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1 GENERAL INTRODUCTION,

It is a wellknown fact that the rapid increase of the population
in the world creates difficult problems as regards the safeguarding
of its food supply. Although a number of countries have the dispo-
sal of suffiecient sources to warrant a good nutrition of its popu-
lations, too many other countries are not able to meet the food re-
quirements considered as a minimum for the sustainment of life.

- From the nutrients at play especially the proteins are indispen-
sable for the building up and maintaining of the human body. In as
far as the underfeeding refers to warm climates the role of fat is
of less importance,

Although this publication is not meant as a nutritional study it
“may be useful tocite some figures which mey serve to gain an under-
-standing of the background of this work. VISCO (1955) of the In-
Stitut National de la Nutrition, Rome, made some calculations as-
-suming a protein requirement of 1 gram/day per kg of body weight
and an optimal ratio of 1:1 between animal and vegetable proteins,
-galculated in this way the daily, individual requirement of total
protein amounts to 60 grams and of animal protein to 30 grams. From
literature it appears that the consumption of total protein in tro-
‘pical countries is near to these 60 grams, However, from the most

important sources of animal protein, meat and milk, the average
daily consumption is only o and 9.3 gram respectively (world avera-
ge), According to Visco this figure is even rather high and a het-
ter understanding might be obtained if the maximum and minimum con-
< sumption of animal proteins of the different countries are taken
into account,

Maximum consumption - Minimum consumption
of animal proteins of animal proteins

_ Asia 17.8 g/day 1.6 g/day
Africa .26.1 5.7
Europe © - 69,5 - 7.7
South-America 72.3 16.1
North-America 60.5 . %0,-

From these figures it may be seen that even the maximum consump-
‘tion of animal protein in Asia and Africa -where more than half of
the world’s population is accumulated- is below the daily required
amount,

. As it will not be easy ‘to increase rapidly the production of
anlmal protelns in underdeveloped countries the use of vegetable
proteins of high nutritional quality. should be emphasized,



One of the most important sources suited for this purpose is the
soybean, of which the proteins are highly nutritive. Besides the
cultivation of the_sbyhean has many attractive points., First, the
soil and climate requirements of the crop are not high. Second, the
yield per unit of area is high, while third the protein content of
the beans is very high. Lastly, the amount of labour necessary to
raise the proteins is low in comparison with many other proteins,

LAGER (1945) quotes figures from the U.S. Dep. of Agric., Bureau
of Economics (R.P.Christensen):

AVERAGE OUTPUT OF PROTEINS PER UNIT OF RESOURCES

Pounds per Pounds per
_acre 100 hr of labour

Milk, whole 39 . 88
Ezgs . . 25 - B6 -
.Beef cattle 7 45
Wheat, whole flour 90 . 1002
-Potatoes . . - 1118 174 .

... Peanuts S 118 . '200
Soybeans . 339 . 2821

_Inorder to get a notion of the importance of the soybean we fur-
ther mention some figures on the production and uses, The Yearbook
of Food and Agriculture (1956) gives the following data.

PRODUCTION OF SOYBEANS IN 1955 (1000 metric tons)
' ~ Europe - '
North America 10320
Latin America . _ 120
Near East . ' 10
Far East o 10350
Africa o ' 50.

USSR ' ?

In North America the greater part was produced by the United States
(10186),  while in the Far East China (9144), Japan (504), Korea and
_I‘_ldones_ia produced the most soybeans, LR -

s Az;zordi_ng.- to _BURT IS8 (1950) from prehistoric times to 1908,
oybean p;oductmn and trade in soybeans, soybean cake, and soybean
,.Oil were -c.:ohfined'almost"exclusively to eastern-Asia, A second sta-
i::"tendl_“glfr?m 1908 to 1939, ‘was marked by large exports of soy-
ans and soybean oil from Manchuria to Europe, where the-soybean
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was one of the leading raw materials used by the oilseed-processing
industry. A third and present stage is marked by the pre-eminence
of the United Statés in production and processing soybean for oil
and meal, This phase ‘began in 1940 when wAT dlsrupted the trade be-

* tween Manchuria and Europe.

