolipid, MELs, sophorolipid, and emulsan have 

been commercialised as dispersive agents or 

emulsifiers in oil products, oil recovery, and cosmetics 

[3, 4, 12, 13]. 

Due to the significance of biosurfactants, this review 

article is written to introduce some basic information 

on classifications, properties, and recovery processes 

of microbial biosurfactants, with an emphasis on 

applications in hydrocarbon removal and industrial 

processing. 

 

 

2.0 CLASSIFICATION OF BIOSURFACTANTS 
 

2.1 Glycolipids 

 

Glycolipids are among the most studied 

biosurfactants, comprising either mono- or 

disaccharide carbohydrates bound to long chains of 

aliphatic acids or hydroxy-aliphatic acids [9]. Four 

main biosurfactants in this class are rhamnolipids that 

are mainly produced by Pseudomonas spp., 

sophorolipids from Candida bombicola and Candida 

apicola, trehalolipids that are secreted by 

Rhodococcus sp., mannosylerythritol lipids (MEL) from 

basidiomycetous yeasts Pseudozyma (Pseudozyma 

rugulosa, P. aphidis, and P. antarctica), and by the 

Ustilago fungus species [14]. 

 

2.2 Lipopeptides 

 

Based on the chemical structures, lipopeptides can 

be divided into linear and cyclic lipopeptides. This 

type of biosurfactant consists of lipids attached to 

polypeptide chains [15,16]. Bacillus subtilis mainly 

produces surfactin and iturin, while Bacillus 

licheniformis is the primary producer of lichenysin [17–

19]. Other microorganisms that produce lipopeptide 

biosurfactants include Pseudomonas, Streptomyces, 

Aspergillus, Serratia, and Actinoplanes [15]. 

Lipopeptide biosurfactants are known for their 

properties as antimicrobial agents [20]. 

  

2.3 Phospholipids and Fatty Acids 

 

Some microorganisms, such as bacteria from the 

genera Nocardia, Thiobacillus, Candida, 

Acinetobacter, Pseudomonas, Micrococcus, 

Mycococcus, Penicillium, and Aspergillus, secrete 

phospholipids and fatty acids when grown on n-

alkane as a carbon source [9]. The phospholipid 

component in a cell membrane is 

phosphatidylethanolamine, which is involved in 

surface activity. This rich vesicle is usually produced 

by Acinetobacter species and Rhodococcus 

erythropolis when grown on n-alkane as the carbon 

substrate for their growth [16,21,22]. 

 

2.4 Polymeric Biosurfactants 

 

Polymeric biosurfactants are formed by the 

combination of several compounds with different 

chemical structures, such as heteropolysaccharides, 

exopolysaccharides, carbohydrate-lipid-protein 

mixtures, and other polysaccharide-protein 
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complexes [5,16]. The most common and widely 

investigated polymeric biosurfactants are emulsan, 

alasan, and liposan, produced by A. calcoaceticus, 

Acinetobacter radioresistens, and Candida lipolytica, 

respectively [9,21,23]. Meanwhile, 

exopolysaccharide, or EPS, is another essential 

extracellular polymer which is classified into 

carbohydrate-lipid-protein complexes or 

glycolipopeptide groups secreted by microorganisms 

such as Alcaligenes, Halomonas, Antarctobacter, 

Pseudomonas, and Planococcus [5,23].  

 

2.5 Particulate Biosurfactants 

 

Some biosurfactants are present in the form of 

extracellular membrane vesicles that function in 

surface activity in most of the hydrocarbon 

degradation processes and pathogenicity of 

bacteria [24]. For example, Acinetobacter spp. 

produced vesicles composed of protein, 

phospholipid, and lipopolysaccharides with 

diameters and buoyant densities of 20 to 50 nm and 

1.158 g/cm3, respectively [22]. Furthermore, some 

microbial cells have high cell surface hydrophobicity 

and a strong affinity towards hydrocarbons, making 

them cell-bound biosurfactants. These types of 

biosurfactants are usually produced by hydrocarbon-

degrading microorganisms and the Cyanobacteria 

species [25]. 

 

 

3.0 PROPERTIES OF BIOSURFACTANT 
 

3.1 Surface and Interfacial Tension Activity 

 

Good biosurfactants possess the ability to reduce the 

surface tension of water from 72 mN/m to less than 30 

mN/m and the interfacial tension of n-hexadecane 

from 40 mN/m to 1 mN/m [18,22]. Surfactin and 

rhamnolipids produced by B. subtilis and 

Pseudomonas aeruginosa, respectively, are 

examples of biosurfactants that can reduce water 

surface tension from 27 mN/m to 25 mN/m and 

interfacial tension of hexadecane to less than 1 

mN/m [18,26].  

