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Bio-Based Products, Bio-Fuels, and Bio-Refining

FY2002: New Biofuels Research

The FY2002 Federal budget includes $1.6 M in new funds for ex-

panded Biofuels research at the Center.  This helps to meet critical

research needs not previously addressed by ARS and capitalizes on

the genetic, enzyme modification, and separation science capabili-

ties of the Center.  The biofuels initiative research includes

(1) new emphasis on modifying non-grain components of cereals

and grasses to enhance the ability of the plant to make and store

biofuel substrate and to enhance the ability to process these sub-

strates efficiently;

(2) new efforts to tailor enzymes by directed evolution for hemi-

cellulose hydrolysis as a pretreatment to cellulose hydrolysis;

(3) new efforts to research thermo-physical separation methods

to solubilize and fractionate biomass residues to biofuel/bioproduct

feedstocks; and

(4) new materials research to identify, efficient barrier/membranes

for ethanol/water separations.

 Five new research scientists and a research associate are being

recruited to assist in these research projects.

Biobased Product - Biofuels Research

Now and the Future

Continuing WRRC research with exciting potential for increased em-

phasis also includes  starch and protein polymers composited with

crop-derived micro and nano fibers, wheat grain refining technolo-

gies, new rubber-producing crops (guayule) for hypoallergenic rub-

ber, and improved toxin-free castor oil varieties for oil-based indus-

trial products.



The Biorefining Framework: Separation and Conversion to  Product Platforms.

Increasingly WRRC research embodies the biorefining concept.  Moreover, WRRC brings
a uniquely broad approach that now  includes the crop and its modification within the
biorefining “umbrella” along with separation and dissasembly, formulation and conver-
sion, and separation and refining of the end products.   WRRC biorefining researches

separation and disassembly of the crop  to a variety of component platforms;  and,  through
conversion and secondary separation, to a variety of derived-product platforms.  For in-
stance, WRRC is researching separation technology for the creation of new starch and
protein platforms, the disassembly of polymers in the starch platform to create a sugar
platform for fermentation ethanol and chemicals, the conversion of starch and protein into
a variety of pure and composite structures, etc.  Ultimately the advantages of the biorefining
concept include the creation of stable industries producing a variety of products and stable
demand for crop resources.

The Agricultural Research Service has research underway that addresses nearly every
technical problem in the biofuels arena. These research activities are coordinated through
National Program 307, Biofuels and Energy Alternatives and  NP306, Quality and Utiliza-
tion of Agricultural Products. Biofuels and bio-based product research  includes efforts at
all of ARS regional research centers

CROPS
grains: wheat, rice

guayule

castor

SEPARATION
constituent chemicals

starch, protein, oils

endosperm / straw  flour

grain, straw

CONVERSION
ethanol

starch / protein composites

microfibrils

fermentation chemicals

Separation: Grain-to-starch and protein platforms by cold ethanol

displacement

The separation of wheat into starch and protein platforms is now a costly,
technology. This separation precedes all refining options for wheat grain.
WRRC has developed  the cold-ethanol separation method that improves
on both the separation and the subsequent drying technology.  The cold
ethanol method is capable of producing a gluten (shown at left) that meets
or exceeds the properties of freeze-dried gluten, a conventional standard
of gluten vitality, by enabling low temperature drying.  This lab-scale tech-
nology is now being adapted for scaleup. New support would lead to
evaluation of gluten subfractionation to new protein platforms. Dr. George
Robertson.

Separation / Disassembly: Starch-to-sugar platform by enzyme evo-

lution/ cold hydrolysis: Processes for the conversion of crops or crop
components into useful fuel or chemical products are limited by ineffi-
cient conversion processes and high energy use.  WRRC is utilizing
molecular evolution to create enzymes to overcome these limitations. In
one example a process called cold hydrolysis could reduce energy and
capital needs for grain to ethanol conversions.  Enzymes with enhanced
properties for this purpose have already have been produced at WRRC
and plans are underway to begin evaluation at larger scale.  Shown in
the color example is a small fraction of amylase enzyme variants cre-

ated in the lab.  Dr. Dominic Wong and  Dr. George Robertson.



