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ABSTRACT

The effect that presoaking of soybecans in solutions of
various chemicals has on the reduction of '"beany" flavour in soymilk
was investigated. Of the chemicals used, sodium carbonate and sodium
hydroxide had a significant effect. Sodium carbonate soaking at 0.4 M
concentration for 18 - 24 hours was significantly better than any other
presoak treatment. Soymilk prepared from carbonate presoaked beans
contained more protein and had a higher viscosity than milks prepared
from water or sodium hydroxide presoaked becans., Beans presoaked in
carbonate wecre casier to process than beans presoaked in water or
hydrozide. Therec was no significant difference in the amino acid
pattern of the proteins in the soymilks prepared by the threc methods.
The activity of lipoxidasc as a major source of 'beany" flavour in

soymilk has been questioned.

The rate of inactivation of trypsin inhibitors in soymilks
prepared from carbonatec presoaked beans was faster than that in the
water presoaked preparation when hcated to 98°C. This cffect was
primarily associated with the rise in pH that occurrecd in the soymilks
from carbonate presoaked becans. The effect of alkaline pHs at 9800
on the inactivation of trypsin inhibitor was cxamined and it was found
that the rate of inactivation was changed from zero order at pH 6.8
to first order kinetics at pH 9.9. This effect of pretreatment was
not noticecable when both milks were processed at 11500 in secaled cans

because of the constancy of pH under these conditions.

The influence of heat processing conditions on the enzymatic
digestibility of proteins in both soymilks was also studied. The
digestibility with trypsin increased with the degrcc of heat treatment

up to the point where the trypsin inhibitor had been destroyed, after
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which further heating resulted in lower digestibilities. The optimum
heat processed soymilks prepared from carbonate presoaked beans gave
higher digestibilities than those of the water presoaked preparations

under the conditions used.

Pepsin digestion (at 0.125% of 1 : 2,500 pepsin) showed no
appreciable differences between soymilks prepared by either presoaking
procedures. The degree of digestibility with pepsin plus trypsin of
the proteins in the optimum heat processed carbonate presoaked pre-
paration was similar to the digestibility of acid precipitated freeze-

dried casein under identical conditions.

The changes in viscosity during vrocessing of soymilks
prepared from carbonate presoaked beans was different from that of the
water presoaked soymilk. Of the factors which affect the viscosity of
soymilk during processing, denaturation, aggregation and hydration-
dehydration processes probably play the most important roles. Never-
theless, the proteins in both soymilks were very stable under the

processing conditions used.

sbout 0.1 percent of sodium chloride was formed in the
carbonate presoaked prepmaration during neutralisation with hydro-
chloric acid., When this amount of sodium chloride was added to the
water presoaked preparation either in the raw state or during heat
treatment, the proteins became unstable. This effect could be
eliminated if the addition of sodium chloride was made after even
slight denaturation of the proteins. Addition of up to 0.25 percent
of sodium chloride had no effect on the stability of proteins in the
carbonate presoaked preparation. The instability of proteins in
soymilks in presence of sodium chloride was considered to be primarily

due to aggregation.
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Soymilk that has been heat treated to destroy the trypsin
inhibitor is difficult to concentrate because its viscosity increases
exponentially with increase of solids content. This imposes a con--
centration limit of around 17 ~ 18 percent total solids due to the
formation of a gel-like structure beyond this. The possible factors
which contribute to this gel formation during concentration were
investigated. & sulphydryl-disulphide interchange reaction was wmostly
responsible for the increase in viscosity of the concentrate up to
about 16 percent total solids but above this concentration other
forces predominated. The possibility that gelation occurred through
intermolecular cross-linkages by calcium ions was eliminated. Sodium
sulphite and N-ethyl maleimide were effective in reducing this
viscosity increase to some extent but when the concentrate was heat
sterilised sodium sulphite ceased to have any effect on the viscosity
and with N-ecthyl maleimide the viscosity of the sterilised concentrate
was about 50 percent of the unstabilised sample. Forewarming by
heating to 11500/5 min. caused an increase in viscosity during
concentration but effectively stabilised the product against further

increases in viscosity on sterilisation.

The effect of processing conditions on the nutritional
quality of proteins in soymilks was studied using a number of in
vitro methods. The results indicated that the nutritive values of
the soymilks prepared from carbonate presoaked beans by three e
different processes (9800 for 40 minutes; 11500 for 18 minutes;
preheated at 11500 for 5 minutes, concentrated to 15.5 percent solids
content and then sterilised to a F, value of 5.5) were about the same
and were better than that prepared from the water presoaked

preparation processed at 11500 for 18 minutes. Methods of process
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control and quality assessment of soymillk are discussed. Flow and mass

balance sheets for the process developed have been presented.
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CHAPTER 1

GENERAL INTRODUCTION

It has long been recognised that proteins, cssential
constituents of living cells, arc essential food components for man
and other animals and that the protein requirements vary, sometimes
considerably,‘during various stages of human life (14), Thus protein
is required in different quantities for (i) maintenance and subsistence;
(ii) for growth; (iii) for special purposes such as in pregnancy and
lactation; and (iv) in various physiological and pathological

conditions.

A large part of the human race does not consume sufficient
protein foods of good biological value to sustain satisfactory health,
growth and physical vigour (212). In the Far Bast, the Near East and
in parts of Africa and Latin America consumption of protein of good
biological value is particularly low., Figure 1 puts into sharp contrast
the estimated per caput supply of total and animal proteins in
developed and developing countries. While the total ecstimated amount
in developed areas is high, its proportion from vegetable sources is
low. On the other hand the bulk of the small amount of protein
available in developing countries come from plant sources and is of

low biological value.

Several reviews of protein deficiency diseases are now
available (129, 222, 265), these summarise the hundreds of papers
that have appearcd over the last 25 years dealing with those diseases

of both children and adults that are now thought to be due in whole
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or in part to deficiencies in dictary protein with or without calorie
deficiency. Special attention has been focused on kwashiorkor, which
is a consequence of dietary imbalance in'early childhood, that is, a
diet which contains low protein but high carbohydrate calories and on
nutritional marasmus which is a consequence of a diet very low in both
protein and calories, so called balanced starvation (129). These
nutritional defects are occurring in many parts of Africa, Asia and
Central and South America (Figure 2). Surveys have shown that
kwashiorkor and marasmus have their hizhest incidence of clinical
symptoms in children between the ages of six months and three ycars,

the period when the protein requirements are much higher than in older

children and adults (224).

The weaning period is a critical and somewhat difficult
phase in any part of the world and in the tropics and subtropics it is
a time of extreme danger for the child and there is a high consequential
mortaiity. It is during this phase that the infant crosses the
precarious bridge betwecen adequate growth while beins fully breast-fed
to later relative self-sufficiency on the adult diet. Some staple
diets may be so poor in protein that a tiny child literally cannot eat
enough of them to supply his protein neecds (128). Protein calorie.
malnutrition also lowers the resistance to disease and facilitates
infection. Under the circumstances, it is not surprising that in many
populations as many as 40 percent of the children dic before reaching
school age (41). Furthermore, even where thc sufferer from severe
malnutrition survives, he or she is most likely to be both mentally
and physically stunted, and so to be a 1liability rather than an asset
to an advancing socicty. Today, there are over 300 million children
suffering from protein and calorie malnutrition and it has been

cstimated that the world's population is going to be doubled by the



o ——

Areas of probable high prevalence

/%% Areas of probabl d

|

FIG. 2. GEOGRAPHICAL DISTRIBUTION OF PROTEIN—-CALORIE MALNUTRITION

IN YOUNG CHILDREN
Reproduced from : reference 129



‘

year 2000] The U.N. publication, Intecrnational Action to Avert the
Impending Protein Crisis, states "it is essential that the United
Nations family urgently takes action aimed at closing the present gap
between world protein needs and protein supplies and at preventing cven
more widespread protein deficiency in future generations™ (124).

Dr Aaron M. Altschul, special assistant for nutrition improvement to
the U.S. Secretary of igriculturc stated "we emphasize protein as the
major quality component. Therce are other quality components - the
vitamins and mincrals - and these too are deficient in poor diets.

We are confining this discussion to protein, not because the
consequences of the other deficiences arc less serious, but because
the others are required in small quantitics and can be made relatively

checaply, hence their deficiency is easier to remedy" (8).

Animal protein foods are scarce and expensive in the tropics
and sub-tropics and from available evidence it would appecar that this
situation is not likely to improve significantly in the near future.
The obvious solution to the problem of protein malnutrition must lie
in the use of the morc plentiful and cheaper plant protein foods,
mainly pulses and oilsceds (41). Soybeans are a particularly
attractive possibility for a number of reasons. (i) Soybeans grow
relatively easily and widely; (ii) Soybcans have cxceptionally high
protein content and the protein is practically cquivalent to animal
protein in biological valuc; and (iii) the products made from soybeans
have been used in human dicts for centuries (see Appendix )3
Lager (147) stated "the history of the soybean is a fascinating story
of a little round bean that has literally bcen a golden nugget to the
oriental world. Soybeans are perhaps the world's oldest food crop.
For centuries, nutritionally they have meant meat, milk, cheese, brcad

and oil to the people of Asia. Soybeans can rightfully claim the
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honour of being one of the most éoncentrated and nutritive foods known
to man", In recent years, the soybean ha; received a great deal of
attention as a possible source of cxtra protein in the human diet in

attempting to alleviate part of the world's continuing protein deficit

(223).

The need of liquid nourishment following birth is evident from
the fact that the young of all mammals, including the human, have no
provision for taking solid food. As a starter food, a lacteal
secretion is by nature supplicd, and to mect the further needs of the
growing child various animal milks have been used. However, the supply
of animal milk is meagre in Asia, Africa and Latin America. Even in
countries where cov's milk is available, 7-15 percent of infants,
children and adults show a sensitivity to it (185). The problem of
providing a substitute for animal milks in the diet of infants and
children has been engaging the attention of research workers in
different countries (64, 110). Soymilk is of marticular interest
since it can be prepared to yield a rcadily digestible food for infants
and young childrcn in those countrics where protein malnutrition is a
serious problem. It can also be used for babies who are allcrgic to
cow's milk, even in highly developed dairying countries. Dr Harry W.
Miller (185), Director of the International Nutrition Research
Foundation, stated "soymilk, with physical characteristics and formula
similar to human milk, has proved to be the most depcndable milk
food in all cases of allergies in humans., Soybeans are grown in
large quantities in many lands where we do not find a dairy industry.
Soymilk can also be marketed within the cconomic range of most

nationals in non-dairy countries".

Although soybeans are bccoming an increasingly important
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source of high quality proteins, they possess a characteristic "beany"
flavour which affects their use as food for human consumption (238).
Even in the orient, where other soybcan foods are traditionally
accepted, soymilk has never achicved much popularity because of the
absence of a method to reduce its beany flavour (241). The very
numerous attempts to improve the flavour of soymilk date from ancient
Chinesc history up to the prescent time and have met with but little

success (sec Chapter 2).

With an aim of developing a wholesomc soymilk of acccptable
quality, this study was undertakcen to examine the preparation and
processing of soymilk and to establish whether important changes take
place in the chemical, physical and nutritive characteristics of the

milk during preparation and processing.



CHAPTER 2

DEVELOPMENT OF A METHOD FOR THE MANUFACTURE OF BLAND-FLAVOURED SOYMILKS

2.1 Introduction

Soymilk is the name given to aqueous extracts from soybeans
or to fine emuisions of soybean flour becausc of their milky
appcecarance. The pH of this soymilk is very similar to cow's milk,
about 6.7, and when the milk is allowed to sour in a normal way, the
pH will drop to about 4.9 and cause precipitation of most of the
protein., Soymilk, as ordinarily produced, does not have the bland
flavour or smooth texturc of cows milk. Cascin, the principal
protein of cow's milk has the characteristics of contributing
consistencv to the milk but soy proteins lack this property and there-
fore the soymilk possesscs an unplcasant watery taste and poor mouth-

feecl.

Soymilk has becn known for a long time, probably over many
centuries in a few Far Bastern countrics. It is mostly produced in
the homes and sometimes on a cottage industry scale. The milk preparced
by the oriental method, possesses an unpleasant "beany" flavour and
that is why soymilk is one of the minor uses comparcd with other
soybean products. This flavour is less obvious when prepared as bean
curd. Bean curd is prepared by coagulating soymilk with calcium salts

and the product is popular with oricntal people.



2.2 Review of literature i

The original method used in the Tar Wastern countries for the
preparation of soymilk is knowvm as the oriental method. The method is
simple and straightforward. The soybeans are first thoroughly washed
with water and then soaked in water for about 10 hours in summer and
24 hours in winter, after which they are ground using a stone mill
and the crushed mass is extracted with water at a ratio of about
8 parts of water to 1 part of dry beans. Undissolved solids are
removed with a coarse cloth filter and the milk is boiled for 20-30

minutes (242).

Several methods have been developed aimed at improving the
composition for better nutritional quality or modifying the flavour
either by incorporating certain flavour components or treating the
milk with enzymes or bacterial cultures to impart a more acceptable
flavour, or expelling the beany flavour or removing the bitter

principles.

Early workers attempted to volatilise the "beany"” flavour
by boiling or steaming, and to improve the nutritional balance of the
milk by addition of sugars and vegetable fats. For example, Miller
(184) boiled the finely ground slurry after soaking and then centri-
fuged it to remove the undissolved solids. Also, to reduce the beany
flavour, he used the variety of soybeans used in the Orient as a
vegetable and not the "field" soybeans grown for oil production.
Sugar, vegetable fat, and salt are added in order to make a balanced
milk., The mixture is then actively boiled with zgitation for 30-60
minutes under conditions that prevent coagulation of the protein on
the surface of the milk., This boiling process is credited with

improving the flavour of the milk which is finally homogenised and
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bottled or spray-dried. Horowitz et al (118) have worked out the
following procedure. The ground soybeans are soaked for eight hours
and treated with steam at 100°C for deodorisation. This is followed
by the extraction with water and the separation of the residue. The
emulsion is cooked for five minutes and then 0.25% sodium chloride,

0.5% glucose, 2% soyoil, and 0,02% vanilla or 0.2% almond essence are

added.

Tso (259) also modified the soymilk formula prepared by the
oriental method. The protein constitutes 20-22% of the calories, he
supplemented it with cane sugar, corn or rice starch, cod liver oil,
calcium lactate, sodium chloridc and cabbage water - the later as a
souice of vitamin C. Monahan and Pope (192, 193) improved the flavour
of soymilk by using malt, chocolate or cocoa. Thevenot (256) suggestcd
that the mashed beans should be digested with proteolytic enzymes or
the beans be treated with alcohol to remove some of the undesirable
principles. Melhuish (177) improved the flavour of soy milk by
incorporatiny milk ripening bacteria or by using butyric acid as

flavouring material.

Wilkens et al (269) modified the oriental method by using
the temperature of water during grinding above 80°C to inactivate
lipoxidase present in soybeans which is thought to bc responsible for

the oxidative off-flavour in soymilk.

De and Subrahmanyan (63) and Desikachar et al (66) effected
a number of improvements in the oriental method of preparing the
soymilk. The soybeans are soaked overnight in water. They are then
germinated and the skin is peeled by gentle rubbing, The beans are
then extracted with 0.04% sodium bicarbonate at 70°C for half an hour

to remove the bitter principle and colouring matter. The beans are
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then made into a fine paste, stirred up with about 6 volumes of water
and boiled for 20-30 minutes. The mixture is allowed to settle and
then filtered through cloth. Bieringer (22) devised a procedure in
which the soaked beans were ground to a slurry and shaken with an
aqueous chlorophyllin solution in an attempt to absorb bitter
material and to deodorisc sulphur containing compounds. Sakata et al
(235) attempted to reduce the off-flavour of soymilk by treating it
with a weak solution of sodium sulphite at 80-90°C. It has also been
reported that soaking the soybeans in a 1% solution of sodium bicar-
bonate gives a slight improvement in [lavour of the beans as a pre-
treatment for producing soyflour (199). After the completion of the
present work, patent literature has come to our notice in which Okumar
and Wilkinson (205) developed a method to remove the beany flavour by
treating the sprouted soybeans with sodium hydroxide solution.
Badenthop and ilackler (15) also indicated that sodium hydroxide mark--

edly reduces the off-flavour of soymilk.

Tan (255) investigated various pnrocessing steps used in the
oriental method and reported that extraction of soaked flour in a
10 percent ratio, gave milk containing 7.6-7.9 percent dry matter,
about half of which was crude protein. The yield of dry matter was
about 59 percent and about 68 percent of the total protein was
recovered in the milk., Extraction of soaked flour yielded more milk
than extraction of beans. With the flour as well as with the beans
better grinding yielded more milk and increased the dry matter and
crude protein content of the milk. The influence of the extraction
ratio is important for if the ratio of beans to water increased, the
dry matter and crude protein content of the milk also increased.
The yields of both, however, decrecased. The extraction pH also had

an important influence, for, if the pH was increased the dry matter
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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 80 percent.
The extraction temperature had little effect on the yield in range

20° to SOOC. After a certain minimum (about 2%-minutes) the extraction

time had little influence on the yield.

Using the original oriental method, the yield of soybean
solids in the form of soymilk is limited to about 65 percent. To
improve the yield of soymilk solids, a number of methods have been
developed recently. Hand et al (111) reportcd a method that involved
dehulling and fine grinding of steam-dried soybeans and slurrying the
powder with water to produce a soymilk., This utilised 90 percent of
the soybean solids. Mustakas and Mayberry (200), in cooperation with
the Wenger machinery company, developed another process for manufacturing
soymilk., By this procedure dehulled soybean flakes, properly conditioned
with moisture, are fed into an extruder and forced through an orifice
under conditions of short-time, high temperature, high-pressure
treatment from which the bean mixture emerges cooked, puffed and
dried. The puffed material is then finely ground and can be slurried

with water to form soymilk.,

Miles (182) described a method in which the hulls are
removed at the outset from the unmoistened soybeans by cracking and
winnowing. The dehulled cracked beans are passed through flaking
rolls between which they are rolled under heavy pressure into very
fine flakes of a thickness in the range of 0,003 to 0.008 inch. Water
is added to the flakes at a ratio of 1 pound of beans to 10 pounds
of water. A stabiliser of phosphate type or a sequestering agent
such as EDTA is added to the slurry. The slurry is then cooked at a

temperature in the range of 220° to 250°F for a period of time in the
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range from a mere flash to a maximum of 10.minutes. The cooked slurry
is subjectecd to homogenisation at a pressure in the range of 5000 to
8000 psi. The slurry is then clarified by centrifugation. 0il,
carbohydrate (including sugar), vitamins, and minerals are added in
accordance with the requirements for a whole type milk or a skim type

milk.

To improve the palatibility and nutritional quality, Johnson
(134) developed a method comprising three principal ingredients:
soybean flour, sesame flour and coconut meal. The three components
are ground to extremely fine powder with the soybean being provided
preferably in four parts by weight to three parts by weight of the
sesame seed and two parts by weight of the coconut meal. A small amount
of lecithin, usually in the range of 0.5 to 2 percent by weight of the
three principal ingredients, is desirably incorporated as a water
dispersing agent, and a better product is obtained by incorporating a

small amount of an edible emulsifying agent.

Hand (110) noted that the yield of soymilk can be increased
to 90 percent by suspending all of the solids of dehulled soybeans.
The fluid milk thus produced is not as smooth or as stable in

suspension as the milk made by water extraction.

Miller (183) stated that some researchers have made milk
from the whole dehulled soybeans used entirely, giving 3 percent fibre
on a dry basis., Older children and adults can do well on this when
formulated, Miller objected to the presence of fibre on two grounds,
(i) that animal milks are fibre free, and (ii) on coagulation a
rough, tough curd is obtained as compared with a smooth, jelly like

curd when made from a fibre-free liquid. He believed that human
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nutrition was so important that he could afford to sacrifice to animal
feed the fibre and small amount of ingredients that cling to it in
order to obtain the important ingredients in soluble form. The non-
fibrous product was still cconomical when comparcd with other similar

products on the market.

Modern trends in manufacturing soymilk start with isolated
water soluble soyprotein and make an emulsion by adding cmulsifiers,
0il, minerals, vitamins and sugars. The method permits much better
control of the composition and concentration of milk, also the milk
has a less beany flavour than when the whols bean cextract is used.

In making isolated soyprotein, the beany flavour is mostly removed,
part of it goes into the whey solution and part is destroyed or stecam-
distilled during drying. The milk prepared by this method will be
more expensive because isolated protein may cost 3-5 times an equal

amount of protein in the form of soyflour (243).
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2.3 Objective and Experimental Plan

From the literature, it appears that many attempts have been
made to improve the quality of soymilk but as yet no simple procedure
has been found which will adequately reduce the beany taste to give a
bland-flavoured product. A number of workers have employed some form
of chemical pretreatment of soybeans or of the gruel to improve the
flavour. No systematic study of the effect of presoaking soybeans in
dilute chemical solutions appears to have been made. The purpose of
the present work was to investigate this effect on the beany flavour

of the resulting soymilk.

A wide range of chemicals, whose effect on the product will
not result in it becoming inedible, was selected for the pretreatment
of the soybeans. The intensity of the beany flavour of milks prepared
from these beans presoaked in chemical solutions were compared with
that of a standard milk prepared from water presoaked soybeans using a
taste panel. The effect of temperature during the grinding operation
on the lipoxidase activity and the beany flavour of the milk was also

investigated.
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2.4 Experimental
2.4.1 Materials
Soybeans (Harasoy variety) grown in New Zealand were used
throughout the experiment. Their proximate composition on a dry

basis was fat 17.3%, protein 45.6%, ash 5.5% and crude fibre 7.6%.

Moisture content averaged 11.3%.

2.4.2 Methods

Preparation of soymilk

100g of soybeans were washed with water and then soaked in
various solutions of differing concentrations for specific time periods
at room temperature (17—2100). The soaked beans were then dehulled by
gently rubbing them on a rough surface (6-mesh sieve) and the skins were
removed by flotation in water., The dehulled soybeans were washed
thoroughly with water, drained, and then ground into a slurry, after
adding 250 ml water, in a Waring Blendor (3—4 min). This slurry was
then made up to 700 ml with water. After adjusting the pH to 7.0,
when necessary, the extract was boiled for 30 min and then filtered
through a double layer of 80 1lb cheese cloth. The pH of the resulting
milk was adjusted to 6.8-7.0, if necessary, by adding 0.1 M-HCl, and
the volume was made up to 800 ml with water. In the hot grinding
procedure the drained beans were added to 250 ml of boiling water to

bring them up to grinding temperature.

Determination of sodium chloride

Sodium chloride content in soymilks was determined according

to the standard method (86).



17.

Flavour evaluation

The beany flavour of the various soymilk preparations was
evaluated by a trained taste panel of eight judges who had demonstrated
an ability to distinguish correctly the intensity of beany flavour in
different dilutions of the same soymilk sample. The sodium chloride
content of all soymilks within each series was adjusted to an equal
level before presenting them for flavour evaluation. The judges were
asked to score samples within a range from 6 points for very strong

beany flavour to 1 for no beany flavour.

Lipoxidase activity

Lipoxidase activity was determined by the cup-plate
technique of Blain & Todd (25) in which the extent of enzyme activity

is indicated by the diameter of the zone of carotene bleaching.

2.4.,3 Results

Effect of nature of the soaking agent on the beany flavour

of soymilk

A series of soymilks was preparcd from beans soaked in

solutions of Na2003, NaHCOB, 4,NaZSU3,N'a2HPO4, Na3PO4,

NaCl, or Na28205 plus NH4OH. These milks were then presented to the

taste panel for evaluation of intensity of the beany flavour. The

NaOH, Na2SO

control milk sample used in the experiments was made from soybeans
soaked in water. The results are given in Table 1. Of the different
soak solutions examined, at the concentrations used, sodium carbonate
and sodium hydroxide were found to produce highly significant
reductions in beany flavour. The results also indicate that the
effect of sodium carbonate is significantly greater than that of
sodium hydroxide. During the experiments, it was found impracticable

to use sodium hydroxide concentrations higher than 0.2 M and still
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maintain constant cond;tions of processing because beans soaked in
stronger cavstic solutions absorbed all the available water during
grinding and the gel could not then effectively be re-dispersed, or if
originally dispersed in a greater quantity of water it would still not
filtor, Centrifugal separation was possible but the product was still

not as good as that from beans presoaked in 0.4 M sodium carbonate.

TABLE 1. IMean sensory scores for beany flavour of soymilks
prepared from beans soaked for 24 hours in the pretreatment

media.

a .
Soakine medi Mcan scores Significance of
g Detdin (n = 8) difference from
Water 5.75I
0.5 M-Na,C0 2.657 *k
0.2 M-NaOH §y21t >
055} M—Na2304 4.90 n.s.
0.5 M—Nazso3 5.00 n.s.
025 ﬂ-Na2HPO4 5.25 n.s.
0.5 M-NaHCO3 4.90 nvSt
= *
0.5 M Na3PO4 4.75
0.8 M-NaCl 5.25 n.s.
0.5 M—Na28205 + NH4OH 5.12 n.s.

aScore of 6 = very strong beany flavour; 1 = no beany flavour
*, *% #%* gignificant at P {0.05, P 0.01, P<£0.001, respectively

Difference between ¥ and V¥ is significant at P £0.05
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Effect of concentration of soaking agent and time of soaking

on reduction of beany flavour of soymilk

The beany flavour of soymilks prepared from beans soaked in
varying concentrations of either sodium carbonate or sodium hydroxide
was also assessed and the results are shown in Table 2. In the case of
preparations soaked in sodium carbonate, the best scores in terms of
reduced beany flavour were obtained using concentrations of 0.5 M and
0.4 M in the soaking medium. Since both milks concerned received
identical mean scores there was no advantage in using sodium carbonate
concentrations higher than 0.4 M under the conditions used. The other

milks tested received significantly higher scores in terms of beaniness.

TABLE 2. Effect of variation of concentration of Na2003 and

NaOH in soak solution on reduction of beany flavour in soymilks

prepared after 24 hours of soaking.

a
. . Mean scores Significance of,
Solcingimefing (n = 8) difference from +
Water 5.751
[ *HRH
0.5 M Na2003 2.62
— * %%
0.4 M Nach3 2.62
iy *%*
0.3 MI-NdZCO3 S5
0.2 M-NaOH 4.12 **
0.1 M-NaOH 4.75 *

8Score of 6 = very strong beany flavour; 1 = no beany flavour

*, *%  *#%*% gignificant at P {0.05, P (0.01, B (0.001, respectively
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TABLE 3. Effect of variation in time of soaking in 0.4 M—Na2003

and 0.2 M-NaOH solution on reduction of beany flavour in soymilks.

Soakin Time of Mean 5 Significance Significance
mediumg soaking, scores of diffeﬁsnce of difference
h (n = 8) from from
Water 24 5.75%
0.4 11-Na,CO, 24 PREDIT .
18 3.00 X n.s.
12 4,00 Xk *%
0.2 M-HNaOH 24 4.12 *% -
18 4,25 ** -
12 4.25 *% =
8 4.50 * -

aScore of 6 = very strong beany flavour; 1 = no beany flavour

*, #* ¢ gignificant at P 0.05, PA<O.O1, B (0.001, respectively

Table 3 shows the results of the taste panel cvaluation of
the intensity of beany flavour in various soymilk preparations from
beans soaked in 0.4 M sodium carbonate or 0.2 M sodium hydroxide for
various times. These demonstrate that thcre is no significant
difference in the beany flavour of soymilk whether the beans were
soaked for 18 or 24-h (sodium carbonate) or 12, 18 or 24-h (sodium
hydroxide). Once again it was found that sodium hydroxide, at the
maximum possible concentration used for the optimum time period, was
considerably less effective than sodium carbonate in reducing the

beany flavour.

Effect of extraction temperature on the lipoxidase

activity and beany flavour of soymilks

Soybecans were soaked in solutions of water for 24-h, 0.4 M

sodium carbonate for 24-h and 0.2 I sodium hydroxide for 12-h. Two
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series of soymilks were then prepared from these beans, using in one
series a grinding temperature above 70°C to destroy the lipoxidase
activity whilst the other grinding was done at room temperature. Both
milks were presented to the taste panel for evaluation of the intensity
of beany flavour and were also tested for lipoxidase activity. The
results, reported in Table 4, show that there is no significant
difference in intensity of beany flavour in soymilks prepared using
either cold or hot grinding temperatures, although lipoxidase activity

was not measurable after grinding at the higher temperature.

TABLE 4, Zffect of water temperaturz during grinding on the

lipoxidase activity and the beany flavour of soymilks

Soakin Temperature pH Diameter Mean

M during during of the scores
medium Ll N—

grinding, C grinding zone, cm (n = 8)

Water 19 = 30 6.8 2405 S 5
80 - 82 0 5.11x
0.4 M—Nazco3 19 = 30 ST 1.68 2.88y
0.2 M-NaOH 19 - 30 10 1.60 4.33z

&Score of 6 = very strong beany flavour; 1 = no beany flavour
Mean scores associated with the samc letter are not significantly

different.

2.4.4 Discussion
The results demonstrate that soaking soybeans in dilute
solutions of sodium carbonate and sodium hydroxide as a pretreatment
for the production of soymilk markedly reduces the beany flavour when

compared with milk prepared by the standard water soak procedure.
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The effect of sodium hydroxide soaking was not as marked as that of

sodium carbonate.

The optimum conditions for reducing the beany flavour in
soymilk were: presoaking the beans in 0.4 M—NaZCO3 for 18=24-h. Under
these conditions a very significant reduction in beany flavour was

achieved over that in soymilks prepared from beans presoaked in water

or from beans presoaked in 0.2 M-NaOH for 12-24-h.

In discussing oxidative off-flavours of soymilk Wilkens
et al (269) state that an acceptable, bland milk can be produced by
grinding unsoaked, dehulled soybeans with water at temperatures between
80 and 100°C and by maintaining this temperature for 10 min to inactivate
the lipoxidase enzyme completely. Mattick and Hand (173) state that
the oxidative activity of lipoxidase contributes to the overall total
raw bean flavour of the soymilk; they identified ethyl vinyl ketone as
one of the raw, bean-like flavour components and they postulate that

this is derived from linolenic acid through lipoxidase enzyme action.

The results from this study suggest that the contribution to
the beany flavour by lipoxidase activity is relatively small, as
indicated by the small difference in flavour scores of the extracts
after cold and hot grinding of the alkaline presoaked beans. With the
beans presoaked in water, lipoxidase activity did not appear to affect
the beany flavour at all unless its action had occurred during the
presoak period or during the fraction of time before the soaked beans

reached the grinding temperature.

