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Abstract

Science has greatly contributed to the advancement of technology and to the innovation of production processes and their
application. Cleaning products have become indispensable in today's world as personal and environmental hygiene is
important to all societies Worldwide. Such products are used in the home, in most work environments and in the industrial
sectors. All the detergents on the market are synthesized from petrochemical products. Awareness regarding environment,
society and surroundings created interest in reduction of products harmful and toxic to human health & environment. This
shown a path for natural products having biodegradability, safe for human, environment and aquatics. The detergents
formulated with natural biodegradable surfactants component or chemical synthesized from natural raw material is usually
referred green surfactants in demand.

| present here the different types, properties & uses of surfactants with concentration on Green surfactants, current scenario
and projections for the future.

Introduction modern world of the past century (Ceron-
Camacho et al. 2013, Silva et al. 2014). The
detergent industry deserves particular attention,
as the law materials of these products are often
derived from petroleum. Cleaning products have
become indispensable, as hygiene has become
important to mankind worldwide and is used in
homes, different work environments and most
industrial sectors.

The development of industrialization in
most economic markets received considerable
support from the advances achieved through the
uninterrupted encouragement of science, with
innovative research projects and the proper use of
technology over time (Belvedere et al. 2013).
Investigations and explorations of natural
resources, such as fossil fuels, and the use of

hydrocarbons, such as crude oil, have had a The detergent market includes products for
positive impact on today’s economy and society different applications such as cleaning products
through the parallel advancement of science. for homes, personal hygiene and industrial
However, pollutants produced by these cleaning of heavy oils. Markets and Markets™
exploration activities and their harmful by- data predicted that the global cleaning products
products, such as heavy metals and inorganic industry will achieve a growth rate of $ 46.8
substances or recalcitrant organic compounds that billion in 2019, with estimates of $ 58.3 billion
end up in ecosystems, soils, rivers, and oceans, by 2024 and an annual growth rate of 4.5%. This
are harmful to terrestrial and marine flora and perspective is based on factors such as the
fauna. growing awareness of populations around the

world on the issues of health, hygiene, and
cleanliness. The detergent industry has also
shown a growing interest in developing
environmentally friendly products, which each
year account for a larger share of the market,
particularly through the growth of biotech
industries. This need for sustainability is causing
a shift in the detergent industry that is potentially

Petroleum is in demand in various industrial
sectors and is part of the world energy matrix due
to its high energy value and its importance for the
chemical industry. The discovery of petroleum
has led to huge changes in the economic
development of international markets and the
consequent improvement in technologies in the
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moving away from synthetic surfactants to
replace them with more sustainable alternatives.
One way to achieve this has been the potential
utilization of green surfactants (Silva et al. 2014).

This paper offers a description of
biotechnological advances involving natural
surfactants of microbial or plant origin and the
use of biodegradable synthetic surfactants, as
well as a market analysis of the bio-surfactant
industry and the expected changes in the
detergent market in the near future.

2. Detergents and soaps

Records of soaps and cleaning agents date
back to ancient civilizations, with products made
by Sumerians, Egyptians, Babylonians, Jews, and
many other people. The first soaps and
detergents, which were made with clay, animal
fat, plants that contained sapon in and essential
oils: were used for hygienic and medicinal
purposes. Over time, products have been
prepared for different uses, with the addition of
specific materials suitable for each application,
such as detergents for cleaning metal surfaces,
degreasers, soap powder, dish detergent and soap
for personal hygiene. All these products were
born according to customer needs and have been
adapted to the context of each era (Bajpai &
Tyagi 2007, Scheibel 2004).

Detergents began to be industrially
produced during tile Second World War due to
the scarcity of oils and fats for the manufacture of
soaps, and in the United States the consumption
of detergents surpassed that of soaps by 1953
Another example of product adaptation occurred
in the mid Twentieth Century, when women were
finding jobs in the labour market and needed less
time-consuming practices and more efficient
products to do household chores. Therefore, the
focus of detergents has changed, with greater
emphasis on practicality, efficiency, and shorter
application time. As a result, detergents became a
commercial success of chemistry in tile
Twentieth Century and, together with soaps, they
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currently account for 85% of the world’s
consumption of cleaning materials. Detergents
clean in the same way as soaps (through far
solubilisation), but they can have both negative
and positive charges (Zoller 2009).

