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Oat starches isolated from three groat types containing different fact suggesting the existence of intermediate molecular-weight starch. As
amounts of lipid (6.2, 8.0, and 15.5%) were analyzed for protein, lipid, determined by scanning electron microscopy, the oat starches had small,
and phosphorus contents and characterized by iodine affinity, gel irregularly shaped granules 3-10 ,.m in size. As determined by DSC,
permeation chromatography, scanning electron microscopy, and the starches exhibited gelatinization onset temperatures differing
differential scanning calorimetry (DSC). All oat starches contained greater significantly by starch type (ranging from 55.5 to 62.40 C), gelatinization
amounts of lipid, phosphorus, and amylose (30-34% by iodine affinity) enthalpies ranging from 2.05 to 2.20 cal/g, and a high amylose-lipid peak.
than did starch from most other native cereal grains reported in the After storage for up to 28 days followed by rescanning on the DSC,
literature. Preliminary results from gel permeation chromatography oat-type starches had retrograded only 32-40%, and the amylose-lipid
revealed a large amount of the low-molecular-weight starch fraction, a peak had only partly reformed.

Approximately 78% of the U.S. oat (Avena sativa L.) crop
is used for livestock feed, and only 22% is used for human
consumption (Schrickel 1986). But there is increasing interest in
the use of oats and its components for industrial and food
purposes. Oat products high in water-soluble fiber offer several
dietary benefits. Chen and Anderson (1979), Kirby et al (1981),
Klopfenstein and Hoseney (1987), and many others have suggested
that the high 83-glucan content in oat bran may help reduce serum
cholesterol, and Anderson et al (1991) have reported that serum
glucose levels and low-density lipoprotein-cholesterol levels are
significantly reduced with consumption of oat-hull fiber in men
with type II diabetes. Oats may also be used as a source of protein
concentrates and isolates (Cluskey et al 1973, Wu et al 1973)
and has recently been explored as a possible oil-seed crop (Frey
et al 1975, Schipper and Frey, in press). Additionally, because
starch granules in oats are small (3-10 gim), the starch may be
useful for paper sizing, textiles, pharmaceuticals, and other
industrial purposes (Caldwell and Pomeranz 1973, Paton 1986,
Wilhem et al 1989).

The interest in oats has been accompanied by an increased
interest in the study of its starch. Limited research suggests that
oat starch does possess some unique chemical, physical, and
structural properties. In one study, oat starch had a higher lipid
content (1.2%) than did other cereal starches (Clendenning and
Wright 1945). Acker and Becker (1971), Youngs (1974), Morrison
et al (1984), and Gudmundsson and Eliasson (1989) also reported
an unusually high lipid content (1.2-2.3%) for several starches
from different oat varieties; a large amount of phosphorus
(0.06-0.08%) in the form of lysophospholipids was noted by Paton
(1977) and by Morrison et al (1984).

The amylose content of oat starch ranges from a low of 16-18%
(Paton 1979) to a high of 26-29% (MacArthur and D'Appolonia
1979, Morrison et al 1984, Doublier et al 1987, Gudmundsson
and Eliasson 1989). In addition, Banks and Greenwood (1967)
and Paton (1979) reported a relatively large amount of
intermediate starch fraction having properties of both amylose
and amylopectin; these are termed anomalous amylose and
anomalous amylopectin, respectively.

Some starches from different oat varieties are quite shear-
sensitive when held at 950 C, a characteristic typical of waxy maize
and potato starches. Oat starch pastes examined with an Ottawa
starch viscometer developed unusually high initial setback
viscosities within the first 30 sec of cooling and exhibited 75-80%
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of the final setback viscosity within this short period. These results
suggest that the behavior may result from the large amount of
intermediate starch fraction found in some oat variety starches
(Paton 1979).

Oat starch, in contrast to those of wheat (Triticum aestivum
L.) and maize (Zea mays L.), contains a relatively large amylose-
lipid complex; moreover, as shown by differential scanning
calorimetry (DSC), the gelatinization temperature for native oat
starch lies between 57 and 62°C (Paton 1987, Gudmundsson and
Eliasson 1989). Lineback (1984) reported a slightly lower
gelatinization temperature of 53-590C for oat starch, probably
because of structural differences among starches from different
oat varieties.

The purpose of the present study was to characterize starches
isolated from three different oat cultivars containing a wider range
of lipid contents (6.2, 8.0, and 15.5%) than previously reported.
This knowledge should lead to improved understanding of the
previously reported unique chemical, physical, and structural
properties of oat starch.

MATERIALS AND METHODS

Oat Groat Samples and Analyses
Groats (caryopses) of three oat lines were supplied by the Iowa

State University Agronomy Department and stored at 4 ± 10 C
and 45% rh until analyzed both for lipid content by means of
wide-line nuclear magnetic resonance (Conway and Earle 1963)
and for protein content by means of near-infrared reflectance
(Williams 1975). Additionally, the groats were analyzed for total
starch content (Holm et al 1986), and the 13-glucan content was
determined by the automated flow injection analysis procedure
developed by JoSrgensen and Aastrup (1988). The weight (in grams)
of 100 random whole, unfractured groats was determined in
triplicate to compare the groat sizes of the different oat lines.

Starch Extraction
Starch was extracted from the oat groats according to the

method of Morrison et al (1984) with certain modifications. The
groats were placed in a plastic bag, cracked lightly with a wooden
pestle, steeped overnight in 0.02M HCl (100 ml) at 4 ± 1°C,
and neutralized with 0.2M NaOH. The aqueous solution was
drained through a sieve, and the solids were recovered from the
liquor by centrifuging at 2,000 X g for 5 min. The steeped material
was rubbed gently with a pestle to expose a large surface area
for proteolytic digestion. All solids were collected and suspended
in a 0.lMTris-HCl buffer (pH 7.6, 100 ml) containing 0.5% (w/v)
NaHSO3 and 0.01% thimerosal and stirred magnetically for 1 hr.
Protease (Sigma, type XIV) was added (5 mg/g of original grain),
and the suspension was digested overnight at 4 ± 10 C with
constant magnetic stirring. On the third day of extraction, the
digested material was rubbed gently with a pestle to release the
starch, and the starch suspension was passed through a sieve
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