Lipoxidase activity in the samples ground at the lower
temperature was similar for the two alkaline soaks and the pH of the

slurry was within the range for optimum activity of soybean lipoxidase,
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yet there was a significant difference between the beany flavour scores
of these two milks. Despite the milder conditions of the carbonate
soaking system which should have favoured lipoxidase activity more than
the conditions in the hydroxide soak, the beany flavour is much less
in the former sample. It seems very likely that there are more signi-
ficant factors than lipoxidase activity responsible for this beany

flavour.

Recently Sessa et al (238) reported that the beany, bitter,
green and other flavour characteristics of raw full-fat, and defatted
flakes may preexist in the whole soybeans. The apparent low level of
oxidation that does occur contributes little to the overall soybean

flavour.
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CHAPTER 3

EFFECT OF PREPROCESSING CONDITIONS ON THE COMPOSITION AND THE

QUALITY OF THE RESULTING SOYMILKS

3,1 Introduction

The compOsition of soymilk will have a relatively wide
variation for several reasons. There are some marked variations in
the composition of different varieties of soybeans (197), but more
important deviations will result from those factors which influence
the extraction procedures such as the fineness of grinding of the mass,
ratio of the water to beans (255), and the temperature of the extrac-
tion (162). The addition of oil or fat, sugar, salt and flavouring
materials may be the cause, however, of the greatest variation in the
milk composition. The composition of soymilk, compiled from various

sources by Burnett (46), is compared with cow milk in Appendix 2.

Wilkens and Hackler (270) studied a range of possible pre-
processing soaking conditions to determine the influence of such para-
meters on the composition and yield of soymilk using water as the
soaking medium. They showed that the time and temperature of soaking
as well as the temperature during grinding affects the yield and
composition of soymilk, It has long been known that the dispersibility
of soyprotein is higher in alkaline solution than it is either in
potable waters or in neutral salt solutions and usually the extraction

is carried out at pH 9.0 (244).

Cystine is unstable in the presence of alkalies (62, 100).
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Deaminisation, elimination of sulphur from the molecule, racemisation
and reduction to cysteine are known to occur. Jones and Gersdorff (136)
showed that the method commonly used for the preparation and purifi-
cation of casein by dissolving in dilute sodium hydroxide and
precipitating the protein from the alkaline solution by addition of
acid causes an appreciable destruction of cystine. The amino acids of
casein other than cystine are not greatly affected by this alkaline

extraction process.

3.2 Objective and Experimental Plan

The method developed for the production of bland-flavoured
soymilk involves presoaking the beans in alkaline solutions. This
pretreatment may cause variation in crude composition of soymilk as
well as the amino acid pattern of proteins. The work reported in this
chapter was, therefore, initiated to investigate the effect of pre-

treatment on the product quality and processing characteristics.

3.3 Experimental
3.3.1 Methods

Preparation of soymilk

Soymilks used in the present study were prepared from beans
presoaked either in 0.4 M—Na2003 solution for 24 hours or 0.2 M-NaOH
for 12 hours or water for 24 hours according to the method described

in Chapter 2.

Proximate analysis of soymilk

Moisture, ash and crude fibre contents were determined by
the methods of analysis of the A.0.A.C. (13). Nitrogen was deter-
mined by the Kjeldahl method using a macro-digestion procedure

followed by a semi-micro distillation of the ammonia produced into
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two percent boric acid solutiSn containing mixed indicator (203) and
protein content was calculated using a conversion factor of %N x 6.25.
The fat content was determined by the Gerber method (42) and carbo-

hydrate level was estimated by difference.

Viscosity measurement

The viscosity of the soymilk samples was measured at 25°C
with an L.V. Model Brookfield Synchro-lectric viscometer at a speed of
30 rev/min using U.L. adapter. The absolute viscosity (Y\abs ) was

calculated using appropriate factor as follows:

Y = (Di ing -
\‘abs. = (Dial reading - 0.1) x 0.2 cps.

The specific viscosity ( Y\Sp) was then calculated by using
the formula (132).
oy
ﬁl‘»col - Ylsn::ol_.

Vy\~sp ) - v\sol

absolute viscosity of the colloidal solution and

vhere Y\

‘."
'\sol

coll

absolute viscosity of the solvent.

The reduced viscosity is then obtained by dividing the

\"‘\
specific viscosity by the concentration of the colloid, i.e. __éEB_.
The concentration C is usually expressed in grams per 100 cm3 of

solution.

Amino Acid Analysis of Proteins in Soymilks
(a) Preparation of sample for amino acid analysis other

than for cystine and tryptophan, Sample, containing 3€

mg protein, was introduced into a pyrex-glass tube of 40 ml capacity
followed by 36 ml of 6N-HCl. The tube had been constricted at the

neck by the use of heat before connecting with a vacuum pump. The
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mixture was frozen by placing the tube in liquid air and the tube was
evacuated to a residual pressure of about 50 microns of Hg, the contents
were then allowed to melt so that any entrapped air bubbles could
egcape; after refreezing the contents, the tube was sealed,

Hydrolysis of the sample was carried out at 110 + 2°C in a hot air

oven for 24 hours. After removal from the oven and cooling to room
temperature, the tubes were broken open. The acid from the hydrolysate
was removed under vacuum to near dryness with a Buchi rotary evaporator
using a bath temperature of SOOC, followed by evaporation three times
with small amounts of added water. The hydrolysate was a very pale
yellow and any insoluble humin was removed by filtration through
Whatman No.52 filter paper. The concentrate was made up to 10 ml with
sodium citrate buffer, pH 2.2, and the sample was kept frozen until

analysed., The samples were analysed within a week of preparation.

(b) Preperation of sample for the analysis of cystine.

Cystine content in soymilk was determined in the form of the more
stable derivative, cysteic acid, by using the method of Schram et al

(237).

Sample, containing 36 mg protein, was weighed into a 250 ml
round-bottom flask, 25 ml of performic acid reagent, previously cooled
to OOC, were added. (The performic acid reagent was prepared by the
addition of 1 vol. of 30 % (W/w) H202 to 9 vol, of 88 % (W/W) formic
acid, The solution was allowed to stand for 1 hour at room temperature
to permit the performic acid concentration to reach maximum value).

The oxidation was allowed to proceed at 0°c for 4 hours. At the end
of the reaction time most of the reagent was removed under reduced
pressure at a bath temperature of 40°C on a rotary evaporator. To

hydrolyse the proteins, the residue from the oxidation was immediately
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dissolved in 36 ml of 6N-HCl and boiled under reflux for 24 hours at
atmospheric pressure in an open system. The rest of the procedure was

the same as described in (a).

(c) Preparation of sample for the analysis of tryptophan.

The tryptophan content was measured in an alkaline hydrolysate. To a
sample representing 36 mg protein in a pyrex-glass tube (0.9 x 25 cm),
2,0 g of barium hydroxide octahydrate, previously ground to a fine
powder was added, followed by 1 ml of water. The contents were frozen,
the tube was evacuated to a residual pressure of 50 microns of Hg,
sealed and hydrolysis was then carried out at 110° + 2°C in a hot air
oven for 24 hours as in (a). After hydrolysis, 6N-HCl was added slowly
to the mixture until the pH had dropped to 2 and then 1.0 g. of
anhydrous sodium sulphate was added to remove Ba2+ by precipitation

as BaSO4 (186). The precipitate was removed by filtration through
Whatnman No,52 filter paper. The rest of the procedure was the same as

in (a).

(d) Amino Acid Analysis. Analysces for the amino acid con-

tent were made by ion ezchange chromatography according to the
procedures of Spackman et al (249) and Moore et al (194) with a
Beckman-Spinco model 120C amino acid analyser. Type PA-35 resin was
used for the separation of basic amino acids and type PA-28 resin for
all acidic and neutral amino acids., Basic amino acids were

separated on a 5.5 cm column using pH 5.28 buffer. The acidic and
neutral amino acids were separated on a 56 cm column using pH 3.25
buffer followed by pH 4.26 buffer (for composition of buffers, see
Appendix 3). The standard 4 hour procedure was used and the operation

conditions are summarised in Appendix 4.
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(e) Calculations. The amount of each component amino acid

in the sample analysed was determined by measuring the area enclosed
by its corresponding peak on the chromatograms. The height-width (aW)
method was used for the integration of peaks. The height of the peak
was easily determined from the chart. The width of a peak was measured
in terms of time by counting the number of dots printed above the
half-height of the peak. The micromoles of each amino acid were
calculated by using the following formula, which relates the peak area
(H b:¢ W), the concentration (in p.moles), and the HW constant CHW’

i.e. u moles = Lz W .

Co

3.3.2 Results

Effect of soak solution on the composition and viscosity of

the soymilk and on the protein recovery

The composition of soymilks prepared from beans soaked in
water for 24-h, 0.4 M sodium carbonate for 24-h and 0.2 M sodium
hydroxide for 12-h are compared in Table 5. The gross composition of
soymilk prepared from beans soaked in sodium carbonatc does not show
measurable differences from that of the control milk prepared
from beans soaked in water. The milk prepared from beans soaked in
sodium hydroxide contains lower percentagzes of protein, fat, ash and

carbohydrate (by difference) than either of the others.

Table 6 shows that the viscosity of the soymilk prepared
from beans soaked in sodium carbonate is much higher than that of the
control milk or of the milk prepared from beans soaked in sodium
hydroxide. The recovery of protein in the form of soymilk is slightly
higher for sodium carbonate than for the control water soak but in the

case of sodium hydroxide soak it was significantly reduced.
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TABLE 5. Proximate analysis of various prepared soymilks.,

Soymilks from beans presoaked in

Water 0.4 M-Na,C0, 0.2 M-KaOH
Moisture, % 93,36 93.62 95.01
Crude protein, % 3.62 3.76 2.87
Fat, % 1.50 1.50 1.20
Ash, % 0.50 0.43 0.36
Crude fibre, % 0.05 0.06 0.09
Carbohydrate, % 0.97 0.63 0.47

(by difference)

TABLE 6. Effect of soaking as a pre-treatment on the protein

rccovery and viscosity of the prepared soymilks,

Protein recovery

Time of as % of brotein Reduced
Soaking medium soaking, S p viscosity
h in cotyledon N
fraction of milk(—-—Ep-)
Water 24 74,0 0.32
0.2 M-NaOH 24 45.1 -

Loss of crude proteins in the soaking solution

The loss of soluble nitrogen, calculated as crude protein,
in the soaking solution is shown in Table 7. The data indicate that
the loss of crude protein into the sodium hydroxide soak solution is
7 - 8 times more than the loss in water and is 4 times more than the

loss in the sodium carbonate soak solution. The loss in the sodium
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TABLE 7. Loss of soluble nitrogen, expressed as crude

protein, into soaking solution.

Soaking medium Time of soaking at  Protein loss, g/1OO g

room temperature, h soybean
Water 24 0.43
0.4 M—Na2CO3 24 0.77
0.2 M-NaOH 24 3.36
0.2 M-NaOH 12 3,01

carbonate soak solution was less than twice that with the water soak
and amounted to less than 2 percent of the original nitrogen in the

beans.

Effect of soakine on the amino acid composition of

protein in soymilks

The amino acid analysis of soyprotein in the form of various
soymilk preparations are set out in Table 8. The results show that
histidine content in soymilk prepared from beans presoaked in sodium
hydroxide is less than that either in water or carbonate presoaked pre-
parations. The recovery of cystine is slightly lower in milk from
carbonate presoaked beans and even lower in hydroxide preparation than
it is in milk prepared from water-presoaked soybeans. However,
statistical analysis of the results showed that there was no signi-
ficant difference (at the P = 0,05 level) between the amino acid
contents in milks prepared by the three different procedures. There-
fore, the pretreatment given to the soybeans by soaking in 0.4 M
sodium carbonate solution for 24 hours and 0.2 M sodium hydroxide

solution for 12 hours before manufacturing soymilk had no signi-



ficant effect on the amino acid composition when compared with the

milk prepared from water presoaked soybeans.

TABLE 8.

preparations (g amino acid/1OO g protein)

Amino acid composition of proteins in various soymilk

32.

Soymilk prepared from beans soaked in

Water 0. 4Ma (O, 0, 2MI1a0H

Lysine 5.42 + 0,16 5.72 + 0.20 5.48 + 0.17
Histidine 1.71 + 0.02 1,70 + 0.05 1.42 + 0.02
Arginine 5.89 + 0,03 6.18 + 0.08 5.67 + 0.29
Aspartic acid 12,51 + 0,03 12,18 + 0.05 12,43 + 0.06
Threonine 3.69 + 0.33 3.24 + 0,01 3.21 + 0,00
Serine 4.31 + 0.31 4,51 + 0,17 4.13 £ 0.02
Glutamic acid 23.57 + 0.35 23.49 + 0.04 24,30 + 0,43
Proline 7.98 + 0.29 8.07 £ 0.14 8.33 + 0.12
Glycine 3.44 + 0,07 3.63 + 0,02 3447 £ 0.10
Alanine 3.41 £ 0,03 3.50 + 0,03 3.51 £ 0,07
I-Cystine 1.39 + 0.11 1.34 + 0.04 1.22 + 0,00
Valine 3.90 + 0,06 4.03 + 0,06 4.05 £ 0.04
Methionine 1,00 + 0,02 1.03 £ 0.04 0.95 + 0.06
Isoleucine 4,60 + 0,04 4,61 + 0,12 4,78 + 0,02
Leucine 8.25 + 0.06 8.26 + 0.00 8.21 + 0,05
Tyrosine 3.17 + 0.04 3,04 + 0.09 3,21 + 0.08
Phenylalanine 4,50 + 0,22 4,26 + 0,20 4,45 + 0,07
Tryptophan 1.28 + 0,03 1,20 + 0,03 1.20 + 0.08

3.3.3 Discussion

Lo et al (162) have reported that there is a loss of soluble

solids into the water presoak liquor and that the extent of this loss

increases with time.,

The present results confirm that a loss of

soluble nitrogen occurs into the soak solution; that the loss

increases in the presence of alkali; and the loss in 0.2 M-NaOH
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after only a 12-h soak is four times greater than that in 0.4 M-Na2003
after a 24-h soak. )

Soaking in sodium hydroxide solution reduced the yield of
soluble protein, fat and ash when compared with both the beans soaked
in water and in sodium carbonate. The yield of both fat and protein
was lower by about 20 percent. The smaller amount of protein
extracted into solution and the lower viscosity of the milk prepared
from the beans soaked in sodium hydroxide suggeét that the protein
had swelled or interacted to a far greater extent during the soaking
than it did in the sodium carbonate soak, This modified protein was
then unable to diffuse from the cotyledon residue during the sub-
sequent grinding and extraction operations. The loss of nitrogen into
the presoak medium was also much greater in the hydroxide presoak
system. The effects are a disadvantage if soymilks having the maximum
soluble protein are to be produced economically. In the hydroxide-
soaked system, there was also a lesser extraction of fat into the
milk, suggesting that there was a direct interference with the
diffusion of small molecules as well as of the larger protein molecules.,
Wilkens and Hackler (270) also report a drastic reduction in the total
solids of milk prepared after soaking in water at 80°C or higher,

The mechanism here is probably different.

The soymilks prepared from beans after alkali presoaks both
possessed higher reduced viscosities than that made from beans pre-
soaked in water, and the milk after carbonate soaking had a viscosity
which was appreciably higher than that of milk prepared after
hydroxide soaking. This again suggests that there had been selective
diffusion of only the smaller protein molecules into the milk after

sodium hydroxide soaking.
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The increased viscosity of the milks prepared after alkali
présoaking was noted by the faste panel who expressed preference for
the carbonate presoaking process as giving a milk with a better

mouthfeel and body.

It was also found much easier to dehull beans soaked in
carbonate solution than those soaked in water, there being less
breakage of the cotyledons and less loss of cotyledon material. On
the other hand, beans soaked in 0.2 M~NaOH became very soft and there

was a greater loss of cotyledon material during dehulling.

The treatment given to the beans in the present study does
not significantly affect the amino acid composition of the protein in

soymilk,

3.3.4 Conclusion
Presoaking in 0.4 M sodium carbonate thus has advantages in
three important aspects - better flavour and body, better yield of
protein and fat, and easier processing - and this has been achieved

without significant effect on the amino acid composition.,
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CHAPTER 4

EFFECT OF PROCESSING CONDITIONS ON THE DESTRUCTION OF

TRYPSIN INHIBITOR ACTIVITY IN VARIOUS SOYMILK PREPARATIONS

4,1 Introduction

It is ironic that nature having generously provided man with
a liberal supply of nlant protein foods, has as the same time seen fit
to contaminate these foods with a variety of "toxic" or "antinutritional”
substances. The soybean contains a number of antinutritional sub-
stances which interfere with the utilisation of its protein., The
tremendous amount of work which has been performed on these anti-
nutritional substances stems from the important role which the soybean

has assumed in the fields of animal and human nutrition,

4,2 Review of literature on the "antinutritional® substances

Osborne and Iifendel (208) observed that young rats fed on a
diet in which the soyflour component had been heated in an autoclave,
grew much better than those receiving the same diet but with the
soyflour in the raw state. This observation has been confirmed by
numerous investigators who established that the favourable effect of
heat treatment upon the nutritive value of soyproteins appears not
only in rats but also in other monogastric species including humans
(154). Three constituents are often associated with the poor
nutritive value of unheated soybeans: a) trypsin inhibitors;

b) haemagglutinin; and c) saponins.
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a) OTrypsin Inhibitors. In 1944, the presence of a trypsin inhibitor

in soybeans was discovered independently by Ham and Sandstedt (109)
and by Bowman (36). A year later, Kunitz (143) reported crystallisation
of a trypsin inhibitor. The general molecular properties of the
Kunitz inhibitor are well established. The molecular weight is

close to 21,500 (275). The molecule consists of a single polypeptide
chain, cross-linked by two disulphide bridges (252). The solubility
properties are those of a globulin, with a distinct minimum in
solubility at the isoelectric point, pH 4.5 (144). The best knovm
property of the Kunitz inhibitor is its ability to form, at neutral
pH, a one-to-one stoichiometric complex with trypsin (148). The
complex which can be crystallised is devoid of proteolytic activity.
While appreciable interaction also occurs with chymotrypsin, the

magnitude of the association does not approach that for trypsin (148).

Bowman (37-39) believes that soybeans contain three
different substances capable of inhibiting trypsin. These sub-
stances are distinguished on the basis of their solubility but have
not been isolated in a very highly purified form. Recently, four
(227) to seven (251) inhibitor fractions have been separated from
soybean whey proteins by diethyl aminoethyl (DEAE) cellulose
chromatography. One fraction had properties similar to the crystalline

inhibitor (227).

Several biological activities are attributed to the trypsin
inhibitor. The literature on this subject is voluminous and often

controversial (see review in Appendix 5).

b) Haemagglutinin, Liener (157) observed that a concentrate of the
crude extract of soybean trypsin inhibitor caused the death of rats

when administered by intraperitoneal injection, while the crystalline



material was innocuous under the same conditions. Continuing his
studies Liener (158) was able to isolate and purify another protein
from the crude inhibitor concentrate which, when injected into rats

was found to have toxic properties.

In contrast to the crystalline trypsin inhibitor, the
haemagglutinin is an albumin, being soluble in water at its
isoelectric point. Its isoelectric point is 6.1 and molecular weight
is between 89,000 - 105,000, which is higher than that of the trypsin
inhibitor. Another major difference is in its multichain structure

(213).

Liener (159) reported that haemagglutinin comprising 1 per-
cent of a diet containing heated soybean meal caused a significant
depression in the growth of rats. It was estimated that the soybean
haemagslutinin accounted for about one half of the growth inhibition
that is obtained when raw soybean replaces the heated soybean in a
diet. Growth imicirment by haemagzlutinin was originally attributed

to a decrease in the quantity of food consumed.

Experiments by Jaffé and co-workers (127, 128) provide a
possible explanation for the deleterious effects of the orally ingested
haemagglutinin, Jaffé believes that the action of the haecuegglutinin
is to combine with the cells lining the intestinal wall (in much the
same fashion as it combines with red blood cells), thus causing a
non-specific interference with the intestinal absorption of all

nutrients. Liener is also in agreement with Jaffé's theory (160).
[ ]

c) Saponing. Saponins arc known to cause haemolysis of red blood
cells in vitro (23). Potter and Kummerow (221) reported that

incorporation of saponin into feeds for chicken caused retardation of



growth. Birk et al (23) found saponins inhibit to some extent the

proteolytic activity of chymotrypsin and of Iriboliug castaneum

larval midgut enzyme solution but in a later report, Ishaaya and

Birk (125) showed that considerable amounts of saponins can inhibit
these enzymes to only a certain extent and this inhibition is not a
specific one but results from a protein-saponin interaction and this
enzyme inhibitory effect can be overcome by adding casein and soybean
proteins. Recently Gestetner et al (98) showed no growth impairment
of chicks, rats or mice when soybean saponins are added to their diets.
Birk et al (23) presented evidence for the heat stability of soybean
saponins in contrast to the earlier suggestion that cooking of meal

caused hydrolysis of saponin (222).

Recently, it has been concluded (23, 271) that soybean saponin

may be considered as not interfering with digestion or metabolism,

Blimination of Anti-nutritional Effect

The literature on the anti-nutritional factors of the soybean
suggests that the retardation of growth using raw goybean products is
the result of the inhibitors first accentuating the digestive losses
of nutritive material and secondly of increasing the need for certain

nutrients.

There is no doubt that by correcting the nutritional
deficiencies of a raw soybean product, the retardation effect on
growth can be cancelled or at least mitigated (31, 32, 84, 114, 115)
but this symptomatic treatment is neither specific nor profitable.
Since they do not act upon the inhibitors, the addition to the diet
of sulphur amino acids or of a mixture of essential amino acids,

althoush preventing inhibition of growth, do not prevent either the
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hypertrophy of the pancreas with the consequent loss of endogenous
nitrogen, or the increased consumption of cystine. Moreover, the
supplementation with these amino acids is very expensive. Therefore,

it was concluded that this solution is not practicable (99).

The possibility of inactivating anti-nutritional substances
contained in raw soybeans was indicated by the fact that trypsin
inhibitors as well as haemagglutinins are thermolabile and numerous
experiments have shown that heat treatment improves the nutritional

value of soybeans (154).

Klose et al (142) showed that the effect of heat treatment on
the nutritional quality of soybean products depends on the intensity
(temperature and duration of exposure) of heat and upon the state of
the sué&rate exposed (presence or absence of water) to the heat.
Osborne and Mendel (208) reported that dry heat in an oven at 110°C
for up to 4 hours produced no improvement in growth promoting
activity of soybeans. However, if the beans were cooked with water
as a thick paste at 80 - 9OOC for 3 hours and incorporated in the
ration, they permitted rats to grow at a normal rate. Maximum improve-
ment in the protein efficiency ratio (PER) occurred when the raw
soybean meal was steamed at atmospheric pressure for 30 minutes.

When autoclaved at 15 psi (12100) maximum improvement in the meal
occurred after 15 minutes of heating. Longer heating produced a
linear reduction in PER with the meal autoclaved for 180 minutes

having the same value as the unheated meal.

In contrast to this, Smith et al (246) reported that
regardless of whether the soybean flakes containing 19 percent

moisture, were steamed at 100°¢C for 15 or 120 minutes, the same
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improvement in biological value occurred. When soyflakes containing
only 5 percent moisture were steamed at 100°C for 15 minutes they
produced as good growth as those that had 19 percent moisture prior
to heating. ﬁowever, heating the soyflakes that had 5 percent moisture
for veriods longer than 15 minutes reduced both body weight gains in

rats and the biological value of the protein.

Jacquat (126) showed that using the same temperature and
time of treatment, the improvement in nutritive value obtained by
dry heat amounted to 25 percent whereas in the presence of at least
10 percent of water the improvement reached 360 percent and when

water was in excess the improvement rose to 500 percent.

Fritz et al (93) reported that the best biological value was
obtained when ground soybeans were autoclaved at 15 lbs pressure (12100)
for 20 - 30 minutes whereas Rackis (228) showed that at 100°C only 15
minutes of steaming is required to obtain maximum protein efficiency
values and to inactivate the trypsin inhibitors of either full-fat or
defatted soybean flakes of about 0,01 inch thickness. These
differences may merely represent the effects of heat transfer con-

sequent on the different thicknesses of the raw materials used.

Diser (66) reported that maximum nutritional value is
obtained when raw soybeans are treated with steam at 15 lbs pressure
(121°C) for 10 = 15 minutes or at atmospheric pressure for 30 minutes
or when soybean flour is heated at 5 lbs pressure (10800) for 15 - 30
minutes. Gontzea and Sutzeseu (99) stated that it has been observed
that for soy products the maximum advantage can be obtained by
autoclaving at 115°C for 20 minutes or at 107 - 108°¢C for 40 minutes,
but with some varieties of beans it may be necessary to keep them for

at least 30 minutes at 121°cC.
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Hackler et al (104) reported on the effects of both tempera-
“ture and time on the destruction of the trypsin inhibitor in soymilk
prepared from water presoaked beans. Their data gives such a wide
range in the percentage destruction of the trypsin inhibitor both at
9300 and 121°C in different experiments that no consistent pattern is
apparent. They attribute these variations to inadequate cooling in

some of their treatments.

All of the heat treatments discussed above were carried out
at neutral pH values. Kunitz (145) studied the effect of heating at
acid pH on the inactivation of trypsin inhibitor and reported that
when a solution of the soybean trypsin inhibitor in dilute acid at pH
2.5 to 3.5 is heated to 9OOC, the inhibitor is immediately and
completely denatured. The denaturation was reversible since the
protein on cooling gradually reverted to the native, soluble state.
The reversal is complete if the cooling is initiated within a minute
or so after the protein solution has been brought to 90°C. The longer
the protein solution is kept at 9OOC, the less will be the reversal

on cooling.

Since haemagglutinating activity in raw soybean is more
readily destroyed by moist heat than is the trypsin inhibitor (161),
then there should not be any problem with it in soymilk that has
received an adequate heat treatment to inactivate the trypsin
inhibitor. Van Buren et al (261) stated "the level of trypsin
inhibitor remaining in the soy product can serve as an index of the

adequacy of heat treatment".

Westfall and Hauge (267) stated "the determination of the
inhibitor potency of soybean products may be used as a practical index

of the effectiveness of the heating necessary to increase the protein
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quality, providing that the heating is not continued beyond the time

required for the total destruction of inhibitors".

4,3 Objective and Experimental Plan

The literature indicates that very little information is
available on the inactivation of trypsin inhibitor in soymilk. Most
of the reports on the effect of heat-treatment on nutritional quality
were centered on soybean meal. There is, however, no unanimity as to
the quantitative effect of different heating canditions. The method
developed in this study for the manufacture of soymilk is different
from the conventional method, and therefore, it was necessary to
establish the optimum processing conditions for completely destroying
the anti-nutritional factors and for avoiding over-processing which
could cause damage to the proteins (see Chapter 5). The purpose of
this aspect of the study was to determine the rate and extent of the
destruction of the trypsin inhibitor under various heat processing
conditions applied to milk prepared from carbonate presoaked beans as

well as from beans presoaked in water.

The use of the alkaline soaking method for the production of
bland-flavoured soymilk made it necessary to establish more clearly
the action of heat on the destruction of trypsin inhibitor activity
under alkaline conditions. From the literature, it appears that the
destruction of the trypsin inhibitor activity of soybeans has been
studied at near neutral pH and at acid pH but the effect of alkaline
pH at elevated temperatures on the trypsin inhibitor activity has not
been reported. A study was therefore made of the effect of a high
temperature (98°C) at pH's between 6.8 and 10 on the rate and extent

of destruction of the trypsin inhibitor activity of soybean milk.
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4.4 Experimental

4.4,1 Materials

Haemoglobin - Laboratory Reagent, Hopkin & Williams Ltd.,

England.

Folin & Ciocalteu's Reagent - Laboratory Reagent,

The British Drug House Ltd, England.

Trypsin —‘*b-54 Anson Unit per gramme,

The British Drug House Ltd, England,

Tyrosine - Mann Research Laboratories, Inc. New York.

4.4.2 Methods

Preparation and processing of soymilks

The soybeans were soaked in 0.4 M sodium carbonate solution
at pH 11.1 or in water for 24 hours as a pretreatment. The soymilks
were prepared from the presoaked beans according to the method
described previously (Chapter 2). The prepared soymilks, either from
carbonate or from water, presoaked beans were adjusted to pH 6.8 where
necessary and were then divided into two portions. One portion was
processed at 98°C and a sample was taken after every 10 minutes up to
60 minutes. The other pogte@n was divided among seven 211 x 309 cans
with a net headspace of 3/16" and processed for 5, 10, 15, 20, 25, 30
and 40 minutes at 11500. BEach milk sample after processing at the
specified time and temperature was cooled immediately to 1500. The
pH of all the samples was measured and adjusted to 6.8, Each sample

was then freeze-dried.

Yor the study on the effect of pH and heat on the destruction

of trypsin inhibitor activity, the pH of the milk prepared from water
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presoaked soybeans was adjusted to different levels by adding 1 M-NaOH
solution and then proceésing at 9800 for varying lengths of time.
Thereafter the processed milk samples were treated in the same way as

above,

Nitrogen determination

The nitrogen contents of the freeze-dried soymilks were

determined according to the method described earlier in Chapter 3.

Preparation of trypsin inhibitor extract

Freeze-dried soymilk samples each containing 85 mglN were
suspended in 10 ml of 0,05 N HCl and were shaken vigorously for 15
minutes using a Griffin flask shaker. The mixture was kept overnight
at 340FA§nd the insoluble materials were removed by centrifugation at

10,000 x g for 10 minutes (35). The supernatant was used as the

trypsin inhibitor extract.

Determination of trypsin inhibitor activity

The method of Anson (11) as modified by Borchers et al (35)
was used throughout these studies. As carried out in this experiment,
1 ml of the trypsin inhibitor extract was added to 1 ml of O.1 percent
trypsin solution and then made up to 5 ml with distilled water. This
was then incubated with 5 ml of 2.2 percent haemoglobin solution, pH
7.6 (See Appendix 6) at 3700 for 7 minutes. The reaction was stopped
by adding 10 ml of 0.3 M trichloroacetic acid. The precipitated
proteins were removed by filtration through Whatman No.3 filter paper.
To 5 ml of the digestion filtrate were added 10 ml of 0.5 M sodium
hydroxide solution and 3 ml of the dilute Folin and Ciocalteu's
reagent (1 part reagent plus 2 parts water). These were mixed

thoroughly and allowed to stand for 5 minutes to develop colour. The
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intensity of the developed colour was read on a Hitachi spectrophoto-
meter model 101 at 730 nm after experimental establishment that this
was the optimum wavelength for adsorption. For experiments without
incorporation of trypsin inhibitor, the inhibitor extract was replaced
by distilled water. The blank determination was carried out in the
same way as above except that trichloroacetic acid was added immediately
without prior incubation. The level of chromogenic substances,
expressed as tyrosine, liberated due to the action of the trypsin were
obtained by reference to a standard curve, By using the trypsin
inhibitor activity present in raw soymilks prepared from beans pre-
goaked in water for 24 hours as the maximum activity present (i.e. 100
percent trypsin inhibitor activity) the percentage inhibition result-

ing from the heat treatment has been calculated.