It has been estimated that in China 55% of the crop is used in
food products such as bean sprouts, soybean milk,and soycurd (»tofu*),
These foods supply & very considerahle part of the protein in Chi-
mese diets, Soybean curds, prepared in numerous forms, are roughly
equivalent to meat in oecidental menu. Ten percent of the Chinese
output is fed to animals, 8% is used for seed, and most of the re-
maining,ZT% is crushed for oil and cake. The o0il, in turn, is lar-
gely used for food, while most of the cake is returned to the soil"
as fertilizer, Most of the Manchurian export of soybean cakes were

_destined as fertilizers for the rice fiels in Japan, and the sugar

cane plantations in Taiwan and Southern China,

;Also in Japan food products derived from the soybean play an im-
portant part in the Japanese diet. The leading sdybean product con-
sumed in Japan is »misor a fermented product made from soybeans and
rice; Before the last war about 67% of the soybeans consumed in Ja-
pan was used for food products. 22% for oil and cake, and 11% for
seed.,

In Indonesia soybeans have been grown since antiquity. and are
widely used by the population for food preparations. However, it
has never been so important as in China, Korea or Japan, Introduc-
tion of selected high-yielding varieties from Taiwan increased the
production of soybeans. '

' In EUROPE, except in the Danubi&n countries, soybean producti-

" on has never attained commercial importance. About 1935 the Germans

began a programme of encouraging large-scale plantings of soybeans
in the Danubian countries, particularly Rumania and Bulgaria, by
guaranteeing a specific price for the production for contracted
acreage.. This was part of the German effort to become less depen-

dent on overseas sources for foodstuffs.

The leading world importer of soybeans between the two world wars
was Germany. Beginning in 1934 the net imports into Germany decli~
ned materially, largely as a result of a drive for greater self-
sufficiency in fats. The soybeans imported from the Balkan were of
high quality and were used almost entirely in the manufacture of
fullfat soybean flour and flakes for the German army.

. After the war, the American army shipped substantial quantitles of
soybean flour (mostly lowfat) and moderate quantities of soybeans
and . soybean oil to western Germany, - .



Up to 1898 only eight varieties has been brought tothe UNITED
STATES. In that year the Department of Agriculture began to in-
troduce new varieties from the East.By 1937 more than 10.000 selec-
tions, representing 2500 distinct types, had been. imported and these
introductions formed the basis of a vigorous program of varietal
research and selection. -

-Varietal selection has tended to produce three d1st1nct types of
soybeans grown, for processing for oil, for hay, and.for use as a
vegetable.Hay varieties are usually distinguished by black or brown
seeds, and are finer-stemmed and more leafy than the yellow-seeded
varieties. Soybeans specially adapted for direct human consumption
are known as edible or vegetable varieties. The most suitable va-
rieties are those with strawyellow, greenish-yellow, or green seed,
.These varieties are generally easier to cook and more palatable
than others. They may be used either green or mature. Vegetable va-
rieties wsually have larger seeds and contain more protein and less
oil. B T . .

However, soybean meal for livestock is the major soybean protein
product in the United States, In 1942-1947, 90 to 95% of the total
output was used for feed, Since 1941, soybean flour has been the
principal soybean protein product other than meal. After the.end of
the second world war large orders were placed by the United Nations
Relief and Rehabilitation Administration for relief feed1ng in Eu-~
rope and Asia,

From the foregoing it is elear that in some East and Soui:h._East
Asiatic countries the processing of soybeans for food purposes has
been a well established habit from ancient times, In fact, in China
the use of derivatives of the soybean originates from about 3000
B.C. In many other countries, however, the use of soyproducts is
little known. Especially for the underde'velo;)ed'countries knowledge
of the technology of these products is useful to meet the food de-
mands of its growing populations,

