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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
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~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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The milk prepared in this way is a white liquid resembling cow milk
in appearance and containing about 5.5-6% dry matter. Castagnol has
successively studied each of these operations.

Soaking. It was found that when the beans were soaked in water
of 15°C 200 g of beans absorbed 215 and 239 £ of water after 12 and
48 hours respectively,After 60 hours the water absorption was 239 g.
No significant difference was found when the spaking waswcarriéd’
out in water of 30°C during 24 hours.

- Grinding., On an industrial scale it will be: advantageous to use
a twin stone mill which permits a.regular supply of water during
the operation, The amount of water which gives the best results may
depend on the type of mill.

Dilution. As it was not possible to filter the thick liquid ob-
tained after grinding, another 500 g of water was added.

Basket centrifuge. According toCastagnol the use of filter pres-
ses is n6t advisable as the capacity of the filter presses dimini-
shes very soon due to the accumulation of residual mass. The basket
centrifuge is much more efficient as it can be easily cleaned. Be-
sides working conditions are much more hygienic than when using the
filterpress and large quantities can be handled with an. apparatus.
of comparatively small capacity.

Centrifuging. The purpose. of.centrifuging is to discard the cel-
lulose residue which amounts to. about 0.12% in the liquid.

.As regards the results obtained from 200 g of soybeans with a
crude protein.conitent of 33,.80%; the ¥ield is' 954 g of milk'of'2.91%
.erude protein., This means that'the output of the most important nu-
tritive substance, the crude protein, is only 44%. The other 5&% is
found as a loss in the industrial waste product So in this respect
the process needs improvement.

According to Castagnol there are two - important points that from
an industrial point of view need proper. considerat1on.

1. The fermentation of the material '

2, The improvement of the yield of crude protein. _

F%rmentation'is an. important factor.. In order to avoid this the
soaking period must be short and the temperature of the water low.
Due to fermentation the scidity increases causing a coagulation of
the proteins,

From the fermenting liquid a lactic acid bacteria could be isola-
ted. A count.of the bacteria in a sample of fresh i1k shicwed that there
are 15,000 to 20,000 bacteria per ml. The fresh milk has an initial
acidity of 12.0 ml NaOH 0.1 n,. and after 24 hours the acidity in-
creased to 44,5 ml. At the end of 36-hours a strong odour developed
due to. a decomposition of the proteins, the acidity dimlnished to
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8.6 ml. The proitein was separated. in a curdlike form and submerged
in a serum, It was found that the curd contained the major part of
the protein, only about one tenth being left in the serum in the-
form of amino-acids. -

.Castagnol concludes that there are two kinds of fermentation. Due
to the first fermentation the milk becomes sour, but not enough to
prevent the proteolytic fermentation which unltimately prevails, At
the end there is an dncrease .in amino acids and a lessening of the
acidity because of its neutralisation by the decomposition products
of the protein (ammonia.in particular). The acid fermentation has
precipitated. the greater part of the proteins, while the nitrogen
remaining. in the whey originates from decomposition products of the
proteines (pepton, .aminoacids, .etc. ).

.The improvement of the protein output. As has been shown only
about 44% was extracted with the process used by Castagnol. A bet-
ter kind of extraction would reduce the cost price of the milk,Cas-
tagnol investigated the influence of three factors which can be
controlled under actual factory conditions,

1, The acidity of the water

2. The influence of Na-ions in different forms

3. The influence of the soaking period.

He concludes that the acidity of the water has little 1nf1uence
while the Na-ions have much. influence on the output of protein, Ho-
wever, objections must be made as to the accuracy of his work. He-
himself states: "Par suite du matériel tout & fait insuffisant pour
obtenir une experimentation digne. de valeur, les chiffres obtenus
ne peuvent fournir qu'une indication et il serait indispensable
.d’ opérer. avec un matériel travaillant de facon réguliere et sé-
rieuse pour obtenir des renseignements plus précisw, - )

The ‘influence of the soaking period, In order to find out whether
transformations taking.place in the beans as a result of soaking
_could improve the extraction several batches of 100 g of beans were
soaked for 12, .24, 36, and 48 hours.. With the purpose of inhibiting
fermentation, which might take. place during soaking, the temperatu-
re of the water was maintained at 15°C. The output of protein was
34.5, .26.4; .26,7, and 9,9 respectively. Soaking.for 48 hours gave.a
milk with casein which was centrifuged out of the liquid for a large
part, This may explain. the low content of protein in this milk.

~The amount of aminoacids as determined by titration with NaOH
N/10 is 28, 16, 26, and 25 ml respectively. So the amino acids pass
through a minimum:at 24 hours-soaking and afterwards increases'again.
Notwithstanding all precautions taken the pH diminishes when the
"durationof soaking was lengthened. Therefore Castagnol concludes that
" for hisworking conditions twelve hours seemto give the best results,
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In India soymilk was not much known until the great Bengal famine
of 1943 when soymilk was produced by GUHA and DE from 'the Cal-
cutta University for feeding a few hundreds of starving infants and
toddlers. .A majority of the subjects survived the crisis on a diet
mainly consisting of soymilk, '

In 1g44 work on soymilk started on a systematic basis at the In-
dian Institute of Science, Bangalore. The method of manufacture was
as follows,The beans were soaked overnight in water and then spread
out in trays to germinate for two days to enhance the nutritive
value of the proteinaswell as the vitamin content.After germination
the skin was removed. The kernel was then heated for about ten mi-
nutes at 70°C with a dilute solution of baking soda (0.08%) or gly-
cerol (1.08%) which extracted the bulk of the colouring matter and
the bitter principle. The extracted water was removed and the ker-
nel was washed with water and ground to a fine paste with the addi-.
tion of calcium hydrogen phosphate. The paste was then treated with
about three times.the volume of water and heated to the boiling
point for 15 minutes. The milk was filtered through the sieve, Two
percent cane sugar and a small amount of salt were added to improve
the taste. As a major part of the milk is used as sour curd it was
found advantageous to add.invert sugar by hydrolyzing cane sugar
with dilute acid, About 25% of the original bean is wasted as resi-
due- that can be used as cattle feed or when dried can be mixed with
wheat flour for preparation of bread and biscuits.
l.The composition of the milk was as follows,

Total solids  10.15 %  Vitamin A ‘750  L.U./iitre
Protein 4.2 %  Thiamine . 0,82 mg /litre
Fat ‘3.4 % Riboflavine = = 1,1 mg /litre
Carbohydrates 1.8 % Nicotinic acid 2,49 mg /litre
Salt . . 0.7 %  Ascorbic acid = 21,6 mg./litre

As may be seen from the foregoing examples the methods of manu-
facture ‘in countries where soymilk is made differ regionnally.There
are however many operations in common,and these operations may.be
-designated as the pretreatment of the material, the extraction of
the proteins, the separation and operations for the. improvement of
the quality of the milk. : '

_.As to the researchwork done, the work of CHIU does not give in-
formation on the process of manufacture, as it mainly deals with
the physical and chemical properties of the milk, CASTAGNOL” s
work,although dealing with the process of manufacture does not re-
present a reliable study of how the process can be improved, The work
d?ne in RﬂSsia is'difficult to evaluate, due to lack of informa-
tion, while lastly the work of DE is more on the nutriticmal side.
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In general, it cah be said that especially data on fhe output of
the manufacture of soymilk are very scare. '

2.9.9 Dispersion of vegetable proteins from seeds.

In addition to the literature referred to, there exists extensive
literature on the isolation of proteins from seeds in general. In
the compilation of the literature on isolation and utilization of
vegetable_proteihs (SMITH, 1954) the number of references is 161,
This literature mainly deals with the isolation of vegetable pro-
‘teins for industrial purposes and has been partly read in an attempt
fto find useful indications for the manufacture of soymilk.

i1t appears that especlally to the following five factors atten-
tlon was paid.

1. particle size and other ph351ca1 factors
2. H-ions.

3, salts

4. denaturation

5, germination

To our work the first and the second factor are important. The
literature on the role of salts for extraction of vegetable pro-
'teins is voluminous, but for our purpese it has less vaiue as the
use of salts in the manufacture of foodstuffs in general will not
be considered, Dematuration of the proteins has an important influ-
ence on the choice of the starting material, lastly, germination
may be of influence on the nuiritive value of the milk.

'3.9.9.4 Particle size and other physical extraction factors.

The pretreatment determines the particle size which in tarn has an
important influence upon the amount of dispersable proiein. Obser-
vatiens of this kind were made by BISHOP {1929) who states that
barley meaIAground through a i-mm sieve yields 25.0% of the origi~
nal nitrogen on extraction. If the sieve opening was reduced to 0.5
mm- the output amounted to 31.2%, while a coffee mill increased the
yield again to 36.2%. STAKER and GORTNER (1931) also realized
the importance of fine grinding and the importance of a standard
particle size for comparative studies. They ground the meal of va-
rious seeds to pass through a 100 mesh-sieve before extraction.

NAGEL, BECKEL, and MILNER (1938) considered some physical
factors which influenced the amount of nitrogenous constituents
d1spersed in water from fat-free soybeanmeal. The fqptors investi-
' gated were the size of the particles, the solvent-meal ratio, - tempe-
rature, time and separatlon of the meal residue from the suspensoid.
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The soybeans used were an Illini variety, They were cracked, flak-
ed, and then extricted with petroleum ether. The fat-free meal was
air dried at room temperature, and ground. In order to avoid the
possibility of heat denaturation the temperature of the meal was
always kept below 40°C. It was observed that the hulls were much
harder' to grind and that particles retained on the coarser screens
largely consisted of hull fragments.

The extraction was carried out as follows.A weighed amount usual-
ly. 2.5 g of the fat-free meal was shaken with distilled water at
room temperature for 30 minutes on a mechanical shaker, The mixture
was then centrifuged for 6 minutes at about 3000 r.p.m. and the 1i-
quid was carefully decanted or filtered into = Kjeldahl flask and
analyzed for nitrogen. The residue was again shaken with another
portion of water for an equal length of time and the liquid analy-
zed as before, This process was repeated as many tlmes &5 was con-
sidered necessary (usually three). '

Grinding to different particle sizes was obta1ned by means of a
Wiley mill with sieves of 2, 1, and 0.5-mm openings. In addition
two other kinds of meal were obtained by dry grinding the flakes
with a porcelain ball mill with flint pebbles until all the mate-
rial passed sieves of 100 and 200 mesh.Also inthe ball mill 10 g of
meal from through 100 mesh sieves was ground with 400 ml of water
for 4! hours. The other meals (2.5 g) were extracted with 100 ml of
water. It required about 24 hours to grind a sample until it would
41l pass through the 100 mcsh screen and 48 hours to reduce tothe 200
mesh size. On ‘triple extraction the solhbility increased inthis or-
der with a decrease inparticle size aswould be expected, The amount
- of nitrogenous material dispersed increased from-80.9 to 92.6% ex-
cept that the 200-mesh meal is slightly less soluble than the 100~
mesh meal, The rather unexpected result with the -200-mesh meal can
be explained by the fact that the long pounding in the ball mill

(48 hours), necessary to reduce the mea] to 200-mesh caused a de-
naturation of the protein.

On the basis of the greatest amount of nitrogen extracted w1th a
minimum of labour, the method of wet grinding in a ball mill is the
most efficient. Although this procedure does not seem to have been
employed in analytical studies on the extraction of seed proteins,
-it appears to offer distinct advantages for this purpose. A very
thorough grinding is obtained and the liguid prevents local over-
“heating and mechanical shock both of wh1ch apparently cause dena-
turatlon.

'Of the meal particle sizes studied the 100-mesh meal was the most
satisfactory. It not only yielded a large amount of protein in dis-~
DerSion but it was also much easier to throw down in centrifugineg,
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thus permitting & clear separation. by decantation.This size of meal
.was used in subsequent work.

- If 2.5 g of meal is extracted by increasing amounts of water there
is nothing critical about the meal-water ratio as to the sum of the
successive extractions, However, for the first extractions the ex-
tracted nitrogen ranges from 59.4 to 81.0% if the amount of water
is increased from 25 ml to 100 ml. It is concluded.that a water-
meal ratio of 100 to 2.5 by weight is satisfactory for this extrac-
tion, ' . )

In the temperature range of 1,5° to 45,0°C the dispersed amount
of nitrogenous constituents increases by 0.25% per degree centigrade,

The time of extraction, like the meal-water ratio, is not at all
critical. The results indlcate that 1 minute’'s shaking for each
of three extractions will disperse as much protein as 3 hours for
each extraction., However, the first extractions range from 71.9 to
81.1% if the extraction time is increased from 1 to 30 minutes,
It is clear that all the factors considered exert their own in-
fluence upon the extraction. This influence applies either to the
sum of three extractions or to the first extraction.

.3_2,?,2 H-ions concentration.

SMITH and CIRCLE (1938) investigated the effect of H-ions
concentration of hydrochloric acid, sulphuric acid, oxalic acid,
sodium hydroxyde, and calcium hydroxyde on the dispersion of pro-
teins from the soybean (variety Illini),

'Extracted flakes were ground in a Wiley mill through a 0. 5 mm
screen and 2.5 g of.this meal and 100 ml.of the dispersing solution
were placed in a 250 ml bottle and shaken mechanically for 30 minu-
tes,The dispersions were centrifuged for 6 minutes in a centrifuge
developing a maximum relative centrifugal force at the bottle tip
of 1975 timeS‘gravity; The temperature of the extracting solutions
varied from 24° to 26°C. The nonprotein nitrogen was not determined
but reported. by another worker to be 5.55% of the total nitrogen.
Analytical data are reported. ‘without correction for moisture,

In general it can be said that the dispersion curve obtained con-
sists of three parts: a maximum.at low pH, a minimum at a higher pH
.(3.5-5.0), and.a slightly sloping part above pH.6.5.

With hydrochloric acid a maxlmum dispersion of 83% is reached, ‘and
at pH 4,1-4,2 the minimum dispersion is about 8%. At pH 0.5.the
 amount dispersed with trichloro acetic acid is very low 5.5%, and
. only in very concentrated acid does it rise again. "

_The acid and base form one continuois curve onwhich the amotint of
nitrogenous matter dispersed by water is a single point: The maxi-
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mum amount of nitrogen dispersed by acid 1s slightly less than that
dispersed by water, which disperses about 84 per cent.

The most efficient dispersion appears to be produced by sod1um
hydroxide,The dispersion curve for this base .is slightly above that
for calcium hydroxide which at higher concentrations peint downward
quite sharply; this behaviour indicates that larger quantities of
lime might.markedly. decrease the amount of nitrogen dispersed.

Similar stfdies were undertaken with cottonseed (OLCOTT and
FONTAINE, 1939), peanut (FONTAINE and BURNETT, 19844), and
sunflower (SMITH and JOHNS:ON, 1948). The curve for peanuts re-
sembles very much that for the soybean, while the dispersion curve
of cottonseed is characterized by a very broad minimum (pH 3.0-7.0)
.preceded by a maximuym and followed by an almost horizontal part,The
curve -for peanuts has a minimum at pH 3, followed by a sloping part
and then a maximum at pH-11,1, = '

It appears. from these gources thaet the pH has a most important. in-
fluence on the extraction of soybean proteins as well as some other
vegetable proteins,Therefore it will be necessary to have this fac-
tor well under control when manufacturlng soymilk

-3, g 2 3 Salts..

Several workers studied the role of salts in connection with the
isolation of proteins from seed, We mention the work of STAKER
-and GORTNER (1931) who studied the dispersion effect of aqueous
solutions of inorganic salts onproteins from 28 different seeds and
grains, Alsoc SMITH, CIRCLE and BROTHER (14) investigated
the effect of 12 neutral salts onthe peptization of nitrogenous con-
stituents of soybean meal, while FONTAINE and BURNETT (1944)
studied the salt influence upon the peptization of peanut proteins.

~In general it may besaid that a definite and systematic effect of
the salts was found. Staker and Gortner proved that the peptization
hehaviour of various groups of related seeds appears to be rather
distinet and characteristlc for each group. -

3.2.2.4. Denaturatwn.‘ A

The 011 industry produces. large amounts of low-fat, proteinrich

. waste products which might become available for the extraction of

proteins. In such a case it should be taken into account that the va-
rious heat treatments to which the material is subjected may have
caused a denaturation of the material. It is clear that such a de-
naturation, measured in terms of water-soluble proteins will effect
the yield of protems unfavourably, : j
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As has been pointed outbyBECKEL, BULL, and HOPPER (1942}
there are many stages in the process where denaturation may occur:.
a. During storage if the beans contain more than 13% water or during
drying to reduce the water content below 13%. b, During heating to
increase the ease of flaking, ¢. During the extraction in connecti-
on with the extraction temperature. d. During desolventizing by
means of steam dryers. e, During heating before the beans are fed
to ‘the expeller where the heating is considerable.

These workers have studied the denaturation of defatted soymeal
heated from 60° to 127°C at relative humidities from 0 to 100% for
half an hour to two and & half hours. Above 80°C at 1003 relative
-humidity  the change in rate .of denaturation is rapid dp to 100°C,

but afterwards the rate seems to approach a limit, Lowering the re-
lative humidities causes the denaturation to decrease.

While this work was done under laboratory conditions BELTER and
SMITH (1952) studied the denaturation of flakes obtained from
five soybean oilplants, They mention the following unit operations
in a solvent plantoperation:weighing the beans; cracking, cleaning,
and dehulling; conditioning the grits (heating to predeterminéd
temperature and adjustment of the moisture content); flaking; ex-
ttacting the oil; desolventizing; deodor121ng, .toastingz or other
heat treatment of the residual flakes. These manufacturing steps
are divided into three groups; a. preparation.of the beans for ex-
traction, which involves the first four pperations b.extraction of
the oil ‘from the prepared. flakes and ¢, recovery of the residual
meal in a usable form which requires the three remaining’ steps.

The dlsper51b111ty of the protein-from the origlnal beans may

-vary considerable, a factor which must be recognized in the inter-
pretation of the results of an investigation of this nature. The
nitrogen dispersion results are reasonably consistent from one plant
to ancther and show that only & minor portion of the total denatu-
ration effect in processing can be attributed to the preparation
steps, . In fact more variation is’ evident'betweeﬁ the original beans
than between the varlous prelimlnary operations, Experience. has in-
dicated that, “under conditions normally existing in solvent extrac-
tion plants, the extraction with hydrocarbon. mixtures such as those
used commercially does not appreciably denature the protein. It is
evident from this investigation that the major portion of the dena-
turatlon oceurs In the final meal treating steps,

‘ After oilextraction the d1spersib111ty ranges from 78 to 81%, while
‘after deodorizing this may be as low as 43%. Toast1ng may cause @
further reduction in the dzspersibllxty to about 7%.

After the desolventizer dlscharge the dispersibility is still ve-
ry h1gh; The authors state that if this type-of meal is required
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for. industr1a1 use, the small amount cf residual solvent can bhe re-
moved by proper use of stripping. gases w1thout further sign1f1cant
denaturation,

‘The peptizability of the total n1trogen ‘contained in several com-
mercial hydraulic-press peanut meals was determined by BURNETT
and FONTAINE (1944). They investigated the effect of pH upon
the amount of nitrogen peptized in comparison with similar data of
solvent-extracted meal, The meals prepared under relatively mild,
controlled conditions are similar to those obtained for solvent-ex-
tracted meals. However, 'slightly smaller amounts of nitrogen are
peptized in the pH range. of minimum peptization and in the alkaline
range than is the case with solvent-extracted meal. In contrast to
this, the representative meal of unknown history exhibits a signi-
ficantly lower degree of peptization over the pH range 4 to 10 than
does solvent-extracted meal.Slightly more nitrogen seems to be pep-
tized on the acid side of the minimum peptization point in hydrau-
-lic-pressed - meals than in solvent-extracted meals. .

" They conclude that hydraunlic-press meals, because of variations
"in the methods of processing, vary with respect to the peptizabili-~
'ty of their n1trogencemst1tuents some are nearly equivalent to
solvent extracted meal but others are definitely inferior in this
respect. It is considered possible, by the usé of properly control-
led hydraulic-pressing procedures, . to remove oil effectively from
- the peanut under conditions which result in a minimum of change 1n
the peptization properties of the n1trcgenous constituents of the
resulting meal,’ i :

The influence of proce331ng factors on the denaturation of pro-
teins from peanut meals was also studied by PONTA INE, SA-
MUELS, and IRVING (1944). These workers subjected'fullfat flakes
and defatted peanut meal to temperatures from 80° to 118°C at 100 .
and o relatieve humidities for half an hour totwo and a half hours,

The - peptizabllity of the mitrogenous constituents of the heat-
. treated. solvent-extracted meal does not differ materially from that
of heat-treated fullfat flakes. It is signiticant that heatlng for
as long as 2,5 hours at 100°C and 118°C and 0% R.H., or at 8¢°C and

100% R.H., results in only a slight change in the peptizability. At

higher temperatures, however (118°C and 100% R.H.), the peptization -
values indicate that a complete denaturation of peanut protein is
attained rapidly. In contrast to this, soybean protein shows consi-
derable denaturation after zﬁ-hours heating at.120°C and 0% R.H.and
.also after zﬁrhours heating at 80°C and 100% R.H.

It may be seen from these sources that. if the fesidue from oil'
-factories is to be used serious denaturation of the protein should
be taken into account, However, it should be noted that the workers
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in this field consider it quite possible to extract the oil from
the beans or the flakes in such & way that no significant denatu-
ration occurs. This applies to the solvent extraction as well as to
the hydraulic pressing processes. ‘In view of the very large amounts
of soybean meal from oilfactories which is either fed to animals or
returned to the soil as fertilizer these residues can be considered
as a huge, potential source of hlghly nutr1t1ve vegetable protein
for human consumption.

3.2.2.5 Gefminatioﬁ.

During germination many biochemical changes take place in the
seed. VON OHLEN (1931) has given a review in which he states
that most workers are of the opinion that theoil in oily seeds break
down into glycerine and fatty acids during germination, and that
carbohydrates are finally formed. Starch appears or increases in a
large number of oily seeds during germination, Reducing sugar ap-
pears in the embryo and is usually qulte abundant in the developing
seedlings. Proteins change rapidly to a soluble form ard asDarag1ne
appears in the seedling by the fourth or third day.

For the study of the first stages of germination Manchu soybeans
were soaked for one hour in distilled water and were then germina-
ted between wet paper towels,The older seedlings were grown in pots
filled with quartz sand and kept in the dark. Von Ohlen studied the
translocation and transformation of the reserve foods of mature
soybeans during germination and growth of the seedlings in the dark.
These. reserve foods consist of a large amount of protein, oil, some
non-reducing sugar, and a small amount of starch. ) :

The first changes found were the appearance of reducing sugar,and
an increase in starch. The amount of starch in the cotyledons in-
creased until the fifth day and then remained nearly constant until
. the ninth day, after which there was a rapid decrease. The starch

disappeared from the different parts in the following order: root
hypocotyl, epicotyl, and cotyledons, Reducing sugar disappeared
from the seedling in the same order but two days later.

‘A marked decrease in the -amount of oil in the cotyledons occurred
hy the fourth day; depletion began at the base of the cotyledons
and progressed towards the opposite end the pallsade was depleted

last,

Asparagine appeared in the hypocotyl on the third day. It gra-
dually increased during thedevelopment of the seedling,until it was
abundant in the hypocotyl on the twenty-ninth day.

The organically bound phosphorus and magneq}um in the cotyledons
gradually change to the inorganic forms, a considerable portion of
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which remains in the cotyledons. On the other band most of the po-
tassium disappears from the cotyledons. _

- germination also effects the vitamin content of the soyhean as
has been shown by WAI, BISHOP, MACK, and COTTON (1946).
They compared the vitamin content of mature, unsprouted soybeans of
the Bamsei variety with that of the same variety of soybeans after
different perieds of sprouting under controlled conditions. Since
the usual practice in oriental countries is to use. the hypocotyls
and to discard the cotyledons,the relative distribution of vitamins
was ascertained separately in these portions after 54 hours of ger-
mination, the optimum period from the point of view of quantity
coupled with organoleptic properties.

Assays for carotene, thiamin, riboflavin, niacin, reduced and de-
hydro ascorbic acid showed increase except for thiamin through 54
hours of germination, Thiamin showed alternate increases and de-
- ¢reases throughout the germination period investigated. The coty~-
ledons contained notably greater amounts of all vitamins for which
the tests were made,” The process of sprouting beans, therefore, in-
c¢reases the nutrient valus of the product. The entire bean should
be eaten, since the cotyledons, which frequently are not retained,
are a richer source of vitamins than are the hypocotyls.

As may be seen germination of the soybeans brings about important
changes in the composilionof the beans. No doubt the yield figures
for the extraction will be effected to a large extent by those chan-
ges, so that facts.found for the extraction of the non-germinated
beans may not be of dlrect app11cat10n to the germlnated beansa

3.3 EXPERIMENTAL PART
3.3"1- Scope qf work.

'From literature. it appears that in countries-where soymilk is
produced the methods applied are not the same. From the foregoing
it is easy to point out the existing differences, Hcwever, it is
also possible to state that important points of resemblance exist.
Due-to this resemblance: the process of manufacture can be dlStln“'
guished in four stages. :

The first stage, the pretreatment, serves to make the raw materi-
al as suited as possible for the extraction. For this purpose appa-
ratuses for the reduction of the particle size are used, This ope-
_ratlon may be combined with the following as an apparatus suxted
for the pretreatment may also be used as an extractor.’

“The -second stage consists of ‘the extraction proper, in which con-
stituents of the soybean have to be brought into solution, emulsion
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or suspension as well as possible.Effort should be made to increase
the output of the extraction as much as possible. No doubt this
yield -is influenced by the degree 1n which the bean’ particles are
reduced in size.

The third stage consists of the separation of the milk from the
residue. One should aim at withdrawing as much milk as possible
from the residue, i

The last stage consists of several operatlohs‘aimlng at increa-
sing the quality of the product e.g. application of heat to increa-
se the nutritional quallty, increasing the preservability ete.

