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A 100-g laboratory wet-milling procedure was used to compare wet- yield]) was significant. Positive correlations between wet-milling starch
milling properties among 15 maize inbred lines and 20 related hybrids. yield and starch content of kernels estimated by near-infrared reflectance
Analyses of variance indicated sufficient precision in measurement of spectroscopy were consistent among inbred lines and hybrids (r = +0.90
wet-milling yields for detection of differences among genotypes (inbred and r = +0.67, respectively), suggesting near-infrared reflectance as a
lines, hybrids). Significant divergence of hybrid from mid-parent values potential tool in breeding for hybrids with enhanced starch extraction
indicated that larger kernels of hybrids were lower for germ and fiber properties. The correlations between grain hardness and starch yield were
yields, and higher for gluten yield and filtrate solids in comparison to r = -0.77 and r = -0.66 for inbred and hybrid-based evaluations,
their inbred parents. Gene action for starch yield and starch recovery respectively, indicating the need to overcome this negative relationship
appeared to be additive in nature. However, only the predictive model when developing hybrids with both high starch yield potential and
for starch yield (hybrid starch yield = 13.9 + 0.74[mid-parent starch postharvest grain quality.

Food and industrial uses of maize (Zea mays L.) grain are an
important component of United States agriculture, representing
approximately 20% of maize production (Anonymous 1994).
Products from maize wet-milling, particularly those derived from
starch, comprise the largest single nonfeed use. There have been
growing concerns among members of the wet-milling industry
about deficiencies in the current maize grain grading system, with
a realization that variation in grain characteristics of hybrids used
in production are resulting in reduced milling efficiency. Representa-
tives from both the wet-milling and hybrid seed industries are
currently establishing collaborations for evaluation and contract
production of specific maize hybrids with enhanced milling prop-
erties. However, in order for the hybrid seed industry to fully
address these needs, methods must be identified that would allow
for rapid, large-scale evaluation of existing hybrids and develop-
ment of new lines and hybrids with superior milling properties.

Several laboratory-scale wet-milling procedures have been
developed (Dimler et al 1944, Zipf et al 1950, Watson et al 1951,
Anderson 1963, Steinke and Johnson 1991, Eckhoff et al 1993).
These procedures require 300-1,500-g samples and are extremely
labor and time intensive, which preclude their use in large-scale
hybrid maize breeding programs. A number of attempts have
been made to identify rapid predictors of wet-milling properties.
Quantification of millability has been proposed based on visual
estimation of proportion of horny to floury endosperm (Watson
and Hirata 1954), percentages of prime starch and cleanup
residue (Watson and Hirata 1962), and separation of starch and
gluten in graduated cylinders (Freeman and Watson 1969). Brown
et al (1979) reported a strong correlation between steeping index,
based on observations of steeped kernel sections, and starch recovery,
and moderate correlations between steeping index and grain test
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weight, stress cracking, and viability. Weller et al (1988) related
starch yield from wet-milling with starch content estimated by
near-infrared reflectance (NIR) spectroscopy. Fox et al (1992)
observed a negative relationship between starch yield and protein
content by NIR, but no correspondence between starch yield and
starch content. Brumm et al (1991) and Wehling et al (1993) have
attempted to develop NIR calibrations for direct prediction of
starch yield, with the latter group identifying reproducibility of
the laboratory wet-milling procedure as a limiting factor.

More recently, a laboratory wet-milling procedure using 100-g
samples has been developed with potential for rapid, large-scale
evaluation of materials from maize hybrid breeding programs
(Singh 1995). This procedure successfully duplicates yields of a
1,000-g laboratory protocol (Eckhoff et al 1993) on which it is
based. The 100-g procedure offers advantages of low sample
amount and high throughput potential, both of which are require-
ments for use in maize breeding scenarios. However, while labor-
atory wet-milling evaluations have used grain from hybrids, maize
breeders are concerned with characteristics of inbred-parental
lines as well as their F1 hybrids. Because of the large grain sample
requirements of previous laboratory wet-milling procedures, little
information has been available regarding wet-milling properties
of maize inbred lines relative to hybrids. To assist in hybrid
development, more information is needed regarding possible effects
of heterosis on wet-milling yields and their underlying quantitative
genetic control.

This study used the 100-g laboratory wet-milling procedure to
compare fraction yields from inbred lines with those from related
hybrids, and to determine precision of yield measurements for
detection of differences among genotypes (inbred lines, hybrids).
Also studied were relationships among wet-milling yields, kernel
composition and grain physical properties of maize inbred lines
in comparison to their hybrids.

MATERIALS AND METHODS

Genotype Selection and Production of Grain Samples
Fifteen maize inbred lines were selected for grain analysis.

Eleven of these lines were chosen based on their representation of
germ plasm groups commonly used in United States maize breed-
ing programs, and for their historical importance in hybrid pedigrees.
The remaining four inbred lines were developed at Purdue University
for enhanced grain hardness, and were included to increase the
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