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Treatment of long-, medium-, and short-grain, and very low amylose resembled those for the lipid-solvent-treated kernels but not for the
varieties of whole grain milled rice with the lipid solvents hexane or Pronase-treated kernels. However, fissure formation and modification
chloroform-methanol or the proteolytic enzyme Pronase caused significant of the kernel surface was more extensive in the Pronase-treated rice.
changes to occur in starch gelatinization parameters measured by differ- We concluded that the alteration of kernel structure in intact milled rice
ential scanning calorimetry. Upon examination of the treated kernels by increased water availability to the starch granules, which produced
scanning electron microscopy, extensive fissure formation in the kernels significant changes in starch gelatinization. Removal of rice lipid or rice
was evident. Similar structural changes were noted in milled rice soaked protein per se appeared to have only a minor, but measurable, effect
in water for 30 min. The starch gelatinization curves for the soaked kernels on starch gelatinization.

The thermal properties of rice starch and rice flour have been
studied by several investigators using differential scanning
calorimetry (DSC) (Russell and Juliano 1983; Nakazawa et al
1984a,b; M4aurice et al 1985; Biliaderis et al 1986a,b;
Chungcharoen and Lund 1987; Chang and Liu 1988). Modern
calorimeters provide a sensitive, direct, and dependable method
for assessing rice starch gelatinization under a variety of
experimental conditions, including different moisture levels
(Maurice et al 1985, Biliaderis et al 1986b, Chungcharoen and
Lund 1987, Chang and Liu 1988), the addition of purified lipids
(Biliaderis et al 1986a), or the addition of different sugars and
salts to the starch or flour suspensions (Chungcharoen and Lund
1987, Chang and Liu 1988). All of these treatments have their
own characteristic influence on starch gelatinization and provide
valuable information on the potential behavior of starch in specific
rice foods containing these additives.

Rice is consumed largely in the cooked, whole grain form (James
and McCaskill 1983). However, because of the technical
difficulties in measuring starch gelatinization in cooked, whole
grain rice, very little is known about the thermal properties of
rice starch during cooking. Extrapolation of calorimetric data
from studies of purified starch or rice flour can be misleading
because starch in an intact food system can behave differently
from starch in an isolated state. Recently, however, we (Normand
and Marshall 1989) reported DSC thermal curves for represen-
tative long-, medium-, and short-grain, and very low amylose
varieties of whole grain milled rice and compared them to thermal
curves for milled rice flour of the same varieties. Significant
differences were observed between intact kernels and flour samples
for gelatinization temperatures and gelatinization enthalpies
within each variety. These differences persisted at zero heating
rate, where heat transfer effects within the kernels were eliminated.
We concluded that the structural integrity of the kernel played
an important role in determining the thermal parameters of starch
gelatinization.

To support this conclusion, this study was designed to
investigate whether specific structural changes in the intact kernel
brought about by the removal of lipids or protein from whole
grain milled rice had an effect on starch gelatinization.

MATERIALS AND METHODS

Materials
The procurement of rough rice samples and preparation of
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milled rice from the varieties Lemont (long-grain), Mars (medium-
grain), S-201 (short-grain), and Calmochi (very low amylose) were
described previously (Normand and Marshall, 1989). Solvents
used for lipid extraction of milled rice and milled rice flour were
reagent grade. Pronase was purchased from Sigma Chemical Co.
(St. Louis, MO).

Methods
The preparation of samples for thermal analysis, a description

of the calorimeter, development of the thermal curves, and
calculation of the thermal parameters were described previously
(Normand and Marshall 1989). For our specific studies, thermal
data was collected at 10-sec intervals at a scan rate of 1.00C/min
over the temperature range of 20-1100 C. Data acquisition was
terminated at 1100 C because of the maximum temperature
limitations placed on the calorimeter by the manufacturer.

Starch gelatinization under some experimental conditions
resulted in a complex endotherm consisting of two distinct peaks
of unequal magnitude (e.g., Fig. 1, curve 2, all varieties). Since
we were measuring only one thermal event, namely starch
gelatinization, we assigned only one peak gelatinization temper-
ature (Tp) to characterize that event. Tp values were assigned
to these thermal curves based on the temperature at which the
greatest value for the heat flow (mJ/ sec) occurred.

The removal of surface lipids from whole kernel milled rice
was accomplished by the method of Hogan and Deobald (1961).
Nonstarch lipid was extracted from rice flour using AACC method
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Fig. 1. Differential scanning calorimetry thermal curves of different whole
grain milled rice varieties: untreated (curve 1), hexane-treated (curve 2),
and chloroform-methanol-treated (curve 3). The water content of all
samples was 70% (w/ w), and the heating rate of the calorimeter was
1.0° C/ min.
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found in flour, which means they are highly accessible to water.
The Tp and Tc values of the high-temperature portion of the
gelatinization endotherm are generally sensitive to disruption of
kernel structure. Changes in starch gelatinization occur as fissures
create water passages and increase water accessibility to the
granules, thereby reducing the size of the granule population that
possesses low water accessibility. That part of the endotherm
contributed by granules with low water accessibility is thus
diminished. As the number of more accessible granules increases
and the number of less accessible granules decreases, the thermal
characteristics of the rice grains change.

On the basis of the results of this study, DSC can provide
a sensitive method to determine changes in rice kernel structure
and qualitatively estimate the extent of the changes. The part
of the kernel structure that provides control of water penetration
to the starch granules has not yet been identified. Experiments
are underway to locate this structure(s) within the kernel by using
abrasive milling to selectively remove material from the kernel
surface and by monitoring related changes in starch gelatinization
with DSC.
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