
22 TODAY’S CHEMIST AT WORK OCTOBER 2003

FA
RM

 P
HO

TO
: 

PH
OT

OD
IS

C

The big red combine rumbles across the cornfield, churning
up a brownish-yellow cloud as it cuts the stalks and sepa-
rates the grain from the husks. The farmer sits in the air-

conditioned cab, listening to the Dixie Chicks on her CD player.
She watches a multicolored image take shape on her video screen,
plotting data from a small infrared analyzer mounted in the grain
stream at the back of the combine onto a map of the field
generated using a Global Positioning System (GPS). She smiles
as the oil content analysis comes up for Field 23. That new
high-oil hybrid is really going to pay off this year.

A scene from the latest sci-fi movie? No, near-infrared (NIR)
analysis, in the field and in the lab, has emerged as a useful
method for determining important crop plant components, includ-
ing moisture, oil, protein, and fiber. This information is valuable
not only in setting prices for agricultural products, but also for
assessing their value as food, medicine, and fiber.

The infrared analyzer in question, called the ProSpectra
Grain Analyzer (Textron Systems, www.systems.textron.com/
mainframe/pressroom/archives/2000/3_21_00.html), won a bronze

award for best new product at Pittcon 2000. Textron is in the
process of selling its agriculture product line, but the company
has already sold a few prototype models, and the commercial
version should be available for purchase in late 2003. The shoe-
box-sized unit withstands heat, vibration, dirt, and debris as it
collects real-time NIR reflectance spectra from cereal grains during
harvesting. Oil, protein, and moisture content data are extract-
ed from the spectra and plotted on a map of the field or print-
ed as a numerical report that can be presented to a grain buyer
during price negotiations. In addition, the mapping feature allows
farmers to spot potential problems in the field, such as inade-
quate drainage or variations in grain quality due to nutrient levels
in the soil, before they get out of hand.

Later, a grain-processing business can take thousands of
real-time NIR measurements as a railcar of grain is being emptied,
ensuring representative sampling for a more accurate assess-
ment of the quality of a shipment. 

Oily to Bed, Oily to Rise
Despite all the recent bad publicity about dietary lipids, fats
and oils play an essential role in human and animal nutrition.
Oilseed crops are a source of vegetable oil, high-nutrition
human food, and meal products used in animal feed. Over the
past 30 years, Brassica (a classification that includes Indian
mustard, Ethiopian mustard, and the rapeseed used in canola oil)
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has gained importance as an oilseed crop. Researchers have devot-
ed considerable effort to breeding plants that have seeds with
high oil and protein content and low fiber content. Reducing
fiber in the seeds is important because fiber is negatively corre-
lated with oil and protein content, and it makes ground meal
products harder to digest. 

Acid detergent fiber (ADF) is made of lignin and cellulose. It
is partially digestible, but it decreases the overall digestibility of
animal feed products (1). (Neutral detergent fiber includes
hemicellulose in addition to lignin and cellulose.) Standard analyt-
ical methods for fiber analysis require a staff of trained techni-
cians, 20 h for oil extraction, 1 h for complete digestion of the
plant material, and hazardous reagents, including petroleum ether.
The extracts are commonly analyzed using chromatographic meth-
ods, which may require another 30 min or more.

Recently, researchers at the Institute of Sustainable Agricul-
ture (Córdoba, Spain) developed an NIR spectroscopy method as
a less cumbersome means of analyzing ADF in Brassica oilseeds
(2). In addition to being faster, easier, and less reagent-inten-
sive, NIR does not destroy the sample, an important considera-
tion for research projects where limited quantities of seed are
available. Because NIR is not a primary analytical technique, it
requires calibration curves and validation against a reference
method. Such calibration curves are most useful when they encom-
pass several species, plant variants, locations, and growing condi-
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tions, a significant undertaking when researchers are setting up
procedures for the first time. 

To do their calibrations, the Córdoba group collected reflectance-
mode NIR spectra for intact seeds using an instrument from
Foss NIRSystems (www.foss-nirsystems.com) in 2-nm increments
in the 400–2500-nm range (vis and NIR). They compared their
results with those obtained by chem-
ical analysis of the seeds as their refer-
ence method. Some scatter was
observed in the NIR data, but there was
a definite linear correlation between
the ADF content measured using chem-
ical analysis and the NIR measurements.
Grinding the seeds did not improve the
results significantly, possibly because
most of the fiber in Brassica seeds is
in the seed coat. 

As an unexpected bonus, the re-
searchers also discovered an inverse
correlation between lignin content and
the number of yellow seeds (which
affects the wavelengths of the absorp-
tion maxima) in the Brassica samples. They concluded that NIR
evaluation of ADF content is accurate enough for screening
purposes, which makes it a useful tool in plant breeding programs.
A more global calibration for Brassica species would include addi-
tional cultivars, crops from several years, and a variety of grow-
ing environments.

Good for What Ails You
Most people associate agriculture with food plants, but plants are
also cultivated for medicine. Cajuput oil is widely used as a folk
medicine in Southeast Asia. This oil is extracted from the leaves
of the Melaleuca cajuputi (paperbark) tree by steam distillation. It
stimulates blood circulation near the point of application, and it
has been used to ease the discomfort of bruises, sprains, and pulled
muscles. Tree breeders would like to improve oil yield by selective
breeding, culling the trees to allow only the most productive
genotypes to cross-pollinate. Recently, researchers from Australia
and Indonesia developed an NIR method to measure 1,8-cineole,
the active ingredient in M. cajuputi leaves, extending a previous
study that measured this compound in leaves and oil from the
eucalyptus tree, a close relative (3). 1,8-Cineole is largely respon-
sible for the camphorlike odor of leaves from members of the Melaleu-
ca genus, which includes paperbark, eucalyptus, and tea trees. 