Detergents are synthetic products derived
from petroleum that are produced by chemical
means and leave residues that can pollute rivers
and other environments. Over the years, there has
been an increase in the use of biodegradable
detergents, which do not have these shortcomings
and are made up of linear chain (unbranched)
organic compounds that allow organisms to
degrade them effectively. Therefore, the need to
develop clean products and technologies has led
to tile use of different techniques to optimize
production systems as well as tile creation of tool
aimed at sustainability. However, this
implementation continues to be a challenge for
the consumer goods industry (Zoller 2009).

Detergents and soaps reach numerous
markets for use in homes as well as commercial
businesses and large companies. Different
versions of detergents are used for household
cleaning, tile food industry and heavy cleaning in
industrial settings (Cai et al. 2009).

3. Surfactants

Surfactants are  tensioactive  agents
responsible for the cleaning property of
detergents and can be of a synthetic or natural
origin (Knepper & Berna 2003, Santos et al.
2013, Sarubbo et al. 2007). Surfactants are
amphipathic compounds with hydrophilic and
hydrophobic portions that preferably partition at
the interface between liquid phases with different
degrees of polarity, such as oil/water of air /water
or air/water interfaces. This characteristic reduces
the surface tension of liquids through specific,
preferential interactions at surfaces and interfaces
due to the presence of hydrophilic and
hydrophobic portions in the same molecule. The
non-polar portion of a surfactant is often a
hydrocarbon chain, whereas the polar portion
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(hydrophilic head group) may be ionic (cationic
or anionic), non-ionic, or amphiteric. The
dynamics of tile surfactant market are determined
at a fundamental level by the cost, variety, and
availability of hydrophobes as well as the cost
and complexity of attaching or creating
hydrophilic head groups (Zoller 2009).

The efficiency of a surfactant is determined
by its ability to reduce surface tension, which is
the mechanical energy required to create a unit
new area of a liquid surface. Surfactants increase
the aqueous solubility of hydrophobic molecules,
reducing the surface/interfacial tension of
air/water and oil/water surfaces/interfaces. Good
surfactants can reduce the surface tension of
water from 72 mN/m to 35 mN/m and the
interfacial tension (tension between polar and
non-polar liquids) of water and n-hexadecane
from 40 mN/m to 1 mN/m.

Surface tension decreases with tile increase
in surfactant concentration in the aqueous
medium up to the formation of micelles, which
are aggregated structure with the hydrophilic
portion positioned towards the inside. The critical
micelle concentration (CMC) is the concentration
that corresponds to the point at which the
surfactant achieves tile lowest stable surface
tension, i.e., the minimum concentration of
surfactant necessary for the maximum reduction
in the surface tension. Micelles are usually
formed when the CMC is reached.

3.1 Synthetic surfactants

Most surfactants of synthetic origin call be
obtained from five simple reactions, which are
described in more detail below. Among these
processes, basically two types of reactions are
responsible for more than half of the industrial
production of surfactants, as most of the
surfactants produced are either anionic
(negatively charged) or non-ionic (neutral)
(Knepper & Berna 2003). The preference for
these types of surfactants is due to their low
toxicity and higher biodegradability compared to
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cationic and amphoteric surfactants (Rebello et
al. 2013).

The two major classes of inputs used in the
production of surfactants are petrochemical and
renewable sources. The development of
petrochemical processing, especially petroleum
cracking, resulting in unsaturated, short-chain
hydrocarbons, enabled the acquisition of
hydrophobic structures of surfactant molecules
through polymerization of these alkenes, such as
ethylene or propylene, giving rise to surfactants
with C9 to C18 carbon chains. Although ethylene
has been employed as a carbon chain building
block, its increased applicability in the industrial
surfactant production hag resulted from the
production of an intermediate or precursor known
as ethylene oxide, which is a key component of
ethoxylation (Soler- Illia 2000).

