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Utilization of Bean-curd refuse (Okara)

in Fiber-bread processing

Toshie TSUDA*, Tomoko HASUMI*, and Tazuko WATANABE*

Many papers have been published on the significance of dietary fiber for human nutrition. The
beneficial influence of dietary fiber is its function on colon. An increased cereal fiber intake is desirable
and this can best be achieved by means of bread. We studied on the processing of bread, in which some
parts of the white wheat flour were replaced by fiber-rich material, Okara.

White wheat flour and Okara were blended and baked, and the effect of this Okara blending on
functional properties in bread making was investigated. Loaf volume was measured by repassed
displacement. Firmness and cohesiveness were analyzed using a rheolometer. And we made a sensory
survey of the Okara-bread on sixteen 20-year old women who were students of Kyoritsu Women’s
University. The characteristics, like as loaf volume, crumb grain, and texture, of Okara-bread differed
substantially from conventional bread. The deleterious effects of Okara could be counteracted by the
additon of sodium stearoyl-2-lactylate (SSL), whey, and whole egg together.
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INTRODUCTION

Many papers have been published on the
significance of dietary fiber for human nutrition.
Several diseases, such as appendicitis, cancer of
colon and diabetes, are believed to be associated
with the consumption of refined carbohydrate-rich
foods?. Dietary fiber is believed to have a beneficial
influence on colonic function®®. An increased cereal
fiber intake is desirable which can best be done by
means of bread. The nutritional benefits of incorpor-
ating fiber into baked products have been the sub-
jects of numerous investigations¥®. However, there
. is little information available about the influence of
dietary fiber in breadmaking. -

We report on the measures that can be used to
produce a conventional type of bread in which the
white flour is replaced by fiber-rich material, okara.
Characteristics of Okara-bread are compared with
white bread. Showing that addition of okara has
effects on loaf volume and grain quality. Firmness
and cohesiveness were analyzed using a
rheolometer.
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MATERIALS AND METHODS

1. Materials

The flour used is a commercial product, which has
a protein content of 12%. Flour was obtained from
Nisshin seifun Co. Tokyo Japan. Okara, the resid-
uum left after tofu is produced from soy beans, was
used as a source of fiberirl bread. It was frozen,
dried and ground on a mill to a fineness so that it
could pass through a 80 or 100-mesh screen. It had
a fiber contents of 57.64%. The analysis was perfor-
med using AOAC method®. It had water contents of
4.0%.

2. Measurement methods

An automatic bread baker “Bread Bakery SD-
BT 56 P” (Panasonic Co.) was used to bake the
bread. This baker is designed to sense the tempera-
ture and automatically control the heating system
during the entire process of baking. All the steps,
from mixing to baking, were automatic. The baking
process is shown in Fig.1. Table1l provides the
formula of basic white bread. Okara (42g) was
added as a basic ingredient to white bread dough,
mixed, and then baked into bread.

The rheological properties of crumb were mea-
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Fig. 1 Baking process with Bread Bakery, above steps from mixing to baking are automatic for bake mode.
Table 1. Basic White Bread and Okara-Bread Formula
Basic White Wheat Bread Okara-Bread
amount (g) | ratio (%) || amount (g) | ratio (%)
Wheat flour 280 100 226 100

Sugar 17 6.1 24 10.6

Butter 11 3.9 15.5 6.8

Non-fat dry milk 6 2.1 4 1.8

- Salt : 5 1.8 3.5 1.5

Water 210 75 : 226 100
Dry yeast 3 1.1 3 1.3
Okara — — 30 13.3

sured with the RHEONER RE 3305 (YAMADEN
Co.) 1 hr. after baking. The bread was cut to 3X3X
3cm by cutter of ultorasonic wave (YAMADEN
Co.).

