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Fermented Soy Products: Tempeh, Nattos, Miso,

“and Soy Sauce

Takefumi Yoneya

. Shizuoka University of Art and Culture, Hamamatsu, Shizuoka, fapan

. INTRODUCTION

In Asian countries, the soybean has been processed into various products, such as tofu, tempeh,
miso, nattos (ftohiki-natto and Hama-natto), soy sauce, and other related products. These products
are used as protein supplements, vegetables, or seasoning ingredients in meal preparation. Of
these products, tofu, tempeh, and natto are often consumed as vegetables and/or as protein
supplements, whereas miso and soy sauce are used as seasonings. Tofu and its related products
will be covered in a separate chapter of this book. This chapter will discuss five kinds of fermented

_ soy products: tempeh, Itohiki-natto, Hama-natto, miso, and soy sauce.

i. TEMPEH
A. Introduction

Tempeh is a very popular fermented soybean-based food, that has been produced by Indonesians
for four or five centuries. Tempeh is a white mold-covered cake produced by fungal fermentation
of dehulled, hydrated (soaked), and cooked soybeans (1).

Under natural conditions in the tropics, tempeh production involves two distinct
fermentations. The first, which occurs during hydration (soaking), is bacterial and results in
acidification of the beans. During bacterial acid fermentation, the pH of the beans falls to a range
of 4.5 to 5.3, and thus the development of undesirable bacteria that might spoil the tempeh is
prevented. The second fermentation is fungal and results in overgrowth of the beans by the mold

‘ mycelia. The beans are tied together by the hypha that binds the beans so firmly together that the
“product can be cut into thin slices (1). Packets of traditional tempeh wrapped in wilted banana

leaves or in perforated plastic bags are sold on the market in Indonesia (Fig. 1).

The best quality tempeh is made solely from soybeans, but lower cost and lower quality
tempehs may contain young papaw fruit grits, cassava grits, soybean seedcoats, soymilk or tofu
(soybean curd) residues (okara), and (rarely) coconut press-cake along with the soybeans.

Tempeh is consumed by slicing it, dipping the slices in soy or fish sauce or in 5 to 10% w/v
salt brine, and deep frying. Alternatively, the sliced tempeh can be dipped in a batter made from

“rice or corn flour and coconut milk, before deep frying, or it may be soaked in tamarind pulp
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Figure 6 Ttohiki-natto with its viscous, sticky texture,

IV. JAPANESE HAMA-NATTO (DAIFUKUJI-NATTO, DAITOKUJI-NATTO,
TERA-NATTO, SHIOKARA-NATTO)

A. Introduction

Hama-natto is another type of fermented soybean, different from Itohiki-natto. The fermentation
of Hama-natto is carried out by the mold Aspergillus oryzae. The type of Hama-natto originated in
China over 2200 years ago was introduced into Japan via Korea during the Nara period (A.D. 710-
794) by a Buddhist priest (18). It is now commercially produced in extremely restricted areas of
Hamamatsu city, Mikkabi town in Shizuoka Prefecture, and Kyoto city. The taste and flavor
resemble miso and shoyu. Its blackish color and relatively high market price (US$2.7 per 100g)
may be the causes of its lack of popularity (Fig. 7).

B. Method of Hama-Naito Production

The technology to produce Hama-natto includes the stages of soaking, cooking, inoculation with
starter mold, mycelial fermentation, drying, and second fermentation (aging). The flow diagram in
Fig. 8 shows the process of Hama-natto production.

Table 2 Average Composition of Itohiki-Natto (%)

Food Moisture Protein Fat Carbohydrate Ash

Natto 59.5 16.5 10.0 12,1 1.9

Source: Ref. 10.
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Figure 7 Hama-natto produced in Hamamatsu city, Japan.

Whole dry soybeans are washed and soaked in water for 3h at room temperature. Large,
uniform size beans with smooth surfaces are preferred. The soaked beans are boiled for Sh or
steamed at 121°C for 30 min. After the cooked beans are cooled to approximately 30°C, they are
thoroughly mixed with roasted barley flour and starter mold Aspergillus oryzae (called tane-koji).
In the case of the Yamaya Brewery in Hamamatsu city, the amounts of cooked beans, roasted
barley flour, and tane-koji are 1000kg, 50—60kg, and 50g, respectively.
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Figure 8 A flow diagram for the production of Hama-natto.
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The mixture is spread in a wooden tray and incubated in the fermenting room at 25-30°C
for 3—4 days (Fig. 9).

During the fermentation, A. oryzae grows on the surface of the beans covered with barley
flour, until sporulation occurs.

The molded beans are dried in the sun for approximately 1 week and then mixed with 15%
salt water (600—700 liters) and transferred into wooden buckets with ginger and/or Japanese
pepper to enhance the flavor of the product.

The mixfure is covered with a wooden lid, and a stone weight is put on the lid (Fig. 10).
During the second fermentation for 3 to 6 months, the color of the beans changes to black.
Hydrolysis of the substrates also occurs, and the resultant flavor resembles miso and shoyu (24).

C. Quality Aspects of Hama-Natio

The composition of Hama-natto is shown in Table 3.

Since Hama-natto contains a high salt concentration, it has an excellent keeping quality for
I year or longer. It was originally made in Buddhist temples as a protein source for Buddhist
monks.

D. Future Outlook

Nowadays, Hama-natto is consumed with tea and alcoholic drinks as a relish or eaten with rice in
Japan. If the dark blackish color can be improved, and if the product becomes less costly, it could
become a more popular food in Japan.

Figure 9 A. oryzae is grown on the surface of the mixture of cooked beans and roasted bariey flour.
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§
Figure 10 Fermentation (aging) is carried out for 3—6 months.

V. MISO
A. Introduction

Miso is a very popular fermented soybean-based paste food; it has been produced in all parts of
Japan for at least 1300 years (28,29). It has now been industrialized, and 1355 manufacturers
made 544,000 tons of it in the year 1999 (30).

There are several hundred kinds of miso, depending on the material used and on the
different processing conditions. Miso can be classified into three large groups according to the
different methods of koji making. Koji is a solid substrate such as rice, barley, or soybeans
overgrown with a mold (koji kabi), which is selected to provide the enzymes essential for the
fermentation,

Table 3 Composition of Hama-Natto (%)

Food Moisture Protein Fat Carbohydrate Ash Salt

Hama-Natto 24.4 18.6 8.1 31.5 17.4 14.2

Source: Ref. 10.
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