Conversion from Starch Platform: Bio-Based Disposable Packaging

from Wheat Starch Composites:  Disposable “clamshell” fast food con-
tainers using potato starch, cellulose fiber, and limestone are currently
being test-marketed at large fast food restaurant chains.   Research em-
ploying wheat starch  (at left) to reduce brittleness, processing losses,
and cost of materials is underway.  Containers from wheat starch are
opaque, low-density foams exhibiting excellent thermal insulating proper-
ties, high tensile strength and improved flexibility.  Dr. William Orts and
Dr. Gregory Glenn.

Conversion from Starch Platform:  Lightweight Concrete Compos-

ites with Wheat Starch Gels:  Small, rubbery gels of wheat starch can
be made by swelling a starch aggregate in water. Starch-based light-
weight concrete is then made by mixing the starch gel with cement. The
mixture is poured into place and allowed to harden. During the curing and
subsequent drying process, water migrates out of the gels causing them
to shrink and form void spaces within the concrete product. These void
spaces make the concrete lightweight. Lightweight concrete has many
commercial uses such as in floors, walls, roofing tile and other products
that need to be durable, lightweight and provide sound and thermal insu-
lation. Dr. Gregory Glenn.

New Crop Resources:  Toxin-Free Castor as an Oilseed resource

New Crop Resources: Non-toxic source of castor oil. WRRC research is
leading to a domestic crop that produces castor oil, a key industrial oil
that is all imported because the castor plant is hazardous to grow. The
castor seed produces a unique oil with up to 90% ricinoleate (12-hydroxy-
oleate). The oil is used to produce lubricants, coatings and plastics. Al-
bany researchers have invented the means to transform the castor plant,
Ricinus communis, the source of castor oil, providing the means to ge-
netically eliminate the toxin ricin and allergens from castor. This research
could lead to the re-introduction of castor as an energy and chemical
crop for bio-based products, without the concomitant hazard.
Dr. Thomas McKeon.

New Crop Resources: Domestic Guayule for Hypoallergenic Rub-

ber:  Natural rubber is a vital raw material, and enormous quantities are
used every year in commercial, defense, transportation and medical in-
dustries. The United States is wholly dependent imports from the tropics
for natural rubber and is faced with shortages and high cost due to declin-
ing production and increasing global demand,. Continuity of the supply
also is endangered by changing political climes and crop disease.  Wide-
spread occurrence of life-threatening "latex allergy" to H. brasiliensis rub-
ber products makes development of an alternative, safe source impera-
tive. WRRC is developing alternative rubber-producing domestic crops .
The research has led to an exclusive patent license for commercial pro-
duction of the perennial guayule, as a source of  high-value,  hypoallergenic
latex. Expanded research will lead to higher-yielding guayule lines as well
as to production of non-gyuayule annual rubber-producing crops. Dr.
Katrina Cornish.



Selected Publications 1997- mid 2001

for Scientists in Current Biofuels, Biobased Products, Biorefining Projects

Research in Biofuels and Bio-based Products encompasses the efforts of scientists in the following
Research Units:

Bioproduct Chemistry and Engineering,  Crop Improvement Utilization  Genomics and Gene Discovery
(new 2002)

Biobased Products:

Buttery RG, Glenn GM, Stern DJ. Sorption of volatile flavor compounds by microcellular cereal starch. J. Agric. Food Chem.
1999;47:5206-8.

Buttery RG, Orts WJ, Takeoka GR, Nam Y. Volatile flavor components of rice cakes.  J. Ag. & Food Chem.  1999;47
::4353-6.

Glenn GM, inventor. Aquagel-based lightweight concrete.  United States Patent 5,595,595. 1997.

Glenn GM, Gray GM, Orts WJ, Wood DW. Starch-based lightweight concrete: effect of starch source, processing method,
and aggregate geometry.  Ind. Crops & Products.
 1999;9:133-44.

Glenn GM, Hsu J. Compression-formed starch-based plastic. Industrial Crops and Products 1997;7:37-44.

