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ABSTRACT

Maize starches from three wx-containing genotypes (wx, du wx, and
ae wx) in two inbred lines (W64A and 1a5125) were examined to evaluate
the effect of mutant genotype on amylopectin fine structure and thermal
behavior of starch granules. The amylopectin chain length distribution
and A:B chain ratio were investigated by enzymatic treatments followed
by high-performance size-exclusion chromatographic separation.
Gelatinization and retrogradation behavior at 10 and 309 starch concen-
trations were studied by differential scanning calorimetry. Chain length
distribution profiles of the isoamylase-debranched amylopectins showed
distinct patterns according to genotypes. Starch from the ae wx genotype
in both lines had a greater proportion of longer chains (degree of poly-
merization > 30) than the other genotypes. The A:B chain ratios were
calculated from the high-performance size-exclusion chromatograms of
the debranched B-limit dextrins. Except starch from the ge wx genotype
of the W64A line, which had an A:B chain ratio of 1.5, all of the samples
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had A:B chain ratios within the range of 0.9-1.1. The A:B chain ratio
of 1.5, together with the high proportion of longer chains in that sample,
is consistent with the interpretation that the population of A chains in
this sample contains some unusually long chains. In both lines, the starch
granules from the ge wx genotype had the highest AH and T, for
both gelatinization and retrogradation. The high A H for the ge wx starches
might be attributed to greater amounts of longer chains in these amylo-
pectins. Except the starches from the wx genotype at 10% concentration,
all of the gelatinized starch samples showed a differential scanning
calorimetry endothermic peak after being stored at 4°C for seven days.
Retrogradation AH was highest for the ae wx starches, both in absolute
terms and as the proportion of gelatinization AH. In most cases
retrogradation AH was higher (on dry weight basis) for 30% than for
10% starch; for the du wx starches, the AH at 309 starch was
approximately twice that at 10%.

Corn starch is widely used in various food systems as a filling,
thickening, or stabilizing agent. Specialty starches have been
produced to meet the needs of new product formulations. New
modification processes, and possibly new raw materials, are
required to produce novel specialty starches such as starch-based
fat replacers. New modification processes are limited by strict
food regulations; therefore, the use of new raw material is more
feasible for developing new starch products. To date waxy maize
starch is probably the most important raw material for modified
starches. Starches from other corn mutants with unique properties
can also serve as raw materials for modification. For example,
the modification of dull waxy starch (De Boer 1991) leads to
properties not attainable by modification of waxy starch.
Characterization of the physical and structural properties of the
starches from different mutants is essential for the use of these
starches as possible raw materials.

The effects of different mutant genotypes on the proportion
of amylose and amylopectin of starch is well documented
(Shannon and Garwood 1984). The structure of amylopectins
is also affected by the endosperm genotype (Baba and Arai 1984,
Boyer and Liu 1985, Inouchi et al 1987, Sanders et al 1990).
Since amylopectin is the major component of most starches,
variation in amylopectin structure can result in starch granules
with very different physical properties. The structure of amylo-
pectin has been studied by examining the chain profile and
determining the A:B chain ratio, among other methods. Exami-
nation of the chain profile involves the complete debranching
of amylopectin by pullulanase (Lee et al 1968) or isoamylase (Akai
et al 1971) followed by the separation of linear chains by size-
exclusion chromatography. The resultant chromatogram reveals
the size distribution of the chains in the native amylopectin. This
chain profile technique has been refined by Hizukuri (1986), who
used a high-performance size-exclusion chromatography
(HPSEC) system to increase the resolution. Sanders et al (1990)
used HPSEC to show the diversity of chain length distributions
of amylopectins from various corn mutants. The A:B chain ratio
of amylopectin can be determined from the molar ratio of maltose
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and maltotriose to other linear fractions of debranched B-limit
dextrin (Peat et al 1956). The maltose and maltotriose represent
the A chains of the native amylopectin. Alternatively, Hizukuri
(1986) estimated the A:B chain ratios for several starches from
the polymodal chain length distributions of debranched
amylopectins.

Gelatinization and retrogradation are two important physical
behaviors of starch. Starch gelatinization is the process that takes
place when starch granules are heated in the presence of water,
resulting in the disruption of molecular order within the starch
granule. The process is manifested by irreversible changes in
properties such as granular swelling, native crystallite melting,
loss of birefringence, and starch solubilization (Atwell et al 1988).
Gelatinization is required to produce the desired functionality
(i.e., thickening and swelling) of starch in a food system. Starch
retrogradation is a process that occurs when the molecules com-
posing gelatinized starch begin to reassociate, leading to a more
ordered structure. Under favorable conditions, the ordered
structure may develop into crystalline forms (Atwell et al 1988).
Retrogradation is related to the stability of a starch paste during
storage. The retrogradation of amylopectin is partially responsible
for the staling of bread and other baked foods (Mclver et al
1968, Cowell et al 1969). A widely used method for studying
gelatinization and retrogradation is differential scanning
calorimetry (DSC) (Atwell et al 1988). The advantage of DSC
is that it provides not only the temperature but also the enthalpy
change for a thermal transition. Another advantage of DSC is
the small sample requirement for analysis.

The objective of this study was to investigate the variation
in amylopectin structure, as affected by endosperm mutants, and
the thermal behavior of the starch granules. To avoid the
influences of amylose, starches from wx-containing genotypes
were used in the study since they contain virtually 100%
amylopectin (Shannon and Garwood 1984).

MATERIALS AND METHODS

Starch Samples

Backcross conversions for the endosperm mutants waxy (wx),
amylose-extender (ae), and dull (du) were produced by standard
procedures in the maize genetics program at the Pennsylvania
State University. Multiple mutant combinations were produced
by crossing the backcross conversions of the single mutants,
selfing, and selection for multiple mutant lines. All genotypes
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