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The effects of starch variety and amylose on the rheological property
of rice starch during heating were investigated with mechanical spec-
trometry. The results indicated that the storage modulus (G)' of
Kaoshiung Sen 7 (KSS7, indica) starch with sufficient concentration
increased dramatically at gelatinization temperature (TG). TG' was close
to To = 1, the temperature for the starch granule to become close-packed.
Nevertheless, TG' was slightly lower than T) = 1 in the low starch
concentration system, and slightly higher in the high concentration system.
The addition of amylose inhibited the swelling of the starch granule, and
consequently, TG' raised slightly. With the addition of amylose, the G' of
the starch gel decreased during heating, but may have reinforced the
close-packed swollen granule matrix during the period of aging process
at 5°C. The waxy rice starch (Taichung waxy 70, TCW70) with trace

When the starch granule is heated up to the gelatinization tem-
perature in excess water, heat transfer and moisture transfer phe-
nomena occur. The granule swells to several times its initial size
as result of the loss of the crystalline order and the absorption of
water inside the granular structure (Whistler 1964). The swelling
behavior of cereal starch is primarily the property of its amylopectin
content, and amylose acts as both a diluent and an inhibitor of
swelling, especially in the presence of lipid (Tester and Morrison
1990a). The maximal swelling might also be related to the
molecular weight and the shape of the amylopectin (Tester and
Morrison 1990b). Leloup et al (1991) indicated that the composite
starch gel, prepared from the pure amylose and amylopectin,
reduced the swelling index drastically as the amylose-amylopectin
ratio was higher than 2.33.

When starch granules swell, the amylose inside the granules
leaches out simultaneously. The leached-out amylose forms a
three-dimensional network (Hennig et al 1976, Eliasson 1985,
Tester and Morrison 1990a). The swollen granules are embedded
in such a continuous matrix (Richardson et al 1981, Wong and
Lelievre 1981, Ring and Stainsby 1982, Ring 1985). The paste is
formed by gelatinizing the aqueous suspension of starch. When
starch concentration is high enough, the paste can convert into gel
during cooling. The paste and the gel may be considered as a
composite material with the swollen starch granules filling the
polymer solution, or polymer gel network (Ring and Stainsby
1982; Miles et al 1985a,b). The initial stages of gelation of starch
is dominated by the gelation of the solubilized amylose (Miles et
al 1985b). This may imply that the solubilized amylose plays the
key role in the gelation of starch. However, Svegmark et al (1993)
found that the inherent amylose of potato starch did not contribute
to the gel formation, and suggested that the starch granules caused
the rheological behavior of the hot paste. The swollen starch
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amylose content, showed much higher swelling power than that of indica
rice starch (KSS7). Paste was formed even at high concentration. The
rigidity of starch granular structure might be in proportion to its amylose
content and in inverse proportion to the degree of granular swelling.
Hence, the higher G' for KSS7 rice starch than that for TCW70 can be
explained by its high inherent amylose content, which could enhance the
rigidity of the starch granular structure. Also, the high G' value for the
system with the high starch concentration could be attributed to the low
swelling and the strong interaction among the granules. From these results,
it was concluded that the major influencing factors on the rheological
property of the starch during heating were the granular structure and
component, followed by the amount of leached-out amylose in the
process.

granules formed a close-packed gel structure which possessed high
shear resistance (Svegmark and Hermansson 1990, 1991). Evans
and Haisman (1979) indicated that the material outside the
swollen granules (e.g., amylose) had little effect on the rheology
of the starch suspensions.

Several effects were examined to acquire further understanding
of the mechanisms of gelatinization and starch gel formation:
starch variety, starch concentration, and the inherent and added
amylose on the rheological properties of rice starch during heat-
ing, cooling, and aging.

MATERIALS AND METHODS

Rice Starches
The rice starches of indica (Kaoshiung Sen 7, KSS7) and waxy

(Taichung waxy 70, TCW70) varieties were isolated using the
alkaline steeping method (Yang et al 1984). The protein contents
were <0.14%. The apparent amylose contents of the isolated
starches were determined by a modified method introduced by Lii
et al (1986) and were 25.60% for KSS7 and 0.99% for TCW70.
The onset temperatures for gelatinization of KSS7 and TCW70
measured by differential scanning calorimetry (DSC) were 72.0
and 64.0°C, respectively.