The weight required to depress the plunger (5mm
in diameter) 35mm into the bread, after the crust
was removed, was taken as the compressibility
measurement. Bread color was determined with a
Hunterlab color different meter. To standardize, we
used Hunterlab Tile Standard No. 95 H. Whiteness
0 93.19 (Y=93.74, X=91.77, Z=109.97) . Bread color
differences were -calculated as total color
differences ;

AE=4 (4L*+ (4a?) + (4B?)

Loaf volume was measured by repassed displace-
ment.

Okara-bread was baked using different amounts
of water and white wheat flour in the recipe in order
to determine how much of these ingredients
produced the best product. Other factors investigat-
ed were altered the time of mixing and rest and
varying the size of Okara grain used.

Gluten formation was measured.

A survey of sensory characteristics was conduct-
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ed using sixteen women aged 20 of Kyouritsu
Women’s University. A factor analysis was conduct-
ed for the bread using the results of sensory evalua-
tion. A semantic differential (SD) method”®?, using
8 items for appearance, flavor and texure was em-
ployed.

RESULTS AND DISCUSSION

1. Effects using Okara in breadmaking

Fiber content of 9.71g/100g (baked bread) was
found in okara bread the standard white bread
included 5.34g/100g (baked bread). The analysis
was preformed using AOAC method®. Okara was
found to be a good food additive to provide dietary
fiber. ’

1) The effect of the amount of water added to the

Okara bread recipe

Characteristics of Okara-bread were compared
with the basic white wheat flour bread using
different amount of water in the Okara-bread rec-
ipe. Loaf volumes of the white bread and the Okara-
bread using different water levels are given in Fig.
2. Okara was used at the level 15% of white wheat
flour. Whenr Okara-bread was baked with the same
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Water level (ml) Loaf volume
(ml/100g of Wheat flour)
210 —
235 298
260 505
285 593
310 630
320 591
335 514
360 420

Fig. 2 Loaf volumes of bread baked from a blend of 280 g
wheat flour and 42g of Okara plus with different
water levels

amount of water as in the the control bread (210ml,
75.0% of wheat flour), the Bread Bakery Machine
could not make bread. As water was increased from
235 to 310ml, loaf volume incresed, the water levels
between 235 to 285ml the bread had a poor appear-
ance and poor crumb grain. With more than 320ml
water, the loaf volume decreased. Crumb grains
were satisfactory with 310ml added water. Crumb-
color changed in Okara-Bread, becoming more
orange than white bread. However loaf color chan-
ged only slightly, the orange interior colors of the
Okara-bread was not necessarily undesirable.
Hence, adding 310ml of water was the best recipe
for making Okara-bread.

2) The effect of the amount of flour added to the

Okara bread recipe

The amount of flour was varied and loaf volume
determined. The amount of flour was varied ingredi-
ents between 280g and 340g. The other ingredient
contents were as same as basic white wheat bread
formula in Tablel. An increase in loaf volume
occurred as in the amount of flour increased from
280¢ to 340g. The loaf volume per 100g flour was
calculated, differences were not found. No
differences were found in cohesiveness and firmness

(27)

when less than 310g of flour was added. As 320g or
more flour was used, firmness incresed with, co-
hesiveness decreasing only slightly. The recipe for
the Okara-bread which used 320g flour (13% of
wheat flour) had better flavor and texture than
other Okara-breads.

The okara-bread formula shown in Table 1. The
Bread Bakery requires a specific weight of ingredi-
ents in order to work well. When the total weight
was adjusted using the optimal ratio of major ingre-
dients, good cohesiveness was maintained. Sugar
and butter were increased in the Okara-bread recipe
in order to mask the Okara-flavor. Table 2 repre-
sents for this recipe.

3) Adjusting time levels of mixing and rest

The quality of Okara-bread was investigated by
measuring loaf volume as the times for mixing and
rest were adjusted. An increase in the time of
mixing resulted in decreased loaf volume. (See Fig.
3) The firmness of the crumb as measured by
rheolometer increased with according to increasing
in the mixing time, and while the cohesiveness
decreased. When the time of rest was varied
between 5 and 40min., no changes were found for
loaf volume and crumb grain. Optimal values for
Okara-bread are the same as normally used by the
Bread Bakery appliance.