From literature it may also be seen that few good, and systematic
studies have been carried out concerning the manufacture of the
milk, Especially regarding the yield that can be reached the data
are very sca and -if available- not very reliahble. As the yield
of the extraction hasan important influence on the. cost price of the
milk it is desirable to focus our study in the first place on this
point.

In this work we are .concerned with the first and second stage of
the manufacture; the pretreatment and the extraction respectively.
The separation operation has not been studied;,as in tentative ex-
periments no important problems presented. themselves (at least when
using our method of manufacture). The separation has only to be
-carried out in such a way that if the milk stands for & long time
no sedimentation occurs, When a centrifuge is used this aim is rea-
ched without difficulties. The quality of the milk is not studied
in thls chapter.

The starting material of all our experiments was a commercial va-
riety of soybeans, obtained from an oil-factory. Presumably the
country of origin was America. The water content was about 10%, and
. therefore the beans were probably not dried artificially.From these
soybeans soyflour was obta1ned by grlndlng the beans including seed
coats,

The compositi‘qn of the soyt_)eans used was as follows ' (% of dry; matter)

. G o crude fibre .| 11.60 9
crude protein 40,50 % . ash . . 5.64° %

Concerning the pretreatment separate_étudies were made with the
whole, unground beans and the soyflour, while the most important
extraction factors - the extraction ratio, pH, temperature, time
and method of mixing - were studied.

For the experiments on the pretreatment a certain extractlon.me-_
thod was adopted,while the experiments. on the extraction stage were
always preceded by a certain pretreatment, '
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3.3.2 qDes{gn of experiments.,

From the pretreatment stage the influence of the degree of grin-
ding on the yield of the extraction was studied. To this end the
whole beans were first soaked for 16 hours and after grinding the
extraction was carried out according to a certain method.In a first
experiment coarse grinding was performed with adesintegrator (1.1),
while in a next experiment the particle size was further reduced by
means of a pebble mill (1.2). With a Braunmixer a higher degree of -
particle size reduction was obtained (1,3), while in the last ex-
periment (1.4) of this series the same apparatus was used with a
higher number of rotations per minute,

.The standard extraction method is the extraction carried out at a
. "1y ratio, a'pH 6.5, a temperature of 20°C, for 10 minutes, using a
Vibromixer as an extractor, In experiments with the Braunmixer the
use of the. Vibromixer is omitted,as the Braunmixer has a-sufficiehnt
extracting action. For the separation a centrifuge is used,

The second series consisted of six experiments. The starting ma-
terial was obtained by grinding the dry beans. Except for experi-
ment 2,2 the flour obtained was always soaked for 16 hours. The ex-
traction was carried out as descr1bed above except that in experi-
ment 2.5 and 2,6 the Braunmixer and the Ika Ultraturrax were used
as extractors instead of the Vibromixer,

.In a first experiment the beans were ground through a 1-mm sieve
(2.1), after which flour of a finer particle sizZe was obtained by
using a sieve with 0.5-mm openings (2.2). In the following experi-
ment the same type of flour was soaked before extraction (2.3)while
attempts were made to obtain a further reduction in the particle
size by means of wet grinding in a pebble mill with porcelain balls
(2.4). In the last two experiments the Vibromixer was replaced by
the Braunmlxer and Ika Ultraturrax respectively.

The study of . the extraction proper comprised theihfluenee of five
factors,. the extraction ratio, pH, temperature, time, and method of
mixing. The manufacture.was carried out applying a certain pretreat-
ment and a certain'extraction method,In each series the only varia-
ble factor was the one to be investigated,

The pretreatment consisted in grinding of dry beans {seedcoats
1nc1uded) by means.of a hammermill provided with a sieve of 0.5-mm
openings. The flour thus obtained was soaked for 16 hours. '

The -third series consistedtxfexperiments on the extraction ratlo.
Water was added to the flour to such an extent that the weight of_
. the dry flour was successively 5, 10, 15, and 20% of the mixture of
flour and water. The ratio was then called 5 10 15 and 20 res-
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pectively, Distilled water was used for the extraction at 20°C for
10 minutes.

The fourth series,experiments 4.1 to 4.4, concerned the pH,Enocugh
alcali was added for the pH of the mixture to increase to 7.5, 8.5,
and 9.5, In the experiment 4.1 no alcali was added, The ratio was
10%, using a temperature of 20°C and an extraction time of ten mi-
nutes. .

The fifth series, experiments 5.1 to 5.4, were meant to study the
‘effect of temperature,.By means of a water-bath the flour-water mix-
ture was brought to 20°, 30°, 40°, and 50°C. The extraction was
carried out at a 10% ratio, a pH 6.5, for 10 minutes,

The sixth series, experiménts 6.1 to 6.4, dealt with the influen-
ce of the extraction time, which was 2%, 10, 30, and 60 minutes
respectively. The extraction was carried out at a 10% ratio, a pH
6.5, and a temperature of 20°C.

‘The seventh series, experlments 7.1 to 7.4, . c0ncerned the method
of mixing, The Vibromixer is replaced by the Ika Ultraturrax. The
number of revolutions was 1800, 2100, 2600, and 3000 rpm successively.

‘As regards the extent of this investigation it should be noted
that this was limited on purpose, as the research programma would
be too extensive if 'all possible combinations &f the factors to be
investigated had to he considered. In general it may be said that
the investigation was carried out in such a way that a certain fac-
tor was variable while the other factors were kept constant,

For .the experiments only the undamaged, whole beans were used,
~while .possible other kinds of seeds were discarded. So there had
bheen some kind of selection. If necessary, the beans were ground by
& hammermill.

Each experiment was replicated once in order to check the relia-
. bility of -the -experimental results. Besides the determinations of

dry matter,and crude protein were done in duplicate; the same holds
 for the acidity, pH, viscosity, and specific weight,Thus the values
represented in the tables oOf this chapter are the averages of at
least four determinations,

The following is a summary of the experiments carried out:

Series 1 Pretreatment - :desintegrator, ditto + pebble mill
whole beans Braun (8000 rpm), Braun (12000 rpm)
Series 2 Pretreatment - - :1-mm, 0.5-mm, 0.5-mm sieve
beans ground - © - 0.5~mm sieve + pebble mill
: i o ditto . + Braunmixer

- ditto - + Ika Ultraturra
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Series 3 Extraction ratio i s 5, . 10, 15, 20 %

Series 4 Extraction pH ' > 6,5, 7.5, 8.5, QOSODH
Series 5 Extraction temperature : 20, 30, | 40, 50°C
Series 6 Extraction time j St 2%, 10, . 30, 60 min,

Series 7 Method of mixing : 1800, 2100, 2600, 3000 rpm

3,3,3 ‘Te.chnique of experiments,

A short description of the apparatuses used is given, after which

the experlments are described.

1,

32

Desintegrator, CONDUX type LV15m PS 0 75,0 2900 (photo 2).

In the desintegrator the beans are ground between two dlSCS both
provided with metal teeth., The stationnary one forms the cover
of desintegrator,while the other one isdriven.by an electtomoton

, Pebble mill, material porcelain, shape cylindr-ica.’l,V inner dia-
meter 12.5 cm, inner length 10 cm.

The bowl is placed on a rotat1on 1nsta11at10n and kept mov1ng at
% 30 rpm.

Rraunmizer, 250 Watt (photo 3 and 4).
"The cup has a loose bottom provided with an ax1s with a number

of knives, The axis is driven by an electromotor and can be ad-
justed at two speeds (8000 and 12000 rpmq)_,,

Vibromixer, type El, 40 Watt (photo 3. _ :

This vibrating mixer cansists of amotor,a rod and a metal dlSC

6 cm in diameter, provided w1th perforations placed in two con-
centric circles, The amplitude can be adjusted, but it is not
indicated, The number of vibrations-is 50 per second. '

flanmermill, Peppink,. type 261 D 20/2, PK 2, n is 2850.
This mill is provided with 6 arms, 9.5 ¢m in length and several
sieves differing in sieve opening, .

Ika Ultraturrax, type TMV 45, n 8000, V 220, A 1.8 (photo 3 and
5}, The head of the mixer consists of four'cohcentrie rings pro-
vided with teeth, The imner and outer ring are driven by the ro-
tor. The number of revolutions’ per minute is adjustable up to a
maximum of 8000

Centrifuge, ‘Baird and Tatlock type V 508. .

This centrifuge has four plastic tubes of 3 em dlameter, which
can be filled with 50 ml of liquid. The distance from the axis
of the centrifuge to the tip of the tubes in horizontal position '
is about 14 cm, The separation was carried out by centrifuglng

“for- five minutes at. 3000 rpm,



The

Experiments were carried out as f0110W5r=

1 1 DEStntegrator. 60 g of beans were soaked and then they ‘were fed

to the desintegrator. The bean particles left behind between

. the teeth were washed away with water -and the wash water to-

gether with the ground,swollen beans was brought into an enamel
can, Water was added until the ratio was 10%. AS soon as an ex- -
traction temperature of 20°C was reached the rod of the Vibro-
mixer was placed in the can axially and the extraction carried

~out for ten minutes, Then the sepgration of the milk by means of

the centrifuge was. effected at 3000 ropm for five minutes.” The
clarified suspension was weighed as well as the centrifuge tu-

bes containing the residue,

i 2 Desnntegrator and pebble mill. The ground beans from the desin-

tegrator and the wash water were put into the pebble mill and
the bean part1c1es were further. ground for three hours. Then
th1s mass was brought in the extraction can together with the
wash water from cleaning the mill and the pebbles, After adding

" more water to obtain the des1red ratio, the extract1on ‘and se- :

fparat1ou were carrled out as descrlbed above.

--1 3 Braunmizer, The soaked beans were brought in the cup together o
-with the requ1red amount of water, and then ground for ten mi-

nutes at. 8000 rpm. As the Braunmixer has also an extraCting ae-
tion, mo other_extrector was used, Then the separation was per-

‘formed,

o 1.4 Bradnmixer._See 1.3; .the number of rpm was 12.000.

2.1

Hammermill. To the 60 g of soyflour soaked in the extraction
can distilled water was added until the 10% ratio was reached, By
means of a waterbath the temperature was brought to 20% + 1.
Then the extraction and separation were carried out as descri-
bed hefore, The experiments 2,2 and 2,3 were carried out in the
same way,_except that_in experiment 2.2 the flour was not soa-

ked. -

2 4 Hammermill and pebble m:ll After soaking the flourwasputinto
. the bowl together with not more than 125 ml of water and then

-ground’ for. three hours by means of porcelain pebhles.

The contents were then put into the extraction can together with
the washwater for cleaning the mill and pebbles, and water was
added until the desired ratio was reached Extractlon and sepa- -

. ration were carr1ed out as before.-

72;5 Braunmtxerh The soaked flour and the required amount of water
~. were put in the cup of the mixer and the extraction was carried
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out as usuval. Before qentfifuging-the mixture, which had attai-
‘ned a temperature.of about 35°C, was cooled, The number of ro-
tations of the knives was 8,000.

2.6 Ika.Ultrdtuffax.;The soaked flour was extracted with the re-
quired amount of water at 3.000 rpm for 10 minutes. The tempe-
rature increased by 25 to 30°C, which made it necessary to cool
the mixture before centrifuging.

3. FExtraction ratic. These experiments were carried out inthe seme
way as experiment 2. 1. The different ratios were obtained by
adding the required amounts of water to the 60 g of soyflour.

4 FExtraction pll. As in experiment 2,1, The required pH was cbtai-
ned by pipetting 11,25 N of aleali to the mixture (which was
kept in constant movement by a mixer), while at the same time
the pH was indicated-by a pH-nmeter.

5 Extraction temperature.‘As in experiment 2,1. The required tem-
perature was obtalned by placing. the extractlon can in awatéar=-
© . bath,

g '3Extract10ﬂ tzme.lAs in. experlment 2 1

= 7-f‘Mbthod of: mtxlng. As. ind experlment 2. 1 In -order ‘to prevent the.

‘ - large increase in temperature the extraction can was placed in
a large tank with water.The extraction was carried out at 1800,
2100, 2600, and 3000 rpm respectively.

All the suspensions and sediments ( residues) were analysed for
dry matter and crude protein content. In addition, the acidity, pH,
viscosity, and specific gravity of the miTk. were determined. All
analyses and determinations were done in duplicate, and carried out
as follows, - : '

Dry matter. From & weighing bottle milk was poured on a porcelain
disc. In an oven the milk was dried at 100°C for two hours, after
which the disc was cooled in an ex31ccator containing s1110age1.
Then the disc was weighed,: :

- About 2,5 g of the. sedlment 1ng1ass welghlng bottles was dried at
100°C for two hours, After cooling in an exsiccator the hottles and
their contents were weighed. .

Crude protein. About five grams were put into a Kjeldahl-flask,
-adding 0.7 g Hg0, 10:¢g KQSO and 25 ml H 804 96%. The destruction
was carried out until the contents were colourless after which the
heating was continued for two hours., After cocling, 50 ml 8% Na2820
solutlon and 90 ml NaOH=~ solutlon were added.
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Then the contents of the flask were put into a Parnas-Wagner ap-
paratus. By means of steam the ammoniak was distilled and received
in 50 ml boric acid, After-adding 2% Tashiro-indicator to the boric
acid it was titrated with 0.1 n of base,

Actdlty 10 ml of m11k were titrated with 0.1 n NaQOH, using 0.5 ml
phenolphtaleine as an indicator, The titration was-carried out until
~ the colour was the same.as that of 10 ml of the same milk to which
0.5 ml of 0.0005% fuchsine-solution had been added,

pHLdeterminations were carried out by means. of an Electrofact pH-
meter. o

 Specific gravity. This was determined by comparing the.weight of
soymilk.in 5 ml- pycnometers with that of distilled water ¢f the
same temperature (2000)

- Viscosity. A Hoppler viscosity meter was used for the determina-
‘tion of the viscosity. In principle it consists of an inclined glass
~ tube. through which a glass sphere. falls down. The time.needed by
the sphere.fo pass from one point.to another of the-tube is measu-
red, Around the tube water: of the desired temperature (20 C) is

- circulated

3.3.4 Besulis, discussion, and conclusions.

The method of calculating the yield of dry matter, is as follows.
After determ1n1ng the amounts  of dry matter in the milk -and the re-
31due, the percentage of the original dry matter in the milk and in
the residue was calculated. It should be noted that in.general ‘the

- .sum-of the yields thus calculated will not be 100%, due to analyti-

cal errors and loss.of material, .

-Prom the amounts of crude protein found in the milk and the resi-
due the percentages of the sum of the amounts of crude proteln in
‘suspension.and. r951due were calculated, Evidently- the sum of the
‘y1elds calculated in this way - is always 100%.

-tAS an examplefof,the-reproducibility of”the analyses of .dry mat-
ter, crude protein,.and the determinations of pH; acidity; visco-
esity and specific: gravity, the:original results and the ayerages of
the eXperxments 3.2, 4. 1 and 6, 2 are mentioned. ‘ C
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RESIDUE

MILK - _
c.dry - erude pH acli~ viasco- specific dry crude
matter protein ‘ dity sity’ gravity matter- -protein
% from (ml) ¢20 C)- (20°C) % from~
’ dry . dry
matter mnatter
. . % . %
3,2 Extraction | 7.59  47.83 6459 1.48 1.936 .1.0192 | 19.19 34.78
" ratio 7.58  '47.46  6.58 1.44 1.924 1.0191 19.12 “33.81
L ! 7468 46460 6,59 1.44 '1.838 1.0192 19,30 30.15
duplicate | s  46.52 6.57 1.42 - 1.805  1.0i91 |.19.24 30,12
average 7e62 . 47410 6.58 1,45 1.876 1,0192 19,21 32,22
4,1 Extraction | 7.70 - 43.19 6.53 1.63 - 2,095 1,0197 19.24 40,36
7.69 43,16 6.52 1.55 2,003 1.0196 19,23 = -
dPPIicate 7452 40,11 6442 1,67 2.111 1.0192 19.51 28.46
7451  38.42 . 6.41 1.66 2.088 1.0190 19.50 25.53
~ average 7461 41,22, 6.47 1.63 2.097 1,0194 19.37 31.45
6.2 Extraction | 7.68 47.40 6.59 = 1,898 1.0199 20,10  31.43
time 7466 47.16 6.57 - 1.894 1.0197 20,03 31.91
duplicate 7.8l 47,31 6.58 £.45 1.874 1.019% 20,95 28.82
7479 © 46497  6.57 1.40 1.872 1.0195 20,75 28.72
average 7.74  47.21  6.58 1,43 1,885 1.0197 20.46 30,22

.The reprodﬁcihility'of the'manufacture_can be checked from the
- following examples pf'the'yields of dry matter and trude protein.

MILK RESIDUER
weipht % from % from welght g from o from
(€) orig, orig. (g orig. orig.
dry crude dry crude
- matter protein matter protein
3.2 Extraction L R : .
_,_ Tatio Ja18.47 58,45 65.75 | 119,65 42,21 - 34,25
duplicate 416,17 58,67 67,70 121,83 43.35 32,30
average 141732 58.56 66.73 120,74 42,73 33,28
4.1 Extraction |- ' y - _
pH [ 422.40.. s9.85 62,07 | 114.81 40.66 38,93
duplicate 420,50 58.20 66449 118.50 42,56 . ' 33,51
__mverage 421,45 59,03  63.78 116,66 41,61 36.21
8.2 Extraction |- o - , . S
- time . o .
. 417.24 58,93 66.49 |-119.50 44416 - 33.51
. duplicate 425.63 . 61,14 . . 659.92 | 112.35 43413 . 30,08
average . . [421,44 60.04 68.21 115.93

43465 31,80

TIt may be seen from- these f1gures that the analytlcal determlna-
tions are reliable,and that by replicating each experiment from the -
‘beglnn1ng the method of - manufacture proved to be reproducable.

In tabIe 1 and f1g 3, the results of the mvest:.gation of the ftrst '
stage, the pretreatment, are summarized and represented graphically,
The whole beans and‘theground heans were studled in series 1 and 2

respectively,
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The results of the experiments on the second stage of the manu-
‘facture, the extraction proper, are summarized in table 2 and re-
presented graphically in fig 4. They contain the results of five
series of experiments: 3) extraction ratio; 4) extraction pH; 5) ex-
traction temperature; 6) extraction time, and 7) method of mixing.

It should be mentioned that in studying the methods of pretreatment
the method of working with each apparatus was not'varied, that is
to say, no attempts were made to obtaln the optimal working method,
Otherwise a systematic study of such factors .as degree of filling,
‘number of rotations would be necessary. Nevertheless an appreciable
difference was obtained.

When considering the results of the pretreatment of the whole
beans (table 1, series 1), it may be seen that the dry matter con-
tent of the milk shows a regular increase in the sequence: coarse
grinding, coarse grinding followed by further grinding in a pebble
mill,fine grinding (Braunmizer.8,000.rpm)},and fine.grinding (Braun- .
mixer, 12,000 rpm). The desintegrator proved to be unsatisfactory
under the conditions used. The result of further grinding with the
pebblée mill was rather disappointing and might have been better if
the time of grinding was lengthened,But in that case the milk would .
already bhe coagulated due to souring. Therefore fine grinding with
the Braunmixer was tried, The results obtained were comparatively
favourable;  increasing the number of rotations of the knives appea-
red to increase the dry matter content.

In the theoretical case that the grinding is so fine that no se-
diment . is left on centrifuging, the dry matter content of the milk
would be 10%. If- however,part of the beans is not ground fine enough
the dry matter content of the milk after centrifuging will be lower,
than 10%. The coarser the particles the greater the decrease in. the.
dry matter content of the milk, So the figures in the colum of the

dry matter content of the milk form a measure. fbr the ftneness of—‘u

grinding.
It is clear that if the dry matter content of the milk decreases

the yield. of the dry matter will decrease too, From the column™»dry °
matter ¢» and *percentage of drymatter in suspension” it may be seen,
however, that the yield decreases more than the dry matter content,
It appeared that the yield decreased if the grinding’ b&mmecoarser.
This may.be ascribed to the fact that if the dry matter content
decreases due to coarser grinding, the particles that.are cen-
trifuged out form & heavier and more voluminous sediment, ‘

Thus the interparticle volume is. increased and retains more milk-
and consequently also more dry matter-than when there is less, more
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compact sediment. of smaller particleswith less interparticle space,
80 the figures for the yield of dry matter are determined.by the

fineness of grinding and the structure and quantity of the sediment

formed by the bean particles. It may be said that they are a mea-

.sure for the quality of the method of manufacture,

As regards -the yield of protein it appeared that about half the
amotnt of protein was obtained-in the milk.As the-grinding was more
effective,more protein.was found in the milk. All.the yield figures
for protein were higher than those for dry matter. As.it is our aim
to obtain.a proteinrich food, it is a favourable fact. that:the soy-
proteins. are better dispersable inwater than the other constituents,

.The pH: of the:milk of these four experiments proved.to differ very
-little from 6.6, while thé dcidity increased in the order mentioned
earlier, This is evidently due to the increasing dry matter content
of the milk, which is also indicated by the increasing values of
the viscosity and the specific gravity, .

_The amounts. of residue decreased in the same order and so did the
dry matter and crude protein.content, though not quite regularly.
This decrease can be seen better from the valués for the *percen-

" tage of original dry matter insediment» and the fbercentage of ori-
~ ginal crude protein: in.sediment?.

Considering the results of each of the apparatuses we may state
that the effect of the desintegrator was not satisfactory as only
about one third.of the dry matter and not yet half of the protein

_were found .in.the ‘milk. This was already'expecﬁéd on visual obser-

‘vation as the swollen beans were not ground but torne asunder.Evi-
dently in this way no sufficéent reduction in particle size was

possible, This may-be.consldered to.be the cause of the low yield,

Although.a better-result: was. dbtained on further. grinding:in e

pebble mill yet it:-was less marked than was expected. For a large
part this may.be ascribed- to the fact the preceding grinding opera-
tion did not give enough reduction in particle size, in other words, "
we assume that the pebble mill used was too light for our purpose,
" Begides  the presence of tough seed coats impede the dEStruction of
* the cell structure.

The Brpunmizer gave reasonable results at 8,000 rpm.A: little nore
than half of the dry matter and about two thirds.of the crude pro-

tein were. found in the milk,The reduction in particle size obtained

was mich:better than with the desintegrator. As moreover the mixing
“intensity was appreciably higher than with ‘the Vibrdn1xer this.
higher yield was not surprising. .
 If the nunber of rotations. was - increasedtolz 000 the yield of dry
matter as well as that of crude protein was-also further increased,

43



when evaluating the results of the pretreatment of the ground
beans, -i.e. soyflour, a Tegular increase in the dry matter content
may be observed, The highest dry matter contents were reached when
grinding was performed by a Braunmixer or Ika Ultraturrax, and also
when further grinding was carried out with a pebble mill. The dry
matter content in the second series was remarkably higher than in
the first when corresponding experiments are compared:

The yield of milk was always higher in the second than in the
first series, As a consequence of the higher dry matter content and
the higher yield of milk the yield of dry matter in the milk was
also higher in the second series.:

The yield of crude protein 1ncreased w1th the 1ncrease in the
yield of dry matter. :

The pH and the acidity did not show 1mportant dlfferences while
the specific gravity increased regularly. In general it may be said
that the viscosity increased as the dry matter content of the milk
increased.

.The weight of the sedlments did not differ much, except in the
first experiment in which a lgrger sieve opening was used and in
the second .in which the flour was not soaked, Generally the drymat-
ter content of the sediments was higher than in the first series,

As, howeyer; the weights of the sediments in the second series
were ‘lower than in. the first, the percentage of dry matter in the
sediments in the -second series was as. a rule also lower in the se-
cond series.  The same is true of the yleld of crude proteln in the
sediments, : Coe . ‘ ‘

In contrast to the first series the pebble mill has given the
best results. Evidently this is due to the fact that the pretreat-
ment caused a sufficient reduction in material size, thus making it
possible for the pebble mill to effect a further reduction in par-
ticle size. . :

On comparing the flgures for the yleld ofWiny matter of the Braun-
mizer and the Ika Ultraturrax with -those of the V:bromtxer,lt ap-
pears that the figures for the Vibromixer are lower than those for
the first two extractors. In the discussion of the pretreatment of
the whole beans we assumed that the sediment retains less milk as
the bean’ partlcles become smaller due to better grinding and so
the milk y1eld‘1ncrea§es, If we consider the milk yield of these
three apparatuses we may see that theyields practically do not dif-
fer, This might -be an 1ndlcat10n that the favourable effect of the
Braunmixer and the Ika Ultraturrax is due to a much:more intensive

method of m1x1ng .rather than to a further: reductlon in partlcle
size. ‘ ' : ‘
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It also appears that the sieve opening of the mill plays an im-
portant role. If the diameter was reduced from 1;0-mm to 0.5-mm the
vield of the dry matter as well as that of the crude protein in the
milk-increased by about 10%. Besides the weight of the milk increa-
sed, which is in accordance with our assumption that this is a mat-
ter of the structure and the quantity of the sediment.

After centrifuging an unstable layer between the milk and the re-
sidue appeared in the centrifuge tubes if the flour was not soaked
beforehand. In this layer the milk and the sediment are not well
separated, so that then not only the m11k yield but also the dry
matter content of the milk decreases.

NAGEL et al; (1938) obtained a yield of 64.5, 68,7, 72.2, 81.0,
79.1, and 92.6% for the first extraction ¢f defatted flakes using a
ratio of about 2% (1:40) for the pretreatment with & Wiley mill,
hammermill -with 2, 1, 0.5-mm sieve openings, porcelain ball mill
-and subsequent use of a 100 and 200 mesh sieve respectlvely, and
wet grinding for 4% hours in a ball mill,-

-With the 0.5-mm sieve they obtained 1:8% more protein thanwe did,
This could have been expected since their ratio was much lower than
ours (10%). In fact, their yield should have been higher. This was
not the case, however, 'probably due to their mixing not being suf-
flclently intensive. Another point of difference was the- conditlon
of the startlng materlal wh1le their flakes were defatted our beans
were not. :

" Enlarging the sieve open1ng from 0O, 5-mm to 1-mm decreased their

‘yield with 2, .5% only.where as inour experiment this decrease amoun-
ted to 7.5%. The different working method of processing used by us
may account for this dlscrepancy.