 

3.2 Emulsification and Demulsification Activity  

 

Biosurfactants are involved in emulsification by 

lowering the interfacial tension between organic and 

aqueous phases, allowing interfacial mass exchange 

at the surface, thus leading to solubilisation by 

increasing the permeation of organic compounds 

into the aqueous solution through the formation of 

micelles [27]. Emulsan produced by Acinetobacter, 

rhamnolipid secreted by Pseudomonas spp., and 

some biosurfactants from Arthrobacter and 

Cyanobacterium are common bio-emulsifiers used in 

industrial applications [28]. On the contrary, 

demulsification is an essential mechanism in 

separating water molecules from the oil phase in 

water-in-oil (W/O) emulsions, which have become a 

common problem in the oil industry. Nocardia 

amarae, Corynebacterium petrophilum, 

Rhodococcus aurantiacus, B. subtilis, Micrococcus 

sp., Torulopsis bombicola, A. calcoaceticus, 

Alteromonas, Rhodococcus, Alcaligenes, and 

Aeromonas are among natural de-emulsifiers that 

can break emulsions with their cell-bound or 

extracellular biosurfactants [29].  

 

3.3 Temperature, pH, Salinity, and Ionic Strength 

Tolerance 

 

Another property of biosurfactants is their tolerance 

to a variety of temperature, pH, salinity, and ionic 

strength. For example, lichenysin produced by B. 

licheniformis is resistant to temperature as high as 50 

°C, pH range between 4.5 and 9.0, and 

concentrations of NaCl and Ca up to 50 g/L and 25 

g/L [16,26,28]. Alasan, a bio-emulsifier from A. 

radioresistens strain KA53, can tolerate strong alkaline 

conditions and high temperatures between 60 and 

90 °C [28]. Meanwhile, a biosurfactant from 

Arthrobacter protophormiae is thermostable to the 

range of temperature from 30 to 100 °C and can 

survive in extreme acidic and alkaline conditions (pH 

2 to 12) [30]. 

 

3.4 Low Toxicity 

 

Biosurfactants have been proven to have lower 

toxicity or non-toxic properties that give them 

advantages in many applications. For instance, the 

eco-toxicity and phytotoxicity tests of 0.25% and 0.5% 

concentrations of biosurfactant from Candida 

tropicalis showed no toxic effect towards Artemia 

salina (brine shrimp), while germination indices of wild 

cabbage (Brassica oleracea) were 66% and 56%, 

respectively, indicating no inhibitory effects on the 

seeds and root growth [31]. It was supported by 

biosurfactants from Bacillus subtilis that showed no 

toxicity effects on the growth of lettuce (Lactuca 

sativa) [32], which proposed them as good agents 

for bioremediation. In another study, biosurfactants 

from B. subtilis ATCC 6633 showed low toxicity to cell 

membranes, enabling them to be the appropriate 

candidate in drug formulation [33]. Meanwhile, 

surfactin from Bacillus subtilis HSO121, as has been 

studied by Fei et al. (2019), was suitable to be 

included in detergent formulations since it showed 

less toxicity in acute dermal irritation and acute oral 

toxicity (LD50 and LC50) with values of more than 5000 

mg/kg and 1000 mg/kg, respectively. 

 

3.5 Higher Specificity 

 

Biosurfactants demonstrate specific actions that 

make them essential for applications such as the 

detoxification of different pollutants. This property is 

demonstrated by the 92% removal of heavy metal 

chromium in 36 hours of leaching by di-rhamnolipid 

of P. aeruginosa BS2 compared to tap water [35].  In 
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addition, trehalolipid produced by Nocardia 

mediterranei showed a higher degradation of the 

pesticide Chlorpyrifos compared to Methyl Parathion 

and Dichlorvos in a comparative study of 

degradation towards different organophosphates 

[36]. The specificity of biosurfactants has also assisted 

in obtaining targeted biosurfactants by altering the 

substrate in the growth media. For instance, a 

mixture of surfactin, iturin, and fengycin was 

produced by Bacillus amylofaciensstrain AR2 in a 

medium supplemented with dextrose, sucrose, and 

glycerol. However, only iturin was produced by the 

same bacteria in the presence of maltose, lactose, 

and sorbitol [37]. Meanwhile, P. aeruginosa 

produced rhamnolipids when grown on glycerol and 

glucose, but lipopeptide was produced when waste 

cooking oil was used as a carbon substrate [38]. 

