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The amount of soybeans conswumed in Japan in a ysar is about ?, )0 thousand

metric tons, haifl of which is used for foods, we have several kimds of
traditional soybean oods such as miso, sayaauce, lofu, rori-tofu, natto
armt kinak-s, which are {itled {or cocrel rice, Proteln intake by Jajanese
people from soybean is about 1% of the 'otal, ! means thal those
traditiona! soybean focxis are 3t consumed by Japanese peapie in fairly
iarge quantities, As the lomes'ic productios of soybeans s decreasing
year by yvyear, perhaps below () thousani me!ric 'ons, the amounts mported
from U, 5., and  munist China 13 over ftwo miiiion metric tonas . as! year,
Table | shows the recant trend of suppiy and jemand f soybeans 1 Japan.
From this rable it {s apparent that ver ha'i -l soybeans cohsumed in
this country is crushed to extract 1l and about 'B of resu ting mea

is used for feed, But remsining % is !or fooda tncluding traditional
and now ones. [! muat be noted that new food use of soybeans eapecially
Af defatled meal as a subatitute in meat and {ish products iz increasing.
This trend is perhaps for shortage and high cost of meat and rome !ish
praducts. whole soybeans not crushed for oll is almost used for tradi-
tional foods,

Here the praduction of traditiona! and new soybean fouwds in Japan will
pe described with the consideration of imiwtrial viewpoint. wWe usually
group these foods into two, namely, non-fersmented and fermenten foois.
As the first group we have rinako, tofu, fried tofu, rori-toli, yuba and
new foods such as isolated snybe&n protein, textured protein ami spun
protein. Goysauce, misc and natto belung to the second yroup. Hecause
of high humidity and warm wether Japan is very suitabie for yrowing of
microorganisms, and 30 we have many kinds of fermented foods as stated
above., (enerally speaking production of soybean foods which have fairly
large demand andi furthermore longer shelf-life is becoming rapidly large
in acale by mechanization and automation.

In tofu, kori-totu and yuba almost of insoluble matter in soybeans are
removed as residue in the preparation of soybearn milk and beany flavor
disappear by cooking of ground soybeans. characteristic odour of cooked
soybeans is removed by fermentation in miso and natto, and acceptablility
and digestibility of these foods are better than cooked soybeans. Trypsin
inhibitor of soybeans is decomposed by heating or removed in the prncess

i
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of preparation, Therefare these are reasonably processed foods, except
possibility of amino acid destruction in some axtent by drastic treat-
ments such as overhsating.

Before detalied axplanation of food values of sach soybean food in
Japan, a phrase from iir. A.M. Altschul's Proteins, their chemistry and
politice” is <ite’ here. He says about saybeatn: foods in Orient as follows.
“This is a .eason in successful food technology, even though the mesans
of arriving at the soiutions may have been empirical. A potentiai f[ood
resource has in fact been reniered sffective by proper processing. In
80 doing the Nrientals have shown “ohsumate skill in siapting & plant
source of protein in an economy where the.e is a scaicity of animal pro-
tein. The wonder is that sthers have not shown equal skiil and imagina-
tion, and that the soybean is not as well utilized in other areas where
there is scarcity »f ar ! protein. Dr. M.,L. Anson's Jescription in
"Processed plant ;o oin foxdstuffs editet by [ir, Aitachul is also
worthwhile ' cite here., He says that "In general, man does not onsume
any great amount of soybeans, coltonseed, or peanuts either as such or
after the removal of the oil, The only ollseed protein cousumed by man
on a large scale in any form is soy protein. [his has been done for
thoussnds of years in the Urient as a basic part of the way of life for
large populations, but onl- - because methods were discovere! for convert-
ing soybeans into acceptablie products by radical procesaing beyond the
mere removal of oil ........ There are two main forms of treditional
soybean products eaten vy man: soybean curd and soybean fermsntation
products, such as scysauce, soybean cheese.’

Table . shows chemical! composition of soybean foods which are very
popular in Japan. Detalls will be explained at each section, but generel
features of these foods can be caught frum thir table, for instance,
their moisture content, protein and fat content in comparisaon with tlat
of soybean ilsell.

It is apparent that cost of the soybean foods as source of protein 1s
fairly low corpared with that of animl protein foods. Table i is cost
of 100 g of these foods and also 100 g protein of these foods. Cost of
100 g protein is calculated without considering other nutrients such as
oil and sugar. Difference of the cost among soybean foods is caused by
difference of their processing and also degree of mechanization.



The prime cost of these soybean foods including production cost, trens-
portation, salary, depreciation, propaganda and others are estimatel as
Table L and the percentage of the cost of materials in the prime cosl
are shown in the saae table.

Table | supply and Jemand of soybean i1 Japan

Whole soybean ' MY metric tong.

W T . 1964 ? 1966 1967 ﬂ
Domest ic production 100 ¥ 44
Supply | Imported L6W 1w 204
Total oy e 093
' Crushed for oil N 1,577 1,606
‘H:ijo ’ LS 168 169
Shoyu 16 1 15
Tofu & fried tofu | 271 17 29
Kori-tofu ; 2l o8 W
Demand Naito 0 38 L7
Kinako 6 9 12
Others 0 70 0
| Total of foods o502 596 )
Feed (kinako) ‘ 0 : 50
Nrand total 1,749 A 3% 209
T SRS - . F—. 4

Defatted soybean (1,000 metric tonas!

7 [ o | o
Miso 15 * o 8
Shoyu 165 1 154
Poods  Tofu & fried tofu 6L 17 mn
 Othere®* bW b
~ Total of foods 287 b9 2By
[ " Chemical industry 0 ¢ ! s
Non- . Fertilizer 29 3 1)
foods  Feed 69 W Wb
Uthers 5 4 N
I E Total of non-foods 70} § 972 ! 98
o drand total . O 1,266 L,en0t i

# rcorresponds to whole soybsans crushe! for oil

#2  over 10,000 metric tons is for chemical shoyu
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fable 7 Chemical composition of scybean foode (%)

noistwe  Protein | Fat fim"“ ¥ Piver T Ash
% s t + + ¢ 4

Tofw 8,0 fa0 (I 1.9 0 0.6
Aburege ks O 18,6 3.k L. 0.1 1.4
Kori-tofu 10k S3.b 26,4 7.0 0.2 2.6
Yube 8.7 52 ) 1.9 0 3.0
Kinako £.0 fL. N 19.2 29.5 2.9 5.0
Natto 58.% 16,5 10,0 10.1 2.3 2.6
Miso
sally ilght 50.0 12.6 3 19.L 1.8 12.8
Salty red 50,0 .0 5.0 .3 1.9 1.8
Saybean Lo 16,8 A9 13.6 L2022 13.0
~oybeans ‘ Lo T 17,0 ; 26,7 i L.5 5.0

Table | _Cost of s .ybean foads and other proteinous foods (retail cost in 1968)

i
Yen /100 ¢ ¢/100 ¢  Yen/100 g protein | ¢/100 g protein

" Tofu ’ R 138 38.3 )
Aburage "y il 218 59.8
Kori-tofu LS 17.4 a4 23.]