Glenn GM, Miller RE, Orts WJ. Moderate strength concrete from organic aquagel mixtures. Ind. Crops & Products
 1998;8:123-32.

Glenn GM, Orts WJ. Mechanical and physical properties of starch-based foams. Gross RA, Leatham GF, editors. Polymers
from Renewable Resources: Carbohydrates and Agroproteins. Washington, DC.  American Chemical Society,
2001:42-60 ACS Symp. Series;  786).

Glenn GM, Orts WJ. Properties of starch-based foam formed by compression/explosion processing. Industrial Crops and
Products 2001;1:135-43.

Glenn GM, Orts WJ, Buttery RG, Stern D. Mechanical and physical properties of starch-based foams formed from gels.
Chapter 2. In : Gross RA, Leatham GF, editors. Biopolymers from Polysaccharides and Agroproteins. Washing-
ton, DC: American Chemical Society, 2001:42-60 ACS Symposium Series; 786).

Glenn GM, Orts WJ, Nobes GAR. Effect of Starch, Fiber and CaCO3 on the Properties of Foams Made by a Baking
Process. Ind. Crops & Products.  2001;14:201-12.

Glenn GM, Orts WJ, Nobes GAR, Gray GM. In Situ Laminating Process for Baked Starch-Based Foams. Industrial Crops
and Products 2001;1:125–134.

Glenn GM, Stern DJ, inventors. Starch-Based Microcellular Foams.  United States Patent 5,958,589. 1999 Sep 28.

Glenn GM, Wood DW, Yu PC, Orts WJ. Effect of fiber and processing conditions and on the physical and structural
properties of starch-based foams. Scanning 1999;21:115-6.

Nobes GAR, Orts WJ, Glenn GM. Orientation studies of microbial polyesters at the air-water interface. ANTEC ‘99.  Proc.
Soc. Plastics Engineers 1999;2:2185-9.

Nobes GAR, Orts WJ, Glenn GM. Orientation studies of microbial polyesters at the air-water interface. ANTEC 99. Proc.
Soc. Plastics Engineers
 1999;2:2185-9.

Nobes GAR, Orts WJ, Glenn GM. Synthesis and properties of water-resistant poly(glucaramides). Ind. Crops & Products.
 2000;12:125-35.

Nobes GAR, Orts WJ, Glenn GM, Gray GM, Harper MV. Blends of starch with poly(vinyl alcohol)/ethylene copolymers for
use in foam containers.  Proceedings of the Society of Plastic Engineers. Antec 2001
 2001;1865-6.

Nobes GAR, Orts WJ, Glenn GM, Gray GM, Harper MV. Blends of starch with poly(vinyl alcohol)/ethylene copolymers for
use in foam containers. .. Proceedings of the Society of Plastic Engineers. Antec 2001
 2001;1865-6.

Orts WJ, Glenn GM. Reducing soil erosion losses with small applications of biopolymers. in: Imam SH, Greene RV, Zaidi
BR, editors. Biopolymers: Utilizing Nature’s Advanced Materials. (eds) . Washington, DC.: ACS, 1999:235-47
ACS Symposium Series; 723).

Orts WJ, Glenn GM, Nobes GAR. Wheat starch effects on the textural characteristics of puffed brown rice cakes. J. Cereal
Chem. 1999;77:18-23.



Orts WJ, Sojka RE, Glenn GM. Biopolymer additives to reduce erosion-induced soil losses during irrigation. Ind. Crops &
Products. 2000;11:19-29.

Orts WJ, Sojka RE, Glenn GM, Gross RA. Biodegradable soil additives for the reduction of erosion losses during irrigation.
In : Gross RA, Leatham GF, editors. Biopolymers from Polysaccharides and Agroproteins. Washington, DC:
American Chemical Society, 2001:102-16 ACS Symposium Series; 786).

Orts WJ, Sojka RE, Glenn GM, Gross RA. Preventing soil erosion with polymer additives. Polymer News
 1999;24:406-13.

Wood DF, Orts WJ, Yu PC, Glenn GM. Starch-based Particles: The Effect of Processing Conditions on Microstructure and
End-use.  Scanning 1999;21:114-5.

