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Wheat endosperm has a bimodal granule-size distribution with significant
differences in chemical compositions and functional properties such as amylose and
lipid contents and gelatinization characteristics between two granule types. These
differences are believed to affect starch modification such as chemical reactivity and
subpopulation, distinguished by substitution level. In the first study, large (A-type) and
small (B-type) wheat starch granules were characterized and used for modification. The
physicochemical properties of cross-linked, and/or hydroxypropylated, and/or acetylated
starches from the large and small wheat starch granules are also investigated. The
large granules had higher amylose content and transition enthalpy and lower
gelatinization temperature than the small granules. Although no difference in pasting
temperature between the large and small granules, the viscosity of paste from the large
granules was higher than that of the small granules. Both large and small granules had

the characteristics of A-type crystal as shown by X-ray diffraction patterns. However, the large



granules contained lower amount of amylose-lipid complex than did the small granules. The large
granules showed less reactivity with cross-linking reagents than did the small granules.
In contrast, the large granules more reacted with reagents of acetylation or
hydroxypropylation as compared to the small granules. The cross-linked starches from
the large granules had lower gelatinization temperature and higher enthalpy, reduced
rapidly paste viscosities and swelling factors as compared with those from the small
granules. However, the pastes of cross-linked starches from the small granules
exhibited more stable than those from the large granules during freeze-thaw treatment.
The acetylated starches (AS), and acetylated and cross-linked starches (ACS) from the
large granules showed lower gelatinization temperature, and higher enthalpy and paste
viscosities than those from the small granules. The pastes of AS and ACS from the large
and small granules had similar resistance to freeze-thaw treatment. While the
hydroxypropylated starches (HS), and hydroxypropylated and cross-linked starches
(HCS) from the large granules showed higher swelling power and paste consistency, and
more clarity than those from the small granules. The starches modified by
hydroxypropylation and cross-linking had lower gelatinization temperature and more
tolerance to freeze-thaw, higher swelling power and paste consistency than the native
starches. SEM also showed less damaged granules of the small granules after

modification than the large granules.

Wheat starch, the predominant component of wheat grain, is responsible for the
unique character in many wheat-based food products and is consequently an important
parameter in the quality assessment of wheat flour. Along with the increase in
consumption of products made from wheat flours, people are also being suffered the
life-related diseases such as coronary heart disease, cancer and type II diabetes mainly
derived from westernized foods. Therefore, recent interest in the nondigestible

carbohydrates has created because of their healthy benefits. Resistant starch (RS),



which escapes digestion and absorption in the human small intestine with complete or
partial fermentation in the large intestine, also has beneficially physiological effects
similar to dietary fiber such as laxation and/or blood cholesterol attenuation, and/or
blood glucose attenuation. Highly cross-linked starch is also resistant to a-amylase and
classified as the fourth categories of RS (RS4). However, cross-linked starch exhibited
low swelling and solubility, and rigid granules resulting in a change in the texture of
products. In the second study, the cross-linked cornstarches (CLCS) with different levels
of swelling and amylose contents were substituted for wheat flour to evaluate dough
properties and bread qualities. The doughs made from the substituted flours were
stronger and more stable than that from the control during mixing and proofing. The
substitution with cross-linked waxy cornstarch made the dough softer and more
extensible than that with cross-linked non-waxy cornstarch. Specific volume of bread
baked from the substituted flours was higher than that of the control and the specific
volume of bread baked with high-swelling-degree CLCS was the biggest. Breadcrumbs
baked from the flours substituted with 5% or 10% of the cross-linked non-waxy
cornstarch were softer than that from the control, while firmness of breadcrumbs baked
from the flours substituted with the cross-linked waxy cornstarch was lower than that
of the control and decreased with increasing in the amount of substitutions. These
results show that highly cross-linked starches (RSs) prepared from waxy starch might

be used for breadmaking.

Furthermore, RS can be produced with baking and food processing relating to
retrograded starch polymers and classifying as RSs. During cooling, the retrogradation
of amylose is major cause for formation of RS. Therefore, starch with high amylose
content is believed to produce high amount of RS in bread. However, the high-amylose
wheat flour was reported to have inferior quality for breadmaking. In the third study,

the high-amylose wheat flour was used to substitute for normal wheat in breadmaking



and formation of RS in bread during storage was determined. The substitution with
high-amylose wheat flour decreased peak and final viscosities, breakdown and setback.
The doughs made from the substituted flours were weaker than that from the control
with lower development and stability time during mixing. Compression stress, modulus
of elasticity and viscosity coefficient of dough made from the substituted flours
decreased with increase in the amounts of substitutions. This means the doughs with
high-amylose wheat flour substitutions were softer and had weaker elasticity than that
with the normal wheat flour because the high-amylose wheat flour had weaker gluten
and higher dietary fiber than the normal wheat flour. At time zero after baking, RS
contents in breads with 10, 30 and 50% of high-amylose wheat flour substitutions were
1.6, 2.6 and 3.0% (db), respectively, higher than that of the control (0.9%, db). The
amounts of RS increased gradually during storage for 1, 3 and 5 days. With
substitutions of 30 and 50% of high-amylose wheat flour, the total levels of dietary fiber
and resistant starch in bread after 5 days of storage were 15.5 and 16.8% (db),
respectively, as compared to 13.0% (db) in bread from the normal wheat flour. The
increase in amount of RS in bread during storage illustrated that the retrogradation of
amylose after gelatinization is major cause of formation of RS. The loaf volume and
appearance of breadcrumbs made from 10 and 30% of high-amylose wheat flour
substitutions were not significantly different from those of the control, whereas the
substitution with 50% of high-amylose wheat flour made lower loaf volume and inferior
appearance of breadcrumbs. After baking, the firmness of breadcrumb increased along
with increase in amounts of high-amylose wheat flour substitutions. However,
breadcrumbs with 30 and 50% of high-amylose wheat flour substitutions were less firm
than the control and 10% of high-amylose wheat flour substitution during storage. This
result was due to higher moisture content remaining in bread with high-amylose wheat

flour substitutions than the control. As a result, high-amylose wheat flour might be



substituted for up to 50% of the normal wheat flour to make bread with acceptable

bread quality and higher amount of RS.
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