Yube 250 69.5 : L20 116

Kinako j o) 8.3 I 78 21.6

Katto 20 5.5 : 121 33.5

Miso 1k 3.9 110 30.5

Spun protein* 12.% 3.5 , 50 13.9
» Spun protein contains 758 moisture and 25% protein,

f City mdlk 12 3.3 L1} 11h ﬂ
Keg U 8.3 236 65.5
Ham 80 22.2 L9? 138
cork 4] 20.1 559 158
Chicken 60 16.6 285 19
Beef 100 7.8 L76 132
Mackerel Lo 1.5 222 61.5

| Chikme® &0 6.6 L6l 128

* A kind of fish paste gel




Table L The prime cost of the traditional soybean foods and
percentage of the cost of materials in it,

ey oy ! : B,
g . ? . I Percentage of cost
) v ‘
| :iod 7 ; Prime cos ‘ Unit of materials’ Note
Tofu 078,100 yen | 1 metric tons of il 1967
soybeans
Kori-tofu | 28..98¢C i metric tons of b6 .6 1967
f kori-tofu |
Natto - 193,040 1 metric tons of | u7.2 1968
: - soybeans
|
i ; ‘
Miso % 57,388 1 metric tons of | 50.6 1969
{ ; miso |
: ]
Shoyu 96,062 . 1 kl of shoyu E Lh.3 1967
i P — B — h-.... - o el

* Materials include those for packaging.

Tofu and its industrial production

Tofu is one of the most popular soybean foods in Japan. The amount of
soybeans consumed for tofu and its derived foods (not include kori-tofu)

is about 350,000 metric tons in & year including defatted soybean meal.
Increase of its total production in a year is about 5%, not so high, per-
haps because of recent increase of variety of foods. Tofu is white,

soft and zeletinous mass which hold much water as shown Thoto. 1. It is
fairly perishable and fragile, but it is very digestible and nutritious,
because insoluble components of soybeans are all removed and rich in
protein and oil (Table ?).

Process of tofu mking (See Fig. 1)

To make tofu soybeans are washed and soaked overnight in water, and
then ground with continuous addition of water in small quantities. The
mash is then cooked with a definite amount of water and small amounts of
antifoam and water is added to make the ratio of water to beans at 10 to
1, based on the original weight of soybeans, A milk [ 5-6% solids is
obtained by filtration., A water suspension of powdered calcium sulfate
(CaSOL*?H0) is added at a level of -3 of the soybeans tu the soybean
milk of abaut 709C, Protein in soybean milk reacts with calcium sulfate

- K.

o




and precipitates. After discarding separated supernatant which corres-
ponds to the whey in cheese making, the curd is transferred to wooden

or aluminiun box or mould which has noles ard ~ressed to remnve the excess water.

The draining off 1s continued for a definite time, and the curd 1s taken out from

the box in water. The curd is scaked in water to remove free calcium
sulfate and then cut into thick slices of about 300 g and sold while
fresh, usually at the shop where the tofu is made. From 10 kg of soy-
beans tofu of LO-50 kg is obtained. Quality and yield of tofu are af-
fected by variety of soybean. Beside its protein content protein quality

and phosphorus content must be considersd for evaluating its suitability
for tofu-making. Nitrofuran devivatives is permitted to be used (2.5 ppm).

Tofu production as industry

As tofu is perishable and difficult to transport for long distance as
already mentioned, scale of tofu production is fairly small in spite of
its large demand. There are over LO,000 plants in Japan and average con-
sumption of soybeans per day in one plant is about 30 to L0 kg.

Development of packaging film and packaging machine are making tofu
such food that can be sold at the supermarket and also production scale
of tofu much more larger. There are already plants which consume over
600 kg soybeans per day (Photo. ?). Packaging of tofu is also desirable
from sanitary. '"Packed tofu” which will be explained later in details
is being developed in tlese several years and it will take main part of
tofu at the supermarket. Eoch piece of tofu weghing 300 g is 30 yen
(8.3 cents).

Equipments for tofu production

At the tofu plants of average scale they use emery-coated grinder for
grinding soybeans, cooking kettle by steam or direct heating for cooking
soybean mash and press by hand, water, oil, electricity or air and also
sometimes by centrifuge for filtration to get soybean milk. There are
gseveral factories facilitated with continuous cooker shown in Photo. 3
and also decantor which 18 one of the continuous centrifuge shown in
Photo. 4. .Joagulation of soybean milk and moulding in the box are all
hand-work even at the large scale plants. From the sanitary viewpcint
convenient type packers are increasingly popular in the small plants.

Throughout the production of tofu of any kinds it is necessary to con-

-6 -




trol processing conditions, namely concentration of the soybean milk,
amounts of coagulant, coagulation temperature and others. Almost of |
tofu plants they do it only by their experience, but with enlarging of
the production scale severe and hopefully automatic control using

masuring instruments will be necessary.
Variety of tofu

There ig different iype of tofu named kinugoshi which is made by gela-
tion of condensed soybean milk by coagulant without separation of whey.
The ratio of water to beans to make soybean milk is about 5 to 1, less
water compared with ordinary one. Kinugoshi tofu has homogeneous tex-
ture and soft on tongue. Chemical compositions «f kinugoshi is not so
different from ordinary one, although higher in vitamin Bj, sugar and
soluble nitrogen compounds.

With a view to maintain better sanitary conditions, 'packed tofu" has
bsen developed. Soybean milk of high concentration as kinugoshi is,
after being cooled down, put in polyethylene or vinylidene chloride film
bag, together with calcium sulfate. Each bag contains about 200 to 300 g
of the milk. After closing the bag they are heatec in a water bath of
900C for LO to 50 minutes. The milk coagulates gradually without sepa-
ration of whey as in the case of kinugoshi. They are cooled down soon
after completion of coagulation. The packed tofu made by this way is
sanitary, as it is gcreened off from all pathogenic bacteria. This is
sasy to transport and somewhat preservable, although heat-stable micro-
organisms may still alive. Az the demand for packed tofu is on increase,
several factories which can produce 20,000 per day are now in work. These
factories are facilitated with new-developed equipments already mentioned
and also with automatic packer which can make 40 products per minutes by
mking bag from film sheet, puttins soymilk to the bag and then closing
successivel y. At the process of packed tofu making even cold soybean
milk become viscous by admixture with calcium sulfate, care must be taken
to mix these two only just before putting them in the bag. But if glucono-

delta-lactone, which is newly developed coagulant, is used instead of

calcium sulfate, the milk does not become viscous but start to coagulate
after heating. The milk coagulates to gel by gluconic acid which sepa-
rates from glucono-delta-lactone by heat. This coagulant is also avail-
able for making kinugoshi. Packed tofu is suitable for fortification of




some nutrients, such as vitamin B and water-dispersible vitamin A,
because whey is not wasted.

New materials of tofu

Defatted soybean meal, which have high n.trogen solubility are often
used as suprlement of whole soybeans in tcfu making, becaus« soybean
milk can be made from this meal also. 0il mill companies are producing
these products, The defatted meal is usually used for mixing with whole
soybeaus. Advantages of the iefatici meal are that no soaking or grind-
ing 1is necessary Ior meking the soybean milk.

Spray dried soybean milk powder made from the water extract of whoie
soybeans are now in the market &nd can be used as a material of tofu,
especially packed tofu. New Lype tofu plant to make packed tofu are now
operated where there are no soaklng tank, grinder and filter (Photo. 5).

New type tofu

Lyophylized tofu is produced commercially in small scale though it is
fragile and small piece. This can reconstitute the original white tofu
but it is not so gelatinous nor soft on tongue. Therefore instant tofu
is practically not available in market. Opraydried soybean milk packed
in 100-700 g unit with separated package of glucono-delta-lactone as
coagulant is now commercially sold. This can be used by housewives
for home-made ‘of u. Soybean mi.k is prepared by dissolving the powder
*n water and boiling. The soybean milk is coagulated into kinugoshi
tofu gel in the small bowl or box only by mixing with the coagulant at
80-90%.