 

3.6 Biodegradability 

 

Biosurfactants are easily degraded by 

microorganisms as they come from natural sources, 

making them more compatible with the 

environment. In a biodegradability test by Feng et al. 

(2019), lipopeptide produced by B. subtilis HSO121 

achieved complete degradation after 3 days 

compared to the synthetic surfactant sodium 

dodecyl benzene sulfonate (SDBS). Sophorolipids 

produced by C. bambicola also showed an 

immediate degradation process after cultivation in 

some biodegradability tests [6]. Due to their 

biodegradability properties, which cause less 

damage to the environment, most biosurfactants are 

adequate to be used in bioremediation and 

wastewater treatment. For example, sophorolipids 

have been used to control blooms of Cochlodinium 

(marine algae). Besides, biosurfactants from marine 

microorganisms have aided in the adsorption of 

poorly soluble polyaromatic hydrocarbons (PAHs) 

such as phenanthrene on aquatic surfaces [16].  

 

3.7 Antimicrobial and Antiadhesive Activity  

 

Glycolipids and lipopeptides are biosurfactants that 

mainly possess antimicrobial activity. The general 

mechanism of antimicrobial action is by the 

intercalation of biosurfactants into the cell 

membranes, which then destroy the cell membranes 

by changing their permeabilising effect and leading 

to cell death [40]. Biosurfactants have antagonistic 

activities towards bacterial pathogens such as P. 

vulgaris ATCC 27973, V. harveyi ATCC 14126, E. 

faecalis ATCC 29212, S. epidermidis KCTC 1917, E. coli 

ATCC 25922, and C. albicans SC5314, which suggests 

that they are important antimicrobial agents in 

medical applications  [40]. In food processing, 

biosurfactants are used to inhibit the growth of 

Listeria monocytogenes, an important food-related 

pathogen [3]. Meanwhile, the properties of glycolipid 

and lipopeptide as antifungals make them suitable 

to be used as biocontrol agents for plant diseases 

[26]. 

4.0 RECOVERY OF BIOSURFACTANT 

 
The recovery of biosurfactants is determined based 

on the physiological production (extracellular or cell-

bound), ionic charge, and solubility of biosurfactants 

in specific solvents [41, 42]. The recovery process 

usually involves the combination of several methods, 

i.e., washing, foam fractionation, precipitation, 

crystallization, filtration, ultrafiltration, solvent 

extraction, adsorption, and chromatography [43, 44] 

as has have been summarized in Figure 1. It begins 

with the removal of bacterial cells from the medium 

broth by centrifugation for extracellular biosurfactant 

or by the addition of lysis reagents such as enzymes 

and detergents to break down the cells in the case 

of intracellular biosurfactant. Then, the biosurfactants 

will be isolated from the fermentation medium by 

reducing their solubility in the medium solution using 

alcohols, acids, or salts. Acid precipitation is a 

favoured method for isolating biosurfactants. In acid 

precipitation, concentrated hydrochloric acid (HCl) is 

used to lower the pH of the supernatant solution by 

pH 2 to 3. In the acidic condition, polar molecules 

such as the carboxyl group of rhamnolipids will be 

protonated, making them less soluble in aqueous 

solution [44]. One limitation of acid precipitation is 

that it can also precipitate non-selective elements 

that have low solubility in acidic conditions, such as 

extracellular protein, alginic acid, and other 

metabolites [44]. As a resolution to this matter, other 

following recovery techniques are required to 

eliminate the unwanted components. Besides acid 

precipitation, proteins, lipids, and polysaccharides 

which are components of biosurfactants can also be 

extracted by ethanol precipitation, acetone 

precipitation, and salt precipitation [41,42,45,46]. In 

some cases, precipitation method is sufficient to be 

used as a sole method to extract crude 

biosurfactant. In a study by Invally et al., (2019), acid 

precipitation after biopolymer removal by prior 

alcohol precipitation is sufficient to extract out the 

rhamnolipid from the solution. This method was 

comparable with acid precipitation-solvent 

extraction, where the solvent extraction after acid 

precipitation step did not lead to the increment of 

yield rhamnolipid. 

