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Abstract: Functional and processing properties of novel wheat flours, such as polished, waxy and high-
amylose wheat flours were determined. Polished flours increased the amounts of minerals and anti-oxidant ac-
tivity, and the amounts of dietary fibers, phytic acids, ferulic acids and pentosans were 2, 3, 10 and 2 times
more, and large amounts of damaged starches and higher maltose values were obtained, as compared with
the common flour of CW. The distributions of proteins in polished flours were different depending on the
portions (fractions) of wheat grains, and proteins of the innermost fraction showed low-allergic reactions.
Baking method including long fermentation significantly improved the baking properties of polished flours,
and especially sourdough method increased the free amino acids, reducing sugars and organic acids during
fermentation. The CO: gas in polished-flour-sourdoughs distinctly increased, and their pH, total titratable
acidity levels and buffering capacity were significantly better than the CW-sourdough. As a result, the growth
of lactic acid bacteria and yeasts in polished-flour-sourdoughs were accelerated during fermentation, and its
substituted breads with middle or innermost fractions improved baking qualities having favorable volatile
compounds, such as iso-butanol and B-phenyl ethyl alcohol, more than CW-sourdough bread. In contrast,
waxy wheat flours improved the staleness of breadcrumbs during storage and its freshness after reheating,
while high-amylose wheat flours increased amounts of resistant starch in breadcrumbs during storage. More-
over, waxy wheat flours increased viscous and sticky textures of boiled-noodles, and high-amylose wheat
flours suppressed the damage of noodles during boiling with the similar qualities to the durum pasta. Conse-
quently, these novel wheat flours would be sufficient foodstuffs with excellently nutritious, functional and

processing properties to give additional values of new taste or functionality to their final products.

Key words: polished wheat flour, waxy wheat flour, high-amylose wheat flour, bread, noodle

Recently, whole wheat grain flours have been focused
as new food materials from the view points of high nutri-
tional and functional values including dietary fibers, min-
erals and antioxidants. However, the practical utilization
of whole wheat flour has not been so common in Japan as
compared with USA or Europe for our daily diet, and the
whole wheat flour could not be used for daily meals.
Wheat flour has been normally thought to be white be-
cause of the removal of bran or germ. Therefore, milling
companies have made much effort to remove the bran or
germ from the wheat grain as an ultimate purpose. In
whole grains, pericarp (13%), endosperm (85%) and germ
(2%) are good sources for the supplement of vitamins,
minerals and other dietary fibers,” however the conven-
tional milling method recovers 70% of the flour from
whole grains. The bran and germ contain various func-
tional and nutrient good components for our health, and
also the removal of these materials is considered to be a
serious problem because of the environmental poliution
and high cost. To resolve these problems, a new wheat
flour was prepared from the outer layer to the inner layer
of the whole wheat grain using gradually polishing man-
ner by 10% of total wheat weight as reported previ-
ously.”™”

* Corresponding author (Tel. & Fax. +81-795-44-2193, E-mail:
mtomoko@hyogo-u.ac.jp).

Generally, some of commercial whole wheat grain
flours are prepared by the conventional milling method
including conditioning, breaking, grading, purification and
reduction processes, and all the milled fractions are com-
bined altogether like the composition of the original grain.
But, the present polishing method did not include the
processes as described above, and it is quite easy without
any side-production, and the resultant polished flours ob-
tained from the whole grain were expected to have the
similar nutritional value to the commercial whole grain
flours.

On the other hand, wheat (Triticum aestivum L.) starch
normally contains about 20-30% amylose, and the rest is
amylopectin. Wheat grains containing various ratios of
amylose and amylopectin in wheat starch have been de-
veloped by genetic recombination. In wheat, at least four
kinds of proteins, i.e., waxy protein and three starch gran-
ule proteins (SGP-1, -2, -3), tightly bind to starch gran-
ules and are responsible for starch synthesis.’"” The waxy
protein is a granule-bound starch synthase (GBSS) and is
responsible for amylose production.'”” The waxy ( amylose-
free, glutinous) wheats have been produced in Japan and
elsewhere,”™ and their characteristics of waxy type wheat
flours have been studied by before papers.'”™ The starch
granule protein SGP-1 is responsible for amylopectin syn-
thesis.”” Therefore, if the wheat grain genetically lacks
SGP-1, the wheat can produce a novel high-amylose
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starch and be used to expand variation in wheat starch.”
The quality of domestic wheat flour is much lower than
that of imported wheat flours, and consequently it is used
only for noodle making in Japan. Domestic wheat flour
has been recently used for a limited number of other proc-
essed foods. However, to be able to use it for a greater
number of processed foods, much research is needed to
understand the physico-chemical properties of its starch.
In the present study, the authors focused on these novel
wheat flours such as polished, waxy and high-amylose
wheat flours, their functional properties and practical ap-
plications to bread and noodle makings were studied.

