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Two rice cultivars, high amylose TNS 19 and waxy TCW 70, were mal degradation of amylopectin apparently resulted in a decreased
selected for a study of thermal behavior and molecular redistribution of amount of large molecules and an increased amount of smaller mole-
rice starch after hydrothermal treatments. The treatment conditions in- cules. The heat-moisture-treated rice flour was mixed with water and
cluded soaking for 2 hr at 40'C and steaming for 10 or 20 min at 0 and heated to gelatinization and then stored at 4 or 250 C. The transition
18 psi steam pressure, respectively. Lower temperature endotherms, enthalpies increased with concomitant decreases of transition peak tem-
measured by differential scanning calorimetry, were observed at 65 and peratures during storage. These results indicate that the extent of retro-
72°C for the untreated TNS 19 and TCW 70, respectively. The hydro- gradation increases with storage time for both rice cultivars. At 40C
thermal treatments caused a shift to higher gelatinization temperatures storage, a higher transition enthalpy was observed in waxy TCW 70
and lower transition enthalpy changes. Simultaneously, a higher tem- from day 7, although at 250C storage, no similar changes were observed
perature endotherm was observed at =1 5IC for TNS 19 only. The ther- throughout 21 days.

Heating starch with limited moisture content (heat-moisture
treatment) dramatically changes its physicochemical properties
(Kulp and Lorenz 1981, Lorenz and Kulp 1983). The water-
holding capacities and enzyme susceptibility of treated rice flours
increase and swelling powers decrease (Fang 1991, Lu et al
1994). Heating a waxy rice cultivar increases the stability of vis-
cograph paste (Chen 1992). These findings indicate that physical
changes occur within the starch granules due to the heat plus
moisture treatment (Damir 1985).

Differential scanning calorimetry (DSC) has commonly been
used for investigating thermal behavior of starches. Gelatinization
as well as retrogradation are two important thermal behaviors.
DSC data can provide a quantitative measure of gelatinization
(Stevens and Elton 1971, Biliaderis et al 1980, Nakazawa et al
1984, Krueger et al 1987), retrogradation (Atwell et al 1988,
Yuan et al 1993), and the phase transitions on maize (White et al
1990, 1991; Li et al 1994) and wheat starches (Donovan 1979,
Donovan et al 1983), as well as on rice (Biliaderis et al 1986;
Tester and Morrison 1990a,b; Marshall 1992; Huang et al 1993).
Therefore, an endothermic transition could be observed by DSC.
Mahanta and Bhattacharya (1989) indicated that rice starch was
thermally degraded and starch structural changes were caused by
high-pressure steaming (Chen 1992). The fine structure of maize
and rice starch has also been estimated using gel-permeation
chromatography (GPC). GPC can quantitatively separate starch
using molecular weight distribution and mean degree of polym-
erization (Juliano 1984; Chinnaswamy and Bhattacharya 1986;
Takeda and Hizukuri 1987, 1989; Takeda et al 1987, 1993;
Enevoldsen and Juliano 1988; Tester and Morrison 1990b). To
further elucidate the effect of hydrothermal treatment on rice
starches, studies of their thermal properties and structure redistribu-
tion were initiated with DSC and GPC techniques.
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MATERIALS AND METHODS

Materials
Two rice cultivars, TNS 19 (nonwaxy) and TCW 70 (waxy)

were obtained from Taichung District Experimental Station,
Chang-Hwa county, Taiwan in 1990.

The rice samples and an equal amount of water were soaked at
40°C for 2 hr in closed bottles and then steamed in an autoclave
under different pressures (0 and 18 psi) for 10 or 20 min. All
samples were then freeze-dried (Labconco stopping tray dryer,
Lyph-Lock 18, Labconco Co., KS) to =10% moisture and then
milled with a cyclone sample grinder (Udy Co.) and passed
through a 60-mesh screen.

Amylose
Amylose content in the rice flour was determined using a col-

orimetric method (Williams et al 1970).

DSC
DSC experiments were performed with a Setaram DSC 121

(Setaram Co., France). Heating rate was 5°C/min from 20-150'C.
Samples (110-120 mg) were mixed with water (2:3, w/w) and
kept at 4°C overnight to allow a uniform distribution of water in
the flours. Samples were sealed in stainless crucibles and
reweighed before the DSC analysis. For each endotherm, onset
(T0 ) and peak (Tp) transition temperatures were determined using
a computerized system developed by the Setaram Co. The transi-
tion enthalpies (AH) were determined from the peak area of the
endotherm and expressed as joules per gram of dry matter.

GPC
Due to the difficulty of isolating starch from pregelatinized

rice, flour rather than starch was used for the chromatographic
fractionation for molecular weight distribution of gel permeation
of rice as described by Mahanta and Bhattacharya (1989) with
some minor modifications.