4) Adijusting the size of the Okara grain

Freeze-dried Okara was ground on mill to a
fineness to pass through a 30, 80, 100, or 150-mesh
screen. These Okara samples were used as ingredi-
ents in the bread. The Okara ground to pass through
a 100-mesh sieve was found to be the optimal size
when measured by loaf volume.

2. Improvement of dough condition

Gluten in dough is related to gas retention, as
described by Baker and Mize'”. Okara-bread was
rested for amount of gluten. In the standard white
bread mixture of flour and water, the amount of
gluten made was 13.13g/100 flour(dry). During
process of baking, basic white wheat bread had the
gluten content was 9.43g/100g flour, and Okara-
bread had 8.95g/100¢g flour. (a decrease of 5.1%)

1) Effects of emulsifier

Okara-bread was improved by addition to
emulsifier. Dough condition was stabilized by SSL
(sodium stearoyl-2-lactylates), which is a sur-
factant’®. SSL, a surface active agent, had been
found to improve stability of dough condition,
mixing property, and gas retention in which the
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Color Crumb rheology
Time Loaf Volume -
(min) | ml/100g of flour | Interior | Exterior Flg[/l;ezss Cohesiveness
25 554 a15.27 | al4.88
b15.72 | b15.83 | 5.2350x10% | 8.7519% 10~
E60.53 | E60.14
35 529 al3.46 | ald4.44
The time of
kse;gilz © b14.86 | b17.86 | 9.8705X10¢ | 7.5923X 10!
€ E60.38 | E56.36
55 391 all.82 | a12.91
b14.29 | b14.45 | 17.8855X10¢ | 6.5234X 10~
E65.3 | E59.74 '
5 603 ald.62 | al14.92
b13.75 | b15.34 | 5.1435%10* | 7.8381X 10~
E63.82 | E60.79
15 - 595 al2.48 | al14.42
) b16.35 | b19.81 | 5.6678x10* | 8.4340X 10~
The time of E66.38 | E61.28
rest of further
fermentation | 25 590 al4.74 | ald.96 :
b14.41 | b14.97 | 6.8163x10* | 7.7980% 10~
E63.0 | E62.03
40 554 al5.27 | al14.88
b15.72 | b15.83 | 5.235%x10% | 8.7520X10~*
E60.53 | £60.14

Fig. 3 Characteristics of Bread Baked from Blends of 280 g Wheat Flour and 42¢g of Okara

with Levels of Kneading Time and Rest Time

white wheat bread was replaced by an experimental
corn and rice, as described by Tsen and Medina'".
SSL also has been reported to increase loaf volume
and firmness of crumb in fiber-enriched bread.’® In
this study, the volume on addition of SSI. was
assessed by measuring loaf volume and crumb grain
of bread in which 15% of the white wheat flour was
_replaced by okara. SSL at the level of 0.5, 1.0, 1.5,
2.0, 2.5% of flour was added to a Okara-bread
formula in Table1. Fig.4 shows the impact of
various levels of SSL on Okara-bread. As SSL was
increased, loaf volume increased linearly. SSL im-
proved for softness of the crumb, as also described
by Tenny.” Loaf volume increased the most at 1.5
% level of SSL, and the crumb firmness also varied
with the addition of SSL as presented in Fig. 4.

2) Effects of whey and egg

Reactions triggered by addition include whey
rapid development and maturation of the dough
system independently of yeast fermentation, as
described by Henika and Rodgers'. Whey at the
level of 7% of flour was added to a Okara-bread

formula (Table 1), mixed and baked. A commercial
whey was used. Addition of whey did not change the
loaf volume. The grain quality was not satisfactory,
however, the addition of whey tempered the improv-
ing effect of SSL.