Fractionation of Amylose
The fractionation of KSS7 rice amylose was performed using

the method of Takeda et al (1986).

Swelling Power and Water Solubility Index
A 1 % starch suspension (w/w) was heated to 55, 65, 70, 75, 80,

85, 90, and 95°C, respectively, and was kept at that temperature
for 60 min, followed by rapid cooling in a ice water bath to room
temperature. The starch sample was then centrifuged at 5,000 x g
for 20 min. Swelling power was measured with the precipitate
(Leach et al 1959), and the water solubility index (WSI) was
measured with the supernatant (Holm et al 1985). All tests were
performed in triplicate.

Rheological Properties
Small amplitude oscillatory rheological measurements were

performed by a Carri-Med-CSL 100 rheometer (TA Instruments
Ltd., Surrey, England) equipped with a parallel plate system (20
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mm, dia.). For these measurements, the gap size was set at 1.0 mm.
Strain and frequency were set at 0.5% and 1 Hz, respectively.

Effect of starch concentration. Starch suspensions of different
concentrations were loaded on the ram of a Carri-Med-CSL 100
rheometer and were covered with a thin layer of mineral oil. The
Theological properties were scanned from 45 to 950 C at rate of
10C/min (Lii et al 1995).

Effect of starch variety. Mixed starch suspensions (20%, w/w)
of KSS7 and TCW70 with different ratios (20:0, 15:5, 10:10,
5:15, and 0:20, by weight) were prepared for the investigation of
the effect of starch variety on the rheological property. The
Theological properties of the samples were scanned from 45 to
950C at rate of 1PC/min during heating, and from 95 to 5PC at
50C/min during cooling, and at 5 min intervals up to 1 hr during
aging at 50 C. All tests were performed in triplicate.

Effect of amylose content. Purified KSS7 amylose was added to
the samples for the measurement of the influence of the amylose
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Fig. 1. Swelling powers and water solubility indices of KSS7 and
TCW70 at different temperatures.

on the rheological properties. An amylose solution (2%, w/w) was
prepared by dissolving amylose in 8% 1-butanol solution, fol-
lowed by removal of 1-butanol by heating in a boiling water bath
(Miles et al 1985a,b). For the preparations of different
concentrations of the amylose-starch suspensions, 2% amylose
solution was used as the solvent instead of deionized water. The
concentration and the condition used to measure the rheological
property of amylose-starch sample were identical to that for the
effect of starch variety.

RESULTS AND DISCUSSION

Swelling Power and Water Solubility Index
The swelling powers and the water solubility index (WSI) of

KSS7 and TCW70 rice starches during heating are shown in Fig-
ure 1. Both the swelling power and the WSI increased with the
increase of the temperature. The swelling power of waxy starch
TCW70 was, as expected, higher than that of nonwaxy KSS7.

Rheological Properties
Effect of starch concentration. As shown in Figure 2, the stor-

age modulus (G') of KSS7 starch with the sufficient concentration
increased dramatically at a certain temperature, which is herein-
after designated as TG' (Table I) during the heating period. By
continuous heating, G' rose to a maximum and then dropped down.
Tan 6 is the ratio of G" (loss modulus) to G'. Tan 6 was <0.15
when heating temperature was >80'C. KSS7 starch with high G'
(>5,000 dyne/cm2) and low tan 6 (<0.2) showed gelling behavior,
as suggested by Lii et al (1995), during heating at concentrations
of 10-30%, but formed paste at concentrations <10%. The values
of G' for TCW70 fluctuated during heating and were very small
(<1000 dyne/cm2 ), even at concentration up to 30% (Lii et al
1995). On subsequent cooling, the G' of both starch varieties
increased. The G' of KSS7 was much higher than that of TCW70
at the same temperature and concentration.

The TG' of KSS7 are listed in Table I. The larger the concentra-
tion, the lower the TG'. Eliasson (1986) reported that the initial
increase in G' was due to the starch granules swelling progres-
sively and becoming closely packed in the system. It has been
proposed by Bagley and Christianson (1982) and Doublier et al
(1987) that the volume fraction of swollen starch granules in a
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Fig. 2. Storage modulus (G') and loss tangent (tan 6) measurements of KSS7 at different concentrations during heating. (Statistical reliabilities are
shown in Tables I and II.)
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