Determination of optimum wave length for maximum =2bsorption

The wave length of maximum absorption might have changed from
that reported in the literature (750 nm (167)) because the system used
in this study contains compounds other than the specific chromogenic
substances. The absorption spectrum of a typical system was measured
from 680 - 760 nm (Fig. 3). The optimum wave length was found to be

730 nm and this was used throughout this study.

Preparation of standard curve

Into a series of test tubes, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9 and 1.0 ml of standard tyrosine solution containing 1
mole tyrosine per litre were introduced. To make the contents 1 ml
in each tube, distilled water was added. In each tube 4 ml of
filtrate from the haemoglobin precipitation, 10 ml of 0.5 M sodium
hydroxide and 3 ml of dilute Folin and Cioculteau's reagent were added.

The blank was the same as above except that the tyrosine solution was
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replaced by distilled water. The intensity of the developed colour
was measured, Optical density is plotted against the concentration

of tyrosine in Fig. 4.

4,4.,3 Results

Bffect of heat treatment on the inactivation of trypsin

inhibitor in soymilks

The results are presented in Fig. 5 and Fig. 6. Fig. 5
shows that there exists a linear relationship between the time of
heating at 9800 and the percentage of trypsin inhibitor inactivation
in soymilk prepared from water presoaked beans but the relationship is
curvilinear in the case of milk prepared from carbonate pregoaked
soybeans. The rate of inactivation of trypsin inhibitor is much
faster with the latter pretreatment. The time taken for complete
destruction of the inhibitor activity in soymilk prepared from water
presoaked beans was 76 minutes whereas 40 minutes were a sufficient
treatment for the milk prepared from carbonate presoaked soybeans.
Since the inactivation of trypsin inhibitor in soymilks is slow at
98°C, an experiment was designed to use a higher temperature (11500)
and the results are given in Fig. 6. The rate of inactivation in both
soymilks was about the same irrespective of the pretreatment and
about 17 minutes were taken for 100 percent inactivation of the
inhibitor. The change of pH in soymilks during processing has also
been shown in Fig. 5 and Fig. 6. The change was significant only with
the milk prepared from carbonate presoaked soybeans when processed at

98°¢c,
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Effect of alkaline pH at elevated temperature (98°c) on the

destruction of trypsin inhibitor activity of soymilks

The results are given in Figs. 7 - 9. Fig. 7 shows that
when the samples of soymilk were heated at 98°C there was an increased
rate of inactivation of the trypsin inhibitor with increase in pH.

The time taken for complete destruction of the inhibitor activity in
soymilk was reduced from 76 minutes to 11 minutes by increasing pH
from 6.8 to 9.9 under the same conditions of heat-treatment. Fig. 8
illustrates that as the pH of the soymilk samples was raised from 6.8
to 9.9, the rate of inactivation of trypsin inhibitor at 98°¢
progressively approximates more closely to that of first order kinetics.
In Fig. 9 the relationship between the time at 98°C and pH is plotted
for different levels of inaotivation. The range of pH for which these
plots apply is limited to the alkaline side of neutrality, because
Kunitz (144) has shown that for a specified time and temperature,
inactivation also increases with increased hydrogen ion concentration.
At 9800 and zero time, the extent of inactivation is indicated by
extrapolation. This inactivation at zero time may be reversible,
Kunitz (145) working with a temperature of 90°¢ up to pH 11.0 and time
of less than 2 minutes, found that the inactivation could be reversed
on cooling, but the extent of this reversal became less as the time

of processing extended beyond 2 minutes. Our minimum time of heat
treatment was 5 minutes, but at zero time and at the pHs used no

trypsin inhibitor destruction was observed prior to heating.

The regression equation between pH and time for 100 percent
inactivation at 98°C is
Y =10.63 - 0.05 X

where Y = pH and X = time
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4.4.4 Discussion

The inactivation of the trypsin inhibitor in the milk
prepared from water presoaked soybeans (pH 6.7) was very slow at 98°C
and 76 minutes were necessary to complete destruction of the inhibitor
activity. Results of other studies on the inactivation of trypsin
inhibitor in solvent extracted soybean meal (35), soybean o0il cakes
(276) and soymilk (104) support our findings. The rate of inactivation
of the inhibitor in soymilk prepared from carbonate presoaked beans
was faster than that in the water presoaked preparation when both
were processed at 98°C (Fig. 5). This is due to the fact that during
heating, the pH of the carbonate presoaked preparation increased from
6.7 to 8,7 due to loss of dissolved CO2. It is evident from Fig. 8
that using the same temperature (98°C) for processing, the rate of
inactivation of the trypsin inhibitor increased as the pH of the milk
was increased from neutrality and approached first order kinetics at
pH 9.9. When both the milks were processed at 115°C in 211 x 309 cans
with standard net head space, there was no opportunity for 002 to be
lost from the system, the pH remained about the same for milks from
both pretreatments and the rate of inactivation of the inhibitor was

found to be about the same.

The alkaline conditions during presoaking in 0.4 M sodium
carbonate solution (pH 11.1, room temperature 15 - 18°C) cause no
irreversible loss of activity of the inhibitor (Fig. 5 and Fig. 6).
This could be predicted as Kunitg (144) showed that the soybean
trypsin inhibitor is stable over a wide range of pH at temperatures
below 30° but it is gradually denatured if heated to higher tempera-
tures. This denaturation is reversible if the degree of heating

has been brief. However, prolonged heating causes irreversible
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denaturation of the inhibitor. Steiner and Edelhoch (253) have also
shown that at pHs up to 12 and at 25°C there is.no indicationlof any
irreversible or time-dependent structural change occurring in the

soybean trypsin inhibitor.
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CHAPTER 5

EFFECT OF PROCESSING CONDITIONS ON THE DISESTIBILITY

IN VITRO OF PROTEIN IN VARIOUS SOYMILK PRZPARATIONS

5.1 Introduction

From the literature reviewed in the previous chapter

(Chapter 4), it appears that for soybeans to provide a maximal con-
tribution to nutrition, deleterious substances must be removed from
the raw beans. Fortunately, through the application of heat, it is
possible to inactivate such harmful materials, but at the same time,
there is a danger of over-processing which could cause damage to the
proteins as a nutrient source, particularly through the destruction
or modification of certain amino acids and an increased tendency of
the protein to be resistant to enzymatic digestion (230). Since the
value of soybeans as a food is due in large part to their high content
of protein, it is important to be able to measure the extent to which
the nutritional quality of the protein may have been harmed during

processing.

Evans (75) studied the influence of autoclaving soybean o0il
meal on the liberation of amino groups by different enzymes or enzyme
combinations and found that when trypsin or trypsin and erepsin were
used, a marked increase in digestibility resulted from autoclaving
the soybean oil meal at 100°C for 30 minutes. Autoclaving at 13000
for 60 minutes very markedly decreased the liberation of amino groups

by any of the enzyme combinations.
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In later studies, Evans et al (76) reported that the soybean
0il meals which had been autoclaved at temperatures between 100°C and
120°¢C for 20 minutes were more completely digested by the chick, or by
trypsin and erepsin in vitro, than the raw meal or the meals which had
been autoclaved at 130°C for 30 or 60 minutes using undigested total
protein, or sulphur, cystine or methionine in the undigested protein as
criteria. Significant correlations were observed between in vitro
trypsin and erepsin digestion and chick digestion of these soybean oil
meals when digested protein, organic sulphur or cystine were the

measured criteria.

Clandinin et al (59) indicated that a meal of as high
nutritive value could be provided by processing solvent extracted
soybean flakes in an autoclave at 4 pounds pressure (about 1OS°C) for
45 minutes as by processing similar raw flakes at 15 pounds pressure
(about 12100) for 4 minutes. Working with soymilk prepared from water
presoaked beans, Hackler et al (105) reported that the highest protein
efficiency ratio (PER) was obtained when the milk was processed at

121°C for 5 - 10 minutes.

In a study of the release of essential amino acids by
enzymatic hydrolysis from properly heated and overheated soybean o0il
meals, Riesen et al (231) reported that the decreased nutritive value
of the overheated meals was associated with a decreased liberation of
essential amino acids and that in vitro enzymatic hydrolysis values
may constitute an index of the relative nutritive wvalue of different

meals.

Melnick and Oser (179) stated "for optimal utilisation of

protein all essential amino acids must not only be available for
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absorption but also be liberated during digestion in vivo at rates
permitting mutual supplementation. Heat-processing influences the

relative rate of liberation of the amino acids."

From growth studies as well as studies of in vitro release
of amino acids and alpha-amino-nitrogen, Clandinin and collaborators
(60, 61) showed that once the peak of enzymatic release is reached,
meals of progressively decreasing quality are produced. Venkatesan and
Rege (262) also noted that the extent of breakdown in vitro of pro-
teinaceous materials by enzymes often gives valuable information on
the availability of the amino acids to the host in vivo and on the
presence of any enzyme inhibitors as well as on the effects resulting

from processing conditions,

5.2 Objective and Experimental Plan

The purpose of the work reported in this chapter was to
compare the digestibility in vitro of proteins in various heat-treated
soymilks prepared either from carbonate or water presoaked soybeans,
to determine whether any change of protein quality takes place due to
pretreatment in alkaline solution and also to evaluate the optimum
heat processing conditions. The rate of enzymatic hydrolysis of
various optimum heat-processed soymilks was compared. A comparison
was also made on the susceptibility to enzyme attack of optimum heat-

processed soymilks and of casein.
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5.3 Experimental |

5.3.1 Materials .

Freeze-dried soymilk samples used in this study were the

same as used in the previous chapter (Chapter 4).
Pepsin - 1 : 2500, The British Drug House Ltd., England.
Trypsin - same as in Chapter 4.

Casein - Freshly prepared in the laboratory by isoelectric

precipitation using the method of Wallace and Aiyar (263)

5.3.2 Methods

In vitro digestion studies using pepsin and trypsin

The enzymatic hydrolysis was carried out according to the
method of Venkatesan and Rege (262) with minor modifications. Freeze-
dried soymilk or casein samples each containing 0.19 g protein were
susoencded in 20 ml of 0.05 M HC1l containing 25 mg pepsin at pH 1.6 or
in 20 ml of 0.2 M—NaZHPO4-HCl buffer containing 25 mg of trypsin at pH
8.2. The mixture was incubated at 37°C for 24 hours with occasional
swirling. 0.5 ml of toluene was added to the mixture before incubation
as preservative. The undigested proteins and larger peptides were

precipitated by adding 6 ml of 50 percent trichloroacetic acid and

the precipitates were removed by filtration.

Pepsin followed by trypsin digestion was carried out by
incubating samples containing the same amount of protein with the
same amount of pepsin as above in 18 ml of 0,05 M-HCl at 37°C for
24 hours at pH 1.6. After pepsin digestion, the pH of the digests
was brought to about 8 with 0.5 M-NaOH and 1.0 g of I\TaHCO3 was added
to bring the pH 8.2, The final volume was made up to 20 ml, then

25 mg of trypsin were added and the digestion mixtures were incubated
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for an additional 24 héurs at 3700. Enéyme blanks were prepared by
incubatien under the condition described above with the soymilk or

casein omitted.

In the experiment for the determination of rate of hydrolysis
by pepsin or trypsin, only optimum heat processed soymilks were used
and samples were taken after specified times of digestion to determine

the degree of hydrolysis.

Acid hydrolysis of the samples

Samples either of freeze-dried soymilks or of casein contain-
ing 0.095 g of protein were introduced into pyrex glass tubes followed
by 26 ml of 6 M-HCl, After the contents were frozen each tube was
evacuated and then sealed. Hydrolysis was carried out under the con-
ditions described in Chapter 3. The insoluble humin was removed by

filtration.

Examination of the digests

The amino nitrogen in all the digests was determined by
using the method of Pope and Stevens (219). The degree of hydrolysis
of the proteins by enzyme(s) was calculated by considering acid
hydrolysis to be 100 percent. The results reported have been corrected

for the enzyme(s) blanks.

5.3.3 Results

Effect of heat-treatment on the enzymatic hydrolysis

of proteins in soymilks

The influence of heat-treatment on the digestibility of
proteins in soymilks prepared from water or carbonate presoaked beans

by trypsin is shown in Fig. 10. The results demonstrate that the
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digestibility of proteins in soymilks increases with increase of heat-
treatment and coincides with the decrease of trypsin inhibitor activity.
Once the trypsin inhibitor has been destroyed further heating results
in a lower digestibility. The extent of hydrolysis of proteins under
the specified conditions is higher in soymilk prepared from carbonate
presoaked beans than in milk prepared from water presoaked soybeans.
This difference is 19.1 percent of the total enzymatic hydrolysis when
both the milks have been processed at 98°C but the difference is only
5.6 percent when both milks were processed at 11500. With the soy-
milks prepared from water presoaked beans the increase of hydrolysis
is 14.1 percent when the milk had been processed at 115°C instead of
98°C, but with the carbonate presoaked beans the maximum digestibility

was the same, irrespective of the temperature used in processing,

In the study of pepsin digestion of the various heat-
processed soymilks, it was found that digestibility of the proteins in
the unprocessed soymilk was the highest, and after treatment at both
98°C and 115°C this gradually decreased as the time of heating

increased (Table 9).
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TABLE 9. Effect of processing on the peptic digestibility

of proteins in soymilks.

Processing Temperature 98°C Processing Temperature 115°C

Time Water Alkali Water Alkali
of presoaked presoaked presoaked prcsoaked
processing  preparation preparation preparation preparation
in. percent percent percent percent
hydrolysis hydrolysis hydrolysis hydrolysis
0 26.3 27.2 26.3 27,2
10 25.9 26.7 25.9 26,3
20 25.9 26.3 25.4 25.9
30 25.9 26.3 24.6 25.0
40 25.4 25.9 24.6 24.6
50 25.0 24.7 - -
60 24.7 24.17 - -

This decrease amounted to about 6.3 percent using milk
prepared from water presoaked soybeans whether processed at 98°C for
60 minutes or 115°C for 40 minutes and there was a 9.4 percent
decrease when milk from carbonate presoaked soybeans was processed

under the same conditions.

Rate of enzymatic digestion of proteins in various

optimum heat-processed soymilks

Fig. 11 shows that the rate of hydrolysis, by pepsin, of the
proteins in various soymilks was about the same irrespective of pre-
treatment or method of heat processing but Fig. 12 shows that the
tryptic digestion of the protein in milk prepared from carbonate pre-
soaked beans was faster and more extensive than that of milk preparecd

from water presoaked soybeans.
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Comparison of enzymatic hydrolysis of heat-processed

soymilks with that of casein

!
The results of pepsin, trypsin and combined sequential

digestions of various properly heat-processed soymilks and of casein

are set out in Table 10,

TABLE 10. Digestibility in vitro of heat-processed

soymilks and casein.

Heat processing Percentage hydrolysis with
Suletsuaity T%mp. Time Pevsin  Trypsin Pepsin +
C min., P yP Trypsin
Milk prepared from
water presoaked 98 60 25.4 25,0 34.0
soybeans 115 18 25.3 27.4 37.9
Milk prepared from
carbonate pre- 98 40 25.9 28.9 39.5
soaked soybeans 115 18 25.9 29.1 40.3
Casein - - 16.8 30.2 37.9

The data indicate that casein was less susceptible to pepsin attack
and slightly more susceptible to trypsin attack than the proteins in
soymilks. The proteins of soymilks were susceptible to pepsin attack
to about the same extent irrespective of method of presoaking or heat-
treatment. The trypsin digestibility of proteins in soymilk prepared
from water presoaked beans was increased when the higher processing
temperature (11500) was used and approached that of soymilk prepared
from carbonate presoaked beans. The extent of hydrolysis with pepsin
plus trypsin of proteins in soymilk prepared from water presoaked
beans and processed at 980C was appreciably lower than that of the

other processed soymilks and of casein.
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5.3.4 Discussion
Using soymilk prepared gy the water presoaking method this
study has shown that a processing temperature of 11500 instead of 98°C
had the advantages not only of destroying the trypsin inhibitor more
quickly (see Chapter 4), but also of increasing the digestibility in
vitro of the protein by trypsin. Although complete inactivation of
trypsin inhibitor occurred when the milk was processed at 9800 for 76
minutes (see Fig. 5, Chapter 4), there was no increasec in trypsin
digestibility after 40 minutes processing and the maximun trypsin
digestibility was still only 80 percent of that found with the other
soymilks. Melnick and Oser (179) showed that heating soybean meal in
boiling water caused no improvement in the rate and degrce of digest-
ibility of the protein component whereas autoclaving progressively
incrcased digestibility concomitant with an increase in biological
value up to a limiting time-temperature combination after which both
values decrcascd. Riesen et al (231) stated that, in order to obtain
a meal of maximum nutritive value, sufficient heat must be applied not
only to destroy the trypsin inhibitor but also to alter the protein in
such a way that it may be morc readily attacked by proteolytic
enzymes. Fukushima (95) reportcd that most soybean proteins are
globular, the molecules being compactly folded, including in the
interior a hydrophobic region, and the chains have little susceptibility
to proteinases before disruption of the intermal structure. The same
author (96) also showed that when soybean flour, to which an equal
volume of water had been added, was autoclaved at 100°C a small amount
of native protein still remained after three hours heating whereas
the native protein completely disappeared after a few minutes heating
at either 110°C or 120°C. Hayashi and Ariyama (113) showed that the

in vitro pancreatic digestibility of soybean protein is higher when



69,
autoclaved with‘water at 110°C, than when boiled with water. ﬁackler
et al (105) reported that the effect of processing soymilk at 121°C
was very striking, the peak of nutritional quality was reached in
5 = 10 minutes of heating at 12100, whereas essentially no change in
nutritive value was noted for soymilk protein cooked at 9300 even

after 90 percent of the trypsin inhibitor was inactivated.

The trypsin digestibility of the protein from the soymilk
prepared from carbonatc presoaked beans was much higher than that of
the water presoaked beans when both samples had been processed at 9800
to adequately destroy the trypsin inhibitor activity. This is due to
the fact that the combined effects of heat and alkalinity resulted in
more complete unfolding of the globular proteins. This was also
observed but to a lesser extent when milks prepared by the two methods
were autoclaved at 115°C. This suggests that the action of soaking
and grinding the beans under alkaline conditions results in a change
in protein sturcture further favouring trypsin attack and this is
apparent cven after the protein has been exposed to an appreciable

heat treatment.

On the other hand, heat trcatment was not found effective in
improving the digestibility by pepsin of proteins in soymilks under
the conditions used, since the proteins in unheated soymilks showed
slightly higher digestibility possibly because at lower pH (i.e. pH
1.6) the native proteins are unfolded anyway (236). The peptic
digestibility of the alkali presoaked sample was 3.4 percent higher
than that of the water presoaked sample prior to heat processing but
during processing the digestibility of the alkali presoaked sample
dropped more quickly than that of the water presoaked sample until all

samples rcached the same level of digestibility (Table 9). The effect
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of the alkali presoaking on the peptic digestibility was not directly
related to the higher pH the milk reached during heat processing
becausc a greater loss of digestibility was observed for both the milk
processed at 98°C where the pH reached 8.7 and for the milk that was
autoclaved where the pH was the same at the beginning and the end of
the process. The alkaline presoaking must thus result in a structure
morc exposed for pepsin attack prior to heat treatment. Table 10
demonstrates clearly that the digestibility of soymilks prcpared by
the water presoak method and autoclaved at 11500 and of soymilks pre-
pared by the alkaline presoak method and then proccssed at 9800 were
simnilar to the digestibilities obtained with acid prccipitated freecze-
dried cascin under identical conditions. This suggests that the soy-
milk protein in these milks was as available to enzyme attack as was

the refcrence casein sample.

This study has shown that the alkaline presoalk treatment
followed by processing at 98°C gives digestibilities which can be
obtained only when milks prepared by the water presoak method are

autoclaved at 11500.

5.3.5 Conclusion

In addition to the advantages mentioned in the conclusion of
Chapter 3, the alkaline presoaking treatment for the manufacture of
soymilk has the further advantage that there is a more rapid
destruction of trypsin inhibitor and this can be achieved using a
simple system of heat processing and is without any deleterious

effect on the digestibility as measured by the systems described.
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CHAPTER 6

EFFECT OF PROCESSING CONDITIONS ON THE STABILITY OF

PROTEINS IN VARIOUS SOYMILK PREPARATIONS

6.1 Introduction

It has been known for a long time that treatment of
solution of proteins with heat, acid or alkali causes denaturation of
the protein and this generally involves uncoiling of the relatively
tightly folded native protein molecule to a more open and extended
form (112). Due to the exposure of functional groups previously
buried in the interior of the molecule, the potential energy of inter-
action increases when the protein undergoes denaturation. As a con-
sequence of this increase in potential interaction energy, the state
of dispersion of the protein molecules in solution may change, for
example, aggregation or even coagulation may occur during the

denaturation (135).

The nature of the bonds between the molecules in the
aggregate or in the coagulum varies between proteins, but frequently
the molecules seem to be linked together through hydrogen bonds
formed between the carboxyl and amino groups of neighbouring peptide
chains which were liberated during the configurational perturbation
of the intramolecular secondary structure (130). In some proteins
aggregation occurs through the sulphydryl-disulphide interchange
reactions between the molecules (277). Divalent metals such as
calcium and magnesium are able to form inter-chain or inter-polymer

links between proteins resulting in a progressive increase in size of
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the protein particles. The process of polymerisation, if permitted to
occur, must necessarily increase the tendency of the protein to

coagulate (24).

Moist heat treatment is necessary to inactivate the anti-
nutritional factors present in raw soybeans (see Chapter 4)., One of
the important changes that takes place during heat treatment of soybean
meal in an aqueous solvent is the insolubilisation of the major
proteins (17). Mann and Briggs (171) reported that heating aqueous
extracts of soybean meal resulted in the precipitation of protein in
varying amounts, the quantity being precipitated increasing with
increase in tempcrature and with increase in length of heating period.
This precipitation was probably the result of a heat accelerated inter-
action of the protein components and involved primarily those protein
fractions other than globulins. However, although the isolated
globulins alone were unaffected in their dispersibility by heat treat-
ment up to 9OOC for 2 hours, they became increasingly more non-
dispersible when heated in the presence of the other protein components

of the soybean extract.

Since the formation of a Soybean Protein Nomenclature
Committee under the sponsorship of the Oilseeds Division, American
Association of Cereal Chemists, the names used in the past for soybean
proteins are discontinued except for Glycinin, the name given by
Osborne and Campbell to the major reserve protein of soybeans. It
appears that various proposals are under study as possible solutions
to the nomenclature problem, Most of them are based on the ultra-
centrifugal behavior of the proteins (272). Ultracentrifugal studies
showed that the soybean proteins consist of four components having

S50 of 2, 7, 11 and 15S respectively, of which the 7S and 11S com-
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ponents constitute the major part of the proteins (for detail see the

recent review by Wolf (273)). The 118 protein corresponds to Zlycinin.,

Catsimpoolas et al (55) showed that on heat treating a 0.3
percent solution of glycinin at temperatures above 70°C it dissociates
at first into subunits and the solution then becomes increasingly
turbid due to the aggregation of the dissociated subunits and the
protein partially precipitates when heated to 90°C. 5lycinin appears
to be stable to heatinsz up to SOOC and very little change is observed

between 500 and 7OOC.

Wolf and Tamura (274) reported that heat treatment disrupts
the quaternary structure of the 11S protein and separates the subunits
into two fractions. Denaturation of 11S protein at 100°¢ proceeds
through at least three steps designated (a)to(c)in the following

reation scheme:

118 —(i)%' A-subunits + ﬁ—subu.nitg

L

soluble aggregates u__iEl___)_lnsoluble

aggregates

6.2 Objective and Experimental Plan

It appears from the above discussion that soy proteins
undergo reaction or interaction during heat treatment and the extent
of this depends on the degree of heat treatment. In Chapter 4, we
demonstrated that heat processing at 115°C for about 17 minutes must
be applied to destroy the antinutritional factors in soymilks pre-
pared either from water or carbonate presoaked beans. The work
reported in the present chapter was carried out to investigate the

effect of this optimum heat treatment on the viscosity and the
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insolubility of the solids which will indicate any changes of protein
structure in soymilks. Any significant role calcium ions had in the

aggregation process was also investigated.

6.3 Bxperimental

6.3.1 Materials and Methods

Preparation and processing of soymilks

Soymilk was prepared either from water or carbonate presoaked
beans according to the method previously described (Chapter 2).
Distilled water was used throughout the study starting from the washing
of the beans through to diluting the slurry. The prepared milk was
further filtered through a sintered glass funnel no.1 (pore dia. 100 -
120)1% followed by no.2 (pore dia. 40 - 50;1). The processing of
the resulting soymilk was carried out at 11500 for 17 minutes in a

211 x 309 can with the standard net head svace.

Viscosity measurement

The viscosities of the various soymilks were measured

according to the method described earlier (Chapter 3).

Determination of insolubility of solids in soymilks

The quantity of insoluble solids in soymilks either raw or
after processing at 115°C for 17 minutes was determined by two methods.
The first method was the New Zealand standard method for the deter-
mination of the solubility index of dry milk powder (250). Results
of this method would indicate suitability of the processed soymilks
as a commercial product. The second method involved centrifugation
at 38,000 x g for 20 minutes, using the high speed attachment to a

model UV International centrifuge. The results from this method gave
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a measure of the extent of aggregation of the protein occuring during
processing. In both methods the dry weight of sediment was recorded
as a percentage of total solids angd, wheré indicated in the table,

the volume of sediment per 10 ml of milk is recorded.

Determination of volume of the sediment

Transparent nitrocellulose centrifuge tubes of 10 ml
capacity were carefully calibrated into O.1 ml division with water.
The volume of the sediment was recorded as millilitres in the tube to

the nearest graduated scale division.

Determination of calcium content in soymilks

The calcium content in the soymilk was determined according

to the method of the A.0.4A.C. (13).

Treatment of the milk with metal chelatinz agents

(a) Sodium hexametaphosnhate-(NaPoj)G. 0.05, 0.10, 0.15,

0.20, 0.25, and 0.50 g of (NaP03)6 was added respectively to 100 ml
samples of raw soymilk prepared by the water presoaking pfocedure and
to samples of the same milk which had previously been heat treated to
115°C for 17 minutes. The raw soymilk to which (NaPO3)6 had been

added was then processed at 11500 for 17 minutes.

(b) Ethylene diamine tetra-acetic acid—(EDTA). 0.05, 0.10,

0.15, 0,20, and 0.25 g of EDTA (disodium salt) was dissolved
respectively in 10 ml aliquots of distilled water and the pH of the
solution was adjusted to 7.0 by adding a few drops of 1M-NaOH solution.
To this were added 90 ml of soymilk prepared from water presoaked
beans either raw or previously heated at 11500/17 min, The total
solids content in 90 ml of milk was the same as in the 100 ml of milk

used in (a). The raw soymilk which had been treated with EDTA was
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then processed at 11500 for 17 minutes as in (a).

(¢) Trisodium polvphosphate—(NaBP 0,~) and sodium

10
dihydrogen orthoghosghate—(ﬂaﬂn204.2H20). Na3P3O1o
and NaH2PO4.2H20 (1 : 1) were used to treat the soymilk prepared from

water presoaked beans. The pH of this combination was about 6.8.
Using these two chemicals combined, the treatment given to the soymilk

(water presoaked preparation) was the same as in (a).

6.3.2 Results

EBffect of processineg on the viscosity of soymilks

The results are given in Table 11,

TABLE 11. Effect of processing conditions on the

viscosity of soymilks.

Processing conditions Reduced
viscosity
ESmplicE Tgmp. Time 71
C min ( red)
Soymilk prepared from
water presoaked beans Nil Nil 0.23
Soymilk prepared from
water presoaked beans 115 17 0.36
Soymilk prepared from
carbonate presoaked beans Nil Nil O.41
Soymilk prepared from
carbonate presoaked beans 115 17 0.41

Table 11 shows that the viscosity of soymilk prepared from
carbonate presoaked beans prior to heat-treatment is very much higher
(about double) that of the soymilk prepared by water presoaking

procedure. On heating the viscosity of water presoaked preparation
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is increased whereas that of the' soymilk prepared by the carbonate
presoaking procedure remains the same, After identical heat
processing conditions (115°C/17 min) the viscosity of the carbonate
presoaked preparation is still higher than that of the soymilk prepared

from water presoaked beans.

Effect of processing and time of ageing after processinz

on the viscosity of sovmilks

The similar viscosities of raw and heat processed (115°C/17
min) soymilks prepared by carbonate presoaking procedure as shown in
Table 11 made it necessary to further investigate the effect of time
of heat-treatment at 11500 and the time of ageing on the viscosity of

soymilk and the results are set out in Table 12,

TABLE 12, Effect of processing and time of ageing after

processing on the viscosity of soymilks.

Apparent viscosities of soymilks

Procgsglng after different time intervals
gendigony after processi cps
Samples Proceosing. Cp
feng.  [ome $+n  2-h  4-h 8-h
C min

Soymilk prepared

from water pre-

soaked beans Nil Nil 2.24 - - -

Soymilk prepared
from water pre-
soaked beans 15 17 2,60 2.60 2.66 2.63

Soymilk prepared
from carbonate
presoaked beans Nil Nil 3.28 - - i

Soymilk prepared
from carbonate
presoaked beans 115 5 2.88 2.88 2.90 3.10

Soymilk prepared
from carbonate
presoaked beans 115 10 2.88 2.96 3.06 3.22

Table 12 continued over pPag€.cecvecssse
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Table 12 continued.seeese

Apparent viscosities of soymilks
after different time intervals
after processing. cps

Processing
conditions

Samples
Tgmp. Time

o nin 3-h 2-h 4-h 8-h

Soymilk prepared
from carbonate
presoaked beans 115 17 3.06 3.20 3.28 3.26

Soymilk prepared
from carbonate
presoaked beans 15 30 3.20 %422 3,28 -

The results demonstrate that the viscosity of raw soymilk,
prepared by the carbonate presoaking procedure decreased from 3.28 to
2.88 after 5 minutes of heating at 11500 and remained the same at 10
minutes of heating and then gradually increased as the time of heat-
treatment increased. The viscosity of the soymilk heated at 11500/17
minutes was still lower than that of the same milk in the raw state.
This viscosity measurement was done within half an hour after process-
ing. As the time of ageing was increased the viscosities of the heat
treated soymilks also increased. It is also interesting to note that
the viscosity on ageing reached that of the raw sample more quickly

in the soymilks which had been processed for the longer times.

