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Various physical and chemical tests exist to assess the cooking and
processing characteristics of rice. As new lines of rice are developed in
the United States and elsewhere, plant breeders routinely test for amy-
lose content, alkali spreading value (an indicator of gelatinization tem-
perature), protein content, viscosity properties of the flour-water paste,
and the appearance of milled grains (whiteness, transparency, and degree
of milling). A study was undertaken to determine the extent to which
near-infrared reflectance (NIR) spectroscopy on whole-grain milled rice
could be used to measure such characteristics. Samples of U.S. rices (n =
196) from advanced breeders' lines and commercial releases, represent-
ing conventional and specialty short-, medium-, and long-grain classes,
were milled and scanned in the visible and near-IR regions (400-2,498
nm). Reference chemical and physical analyses were also performed on
each sample. Results of partial least squares modeling indicated that
reasonably accurate models were attained for apparent amylose content

Since the mid- 1950s, rice breeding programs in the United
States have emphasized the need for applying certain physical
and chemical tests to indicate the cooking and processing charac-
teristics of new rice lines (Webb 1991). Two of the most impor-
tant indicators, amylose content and alkali spreading value, have
gained worldwide use by rice breeders. Amylose content is di-
rectly related to water absorption, volume expansion, fluffiness,
and separability of cooked grains. It is inversely related to cohe-
siveness, tenderness, and glossiness (Juliano 1971). Alkali
spreading value is used as an inverse indicator of gelatinization
temperature of milled rice starch granules. Viscometric properties
of the rice paste during heating and cooling are often measured as
an indicator of the processing characteristics of milled rice and
rice flour. Protein content, though less widely used in rice breed-
ing programs, is important because of its direct influence on
cooking time, effect on cooked rice texture, and direct impact on
nutritional value (Juliano 1985). In addition to cooking and proc-
essing behavior, U.S. rices are routinely bred for high translu-
cency, whiteness, and uniform milling.

Tests to measure such physical and chemical attributes range
from being well automated to being subjectively based and re-
quiring the expertise of trained inspectors. Amylose content
(more accurately termed apparent amylose content, Takeda et al
1987), traditionally measured by iodine-blue colorimetry of the
defatted gelatinized milled rice complex (Williams et al 1958,
Juliano 1971), is prone to inter-laboratory variability because of
the complexity of the procedure and its reliance on amylose and
amylopectin standards for establishing reference curves. The test

'Mention of company or trade names is for purpose of description only and does
not imply endorsement by the U.S. Department of Agriculture.

2Corresponding author: Beltsville Agricultural Research Center, ARS, USDA,
Beltsville, MD.

3 California Cooperative Rice Research Foundation (CCRRF), Inc., Rice Experi-
ment Station, Biggs, CA.

4Rice Quality Laboratory, ARS, USDA, Beaumont, TX.

Publication no. C-1 996-0306-05R.
This article is in the public domain and not copyrightable. It may be freely re-
printed with customary crediting of the source. American Association of Cereal
Chemists, Inc., 1996.

(standard error of prediction [SEP] = 1.3 percentage units; coefficient of
determination on the validation set [r2] = 0.89), protein content (SEP =
0.13 percentage units, r2 = 0.97), whiteness (SEP = 0.60 percent reflec-
tance, r2 = 0.97), transparency (SEP = 0.15 percent transmittance, r2 =
0.93), and milling degree (SEP = 2.7 dimensionless units on a 0-199
scale, r2 = 0.97). To a lesser extent, alkali spreading value could be
modeled by NIR (SEP = 0.43 units on a 2-7 scale, r2 = 0.82), however,
this accuracy is probably sufficient for initial screening in breeding pro-
grams. Conversely, models for the five flour paste viscosity properties
recorded by a rapid visco analyzer (RVA) were not sufficiently accurate
(r2 < 0.75) to warrant replacement of the RVA procedure with an NIR
model. Reducing the sample size for NIR scanning from approximately
100 to approximately 8 g did not significantly affect the model perform-
ance of any constituent.

for alkali spreading value relies on visual observation of the de-
gree of dispersion of six grains of milled rice after immersion in
1.5 or 1.7% KOH overnight and comparing the dispersion to that
of check samples of known behavior (Little et al 1958). Rice
paste viscosity properties, traditionally performed on a Brabender
Visco/Amylograph, require about 1.5 hr to perform. The proce-
dure involves heating the flour/water slurry uniformly to 95 0C,
holding at this temperature, and then cooling at a uniform rate to
50 0C (AACC 1995). The recent development and automation of
the rapid visco analyzer (RVA) now permits viscosity properties
similar to those measured on the Brabender Visco/Amylograph to
be obtained in one-eighth the time (Blakeney et al 1991). Despite
this savings in time, fewer than five samples per hour can be run
on the RVA instrument. Protein content in rice has traditionally
been determined by Kjeldahl analysis and, more recently, by the
method of combustion (AACC 1995). Both methods require ex-
pensive apparatus and the replacement of spent chemicals, cata-
lysts, and reagents.

Over the past 20 years, near-infrared (NIR) spectroscopy has
been used to quantitatively predict the concentration of various
constituents in food and agricultural products. Recent studies
have demonstrated that NIR models of sufficient accuracy for
breeding programs can be developed for prediction of apparent
amylose content in milled rice based on principles of transmit-
tance through whole-grain milled or (to a lesser extent) brown
rice grains (Villareal et al 1994) and reflectance from ground-
milled samples (Delwiche et al 1995). The present study was
designed to expand on these findings and to include the important
physical and chemical rice grain quality attributes that breeders
routinely test. The main objective was to determine the extent to
which NIR reflectance spectra of whole-grain milled rice could
predict these attributes.

MATERIALS AND METHODS

Rice
Commercial varietal releases and selections from advanced

breeders' lines of conventional and specialty short- (n = 49) me-
dium- (n = 76), and long-grain (n = 71) rices, inclusive of aro-
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