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Based on their origin and composition, surfactants can be divided into three different categories: (i) synthetic

surfactants; (ii) bio-based surfactants; and (iii) microbial biosurfactants. The first group is the most widespread and

cost-effective. It is composed of surfactants, which are synthetically produced, using non-renewable sources, with

a final structure that is different from the natural components of living cells. The second category comprises

surfactants of intermediate biocompatibility, usually produced by chemical synthesis but integrating fats, sugars or

amino acids obtained from renewable sources into their structure. Finally, the third group of surfactants, designated

as microbial biosurfactants, are considered the most biocompatible and eco-friendly, as they are produced by living

cells, mostly bacteria and yeasts, without the intermediation of organic synthesis.

petroleum-based surfactants  bio-based surfactants  microbial surfactants  cosmetics

1. Introduction

Surfactants are amphiphilic compounds that contain a tail, which is insoluble in water, presenting hydrophobic

groups and a water-soluble head with hydrophilic groups . Due to this structure, these substances have the

ability to diffuse in water and to place themselves between air/water or oil/water interfaces , solubilizing

hydrophobic compounds in water and giving stable emulsions with many applications in different industrial sectors

including the agrochemical , agriculture , food , pharmaceutical  and cosmetic industries  as

well as therapeutic , medicine  and oral-health related  applications.

The synthesis of surfactants usually involves chemical reactions to combine a hydrophobic chain with a hydrophilic

group. Surfactants can be classified from different points of view , as there is currently no official categorization.

Usually, they are classified depending on their ionic charge, although this classification can only be applied to

synthetic and bio-based surfactants since the charge of most surfactants produced by living cells is still unknown.

At the moment, only a few researchers have paid attention to the ionic charge or to the hydrophilic–lipophilic

balance (HLB) of microbial biosurfactants . Both parameters, together with the critical micellar concentration

(CMC), are the important features of microbial biosurfactants and also important properties for cosmetic

applications . For instance, skin and eye irritation, absorption by hair and antibacterial properties can be

associated with the ionic charge of microbial biosurfactants ; while the HLB value influences the ability of

microbial biosurfactants to act as wetting, anti-foaming or emulsifier agents, among others purposes .
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Other classifications divide surfactants into synthetic surfactants and bio-based surfactants, including also as bio-

based surfactants produced by living cells, called microbial biosurfactants. Bio-based surfactants are usually

produced by chemical synthesis but integrating fats, sugars or amino acids obtained from renewable sources,

whereas microbial surfactants are obtained from living cells, typically bacteria and yeasts, without the

intermediation of organic synthesis. However, the synthesis and composition of bio-based surfactants produced by

organic synthesis differ from the surfactants directly produced from living cells and, therefore, they should be

classified separately .

Microbial biosurfactants are secondary metabolites produced by different microorganisms, including bacteria,

fungus and yeast . They can be associated with different stages of microbial growth  and most of them are

produced extracellularly, although there are some microorganisms that are able to produce microbial biosurfactants

linked to the plasmatic membrane, called cell-bound microbial biosurfactants. Usually, lipopeptides and glycolipids

compose extracellular microbial biosurfactants , whereas cell-bound microbial biosurfactants are

composed of glycolipids and glycolipopeptides .

Another group of substances with surfactant capacity that can be considered biosurfactants, as they are extracted

from vegetable or animal cells, are phospholipids . However, it is important to remark that the main function of

phospholipids at an industrial scale is emulsifiers. Moreover, some microorganisms also produce polymeric and

particulate substances (named viscosin or emulsan) with surfactant capacity, although their main property is also

as an emulsifier . These groups of substances have similar properties to phospholipids and, therefore, they

should be included in the same group.

2. Comparison of Microbial Biosurfactants with Synthetic
and Bio-Based Surfactants in the Cosmetic Industry

Due to the huge operational costs to obtain microbial biosurfactants compared to synthetic or bio-based surfactants

, their uses have to be limited to the personal care and pharmaceutical industries, with the exception of those

obtained directly from fermented agro-industrial streams, with a reduced cost, like the case of the microbial

biosurfactants extracted from corn steep water . This type of microbial biosurfactant extract is directly

obtained from corn wet-milling waste streams, thus its production costs are as competitive as the synthetic ones. In

fact, this finding was internationally patented, since the corn steep liquor stream involves a new source of microbial

biosurfactants . Recently, López-Prieto et al.  isolated and characterized the microorganism responsible for

the production of microbial biosurfactants in this corn residue, noticing that it is a Bacillus strain with the capacity to

generate both extracellular and cell-bound microbial biosurfactants. On the other hand, this microbial biosurfactant

has already been tested in hair care  as well as skincare  formulations.