Spray-dried soybean milk preliminariliy mixed with glucono-delta-
lactone can be dissolved in cold water and ¢ >agulated to gel by heating
for the separa.ion of gluconic acid. Although it is not commercially
prepared it is a semi-instant tofu.

A new type tofu developed by the Food Research Institute is to coagu-
late soybean milk in paper cup wWith glucono-delta-lactone by heating in

electron range. It is eaten by spoon directly i~om the cup.
Aburage and other deep fried tofu

There are several kinds of deep fat fried tofu products, which are
mainly made at the tofu factories. About one third of soybeans con-
sumed for tofu and its derived products is for deep fried tofu. Aburage




is made from thin-sliced tofu. It has yellow surface and porous texiure.
Frying consists of two stages, at about 12G”C and then at 180°C. By
the former frying tofu swells and become porous, By the latter the
surface of swollen tofu become hard and it prevents fried tofu from the
shrinkage. Defatted soyhesn meal can be used in & urage maxing much
more than in fresh tofu. Because aburage s more preservable and can be
transported for longer distance than tofu, aburage plants are sometime
very large scale consuming >,000 kg soybe.rni: in a day. Coatinuous deep
frier of several types wei; leveloped already ten years ago [Pnoto. A!.
This frier ha‘endless conveyer on which metal frame »f definite size
are fixed. The thin-sliced t»>fu are put in the frames and deep fried
when the conveyer is moving in cil bath of l.wer and the- higher tempe-
rature. Aburage are coitlniously thrown ~ut from the frame soon ai er
finishing the frying. Aburage is aleo dizestible and nutritious, rich
in oil and protein. Ganmodoki is made fr..m ground tofu mixed with pieces
of vegetables, sca weeds and sesame. Texture of this product 1is very
different from the original tofu. Feeling on ‘ongue and *ceth are some-
what similar to those of chicken, It is interesting that ®his name
means wild-goose analogue. We also have Namaage which is made from toru
by one stage frying at 180°C. its surface is yellow but iis texturs is
almost the same with original tofu.

i-tofu and its indyst _production

Kori-tofu is dried tofu which is made by special way, that is to dry
up tofu into porous sponge without case hardening by the process ol
freezing, aging, thawing and syueezing, 1t is yellow, pornus and there-
fore light cake of square 3ize as shown Photo. 7., It swelis in large
size when cooked In hot water aud vecomes like sponge., 1t i3 more pc-
pular in western Japan. The amount of soybeans consumed {4 kori-tofu

is about 30, XX) metric tons in a year, about one tenth ot fresh tofu.

But demand for kori-tofu is recently incr asing at the rate of 10% each
year. It is digestible and nutritious, rich in oil and protein as shown
in Table 2.




Process of kori-tofu making (See Fig. 1)

T-fu used for making kori-tofu is much harder and more sandy, and for
this purpose soybean milk is desirable to be lower concentration and
coagulated by calcium chloride instead of calcium sulfate, and the re-
sulting cur¢ must be ground vigorously after removing the whey. The
ground curd is then transferred to wooden box and pressed to remove
whey from the bottom of the box. After taking out hard tofu from the
box it is soaked in cold runnir; water to precool and remove ex.ess
calcium chloride. Then it is cut into pieces of 80 mm x 60 mm x 20 mm
size weighing about 90 g. Cut tofu are then frozen at -itoC by forced
chilled air brast in 1 to 2 hr, and then moved to aging room to keep
them at -1 to -2°C for 2 to 3 weeks. By thawing the aged tofu their
texture become like sponge and easy to be squeezed out by press. Then
they are dried by force hot air, taking care for preventing from crack-
ing and shrinking. One piece of kori-tofu weighs 17 to 20 g. From 100
kg soybeans about LS to 50 kg of kori-tofu is obtained. To meet con-
sumers demand to make it soft after cooking it is exposed to anmonia
gas from bomb in a closed chamber before packa: ag. By this treatment
ammonia gas penetrate into the sponge texture of kori-tofu and is hold
in it. By cooking in hot water it swells more largely and become softer.
There is no problem from physiological view point, because ammonia gas

is vapourized or neutralized during cooking.
Kori-tofu production as industry

Production of kori-tofu is in much larger scale than fresh tofu, be-
cause it is more preservable and easier to transport. There are about
forty factories and average consumption of soybean is about o to 2.5
metric tons per day and there are 5 to 6 big factories which cousume
over 10 metric tons of soybeans per day. Market share of thess factories
in total production is over BO% and their capacities are expanding.

Each piece of kori-tofu is 7-8 yen (" cents). As shown in Table } cost
of 100 g protein of kori-tofu is cheaper than that of fresh tofu in spite
of its more complex and time-consuming process. It is apparently because
of its labor-saving mechanization of over-all procedure. Aging for three
weeks is a disadvantage for this industry, but there is still no way to
shorten this period.

- 10 -



Equipments for kori-tofu production

The big factories consuming over 10 metric tons per day have usually
several floor building as shown in Photo. 8. Cleaner and washer of
soybeans are fairly popular in kori-tofu factories. Soybeans soaked
in water overnight is transferred to the top floor, and grinding, heat-
ing, f'iltering, coagulation and moulding are successively dorie at next
downstairs being moved by gravity. FPreparation of soybean milk in
these factories is made in batch system, each batch being 1 sack (60 kg)
goybeans. kquipments in this process are steel grinder, steam cooxer,
air press or basket type centrifuge, but recently continuous cooker,
oliver-type filter or decantor {continuous horizontal type centrifuge)
became available for labor saving and bette: quality control. Continu-
ous processes are more widely i:itroducec to tha process after the coagu-
lation. Cround curd in the box is continuously dehyurated by moving
in long steel frame. After precoolin; (Fhoto. 9) and cutting of tofu,
its freezing, thawing, squeezing and dryin’ are made continuously and
automatically (Photo. 10 - 11!, As it takes 2 to } weeks fur aging
they need fairly large spmce 1.. this process. Kori-tofu making con-
sists of many stages, So it is now Jifficult to make entire stages
completely continuous. The problam is that how to treat a large aumber
of small cakes which are fragile and sasy to be uroken. Jevere control
of processing conditions including temperature and time of freezing and

aging is necessary for keeping better quality and yield of the product.
Distribution of kori-tofu

Kori-tofu has longer shelf life than fresh tofu, but brown -.rots ap-
pear on its surface when it is stored under undesirable conu.tions,
namely high temperature, high humidity, especially at the presence of
heavy metal ion such as ferric ion. Sometimes lhe surface is completely
covered by brown color. The browning 18 reported to he reaction products
of oxidized oil with amino groups »f protein. Use of antioxidant is not

permitted and so low temperature a~ well as low humidity are effective

to prevent the browning, although oxidation of oil easily progresses at
lower humidity.




Utilization of by-products

Residue at the preparation of the soybean milk is used for cattle
feed as it is, and whey is discarded as it has no payable use. But
they are trying to find new uses of the whey, because the discarded
whey containing nitrogen compounds and carbohydrate sometimes damages

growth of crops and call coments of farmers.