Effect of processing on the insolubility of the total

solids in soymilks

Soymilks, raw and heated (11500/17 min), prepared either
from water or carbonate presoaked beans were centrifuged using a
relatively low speed centrifuge according to the solubility index
method and also using a high speed centrifuge (38,000 x g). The
dry weight of the residues obtained by both test methods and the wet

volumes of the residue in the high speed centrifuge method are
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TABLE 13, Effect of processing on the insoluble solids

content of soymilks.

Processing
conditions

Insolubility of solids content

Using Using high speed
Solubility centrifuge at 38,000xg

Samples index
method % of total wet vol. of
Tgmp. Time Dry wt. % solids sediment per
C min present in 10 ml of
the milk.
sediment ml
Milk prepared from
water presoaked beans Nil Nil Nil 3,52 0.70
" 115 17 <0.01 6.00 0.40
Milk prepared from
carbonate presoaked
beans Nil Nil Nil 5.50 0.60
n 115 17 <0,01 7.16 0.45

The centrifugal separation of solids from raw soymilks pre-

pared either from water or carbonate presoaked becans is nil and less

than 0.01 percent of the total solids is sedimented from the heated

soymilks in both cases when measured by the solubility index method.

Using the high speed centrifuging method, both the raw and

the heated soymilk samples prepared by carbonatc presoakinz procedure

gave higher quantities of sediment when compared with the correspond-

ing samples prepared from the water presoaked beans., The results

also indicate that the insoluble solids content increased duec to

heat-treatment (11500/17 min) in the same order of magnitude in the

soymilks prepared from both the water and the carbonate presoaked beans.
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The wet volumes of the sediments are higher in the raw soy-
milks than those of heated soymilks with both presoaking procedures.
The difference between the raw and heated samples is higher with the

water presoaked preparation than with that of soymilk prepared from

carbonate presoaked beans.

Calcium content in soymilks

The results are shown in Table 14,

TABLE 14. Calcium content in soymilks

mg/100 ml
milk
Soymilk prepared from
water presoaked beans 28
Soymilk prepared from
carbonate presoaked beans 25
Cow's milk 120

The Table 14 shows that the soymilks prepared either from
water or from carbonate presoaked beans contained about the same level

of calcium which is much less than that in cow's milk.

Effect of trcatment with calcium chelatine agents on

the viscosity of soymilks

The soymilk prepared from water presoaked beans was treated
with various chelating agents such as sodium hexametaphosphate
(NaP03)6, ethylene diamine tetra-acetic acid (EDTA), and trisodium
polyphosphate (Na3P3O1O) plus sodium dihydrogen orthophosphate
(NaH2P04), to establish what effect complexing of calcium would have

on the aggregation process. The viscosities of the variously treated
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soymilks are reported in Tables 15 - 17.

TABLE 15. Effect of treatment with sodium hexameta-
phosphate-(NaPO3)6 on the viscosity of soymilk (water

presoaked preparation).

)

Reduced viscosity ( ’1

red.
2 After After After
4GOI addition addition to addition to
(NaP03)6 to milk raw soymilk
raw previously and then
% soymilk heated at heated at

115°¢/17 min  115°C/17 min

Nil 0.23 0.36 0.36
0.05 0.24 0.36 0.51
0.10 0.25 0.36 0.57
0.15 0.24 0.37 0.58

- 0.20 0.24 0.37 0.56
0.25 0.24 0.38 0.58
0.50 0.23 0.39 Gel

The results in Table 15 show that addition of (NaP03)6 to
raw or heated (11500/17 min ) soymilks results in no change in
viscosity from the control samples which have not been treated with
(NaPO3)6. But on heat-treatment, the viscosity of raw soymilk which
has previously been treated with (NaPO3)6, increased with the
increasing quantities of (NaPO3)6 and at 0.5 percent concentration

the milk gels.
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TABLE 16, Effect of combined treatment with trisodium poly-

phosphate (Na

53010

) plus sodium dihydrogen orthophosphate

(NaH,PO,) on the viscosity of soymilks (water presoaked
2"

preparation).

Addition of

Reduced viscosity (.h

)

red.

polyphosphate After addition After addition After addition
and to to to raw soymilk
phosphate (1:1) raw soymilk soymilks and then
o pfevio&sl he%ted at
weated a )
11556/17 min 115°C/17 min
Nil 0.23 0. 36 0. 36
0.05 0.25 0.36 0. 39
0.10 0.25 - 0.40
0.15 0.24 - 0.40
0.20 0.24 - 0.40
0.25 0.24 0. 36 0.39
0.50 0.24 0.36 0.39

Table 16 shows that the viscosities of phosphate treated

soymilk samples either raw or preheated at 11500/17 min are about

the same as those of the control samples.

A slight increase in

viscosity is observed when the raw soymilks pretreated with phosphates

are heated at 11500 for 17 minutes.
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TABLE 17. Effect of treatment with ethylene diamine
tetra-acetic acid-(EDTA) on the viscosity of soymilks

(water presoaked preparation).

)

Reduced viscosity ( 7\

red.
Sy After addition After addition After addition
Addition of
EDTA to to to
raw soymilks soymilks raw soymilks
% previously and then
’ hgated at he%ted at
115°C/17 min 115°C/17 min
Wil 0.23 0.36 0.36
0.05 0.23 0.37 0.62
0.10 0.24 0.37 0.98
0.15 0,31 0.38 Gel
0.20 0.36 0.39
0.25 0.54 0.40
0.50 0,70 0.44

The results in Table 17 show that treatment of raw soymilk
samples with EDTA caused an increase in viscosity. Subsequent heat-
treatment of these samples increased the viscosities more rapidly and
gelation occurred at 0.15 percent concentration. When the previously
heated samples are treated with EDTA at the concentrations used, the
viscosity is affected to a much smaller extent than in the other two

cases.
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6.3.,3 Discussion

Soymilks prepared from water presoaked beans behave
differently in their changes in viscosity when processed at 11500 from

the milks prepared by the carbonate presoaking procedure.

At high alkaline pHs (soaking at pH 11.1 and grinding at
pH 9.7), protein particles hydrate more extensively and swell thus
contributing to the increase in viscosity (1). If the particles are
compact, hydration is restricted to surface layers. If the particles
have a loose structure, hydration does not depend only on the surface
area of the particles because the water mclecules can now penetrate
the frame work of the molecules (133). It is known that the soy
proteins are globular, compactly folded and include an interior hydro-
phobic region (95). 1In the present study at the high alkaline pH
during the carbonate presoaking, the -COOH groups of proteins would be
expected to be dissociated into ions and the protein particles swell
or unfold due to the mutual repulsion of the negatively charged groups.
Glutamic and aspartic acids together represent around 32 percent of
the total amino acid content and could thus be significant sources of
these ionisable carboxyl groups. Since the protein particle is
electrically charged and its structure is consequently loosened, it is
rendered capable of becoming more hydrated. Nakajma and Scheraga (201)
showed that the degree of hydration of ribonuclease at pH 9.53 is more
than double that at pH 5.87 at 60°C. McAnelly (176) found that
increasing the pH of spent soybean flakes before desolventising and
toasting, and heating the treated flakes for a short period of time
greatly improved the water absorption properties, This is supported

by the data presented.
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In summary the following changes appear to be occuring

during the preparation and processing of the two types of soymilk

Apparent viscosities (cps)

Water prescaking Carbonate presoaking
Original milk 2.24(1) 3.28(2)
Heated 115°C/10 min - 2.83(3)
Heated 115°C/17 nin 2.60(5) 3.06(4)
Rehydration 2.66(7) 3,28(6)

These effects may be explained as follows:
(1) and (2)~ this difference is probably the consequence of the
swelling of the soy proteins under the effect of the alkaline con-
ditions and the persistence of this enlarged structure through
increased hydration - a structural change as a consequence of the

carbonate presosking has already been suggested in Chapter 5.

(2) and (3)— this difference represents reduction in the size of the
vrotein particles due to dehydration during heating and suggests that
at this point there is no effect of heat denaturation on the protein

structure because of the prior effect of the alkaline treatment.

(3) and (4)- this difference represents further unfolding of the
protein and possibly some aggregation due to heating to give a larger

apparent volume despite the volume reduction effect of dehydration.

(1) and (5)— this difference consequenton unfolding due to heat
denaturation (130) suggests that the unfolding of the protein and
possibly some aggregation have made a greater contribution in this
case to the increase in "swept" volume than the relative loss in

particle volume consequent on dehydration,
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(4) and (5)_ the effect of carbonate presoaking on the swelling of the
protein is permanent and unfolding due to heat‘denaturation does not
contribute as much to the increase in "swept" volume as does the effect

of alkali.

(4) and (6)_ rehydration occurs on cooling and ageing for on
denaturation protein does not lose its water binding capacity to any
great extent Ghe 135). The return to the same apparent viscosity is
probably coincidental in view of the obvious heat denaturation that

has occurred with its contribution to viscosity changes.

(5) and (7)- further rehydration in this system contributes very

little to viscosity changes.

(6) and (7)- heat denaturation and rehydration has less effect than

alkaline soaking on the viscosity.

There is thus evidence that carbonate presoaking causes a

readily discernible change in the structure of the protein.

The viscosity of soymilk prepared from carbonate presoaked
beans reported in Chapter 3 is higher than that in the present study
because of the differences in both the filtration and the processing

of the resulting soymilks.

The proteins in the soymilks prepared either by the water
or by the carbonate presoaking procedures are highly stable under the
processing conditions used in the present study as indicated by the
negligible precipitates obtained even when using high speed centri-
fugation (38,000 x g). The wet volumes of the sediment in the case

of raw soymilks are higher (highest in water presoaked preparation)
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than those of heat processed soymilks in both the presoaking procedures.
This higher volume of the sediment from the raw soymilks is principally
due to the higher quahtity of water both bound and frée which
accompanied the protein particles. It was observed during the
experiment that the sediment from the raw water presoaked preparation
was more loosely packed at the bottom of the centrifuge tube than that
from the raw carbonate presoaked preparation. The sediment from the
heated soymilks were firmly packed in the sediments from both the
presoaking procedures probably because lower quantities of water
accompanied the sediment. It appears that measuring the volume of the
precipitate after high speed centrifugation does not give a true

measure of the extent of insolubility caused by proccssing.

The possibility of involvement of calcium ions in the
aggregation process and the increase in viscosity during heat-
processing is ruled out. This is probably due to the low levels of

calcium present in the soymilk (Table 14).

It can be seen in Tables 15 - 17 that the viscosities are
increased during treatment with calcium chelating agents. This is
probably due to electrostatic effects. Similar effects will be

studied in detail in Chapter 7.
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CHAPTER 7

EFFECT OF ELECTROLYTES ON THE STABILITY

OF PROTEINS IN SOYMILKS

7.1 Introduction

The viscosities of heated protein solutions, in general, are
very much greater than the viscosities of native protein solutions,
particularly when salts are present (277). The heat alters the shape
of the protein molecule by denaturation with concomitant viscosity
increases and also cross~reactions between the protein molecules
affected by the heat are increased by the presence of salts and are
greatest near the isoelectric point. Due to these cross reactions an
abrupt increase of viscosity takes place. The extent of cross
recactions which lcad to this viscosity increase is limited by the
presence of like electric charges on the molecule since these lead to
electrostatic repulsion between molecules (130), but this effect is

overcome by an increase in ionic strength.

Zittle and Della Monica (277) showed that maximum viscosity
is achieved when a solution of 1.8 percent j3 ~lactoglobulin is heated
at 9OOC for 30 minutes with 0,25 M sodium chloride at pH 6.7. Below
pH 6.7 the solution gels. Zittle (278) reported that an aqueous
solution of K-casein at pH 7.0 is not affected by heating at 100°¢C
for 5 minutes. If, however, 0.05 M sodium chloride is present the

K-casein is M@ﬁple to heat.
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Frensdorff et.al (92) studied the effects of various electro-
lytes on the gelling time of a 3 percent solution of ovalbumin
denatured in 10 M urea at pH 7.6 - 8.0. They reported that two
important effects may be noted: (a) increasing the elcctrolyte
concentration accelerates gelling; and (b) electrolytes with more
highly charged anions are more effective gelling agents than those
with monovalent anions. This effect is so strong that gelling occurs
at a protein concentration as low as 2 percent in the presence of 0.2
M sodium sulphate. The cationic charge seems to be unimportant, since

the gelling time is the same in 0.1 M=N2Cl as in 0,05 M—CaClZ.

Zubay and Doty (279) showed that heating a solution of 0.5
percent bovine serum albumin at pH 5.5 caused partial heat coagulation
as evidenced by the formation of a milky opacity in the solution
(Note: isoelectric point of BSA is 4.5) but at pH 6.5, no heat
coagulation occurs. They suggest that as the pH becomes higher, the
negative charge on the albumin rises and apparently the repulsion
between albumin molecules becomes great cnough above pH 6.0 to
prevent effective contact. The repulsion caused by this charge effect
should be overcome in a medium of high ionic strength, and accordingly

when the albumin at pH 6.5 is heated in 0.04 M-NaCl coagulation occurs.

Smith et al (245) found that sodium chloride disperses less
of the nitrogenous materials from soybean meal than is dispersed by
water and that soybeans have a minimum point of dispersion at about
0.1 M-NaCl. On increasing the concentration of the sodium chloride
extractants over O.1 M, the extractability of the nitrogenous
materials from soybean meal also increases and reaches a maximum of
0.5 M=-NaCl but is still much less than that extracted by water. They

attributed the lower dispersibility of the nitrogenous materials to
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the flocculation of the protein during extraction.

7.2 QObjective and Experimental Plan

The literature, reviewed above, clearly indicates that the
stability of proteins is affected by the presence of electrolytes.
The method developed by us for the production of bland flavoured
soymilk involves presoaking and grinding the beans in an alkaline
medium (sodium carbonate, see Chapter 2). Neutralisation of the
extract from pH 9.7 present during grinding to pH 6.7 with hydro-
chloric acid before heat-treatment results in the formation of about
0.1 percent of sodium chloride. Therefore, a study was undertaken to
investigate the effect of electrolytes on the viscosity of soymilks

with particular reference to sodium chloridc.

7.3 Experimental

7.3.1 Materials

Electrolytes

1) Sodium chloride (NaCl) - Analar grade
2) Sodium nitrate (NaNO3) - Analar grade

3) Calcium nitrate (Ca(NO ) - Reagent grade

3)2
7.3.2 Methods

Preparation of soymilk samples

Soymilk was prepared from carbonate and water presoaked beans
according to the method described in Chapter 2, Distilled water was
used for the washing, soaking the beans and diluting the slurry after
grinding. The milk was finally filtered through a sintered-glass
funnel no.1 porosity followed by filtering through a no.2 porosity as

in Chapter 6.
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Treatments of soymilk with various electrolytes

0.05, 0,10, 0.15, 0.20, 0.25, and 0.50 g either of NaCl,
NaNO3 or Ca(NO3)2 was added at room temperature (17o - ZOOC)
respectively to 100 ml of raw soymilksor preheated (115%717 min)

soymilks prepared from water presoaked beans. The raw soymilks

treated with electrolytes were then processed at 115°C for 17 minutes.

Conductivity measurement

The measurement of electrical conductivity in the various
soymilk samples was carried out according to the British Standard
Method (43) at a temperature of 20°C and a frequency of 1000 c/s. The
apparatus used was a Philip resistancce meter type-GM 4249/10 which
measures the resistance between the electrodes of the cell (Philips,
PR 9510). TFrom this information the conductivity was calculated

(see Appendix 7).

Viscosity measurement

The viscosity of the various soymilks was determined accord-

ing to the method described previously (Chapter 3).

Determination of degree of aggregation of protein in soymilks

treated with sodium chloride

The extent of aggregation of the proteins in the raw soymilk
after treating with different concentrations of sodium chloride at
room temperature (17o - ZOOC) was determined by centrifugation at
38,000 x g for 10 minutes and the results were compared with data

from control samplec.
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T7.3.3 Results

Effect of electrolytes on the stability of proteins in

gsoymilk (ﬂgter presoaked preparation)

Three electrolytes, sodium chloride, sodium nitrate and
calcium nitrate, were used, Their effects on the stability of
proteins were measured in terms of changes in viscosity and in the
formation of a coagulum. The results are reported in Tables 18 - 20.
Table 18 shows that with the increase in concentration of 1'TaCl in
raw soymilk the viscosity also increases and reaches a maximum at a
concentration of 0.2 percent. On further increase in concentration of
NaCl over 0.2 percent, the viscosity of the sample decreased and a
coagulation occurred. When these sodium chloride treated raw soymilk
samples were heated at 115°C for 17 minutes, the viscosities of the
samples were greatly increased even at the lower concentrations of
NaCl and maximum viscosity was reached in the sample which contains
0.1 percent NaCl. The proteins were coagulated in samples which
contained NaCl concentration over O.1 percent. On the other hand if
sodium chloride was added to samples of the same soymilks which had
been preheated at 115°C for 17 minutes, no change in viscosity was

observed even at a concentration of 0.5 percent NaCl.

The results in Table 19 demonstrate the effect of sodium
nitrate on the viscosity and the protein coagulation of soymilk
samples (water presoaked preparation) which had been treated in the
same way as in the case of sodium chloride., The behaviour of sodium
nitrate in increasing the viscosity of soymilks, and in coagulating
the proteins was similar to that of NaCl except that the effect was
milder in the case of NaNO,. The maximum reduced viscosity of raw

3

soymilk treated with NaNO, was 0,60 at 0.25 percent concentration

3



TABLE 18.
proteins in soymilk (water

Bffect of sodium chloride on the stability of

presoaked preparation).

NaCl  Viscosity s . Addition to soymilk Addition to raw soymilk and
added of Addition to raw soymilk piopoateq at 115°C/17 min  then heated at 11532/17 min
o solvent*
! Conductivity Reduced Conductivi ty Reduced Conductivity Reduced
cps pmhos/cm viscosity pmhos/cm Viscosity ‘pmhos/cm viscosity
M) (. e )
red ed red
Fil  0.893  2.25 x 10°  0.23 2.25 x 107 0.37 2.25 x 10° 0.37
|
0.05 0.894 2.88 x 1O3 0.27 3.00 x 103 0.38 3.00 x 10”7 0.67
Tﬁ
0.10 0.895 3.60 x 1O3 0.60 3.60 x 1O3 0. 38 3.60 x 107 1.15
0.15 0.897 4.50 x 1O3 0.76 4.60 x 1O3 0.38 4.50 x 103 coagulation
0.20  0.898  5.14 7 10°  0.87 5.10 x 10° 0.38
z
0.25  0.899  5.33 x 10°  0.79% 5,50 x 10° 0.38
0.50  0.905  9.00 x 10°  0.75%  9.00 x 10° 0.38

Handbook of Chemistry, &.A.
Book Company (1966) p.1577

* Taken from:

*% Slight separation of the phases

Langze (Chief Editor), 10th edition, McGraw-Hill

6



TABLE 19, Effect of sodium nitrate on the stability of
proteins in soymilks (water presoaked preparation).

NaNO, Viscosity s . Addition to soymilk Addition to raw soymilk and
fades & Addition to raw soymilk . oheated at 115°C/17 min  then heated to 115°C/17 min
? solvent*
e Conductivity Reduced Conductivity Reduced Conductivity Reduced
$be ymhos/cm viscosity pmhos/cm viscosity pmhos/cm viscosity
(N
(nred ) i ‘red ) ( ‘Qrcd )
Nil 0.893 2.00 x 1O3 0.23 2.10 103 0.36 2.10 103 0.36
0.05  0.893  2.60 x 10°  0.24 2.70 x 10° 0.35 2.60 z 10° 0.49
0.10 0.8%4 3.10 x 1O3 0. 51 3.10 x 1O3 0.36 210 = 1O3 0.74
0.15  0.895  3.60 x 10°  0.43 3.40 x 10° 0.35 3.60 x 10 0.85
0.20  0.896  4.00 £ 10°  0.57 4.00 x 10° 0.37 4.00 x 10° coagulation
0.25 0.897 4,40 x 1O3 0.60 4.50 x 103 0.37
0.50  0.898  6.50 x 10°  0.58%%  6.50 x 10° 0.36

* Taken from: Handbook of Chemistry, N.i. Lange (Chief Editor), 10th edition,
McGraw-Hill 3ook Company (1966) p.1577

*% Slight separation of the phases

*v6
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compared with 0.87 at 0.20 percent concentration of NaCl., ‘“hen the

raw samples pretreated with NaNO, were heated at 115°¢ for 17 minutes,

3
the maximum reduced viscosity was 0.85 at 0.2 percent concentration
whereas under identical conditions of processing the maximum reduced
viscosity is 1.15 at 0.15 percent concentration of NaCl. Once the

maximum viscosity was reached, proteins in samples which contained

high concentration of NaNO3 were coagulated.

Table 20 shows that the effect of calcium nitrate on the
viscosity of soymilk and on protein coagulation was more pronounced
than that of sodium chloride. Unlike sodium chloride and sodium
nitrate, calcium nitrate affected the viscosity and protein coagula-
bility of preheated soymilk. To coagulate the proteins in preheated
soymilk less calcium nitrate was required than was necessary for the

raw sample.

The effect of these three electrolytes on the viscosity of
raw soymilk (water presoaked preparation) iz shown in Fig. 13 in
which the conductivities of the samples are plotted against their
corresponding reduced viscosities. The figure indicates that the
degree of change in viscosity is not dependent on the conductivity of
the sample, for example, up to a conductivity of 3.25 x 103‘pmhos/cm,
the viscosities in samples treated with either NaCl or NaNO3 are about
the same but as the conductivity is increased over this range the
viscosities are more rapidly increased in the samples treated with
NaCl than those with NaN03. At a conductivity of 3.0 x 103‘thos/cm,

the viscosity of calcium nitrate-treated sample is about 4.5 times

higher than that either of NaCl-or NaNO_-treated sample.

3
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TABLE 20. BEffect of calcium nitrate on the stability of
proteins in soymilks (water presoaked preparation).

Ca(HO ), Viscosity . ..... . Addition to soymilk Addition to raw soymilk and
., 3 2 " of addition to raw soymilk _ ., .+ed at 115°C/17 min  then heated to 115°C/17 min
S solvent*
% Conductivity Reduced Conductivity Reduced Conductivity Reduced
cps pmhos/cm viscosity pmhos/cm viscosity pmhos/cm viscosity
) n
( red) ( red) ( 7Led)
Nil 0.893 2.25 x 1O3 0.24 2.30 x 1O3 0.36 2.500 % 1O3 0.36
0.05 0.893  2.40 z 10°  0.29 2.50 x 10° 0.8 2.50 z 107 0.83
0.10 0.894  2.60 x 10°  0.40 2.70 z 10° 0. 46 2.60 z 10° coagulation
0.15 0.895 2.80 x 1O3 0.87 2.90 x 1O3 0.50
0.20 0.895 3.00 x 1O3 1.34 3.00 x 1O3 coagulation
0.25 0.896 3.20 x 1O3 0.75%%
0.50 0.897  4.50 x 107  0.48%*

* Taken from:

Handbook of Chemistry, N.i. Lange (Chief Zditor), 10th edition,
McGraw-Hill Book Company (1966) p.1677

*¥% Slight separation of the phases

‘L6



Effect oi sodium chloride on the stability of protein

in soymilk (carbonate presoaked nrenaration)

Three soymilk samples differing in sodium chloride level were
prepared from the carbonate presoaked beans. The different concentra-
tions of sodium chloride were made by differing the degree of washing
of the cotyledons with water before grinding. The sample whose NaCl
level was 0.12 percent was divided into five portions and four of them
were further treated with additional quantities of sodium chloride so
that the salt levels were the same as those added previously to the
soymilks prepared from the water presoaked beans., After measuring
the conductivities and viscosities, these samples were processed at
115°C for 17 minutes after which the conductivities and viscosities
were again measured. The results are set out in Table 21 and indicate
that sodium chloride addition up to 0.25 percent had no effect on the
viscosities of soymilks prepared from carbonate presoaked beans
either in the raw state or after heat treatment.

TABLE 21. Effect of sodium chloride on the stability of proteins in

soymilk (carbonate presoaked preparation).

Addition to raw soymilk Addition to raw soymilk and

0 :
NaCl level Conductivity Reduced then processed at 115 0/17 min

i 1 Reduce — e
i s;?p © }unhos/cm viscosity Condﬁg:7g;ty vi:czgity

( 7red) re (’2 )

red
0.055 2.90 £ 10° 0.41 2.90 x 10° 0.39
0.085 3,30 x 10° 0.40 3.30 x 10° 0.42
0.12 4.40 x 10° 0. 41 4.40 x 10° 0. 41
0.15 4.80 x 10°  0.43 4.80 x 10° 0. 41
0.20 5.50 x 10° 0.42 5,80  10° 0.42
0.25 6.00 x 10° 0.42 6.00 x 10° 0.42
0.50 a2 ' B ue? 0.63 9.40 x 10° 0.78
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Effect of sodium chloride on the stability of proteins in

soymilks (water presoaked preparation) pretreated with

NaOH at pH 11.1 for various lengths of time

The results in Tables 18 and 21 reveal that the proteins in
water presoaked preparation are very sensitive to NaCl whereas those
in the carbonate presoaked preparation are insensitive to the same
level of sodium chloride. This insensitiveness of proteins to NaCl
was also observed when the water presoaked preparation was heated at
115°C for 17 minutes prior to treatment with sodium chloride. This
means that the alkaline pH (pH 11.1 during soaking and oH 9.7 during
grinding) or/and the heating had induced change§ to the structure
which made the proteins less sensitive to sodium chloride. If this
was the case, then the soymilk prepared from water presoaked beans if

treated with alkali should give similar results.

An experiment was designed to investigate the effect of
sodium chloride on the proteins in the water presoaked preparation
after pretreatment with NaOH. The pH of the milk was adjusted to 11.1
and samples were taken after various intervals of time and were
neutralised with 0.5 M-HCl. The sodium chloride level, conductivity
and viscosity of each sample were determined. The further addition
of 0.1 percent NaCl was made to each sample includinzy a control
sample which had not been pretreated with NaOH. The conductivities
and viscosities were again measured. All these samples were
processed at 115°C for 17 minutes and conductivities and viscosities
of these processed samples were measured. The results are presented
in Table 22. The results indicate that after pretreatment of soymilk
(water presoaked preparation) with NaOH at pH 11.1 at room temperature

(T = 2OOC) for + an hour the proteins lose their sensitivity to
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TABLE 22.

sovmilks

Bffect of sodium chloride on the stability of proteins in

(water presoaked prevaration) pretreated with KaOH to pI 11.1.

Time FaCl Conductivity Reduced After Conductivity  Reduced Afteroheating at
after formation of samples viscosity addition of the viscosity 15 C/17 min
pretreat- during o o) ()? ) of 0.1% samples (Yz )
ment to neutralisa- a red more NMaCl after adding red Conductivity  Reduced
pH 11.1 tion of Total further NaCl thos/cm viscosity
pretreated NaCl in - .- ()7 )
samples sanple BE0S red
o of
0 ;0
Control 3 3 5
sample Nil 2.40 x 10 0.24 0.10 3.90 x 10 0.58 3,80 x 10”7 1.18
15 min 0.26 5.50 x 107 0. 31 0.36 7.20 x 107 0.33  6.50 x 10° 0.63 "
ih 0.26 5.50 x 10° 0.28  0.36 7.20 x 10° 0.28  5.50  10° 0.41
i 0.26 5.50 x 1O3 @21 0.36 7.20 x 1O3 0.28 6.50 x 1O3 0.44
1+ h 0.26 5.50 x 10 0.28 0.36 7.20 x 10° 0.28 6.50 = 10° 0.43
2 h 0.26 5.50 x 1O3 0.27 0. 36 7.20 x 103 0.28 6.50 x 1O3 0.43
2% h 0.26 5.50 x 107 0.27 0.36 7.20 = 10° 0.28 §.50 z 10° 0.47
31 0.26 5.50 z 10° 0.27 0.3 7.20 x 10° 0.28  6.50 x 10° 0.47
31 h 0.26 5.50 x 10° 0.27 0.36 7.20 x 10° - 0.28  6.50 x 10° 0.47
4 n 0.26 5.50 x 107 0.27  0.36 7.20 x 10 0.28  6.50 x 10° 0.45
9 h 0.26 5.30 x 107 0.3¢ 0.3 6.50 x 10° 0.34  6.50 x 10° 0.48
24 h 0.26 5.10 x 10° 0.45 0.3 6.50 x 10° 0.44  6.50 £ 10° 0.48

‘001
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sodium chloride and after 1 hour of treatment the viscosity of the
sample which contained 0.26 percent NaCl, was not increased even by

processing at 11500 for 17 minutes.

Tffect of sodium chloride on the viscosity of soymilk

(water presoaked preparation) pretreated with a low

degree of heat-treatment

The results in Table 22 showed that treatment of milk pre-
pared from water presoaked soybeans at pH 11.1 at room temperature
(17 - 2000) for + hour made the protein insensitive to NaCl at the
concentration used. A study was made of the effect of NaCl on the
viscosity of a water presoaked prenaration preheated for short periods
of time at relatively low temperatures. The results are given in

Table 23.

TA3LE 23. #®ffect of sodium chloride on the viscosity of
soymilk (water presoaked preparation) pretreated with low

degree of heat-treatment.

Processing conditions Reduced Addition of Reduced
Viscosity NaCl Viscosity
Temp. Time %
OC nin (Q'red) % ( ?red)
Nil Nil 0.24 0.10 0)515)/5]
65 5 0.25 0.10 0.26
85 3 0.25 0.10 0.25
95 3 0.26 0.10 0.27

The results in Table 23 demonstrate that heat-treatment
either at 6500 for 5 minutes or 85%7for 3 minutes is sufficient to

make the protein insensitive to NaCl addition.
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FIG.14. INCREASE IN VISCOSITY AND OF INSOLUBLE SOLIDS (38,000g9) OF RAW
SOYMILK (WATER PRESOAKED PREPARATION) WHEN TREATED WITH

SODIUM CHLORIDE.
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Increase of viscosity of raw soymilk (water presoaked

preparatiog) with the progress of aggregation of

proteins when treated with NaCl

The results are shown in Fig. 14. The results demonstrate
that with the increase in concentration of sodium chloride in the
system, both the viscosity and the insolubility of solids content are
increased. Up to about 0.07 percent sodium chloride concentration in
the sample, the increase in viscosity is not as great as the increase
in the insoluble solids content, whereas at concentrations above 0.10
percent the increase in viscosity is more rapid than that of the
insolubility of solids. The continuous increment of viscosity in
Fig. 14 is observed because the highest concentration of NaCl used in
the present experiment was 0.15 percent. At concentrations of NaCl
above 0,2 percent the viscosity of the sample decreased due to the

formation of visible coagulum (Fig. 13, Table 18).