With the ball mill these workers obtained 92. 6% from the first
extraction, while in our case this was only 79.4%. This may also be
aseribed to a d1fference in the pretreatment and the extractlon

' proper,
* The results of the exrraction proper‘ere discussed hereafter,

The extraction ratlo proved to have a decisive 1nf1uence upon the
composit1on of the milk, ‘while- also the yield was effécted in a
- large degree, It appeared that the dry matter content of the milk
.increased as the ratio increased, In our experiments the dry matter
content varied from 3,5 to 16. 0%. Although as a matter of fact it
is quite p0531b1e to- lower the dry matter: content st111 further we
-expect that 1nereasing the dry matter content above 16-20% will not
be easy as ‘the separation of the‘milk from_the residue,will then
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become more difficult. It should be noted that the dry matter con-
tent tends to increase faster than the extraction ratio. This is
due to the fact that the separation of the sediment by centrifuging
is effected less efficlently as the viscosity of the flour-water
mixture increases.. As-the ratio 1ncreased the milk y1e1d as-well'as -
the yield of dry matter. decreased, o
.While the percentage of protein from the dry matter remalned near-

‘ly constant; the yield of protein 1n the milk decreased as the ratio -

inecreased.

_The pH showed 2 decreese as the dry matter content of the milk
increased. This is in accord with the pronounced increase in the
acidity. Evidently the viscosity and the sDeciflc gravity also in-
creased as the dry matter content increased.

The amount of residue tended to decrease, While the dry matfer
- content of the. residue increased with. the ratio, the percentage of
crude protein from the dry matter remained nearly constant

Therefore ‘as- the extraotlon ratio 1ncreased more dry matter and
: crude protein were found in the residue.

The extraction pH also had'an important infinence on the yield,
The dry matter content appeared to increase. if the pH was increased, o
This increase, however, was not very rapid,: and therefore the. ylelds'
of dry matter - the milk yield being- about constant - 1ncreased on-
ly very slowly. :

‘ In .contrast- to this behav1our the percentage of prote1n from the

dry matter, showed a rapld 1ncrease. Consequently, and also due to
the increasing dry matter content of the milk, the ylelds of pro-
tein in the milk increased appreclebly with higher pH.

The ‘increase in pH.was accompanied by a decrease in- acidity.while_
the viscosity and the spécific gravity increased in value. ‘Probably-
the increase in V1scosity was not only caused by the 1ncrense in
- dry matter.

With the sediments the decreasing dry matter content and the de-
creasing percentage of protein of the dry matter contributed to a

decrease in the vields of dry matter’ ‘and crude protein 1n ‘the sedi—-'

ment .-

" In the next series of experlments on the extractton temperature
-no pronounced d1fferences between the résults were found At higher
temperatures there was only a slightly higher yield of proteins.-

With the except1on of the first experlment the extractton ttmeh

proved to- have practically no 1nf1uence on’ the: com9031tion of the
milk and the Yield.An extractlon time of 25 m1nutes.however proved
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to be too short as both the milk yleld and the dry matter content
- of the milk were higher with longer extraction times.

Also in the series of experiments of the method of mixing no sig-
nificant differences in results were found either. However, when
using the Ika Ultraturrax the dry matter content of the milk was
appreciably higher.than when using the Vibromixer., As in this se-
ries the protein content was at the same level as when nsing the
Vibromixer, the yield of protein was comparatively higher. Evident-
1y the acidity, specific gravity, and viscosity were then higher.

Now we shall compare the results of our stidies on the second
stage, the extraction, with those of other workers,

NAGEL et al. (1938) studied the amount of nitrogen extracted
from defatted soyflour with different amounts of water. They obtai-
ned their ultimate results by triple extraction. For the sake of
comparison, however, we are only interested .in the results of the
first extractions, They used amounts of water correspondlng with
about’ 10, 5, 2%, 14, and 0.6% flakes and obtained 59,4, 3. 6 81 0,
80,8, and 82,7% of nitrogen for:the first extractlons.

- Their yield with 5% flakes,.which is about‘the same as 50 ml of

- . water, was 73.6%. Notwithstanding the differemce in technique used,

this result closely agrees with that obtained by us (71.7%).
Although they used an extraction time much longer than ours, it is
~ probable that the mechanical shaker used by these workers had not
such a mixing intensity as our Vibromixer. This may account for the
fact that in a concentrated mixture their yield decreased more than
. Qurs.

As far back as 1934 CASTAGNOL investigated the influence of
the acidity on the yields of proteins, For pH 8, 7, 6, and 5 yields
of 17.8, 18.4, 18.0, and 16,.4% respectively were obtained, His con-
clusion was- that in this range ‘the pH has little influence upon the
extraction, However, in view of the fact that these protein yield
" figutes are very low his extraction process does not seem to have
been carried out under. good conditions,” According to our figures in
the pH range 6.5 tp 8.5 there.is already a difference of about- 10%.’

We shall therefore consider the work-of SMITH and CIRCLE
(1938) who investigated the extraction of nitrogencus matérial by
acids: and bases with and without salts. These workers obtained much
better results than Castagnol. . ‘
* It was found that the extraction with water gave only from 84.8
to 85,5% of the total'nitrogen.VWith-Ca(OH)z'the'amount of disper-
sed nitrogen i589.2% at pH 9,8 and for NaOH this is91,5% at pH 8.3,
These figures are substantially higher than ours. It should,. how-
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1ever, be botne in mind that. the difference in yield is due not only
to-a difference in extraction method, but. also to a difference in
~the method of calculation. L '
The effect of the temperature on the amount. of n1trogen d1spersed‘
was also investigated by NAGEL, BECKEL, and MILNER (1938).
At 1.5° and 45°C the.percentage of nitrogen extracted was 71.4 and
'83.1%. They found that in the range 15° to 35° the variation is
about 0,25% of nitrogen per degree centigrade, As has been men-
tioned before, in our work no clear dlfferences could be found in
~ the range 20° to.50%. . : : S
The same workers have also stud1ed the effect of variation in ex-
traction time on the amount of nitrogen extracted, For the first
extractions 1, 7.5, 15,:30, 60, 120, 180, and 240 minutes gave yields
- of 71,9, 15,6, 78,0, 81,1, :80.7, 82.3, 83.6, and 83,9% of total ni-
trogen. In general this is in accord with our results.

After this discnssmn the’ question arises whether it might still
be possible.to obtain higher yields by other means than those in-
"~ vestigated., As has been ‘pointed out earlier in this’ discussion the

. figures for the dry matter content . of the mzlk were comparatively S

- higher than those for the yields ‘of dry matter, We have argued that '

this was caused by the retention of the ‘milk, and consequently of .

dry matter, in the residue.. If. it were: possible to" obtain this dry'
matter in the milk, the yield would increase appreciably. Then:the
yield would increase to & theoretical level that could be calculated -
from the extraction ratlo and the dny matter content of the milk hy
means of the ratie, :

dry matter found -('%)

. . 100% = (theoretical) total yield. -
: extraction ratio (%) o 0%‘ b i ), -3 '

That this 15 true we shall demonstrate by means of trlple extrac»'
tion, From soaked .soyflour milk 1is prepared with the Braunmlxer
(ratio 10%, 20°C, pH 6.5, 10 min.) Then the residue is again ex-
tracted, but this time by means. of the. Vibromixer to avoid a possi-
ble grinding effect, The second residue is also extracted with % L .
water. From the dry matter obtained in each: of the three milks the
.individual percentage of dry matter is calculated and after adding
up these. three yields the total yield becomes 78% of the: orlglnal '

dry matter. The fact that the theoretical value (8,16 : 10) 100% =.
81, 6% is not reached, can be ascrlbed to loss of material
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Triple extractim of sayflour

Triple extraction of soybeans

dry  yield yield of dry  yileld ' yield of
matter of dry crude -matter of dry erude
(%) matter protein | (%) matter ' protein
1st extr. 8,16 59.7  TL.5 7.82.  53.6 64,7
2nd. extr. 1,50 15.6 16.6 1.83 15.9 17.9
3rd extr. 0.2 - 2.6 3.6 0.39 3.6 e
.8 % 9175 315 - 8T.3 %

If the same is done wlth the soaked whole beans we see that the
theoretical value is not reached either, The difference between the
theoretical value-and the yield obtained 1is about 5%. :

Nevertheless we believe that the figures for the dry matter: con-
tent of the milk from the first extraction may be considered as a
measure for the total yield of dry matter. This impliey that by
washing the residue twice it is possible: to increase the yield to a

much higher level.

From the table it appears.that the protein yield figures are higher
than those for the dry matter. This is mainly due.to a difference
in the first extraction. When considering the figures for totalipro--
tein yield, we see that these yields amount to about 90%. . For.the
flour. the yield is higher than for the whole beans. Estimating the
losses during the extraction of the flour at about 3%, the theore-
tical total yield of the proteins is about §5%. This:means that the
‘protein can be'easily extracted nearly. quantitatively. As it.is our
aim to obtain a proteinrich food by selective extraction, grinding
should be carried cut'to such & degree that nearly all of the protein

is dispersed.

After having discussed. the results of our experlments we arrive

at the following conclusions, =~

1. The extraction experiments on the manufacture of soymilk are re-
producible. Extraction of soaked flour under certain standard
conditions gave milk containing 7.6-7.9% dry matter, about half
of which was crude protein. The yields of dry matter and crude

" protein in.the milk were about 59,0 and 68;0% respectively., Thus
- the proteins: proved to be better d15persed than the rest of .the

dry matter,

‘9, Extraction. of soaked flour. yielded more milk than extraction -of

" .beans, With the flour as.well-aswwith the beans better. grinding
. yielded more milk,and increased the dry matter and crude: protein
" content of the.milk, Thus the yield. of dry matter and crude pro-

Kl
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tein increased on better grinding.

3, The influence-of the extraction ratio is important. If the ratio
increased, the dry matter and crude protein content of the milk
also increased., The yields of both decreased, however. .

4, The extraction pH also had an important influence. However, if
the pH was increased the dry matter content of the milk did not
increase at the same rate as the crude protein content. At pH
9.5 the yield of crude protein was §0%.

5, The extraction temperature had little effect in the range 20° to
50°C. S

6. After a certain minimum (in our case about 2)% minutes) the ex-
traction time had 1ittle influence on the yield,

7. 'The rotation velocity of the Ika Ultraturrax had practically no
effect on the extraction. However, the contents and yields of
dry matter and crude protein were higher than when using the Vi-
bromixer.

8, By washing the residue twice the total yields of.dry matter and
crude protein increased considerably and approached a theoreti-
_¢al value that ~for the dry matter~ can be derived from the per-
_centage of dry matter of the milk:.and the extraction ratio, The
total yield of crude protein: cbtained was. about 90%, the estima-
-ted- theoretical value-is about 95%. .

The recqmmendations.resu1t1ngufrom,this study on the manufacture
of soymilk on a technical scale are given in the last. chapter, the
general discussion.. '

3.4 SUMMARY

. Although.long before the last war articles on soymilk appeared in
medical journals, little-work had been done on the technological
side, In-particular the. data on the yield of the extraction were
scarce:antlif available not very reliable., Therefore a new inves~
tigation of the yield of manufacturing soymilk was: started.
~ The many methods of manufacture have four distinctly different
stages in common: 1. the pretreatment, 2, the extraction. 3. the
separation, 4.the improvement of the quality.
‘As the way in which the first stage, the pretreatment, is carried
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out determines to a large extent the composition of the milk, this
stage was studied on a laboratory scale in order to get.an insight
in the nature: of the apparatus that should be applied on a techni-
cal scale. For this purpose several types of apparatuses were tes-
ted, using one extraction method and one separation method, Whole
beans andiz]lso whole flour were used as starting material.

The second stage, the extraction, was studied to find out what
factors might be adapted to get better yields with a given appara-~
tus. The influence of five factors, the extraction ratio, pH, tem-
perature, time, and methad of mixing were investigated. Soyflour
obtained with one and the same method.of pretreatment was used,

4 PRESERVATION OF SOYMILK BY HEAT APPLICATION
(STERILIZATION)

4,1 Introduction. f‘

Soymilk is mainly composed of proteins, fats, and sugars.Therefore
this product forms an ideal substrate for the growth of micro-orga-
nisms,.When raw soymilk 1s left at room temperature it can be readily
observed that after a shorter or longer time symptoms of decay will
appear, This is especially evident at higher temperatures,

In the manufacture and distribution of soymilk such symptoms can
not be allowed to develop as well as in any other field of the food
industry,For this reason we have studied the preservation behaviour
during storage of raw soymilk after application.of heat.

4.2 Literature,

"CHIU (1927) states that the general fypes of organisms that de-
velop in milk are acid formers, gas producers, and putrefiers, In.
soymilk there are organisms acting on sugar producing alcohol and
organic acids, those acting on proteins producing curdling of milk
and evil smelling compounds, and those acting on the fat, The aci-
dity of the milk was found to increase each day until the eighth
day when the amount of acid produced checked the growth of the acid
formers. Carbon dioxide was found due to the gas producers acting
on the sugar. Ammonia was also found due to the action of the or-
ganisms on“the protein, Each organism has an optimum temperature,

The symptoms of decay are described by MONNIER (1935).-
According to this worker after some hours the raw soymilk separates
into two. distinct parts: the lower part is whitish and resembles
curd, while the upper part is a transparant greenish-yellow liquid.
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By -boiling for half an hour the colour becomes a little yellower,
while the beanish odour is replaced by an agreeable flavour., The
boiled milk is much stabler than the raw milk and may be preserved
for 15 to 20 hours without ~turning®. After this period, however,
‘the milk loses its homogeneity and decays. Contrary to the raw milk
this decay results in curd particles floating in the whey,

The preservation by means. of chemicals was studied, Sodium bicar-
bonate- (63 g per.liter) has given the best results; the flavour of
the milk was improved by.the addition of this compound; the milk
was preserved for more than 54 hours. Benzoic acid, salicilyc acid
and boric acid are impracticable as they cause the proteins to pre-
cipitate at the antiseptic dose.

As described in the chapter on the manufacture of soymilk C AS-
TAGNOL (1934) has also given a description of the fermentation of
the milk.

4.3 EXPERIMENTAL PART
4.3.1 Scope of work.

From- the information.available it appears that efforts have been
‘made to improve: the keeping qualities of the milk, This was mainly.
done either by the addition of chemicals or the application of heat.

As, however, in our opinion the addition 6f chemicals should be
avoided because.in practice a 'wrong applicﬁtion may easily cause
injury to human health,we confined ourselves to a study of the pre-
servation of soymilk by heat.

4.3.2 Design.of experiments. .

Before carrying out the sterilization experiments preliminary ex-
periments on pasteurization incombination with cooling were set up.
Raw soymilk in test tubes was pasteurized at 80°C for 30 minutes. '
Some: of the tubes were stored at 20°C, while others were stored at
25°C, A number of tubes were immediately cooled after pasteurizati-
-on, The pH was determined and & plate count was made.

For the sterilization ezperiments of our standard milk of about
8% dry matter three series of heat treatments were designed, using
101°c, 110°C, and 120°C as sterilization temperatures dmd 5, 10, and
15 minutes as holding times for each sterilization temperature, For
each heat treatment nine cans were sterilized and then stored at 30°C,
After one, six, and twelve months of storage each time three cans

. were examined.visually as regards the'condition_of=the can and the
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milk,the pH and acidity were determined, and a plate count was made
.af each milk.

‘A last group of sterilizations was carried out with milk of about
12, 16 and 24% dry matter. These milks.were first preheated with the
continuous sterilisator at 80°C for 45 sec and then evaporated
.with a Luwa film evaporator as described in the following chapter
.on evaporated-milk. The sterilization in cans was carried out with
a. number of temperature-time combinations. Immediately after steri-
.lization the cans were opened to see whether the milk had withstood
the temperature-time combination applied. A number of cans were left
at room temperature (20°C).to see whether they would spoil,

4.3.3 Technique of experiments. .

The milk was prepared by extracting soaked beans with an Ultra-
turrax in a 1 : 10 ratio. This method was found to be the most con-
venient on apilotplant scale,After extraction -the liquid was cooled
to about 5°C by means of a cooling. spiral through which cooled brine
of some degrees below zero circulated. Then the cooled liquid was
filtered with a basket centrifuge.

The milk was sterilized in cans of 0.35 liter. For each sterili-
zation-nine -cans were put in the sterilizator and also one can pro-
.vided with an opening which was closed by a rubber stop. Through
‘this stop a thermocouple was. placed in such & way that the end was
in the centre of the can., The temperature at.this place.was regis-
" tered by a Brown potentiometer.

The: steam was lead into the sterilizator in suchaway that in two
‘minutes the required temperature.was reached, after which the tempe-
rature. was kept constant for the desired holding time. Then:the
steam supply was:cut off and immediately water was fed into the ste-
rilizator,.During the sterilization process:the: temperature and time
were observed,  for which the average curves are shown in fig, 5,

‘After sterilization the cans were labelled and stored at 3o°C.
One, .six and twelve months later fromeachheat treatment three cans
were examined for thevisual condition, -pH, .acidity, and plate count,
The tins may be in good condition (+), a little blown up (-), or
‘strongly blown up (x). For the milk the same.symbols were used to
designate that it was still in a good condition visually (+), floc~
culated but. still milklike (-), or -that a curd- and whey forming
had -taken place (X).

The pH:.and the acidity were determined as described in the former

chapter, while the plate count was carried out as follows, One ml’

.of milk is diluted with 9 ml sterilized, distilled water to (¢.1;
--alsoadilution of 0,01 and 0,001 are made,From each of these diliated
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‘milks 1 ml.is mixed with bouillonagar substrate in Petri-dishes,
after which the plates are stored at 37°C for six days. The plates
‘were prepared in:duplicate. Then the number of colonies on each
plate was counted,

Care was taken to prevent infection. Therefore the cans and also
the opener were first burned-with alcohol before opening and then
the milk was poured out in a sterilized bottle, From this bottle
the dilutions were made with sterilized pipets and plates.

4.3.4 Resulis, discussion, and conclusions.:

Before carrying out the sterilizations a number of preliminary

pasteurization tests were performed.

Raw soymilk was pasteurized in test tubes at 60°C for 30 minutes
and then stored at 20° and 25°C. Due to the pasteurization the ini-
tial nurber of bactéria decreased from 25,000/ml. to below 1,p000/ml.
During storage the bacteria increased markedly, the pH decreased
first and then increased after about.a week, In general these obser-
vations are in accordance with those of Castagnol (1934).0urresu1ts
are shown in the table below.

Plate-count and pH of stored, pasteurized soymilk (80°C 30 min).

" Plate:count © pH
Number of 20°C  25%  |Number of | 20°C | 25°%C
days ’ days C
after pasteu- 935 1. |6.59 | 6.49
.rization B 1] o 2 5.45 | -5.12
1 . 246,000 - 2.305.000 -3 4.96 | 4.86
e 220.000 .2.430.000 4 |[4.80 | 4.53
3 76.000,000) 31,600,000 5. |4.22 | 4.53
. .- |147.000,000| . 80.000.000 7 3.88 | 4.20

4 103.000,000|. 218.000.000 8 4.05 | 4.25
. ©|137.000. 000 |1.297. 000. 000 9 4.25 | 4.22

5 -1557.600.000] 600.000.000| 10 4,35 | 4.21
. |740.000.000 |1.395,500. 000 11 4,42 | 4.40

. _ 12~ 14.43 | .4.35

-1f - immediately after pasteurizatiob the milk was cooled, after
three and also after six days the pH and the physical appearance.of
the milk were still quite normal.. However, determinatiohs of the
plate-count. showed that-notwithstanding the low storage temperatu-

res- a rapid development of the bacteria had taken place (see table
below).
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Plate-count and pH of pasteur1zed soymllk (60°C 30 min) in cold
storage : :

pH plate-count -

3 days " g days 3 days 6 days
10.5°C | . 6.50 6.75 14,500 | 5.300.000 -
g % 6.45 6.45 3.600 | 1.550.000
3 % 6,50 | 6,55 | 1,985 24, 000

~ The results of sterilizing 8% soymilk are shown in table 3 and

fig 5. As mentioned before the condition of the milk is designated
as 1)good (+), 2)flocculated but stillmilklike (~), or 3)pronounced
formation of whey and curd (x). The cordition of the milk from the
nine cans of a certain heat {reatment is represented by horizontal
lines in flg 5 and is obtained from table 3, column *Condition of
milke, Above those lines the temperature course in the centre of
the can is depicted.

A plate was considered sterile if less than 5 colonies were pre~
sent. Then it was assumed that the plates were infected. This may
also be seen from the fact that then the: colonies were mostly loca-
ted in the -outer part of the plate. .

Below are given some examples of sterile plates,

- Number of éolbnies on'platés after § days of incubation af 37°C

ilution .

" exp., o /10 | 1/100 | 1/1000
5.7 - ) 1 .' 1
- 5.8 - - 1 -
o - - L

5..9. T : ‘1. 2.
N : " . 1 -
6.4 '_ ' - -
. o T 1 -
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TABLE 3 Condition of sterilized soymilk after 1, 6, and 12
: ' ‘months storage at 30°C,

Exp. | Heat treatment Storage|Plate count|Acidity | pH |Condition
no | ‘ of
¢dn milk
1.1 } 101°C 5 min 1.mnthf - (s.as| - -
2 - - A
5 . - 4.8 | x X
" 6 . c
5 *0x
6 - X
7 12 x X
8 X
9 . 1N * X
2.1 | 101% 10 min 1 mth| - (sl - -
9 e o : - |5.45]| - x
3 - -l x  x
4 6 sterile 4.80 5,27 t -
5 sterile 4.93- [5,30 | - "=
'8 : sterile 5.0 (5:21{+ =
7 12 ] 8.4 jam |t x
8 g : © | 4092 (534 f T x
9 . [4.76 § x X
3.1 | 101°C 15 min 1 mnth - 5.31 § - -
) . . . = . 15.20 ] =- X
3 DU U - |5.18 |-~ -
4 6 ‘sterile | 5,26 |s5.39 |+ -
5 | sterile | 2,78 |s5.37 [+  x
6 sterile 2.49 |5.12 | ~ x
7 13" sterile 4.07 15.65 | =  x
8 sterile | 1.88 |5.55| -  x
9 ‘ . sterile 4.53 |5.37 | -~ X
4.1 110°C 5 min 1 mnth| sterile 1.656 [6.61 +; +
2 . : sterile 4.05 |6.08 |+ -
3 sterile -, 5.01 | ~ X
4 6 sterile | 3,12 |5.65 | +* -
5. sterile '| 3.69 |5.85 { +. -
8 . | sterile Cofas fx0 x
7 12 sterile .| 1,53 le.53 [+  +
8 . ‘ ‘sterile 4.25 |[5.3¢ |+ -
9 sterile 1.80 |5.79.|t x
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Exp. | Heat treatment Storage |Plate count|Acidity| pH Condition
1no . ’ of
¢an milk
5.1 | 110°C 10 min = 1 math| sterile 1.51 | 6.60 | + +
9 sterile 3.79°| 6.31 | + -
‘g sterile l.64 | 6.65 f + . +
“a 6 sterile 1.77 | 843 | + +.
5 sterile | 2.38 | 5.79 [+  x
6 : sterile 2.06 |5.79 |+ X
q 19 sterile 4.46 | 5.50 | + -
g sterile | 4,19 |5.58 |+ -
9 sterile 4,00 | 5.51 | + -
6.1 11000 15 min 1 mnth] sterile 2.19 6.31 | + +.
2 sterile 1,96 | 6,321 + +.
3 sterile 1,73 1620+ +
4 6 sterile | 2.64 |5.79 |+ -
5 sterile 2.64 | 6.51 | + +.
e sterile | 2.64 |6,50 |+ +
7 12 . sterile 1,72 | 5.84 | + X
8 sterile 1,42 | 6,56 |+ +
9 sterile 1.64 |5,53 | * x
7.1 | 12¢°C 5min 1 mth| sterile | 1.51 |6.49 %+ +
2 _ sterile 1.52 649 | + ¥
9 " sterile 1.61 |67 |+ +
4 6 sterile | 1.51 [6.56 |+  +
5 sterile 1.49 |6:5¢ |+ +
p sterile 1,28 [ 6.85 | + -+
n 12 sterile 1.52 |68t
8 sterile 1,44 | 6.59 |-+ . .+
9 sterile 1.52 | 6.58 |+ +
S,i 12p°C 10 min 1 mnth| sterile 1.75 | 6.49|.F. - T
s | - sterile. | 1.56.|6.69 | ¥ . *
9 . sterile | 1,56 .|6.67 |+~ +
4 6 : sterile 1.41 | 6,55 { + +
g || sterile | 1.40 657}t * .
6 Csterile” | 1,49 |'6.56 [+ © +
" 12 sterile | ‘1,51 [6.59 |+ +
8 Loesovfisterile | 1.46 [6.58. 0t o+
9 . Sterile . | 1.44 | 6.58 +. *
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.Exp. Heat treatment]Storagel|Plate count|Acidity | pH | Condition
no - of
: can milk
9.1 | 120°C 15 min | 1 mnth| sterile 1.55 |6.67}% +
g - sterile 1.63 |6.63]% +
3 - | sterile 1.64 |e6.63{t +
4 6 . ‘sterile 1.46 |6.55|1 -+
5 , | sterile | 1.40 [655|F
6 , - . sterile 1.3¢ |6.54 |t o+
7 |12 | sterile 1.41 |6.57}% +
8 ' sterile 1.46 |6.56 |+ -+
9 sterile. | 1,45 |6.56|* t
Milk: in good condition " #. can: in good condition +
Milk: flocculated still- milkhke - Can: blown up -
Milk: curd- and whey formation - x Can: strongly blown up x.
. . varioble . E . 'vorigble - B . variable .
coming-uptime hokding codiﬂg-t'm_\.. . coming-uptime holdng -cooling - Lime - comng-uptine r:o:‘rg cooling - time .
‘,,.c'q ) —-c - - :- % - - .:-- .r-. . - 'C_-‘ )-1>v-1 R
5 .
‘5o
2min 1 . 2. 1 : . ‘2min
18 in || l
tomin | ]
3 | - ]
odcnunber
of cans

Fig 5. Sterihzation of soymilk Course of temperature in centre of
' cans. Condition of the milk. a

Din good ct‘mdit.lon : B ﬂocculated still milklike

-curd- and whey formation :

Tt will be seen that the heat-treatment at 100°C had no ster111- )
zing effect, as using a holding time of 5,6 10, or.15 minutes only.

