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Abstract
White biotechnology is a fast emerging area that concerns itself with the use of biotechnological
approaches in the production of bulk and fine chemicals, biofuels, and agricultural products. It is a
truly multidisciplinary area and further progress depends critically on the role of chemists. This
article outlines the emerging contours of white biotechnology and encourages chemists to take up
some of the challenges that this area has thrown up.

It is curious how new terms in science get coined: some
terms appeal to the imagination of a large set of people
and then a new area starts. Often, at the beginning of this
process, people are not necessarily clear as to what the
area includes or excludes. Increasingly, these 'new' areas
attract people from different disciplines. A cross-fertiliza-
tion of ideas and the pursuit of targets using tools from
various existing areas hasten the development of the new
area. The last few years have seen the increasing use of the
word "white biotechnology" in the literature [1-4] (a
search with "White biotechnology" on google gave
360,000 entries). It is not widely appreciated that chem-
ists may have an important role to play if "white biotech-
nology" has to meet its challenges and deliver on its
promises. An open access journal like Chemistry Central
Journal (which aims to cover all of chemistry, including
the interface between chemistry and life sciences) is per-
haps an appropriate forum to talk about this fast emerging
discipline in order to accelerate the involvement of chem-
ists in this interesting area.

So, what is white biotechnology? Three terms related to
biotechnology are in use [5]. Red biotechnology deals
with the production of high value products (e.g., pharma-
ceutical proteins), green biotechnology covers the use of

plants in biotechnology [6], whilst white biotechnology,
involves the use of biotechnology in the production of
bulk and fine chemicals [7] such as amino acids, vitamins,
antibiotics, enzymes, drugs, organic acids and polymers
[8,9]. It is appropriate to consider white biotechnology as
green chemistry carried out using biotechnology tools
[10].

Many people consider green chemistry and industrial bio-
technology to be synonyms of white biotechnology. The
laudable aim of white biotechnology is to create a sustain-
able society. While there has been occasional conflict
between scientists and environmentalists, white biotech-
nology should lead to a synergy between these two groups
of people. This is because white biotechnology focuses on
the development of clean bioprocesses that should lead to
"reductions in green house gas emissions, energy and
water usage" [10]. An estimate by McKinsey & Company
shows that biotechnology could be applied in the produc-
tion of 10–20% of all chemicals sold by the year 2010.
The study predicts that this will be motivated by both cost
reduction as well as the promise of additional revenues
(via new products and value added processes) [10]. Glo-
bally the chemical industry has about 10 million employ-
ees and a combined turnover of some €1300 billion [11].
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In addition to being a huge source of pollutants, the
industry depletes natural resources. The following are
some of the key areas in which white biotechnology has
shown considerable promise and wherein chemists and
biochemists are expected to play an increasing role.

Biomaterials
The demand for biodegradable polymers has grown at a
rate of 20–30% per year [12]. The market segments
include textiles, computers, mobile phones, gardening,
packaging and flushable hygiene products. Poly(hydroxy-
alkanoates) and starch-based materials are the better
known important examples of such materials. DuPont's
Sorona™ is based on 1,3-propanediol, which in turn is
produced from corn sugar. NatureWorks™ uses lactic acid
that is again produced from the fermentation of corn
sugar [13]. It is envisaged that future plastics would come
from sugars, starch, cellulose and vegetable oils [12]. The
underperformance of many bioplastics has delayed their
wider adoption. The synergy between polymer chemists
and biotechnologists should be able to meet this twin
challenge of innovative production routes and product
improvement.

Improved gene therapy strategies, drug delivery vehicles,
biosensors, molecular gates and switches and control in
microfluidics [14] are other areas that constitute an excit-
ing interface between polymer chemists and white bio-
technology.

Biorefinery
While it all started with biofuels, namely, bioethanol and
biodiesel, the concept of using renewable feedstock to
form products that will replace petroleum-based products
is catching on. Corns stover and energy crops like switch
grass, miscanthus, energycane, and giant reed have shown
considerable promise as renewable feedstock [15]. Con-
version of starch/lignocellulosic material to sugars for
subsequent fermentation to produce ethanol is receiving
a lot of attention in terms of investment by both govern-
ments and industry. Efficient chemical pretreatment of
feedstock before bioconversion is a challenge for chem-
ists, which if met successfully would result in a quantum
jump in our capabilities to produce ethanol from bio-
masses. The other biofuel, bodiesel, is obtained from the
conversion of oils/fats to alkyl esters, which perform as
well as diesel. Obtaining biodiesel from the inedible oils,
such as from Jatropha, is being looked at by developing
countries to meet their energy requirements [16]. There
are some questions over whether switching over to biodie-
sel may really be a green option. However, the considera-
tion of energy security is going to be an overriding factor.