Yuba and its industrial production (See Fig. 1)

Yuba is a film which is formed on the surface of soybean milk during
heating just as in the case of cowts milk. It is high in protein and
oil as in Table 2. Yuba is sold in various types, for instance, sheet,
roll or tied ribbon. It is rather a Incal food, made at definite dis-
tricts, Kyoto in weatern Japan and Nikko in eastern Japan. In Tekyo
only several planis is now worxing. Demand for yuba is lowest among
the traditional soybean foods in Japan. Soybeans consumed for yuba is
perhaps several hundred metric tous in a year. VYuba is made in very
small scale, using about 10-30 kg of soybean. «r day. “oybean milk
which is prepared in the same way as tofu is poured into shallow bat
and gently heated directly or by steam jacket. The film fo:med on the
surface is scooped up carefully by fine stick using hand and dried at
room temperature if necessary (Photo. 12). After getting 10-20 sheets
soybean milk is finally dried up to solid which is yuba of low grade.
Therefore almost all of the soybean milk is made into yuba. Yuba is
mich more expensive compared with other soybean foods, because it is
made almost by hand work.

Kinako and its industrial production (See Fig. 1)

Kinako is powder made from roasted whole soybeans. Sometimes soybean
hulls are preliminarily removed. It has characteristic roast flavor
and used as a kind of cake base. It is also very popular for putting
on baked rice cake with sugar. About 12,000 metric tons of soybeans is
used in a year for producing kinako. Factorises of kinako 1s not so large.

Average consumption of soybeans per day by one factory is about 200 kg.
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Cleaned soybean is roasted in a rotary drum by sending hot air until
characteristic flavor come out. The roasted soybean is then ground by
& impact stuel grinder which has a steel screen to make fineness of
kinako even. One hundred grams of kinako is about 30 yen.

Kinako is more digestible than roasted or steamed whole soybean, but
some amino acid such as lysin and arginine may partly decomposed by

overheating.,

New soybean food materials and their industrial production

The annual consumption of soybeans for non-traditional foods in Japan
is much less compared with that for traditional one. But it is note-
worthy that the conswmrption is rapidly increasing, mainly for producing
substitute in meat products and meatless meat. Background of this in-
crease may be shortage and high cost of meat and meat products in Japan.
Over twenty companies have announced the production of these foods or
food materials and same of them have already start the production. At
present prod.cts are mainly substitute in meat products but meatless

meat will be also manufactured in industrial scale in the near future.

New soybean food materials

There are three types of materials used. These are dried soybean milk,
soybean protein concentrate and isolated soybean protein. To make dried
soybean milk whole soybeans or defatted soybean meal is used as starting
material. Llts hot or cold extract is concentrated and spray-dried.

There is a plant which can produce 3-5 metric tons powder per day. Soy-
bean protein concentrate made by using alcohol to remove non-proteinous
compounds is in the market. Other .ype of the concentrate is prepared
by heating defatted soybean meal at first with 10 times weight water of
soybean meal to make its protein dissolved. Then, before filtration,
calcium sulfate or organic acid is added to precipitate the protein.

By filtration or centrifugation mixture of protein and insoluble carbo-
hydrate is obtained being separated from whey which contains beany
flavor and bitter substance. The mixture is called "curd", but it may
be rather a kind of protein concentrate. Production process of isvlated
soybean protein in Japan consists of extraction of solubles from defatted
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soybean meal, separation from insolubles, precipitation by acid, remov-

ing of whey and dryirng if necessary, as usual way. bBefore extraction of
solubles washing of the meal with dilute acid to remove whey at first is

reported to be offective for removing beany tlavor more completely.
Usage of new soybean food materials

Among these matlerials jsolated protein powder, spray dried soybean
milk and wet-curd type concentrate are used as is for supplementing
meat and meat products, and aiso fish paste products, because they can
be mixed with ground meat or fish homogeneously ard form elastic pgel by
heating. On the other hand these materials can be converted to textured
protein or protein concentrate by drastic physical treatment such as ex-
trusion, pressing and agitation in the presence of small amounts of water.
Several textured protein foods including imported one are already in
market. Spun protein which 13 manufactured from isolated soybean protein
is made by one company Now, buing ©U-30 metric tons per day. This con-
tains 75% water and distributed in frozen state, each 5 kg belng packaged.
This is used by meat processor as substitute of meat. Meatless meat
which are flavored, seasoned and colored, and ready to ext by simple cook~
ing are now test-marketed by several companies.

In Table 5 moisture content, protein content and price of new soybean
food materials and their derived products are shown. Recently perhaps
over 1,000 metric tons calculated as whole soybeans are consumsd monthly

for these new food materials.
Future of new soybean foods

From the present and future situation of protein supply and demand in
Japan as well as in the world new food use of soybean and soybean pro-
tein are promising. Research w.rk to develop new textured foods of
soybean are necessarye. Fundamenta) research on soybean protein is rapid-
ly progressing and it should contribute to the development of new food

uses of soybean protein.




Table 5 Moisture,
materials

Materials:

Moisture €
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Protein %

1li=13
68-170
above 90

53-68
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LOO-500

500-600
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83,6
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139-166
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Other food wses of soybeans

Other use of soybeans for non-traditicnal foods is to add to popular

foods such as bread, cake, noodle, candy and ice cream applying the

functional properties of soybsan protein.

As per centage of soybeans

in these foods is fairly i1ow, total amounts of soybeans including de-

fatted soybean and soybean milk used in these foods is nol so much,

perhaps several thrusands metric tons per year.

Natto and its industrial production

Natto is one of the most popular fermented soybean foods in Japan.
It is a very unique food, because bacteria is used for fermentation.

Surface of cooked soybean is covered wiih viscous sticky substance,

which has property of forming long stringy threads when mixed up

(Photo. 13).

Natto has characteristic flavor containing ammonia.
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The longer the strings, the better the quality of natto.

Its chemical com~




poneat is shown in Table 2. Texture of cooked soybeans is softened by
ensywes of Bacillus natto, a kind of Bacillus subtilis, and their pro-

tein partiy hyirolyre! resu.ting in its high ligestitility. It is re-

ported tha' .itamir B “ontent i reases furing the Termentation, It
18 usuai.y aa'e: Wi'h o ooeed TiCe Seasohed Ly soysauce or salt., The
amount of s oybean:. - nmauml Lol natte in a vear is about 50.700 metric

tohg and more Lobul A L sastern apén.
Proces ol LAl TER Ty oe L.

. mBke BA'T  Wio.e Soyhearr are Soased in water overnight and heated
in a pressu~e o oe: at ... epom Do o350 minutes untii they become
soft. _ uspens.oo of spores § Baci.ius natto wiich i3 obtained by pure
~ulture I8 .mxulat s o6 the ¢ hunel S05Le&NS. #¥ive ‘o tan m{ of the
BUBPBNE | ecasnary [~r % »y .. rav soybeans. A’ first the in-
oCuULater 3. bes:s are fin dec into 100 wnat oand each ¢ is put in
8 polyetnviene vag am! then !ermen! el. Wooxian s8'i7e box ant rice strew
are ai1s8c L.l o containers.  Tratitioualiy they wrajped cooxed soybeans
with bundied rice straw to . wili Hacillus natta Jrown on the straw,

The bags a. . incaba‘ e at U2 tor lu-u hr in the fermentation room

heto. w.
Equijments tor natt. roduetion

The natt~ [ an's o ave: , sca.e are facilitated with washing machine,
s0aKiNg &N, pressure cooxer, inoculator ‘a kind of rotary mixer) and
fermentation room, The mcst labor consuming process is dividing as
well 48 pacrayiay process, N effective method or machine for this
process lu ‘evaloped, Al natio plants »f average scale, temperature of
fermentat ion room i1s sutomaticaiiy controlied, because Qqua ity of the
products depends laryely on the fermentation process, especially tem-

perature c.ontro!.
Natto production as industry

Natto is tairiy perishable, as ammonia will be produced too much by
overfermentation., The:efore, production scale is not so large in ave-
rage. There are about 1,300 plants in Japan, and the average consump-

tion of soybeans is about 10U kg per day. Hecently, however, thuie are

several factorius consuming -3 metric tons of soybeans per day. These




factories intend to save labor by mechanization of each process, although
continuous process is not yet established. They .ocate at suburbs of
large cities ami have store hause of iow temperature to control the Jis-
tribution of their products.