* . resulted in spoiled milk. It is noteworthy tha.t after 6 and 12 months
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no micro-organisms were found in. the spoiled milk, though there. is
a pronounced decrease of the pH to 5.3 and a corresponding increase
in acidity:to 3.0 « 4.5 ml.

The -sterilization at 110°C appears tobe.a transition temperature
because. the number.of cans of. good milk inecreases as the holding
time increases, It can be clearly seen that the well preserved milk
has a pH of 6.5 - 6.7, whereas the pH of the spoiled milk is below
6. Thus the condition of the milk is expressed in terms of acidity
as well.Also with this series no bacteria were found in the spoiled
milk,

A1l of the three last heat treatments at 120°C gave favourable
results, ' The values of the pH and acidity are in accordance with
those .of the unspoiled milk from the former three series.

The results of sterilizing soymilk with a higher dry matter con-
tent are shown below.

pry matter |Sterilization Physical Bacteriological
conditions |- condition i .condition of milk
of milk.after |after one day (ZUDC)
. sterilization :
12.4.9 120°C 5 min | normally flowing ' good
12.4 9 120°C 15 min normally flowing - -good
16.4 % | 120°C 15 min gelatinized » o
16.4 % 120°C 5 min | gelatinized _ partly
6.4 % | 110°C 5 min gelatinized spolled
16.4 % 100°C 5 min gelatinized ) -
24.3.% -12090 .5.min { -gelatinized .spoiled

Prom this table it will be seen that 12,4 % milk can be safely
sterilized at.120°C 15 min; the condition- of the milk. then remains
good, while-the heating is also bacteriologically effective, The
16.4 % milk, "however, did not withstand the sterilization neither
at 120°C 15 minnor at 120°C 5 min,Even sterilization at 100°C 5 min
made a gel from the milk. .This is not in accordance with the heat
stability determination made on.this: milk. -However, ‘it might be
possible that the use of a rotating sterilizator would:have. given
.more . favourable. results., It is important.to.note that. for this milk
sterilized at 120°C:5 min:and even 15 min was not . sufficient to
prevent spoilage. This means that a more severe heat'treatment must
be -applied ‘when the dry matter. content of the milk:is raised, In
‘view of our experience with the 16,4 % milk it is not surprising
that the 24.3 % milk did not -withstand the sterilization and .that
‘gpoilage occurred at room temperature. : :
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The following conclusions can be drawn:

1, Pasteurization of raw soymilk at 80°C 30 min considerably reduces
the initial number of bacteria, but the: milk will not keep even one
day if.left at room temperature (20-25°C). Pasteurization in combi-
nation with cold storage at 3-6°C may preserve the milk for about
.3 days. ' '

2. Sterilization of 8 % soymilk at 120°C 5 min is.sufficient to
preserve the milk for at least one year. .

3. If the dry matter content of the milk is raised above 12 % the
temperature-time combination regarded as sufficient ‘for an 8 % milk
.will not suffice as a sterilization treatment.:l/

4.4 SUMMARY

‘As soymilk:is mairly composed of proteins, fats, and sugars it
forms a good substrate for:micro-organisms. In i1iterature some data
can be found.indicating that the keeping qualities man be improved
by application.of heat, It is also known that attempts have been
made to preserve the milk-by chemical means. As in our opinion such
methods might endanger human health,we only tried . to obtain better
keeping qualities by means of pasteurization and sterilization.

To this end a number of experiments were carried out. After pre-
.liminary pasteurization experiments -some of which combined.with
-¢old storage-~ nine temperature-time combinations for sterilization
purposes were studied as to their influence on the keeping quali-
“ties of the soymilk after one,six,and twelve months storage.at 30°C.

A number .of .tentative sterilizatiofs of milks with-higher dry
‘matter: contents, obtained. by evaporation, .were also carried out.

5 EVAPORATED SOYMILK
5.1 Introduction.

In chapter 3 we have seen that -if the same method of manufacture
is applied- a product of constant composition.can be obtained. We
have-also demonstrated that the dry matter content of the milk can-
be varied within rather wide limits by changing the extraction con-
ditions, especially the extraction ratio.

-I1f it is desired to maniufacture soymilk with-a high dry matter
-content there. are:in principle two possibilities.In the first place
fresh milk with a low dry matter content can be concentrated by
evaporation, and secondly one can try to make:directly a wilk with
‘a high dry matter.content by using less water for the extraction
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process, However, we have shown that with a one stage process the
output strongly decreases as the dry matter content of the milk in-
creases, The output becomes particularly low when one aimes at a
dry matter content of 20% or more.Besides other difficulties arise,
Thus if milk of more than 20% is to be manufactured, concentratlon
by evaporation is inevitable.

Then the initial dry matter content to be chosen depends. upon the
total costprice of the evaporated milk, Starting with a very low
dry matter content the output. is high, but muech water has to be
evaporated. If milk with a higher dry matter. content has to be con-
centrated less water needs to be evaporated,  but the output of the
extraction diminishes. The optimal,.total costprice must lie some-
where. between these-two possibilities;this. optimum:can only be: cal-
-eulated in concrete cases. We egtimate. that it lies at about 8% dry
matter. Therefore.we started the manufacture of evaporated soymilk
from raw milk of about 8% dry matter content.

Concentrating soymilk by means of -evaporators is not an unknown
process, However, some difficulties may arise during the- process
which- require closer 1nvestigat1on. There are indications in lite-
rature that the viscosity of the evaporated preduct becomes so high
at a relatively low dry matter:content that the milk cannot flow
any more, This phenomenon seems to be especially evident when the
‘concentrated milk is cooled; thé milk then seems more or less to
solidify. It:is clear that this may. lead'to—serlous troubles during
evaporation and in further. processing,

.Another point.of consideration concerns the- further use ‘of the -
evaporated milk. Evidently this should be preserved in some way to
obtain reasonable keeping qualities, If preservation by steriliza-
tion is applied.the milk should be in such & condition that it can
withstand:-the sterilization conditions, If preservation is to be
obtained by addition of sugar the viscosity of the concentrated milk
should not be so high that this addition is not possible, If drying
to milkpowder is chosen for preservation a not too high viscosity
is also necessary.

From the: foregoing it appears that on concentrating soymilk we
should be interested particularly in. the viscosity and the heatsta-
bility as a function of manufacturing conditions. ‘It is also imporx
tant to investigate to which dry matter content soymilk can be.eva~
porated while retaining acceptable properties. The work concerning
these factors is described in this chapter,

5,9 :Literature.

The literature on evaporated soymilk is limited. Probably the
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first reference to this subject comes from KATAYAMA (1906) who
observed.that on direct evaporation of soymilk after addition of
sugar the protein separated into small floccules. Therefore dipo-
tassiumphosphate was added to prevent this separation, The author
states that the solution could be concentrated in vacuo to a very
thick liquid. Unfortunately the dry matter'content reached was not
mentioned.

Shortly afterthiscommunicat1oniistudygroup was founded in France

(1910) with the aim to preduce soymilk, evaporated.soymilk andsoy-
milkpowder, but these efforts were abandoned for unknown reasoms.
On the other hand it is known that in Frankfurt the factory Soyama
succeeded to manufacture fresh and concentrated soymilk (Inst,Int,
d* Agrie,, -1936).
Also in Russia attention was paid to the concentrating of soymilk.
HOROWITZ-WLASSOWA, OBERHARD, and GUTER MANN (1831)
in Russia concentrated soymilk, after addition of 19% sugar, to one
fourth of the original volume. The composition of the evaporated
soymilk was 17, 6% protein, 7. 64% fat 42.12% sugar, 2.32% ash, and
37.16% water.

The CENTRAL TEC HNICAL INSTITUTE - of TNO Netherlands
(1955) carried out research on the viscosity of soymilk during con-
centration, the choice of the best type of evaporator, and the
highest concentration attainable in the evaporator.

The milk was prepared by extraction of 6 kg of soybeans and 1.5
ko of peanuts with 63 kg of water. Thus 74% of the original dry
matter, 79 of the proteln and '75% of the 011 were extracted from
the heans,

In the course of the preparation of soymilk the following heat
treatments were applied. After soaking the beans were kept in 70°C
water for 12 minutes. The-extraction was carried out at the Same
temperature for 12 minutes after which the mixture was hoiled for
20 minutes. The following filtering of the milk was done at 70°C
during 12 minutes, after which the milk was cooled to 5°C,

Then the milk was concentrated in a Lurgi laboratory flash evapo-
rator with forced circulation. After 70 minutes 20 dry matter was
attained, but it was not possible to increase the percentage of dry
matter further, The milk then had become so thick that the pump
could not circulate it through the evaporator any. more,

With a Kurt Herbert evaporator the milk could easily he concen-
trated to 20% dry matter,This type of evaporator has a natural cir-
culation system of the liquid. However, if the concentrating was
continued to 24% dry matter, the milk became a gel and clogged -the
pipes of the evaporator.- '

With a Luwa evaporator it was also found that the maximal concen-
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tration possible was oniy 20%. In- this type of evaporator the liquid
flows down a vertical pipe. A rotor forces the liquid to form a
thin film against the inside of the pipe. The holding time is very
short in comparison with the two other types of evaporators. '

Measurements of the viscosity of the original milk showed that af-
-ter five days at5°C the viscosity was practically the same. Concen~
tration to 16% dry matter did not show ar important. increase. in vis-
cosity, and at 18% the milk still flew very well, At 20%, however,
the milk was very viscous, but it still flew if the milk was kept
in constant movement.If not kept moving then milk of 18% solidified
in one hour and milk of 20% in-half4n hour,

‘As regards the question whether it is possible. to concentrate soy-
milk to a reasonable percentage of dry matter -e,g. 30%-.we may see
from literature that very little information is available, However,
even in the few publications on this matter the conclusions are
very contradictory. Horowitz-Wlassowa:-showed the possibility of
concentrating soymilk, whereas TN O found that 20% dry matter should
be considered as a limit to evaporation due fto the high viscosity
and the incrustation, In the literature, no data can be found on
the second factor, the heat stability.

As very: little or nothing is known about these two characteristiecs
of soymilk and besides little can be said about the theoretical
background of the viscosity and heat stability, it was found desi-
rable to examine the literature on animal milk. Although we are
quite aware of the fact that the animal and vegetable:milk differ
-in composition it is probable that some lines may be found along
" which a research scheme may be developed, "

The -literature on this subject is very extensive and dates back to
191 é.From this large number of publications wewill mention. only a few,.

The relationships. of concentration and time to the temperature of
coagulation were studied by HOLM,-DEYSHER, and EVANS (1823).
They found a decrease of about 1, SOPC for every 1 percent increase
~ in concentration of the milk. Between ten and sixty minutes the re-
lation between the temperature to the time of coagulation. proved to
approximate. very cleosely a logarithmic relation with: respect to
. time, ‘Milk of inferior quality had a decidedly lower coagulating
temperature ‘but. the relationships of concentration and temperature
seemed - to be the same as for milk of good quality.: ’

In the paper of DEYSHER, WEBB-, and-HOLM (1929) it is shown
that the method of preheating the raw milk.prior to evaporation in-
fluences the heat stability of the evaporated milk, Temperatures up
to 70%C, applied for ten minutes, decrease the stability, while
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higher temperatures markedly:increase it. Homogenization of the
evaporated milk at pressures up to 4000 pounds per square inch af-

fects its heat stability but slightly. o

" These workers point out that body of the evaporated milk should
be of a creamy consistency. Their experiments indicate that the con-
sistency'attainable before coagulation begins and the heat stability
are of a reciprocal nature. Those products of greatest stability
had the lowest relative consistency at the time of coagulation. So
milks of exceedingly high heat stability.are not the most d951rab1e
from the standpoint. of production.of body. ‘

. Due to. the observation:that ‘injection.of high'velocity steam in a
étream of milk caused stabilization to the heat of sterilization
WEBB and BELL  (1%42) designed experiments testudy the influence
of ‘rapid heating on the ‘heat stability of evaporated milk of 18%
solids not fat. For the greater part the milk was heated to the de-
sired temperature.in 5 seconds,held 25 seconds and cooled to a tem-
.perature of less than 38°C in -4 seconds. The control - -samples were
-forewarmed at- 95°C 10 min in a steamjacketed kettle, while the test
samples were HTS T heated over a- range of temperatures from 101°C
to 165°C.

.It was found that the heat stab111ty of evaporated whole milk of
26% total solids was generally twice and occasionally six times
greater than that of the:control samples. The relationship. between
the -high: forewarming temperature and the heat: stablllty of the eva-
porated product differs with-each milk, . - REER

.The high forewarming temperature. required to produce an evapora-
ted milk of the desired viscosity may be within the limits of 2°C
for one milk or within Timits:as.wide as 60°C for ancther milk..
‘Milks - forewarmed to produce excessive high stability will be too
thin, while those with too low stab111ty will be- rough after steri-
lization,-

- As .the. increase of the heat stabillty of concentrated milk by
HTST. forewarming may make possible the preparation. and. steriliza-
tion without coagulation of milks ‘of solids concentrations greater
than 26% WEBB, BELL, DEYSHER, and HOLM . (1943) were. thus
able to investigate the effect of various degrees of forewarming
upon: the heat stability of milks of different solids concentrations, -
_ In.thefrange'of solids concentrations investigated, 28 to. about.
.33%, - the stability increases as the holding time.is lengthened for
temperatures above 100°C to 150°C. Only when the HTST forewarming
temperature was low or excessivelylhigh or when the holding period:
was too-short, -less-stability was-observed in the test than in-the
~control samples, -These:contrel -samples-were: heated in a steam«
jacketed vessel at 95°C. for- 10 minutes, . : :

b
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Several -experiments were.also conducted to determine whether the
stabilizing effect was -derived from the heating temperature or from
the rapid heating, It was found that rapid heating increased the
stability of most milks ahbove that imparted to samples heated slowly.

-They -also ohserved that the general heat stability relationships
of milks subjected to different- forewarming treatments were not af-
fected by the development of acidity- in the fresh milk -or by the
additién of stabilizing salts-to:concentrated milks; the difference
in stability caused by acid or salts was one of degree,

‘The heat treatment can also be applied.after concentration, WEBB
and BELL (1943) heated the milk before and after:concentration,
HTST :heating of. the concentrated milk:increased its heat.stabili-
ty to-a maximum:and then decreased it.With no holding time the sta-
bility increased with a rise in temperature up to the point of ini-
tial coagulation. Factors which controlled the attainment of maxi-
mum- heat stability were the time and témperature of forewarming the
raw-and heating the concentrated milk -and the solids content of the
concentrate. The greatest heat stability was obtained when the raw
milk was heated at 120°C for 4 minutes- and the concentrate to 150°C
with no holding period. .

The :authors point out that the most d951rab1e heat treatment is
not always the one that gives maximum stability, since the effect
on the body and the colour must be considered. C

Since the heat stabilities and concentrations of evaporated m1lks
-could be greatly. increased by the use of -high temperatures, this’
provided a means to prepare samples with-a wide range of concentra-
tions and stabilities, In this way it was possible for DEYSHER,
‘WEBB, and HOLM . (1944) to study the viscosity behaviour of eva-
.porated milks during sterilization and storage as influenced by
HTST heating before evaporation.Their results indicate how rapidly
the viscosity of evaporated milks.increased just before and after:
coagulation. Besides the body of the milkwas shown to be greatly.
influenced by the heat stability of the ‘milk.A reciprocal relation--
ship between the:heat stability and the viscosity-after steriliza«
tion was noted. The'highest'viscosities were produced in milks of
high concentration and low stability.

‘From their data it appears that the method of forewarming:also
influences the viscosity behaviour of the concentrated milk during
storage, The viscosities from evaporated milks: from 26 to 36 per-
cent salids concentrations followed a well-defined pattern during -
processing and storage. Thickening occurred during the steriliza-
-tion process., This was followed: hy a loss of body and.a thinning
early -in the storage period., The low storage viscosity was main-
tained for various and unpredictable periods of time during which
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fat separation occurred, late in the storage period some evaporated
milks, especially those receiving light heat treatments: and’those
with a high concentration of solids,began to show -increases in vise
cosities even to the point of gelation.

Another example of the influence of heat on the viscosity of eva=
porated animal milk can be found in the publication of BELL,
CURRAN, and EVANS (1944) who HTST heated the concentrated
mllk prior to canning,

" If the milk was forewarmed, HTS'T sterilized after concentration
and canned aseptically, the evaporated milks were of fairly satise
factory quality for only approximately 4 months when stored at 30°C. '
However, bried additional heating in cans at 115°C increased the
storage Iife of these higheshort sterilized milks,

The- publications referred to are only part of the existing litee
rature out of which we have chosen those artlcles which might be of
importance to our work

From the information onevaporated animal milk it may be seen that
it is possible to influence the viscosity of the concentrated pro-
duct by application of heat before or after evaporation. DEYSHER,
WEBB, and HOLM (1944) demonstrated that the viscosity of the
concentrated product after sterilization can be influenced by pre~
heating. The viscosity behaviour during storage also depends on the
method of forewarming the milks as they have shown, The work of
BELL, CURRAN, and EVANS (1944) is another example of the in-
fluence of heat on the viscosity behaviour during storage. Besides
it is an tllustration of the fact that the influence of heat treate
ments has not only effect before evaporation but also after evapo-
ration, in fact this influence applieg to the sterilization. process
as well, Briefly we may say that the application of heat in the
process of manufacturing evaporated animal milk results in changes
of the viscosity after the sterilization process and during storage.-

Returning to our own problem, the presence of a viscosity barrier
on concentrating soymilk, we may expect that application of heat in
 some stage of the process will influence the viscosity behaviour of
the concentrated product. Evidently it is not possible to predict
what the results of such experiments will be, but considering the
favourable results obtained with animal milk we may hope that this
influence will be such as to make it pos:-uble to evaporate soymilk.
to at least 30% solids content,

‘ In connection with our own work the resultsof DEYSHER, WEBBR,

and 1 OL M _.(1929) as regards the heat stability of animal milk are
important, They have definitely shown, that it is possible to in-
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fluence the stability of the evaporated product by variation of the
heat treatment prior to evaporation.,  WEBB and BELL - (1942) have
demonstrated that if rapid heating in tubular heaters is applied,
the stability of evaporated whole milk of 26% total solids is gene-
rally increased to twice that of the control samples, In this way it -
was possible for WEBB, DEYSHER, BELL, and HOL M- (1943) to
prepare a milk of 32% that could withstand sterilization., They also
demonstrated that it is. the velocity of heating, in-other words the
-comiing=-up time, from which the stabilizing effect  is derived, Also
when the:concentrated milk itself is heated WEBB and BELL (1943)
found that the heat stability:is influenced. L

From this information it is clear that heat treatments have given
favourable results as regards the heat stability of the concentrated
animal milk. Therefore it seems justified to study the possible ef-
fect of the influence of heat onthe stability of evaporated soymilk,

5.3 EXPERIMENTAL PART
5.3.1 Scope of work.

"From the foregoing discussion of the literature it is evident
that on concentrating soymilk difficulties may be expected, -especi-
ally as regards the viscosity- of the product. These difficulties.
seem to arise in particular whena dry matter content of 20 or higher
is reached. Therefore a study of the influence:of the concentration
and other manufacturing conditions on the viscosity is desirable.

‘With -cowmilk prior to evaporation a heat treatment is applied. It
is known that this preheating or-forewarming influences the visco-
 sity. Possibly with: soymilk preheating also has some 1nf1uence on.

the viscosity. -
- From preliminary experiments we already knew that fresh soymilk

has a comparatively lowheat stability.If this heat stability should
"not become better on concentrating, or even become worse, then ste-
rilization of the concentrated milk would be a difficult problem.
" Prom cowmilk-it:is known that-the heat stability is improved on ap-
plication of heat,On these grounds astudy of preheating in connec~.
tion with heat stability was. desirable.

Also for .other reasons heating the raw milk. prior toevapgration
is important; in the first place preheating lowers the initial num-
-ber of micro-organisms; this is of importance when an evaporator is
chosen in which the product remains a comparatively long time under
conditions favourable for growth of micro-organisms, and also when
the concentrated milk is-used for the manufacture of sweetened, con-
densed milk or-milkpowder, A low plate count is also- favourable: for
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the later sterilization process. Besides preheating is important
pectuse enzymes are inactivated which might harm the quality of the -
product. later on. Among these enzymes one. is undesirable from 2 nu-
tritional point of view,.This enzyme, the tryptic inhibitor, must
be destroyed anyhow. Lastly, preheat1ng is recommended as-a method
of desodorisation,

we:might ask if the- evaporation and the heat treatment could not
be combined, In principle it is quite possible to evaporate at.com-
.paratively high temperatures and to adapt:the holding time of the
product to conditions most favourable for the viscosity, heat. sta-
bility, and:other factors mentioned., However, for a heat sensitive .
product as soymilk:an evaporator is preferred with a short holding
time and a low evaporation-temperéture. In such a type of evapora-
tor the milk: hardly undekgoes a heat treatment. If such an evapora-
tor is applied it will:benecessary that a.separate heating preceeds-
the evaporation. Then the advantage is that the heat treatment can
be controlled more accurately.

Summarizing it was necessary to pay. spec1a1 attention to- the pro-
cess of preheating, .and to its influence on the viscosity and heat
stability of the evaporated milk.:

For this purpose:soymilk was prepared according to a uniform me-
thod recommended in:the conclusions of the chapter on manufacture
of soymilk, After preparation the 'milk:was heated in various ways;
this preheat treatment is described in the following chapter. Then
‘the - milk was evaporated.under constant conditions; the evaporation
wascarried out at 40°C (about 50 mm mercury) by means -of vacuum
steam of 70°C. Samples were taken on which determinations of dry
matter, viscosity, heat stability, acidity,.and. pH were made by
three persons simultaneously so as to have the measurements. made as.
‘soon as possible after sampling.. ' '

5.3, 2 ‘Design:of experlments..

- In actual_practice the most common method of heating is batch
heating in a vessel with a steam jacket. Such a vessel was used in
" our work,In our first heating series the lowest temperature applied
was 60°C with a holding time of 30 minutes. It was not considered
‘to use lower temperatures as this would make the heat treatment too
much guestionable as regards the destroying of micro-organisms, ‘
. In the-discussion of the literature it was pointed out that-WERB
and others (1943) -have- observed-a:definite effect. of the holding
-time on the stability. To- invest1gate whether this also holds- for~
soymilk-a second series was de31gned in which- the same: temperatures-

a5 in-the: first series were applied but using a holding time- redu-
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ced to zero-mimmtes theoretically.:In practice-it took about three
minutes before all the-milk-had been transferred from the heating
into the cooling vessel.

As has been:shown:by WEBB and others' (1943) rapid. heating in-
creases ‘the heat stability above that imparted to milk samples heated
slowly.Such & rapid heating is only possible when the milk-is heated
-continuously, that is to say, in-a flowing condition.. For this pur-
‘pose'a‘SDecially designed continuous, flash steriligator,was-con-
structed by the machine factory of Stork: (Holland). It consists of
three concentric spirals. of double pipes,:the spirals.successively
representing the heating, .the:holding, -and the cooling tube.

-The:original aim was to heat the milk:at temperatures hetween
120% and 150%C with this flash sterilizator. However,.when 120°C
‘was-applied. the: formation of incrustation was so stromg that it was
‘necessary to- increase the steam pressure:from 2 to more than ¢ atm
to keep:the milk: heated:at 120°C. ‘Besides after being used a second
time the:apparatus. proved to beobstructed. In our opinion the rapid
incrustation may:be ascribed to the great temperature difference

. and the rapid heating.

Ou. further experimentation Wlth the sterilizator it appeared that
temperatures lower than 100°C could be applied without too many
difficulties, . _

-In the third series of heat treatments, the lowest: temperature
applied was: 70°C witha holding time of 45 seconds,while the: highest
‘temperature was 120°C 45 seconds. As it was also:desired to inves-
-tigate: the- influence of the holding time when the milk is heated
rapidly in the fourth series this holding time is reduced to zero
rseconds theoretically. -Actually, according to the construction
data, the time: needﬁd by the milk-to pass from:the heating to the
cooling tube' is about:-cne tenth of a second. Also in this case it
was not considered to use lower temperatures than.70°C, as the mea-
‘ning of such a heat treatment- for the-destroying of micro-organismS'
-would become very gquestionable,

‘Summarizing. we studied the properties:of: the evaporated soymilk
-ag- influenced by the:following heating methods. )

Series 1 :Series-2 -Series 3 Series 4
‘Batech Bateh :Continuous Continuous .
‘- - 120°C 45 sec o™
- - - 100 C 0 sec-
~90°C 30 min | 90°C 0 min 96°C 45:sec | 80°C.0 sec
~ 80°C 30 min- | 80°C O min :80°C 45 sec | 80°C 0 sec
70°C 30 min | 70°C 0 min 70°C 45 sec | 70°C 9 sec
60°c 30 min'. 60°C 0 min- - -
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.5.3:3:Technique of experiments."

