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Abstract: Surfactants are important chemical products, serving as emulsifiers and interfacial modifiers in the
household detergents, personal care products, paints and coatings, foods, cosmetics, and pharmaceuticals
industries. This review focuses upon recent global advances in research and development to improve the
ecological sustainability of surfactants throughout their life cycle, including derivation from renewable
resources, production using green manufacturing principles, and improved biocompatibility and
biodegradability during their consumer use and disposal stages. Biobased surfactants, derived from vegetable
oils, polysaccharides, proteins, phospholipids, and other renewable resources, currently comprise approximately

24% of the surfactant market, and this percentage is expected to increase, especially in Asia. The use of
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renewables is attractive to consumers because of reduced production of CO,, a greenhouse gas associated

with climate change. Enzymes can greatly increase process sustainability, through reduced use of organic

solvent, water, and energy, and reduced formation of by-products and waste products. Among the enzymes

being investigated for surfactant synthesis, lipases are the most robust, due to their relatively high

biocatalytic activity, operational stability and their ability to form or cleave ester, amide, and thioester bonds.

For enzymes to be robust catalysts of surfactants, further research and development is needed to improve

catalytic productivity, stability and reduce their purchase cost.

Key words: biobased; enzymes; green manufacturing; surfactants; sustainability; renewable
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Fig.1 Surfactant self-assembly in water. As the surfactant concentration increases from 0 (A), surfactants partition to the
liquid-liquid interface (B) and ultimately the interface becomes saturated with surfactant (C), at a surfactant concentration
known as the critical micellar concentration (CMC). As the surfactant concentration is further increased, micelles form (D);
but, the surface tension does not undergo a further decrease.
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Fig.2 Molecular structure of commonly used biobased surfactants
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Fig.3 Life cycle for a sustainable surfactant. |eft: derivation of feedstocks from plants; top: green manufacturing (minimal input of
water, energy and solvents; excellent safety for workers; minimal production of waste products); right: consumption and
use (low toxicity); bottom: eco-friendly disposal (mainly in water treatment facilities, lakes, rivers, and oceans),
producing CO; gas that is taken up by plants during respiration.
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Fig.4 Molecular structure of biosurfactants. Sophorolipids and rhamnolipids are glycolipids, while surfactin is a lipopeptide.
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Fig.5 Examples of amino acid surfactants that can be prepared using enzymes. Sodium lauroyl sarcosinate is a commercially
available surfactant that is mainly synthesized using chemical catalysts, but can be prepared using enzymes
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