About 80 mg of defatted flour was dispersed in 5 ml of 0.25N
KOH under nitrogen atmosphere in a boiling water bath for 3-4
min. After cooling in the nitrogen atmosphere, the dispersion was
neutralized first with 0.5N HCl and then with 0.05N HCl, using
phenolphthalein as an indicator added directly into the tube. The
volume was made up to 15 ml. The dispersion was filtered
through a prefilter sample clarification kit (Water Associates) and
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G4 sintered glass disc in a syringe. An aliquot of the filtrate (=3
ml) containing exactly 10.0 mg (dry weight) of carbohydrate was
fractionated by ascending chromatography on a Sepharose CL-2B
(Pharmacia Fine Chemicals, Sweden) column (1.6 x 70 cm)
operating with a peristaltic pump at a flow rate of 8 ml/hr. Dis-
tilled water containing 0.02% sodium azide was used as an elu-
ent. Fractions (4 ml) were collected and aliquots (0.5 ml) of the
fractions were used for determination of carbohydrate using a
phenol-sulfuric acid method and measured at 490 nm against a
glucose standard.

Chain Length Distribution
The chain length distribution (DP) was determined using the

gel-filtration method with minor modification (Chinnaswamy and
Bhattacharya 1986).

Fraction I (void volume) was freeze-dried in a Virtis freeze
dryer and dispersed (4.0 mg) in acetate buffer (5 ml, 0.1M, pH
5.3). Crystalline pullulanase (32 IU) (Sigma Chemical Co.) was
added and the mixture was incubated at 370 C for 30 hr. The
enzyme action was stopped by heating th

e solution in a boiling water bath for 10 min. The solution was
then chromatographed. An aliquot of the filtrate (=4 ml) was
fractionated by ascending chromatography on a Sephadex G-50
(Pharmacia) column (1.6 x 70 cm) operating with a peristaltic
pump at a flow rate of 25 ml/hr, using distilled water containing
0.02% sodium azide as an eluent.

Total carbohydrate was analyzed using the phenol-sulfuric acid
method (Dubois et al 1956). The reducing value was measured
using a modified Park-Johnson procedure (Hizukuri et al 1981):
Chain length (DP) = total carbohydrate/reducing value.

RESULTS AND DISCUSSION

Effect of Heat-Moisture Treatment
DSC. Figures 1 and 2 show the gelatinization temperature

range for untreated rice flour at =60-90'C. The enthalpies of the
phase transition of TNS 19 and TCW 70 were 8.66 and 12.21 J/g,
respectively. After heat-moisture treatment at 1000 C, the gelatini-
zation temperature range tended to increase to 80-950 C, but the
transition enthalpy decreased for TNS 19. The endothermal peak
of TCW 70 disappeared after heating at 100'C for 20 min, which
means that the crystallinity of TCW 70 was easily ruptured. The
endothermic peak of the rice flour disappeared during heat-
moisture treatment at 121°C, indicating that the crystallinity of
the starch kernel was ruptured by heat.

For untreated or 100°C heat-moisture-treated rice flour, there
were two endothermic peaks at =100°C for TNS 19 but only one
peak for TCW 70. After treatment at 121°C, there was only one
endothermal peak for TNS 19 and none for TCW 70. Generally
speaking, amylose reacts with lipids to form the amylose-lipid
complex which gives a thermally reversible endothermic peak at
=100°C (Kugimiya et al 1980, Biliaderis et al 1986, Mahanta and
Bhattacharya 1989). Researchers (Gudmundson and Eliasson
1990, Gudmundson 1992) have reported that the exterior starch
chains form complexes with lipids, and the endothermic peak
occurs at 100-121°C. Thus, the endothermic peak of TCW 70
was probably from amylopectin-lipid complex. Whether TNS 19
could produce amylose-lipid or amylopectin-lipid complexes is
uncertain and requires further study.

GPC. Starch consists of amylose and amylopectin. Amylose is
primarily made of linear molecules, and amylopectin from highly
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Fig. 1. Differential scanning calorimetry thermal curves of untreated and
heat-moisture-treated TNS 19 (nonwaxy) rice flour. * = Steaming tem-
perature (°C) and steaming time (min) of milled rice.
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Fig. 2. Differential scanning calorimetry thermal curves of untreated and
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branched macromolecules. The molecular distribution of rice
starch after heat-moisture treatment can be studied using GPC to
separate molecules by size (Cooper 1983).