Precipitations are usually followed by 

centrifugation at 12,000 rpm at 4°C for 15 minutes to 

collect the crude biosurfactants, which will then be 

further extracted by other methods such as solvent 

extraction, foam fractionation, and adsorption-

desorption [47]. Solvent extraction is applied based 

on the polarity charge that influences the dissolution 

of biosurfactants in different types of solvents [47]. In 

general principle, polar solutes tend to dissolve in 

polar solvents, while non-polar solutes are more 

favourable to dissolving in non-polar solvents. The 

ratio of hydrophilic and hydrophobic moieties in the 

structure of biosurfactants will determine the degree 

of polarity and solubility of the biosurfactants in 

different solvent solutions. Glycolipids such as 
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rhamnolipid and sophorolipid are typically extracted 

from aqueous solutions by standardised solvent 

extraction using ethyl acetate [46,48]. For instance, 

the crude sophorolipid from S. bambicola grown on 

glucose and refined, bleached, and deodorised 

(RBD) palm olein substrate has been successfully 

recovered by ethyl acetate with a total yield of 53.3 

g/L [49]. Meanwhile, chloroform-methanol is the most 

common solvent combination for trehalolipids, 

lipopeptides, and other high molecular weight 

compounds extraction [46,50].  

By the absorption of the molecules onto air 

bubbles in the culture medium, foam fractionation is 

used to separate biosurfactant molecules from the 

medium. The principle behind this method is that the 

bubbles that are generated by the aeration system 

will move up to the top of the liquid surface and turn 

into the collapsed foams that contain more 

concentrated surface-active compounds due to the 

gravity force [51]. The advantages of foam 

fractionation are that it allows continuous removal of 

products, prevents the accumulation of products in 

the media, which can inhibit microbial growth and 

product formation, and facilitates the extended 

biosurfactant production in fed-batch and 

continuous batch fermentation [22]. The efficiency of 

foam fractionation methods depends on airflow rate, 

the pore size of the sintered glass disk, foam height, 

liquid height, initial liquid volume, operation time, and 

feed flow rate [51]. Sarachat et al., (2010) found that 

97% of the rhamnolipid of Pseudomonas aeruginosa 

SP4 has been concentrated and recovered by foam 

fractionation with operating conditions of 30 ml/min 

of flow rate, an initial foam height of 60 cm, a pore 

size of the sintered glass disc of 160 to 250 µm (No.0), 

an initial liquid volume of 25 mL, and 4 hours of 

operation time. Meanwhile, trehalolipids from the 

marine bacterium Rhodococcus sp. PML026 were 

extracted by this method with a 25–58% recovery 

[52]. 

Adsorption-desorption is a common technique 

used to separate biosurfactants after the process of 

eliminating heavy metals, enzymes, biological 

polymers, or oil contaminants by other methods such 

as membrane separation, chemical precipitation, 

and ion exchange [51]. This method involves the 

adsorption and desorption of biosurfactant 

molecules from hydrophobic polymers such as 

Amberlite XAD 2 or 16 polystyrene resins or activated 

carbon [17,43]. It was effective to remove proteins, 

polysaccharides, and peptides from the pre-

purification stage to obtain surfactin with a purity of 

up to 88% and a recovery of up to 95% on the slightly 

polar XAD-7 resin [43]. This technique is fast, requiring 

only one recovery step and results in high-quality 

purified biosurfactants [47]. This method is governed 

by several factors such as agitation rate, activated 

carbon particle size, initial adsorbate concentration, 

amount of adsorbent, ionic strength, pH, and 

temperature [17].  

As an additional step to obtaining high purity of 

biosurfactants, polishing techniques are required to 

eliminate any contaminants. For instance, 

ultrafiltration (two-step method) is used to purify the 

lipopeptides and glycolipids in micelles formed 

above the Critical Micelle Concentration (CMC) [43]. 

It is usually used as a further purification method to 

concentrate the biosurfactants after several prior 

approaches to getting crude (semi-purified) 

biosurfactants from acid precipitation, foam 

fractionation, and solvent extraction. Ultrafiltration 

was first introduced by Mulligan & Gibbsb (1990) for 

the recovery of surfactin and rhamnolipid. In the first 

step (UF-1) of surfactin purification, the surfactin 

(micelles) and protein are filtered (0.45 µM) and 

recovered as retentate. Then, the solvents such as 

ethanol or methanol will be added to the retentate 

and re-filtered in the second step (UF-2). In the 

presence of ethanol or methanol, the surfactin 

micelles will be separated into monomers and they 

will be recovered as permeate. Meanwhile, proteins 

remain retentate as they form aggregations in 

ethanol or methanol solvents [17].  

