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ABSTRACT

Starches were isolated from the maize (Zea mays) inbred line Oh43,
from its single mutants (amylose extender [ae], brittle-1 [bt]], brittle-
2 [b¢2], dull-1 [dul], floury-2 [f12], horny [/], shrunken-2 [sh2], sugary-
1[sul], and waxy [wx]), and from the double-mutant combinations within
Oh43. Differential scanning calorimetry was used to determine the onset
temperature (7T,), range, and enthalpy (AH) of gelatinization and
retrogradation, and percentage of retrogradation. The gel strength was
measured by using a Voland-Stevens texture analyzer. For gelatinization,
the starches of wx dul and sh2 dul had the highest T,. Double-mutants
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ae bt2 and ae dul had the highest T, of retrogradation. The highest
AH of gelatinization was observed for & wx. The gelatinization enthalpy
peak for bt starch had a characteristic low temperature shoulder and
wide range. Compared with the respective single mutants, most double-
mutant combinations had higher T, and AH for gelatinization and lower
T, for retrogradation. For gel strength, the dul starch gave the lowest
values for firmness and stickiness among the samples. Double mutants
generally had gel strength measurements lower than those of the single
mutants btl, b2, fI2, h, and sh2 but higher than those of dul.

Several endosperm mutants that are genetically recessive have
their primary effect on the synthesis of starch or on a particular
protein in maize (Zea mays L.) (Ikawa et al 1981; Yeh et al 1981;
Inouchi et al 1983, 1987; Fuwa et al 1987; Sanders et al 1990).
Identified recessive mutant genes include amylose extender (ae),
brittle (b¢), dull (du), floury (f7), horny (h), opaque (o), shrunken
(sh), sugary (su), and waxy (wx). These mutants cause variations
in amylose percentage or the total amount of starch accumulation.
The nomenclature of these mutants is, in part, based on the effect
that these mutant genes exert on the appearance or phenotype
of the kernel. Some genotypes that cause the same effect but
are controlled by different genes on different chromosomes are
given a number after the named genotype (for example, sugary-
I [sul] and sugary-2 [su2)).

Because of the diverse applications of starch in industries,
chemical and/or physical modifications often are made to the
starches to meet the needs of the users. However, with the in-
creasing difficulty in achieving the regulatory approval of chemi-
cally modified starches in the food industry (Sanders et al 1990),
there is a great potential for novel starches from mutant genotypes
that bear desired properties. Furthermore, such novel starches
might replace chemically modified starches, thereby providing
economic advantages by reducing the cost of processing.

The mutant genes can influence the total starch content and
the amylose-amylopectin ratio. The ae mutant is associated with
a high amylose content of the endosperm starch, whereas the
wx starch has essentially no amylose (Shannon and Garwood
1984). In differential scanning calorimetry (DSC) analyses, the
wx starch showed thermal behavior similar to that of normal
corn starch. The ae starch, however, did not exhibit a clear peak,
and the endotherm extended beyond 100°C (Stevens and Elton
1971). The special properties of different mutants, such as gelatini-
zation characteristics and susceptibility to enzymes, have been
described elsewhere (Inouchi et al 1984, Boyer and Liu 1985,
Krueger et al 1987b, Brockett et al 1988, Ninomya et al 1989,
Sanders et al 1990).

The double-mutant combinations create additional modifica-
tions in the structure and properties of starch granules (Ikawa
et al 1981, Yeh et al 1981, Fuwa et al 1987, Brockett et al 1988,
Ninomya et al 1989, Sanders et al 1990). For example, when
the ae gene was introduced as a double mutant, amylose content
increased and an intermediate fraction and amylopectin with
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longer branches were found (Ikawa et al 1981). The DSC thermo-
grams of double-mutant starches with the wx gene shifted to
a narrower temperature range (R) compared with those of their
respective single mutants (Sanders et al 1990).