The researchers examined air-dried M. cajuputi leaves using
NIR (Foss NIRSystems) and compared the results with analyses
using steam distillation and pentane extraction, followed by
GC. They found that 1,8-cineole concentrations predicted by
the NIR calibration curves tracked relatively well with the
measured GC results, although there was some scatter in the data
(coefficient of determination in the calibration, R2 = 0.64; stan-
dard error of prediction, SEP = 8.0). NIR was somewhat less predic-
tive for oil concentration (R2 = 0.54, SEP = 0.49). Freeze-drying
whole-leaf samples produced better NIR results than grinding
the leaves in the 1,8-cineole analysis. Other studies indicated
that fresh leaves could be used, provided the leaf surfaces are
not too waxy, and the authors suggest that their method could
be further adapted to create calibration curves for fresh leaves.
This would be beneficial, because the most time-consuming aspect

of the NIR method is the sample-drying step. The NIR method
is accurate enough for field screening, deciding which trees to
breed and which to cull, and reducing, although not entirely
eliminating, the number of samples required for GC lab analy-
sis. The authors estimate the cost of one sample evaluation by
NIR to be approximately $10, compared with more than $43 for

steam-distillation GLC and $36 for
solvent-extraction GC analysis.

The High-Fiber Alternative
High fiber content is detrimental to
digestion, but it is a desirable trait in
the varieties of flax used in linen
textiles, as substitutes for glass fiber in
composites, and as components of
fine papers. European flax cultivars,
grown especially for fiber, differ from
flax grown for linseed in Canada and
the United States. Straw left over
after the linseed harvest has little
commercial value and is usually burned,
but efforts are under way to find better

uses for the straw. Flax fiber is separated from the rest of the
plant stem material in a process called “retting”. The flax straw
can be left in the field, where naturally occurring microorgan-
isms in the soil break down the pectic materials surrounding the
fiber (dew retting), or anaerobic bacteria can be introduced to
digest the pectic materials (water retting). A mechanical process
then separates the fiber from the cuticle and shive (core) parts
of the stem. Fiber content and quantity can vary greatly, depend-
ing on the cultivar, retting conditions, and growing conditions.
Therefore, it would be useful to have a method to evaluate the
fiber content of flax stems in the field before they are processed. 

NIR spectroscopy has been used for many years to determine
fiber content in forages, and it is an official method of the AOAC
International (www.aoac.org) for determining ADF in grasses.
However, only recently a group of researchers from several
organizations (including the U.S. Department of Agriculture) tried
to measure the fiber content of intact straw. The results of the
NIR study compared well enough with those obtained using stan-
dard methods “to allow fiber processors to determine the value
of a standing fiber crop, the extent of processing needed to recov-
er the fiber, and the stability of the fiber for various uses,” accord-
ing to a recent research article (4). Specialized research instru-
ments are unnecessary—these measurements can be done using
common commercial instruments. Further research is planned to
transfer the calibrations to other instruments and to take the
fiber measurements from the laboratory to the field.

The Scoop on Poop
Cody Cook asks, “Would you scoop some poop to lower your feed
costs?” He concludes that most ranchers would answer, “You
bet!” Cook, who wrote the winning presentation for the High
School Youth Forum at the 1999 Society for Range Management
Annual Meeting (Omaha, NB, www.rangelands.org), certainly knows
how to write an eye-catching lead, but he makes a good point as
well (5). Analyzing what goes into animal feed (or human food,
for that matter) is only one part of the process of developing an
appropriate nutrition source. Once researchers have established
what makes a nutritious feed, then seed and grain analysis can
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be used to select and breed plants that have the desired proper-
ties. But to determine what nutrients an animal needs and how
well the feed is being digested, it is necessary to measure “output”.
This can take several forms, including growth rate, signs of malnu-
trition, dairy cow milk production, and—ahem—manure. 

In the late 1980s, the Ranching Systems Group at Texas
A&M University began developing a computer model called NUTBAL
(nutritional balance) as the basis of a nutritional decision support
system that ranchers could use to optimize the amount and qual-
ity of the feed they provided to their livestock (http://rangeweb.
tamu.edu/abstracts/newsymconf.html). The group saw a need
to systematize the largely intuitive feed supplement process that
ranchers used to compensate for the effects of erratic rainfall
and rangeland deterioration due to overgrazing.

Recognizing the difficulty of following a large herd of free-
range animals to observe what they eat, they built their model
on NIR reflectance spectra of fecal material. This allowed them to
determine the amount of crude protein and digestible organic
matter in an animal’s diet and adjust supplements accordingly. In
the United States, sample analysis is performed at the Grazing-
land Animal Nutrition Lab in College Station, TX (http://cnrit.tamu.
edu/ganlab). Ranchers send fresh fecal samples to the lab via 2-
day priority mail (pity the postal workers), and the lab faxes the
results back within 48 hours. Similar labs have been established
in Australia, Argentina, Brazil, and a five-country region in east-
ern Africa. Such analysis allows intelligent use of supplements,
thereby saving money and preventing malnutrition or wasted
supplements.

Farmers probably won’t be wearing lab coats anytime soon,
but they are making good use of instruments that were once
found only in the laboratory. Taking the instruments to the
crops instead of the other way around has started to pay off in
reduced guesswork, faster results, and new uses for familiar crops.
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