The results indicated that there were two main distribution
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Fig. 3. Effect of heat-moisture treatment on the Sepharose CL-2B gel
filtration profiles of TNS 19 rice flour. Column was eluted with 0.02%
sodium azide aqueous solution. Flow rate was 8 ml/hr. Fractions (0.5 ml)
collected every 30 min and analyzed for total carbohydrate using
phenol-sulfuric method. Glucose was used for standard. * = Steaming
temperature (0C) and steaming time (min) of milled rice.
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areas for untreated TNS 19. The first fraction appeared around
tube 15, and the second distribution area appeared around tube 39
(Fig. 3). However, there was only one distribution area that
appeared around tube 15 for TCW 70 (Fig. 4). The first distribu-
tion area is presumed to consist of amylopectin that eluted first
because the time lag for starch to be eluted is related to molecular
size (Mahanta and Bhattacharya 1989, Oates 1990).

After heat-moisture treatment, the total carbohydrate content at
the first distribution area decreased for each rice flour. After tube
20, total carbohydrate content tended to increase, especially dur-
ing heat-moisture treatment at 121'C. Thus, the thermal degrada-
tion of amylopectin by heat-moisture contributes to a decrease in
the number of large molecules and an increase in the number of
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Fig. 4. Effect of heat-moisture treatment on the Sepharose CL-2B gel-
filtration profiles of TCW 70 rice flour. Column was eluted with 0.02%
sodium azide aqueous solution. Flow rate was 8 ml/hr. Fractions (0.5 ml)
collected every 30 min and analyzed for total carbohydrate using
phenol-sulfuric method. Glucose was used for standard. * = Steaming
temperature (0C) and steaming time (min) of milled rice.
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Fig. 5. Effect of heat-moisture treatment on chain length distribution
(DP) profiles of TNS 19 amylopectin using debranched pullulanase:
untreated (A) and (B) treated at 121'C for 20 min. Column was eluted
with 0.02% sodium azide aqueous solution on Sephadex G-50. Flow rate
was 25 ml/hr. Fractions (0.5 ml) collected every 10 min and analyzed for
total carbohydrate using phenol-sulfuric method. Solutions (1.0 ml) were
analyzed for reducing sugar using Park-Johnson method. Glucose used
as standard.
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smaller molecules (Mahanta and Bhattacharya 1989, Murugesan
and Bhattacharya 1989). The degree of thermal degradation was:
121'C, 20 min > 121'C, 10 min > 1000C, 20 min > 1000C, 10
min.

Heat-moisture treatment leads to the thermal degradation of
amylopectin for the rice flour. However, understanding the ther-
mal degradation process requires additional investigation. We
used pullulanase to debranch the eluents of the first area from the
Sepharose CL-2B and then analyzed the resulting molecular
chain length using Sephadex G-50.

The untreated and treated (121'C, 20 min) samples were ana-

lyzed. As shown in Figures 5 and 6, the amylopectin consisted of
two main chain length distribution areas: the first distribution area
contains B chains, and the second distribution area contains A
chains (Atwell et al 1980, Takeda et al 1987, Enevoldsen and
Juliano 1988). After heat-moisture treatment, the total carbohy-
drate content of amylopectin in the second distribution area
decreased slightly for TNS 19 and TCW 70, which indicated that
the exterior linear chain of amylopectin was thermally degraded.
Heat-moisture treatment leads to the rupture of molecular struc-
ture for starch (Kulp and Lorenz 1981). This may be the main
reason that the physicochemical properties of rice flour changes.

Effect of Retrogradation of Rice Flour During Storage
DSC. The onset temperature (T0), peak temperature (Tp) and

transition enthalpies of each untreated and heat-moisture treated
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Fig. 6. Effect of heat-moisture treatment on chain length distri
(DP) profiles of TCW 70 amylopectin using debranched pullul
untreated (A) and (B) treated at 121°C for 20 min. Column was
with 0.02% sodium azide aqueous solution on Sephadex G-50. Flo
was 25 ml/hr. Fractions (0.5 ml) collected every 30 min and analy2
total carbohydrate using phenol-sulfuric method. Solutions (1.0 ml
analyzed for reducing sugar using Park-Johnson method. Glucos
as standard.