-In processing the milk to evaporated milk the first step was.the
preparation of the raw soymilk. This milk was heated by a steam-
jacketed vessel or by the flash sterilizator, after which the milk
.was cooled to about 5°C,Then it was sent thrOugh a film evaporator,
where it was evaporated at 40°C by means of 70 OC vacuum steam, Sam-
ples of increasing dry matter content were taken and each sample was
-cooled, Determinations were made of the dry matter content, visco-
sity, -heat stability, pH, and acidity.

In preparing the milk.about 10 kg of dry beans were scaked over-
night and extracted with water for half an hour in a 1 : 10 ratio
by means of an Ultraturrax provided with knives, The mixture was
-eooled to about 5°C, .after which it was sent through a centrifugal -
filter, As it was important for .the milk to be completely free of
small solid particles a second Filtration was carried out, During
the whole filtering process the milk was kept cool in order to pre-
vent the growth of micro-organisms. The prepared raw milk was kept -
in the refrigerator at. about 5°C, .

Then the milk was heated either by a vessel described above or
by the continuous flash steriligator.

If the vessel was used- (photo §), the milk -was kept in constant
movement by a stirrer. This improves. the heat transmission and
avoided incrustation. After the-required period of heating the milk
flew into a.-container in which a cooling spiral and a mixer were
-placed, For heating 2 atm, -steam was. used, about 10 minutes was
required to reach.the desired temperature. It took about 30 mlnutes
for the cool1ng operation to: reach 20°c

--In the continuous sterilmZator the coming-up time is 3-4 seconds. -
Also the cooling operation is very rapid, as it takes only. 12 se-
conds to reach 20°C,

The sterilizator consists of three concentric-spirals of double
pipes (photo 7). In all three sections the milk' flows- through the
inner pipe. In the’inner spiral, the heating tube, - the- milk is hea-
-ted by steam;: in'the outer spiral, the holding tube; the milk can
be kept for o, 15, 30, or 45 seconds at the temperature obtained;
in the middle-spiral, the cooling tube, the milk is cooled with
water (fig 6)." :

The temperature is measured with thermocouples which are: present
in four places, The first is placed -at-the inlet of the soymilk,

-the second immediately after the heating tube,the third: just hefore
the cooling tube, and the last at the milk outlet (fig 7).
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The -data-on the construction of the apparatus at 100 L/hour capa-
city -as given by the machine-factory- are summatized in the follo-

wing. table:

Flash-sterilizator: data for 100 L/hour capacity.

-length | -inner { velocity| -Re K
“(m) | diameter| (m/sec) (Kcal/%ﬂ,hr.OC)
, (mm}) : -
-heating- tube 5 5 1.4 | 12.000 2,500
holding tube | 3.6t7.2] 12 1.4 e --
cooling tube '} 12 1z 4 o0.28 .| %7.000 1.000

.After the heat treatment the milk was cooled with cold brine to
about 5°C, and then the milk was sent through the film. evaporator. -

The ‘evaporation installation consists. of a film evaporator,a con-
densor, a vacuum. system, and a vesse] for the production of vacuum
steam (fig §).:

The ' lower: longer part of the evaporator (fig 9) consists of the
evaporator body which is surrounded by a steamjacket. The upper
shorter part serves as a vapour liquid separator, Between: these: two
-parts the liquid is introduced tangentially inta the evaporator
-body, :where it is caught by a four-blade rotor extending from. the
‘top of the upper part to: the: bottom of the:lower part. Due to the
‘movement of the rotor, the liquid is thrown-against the inmer wall
-and. flows down:as a thin film. The:rotor can be adjusted at three
speeds, The- advantage of this kind .of evaporator is that the-liquid
cones,only'fbr'a very short time into-contact with the heating sur-
. face.

-The evaporator body has the following: dimensions:

inner diameter .60 mm
outer diameter 64 mm
-length 490 il
thickness of wall 2

heating:surface - 0.0954 m2

The - d1ameter of the rotor varies from 5.67 - 5.7T1 em, 8o the dise
tance from the rotor to the heating surface varies from 1 0~1.5 mm,

The three-speeds of the rotor are
1) 1010 rotations per minute’
2) 1470 L B LU )
3) 2120
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From- the vapour liquid separator the vapour comes through a con-
nection pipe into the glass condensor, where it is condensed by
three glass cooling spirals. Through these spirals water or cooled
brine can be circulated.. At its base the candensor is provided with
two containers for. the condensed vapour,. The condensor is directly
‘connected with the main:vacuum system by the main vacuum pipe.

The ‘vacuum in the evaporator is obtained by means of one water
and two steam-ejectors.The -working pressures were 3:atm and 2.8 atm
respectively. The vacuum is measured by a mercury manometer M-and
-amounts to about 73 cm of mercury. The vacuum is kept constant hy a
leakage of valve_A3 on the top of the- left container. Under working
.conditions the vacuum is adjusted to a constant vapour temperature
which' is measured by a mercury thermometer T inserted in the con-
nection pipe:between vapour separator and condensor.:To insure:the
vacuum tightness a vacuum (V) and awaterlock (W) are applied around
the upper and lower end of the rotating axle.

The - evaporator body is heated by vacuum steam which is generated
by a vessel with an own secondary vacuum system, The vacuum system
is-not connected with:the main vacuum system, Due:to an automatic
-heating regulation’ the vacuum steam had a constant temperature of
70°C. - The : secondary vacuum was:about 53 cm of mercury.

The actaal operation was as follows.The main vacuun system, :water
+and vacuum: locks were:switched on,after which: vacumm steamwas- gene-
rated,: Then: the rotor and comdensor were switched on.

The cold milk, about 5°C, was sent into- the. evaporator body after
-having passed & flowrator.The milk was:nof sent into the evaporator
at-boiling temperature because from: preliminary experiments it was
-known that this would cause:trouble due to the foaming of the milk.
-However, 1if the temperature of the milk was-lowered and the speed
of the rotor increased the foam was:completely suppressed. This
-flowrator was- adjusted in such away that the inlet amount was about
24 L/hour, The milk, flowing down-as & thin, £¥1m,’ was Heated by the
‘steamjacket and the vapour escaped at aboiling temperature of 40°C.
:The milk has & strong: tendency to foam and if the speed of the rotor
1s not high enough the foam will -not be completely destroyed and
passes into: the:condensor.Under the:chosen circumstances the second
speed of the rotor, 1470 .r.p.m., was:high enough to prevent this.

The:concentrated-milk was received by one of the two glass contai
ners at the  lower part. of the evaporator.:When:this container ¢ was
-filled, the milkflow was-switched to- the- other container. by means of
tap K.: Then the'container.cﬁwas shut off from the vacuum system by
means of tap Cy,.end air was admitted: by tap Cg. By‘opening: tap-Cg
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the milk flows out of the container, After emptying the taps C3 and
Co were closed and as tap C; was graduallyopened the pressure of the
main vacuum system was lowered until the required vapour temperature
of 40°C was reached again,In this way the glass containers were.fil=-
led and emptied, The milk, which came out of the two glass contai-
ners, was immediately cooled with.a cooling spiral through which
cooled brine was circulated.

In this way the milk was sent a few times through the evaporator
at the rate of about 24 L/hour, and during each pass.a number of
samples were taken.During the first pass some three to five samples
-with different dry matter content were taken by lowering the supply
of milk to the evaporator. The:greater part was evaporated under
constant conditions and thus a first concentrate was obtained with
a dry matter content of about 10%.After the first pass the milk was
sent through the evaporator for a second time: the second concen-
trate had about 14% dry matter. Also during the second pass samples
of increasing dry matter content were taken. If the viscosity barrier
was not yet reached a third and fourth pass was effected and samples
were obtained, Altogether the milk was evaporated two to four times
until it hardly flows owing to the imcreased viscosity,

The samples obtained in this way were put in bottles, which were
cooled in water of about 0°C. The viscosity then increased due to
the decrease in the temperature of the evaporated-milk. The milks
of low viscosity could be poured. out easily,but with those of higher
viscosity - though the milk was still flowing - the cireular upper
surface of the milk tended to retain its shape; when the eylindrical
bottle was kept. sloping.When. this happened such amilk was designated
a gel,though the consistenty of such a gel was not necessarily very
high, This gelling -occurred above 100 cP. The gels of the other
samples with-successively increasing dry matter content gradually
became firmer until at last, keeping the milk bottle upside down,
the contents did not flow.out of the bottle but remained together

like'a very firm pudding.

-The: viscosity determinations were carried out-with a Haake Visko-
waage, (fig 10),which is a modification of the Hoppler viscosimeter,
It consists of a standard with a fall tube and waterjacket. The
‘standard’ carries a yoke-which has a weight, rod, and metal ball on
the left hand, a lomg needle in the middle, and a scale for weights
on the right ‘hand, -

_-When: the- glass. tube- was: f111ed with the evaporated milk the ball
was placed. in its lowest position in. the tube;By: putting weights: on
the. scale on the right the ball was pulled upward through the liquid
and the needle moved over a marked scale. The time which.the needle

5



needs to pass between two points: on the scale was observed, The de-
terminations were carried out at 20°C. : The water around the glass
tube is circulated by a Hoppler thermostate, which keeps the water
temperature at 20°C-% 0.05°.
The viscosity was calculated with the formula,
n=FGT n=viscosity (cP)
' F=rod factor (cm™2)
G = weight - ()
T =.time (sec)

fig, 10 Viskowaage

. The heat stabt.hty determinatmns were carried out in pyrex- glass

tubes open at oné side. This side can be closed by means of-a nut,

The tube has the following average sizes: length.20,5 cm,outer dia-
meter 1,2 cm; -about: 80%: — 8:ml):of the volume was filled-with:eva-
porated milk, The: tubes were fastened:to a movable-rod by means of
two clamps and after immersion in the 120°C paraffine bath kept in
constant vertical movement as indicated in the following: figure.
This: temperature of the paraffine was chosen because the steriliza-
tion of evaporated soymilk in cans would be carried out.at 120°C.
The tubé ends were moved up-.and downwards about 25 to 30 times,a

| 6 | '.



minute.

‘A stirrer kept the paraffme in constant movement. 1n the tank
which at the front was provided with a glass .window through which
ohservations could be made.These observations were made in duplicate.

- fig, 11 Pyrex glasstube
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_fig, 12 Paraffine tank

AS soon as the tubes were immersed the time wasmarked with'a stops- -
wateh and the milk was kept flowing in the tubes. During the milk-
flow small sbeckleé appeared on the inner surface of the tubes; in
the milk itself nosolid particles could beobserved as yet. Then the
‘milk began to fiow jerkingly (the flowline of the milk is not smooth
any more) and when this ‘point was reached the watch was stopped.The
time: between immersion of the tubes and this: moment was considered
as the heat stability. On further heating salid particles appeared
throughout the milk and the 'milk solidifies,

Kk



5.4 Results, discussion and conclusions.

Before entering the discussion of the experimental results it is
necessary to dwell upon the reliability of the determinations of the
viscosity and the heat stahility. To this end we cite some figures
of viscosity determinations whiech were determined in triplicate,

-
P ]

Heat treatment 60°PC - 30 sec.

concentration viscosity concentration viscosity
11.7% 3.02 cP 21.3 % 17.88 cP
- 3.18 17,80
3.02 17.65
16.9 % 5.82 27.5 % 123:62
5.72 119,72
: 5.62 : _ 120,--
19.6 % 10,11 33.5 % "287.60
10.18 - ' 271.60
“10,29 ' 264.80

Roughly estimated up to 10 cP the variation is 0.2.¢cP, at 100 cP
it is 2 cP, and at higher viscosities it becomegabout 10 cP, At high
viscosities the variation range may be even larger, but® it&:meaning:
for the reliability of the viscosity curves isestimated to be small
‘as the last part of the already very steep curve will not be influ~
enced much by even comparatively large variations.

The:heat stability determinations were carrled out. in duplicate,
some of which are given below,

Heat t_reat.ment 70°C 45 sec.

concentration [heat stability|concentration { heat stability
10.8 % 61 min 6 sec 13.3 % 16 min 44 sec

61 min 10 sec : 16 min 40 sec

12,9 % 34 min 29 sec 16.1 % g min 0 sec

34 min 9 sec : 7 min 40 sec

13.9 9% 18 min & sec 19,2 % 3 min 50 sec

18 min 4 sec : 3 min 45 sec

The results of our experiments are represented in table ¢, 5, and
6, and fig 13-25,
The first four graphs, f1g 13- 16, dea] Wlth the heating. experi- :
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TABLE 4 Influence of preheatingon the viscosity and heat stabi-
: lity of evaporated soymilk,

SERIES I

Heat treatment |dry matter viscosity |heat stability | pH |acidity
90°C 30 min 10.9% | 9.85 cP| 60m 15 sec |6.63 | 2.16
11.4 10.21 46 m 45 6,67 | 2.49
12,1 11,14 41m17  |6.64 | 2.36
13,1 21,03 33 m 52 6.62 | -
14.2 44,16 18 m 33. 6.62 | -
14.4 43.60 18 m 39 6.67 | -
80°C 30 min 14,4 5.38 23 m 17 6.56
15.5 6.28 g§mis 6.56
16.3 7.35 7 m 53 6.56 | 3.34
19.1 23,03 1m 6.57 | 4,23
19.5 26,09 2 m 48 6.54 | 4.13
22.2 | 82,87 1 6.54 | -
pel24,7 176,93 1m 6.50 | =
‘Eﬂzs.s 220,13 1m 6.52 | -
70°C 30 min 12.8 3.52 23 m 14 6.53 | 2,36
14.0 4.48 8§ m 58 6,53 | 2.45
17.1 7.41 2 m 25 6.51 | 3,43
19.2 11.56 1m 6.49 | 3.47
20,3 14.34 1im 9 6.50 | 4.11
20.8 22,28 1m 7 6.50 | 3.91
23.7 44,74 - 6.52 [ =
25.3 - | 80.8t - 6.50 | -
l25.4 102,57 - 6.52 | -
60°C 30 min | 11.7 3.07 36 m 42 6.41 | 3.06
13.1 4.02 ‘37 m 38 16.43 0 2,72
13.4 3.71 22m34  ]6.43 | 2,97
13.9 4,65 11 m 46 6.45 | 2.97
15,9 | 6.01 5 m 38 6.45 | 3.51
16.9 | 5.72 2 m 54 6.45 | 3.87
18.2 8.92 2 m 42 6.44 | 3.95
19.6 10.19 2m 6.44 | 3.55
21.3  [17.78 - 6.45 | 4.60
23.3 26.45 - 1-m 54 6.45 | 4.61
27.4 ° [131.37 om25 16,43 -
33.5 18410 | - 6,40 | =
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SERIES 1II

- Heat - treatment | dry matter [viscosity|heat stability| pH [acidity
: (ml)
90°C 0 min 12,85 6.55 cP| 31 m 30 sec |6.60] 2.50
c 12.9 | 6.37 | 33md6 . |6.60| 2.5
13.1 | 7.55 3B m 3 6.62| 2.45
13.2 |'7.67 | 32mi19 - |[6.58| 2.83
gel 16,57| 64.68 - | 4 m 38 6.62| ~
gel 17,2. 199,87 | 2m56 - |6.58| -~
gel 18,5 [286., 98 - 8.60| -
80°C 0 min 13,7 | 4.21 48 m 53 6.59{ 2.50
o 14,9 | 5.19- | 23m34  le.55) 2.m
16,5 | 6.77. | Tm29 .53 | 2.9
18.9 | 12.02 3m17 6.50| 3.82
22.6. | 36,32 1m 30 6.50] 4.43
. |elumps 24.5 | 85.06 1m10 6.49| 4.67
. lelumps 26,1 |110,24 1m 4 6.50 -
gel 29,1. [234.93 1m10 6.46] -
- 70°C 0 min - | 20,0 [15.80 - | 1m27  |6.42| 3.80
: ' 20.8 | 23.27 1m22 - |6.46]| 4.17
23.1. | 29,17 “1m.4 6.44] 4.69
25.4 | 78.26 ©om47 6.41( 4.97
26.2 | 64.99 “1m o4 . |6.42] -
gel 28,5 [174,00 0 m 32 6.40| =~
gel 30.0 |260.70 0m41 6.41) -
gel 32,9 [563.85 - 8.32f -
15.2 8 m 38
15.8 6 m47
17.6 3mig-
60°C 0 min .. 20,2 | 9.97 2m24 6.50| 3.82
.20,5. | /9,97 2 m 24 6.49] 4.08
21.3 | 11.31 1m58.  [6.50] 4.51
. 21,7 [11.85 2'm 30 6.50} 4.19
22,7 |44 | 2m 6 6.50| 4.44
26,4 {31.06 - 6.49| 4.9
30.4 | 66.65 om3o0 ° |e.42| -
32,9 [208.37 . 0m 40 6.40| -
lelumps 33.6 {157.45 om30 - |6.43| --
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SERIES III

Heat treatment : | dry matter |viscosity theat stability] pH
909C 45 sec '12.4%} 3.71 cP{- 87 m 56 sec |6.59
5.0 { 4.74 17 m 33 6.53
‘15,5 | 5.43 16 m 49 6,53
17.4 { 7,95 9.m 36 6.49
22,3 | 40,13 2 m 59 6.56
22.3 | 4l.64 2 m 57 6,51
22,9 | 64,40 . | . 2 58 6,42
26.3 [298.41 - 6.49
_ 28.8 |368.80 - 6.50
80%C 45 sec 12,7 ] 3.32 144 m 30
: : - - 13.5 - 100 m 25
14,4 | 4.49 83 m
17.9 . 15 m 23
19,8 | 9.63 7m 27
21.0 | 13.26 Tm 7
23,6 § 20,27 am
25.2 | . - 5m 10
25.3 | 33.84 3m 20
26,2 | 49,54 1m29
30..2 |253.93 -
76°C 45 sec. 0.8 3.25 61m8g 2.83
- 11,4 | ' 3.31- 54 m 58 3.20
12.9 [ a.51 34 m 19 2.61
13.3 | 3.82- 16 m 42 3.70
13.9| 3,93 18m 5 3.17
14,2 | 4.03 23 m 14 3.13
6.1 5.10 7 m 50 3,20
19.2 | '8.34 3 m 148 4,24
21,3 | 11,20 2m 18 4,69
26,8 | 30.16 0 m 55 7.90
27.7 | 45.16 om39 -
28.1 | 48.54 - -
32.8 | 153.60 - -
37.3 |622.80 - -
39.0 |730.90 - -
120°C 45 sec 18.3{ 17.22 | 16 m 10
D 18.9 | 22,45 | 14 m 5%
19.6 | 26.18 14 m 59
20.1 | 37.88 12 m 18
22.7.1162.49 6 m 53




SERIES IV

Heat freatment |dry matter |viscosityfheat stability|.pH a'cidlity
' (ml)
90°C 0 see 13.7™%t 3.78 cP - 6.61] 2.62
: : - 15.0 5.08" 46 m 19 sec |6.64] 2.72
15.6 ‘5,11 39m 12 6.64] 3.06
15.8 5.61 " 31 m 51 6.62] 2.84
17.7 6.94 19 m 31 6.64] 3.49
215 1 22.94 4m 24 6.65] 4.30
24,2 1 44.33 3 m 39 6.64
" 24,5 | 48.05 | 3.m43 6.64|
24:2 | 29.85 4 m 30 6.64
gel 31,0 |411.60 - 6.61 -
gel 33.2 |545.74 - 6.59 -
80°C 0 sec . | "12,0 2,32 1 94mis . 6.59| 2.29
: - 13.‘8 4,61 63 m 11 6.65 2,76
14.3 4,18 46 m 36 6.60] 2.84
16.7 6.43 - lem 8 6.59] 3,37
17.8 6.80 13 m 36 6.62 3.31
18.8 8.37 5 m 58 6.63 3.82-
18.9 8.1 6-m 49 6.63] 3.96
19.9 § 13.99 -3 m 25 6.63] 3.95
.21.4 f 13,47 -2 m 53 6.63|] 4.03
24.7 | 26.54 1m g 6.506| 2.53
27.07) 40,- -Qm57 6.58)] 5.14
27.3 | 51.84 | - 6.568} 5.84
: 284 110104 . 0mb52 6.58] 5.8
gel 33.7 {189.44 L= 6.56 -
gel 35,3 |246.91 - 6.58|
_ gel 35,2 J338.14 . |. - 6.55 -
70°C 0 sec 1.5 | . 3.09 62 m 6.61| 2.28
. ‘ ~ 13,7 4.4 | 31 m.49 6.611 2.4
14.5 4.25 .22 m 6.62| 2.81
14.9 3.80 5 m25 6.61| 3,21
14.3 4.31 21'm 4 6.617 2.79
i7,4.] -6.08 " 1m38 6.611 ‘3.71
20,31 8.14 1m 1 6.50] 4.32
22,0 9.54. S 6.58] 3.37
23.0 | 10.90 0.m:51 6.581 5.06
32.3 | 3017 | om22 6.56] 6.21
- 36:1 | 67,29 . 6.4 - .
gel 36.7 |115.69 - 6.52 -
gel 37.2 1186.54 - - 6. 52 -
gel 41.2 [320.21 - .- 6.51 -
gel 44.2 |458.70 | - 6.49( -




~ Heat treatment Jdry matter |viscosity jheat stability] pH [Acidity:
(ml)
1000C 0 sec 15.4%] 5.90 cP] 26 m 44 6.52
' 16.3 9.63 20m 6 6.53
17.5 9.73 17 m 15.5 6.54
17.6 9.80 - 16 m 6.5 6.57
18.0{ 11.63 12 m 43.5 6.54
19.4 | 17.55 7 m47.5 6.52
20.4 | - 49.50 5m30,5 6.50
20,5 | 64,17 6m 6 6.54
gel 20,7 { 50,62 7 m 33 6.53
gel 21.5 $162.30 3 mb56° 6.50
gel 21,8 [131.64 - 6.51
gel 23,5 |236.25 - 6.51
" Heat Dry matter|Viscosity Heat Dry matter|Viscosity
treatment A ‘ treatment
Not heated 1i.4 .3.22 707 0 sec i4.1 4.30
) i3,1 3.57 (doplicate) 21.9 9.75
i9.2 7.03 28.9. 30.83
19.3 7.28 31.4 46.53
21.0 9.20 36.2 153.13
21.0 15.50 40,2 362.04
21,9 10.40
25.8 15.50 700 45 sec 14.3 4,08
28.9 31.00 duplicate) 18.9 - 7.15
30.5 35.98 ' 23.1 16.07
30.7 53.72 25,7 25,62
33.0 57.65 27.9 40.78
36,6 205,15 30.1 - 69.75
36.9 187.59 33.5 158.65
Heat
stability
Not heated -20.4 7.57 Not heated 13.7 20m 8
22,3 10,53 : 13.7 3o m 45
26.9 25,173 - 15.6 8 m 41
28.0 34.66 16.5 1 m 56
29.5 56,80 17.5 2 m 54
31.8 96.66 17.8 2m13
32.3 92.13 " 19,2 1m40
: - 2 20,T 1m386
21.3 - 1m 7
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TABLE 5 ‘Dry matter contents of evaporated soymilk correSponding
with a viscosity of 100 cP.
Influence of preheating.

80

33.8 %

Series.1 | Series 2 Series 3 Series 4
Batch .Batch Continuous { Continuous
- time _ :
.Heating~ 30 min 0 min 45 sec 0 sec
temperature
120° - - 22,7 % -

- 100%C - - - 21.7 %
90°%C 17 % 17.8 % 24:.8 % 27.3 %
80°%c 23,2.% '25.8 % 28.4 % 30 %
70°C 26.2 % 26.7 % 31.4 % 36 %
§0°C . 28.8 % 31.5 % - -

unteated . . 32,0 % - -



ments carried out w1th the vessel. The first graph flg 13 shows
the viscosity and ‘heat stablllty cnrves when the milk is preheated
.- with 30°minutes holding time, “and ‘the second -one, flg 14, with 0
*. minotes h01d1ng time. The third graph, ‘fig 15, compares the: visco-
- .sity eurves .of 30 m1nutes holding time with/of )] minutes. The ‘same
is'done in fig 16 with the heat stability curves. v o

“The next four graphs deal with the work done on preheat1ng with

'.'the Stork sterlllzator. The fifth graph, fig 17, shows the curves

for v1scosity and heat stability with a holding time of 45 seconds
___and the sixth, fig 18, for a holding time of 0 seconds. The seventh
" graph, fig 19, ‘compares the viscosity curves of 45 seconds hold1ng,
time with those of 0 seconds, while the same comparison is made for
the heat stab111ty curves in fig 20,

A comparlson of the viscosity curves of . preheat1ng Zero m1nutes
with the vessel and O Seconds w;th the Stork sterilizator is made
" in fig 21, while in fig 22 the same combarison is made for the heat
stability curves, The influence of the method of preheating on the
v150031ty curves of evaporated milk 1sshown in fig 23, Fér the heat
stability’ curves this is done in fig 24.

~In discussing the results we will pay attention to the dry matter
' content-reached after s certain heat treatment- corresponding with
a viscosity of 100 cP. This viscosity is chosen as we may safely
assume that then.nngell1ng occurred yet. The heat stability will
he discuséaibyconsidering the dry matter content reached by drawing

". a horizontal line at the 10 minute-levalThis value is chosen as it

should bé considered a minimum of sterilizatibn;

When we take f1g 15 (Preheatlng with vessel effect of holdlng
time and temperature level on the v130031ty) and fig 19 (Prehea-’
ting with flash sterillzetor, effect of holding time and tempera-
ture level on the viscosity), we can draw.an imaginarylireat a. vis-
. -_coéity level of 100 cP. At the points where'this line .crosses‘the

. visecosity curves the dry matier contents can be read by comparison

‘with the horizontal axis, The values ~obtained in th1s way are shown
in table 5. : .