Chromatography is another effective technique 

to purify crude biosurfactants by manipulating the 

solvent system to migrate the components through 

the solid phase flowed by the mobile phase 

according to the non-covalent interaction of 

components with the column [47]. The separated 

fractions are analysed by detectors such as 

refractive index (RI), UV, fluorescent, radiochemical, 

electrochemical, near-infrared, MS, NMR, and light 

scattering [47]. Free rhamnose and lipopeptides are 

common components that are separated by 

chromatography technique. For example, di-

rhamnolipid and mono-rhamnolipid from P. 

aeruginosa were completely separated by thin layer 

chromatography (TLC) technique using aluminium 

silica gel 60 F254 plates as absorbent material with a 

fraction ratio of chloroform: methanol: 20% aqueous 

acetic acid (65:15:2) solvent system after being 

extracted by solvents methanol: chloroform: acetone 

(1:1:1) [54]. Meanwhile, the high-speed counter 

current chromatography with three-phase solvent 

system composed of n-hexane-methyl acetate-

acetonitrile-water (2:2:2:5, v/v) was efficiently 

separated a mixture of six rhamnolipids, 

RhaC10C10 (0.73 mg), RhaC10 (0.51 mg), Rha2C10 (0.12 

mg), RhaC10C12 (1.26 mg), Rha2C10C10 (1.03 mg), and 

Rha2C10C12 (0.87 mg) with recovery percentage of 

96.37, 95.20, 91.25, 84.41, 89.8, and 90.26%, 

respectively [55]. After purification stages, 

biosurfactants can be further characterised 

afterwards in terms of their molecular and physical 

structure, molecular mass measurement, and their 

congeners using several high technology automated 

analyses such as High Performance Liquid 

Chromatography (HPLC), Fourier Transform Infra-Red 

(FT-IR), Nuclear Magnetic Resonance (NMR), Gas 

Chromatography-Mass Spectrometry (GC-MS), 

Electrospray Ionization-Mass Spectrometry (ESI-MS) or 

Scanning Electron Microscope with a combination of 

Energy Dispersive X-ray (SEM-EDX) [41,46,47]. 
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Although some of the biosurfactants have achieved 

the highest level of production and have been 

successfully commercialised, the biggest challenge 

in biosurfactant production still comes from the 

downstream process. Since the concentration of the 

target product is relatively small, it is quite difficult to 

purify biosurfactant. The choice of recovery methods 

is crucial to the effective separation of biosurfactants 

from the complex mixture of medium, substrates, 

cells, and other extracellular components [43]. The 

purity of biosurfactants is required according to their 

application. For instance, biosurfactants that are 

produced for food and beverages, medical 

applications, and pharmaceuticals are required to 

be lower in toxicity and have a higher purity. Multiple 

recovery processes and analyses should be 

conducted for these purposes, resulting in higher 

investment costs. Another constraint is the loss of yield 

biosurfactants due to the recovery technique itself. In 

ultrafiltration, for example, the blockage or fouling of 

the filter membrane by large molecules such as 

micelles of biosurfactants and other contaminants 

can lead to a decrease in yield production [51]. 

Besides, the conventional methods of biosurfactant 

recovery commonly involve the usage of organic 

solvents that can inflict some detrimental outcomes, 

including the loss of yield in biosurfactant products, 

loss of biosurfactant activity due to organic solvents, 

time and cost in the recovery process, and toxic 

waste in the environment from a large amount of 

solvent used [51].  
 

 

 
 

Figure 1 The flowchart of some basic methods for recovery 

of biosurfactants 

 

 

 

5.0 APPLICATIONS OF BIOSURFACTANT 
 

5.1 Hydrocarbon Clean-up Process 

 

Hydrocarbon contamination is one of the critical 

factors that contribute to environmental pollution. 

The sources of hydrocarbon contaminants are 

accidental oil spills from vehicles on the road, 

marine-related accidents that cause petroleum oil 

spills into the sea, pesticide waste that is not properly 

degraded, and other toxic organic matters. 

Petroleum hydrocarbons contain aliphatic 

compounds (n-alkanes or n-alkenes), aromatics 

(benzene, toluene, ethylbenzene, and xylenes [BTEX] 

compounds), resins (naphthenic aromatic 

hydrocarbons), and asphaltenes, which are 

carcinogenic and may lead to various health 

problems such as tumours, cancer, and failure of the 

nervous system should they enter the body by 

ingestion of contaminated food or water, or by 

prolonged skin contact [35,56]. Other contaminants 

commonly present in soils are hydrophobic organic 

compounds (HOCs) from petroleum and fuel residue, 

chlorinated compounds in commercial solvents, and 

pesticides from agricultural waste. Heavy metals such 

as mercury, chromium, cadmium, lead, arsenic, 

manganese, nickel, and copper are also toxicants 

that predominate in soils and sediments. These 

contaminants are high in hydrophobicity, allowing 

them to be strongly adsorbed by soil particles and 

persist longer in the environment [57]. 