7.3.4 Discussion

The native proteins in soymilk (about 3.5 percent protein)
prepared from water presoaked beans are unstable when treated with the
electrolvtes used in this study both at room temperature (17 - 2OOC)
and at 11500 for 17 minutes as shown by the great increase in viscosity
and at appropriate concentrations the formation of a coagulum (Tables
18 - 20). The behaviour of proteins in the water presoaked prepara-
tion toward sodium chloride (Table 18) is thus very similar to that
of}3-Jactoglobulin as shown by Zittle and Della Monica (277). They
presumed the increase in viscosity of the solution of f3—1actoglobu1in
in the presence of sodium chloride was due to the reduction of
electrostatic repulsion with a concomitant increase in cross-reaction.

Working with bovine serum albumin, Zubay and Doty (279) believe that
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the coagulation of BSA above the isoelectric point when treated with
sodium chloride is due to overcoming the repulsion caused by the

charge effect by a medium of high ionic strength,

The results in Tables 18 and 19 had indicated that at the
same concentration of sodium ion and under identical conductivities,
sodium chloride exerts a more severe effect on the destabilisation of
proteins in soymilk than sodium nitrate. Therefore, in this case the
anion seems to be responsible for the aggregation process. There is
no doubt that the increase in viscosity of raw soymilk treated with
sodium chloride is due to aggregation as is evident from the results
reported in Fig. 14. The role played by sodium chloride and sodium
nitrate may be understood if one assumes that they decrease the
repulsion between the electrical charges on the molecule and permit
them to approach more closely. It is, however, somewhat puzzling that
the anion should be more important than cation at a pH above the iso-
electric point, where the protein carries a net negative charge (iso-
electric point of soyprotein is 4.6 and the treatment was carried out
at pH 6.8). It may be that the anion exerts its effect by being
absorbed at certain critical sites which carry positive charges

(despite the net negative charge of the molecule).

If salt linkages between vositively charged groups on one
molecule and negatively charged groups on another were important in
causing aggregation, one would expect that electrolytes would inhibit
aggregation, since they should inactivate the charged groups either
by direct combination with them or by surrounding them with an
atmosphere of gegenions (92). The fact that electrolytes promote
aggregation therefore suggests that salt linkages play an insigni-

ficant role in causing aggregation.
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In a study of the effect of sodium chloride on the gelation
of gelatin at various pH levels, 3oedtker and Doty (30) stated that
little can be said with certainty of the nature of the forces involved
in the crystallites believed to serve as cross-links and branch points
in the aggregation. It is clear from the lack of influence of ionic
strength that electrostatic forces play no dominant role. It is
likely that the remaining possibilities of hydrogen bonds, dispersion

forces and dipole interaction do contribute.

On changing the structure of the native proteins by heat-
treatment (11500/17 min), sodium chloride and sodium nitrate showed
no effect on the destabilisation of the proteins in soymilk (Tables
18 - 19) whereas calcium nitrate is more effective in destabilising
the denatured proteins than the native ones (Table 20). The cauge of
this insensitivity of denatured proteins to sodium chloride and sodium
nitrate is not clear but the effect of calcium nitrate may be explained
on the basis that the denatured protein molecule remained in solution
in the extended form and the divalent positively charged calcium ion
can then form an intermolecular bridze with the monovalent negatively

charged carboxyl groups of thc amino acids in the proteins.

The oroteins in raw soymilk preparcd from carbonate presoaked
beans behave similarly to proteins in the heated water presoaked pre-
paration toward sodium chloride. On the addition of up to 0.25
percent sodium chloride to the raw carbonate presoaked preparation,
the viscosity of the milk is not increased. On heat-treatment at
11500 for 17 minutes, the increase in viscosity of soymilk (prepared
by carbonate presoaking procedure) containing 0.25 psrcent sodium
chloride was the same as that of the sample containing 0.055 percent

sodium chloride (Table 21)., This insensitiveness of either alkali
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or heat treated proteins toward sodium chloride is presumably due to
the alteration of the protein structure. Thisf}urther supported by the
fact that the proteins in the water presoaked prcparation after de-
naturing by treatment with NaOH, exhibit the same behaviour as protecins
in soymilk prepared from carbonate presoaked beans. From the results
in Table 23, it anpears that after even a slight change in the struc-
ture of the native protein (due to heating at 6500/5 min),. sodium
chloride, at the concentration which is effective in native proteins,
is now unable to destabilise the modified protein. It can be concluded
that the level of sodium chloride formed during neutralisation from
pH 9.7 during grinding to pH 6.7 before heat-treatment of the carbonatec
presoaked preparation has no effect in increasing the viscosity of

the product.
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CHAPTER 8

FACTORS AFFECTING CONCENTRATION OF SOYMILK AND

ITS STABILITY DURING HEAT STERILISATION

8.1 Introduction

In developing countries where there is little or no dairy
industry, considerable use has been made of soymilk as a protein
supplement for post-weaning infants and young children who suffer from
Protein-Caloric Malnutrition. Since the transport systems of these
countries are generally poor, varticularly in the rural areas where
more than 80 percent of population are living, the soymilk must be
preserved to distribute among them. Concentration by removal of water
is important in reducing the transport and container cost, as well as

in reducing the cost of the final drying to a dried product.

Very little information is available in the literature on
the concentration of soymilk (255). It appeared from the work already
reported that there are likely to be some difficulties in concentrating
soymilk because of the large increase in viscosity occuriinz even with
relatively low solids contents. Lo et al (163) postulated that this
increase in viscosity of soymilk during evaporation is due to the
formation of a gel-like structure. Circle et al (58) showed that the
formation of a gel-like structure in a dispersion of soyproteinate
during heating is due partly to sulphydryl-disulphide cross linking.
Kelley and Pressey (139) reported that the viscosity of a solution of
acid-precipitated soy protein is affected by reagents which influence

sulphydryl and disulphide groups. On the other hand, Catsimpoolas and
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Meyer (56) reported that non-covélent bonds are primarily inwvolved in

the gelation of soybean globulins,

It is well known that, as the concentration of cow's milk
increases, the susceptibility to coagulation of the protein during
sterilisation also increases, but forewarming and the addition of
stabilisers are effective in controlling this phenomenon (260).
Working with soymilk, Tan (255) reported that forewarming has an
influence on the heat stability of the evaporated products. He also
showed that addition of sodium citrate or potassium phosphate prior
to evaporation increased the heat stability of soymilk with a solid
content of 15.5 percent or less but was ineffective in soymilk with

higher solids content.

8.2 Objective and Experimental Plan

The work reported in this chapter was initiated to carry
out an investigation of factors affectinz the viscosity of soymilk
during concentration and sterilisation and of the conditions needed

to produce a good quality canned soy concentrate.

It has been shown in Chapter 6 that calcium is not involved
in increasing the viscosity of fluid soymilk during processing. 1In
the concentrated product where the protein molecules are more closely
packed and where the calcium content also increases there is a
possibility for involvement of calcium in the aggregation process.
The role calcium plays in the instability of proteins in concentrated

soymilk was also studied.
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8.3 Experimental

8.3.1 Materials and liethods

Preparation of soymilk

Soymilk was prepared according to the method described pre-
viously (Chapter 2) from the beans presoaked for 24 hours either in
0.4 M sodium carbonate solution or in water, at room temperature (17 -
20°C). The prepared milk was further filtered *hrough a sintered

glass funnel no.1 followed by no.2 as described in Chapter 6.

Forewarming of soymilk

The prepared milk was heated at 9OOC for 5 minutes in an
open pan or at 11500 for 5 or 17 minutes in an autoclave. The heated

milk was cooled immediately to room temperature.

Concentration of sovmilk

Concentration was carried out using a Buchi rotary vacuum
evaporator, and a water bath temperature of 65°C. An initial vacuum
of 20 inches of mercury was used and then this was gradually increased
up to 26 inches as the solid content increased. The milk prepared
from carbonate presoaked soybeans contained dissolved 002 gas which
was lost during the first 15 minute period of evaporation and the pH
increased to about 7.8. At this point the milk was cooled and
neutralised to pd 6.7 with 0.5 M HCl and the evaporation was then
continued to the desired solids content. During processing the degree
of concentration was approximately determined by measuring the
refractive index of the sample at 20°C with an Abbe 60 Refractometer
(149) but a more accurate solid content was determined according to
the standard method of A.0.A.C. (13). When the sample was treated
with a specific chemical reagent, the reagent was dissolved in the

milk and the pH was adjusted to 6.7, if necessary, prior to evaporation.
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FIG.15. BRASS TEST TUBE HOLDERS FOR STUDYING HEATING EFFECTS
UNDER DEVELOPED PRESSURE: (a) HANGER; (b) RUBBER BUNG;
(c) THICK WALLED 20 ml TEST TUBE; (d) RUBBER CORK;
(e) PERFORATED BRASS TUBE; (f) THERMOCOUPLE LEADS.

FIG.16. COMPLETE SET UP FOR STERILISATION ON A SMALL SCALE:
(a)) CONSTANT TEMPERATURE GLYCEROL BATH; (b) THERMOMETER,;
(c) BRASS TEST TUBE HOLDERS; (d) HONEYWELL TEMPERATURE
RECORDER; (e) THERMOCOUPLE LEADS; (f) COOLING BATH.
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Sterilisation of concentrated soymilk

A preliminary study on the effect of sterilisation of various
concentrated soymilks was done on a small scale, using 6" x " pyrex
glass test tubes fitted with thermocouples of copper and constantan.
The hot junction was placed at the geometrical centre of the tube.

The tube was then placed in a brass test tube holder capable of main-
taining the rubber closures continuously sealed under the pressure
conditions that developed. The equipment is shown in Fig. 15. The
thermocouples were connected to a Honcywell temperature recorder.

The tube and its contents were immersed in a constant temperature
glycerol bath at 1210C(2500F) and a continuous record was made of the
changing temperature at the centre of this product (Fig. 16). The
lethality applied was an»proximately 5.2 - 5.5 which is sufficient heat

treatment for the sterilisation of soymilk (164).

The above method was used for the selection of optimum pre-
treatment and concentration conditions prior to furthor detailed
studies on the effect of sterilisation using 211 x 309 cans fitted
with thermocouples at the geometrical centre (69) (Fig. 17). The can
was filled with a concentrated soymilk with a standard net head space
of 3/16". The can was then processed at a steam temperature of 121°¢
(250°F) in a horizontal static retort to a lethality of about 5.5
(Fig. 18). The change of temperature at the centre of the can was
recorded by a Honeywell temperature recorder. Precise replication of
concentration for each of the products presented in Table 28, was not
possible since for each pre-treatment the sample had to be separately

concentrated.
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FIG.17. 211 x 309 CANS USED FOR STERILISATION: (a) CAN WITH GLAND
FITTING FOR THERMOCOUPLE SEAL; (b) SECTIONED CAN SHOWING
POSITION OF THERMOCOUPLE INSIDE THE CAN.

FIG.18. EXPERIMENTAL RETORT WITH TEMPERATURE RECORDER.
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Viscosity measurement

The viscosity of each sample was determined at 2500 on a
3rookfield Synchro-lectric viscometer (Lvr model). The speed of
rotation was kept constant at 6 rpm while different LVT spindles were,
used to cover the various viscosity ranges. This change in the size
of the spindle resulted in a smaller variation in the apparent
viscosity when measured on the same sample than did changes in the
speed of rotation of the same spindle (163). The viscosity data are
reported as apwarent viscosity calculated by using the appropriate
factor. It was observed during this experiment that the viscosity of
the same sample is different when measured using the LVT spindle from
that obtained by using the UL adapter and that is why the viscosities
of soymilks prior to concentration in this chapter are higher than

those reported in Chapters 6 and 7.

Determination of insolubility of solids in concentrated

soymilk

Water at 60 - 7OOF was added to a measured amount of
concentrated soymilk so that the protein content of the reconstituted
milk would be approximately 3.5 percent (equivalent to 6.7 percent
total solids). The mixture was dispersed in a M.3.E. Micro Emulsifier
at a speed of 1700 rpm for 2 minutes. The quantity of insoluble
solids in this reconstituted milk was detcrmined by the two methods
used in Chapter 6. Results from the solubility index method would
indicate whether a commercially acceptable product had been made. The
second method involved precipitation at 38,000 x g for 20 minutes and
the results from this method gave a measure of the extent of aggre-
gation of protein occurring during heating and concentrating. In both

methods the dry weight of sediment was recorded as a percentage of
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total solids or, where indicated in the tables, the vblume of sediment

per 50 ml reconstituted milk are reccorded.

8.3.2 Results

Effect of concentration on the viscosity and the sclubility

of soymilks (Tables 24 and 25; Fig. 19 and 20)

Soymilks prepared from both water and carbonate presoaked
beans, were heated at 11500 for 17 minutes to inactivate the trypsin
inhibitor prior to concentration. The viscosity and the solubility
of concentrated soymilks of different solids levels are given in

Tables 24 and 25.

TABLE 24. Effect of concentration on the viscosity and
insolubility of solids in soymilk from water presoaked

beans. (After preheating 11500/17 min).

Insolubility of solids

Solid content Apparent viscosity Using solubility

. - - At 38,000 x g
% cps index method dry weight %

dry weight %

7.66 6.6 <0.01 6.00
8.76 12.0 <0.01 6.96
12.87 860 <0.01 7.1
15.15 9,100 £0.01 8.30
16.10 nd nd 13.67
17.23 nd nd 14.16
18.93 62,000 {0.01 46.83
(Gelled)

The viscosity increases exponentially with the increase of
solids content in concentrated soymilks prepared either from water or

from carbonate presoaked beans as shown in Fig. 19. The insolubility
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FIG.19.
A — 6 soymilk prepared from carbonate presoaked beans;

0 —o0 soymilk prepared from water presoaked beans.

EFFECT OF CONCENTRATION ON THE VISCOSITY OF SOYMILKS.
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of solids, as measured by the standard solubility index method was less
than 0.01 percent of the total solids in concentrated products up to
about 18 percent soiid content using both precsoaking procedures. Uéing
the high speed centrifuge method the weight of sedimented solids
increased with the increase of solids content, the increase being

slightly higher in the milk prepared from carbonate presoaked soybeans.

TABLE 25. Effect of concentration on the viscosity and insolubility
of solids in soymilk from carbonate presoaked beans, (After preheat-

ing 115°¢/17 min).

Insolubility of solids

Solid content Apparent viscosity . s aEs
Using solubility
at 38,000 x g

% cps index method dry weight %

dry weight %

7.95 7.0 <o0.01 7.16

10.12 12.5 <0.01 11.23

14.21 nd nd 20. 46

15.78 nd nd 23.43

17.26 22,000 <0.01 46.59

20.18 96, 000 0.04 54.76
(Gelled)

With the water presoak trcatment, the rate of increase of
sediment with the increcase of total solids was slow up to about 15.5
percent total solids, above which a rapid increase in the rate was
observed, but with the alkali presoaking a more uniform rate of
increase was apparent (Fig. 20) but even in this case the rate
increased with increasing concentration. Under the conditions used,

the rates at the higher concentration were very similar for both milks.
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FIG.20. EFFECT OF CONCENTRATION ON THE INSOLUBILITY OF SOLIDS IN SOYMILKS.

A& —n soymilk prepared from carbonate presoaked beans;
o0 — O soymilk prepared from water presoaked beans.
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Effect of additives on the wviscosity of concentrated

soymilk (Table 26)

Soymilk prepared from water presoaked beans, was first
heated (11500/17 min) to inactivate the trypsin inhibitor and then
trecated with several chemical reagents prior to concentration. The

results are reported in Table 26.

TABLE 26. #&ffect of additives on the viscosity of concentrated
soymilk from water nresoaked beans. (after preheating 11500/17

min). (Refer to Table 24 for controls).

Additives Total solid Apparent
content Viscosity
Concentration % apS
Type in dispersion p
(NaP03)6 0.10 15.64 22,000
Na3P301O + NaH2P04 .05 + .05 15.89 22,500
Na2803 0.10 14.58 59
Na2SO3 0.10 18.85 10,400
Na2803 + Na2P3O1O .10 + .05
+ NaH2P04 + .05 17.25 8,800
N-cthyl maleimide .05 15.56 490
N-ethyl maleimide .05 18.96 11,000

The results indicate that sodium sulphite and N-ethyl
maleimide arec effective in reducing the viscosity to some extent
whereas sodium hexametaphosphate, trisodium polyphosphate and sodium
dihydrogen phosphate raise viscosity compared with that of the
untreated cquivalent (see Table 24). The effect of additives on

stability during sterilisation of the concentrated products using
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carbonate presoaked preparation is shown in Table 28,

Influence of forewarmine on the sterilisation stability

of concentrated soymilk (Table 27)

Forewarming has a beneficial effect on the sterilisation

stability as indicated by fluidity and the insolubility of solids.

TABLE 27.

Influence of forewarming on the sterilisation

stability of concentrated soymilk (carbonate presoaked

preparation).
Forewarming Insolubility of
Solid Lethality Visual solids.
Temp., Time content F_ value appearance Solubility index
o] : o)
(0] min % after method.
! sterilisation ml/50ml recon-
stituted milk
135.58 5.2 soft gel 0.1
14,21 5.2 soft gel 0.2
. : 14.70 L] hard gel 0.4
DAL il 18.52 5.4 hard gel 0.6
19.58 5.3 hard gel nd
27.79 5.2 hard gel nd
12.17 5.5 fluid <0.1
90 5 12.57 5.4 fluid 0.1
13.02 5.4 fluid 0.2
14.60 5.3 soft gel 0.3
13.14 Dleto fluid <0.1
115 5 14.33 o 5] fluid <0.1
15.41 5.4 fluid 0.2
16.75 5.3 soft gel 0.2
12.24 Sl fluid < 0.1
115 17 13.07 5.4 fluid <0.1
14.76 5.4 fluid 0.2
16.08 595 soft gel 0.2

This is apparent when the appearance of the sterilised products are

compared. Thus the 14.70 percent concentration without forewarming

gave a hard gel on sterilisation whereas thc 15.41 percent concentra-



120,
tion that had been forewarmed at 115°C/5 min was still fluid after
the same sterilisation procedure. The effect of prolonged forewarming
(17 minutes as against 5 minutes at 115°C) does not further improve
the stability against sterilisation. The results also indicate that
poor stability against sterilisation also causes an increased

insoluble solids content.

Effect of pretreatment on the viscosity changes of

concentrated soymilk due to sterilisation (Table 28)

The viscosity of the concentrated soymilk which has not been

forewarmed is very low when compared with the sample which has been

TABLE 28. Effect of pretreatment on the viscosity changes of con-

centrated soymilk due to sterilisation (carbonate presoaked preparation).

Forcwarming Additive pretreatment T LI R

Solids product
Temp. Time Type Concentration gontgnt 3efore After
o} . - - . in milk o . .
C nin. in dispersion % sterilisation sterilisation
% cps cps
Nil Nil Nil Nil 15.14 58 13,400
90 5 Nil Nil 14.24 16,000 10,800
115 5 Nil Nil 15.32 9,200 10,200
Nil Nil Na2803 0.10 15852 10 14,400
115 5 Na2SO3 0.10 15.98 50 13,900
Nil Nil N-ethyl
maleimide 0.05 15838 83 13,100
15 5 l-ethyl
maleimide 0.05 15.66 330 6,100
Nil Nil NazHPO4 0.05 15.30 78 15,500
115 5 Na2HPO4 0.05 15.40 10,400 14,400

forewarmed at 11500/5 min, but after sterilisation the increase in

viscosity is higher in the former. However when forewarmed at 9OOC
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for 5 minutes a very high initial viscosity was apparent and this was

reduced due to sterilisation.

The results also demonstrate that although sodium sulphite
is very effective in reducing the viscosity of concentrated soymilk
irrespcctive of whether it has been forewarmed or not, its effect does
not persist to the sterilised samples. N-ethyl maleimide is effective
in reducing the viscosity in the sterilised product if forewarmed milk
is treated prior to concentration. Disodium phosphate is found to be

ineffective in increasing the sterilisation stability of soymilk,

8.3.,3 Discussion

It is possible to produce concentrated milks containing up
to 30 percent total solids (T.S.) when the soymilk is not preheated.
The viscosity increase of these raw concentrates is still very small
even at 27.8 percent T.S. This concentrate gels on sterilisation even
at 13.6 vercent T.S. In Table 28 the viscosity of the concentrates
subject to no forewarming is seen to be less than one hundredth of the
forewarmed sample but on sterilisation it is considerably higher than

the forewarmed sample.

Becausc the heat usually applied during concentration and
drying is inadequate to destroy the trypsin inhibitor in soymilk it
was necessary to examine the change in viscosity and in sedimented
residuc with increasing concentration after heating both the water
presoaked and the carbonate presoaked milks at 1150/17 min to

inactivate the trypsin inhibitor.

The pattern of increment of viscosity with the degree of
concentration of soymilk prepared from carbonate presoaked beans is

very similar to that of the water presoaked preparation and a
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logarithmic relationship exists between the viscosity of the concentrated
soymilks and solids content. Lo et al (163) showed a similar relation-
ship using milk prepared from water presoaked soybecans. The increase
of viscosity and insolubility of solids with the degree of concentra-
tion are probably due to the progressive polymcrisation of protein
molecules by cross-linking lcading to the formation of larger
aggregates ultimately resulting in the formation of a gel-like struct-
ure., This polymerisation could be causcd by secondary valence bonds
(83), by salt bridges through multivalent cations (24) or by sulphy-
dryl-disulphide inter change (131). Although increasing concentra-
tion causcs a similar rate of incrcase in viscosity with both milks
there appears to be a difference in the rates at which the amount of
sediment increases. It would thus appear that the aggregation leading
to sedimentation differs from the aggregation leading to the increascd
viscosity. It was earlicr suggested that the carbonate presoaking
process results in nartial denaturation of the soy protein even prior
to heat processing (Chapters 5 - 7). It thus appears that whereas
the denaturation due to heat results in a very similar form of inter-~
molecular reaction in the two milks as indicated by the uniform
increase in viscosity, for the aggrcgation as measured by scedimenta-
tion it is necessary for the water presoaked milk to rcach a minimun
concentration of around 15 percent before sufficient reactive sites
arc within interaction range to form 2 stable aggregate, and this is
less necessary with the carbonate presoaked milk because it alrcady
has more reactive sites exposcd. Kelley and Pressey (139) also
reported that alkaline conditions favour sulphydryl-disulphide inter-

change reactions.

Results reported in Tables 26 and 28 suggest that calcium

in soymilk is not involved in a cross-linking reaction. Fukushima
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and Van Buren (97) reported that the polyvalent metal ions are not

responsible for polymerisation of proteins in soymilk during drying.

The reduction in the viscosity of the concentratecd soymilks
which have been preheated and then treated with sodium sulphite, a
disulphide bond-splitting reagent or with N-ethyl maleimidec,. @ sulphy-
dryl blocking reagent, confirms that sulphide-disulphide interactions
are significant in the increase in viscosity on concentration. This
confirms the observation by Fukushima and Van Buren (97) that
disulphide bonds contribute apprecciably to the formation of the
protein aggregates. Reference to Table 26 indicates that the cxtent
of the sulphite and N-cthyl meleimide reduction of viscosity is very

dependent on the concentration of the milk.

The effect of sterilisation on the viscosity of sulphite
treated and N-ethyl maleimide treated samples indicated in Tablec 28
suggests that there are quitce distinct diffcerences in the manner in

which these two reagents are involved.

Although pretreatment with either sulphite at 0.1 percent or
N-cthyl malecimide at 0.05 percent resulted in very considerable
reductions in thce viscosity of the concentrated samples prior to
sterilisation it was only the N-ethyl malcimidc treatment of a
sample which had been previously prehcated which had any significant
effect on the apparent viscosity of the concentrate after
sterilisation. It thus appears that N-ethyl maleimide can only
increase sterilisation stability if the milk has been forewarmed
first and then the reagent added prior to concentration. It does not
appear to be capablc of reacting during the high temperaturc
processing stage of sterilisation. It thus appcars that the -SH

groups are protected from reacting with the N-ethyl maleimide in the
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native form of the protein but become exposed as a result of heat
treatment. Under cooled conditions the N-ethyl maleimide reacts with
the exposed -SH groups to give & heat stable complex which then‘cannot
undergo a sulphydryl-disulphide polymerisation during sterilisation.

On the other hand sulphite ions can affect the state of aggregation of
the protein irrespective of whether the molecule has been previously
heat denatured or not but the complex is unstable under sterilisation

conditions.

The forewarming process is onc of the most important steps
upon which the heat stability of cvaporated cow's milk depends (122).
Using soymilk prepared from water presoaked boans, Tan (255) reported
that when forewarmed under batch conditions the heat stability of the
evaporated milk was maximum when heated to 80°C with no holding time.
When forewarnmed in a continuous "sterilisator" the maxinum heat
stability was obtained with a process of QOOC for 45 seconds. Tan did
not usc forcwarming temperatures greater than 9OOC in his batch

processing studies.

Deysher, Webb and Holm (71) showed that cow's milk of low
heat stability gave concentrated products of high viscosity on
sterilisation and they also showed that variations in forewarming
procedures affected the viscosity of the condensed sterilised milk
through their indirect effect upon the heat stability of the protein.
They also reported that increasing the temperature of forewarming
above the boiling point with a limited increase of the period of
exposure to the forewarming temperaturc increases the stability of
the concentrated milk under sterilising conditions. Hunziker (122)
also reported that forewarming temperaturcs above the boiling point

produce maximum stability of concentrated cow's milk., The forewarming
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.effect on the stability of concentrated cow's milk to heat has been
attributed to changes in the salt balance particularly of calcium and

phosphate ions of the milk and to modification of the scerum proteins

(260).

In the study reported here changes in salt balance appear
unlikely to be responsible for the observed changes in viscosity on
sterilisation since the addition of phosphates generally caused en
increase in viscosity. The results reported herc do not agree with

those of Tan (255) in this respect.

The viscosity of the concentrated soymilk gencrally increascs
further during sterilisation because of the progressive unfolding and
aggregation of the protecins. Modification of the form of this
aggregation or unfolding is necessary if an increase in viscosity
during sterilisation is to be controlled. Althouzh some structural
modification occurs in the proteins of soynilk prepared from carbonate
presoaked beans, forewarming is still necessary to increase the
sterilisation stability of the concentrated soymilk since, given the
proper forcwarming conditions, thc increment of viscosity due to
sterilisation is then not as hizh as it is with the raw concentrated
milk. The rcsults reportced here indicate that the sterilisation
stability of concentrated soymilk prepared from carbonate presoaked

bcans is optimum when forewarmed at 1150C for 5 minutes.

As no satisfactory alternative process is available for the
destruction of the trypsin inhibitor it is necessary to preheat the
product to 11500/17 min prior to further processing whencver the
further process does not include such a trcatment as for example in
producing a swectened condensed product or a dried product. This

essential prehecat treatment so modifies the protein structure that =



maximunm ‘concentration of about 18 percent only is possible as can be

seen in Tables 24 and 25.

8.%.4 Conclusion

It is possible to produce a fluid sterilised canned soymilk
concentrate based on milk prepared from carbonate presoaked beans.
The concentrated milk could contain up to 15.5 vercent total solids
(approximately 9 percent protein) if it has been forewarmed at 11500/
5 min prior to concentration. A rcecadily dispersible soft gel occurs
at 17 percent total solids and in the light of present knowledge this
represcnts the maximunm concentration that is marketable as a sterilised

concentrate.
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CHAPTER

EVALUATION (in vitro) OF NUTRITIONAL QUALITY OF

PROTEINS IN VARIOUS HEAT PROCESSED SOYMILKS

9.1 Introduction

It is known that for some processed foodstuffs, individual
samples can differ widely in the nutritive value of their proteins.
Processing may actually improve the nutritional wvalue of such proteins
but under some conditions may diminish it. Proper processing can
destroy antitryptic factors in the leguminous proteins and enhance the
biological values. Nutritional value can be reduced by excessive heat

especially in the presence of carbohydrates.

These changes in nutritive value of proteins caused by over-
processing may not be very important in well-fed areas of the world,
where protein consumption is more than adequate, but may be very
important where diets are barely adequate in protein content. Any

change in quality is equivalent to a change in quantity.

The evaluation of proteins and mixed protein diets for
nutrition in man and animals can be accomplished most accurately in
the species for which the proteins are intended and under the circum-
stances in which they are used. Since this can seldom be accomplished,
proteins are more conveniently tested in a variety of other species
having analogous nutritional requirements, but animal tests are
cumbersome, time consuming and expensive. Some of the biological
methods used for the determination of nutritional quality of proteins

are summarised in Appendix 9.
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More recently, through our increased knowledge of amino acid
requirements, better methods of amino acid analysis, and an appreciation
of importance of amino acid availability, various laboratory methods
have been developed which reflect more or less accurately the nrotein

quality as applied to specific species and conditions (239).

9.2 General review of literature on the effect of processinz on

the nutritional quality of proteins

If food processing is defined to include all treatments of a
food~stuff from the place of origin to the point of consumption, then
more than 95 percent of our food is processed. Most foods are not
fully acceotable and must be trimmed and cooked to make them more
palatable. Most foodstuffs are not stable and must be subjected to
various processing conditions including heating, freezing, drying,
irradiation and chemical treatment to preserve them so that they may
be stored or transported. In most cases, food processing causes a
reduction of the nutritional value of a food. As a result of advances
in the science of food and nutrition, the adverse effects of process-
ing of which we were formerly unaware are now becoming apparent. Of
these treatments, heat is the most important in its effect on protein
quality. The effect may be either beneficial or detrimental. The
beneficial effect is observed in most of the leguminous proteins
which contain anti-nutritional factors especially trypsin inhibitors.
Heat-treatment inactivates these and enhances the biological value
(see Chapters 4 and 5), but the application of heat must be a

balance between the beneficial and destructive effects.

