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The dough properties and baking qualities of a novel high-amylose 
wheat flour (HAWF) and a waxy wheat flour (WWF) (both Triticum 
aestivum L.) were investigated by comparing them with common wheat 
flours. HAWF and WWF had more dietary fiber than Chinese Spring flour 
(CSF), a nonwaxy wheat flour. Also, HAWF contained larger amounts of 
lipids and proteins than WWF and CSF. There were significant differ-
ences in the amylose and amylopectin contents among all samples tested. 
Farinograph data showed water absorptions of HAWF and WWF were 
significantly higher than that of CSF, and both flours showed poorer flour 
qualities than CSF. The dough of WWF was weaker and less stable than 
that of CSF, whereas HAWF produced a harder and more viscous dough 
than CSF. Differential scanning calorimetry data showed that starch in 
HAWF dough gelatinized at a lower temperature in the baking process 

than the starches in doughs of WWF and CSF. The starch in a WWF 
suspension had a larger enthalpy of gelatinization than those in HAWF 
and CSF suspensions. Amylograph data showed that the WWF starch 
gelatinized faster and had a higher viscosity than that in CSF. The loaves 
made from WWF and CSF were significantly larger than the loaves made 
from HAWF. However, the appearance of bread baked with WWF and 
HAWF was inferior to the appearance of bread baked with CSF. Bread 
made with WWF became softer than the bread made with CSF after 
storage, and reheating was more effective in refreshing WWF bread than 
CSF bread. Moreover, clear differences in dough and bread samples were 
revealed by scanning electron microscopy. These differences might have 
some effect on dough and baking qualities.  

 
Wheat (Triticum aestivum L.) starch normally contains �20–30% 

amylose, and the rest is amylopectin. Recently, wheat grains con-
taining various ratios of amylose and amylopectin in wheat starch 
have been developed by genetic recombination. In wheat, at least 
four kinds of proteins (waxy protein and three starch granule pro-
teins SGP-1, -2, -3) tightly bind to starch granules and are respon-
sible for starch synthesis (Yamamori et al 2000). The waxy protein 
is a granule-bound starch synthase (GBSS) and is responsible for 
amylose production (Yamamori et al 2000). Recently, waxy (amylose-
free, glutinous) wheats have been produced in Japan and elsewhere 
(Nakamura et al 1995a, Kiribuchi-Otobe et al 1997, Yasui et al 1997). 
The characteristics of waxy type wheat flours have been reported 
(Miura and Sugawara 1996; Fujita et al 1998; Araki et al 1999, 
2000; Yamamori and Quynh 2000). The starch granule protein SGP-1 
is responsible for amylopectin synthesis (Yamamori et al 2000). 
Therefore, if the wheat grain genetically lacks SGP-1, the wheat 
can produce a novel high-amylose starch and be used to expand 
variation in wheat starch. 

Amylose content plays an important role in the quality of wheat 
flour because it can affect the texture, stability, and viscosity of 
processed foods. Furthermore, the amylose-to-amylopectin ratio of 
wheat starch is an important factor in the production of various 
kinds of wheat-related processed foods. The white salted noodle 
udon is a popular food in Japan. Most Japanese prefer udon with a 
glutinous (sticky) texture that can be achieved by lowering the 
amylose content. Australian wheat flours, which have a lower 
amylose content (and are less brown) than Japanese wheat flours, 
are considered suitable for udon noodles. Australian Standard 
White (ASW) flour is considered especially suitable for this pur-
pose (Oda et al 1980; Taira et al 1989; Toyokawa et al 1989). The 
quality of domestic wheat flour is much lower than that of im-
ported wheat flours and, consequently, it is used only for noodle-
making in Japan. Domestic wheat flour has been used recently for 

a limited number of other processed foods. However, to be able to 
use it for a greater number of processed foods, much research is 
needed to understand the physicochemical properties of its starch. 
The purpose of the present study was to test the practical applica-
tions, especially for breadmaking, of novel wheat flours such as waxy 
(WWF) and high-amylose wheat flours (HAWF). In particular, we 
focused on the dough and baking properties of WWF and HAWF 
and compare them with those of common wheat flours. 

