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The utilization of bakery enzymes and high-pressure treatment could improve the bread making
quality (BMQ) such as gas retention of dough (GRD), specific loaf volume (SLV), and staling rate of
bread crumb. In addition, it is expected to improve the water absorption of dough and bread qualities by
adding mashed potato (MP) to dough. On the other hand, it is necessary to experiment with a large
number of combinations in order to determine the optimum conditions for the utilization of enzymes,
high-pressure treatment, and MP. Thus, in this study, response surface model (RSMd) was created
using the data acquired, based on the central composite face-centered design (CCF), and then the
optimal conditions were determined by using an optimization technique (OT) with Solver (Excel add-in
software). Finally, in order to validate the effectiveness of these methods, bread making experiments
with determined condition were conducted, and the effectiveness of each combination was verified
from the BMQ of the dough and various evaluations of the bread.

Chapter 2

The functional ingredients of whole grains, dietary fiber (DF), resistant starch, vitamins and minerals,
have various physiological benefits related to “western diseases” such as coronary heart disease, colon
cancer and diabetes. However, the product of whole grains is not attractive as those of white wheat
flour because the higher amount of bran and germ contained in whole wheat flour reduce the quality
and sensory value of final products. In bread making, the presence of bran and germ causes the
deterioration of the dough-rheological properties, decrease in SLV, increase in crumb hardness and
darkening of crumb appearance. Moreover, the addition of whole wheat flour gives different flavor
profiles for whole wheat flour breads as compared with those of white flour bread. It is generally
accepted as truth that the damaged starch (DS) and DF in flour have an influence on the gluten
formation, resulting in decrease of BMQ. There are various kinds of enzymes used in baking as bread
making improvers. Among them, a-amylase (AM) and hemicellulase (HC) are hydrolases having



activities for DS and insoluble pentosan, respectively. The objective of the study in Chapter 2 was to
investigate the effects of whole wheat flour substitution and enzyme treatments using AM and HC on
BMQ. Results showed that the addition of whole wheat flour produced dough with low GRD and SLV.
However, AM and HC drastically improved both GRD and SLV of whole wheat flour substituted dough
and bread by degrading DS and hemicellulose. Thus, these results indicated that the treatments with
suitable enzymes could drastically improve the BMQ of dough made with whole wheat flour.

Chapter 3

In Chapter 3, response surface methodology (RSM) created a RSMd and Solver (Excel add-in software)
calculated the optimal amounts of the enzymes. The optimal concentrations of AM and HC calculated
using Solver were 0.128 and 0.100 g/100 g flour, respectively. Adding optimum concentrations of AM
and HC drastically improved BMQ (GRD, SLV, and bread staling) of whole wheat flour dough and
bread compared to whole wheat flour dough and bread without the enzymes. These results show that
combining RSM and Solver is an effective and reasonably easy method that determines optimal
concentrations of enzymes to obtain the highest quality bread when using whole wheat flour.

Chapter 4

A method for investigating the mechanical properties of bread crumb has been established in previous
studies. However, there are few reports describing the effects of using whole wheat flour and the
addition of enzymes (AM and HC) on the mechanical properties of bread crumb during storage.
Therefore, in Chapter 4, we investigated the effects of storage on the properties of bread crumbs by
using pullman scale bread making. Rupture force, rupture deformation and rupture energy were
decreased using whole wheat flour, as the higher amount of insoluble DF in whole wheat flour disturbs
the fine gluten network formation in dough, resulting in a weakened bread crumb structure. In
comparison, the bread crumb made from the dough with whole wheat flour treated with enzymes had a
lower rupture force, a higher rupture deformation and lower viscoelastic values compared with both the
Control and bread crumb made from dough with whole wheat flour since AM and HC digest DS,
insoluble DFs and gelatinized starch, which decrease BMQ, resulting in improved bread crumb texture.
This study elucidates the effects of using whole wheat flour and the addition of enzymes on the
mechanical properties of bread crumb during storage. The addition of enzymes made it possible to
obtain high quality pullman bread using whole wheat flour.

Chapter 5

Potato is major crops globally and being produced widely in many countries of the world. In Japan,
potato is also major agricultural crop and about 2.5 million tons are produced per year. Those are used
for much utilization such as table food, processing and starch extraction, etc. However, potato is not
used much in bread making in Japan and mainly used for other purposes, such as potato salad for
sandwiches, than bread dough production. The bread substituted with MP instead of wheat flour have
been attracting attention because of their added compositions such as gelatinized starch, DFs, vitamins,
minerals, etc. that has a beneficial effect on bread's nutritional value, texture, flavor and taste. On the
other hand, excess amount of DS and DFs in MP inhibits the gluten network formation in dough and



greatly deteriorates the BMQ. In Chapter 5, we investigated the optimal addition of two types of bakery
enzymes, AM and HC, to improve the BMQ of MP-added dough. The reasonable optimum addition
amount of the enzymes was determined using the RSM and OT. The optimal concentrations of AM and
HC calculated using Solver were 0.059 and 0.050 g/100 g flour, respectively. As the results, the BMQ
such as SLV and GRD, and the bread staling of MP dough and bread with optimal concentrations of
AM and HC were remarkably improved compared to those without enzymes. These results showed that
RSM and OT were effective methods to reasonably and easily derive the optimal concentrations of
multiple enzymes, which resulted in obtaining the good quality MP-supplemented bread with high SLV,
desirable texture, flavor and taste except of crust color.

Chapter 6

In recent years, the use of high-pressure processing technology, a new food processing method, has
been increasing and is expected to become an alternative to heat treatment. High-pressure treatment is a
technique that applies high hydrostatic pressure on food products during the processing to suppress the
growth of bacteria and promote the immersion effect. Moreover, some enzymes are activated by
applying high-pressure treatment and the process effectively distributes the enzymes uniformly
throughout the food. The use of high-pressure treatment has also increased as a substitute for heat
treatment and various products are being processed utilizing high-pressure treatment. In Chapter 6, we
investigated the effect of combing bakery enzyme and high-pressure treatment on dough qualities. The
optimal concentration of bakery enzymes and high-pressure level were determined using RSM and OT.
Bread dough was prepared by the optimal condition, 0.200% of bakery enzyme and 43MPa of high-
pressure treatment, and the bread dough was then baked. Optimal combining bakery enzyme and high-
pressure treatment drastically improved BMQ such as increased SLV, higher concentrations of reducing
sugar, and lower concentrations of DS and insoluble DF compared to the Control and to those that were
only treated with bakery enzymes or high-pressure treatment, respectively. In addition, the bread with
both bakery enzymes and high-pressure treatment showed improved micro structure in the crumb and
maintained freshness longer during storage.
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