Regarding the long history of the soybean 1t is not surprlsmg .
that many soybean products have come into being. One of these pro-
ducts is soymilk,a foodstuff which has .already a very long history.
This milk is the starting material for some other products derived
from it, such as.soy cheese, soymilk powder, concentrated soymilk,
etc.Although these products certainly are not new, they have hardly
been studied (at least in European languages not many data on these
products are.known). As, moreover, extension of the use of soymilk
and. derivatives .is desirable, it was considered important to under-
z:ge atstuda? of the manufacture of soymilk and some derivatives in

er to 1mprove the qwa.ht.v the yield a.nd to . lower the cost price,
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2 THE SOYBEAN
- plant: history,: charactefisfios
" seed : structure, compositlon, proteins

. The early history of the soybean 11ke that of most 1mportant food.
crops, is lost in obscurity. According to MOR SE (1950) ancient:

Chinese literature reveals that the soybean was extens1ve1y culti- ..

vated and highly valued as a food centuries before written records
were kept. ‘Many of the early writings record the ‘advice of agricul-
tural experts.on soil preferences, proper time of planting, methods
and rates of planting, the best varieties to plant under different
conditions and for different uses, .time to harvest, methods of sto-
rage, and utilization of the many varieties for different purposes.
Some of this expert advice goes back as far as 2207 B.C., indicating
that the soybean was perhaps one of the oldest crops grown by man,ﬂ
~The yellow- and green-seeded varieties were regarded as valuable
foods. for the use of mankind, In addition to the uses of the beans,
" many references were made during the centuries to the processes of
preparing and the value of soybean sauce, soybean milk, soybean
. curd,soybean paste, and soybean sprouts, ‘not only for food but also
B to treat various diseases and body ailments,

The soybean has been referred.to as Glycine hispida (Moench)
Maxim, The late Dr.Piper came to the conclusion that it must be
named Soja max (L,) Piper. Other botanists still call it Glycine
max (L. )Merrill.The name soya comes from the Chinese word »chiang-
¥yiu” which means soy sauce, pronounced in Japanese .as "show-yu” and
contracted into "so-ya"

| The soybean has its origin in eastern Asia and is believed tohave

. been derived from Glycine ussuriensis, which grows wild throughout

much of eastern Asia. A plant with characters hetween the wild and

the cultivated species has been described by a Russian botanist as

Glycine gracilis Skvortzov, There is little doubt as to the origin

of the cultivated plant, since apparently none of the other wild"
plants. found until now can possibly be its ancestor.

- The cultivated soybean plant is an' erect, branching summer legume,
;wh1le the wild plant is a slender, twining variety. A complete se-
ries of forms connect both- ‘types of varieties. The varieties, which
are very numerous,range in maturity from very early (about 75 days)
to very late (200 days or more). With few exceptions, earliness is
correlated with size,. the tallest varieties being latest. Nearly
‘_all varleties are pubescent that is the ‘stems, leaves and pods are.
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covered with tawny (brown) or gray hair, Several yellow-seeded va-
rieties are entirely glabrous, that is lacking in pubescence.

The plant has trifoliate leaves, each compound leaf being made up
of three leaflets, Occasionally varieties occur with four or five
leaflets, especially some of the vegetable types and early Siberian
types. In general the leaflet is ovate, lanceolate, but in some va«
rieties it is narrowly lanceolate or almost linear.

The small, inconspicuous flowers borne in axillary racemes at the
nodes are either white or purple, The flowers first appear at the
base of the stem, then progressively toward the tip, the period of
blooming not being over three weeks. ,

The pods, one to four inches in length, have colours ranging from
straw-yellow over gray and brown to black.The beans in one pod num-
be two to three; they are yellow, green or black in colour. .

The ‘soybean seed is a typical legumeseed, Its weight varies from
“about 2 g per 100 seeds to over 40 g per 100 seeds in certain vege-~
table varieties (WILLIAMS , Markley 1950). Most varieties in com-
mon use weigh between 10 and 2qﬂ g per 100 seeds. Seed size is quite
dependent on environmental conditions but relative sizes are quite
constant,. Soybeans vary in shape from almost spherical toelongated
or flat, : :

The most extensive data on the microscopical structure ofthesoy-
bean come - from KONDO (19812). He studied the anatomical structure
of a number of variefties from Chine and Japan, and made the follo-
wing observations.