If we compare the dry matter contents of ser1es 1 reached after
heating at different temperatures with the same holding time we can.
readily see that as the heating temperature increases the dry mat-
ter content decreases, This does not -only apply to the points of
. the curves at the 100 cP level but also to most other. po1nts of the
"'curves perhaps with the exception of those at the nearly horizontal

-part of the curves.: .. o
Cons1der1ngthefigures of’series 2 we may. say that the same holds
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ffor this serles. As the temperature 1nereases the dry matter con~
itents diminishes. This means’ that if we preheat the milk with a ves-
Tsel the visc031ty barrier arlses 1ater if lower temperatures are
uséd, .

“ Comparison of the results of ser1es 1 and series 2 shows that- for
-each of the heating temperaures used the dry’ matter contents of

-series 2 are higher. Th1$ means that shortening the holdlng time -

_causes the viscosity‘barrier to arise later. It may be seen that
‘the influence of this factor is not ‘s0° pronounced as that of the
temperature level.’ : ; -
- . The- results from series 3 show the same regularlty as in the for-
mer two series: This-is also the case w1th series 4. If we' now cOm-
pare the results of series 3 with: the corresponding ones of ‘'series
4 we see that k) higher dry matter content is reached if the holding
time is- shortened Though' the holding time tas-a definite influence,
it is not’ very 1mportant. What counts 1n the first place ig the in-
fluence of ‘the- temperature ‘level,

“"fe'can méasure- the differénce in effect ‘of heating with the ves-
sel and the continuous sterllqsator by comparing series 2 and 4,
which theoretically have the same holding time,Theén we see (fig 21)
‘that with the continnous sterilizator apprec1ab1y higher dry matter
'contents can be ‘redched,This is especially the ‘case with preheating

‘at 70°C and also at 90°C. Evidetitly this may be ascr1bed to the: much-.'

more- rap1d heatlng of ‘the” contlnuous sterlllzmtor and presumably'
ralso to~the rapld coollng. T . : . 2

Thus we can confirm that there aﬁtUuL exists such a. thing as a
viscosity. barrier, When using the term * rrier®” we especially have
~in mind the steep part. of the viscosity curve, which in the proper
sénse of. the word represents a harr1er that cannot be overcone by
‘evaporating, _ o : B )

~The very regular sequence of the curves in fig 15 and fig 19 are-
-prove of the systematic influence of temperatuié¢ level and holding .
-time of preheating on the viscosity-of the evaporated ‘product, -

' If wejudge -the results by quantitative standdrds we see that:at
about 20% or after 20%, as: mentioned in the literature, theére is- a
viscosity barrier.: However we: have. found  that. alsa below 205 dry

matter -this barrier can.arise’if we choose the’ right ‘preheating . -

-conditions’ (vessel 90°C). We have ‘also shewn: that'! the viscosity.
‘curves and ‘thus the viscosity barrier can be moved' to higher dry -

- matter: contents by ‘lowering the: heating temperature aml reducifg -

the hoiding ‘time. -In this respect -the:contintopus flashsterili ator

~is more effective:than the-vessel,. With: the unheateéd milk we" éven

' lreached a drw'matter content of 32334%. It is difflcult 10 explain-'
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_ that flash heating at 70°C with no holding time gives amilk of even
_ & higher dry matter content than the unheated, evaporated milk at
100 cb,

‘Whén we take fig 16 (Preheating with vessel, effect of holding

. time and temperature level on the heat stability) and fig 20 (Pre-

‘heating with flash sterilisator, effect of holding time and tempe-
rature level on the heat Stability) we can draw an imaginary line
at the stability level of 10 minutes, At the points where this line
crosses the stability curves the dry matter contents can be read by
comparison with the X-axls. The-values obtained in this way are
shown in table 6, :

‘“TABLE g Dry matter cqntents of evaporated soymilk corresponding
with a heat stability of 10 min, -
Influence of preheating.

‘Series 1 | Series 2 Series 3 Series 4
Batch Bateh |Continuous | Continuous
Holding
: time | 3o min | o0 min 45 sec 0 sec
Heating- _ . E ‘
temperature
120% - -] 206% -

" 100°C - - . 18.8 %
ac’c - 15.0% | 15.3% | 17.0% 19.1 %
8e’c 15.9% | 16.7% | 19.6 % 17.4 %
70 | nM.0%{ 14.8% | 15.8% 14.8 %
60°C 14.9% aERE -

~ unheated - 15,5 % - - -

On examining the figures of series'1 we see that heating at 80%¢
gives the highest dry matter content and thus we may say that this
“heat treatment gives the highest stability. For the three highest

"’temperatures the sequence of 1ncreasing stability imparted to the

evaporated milk is 70°, 90°, ‘and 80°
Also in the second series’ heatlngaiiso C imparts the h1ghest sta-
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bility to the evaporated milk. It is interesting to note that also
with this series the seguence in which the heat treatments increase
the stability is the same as in the former series for the three
highest temperatures.

Comparison of the figures of series 1 and 2 shows that for each
of the heating temperatures the dry matter contents of series.2 are
higher. This means that:decreasing the holdlng time increases .the
stability. . e o S

- Though - the -results of series: 3 show the same order as . in the foro
mer two series it should be noted that the determination of the
heat stability of.the heating experiment 90°q.45 sec was carried
out about_one day later as usual., Normally we may expect the order
to be 70°, 80° and 90°C as in the following series. This experiment
could not be repeated due to the fact that the original stock of
soybeans was exhausted., It will he seen that heating at 120°C im-
parts an even higher stability.

In series 4 the order of heat treatments increasing the stability
is 70°o 800, and BOOC, if only the three lowest temperatures are
considered. Clearly, heating at 90°C, has given the best results.

If we now compare the results of series 3 and 4 we see that in
general the values of series 3 are higher, This means that -contra-
ry to batch heating- lengthening of the holding time increases the
stability, except for the heating experiment at 90°C, for 45 sec.
As has been explained we may expect that this value would be higher
if the stability determinations had been carried out in time.

A comparison of the stabilizing effect of batch (series 2) and
continuous heating (series 43 will show (fig 22) that continuous
heating imparts a higher stability to the evaporated producﬁ The
difference in stability seems to become greater with an increase
in temperature. : -

Thus it appears that preheating_has a sysfematic influence on the
heat stabllity of the evaporated product, In comparison with the
unheated milk the evaporated milks preheated with the vessel do not
much improve their stability. The regular influence of preheating,
however, is undeniable, The continuous sterilizator imparts a much
more pronounced stabilizing effect to the milks.

'The overall .effect of.preheating on-the viscosity is depicted in
fig 23. In order not to overcrowd the picture only the curves of
70°C and 90°C are drawn. As may be seen from this figure as well as
from table 5 the curves shift to the right in the order series 1 -~
series 2 - series 3 - series 4, The same order applies to ‘the. 80°c-
.curves, SRR : . :
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The overall effect of preheating on the heat stability is shown
in fig 24, -where only the curves of 90° and 80°C are drawn. The
order in which the heat treatments increase the stability is series
1 - series 2 - series 4 - series 3, As has been pointed out before
the order of the last two curves of 9¢°C is reversed.

The experiments which have been duplicated, 70°C 45 sec, 70°C
0 sec and the unheated milk, are -shown in fig 25. In accordance
with the foregoing discussion we will judge their variation range
at the 100 cP level, For the 70°C 45 sec duplicates the difference
is less than 1%, while for the T0°C 0 sec curve this variation is
about 1,5% of dry matter. The unheated milk gives a larger varia-
tion range, about 2%.:From these duplicates one gets the impression
‘that the more the milk is heated the less is the variation. Judging '
from these results the viscosity curves may be- regarded as repro-
ducible,

The foregoing discussion leads us to the following conclusions:

1.‘Raw soymilk-can he concentrated to at least 30% without diffi-
culties, However, this preduct.can not be sterilized,

2. Heating the raw soymilk prior to evaporation gives rise to a
viscosity barrier, which makes it ‘impossible to concentrate the
milk- further as the evaporated milk cannot flow in the evapora-
tor any more. The dry matter content at which this- visc031ty
barrier arises depends upon. the method of heatlng.

-3. When a steamgacketed vessel is used-to forewarm-the raw milk,
:lowering the heating temperature-from-gooc‘to 60°C as well as
- reducing the holding time from 30 to 0 minutes moves the visco-
sity barrier to higher dry matter contents, : :

4. When the continuous, flash stertltzator is used to forewarm the
milk lowering the heating temperature from 120° to 70°C as well
as reducing the holding time from 45 to O seconds moves the vis-
cosity barrier to higher dry matter. contents,

5. In comparison with the viscosity curves of the‘vessei. the cur-
ves of ‘the continuous sterilizmator for the corresponding heat
treatments at 70%, 80°, and 90°C are located at higher dry mat-

ter contents than those of the vessel.
B;sting a vessel, for a holding time of 30 minutes as well as ©

" minutes, the heat’ stab111ties of the evaporated milk are increa-
sed in the order 7o°. 50°, and 80°C. Reducing the holding time
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from 30 to 0 minutés increases the stability.

7. Using a continupus‘sterilizator, for a holdingtimeof'45 seconds
as well as @ seconds, the heat stabilities of the evaporated
milks tend to be higher in the following order of heat treat-
ments: 70°, 80°, 90°C., Increasing the holding time from 0 to 45
seconds tends to increase the heat stability.

‘8. Inm. comparlson w1th the hesat stability eéurves of the vessel those

' of the continuous sterilizator for the corresponding heat treat-
ments at-70°%, '80°, and 90°C are situated at higher stab111t1es
than those of the vessel,

‘9. In the range '70°, 80° 'and 90%C the overall. éfféct of preheating'
is the shifting of the viscosity curves to the right i.e.-to
higher dry matter contents, in the sequende,

vessel 30 min-vessel 0 minaflash 45 sec-flash 0 sec.

After these conclusions we should consider again our. starting
point, where we assumed that. -notwithstanding differences in struc-
ture between soyand animal milk-.principles of preheating valid for
animal milk.might prove useful in app11cat10n to soymilk.

-As presumed, heating raw soymilk prior to.evaporation does effect
the viscosity of its evaporated product, With cowmilk, preheating
.may increase or decrease the viscosity of the concentrated product,
whereas with-soymilk. the only effect of preheating is an increase
in viscosity. Thus the influence is.an unfavourable ome.

Also the heat stability appears to be_ influenced by. preheating.
It may be said that in general preheating has a favourable effect
on the stability.

The opposite effects of preheating on these twc propertles of the
concentrated soymilk: canstitute a difficult problem that will be
discussed in the last chapter of th1s work.

_Addition'of salts to_ the evaporatedsoymi lk.‘

From the literature on animal milk it is known that the heat sta-
bility can be influenced by salts.With the purpose of increasing
the heat stability of evaporated soymilk some.experiments concer=
-ning this point were carried out to get an insight in the eventual
role of salts in the sterilization process, . -

The experiments were earried out as follows: 0. 75 0. 50, and 0.25
ml of 0,5n solutions of sodium citrate and potassiumphasphate.were

-pipetted in separate flasks, adding 0.25,° 0,50, .and 0.75 ml.water
-respectively, The same was done with 0, 05n-solutions, To.each of
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these flasks, containing one ml of salt solutions, 50 ml of cold
evaporated soymilk was added and thoroughly mixed. On these milks
-heat stability determinations were made.

" In the following table some data on the salt influence are shown,
"In three cases the salts had no influence, while in the other three
a definite effect could be observed. This ratio 1s not representa-
tive fof'the'total number of samples investigated as these data were
-chosen on purpose so as to illustrate the differences in salt in-
fluence found. It will be easily understood that from these limited
data no general conclusions can be drawn. They only indicate that
research along these lines might be useful,

TABLE.7 INFLUENCE OF THE ‘ADDITION OF ‘S8ALTS ON
TRE HEAT STABILITY OF EVAPORATED:SOYMILK

Heat treatment 120°c 50°c sooc gooc 90°C
4% sec - 30 min 0 min 30 min 0 min
Dry matter 18.5% 18, 1% 20.8% 11.4% 12.8% 15.5%
Blancs 18224 J1mg2 ) 2m25 | 20m 14| 28 m 55 6 m 57
b 19 m 18 1 1m0 39 ] 2 m 2q 19 mss) 20m 5 7a 5
Na=citrate
07501 0.5n | 20m 50 | 1m25 f 2:m 34 | 48m o
48 24 34 50
0,50 ml 22m50 [ 1m46 [ 2m36 | 38m D
_ 21 37, 37 | 43 m 30
0.25 ml 21m 34 | 1m33] 2m24 | 32 m 30
19 m 40 35 25 1 3318 0
0,75 nl 0,050 20m 28 | 1m26 | 2= 26 | 22 = 30
18 n 50 .10 28 | 19 m 53
0.50 ml - 20 m 38 { m 39 2 m 26 17 m 30
. 19 m 58 - 33 28 | 15 m 30
0,25 mt ) 18m37 {1 x39{ 2m 26| 21 m 18
| 19 m 58 | 33 26 50
K-phosphate
0.75 al 0,5 n 24 m O 1 = 41 2 m 14 60 m 16 - 0O
22 = 4 a6 22 15 m 49
0.50 ml 21 m 58 | 1m23 | 2m 33 60 m 12 m 54
24 m 0 36 30 44
0.25 ml o l2zm 2 J1m48 ) 2m24 60m {11 @ 41
22m 5 44 26 55
0.75 ml 0,05 nf 23 m 2 | 1 ™ 48 - 13 o 16
‘ 21
0.50 ml 20m 6 | 1 m 48 - 10m 2
22 m.10 47 10
0,25 ml 21 m 58 | 1 m 42 - mm 3
24 m 43 40 17
Ino effect Ino sffectlao effect I effect I effect effect
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5.4 Summary.

The existing contradictory data on the evaporation of soymilk
prompted the work done on this subject.Some authors state that soy-
milk can be evaporated without difficulty, while other sources can-
clusively prove the existence of a viscosity barrier at about 20%
dry matter .content. Therefore the behaviour of the v130031ty and
also the heat stability were -studied.

As 1t is known that the viscosity and heat stablllty of evapora-
. ted animal milk are sensitive to heat,an attempt was made to influ-
_ ence these two properties of evaporated soymilk by application of
heat prior to evaporation. Raw soymilk was subjected to four-series
of heat treatments. The heating experiments were carried out with a
steamjacketed vessel, and a specially designed continuous, flash
steriligator. The experiments were designed in such & way that a
possible effeet of the coming-up time, temperature level, and hol-
ding time would manifest itself.

In our case the heating proved to be the factor that determlnes
the position of the viscosity curves and thus also that of the vis-
cosity barrier. In general it may be said that the less the heating
the higher the dry matter content that can be reached by evapora-
tion, This helds for the temperature level aswell as for the coming-
up time and the holding time. It is interesting to note that if the
raw soymilk is evaporated without having been preheated even milks
of more than 40% dry matter do not show any sign of gelling.

It seems that we now can bridge the two standpoints concerning
the evaporation of soymilk, when taking into account the influence
of heating on the viscosity. The raw soymilk can be concentrated to
at-least 30% dry matter content. If,'howe#er; the milk is heated
prior to evaporation this heating will give rise to the existence
of a viscosity barrier, the position of which depends upon the me-
thod of heating.

Also the heat stability of evaporated soymilk proves to_be influ-
enced by preheating as expected. This influence depends upon- the
coming-up time, temperature level,.and holding time of the heat
. treatment., R _ o

6 SOYCURD
6.1 Introduction.

From soymilk a product calléd *toufu» is obtained. It is also
called tofu (Japan), taohu (Java), and dauphu (Indochine). This
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product is obtained by precipitating the proteins of soymilk:and
pressing the precipitate. Pue to the analogous method of manufactu-
te of cheese from animal milk it is often designated as soycurd or
beancurd. In the following we shall use the term soycurd or shorter
scurd”. As-has been pointed out in the introduction of the chapter
on the manufacture of soymilk the processing of soybeans to soycurd
was already mentioned at the beginning of the Christian era,
Soycurd may be described as a product obtained from soymilk by
precipitating the milkproteins followed by pressing the precipitate,
Depending upon: the composition of the milk and the methéd of manu-
facture the dry matter content of the curd is about 15 to 25%. Some
analyses. of the composition of the curd are given below.

Java Indochina Indochina Japan Philippines

Prinsen Bloch  Monnier Inouye Gibbs
Geerligs 1906 1935 1894 - 1912
1896 ’ frozen baked osmosis
Water 76.15% . 83.85%  81.40%  15.32% 73.0% 55,76%
Proteins © 13,15 11,25 29.28 41,42 13,88 14.56
“Fat . 7.09 4,33 '5.66 23.65 10,78 7,12
N-free extract 1,40 L 0.64 15,06 . 2,22 2.13
Ash . T 2,21 0.57 0.67 3.08' 1.2 -

“The figures from Inouye refer to frozen tofu, those of Gibbs to
baked tofu-and tofu kept in & salt solution.
From the soycurd a number of products is derived, which in com=-
parison with the original curd contain less water., This decrease in
. water eontent is obtained in'various ways:greater pressure,osmosis,
© -drying, freezing, and baking. Also products are known in which mi-
Ero-organisms play a role in the ripening process.

When soycurd is to be produced on a factory scale a number of
technolégical prerequisites must be fulfilled. First the starting
material, soymilk, must have a reasonably constant composition. In
the experimental chapter on soymilk it has been shown that this
will cause no difficulties, Second, the precipitating agent should
give uniform yields when the precipitation conditions are kept con-
. stant, This means that some kind of standardization of the precipi-
tating agent must be established., Third, the yleld of precipitated
proteins must be.as high as possible,

As the first point was already studied, now attention was directed
towards a standardization of the precip1tat1ng agent and to a study
of the yield of precip1tat10n. .
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6.2 Literature.
6.2.1 Methods of manufacture.

“The' literature on tofu is much more limited than that on soymilk.
In. the following some methods of manufacture are clescrlbed

In Java accordlng to PRINSEN GEERLIGS (1896) after the
soaked beans are ground, the mss is bolled and f11tered through a
‘large cloth. The coagulatlon is effected by medans of sour soymlk
and -two hours later the half solid mass is pressed between two
boards. Then it is cut into small cakes

In Japan the protelns are pre01p1tated with 29 of & mother solu-
tion, obtained from the salt manufacture out of seawater, The whey
is filtered through a cloth and the precipitate is pressed slowly
and then cut into pieces (INOUYF 1894-97).

BLOCH {1906) descrlbed that "in Indochlna the milk is boiled
and after 10-~30 minutes it ‘is transferred into another container to
which-the coagulatlng agent is added. The curd is placed between
two sieves covered with cloth, and dependent upon the desired pro-
duct more or less pressure is exerted,. Then the cake is cut. into
pieces. _ . - -

PIPER and MORSE (1923) usmg a 1% salt- solutlon of MgClz-
added one part of" salt solutlon to four parts of milk. .Whole soy~
flotr and defatted’ presscakes gave as good results as the soaked
beans. From several varieties of soybeans the yleld of soycurd was
determined; the dry matter and crude protem content of this curd
howéver, were not mentioned,’ :

INOCUYE (189%4~97) States that from the salt solutmn used the
caleium- and magnesiumsalts- are act1ve but the sodlumchlonde ‘is
not;:on dddition of cdlciomnitrate’ or nagnesmmsulfate a precipita-
te is created,which is not the case with even large’ amounts of so-
diumchloride or sodlumsulfate. An excess of magnesmmsulfate dlS-.
solves the precipitate ‘again, Analysis of the salt solutlon showed
the presence of 29.9%, magnesmmchlorlde and 7.0% sodiumchloride.
According to his calculations only- about one ‘fourth of the or1ginal
amount of proteins-in the beans was obtained in the soycurd.

The manufacturers, according to BLOTH (1906), used two solu~
tions: an original solution and a solution for immediate use. This
last one i$ a dilution of the original solution with four or five
times the amount of water. The original solution is the residue of
the salt manufacture from seawater. Accordlng to this worker 100 ml
contain:

Mg012 29 21 %
' .12
6 6.24
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None of both. solutions oontained“animal or vegetable rennet., If the
original solution is used the floccules are too large and too thick

resulting in a curd: different of appearance and consistency from
the normal.

Furthermore BLOCH - (1807) states that the chlorides and'nitrates
of calcium, barium, strontium, magnesium as well as magnesium sul-
fate have coagulating properties. This property is strongest with
magnesiumsulfate: »Les Chinois, en employant le chlorure de magné-
‘sium & la coagulation du lait de soja bouillant, sont empiriquement
. tombé sur le coagulant d*élection de ce produits

If the precipitation is carried out at a low temperature before
cooking only with magnesiumchloride a precipitate is originated
quickly and that only if large amounts are used. “1f'the prec¢ipita~
“tien 15 carried out at low temperatures after cooking twice the
amount of magn931umchloride is necessary.

" In Tonkin unpurified salt is used .for precipitation (M ONNIER. :
1935). The ‘solution contains 20 g of salt per liter.This worker too
states that magnesium is ome of the strongest precipitating salts, -
It wasffound-that'precipitation in the'vicinity of the boiling point
-proceeds faster and can be carried out withsmaller amounts of salts.
. If the preparation of-dﬁuphu-is repeated every day, the saltrso-
‘lution can be replaced by the »petit-lait aigre» or "eau-mere” from
. the preparation of the former day. This liquid -has & pH 2.9 and has
' the follow1ng composition (g per liter) .

dry. matter © 12,77 & .chlorides 0.24 g
‘nitrogen (total) 1.92 . ash 2,62

Coil R .o-.51 acidity 5.36
' S : - glueides traces

The: liquid is strongly acid and thus it precipitates the proteins
of- the vegetahle milk. The- following acids were identified

lactic acid ‘present
- formic acid © traces
7 acetic ecid traces

MAT AGRIN writes. tha.t according: to Beltzer (1911) acetic acid
‘gives.a powdery curd only after long boiling, diluted sulfuric acid
_gives a clear precipitate after short b0111ng, which has a yellow-

-like colour; the action of hydrochloric acid lies between that of -

both foregoing acids.
6 2 2 Rtpening of soy cheese.

'Theiliterature on this interesting subject is very limited.
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An effort to initiate ripening is reported by INOUYE (1894-97),
who mixed Swiss cheese w1th 10% sodlumchlor1de. ‘The results, how-
ever, were poor, -

"KATAYAMA (1906). obtamed symptoms of baéteriological Fipening
by mixing 450 g tofu, 60 g caseine, 60 g sodiumchloride and 20 g
Swiss cheese, After storsge.at 15°C for five months th:-cheese ap-
peared to have a compact consistency and :formation-of a crust had
taken place,The. taste. is described as being agreeable, Notwithstan-
ding theraddition.of 2 g milksugar-no holes -due to gas: formation-
appeared. . Increaséing the amounts of milksugar did not give holes.
The: coarse surface, however, became-Smooth while the taste of soy-
bean had completely disappeared. .

In Russia BELENKII and PQPOVA (1933) fermented warm soymllk
with milk Streptococci and cheese bacilli habituated to-soymilk.
After fermentation the product was ‘allowed to stand at 33°C and the
curd obtained was pressed,

. According. to.the Institut. International d'Agrlculture (1936)
the factory Caséo-sojaine, situated in.the vicinity of Paris, suc~
~.ceeded. in producing several sorts.-soft, hard, ‘ripened, not-ripened-

of soycheese,  In Germany experiments on giving soycheese the same
taste as-certain:European cheeses were succesSfil;’ This was accom-
plished -by means of selected cultures of mlcro-organlsms used for
the preparatiofi of Buropean: cheeses.' ‘

- §MI'TH.(1948) describes some sorts of cheeses inChina as follows.

Chee-fan is a brownish soft cheese. It has‘an agreeable smedl and
taste. The.curd. cubes are inoculated with mold, salted, .and placed
in an appropriate. storage house ” fcr about.'seven 'days 'for devélop~
ment. of mold.: The: mold- {(Mucor) is grown on wheat flour, It exists
in China in mold of wine and is white. in colour. Also Aspergillus
glaucus, blue in colour, apparently takes part 1n the cheese deve-~
lopment, Next the cubes ‘are placed in an earthen crock or wide-
mouthed bottle, and yellow wine ‘and niold of wire are added. It is
allowed to age in the wine for about oné year,

Tsue-fan (»drunken cheese) is another type of cheese. The curd:s
boiled in water,cooled,and partly dried.It is molded and placed in
yellow wine- (rice wine) with winemold added and aged for six months.

Hon-fan.is -a ‘red cheese made  in the same manner as tsue~fan ex-
cept that soy sauce rather than wine is ‘used in aging the cheese.

Significant variations in the processes -besides the- m1cro -orga-
nisms, are the proportion of salt and the type' of solution in which
the cheese is aged. The cheese appears to vary somewhat with the
locality in which it is produced, a variation due probably to the
influence of cllmatic condltions on the activity of the fermenting
organ1sms,
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6.3 Experimental part.
S 6.3.1 Scope of work.

As ‘may be seen from the discussion of the literature the details
of making tofu differ locally. In general however, it is possible
-to distinguish four different stages in the preparation of tofu and
derivatives. .

In the first stage, the proteln is pr901p1tated from the mllk by -
the use of a prec1p1tat1ng agent, It is desirable that this agent
- has a constant composition, Besides the output of the precipitation
should be as high as possible,

In the second stage, the curd isseparated from the whey, In prac-
tice this is done by filtering through a cloth or a s;eve,lafter
which the whey is discarded, The:curd has still a very loose struc-
ture., .

In the thlrd stage the desired amount of water is removed from,
the curd by pressing or otherwise.

- In the last stage the curd is inoculated with micro-organisms,
thus initiating the ripening process. .
Experimental work on the first stage, precipitation of proteins,
is known from literature, This work is mostly qualitative in nature-
and only little attention was paid tothe quantitative aspect of the
precipitation process. Therefore a study was undertaken of the yield
-of protein precipitation, using various agents for coagulation. No.
‘researchwork was done on the ripening ‘process; only the preparation

of the fresh curd was investigated. -

6.3,2 Design of cxperimm ts,

-In actual practice ohly a limited number of agents are used to
precipitate the proteins from soymilk. These agents are the mother- -
liquid from seawater, sour milk, and spontaneous souring. It has
been shown that the principal agents in the mother liquid causing
precipitation are Mg, Ca, Cl, and S0, -ions.