MATERIALS AND METHODS 

Materials 
For the normal amylose content sample, nonwaxy wheat flour 

Chinese Spring (CSF) was test-milled from Okumoto Flour Milling, 
Osaka. High-amylose wheat was bred from Kanto 79/Turkey 116 
F2 // Chousen 57 (Yamamori et al 2000). The variant high-amylose 
progeny F5 and F6 with no SGP-1 were selected, and F5 and F6 
seeds were harvested at Tsukuba in 1999 and at Morioka in 2000, 
respectively. In contrast, waxy wheat was selected from the F2 
progeny of CS (Kanto 107 7A)/CS (Kanto 107 4A) // CS (Bai 
Huo 7 D) and backcrossed twice to the normal CS (Miura et al 
1999). This line was confirmed to be nearly isogenic to CS with 
respect to agronomic performance and chain-length distribution in 
amylopectin structure (Miura et al 2002). These high-amylose and 
waxy wheats, HAWF and WWF, respectively, were test-milled by 
Okumoto Flour Milling, Osaka. Chemicals were reagent-grade. 

Wheat Flour 
Flour characteristics were determined using standard methods: 

lipid (Approved Method 30-10, AACC 2000); dietary fiber (Naka-
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Moisture content of breadcrumbs after storage, with or without 
heating, was determined by Approved Method 44-15A (AACC 
2000). 
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Statistical Analyses 
Data were independently analyzed as least in duplicate. Analy����
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RESULTS AND DISCUSSION 

Wheat Flours 
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TABLE I  
General Analysis (%) of Three Wheat Floursa–c 

 Characterisitics (%) 

Sample AM AP Water Wet Gluten Protein Ash Lipid DF L Na (mg/100 g) aw 

CSF 24.9b 75.1b 12.5b 46.9b 14.9a 0.51a 0.8a 2.2a 95.0b 0.65a 0.989b 
HAWF 37.5c 62.5a 11.3a 43.4a 17.5c 1.08c 1.4b 6.7c 90.8a 0.65a 0.984a 
WWF 2.3a 97.7c 13.0c 51.3c 16.0b 0.54b 1.0a 3.3b 95.2b 0.70a 0.983a 

a CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amylose wheat flour; WWF, waxy wheat flour.  
b AM, amylose content measured by colorimetry; AP, amylopectin; DF, dietary fiber; L, lightness value; aw, water activity.  
c Values followed by the same letter in the same column are not significantly different (P < 0.05). 

 
TABLE II  

Differential Scanning Calorimetry (DSC) Data of Three Wheat Doughsa–c 

 1st Peak 2nd Peak 3rd Peak 

Sample Ti1 Tp1 Tr1 �H1 Ti2 Tp2 Tr2 �H2 Ti3 Tp3 Tr3 �H3 

CSF 53.4b 63.0b 67.3b 0.67a 73.9 83.0 91.6 0.62 98.4b 112.1b 120.8b 1.28b 
HAWF 44.8a 53.1a 61.1a 2.13b . . .d . . . . . . . . . 88.9a 103.8a 110.6a 2.21c 
WWF 58.3c 75.1c 86.1c 5.12c . . . . . . . . . . . . 95.6b 110.1b 119.8b 0.61a 
a CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amylose wheat flour; WWF, waxy wheat flour.  
b Ti, Tp, and Tr = initial, peak, and recovery temperatures (°C); �H = enthalpy (J/g of dough). 
c Values followed by the same letter in the same column are not significantly different (P < 0.05). 
d No peaks observed. 

TABLE IV  
Summary of Amylograph Data of Three Wheat Doughsa–c 

Sample GT MVT MV 

CSF 57.7c 90.3b 481b 
HAWF 45.3a 93.0c 308a 
WWF 57.0b 66.1a 636c 

a GT, gelatinization (°C); MVT, maximum viscosity (°C); MV, maximum 
viscosity (BU).  

b CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amy-
lose wheat flour; WWF, waxy wheat flour. 

c Values followed by the same letter in the same column are not significantly 
different (P < 0.05). 