From 10 kg of soybeans about .o kg of natto is proouced, Une bag of

natto containing 10 g is .5-00 yen “about .- cents;.

Miso and its industrial production

Miso is a rfermented fos made from soybeans, rice and salt, although
their ratio are different lepemniing on its varieti®s. K- 3 whicu is
made {rom steamed rice by inocu a' . Asp. uryvae on .18 surface anu
incubating for two davs is ruxed witn ~“ookes soynean, sa ! an! water
to make 1°s tinal water content about >Ub. Thic mix‘ure is l'ermented
after filling up in #<oxen or zoancreve ta~r, A9 the 'ermenta’iun pro-
gresses 1. the state of serm sc..? .e “hemica  halige of cubstrate is
much milder compared with tnat of shoyu (o wni & the i(«<rmenta’’on pro-
gresses in tho state of .iguid. troies, carvolyTira e and . in rice

and soybeans change in', tasty &t !.avoring sut tances vy enz mes of

ko i and asted or wiid microorgsanisms, .o 1ts pHoGu oL . fiso
is paste-iike tonxd {ihota, and UBUAL .Y aSec 48 min o HOUp 40 Some-

times seasoning as i5 mixeu wiin susar and some Lither Lnoresier s, AS

P

miso is rich in protein as wel. .5 o, (lable ) an: divestiti., it
contributes to protein and oi: intake of Japanese people. : murt of

soybeans consumed for making miso in a year is about 150,00« .v 'ric tons
including defatted soybean mea. . Besides, *4,000-70,000 metric *.ns of

soybeans is used l'or home made miso.
Variety of miso

There are many varieties of miso in Japan just like in tho case of
cheese. From the view point of raw mater als for misc, howeve'r, tnere
are three ma jor groups manufactured at present, namely rice-miso, barley-
miso and soybean-~iso, oSait and soybeans are used f.r all var.eties.

Besides salt and soybeans rice is used for rice-miso, and varley for

barley-miso. Of the tota! amcunt of miso prepared at facto ies. nearly
80% are consisted from rice-miso, and remained 0% are barley- and




soybean-miso., Rice- and barley-miso are classified into sweet, medium
salty and salty depending on the amounts of salt and rice or barley

used. Miso can be also classified by the color, for example, white,
light yellow and red miso, and by the place of production, for example,
Sendai, shinshu, sado, Saikyo and Hattcno miso. Oweet white miso is the
lightest and swoetest among all varieties. irewar it was manufactured
only in winter due to the short shelf life. Salty light yellow miso is
typical variety with the fo!.owing salty red miso. The color is light
yellow and flavor is rather simple without any characteristics unfavor-
able ‘or w..e use. sShinsiu-misc is one of the most typical of this

group producec in Nagano prefecture which it called Shinshu conventional-
ly. OSelty-reu-miso is the most pooular throughout Japan. The characte-
ristic reddish ¢ ‘or is produced during soybean-steaming and fermentation
with brine at least 1 months at 30 9. With the production of color,
characteristic flav-r . roduced oy the fermentation of salt-resistant
yeasts and lactic . bacteria during the long time fermentation and
ripening. Soyvean-miso nas heen vraditionally produced in Aichi pre-
fecture, where Nagoya is located, 3itu and Mie prefecture. It is ex-

tremely dark red and of strong flavor.

Process of miso making (See Fig. 1)
Although the manat i taring metnod o€ {.ffarent from variety ‘¢ ~.riely, the
nrincinie .e tne eame, us outline ol the nrocess of salty rice miso 1§ congisted

of ~yoking of sovueans, pranarition of rire koji, mixing cooked soybeans, rice
koj;i and saii, terment:t:on .r vit Or tank, ciending and rackaging for mirket.
Soybean cooking: G5oybeans are sifted to remove foreign matters and

cleaned to take out the dust over the surface of hull. Effective

cleaner an: washer are widely used. For white miso or light yellow miso
dehulled soybeans or soybean grits (in their process the soybeans are

cleaned and then cracked by a roller-type crusher or other suitable

apparatus; the hulls can then be readily removed cr senarated from the
remainder of the soybeans; the part of the soybnan free of the hulls

is referred to as grits) are used in order to make the color light at

the expense of some part of water soluble matter of soybeans. Soyteans,

after being washed by water, are soaked in water over-night to absorb

1.2 times water by weight. Thus soaked soybeans are cooked in water

or steam. For white miso or light yellow miso cooking in water is em-
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ed

ployed and for the other miso steaming is employed. Cooking is pro-
ceeded under the pressure of 0.75 kg/cm2 for 20 minutes until adequate
softness is obtained. Thus cooked soybeans are cooled for mixing with
rice-koji and salt. The cooked soybeans are often roughly choppec
through a chopper prior to cooling. Rotary cooker in Photo, 16 is
large-scale batch-type conoker which is capable of cooling rapiily cook-
ed soybeans to prevent from its over-browning. Soybean which become
soft by cooking is preferred by misc industry and soybean rich in car-
bohydrate seems to meet this requirement,

Koji preparation: Milled rice is wid:'y used for maring koji. Rice

is cleaned with enough water and soaked in water of which temperature
is 15 OC for 1% hr or more. Thus soaxed rice is drained off to be
steamed zZenerally under atmospheric pressure for 4C inutes. Wwhen the
inner part of the rice is fully gela*ini~ed, the rice is taken ou* from
the cooker to be cooled to 3% °C for inoculation with spores of aspergil-
lus oryzae which is called tanekoji and soid commercially. The inoculat-
ed rice is conveyed into a fermenter in order tc grow the inocu.ated
mold over the surface of rice. The temperature is kept at ¢ % anc
the relative humidity is over 90% during fermentation by circula:ing
the air passed through a air conditioner. The incubation is carried

on 4O hr until the rice is fully covered by the mcld. The koji is thern
mixed with salt immediately after transference fr vi the fermenier in
order to stor the further develcrpment of the mold,

Mixing: Cooked soybeans are mixed with salted xoji and inoculum in a
mixer until uniformity is obtained. [he inoculum including la:tic acid
bacteria and yeast of salt resistance is empioyed in order "o accele-
rating the fermentation. Calculated amount of water so as Lo regulate
the water content to 8% for salty-rice-miso is added with the inoculum.
Fermentaticn: The mixture of ko}i, steamed soyvean and salt water is
packed into fermenting vat or tank of which capacity is L tons or more
and tnen covered with a plats on which w:ights are pliaced to press out
the miso juice on the plate. Fermentation is run at around 37 °C in a
fermentation chamber of which temperature is capable to regulate. The
duration of fermentation differs depending on variety, and for light
yellow miso at least one month and for red miso at least 3 months are

requested. During fermentation transference to another fermentation
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vat or tank is carried out at least twice in order to accelerate the
fermentation and make the constitution uniform. After finishing of
fermentation misc is transfered to ripening vat or tank at room tem-
perature. iipened misc is blerxied and mashed, if necessary, to be
packaged for market. For packaging in small plastic bags miso is
pasteurized to prevent from swelling and added by sorbic acid or its
potassium salt.