MATERIALS AND METHODS

Flours and Chemicals. Polished flours were prepared
from a hard-type wheat grain 1ICW (No. 1 Canada West-
ern Spring Red) by the same polishing-grading method
using a rice-polisher as reported previously.”'"*” The
eight fractions of polished flours: C-1 (100-90%), C-2
(90-80%), C-3 (80-70%), C-4 (70-60%), C-5 (60-50%),
C-6 (50-40%), C-7 (40-30%) and C-8 (30-0%) were pre-
pared from 1CW, and C-1, C-5 and C-8 were used for
breadmaking in the present study. The conventionally
milled flour prepared from 1CW was named as CW, and
it was used for the control flour.

For the normal amylose content sample, non-waxy
wheat flour, Chinese Spring (CS) was test-milled from
Okumoto Flour Milling Co., Ltd. (Osaka, Japan) and the
wheat flour was named as CSF. High-amylose wheat was
bred from (Kanto 79/Turkey 116) F, // Chousen 57."”
The variant high-amylose progeny, such as Fs and Fs hav-
ing no SGP-1 were selected, and Fs and Fs seeds were
harvested at Tsukuba in 1999 and at Morioka in 2000, re-
spectively. In contrast, waxy wheat was selected from the
F. progeny from CS (Kanto 107 7A)/CS (Kanto 107
4A) //CS (Bai Huo 7 D) and backcrossed twice to the
normal CS.” This line was confirmed to be nearly iso-
genic to CS with respect to agronomic performance and
chain-length distribution in amylopectin structure.”™ These
high-amylose and waxy wheats were also test-milled by

I Sourdough preparation I

LAB and Yeast were incubated for 12 h

at 30 °C in the MRS and YPD broth, respectively.

-

Centrifuge (4°C, 12,000 x g, 10 min), 2 times

‘Washed with sterilized water

=

The number of cells harvested in LAB and yeast were

107 and 107 in one ml, respectively.

=

Mixing for 5 min at 63rpm

p

Fermentation for 0, 12,24,36,48h
at 30 °C and 85% RH

Sample
Fig. 1.

Okumoto Flour Milling Co., Ltd. (Osaka, Japan) and
named as HAWF and WWF, respectively. As to the con-
trol, a commercial hard-type wheat flour, Hermes (Oku-
moto Flour Milling Co., Ltd., Osaka, Japan) was also
used.

Except for these wheat flours, flours of buckwheat, du-
rum and Norin 61 donated from some flour companies in
Japan, and Glenlea and Hokushin cultivated in Hokkaido
were also used for the following experiments. Dry baker’s
yeast was donated from J.T. Foods Co., Ltd. (Shizuoka,
Japan), other additives were commercial products in
Osaka, and other all chemicals were of reagent graded
without further purification for the present analyses.

General analyses. Characteristics of flours, such as
moisture, ash, protein, dietary fiber and water-soluble pen-
tosan were determined as reported previously.” Mineral
contents of flours were measured using a fluorescent X-
ray elemental analyzer MESA-500 (Horiba Instrument
Co., Ltd., Osaka, Japan), as studied previously.” Damaged
starch, maltose value, activities of some enzymes of flours
were determined by AACC procedures used in previous
reports.”

Functional properties.
Folin-Denis method, ferulic acids,™ phytic acids®™ and
anti-oxidant activity® of flours were determined. In addi-
tion, to determine the properties of proteins, the im-
munoreactivity of wheat-allergy-specific human IgE to the
fractionated wheat proteins was measured as reported pre-
viously.”” Resistant starch was determined by using Mega-
zyme Assay Kit (K-RSTA 08/05) according the AACC
method (32-40).”

