Prev Nutr Food Sci
Vol 17, p 197 ~202 (2012)
http://dx.doi.org/10.3746/pnf.2012.17.3.197

Substituting Normal and Waxy-Type Whole Wheat
Flour on Dough and Baking Properties

Induck Choi', Chun-Sik Kang, Young-Keun Cheong, Jong-Nae Hyun, and Kee-Jong Kim

National Institute of Crop Science, RDA, Jeonbuk 570-080, Korea

Abstract

Normal (cv. Keumkang, KK) and waxy-type (cv. Shinmichal, SMC) whole wheat flour was substituted at 20
and 40% for white wheat flour (WF) during bread dough formulation. The flour blends were subjected to dough
and baking property measurement in terms of particle size distribution, dough mixing, bread loaf volume and
crumb firmness. The particle size of white wheat flour was the finest, with increasing coarseness as the level
of whole wheat flour increased. Substitution of whole wheat flour decreased pasting viscosity, showing all RVA
parameters were the lowest in SMC40 composite flour. Water absorption was slightly higher with 409 whole
wheat flour regardless of whether the wheat was normal or waxy. An increased mixing time was observed when
higher levels of KK flour were substituted, but the opposite reaction occurred when SMC flour was substituted
at the same levels. Bread loaf volume was lower in breads containing a whole wheat flour substitution compared
to bread containing only white wheat flour. No significant difference in bread loaf volume was observed between
normal and waxy whole flour, but the bread crumb firmness was significantly lower in breads containing waxy
flour. The results of these studies indicate that up to 40% whole wheat flour substitution could be considered
a practical option with respect to functional qualities. Also, replacing waxy whole flour has a positive effect on
bread formulation over normal whole wheat flour in terms of improving softness and glutinous texture.
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INTRODUCTION

Breads are important component in many Western
countries, as they function mainly as a starch and an
energy provider. With the recent increased consumption
of breads in Asian countries as a meal and a snack, bread
becomes one of the most popular foods consumed
globally. Wheat (Triticum aestivum L.) is the most suit-
able crop for making yeast-leavened breads and other
baked products due to its protein compositions of glu-
tenin and gliadin that give bread dough its desirable vis-
coelastic properties (1).

The growing awareness of the healthy diets drives con-
sumers to look for breads and baked products that will
fit healthy everyday meals. White wheat flour is gen-
erally used to make breads, because it has high sensory
qualities. However, during milling process, most of the
essential nutrients and biologically active components,
such as dietary fiber, minerals, and antioxidant compo-
nents, are removed because those nutritionally beneficial
constituents are primarily located in the wheat germ and
bran layer (2). Thus, white wheat flour-processed prod-
ucts lack those functional bioactive compounds, whereas
whole grain products do have added health benefits.
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Studies relating to whole grain consumption have re-
ported that whole grain is associated with reduced risk
of type-2 diabetes, cardiovascular disease, and some
types of cancer, such as colon and pancreatic cancer
(3-6).

Bread’s nutritional profile can be improved with sub-
stituting part of the white flour with other functional in-
gredients to make the bread healthier. Izydorczyk et al.
(7) studied the effect of barley and barley components
with higher B-glucans on the rheological properties of
wheat dough. Barros et al. (8) produced tortillas from
whole wheat flour and compared the quality character-
istics with those from refined flour. They observed a sig-
nificant improvement of the nutritional profile of tortilla
products from whole wheat flour, but the physical and
rheological properties differed between those products,
such that the refined wheat flour doughs were more ex-
tensible and softer than whole wheat flour dough. On
the other hand, Van Hung et al. (9) examined the influ-
ence of substituting white flour with whole waxy wheat
flour on bread dough and qualities of breads. They sug-
gested that whole waxy flour could be used for bread
making to improve nutritious quality of bread for health
benefits.
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Upon consumer’s expectations concerning bread, high-
er sensory quality is one of important factors that influ-
ence consumer’s acceptability. In bread-making, using
whole grain flour produced less favorable breads due to
bran and germ that deteriorate the rheological properties
of dough and bread. Thus, the inferior quality of whole
grain bread has been an issue and research has been fo-
cused on enhancing the quality of whole wheat bread
and baked products. The objectives of this study were
to substitute partly white wheat flour with normal and
waxy-type whole wheat flour and to investigate their ef-
fects on bread quality in terms of dough properties and
some specific bread quality characteristics.