Scybean-miso ‘s made by somewhat different mathod from that stated
above. Soaked soybeans are cooked in steam to be mashed and moulded in
several shapes and sizes. At present cylindrical shape of 15-20 mm
diameter and --0 mm night is widely employed. Then these moulds are
inoculated and ‘+rmentea in the same manner with rice koji. Soybean
koji is Jried ¢ 1 crushed to be mixe: in brine for fermentation lasting

ter. months or m ~.. 'ne mi., uic separated during fermentation is

called "laari’ wh.on is v.e! as &  oriiment just like soysauce.

Altnougn ine yoood o0 siiec varies widely derending or (Lo var:eties, moisture
COPLANYE AN roUAarIng Terl oo, tron Ty e o “rare, © ge of rice and
PR T T R R Yoyt NI, s T Lont velld e Coan 3t

V30 ke ol oEnlt oalnut o, e Lient o yello s B AR £ nutained.

Miso production as imdustry

The amount of miso of industrial production shows slight increase in
past five yia~c. Besides lndustrial products, home made miso are con-
sumed principa iy at farms. At present home made miso is roughly es-
timated 0C,00C metric tons, whereas commercial misc is about 500,000
metric tons ,«r year., [ue to the shortage of labor at farm industrial
misoc have gradually substituted for home made miso. The average com-
sumption of miso indicates slight decrease in the past ten years.

The industriaiization of miso making was proceeded remarkably after
1960 and some ol small factories began to amalgamate to a big factory.
The number of factory in 1965 was about 2,400, whereas in 1959 was
about 3,000. The total amount of miso produced by the top ten factories
marked 140,000 metric tons corresponding to 6% of the grand total pro-
duction. Twenty three factories have a capacity of 3,750 metric tons
per year, headed by the top of which capacity is 22,000 metric tons.
Cost of products depend largely on variety and grade., Salty rice miso

is 100-300 yen (28-83 cents) per kg, whereas white rice miso is 250-400
yen (70-110 cents) per kg.
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Industrialization of miso making

In these ten years equipments for continuous processing have been in-
troduced into miso industry especially in big factories. Special equip-
ments for con. nuous processirg are seen in the process of the cooking
of rice and soybeans.,

There arc several types of continuous rice cooker and a typical one
is shown in Photo. 7. The principle of this cooker is as follows,
Soaked rice is fe: _ontinuously on the pelt conveyor of stainless steel
net to be spr.ag ‘o a depth of approxamately 8 cm and then steamed under
atmospteri~ pressure during conveyance at a certain speed. Thus steamed
rice is transtered onto the be.t conveyor of stainless steel net wu a
depth of 3 cm and c.oled in the forced stream of cool air passe: througn
the moviag rice beli., vontinuous soybean cooker which was first employed
at shoyu factory for cooking soynean flakes or meal. Hecenily it was
introduced into miso in.ustry for cooking defatted meal, Jeilails of
this equipment are describec in "shooyu and its inoustrial production”.
Rotary fermenter is popular ¢ r maring kel in miso plant., Inoculated
steamed rice is put in large trummel in which forced air of controll
temperature is continucusly seni.. The trommel is rotated several times
to prevent rice from agglomeration and accordingly from local heating,
After finishing of fermentation ko i 1s mixed witn salt in the trommel
by rotation at higher speed (rhuta. oF.

Freparation of koji by a larve aumber of wooden tray has rnow become
somewhat! old~"asnioned and almost of K0jl dre prepared bv new-deve loped
metiod such as that exylained above. An automatic Measuring mixer ig
used for mixing cooked soybeans, saited koji, inoculum and water.

There are several problems in industrialization of miso making. The
control of microorganisms during fe mentation seems to be the most im-
portant and difficult, since the fermentation is proceeded under sgo-
called open system liable to be contaminated by microorganisms besides
the useful microorganisms inclwding salt resistant yeast and lactic
acid bacteria. As the result of the investigation Saccharomyces rouxii
and Torulopsis, Pediococcus halophylus and Streptococcus faecalis were
identified as useful microorganisms for miso. Pure culture of these
microorganisms is available now as starter Just like as lactic starter
when cheese is prepared in Europe.
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Distribution of miso

Miso was packed in a wooden cask of which capacity was LO kg to be
sold by mcasure at retail. At present, 20 kg of miso are packed in a
polyethylene bay covored with paper container as bulk package to be
sold by measure., Besi:es, small plastic bvags are employed for packag-
ing, especially for distribution thiough supermarket. To prevent swell-
ing of bags duriny ilstribution packed miso is pasteurizea in hot water
of 70 9C .or 3 minutes to raise the temperature ¢’ the center to 60 OC,
For this pu:sjose heat resistant plactic film, for examp'e, saran film
is suiitable. oinciall,; designed pasteurizers were introduced with a
purpose to paateur. > Con‘ inuous.y pricr 1o packaging into film vags
(Fhoto. 1%.. In order to ensure ‘he effect of the pasteurizer sourblc
acid or 'tis potascian sait io oifivialiy allowed t5 use at the level of
less than 1 g per ki ol »i8c. racrud Moo Wwas somctimes browned during
distribution and it was .lained by consumers, ful 1t was solved oy em-
ployment of pacnaging f1lm »f the least pev wabs i1ty of oxygen, storage

at low temperaturc i preweniion from metd. semaniaation.
Future prosject i iemaod Jor mlto

Alvhougn the rrotu-tion of miso is .ncreasing siightiy, the consump-
tion per heai nes obviously tecreased 1n amount., perhaps Lecause of
remarkable increase .n Lhe varieties and quantity of foods at the post
War. S alrealy mentioned, the ajpearance and consistency seems not
suitable for nandlin, , pacraging, ‘raus; ortation and stora.ce, and some
improvemen. in nis respect 1s expected to oe wriertaken as medern food.
Dehydration by freese arylpry procoeiure -ave cehydratea powier miso of
which moisture level 1s 4% or iess. The flavor oi the miso soup made
from dehydrated misu is employed as principa! ingredient of so-:alled
instant miso soup. Although the amount of miso used for dehydration
is estimated about 1f of the total miso, it is yrowing at high increas-
ing rate. The flavor of dehydrated miso is so characteristic and taste-
ful that it has potential to be used widely as ingredient of soups in-

cluding not only miso soup but also general soups.
Mycotoxins and fermented soybean foods

Since the International Symposium of Cilseed Protein Foods in 1964

active researches on the possibilities of presence of mycotoxins such
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as aflatoxin by Asp. flavus in the fermented soybean foods are being
done at the Food Research Institute and other research organizations.
Many sami .es of i3, shoyu and rice-koji were collected from all over
Japan for 5.5 urpose. Untii . w no aflatoxin was detected from any
of them. It may be, therefore, conciuded .hat no contamination of

aflatoxin is observed in the fermeited soyuean foods in Japan,

Shoyu and its industrial production

Shoyu (soysauce) is one of the most important seasoning in Japan. The
materials of sh.ru are soybeans, wheat and salt, This is salty, trans-
parent liquid, usually reddish brown in color and has a characteristic
flavor which is produced during fermentation. 5al: content is about
18%, nitrogen 1.5% and carbohydrate 3-Lf. Itis pil is L.A-C.1. It is
widely used in restaurants, feeding facilities and at home. They use
shoyu as seasoning for cooking and sometimes on the tabre, About
170,000 metric tons of defa'*ed soybean fiares are ws e P year for
the production of shoyu. uonsampticn of shoyu in a year 18 almosi the
tame in these several years.