TABLE I
Differential Scanning Calorimetry Retrogradation Behaviors

of Untreated and Heat-Moisture Treated TNS 19 Rice Flour Gels
Stored at 4°C for Different Time Intervals

100

S* Sample

8Hr
Untreated

10, ~ 100- Ob

10 100-20
S 121-10

121-20
16 Hr

Untreated
100-10
100-20
121-10
121-20

1 1 Day
5 Untreated

100-10
100-20
121-10
121-20

2 Days
Untreated
100-10
100-20
121-10
121-20

3 Days
Untreated
100-10
100-20
121-10
121-20

7 Days
Untreated
100-10
100-20
121-10
121-20

14 Days
Untreated
100-10

i5 100-20
121-10
121-20

21 Days
ibution Untreated
lanase: 100-10
eluted 100-20

)w rate 121-10
7.p.ri fnr 121-20GvlU 1 U1

I) were
e used

Transition Temperature (T, 0 C)
and Enthalpy (AH, J/g of flour)

To Tp AH

30.9 + 0.3a
30.2 0.4
32.3 + 0.1
32.6 0.7
32.3 + 0.6

33.4 ± 0.3
32.8 ± 0.4
32.4 ± 0.1
32.1 ± 0.2
32.2 ± 0.5

32.5 ± 0.0
31.9 ± 0.8
32.4 ± 0.5
33.0 ± 0.2
32.6 ± 0.2

32.1 ± 0.2
32.2 ± 0.6
33.4 ± 0.7
32.0 ± 0.4
31.8 ± 0.0

31.1 ± 0.2
30.2 ± 0.4
30.3 ± 0.1
31.6 ± 0.6
30.8 ± 0.5

31.4 ± 0.2
31.5 ± 0.1
31.4 ± 0.4
32.1 ± 0.2
31.8 ± 0.7

33.3 ± 0.5
32.6 ± 0.4
32.5 ± 0.8
33.4 ± 0.1
33.8 ± 0.1

33.9 ± 0.5
33.0 ± 0.0
33.7 ± 0.1
34.2 ± 0.2
32.7 ± 0.4

55.7 ± 0.3
54.9 ± 0.2
54.9 ± 0.4
53.4 ± 0.3
54.3 ± 0.2

51.8 ± 0.7
51.6 ± 0.1
51.0 ± 0.5
51.3 ± 0.4
52.9 ± 0.5

51.9 ± 0.2
50.8 ± 0.4
49.6 ± 0.3
51.4 ± 0.1
50.5 ± 0.1

45.4 ± 0.1
44.8 ± 0.2
44.4 ± 0.2
43.4 ± 0.3
43.6 ± 0.2

45.3 ± 0.5
45.8 ± 0.2
45.1 ± 0.4
45.0 ± 0.7
45.1 ±0.3

45.9 ± 0.5
46.0 ± 0.1
45.2 ± 0.5
47.0 ± 0.2
47.0 ± 0.7

46.3 ± 0.4
46.2 ± 0.2
45.1 ±0.3
46.5 ± 0.2
46.9 ± 0.8

47.2 ± 0.2
46.7 ± 0.2
47.0 ± 0.1
47.7 ± 0.6
46.7 ± 0.5

-1.08 ± 0.02
-1.52 ± 0.04
-1.57 ± 0.08
-1.60 ± 0.01
-1.59 ± 0.02

-1.80 ± 0.02
-2.11 ± 0.09
-2.82 ± 0.10
-3.22 ± 0.21
-3.26 ± 0.09

-2.56 ± 0.07
-3.07 ± 0.13
-2.98 ± 0.10
-3.47 ± 0.10
-3.94 ± 0.07

-4.41 ± 0.13
-4.66 ± 0.07
-4.79 ± 0.16
-4.86 ± 0.01
-5.08 ± 0.06

-5.16 ± 0.07
-5.39 ± 0.03
-5.57 ± 0.13
-5.52 ± 0.07
-5.61 ± 0.05

-6.26 ± 0.11
-6.53 ± 0.10
-6.56 ± 0.16
-6.71 ± 0.09
-6.94 ± 0.07

-7.01 ± 0.06
-7.15 ± 0.05
-7.29 ± 0.02
-7.38 ± 0.03
-7.45 ± 0.02

-7.28 ± 0.10
-7.50 ± 0.11
-7.42 ± 0.14
-7.73 ± 0.06
-7.95 ± 0.07

a Mean ± standard deviation; n = 3.
b Two coded numbers for each heat-moisture treated rice flour indicate the

steaming temperatures (0C) and steaming times (min) of milled rice.
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rice flour for TNS 19 and TCW 70 at different storage tempera-
tures after heat-moisture treatments are shown in Tables I-IV. The
transition enthalpy of each rice flour increased as the storage lags
increased.

As for storage at different temperatures, the enthalpies of the
phase transition of the samples at 40C was higher than for those
stored at 250C. In addition, under the same storage conditions (4
or 250 C), the enthalpy changes and lag time were higher for heat-
moisture-treated rice flour at 121'C than for the others. The order
was: 121'C, 20 min > 1000C, 20 min > 1000C, 10 min >
untreated sample.