Therefore we used three salts MgCl,,MgSO CaCl and lactic acid
as precipitating agents. Different concentrations and temperatures
were used. The influence of the dry. matter content of the milk was
also studied.

The precipitation was carried out according toone uniform method
while also the .separation of the precipitate was always done in the
same way by means of a centrifuge.

mwmmumMofMymuw,MMBWMﬁmp&aﬂadﬂﬂwwe
" carried out on the original milk and on the whey. The amcuht 6f dry
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matter and.crude protein: in the curd is obtained by subtraction.
All experiments as well-as the. determinations were done in duplice-
te. 'Thus: the- figures ol table- 5 are- the averages of fouxr determina-
“tions.

In total twelve precipitation series-were -designed.

In the first seriés-MgCIZ.was-used as a precipitating agent. From
a 1N solution 1,2,4, and 8 ml were added to 100 g.of soymilk of
-80°C. .Roughly the salt concentrations were 0,01, 0,02, 0.04, and
0.08:N.: In the second series the temperature varied from 40° to 50%C .
using two ml of the same salt solution.

The same-kind of precipitation was- carried out with- MgSO4 (SETIES‘
3 and.4), and 03012 {series 5 and 6).

To approach the effect: of the mother liquid equal amounts of 1. N
solutions of the former salts were mixed and varying amounts of the
resulting liquid used for precipitation at 80°c {series 7).
In-trying to raise the yield the same amounts and temperature were -
used, but the pH was:lowered. to 4.5 (series 8).

In series 9 the influence of the pH at 20°C was investigated,
while in the next «series. the temperature was varied at a constant
pH 4.5.. :

.In the last two series another dry matter content of the milk

-about 10-and- 4%, was:used for precipitation-with: Mgso4 at: 80°C

6.3.3 Technique. of experiments.

The precipitating apent wasadded to 100 g of soymilk, placed:in a
325 ml centrifuge- tube. The milk-and the solution were well:mixed
‘with a glass stirrer. If-high temperatures were used the tube was
placed in a waterbath; when:adjusting the pH of the milk:the:elec-
trodes of the pH-meter-were placed-in the milk while-the: solution
was being added. Immediately:after:addition of the precipitating
‘agent the content of the-centrifuge: tube was: cooled t0-20°C by means
of ice water, Then'the tube was. put into a Martin Christ centrifuge
-and: centrifuged- for 5 minutes at about 3000 r.,p. m. (diameter of -
centrifuge: 40:cm).

The weight of the whey and: curd was determinéd and thedry matteér,
:erude: protein content, pH, and acidity of the whey were:determined
-a8 described for the manufacture: of the milk. The- 1nd10ator'used
‘for the titration of the whey was phenolphtaleine. -

“The  dry matter and crude protein content of the original milk
were -also determined,By subtracting the dry matter and erude protein .
in the whey  from those in the original milk the percentage. of ‘the
“dry matter -and erude protein in the curd- could be: calculated
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6.3.4 Results, discussion, and conclusions.

‘Before starting the discussion some figures are given which may
serve to.illustrate the degree of accuracy of the determinations
and also of the reproducibility of the experiments., Below are given
the complete figures of series 2.:

whey . . curd
grams % dry crude pH aci=| % of orig. % of % of % of
: matter protein dity| dry mate orig. orig. orig,
. S ter in . crude dry . crude
vwhey prot. matter prot,
. in whey| in curd 1In curd
'Whgv 2.1.1]71.50 5,04 1,77 6.05 1.39] 44,23 37:35 | 55477 6265
- 40°C LelL 5302 (% .. 6402 1435
T le2|71.55 . 4419 1.57 6.93 1.37} 38.19 . 31,37 61.81 68,63
4017 1,56 6402 1434 . .
71,53 4.6l T[.63 6,03 1e36[- 41.21 34.36| 58.79 65,64
Whey 2,2.1|75.85 3.26 0,84 - 6.03 1.14 30434 20.88 | 69.66 79,12
60 C 3425 0,94 6401 1,15 :
«2,2169.10 3.04 0,92 6,03 1,11 26469 17.65] 73431 82.35
2,02. 0,90 6.02 D.96f .
72,48 3.14 0,93 £.02 1.10 - 28452 19.27| 71.49 80.74
Fhey 2030166050 2.79  0:53 6,08 1.03 - 22.85 10,29 77.15 89,71
80 € . 2,79 D.53 6.08 1,0%
03,2[67.20 2,72 0455 6403 1lo04] 22,37 10.36 | 76.63 BY.564
2.71  0s54  6.02 1.03
66+85 2475 0554 6,05 1.03F 23.11 10,33 76.80 89.68
Whey: 2.4,1|/ 66415 2,69  0.30 6,09 0.94 21.87 ‘Y.71| 78413 90.29
9p C - | 2468 0,50 6,08 0,89 . N
e422065.10 2,75 0455 6,03 0,99 22.856 10.08 | ~77.14 89,92
‘ 2075 0455 6402 0,97 ) . 4
165.63 2.72 0.53  6.06 9,94l 22,37 9,90 77.64 90,11

Starting milk dr.m. 8,15-8,13, ¢r.pProt. 3,42-3,38. acldity 1,75-174,
PY. 6336-6-33 :
dreme %.84%7.81s €T+Prot. 3,64=3.50, scidity 31,73~1.69,
7 PP 6w4Dz6.39 ‘ : ’

The experimental results are summarized in table 8 and in fig 26
and 27. :

Firét, the influence of salts (and temperature) will be discussed
next the pH (and the temperature) and then the combined action of
salts and pH. Last, the effect of the dry matter content is discus-
sed. . . :

on. considering the results obtained it appears that the curves for
the salts. MgCl,, MeSO,, CaCl,, and the combination of these three
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o erude protein in whey ¢ crude protein in curd.
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Precipltatlon of protelns from soymllk
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" Influence of salt mixture, pH, concentration temperature.v
and dry matter content of mllk.
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salts (series 1, 3, 5, and 7} show a marked resemblance..These four -

series have in common that while addition of 1 ml of salt solution

- precipitates very little, 75 to 80% of the dry matter of the milk
is obtained in the curd by doubling this amount., The yield of dry
matter in the curd, however, does not rise if the quantity of the
salt solution is increased,. . ‘ »

In general, the same is true of the prote1n. An, 1mportant d1ffe-
rence, however, is that the protein yield figures are consistently
higher than. those for the dry matter. Evidently the proteins are

- better precipitated, as might have.been expected, A rise in-the
amount of salt solution does not increase the. yield, All four cur-
ves show about the same maximum yield which averages 90% of: the
original crude.protein. in the 'milk, On using 2 ml of salt -solution
the curd is solid. (though soft) and.the whey is: light yellow trans-
parant, whereas the. curd has the appearance.of a wviscous 11qu1d and
the whey -is milklike -if 1 ml of salt solution is used. e

-Consequently the precipitating effect of:.each- salt as' well as
.that of the combination is quantitatively, practically the 'same,
This implies that to obtain a high yield - it is not necessary to
use such a complicated solution as that applied by the population,
As.on extraction.the proteins are.dispersed better than the otfher
coﬁstituénts of: the. dry matter of the bean, and the-. proteins ‘are
‘precipitated ‘better than the other constituents of the milk, we may
state that .the nsalatton ‘of soyprotetns Qy extractnon follqwed by
Pprecipitation. can give a high yield, - : .

When considering the influence of temperature on the action of
the individual salts (series 2, 4, and 6) we find again a marked
resemblance,- The curves for-the yield of dry matter rise regularly
from about 605 to 80%, while the protein yield figures-are higher
than those for dry matter, Raising the temperature causes the dif-

- ferences to increase from about 7% to 13%.

The influence of the pH on the yield of precipitation at 20°¢C
follows an unusual course (series 9), While on decreasing the pH
the rise in yield of dry matter was smaller than expected, it
appeared that the amount of dry matter precipitated decreased’ 1fthe
decrease in pH was continued. The maximum yield was about 55%.

In this case, too, there was a more marked reaction of the pro-
teins to the precipitating:agent so that an appreciably higher yield
(85%) was reached, From the graph it can be clearly seen that if
the pH decreases to 4.5 the proteins are precipitated in a Iarger
degree than the other constituents of the dry matter.

If at pH 4.5 the temperature. is raised from 40 to 90°C (serzes
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10), it appears that the yield of the dry matter as well as that of
the crude protein increase regularly, The difference in yield re-
mains constant when the temperature is raised. The highest yield of
proteins was 94, 0%

. As mentioned before MONNIER (1935) states that the pH of the
coagulating agent is 2,9. As this pH increases due’ to dilution
this makes it understandable that an important part of the precipi-
tating effect may be ascribed to the low pH as obtained ‘with the
empirical method used by the population of some East and South East
Asiatie countries, Purthermote ‘the precipitation is often carried
out while the milk is hoiling,

If simultaneocusly a low pH (4,5}, high temperature (BOOC) and
salts are applied (series 8) a rather good reproduction of conditi-
ons of the. empirical method-as applied by the population- is ob-
tained. The curves for the yield of dry matter and crude protein
remain almost horizontal, the protein yield figures being about
18-20% higher than those for the dry watter. The protein yield fi-
gures do not exceed 92,4%. Hence the emplrical method may be consi-
dered very effective.

If milks with a higher or a lower dry matter content are used,10%
and 4% respectively, it appears. that in principle the course- of the
curves is the same.as that for 8% milk precipitated-by a single
salt. With. the thin milk 1 ml of salt solution proved to be suffi-
cient to obtain a solid curd, clear. whey. and a reasonable (85%)
yield. As pointed out before, this amount of salt solution is not
sufficient with the 8% milk, for which about 2 ml are needed. Howe-
.ver, with the 10% milk it will be seen that these 2 ml are already
insufficient., Apparently, as the dry matter.content of the milk is
increased more salt is needed to obtain efficient prec1p1tation.

INOUY-E (1894-1897) states that ahout one fourth of the total
amount of proteins in the heans is obtained in the curd. LOSKA
and MELNICK (19850) obtained 54% of the original proteins in the
curd by adding 5 ml 0.2 n MgCl2 solution to 25 ml of their milk,
‘With another method they increased théir yieldto774g, ‘the. .curd -
being fluid, however.. According to these workers the maximum yield
for precipitation with MgCl2 is between. 0,01 and 0,03 n. This is in
agreement with our ‘experimental results.

It is interesting to note that on extraction.of the soyprotelns
with Mgclz-solutions a minimum yield is obtained at 0,025 n, ac-
cording to SMITH, CIRCLE, and BROTHER (1938); .at 0.010 n
almost 30% more is extracted, whereas at 0,05 -n only about 4% more
is extracted, In general this is confirmed by our results,
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From the foregoing the following conclusions can he drawn.

1, There are no appr901ab1e differences between Mgrlg, MgSO4, and
CaCl2 as regards their precipitating action on ‘the proteins of -
soymilk. The combined action of these three salts does not show
any essential difference either. About 90% of the crude. protein
can be precipitated by the use of a single salt,

2. Until up to about pH 4,5 more protein is precipitated if more
lactic acid isused. At a lower pH less protein is precipitated.
If the temperature is raised at least 90% of the original crude
-protein of the milk is obtained in the . curd,

3. On lowering the dry matter content of the milk a less concentra=-
ted salt solution suffices, on raising the dry matter content a

~ stronger salt solution must be used,

6.4 SUMMARY

Soycurd, a product derived from soymilk, is prepared in many ways,
All these methods of manufacture have a number of stages in common:
i. The precipitation of the proteins, 2, the separation of the curd,
3. the lowering of the water content 4, the ripening by means of
m1cro~organlsms. In this chapter the first stage, prec1p1tat10n of
the proteins, was studied.

The precipitating effect of a number of salts, MgClz. MgSO4, CaClz,
lactic acid, and of their combinations was studied at ' different
concentrations and temperatures. The effects of each of these salts
proved to be practically identical, while lactic acid produced a
maximum yield atabout pH 4.5 (20°C). When the dry matter content of
the milk was changed, the course of the curves remained the same
.and proved only to be shlfted in a horlzontal d1rect10n

7 SO0Y - YOGHURT
7.1 Introduction.

Preserving animal milk by means of microbiological souring has
probably been practised from ancient times in many areas of Asia
where nomadic tribes were living, As more than one sour milk pro-
duct is known in the following we shall-cofifine ourselves to souring
by means of bacteria foundﬂghe so~called yoghurt.

Though the product may have been long known, according to LITT-
MANN (1934) it was not before the 17 th century that statements on
its use as human food became available, Ry way of Turkey .the prepa-
ration of yoghurt Seemed to have spread to the Balcan countries. In
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Western Europe yoghurt became known not earlier than in the begin-
ning of this century.

.As has been shown in the chapter on heat preservation, soymilk in
a raw condition is very subject to decay. Therefore. it is useful to
investigate whether it is possible to preserve soymilk by means of
bacteriological transformations. Needless'to say thit the bacteria
-constituting yoghurt will have to dccept soymilk as a substrate.

7.2 Li tera-ture_. )

With the exception of a French statement and a reference to a
Russian investigation, hardly any literature is aviuaable on soy-
yoghurt,

MATAGRIN (1939) states that vegetable m11k isprobably subjec-
ted to this kind of processing in those eastern countries where
Bhudism prohibited the use of cow milk. According to this worker
in Europe as well-as in America there have heen only few investiga-
tions'concerning‘thiS“ppint..He describes the preparation of soy-
-yoghurt . and soykefir. However, it is not clear whether these methods
of manufacture were developed after.experimental work of the author
or whether they were cited.:

According -to Matagrin in: the preparation of say-yoghurt the soy=-
milk 1s-cgngegtrated to.one half or one third, after which 2-3 ml
.rmayar (Bact.bulgaric@m Barthel) or 15 ml.of yoghurt is added per
litre of milk. One ml.of a streptococcus culture is recommended to
avoid a peptone-taste, After mixing the temperature of the milk.is
-maintained at 35-40°C until coagulation occurs.,Then the product is
cooled,

MILYUTINA  (1948)- produced Soykeflr by adding 47, DiSpora. cau-
‘casica to the soymilk, The.beverage had an tnpleasant’ taste if
pure soymilk.was used.: Separation of the protein was prevented by
the addifion of about 0,05% of an aqueous agar2 solutionjustbeforeﬁ
.souring,

As may be seen the literature on this subject is verylimited.How-
ever, we have got the impression that lactic acid bhacteria do ac-
cept the soymilk as-a substrate, ‘ :

7.3 Experimental part.
7.3.1 Scope . of work.

Judging from the scaree literature data available one might say
that there is a reasonable chance that lactic acid bacteria will
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grow -and perhaps even grow well in soymilk, Lo

. Therefore the first point we have to confirm i is, that if we take
the two. lactic acid .bacteria present in yoghurt, the Thermobacterium
bulgaricum and the Streptococcus thermophilus, and inoculate them
then in soymilk.either of them as well as both together do grow on
this unknown substrate, o : .

The second point -if the bacterla grow- is to study whether they
grow sufficiently to have a preserving action on the milk, We could
do this by counting the number of these two micro-organisms. But as
we are more interested in their preserving action - as measured by
their capacity of acld formatlon- we studied the ac1d formation by
means of titration and the change in pH using an Electrofact pH-
meter.

7.3.2 Design of experilnents.,

Flrst the behaviour of each of the two b&cter1a Thermohacterlum
bulgarlcum and Streptococcus thermophilus, was determlned and then
_ thelr combined action was studled

From tentatlve exDer1ments it appeared that 45°C was a favourable
temperature for the rodlike Thermobacterium, Therefore the. influ-
ence of . the 1nocu1at10n percentage was studied et this ;emperature—
Separate portions of soymilk were succe331vely1noculataiwith 1,21,
5, and 10% of a pure culture oftheThermobacter1um By an inoculation
percentage of 1% is meant that 10 ml of the pure culture was, added
to 1000 g of soymllk The inoculated milk was poured 1nto 50 .ml
bottles provlded with t1ghtf1tt1ng glass stops in such a way that
no air was 1eft:u1the bottles. The hottles were put in a waterbath.

Then, using an inoculation temperature of 5%, the influence of the
. incubation temperatures 35°, 40°, 45°, 50°, and 55°C was investiga-
ted, After 1, 2, 4, 5, 6, and 7 hours and also after 24 hours the
PH and the acidity were determined. For the acidity determination
10 ml were titrated with 0.1 n NeOH (1ndlcator phenolphtaleine)

The same 1nvest1gat10n was extended to the Streptococcus thermo-
ph11us. However the temperature chosen for. the study. of the influ-
ence of the 1noculat10n)percentage was 40°C. The effect of the tem-
perature was investigated in the range from 35°C to 50 C .

It appeared that for the Thermobacterium a temperature range from
about 35° to 50°C can be used successfully, while for the Strepto-
coccus this range was about from 35% to 45°C Hence for the inoculation
exper1ments with.a mlxtureofhoth bacteria a,temnerature range .from
259 to 4500 was chosen. In the mlxture ‘the ratlo .between the rods
and the’ d1p10coccx was 1. 1. The sterilized .milk was: 1noculated at

a1, 2%, and 5% level. - . . IS TE R B

v - -
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7.3.3 Technique of experiments,

The soymilk used in these experiments had a dry matter content of

- 85. It was sterilized at 120°C for 10 minutes and then stored.

The inoculation material used was either a mixture of both bacte~

. ria or a pure culture of the bacteria isolated from the mixture,
- The or1g1nsl mixture was obtained from an institute where these

‘mixtures are prepared,

The isolation of the bacteria was carried out as follows, Cne ml

of a 10'5'dilution|ofthe original mixture was mixed with a suitable

substrate, according to BRIGGS, in Petridishes, and incubated at
37°C. After one or two days the colonies appeared on the agar, As

- the.colonies of the rods and those of the cocei differ in shape a

preliminary separation was obtained by inoculating a number of the

‘colonies separately in tubes containing sterilized cow millk, After

incubation at 37°C the milk coagulates, after which the contents
were examined microscopically to ensure that the contents was made
up 6f either rods or cocci. Then these pure cultures were inocula-
ted in larger amounts of cow milk (100 ml). Every day two flasks of

100 ml cow milk were inoculated with 2 of the Thermobacterium or
- the Streptococcus. Then the following day one flask was used for

“the -inoculation experiments of the soymilk, while the contents of

I

the other flask were used to inoculate another two flasks.The rods

-.‘were incubated at 145°C, the cocei at 40°C, and then stored overnight
‘in a refrigerator, so that the pH at incubation. was about 4,5.

The mixturewasinoculated in cowmilkat a 2 level for 2% hours,
cooled in water, and then stored m the refrigerator, The pH at in-
cubation was about 4.5,

7.3.4 Results. dnscuss10n' and conclueians.'

The results of the inoculation are shown in table 9 and repre-
sented graphically in fig 28, 20, and 30. :

In general we may say that both bacteria accepted the soymilk as
a substrate, It may also be said that -depending upon the experi-
mental conditions- they grew well as was indicated by the acid for-
matlon and decrease in pH. :

Fig 28 shows the influence of the 1noculation percentage when the

Thermobacterium was. incubated at 45°C. The four curves for acidity

and the.- four for the pll Tollow a regular course, When a low percen-
tage (1%) was used the’ ac1d1ty increased slowly but at higher per-

. centages the 1ncrease was much more pronounced .Then all four Cur=

.vVes tended‘to become horlzontal and they did so sooner as the 1no~1'f'

'-1'14'_ 7
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Inoculation with Thermobacterium bulgaricum.
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Inoculation with Streptococcus thermophilus
Influence of inoculation percentage and 1ncubation temperature
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culation percentage was increased, The last part of the acidity
curves is nearly horizontal. It may be said that there is little
difference in acidity between 7 and 24 hours, It should be noted
that the final acidity became higher as the inoculation percentage
increased. '

When the acidity increases the pH decreases.This may be seen from
the same figure, In this sense the curves for the pH are the rever-
se of those for the acidity. It can also be seen that the final pH
decreased as the inoculation percentage increased, 7

Under the experimental conditions the lowest pH and highest aci-
dity reached were 4.6 and 5,7 respectively. ‘

The effect of the temperature is shown in fig 28. Flfty five de-
grees proved to be too high for the Thermobacterium to form acid,
On the other hand, 35°C is too low although after seven hours the aci-
dity does not differ much from that obtained at temperatures he-
tween 35° and 55°. At first, however, the curves for 40°, 45°, and
50° clearly rose more steeply, There are hardly any differences be-
tween these three curves,

Judging from therate of acid formation theStreptococcus also grew
well in the milk (fig 29). However, it appeared that the acid for-
mation was much slower than with the Thermobacterium. For instance,
the acidity curve for 10% is about equal to that for 247 for the
Thermobacterium, up to about five hours. It is surprising to find
here a further increase after seven hours, as with Thermobacterium
neither the acidity nor the pH hardly changed after this period
The acidities thus obtained are appreciably higher than with the
Thermobacterlum.

In contrast to the Thermobacterium the acidity curves for the lower
inoculation percentages did not rise until after three to four
hours.

The influence of the temperature is very pronounced; 40° and 45°C
proved to be favourable for the 8treptococcus. Although the poor
result at 35°C, however, was unexpected, the bad effect of 55°C
upon the bacteria was not surprising. 1In this series, too, the
acid production was very slow, After 24 hours, however, it surpas-
sed that of the Thermobacterium,

The results of the inoculation of a mixture of both bacteria are
shown in fig 30. It-is clear that the course of the acidity curves
show the characteristics of both curves for the individual bacteriae
The first part of the curves is typical of the Thermobacterium,
while the second part is influenced markedly by the Streptococcus,

Comparison of the first part of the 450C acidity curves and those
shown in fig 28 will reveal that -if the same inoculation percen-
tages are compared- the acidity caused by the mixture is higher than
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that caused by the rod alone., The same is true of the second part
of the 40%C curves if they are compared with fig 29. Thus it appears
that, using the same inoculation percentage, incubation temperature

~and incubation fime, a higher acidity is obtained with the mixture
than with either.of the two bacteria alone,

When an incubation temperature of 40°C was maintained the acidity
generally decreased. An incubation temperature of 35°C is too low.
as may be seen from the slow rise of the acidity curves.
~ All the pH values reached after 24 hours lie between 4.5 and 4.(.

"As may be seen from these experiments the efforts to convert soy-
milk into a sour product by means of lactic acid bacteria have given
. favourable results., We may expect that-due to the low pi- at least
the preservability of the product. is increased,Whether this product
-will come into use will, however, depend upon other factors such as
the organoleptical properties and the nutritive quality. These fac-
tors as well as the preservability of the product were not inves-
t1gated in this work, - -

From the foregoing-the following conclusions can be drawn,

1. The lactic acid bacteria, Thermoba¢terium bulgaricum and Strep-
tococcus thermophilus, did well in soymilk ( + 8% dry matter),

2, The acidity caused by the Thermobacterium bulgaricum reached a
maximum of 5.7 ml 0.1 n NaOH (pH 4, 7) after about five to six
hours (inocul.perc.10%, incub,temp, 45 ocy.

3. At first the Streptococcus thermophilus formed less acid than
the Thermobacterium, However, after about seven hours -when the
acid formation by the Thermobacterium had ceased the acidity
increased further, At an inoculation percentage of 10% and an
incubation temperature of 40°C after 24 hours the acidity was

8.4 ml (pH 4.3).

4. A combination of both bacteria also gave a regular acid formati-
on. At an iroculation percentage of 24 and an incubation tempe-
rature of 40°C an acidity of 4.8 ml (pH 4,6) was reached after
five hours.

7.4 SUMMARY.

From literature it is known that preserving animal milk as sour
‘milk by means of bacteriological changes is a long-established prac- -
" tice. In order to investigate whether lactic acid bacteria might
_prove useful in converting soymilk into sour milk a number of ex-

periments were dqsigned.
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The lactic acid bacteria, Thermebacterium bulgaricum and Strep-
tococcus thermophilus, were inoculated separately in sterilized
soymilk (8%) at different inoculation percentages and incubation
temperatures, The same was done with a combination of both.

Either of the bacteria as well as both together proved to be able
to decrease the pHl of the sour milk below pH 5.

§ GENERAL DISCUSSION,

The aim of this work has been to obtain information about the
technological aspects of soymilk and some products derived from it:
evaporated soymilk, soycurd, and soy-yoghurt, The preservation of
sovmilk by heat was also studied. In the preceding chapters the in-
vestigations of these subjects are described separately and the re-
sults are summarized, Here the practical consequences of-these re-
suits will be briefly discussed,

 In the chapter an the marufacture of soymilk we have demonstrated
that if the same manufacturing conditions are maintained, a product
of constant composition can be obtained, With respect to the manu-
facture on a technical scale we should pay due attention to the
requirements of simplicity. and speed

What extraction ratic . can be recommended for actual practlce9 In
our opinion a ratio of about 10% should be chosen, By means of a
single extraction milk of about 7,54 dry matter is obtained, There
are no reasons for applying a lower ratio: in seme cases higher ra-
tiozs may be used, but then it will be more difficult to obtain sa-
tisfactory-yields.
Now it might be questioned whether it is deszrable to dehull the
beans. From a technological point of view this is not necessary and
even less desirable in view of the possible yield and the extent to
which the suspension can be filtered. Therefore dehulling will only be
applied if it is considered necessary from a nutritional point of
view. 7
- The manufacture of soymilk is a matier of considerable reduction
in particle size of the raw material and of dispersing in water;
both operations may be combined. The next guestion. is whether a wet
or dry reduction in particle size should be chosen., General expe-
rience as well as our own investigztions have shown that a first
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reduction in particle size is best carried out dry, and a further
reduction wet,

Therefore wewould first recommend to ground the beans in a simple
grinder, e.,g. a hammermill, to a particle size of about 0.5 mm,
Then this powder should be soaked for at least 4 io § hours, prefe=~
rably at a low temperature, in water twice to three times the weight
. of the beans, A further reduction in particle size mav be carried
out with the ultimately desired amount of water and is thuscombined
with the extraction proper,

We have seen that the temperature has little influence on the ex~
traction, Thus the grinding/extraction can be carried out at room-
temperature. Furthermore the pH proves to have an important influ-
ence, If, however, the milk is destined for human consumption
(either in a fresh, or concentrated form) it is not advisable to
increase the pH considerably. Only if the milk is to be used for
the manufacture of soycurd an increase in pH may be applied,

An important question is which type of apparatus is best suited
for the grinding/extraction. In view of our experience we are of
the opinion that it is best to use a modern grinder/mixer of which
many types have appeared on the market during the last few years.