Shoyu is consisted of amino acid, sugar amd other crganic compounds
whicn are produced from protein, carbohyurate and otner constituents
of defatted csoybeans and wheat by the cnrymes of Asp. orywae and also
of yeast or ..~teria developed during fermentation, Growth of under-
sirabtle microorganisms is prevented by sa.t and also organic acid such
as lactic acid produced by lactic acid bacteria at the processes of

fermentation.
Process of shoyu making (See Fiy., 1)

The normal process of shoyu making starts from shoyu-koji making.
At first defatted soybean meal . flakes are cleaned and made free
from foreign matter., After spraying water of a certain amount on the
surface of the meal or flakes, it is steamed under the pressure of 0.9
kg/cm?  for 50 to 60 min., taking care to prevent from local heating.
It is mixed with roasted crushed wheat and then with inoculum (tanekoji),
which is spores of Asp. oryzae and commercially available, a{ler being

cooled to 35-L0 °C. The mixture is incubated in a warm chambver to pro-
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mote the growth of the mold. In the process of growing of Asp. oryzae
the mixture is almost covered by the mold within LS to 65 hr and become
yellow in color. This is shoyu-koji, and mixed with salt water for
fermentation. Koji prepared from 1,200 kg soybean meal and 1,200 kg
wheat is mixed with L,3°C Litre of 1YBe salt solution. It is necessary
to agitate vigorously to make the mixture homogeneous. This mixture is
called "moromi’. Fermentation of moromi is made in large concrete tank
(Photv. 20) »r wooden vat for 8§ to 12 months. Frequent agitation and
aeration of moromi are necessary to proceed normal fermentation, pre-
venting ihe growth of anaerobic microorpanisms., Usually fermentation
starts from ipril and finish within a year. The change «f temperature
during this period is important for the progress of farmentat ion.,

After the fermentation is finisheu, moromi is sejarated into a liquid
part and solid cake by press. Wheu whole soybeans arec used as raw mate-
rial, the oil is separated a! 'hie upper layer of the liquidl. The main
component of the separated oil is ethyl ester of tie fatty aclds of
soyvean cil, which has a uncesirable olor and has no promising use.
Consequently, at present, defatted soybeans moderately toasted are used
ir.stead of the whole soyhbeans. The separated liquid, which is called
raw shoyu is pasteurized at #5-80 O%C. As precipitate iz formed by
pasteurization it ic removed by filtration. The transparent liquid thus
obtained is bottled in two litre jars, 100-700 ml plastic container for
home use (Ehoto.Zl) and also 1Y litre wooden cask, [Preservatives such
as butyl ester of p-hvdroxy benzoic acid and sodium bezoate is permitted
to use to prevent the growth of mold-like yeast (Zygosaccharomyces)

during storage.
Shoyu production as industry

From 1 metric ton of defatted soybean meal, 1 metric ton of wheat and
1 metric ton of salt, about 5,000 litre (sp. gr. 1.18) shoyu is obtained.
Commercial production of shoyu in a year is about 1.2 million kl. This
figure may be too much for corresponding to 170.000 metric tons of de-
fatted soybean meal. Perhaps this discrepancy may be for mixing chemi-
cal shoyu (acid hydrolysite of soybean meal) in commercial shoyu.

As shoyu is preservable and can be transported to any places by bottl-
ing in jars, tanks and other containers, its production scale is fairly

large. There are over L,000 factories in Japan and the average con-
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sumption of soybean is about 1LO kg per day. But there are several
large scale factories and some of them consume 170 metric tons of soy-

beans per day. Market share of the biggest five lactories is about

42.5%.
Nitrogen utilization ratio in shoyu making

In shoyu making nitrogen utilication ratio is practically very im-
portant. This ratio means how much nitrogen in the materials become
soluble in shoyu an: this is usually about ;O but varics dupend Ly on
many factors, such as steaming coniition of soybean meal, quality of
taneko 1 and also fermentation process. it was fows ‘nhat overueating
of soybean meal lower this ratic, perhapy Lecause f ditficnity ol en-
zymatic Jegradation of over-lenatured proieis. by clmloing the soecam-
ing conditinn of soybean mea  Lhis ratio can e ralsed v 0 Tress
ment of soyiean mea) with 94 hydrocnioric acid viincut a2t ing wheat and
then mixing with wioat or wheat Liran . .ocui .t UDOASDe 0rvzac iooalo
effective to raise tiw nitrogen ubi. sation ratic, fvbies neatraiiost ion
With souium carbonaie ther ave mi-el tocethor cith 21t Tiree moins
are eunugh for ¢rp'ete termentation, Ne-type .. cam convier e deve ped
for preventiug overheatin, of soisan meal. Loon al'er prossure . b in,:
of soybean mea! outlet pipe I tiw cooker is opencd Lo tecroite tne ine
ner pressure atvi then the tieam in the oker 19 . ' wited an ova ua e

by jet conderser to cooi Jdown .ne meal rag. il ooy S
Industrialization ot shoyu mai ing

Continuous cooker i3 also twing wieu in s:veral Lorge fac or 5. As
shown in Fig. 3 soybean meal ic preliminariiy prayed ' wa'cr and moven
slowly by conveyer Lo adsorb water completely. Thei © 1o vrausferd
by elevator Lo continuous coc-er. which is set L tined,  Lurdng moving
of the meal in the cooker by screw conveyor it s cometely 29w b,
Steam which is injected from the top of the “ooker. [Iho cnoaed meal Ls
cooled down rapidly by taking out frem t) ¢ sooker ar preventad froon
overheating.

In the small scale shoyu factories ko,i 18 made soi. | » traditional
way using a large nunber of wooden tray. As this method a. sarently
needs much time and labor, new equipments for making koji are developed

recently. Several k1 of the material is incubated on large perforated
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shallow case which is set in closed chamber (Photo. 22). By sending
forced air of controlled temperature to the material and occasionally
breaking of agglomerated rice koji of high quality containing less
bacteria can be prepared.

Instead of natural fermentation shorter (six months) fermentation
become possible vy con'rolling temperature. Starting from {-r-menta-
tion at 15 “C :»r one month, followed by B O¢ ror four montr and
finishing by 15 °C f»r one month, shoyu can be obtained which is the
same ir quaiity and yield wi.th those by natural fermentation. when
fermentation finis.os moromi is carried to the press by plunger pump.
Hydraulic press using nylon cloth is most popular. IU takes L-5 days
for pressing, »--:ause by repeating the press several timas in these
days water cont.. ! of the residue can be made below 308. Steam- jacketed
cooker has been v.delv used for pasteurisation, bul recently con*inuous
pipe heater >r ©la. ‘o necome more popular in larre s ale factories.
Automatic tvitie w 1 onouler have been very spular in shoyu

factories so loinr ‘dne.
Special shoyu

There are deveral special shoyu beside above "ent.unec . rmal shoyu.
In western Japan light-colored shoyu is fairly popula., hugh its
amount is below 10t of the tota!l shoru productici. To mte o 1 of
shoyu light, whole soybeans are desirable and they must be cooked in
water instead of in steam. NK-type cooker is satisfactory for this
purpose. High sa(t moromi is also favorite to prevent browning.