The seed coat consists of four layers, a palisade layer, the co-
lumn cells, the spongy parenchyma and the aleurone layer,

The epidermis:is made up of palisade cells, 40-60 u in length and
10-20 u in width,The cellwalls are thick and the -lumen becomes nar
rower in the direction of the surface of the seed coat. The walls
themselves are always colourless. The colour of the seed coat is
Iocated in the lumen.

The columncells form. the second layer.These cells are shaped like
hourglasses, each end being hexagonal, and are a little longer than
the palisadecells, Owing to the form.of the cells there are large
intercellular spaces. The cells and the intercellular spaces are
empty.. The hourglass cells separate readily from adjoining layers
and from each other and by their characteristiec form furnish a means
of identifying soybeanmeal The columncells are 27-70 1 long and
16=-27 u wide."

.Below the columncells is a layer of spongy parenchyma consisting
of about 7-8 rows of empty cells ranging in width from 40-60 mi-



crons, In a dry condition this layer is very thim, because the cells
are much compressed radially. _ o '

The aleuronelayer consists of asingle series of moderately thick- -
walled cells with dense protein (aleurone) contents, In. a tangen-
tial section the ‘aleurone cells are seen to be rectangular or poly-
gonal, The other rows of cells are compressed into a c¢olour-less,
fiberlike layer. e :

The hilum is 2.5-4.0 mm long and 1,0-1,5 mm wide. It consists of
a double layer of palisade cells, a.fibrovascular bundle,.a layer
of starshaped cells, spongy parenchyma and an aleurone layer,

The palisade layer consists of two rows of cells, differing in
" ¢olour. The cells of the guter layer are 59-87 u long and 7-10 u
wide, those of the inner layer are 39-59 u long and 9-12 u wide, So
the outer layer is somewhat thicker than the inner. Another diffe-
rence is that outer layer is usually yellow in colour, while the
inner layer is. brown, green ete.

Below the palisade layer lies a layer of starshaped cells with
thick walls. The cells contain a redbrown protoplasm.

In the middle of the hilum lies the fibrovascular bundle surroun-
ded by the starshaped cells, The bundle consists of -spindle-form
tracheids with reticulated walls,

- The spongy parenchyma and the aleurone layer have the same struc-
turg as already described for the seed coat. It is Important to no:
. tice that in the spongy parenchyma there are two fibrovascular
bundles. ] : .

The -columncells are .not present in the hilum, but near the hilum
these cells are extraordinary long, In the vicinity of the hilum
the columncells are 150-175 u lbng and 27-31 u in width and thus
they are 2.5-4 times the lenght of the palisade cells. The further
from the hilum the shorter the columncells become and &t the flat side

of the seed the columncells measure only 0.7-1.0 times the palisa-
de ~edlls, ) - ) . .

' The embryo consists of two seedleaves (cotyledoné),‘the primary
leaves (plumule) and the hypocotyle, whose root end (radicle) is at
the micropyle., The seed: leaves ‘usually are flat and elliptieal,
- the two primary. leaves are ovoid and free of starch, while the root-
let is a little bit curved and. perpendicular.to the primary leaves.
- The "cotyledons ordinarily are yellow-coloured, The inner and outer -
EDldermis consists of small cells, filled with.small grains of
~&leurone. Below the inner epidermis are 2-¢ rows of palisadecells,
-‘making up about. one. third of the cotyledons. The following rows
consist.of still: longer cells and -the last-one or two rows sre made

8 .



~up of isodiametrical cells directly below the outer epidermis. The
palisade cells are 82-105 u long and 11-24 u in width, but in the
middle of the tissue the cells measure 94-188 u in length and 24-42
u in width, These cells are filled with large grains of aleurone
and fat. The aleurone grains are elliptical or polyhedral in form
and very big (5-16 u).The Chinese varieties have bigger grains than
the Japanese, The cells contain much o0il, which is located between
" the aleurone grains.