Flour qualities. Mixing, maturation and gelatinization
properties of flours were determined by Brabender appara-
tuses according to the AACC methods of 54-21, 54-10
and 22-12, respectively.”™

Preparation of dough and bread. In the present
study, four kinds of baking methods were used for finding
the optimum baking methods for polished flours.”
Namely, optimized straight method (OSM, AACC 10-
10B),”® long fermentation method (LFM, AACC 10-
09),” sponge dough method (SDM, AACC 10-11)™ and

Amounts
24y

of polyhenol by

l Lactic acid bacteria (LAB) I

Lactobacillus plantartm (NBRC 15891);
Homo-fermentative bacteria

Lactobacillus brevis (NBRC 13110);
Hetero-fermentative bacteria

Saccharomyces cerevisiae

Sourdough formula

Ingredient (%)

Flour (CW, C-1, C-5, C-8) 100

Water WA

Yeast suspension 2.0

Lactic acid l?acteria 2.0
suspension

Flowchart of preparation of sourdough samples.

CW, common hard-type wheat flour; polished flours C-1 (100-90%),
C-5 (60-50%), C-8 (30—0%) of the whole grain. WA, water absorption

value from fariongraph mixing.
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no-time method (NTM)™ were used. In addition, sour-
dough was prepared by using two kinds of lactic acid
bacteria as shown in Fig. 1. The 10-30% of CW was sub-
stituted with thus prepared sourdoughs, and sourdough
breads were made by OSM as described above.'” Proper-
tes of thus prepared sourdoughs and breads were meas-
ured as reported previously.'”

Baking properties.  After baking, the bread was taken
out from the oven and the loaf was weighed immediately,
and the specific loaf volume was measured by the rape-
seed displacement method after standing for 40 min at
room temperature.”” The bread qualities were measured
using a Fudoh Rheometer (Rheotec Co., Ltd., Tokyo, Ja-
pan) with the same method as reported previously.™'**"*”
Thus obtained all data were processed using the Rheosoft
TR-06 computer program (Rheotech Co., Ltd., Tokyo, Ja-
pan).

Isolation of the volatile compounds by headspace
sorptive extraction. Volatile compounds in flour and
bread samples were determined by headspace sorptive ex-
traction method using a GC-MS as reported previously.*”
Identifications of volatile compounds were based on GC
retention time, and mass spectra of unknowns were com-
pared with those of authentic standard compounds in a
Private Library System developed by using authentic
standard samples. For the bread samples, two kinds of
breads made by sourdough- and straight-common-
methods, as reported previously.”

Scanning Electron Microscopy (SEM). For SEM ob-
servation of various dough samples, a small portion was
obtained from mixed or fermented doughs as reported pre-
viously.” The small portion was frozen and lyophilized by
the same methods used in the previous reports.”” Thus
prepared samples were coated with Pt-Pd for 4 min before
observation, and SEM apparatus (Hitachi Model S-800,
Tokyo, Japan) was operated at 10 kV according to the
same procedure as reported previously.”

Differential Scanning Calorimetry (DSC) of bread-
crumbs. The DSC (Model DSC-50, Tokyo, Japan) data
were obtained by using the freeze-dried breadcrumbs, ac-
cording to the method of Biliaderis er al.* The heat of
gelatinization (A4 h), initial temperature (71), peak tempera-
ture (Tp) and recovery temperature (7r) were used to char-
acterize the thermal transition of starch in breadcrumbs.

Table 1. Summary of ingredients for making noodles.

The analyses were carried out in triplicate using 3 to
5 mg of sample and its 2.5 fold of water. The samples
were programmed at a rate of 10°C/min from approxi-
mately 25 to 120°C.

Method of refreshing of bread. To determine the ef-
fect of reheating of breadcrumbs after storage, the firm-
ness, adhesiveness and chewing property of reheated
bread were measured by the modified refreshing method
of Ghiasi er al . A slice of bread after storage for vari-
ous days was wrapped with an aluminum foil and placed
for 15 min in an oven of 110°C. After standing for 1 h at
room temperature, the compressing and chewing proper-
ties of breadcrumbs were measured using the same appa-
ratus and method as reported previouly.™

Noodle preparation. The noodle was prepared by
mixing flours using a Haussler noodle apparatus (Model
PN100) and slowly adding (20 s) distilled water and addi-
tives as shown in Table 1. After mixing (120 rpm) for
10 min, direction of the mixing screw is reversed, and the
resulting dough was extruded at 40°C for obtaining noo-
dle strands with a diameter of 1.75 mm. To avoid attach-
ment for each strand, dry air was sent by an electric fan.
Thus prepared noodle samples (100 g) with 20 cm length
were boiled by AACC method (66-50) as reported pre-
viously.”” The 20 g strands with length of 8 cm were
boiled with 300 ml of distilled water in 500 mL of
beaker. After washing the boiled-noodles with distilled
water of 50 mL three times, removing the water com-
pletely by using the Buchner filter, placed to dry in
alminium foil at room temperature for 10 min, followed
by experimental determinations of noodles and boiling
waters as described below.

