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Rhizopus oligosporus is one of the popular microorganisms in East Asia region,
since it was used for fermented soybean (tempeh) production. Tempeh has been a
favorite food and staple source of protein, and is now rapidly becoming more popular all
over the world as people look for ways to increase their intake of soybeans. However, the
effect of R. oligosporus on nutritional and rheological properties of soybean and
buckwheat is not yet well understood. The author focused on characterization and
application of fermented soybean (FeS) and buckwheat (FeB) as new functional

ingredients for food processing.

Characteristics and Functional Properties of Fermented Soybean and Its Application
for Bread-making

Fermented soybean (tempeh) was prepared from boiled soybean by inoculation
with powdered R. oligosporus. The total amount of free amino acids increased to the
level of 3-10 folds, and it showed positive correlation with protease activity during
fermentation in tempeh. The essential amino acids of FeS were the highest at 72 hr of
incubation, except for threonine which was variable. Lysine fluctuated, which had lower

amount at 48 hr. Semi-essential amino acid, histidine was variable. Non-essential



amino acid, such as alanine, cysteine, proline and serine gradually increased more than
10 times at 72 hr of fermentation. Other amino acids, such as asparagine, glutamine,
ornithine, and y-aminobutyric acid (GABA) fluctuated, but they showed higher amount
at 72 hr of fermentation, except that GABA was higher amount at 24 hr.

Phytic acid decreased by approximately 76% during fermentation, and indicated
that mold produced extra cellular hydrolytic enzymes (phytase). Phytase degraded
phytic acid to inositol phosphate and free phosphate. K. oligosporus decreased the level
of lipid and increased free fatty acids, showing that the lipase activity had negative
correlation with lipid contents in FeS. Cytoplasm of FeS at 24 hr became longer and
thinner than that of the control because of the degradation of cell. It became irregular
after 48 and 72 hr of fermentation. Perhaps, K. oligosporus also degraded some
components of cell, including lipid, proteins, and carbohydrates.

Texture property showed that weakness, modulus of elasticity, and surrender
value of 48 hr of FeS were significantly higher than those of other fermentation times.
The 24 hr of FeS showed more soft texture than that of 48 hr of fermentation. Mycelium
was overgrown and bound strongly among soybean grains into a solid after 48 hr of
fermentation. Incubation at 30°C for 24 hr was enough to allow spore germination and
abundant growth of mycelium; more than 24 hr, the color of spore resulted in the grey or
black and affected the color properties of tempeh. The color values (lightness and hue) of
FeS developed from light to dark during fermentation, indicating that the growth of the
mold had a distinct effect on L *values and chromaticity coordinates (2 *and »%. When
the ratio of matured mold became higher than immatured one, the development of flour
color gradually glimmered.

The loaves baked with the addition of FeS became smaller than the control, along
with the increase in the amount of substitution and loaf volume clearly decreased. The
staleness of bread with FeS substitution for wheat flour was clearly retarded compared

with that without FeS substitution during storage.

General Characteristics and Hypoallergenic Properties of Fermented Buckwheat and
the Application for Noodle-making

Boiled buckwheat for 30 min was inoculated with . oligosporus at 30°C and 85%
relative humidity. The bioavailability of mineral of FeB increased during fermentation,

showing that the amounts of K, P, Mg and Mn in the homogenates distinctly increased



during the time course of fermentation. The Na, Cu, Zn, and Fe increased at 24 hr of
fermentation and then decreased after fermentation for 48 hr or more. In contrast, Ca
and Cu decreased during the time course of fermentation.

Buckwheat fermented by K. oligosporus increased total and free amino acids
during the course of fermentation to the level of 50-fold or more than those of the control
without fermentation. Non-essential amino acids, especially alanine and asparagin,
rapidly increased with the course of fermentation, suggesting that glutamic acid was
catalyzed to form alanine and asparagin by amino transferase. Also, GABA increased
during the growth of mold, showing that GABA synthesis caused to decrease the
amount of glutamic acid.

Western blot analysis showed that the 22 kDa protein was a major allergenic
protein of Mancan buckwheat. It appeared in the control, but disappeared during the
time course of fermentation. Allergenic proteins of buckwheat completely degraded to
low molecular weight proteins after 24 hr of fermentation and protease activity showed
positive correlation with the total amount of free amino acids.

SEM images of buckwheat grains after fermentation showed that the control
buckwheat grain without treatment distinctly contained many raw starch granules
with clearly round shape. After boiling, the round shape of raw starch granules was
broken and the surface was somewhat viscous caused by gelatinized starch. However,
after 48 hr of fermentation, the buckwheat images became irregular and typical image
of gelatinized cereal products, where starch granules could not be distinguished. After
72 hr of fermentation, R. oligosporus caused buckwheat images to become big holes like
vacuole in the grains. During fermentation, buckwheat structure was apparently more
swollen and gelatinized than the cooked samples without fermentation.

The raw noodle made from 1CW alone (control) showed the presence of starch
granules (large and small sizes), but the surface between gluten and starch were clearly
observed and the raw starch granules showed smooth appearance. Noodle substituted
with 30 %-FeB flour had somewhat different appearance as compared with the control,
and contained swollen starch granules that were buried in viscous gluten sheet. The
phenomenon was not observed for 1CW noodle but distinguished only in the
FeB-substituted noodle sample.

The noodle made from 20 and 30 %-FeB substitution for wheat flour showed

significantly higher elasticity than that of the control. The cutting property of noodle



substituted with 30 %-FeB flour was significantly softer than that of the control.
Uncooked and cooked noodles made from 10, 20 and 30 %-FeB flour substitution showed
significantly different color values from the control. The L#* value of the uncooked
control noodle was significantly higher than those of uncooked noodles made from FeB
substitution flour. In addition, the control had significantly lower values of a* and b*
than the noodle substituted with FeB. The substituted noodles had higher hue (a% 5%

values than the control.

Conclusion

R. oligosporus affected physical and functional properties of the fermented
soybean and buckwheat, resulting in degradation of protein to peptides and essential
amino acids, and change of texture of soybean and buckwheat. Proteins and lipids in
soybean were utilized to the metabolizing process for growth of mold. Generally, £.
oligosporus increased the functional properties of soybean and buckwheat, including
amino acids and minerals, and degraded the allergenic proteins.

The FeS contained a large amount of total proteins, minerals and amino acids. A.
oligosporus decreased the phytic acid and increased the availability of minerals. The
application of FeS resulted in different rheological properties for bread making, which
the bread became smaller and more hardness.

The FeB contained larger amounts of amino acids, peptides and minerals, and
lowered the amount of allergenic proteins, especially 22 kDa protein. Especially,
fermented-buckwheat helps in the development of a new hypoallergenic foodstuff. .
oligosporus is one of the safety microbe to develop new food ingredients with higher
functional property. Therefore, the application of fermented buckwheat also resulted in

new noodles and available for human suffering from buckwheat allergenic protein.
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