NONWHEAT GRAINS AND PRODUCTS

Gel-Chromatography Fractionation and Thermal Characterization
of Rice Starch Affected by Hydrothermal Treatment’

SHIN LU,>? CHING-YUNG CHEN,? and CHENG-YI LII*

ABSTRACT

Two rice cultivars, high amylose TNS 19 and waxy TCW 70, were
selected for a study of thermal behavior and molecular redistribution of
rice starch after hydrothermal treatments. The treatment conditions in-
cluded soaking for 2 hr at 40°C and steaming for 10 or 20 min at 0 and
18 psi steam pressure, respectively. Lower temperature endotherms,
measured by differential scanning calorimetry, were observed at 65 and
72°C for the untreated TNS 19 and TCW 70, respectively. The hydro-
thermal treatments caused a shift to higher gelatinization temperatures
and lower transition enthalpy changes. Simultaneously, a higher tem-
perature endotherm was observed at =115°C for TNS 19 only. The ther-
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mal degradation of amylopectin apparently resulted in a decreased
amount of large molecules and an increased amount of smaller mole-
cules. The heat-moisture-treated rice flour was mixed with water and
heated to gelatinization and then stored at 4 or 25°C. The transition
enthalpies increased with concomitant decreases of transition peak tem-
peratures during storage. These results indicate that the extent of retro-
gradation increases with storage time for both rice cultivars. At 4°C
storage, a higher transition enthalpy was observed in waxy TCW 70
from day 7, although at 25°C storage, no similar changes were observed
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
(T,) and peak (T}) 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 HCI and then with 0.05N HCI, 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 37°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.
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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.

6 CEREAL CHEMISTRY

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 100°C, the gelatini-
zation temperature range tended to increase to 80—-95°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. 2. Differential scanning calorimetry thermal curves of untreated and
heat-moisture-treated TCW 70 (waxy) rice flour. * = Steaming tempera-
ture (°C) and steaming time (min) of milled rice.



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 (°C) and steaming time (min) of milled rice.
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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 (°C) and steaming time (min) of milled rice.

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. 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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