Characteristics of noodles and boiling water. The
fracture and tensile stresses of boiled-noodles were evalu-
ated by using a rheometer RT-2002D (Rheotech Co., Ltd.,
Tokyo, Japan) as reported previously.®” The lengths of
noodles for fracture and tensile tests were 2 and 6 cm, re-
spectively. The strands were cut by an edge-type plunger
at compression depth of 99%, and stretched by specific
tools at 6 cm/min of speed, as reported previously.”” In
addition, to the stability of the noodles during boiling, the
qualities of boiling water, such as turbidity and cooking
loss were also measured by reported previously.”” The tur-
bidity of boiling water after sufficient homogenate was

Flour
Sample Water Salt Egg Qil
Norin 61 1ICW Other flours

Norin 61 500 0 0 170 10 0 0
1CW 0 500 0 170 10 0 0
Durum 0 0 250 75 5 0 0
Glenlea 0 0 500 170 10 0 0
High-amylose 0 0 250 85 5 0 0
Norin 61 (Egg & Oil) 500 0 0 50 10 117 50
Norin 61+1CW335 250 250 0 170 10 0 0
Hokushin+1CW55 0 250 250 170 10 0 0
High-amylose+1CW55 0 125 125 85 5 0 0
Waxy wheat+1CW355 0 150 150 102 6 0 0
Durum+1CW355 0 250 250 155 10 0 0
Norin 61+1CW64 300 200 0 170 10 0 0
Buckwheat+1CW64 0 200 300 200 10 0 0
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Table 2. Summary of characteristics of various wheat flours.

General analysis

Amount of mineral

Wheat

floor ~ Moisture  Ash Protein Dlif;:? cl K Ca Fe Ni
(%) (%) (%) (%) (%) (%) (%) {(ppm) (ppm) (ppm)
Ccw 123 0.2 123 2.1 0.17 0.05 0.10 250 19.3 1.3
43 32.8 1030 270.2
C-1 11.1 1.5 16.1 (15.6) 0.27 0.10 1.04 @.1) (14.0) 2.1
1.0 5.7 410 48.3
C-5 9.1 5.0) 13.9 @7 0.20 0.08 0.30 (1.6) 2.5) 1.7
0.5 38 270 31.8
C-8 6.9 2.5) 8.1 (1.8) 0.14 0.07 0.15 1 (1.6) 1.6
Water-soluble Damaged Diastatic Proteolytic o-Amylase 3-Amylase
Wheat flour pentosan starch activity activity activity activity
(%) (%) (mg/10 g flour)  (HUT/10 g flour) (U/g flour) (U/g flour)
CwW 0.74 15.47 267 167.8 11.6 2.09
C-1 0.59 16.54 486 12.3 11.0 3.19
1.09 39.06 618
C-5 (1.5) 2.5) 2.3) 5.6 11.1 2.88
0.80 27.95 618
C-8 (1.1) (1.8) (2.3) 168.1 112 1.67

Abbreviations are the same as in Fig. 1. Diastatic activity: mg of maltose formed, HUT, hemoglobin units on tyrosine basis. Values in the

parentheses are ratios to those of the control flour, CW.

determined at 660 nm by photometer (UV-160A Shimazu
Co., Ltd., Kyoto, Japan) and thus boiling water of 10 g
was freeze-dried and the changing ratio of the weight of
noodles between before and after boiling was measured as
cooking loss.

Statistical analysis. The results were statistically ana-
lyzed by variance (ANOVA), and significant differences
among samples were evaluated by Duncan’s and Tukey’s
multiple-range tests (p<0.05) using SPSS (Version 11.0;
SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION

Characteristics of polished flours.

General analyses, functional properties and flour

qualities. )

Polished flours contained more amounts of ash, dietary
fibers and minerals including Ca and Fe as shown in
Table 2,>'” as compared with CW of common flour. In
addition, the water-soluble pentosans and damaged
starches with higher maltose values were shown in pol-
ished flours more than CW.>'” Functional compounds of
polyphenol, phytic acids, ferulic acids and anti-oxidant ac-
tivity were also increased, as compared with the CW (data
not shown).

Properties of protein.