Microbial biosurfactants were applied to cosmetic, personal care and pharmaceutical formulations, achieving

interesting results with fewer side effects than those produced by synthetic surfactants. Table 1 summarizes some

studies that show different applications of microbial biosurfactants among these fields.
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Table 1. Uses of microbial biosurfactants among cosmetic, personal care and pharmaceutical industries.

Type of Microbial
Biosurfactant Application Ref.

Rhamnolipid

Anti-ageing product

Cleanser in shampoos

Anti-adhesive activity

Rhamnolipid/Sophorolipid
Cleanser for antidandruff shampoo

Moisturizing skin cleanser
Body cleanser

Sophorolipid

Cleanser in shower gel and shampoo

Body washer

Anti-inflammatory agent

Glycolipid

Cleanser in shampoo formulation

Antifungal activity

Hair-care conditioning polymers

Lipopeptide Hair care formulation

Rosemary oil/water emulsions

Dyed hair care formulation

Stabilizing agent for antidandruff formulations based on Zn
pyrithione powder

Sunscreen formulations based on mica powder

Pickering emulsions containing Vitamin E

Stabilizing agent of vitamin C

Antiacne formulation

Antiviral agent

Antimicrobial agent in silver plasmonic nanoparticles

Nanoemulsions and nanocrystals for dermal application
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Type of Microbial
Biosurfactant Application Ref.

Permeation of pharmaceutical compounds by silicone
membranes

Antimicrobial agent

Glycolipopeptide

Rosemary oil/water emulsions

Cosmetic formulation with antioxidants

Bioactivity against skin pathogens (antimicrobial and anti-
adhesive agent)

Glycolipopeptide/Lipopeptide
Rosemary oil/water emulsions

Preservative and irritant agent

MELs

Anti-ageing product

Prevent skin roughness

Makeup product

Antimicrobial agent

Oligomeric biosurfactant Conditioning agent for hair products

Table 1 shows that microbial biosurfactants have a wide variety of applications in the cosmetic and personal care

industry, acting as anti-ageing agents or cleansers, as well as in the pharmaceutical field, where they can be

applied to different products owing to their antimicrobial capacity, which means they are regarded as substances

with huge potential.

Among all microbial biosurfactants used in the cosmetic industry, lipopeptides and glycolipids are the ones selected

due to their multifunctional profile, especially based on their physiochemical properties and biological activities 

.

3. Concluding Remarks and Future Perspectives

The increasing demand for surfactants by the cosmetic and personal care and pharmaceutical industries has

generated huge consumption of petroleum-based synthetic surfactants, which are often toxic, irritant and non-

biodegradable. Bio-based surfactants have come along as an alternative to synthetic surfactants, obtained from the

petrochemical industry. Bio-based surfactants are compounds obtained using renewable sources and biomass.

Hence, these kinds of surface-active compounds prevent the use of petrochemical sources; however, although

vegetable and animal oils are used in their production, they are obtained through a chemical reaction that involves

[61]

[62]

[34]

[35]

[63]

[64]

[57]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]



Surfactants versus Biosurfactants | Encyclopedia.pub

https://encyclopedia.pub/entry/7982 5/11

the consumption also of non-renewable sources. Nevertheless, microbial biosurfactants, which are produced by

microorganisms, using biological reactions, as secondary metabolites, could represent a promising alternative

since they are composed of lipids, carbohydrates or proteins, which makes them more biocompatible and

biodegradable than their synthetic and bio-based counterparts. Additionally, they present low toxicity, stability in

extreme conditions and several bioactivities.

Therefore, if microbial biosurfactants are less toxic and more biodegradable than chemical surfactants, what is

wrong with microbial biosurfactants? Why are they not being included in cosmetic, personal care and

pharmaceutical formulations? The main problem is related to the biotechnological production of microbial

biosurfactants, which means a higher production cost, as they are secondary metabolites. Moreover, the

biotechnological production of microbial biosurfactants involves an important cost regarding not only the nutritional

medium but also the extraction and purification steps. Therefore, it is necessary to seek an increase in the overall

productivity of microbial biosurfactants by obtaining higher producer microorganisms and by exploring the use of

cost-competitive nutritional media, including the use of fermented residual streams (like corn steep liquor) where

microbial biosurfactants can be produced spontaneously. Lastly, due to the current trend towards green

consumption, it is expected there will be a significant effort to develop cosmetic, personal care and pharmaceutical

formulations in which synthetic surfactants are replaced by renewable and environmentally friendly microbial

biosurfactants. Therefore, international cosmetic regulations are required to incorporate microbial biosurfactants as

a separate group of surfactants in order to obtain more biocompatible and greener formulations.
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