Another new term, biorefinery, is attracting much atten-
tion. The US Department of Energy defined biorefinery as

"an overall concept of a processing plant where biomass
feedstock is converted and extracted into a spectrum of
valuable products" [17]. To illustrate the scope, a study
has identified 30 building blocks that can serve as inter-
mediates in chemical industry. The list includes carboxylic
acids, amino acids, furfural, sorbitol, and glycerol. In
another study, production of wax esters in crambe is being
carried out to obtain biolubricants for various applica-
tions such as engine oils, transmission oils, gear oils,
hydraulic oils, and industrial greases [18].

Obtaining and tailoring biocatalysts
Chemical industry uses 'fire and sword' chemistry to
obtain desired chemicals [19]. In several cases the use of
biocatalysts constitutes a viable green option. Enzymes
can be used in the areas of food processing, textiles, deter-
gents, edible oil extraction, leather processing, the restora-
tion of old paintings, biofuel production and organic
synthesis [20]. Recombinant DNA chemistry has paved
the way for producing very large number of proteins/
enzymes, while molecular biology has also made it possi-
ble to obtain enzymes from microbes that cannot even be
cultured. This constitutes another recent approach called
metagenomics [21]. These advances in upstream technol-
ogy have resulted in efforts to develop efficient down-
stream strategies for these products, many of which
exploit affinity-based strategies [22]. The search for eco-
nomical and robust affinity ligands and the synthesis of
biomimetic ligands has required that chemists use molec-
ular modeling/docking techniques. Many approaches like
site directed mutagenesis and directed evolution are being
widely used to alter the stability and catalytic specificity of
the enzymes [19]. It is often not appreciated that chemis-
try has played a pivotal role in the development of many
of these technologies.

Much of the organic synthesis using enzymes is carried
out in nearly anhydrous organic solvents or solvent free
media [23]. Room temperature ionic liquids have more
recently emerged as another nonaqueous medium, which,
in view of their low vapour pressure, are viewed as 'green
solvents' [24]. Chemical modification by bifunctional rea-
gents can produce biocatalyst preparations such as
CLEC™, CLEA™. These reusable, robust biocatalysts have
been usefully employed for biotransformations in aque-
ous as well as nonaqueous media [25]. Microwave
assisted synthesis is now considered an integral part of
green chemistry, with some early work showing that
microwave assisted enzymology may be an underex-
ploited approach [26].

To sum up, a large part of white biotechnology represents
a confluence of chemistry and biotechnology. It is not
unlikely that chemists who use their expertise in this area
may find it a rewarding experience. I do hope that those
Page 2 of 3
(page number not for citation purposes)



Chemistry Central Journal 2007, 1:17 http://journal.chemistrycentral.com/content/1/1/17
Open access provides opportunities to our 
colleagues in other parts of the globe, by allowing 

anyone to view the content free of charge.

Publish with ChemistryCentral and every
scientist can read your work free of charge

W. Jeffery Hurst, The Hershey Company.

available free of charge to the entire scientific community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours     you keep the copyright

Submit your manuscript here:
http://www.chemistrycentral.com/manuscript/

who do would choose Chemistry Central Journal to share
this experience with others.

Acknowledgements
The writing of this article and author's work cited herein were supported 
by Core group grant in applied biocatalysis by Department of Science and 
Technology, Government of India. The authors acknowledge the help from 
their various colleagues especially Ms. Kusum Solanki, Ms. Manali Kapoor 
and Ms. Shweta Shah in laying hands on the literature relevant to white bio-
technology.

References
1. Frazzetto G: White biotechnology.  EMBO reports 2003,

4:835-837.
2. Glaser JA: White Biotechnology.  Clean Techn Environ Policy 2005,

7:233-235.
3. Lorenz P, Zink H: White biotechnology: differences in US and

EU approaches?  TIBTECH 2005, 23:570-574.
4. Ulber R, Sell D, Ed: White Biotechnology.  Berlin: Springer-Verlag;

2007. 
5. Maury J, Asadollahi MA, Moller K, Clark A, Nielsen J: Microbial iso-

prenoid production: An example of green chemistry through
metabolic engineering.  In Advances in Biochemical Engineering and
Biotechnology Edited by: Scheper T. Berlin: Springer; 2005:19-51. 