The proteins of polished flours were fractionated and
different distributions were shown depending on the each
fraction (Table 3).”” In addition, the albumin/globulin,
glutenin and gliadin proteins obtained from the polished
flours were tested for the allergen assay with immunode-
tection using the sera of wheat allergenic patients. Espe-
cially, albumin/globulin groups in all fractions showed

Table 3. Compositions of proteins in polished flours.
(g/100 g flour)

Fraction Albumin/Globulin Gliadin Glutenin
C-1 4.50® 0.43" 1.28¢
C-2 5.43° 1.09° 1.48°
C-3 3.93" 1.53° 1.77°
C4 3.84™ 1.44° 1.55°
C-5 2.87" 1.21° 1.42¢
C-6 2.34¢ 1.34° 1.79°
C-7 2.16" 1.22° 1.66"
C-8 1.99¢ 1.34° 1.68"

CW, common hard-type wheat floar; polished flours C-1 (100~
90%), C-2 (90-80%), C-3 (80-70%), C-4 (70-60%), C-5 (60—
50%), C-6 (50-40%), C-7 (40-30%), C-8 (30-0%) of the whole
grain. Values followed by the same letter in the same column are
not significantly different at p<0.05 (by Tukey test). n=3.

different IgE-reactivity patterns, and the 60-75 kDa pro-
teins appeared in all of fractions, and were higher in the
C-3-C-5 fractions (Fig. 2). Fractions C-3 and C-4 con-
tained larger amounts of specific wheat allergenic proteins
including 60-75, 35, 22 and <20 kDa. Immunoblotting re-
sults confirmed that C-8 of the innermost fraction con-
tained a smaller amount of allergenic proteins, as com-
pared with other fractions (Fig. 2). Therefore, the polish-
ing method was considered to be appropriate to obtain hy-
poallergenic wheat flours, and the fraction C-8 may be
possible to be consumed by people suffering from wheat
allergy.™

Effects of various baking methods on dough qualities.
Since the dough and baking properties of polished
flours alone were quite poor and could not make suffi-
cient qualities of breads for consumer’s requests,” and its
suitable baking method was evaluated.” The SEM images
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of doughs made by OSM, LFM and SDM were shown af-
ter mixing and fermentation (Fig. 3).” Although polished
flours contained large amounts of dietary fiber to suppress
the satisfactory gluten structure for breadmaking, the C-5
dough mixed by these methods appeared to be more vis-
cous than CW dough. Especially, the sticky substance was
still observed in C-5 dough mixed by SDM as indicated
by arrows. The SEM images of fermented C-5 dough
samples were similar to those from CW dough, and po-
lished flours could make a better gluten structure in the
dough after mixing and fermentation using LFM and
SDM, as compared with other baking methods. These
unique appearances of polished flour doughs in SEM im-
ages coincided with the results of viscoelasticity of po-
lished flours as reported previously.”

M (kDa)

150
100

75

50
37

25

20
15

10

M C1 C2 C3C4 C5C-6C-7CS8
Fig. 2. Reaction of allergy-specific human IgE to albumin/globu-
lin proteins obtained from polished flours.

Abbreviations are the same as in Table 3, except that M is
marker.

e
- Flour, CW

Polished
flonr, €5

Effects of various baking methods on bread qualities.

Specific loaf volume.

SDM increased the loaf volume of bread baked with all
samples as shown in Table 4.” The specific volume of
bread made from polished flours was lower than that of
CW, and the values decreased in the order of C-8, C-5
and C-1. Although there were no significant differences in
the results of CW-bread among OSM, LFM and SDM,
the specific volume of polished-flour-breads was im-
proved by using SDM, as compared with other baking
methods. And especially C-5 bread more significantly in-
creased the loaf volume rather than other methods. In ad-
dition, the notable property of C-8 showed that the use of
NTM for C-8 significantly increased the specific volume
of bread with around 40% more than OSM, while CW
bread was distinctly decreased by NTM. The SH residue
derived from bran or germ in the innermost fraction of
C-8 might be oxidized by L-ascorbic acid and L-cysteine
for using of NTM, resulting in the formation of larger
loaf volume, as compared with OSM or LFM.

Rheological properties of breadcrumbs during storage.