According to literature soybeans are starchfree. As regards this
much disputed point KONDO, however, has found that some of the
examined varieties do contain starch, The Chinese varieties and one
Japanese variety were free of starch. The starch grains are small
and irregular in form. The outer, about one third part of the coty-
ledons are free of starch and it is the inner part that contain the
starch grains,

As to the chemical composition, Morse has quoted figures from
LECHARTIER (1903}, being the most extensive of its kind., For
the weight of the stems, leaves and pods the ratio 25.45 7 40.18 :
34.37.was found while the dry plant proved to contain 11, 96% of
‘protein, of which 6,24% is present in the pods.

The different parts.of the heans have the following composition.

Prbportions Dry Nitrogenous Carbohy- Fat = Ash
of the seed matter substances  drates '

Entire seed  100.%  90.18  38.06 12.06  17.80

4.44
Cotyledons 20 89.43 41,33 14,60 20.75 4,38
Embryo 2 -87.99 36.93 17.32 10.45 4.08
Seed-coat - 8’ 87.47 7.00 21,02 0.60 3.83

From these figures it may be seen that most of the protein _ichon-
centrated in the cotyledons.

As regards the chemical compésition of the dry matter of the soy-
bean, including seed coat, CARTTER and HOPPER (1942) made ex-
tensive studies on the average composition of 1g varieties of ‘spy-
bean grown during 5 years in 5 different localities, They..artivéd
at the following average composition, '



Drawing of
Lincoln - -soybéan’ seed

Cross section of soybean seed cont
and ‘portion of cotyledon showing: spermederm
showing: A, hilum; e, which consists of p ep palisade cells of epidermis;

chalaza; m, ‘micropyle; s ep hourglass cells, and per, parenchyma, botk
and hy, hypocotyl seen of subepidermis; qf, aleurone cells; and com,
" through the testa. - compressed cells of the endosperm; cof ep,

cotyledon epidermis; and cot, aleurone cells of
cotyledon. . :

Fig 2%, Structure of the soybeen seed Ujkler Willavwa )
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AVERAGE CHEMICAL COMPOSITION OF SOYBEANS OF TEN
- .VARIETIES, ON-AMOISTURE-FREE BASIS,GROWN IN FIVE
LOCATIONS IN FIVE CROP YEARS.

Crude proteln : 42,78% "Phosphorus 0.659
Crude oil . 19.63 . Potassium 1,67 .
crude fibre . - 35,52 Calcium 0.275
Sugars (as sucrose) 7,97 . Ash 4.99

' Besides the wellknown fact that the soybean is an oilseed, the bean
also proves to contain a very high percentage of crude proteln as
may be judged from these figures.

On comparison of the composition of the soyproteins with that of
animal proteins (both in the form of milk} a marked resemblance is
evident. We cite the following figures from the F.A,0. Nutritional
studies No.g (Brock and Autret, 1952). '

- Cow's milk Soybean milk
_ g per litre g per litre

" Arginine 1,26 2.8 -
Histidine - = 0,91 o1 .Y
Lysine . = - - 2,825 2,40
Tryptophane 0.525 0. 56
Phenylalanine 1,785 1.95

* Methionine 0. 840 0.56
Threonine  1.505 : 1,57

- Leucine 3,434 ' 2,93
Iso-leucine 2,625 2.09
Valine . 2,52 2.00

Proteins 35.00 © 35.00

The authors conclude that the amino-acid content of soymilk is
comparable to that of cow’s milk, except in methionine. The methio-~
nine content of soymilk is, however, double that of the milk of the
European mother and three tlmes that of the milk of the African.
mother,

11
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. —Cross-section of hilum of a véllow soybean from China. PI, outer
palisade layer; P, inner palisade layer; S, asteroid parenchyma; Sp, spongy
parenchyma; F; fibro-vascular bundle; F, fibro-vascular bundle of the testa;

' A, aleurone layer; Sz, hour-glass cells. (After Kaondo.)

Embryo of a yel | ) Soybean. Cells of
low soybean seed from Japan. " the cotyledon filled with fat, pro-
L Whols embryo from the ven- -  tein and starch; P, protein; 8,
tral side. II, Half of embryo  starch. (Ajfter Kondo.) )
seen from the inner side. III.° P
The two leaves of the plumuie.
C, cotyledona; W, hypocotyl;

- B, leaves of plumule. (After
Kondy.) :

- Fig 2B Structure of the soybean seed,



3 MANUFACTURE OF SOYMILK

3. i Introduction. .