As for To and Tp, under the same storage temperature, To is
almost the same, but when the rice was stored at 40C, Tp had a
higher value on the first day and then kept steady for the rest of

TABLE II
Differential Scanning Calorimetry Retrogradation Behaviors

of Untreated and Heat-Moisture Treated TNS 19 Rice Flour Gels
Stored at 250C for Different Time Intervals

Transition Temperature (T, 0C)
and Enthalpy (AH, J/g of flour)

Sample T Tp AM

8 Hr
Untreated NDa ND ND
10010b ND ND ND
100-20 ND ND ND
121-10 49.0 + 0.2c 57.4 ± 0.7 -36 ± 0.07
121-20 48.4 + 0.4 56.9 ± 0.3 -38 ± 0.02

16Hr
Untreated 50.7 + 0.1 58.5 ± 0.4 -40 ± 0.01
100-10 50.2 + 0.3 57.9 ± 0.4 -46 ± 0.01
100-20 50.5 0.4 57.2 ± 0.4 -50 ± 0.02
121-10 50.2 + 0.3 56.7 ± 0.7 -54 ± 0.01
121-20 49.8 + 0.6 57.5 ± 0.2 -54 ± 0.01

1 Day
Untreated 50.5 + 0.2 58.1 ± 0.4 -49 ± 0.02
100-10 48.2 + 0.2 57.7 ± 0.3 -59 ± 0.02
100-20 50.8±0.4 58.1 ±0.2 -60±0.01
121-10 51.0 0.5 58.0 ± 0.7 -61 ± 0.01
121-20 51.8 0.7 58.5 ± 0.2 -63 ± 0.01

2 Days
Untreated 48.5 ± 0.2 58.1 ± 0.2 -76 ± 0.01
100-10 48.8 0.7 57.7 ± 0.6 -87 ± 0.07
100-20 49.4±0.2 58.2 ±0.0 -96 ±0.03
121-10 51.1 0.6 58.7±0.4 -100±0.03
121-20 51.8 ±0.8 58.5 ± 0.6 -1.01 + 0.02

3 Days
Untreated 49.7 ± 0.5 59.2 ± 0.2 -1.54 + 0.03
100-10 48.6 ± 0.7 58.1 ± 0.1 -1.74 + 0.07
100-20 49.6 ± 0.1 58.9 ± 0.5 -1.76 ± 0.01
121-10 49.0 ± 0.2 58.6 ± 0.3 -1.84 0.01
121-20 48.5 ± 0.4 58.1 ± 0.4 -1.89 + 0.01

7 Days
Untreated 48.6 ± 0.4 58.9 ± 0.1 -2.90 ± 0.04
100-10 48.6 ± 0.3 59.1 ± 0.2 -3.21 ± 0.04
100-20 50.5 ± 0.4 57.9 ± 0.2 -3.24 ± 0.01
121-10 49.0 ± 0.3 59.3 ± 0.7 -3.27 ± 0.02
121-20 49.6 ± 0.6 59.0 ± 0.3 -3.41 ± 0.01

14 Days
Untreated 51.2 ± 0.6 60.6 ± 0.1 -3.92 ± 0.02
100-10 48.2 ± 0.3 59.8 ± 0.1 -4.10 ± 0.01
100-20 49.6 ± 0.6 61.2 ± 0.2 -4.22 ± 0.01
121-10 48.9 ± 0.2 60.6 ± 0.3 -4.51 ± 0.02
121-20 48.3 ± 0.7 59.5 ± 0.7 -4.53 ± 0.02

21 Days
Untreated 51.7 ± 0.7 61.7 ± 0.7 -4.02 ± 0.02
100-10 51.6 ± 0.3 61.3 ± 0.6 -4.20 ± 0.02
100-20 51.8 ± 0.1 61.8 ± 0.2 -4.52 ± 0.00
121-10 50.2 ± 0.0 61.3 ± 0.2 -4.57 ± 0.03

the experimental period. However, for the samples stored at dif-
ferent temperatures, both To and Tp were higher when stored at
250C than when stored at 40C. As for different cultivars of rice,
the endothermic peak of untreated TNS 19 shows up when stored
at 250C for 16 hr, but the endothermic peak for TCW 70 does not
show up until stored for more than 21 days, which indicates that

TABLE III
Differential Scanning Calorimetry Retrogradation Behaviors

of Untreated and Heat-Moisture Treated TCW 70 Rice Flour Gels
Stored at 4VC for Different Time Intervals

Transition Temperature (T, 0C)
and Enthalpy (AU, J/g of flour)

Sample T. Tp AH

3 Days
Untreated 32.9 ± 0.2a 56.1 ± 0.1 -3.27 ± 0.05
100-lOb 30.8 ± 0.6 55.5 ± 0.1 -4.20 ± 0.08
100-20 31.0 0.1 55.3 ± 0.1 -4.43 ± 0.03
121-10 30.8 ± 0.3 55.4 ± 0.4 -4.65 ± 0.33
121-20 29.7 ± 0.1 55.1 ± 0.1 -5.21 ± 0.01