Several approaches have been taken in the 

process of hydrocarbon contamination clean-up 

involving physical, chemical, and biological 

remediation. Bioremediation is the process of 

removing or detoxifying pollutants using the diverse 

metabolic capabilities of microorganisms. 

Bioremediation can be divided into two processes, 

i.e., in-situ and ex-situ. In situ bioremediation uses 

techniques such as bio-stimulation, bioventing, 

injection of hydrogen peroxide, and 

bioaugmentation. Meanwhile, the ex-situ process 

involves the excavation of contaminated soil from 

the ground to be treated elsewhere, which includes 

techniques like landfarming, composting, biophiles, 

and bioreactors [56]. Both bioremediation 

techniques involve biodegradation processes that 

require the presence of hydrocarbon-degrading 

microorganisms. Biodegradation is the metabolic 

activity by microorganisms that neutralises and 

transforms organic pollutants into non-hazardous and 

less harmful substances before releasing them into 

the environment [58]. Biosurfactant producers play 

essential roles in the degradation of hydrocarbon 

pollutants. The hydrocarbons from oil are biologically 

decomposed by microorganisms that use the 

pollutants as a carbon source for nutrients and 

energy for growth. As a result, the microorganisms will 

produce biosurfactants as metabolites, which then 

enhance the oil dispersion and solubility by 

emulsification. This mechanism will allow oil particles 
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to be degraded by microorganisms into carbon 

dioxide, water, mineral salts, and gases [59]. 

Several biosurfactants have been efficiently used 

in hydrocarbon degradation. Alasan, a bio-emulsifier 

complex, and BS29 bioemulsans, produced by 

Gordania spp. strain BS29, are effective in removing 

crude oil and PAHs from soil [60]. The rhamnolipid 

produced by P. aeruginosa Pa can reduce diesel by 

58% in 14 days and degrade a higher carbon 

number of diesel constituents (C15 to C24) [48]. In 

another study, P.aeruginosa can degrade 

hydrocarbon components from C12 to C30, while 

Acinetobacter Iwoffii was more effective in 

degrading C11 to C17 hydrocarbon fractions than 

P.aeruginosa after 48 hours of incubation [61].  

The biosurfactant of Bacillus cereus grown in olive 

oil as a carbon substrate, with sodium nitrate as the 

best nitrogen source, at an optimum pH of 7, and a 

temperature of 37 °C, showed the maximum 

degradation of petrol and diesel [62], suggesting its 

potential in bioremediation. Meanwhile, sophorolipid 

derived from the yeast Candida bombicola URM 

3718, formulated with potassium sorbate, was 

patented in the Brazilian National Intellectual 

Property Institute (patent number BR1020140179631) 

as a commercial dispersant to treat petroleum oil 

pollutants in the marine environment [63]. However, 

the hydrocarbon contaminants usually have a lower 

degradation rate by only a single genus of 

microorganisms because each microorganism has 

different genetic characteristics. Therefore, 

appropriate consortium bacteria have been 

developed according to their suitability to degrade 

different groups of hydrocarbons. More information 

about hydrocarbon degradation by microorganisms 

in bioremediation can be found in a review article 

written by Sylvester et al. (2019).  

In the oil and petroleum industry, biosurfactants 

are involved in the oil recovery process, 

transportation of crude oil, breaking oil field 

emulsions, and removal of oil residues. Microbial 

enhanced oil recovery, or MEOR, is a technique to 

recover oil from low permeability or highly viscous 

crude oil reservoirs using microorganisms. Several 

methods have been applied in the MEOR process 

based on the reduction of interfacial tension and oil 

viscosity. To produce the desired bio compounds 

that aid in oil mobilisation, nutrients containing 

microbes from specific bacteria, such as P. 

aeruginosa and B. licheniformis, are injected, as well 

as a direct injection of biosurfactants [50,64]. These 

processes are then followed by reservoir re-

pressurisation, reduction of tension or oil viscosity, and 

movement of oil to produce wells [3]. During the 

transportation of crude oil from the extraction fields 

to the refineries, the highly viscous asphaltene 

residues in crude oil can cause low flowability and 

problems in the pipelines, such as deposition of 

asphaltenes and/or paraffin residues and a drop in 

pressure [10]. These problems can be overcome 

using bio-emulsifiers that can disperse the oil into 

smaller droplets and prevent the droplets from 

coalescing.  

The most common emulsion in the oil industry is 

water-in-oil (W/O) emulsion, also known as 

“chocolate mousse” or “mousse” [65]. Due to their 

low interfacial energy, the mixture of two immiscible 

phases will spontaneously create this type of 

emulsion. To avoid corrosion and the growth of 

microorganisms in pipelines and storage tanks, the oil 

must have a water content of less than 1% [66]. 