The firmness of CW breadcrumbs after storage for 2 or
5 days was not significantly different among various bak-
ing methods (Fig. 4).” Therefore, storage property of CW
bread was not affected by the kinds of baking methods. In
contrast, the bread made from all polished flours by SDM
suppressed the staling of breadcrumbs, as compared with
other baking methods. Especially, the softness of bread-
crumbs made from C-5 showed quite similar to that from
CW, and there were no significant differences in the re-
sults after storage for 5 days between the CW and C-5
breads.” As to the textural properties of breadcrumbs after
baking, C-5 bread made by SDM showed the significantly
higher elasticity than other samples after storage for 0 and
5 days, and also cohesiveness of the breadcrumbs after
storage for 2 or 5 days were significantly larger than CW
breads (data not shown). Furthermore, the ratio of de-
crease in the cohesiveness for polished flour breads during
storage was quite lower than that of CW bread, and this
result might be correlated to suppress the staleness of

Fermentation

iz

Fig. 3. SEM images of mixed or fermented doughs by various baking methods.

Abbreviations are the same as in Fig. 1. OSM, LFM and SDM are optimized-straight,
long-fermentation and sponge-dough methods, respectively.
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Table 4. Effects of various baking methods on specific volume of
breads.
Specific volume (cm’/g)

Samples

OSM LFM SDM NTM
cw 4.72* 5.27° 5.49° 4.23
C-1 1.12* 1.35° 1.30° 127
C-5 1.76* 1.88° 225 1.83
C-8 1.91° 2.03 235 2.35°

Abbreviations are the same as in Fig. 4. Values followed by the
same letter in the same row are not significantly different at p<0.05

(Duncan test). n=5.

breadcrumbs.

Qualities of sourdough breads.

Since the LFM and SDM including long fermentation
improved the dough and bread qualities of polished flours,
the sourdough was prepared with polished flours.” The
sourdough-method increased the free amino acids, reduc-
ing sugars, organic acids in polished-flour-doughs during
fermentation. The pH, total titratable acidity levels and
buffering capacity of sourdoughs made from polished
flours were significantly different from those of the con-

CW bread C-5 bread
— p—
o~ : &
& |00 & 200
=z | =
N 900 o 900
o o
-« S
~ | s00 = so0
¢ ol
g 300 8 300 %
5 5
1K El o
T Storage L:._- Storage
LFM
SDM davys LFM days
Baking methad NIM y Baking meﬂmﬁPM NTM y
— C-1 bread — C-8 bread
o~ - ™ T
§ § 1200 ;
2 = f
o (3]
o o | 90
- =~
' v’
[7)] [7;) 600
0 0 !
q:’ 2 300
E : E|, :
ic Storage i Storage
UM oM o days LM oM o days
Bakingmethod Baking method

Fig. 4. Effects of various baking methods on hardening of breadcrumbs during storage.

Abbreviations and experimental conditions are the same as in Fig. 3, except that NTM is no-time method.
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60, s

0 C-8

et

0 1 ]
10 20 30

40
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Fig. 5. Baking properties of CW including various sourdough samples at 10-30% levels (L. brevis+S. cerevisiae).

Abbreviations are the same as in Fig. 1.
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trol sourdough with CW, and they were sufficient for pro-
viding better qualities of sourdough breads rather than
CW." The growth of lactic acid bacteria and yeasts in
polished-flour-sourdoughs were significantly accelerated
during fermentation than in CW-sourdough. Higher matu-
ration of polished flour sourdoughs softened the hardness
of mixed dough, and then the substitutions of C-5 or C-8
sourdoughs for CW significantly increased the loaf vol-
ume (Fig. 5SA) and softened breadcrumbs more than CW
sourdough (Fig. 5B)."” Therefore, the application of pol-
ished flours to sourdough bread would improve rheologi-
cal properties of dough and breads, as compared with CW
sourdough.

Volatile flavors of flour and bread.

A total of 48 volatile flavor compounds determined in
all samples were common as in the wheat grain or flour.”
The major volatile compounds in C-1 included methoxy-
benzene (i.e. 1,4-dimethoxybenzene, 1,2,4-trimethoxyben-
zene, 1,2-dimethoxybenzene) associated with musty odors,
and nitrogen compounds (i.e. trimethylamine, 3(4)-methyl
pyridine and 3-methoxy pyridine). The volatile flavor
compounds identified in C-5 and C-8 were similar to
those in CW. But, some compounds that have a connec-
tion with both oxidation products from unsaturated fatty
acids and metabolites of many species associated with
moldy grains, were more abundant in C-5 and C-8 than in
CW. Furthermore, hexanal, methanol, ethanol, hexanol,
l-octen-3-0l, 3-octen-2-one, (E,Z)-3,5-octadien-2-one,
(E,E)-3,5-octadien-2-one were considerably abundant in C
-5 and C-8.” For the case of bread samples, the sourdough
-method increased the proportions of acids and aldehydes
in crust, but decreased those of alcohols and methoxyben-
zenes identified in the outermost fraction, rather than the
straight-common-method.” In addition, the sourdough-
method lowered the amounts of some compounds related
to oxidation products from unsaturated fatty acids and me-
tabolites of species with moldy grains, as compared with
the straight-common-method. Furthermore, the amounts of
2-methyl-propeanol (iso-butanol) and 2-phenylethanol (B-
phenyl-ethyl-alcohol) that have been known as favorable
flavor compounds on breadmaking distinctly increased in
polished-flour-breads than CW-bread, regardless of baking
methods. Therefore, the sourdough-method with lactic
acid fermentation would be suitable baking procedure for
polished flours from the viewpoints of flavor properties.
Furthermore, the utilization of sourdough-method for pol-
ished flours from middle and innermost fractions might be
appropriate to taste and texture of consumers’ request for
bread qualities.”