Biofuels:

Lee CC, Wong DWS, Robertson GH.  Cloning and characterization of two cellulase genes from Lentinula edodes.   FEMS
Microbiol Lett.  2001;205:355-60.

Lee CC, Wong DWS, Robertson GH. An E. Coli expression system for the extracellular secretion of barley alpha-amylase. J
Protein Chem 2001;20(3):233-7.

Tibbot BK, Wong DWS, Robertson GH. A Functional raw starch-binding domain of barley alpha-amylase expressed in Escherichia
coli.  J Protein Chem 2000;19(8):663-9.

Wong DWS, Batt SB, Robertson GH. Microassay for rapid screening of alpha-amylase activity. J. Agricultural and Food Chemistry
2000;48:4540-3.

Wong DWS, Batt SB, Tibbot BK, Robertson GH. Isolation of a raw starch-binding fragment from barley alpha-amylase.  J
Protein Chem 2000;19(5):373-7.

WONG DWS, ROBERTSON GH. High-affinity peptide ligands for pancreatic alpha-amylase by phage display.  Ann. N. Y. Acad.
Sci. 1998;13:555-7.

Wong DWS, Robertson GH, Tillin SJ, Wong C. Identifying peptide ligands for barley alpha-amylase 1 using combinatorial
phage display libraries. J Agric Food Chem 1998;46:3852-7.

Wong DWS, Robertson GH, Tillin SJ, Wong C. Phage-displayed peptide ligands for pancreatic alpha-amylase cross-react with
barley alpha-amylase. J Agric Food Chem 1999;47:3934-7.

Wong DWS, Batt SB, Robertson GH.  Characterization of active barley a-amylase 1 expressed and secreted by Saccharo-
myces cerevisiae.  J Protein Chem   2001;20(8)::619-23.

Biorefining: Separation

Robertson GH, Cao TK. Farinograph responses for wheat flour dough fortified with wheat gluten produced by cold-ethanol or
water displacement of starch. Cereal Chemistry 2001;78(5):538-42.

Robertson GH, Cao TK, inventors. United States of America as represented by the Secretary of Agriculture, assignee. Methods
for separation of wheat flour into protein and starch fractions. United States Patent 5,851,301. 1998.

Robertson GH, Cao T.K. Substitution of Concentrated Ethanol for Water in the Laboratory Washing Fractionation of Protein and
Starch from Hydrated Wheat Flour. Cereal Chemistry 1998;75(4):508-13.

Robertson GH, Cao TK, Irving D. Effect of morphology of mechanically developed wheat flour and water on starch from gluten
separation using cold ethanol displacement. Cereal Chemistry 2000;77(4):439-44.

Robertson GH, Cao TK, Ong I. Wheat gluten swelling and partial solubility with potential impact on starch-from-gluten separation.
Cereal Chemistry 1999;76(6):843-5.

New Crop Resources: Guayule:

CASTILLON J, CORNISH K. Regulation of polymer molecular weight by enzymatically-active rubber particles of Parthenium
argentatum, Gray.  Phytochemistry 1999;51:43-51.

Cornish K. Biochemistry of natural rubber, a vital raw material, emphasizing biosynthetic rate, molecular weight and
compartmentalization, in evolutionarily divergent plant species. Nat Prod Rep 2000;1:1-8.



CORNISH K, inventor. Hypoallergenic Natural Rubber Products from Parthenium argentatum (Gray) and other non-Hevea
brasiliensis species. United States Patent 5,717,050. 1998.

Cornish K. Similarities and differences in rubber biochemistry among plant species. Phytochemistry 2001;5:1123-34.

Cornish K, Castill¢n J, Scott DJ. Substrate-dependent rubber molecular weight regulation, in vitro, in plant species that produce
high and low molecular weights in vivo. Biomacromolecules 2000;632-41.

Krishnakumar RCK, Jacob J. Rubber biosynthesis in tapping panel dryness affected Hevea trees. Journal of Rubber Research
2001;131-9.