Therefore, this oil field emulsion is another major 

problem in the petroleum industry. The W/O emulsion 

problems can be solved by the demulsification 

process. Demulsification is the reversible process of 

emulsification whereby the stable emulsions will be 

separated into oil and water phases. The 

conventional methods of the demulsification process 

are by centrifugation, heat treatment, and 

chemicals. These processes can be enhanced by the 

addition of de-emulsifiers. The demulsification of 

crude oil occurs in three main steps: (a) the 

replacement of asphaltene (emulsion stabilizer) with 

biosurfactants in the oil-water interface, (b) 

flocculation of the dispersed droplets, and (c) 

coalescence of the water droplets entrapped in 

micelles [29]. Alcaligenes, Pseudomonas, Bacillus, 

and Delftia species are examples of biosurfactant 

producers that exploit the hydrophobic and 

hydrophilic nature to disrupt the emulsions [29,67].  

 

5.2 Other Applications of Biosurfactant 

 

Due to the various properties of biosurfactants, these 

bio-compounds have been extensively applied as 

food additives. The important properties of 

biosurfactants to be used in food processing are their 

potential as emulsifiers, as well as their antimicrobial 

and antiadhesive characteristics. The antimicrobial 

and antiadhesive properties of biosurfactants are 

important against pathogenic bacteria, yeast, 

viruses, fungi, and algae [12]. Rhamnolipids, surfactin, 

and lunasan, which are produced by Pseudomonas 

spp., Bacillus spp., and the yeast Candida sphaerica 

UCP0995, can prevent the attachment of food 

pathogens such as Listeria monocytogenes, 

Staphylococcus aureus, and Micrococcus luteus on 

polystyrene surfaces by their antiadhesive activity [1]. 

Rhamnolipids combine with nisin, a broad-spectrum 

bacteriocin showing synergetic effects and very 

efficient at inhibiting food pathogens like L. 

monocytogenes [3]. Furthermore, the dairy probiotic 

strain Lactobacillus acidophilus has been shown to 

have potential as a uropathogen growth inhibitor, 

making it an appropriate candidate for oral 

application in commercial food products [1]. The 

biosurfactants are also crucial in controlling the 

accumulation of fat globules, improving the 

consistencies of starch and fat-based products, as 

stabilisers in an aerated system, providing texture, 

prolonging shelf-life, and modifying rheological 

properties in the wheat dough [26]. In ice cream and 

bakery formulations, the use of rhamnolipids improves 
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the stability of the dough, volume, texture, flavour, 

and preservation of the products [16]. Meanwhile, 

yeasts such as Yarrowia lipolytica, Saccharomyces 

cerevisiae, and Kluyveromyces lactis have achieved 

the status of “generally regarded as safe” (GRAS) for 

their low toxicity properties and suitability in food and 

pharmaceutical applications [22].  

In the laundry and detergent industries, over-

foaming is a common problem due to the addition of 

excess detergent and could interfere with the 

cleaning process. This problem can be solved using 

de-foaming agents, and biosurfactants can play a 

role in reducing foam formation. Some 

biosurfactants, such as sophorolipids from C. 

bombicola, have low foaming properties and can be 

used to enhance oily soil detergency in fabric 

washing [28]. Biosurfactants remove oil and dirt in 

washing by increasing the solubility of oil particles by 

creating emulsions. A study by Bafghi & Fazaelipoor 

(2012) showed that rhamnolipids were efficient in 

removing oil from cotton cloth with the highest 

percentage (10%) of the detergent formulation. 

Besides, washing at a lower temperature will lead to 

the formation of biofilm due to the accumulation of 

some microorganisms in the vessels of washing 

machines. Some biosurfactants can prevent biofilm 

formation as they possess antiadhesive and 

antimicrobial properties. The presence of 

biosurfactants in the laundry detergent formulation 

may inhibit biofilm formation in waste pipes [14]. 

Biosurfactants of psychrophilic organisms can also 

improve the washing performance at cold and 

freezing temperatures, and this can reduce energy 

consumption by allowing the laundry process at 

lower temperatures [69]. Sustainability in alkaline 

conditions and extreme temperatures are also 

important factors for biosurfactants to be applied in 

the detergent industry. These properties were shown 

by the thermophilic Ochrobactrum intermedium 

strain MZV101, isolated from hot springs (60 °C). This 

isolate produced lipase and biosurfactant which 

remained stable at pH 5 to 13, exhibited 

emulsification stability at temperatures of 70 °C to 90 

°C, and had strong oil removal activity [70].  