Important physical properties of starches include the thermal
requirements for gelatinization, the susceptibility of gelatinized
starch to retrogradation, and the shear modulus of the starch
gel. The temperature of gelatinization can be studied by using
DSC or by loss of birefringence under a polarized light microscope
equipped with a hot stage. DSC has been widely used to study
the thermal behavior of starch because it requires only a small
sample size, both gelatinization temperature and enthalpy can
be obtained, and it is easy to operate (Nakazawa et al 1985).
DSC also can be applied to retrograded starches to measure transi-
tion temperature and enthalpy.

The objective of the present work was to examine the thermal
properties of native and retrograded starches and gelling
properties using single and double mutants of Oh43.

MATERIALS AND METHODS

Materials

Mature kernels of Oh43 and its single and double mutants
(Table I) were used in this study and were identified according
to their kernel phenotypes (Garwood and Creech 1972). Single
mutants were obtained from the Maize Genetics Cooperation
Stock Center at Urbana, IL. Single mutants were crossed in all
combinations and self-pollinated. The double mutants were
selected on the basis of having kernel phenotypes different from
those of Oh43 and their respective single mutants. They were
grown either in a winter nursery in Puerto Rico during 1989-1990
or near Ames, IA, in 1990. Plants were self-pollinated or crossed
as appropriate, and ears were harvested at full maturity. After
harvest, corn ears were dried at 38° C for five days to 13% moisture
content. The samples were stored in a cold room at 4°C and
45% relative humidity until analyzed.

Single-Kernel Starch Isolation

Starches were isolated as described by White et al (1990) except
that a 30-um sieve was used and starch from two kernels was
extracted at a time. Two separate extractions per starch type
were run, and starch from a single isolation was used to determine
both thermal and gel properties.

Differential Scanning Calorimetry

The DSC studies were performed by using a Perkin-Elmer DSC
7 analyzer equipped with a thermal analysis data station (Perkin-
Elmer Corp., Norwalk, CT). The gelatinization of starch was
accomplished as previously described by White et al (1990), and
refrigerated-storage retrogradation was done by the procedure
of White et al (1989). Approximately 3.5 mg (dry-weight basis
[dwb]) of starch was weighed accurately into an aluminum pan,




and 8 mg of distilled water was added. The pan was hermetically were essentially symmetrical, which allowed the total
sealed and allowed to equilibrate at least 1 hr before analysis. gelatinization range to be computed as 2(T, — T,) as described
Samples were heated from 30 to 110°C at a rate of 10°C/min. by Krueger et al (1987a). The results are the average of three
Enthalpy (AH), onset (T,), and peak (7,) temperatures were scans each for two extractions from one sample. Enthalpies were
computed automatically. At the water level used, the endotherms calculated on a starch dry-weight basis. The peak height index