New Crop Resources:  Castor

Lin JT, Lew KM, Chen JM, Iwasaki Y, McKeon TA. Metabolism of 1-acyl-2-oleoyl-sn-glycero-3-phosphoethanolamine in
castor oil biosynthesis. Lipids 2000;35:481-6.

Lin JT, Lew KM, Chen JM, McKeon TA. Separation of the molecular species of intact phosphatidylethanolamines and their
N-monomethyl and N-dimethyls by high-performance liquid chromatography on a C8 column.  J. Chromatogr. A
2000;891:349-53.

Lin JT, McKeon TA. Biosynthesis of castor oil studied by high-performance liquid chromatography. In : Pandalai SG, editor.
Recent Research Developments in Lipids Research.Vol. 4. 2000:361-8.

Lin JT, McKeon TA. High-performance liquid chromatography of the molecular species of lipid classes used for metabolic
studies. Pandalai SG, editor. Recent Research Developments in Lipids Research .Vol. 3. 1999:87-95.

Lin JT, McKeon TA. Ricinoleate metabolism in castor bean studied by high-performance liquid chromatograpahy. Recent
Research Developments in Lipids Research 1998;2:195-206.

Lin JT, McKeon TA. Separation of intact phosphatidylcholine molecular species by high-performance liquid chromatography .
J. Liquid Chromatogr. and Relat. Technol. 2000;23:813-29.

Lin JT, McKeon TA, Woodruff CL, Singleton JA. Separation of synthetic phosphatidylcholine molecular species by high-
performance liquid chromatography on a C8 column. J. Chromatography A 1998;824:169-74.

Lin JT, Snyder LR, McKeon TA. Prediction of relative retention times of triacylglycerols in non-aqueous reversed-phase high
performance liquid chromatography.  J. Chromatography A 1998;808:43-9.

Lin JT, Woodruff CL, Lagouche OJ, McKeon TA, Stafford AE, Goodrich-Tanrikulu M, et al. Biosynthesis of triacylglycerols
containing ricinoleate in castor microsomes using 1-acyl-2-oleoyl-sn-glycerol-3-phosphocholine as the substrate
of oleoyl-12-hydroxylase. Lipids 1998;33:59-69.

Lin JT, Woodruff CL, McKeon TA. Non-aqueous reversed-phase high-performance liquid chromatography of synthetic
triacylglycerols and diacylglycerols.  J Chromatogr A 1997;782:41-8.

McKeon TA, Chen GQ, Lin JT. Biochemical aspects of castor oil biosynthesis. Biochem Soc Trans 2000;28(8):972-4.

McKeon TA, Lin JT. Biosynthesis of ricinoleic acid for castor oil production. in: Kuo TM, Gardner HW, editors. Lipid
Biotechnology. New York: Marcel Dekker, Inc, 2002:129-39.

McKeon TA, Lin JT, Stafford AE. Biosynthesis of ricinoleate in castor oil. Shahidi et al.  editors.  Chemicals via Higher Plant
Bioengineering. New York: Kluwer Academic / Plenum Publishers, 1999:37-47.

McKeon TA, Lin JT, Stafford AE. Genetically engineering soybeans to expand their markets and value.  Proceedings of the
48th oilseed conference. New Orleans. 1999:  H1-H9.

McKeon TA, Lin JT, Tanrikulu MG, Stafford AE. Ricinoleate biosynthesis in castor microsomes.  Industrial Crops and
Products  1997;6:383-9.

Genetics:

Anderson OD. Gene expression and genome structure relevance in an applied project on wheat quality. Gustafson JP.
Proceedings of the 22nd Stadler Genetics Symposium. Genomes; Columbia, MO. Kluwer Academic/Plenum
Publishers, New York, 1998: 211-22.

Anderson OD. Progress and prospects for engineering wheat quality characteristics. Kohli MM, Francis M. Application of
Biotechnologies to Wheat Breeding. Montevideo, Uruguay. CIMMYT, 1998: 121-34.

Anderson OD. Wheat biotechnology. 9th ed. New York: McGraw-Hill, 2001.