Biosurfactants in cosmetics and healthcare 

products have roles as emulsifiers, de-emulsifiers, 

solubilizers, cleansers, wetting agents, foaming 

agents, antimicrobial agents, and mediators of 

enzyme action [22]. Cleaning products (shampoos, 

conditioners, shower creams, make-up removers, 

toothpaste, polishes, and denture cleansers), lotions 

(moisturisers, sunscreens, and face and body lotions), 

manicure and pedicure products, make-up products 

(lipsticks and eyeshades), body care regimes 

(deodorants and antiperspirants), baby products, 

and body massage accessories are among the daily-

used products that require surface-active agents in 

their formulations [9]. Some synthetic surfactants may 

cause skin irritation in sensitive users due to the harsh 

chemical composition in the formulation. For 

example, linear alkylbenzene sulphonates (LABS) 

manufactured from alkylbenzene are harmful to the 

skin and are deemed unsuitable to be included in 

personal care formulations [71]. Biosurfactants might 

be a better replacement compound for synthetic 

surfactants since they are lower in toxicity and 

gentler on the skin. Studies have suggested that 

biosurfactants may aid in wound healing; therefore, 

they may reduce the skin’s allergenicity and irritation 

caused by other ingredients in cosmetic products 

[14]. The aqueous and oil components can be well 

mixed by reducing the interfacial tension and 

emulsification with bio-emulsifiers such as liposan, 

produced by C. lipolytica. This bio-emulsifier can form 

stable oil-in-water (O/W) emulsions, which are 

essential in beauty and health care product 

formulation [22]. The Acinetobacter bacteria also 

produce biosurfactants that can be applied to 

personal care products. For example, bio-emulsifiers 

from A. calcoaceticus in shampoo and soap 

formulations act effectively against acne and 

eczema. Besides, lipopolysaccharide from 

Acinetobacter strains also facilitates bath agents to 

be more effective in reducing slime and fur in the 

bathtub and bath furnace [50]. Meanwhile, MEL, a 

biosurfactant from the glycolipid group, has also 

been used in cosmetics and has been 

commercialised by the Japanese companies Toyobo 

and Kanebo Cosmetics [13].  

Most biosurfactants are applied in medical 

products due to their potential as antimicrobials and 

antiadhesive agents. B. subtilis is a well-known 

producer of surfactin, one of the most powerful 

antimicrobial agents that has been used in the pre-

coating of vinyl urethral catheters to decrease biofilm 

formation by pathogens such as Salmonella enterica, 

Salmonella typhimurium, Escherichia coli, and Proteus 

mirabilis [26]. Surfactin has a broad spectrum of 

antiviral activity and effectively inactivates herpes 

and retroviruses, as well as other compact RNA and 

DNA viruses [22]. B. subtilis strains can also produce a 

lipopeptide called iturin with antifungal activity. In an 

experiment, iturin was reported to affect the 

morphology and structure of the cell membrane of 

yeasts [22]. Other biosurfactants that can possess 

antimicrobial properties are MEL produced by C. 

antartica and Kurtzmanomyces spp., rhamnolipids 

produced by P. aeruginosa, and lipopeptides from B. 

licheniformis [3,20]. The ability of biosurfactants to act 

against a wide range of pathogens is also beneficial 

in drug formulation in pharmaceuticals. The 

commercial antibiotic, Cubicin, commercialised by 

Cubist Pharmaceuticals, is an example of a 

branched cyclic lipopeptide, namely Daptomycin, 

isolated from Streptomyces roseosporus. This 

antibiotic has been used in the treatment of skin 

infections caused by pathogens such as S. aureus, 

Streptococcus pneumoniae, Staphylococci, and 

Enterococci [22]. Biosurfactants also play roles in the 

pharmaceutical and medical fields, such as inducing 

cell differentiation in the human cell line HL60 against 

promyelocytic leukaemia, gene delivery agents, 

immunological adjuvants, probiotic agents, anti-
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tumour, anti-inflammatory, haemolytic, and 

chelating agents [20,26,72].  

 

 

6.0 CONCLUSION 
 

Biosurfactants have been proved to become 

promising agents to replace chemical surfactants 

because of their flexibility, excellent properties, and 

applications over chemical surfactants. However, 

among the drawbacks that render impractical use of 

biosurfactants in certain industries are the 

complicated downstream processing to obtain a 

high yield of biosurfactants with high quality and 

quantity and lower cost of production. More efforts 

and studies can be expanded to investigate the 

strategies on how to enhance biosurfactant yield 

production, so that biosurfactants can get a place in 

industrial implementation. 
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