MATERIALS AND METHODS

Materials

Normal wheat cultivar ‘Keumkang’ and waxy-type
wheat cultivar ‘Shinmichal’ were developed in the Na-
tional Institute of Crop Science, RDA, and grown during
2010~2011 growing season. After harvesting, the wheat
kernels were cleaned and ground using a hammer mill
(Laboratory Mill 3100, Pertent Co. Ltd., Huddinge,
Sweden) equipped with 0.5 mm screen. Commercial
white wheat flour was purchased in a local market and
used as the base flour. With the white flour as base flour,
the flour blends were prepared by substituting some of
the white flour with normal and waxy-type whole wheat
flour at levels of 20 and 40%.

Particle size and pasting properties of the composite
flour

The particle size distribution of composite flour (4~5
g) was determined using a multi-wavelength particle size
analyzer (LS 13 320, Beckman Coulter, Miami, FL, USA)
with a dry powder attachment. The measurement param-
eters include mean particle diameter, median particle di-
ameter, and particle diameter at cumulative 10% (D10),
50% (D50) and 90% (D90) of the portion of the sample
flour analyzed by the instrument. Starch pasting proper-
ties were measured by a Rapid Visco Analyzer (RVA-4,
Newport Scientific Pty, Ltd., Warriewood, Australia) in
accordance with the AACC Official Method 61-02. Flour
samples were placed in a clean RVA test canister, and
25 mL distilled water was carefully dispensed into the
canister, to which a paddle was placed. At the beginning
of test, high speed mix (960 rpm) was used to disperse
the sample for the initial 10 s, followed by moderate
application for shear (160 rpm) for the remainder of 12.5
min test period. Temperature profiles were equilibrating
at 50°C for 1.0 min, ramping up to 95°C in 4.8 min,
holding at 95°C until 7.5 min, ramping down to 50°C

at 11.0 min, and holding at 50°C until 12.5 min. Pasting
parameters were peak viscosity (PV), trough viscosity
(TV), breakdown (BD), final viscosity (FV), and peak
temperature (Ptemp). The viscosity was read directly
from the RVA and reported in arbitrary rapid visco units
(RVU). All viscosity measurements were conducted in
triplicate.

Bread making

Test breads were baked using 100 g composite flour
according to a basic straight dough method of AACC
Official Method 10-10A. White wheat bread, as a con-
trol, was made with commercial white flour. Bread for-
mula consisted of wheat flour (100 g), sugar (5 g), salt
(2 g), shortening (3 g), non-fat dry milk (4 g), active
dry yeast (2 g), and water (variable). The optimum water
absorption and mixing time were adjusted by the 10 g
mixograph (National Mfg. Co., Lincoln, NE, USA) de-
termination (AACC 54-40A). Other than the flour, all
ingredients and their amounts in the formula were the
same for white wheat bread as well as whole wheat-sub-
stituted breads. Bread dough was prepared using a 100
g pin-type mixer (National Mfg. Co), then fermented in
a cabinet fermenter (Model FP201, Daeyoung Co.,
Seoul, Korea) at 30°C and 85% relative humidity. A
dough molder (Model DYM 2001, Daeyoung Co., Seoul,
Korea) was used for sheeting and molding purpose. After
proofing, baking was done in an electrical deck oven
(DYM FDO 7102, Daeyoung Co.) at top 210°C and bot-
tom 205°C for 24 min. The baked breads were cooled
at room temperature for 2 hr for further analysis. For
the pH measurement of bread dough, 10 g of dough was
dissolved completely in 35 mL of distilled water, and
the value of pH was determined.

Baking and bread properties

Water content of bread crumbs was determined with
1 g of bread crumb using a moisture analyzer (Sartorius,
Bohemia, NY, USA). Bread loaf volume was measured
with a bread loaf volumeter (National Mfg. Co.) using
rapeseed displacement method. Specific volume of bread
was determined as the ratio of the loaf volume to its
weight. Bread crumb firmness was measured using a tex-
ture analyzer (Model TA-XT2, Stable Micro System
Ltd., Haslemere, UK). The bread loaves were sliced into
1.3 cm thick and used immediately for bread crumb firm-
ness measurement. Two breads slices were placed on a
flat metal plate, and compressed to a total compression
of 40% using a flat aluminum plunger with a diameter
of 35 mm. The maximum peak force (g) in compression
was recorded as the firmness of bread crumb. The whole
procedure was repeated on 5 different sets of bread sli-
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ces, and the firmness values were averaged. The color
parameters of Hunter’s L (lightness), a (redness) and b
(yellowness) values of the bread crumb were measured
using a color difference meter (Color JS-55, Color
Technology System Co., Tokyo, Japan) in triplicate.