The early work on the effect of heat on the nutritive value

of many proteins has been reviewed by Rice and Beuk (230) and more
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recently by Liener (154). Althouzh heat treatment ma§ in many cases
cause decreased digestibilities, the major cause of heat injury appears
to be the result of an impaired assimilation of one or more essential
amino acids. Thus the experiments of Greaves, Morgan and Loveen (102)
indicated that the deterioration in the nutritive valve of heated
casein (at 120°C for 24 hours) can be compensated for by the addition of
lysine to the cexperimental diet. Results on the sensitivity of lysine
to dry heat in lysine-rich human globin were obtained by Devlin and
Zittle (70). They showed that after drying in an oven at 55°C - 85°C
for approximately 18 hours the availability of lysine had been impair-
ed. 3lock et al (26) have shown that dry heatins of purified proteins
does not result in the chemical destruction of lysine because as much
lysine could be isolated after acid hydrolysis of heated casein (at
15000 for 65 minutes) as from unheated. Block et al (27) reported
that destruction of lysine in protein may occur during toasting of
food-stuffs where the protein is in the presence of carbohydrates and
fats. When a cake mixture was baked at a temperature of approximately
200°C for 15 to 20 minutes, and the cake was subsequently dried on the
radiator, the PER decreased to 2.4 from its original value 3.3 - 3.5
in an unbaked mixture. If the baked cake was dried in an oven over-
nisht at 6OOC, the PER decreased further to less than 1.5. When slices
of the cake were toasted in a low temperature oven at 100 - 12000,
until they had the appearance of commercial rusk (Zwieback), the PER
was less than 0.7 and in some cases the animals were just able to
maintain weight. Mowever, if 0.49 percent of 1(-)-lysine were added
to this oven dried cake, the PER rose to 2.7; while the addition of
0.63 percent of lysine to the toasted material practically restored

its initial nutritive value (PER 3.2)
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Peters et al (216) studied the effect of various methods of
processing oat proteins on amino acid composition and on the in vitro
release of amino acids by tryptic digestion as well as on the growth
performance of rats. They found that increasing the severity of hecat
treatment caused = progressive decrease in the ease with which lysine
could be relcased from the protein by enzyme action. lMore severe heat
treatment such as toasting (at 200°¢C for 2 minutes) and gun explosion
(preheated for 5 minutes at 122°¢ followed by cooking at 200 1b
pressure (1980C) for 2 minutes) actually caused an appreciable
destruction of lysine as evidenced by the decreased amount of lysine
that could be recovered by acid hydrolysis. The addition of lysine
restored the nutritive value of the oat protein damaged by the
toasting process. Halevy and 7Juggenheim (107) have shown that by
autoclaving wheat gluten with glucose 50 percent of the lysine was
destroyed and the amount of lysine relecased by pancrecatin was like-
wise reduced by one half. These studies make it clear that lysine may
become unavailable to an animal because of incomplete enzymatic
digestion and/or actual destruction. The former can occur under
conditions of relatively mild heat treatment which does not necessar-
ily cause a destruction of lysine. These two effects are referred to
as the "inactivation" and "destruction" of amino acids (154). The
"inactivation" is defined as the difference between the amounts of an
amino acid which can be measured in deproteinised hydrolysates after
subjecting the raw and the hcated protein to in vitro enzymatic
digestion under standardised conditions whereas "destruction" is
defined as the difference between the amounts of an amino acid which
can be measurced in the acid (or alkaline in the case of tryptophan)

hydrolysates of the raw and the heated proteins.
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The mechanism of the chemical changes that take place during
the interaction of a protein with sugars has been studied extensively
by Lea and Hannan (150 - 153) using casein and glucose as model
reactants (170). They found that the most rapid chemical change
observed in the system was a loss of amino groups, particularly the
E-amino groups of lysine and the formation of a colourless compound,
N-substituted 1-amino-1-deoxy-2-ketose in a molar ratio of 1 : 1. At
this stage of reaction, lysine could be quantitatively recovered by
acid hydrolysis. As the interaction between casein and glucose
proceeded beyond the 1 : 1 stage, the mixture darkened and lysine
could no longer be recovered by acid hydrolysis. {failurc to recover
lysine could be caused by the fact that the protein~-sugar reaction
had proceeded to a point where the protein was no longer attached to

a hydrolysable glycosyl linkage (154).

Regarding the availability of lysine, it has been estab-
lished that trypsin splits a protein molecule at those peptide bonds
containing the carbonyl moiety of lysine or arginine provided the
E-amino group of lysine or the guanido group of arginine is
unsubstituted. Substitution of these groups renders the protein no

longer susceptible to cleavage by trypsin.

Barlier work on the effect of processing on nutritive value
was concentrated on lysine as the sole seat of damage and in certain
foods and mixtures lysine appears to be the only amino acid that is
damaged. Later Riesen and associates (231) investigated the libera-
tion of the essential amino acids from raw, properly heated and cver
heated soybean 0il meals. They found that the amount of each of the
essential amino acids liberated by acid hydrolysis of soybean o0il

meal was unaffected by heat treatment at 15 psi for 4 hours, except
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lysine, a?ginine and tryptophan. The liberation by pancreatic
hydrolysis of these amino acids was decreased for raw and overheated
meals. That there is amino acid destruction when protein is hcated with
certain carbohydrates has been shown conclusively by Patton et al (214).
By comparing the amino acid composition of purified casein with that
of casein which had been refluxed for 24 hours in 5 percent glucose
solution, they showed that very significant losses of lysine, arginine
and tryptoﬁhan occurrcd and that there were less marked losses of
histidine, leucine, and isoleucine. Patton et al (215) also showed
that refluxing of soy globulin in a 5 percent glucose solutien for 24
hours resulted in the partial destruction of lysine, arginine, tryptophan
and histidine. Refluxing in watcr did not decrease the total amount
of essecntial amino acids in the protein. Bvans and Butts (77), using
a mixture of soybean protein and sucrosc rather than a suspension of a
pure protein in a glucose solution, obtained very similar results as
far as destruction of lysine is concerned. In this experiment it
seems that hydrolysis of the sucrosc may have occurred. In subsequent
work, Evans and Butts (78, 79) and Bvans ot al (80) reported that
autoclaving at 15 psi for 4 hours of soyprotcin plus sucrose destroyed
more lysine, arginine and cystine than the autoclaving of soybean
protein alonc, and that additional amounts of thesc and other amino
acids were made unavailable for in vitro enzyme hydrolysis. They
concluded that threce types of reaction arec possible when soy protein

is heated in the presence of sucrose:

1. Certain of the amino acids, principally lysine, aspartic and
glutamic acids react with other constituents of the protein
to form enzyme resistant combinations. Acid hydrolysis of
these combinations will release the intact amino acids; hence

they are not destroyed. This type of reaction can occur



whether or not carbohydrate is available.

2. Protein-bound wmethionine, cystine, histidine, threonine, glycine
and aspartic acid (and perhaps other amino acids) react with
sucrose, presumably after hydrolysis, to form enzyme-resistant
linkages although the amino acids could be recovered unchanged

after acid hydrolyses.

3. Those amino acids with unbound amino groups may react with sucrose,
with resultant destruction of the amino acids. Acid hydrolysis

will not regeneratec the amino acids in such cases.

Recently Bender (18) reported that in some foods the sulphur
amino acids suffer more demage than does the lysine. In unheated
fish, for example, methionine is the limiting amino acid and remains
liniting in grossly overheatecd fish mecal. Supplementation of these
poor sanples with methionine does increasc the N.P.U. but not up to
the levels of undamaged material. Carpenter et al (48) showed that
after heat treatment of herring meals a loss duc to inactivation

occurred in tryptophan, methionine, arginine and lysine.

9.3 Review of literaturec on the nutritional guality of proteins

in soymilks

The nutritive value of soyprotein has been recognised for
many years by both animal and human nutritionistsand it is well
established that the nutritional quality of properly processed soy
protein is comparable to that of milk protein and the very best recd
meat protein (116) (see also Appendix 1). The present review is

concerncd with the nutritional studies on proteins in soymilks.
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Fomon (85) carried out an experiment with four normal infants
aged from 117 to 154 days at the beginning of the study. They were
fed on experimental soybean formula as a sole source of energy for
periods ranging from 36 to 72 days. The formula provided 7 percent of
the calories as protein derived from soy extract made from full fat
flour from the whole soybean. The mean rate of zain in weight during
the interval was 21.3 Ag/day, a value nearly identical to that of
infants of similar age receiving pooled human milk ad libitum. He
also stuldied the relation of retention of nitrogen to intake of
nitroéen with infants fed pooled human milk, those fed the soybean
formula and those fed a formula providing 7 percent of calories as
protein from cow milk and reported that proteins from the three

different sources promote retention of nitrogen in a similar manner.

Miller (185) reviewed the work of Homma, Takahashi and
Kawnzura from the Department of Pediatrics, Tokyo University School
of Medicine, who fed soymilk to a large group of infants averageing in
age from birth to seven months. Three babies used as controls were
fed on cow's milk formulas. Their results were as follows: in all
cases the soymilk was well taken by infants, no nausea and vomiting
occurred. The stools were soft, dark yellow to dark green and
averaged 1 to 5 in number. Body weight gain was more rapid in the
soymilk fed babies than in the control, mammalian milk fed babies.
Blood examination revealed neither angemia nor low serum protein
levels. The intestinal flora of these 10 babies showed moderate
increases in L.bifidis and the pHd of the faeces decreased until
acidic. The results resembled those of breast fed babies. X-ray
plates of legs and hands were normal at both the beginning and the

end of the feeding period with soymilk.
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Desikachar et al (68) cénducted a human feeding experiment
to determine the nutritive value of soymilk protein. They found that
when cow's milk curd protein fed along with a poor South Indian rice
diet is replaced by an equivalent amount of soymilk protein, the
mixed proteins in both the cases are utilised to about the same extent.
By following the nitrogen balance method on two adult subjects, they
(68) reported that the average digestibility coefficient and the
biological value of soymilk protein compared with egg protein are
96.6 and 94.0, respectively. Cahill et al (47) reported that the
average biological value of soybean protein for maintenance in adult
human subjects, usinzg the protein of whole egg as a standard, was
found to be 94.5 percent for protein in cooked whole soybean, 91.7
percent for that in cooked soy flour and 95.3 for that in a soybean

milk.

Delfaeyer and Vander3orght (65) performed a comparative
study of nutritive value of different protein foods on the feeding of
African children and reported that the percentage of absorption, the
biological value (BV) and net protein utilization (NPU) are
respectively: whole eggs 97, 90, 87; cow's milk 91, 87, 79; human
milk 90, 100, 90 and soymilk 95, 80, 76. They concluded that some
batches of soymilk showed a nutritive value similar to that of cow's
milk and if the product is carefully standardised, it might be useful
in the feedinz of infants when breast feeding or cow's milk are
unavailable. Jones (137) noted that cliﬁical observations have shown
the infants can grow and thrive for periods of over a year with soy-
milk as the sole source of proteins in their diet and that it
compares favourably with mammalian milk from the standpoint of

availability and biological value of its protein.
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GySrgy et al (103) using rats, determined the protein
efficiency ratio (PER) of four commercial soymilk samples and found
PER values ranging from 1.4 to 2.2. Three of these preparations were
given as sole and first formula (with supplements of vitamins and
iron) to 80 premature infants during their whole stay in the nursery
and also at home after their discharge. Forty-six premature infants
as control received a proprietary cow's milk formula. The soymilk
with the highest PER pnromoted gains in weight over the whole period
of observation comparable to that seen in the control group fed the
cow's milk formula. No distinct difference in the figures for body
length was noted in the various groups. In contrast, the serum
protein values were high in the groups receiving the best soymilk or
cow's milk and low in the groups fed the other two soymilk preparations.
They concluded that there werc distinct differences in the nutritive
value of such soymilk products which was evident not only when tested
on animals but also when tested on infants. These differences must
primarily be due to variations in the underlying technological
processes used and of these the most important seems to be the
influence of exposure to heat in its intensity and/or duration.
Graham (101) stated "we have evaluated a variety of soy »nroducts for
infant feeding and have found important differences which must in
part be attributed to the effect of processing, with a well-known
soymilk giving results very similar to those of a modified cow's

milk."

Hackler et al (104) investigated the effect of processing
on the nutritive value of soymilk proteins when fed to weanling rats.
They showed that the nutritive value of soymilk proteins was

affected by both temperature and time of heating, Heating soymilk
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for 1 - 6 hr at 9300 had no adverse effect on protein efficiency,
growth or available lysine. Heating for 32 minutes at 121°¢C in
contrast showed that there was a definite decline in the protein
efficiency ratio (PER), and an indication that available lysine was
declining. The drop of available lysine was greater after soymilk had
been heated 40 minutes, at 12#°8; However, the highest PER value of
soymilk processed at 121°C is somewhat greater than the best PER value

found for soymilk processed at 93°¢c.

Van Buren et al (261) showed that available lysine started
to decrease after 10 minutes of heating at 121°C and a high corrclation
was observed between the available lysine level and the biological

values of the various heat processed soymilks.

Hackler and Stilling (105) carried out a further study on
the effect of heat on the amino acid composition of soymilk and its
correlation with the nutritive value. Their results indicated that
heating of soymilk at 9300 for as long as 4 hr. had no significant
effect on amino acid composition. When the soymilk was heated at 121OC,
cystine and tryptophan decreased as the time of heating increased from
O to 120 minutes., Cystine was the most susceptible to damage
(decrease is immediate), whereas a decline in tryptophan was noted
only with soymilk heated for 60 minutes or longer at 121°¢. They put
forward an explanation for the decrease of PER with the increase in
time of heating at 121°¢ suggesting that this drop in PER was directly
related to a decrease in cystine, followed by a decrease in tryptophan.
It is generally recognised that the total sulphur amino acid content

of soybeans limits the utilisation of its protein (188).
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9.4 Objective and Experimental Plan

It appears from the literature that the variation in
nutritive value of proteins in various soymilks is dve to variation in
the processing conditions since both under-processing and over-
processing affects the uwtilisation of proteins in soyproducts. The
under-processed products contain antinutritional factors which inter-
fere with the utilisation of the proteins while over-processing
lowers the quality by making the proteins unavailable through

destruction or modification or both.

The aim of the experiment was to cvaluate the comparative
nutritional quality of piroteins in soymilks prevared from carbonate
presoaked beans and processed under various conditions but always
under conditions in which the antinutritionsl factors were completely
destroyed. Optimum heat processed soymilk prepared from water

oresoaked beans was taken as standard.

The determination of the real nutritional quality of an
unknown protein or protein food falls in the domain of biological
assay in humans and test animals. Soy protein has already becn
extensively tested biologically (see review above and Appendix 1) and
since the carrying out of biological tests is cumbersome, time
consuming and very expensive, and unsuitable for industrial process
control, a number of standard in vitro methods which appear to
accurately reflecct the nutritional quality of protein (see review
in Appendix 8) were chosen for study of their potential use in the

industrial situation.

Although properly processed soymilk prepared from carbonate

presoaked beans showed superiority in digestibility to that of the
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water presoaked preparation (Chapter 5) a conclusion on the nutritional
quality of the proteins can not be drawn from this because the method
used measures total free amino groups and does not distinguish be~
tween individual amino acids. The quantity of amino nitrogen
mecasured was contributed to by both the cssential and non-eéssential
amino acids and their proportions may vary in different enzyme
digests. One relatively unimportant amino acid may be rapidly and
completely liberated by enzyme(s) while other essential amino'acids,
like lysine, may have formed ncw peptide linkages that are resistant
to Cnzymatic digestion, thereby affecting the utilisation of this
amino acid and the quality of the whole protein. Therefore, a
further evalvation of nutritional quality of the various heat-
processed soymilks prepared from carbonate presoaked beans was carried
out using as a basis thc amiro acid composition and their
availability. This data was comparcd with data similarly derived
for a soymilk based on water presoaking and hecated at 11500 for

18 minutes.

9.5 Experimental

9.5.1 Determination of amino acid composition of proteins in

various heat-processed soymilks by acid hydrolysis

9.5.1.1 Materials and Methods

Preparation of soymilk samples for the evaluation

of nutritional gquality

Soymilks were prepared either from water presoaked or
carbonate presoaked beans according to the method described in
Chapter 2. Milk from water presoaked soybeans was vrocessed at 11500

for 18 minutes. Three different types of processingz were applied to
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the soymilk preparcd from carbonate presoaked beans: (i) Processed at
11500 for 18 minutes; (ii) Processad at 98°C for 40 minutes;

(iii) Preheated at 11500 for 5 minutes, then concentrated to a solids
content of 15.5 percent, and sterilised in 211 x 309 cans to a Fo
value of 5.5, according to thc method described in Chapter 8. All
four processed soymilk samples werec freeze-dried and stored at -20%¢

until analysed.

Nitrogen determination

The nitrogen contents of the freeze-dried soymilks werc
determined by semi-micro Kjeldahl procedure as described previously

(Chapter 3).

Preparation of hydrolysates for amino acid analysis

Hydrolysates for the determination of amino acids from
freeze-dried soymilk samples were prepared according to the procedure

described in Chapter 3.

Chromatography of hydrolysates

This was modified by using a modified 2 hour procedure
instead of the 4 hour run as used in Chapter 3. The operating

conditions have becn summarised in Appendix 4.

9.,5.1.2 Results
The amino acid contents of the various heat processed
soymilks are presented in Table 29, on the basis of percentage in
the crude protein. The recovery of amino acids in the soymilk analyses
was from 98 - 100 percent. The data obtained from the above analysis
is not discussed in detail because statistical analysis showed that
there is no significant diffcrence between the individual amino acid

content in any of the soymilks analyscd. The essential amino acid
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contents of soymilks (average of four milk samples) were compared with
the reference pattern of essential amino acid requircments of the Food.
and Agriculture Organisation (FAO) (225), wholc cgg, cow's and human
milks in Table 30. Although FAO do not give a requirement for
arginine and histidine, the requirement of argininc proposed by Rose
(233) and of histidine by the Food and Nutrition Board of the ilational
Academy of Science (74) for both muman infants and albino rats arc
also included in the table. Table 30 shows that the percentage of
sulphur amino acids in soymilk is lower than that of cow's milk but
both milks arce deficient compared with the FAO provisional pattern.
The casential amino acid index (EAAI) as modificecd by Mitchell (189)
calculated for the heat processed soymilk samples, human and cow's
milks arc also given in Table 30. The EAAT of soymilk is the lowest

among thc three milks.
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TABLE 29, Anmino acid composition of proteins in various

heat-processed soymilks.

g amino acid/1OO g vrotein

Milk from Milk from carbonatc oresoaked beans

beans pre-

soaked in Procgssed at Procgssed at Conccntrated,
water, 115°C for 98°C for sterilised *

processed 18 minutes 40 minutes

at 1150C for
18 minutes

Lysine 6.08 + 0,04 6.38 + 0.02 6.12 + 0.23 6.10 + 0,02
Histidine 2,02 + 0,00 2.09 + 0.00 2.15 + 0.04 2.15 + 0.04
Arginine 7.96 + 0,08 7.65 + 0.06 7.81 + 0.10 7.56 + 0.35
Aspartic acid 12,09 + 0.09 12.78 + 0.34 12.64 + 0.03 12,15 + 0,24
Threonine 3.77 £ 0.03 3.81 + 0,00 3.88 + 0.01 3.79 + 0,03
Serine 4.52 + 0,02 4.78 + 0.06 4.83 + 0.02 4.67 + 0.04
Glutamic acid 20.98 + 0.09 21.15 + 0.00 20.81 + 0.86 20.57 + 0.04
Proline 4.30 £ 0.07 4.48 £ 0.05 4.55 + 0.09 4.43 + 0.09
Glycine 3.79 £ 0.02 3.84 + 0.02 3.89 + 0.05 4.05 + 0.46
Alanine 3.55 + 0,00 3.70 + 0,02 3.70 + 0.02 3.41 + 0.00
7 cystine 1.49 + 0.14 1.39 + 0.01 1.30 + 0.02 1.35 + 0.04
Valine 4,90 + 0,01 4,50 + 0,70 5.24 £0.06 5.12 + 0.17
llethionine 1.13 £ 0.01 1.16 + 0,01 1.15 £+ 0.12 1.14 + 0.06
Isoleucine 4.57 £ 0.01  4.70 £ 0.03 4.66 + 0.06 4.49 + 0.04
Leucine 7.63 + 0.01 7.89 £ 0.09 7.86 + 0,08 7.63 + 0.12
Tyrosine 3.70 £ 0.04  3.66 + 0,09 3.72 £ 0.10  3.41 + 0.03
Phenylalanine 4.73 + 0.11  4.82 + 0.07 4.83 + 0.06 4.52 + 0.01
Tryptophan 1.42 + 0,00 1.40 + 0,00 1.38 + 0.05 1.53 + 0.01

* Prcheated at 115°C for 5 minutes, concentrated to 15.5%%

solids content, sterilised to a Fo value of 5.5.



TABLE 30. Comvarison of the pattern of the essential amino
acids in soymilk with that of FAO provisional pattern, egg,

. a
cow's and human milks.

FAO

- 1o '
Amino Acid Prgzi:iggal igﬁk ig?in SEYkQ Hzggs
Isolcucine 4.2 4.61 6.4 6.4 6.6
Leucine 4.8 7.8 8.9 9.9 8.8
Lysine 4,2 6.17 6.3 7.8 6.4
Total "aromatic"
amino acids 5.6 B8r55 10.1 10.0 10.0
Phenylalanine 2 4.73 4.6 4.9 5.8
Tyrosinec 2.8 3.62 5] ol 4,2
Total sulphur-
containing amino
acids 4.2 2.53 4.3 o T Sr3
Cystinc 2.0 1.35 2.1 0.9 2.4
Methionine 2.2 .15 2.2 2.4 51
Threoninc 2.8 2.81 4.6 4.6 5.1
Tryptophan 1.4 1.43 1.6 1.4 1.6
Valine 4.2 4.94 6.6 6.9 7.3
Argininc 2.Ob 7.75 - 32 6.4
Histidine 2.4° 2.10 2.2 2.3 2.6
EAAT - 77.62 92.9 89.74 100

aFAO Pattern of amino acid requirements (Ref.225)
bAmino acid requirements suggested by Rose (Ref.233)

cRequirement of albino rat or human infant (Ref.74)
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9.5.2 Determination of available essential amino acids

by enzvmatic methods

9.5.2.1 HMaterials

Soymilk samples - same as those used in experiment S.5.1

Pepsin - 1 : 60,000 (2x crystalised) Sigma Chemical

Company, U.S.A.

Trypsin - 1 : 9,000 BAEE per mg, Miles Seravac,

Grade IV, Maidenhead, England
Pancreatin - The British Drug House Ltd, England

Erepsin - ex hog intestine (2451h), Koch-Light

laboratories Itd, Ingland

Resin-'Dowex' 2-x8, 20-50 mesh (Cl), The British

Drug House Ltd, England

9.5.2.2 lethods

The method of Ford and Salter (87) with slight change
was used for enzymatic digestion and of Akeson and Stahmann (2) for the
estimation of amino acids. As carried out in the present study, a
sample of freeze-dried soymilk representing 15 mz protein was weighed
into a conical flask of 50 ml capacity, and to this 15 ml of 0.05 M-HCl
containing 4 mg of pepsin was added. The final pH of the mixture was
1.6. The flask and contents were incubated at 3700 for 24 hours with
frequent swirling. After pepsin digestion, the pH of the digest was
brought to about 8 with 0.5 M-NaOH and 0.5 g of NaHCO3 was added to
bring the pH to 8.2. 2 mg of crystalline trypsin and 8 mg of

pancreatin were added to the digest. 0.5 ml of toluene were added as

preservative and incubation was continued for a further period of
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24 hours with frequent swirling. At the end of the second digestion
period, 1 ml of 0.02 M phosphate buffer of pH 7.6 containing 25 mg
of erepsin was added. Incubation was continued for another period

of 24 hours with frequent swirling.

At the end of the digestion period, 100 ml of 1 percent
picric acid solution was added to cach flask to precipitate the
undigested protcins and larger peptides. The precipitate was rcemoved
by centrifugation at 1530 x g for 30 minutes followed by filtration
through Whatnman Mo.52 filter paper. The filtrate was passed through
a column (0.9" x 25" resin bed) containing thc anion exchange resin
(about 15 gm) in chloride form to rcmove the picric acid. This was
followed by rinsing the column with thrce small volumes about 25 ml
for each wash) of 0.02 M-HCl. The total solution after passing
through the column was concentrated to a slurry using a rotary vacuun
evaporator at a bath temperaturc of 40°c. The sample was then dilutcd
to 50 ml with pE 2.2 sodium citrate buffer. Amino acid analysis of
the sample was made by the ion exchange mecthod as described in

Chapter 3, usins thc 2 hour procedure as in 9.5.1.

9.5.2.3 Results

The results are reported in Table 31. The table shows
that the releasc of most of the cssential amino acids by enzymes is
lower in soymilk prepared from water precsoaked beans than with any of
the carbonate presoaked preparations. The overall effect of the
three diffecrent types of procecssing as applied to the soymilk
prepared from carbonate presoaked becans showed no significant
differences. The better recovery of lysinc and leucine from the
carbonatc presoaked milk is highly significant and that of histidine

is just significant. The size and shape of the cystine peak in the



TABLE 31. In vitro availability of essential amino acids (g amino acid/100 g protein)

Water presoaked
preparation,

Carbonate

presoaked preparation

Aikrio] Acig) progessed at progessed at processed at concentrated g
115°c/18 nin 115°0/18 min 98°¢/40 min and sterilised
Lysine 3.25 (52.67) 3.92 (63.53)%** 3,61 (58.51)%*% 3,84 (62,24 )%**
Histidine 0.56 (26.67) 0.77 (36.67)* 0.60 (23.57)* 0.66 (31.43)%
Arginine n.s. 6.57 (84.83) 6.70 (36.51) 6.52 (84.18) 6.79 (87.67)
Threonine n.s. 0.49 (12.85) 0.49 (12.85) 0.49 (12.85) 0.48 (12.59)
Cystine Trace Trace Trace Trace
Valine n.s. 0.35 (17.21) 1.01 (20.45) 1.17 (23.68) 1.02 (20.65)
Nethionine n.s. 0.45 (39.30) 0.50 (43.67) 0.47 (41.05) 0.49 (42.79)
Isoleucine n.s. 1.02 (22.15) 1.12 (24.32) 1.18 (25.62) 1.06 (23.02)
Leucine 4.78 (61.46) 5.63 (72.39)%* 5.64 (72.52) % 5.71 (73.42)#%
Tyrosine n.s. 2.27 (62.66) 2.40 (66.25) 2.25 (63.22) 2.44 (67.36)
Phenylalanine n.s. 3.30 (69.84) 3.80 (80.42) 3.74 (79.15) 3.88 (82.12)
Total 23.54 26.34 25.71 26.37

The figures in narcentheses give the percentages of the total released for each amino acid.

& prcheated at 11500 for 5 minutes, concentrated to solids content 15.5%, sterilised to
a Fy value 5.5

®, ¥% #¥% Significant at PL0.053, 240.01, P(O.OO17 respectively

n.s. Alongside an amino acid means that the releasc of that amino acid is not significantly
The level of significance indicated is based on a
comparison with the values for the water presoaked milk.

different in any of the soymilks.

i
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chromatogran rendered it impossible to calculate its quantity accurately
and it is, thereforc, recorded in the table as "trace". Tryptophan
was destroyed during the picric acid procedure and so was not deter-

mined in the enzyme hydrolysates (2).

9.5.3 Determination of available lysine of various heat-

processed soynilks by FDIIB "difference" procedurc

9.5.3.1 Materials
Soymilk samples - samec as those used in experiment

9.5.1.

9.5.3.2 Methods
Available lysine contents in various heat-processcd
soymilks were determined according to the method developed by Roach

et al (232).

Determination of "total® lysine contents in soymilks

The lysine contents rccovered from the acid hydrolysates
of soymilks in 9.5.1 and reported in Tablc 29 were taken as the total

lysinc values in the present experinent.

Determination of "residual' lysine contents in soymilks

1.0 g of each freezc-dried soymilk samplc was taken in
a ground joint round-bottomed flask of 150 ml capacity and to this was
added 8 ml of 8 percent (W/V) sodiun bicarvonate solution. The flasks
were shaken gently to disperse the material and then allowed to stand
for at least 10 minutes. 0.3 ml of 1-fluoro-2,4-dinitrobenzene (FDNB),
previously dissolved in 12 ml of cthanol was added to each flask,
which was then stoppered and shaken gently on a Griffin flask shaker

for 2 hours. Ethanol was then evaporated off on a steam bath. 25 ml
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of 8 M~HC1l werc introduced into each flask and refluxed for 24 hours.
At the end of the hydrolysis period each condenser was washed down
with 50 ml of distilled water. Thc hydrolysates were allowed to
stand for more than an hour and then filtered through “Whatman No.52
filter paper with water washing and the filtrate was made up to 200 ml.
0.5 ml of the hydrolysatc was applied to the column of the awino acid
analyscr for the separation of residual lysine under the sane con-
ditions as used in experiment 9.5.1. The residual lysine content as
neasured in this cxyperiment was subtracted from the total lysine
content of the same sample and the difference is the available lysine

value of the sample.

9.5.3.3 Results

The results are given in Table 32, The results show
that the lysinc aveilability in soymilk nrecpared from water presoaked
beans is slightly lower then that in any of the three samples
prepared from carbonate presoaked soybcans. Statistical analysis of
the results shows that there is no significant difference among the
lysine availabilities in the milk samples analvsed., The available
lysinc values found are about 90 - 91 percent of the total lysine

rccovered from the acid hydrolysates.
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TABLE 32. Available lysinc content in various heat-processed

soynilks (g amino acid/100 g‘.protein).

Processing Signifi-
Conditions Available cance of
Samples . .
. lysinc dif ference
Temp. Time
0y 1R from T
m
Water presoaked preparation 15 18 5.57*(90.28)
Carbonate presoaked precparation 115 18 5.65 (91.57) n.sh
Carbonate presoaked preparation 98 40 5.63 (91.25) n.s.

Carbonate presoaked preparation

F
(canncd )* 121 5.5 5.64 (91.41) n.s.

* Prchecated at 11500 for 5 minutes,oconcentrated to 15.5 percent
solids content, sterilised at 120°C to a F; valuc of 5.5.

The figures in parcentheses give thc lysinc recovery as a percentage
of the total lysine recovercd from acid hydrolysates.

n.s. - not significant.

9.5.4 Dctermination of pepsin digestibility of proteins in

viarious heat—-orocessed soymilk using low vensin strengzth

9.5.4.1 Haterials
Soynilk samples - same as those used in cxperimcnt

9.5.1.

Pepsin - 1 : 2,500, The British Drug Housc Ltd, Enzland.

9.5.4.2 Mcthods
The method of A.0.A.C. (13) as nodified by Lovern et al
(165) was used through out these studies. 1.0 g of each frceze-dricd
soynilk sample was taken in a conical flask of 250 ml capacity. To
this was added 150 ml of freshly prepared pcpsin - HCl solution

(0.0008 percent of 1 : 2500 pepsin in 0.075 M-HCl) prewarred to 4500.
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The samples were incubated at 4500 for 16 hours in a constant shaking
incubator (Gallenkamp Orbital incubator) at 150 rev/minute. To a
similar sample in a second flask acid alone was added. After
incubation, about 1.0 g of filter aid (standard super—cell) was added
to each flask and the contents were filtered with suction through
Whatman o.52 filter paper. The residue in the 3Buchner funnel was
washed three times with warm water, then the filter paner and residue
were transferred to a Kjeldahl flask and the nitrogen content was

determined as described previously (Chapter 3).

Calculation

% "Corrected pepsin digestibility" = T(%—-:-g- X 100

where D = % total nitrogen solubilised by acid + pepsin
S = % total nitrogen solubilised by acid alone

9.5.4.7 Results
The results are presented in Table 33. The table shows
that the susceptibility of proteins to pepsin attack in threec
differently processed soymilk samples preparcd from carbonate nresoaked
beans is about the same whereas the digestibility of proteins in the
water presoaked preparation is significantly lower (I’(.O1) than that

in any of the carbonate presoaked preparations.