7 Days
Untreated 31.7 ±0.1 47.0 ± 0.4 -7.63 ± 0.11
100-10 31.7 ± 0.9 46.7 ± 0.2 -8.66 ± 0.23
100-20 32.8 ± 0.7 46.6 ± 0.5 -8.70 ± 0.21
121-10 32.9 ± 0.0 46.7 ± 0.1 -9.04 ± 0.25
121-20 32.9 0.1 46.7 ± 0.5 -9.10 ± 0.10

14 Days
Untreated 33.7 ± 0.6 47.4 ± 0.2 -8.99 ± 0.11
100-10 33.7 0.1 48.2 ± 0.0 -9.40 ± 0.07
100-20 34.1 + 0.3 48.2 ± 0.1 -9.64 ± 0.02
121-10 33.9 + 0.2 48.5 ± 0.2 -10.43 ± 0.24
121-20 33.2 ± 0.5 48.1 ± 0.2 -10.85 ± 0.33

21 Days
Untreated 34.6 + 0.2 49.1 ± 0.3 -10.37 ± 0.06
100-10 34.8 ± 0.1 48.5 ± 0.5 -10.52 ± 0.45
100-20 34.5 ± 0.1 47.9 ± 0.3 -10.68 ± 0.13
121-10 34.2 ± 0.3 47.8 ± 0.6 -10.83 ± 0.06
121-20 34.5 ± 0.3 47.9 ± 0.3 -11.26 ± 0.04

a Mean ± standard deviation; n = 3.
b Two coded numbers for each heat-moisture treated rice flour indicate the

steaming temperatures (0C) and steaming times (min) of milled rice.

TABLE IV
Differential Scanning Calorimetry Retrogradation Behaviors

of Untreated and Heat-Moisture Treated TCW 70 Rice Flour Gels
Stored at 250C for Different Time Intervals

Transition Temperature (T, 0C)
and Enthalpy (All, J/g of flour)

Sample To Tp AM

7 Days
Untreated NDa ND ND
100_10b ND ND ND
100-20 ND ND ND
121-10 ND ND ND
121-20 ND ND ND

14 Days
Untreated ND ND ND
100-10 ND ND ND
100-20 50.7 + 0.6c 58.1 ± 0.2 -0.40 ± 0.02
121-10 50.8 ± 0.6 59.1 ± 0.2 -0.59 ± 0.03
121-20 51.7 _ 0.4 61.0 ± 0.5 -0.62 ± 0.05

21 Days
Untreated 56.1 _ 0.2 60.2 ± 0.2 -0.21 ± 0.02
100-10 51.8 ± 0.6 61.3 ± 0.4 -0.29 ± 0.01
100-20 52.9 ± 0.5 61.1 ± 0.4 -0.75 ± 0.04
121-10 52.3 ± 0.1 61.2 ± 0.5 -0.81 ± 0.03
121-20 53.0 ± 0.6 61.5 ± 0.3 -0.86 ± 0.03

a Not detectable.
b Two coded numbers for each heat-moisture treated rice flour indicate the

steaming temperatures (0C) and steaming times (min) of milled rice.
c Mean ± standard deviation; n = 3.
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121-20 50.0 ± 0.5 61.0 ± 0.1 -4.59 ± 0.04

a Not detectable.
b Two coded numbers for each heat-moisture treated rice flour indicate the

steaming temperatures (0C) and steaming times (min) of milled rice.
c Mean ± standard deviation; n = 3.



the retrogradation for waxy rice is more stable than that for non-
waxy rice.

Effect of gelatinization-retrogradation. After gelatinization, the
amylose helix structure uncoiled, and when the temperature
cooled down to favorable conditions, the amylose tended to link
together with hydrogen bonding, which allowed the retrograda-
tion to occur faster (Miles et al 1985, Jankowski and Rha 1986).
However, retrogradation is affected strongly by amylopectin after
longer storage periods (Miles et al 1985, White et al 1989, Roulet
et al 1990). Therefore, starch retrogradation is related to the sta-
bility of a starch paste during storage conditions. The longer it is
stored, the more retrogradation (Longton and Legrys 1981).
When stored above 00C, the lower the temperature, the greater the
extent of retrogradation. Eliasson and Ljunger (1988) report that a
slow migration of starch can develop more ordered structure
crystalline forms at certain temperature ranges.