TABLE III  
Viscoelasticity of Doughs Containing Three Wheat Floursa–c 

Sample g � � 

CSF 1.03a 2.81b 1.46a 
HAWF 2.19b 5.24b 2.99b 
WWF 0.89a 2.37a 1.15a 
a Compression stress (g), modulus of elasticity (�), and viscosity coefficient (�). 
b CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amy-

lose wheat flour; WWF, waxy wheat flour. 
c Values followed by the same letter in the same column are not significantly 

different (P < 0.05). 
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HAWF and WWF. The dough made from CSF contained a larger 
amount of free water than doughs made from HAWF and WWF. 

Dough Properties 
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TABLE V  
Effect of Waxy Starch on Farinograph Mixinga–c 

  Time (min)  

Sample Water Absorption Arrival Development Stability Weakness (BU) VV 

CSF 65.8a 1.58a 2.50ab 7.33b 68.8a 48.8b 
HAWF 106.1c 1.63a 2.13a 1.00a 197.5b 31.0a 
WWF 79.3b 2.33a 3.70b 5.83b 103.8a 49.5b 

a CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amylose wheat flour; WWF, waxy wheat flour.  
b VV, valorimeter value. 
c Values followed by the same letter in the same column are not significantly different (P < 0.05). 

 
TABLE VI  

Baking Results of Three Wheat Floursa–c 

  Firmness (102 N/m2) After Days of Storage  

Sample Specific Volume (cm3/g) 0 1 3 5 7 

CSF 5.32b 37.8a 277.0b 798.5c 925.1c 1,050.7c 
HAWF 1.49a 278.0b 351.0c 549.8b 662.0b 789.2b 
WWF 5.54b nd 52.9a 356.4a 409.2a 593.3a 

a CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amylose wheat flour; WWF, waxy wheat flour.  
b nd, no determination. n = 8. 
c Values followed by the same letter in the same column are not significantly different (P < 0.05). 

 
TABLE VII  

Effect of Waxy Starch on Refreshing of Bread Crumbs by Reheating 

 Firmness (102 N/m2) 

 Storage Days Before Heating  Storage Days After Heating  

Sample 3 5 7 3 5 7 

CSF 789.1a 925.1a 1,029.5a 1,045.1b 1,707.4b 1,063.6a 
HAWF 524.2a 662.0a 773.2a 628.9b 717.0a 789.8a 
WWF 356.4b 409.2b 632.7b 171.0a 262.2a 181.5a 

a CSF, test-milled soft-type wheat from Chinese Spring; HAWF, high-amylose wheat flour; WWF, waxy wheat flour.  
b n = 10. 
c Values followed by the same letter in the same column are not significantly different (P < 0.05). 
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WWF. Therefore, HAWF tended to have inferior flour qualities to 
CSF. From these results, the high water absorption and unstable 
curve of HAWF might be caused by a large amount of dietary fibe��
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88;���$���������������������&��!����������

Baking Properties 
%����������������������������������A�8;�#�����!���������$�

�������� ����� ����� ���-�;(�#����� ���� ����� ������� ��� �����������
�����88;�#������!���$����!����������������-�;��%�����EG
��/�������
����������������� �����88;� ������� ��������$� ����(� �������(�
���� !��������� ����������$� ������ ��&��!(� ���� ������������ ������
not keep the original form. Furthermore, after seven days of stor�!�(�
������������ ����� ����� 88;� #���� ��!���������$� ������� �����
�����������-�;�����A�8;��
-�;��������;�!��	�
���������������������������������!���������

�������������������������������������������������������������9��
������������������A�8;�����88;���������;�!��	/�����-
��%���
!������������A�8;�������#�������������(���������!���������6�����
�.�������(�#�����������������!������������88;�������#�������$�
���!��� H����������� �����88;����� ����� ����� ���� ���� �����#����
#����� ����� ���� ��������� %��������(� ������� ��� ������ ����� �����
88;�����A�8;�#����������������������������������������������
-�;�����#�������������������������������������

The amylose content of HAWF is obviously different from other�
�������������#������B��������������1'''
��G�����������$(��������!��
�nd baking results of HAWF were also very different from those o��
�������#���������������������������������$��������������	



��

%���(������������������������A�8;�#��������������$���������$�����
��$��������������
������ �����!�� ���� ������ ��� ������ ��$�(�88;� ������#��� �����

����$� ������� ����� -�;� ������� ������ ��������!(� ��� ������� �����
���������������������-�;��������%�����EGG
��%���������������-�;�
or HAWF breadcrumbs were distinctly increased by heating. Ho#�
�ver, WWF bread could significantly refresh the hard staled brea��
�����������������$��$�������!� �����������-�;��������8��������
����������������88;�#�����������(�����������������������������
���������� ���������$�� G�� !������(� ������ ������������ ���� ��������(�
���$�������� ������ ��� ���������� ������� ������������������������
������� �C������ ��� ��� 	
4�
��A�#����(� �����#��� ���� ���� ����� ����
88;��������=�������������������� ��������� ������ ���������������
reheating. Therefore, WWF bread was more favorable than CSF o��
A�8;��������#�������#��������������$���������!��

SEM Results 
%���!���������-�;��;�!��1�
�#��������.��������(�����������!��

#as rigid and starch granules were mostly buried in the hard glu����
�����.��A�8;����!���;�!��1/
������� ���!�����������������������
���!������-�;����88;��;�!��1-
��%���!�������������������A�8;�
�ough was irregular and discontinuous and did not cover some star���
!���������%�������������!��������������$����������������������!���
����������������$����������A�8;��%���!���������88;��;�!��1-
�
#���������������$�����������������#������-�;����!��������������
�����������������!�������������������$�����������$��������������-�;�
���!���
%�� ����$� ���� ������� ��� ���!�� ����������� ��� ���� ������ 6�����$�

��ter baking, the bread structure immediately after baking was als��
����������$��@���-�;��������;�!��*�
��������������������������
�����88;��������;�!��*/
��-�;�������������������������������
��������������(�������������������!����������������������$���������
�����������!���������G����������(�����88;�����������������&�������
��&�����������������#������&����$�����������������#���������!����
�������������!������������������������������-�;��������������!��
the CSF dough seemed to be harder than the WWF dough (Fig. 2),�
����������������#��������.����������������������������������%����

 

Fig. 1. Cross-sectional views of bread crumbs from three wheat flours. ��
Chinese Spring flour (CSF)�����high-amylose wheat flour (HAWF)����
waxy wheat flour (WWF)���
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��!����.����������!�������������������������������������;�!��	��
G�� ��������(� ���� �������������� ���������� ���88;� ���!�� ���� ����
������� ��� �� ���������� ��� �.��������� ������ ���������� ������ ��&��!(�
���������!�������������������������88;�#������!����������������
-SF. This might explain the inferior appearance of breadcrumbs in�
;ig. 1. In general, gluten must have a high extensibility and it mus��
�����������$������� �������!�������� ������������!����6�����$�������
��������������������������!���������������%��������(���������&��$������
��e clear differences in SEM images of the dough and bread sam-
���������������������������������������������������;�!��	��

CONCLUSIONS 

%��� ��.����� ��� ������ ��� ����������� ��� ���������� ��������� ���
��������������������������!��������%���������������#����&���#����
A�8;����88;��������������������!�������������%���88;�������
#��������������$�����������������-�;����������������������A�#�
����(���������������������������������88;�������#�������������
����� ����� ���-�;��88;�������������#��������� �����������������
�����-�;����A�8;���������$���������!��I��������������������&��
!����������������&$���������������!�������������������������&������
��������������������$���$��%��$������������������������������������
����&��������#�����������������������������������������������!�����
��us or sticky texture. In addition to having a more glutinous text���(�
88;���������������!��������$������������������$�������!(�#��������
�ne of the most important and essential qualities for bread. Conse-
6�����$(�#���.����������88;(�#��������������������������������
������(�#������������������.��������������!��������$���������������G��
��������(� A�8;� #��� ������ ����������� ���� �������&��!� ��� ����
present study. However, because of its nonglutinous nature, HAW;�
�������������������������������#����������������������&��!�������
�n added ingredient in steamed Chinese processed foods. The gen�����
���&!��������� ������������A�8;����6��������������� �������������
-�;��;������������������A�8;�����88;�����������������������
�������������������������������������������������&��!��
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