IT these corrected pepsin digestibilities of the various
heat-processed soymilks (Table %3) are plotted against available
lysine values (Table 32), they reveal a significant correlation

(r = .913, I’(.OO1) as shown in Fig. 21.
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TABLE 33. Pepsin digestibility of various heat-processed

soynilks.

Processing Corrected

Conditions  pepsin

Signifi- Signifi-
cance of cance of

Sanples digesti- differcence difference
Tgmp. Tinme  bility from X from Y
C nin o

Water presoaked X

preparation 115 18 74.31
Carbonate presoaked Y

preparation 115 18 80.29 oy
Carbonate presoaked

preparation 98 40 79.14 *H¥ n.s.
Carbonate presoaked

prenaration, pre-

heated at 115°C

for 5 mins, con-

centrate te total

solids 15.5%, B, =

sterilised 121 5.5 78.71 * k% n.s.

*#% gignificant at P ¢.001

n.s. - not significant

G.6 Discussion

The preprocessing conditions, either presoaking in water or

carbonate solution, and the processing conditions, either hcating at

11500 for 18 minutes, or 9BOC for 40 nminutecs or 121°¢ for a Fy value

of 5.5, uscd in the prescnt study showed no significant effect on the

anino acid composition of proteins in soymilks.

Although the amino

acid composition of proteins is influenced by the varietal differecnces

and climatic conditions in which soybecan grows (197), yet the amino

acid compositions of heat-processed soymilks in the present study

(Table 29) agrec quite well with the results of the recent reports of
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Hackler and Stillings (105) on soymilk proteins and of Evans and

Bandemar (81) and Tkachuk and Irvine (258) on soybean proteins.

There is an indication that the sulphur-containing amino
acids in the FAO Provisional Pattern (225) is too high (Table 30) and
several authors (225) have suggested reducing the amount to 3.04 -
3.52 g/100g protein ( %N X 6.25). Even so the soymilk proteins are
deficient in sulphur amino acids (Table 30). The Bssential Amino
Acid Index (EAAI) of soymilk in the present study is about the same
as reported by Hackler and Stillings (105) for the optimum heat-

processed soymilks,

The results of the amino acid availability as determined
by the enzymatic method (Table 31) shew that some of the amino acids
are very poorly released in all samples and most of the amino acids
were not released in quantities comparable with those in acid
hydrolysates (Table 29). Marthermore, the lysine availability
reported in Table 32 as determined by the FDNB-procedure using acid
hydrolyses was much higher than the value reported in Table 31,
Therefore, there has been incomplete hydrolysis by the enzymes used
and in the specified time period, the results reported in Table 31
are not the absolute values of available amino acids using these
enzymes, Complete in vitro enzymatic hydrolysis is very difficult to
achieve (20, 180). 'Thus the difference between the quantity of the
same amino acid recovered from enzyme hydrolysates (Table 31) should
not be considered as unavailable amino acid content. However, the
release of essential amino acids from the various heat-processed
soymilks is comparable and will indicate the relative nutritive value
of proteins. Bender (20) stated "enzymatic hydrolyses do not go to

completion but a comparison of the amino acids liberated from
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processed and unprocessed foods gave a measure either of nutritive
value of the proteins or of amino acid availability that agree very

well with biological measures."

Very recently during a critical discussion of the results
reported by Ford and Salter (87) of available amino acids measured by
the microbiological method, lMauron (175) noted that the microbiological
test after prolonged digestion with enzymes gives higher values for
amino acids than the values measured by the Moore and Stein technique.
Despite this difference Mauron considered the replacing of the micro-
biological test with an enzymatic in vitro digestion followed by
measuring only the free amino acids released using the Hoore and Stein
technique was satisfactory. It would greatly facilitate the deter—
mination of amino acid availability in laboratories not equipped for
microbiological tests bhut having at their disposal an amino acid
analyscr. One draw back of the ezclusively enzymatic procedure

persists, however, for it yields only relative and not absolute values.

Although the recovery of some of the amino acids in the
present study is very low it is interesting to note that their relative
release in all samples is of the same order. We could not calculate
the cystine content in the digest due to the very shallow peak in the
chromatogram. The chromatogram of the orizinal method of Akeson and

Stahmann (2) did not show a cystine peak either.

We feel that using the engymatic digestion procedure followed
by measuring the released amino acids by ion-exchange chromatography
may be a very useful technique for the evaluation of the nutritional
quality of protein foods but further research is necessary to improve

the method.
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However, the statistical analysis of the results reported in
Table 31 shows that there is no significant difference in cssential
amino acid availabilitv in the thrce differently processed samples
prepared from carbonate presoaked beans whereas the quantities of
lysine, histidine and lecucine rcleased from the water presoaked
preparation are significantly lower than those in any of the thrce
samples precpared from carbonate presoaked soybeans. The average
percentage of digestibility calculated from the rclecase of cssential
amino acids in the various samples shows the same trends as were
found with pepsin and trypsin digestibility studiecs, with higher
rccoveries from carbonate presoaked preparations irrespective of the

heat processing (sec Chapter 5).

The available lysine value determined by the FDNB-procedure
in the water presoaked preparation (Table 32) is very similar to the
vzlue reported by Van suren et al (261) and Hackler et al (104) of
soymilk prepared from water presoaked becans. Although the FDIB avail-
able lysine value in soymilk preparced by water presoaking method is
lower than the values found in the samples prepared from the carbonate

presoaked beans, the difference is not statistically significant.

The FDNB available lysine value is a mceasure of lysine in
intact protein whose Z-amino group is free to react with FDNB and Car-
penter and his associates proposed that only the lysine molccule with
reactive E~amino group is nutritionally available (49). The
reduction of availability of lysinec is due largely to the reaction of
its E-amino group with other reactive groups under conditions of
moist heat to form a linkage that resists hydrolysis with cnzymes (230).
In the present study, under identical heat processing conditions, for

example 11500 for 18 minutes, the available lysinc in rilk prepared
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from water presoaked beans is 5.57 percent compared to 5.65 percent in
carbonate presoakcd preparation. The possibility of the lower
availability of lysine in water presoaked preparation being due
largely to the reaction with other constituents in this case is
negligible. The slightly lower availability of lysine in milk pre-
pared by the water presoaking method than that in the carbonate pre-
soaked preparation is probably due to the degree of denaturation
(unfolding) of the protein molecule which is higher in the latter case
duz to the combined action of alkali and hcat thus cnabling more
E-amino groups to become available to react with FDKB. This is
supported by the fact that in the native ﬂ —-lactoglobulin, 12 B~amino
groups of lysinc react with FDNB and 3 in native ovalbumin, whereas in
the denatured proteins 31 and 9 E-amino groups react respectively (220).
Solomons and Irving (248) reported that in intact soft-tissuc collagen
only about two thirds of F-amino groups reacted with ¥DNB, but the
concentration of reactive E-amino groups of hard-tissuc collagens
increascd from very low lovels almost to the theoretical wvalue on

complete decalcification,

Since soyprotein is compactly folded and a high intensity of
heat treatment is necessary to unfold the protein molecules completely
(see Chapter 5), it is likely that some E-amino groups may be within
the protein molecule and thus may be unable to react with ¥DNB, unless
they are exvposed by suitable treatment (262). Hackler et al (105) and
Van Buren et al (261) also found that the optimum heat-processed soy-
milks using higher temperature (121OC) gave hisher values of
available lysine than that in milk processed at lower temperature

(93°¢).
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The use of the pepsin test as modified by Lovern et al (165)
is highly successful in the quality assessment of fish meal and the
digestibility (as measured by soluble nitrogen) is highly correlated
with the available lysine (165, 206) and NPU (207) of the variously
heat processed fish meals. We have tested the method in the present
study to find whether it is applicable to soyprotein products in which
the antitryptic factor has previously becen destroyed by heat-treatment.
Our results also show a highly significant correlation (r = 0.913,
IP(CLOO1) between the corrected pepsin digestibilities and available
lysine values as shown in Fig. 21. The corrccted pepsin digestibility
of proteins in soymilk prepared from water presoaked beans is signi-
ficantly lower than that of proteins in any of the three carbonate
presoaked preparations. A difference in pepsin digestibility of
proteins in optimum processed soymilks prepared either from water or
carbonate presoaked beans could not be found in the studies reported
in Chapter 5. This is due to the fact that the concentration of
pepsin used in Chapter 5 was too high (0.125%) and at high pepsin
strength the method becomes inscnsitive and cannot distinguish between

the slightly different protein qualities (166).

The low strength pepsin method is very sensitive and easy
to handle, but is limited to the detection of over-processing. Under-
processing in soybean products or in most of the leguminous proteins,
which contain antitryptic factors, cannot be detected by the pepsin
digestibility test because of the lack of action of the trypsin
inhibitor on pepsin (226). Therefore, a combination of the deter-
mination of trypsin inhibitor activity with the pepsin test may be the
most useful for quality assessment and process control of products

based on legume proteins., Similarly the FDNB procedure can only
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measure over-processing. The FDNB method of Carpenter (SO) has a
further limitation in its application to plant »nrotein products which
contain large quantities of carbohydrates because of the instability
of E-DNP-lysine during acid hydrolysis in the presence of carbohydrate.
This defect can be overcome by using the "difference" procedure of
Roach et al (232) but considerable work is involved unless one uses

an automatic amino acid analyser.

The higher digestibility by enzyme or cnzyme combinations of
proteins in carbonate presoaked preparations found throughout this
study is possibly due to the alteration of the structurc of protein by
the action of alkali or of the alkali plus heat favouring enzymic
attack. It illustrates clearly the need for more extensive study of
the effect of processing factors on the nutritive value of our

protein foods.
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APPENDIX 1

THE POTENTIAL OF USING SOYBEANS AS A PROTEIN SUPPLEMENT

The soybean has been grown in the Orient for many centuries.
The first mention of it that is known, dates back to the reign of the
Chinese Emperor, Sheng-Nung, who ruled 2838 years before the
Christian era. The soybean is repeatedly mentioned in later records
and was considered to be both the most important cultivated legume,
and essential to the existence of the Chinese civilisation. Being a
sacred food of China, the seeds were sown with great ceremony. The
oriental people have come to understand by experience, rather than by
scientific deduction, that soybean is essential to livelihood and
cannot, with safety, be omitted from their diet. A4 Chinese legend
has it that one of the invisible gods is placed in the soybean plant
to provide food to serve all the needs of the family. Soybean is
sometimes referred to as the "poor man's meat" in China, while the
general use of soymilk has earned it the title of the "Cow of China™.
American authorities have spoken of it as "Gold from the Soil",
"Universal Protective factor in food”. It has also been graced with
such highly significant names as the "lagic Plant", the "Miracle Bean",

ete. (147).

Botanically the soybean was for a long time named Glycine
hispida, but according to the intermational botanical nomenclature it
is now cited as Glycine max. In China it is known as "Shi-yu" or
"Tatou"., The Japanese named them "Soja" after "Saju", a dark rich

sauce made from the bean.
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According to Morse (198) the production of soybeans, which
for many centuries was confined to the countries of Asia, spread
rapidly after World War I to the western world and since %orld War II,
practically all leading nations have become more and more interested
in the culture and production of the crop. It is estimated that there
are more than 3,000 distinct varicecties of the soybean. During the
past half-century no less than 2,500 different types have been intro-
duced into the United States for experimental purposes, and much
valuable knowledge has been gained concerning the adaptability of

varieties to soil and climatic conditions.

agricultural experimental stations throughout the world have
become engaged in the development of the varieties of soybeans suited
to their soil and climatic conditions through introduction, selection
and hybridisation. Successful rcsults have bcen obtained and the

crop has become an important factor in many nations!' azriculture (198).

Soybeans are the world's largest oilseed crop, totalling as
much as 35 million metric tons annually and account for about 40
percent of the total (187). Soybean production in the United States
has had phenomenal growth during the past four decades. In 1926 the
total production of soybeans was less than 5 million bushels. The
1968 crop exceceded a billion bushels representing a 200-fold

increase (268).

Weight for weight the soybean contains twice as much protein
as lean beef, four times as much as eggs, whcat and other cercals,
five times as much as bread and yet it is a cheaply-grown food. The
yield of soyprotein per unit of area is very high compared with other

foods. Table A-1 shows the average output of protein per acre of
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land and per 100 hours of labour. 100 hours of labour will produce
only 45 pounds of protein from cattle, against 2,821 pounds from
soybeans. If man's approximate yearly neced of protein is 53 pounds,

this amount can be secured from soybeans in only 2 hours of labour

(147).

TABLE A-1. Average output of protein per unit of resources*

Products Pounds per Pounds ner 100
acre of lands h of labour
Milk, whole 39 89
Chickens 25 74
Eggs 26 56
Hogs 18 58
Beef cattle 7 45
Wheat, whole flour 90 1,002
Wheat, white flour 56 621
Corn, corn meal 57 21
Dry beans 150 576
Peanuts 16 200
Soybeans 339 2,821

* Taken from: Lager, M, (ref. 147)

Soybeans are one of the basic food materials which have
survived the severe test of milleniums on a large scalec natural
experiment. As an economic source of exploitable dietary elements
soybean probably has no peer, being rich in protein and fat, in
minerals and in many of the vitamins. The composition of soybean is
dependent on the variety as well as on climatic and soil conditions
(198). The averaged composition of ten varieties of soybeans grown
in five different locations in America in five different crop years

are given in Table A-2.
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TABLE 4-2. Chemical composition of soybeans (on a moisture-

free basis)*

Component Lowift Hig%fst Avei?ge
Ash 3.67 5.90 4.99
0il, crude 14.95 22.95 19.63
Crude fibre 4.34 7.60 5.52
Crude protein (N x 6.25) 36.62 53.19 42,78
Sugars (total as sucrose) 2.70 11,97 7.97
Phosphorus 0.419 0.822 0.659
Potassium 1.29 2.17 1.67
Calcium 0.169 0.470 0.275

* Taken from: Morse, W.J. (ref. 197)

smong plant derived foods, soybeans are unique in their
nutritional value bccausc of their high percentage of protein and fat.
Not only is the protein high in quantity but also it is of good
quality, being practically the same in food value as animal protein

(see Table A-3).



TABLE A-3.

il B e el e,

Nutritive value of soyprotein in comparison

9

Food Products

True Digestibility Biological Value PER

Egg 100 94 3.80
Beef 100 76 3. 20
Soybean (optimally A
heated ) 96 1% 2,34
. d
Milk (whole) 95 90 2.34
Fish® 89 88 2.50
a. Taken from: Mitchell, M.M. (In ref. 197, p.383)
b. Taken from: Rice, Z.E. and Becuk, J.F. (ref. 230)
c. Taken from: Yanez, E., Ballester, D. and Donoso, G.
Effcct of drying temperature on quality
of fish protein. J.Sci.Fd.Agric. 21, 426 (1970)
d. Taken from: Jones, D.B. and Divine, J.P. Soybean and

other proteins and flours, Soybean Digest.
2(11),10 (1942)
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Brock and Autret (44) compared the composition of the SOoy=
proteins with that of animal protecins, both in the form of milk,

(Table A-4).

TABLE A-4. Comparison of the essential amino acid contents

in cow's milk with those of soymilk*

Cow's milk Soymilk

g/litre g/litre
Arginine 1.26 2.82
Histidine 0.91 1.01
Lysine 2.625 2.40
Tryptophan 0.525 0.50
Phenylalanine 1.785 1.95
Methionine 0.840 0.56
Threonine 1.505 157
Leucine 3.434 2.93
Isoleucine 2.625 2.09
Valine 2.52 2.00

* Taken from: ®.A.0. Nutritional Studies Ho.8 (ref. 44)

The authors conclude that the amino acid content of soymilk
is comparable to that of cow's milk, except in methionine. The
methionine content of soymilk content is, however, double that of

Buropean human milk and three times that of African human milk,
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Table A-5 compares the nutritive value of soyprotein with
that of the proteins from two other major oil~seeds and clearly

demonstrates its higher nutritional quality.

TABLE A-5. Comparative nutritive valuec of proteins

in three major oil-secds.

Esscential amino Cottonseed Peanut Soybean
T The (AX:[;E) (Spa%ish) (Har%soy)
Argininc 10.6 1.6 s
Histidine 2.7 2.5 2.6
Isolcucine 3.0 3.4 4,2
Leucine 5.4 6.6 8.0
Lysine 4.2 3.6 6.5
Methioninc 1.0 0.9 ill 1O
Methionine + cystine 2.4 2.0 2.2
Phenylalanine 4.6 4.9 4.9
Threonine Pk 5 2.5 DINT
Tryptophan 1.5 1.7 1.8
Valine 4.2 4.1 4.6
Protein nutritive
value (PNV)a
_ wt, gain x 100

wt. gain of rats

fed casein - 44 99
Protein efficiency
ratio (PER)P 2.1 1 2.4
Biological value® 58 56 5

a. Taken from: Evans, R.J. and Bandcmer, S.L. (ref. 81)

b. Taken from: Swaminathan, M. Availability of plant
proteins, In: Newer methods of nutritional
biochemistry 3, 197 (1967)

c. Taken from: Mitchell, HE.H. In: reference 197, p.383
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Soybeans contain in nearly optimum proportions the amino
acids essential for the nutrition of man and animals, and are
sufficiently complete to sustain life for an extended period of time.
Because of their high yield and tolerance of a wide range of
cultivation and climate conditions they represent a very wvaluable

source of protein food.
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APPENDIX 2
COMPARISON OF COMPOSITION OF SOYMILK WITH COW MILK*
e gggk (probablysgi?iifZI method ) M°di§205éfit§2§§ilk
For All
Infants Purpose Canned
Yater % 87.30 92.00 90.00 89.25 92.50 88.00 87.97 88.60
Protein % 3.42 3,70 4.95 3.15 3,02 2.79  3.80 3.03
Fat % 3.67 2.00 2.97 3.10 2.13 2.22 3,50 3.48
Carbohydrate # 4.78 1.80 1.34 3.02 0.03 6.05 5.10  4.53
Other
substances % - - » 1.02 1.88 - - -
Ash 0.73 0.50 0.44 0.45 0.41 .094  0.35 0.36
Vitamin A 1660 - « - - 3000™ - 2000°
Thiamine mg % 350 - - - I T-00i - 500"
Riboflavin mg % 1660 - - - - 450 - 1000
Vitamin D o - - - - = 400> 500°
* Taken from: Burnett, R.S. (ref. 46)

. International units;

E United State Pharmacopoeia requirement.



APPENDIX 3

COMPOSITIONS OF SODIUM CITRATE BUFFERS USED IN THE CHROMA-
TOGRAPHIC SEPARATION OF AMINO ACIDS BY THE MODIFIED MOORE

AND STEIN TECHNIQUE

4-hour procecdure 2-hour procedure

Short column Long column Short column Long column

pH 5.28 + 0.02 3.25 + 0.01

4.26 + 0.02 5.36 + 0.01 3.49 + 0.01 4.40 + 0.01
Sodium concentration 0.35 N 0.20 N 0.20 N 0.3 N 0.20 N 0.20 N
Sodium citrate. H,0 1372.6 g 784 g 784 g 1373 g 784 g 84 g
Concentrate HC1 260 ml 503 ml 335 ml 256 ml 468 ml 323 ml
Thiodiglycol (TG) None 100 ml 100 ml None 100 ml 100 ml
Pentachlorophcnol 4 ml 4 ml 4. ml 4 ml 4 ml 4 ml
Final volume 40 litres 40 litres 40 litres 40 litres 40 litres 40 litres

*0L)



APPENDIX 4
OPERATING CONDITIONS FOR CHROMATOGRAPHIC SEPARATION OFF THE AMINO ACIDS BY THE MODIFIED MOORE & STEIN TECHNIQUE

Analysis of Amino Acids S
dccclerated 4-hour nrocedure Accelerated 2-hour procedure

Basic Acidic Basic Acidic
and Neutral and Ncutral

Column size 23 x 0.9 cm 69 x 0.9 cm 23 x 0.9 cm 69 x 0.9 cm
Packing
Resin type PR 95 PA 28 PA 35 UR 30
Height of resin column S5l [em 56 cm 5.5 cm 56 cm
Resin dilution buffer pH 5.28(0.35 ) pH 3.25(0.20 N) pH 5.36(0.35 N) pH 3.49 (0.2 N)
Buffer flow rate 68 ml/hour 68 ml/hour 70 ml/hour 70 nl/hour
Analysis
Duration of run 48 min 195 min 48 nin 115 min
Flow rate of buffer 68 m1l/hour 68 ml/hour 70 ml/hour 70 ml/hour
Flow rate of ninhydrin 35 m1/hour 35 ml/hour 35 ml/hour 35 nl/hour
Buffer change Hone 95 min None 30 min
Operating temperature 50°¢C 50°¢C 53.7°¢C 53.7°¢C

Regeneration
Cleaning (0.2 N NaOH)

Equilibrium buffer

Equilibrium buffer pH

approz. 3 ml
approx. 40 ml
5.34 + 0.01

approz. 15 ml
approx. 70 ml
3.49 £ 0.01

approx. 3 ml
approx. 40 ml
5.34 + 0.01

approx. 15 ml
approx. 70 ml
3.49 £ 0.01

At
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APPENDIX 5

REVIEW OF LITERATURE ON THE BIOLOGICAL PROPERTIES OF

SOYBEAN TRYPSIN INHIBITOR

Bielorai and Bondi (21) reported that the intestinal contents
of chickens fed raw soybean meal or animal protein feeds supplemented
with trypsin inhibitor contained a great deal of undigested protein
which was absent when the chicks were fed on animal protein or cotton-
seed meal devoid of trypsin inhibitor. Therec is evidence that
inhibition of proteolysis occurs in the upper part of the intestine of
young chicks (9) and that overcoming of this inhibition depends on the
age of the chicks and on the length of the period of feeding with raw
soybean meal (204). Almguist and Herritt (3, 4) found that the growth
inhibition, of chicks was almost fully apparent when as little as one-
fourth of the dietary protein was furnished in the form of the raw
soybean meal and that crude trypsin was capable of reversing this
growth inhibition. Melnick et al (178), on the basis of observations
on the in vitro relecase of amino acids from soybean protein by the
enzyne pancreatin, suggested that methionine of raw soybean protein
was liberated more slowly by the proteolytic cnzymes of the intestines
than the other essential amino acids so that it was not available for
mutual supplementation. Subsequent reports (121, 123, 155, 231),
however, did not support such a conclusion, since heat treatment was
found to increase the enzymatic release of other amino acids to the
sanc nproportionate extent as methionine. Almquist and Merritt (5, 6)
have questioned the necessity of postulating a specific interference

with the enzymatic relecase of methionine to explain the methionine
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deficiency provoked by raw soybean mecal. They believe thet the action
of the inhibitor is a gcneral interfecrence with digestion so that a
substantial amount of the¢ most limiting amino acid of soybean protein,
methioninc (7) is excreted unabsorbed, thus precipitating a methionine
deficiency. In confirmation of this concept, thesc authors have shown,
with chicks, that the addition of the trypsin inhibitor in the form of
raw soybean meal to rations containing marginal levels of lysine,
arginine, isoleucine, or tryptophan caused these rations to become
markedly deficient in thesc particular amino acids. The result of
these studies suggested that this effect is due to interference with
the enzymes pancreatin and trypsin leading to reduced digestion and
absorption of nitrogenous naterial from food containing the inhibitor

in its active form.

There arc, however, several experimental observations which
did not agree with this concept. Thus active antitryptic preparations
have been shown to retard the growth of rats (67, 156) and mice (266)
when incorporated into rations containing predigested protein.
Westfall et al (266) with concentrates of soybean trypsin inhibitor
and Klose et al (141) with an inhibitor preparation from the limabean
were able to produce growth inhibition equivalent to that with the
whole meal even when adequately supplemented with hydrolysed cascin,
Hill et al (117) were unable to prevent growth depression in chicks
fed raw soybean when the diet was fortified with adequate levels of
essential amino acids. Consequently, it was felt that the trypsin
inhibitor acted to inhibit growth other than through its depressant

effect on intestinal proteolysis.

Recent work has focused attention on the cffect of trypsin

inhibitor on the pancreas. In 1948, Chernick et 21 (57) reported that
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chicks fed raw soybean meal developed hypertrophic pancreases which
contained abnormally high concentrations of trypsinogen. It was
suggested that these changes were the result of a reaction to the
soybecan antitrypsin. These initial observations have becen cextended by
Lynan and Lepkovsky (168) and Haines and Lyman (106), Lyman (169) and
Booth et al (31) suggested that trypsin inhibitors might produce growth
retarding effects through stimulating increcased enzyme secretion,
with some of the cendogenous nitrogen being incompletely reabsorbed and
ultimately lost to the animal. The high cystine content in the
undigested enzyme secretion presumably causes depletion of methionine
by its conversion to cystine to meet the recquircments of the pancreas
to synthesize the secrcted enzymes. Besides, earlier reports of
Melnick ct al (178), Barnes ct al (16) and Kwong and Barnes (146) have
also reported that there is a factor in unhcated soybean which
interferes with the utilisation or netabolism of the methionine and
cystine. Borchers (32, 34) has prescented evidence which indicates
that the metabolism of methionine, threonine and valine may be impaired
by some factor present in raw soybean meal. Khaymbashi and Lyman (140)
indicated that the nechanism of growth depression appears to be due to
a loss of the critical amino acids, methionine (via cystine), threonine
and valine, caused by the soybecan trypsin inhibitor's ability to
stimulate the pancreas to discharge cxcessive quantities of
endogenous protein into the intestinal tract. 4&lthough much of this
endogenous nitrogen may be reabsorbed, bacterial degradation,
especially of those amino acids most limiting for growth, would prevent
their normal reabsorption and subsequent utilisation in structural

protcin
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Therc is evidence also to indicate that trypsin

inhibitors may have some effcct on the fat absorption in chicks (202).

The method of interfercence in metabolism by the trypsin
inhibitor is thus not clear and some of the confusion may be

consequent upon the presence of some other anti-nutritive factor.
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APPENDIX 6

PREPARATION OF HAEMOGLOBIN SUBSTRATE

A solution is made up containing 8 ml of 1 M sodium
hydroxide, 72 nl of water, 36 g of urea, and 10 ml of 22 percent
haemoglobin (22 g hacmoglobin per 100 ml solution). This alkaline
solution is kept at 2500 for 30 - 60 ninutes to denature the
haenoglobin and is then nixed with a solution containing 10 ml of
1 M potassium dihydrogen phosphate and 4 g wurca., The final pH is
7.5. 1 ng merthiolate or thiomersalatc is added to cach 50 nml of

haenoglobin solution as a preservative.
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APPENDIX 7

THE CONVERSION OF RESISTANCE TO CONDUCTIVITY

The measured resistance using the Philips resistance meter

and conductivity cell is converted to conductivity as follows:

(a) the measured resistance (ohm) is nultiplied by the
reciprocal of the cell constant (the cell constant marked
on some ceclls may not be in a form avppropriate for this

calculation) to obtain the resistivity (ohm centimetre).

(b) the electrical conductivity in micro mhos per

1O6

Resistivity in ohm centimetre

centimetre =

The figurc marked on the cell used was the reciprocal of
the cell constant. This was established by measuring the resistance
of standard solutions ef potassium chloridc (0.02 M) and sodiuam
chloride (0.1%). The cell constant was detcrmined as follows:

Measurecd resistance of 0,1 percent sodium chloride at

3

0.41 x 107 ohm

20°¢ using the cell in question

Conductivity of 0.1 percent sodium

chloride at 20°¢C 1.75 x 10—3 ohm—1 centimetre—1

(264).

Since cell constant Resistance x conductivity

0.4 x 1O3 ohm x
3

cell constant

1 -1

1.75 x 10°° ohm  cm

1

0.72 cm



1m8.

APPENDIX 8

REVIEW OF LITERATURE ON THE IN VITRO METHODS FOR MEASURING

THE NUTRITIONAL QUALITY OF PROTEIES

a, Prediction of protein quality based on analyses of

amino acid composition

The fundamental studies of Osbornc and Mcendel (209) led to
a realisation that the nutritive value of proteins is dependent upon
their content of the amino acids required for growth, maintenance and
other mctabolic functions. Proteins are composed of 22 or more
different amino acids. Eight to twelve of these, depending on the
species and physiological state of the animal nust be supplied in the
diet because of the inability of the body tissues to synthesise these
in adequate amounts and so they arc called essential amino acids (188).
The cffectiveness of any protcin as a source of these metabolic
requirenents is obviously limited by its amino acid conmposition. Thus
zein of corn, being devoid of tryptophan and lysine, and gluten of
wheat which lacks tryptophan, completely fail to meet the dictary
requirenents of test animals. Other proteins which contain all the
essential amino acids but have relatively small quantities of some,
do not satisfy the metabolic nceds unless they arc consumed in
abnormally large quantities. This fundamental rclationship between
nutritive value and amino acid composition has proved the basis for a
nunber of methods of evaluating protein foods. Block and Mitchell
(28) and Mitchell and Block (188) developed a procedurc for determining
the cherical score of proteins based on their amino acid composition

relative to egg protein which is almost completely utilised by human
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subjects or growing rats. The chemical scorc was determined by
comparing the essential amino acid present in least amount with the
amount present in the refercence protein (ogg protein). They reasonecd
that the amount of protein synthesised would be limited by the
essential amino acid most deficient in the food. The theory might be
tenable but at the same time, it assumes that the refercnce protein
has an amino acid composition identical to that required by the
organism. Since preparing this review a paper, of Cresta ct al (280)
has come to our notice in which they recommend that the value of the
chenical score method can be considerably improved by varying the
reference protein used according to whether the biological value or
the protein efficiency ratio. was being used as a basis for the chemical

scorc correlation.

The "chemical scores” method was improved by Oser (210) who
has developed a method, called Essential Amino Acid Index (EAAI) based
on the contribution of all the essential amino acids rather than the
one in greatest deficit, as is used in chemical scorc. He argued that
the probability that all the amino acids are available at the site of
synthesis is a function of their concentration product. He included
histidine and arginine in addition to the list of cssential amino acids
recommended by the joint FAO/WHO expert group (226) in the calculation
of EAAT because they could not be synthesised at a rate sufficient for
the young adult male (211). Oser (211) claimed EAA Indexes provide
an especially useful short cut approach for predicting the nutritional
value of proteins and for estimating the mutual supplementary effect

of different proteins on cach other.
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Later Mitchell (189) modified the EAAI by dropping arginine
from the list of "esscntials" and including tyrosine with phenylalaninc.

He claimed closer correlation with biological valuec.