CONCLUSIONS

Hydrothermal treatment of high-amylose nonwaxy (TNS 19)
and waxy (TCW 70) rice cultivars caused a shift to higher gelati-
nization temperatures and lower transition enthalpy changes. An
endothermic peak was observed at =1 150C for TNS 19 but not for
TCW 70, suggesting that the amylose reacted with associated
lipids to form an amylose-lipid complex during the heating proc-
ess. Thermal degradation of the amylopectin by a heat-moisture
treatment decreased the amount of large molecules and increased
the amount of smaller molecules; the higher the temperature
treatment, the greater the degree of thermal degradation. During
storage for 21 days at 4 and 250 C, enthalpy of the retrograded
starches was measured using DSC. TNS 19 showed slightly
increasing enthalpy changes for all treatments at the same storage
time. However, for TCW 70, the enthalpy values increased only
after hydrothermal treatment. Higher temperatures gave higher
enthalpy values after longer storage period (7 days) at 40 C for the
waxy TCW 70 rice. These findings could serve as useful indica-
tors for manufacturers wishing to produce better quality rice
flours, by selecting appropriate time-temperature hydrothermal
conditions for their specific end products.

ACKNOWLEDGMENT

This work was supported in part by Grant NSC80-0409-BO05-58 from
the National Science Council, R.O.C.

LITERATURE CITED

ATWELL, W. A., HOSENEY, R. C., and LINEBACK, D. R. 1980.
Debranching of wheat amylopectin. Cereal Chem. 57:12.

BILIADERIS, C. G., MAURICE, T. J., and VOSE, J. R. 1980. Starch
gelatinization phenomena studied by differential scanning calorime-
try. J. Food Sci. 45:1669.

BILIADERIS, C. G., PAGE, C. M., MAURICE, T. J., and JULIANO, B. 0.
1986. Thermal characterization of rice starch: A polymeric approach to
phase transitions of granular starch. J. Agric. Food. Chem. 34:6.

CHEN, C. Y. 1992. Studies on the physicochemical properties of heat-
moisture treated rice flour. MS thesis. National Chung-Hsing Uni-
versity, R.O.C.

CHINNASWAMY, R., and BHATTACHARYA, K. R. 1986. Characteris-
tics of gel chromatographic fractions of starch in relation to rice and
expanded rice-product qualities. Starch/Staerke 38:5 1.

COOPER, T. G. 1983. Tools of Biochemistry. John Wiley: New York.
DAMIR, A. A. 1985. Comparative studies on the physicochemical prop-

erties and microstructure of raw and parboiled rice. Food Chem. 16:1.
DONOVAN, J. W. 1979. Phase transitions of the starch water system.

Biopolymers 18:263.
DONOVAN, J. W., LORENZ, K., and KULP, K. 1983. Differential

scanning calorimetry of heat-moisture treated wheat and potato
starches. Cereal Chem. 60:381.

DUBOIS, M., GILLES, K. A., HAMILTON, J. K., REBERS, P. A., and
SMITH, F. 1956. Colorimetric method for determination of sugars and
related substances. J. Anal. Chem. 26:350.

ELIASSON, A. C. and LJUNGER, G. 1988. Interactions between amy-
lopectin and lipid additives during retrogradation in a model system.
J. Sci. Food Agric. 44:353.

ENEVOLDSEN, B. S., and JULIANO, B. 0. 1988. Ratio of A chains to
B chains in rice amylopectins. Cereal Chem. 65:424.

FANG, W. C. 1991. Effects of heat-moisture treatment on the physico-
chemical properties of rice flours. MS thesis. National Chung-Hsing
University, R.O.C.

GUDMUNDSSON, M. 1992. Effects of an added inclusion-amylose
complex on the retrogradation of some starches and amylopectin.
Carbohydr. Polym. 17:299.

GUDMUNDSSON, M., and ELIASSON, A. C. 1990. Retrogradation of
amylopectin and the effects of amylose and added surfactant/ emulsi-
fiers. Carbohydr. Polym. 13:295.

HIZUKURI, S., TAKEDA, Y., and YASUDA, M. 1981. Multi-branched
nature of amylose and the action of debranching enzymes. Carbohydr.
Res. 94:205-213.

HUANG, R. M., CHANG, W. H., CHANG, Y. H. and LII, C.Y. Phase
transitions of rice starch and flour gels. Cereal Chem. 71:202.

JANKOWSKI, T. and RHA, C. K. 1986. Retrogradation of starch in
cooked wheat. Starch/Staerke 38:6.

JULIANO, B. 0. 1984. Starch: Chemistry and Technology. 2nd ed. R. L.
Whistler, J. N. BeMiller, and E. F. Paschall, eds. Academic Press:
London.

KRUEGER, B. R., WALKER, C. E., KNUTSON, C. A., and INGLETT,
G. E., 1987. Differential scanning calorimetry of raw and annealed
starch isolated from normal and mutant maize genotypes. Cereal
Chem. 54:187.