Tamari is soygauce which is mave only from whole soybeaus or lefatted
soybean meal, The method is similar to that of soybearrmiso which is
described already, because formerly in the process of soybean-miso making
tamari was made as juirce from the miso. At present the voth are made
separately.

Chemical choyu which is made by acid hydrolysis of soybean meal and
other protainous materials is being used for mixing with shoyu, though
high quality shoyu does not usual ly contain chemical shoyu. Soybean
meal is heatod with 18% hydrochloric acid for 8-10 hr to hydrolyze
protein into amino acids. After neutralization with sodlium carbonate

it is filtered to remove insoluble substance. Chemical! shoyu is rich

in amino acid and tasty, but has undesirable odor rather than the flavor




oot R

of shoyu.

Sumary

Traditional soybean foods such as miso, shoyu, cofu ind natto and also
new soybean (ool materialc inciusing spun protein were Adescrives fro.
industrial view noint, The traditional goybean foosd are sUi11 consumed
in large quantities in capea -1 it iy worthy tha some 1 ther
which hive been somewi. .. loca. ire bec ming - ,ilar sy cdeve lopment
mass produclion and alsu adv cements .n packayin, . owcess and 13-
tributicn svstem,

Several kiris of new - ynear " d cvarials are now o s ot aoe
in industrial scale '~ .o usod ac supplerents in meat procucts, @ oom
the situation of supply and Jemand in aniral indus Sy, it 18 toa ot

soybean . . w tinding new ;v .mising fie!i - .ce iy sapan,
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Fig.l Flow sheetls of production of traditlona. soy "in foods in Japan,

Flow shee: of tofu productlion

(Water) L{Hesiuue, i(ba‘ “ium sulfate)
(Soyoesn} {soaicing |or insing} (Hoat inghFiZtratont {soysean i 1
s (Whey )

oagalation] {Molsing} [Soaxing! (Tofy

Flow sheet of kori-tofu production

(Calcium chloride)
[Soybean}-{Soybean milk}-{Toful-{Cut ting|{Freez ing}{Aging/{Thawing}—

{Pressing }-{Drying]{Ammonia gas trea tment|{Pac kagingH{Kori-tofu]

Flow sheet of yuba production

[Soybean]-{Soybean milk|{Heating (film forming)}-{Scooping upHDrying}—

1¥(Soybean milk)

Yuba
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Flow sheet of kinako production

[Soybean Hrtoast ing }{Dehulling]-{GrindingHKinako]

Flow sheet of natto production

{(Bacillus natto)
[SoybeanH SoalcingH* s0king}{ Cooked s oybean}{Tnoculation - Mixing] -

{Weighing- [PackagingH-[Fernentat ionHNatto]

Flow sheet of miso production

[Seybean}{Soaking}H{CaokingHCooked soybean}

(Inoculum)
_ !‘(Asp._moryzae)
[Biceq-{Soaking}—’LSteaming}—gnoculationwjr»gKojﬂ»—{' Salted koji (Water)

--l Fermentation}H RipeningHHashingHiiggj

Flow sheet of shoyu production

[Defatted soybean} WateringH Steaming]{ Cooked soybean ——
|
IWheat}«{qustingHCmshing Roested wheat|— |

}(Asp. oryzae) (Salt solution)

“Inoculation}——{Shoyu kojil—- -1 {Horoni}{Fermentation}
Reaoidiues o
—i Pressing ——{ Raw shoyu}—-@asteurizationH Shoyu|

- 29 -




cooker

water taok

: water pipe
steam pipe
exhaust pipe
presjure guage
. safety valve

: motor

: worm wheel
10: outlet pipe
11: nutlet pipe
12: vacuum pipe
13: suction pipe
1l;: pressure guage
15: thermometer
16: chack valve
17: jet condenser
18: cooling pipe
19: motor

20: turbine pump
21: water tank
22: water pipe
23: overflow outlet

N -

O @~ W

Fig. 2. NK-type soybean cooker (by courtesy of Kikkoman Shoyu Co. Ltd.)e
(capacity: 1 metric ton of defatted soybean meal)
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Fig. 3. Continuous cooker of soybean meal (by courtesy of Yamasa Shoyu
Co. Ltd.). (capacity: 1 metric ton of defatted soybean meal per hour)
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Photo. 1. Tofu soaked
in water for sale.

Photo. 2. Large-scale
tofu factory (by cour-
tesy of Tokyo Tofu Co.
Ltd, ).

Photo. 3. Continuous
cooker of ground soybean
(by courtesy of Masuko
Sangyo "o. Ltd.).



Photo. L. Decanter, a
vind of continuous centri-
fuge (by courtesy of
Yorusan Seito Co. Ltde).
‘capacity: 3,000 kg of
sround soyb:ans per hour)

Photo. %. Factory of
nackes tofu from spray-
Aried soybean milk [+
courteiy 0oL Nippon {anpak
Py U0 L)

Photo. 6. Continucus deep-frier for aburage (by courtesy of
Iwase Tekkosho Co. Ltd.). (capacity: 1,000 to 1,500 products

per hour)
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Yhoto. 7. Kori-tofu (Left
one on the dish is swollen
by hot water).

“reto, B, Birds-eye view of
large scale fta~tory oi
-ori-tofn {(by courtesy of
“isuzu Tofu Co. Lbd.).
cavacity: 10 to 1Y neuric
ons of Go; heans per das

thote, 9. Sonaking of la g
cake of tof: for precocling
vy courtesy of Misuzu Tofu
e H;d.).




~ | Photo. 10. Continuous
freezing equipment of
tofu (by courtesy of

Misuzu Tofu Co. Ltd.).

Photo. ll. Continuous thawing
apparatus of f{rozen tofu (by courtesy
of Misuzu Tofu Jo. Ltd.).

(capacity: 10,000 to 15 00 pieces
per hour)

itioto. | . Yuba plant (by cou-
rtesy of Ohara Co. Ltd.).




Fhoto., 13. Natto mixed
up by chopsticks.

Photo. 1. Inside of
fermentation room for
natto making (by courtesy
of Suzuyo Kogyo Co. Ltd.).

Photo. 15, Miso taken
out from package.
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Fhoto 16. Rotary cooker
of soybean (by courtesy
ot Hinode Miso Co. Ltd.).
‘capacity: 1 metric ton

Hf soybeans)

Photo. 17. Continuous
rice cooker (by courtesy
of Hinode Miso Co. Ltd.).
(capacity: 1.5 metric tons
of rice per hour)

Photo. 18. Koji fermenter
(by courtesy of Miyasaka
Miso Co. Ltd.).
(capacity: 1,8 metric tons
of rice by each fermenter)




(Photo. iY, FPasteurizer of miso ‘by courtesy of Nagata Machinery Co. Ltd.).
(capacity: i metric ton of miso per hour)

thioto, 20, Fermentation
tank of moromi (by cour-
tesy of Kikkoman Shoyu Co.

?,l_,—t). ).
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«w Photo. 21. Shoyu in bottle
and plastic container.

Fhoto., 22. Large-scale
ko i fermenter (by courte-
sy of Yamasa Shoyu Co.
Ptde )