Characteristics of waxy and high-amylose wheat

flours.

Baking results.

The twenty (20 WWF) or 40% (40 WWEF) of WWF
substitution for Hermes increased the specific loaf volume
of bread, as compared with that of Hermes alone.” In
contrast, the substitution of CSF for Hermes with the
same ratio of 20 (20 CSF) or 40% (40 CSF) decreased
specific loaf volume, as compared with those of 20 WWF
and 40 WWF. Furthermore, the 20 and 40 WWF softened

Table 5. Effects of waxy and high-amylose wheat flours on re-
freshing of breadcrumbs by reheating.

Sample Before heating After heating
Firmness (10° N/m?)
Storage day Storage day
3 5 7 3 5 7
CSF  789.1" 925.1* 1029.5° 1045.1° 1707.4° 1063.6°
HAWF 5242° 662.0° 773.2° 628.9° 717.0° 789.8
WWF  3564° 409.2° 632.7° 171.0° 2622 181.5"

Values followed by the same letter of the same day before and
after heating are not significantly different at p<0.05 (Duncan test).
n=10. CSF, test milled soft-type wheat from Chinese Spring;
HAWF, high-amylose wheat flour; WWF, waxy wheat flour.

breadcrumbs, as compared with Hermes, and retarded the
staleness of breadcrumbs during storage.” The WWF sof-
tened the breadcrumbs with the increasing ratio of substi-
tution, whereas CSF could harden it with the increase. On
the other hands, the specific volume and storage proper-
ties of breads with HAWF could not be improved dis-
tinctly, but the amounts of resistant starch in the breads
were increased during storage, and especially the amounts
were larger in order of the added amounts of HAWE*®

Softness of refreshed bread after reheating.

To determine the effects of CSF, HAWF or WWF on
refreshing of bread, the firmness of reheated breadcrumbs
after storage was measured (Table 5).* Regardless of
amylopectin contents, amounts of substitution or storage
days, all kinds of breadcrumbs were softened by reheat-
ing. The breadcrumbs containing WWF could be softened
and refreshed more distinctly by reheating, as compared
with CSF. Therefore, the substitution of WWF for Her-
mes was considered to improve not only the softness, but
also the refreshing of staled hard breadcrumbs by heating,
caused by the high amylopectin content. Consequently,
the bread with WWF was expected to be applied for daily
diet, and the bread quality was considered to satisfy our
diet.

DSC results of breadcrumbs.

DSC data of breadcrumbs stored for 5 days are shown
in Table 6. The first endothermic peak was observed be-
tween 40-60°C, which is considered to be formed from
aged amylopectin gel.* The 40 WWF showed the smaller
enthalpy than Hermes alone. Therefore, the partial substi-
tution of WWEF was suggested to suppress the crystalliza-
tion of amylopectin, retarding the staleness of bread-
crumbs during storage. After the 5-days stored sample is
reheated at 110°C, it was freeze-dried and analyzed in
DSC. The endothermic peak of reheated and freeze-dried
bread sample has been reported to become much smaller
than that of non-reheated sample.’” In the present study,
the enthalpy of aged amylopectin for all tested samples
after reheating at 110°C, was decreased, as compared with
values before reheating. The level of enthalpy was around
0.13-0.40 J/g and was very small. This result suggests
that a portion of recrystallized amylopectin in retrograded
starch was melted by the reheating at the high tempera-
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Table 6. Effect of substitution with waxy wheat flour for common wheat flour on retrogradation of starch.