Egg is an important material breadmaking due to
emulsification by the yolk. Lecithin in egg is the
active ingredient. Egg together with SSL and whey
were used in baking Okara-bread. Dough made with
egg expanded with heat and fixed. Bread quality
was improved more when SSL, whey, and egg were
used together than when used individually.

3. Sensory evaluation

Sensory attributes and palatability of Okara-
bread were compared with standard white wheat
bread. The recipe used for Okara-bread is shown in
Table 2. The survey using sixteen 20-year old
women profiled the sensory attributes by SD method
799 using eight items, falling under the categories
of texture (smoothness, softness, tenderness), taste
(overall taste, smell, flavor) and appearance (color,
and crumbs).
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Crumb Rheology
Loaf volume . .
Improvers Firmness Cohesieveness

ml/100g flour N/me
None 604.0 5.1435X10* 7.8381X10"!
SSL* 0.5%** 632.7 4.3195X10* 7.9528 X107
SSL 1.0% 663.7 9.8375X10* 6.1204 X 10
SSL 1.5% 691.7 7.0910X10* 6.1970X 1071
SSL 2.0% 530.9° 8.0231x10* 6.1911X10*
SSL 2.5% 663.7 5.7760X10* 1.8332X10"?!
Whey 5.0%** 599.5 4.9936<10* 7.8694x10~*
Whey 7.0% 628.3 5.0353X10* 7.9848 X107
Whey 9.0% 531.0 6.2730<10* 8.0264 <10
SSL-Whey-Egg 716.8 6.4002 X 10* 5.6196 X101

*  SSL=Sodium stearoyl-2-laclylate
** ratio of white wheat flour

0%  0.5% 1%  1.5% 2%  2.5%
* SSL=Sodium stearoyl-2-laclylate

5% 7% 9%
Whey whey 7.0% Whey
SSL 1.5% SSL
Egg

Fig. 4 Characteristics of Okara-bread with or without Improvers

Table 2. Formula Okara-bread with SSL, flavor and color loaded on the first factor, and judg-
Whey, and Egg ments about softness loaded on the second factor.
amount (g) | ratio (%) The rate of total variance explained by these fac-
Wheat flour 996 100 tors was 35.4%. For standard whitebread the first
Sugar 24 10.6 factor was tenderness and second was overall taste.
Butter 15.5 6.8 The rate of total variance explained by these fac-
Non-fat dry milk 4 1.8 tors was 28.3%. (Table 3). Fig. 5 shows the average
Salt 3.5 1.5 grade of each sensory attributes for the two kinds of
Water 226 100 bread. Okara-bread got a high score on savory, the
Dry yeast 3 1.3 difference between Okara-bread and white wheat
Okara 30 13.3 bread on this factor is significant at the 1% probabil-
SSL 3.4 1.5 ity level. Okara-bread, in which white wheat flour
Whey 15.8 7 was replaced by fiber-rich material, Okara was
Egg 30 13.3 found to be at “normal” or above in all sensory

- SSL=Sodium stearoyl-2-lactylate aspects measured.

. ) REFERENCE
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Table 3. The Factor loading of Appraised items on the Preference of Okara-bread

First factor Second factor
Appraised items —
White bread | Okara bread | White bread | Okara bread
Thick —0.1218 —0.4159 0.4258 0.1982
Texture Softness 0.1886 —0.0679 —0.3714 0.8191
Tender 0.9263 0.4650 —0.1625 0.4669
Tasty 0.7047 0.4661 0.1782 0.3647
Taste Aromatic 0.5352 0.5254 0.6868 —0.3224
Savory 0.5369 0.8719 0.1709 0.2887
Appearance Colbr 0.5213 0.7483 —0.5893 0.0981
PP Fine —0.1027 | —0.4157 0.0518 | —0.2295
Variance explained by component 2.2618 2.8358 1.2283 1.3109
% of total variance explained 28.30% 35.40% 15.40% 16.40%
o White wheat bread
QO oxara-bread
-3 -2 -1 0 1 2 3
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Fig. 5 Average Grade of desirability obtained by Sensory Evaluation
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