Surfactants or a natural origin are normally
obtained from vegetable oils or animal fat, which
appear in the form of triglycerides [10]. Prior to
petrochemical processing, much of the surfactant
industry was essentially directed to the
saponification of oils and fats, yielding soluble
salts of fatty acids, which can be subjected to the
same reactions as their  non-renewable
counterparts. Such reactions allow modifying the
chemical and physical properties of compounds
to meet the needs of industrial segments working
with product formulation and development
(Zoller 2009).

3.1.1 Main reactions
synthetic surfactants

for producing

The most common suffocation reaction
employed in the surfactant industry occurs
between an alkylbenzene and sulfur trioxide,
forming alkylbenzene sulfonates. The main
feature of this type of compounds is a direct bond
between carbon and sulfur. Due to their acidic
characteristics, these types of surfactants are
normally neutralized as sodium salts as the final
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product. Although it appears similar, the sulfation
reaction has crucial differences that lead to a less
stable product, an ester of a mineral acid
(generally sulfuric acid), which is susceptible to
hydrolysis if not neutralized.

Ethoxylation is one of most important
reactions in industries that produce synthetic
surfactants, given the possibility of creating
numerous tensioactive molecules with different
hydrophilic-lipophilic balances. This reaction
consists in the creation of ether groups whose
chain terminations normally have alcohol
functions responsible for the hydrophilic portion
of the molecule.

The creation of these chains occurs by
reaction between ethylene oxide and an alcohol,
which is generally a fatty alcohol in the case
surfactants (Stache 1995). The surfactants
produced in this way, known as ethoxylated fatty
alcohols, are very numerous, since the length of
their chain in can vary from one to 10 carbon
atoms. Ethoxylation reactions are generally
combined with other reactions described in the
production of synthetic surfactants.

Esterification is one of the simplest
reactions employed in the production of
surfactants, whose practicality also lies in the
wide availability of reagents involved, such as
fatty acids found in oils and fats and a compound
with alcoholic functions like glycerol or one of
the many types of sugars. In general, the
esterification process consists of the reaction
between an acid (generally carboxylic acid) and
an alcohol. Monoglycerides are examples of
surfactants produced by this type of reaction,
which - re widely used in the food industry as
emulsifying agents (Chtioui et al. 2010).

Alkylation, which consists of the transfer of
an alkyl group from one structure of the molecule
to another, can be performed in different ways.
This reaction is mainly employed in the
petroleum industry to increase the size of the
carbon chains of the molecules, as mentioned
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above. However, some of these processes end up
producing branched types of carbon chains,
which later proved extremely harmful to the
environment (Soler-ill 2000); therefore, new
types of alkylation have been developed to create
linear chains that could be more easily degraded.
The creation of longer carbon chains is only one
of the possible applications of alkylation in the
production of surfactants. Other classes of
surfactants that benefit from this type of reaction
are cationic and amphoteric surfactants, as an
amine can react with a haloalkane to form a
substituted alky- lamine and the respective
halogen acid ([Spitzl 1996. Lomax 1996)

3.2 Green surfactants (biosurfactants)

Advances in sustainable technologies have
driven tile search for natural, biodegradable
compounds to remediate sites contaminated with
hydrocarbons (Farn  2006). Environmental
legislation and governmental restrictions related
to tile use of toxic detergents in products have
also contributed to the development and use of
bio-surfactants as possible alternatives to
synthetic surfactants. Due to their compatibility
with the environment and low toxicity as well as
numerous other advantages, the replacement of
chemical surfactants with these natural
compounds has been studied. Indeed, bio-
surfactants or “green surfactants” are considered
tile next generation of industrial surfactants, as
these compounds meet most of the requirements
for low environmental impact industrial project.

Although for a long time the concept of
biosurfactant was restricted only to microbial
surfactants, the current classification divides bio-
surfactants, based on their origin, into first-
generation and second-generation compounds.
First- generation biosurfactants are those
extracted and purified from plant-based and
animal-based raw materials or entirely produced
from renewable resources through chemical
synthesis, including, for example, saponins, sugar
esters, alkyl polyglucosides and alkanolamines.
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Main examples of second-generation bio-
surfactants, which are instead produced entirely
from renewable resources or by a biological
process (biocatalysis or fermentation), are
microbial surfactants such as glycolipids and
lipopeptides.