Anderson OD, Abraham-Pierce FA, Tam A. Conservation in wheat high-molecular-weight glutenin gene promoter sequences:
comparisons among loci and among alleles of the Glu-B1-1 locus. Theoretical and Applied Genetics 1998;96(5):568-



76.

Anderson OD, Blechl AE. Structure of the wheat storage protein genes. Slinkard AE. Proceedings of the 9th International Wheat Genetics Symposium.
Saskatoon, Canada. University Extension Press, Saskatchewan, 1998: 81-4.

Anderson O.D., Blechl AE. Transgenic Wheat - Challenges and Opportunities. In : O’Brien L, Henry RJ, editors. Transgenic Cereals. St. Paul, MN.:
American Association of Cereal Chemists, 2000:1-27.
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proteins and genes. Theoretical and Applied Genetics 2001;103(2/3):307-15.
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gliadin gene family structure. Theoretical and Applied Genetics 2000;103(2/3):323-30.
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of the 9th International Wheat Genetics Symposium. Saskatoon, Saskatchewan, Canada. University of Saskatchewan Press, 1998: 136-
8.
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Blechl AE, Lorens GF, Greene FC, MacKey BE, Anderson OD. A transient assay for promoter activity of wheat seed storage protein genes and other
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Blechl AE, Le HQ, Anderson OD. Engineering changes in wheat flour by genetic transformation. Journal of Plant Physiology 1998;152:703-7.

Cassidy BG, Dvorak J, Anderson OD. The wheat low-molecular-weight glutenin genes: characterization of six new genes and progress in understanding
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Hsia CC, Anderson OD. Isolation and characterization of wheat w-gliadin genes. Theoretical and Applied Genetics 2001;103(1):37-44.

Lafiandra D, Turchetta T, D’Ovidio R, Anderson OD, Facchiano AM, Colonna G. Conformational polymorphism of high Mr glutenin subunits detected
by transverse urea gradient gel electrophoresis. Journal of Cereal Science 1999;30(2):97-104.

Laudencia-Chingcuanco D, Lazo GR, Miller R, Carollo V, Chao S, Anderson OD. Endosperm ESTs from Triticum aestivum Cv. Cheyenne.  Plant &
Animal Genome IX. San Diego, CA. 2001: 68.

Lazo GR, Tong J, Miller R, Hsia C, Rausch C, Kang Y, et al. Software Scripts for Quality Checking of High Throughput Nucleic Acid Sequencers.
Biotechniques 2001;30(6):1300-5.

Srivastava V, Anderson OD, Ow DW. Single-copy transgenic wheat generated through the resolution of complex integration patterns. Proc Natl Acad
Sci U S A 1999;96:11117-21.

Weeks JT, Koshiyama KY, Maier-Greiner U, Schaeffner T, Anderson OD. Wheat transformation using cyanamide as a new selective agent. Crop
Science 2000;40:1749-54.



The mission of the Western Regional Research Center is to enhance utilization

of agricultural products, through development of pre-harvest and post-harvest technolo-
gies.

Located on the Pacific Rim  in Albany, California, WRRC is the largest ARS lab west

of the Mississippi.  It is the first of the USDA/ARS Centers to modernize its base labora-
tories.  These laboratories are the core resource supporting innovative, long-range, fed-
erally-appropriate research leading to stakeholder-useful solutions.  Current facility up-
grades include replacement of windows (see in-progress photo below).

The Center includes  a 40,000 ft2 Research and Development Facility for pilot-scale re-
search up to commercial scale. This facility is currently being renovated to enhance its
utility to both staff and cooperators.

Contact information:

Don Erbach, PhD. National Program Leader,  Biofuels and Energy Alternatives (National Program
307):
http://www.nps.ars.usda.gov/programs/programs.htm?NPNUMBER=307 )

Dr. L.Frank Flora, PhD.,National Program Leader, Quality and Utilization of Agricultural
Products,(NP306)
http://www.nps.ars.usda.gov/programs/programs.htm?NPNUMBER=306

Dr. James N. Seiber, Center Director
Western Regional Research Center
USDA / Agricultural Research Service / Pacific West Area
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