The first statements in old Chinese 1iterature on the processing
of soybeans do not seem to relate to soymilk as such, but to *tou
fur & product derived from soymilk. As, however, the first neces-
sary phase in making toufu is the preparation of soymilk in this
chapter we draw attention to the first known reference to making
toufu. This first statement is already found in the Han Dynasty
Taoist work, Huai Nan Tsu, or writings of Liu An, a prince of Huai
Nan who died in 122 B.C.(MORCE, Markley, 1950).

However, as has been mentioned- before, the plant has been known
since about 2800 B.C. and besides ancient literature reveals that
the soybean was cultivated and highly valued as a food centuries
before written records were kept. We may therefore safely assume-
that the processing of soybeans dates back to before the period of
the Han Dynasty..

It:is very likely that Chlnese and Japanese workers already made
extensive studies of the processing of soybeans., Data in languages
accessible to European research workers did not appear earlier than
the beginning of the 20th century .however, Examples are the work of
Inouye (1897), Katayama (1908), Li (1911i) and others,

The soybean was first brought to the attention of Europeans by
the German botanist, Kaempfer, who.spent two years (1691-92) in Ja-
pan, Although he discussed in detail various food products prepared
from the soybean, little interest was taken in the crop and it was
not until the heginning of the twentieth century that the produc-
tion of soymilk and derivatives was started on an industrial scale.
This was done. about 1910 near Paris and at Frankfurt in Germany

(INST. INT. D*AGRIC., 1936),After theSecond World War a
soymilkpowder plant built by Miller for the Chinese Government was
completed (SMITH, 1948), while in the United States another plant
- was located in Ohio (LAGER, 1945).5ince then several other plants
seem to have been built in Asiatlc countrlesr

Sbymilk may be described as a stable dispersion of water-disper-
- sable constituents of the soybean, Depending upon the raw material
and the method of manufacture the dry matter comtent is about 10%.
“this dry matter mainly consists of proteins, fats,- and sugars,
"~ In the following table some flgures on the comp031t1on of soymilk
are showmn. .
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Java Japan . China ~India.. U 'S8 A . Human Cow

Prinsen- Kata- Chiu  De Markley milk milk
Geerligs yama 1927 1948 1950
1896 1906

Proteins 3,13 % 3.02% 5.72% 4.2 % 2,79 % 1.25'% 3.50%
Fats 1,89 2,13 | 2444 3.4 - 2,22 2450 4,00
Sugars - . - 0,43 1.8 . 6.05 . 6,00 3.25
Nefree extr. ) - 1.88 - - - .- -
Ash 0,51 . 0441 0.73 " . 0.75 0.94 0.25 0,75

Soymilk has a cream yellow colour and ‘in‘a raw State it smells of
raw beans. This beany odour disappears in cooking and then a typi-
. cal flavour of cooked soymilk develops which is much appreciated in
countries where soymilk and derivatives forman integral part of the
diet. According to LAGER (1945) the handicap of unpalatability
has been conquered by physical rather than chemical methods,so that
the milk is sweet and rather nutlike. i

Literature data concerning the pH of the milk are contradictory.
According to BLOCH (1506) the milk is slightly alkaline, while
PRINSEN GEERLIGS (1896) states that its reaction is mild
acid, Since the milk can be-prepa.r'ed in many ways it is quite pos-
sible that the method of manufacture also influences the reaction
of the milk. According to MATAGR IN (1939)the boilig ‘pojnt is about
101%; . the milk r1ses in boiling, forms a film and may cause in-
crustation,

The raw soymllk deteriorates rapldly. If raw soymilk is left at
room temperature it separates into two parts. The lower part is
whitish and resembles the curd of animal milk and the upper part
has a transparant, greenish yellow colour (MONNIER, 1§35).If the
milk is boiled it can be preserved for a much longer'time. "It is
only dfter 15 to 29 hours that symptoms of putrefaction appear,