TABLE I
Differential Scanning Calorimetry Properties of Starches®
Gelatinization Refrigerated-Storage Retrogradation
T R AHY T, R AH/! r%*
Starch ()] “0) (cal/g) PHI* 0 (9] (cal/g) (AH,/AH,)
Oh43 67.2 8.8 29 0.67 42.6 16.9 1.5 49.5
Single mutants i
ae" 68.7 313 3.7 0.24 oot
bt 63.4 14.9 2.5 0.33 42.7 15.4 1.2 46.8
bt2 66.8 10.6 29 0.55 42.7 16.6 1.3 45.1
dul 67.2 9.1 2.1 0.46 429 17.7 1.5 73.5
f12 66.2 9.1 29 0.64 44.2 15.1 1.4 49.7
h 65.6 9.4 2.7 0.57 44.1 15.8 1.4 52.7
sh2 64.3 8.5 24 0.57 42.1 16.5 1.1 46.7
sul 64.6 7.1 2.1 0.59 43.4 14.1 0.9 45.1
wx" 68.6 9.0 3.6 0.80 39.9 21.2 1.9 52.8
Double mutants
ae bt2" 67.1 10.3 29 0.57 444 14.0 1.3 442
ae b 69.6 9.5 2.7 0.58 40.7 20.7 1.4 49.4
ae sh2" 68.2 9.7 29 0.60 422 17.5 1.3 44.6
ae sul" 65.4 10.7 2.6 0.49 433 15.5 1.3 47.7
ae wx" 70.1 9.2 2.8 0.61 43.7 14.9 1.5 51.7
btl dul® 67.3 8.5 2.8 0.66 44.0 14.6 1.3 47.1
btl sul* 67.8 9.4 3.0 0.63 434 15.7 1.3 44.4
btl wxh 68.2 10.3 3.1 0.60 41.6 19.3 1.6 51.1
bt2 dul® 66.9 9.5 2.8 0.59 442 14.9 1.4 50.0
bt2 sh2" 67.8 9.8 29 0.59 42.6 17.1 1.4 49.3
b2 wx" 69.4 9.4 3.0 0.64 429 16.5 1.5 50.9
f12 ae 67.1 10.9 32 0.59 42.6 18.1 1.3 42.1
f12 b1l 68.1 7.0 3.0 0.87 39.6 18.3 1.5 49.7
f12 be2 68.1 7.7 33 0.84 40.7 20.8 1.5 46.5
f12 dul 67.8 6.9 33 0.94 41.8 18.2 1.5 453
Mmh 68.3 6.9 3.1 0.89 423 18.2 1.4 46.0
S12 sul 67.1 7.8 32 0.81 41.3 19.4 1.5 48.2
12 wx 67.4 8.1 3.1 0.77 414 19.0 1.6 53.9
h btl 68.1 5.8 32 1.09 41.3 16.9 1.4 454
h bt2 68.5 8.7 3.0 0.69 38.2 19.9 1.6 51.7
h dul 67.2 7.8 29 0.74 41.1 18.6 1.6 53.6
hfl2 67.7 79 3.2 0.80 41.4 19.4 1.5 47.0
h sh2 68.4 6.7 3.1 0.93 42.0 18.2 1.4 45.6
h sul 67.5 7.5 2.8 0.75 42.5 17.8 1.4 50.3
h wx 69.7 49 3.6 1.45 422 17.0 1.5 42.7
sh2 btl 67.7 9.0 2.8 0.63 41.5 19.1 1.6 58.1
sh2 dul 70.3 5.1 33 1.31 40.3 18.7 1.6 48.3
sh2 f12 69.3 71 3.0 0.85 41.5 18.5 1.4 47.0
sh2 h 65.0 10.1 30 0.58 424 18.6 1.4 48.0
sh2 sul 68.9 9.0 30 0.66 40.5 20.5 1.6 52.5
sh2 wx" 68.1 10.9 3.0 0.55 42.0 18.0 1.5 51.0
sul bt2 67.0 8.6 3.1 0.71 434 16.9 1.6 51.1
sul dul 68.2 8.1 25 0.62 39.7 16.6 1.4 57.9
sul h 68.7 6.6 2.7 0.82 422 20.2 1.4 53.9
sul sh2 67.5 75 3.0 0.79 41.3 18.3 1.4 47.0
sul wx 67.4 7.9 3.1 0.78 42.6 17.1 1.4 47.0
wx dul 70.9 7.5 33 0.87 42.4 189 1.5 449
wx sul 68.3 5.4 33 1.23 422 17.3 1.5 453
LSDyg s
Means 0.70 0.72 0.2 1.06 1.78 0.1 4.58

*Values are the average of three determinations each from two separate extractions. ae = Amylose extender, bt = brittle, du = dull, f1 = floury,
h = horny, sh = shrunken, su = sugary, and wx = waxy.

°Onset temperature.

°Gelatinization range calculated as 2 (T, — T,), as described by Krueger et al (1987a).

“Enthalpy of gelatinization.

‘Peak height index = AH/(T, — T,) as described by Krueger et al (1987a).

Enthalpy of retrogradation.

gRatio of enthalpy of retrogradation to enthalpy of gelatinization.

"Mutants grown in Ames, [A. Other mutants were grown in Puerto Rico.

' Data are omitted because its broad thermogram extended beyond 100°C.
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