switchgrass, one of several crops she’s studying to determine

Ames Lab chemist Emily Smith stands next to a test plot of
viability for use in producing cellulosic ethanol.
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4 Graduate student Kristopher McKee
looks through a microscope to posi-
tion a sample of plant material.

Using Raman imaging
to find a better feed stock

ITH HIGH-PRICED GASOLINE FUELING

the demand, ethanol production has jumped

dramatically, especially in lowa where 26

ethanol plants are currently in operation with

more in the planning or construction stages.

While this surge has meant higher prices for comn, it's also

meant higher priced corn-fed beef and the many other prod-

ucts made from comn. There's also concem for the land as

farmers move from traditional crop rotation to straight corn
production and put marginal land back into production.

To address those concerns, producers are looking for oth-
er more cost-effective and sustainable crops. Ames Labora-
tory analytical chemist Emily Smith is looking at a novel way
to help them determine what type of plant material offers
the best solution, thanks to a grant this spring from lowa
State University's Plant Sciences Institute that was matched
by funds from Ames Lab.

Smith is using Raman imaging to study plant cell struc-
ture to determine which crops offer the right combination of
cell wall composition and degradation to maximize conver-
sion to ethanol. If successful, a simplified version of the test
could even be used in the field to determine if plants were
at the prime stage for harvest.

“Just like vintners monitor and test the sugar content of
their grapes in the field, biofuel producers could potentially
use this technology to determine if their crops were at op-
timal development for conversion to ethanol,” says Smith,
who is also an ISU assistant professor of chemistry.

The Raman technique Smith uses employs an optical
microscope, and specimens are illuminated with a laser
beam. As the laser light hits the sample, some of the light is
scattered. By analyzing the scattered light with a spectrom-
eter (spectroscope), Smith can easily and quickly determine
the chemical makeup of the plant material. A fiber optic
bundle placed between the microscope and the spectrom-
eter allows a direct measure of the chemical makeup at any
location on the sample being viewed in the microscope.

“This method has several advantages over other analyti-
cal techniques,” Smith explains. “First, analysis requires very
little material, so you can take small samples from a grow-
ing plant over time without damaging the plant” Because
only very small pieces of plant material are needed and little
time is required to prepare samples, multiple samples can
be analyzed quickly, making the technique high-throughput.

Smith specifically plans to screen the lignin, hemicellulose
and cellulose content of biofuel plant stocks, such as switch-
grass, Miscanthus (a subtropical perennial grass that can
grow 13 feet high), corn, and poplar and willow trees. Lignin
interferes with enzymatic conversion of polysaccharides to
ethanol, so Smith will use the imaging to help select plant
stocks that have low lignin content.

“We hope to find out if lignin content changes over time,
with different growing conditions, or with different stock
material,” Smith says, “so we can determine if there is an
optimal time to harvest a particular crop.”

Plant material for the project will
be provided by collaborator Ken
Moore, an lowa State University
agronomy professor and expert in
biomass crop systems.

While the scope of this project
will be used to study biofuel crops,
Smith says the technology could
also be used to study other plant
materials, such as those used for
pharmaceuticals.

Smith has been using the Ra-
man imaging technology to study
animal and insect proteins and
said it wasn't a “big leap” to study
plant material.

“There is obviously a lot of interest in biofuels right now,”
she explains. “Given the number of good researchers on
campus working in this area, it was an easy decision to get
involved in this project”

Smith's work is being jointly funded through a two-year
grant from ISU's Plant Sciences Institute and by Ames Labo-
ratory through revenues generated by royalties from other
research successes. George Kraus, Ames Laboratory's di-
rector of Bio-related Initiatives and newly named director of
lowa State's Institute for Physical Research and Technology,
called the collaboration a great first step.

“This is a wonderful opportunity to bring the technological
expertise of Ames Lab researchers to bear in solving a prob-
lem that's a roadblock to moving biofuels to the next level,”
Kraus says. “We hope to be a partner in similar projects in
the future so that other researchers can take advantage of
the capabilities that exist within Ames Laboratory.”
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For more information:
Emily Smith, (515) 294-1424
esmith 1 @iastate.edu
Research funded by:

ISU Plant Sciences Institute
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The two-year Raman imaging
project will be carried out by
Smith, right, and graduate stu-
dents Kristopher McKee, center,
and Chien-Ju (Cherry) Shih.

Ames Laboratory through royalty revenues