6. Frost JW: Redefining chemical manufacture.  Industrial Biotech-
nology 2005, 1:23-25.

7. Soetaert W, Vandamme E: The impact of industrial biotechnol-
ogy.  Biotechnol J 2006, 1:756-69.

8. National Research Council (NRC, USA): Biobased Industrial
Products: Priorities for Research and Commercialization.
Washington DC: National Academic Press; 2000. 

9. Stottmeister U, Aurich A, Wilde H, Andersch J, Schmidt S, Sicker D:
White biotechnology for green chemistry: fermentative 2-
oxocarboxylic acids as novel building blocks for subsequent
chemical synthesis.  J Ind Microbiol Biotechnol 2005, 32:651-664.

10. White biotechnology: Gateway to a more sustainable future
[http://www.mckinsey.com/clientservice/chemicals/pdf/
BioVision_Booklet_final.pdf]

11. Jenck JF, Agterberg F, Droescher MJ: Products and processes for
a sustainable chemical industry: a review of achievements
and prospects.  Green Chem 2004, 6:544-556.

12. Carmichael H: Compost-ready packaging.  C&I 2006, 20:20-22.
13. Bevan MW, Franssen MCR: Investing in green and white bio-

tech.  Nature Biotechnol 2006, 24:765-767.
14. Roy I, Gupta MN: Smart polymeric materials: Emerging bio-

chemical applications.  Chem Biol 2003, 10:1161-1171.
15. O'Driscoll C: An insatiable hunger.  C&I 2006, 19:24-27.
16. Francis G, Edinger R, Becker K: A concept for simultaneous

wasteland reclamation, fuel production, and socio-economic
development in degraded areas in India. Need, potential and
perspectives of Jatropha plantations.  Nat Res Forum 2005,
29:12-24.

17. EPOBIO Project   [http://www.epobio.net/pdfs/
0611CellWallSaccharificationReport_c.pdf]

18. EPOBIO Project   [http://www.epobio.net/pdfs/
0611CrambeWaxEstersReport_c.pdf]

19. Jaeger K-E: Protein technologies and commercial enzymes:
White is the hype-biocatalysts on the move.  Curr Opin Biotech-
nol 2004, 15:269-271.

20. Godfrey T, West S: Industrial enzymology.  London: Macmillan
Press Ltd; 1998. 

21. Langer M, Gabor EM, Liebeton K, Meurer G, Niehaus F, Schulze R,
Eck J, Lorenz P: Metagenomics: An inexhaustible access to
nature's diversity.  Biotechnol J 2006, 1:815-821.

22. Gupta MN, Ed: Methods in affinity-based separation of pro-
teins/enzymes.  Berlin: Springer-Verlag; 2002. 

23. Gupta MN, Ed: Methods in non-aqueous enzymology.  Berlin:
Springer-Verlag; 2000. 

24. Short PL: Out of the ivory tower.  C&EN 2006, 84:15-21.
25. Gupta MN, Roy I: Enzymes in organic media: Forms, function

and applications.  Eur J Biochem 2004, 271:1-9.
26. Roy I, Gupta MN: Applications of microwaves in biological sci-

ences.  Curr Sci 2003, 85:1685-1693.
Page 3 of 3
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12949582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16897819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16897819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995855
http://www.mckinsey.com/clientservice/chemicals/pdf/BioVision_Booklet_final.pdf
http://www.mckinsey.com/clientservice/chemicals/pdf/BioVision_Booklet_final.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14700624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14700624
http://www.epobio.net/pdfs/0611CellWallSaccharificationReport_c.pdf
http://www.epobio.net/pdfs/0611CellWallSaccharificationReport_c.pdf
http://www.epobio.net/pdfs/0611CrambeWaxEstersReport_c.pdf
http://www.epobio.net/pdfs/0611CrambeWaxEstersReport_c.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16897828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16897828

	Abstract
	It is curious how new terms in science get coined: some terms appeal to the imagination of a large set of people and then a new area starts. Often, at the beginning of this process, people are not necessarily clear as to what the area include...
	Biomaterials
	Biorefinery
	Obtaining and tailoring biocatalysts
	Acknowledgements
	References