Storage T Tp: Tn A Ti T2 Tr Ah
Sample day (/g /9
qo)] O

Hermes-A 5 46.67 52.32 55.64 145 94.75 98.94 107.55 0.75
Hermes-B 5 46.78 51.34 56.06 0.13 93.49 98.46 107.39 1.30
40 CSF-A 5 39.91 49.89 56.54 1.51 89.89 99.82 108.51 0.59
40 CSF-B 5 45.77 53.61 58.77 0.16 89.64 97.16 108.59 1.13
40 WWEF-A 5 43.46 52.29 60.75 1.29 97.02 103.55 110.32 0.28
40 WWE-B 5 46.95 52.67 61.31 0.40 90.17 102.07 107.22 0.47

Ti, initial temp.; Tp, peak temp.; Tr, recovery temp.; 4k, enthalpy. 1 and 2 mean the first and second peaks, respectively. n=3. A and B
are without and with reheating, respectively. Abbreviations are the same as in Table 5.
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Fig. 6. Effects of various wheat flours on textural properties of boiled-noodles.

ture. Hermes decreased the enthalpy more obviously than
the other samples tested. Therefore, Hermes was consid-
ered to contain more amount of recrystallized amylopectin
in the starch than that of other samples. In contrast, the
second melting enthalpy which corresponds to the degra-
dation of amylose-lipid complexes was increased by re-
heating more than before reheating. For the case of bread,
during baking, only the approximately 1% of soluble
amylose is leached from starch granule as a soluble amy-
lose by the swelling of starch.”” When the staled bread
was reheated, a portion of the remaining insoluble amy-
lose in the starch granule might be leached out from the
starch, strengthen the interaction of amylose and lipids to
form the amylose-lipid complexes again, resulting in in-
creasing the second peak of amylose-lipid complexes.
Hermes or 40 CSF with normal amylose content could be
accelerated the formation of amylose-lipid complexes by
reheating, as compared with 40 WWF.

Noodle qualities.

Additions of WWF and HAWF to the CW of common
flour showed the similar fracture stress to that of durum
pasta. As to the tensile test, WWF decreased the strength
with longer tensile length, while the HAWF somewhat in-
creased the strength, as compared with durum pasta
(Fig. 6). In addition, turbidity of boiling water of noodle

samples with WWF and HAWF was very clearer, and the
cooking loss was depressed by additions of WWF or
HAWEF, as compared with the durum pasta (Fig. 7).
Therefore, WWF and HAWF could suppress the damage
of surface of noodles during boiling, followed by the im-
proving textures of boiled-noodles. Especially, WWF in-
creased the viscous and sticky textures of noodles, and
HAWEF produced the smooth surface of noodles with
keeping the similar qualities to the durum pasta.
Functional and processing properties of novel wheat
flours, such as polished, waxy, and high-amylose wheat
flours were studied. As the polishing-grading method was
quite easy and simple milling method without removing
bran and germ of wheat, and polished flours included
more amounts of ash, dietary fibers and minerals than the
CW of common flour. In addition, its flour qualities were
quite excellent with much more functional components,
and the proteins in the innermost fraction showed low-
allergic reactions. Therefore, the polishing process would
be also appropriate method to obtain hypoallergenic wheat
flours. As to the processing properties, polished flours
alone could not make good dough and bread qualities due
to the broken gluten structure by much distribution of
bran. But the SDM with long fermentation was suitable to
improve the poor baking properties of polished flours, and
could produce better bread qualities caused by the high
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Fig. 7. Effects of various wheat flours on characteristics of boiling water after boiling noodles.

The boiling water samples followed by symbol of asterisk (*) were diluted twice before the turbidity

measurement.

maturation and fermentation properties of the dough, as
compared with other baking methods. Because the quali-
ties of polished flours, such as suitable acidity and suffi-
cient buffering capacity, attributed to the bran fraction
were favorable for better growth and longer life of yeast
in the dough during fermentation, their application to
sourdough bread would be more appropriate and improve
the dough and bread qualities, as compared with CW.

On the other hand, for the case of waxy and high-
amylose wheat flours, the waxy wheat flours appeared to
suppress the formation of an insoluble network structure
of starch during cooling, which improved a tolerance of
gelatinized starch to the retrogradation, whereas the high-
amylose wheat flours increased the amounts of resistant
starches in breadcrumbs during storage. As to the noodle
making, both wheat flours improved the texture and sta-
bility of the noodles after boiling. From these results,
these novel wheat flours improved the bread and noodle
qualities, and were expected to be sufficient foodstuffs to
have additional values such as functional, nutritional and
processing properties to various final products.
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