Statistical analysis

All data were analyzed using SAS statistical software
(Version 9.1, SAS Institute Inc., Cary, NC, USA). Analysis
of variance (ANOVA) was performed to observe the sub-
stitution effects of normal and waxy-type whole wheat
flour on dough and baking properties. The significance
of differences was analyzed by Fisher’s LSD multiple
comparison

RESULTS AND DISCUSSION

Pasting properties

The RVA pasting viscosity of white flour and whole
wheat substituted flour are presented in Table 1. The flour
samples were white wheat flour (WF) and whole wheat
substituted flour with cvs. Keumkang (KK) and Shinmi-
chal (SMC) at 20% (KK20, SMC20) and 40% (KK40,
SMC40). The ANOVA (F-value) shows significant dif-
ferences in RVA parameters among flour blends, indicat-
ing differences in their behavior during heating and cool-
ing of the RVA analysis. White flour had the highest peak
viscosity (PV), trough viscosity (TV), breakdown vis-
cosity (BD), and final viscosity (FV) followed by the
KK20. The viscosity of SMC40 exhibited the lowest val-
ues in PV, TV, BD, FV, and SB viscosity. There was
no significant difference in pasting temperature among
flour samples. Results suggest that the partial substitution
of whole wheat flour decreased the pasting viscosity,
which might be due to the reduced starch contents be-
cause of the replacement of white flour with whole wheat
flour. In addition, the proteins in whole wheat flour could
also be a factor affecting the pasting viscosity (10,11).
The PV value related to starch swelling capacity is asso-
ciated with BD and SB viscosity. During RVA testing,
starch granules of the flours in excess water, which is
heated to high temperature and subjected to mechanical

shear stress, are disrupted, resulting in amylose leaching
out and granule alignment, which cause a decrease in
viscosity associating with BD viscosity (12). In general,
higher PV values are related to high BD viscosity, which
is related to starch swelling capacity. Higher BD values
could imply lower hot starch paste stability. White flour
had the highest PV (136.4 RVU) and BD (53.1 RVU)
followed by the KK20 flour blend (PV of 123.1 and
BD of 47.0). The lowest PV and BD viscosity was found
in the SMC40 with values of 89.3 and 33.2 (RVU), re-
spectively. During the cooling periods, the starch mole-
cules (especially linear chains, such as amylose) are re-
associated, and starch molecules are aligned to form a
gel structure. This phase is referred to SB viscosity,
which is related to starch retrogradation (13). The SB
viscosity values were the highest in the KK40 (25.9
RVU) followed by KK20 and WWF (22.2 and 21.6, re-
spectively). The lowest SB viscosity from the SMC40
(15.0 RVU) indicates lower starch retrogradation and
syneresis.

Particle size distribution and dough properties

The particle size distribution of composite flour and
dough mixing properties are presented in Table 2. The
ANOVA results indicate that substituting normal and
waxy whole wheat flour at 20 and 40% levels had a
significant effect on particle size distribution and dough
mixing time. The mean diameter of particle size was
the lowest in WF at 67.9 um, whereas the highest in
SMC40 at 147.3 pm. Increasing whole wheat flour from
20 to 40% increased the coarse particle size distribution
in the composite flour. From the diameter of particle size
at cumulative 10% (D10), 50% (D50), and 90% (D90),
it was observed that waxy-type whole wheat flour re-
sulted in coarser particle size compared to normal whole
flour.

With the respect to optimum water absorption and
mixing time determined by 10 g mixograph analysis, an
increase in whole wheat flour from 20 to 40%, regardless
of whether it was normal or waxy-type, increased water
absorption from 64% to 65%, respectively. Mixographs

Table 1. Pasting properties of the composite flour of whole and white wheat flour (unit: RVU)
Wheat flour Peak V. Trough V. Breakdown V. Final V. Setback V. Pasting temp.
WF 136.4+t2.4° 83.2+3.5° 53.1t1.6" 158.0+3.8" 21.6+2.1° 65.7+0.8"
KK20+WF80 123.1+£3.4° 76.1+3.4° 47.0+0.8 1452+1.1° 222+2.3® 65.7+2.8°
KK40+WF60 109.4+1.8° 68.1+1.4° 413+1.3¢ 1354+1.9° 259+1.7° 67.6+0.5°
SMC20+WF80 110.9+2.6° 67.4+1.6° 43.6+1.1° 128.1 +1.6 17.1+£2.7° 67.1+1.2°
SMC40+WF60 89.3+2.0° 56.1+0.9¢ 33.2+1.2° 104.3£0.6° 15.0+1.7° 67.8+0.4"
F-value 144.49" 53477 106.00" 279.90™ 12517 1.43

**Values with different letters in the same column are significantly different at p<0.05.

""Significant at p<0.01.