Concerning the tuberculose~bacteria, MATAGRIN (1939) states:
»I1 garantit par rapport au produit animal unavantage d’extréme im~
portance: 1’absence certaine de bacille de Koch, dont la présence
assez fréquente dans le lait de vache ménage de contagion tubercu-
leuse plus encore les animaux domestiques que les nourissons, puis-
" que la stérilisation ou la pasteurisation se generalisent auJOUI"

d*hui dans 1’allaitement artificiel'.. '

On microscopic observation a large number of fat globules are vi-

sible in the milk. The smaller globules are in an animated Brownian .
movement. By far most of the fat globules are between 0.5 to 1 u in
size; larger globules of from 10 to 12 .u rarely occur,
MATAGRIN (1939) states that no starch grains are present in the
milk, while the milk does. not react to colouring methods of iodine
dissolved in KJ, methylencblue or rutheniumred.- S

Photo 1 is a microscoplcal photo. of soymilk made by us..



3.2 Literature.
3.9.4 Methods of menufacture.

bata on the method of manufacture of soymilk as applied by the
populations of several countries in East and South East Asia are
very numerous. SMITH and BECKE L' (1946) have compiled the exis-
ting literature on the preparation of soymllk, The references num-
ber 7, of which 33 are patents.

To illustrate these original manufacturing methods we will cite
some authors.

According to PRI NSEN-GEERL IGS { 1896y on Java, the beans,

after being soaked for 3 hours, are ground between two stones. The
thick liquid is boiled after which the mass is filtered through a
cloth,
" BLOCH (1912) describes how in Indo-=China the beans are ground
after being soaked overnight.The grinding is performed by two mill-
stones and adding a constant supply of water. Then the disper51on
is filtered through a cloth.

LI YU-YING (19i2) states that-in China the beans are soaked
for 18 to24 hours after which they are ground with asuitable amount -
of water. The grinding is performed by two millstones of from 0.5
to 1 meter in diameter. The thick liquid is received in a tank and
then filtered through a linen cloth.

In the report of SMITH (1948), who visited China, Korea, and
Japan to study the processing of the soybean inte food products, no
principal changes are found in the methods of manufacture,He states
that in China the beans are. carefully washed and scaked in water
for 6 to 7 hours in summer and 24 hours in winter.Then the beans are
ground in a stone mill and the ground mass is filtered throuzh a
filter cloth, The ratio between water and:beans -is ten to one.

"INOUYE (1881) states that in Japan the beans are soaked for
about twelve hours amd then ground between mill.stones until a uni-
form mass is obtained. This mass is boiled for half an hour with
three times-as much water, after which it is filtered.

In the following short discussion we will consider the research
work done on the manufacture of soymilk,'

‘The work of CHIU (1927, Cornell) is moreconcerned with. the phy-
sical and chemical. properties of soymilk than: with its manufacture.
The physical part of his work deals with specific gravity, freezing
point, electrical conductivity, viscosity, refractive index of se-
rum, dialysis, pH, and keeping -qualities. The chemical part deals
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with the general composition, effect of soaking composition of the
fat, kind of pruteins, composition of the serum,_and'action of fer-
ments.

Chiu used two varieties of soybeans, Manchu and Black Eyehrow,and
followed the Chinese method of preparing soymilk. The soaking pe+
riods were 2, 4, 6, and 8 hours respectively. Two hundred and fifty
grams of beans were soaked in 1,25 1 of water, Then the beans were
ground in a stone mill, 1 1 of water was added, and the beans were
eround again until they were very fine.The milk was-filtered through
bags made of cloth. After separating the solid particles from the
liquid the milk was received in containers,

The specific gravity proved to vary with the times of soaklng as
the scaking time increased the specific zravity became higher, If
the percentage of dry matter varied from 10,0 to 12.0% the specific
gravity ranged from about 1,0295 to 1,0315,

The relative viscosity of the milk was calculated by dividing the
time of flow of a definite volume of milk through a capillary by
that of water at the same temperature (25°C)., Viscosity ranged from
2.75 to 3.65 for 11,0 to 12.0% of dry matter., The variety Black
Eyebrow consistently gave higher values than Manchu,

The pH determined at 26°C was 6,43 for Manchu after 6 and 8 hours
soaking, For Black Eyebrow these values are 6.52 and 6.53 after 6.
and 8 hours soaking. He came to the conclusion that soymilk is only
slightly more acid than cow milk, Soymilk colours lithmus red.