The  physicochemical properties and
classification of bio-surfactants are based on their
structural characteristics, with a hydrophobic
portion consisting of a hydrocarbon chain or one
or more fatty acids, which can be saturated,
unsaturated hydroxylated, or branched, linked to
a hydrophilic portion, which can be an ester,
hydroxyl  group, phosphate, carboxylate,
carbohydrate, amino acid, or peptide. Most bio-
surfactants have neutral or anionic polar groups
ranging from small fatty acids to large polymers.

As mentioned above, bio-surfactants are of
paramount importance in the current scenario, as
these compounds are considered economically
sound products due to their low (or absent)
toxicity and high biodegradability. Compared to
their synthetic counterparts, biosurfactants are
more efficient at reducing surface and interfacial
tensions and are tolerant to high temperatures as
well as extreme values of pH and ionic strength.
They are also considered versatile compounds
thanks to their broad applicability in the
petroleum, chemical, food, pharmaceutical,
textile and agricultural industries.

3.2.1. Biosurfactants of microbial origin

Microbial surfactants are a structurally
diverse group of compounds ranging from simple
molecules, such as phospholipids and fatty acids,
to glycolipids, lipopeptides and high molecular
weight polymers, such as lipopolysacharides. The
hydrophilic portion can be composed of a
carbohydrate, amino acid, cyclic peptide,
phosphate, carboxylic acid, or alcohol, while tile
hydrophobic one can be composed of long-chain
fatty acids, hydroxylated fatty acids, or other
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structures. Microbial surfactants are mainly
classified into two categories: low molecular
weight tensioactive agents (biosurfactants) and
high molecular weight tensioactive agents
(bioemulsifiers).

A variety of microorganisms, such as
bacteria, yeasts, and filamentous fungi, are
capable of producing biosuractants with different
molecular  structures. The main  species
investigated for this purpose are Bacillus subtilis,
Pseudomonas aeruginosa, Acinetobacter
calcoaceticus, Candida lipolytica and Starmerella
(Candida) bombicola (Campas et al 2013).

Some microorganisms produce
biosurfactants when grown on different
substrates. The use of different carbon sources
alters the structure of the biosurfactant produced
and, consequently, its emulsifying properties.
These changes can he beneficial when specific
properties are desired for a given application.

Most biosurfactants are glycolipids i.e.
carbohydrates linked to aliphatic or hydro-
aliphatic long-chain fatty acids via an ester bond,
the best known of which are rhamnolipids and
sophorolipids. Rhamnolipids are extracellular
metabolites produced mainly by the opportunistic
pathogenic bacterium P. aeruginosa on a variety
of substrates, which allow to achieve surface
tension values around 29 mN/m. Sophorolipids
are produced by yeasts and consist of a dimeric
carbohydrate called sophorose linked to a long-
chain hydroxylated fatty acid via a glycosidic
bond. Although Starmerella (Candida) bombicola
stands out among the different types of yeast
used to produce these biosrfactants.A survey of
the literature also identified the potential of other
species of the genus Candida as glycolipid
prodcuers, such as Candida spherica C. lipolytica
(Rufino et al. 2014, Santos et al. 2013, Sarubbo
et al. 2007), Candida utilis (Campos et al. 2015)
and Candida tropicalis. These biomolecules
achieve surface tension values of about 30
mN/m.
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Among the lipopeptides, surfactin, which is
mainly produced-by the bacterium B. subtilis is
considered one of the most powerful
biosurfactants ever reported in literature, as it is
capable of reducing the surface tension of water
from 72 mN/rn to 27 mN/m..

3.2.2 Biosurfactants of plant origin

Plant- based surfactants are widely
distributed throughout the planet, being present in
different parts of plants, such as the roots stems,
seeds, fruit, and leaves. They are amphiphilic
compounds (hydrophobic and hydrophilic) that
constitute a diverse group of compounds
characterized by a structure of phospholipids,
proteins or protein hydrolysates and  saponins
(Priji et al. 2013).