KK (wheat cv. Keumkang), SMC (wheat cv. Shinmichal), WF (white wheat flour).
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(Fig. 1) revealed that dough mixing time was different
depending on the wheat cultivars and the levels of whole
wheat substitution. The dough mixing time of WF was
4.20 (min), whereas replacing with KK flour from 20
to 40% increased dough mixing time to 4.40 and 5.10
(min), respectively. In contrast to KK flour, substitution
with SMC flour from 20 to 40% decreased mixing time
to 4.10 and 3.40 (min), respectively. In general, the dough

pH for yeast-leavened breads is known to be around pH
5.0~5.5. As shown in Table 2, the pH of all bread dough
formulation ranged from 5.33 ~5.61, which are all with-
in the normal range.

Baking properties

The end-use qualities of breads were observed by
measuring bread crumb moisture content, loaf volumes,
and the firmness and color of bread crumb shown in

Table 2. Particle size distribution of the composite flour with normal and waxy-type whole wheat flour and the dough properties

Particle size distribution

Dough properties

B —
reads Mean Median D10 D50 D90 Wate:)r abs. . M1x1ng pH
(%) time (min)
WF 67.9+0.9° 663+1.0° 15.9+0.3* 663+1.0° 122.9+1.2¢ 64 420" 5.3340.03¢
KK20+WF80 95.7+52° 72.8+1.2° 165+03* 72.8+1.2° 169.6+8.4% 64 4'40" 5.45+0.04°
KK40+WF60 121.84+0.2° 79.94+0.4* 163+0.4* 79.9+0.4° 270.9+2.4° 65 5'10" 5.55+0.02°
SMC20+WF80 114.0+6.9° 71.9+1.3% 144+03* 71.9+1.3° 2252+51.8" 64 4'10" 5.50+0.01%
SMC40+WF60 147.34+4.7% 793+13* 13.440.1° 79.3+1.3" 447.9+19.0° 65 3'40" 5.61+0.01*
ANOVA (F-value) 89.85™"  5236™"  49.47™ 5236 50.78""" - - 38.85"

“UValues with different letters in the same column are significantly different at p<0.05.

""Significant at p<0.01.

KK (wheat cv. Keumkang), SMC (wheat cv. Shinmichal), WF (white wheat flour).

White wheat flour

KK 20% substituted flour
/

f I

SMC 20% substituted flour

SMC 40% substituted flour

Fig. 1. Mixograms of white wheat flour and whole wheat sub-
stituted flour with "Keumkang" (20 and 40%) and "Shinmichal"
(20 and 40%).
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Table 3 and Table 4. The data indicate there was no sig-
nificant difference among the bread samples in bread
crumb moisture content. The specific volume of WF
bread was higher than those breads from whole wheat
substituted flours. Regarding normal and waxy-type
whole wheat flour and also the levels of substitution,
there was no statistically significant difference (p<0.05)
in loaf volume, although the measured values for bread
loaf volume from blends flour with 20% substitution was
lower than those from 40% substituted flour. Compared
to WF bread, the lower bread loaf volume from the flour
blends might be due to the increased dietary fiber con-
tents present in bran layer. The fiber and bran particles
in the substituted flour might interrupt the continuities
and homogeneities of protein strands, and decrease glu-
ten strength, causing less gas-holding capacity (14,15).
Van Hung et al. (9) explain that a high amount of dietary
fiber might dilute the gluten protein and interfere with
optimal gluten matrix formation during dough fermenta-
tion and bread baking. On the other hand, Lai et al. (16)
studied the effects of wheat bran properties on bread
quality and report that the source of bran and the particle
size of bran would be the major factors to influence
bread loaf volume, suggesting that fine particles of bran
resulted in higher bread loaf volume.