The composition of the milk will vary with the varieties of beans
used, the methods of manufactuore, ~and the times of scaking. Accor-
ding to this worker there is a limit to the extraction, as it was
not possible to extract more than 20% of the solids of the beans
with water.

In making soymilk the beans have to be:soaked in water to facili-
tate grinding. It has been shown that' long soaking removes the:.un-
pleasant odour of the heans and increases the percentage of the to-
Fal solids in the milk, If the water in which the beans are soaked
1s used to make the milk, the substances extracted by the water are
retained in the milk. According to Chiu it is not advisable to soak
‘the beans for more than 8 hours, as otherwise the loss of total so-
lids extracted by the soaking water will be too great. The fat con-
tent increases with longer periods of soaking, After 2 and 8 hours
the fat content of the milk from Black Eyebrow is 2.31 and 2,56%,
and from Manchu 2,23 and 2.44%. For Black Eyebrow the protein con- '
_tent is 5.73 and 5.90% and 5.59 and 5,725 for Manchu, :

Many trials were made for determining fat in soymilk by the Bah- -
cock method but they were not succesful, The failpre seemed to be
due to the nature of the’ SOlldS not fat, and their reaction w1th
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the sulphuric acid.Solid substances were formed which prevented the
fat from g01ng into the neck of the testbottle so that it was not
possible to take the reading. Experlments have shown that the fat
in the milk could be determined w1thout difficulty by the Roese-
.Gottlleb method.

l’.n‘Rus'sia HOROWITZ-WLASSOWA, OBERHARD, and GUTER -
MANN (1931) of the Moscow Central Biochemical Research Institute
of the Food Industry have worked out the following procedure. The
ground soybeans are soaked for eight hours and treated with steam
of 100°C for desodorisation,This is followed by the extraction with
water and the separation of the residue (still containing 17.85-
19.25% fat, 0.53-0.58% protein and 0,14% carbohydrates). The emul-
sion is cooked. for five minutes and then 0,25% NaCl, 0.5% glucose,
2% soyoil, -and 0,02% vanilie or 0,2% almond essence is added. After
mixing the liquid is sterilized. :

After addition of 10% sugar concentrated milk was obtained by
evaporation at one fourth of the original volume. The composition
was 11,78% protein, 7.64% fat, 42.12% sugar, 2.32% ash and 37.16%
water,

From the same institute BOGATSKII, STOROZHUK amiMUﬁ'
ROMTSEV (1933) have done work onpreparation and grinding of soy-
beans, emulsifying, boilind, and desodorisation by blowing with hot
air. :The sterilisation was carried out for 15620 minutes at 1i5-
120°C.

In Ieningrad V 0s KR ESEN SK II and D OBRUININA (1935) made
sovmilk by soaking the heans for two hours and thoroughly emulsi-
fying; -according to these workers longer soaking gives greater fat
extraction but a less stable emulsion. -In commereial. production the
material may be hulled, whole beans, thoroughly ground and homogen-
ized in water for at least one hour, then diluted with water and
emulsified for at least 30 minutes. Pasteurization is at 80°C for
15 minutes.

At the Institut -des Recherches - agronomiques Han01 CASTAGNOL
{1934y has developed a method of manufacture for preparing soymilk
on a large scale,He succeeded in getting & product of constant -com-

position if the following operations were applied,
-1, Soaking the beans
.9, Grinding .with a millstone and using water 2% times the weight
- . -of the beans. -, :
3. Dilution of the mass with water 2% times the weight of the
beans - . '
_4.,Filtration of the thick liquid by means of B basket centrifuge
5.. Centrifuging the milk. . .~
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