For our work we used an Ultra-Turrax with satisfactory results,
A grinder/mixer has not only a high capacity for particle size re-
duction, but in addition it has a strong dispersing action, In a
comparatively diluted suspension it is also effective, but it may
be advisable to add little water to the soaked flour first and then
after a short time of grinding add the rest of the water. With res-
pect to other equipment ¢bdll mill, runner mill, colloid miily a
grinder/mixer-has the additional advantage of simplicity, low price,
high capacity, and rapid action, The time of grinding/mixing is
dependent upon the size of the batch, and the type of apparatus, and
has to be determined empirically.

As stated before, the separation of the milk from the residue does
not present great difficulties. For this operation we used a bas-
ket centrifuge with filter cloth., No doubt this apparatus is the
most simple one. However, on using this apparatus the filter cake
should be prevented from becoming too thick, as with increasing
thickness the dry matter content of the milk becomes lower. The use
of a clarifier is better justified as - by the right choice of
diameter, number of revolutions, and holding time - .it is possible
to control accurately which particles will remain in the milk and
which in the residue, However thedisadvantage of an ordinary clari-
fier is the small capacity for solid substances, Therefore, if
larger quantities of milk are to be produced a moreexpen51vecon-

tinuous clarifier is necessary.
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If it is desired to increase the yvield further we have seen that
it is possible, to apply an extraction in several stages, No doubt
a countercurrent extraction will then be used, At the second and
third stage again a grinder/mixer may be used,so that a further re-
duction in particle size is effected, or a simple stirrer having
only a dispersing action. Fig'al shows a method of processing
using an extraction in three stages,

As has been shown the manufacture of raw evaporated milk of about
30% dry matter content is quite possible, This product, however
cannot be sterilizedfas its heat stability is too low, Although
preheating appears to improve the stability, it still remains com-
paratively low. Moreover a result of preheating is that a viscosi-
ty barrier arises ata dry matter content depending upon the method
of preheating.

This implies that it will be difficult to manufacture sterilized
evaporated soymilk with more than 20% dry matter, as in that case
the concentrated milk cannot be steriliged. By preheating at 70°C
for 45 seconds a dry matter content of about 30% can be reached,
while the micro organisms are partly destroyedl;}

“If sugar is then used to preserve the concentrated milk in this
way it is possible to manufacture sweetened, condensed milk.

As the same concentrated milk can be used for spray drying it
will also be possible to manufacture soymilk powder.

If in actual practice an evaporator has to be chosen it should be
remembered that for food products low temparatures and short hol-
ding times are preferable, For this purpose film evaporators are
the only appropriate type. This type of evaporator has also thead-
vantage that the holding time is rather uniform, which implies that
the milk particles are subjected to & uniform heating.

If an evaporator with a long holding time is already present as
part of the equipment of the factory it should be taken into account
that the heating surface might damage the quality of the milk as
regards its viscosity. In this case it is advisable to see to it
that the temperature of the heating surface does not exceed eo°C.
In a one effet evaporator by adaption of the vacuum a boiling tem-
perature of about 30°C could be maintained. In this way detrimental
heating in the evaporator is avoided, This method of.manﬁfacture,
however, necessitates a separate heat treatment, :

Foaming may be a compllcat1on in the execution of the process.
According to our experience this foam1ng does not depend on the
boiling temperature used as it may occur both at"low and high tem-
peratures, It seems as if only the difference between the steam
temperature'and the boiling point is the determining factor, be-
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cause when the steam temperature is raised above a certain level or
when the vacuum is increased the milk starts foaming. These two ob=
servations give the impression that the foaming is caused by enlar-
gement of the foam bubbles due to éither a decrease of the pressure
outside the bubbles or an increase cf,phe pressure inside the bub=
blés because of a raise in temperature, With the film evaporator in=
creasing the feed above a certain level also causes the milk to
foam, In this case it seems to be the increase in the amount of
foam bubbles thatoauses the milk to foam. ' ]

In the case of the film evaporator the foaming can be suppressed
by increasing the speed of the rotor, while we have the impression
that if the volume of the vapour separator is' large enough no dif-
ficulties will occur. It might also be possible to combat foam by
cooling of the passage between vapour separator and condensor thus
-causing the foam bubbles to collapse, . .

Further research is necessary to investigate the p0551b111ty of
further increasing the heat stability and of shifting the viscosity
barrier to still higher dry matter contents or entirely dispense
with it, We mention some lines along whlch future research may be
developed.-

1. bry or wet~heat1ng the beans or meal,
2. Heating the concentrated milk after evaporatiou. This method is
_not unknown in experimental literature.
3. Addition of salts before or after evaporation, As has been shown-
’ 1n some cases wemanaged to increase the heat stability., As more-
6ver the electrical charge of the’ proteins might be changed this
-could influence the viscosity.
4, Germination of the soybeans, As 1mportant changes take place
' during germination the tryptic inhibitor may dlsappear. Besides -
the amount of proteins diminishes and the milk may then acquire -
a higher heat stability.
5. Mixing with other vegetable"protelns..The mixing mmxrcause the;_
i stablllty to change, - '

Furthermore.it\shbulﬁ‘baenotéd‘thatithé:wcrkfdcnefwas'carriéd“dut
with soybeans obtained from oil factories, and so presumably belon-
ged to the commercial group of soybeans, Varieties of soybeans may
be divided into three groups: commerclal [(grain), forage, and vege~

table.The commercial varieties are used larggly for proce531ng'1nto -

oil, meal, flour, and flakes, In the Orient varieties haVe-been‘de;
veloped for-use as green beans, bean curd, - bean sprout, and nUMerous -
other food products ‘the term v vegetable varietles" is used to-
_ dlstlngulsh them from var1et1es grown for other. purposes Thlq groun:
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is superior to commercial and forage types for vegetable milk, soy
flour, bean curd ete. (USDA,1952).It is possible that out of these
vegetable varieties which number over one hundred, one or more will
give no difficulties when processed toevaporated milk, In this con-
nection it may be useful to consider the influence of the stage of
ripeness on processing characteristics. Extensive‘andsystematic
research is needed to investigate this aspect of the problem,

* In the production-distribution-consumption chain it will be some
time before actual consumption of the milk takes place. Therefore
‘pasteurization or sterilization will have to be applied., As has
been shown pasteurization reduces the number of bacteria appreciably
and the milk may be preserved for some days if pasteurization is
combined with cold storage, The drawback, however, is that when the
pasteurized milk acquires a higher temperature, bacteria will deve-
lop at a high rate.Even if the milk is kept at low temperatures'the
bacterial growth continues.. Therefore, especially in warmclimates
sterilization should only he considered for application in practice,
Sterilization may be carried out as usual with equipment already.
existing.

According to literature the mother liquid from seawater, spon-
tanéous sauring or sour soymilk” are the means used to effect protein
precipitation in soymilk. The objection against spontaneous souring
is that the degree of souring is difficult to control, while fur-
thermore protein decomposition may lead to a dangerous decay of the
milk, Therefore the use of the mother liquid or its constituents is
preferable. Since it has been shown in this work that it is not
necessary to use all constituents of the mother liquid the question
arises which of the constituents should be used.As far as the yield
is concerned, the salts as well as lactic acid prove nearly equally
effective, :

The attractive point in the use of single salts is that if from
a nutritional point of view it is desired to increase for instance
the calcium content, this can be easily done by using a calcium-
salt, e.g. calciumchloride.

From a technological standpoint, however, the use of acids (pre-
ferably lactic acid) has the advantage that a one-stage extraction
already yiélds a very high percentage of the original protein if
the pH is increased, The precipitation with aeid yields nearly all
the protein present in the milk. Another point in favour of the use
of acid is that a low pH inhibits the growth of decay-bacteria.

The attractive point inthe manufacture of soy-yoghurt is that the
conversion of the soymilk can be effected in a simple way without
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the use of complicated equipment. Proper attention should be given
to the incubation of a mixture of both lactic acid bacteria, Ther-
mobacterium bulg&ncum and Streptococcus thermophilus. -

_ Since the nutritional qualities of this product are not yet known,
this requires further 1nvest1gat1on._ Technologmally. the important
) point is that the conversmn of soymllk Into a _sour product does not -

present any difflculty. :

126



'SAMENVATTING

" Gezien de grote tekorten aan dierlijk eiwit voor de voeding van
de wereldbevolking en het feit, dat het in vele landen niet goed

3'_mogelijk'za1 zijn om ob‘korte termijn deze tekorten op te heffen,

is het noodzakelijk om te zien naar voedingsmiddelen met een hoog
gehalte aan hoogwaardige, plantaardige eiwitten,

Het is bekend, 'dat de eiwitten van de sojaboon van hoogwaardige
kwaliteit zijn, In enkele Aziatische landen is het gebruik van de
""soja als voedlngsmlddel een gewoonte, die reeds van vele eeuwen
- voor het ‘begin van.de Chrlstelljke jaartelling dateert. Voedings-

middelen, zoals sojamelk en sojakaas, zijn derhalve geen nieuwe
wwwmemMMumﬂewmw$owr®fﬂﬁhwvwdwemw
dukten zijn echter vrijwel niet aanwezig.

:Het leek ons daarom van belang een onderzoek te verrlchten be-
treffende -de fabrikage van sojamelk en enkele hiervan afgeleide
- produkten teneinde het rendement en de kwaliteit te verbeteren en

_ derhalve de kostprijs te verlagen. Tot de andere bestudeerde pro-
dukten behoren-sojawrongel, sojayoghurt en:ongesuikerde, geconden-
seerde. 'sojame Ik. Ook “de- verduurzaming van de melk werd 1n het ender-
zoekprogramma opgenomen. i

SOJAMELK.
In de verschiliende-bereidingsmethpden_van'sojamelk; zoals die
worden toegepast door de bevolking van enkele Oost-Aziatische lans

den, hunnen een aantal duidelijk te onderscheiden stadia aangewezen
worden die als volgt aangeduid kunnen worden:

1) de voorbereiding;
"2y de eigenlijke extractie;

3) de afscheiding van de melk;

£} de verbeterlng van de kwaliteit van de melk

Aangezxen de W1jze waarop de voorbewerking plaats vindt in sterke
"mate de samenstelling van de melk bepaalt, werden diverse typen
. maalapparaten onderzocht. Hierbij werd zowel van de ongepelde, hele
bonen- als van de tot meel vermalen bonen uitgegaan,
0ok de eigenlijke extractie werd onderzocht teneinde een inzicht
te krijgen in de factoren die gevarieerd zouden kunnen worden wan-
-neer van een bepazld type apparaat wordt uitgegaan, .
o Over de afscheiding van de melk werd geen onderzoek verricht,aan- -
S gezxen zich ‘hierbij ‘geen problemen voordoen althans niet bij de
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door ons gevelgde werkwijze, Ken onderdeel van het laatste stadium,

de

1.

houdbaarheid van de melk, werd in het onderzoek betrokken,

De volgende resultaten werden verkregen

De proeven over de fabrlkage van -de melk 21Jn goed reproduceer-
baar. Extract1e van geweekt sajameel bij een extractieverhouding
van 1 : 10 resulteerde in melk met.ongeveer 7.7% droge stof,waar-
van ongeveer(kahelft uit ruw.eiwit bestond. Het. rendement van de
droge stof en het ruw eiwit bedroegen dan ongeveer 59.0. respec-
tleveliJk 68. 0%. De eiwitten bleken derhaive beter dlspergeerbaar

‘te zijn dan het overige deel van de droge stof, .

Extractie van geweekt sojameel gaf een hogere opbrengst dan ex-
tractie van de ‘zeweekte bonen.Zowel ‘bij. het meel als bij de hele

. ~bonen steeg ‘de hoeveelheid melk bij betere vermaling,evenals het

gehalte aan droge stof en ruw.eiwit. Door een betere vermaling
stegen derhalve ook de rendementen van .de droge stof en het ruw

- eiwit.-

De bxtractie'verhouaing'heéft‘een grote ‘inviced op de'samenstél-

‘1ing van de melk.Bij-een tcenemende'ﬁerhouding“stijgen de gehal-
" ‘tes aan droge stof en ruw elw1t terw131 van ‘beide de rendementen

dalen, -

Ook de extractie pH is van grote‘invloed op het'réndémént.”ﬂet
droge stof gehalte steeg bij- toenemende pH echter niet in die ma-
te als het gehalte aan ruw eiwit, Bij een pH van 9.5 bedroeg het
rendement van ruw eiwit 80%. T

De extractie temperatuur bleek ‘in het gebled van 20° tot 50°C

“weinig 1nvloed te hebben, -~

7.

8.

‘ De extractle tle had nadat een zeker m1n1mum overschreden was

eveneens weinig 1nvloed ap het rendement

De rotatie snelheid van een Ika Ultraturrax had. vr13we1 geen ef~
fect op de extractie, De gehaltes aan én de rendehenten van de

droge stof en het ruw eiwit lagen echterwa.t hoger dan b13 extrac-
tie met een Vibrom1ker.

Door het ‘residu twee maal te wasser stegen ‘de ‘totale rendementen

‘ van de droge stof en het ‘ruw ‘eiwit aanzienlijk en naderden ‘zi}
t den grenswaarde. die ~ althans voor de droge stof - berekénd kon

worden. Het totale rendement van het ruw eiwit bedroeg 90%; ge-

" 8schat wordt dat de g;enswaarde le detoegepaste werkwijze in de

" buurt ligt van 95%.

De

consequenties voor de practische uitvoer1ng worden in het hoofd-

stuk General Discussion hesproken. : :
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HOUDBAARHEID VAN: SO0JAMELK

Waar de sojamelk in hoofdzeak uit eiwitten, vetten en suikers
bestaat vormt deze uiteraard een ideale voedingshodeﬁ voor micro--
“organismen. In de literdtuur zijn enkele aanwijzingen te vinden,
die er op wijzen dat toepassing van een warmtebehandeling de houd-
baarheid van de melk doet toenemen. Qok is het bekend, dat getracht
is met behulp van chemicalien de houdbaarheid van de melk te ver-
lengen. Aangezien het gebruik van chemische conserveermiddelen in
voedingsmiddelen minder gewenst is, werd slechts getracht door mid-
del van pasteurisatie en sterilisatie een betere bewaarbaarheid te
verkrijgen, Lo .

De volgende resultaten werden verkregem:

1. Pasteurisatie van de rauwe sojamelk hij 60°C gedurende 30 min
verlaagt het initiele bacterie-aantal aanzienlijk, De gepasteu-
riseerde melk blijft echter bij een temperatuur van 20 - 25°¢
nauwelijks een dag goed,Pasteurisatie in combinatie met bewaring
bij lage temperatuur verhoogt de houdbaarheid tot ongeveer drie

dagen.

2. ‘Sterilisatie van 8% sojamelk bij 120°C gedurende 5 minuten
blijkt voldoende te zijn om de melk gedurende tenminste een jaar

houdbaar te maken. -

3. Indien het droge stof gehalte vande melk boven de 12% stijgt
dient de sterilisatie drastischer te worden uitgevoerd dan voor

' een 8% melk.

ONGESUIKERDE GECONDENSEERDE SO0JAMELK

~ Om meerdere redenen kan het wenselijk zijn om de beschikking te
hebben over Becondenseerde melk van‘tenminste 30% droge stof.

Een dergelijke verhoging van het droge stof gehalte zou met behulp
van verdampers uitgevoerd kunnen worden. Het was echter bekend, dat
Zich bij het concentreren van sojamelk met behulp van vetdémpers
moeilijkheden kunnen voordoen. In bet kort kunnen deze mog11135he;
den omschreven worden als het zeer sterk toememen van de viscositeit

van de sojamelk wanneer een droge stof gehalte van omsFreeks 20%
‘wordt overschreden, waardoor de hele melk in een puddingachtige

massa overgaat.Door het optreden van dit verschijnsel is een limiet
gesteld aan het cocentreren door mi

Getracht werd na te gaan of een war.'
sojamelk voor het indampen een belangril
ben niet alleen op de Viscositelt van he

ddel van indamping.

mtebehandeling van de rauwe
ke invloed zou kunnen heb-
t ingedampte product, mmar
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tevens op de hitte-stabiliteit. Door middel van flash verhitting
-~ met behulp van een speciaal ontworpen buizen warmtewisselaar - en
langzame verhitting in een kookketel werd de invloed van verschil-
lende temperatuurniveau’'s en verhittingstijden onderzocht. De
experimentele resultaten gaven aanleiding tot het opstellen van de
volgende conclusies:

1.

2.

Rauwe sojamelk kan zonder moeilijkheden tot tenminste  30% droge
stof ingedampt worden.Het aldus verkregen product is echter niet
steriliseerbaar,

Bij vérhitting van de rauwe sojamelk voor het indampen treedt
tijdens het concentreren een viscositeitsbarriére op, die het
niet mogelijk maakt om de melk verder te concentreren. Het droge
stof gehalte waarbij deze viscositeitsbarriére optreedt hangt af
van de wijze van verhitting.

Wanneer een kookketel gebruikt wordt om de melk te verhitten,
heeft het verlagen van de verhittingstemperatuur van 00” tot 60°
C zowel als het verminderen van de verhittingsduur van 30 tot O

‘minuten tot gevolg, dat de viscositeitsbarriére naar een hoger

..droge stof gehalte wordt verschoven,

Wanneer een continue, flash sterilisator gebruikt wordt om de
melk te verhitten, heeft het verlagen van de verh1tt1ngstempera-
tuur van 120° tot 70°C zowel als het verminderen van de verhit-
t1ngsduur van 45 tot {0 seconden tot gevolg. dat de viscositeits-
barriére naar een hoger droge stof gehalte wordt verplaatst

In vergelijking met de viscositeitscurven van de melk behandeld
in de kookketel zijn de curves voor de flash gesteriliseerde
melk voor overeenkomstige temperatuurbehandelingen (700.‘800 en
90°C) op een hoger droge stof niveau gelegen.

Bij gebruik_van de kookketel geldt - zowel voor een verhittings-
duur van 30 als van. 0 minuten - dat de hitte stabiliteit in de
volgorde 700. 90° en 80°C toeneemt, Wordt de verhitﬁingsduur
van 30 tot ¢ sec verminderd, dan stijgt de hitte stabiliteit.

Bij gebruik van de flash sterilisator heeft - zowel voor een
verhittingsduur van 45 als van 0 seconden - de hitte stabili-
teit de neiging om toe te nemen in de volgorde 70°, 8o® en 90°C.
Wordt de verhittingsduur verhoogt van -0 tot 45 seconden dan
vertoont de hitte stabiliteit de tendens om toe te nemen,

In vergelijking met de hitte stabiliteits curven van de melk
uit de kookketel zijn die voor de flash sterllisator voor
overeenkomstige warmte behandelingen op 70%, 80% en 90°C op

- een hoger niveau van hitte stahllltelt gelegen.
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9. In het gebied 70°, 80° en 90°C is het overall effect van de
voorverhitting het verschuiven van de viscoesiteits curven naar
rechts, d.w.z., naar een hoger droge stof gehalte, in de volgor-
de ketel 30 min- ketel @ min - flash 45 sec - flash 0 sec.

Beide eipgenschappen - de viscositeit zowel als de hitte stabili-
teit - blijken derhalve sterk door de warmtebehandeling beinvloed
te worden, Bovendien blijkt, dat deze invlced aan een bepaalde
wetmatigheid gebonden is, In het algemeen kan gezegd worden, dat
naarmate de verhitting minder intensief is bij concentreren een
hoger droge stof gehalte bereikt kan worden. Dit geldt zowel voor
het temperatuurshiveau als voor de coming-up time en de verhit-
t ingsduur.

SO0JAWRONGEL’

Evenals bij de bereiding van de melk kan ook in het fabrikage-
proées van sojakaas een aantal duidelijk verschillende stadia wor-
den aangeduid: 1) precipitatie van eiwitten; 2) afscheiding vande
wrongel; 3) vermindering van het watergehalte. 4) r11p1ngvande
kaas, [ e wem pivl)

Voorwaarde voor een regelmatige produktie op grote schaal is, dat
precipitatie onder bepaalde uniforme omstandigheden steeds e2n con-
stante opbrengst zal geven, Tevens zal men een zo hoog mogelijke
opbrengst verlangen, _

Teneinde constante opbrengsten te verkrijgen is het nodig het
precipiterende agens te standsardiseren. Hiertoe werd van een aan-
tal zouten en van melkzuur afzonderlijk enin combinatie de precipi-
terende werking bij verschillende temperaturen en concentraties be-

studeerd.
Uit de experimentele resultaten kunnen de volgende conclus1es

worden getrokken

1 Bij het neerslaan van de e1w1tten uit sojamelk met behulp van
zoutoplossingen bij verschillende temperaturen en concentraties.
zijn voor MgCl,, Mgso enCa012 geen noemenswaardige verschillen
aan te wijzen, OQok de werking van een combinatie van deze drie
zouten geeft geen essentiele verschillen te zien. QOngeveer 90%
van de eiwitten is op deze wijze te precipiteren,

2. Wordt de precipitatie met behulp van melkzuur bewerkstelligd,
dan wordt tot pH 4.5 meer eiwit neergeslagen naarmate de pH

daalt.Echter blijkt,dat bij lagere pH minder eiwit wordt gepre-
cipiteerd. In combinatie met eenverhoging van de temperatuur is
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het rendement van de precipitatie op te voeren tot tenminste 907.

3, Pij een verlaging van het droge stof gehalte van de melk kan met
eei zwakkere zoutoplossing worden volstaan, bij verhoging van
_het droge stof gehalte dient een sterkere oplossing te worden
gebruikt,

SOJAYOGHURT

Sojamelk, in hoofdzaak bestaande uit eiwitten, vetten en suikers,
vormt een goede voedingsbodem voor diverse micro-organismen. De
groei van deze organismen leidt tot een snel bederf van de melk.
Nagegaan werd of het mogelijk is de twee melkzuurbacterien, Thermo-
bacterinm bulgarieum en Streptococcus thermophilus, in sojamelk te
doen groeien om aldus een zuur melkproduct te verkrijgen. :In een
dergelijk zuur produkt zouden de rottlngsbacterlen weinig kans heb—
ben om tot ontwikkeling te komen.

Hiertoe werden voor elk van de bacterlen afzonderlljk en cok voor
het méengsel van beide hacterien een aantal kweekproeven bij ver-
schillende temperaturen en entpercentages opgezet,

Vit de proefresultaten werd het volgendeigeconcludeerd:

1. De melkzuurbacter1en ‘Thermobacterium bulgaricum en Streptococ«
cus thermophllus groelen in 8% sojamelk goed.

. 2. De. zuurtegraad teweeg gebracht door de Thermobacterium bere1kte
na ongeveer vijf tot zes uur, een maximum van 5,7 ml 0.1 n NaOH
(pH 4.7).bij een 1noculat1epercentage van 10% en een kweektempe-
ratuur van 4500 :

3. In het begin vormt de Streptococcus mlnder ‘zuur dan de Thermo-
bacterium, Na zeven uur echter - wanneer de zuurvorming door de
- Thermobacterium reeds is opgehouden - blijft de zuurtegraad toe-
nemen, Na 24 uur was de zuurtegraad 6.4 ml (pH 4.3) biji een 103
inoculatiepercentage en kweektemperatuur van 40°C.

4, Een combinatie van beide bacterien geeft een regelmatige zuur-

vorming. Na v13f uur werd een zuurtegraad van 4.8 ml (pH 4. 6)

" bereikt bi} eer inoculatiepercentage van 2%, en een kweektempe-
ratuur van 40°C.
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STELLINGEN

I

De conclusie van Huizenga, dat in 1939-'40 een gemiddeld inkomen van tien

gulden per maand voor een arbeidersgezin (4-5 leden) op Java als een minimum,

redelijk levensniveau dient te worden beschouwd, is niet gerechtvaardigd.
Huizenga, L. H., diss. Wag. {pp. 296), juni 1958

I

Vooroorlogse gegevens wijzen op een toestand van ondervoeding bij de bevolking
op Java,

ur

~ Het is mogelijk plantaardige melk zodanig te fabriceren, dat deze de rol van
dierlijke melk als voedingsmiddel kan overnemen,

v

Op economische gronden dient bij het streven de melkproductie in de tropische
gebieden op te voeren meer profijt te worden getrokken van de productie van

buffelmelk.
v

De opvattingen van DOS SANTOS en TROPA betreffende de rol van de veterinair

bij de productie en verwerking van dierlijke melk zijn merendeels onjuist.
22 jime Session du Com. de J'Office -
Int. des Epizooties, XLI: 537-546, 1954

V1

Voor het verhogen van het eiwitgehalte van de sojaboon ware het wenselijk reeds
thans bij de cultuur aandacht te besteden aan de hiervoor in aanmerking komende

maatregelen.
vt

Het gebruik van gips voor de bereiding van tofu dient te worden afgeraden,
VIII

Zowel voor hoog ontwikkelde als voor onderontwikkelde landen zijn de voor-
waarden voor eenm juiste meningsvorming dezelfde, Deze voorwaarden zijn een
objectieve en volledige voorlichting enerzijds en een critisch denkvermogen

anderzijds.

Diss. Tan B. H.
Wageningen 1958