Phospholipids, such as phosphatidylcholine,
phatidylethanolamine and phosphatidylinositol,
are surfactants with structures comprising a
molecule of phosphoric acid bound to
nitrogenous bases (primary or secondary amines)
and alcohols. Lecithin is a commercial blend
containing various compounds of this class,
whose hydrophilic/ hydrophobic nature causes it
to be classified as a natural emulsifier that also
offers stabilizing, thickening, and lubricating
properties, with applications in” the food,
pharmaceutical, detergent, paint, and cosmetic
industries (Coovey et al. 2012, Lam & Ng 2011,
Mustafa & Tumer 2011, Moure et al. 2006).

Lectihin is currently one of the most widely
used phospholipids in the world market thanks to
its surfactant properties and wide availability, as
it is produced through the degumming of
soybean, rice, canola, cottonseed, palm, corn and
sunflower oils. It is estimated that 95% of
commercially available lecithin is produced from
soy.

Saponins are part of a group of tensioactive
compounds synthesised through the acetate
mevalonate pathway, which lead to a significant
reduction in surface tension and abundant
foaming [Mans et al, 2010]. Foam is one of the
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consequences of the amphiphilic structure of
saponins that ensures their surfactant property.
They are stable even in the presence of diluted
mineral  acids, unlike = common  soaps
(Geethalakshmi & Sarada 2013). These
biosurfactants are classified, based on the type of
aglycone structure, as steroids or triterpenes,
which have a high molecular mass (known as
sapogenius) bound to long glycidic chains.
Steroidal aglycones are less common than
triterpene aglycones, but both types may be
present in the same plant, as occurs in Avena sp.
and Lysimachia paridiformis (Chafchaouni-
Moussaoui et al. 2013, Charrouf & Guillaume
1999, Lik et al. 2010, Xu & Chang 2009).

Other studies report the effect of saponins
on the biodegradation of hydrocarbons, the
removal of organic compounds, and the
hydrophobicity of cells resulting from the use of
these plant - based surfactants (Cao et al. 2013).
Zhou et al. 2013), comparing the ability of
saponin from the pericarp of Sapindus mukorossi
to mobilize phenanthrene from contaminated soil
compared to the synthetic surfactant Tween 80,
demonstrated that the plant-based surfactant
promoted a linear increase in the solubilisation of
the pollutant.

Saponins are quite effective in the
biodegradation of hydrocarbons, although their
concentration does not have significant influence
on cellular hydrophobicity (Kobayashi et al.
2012). Smulek et al. (2007) reported that the
addition of S. mukorossi extract can be a useful
tool to enhance the microbial degradation of
hydrocarbons by strains present in contaminated
soil environments.

3.2.3 Economy and global market of
green surfactants

The growing interest of consumers in eco-
friendly products is a factor that has increasingly
influenced the cleaning products market. This
demand has prompted the search for natural or
derived biodegradable raw materials with fewer
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preservatives and petrochemicals. Biosurfactants
and plant-based compounds are examples of
materials that have been gaining more
prominence in attempts to create or transform
products, making them more ecologically
sustainable.

Recent studies have shown that the global
market believes in new initiatives and is looking
for biological replacements for synthetic
surfactants, whose sales reached approximately $
1.74 billion in 2011. In 2013, the world
production of biosurfactants was estimated at
approximately 344 thousand tonnes, billion.
Estimates for 2018 were $ 2.21-billion and
approximately 442 thousand tonnes, with
projections for 2020 of $ 2.31 billion and annual
production of about 462 thousand tonnes. The
expected annual growth rate for this market was
4.3% between 2014 & 2017.

However, one of the biggest obstacles to the
widespread use of biosurfactants in industries is
their high cost. While the average price of
synthetic surfactants, such as sodium dodecyl
sulfate and plant-based amino acid surfactants, is
one to four dollars per kilogram, the average
price of sophorolipids, which are the most viable
microbial biosufactants, is $ 34 per kilogram. The
higher price of a biosurfactant is due to
production factors, such as lower yields, longer
times, higher downstream processing costs,
energy requirements for sterilisation and
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Conclusion
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