KUGIMIYA, B. M., DONOVAN, J. W., and WONG, R. Y 1980. Phase
transitions of amylose-lipid complexes in starches: A calorimetric
study. Starch/Staerke 32:265.

KULP, K., and LORENZ, K. 1981. Heat-moisture treatment of starches.
I. Physicochemical properties. Cereal Chem. 58:46.

LI, J., BERKE, T. G., and GLOVER, D. V. 1994. Variation for thermal
properties of starch in tropical maize germ plasm. Cereal Chem.
71:87.

LONGTON, J., and LEGRYS, G. A. 1981. Differential scanning calori-
metry studies on the crystallinity of aging wheat starch gels.
Starch/Staerke 33:410.

LORENZ, K., and KULP, K. 1983. Physicochemical properties of defat-
ted heat-moisture treated starches. Starch/Staerke 35:123.

LU, S., FANG, W. T., and LII, C. Y. 1994. Studies on the effects of dif-
ferent hydrothermal treatment on the physicochemical properties of
nonwaxy and waxy rices. J. Chinese Agric. Chem. Soc. 32:372.

MAHANTA, C. L., and BHATTACHARYA, K. R. 1989. Thermal degra-
dation of starch in parboiled rice. Starch/Staerke 41:9.

MARSHALL, W. E. 1992. Effect of degree of milling of brown rice and
particle size of milled rice on starch gelatinization. Cereal Chem.
69:632.

MILES, M. J., MORRIS, V. J., ORFORD, P. D., and RING, S. G. 1985.
The roles of amylose and amylopectin in the gelation and retrogra-
dation of starch. Carbohydr. Res. 135:271.

MURUGESAN, G., and BHATTACHARYA, K. R. 1989. The nature of
starch in popped rice. Carbohydr. Polym. 10:215.

NAKAZAWA, F., NOGUCHI, S., TAKAHASHI, J,. and TAKADA, M.
1984. Gelatinization and retrogradation of rice starch studies by dif-
ferential scanning calorimetry. Agric. Biol. Chem. 48:201.

OATES, C. G. 1990. Fine structure of mung bean starch: An improved
method of fractionation. Starch/Staerke 42:464.

ROULET, P., MacINNES, W. M., GUMY, D., and WURSCH, P. 1990.
Retrogradation kinetics of eight starches. Starch/Staerke 42:99.

STEVENS, D. J., and ELTON, G. A. H. 1971. Thermal properties of the
starch/water system. I. Measurement of heat of gelatinization by dif-
ferential scanning calorimetry. Staerke 23:8.

TAKEDA, Y., and HIZUKURI, S. 1987. Structure of rice amylopectins
with low and high affinities for iodine. Carbohydrate. Res. 168:79.

TAKEDA, Y., and HIZUKURI, S. 1989. Structure and amounts of
branched molecules in rice amyloses. Carbohydr. Res. 186:163.

TAKEDA, Y, HIZUKURI, S., TAKEDA, C., and SUZUKI, A. 1987.
Structures of branched molecules of amylose of various origins, and
molar fractions of branched and unbranched molecules. Carbohydr.
Res. 168:79.

TAKEDA, Y., and TOMOOKA, S., and HIZUKURI, S. 1993. Structures

10 CEREAL CHEMISTRY



of branched and linear molecules of rice amylose. Carbohydrate. Res.
246:267.

TESTER, R. F., and MORRISON, W. R. 1990a. Swelling and gelatiniza-
tion of cereal starches. I. Effect of amylopectin, amylose, and lipids.
Cereal Chem. 67:55 1.

TESTER, R. F., and MORRISON, W. R. 1990b. Swelling and gelatini-
zation of cereal starches. II. Waxy rice starches. Cereal Chem. 67:558.

WHITE, P J., ABBAS, I. R., and JOHNSON, L. A. 1989. Freeze-thaw
stability and refrigerated-storage retrogradation of starches.
Starch/Staerke 41:176.

WHITE, P. J., ABBAS, I. R., POLLAK, L. M., and JOHNSON, L. A.
1990. Intra- and interpopulation variability of thermal properties of
maize starch. Cereal Chem. 67:70.

WHITE, P. J., POLLAK, L. M., and BURKHART, S. 1991. Thermal
properties of starches from corn grown in temperate and tropical envi-
ronments. (Abstr.) Cereal Foods World 36:524.

WILLIAMS, P. C., KUZINA, F. D., and HLYNKA, I. 1970. A rapid
colorimetric procedure for estimating the amylose content of starches
and flours. Cereal Chem. 47:411.

[Received February 27, 1995. Accepted September 5, 1995.]

Vol. 73, No. 1, 1996 11