The functional characteristics of waxy wheat flour
(white and whole flour) for bread-making qualities have
been investigated in some studies. Van Hung et al. (9)
used whole wheat and partially whole waxy wheat flour

for bread formulation, and observed that bread volume
of whole wheat was significantly lower than those breads
made from partially substituted flours. They also suggest
that the substitution up to 50% of whole waxy flour
would be suitable for bread-making based on consumer
acceptability of the quality and the benefits of whole
wheat foods. In addition, studies conducted by Hayakawa
et al. (17) and Lee et al. (18) report that incorporation
of waxy wheat flour in bread formulation could retain
more moisture in bread crumbs and retard bread staling,
resulting in the extension of bread shelf life. Morita et
al. (19) also report that substituting white wheat flour
with waxy-type flour for bread formula could contribute
to the delay of bread staling due to lower retrogradation
tendency.

Table 4 presents the firmness and color of bread crumb
made from WF and the KK and SMC flours. The
ANOVA shows that the firmness and color of bread
crumbs were significantly influenced by wheat cultivars
and the substitution levels. The crumb firmness from
KK40 bread was the highest, followed by KK20 and
SMC40 bread, then by SMC20 and WF bread. Com-
pared to normal whole flour, substitution with some
waxy whole flour could produce breads with softer bread
crumb texture. The results in present study were con-
sistent with the previous studies (16,17), reporting that
waxy wheat flour could improve the end-use bread qual-
ities in terms of bread softness and shelf life extension.
As expected, bread crumb color measured with Hunter’s

Table 3. Baking properties of breads from the composite flour with normal and waxy-type whole wheat flour

Breads Water content (%) Loaf wt. (g) Loaf vol. (cm?) Specific vol. (cm’/g)
WF 44.6+1.5° 143.8+0.8° 783.3 £ 14.4° 5.44+0.1°
KK20+WF80 453+0.8° 145.2+1.1% 700.0 £35.4% 48+0.2°
KK40+WF60 43.3+0.1° 147.4+0.9° 650.0+35.4° 44+0.3°
SMC20+WF80 434+0.2° 147.1+0.9% 700.0 = 35.4%® 48+0.2°
SMC40+WF60 43.6+0.1° 147.9+0.3° 637.5+53.0° 43+0.4°
ANOVA (F-value) 2.52 10.52° 72" 9.83™"

*Values with different letters in the same column are significantly different at p<0.05.

Significant at ~“p<0.01 and “p<0.05, respectively.

KK (wheat cv. Keumkang), SMC (wheat cv. Shinmichal), WF (white wheat flour).

Table 4. Bread crumb firmness and color

. Color

Breads Firmness (g) L . b
WF 356.5+55.6° 77.9+0.6° 22+0.1¢ 13.6+0.4°
KK20+WF80 460.4+19.1° 73.94+0.5° 3.9+0.1° 15.9+0.0¢
KK40+WF60 613.8+71.3 71.94+0.9° 5.6+0.1° 18.5+0.1°
SMC20+WF80 290.3420.7° 72.040.5° 5.5+0.2° 16.8+0.1°
SMC40+WF60 482.5+52.8° 65.8+0.3¢ 7.8+0.3° 19.5+0.4°
ANOVA (F-value) 21.78"" 114.83™ 259.86"" 149.79"

**Values with different letters in the same column are significantly different at p<0.05.

""Significant at p<0.01.

KK (wheat cv. Keumkang), SMC (wheat cv. Shinmichal), WF (white wheat flour).
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L, a and b shows that substituting whole wheat flour
decreased the lightness of bread, with the highest L-val-
ue seen in WF bread, which was 77.9. The redness (a-
value) and yellowness (b-value) was significantly in-
creased by increasing the level of whole wheat flour.

With respect to a higher awareness of a healthy life-
style, bakery products with whole wheat flour are be-
coming more important in the baking industry. Thus,
normal and waxy-type whole wheat flour were partially
substituted for white wheat flour to explore practical ap-
plications for bread-making. Bread loaf volume was low-
er in breads containing a whole wheat flour substitution
compared to bread containing only white wheat flour.
But, there was no significant difference in bread loaf
volume regardless of the type of whole wheat flour used
or the level of substituting up to 40%. On the other hand,
the results in the present study demonstrated that using
waxy whole flour has positive effects on pan-bread for-
mulation in terms of improving bread softness. Using
whole wheat flour has various physiological health bene-
fits because of its functional components, such as higher
dietary fiber, mineral and proteins. Also, waxy whole
wheat flour could contribute to enhancing the shelf-life
of breads. Thus, it is assumed that substituting whole
wheat flour up to 40% could be practical with respect
to increasing bread’s functional qualities.
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