In a discussion on the determination of the nutritive value
of proteins by chemical analysis, Bender (19) has stated that the
nutritive value of a protein can be foreccast from chemical composition.
It is necessary to know the amino acid composition with some degrecce of
accuracy. The obstacle to the use of chemical values is the question
of availability. Chemical analysis normally measures the quantity of
anino acids prescent after acid (alkaline in the case of tryptophan)
hydrolysis and this is often not the same as the quantity biologically

available to the animal,

Menden and Crencr (180) noted that it is widely known that
the amount of a nutricnt in a food determined by analysis does not
necessarily represent the amount of that nutrient which is utilised
when consumed as food. Neeting the protein requirement is direcctly
dependent on the amino acid composition of food proteins and on the
release and absorption of amino acids at a proper time during digestion.
Thesc are important facts in cstimating the quality of a protein.
Consideration of thesc requirements suggests a possibility for the

evaluation of changes of protein quality in the laboratory as follows:

1) Determine the amino acid composition after acid and alkaline
hydrolysis and cstimate the "potential nutritional value" of.

the proteins; and then

2) Bstimate the prcsumably available amino acids from proteins
by using enzymatic hydrolysis and compare this data with

the results from the chemical hydrolysis.
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b. Inzymatic mcthod for measuring protein quality

i) Amino Acid Availability

It is rccognised that the nutritive value of a protecin depends
not only on the pattern of its component amino acids but also on their
physiological availability. The concept of "available" as distinct
from "total™ amino acid present in a protein is used to differentiate
between amino acids modified or damaged in some way during denaturation,
with the subscquent loss of nutritive value, and those which remained
nutritionally available to the metabolic process. The denaturing
process could be brought about by processing, which causes anino acids

to decompose or to react chemically with other compounds (230).

Several authors have tricd to measure amino acid availability
using in vitro enzymatic methods (180). Thesc methods were not
intended to establish analytical procedure, but to demonstratc the
fact that the nutritional quality of nroteins may be quite different,
even though the amino acid composition is the same; these differences
arise from changes in the ability of cnzymatic digestion to liberate

the amino acids.

In vitro analytical procedures for determining amino acid
availability based on cnzymatic releasc of amino acids from proteins
have been developed by Sheffner et al (240), Mauron et al (174) and Ford
and Salter (87). Shoffner et al (240) studied the relationship
between the pattern of anino acids released by digestive enzymes and
the biological valuc of food proteins. An amino acid index was
devised which combined the pattern of essential amino acids rcleased
by in vitro pepsin digestion with the amino acid pattern of the

renainder of the protein to produce an integrated index - the pepsin
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digest residue (PDR) amino acid index. The results obtained with the
new index were highly correlated with net utilisation values of the
proteins studied, including those which were heat-processed with
various degrees of severity. The work involved was considerable since
10 amino acids had to be determined in an acid hydrolysate as well as
in a pepsin digest by the use of microbiological techniques. Therefore,
this method did not appear suitable for evaluation of large numbers of
food proteins. The procedure was modified by Akeson and Stahmann (2)
making use of pepsin plus pancreatin - the pepsin pancreatin digest
(PPD) index. The amino acid content was determined by ion exchange
chromatography using an automatic amino acid analyser. lMenden and

Cremer (180) prefer enzymatic hydrolysis with pancreatin only.

The procedure of Mauron et al (174) is concerned with the
neasurement of only three essential amino acids - lysine, methionine
and tryptophan - the amino acids which are most likely to be limiting
in foodstuffs. Tryptophan and methionine are determined colorimetri-
cally, lysine with a specific decarboxylase and total amino nitrogen
gasometrically, using a protein hydrolysate obtained by using pepsin

digestion followed by pancreatin digestion.

Ford and Salter (87) measured the availability of several
essential amino acids in various protein products by digesting with a
combination of enzymes. They used microbiological techniques to

measure the amino acids.

ii) Pepsin digestibility method at low pepsin concentrations

In principle the complete evaluation of a protein should
consist of the determination of the content and availability of all

the essential amino acids, but under some circumstances this may not
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always be possible. Therefore, a single parameter to predict the
nutritional quality of a protein would be very helpful. One such

parameter is the pepsin digestibility at low pepsin concentration (206).

In 1956, the Association of Official Agricultural Chemists
set up a collaborative study of pepsin digestibility of proteins as an
index of protein quality. It soon became apparent that the official
method was not an accurate measure of the protein quality because the

results did not agree with those from animal feeding tests (247, 257).

In 1961, Kastell (138) indicated that reduction of pepsin
strength in the tests gave better results. Subsequent to this
information, pcpsin digestibility with greatly reduced levels of
pepsin was extonsively studied at Torry Research Station, Aberdeen,
The Fishing Industry Research Institute, South Africa, and the College
Park Laboratories of U.S. Bureau of Commercial ¥isheries for assessing
the quality of fish meals by correlating the digestibilities with the
corresponding biological values. At Torry Research Station, the
corrected pecpsin digestibility of a number of fish meals, using
0.0002 percent pepsin of 1 : 10,000 strength instead of 0.2 percent as
in A.0.A.C. method, have been shown to be highly correclated with the
available lysinc values (165). In American and South African methods,
the pepsin level used was 0.002 percent, tne pepsin used in the South
African method had an activity of 1 : 2,700 whereas the American
method used a pepsin strength of 1 : 10,000. Pepsin digestibility by
the American method was correlated with chick growth tests (10) and

that of the South African method with available lysine (130
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c. Microbiological methods for the evaluation of protein quality

Many investigators have used the microbiological assay of
enzymatic digests and attemnted to correlate the results with the
correcsponding values of biological assay. Halevy and Grossowicz (108)
hydrolysed a variety of proteins for 48 hours with pancreatin and
determined the quantities of the hydrolysate needed to promote half-~
maximum growth in their test cultures. Only about 40 percent of the
proteins was hydrolysed during the enzymatic digestion, but the results
of the tests werc broadly similar to those of the rat growth tests.
Horn et al (119, 120) evaluated the nutritional quality of & number of
cottonseed meals by measuring the increase in growth of Leuconostoc
nesenteroides P-60. The meals werc preincubated for successive
24 hour periods with pepsin, trypsin and a preparation of pig-gut
mucosa. This method gave good correlation with the biological value

of meals which had been subjected to various degrees of heat processing.

A bacteriological method for determining protein digestion
coefficients is presented by Mertz et al (181). This method combines
the proteolytic action of pepsin with that of the bacterium

Pseudomonas acruginosa. In most cases, the bacteriological digestion

coefficients of the foods and feeds tested agree within 10 percent of

the protein digestion coefficients obtained in feeding trial with rats.

A method of assay was developed by Ford (88) in which the

proteolytic organism Streptococcus zymogenes, NCDO 592, was used to

provide an estimation of protein quality and the values obtained for
a variety of food proteins were found to correlate closely with those
obtained in biological tests with rats. Using this organism, Ford
(89, 90) assessed the availability of 7 essential amino acids in food

proteins. Although the organism can hydrolyse the test protein the



185.
process is relatively slow and the assay is improved if the protein
is predigested either with papain or with pepsin. It is stated,
however, that the values obtained for available methionine vary with
the degree of predigestion and that the most appropriate concentration
of papain to use is that which gives rcsults that agree best with
available amino acids found with higher animals. This means that the
conditions of assay must be re-tested with ecach type of protein and
that the results obtained have only relative and not absolute values

(20).

Tests of protein quality with the protozoan Tetrahymena
pyriformis simulate more closely the circumstances of the biological

test. The ability of Tetrahymeno pyriformis W to utilise a wide

variety of intact proteins, and the relative nutritive values of the
various protein sourccs used, were generally similar to those found
for growing rats (82, 234, 254), Sheffner (239) recently noted that

many aspects of the nutritive requirements of T. pyriformis W are still

unknown, and its use for the study of protein quality in natural
materials must be viewed cautiously. Furthermore, culturing and
measuring growth of the protozoan arc complex procedures subject to
many variables. He concluded that the procedure may not be suited for

the routine assay of proteins for nutritional quality.

d. BEstimation of protein guality by dye binding

It has been known for sometime that reactions occur between
proteins and different kinds of dyes (91). Frolich (94) studied a
number of dyes for rcaction with proteins in various heat processed
soybean meals and showed that heat processing increased the absorptive
property of meals for dyes containing a phthalein group. Phenolphth-

alein was most useful in distinguishing between under-heated, properly-
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heated and overheated meals. It has, however, the disadvantage of not
being stable when made alkaline in presence of substances present in
soybean 0il mecal, Cresol red is much more stable, but the absorption
of dye reflected heat treatments in under-heated to properly-heated

meals. Overheated meals could not be measurcd.

Fraenkel-Conrat and Cooper (91) showed that the acid dye,
orange G (1-phenylazo-2—naphthol-6,8 disulphonic acid sodium salt)
combined stoichiometrically with basic protein groups, the frec amino
groups, thc imidazole groups of histidine, and the guanidyl group of
arginine, provided they are in a frce or dissociated state. MNoran et
al (195) used this reaction of the dye, orange G, with basic amino
groups to determine the availability of frece amino, imidazole and
guanidyl groups of proteins and showed the dyc binding capacity of
soyvean meals heated for varying pcriods of time was closely rclated
with the growth of chicks fed the meals. Ascareth and Gestetner (12)
also found that dye binding capacity of soybcan mcal was a good measure
of its nutritional value. On the other hand using Moran's procedure,
Morrison (196) has not found that the dye binding capacity of
Canadian foods was reclated to their protein valuve. Van Buren ct al
(261) attempted to relate heat damage to the ability of soymilk nrotein
to bind the dye, orange G. The cxtent to which the dye was bound
decreased as hecat damage increased, but the differences were rather
small, Under heating conditions where 20 to 30 percent of the
available lysine was lost, the dye-binding ability of the soymilk
decreased by 5 to 7 percent. Duec to this lack of sensitivity the
authors concluded that measurement of the binding of orange G, while
it may be useful with soybean meal, is not a suitable method for use

in the quality control of soymilk,
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Bender (20) noted that some proteins show a decrease and
others an increase in dye binding capacity with processing damage and
therefore the method cannot bc used to compare the qualities of

different types of proteins after processing damage.

e. Available lysine value (FDNB - procedure )

When lysine is bound intramolecularly or by carbohydrate it
becomes unavailable and this results in o diminution in biological
value of the protcin so that total lysine estimations are of little
value. Carpenter =nd associates (45, 49) proposed that it is only
the lysine moleculc with a rcecactive EZ-amino group that is nutritionally
available. On the basis of this hypothesis, a method was developed
for the determination of "available" lysine in foods by using the
Sanger reaction between free amino groups and fluorodinitro-benzene
(FDNB) and the method is known as "FDNB - proceduré" (50). Treatment
of the finely ground protein products with fluorodinitro-benzene yields
dinitrophenylated proteins which are then hydrolysed with acid.
Interfering substances are renmoved from the hydrolysate by cther
extraction. The E-dinitrophenyl lysinc (E—DNP—lysine) is measurcd

colorimetrically.

Results obtained with the Carpenter procedure for a series
of fish, whale and meat products indicated a close correlation with
the corresponding results from chick feeding tests (51). Determination
of available lysine values using the FDNB-procedure were also made on
ground nut, cottonseed and soybcan meals but the results did not
correlate so well with the corresponding test on chickens (40).
Difficulties are encounted in using Carpenter's procedure for
measuring available lysine in products rich in carbohydrate due to

lower recoveries of E-DNP-lysine which is destroyed during acid
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hydrolysis in the presence of carbohydrate and also there is formation
of other yellow products which are not easily separated from the

hydrolysate (232).

A number of modifications of Carpenter's procedure were
proposed by scveral authors. A group of workers have used column
chronatography to separate DNP-lysine from possible interfering

colours (229).

Carpenter (50) has introduced a second reagent, methoxy-
carbonyl chloride, to react swnecifically with DNP-lysine in the ether
washed hydrolysate, the product is then extractablc with ether which
leaves a blank whose extinction can also be read and the difference
between the direct recading and the reading on the treated sample is
taken as measuring the E-DNP-lysinc which is itself, a measure of

available lysine.

The destructive effect on DIiP-lysinc by carbohydrate may be
partially diminished in somc materials by increasing the volume of acid
for hydrolysis (180). Carpenter (52) noted, however, that no
hydrolysis conditions examined are cffective in fully stabilising the
DNP-lysine.

There are some other minor limitations in the Carpenter
method, in particular, it also cstimates hydroxy-lysine dnd
ornithine as lysinec and it does not estimate N-terminal lysine or free
lysine (172) and thereforec lysine supplemented foods cannot be

cvaluated.

Considering the various limitations in using Carpenter's
procedurc especially in plant protein products which arc rich in

carbohydrate, Roach ct al (232) developed a method called the
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"difference-procedure”, which measures the "available" lysine as the
difference between the total lysinc obtained after acid hydrolysis
and the "bound" lysine which is the non-complexed lysine present in
the acid hydrolysate of the same material after it had been pretreated
with FDNB. Since lysine itself is rclatively little affected by the
conditions of acid-hydrolysis, therc should be no recovery problem
with this method and in addition any free lysine in the original
material would be included in the determination. In a discussion of
the various methods being considered as improvements of Carpenter's
procedure, Carpenter (53) himself statcd "if onc has the automatic
equipment it may prove more satisfactory to usc the "difference"
procedure rather than bother with the recovery problems which have to

be faced however one determines DNP-lysine.
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APPENDIX 9

SOME OF THE BIOLOGICAL METHODS USED FOR THE DETERMINATION OF

THE NUTRITIONAL VALUE OF PROTEINS (239)

Protein officiency ratio (PERZ:- The protein efficiency ratio

(PER) is the gain in weight of a growing animal divided by its
protein intake. It is a measure of protein quality particularly
in rclation to growth requircments when determined under specific
conditions. However, as pointed out by Block and Mitchell (28)
the PER is not a true cfficicency ratio because not all the protein
is used for growth, only that consumed above maintenance (29).
Also, Mitchell has criticisced the PER becausce it varies with the
food intake (190). The PER is used mainly in feeding experiments

with small animals and has been used in study on infants.

Biological valuc (BV):- he biological value is determined by

nitrogen balance and is defined by the ratio nitrogen retained :
nitrogin absorbed (191). This exprcssion of protein quality
measurcs the percentage of absorbed nitrogen rcetained for growth
and maintcnance with its main cmphosis on maintcnance, but it
docs not include a corrcection for incomplete absorntion. The
protein must be fed at or below the level neecded for maintenance
in order to achieve maximum cfficicncy of utilisation. Gencrally

his level is 9 to 10 percent of the dict (W/w).

Net protein utilisation (NPU):- The net protein utilisation

(NPU) expresses in a single index both the digestibility and BV

of a protecin., It is the product of the coefficient of digest-
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ibility and the BV, and therefore represents the proportion of food
nitrogen retained, i.c., nitrogen retained : nitrogen intake. The
efficiency with which a protein is utilised is diminished if the
caloric intake is too low or if the protcin is fed in excess.

For comparison of the quality of vroteins, the NPU is measured

under standardised conditions, with protein supplied at or below
maintenance levels in a diet providing adequatc caloriecs (NPUst).
The NPU operative (NPUop) refers to the utilisation of @ protein

undcr those conditions in which it is actually caton.

Net dietary protein valuc (WDpV ) : =~ The efficiency and concen-

tration may be combined in a single index, called the net dictary
protein valuc (217). This expression is the »nroduct of protein
concentration and NPU (determined at the same »nrotein levol). The
term NDpCal% (218) is uscd when in the latter expression protein
concentration is expressed as a percentage of calories in the

dict.

3ross protein value (GPV):- Growth results have also been

assessed in terms of the contribution which a protein makes when
used as a supplement to & standardiscd dict. For cexample, the
gross protein value for chicks mecasures the value of a protein

source as & supplemcnt for cercals (54).



ko 25

APPENDIX 10

LIST OF PAPERS

1. KHALEQUE, A., BANNATYNE, W.R. and WALLACE, G.M. Studies on the
processing and properties of soynilk, 1. Effect of prepro-
cessing conditions on the flavour and compositions of soymilks,

J.Sci.Fd.Agric. 21 (11), 579 (1970) (Reprint attached)

2., WALLACE, G.M., BANNATYNE, W.R. and KHALEQUE, A. Studies on the
processing and properties of soymilk. 2. Effect of processing
conditions on the trypsin inhibitor activity and the digest-
ibility in vitro of proteins in various soymilk preparations,

J.Sci.Fd.Agric. (in press)

3. WALLACE, G.M. and KHALEQUE, A. Studies on the processing and
propertics of soymilk. 3. Factors affecting concentration of
soymilk and its stability during heat sterilisation,

J.Sci.Fd.Agric. (in press)

4, TATLACE, G.'i. and IZTALEOUE, A. Effect of processing on the
nutritional quality of proteins. Presented at the 1971 Food
Tech. conf., Massey University. Food Technol. in New Zealand

6 (8), 16 (1971) Reprint attached)



10.

illill.

1124

13.

14.

193,
REFERENCES

ADAM, N.K. Physical chemistry. The Clarendon Press, Oxford,
(1956) p.595

AKESON, W.R. and STAHMANN, M.A. A pepsin pancreatin digest
%ndex)of protein quality evaluation. J. Nutr. 83, 257
1964

ALMQUIST, H.J. and MERRITT, J.B. Effect of soybean antitrynsin
on growth of the chick. Archs. Biochem. Biophys. 35,
352 (1952)

ALNQUIST, H.J. and MERRITT, J.B. Effcct of raw soybean mcal on
growth of the chick, Proc. Soc. Exptl., Biol. Med. 79,
277 (1952)

ALMQUIST, H.J. and MERRITT, J.B. Effcct of soybean antitrypsin
on expcrimental amino acid deficiency in the chick. Archs.
Biochem, 3iophys. 31, 450 (1951)

ALMAUIST, H.J. and MERRITT, J.B. Accentuvation of dietary amino
acid deficiency by raw soybean growth inhibitor. Proc. Soc.
Txptl. Biol. Med. 84, 333 (1953)

ALMQUIST, H.J., MERRITT, J.B., KRATZER, T.H. and GRAU, C.R.
Soybean protein as a source of amino acids for the chick.
J. Nutr. 24, 385 (1942)

ALTSCHUL, A.lN. Tood: proteins for human. Chem. Eng. News. 47,
68 (1969)

ATUMOT, E. and NITSAE, Z. The influence of soybean antitrypsin on
Ehe igtestinal protcolysis of the chick. J. Nutr. 73, 71
1961

AMBROSE, IM.E. and SNYDER, D.G. Pepsin digestibility: ns an index
of protein quality in fish meal: somec studies in the U.S.A.
Fishz. News Int. 2_(3), 210 (1964)

AWSON, M.,L. The estimation of pepsin, trypsin, papain and
cathepsin with hemoglobin. J. Gen. Physiol. 22, 79 (1938-39)

ASCARETH, I. and GESTETWER, B. Chemical and biological cevaluation
of some protein fceeds for poultry. J. Sci. Fd. Agric. 13,
401 (1962)

Association of Official Agricultural Chemists. Official methods of
analysis. 10th edition, 1965.

AYLWARD, F. An asscssment of the world protein nceds and suppliecs.
In: The better use of the world's fauna for food, Symposia
of the Institute of Biology No.11, J.D. Ovington (Bditor),
(1963), p.1



15.

16.

17.

18.

19-

20.

21,

22

23.

24.

25.

26.

27.

28,

29.

30.

194.

BADENHOP, A.F. and HACKLER, L.R. Effccts of soaking soybeans in
sodium hydroxide solution as pretreatment for soymilk
production. Cereal Sci. Today. 15 (3), 84 (1970)

BARNES, R.H., FIALA, A. and KWONIG, E. Methionine supnlementation
of processced soybeans in the rat. J. Nutr. 77, 278 (1962)

BELTER, P.A. and SHITH, A.K. Protein denaturation in soybean meal
during processing. J. im., 0il Chem. Soc. 29, 170 (1952)

BENDER, A.E. Iactors affecting the autritive value of protein
foods, In: Evaluation of novel nrotein products, A.E. Bender
et al (Bditors), Wenner-Gren Center Internmational Symposium
Series, Vol.14, Pergamon Press, (1968) p.319

BEMDER, A.E. Dctermination of nutritive value of protein by
chemical analysis, In: Meeting protein needs of infants
and children, Pub. 0.843., MNational Academy of Sciences -
National Research Council, VYashington, D.C., (1961), . 407

BENDZR, A.E. Newer methods of assessing protein quality. Chemistry
and Industry. 5th July, (1969), p.904

BIZLORAI, R. and BONDI, A. Relationship between antitryptic factors
of some plant protecin fecds and products of protcolysis
precipitable by trichloroacetic acid. J. Sci. Fd. Agric.

14, 124 (1963)
BIERNGER, O.R. Ger. pat. 1,037,245 (1958)

BIRK, Y,, BONDI, A., GESTETNER, 3. and ISHAAYA, I, A thermostable
hacmolytic factor in soybeans (soybean sapnonins, I) Nature

197, 1089 (1963)

BJORKSTEN, J. Cross linkages in protein chemistry. Adv. Protein
Chem. 6, 343 (1951)

BLAIN, J.A. and TODD, J.P. Lipoxidase activity by cup-plate
techniques. J. Sci. Pd. Agric. 9, 235, (1558)

BLOCK, R.J., JONES, D.S. and ZERSDCRF'F, C.&.F. The effect of dry
heat and dilute alkali on lysinc content of casein. J. Biol.
Chem. 105, 667 (1934)

BLOCK, R.J., CANNON, P.R., WISSLER, R.W., STEFFEE, C.H., STRANBE,
R.L., FRAXIER, L.%. and WOOLRIDGE, R,L. Thec effects of
baking and toasting on the nutritional value of proteine.
Archs. Biochem. 10, 295 (1946)

BLOCK, R.J. and MITCHELL, H.H. The correlation of the amino acid
conposition of proteins with their nutritive value. Nutr.
Abst. Revs. 16, 249 (1946)

BOAS-FIXEN, M.i., HUTCHINSOK, J.D.C. and JACKSON, H.M. The biolo~
gical value of proteins. Biochem. J. 28, 592 (1934)

BOEDTKER, H. and DOTY, P. A study of gelatin molecules
aggregates and gels. J. Phys. Chem. 58, 968 (195¢5



31.

2

33.

34.

35.

36.

37.

39.

40.

41,

42,

43.

44.

450

46,

195.

BOOTH, A.N., ROBBINS, D.J., RIBELIN, W.E. and DEEDS, F. Effect
of raw soybean meal and amino acids on pancreatic hypertrophy
in rats. Proc. Soc. Exptl. Biol. Med. 104, 681 (1960

BORCHERS, R. Counteraction of the growth devression of raw soy-
bean o0il meal by amino acid supplements in weanling rats.
J. Nutr. 75, 330 (1961)

BORCHERS, R. Supplementary methionine requirement of weanling
rats fed soybean oil meal rations J. Nutr. 77, 309 (1962)

30RCHERS, R. Raw soybean growth inhibitor. Iederation Proc. 24,
1494 (1965)

30RCHERS, R., ACKERSOlN, C.W. and SANDSTEDT, R.M. Trypsin
inhibitor. III. Determination and heat destruction of the
trypsin inhibitor of soybeans. Archs. 3iochem. 12, 367 (1947)

BOWMAN, D.E. TFractions derived from soybeans and navy beans
which retard tryptic digestion of casein. Proc. Soc. Bxzptl.
Biol. Med. 57, 139 (1944)

BOWIMAN, D.®E. Differentiation of soybean antitryptic factors.
Proc. Soc. Bxptl. 3iol. Med. 63, 547 (1946)

BOWITAN, D.#. Purther differentiation of bean trypsin inhibiting
factors. Archs. 3iochem. 16, 109 (1948)

BOWIAN, D.E. Characteristic of proteasc trypsin inhibitor of
soybeans. Federation Proc. 2, 155 (1950)

BOYNE, A.Y., CARPENTER, K.J. and WOODHAM, A.A. Progress report
on an assessment of laboratory procedures suggested as
indicators of protein quality in feeding stuffs. J. Sci.
Fd. Agric. 12, 832 (1961)

3RESSANI, . and ELIAS, Z.L. Processed vegetable protein mixture
for human consumption in developing countries. In: Adv.
Food Res. 16, 1 (1968)

British Standard Institution (London), 3.3. 696, (1955)
British Standard Institution (London), B.S. 2690, (1956)

BROCK, J.F. and AUTRET, M. Kwashiorkor in Africa, FAO
Wutritional Studies MNo.8 (1952) pp.78, cited in reference
255.

BRUY¥O, D. and CARPENTER, K.J. A modified »rocedure for the
estimation of available lysine in food proteins. Biochem.

J. 67, 13 (1957)

BURNETT, R.S. Soybean protecin food products. In: Soybeans and
soybean products. K.3S. Markley (Edi@or), Interscience
Publishers, Inc., New York. vol.II, (1950) p.949



417.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

9%

60.

196,

CAHILL, W.M., SCHROEDZR, J.L. and SMITH, A.H. Digestibility and
biological value of soybecan protein in whole soybeans,
soybean flour and soybean milk., J. Nutr. 28, 209 (1944)

CARPENTER, K.J., MORGAI, C.3., LEA, C.H. and PARR, L.J. Chemical
and nutritional changes in stored herring meal. 3. Effect
of heating at controlled moisture content on the binding of
amino acids in freeze-dried herrinz press cake and in
related model systems. Brit. J. Nutr. 16, 451 (1962)

CARPENTER, K.J. and ELLINGER, G.M. The cstimation of available
lysine in protein concentrates. Biochem. J. 61, XI (1955)

CARPENTER, K.J. The estimation of the available lysine in animal
protein foods. Biochem. J. 77, 604 (1960)

CARPENTER, K.J., ELLINGER, &.li., MUNRO, ¥.I. and ROLFE, E.J.
Fish products as protein supplements to cereals., 3Brit., J.
Tutr. 11, 162 (1957)

CARPENTER, K.J. and BJARNASON, J. Nutritional evaluation of
proteins by chemical methods. In reference 18, p.161

CARPENTER, K.J. Discussion at the ¢nd of paper "Determination
of available lysine by column chromatography" by H. Ruderus
and R, Kihlberg. In refercnce 18, p.200

CARPEINTER, K.J., ELLINGER, G.M. and SHRIIPTON, D.H. The cvalua-
tion of whaling byngroducts as feceding stuffs, J. Sci. 7d.
Agric. 6, 296 (1955)

CATSIMPOOLA3, N, IMUNK, S.K. and !NEYER, 3.'J. Thermal aggregation
of glycinin subunits. Cereal Chem. 46 (4), 331 (1969%

CATSIMPOOLAS, N. and MZYER, E.V¥. Gelation phcnomena of soybean
globulins. 1. Protein-protein interactions. Cereal Chemn.
47 (5), 559 (1970)

CHERMICK, S.S., LEPKOVSKY, S. and CEAIKOFF, I.L. A dietary
factor regulating the enzyme content of the pancreas.
Change induced in sizc and proteolytic activity of the
chick pancreas by the injcction of raw soybean meal. sam. J.
Physiol. 155, 33 (1948)

CIRCLE, S.J., HMEYER, E.V. and WEITNEY, R.W. Rheology of soy
protein dispersion. Iffect of heat and other factors on
gelation. Cereal Chem., 41, 157 (1964)

CLANDINIM, D.R., CRAVEW3, ¥.W., ELVEHJEM, C.A. and HALPIN, J.G.
The relationship between time and temperature to the
nutritive value of soybean oil meal. Poultry Sci. 27,
370 (1948)

CLAYDINIK, D.R., CRAVENS, ¥.¥W., ELVEHJEM, C.A. and HALPIY, J.G.
Deficiency in over-~heated soybean o0il meal. Poultry Sci.
26, 150 (1947)



61.

62.

63.

(@)
S

650

66.

68.

69.

70.

.

72.

73.

197.

CLAWDINII{, D.R. and ROBBLEE, A.R. The ceffect of processing on the
enzymatic liberation of lysinc and arginine from soybcan oil
meal., J. Nutr. 26, 525 (1952)

CLI#FORD, J.8.T. and GORTMZR, R.A. Sulfur in proteins., V. The
effect of alkalies upon cystine with special reference to
the action of sodium hydroxide. J. 3iol. Chem. 99, 383
(1932-33)

DE, S.S. and SU3RAIMANYAN, V. Processing of soybean for the
production of milk. Curr. Sci. 14, 204 (1945)
Original not scen

DEAWl, R.F.i. Plant nrotein in child feeding, lMedical Research
Council (Brit.) Special Rept. Scr. o.279, H.M. 3tationary
Office, London (1953) Original not seen

DEMATYZER, @.1. and VANDRRBORGHT, ii.L. Determination of the
nutritive value of differcent protein foods in the feeding
of African children. In referonce 19, p.143

D ISTKACHAR, H.S.R., DE, S.S. and SU3RAHIMA¥YAN, V. Studies on
the nutritive value of soymilk. Part I. DNutritive value
of protein. 4nnals Biochom. Zxptl. Med. 6, 49 (1946)
Original not scen

DESIKACHA 2, H.S.R. and DB, S.3. Role of inhibitors in soybhecan.
Science 106, 421 (1947)

DESTKACEAR, @I.B.R., DE, S.S. and SUBRAHILANYAN, V. Protein value
of soybecan milk. Human feeding exwveriment, Ind. J. lied.
Res. 36, 145 (1948) Original not seen

Determination of thermal process for canned foods. Commonwcalth
Scientific and Industrial Research Organisation, Division of
Food Preservation Circular o.7-P, Melbourne, (1965)

DEVLIN, H.B. and ZITTLE, C.A. A nutritional study of human
globulin in rats. J. Biol. Chem. 156, 353 (1944)

DEYSHER, E.F., WEB3, B.H. and HOLIi, G.E. The viscosity of
evaporated milks of different solids concentrations. J.
Dairy Sci. 27, 345 (1944)

DISER, G.M. Control of the factors influencing protein quality
in soybean meal by proper processing. Feedstuff Scr.
Articles paper, Ann. Meeting, Animal Nutrition Res. Council,
Washington, D.C., (1962), Original not seen.

DREOSTI, G.M., WVIECHERS, S.%. and CONRADIE, W.J, DPecpsin digest-
ibility: as an index of protein quality in fish meal:
some South Africen studies. Fishg.News Int. 3 (4),
314 (1964)



74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

198.

Bvaluation of protein quality. Report of an intermational
conference committce on protein malnutrition. Food and
Nutrition Board, pub.1100, National Academy of Sciences
- National Resecarch Council, Washington, D.C., (1963)

EVANS, R.J. Hydrolysis of soy»ean 0il meal proteins by some
proteolytic enzymes. Archs. Biochem. 11, 15 (1946)

BVANS, R.J., McGINNIS, J. and ST JOHM, J.L. The influence of
autoclaving soybean 0il meal on the digestibility of the
proteins. J. Hutr. 33, 661 (1947)

EVANS, R.J. and BUTTS, II.A. Studies on the heat inactivation
of lysine in soybean o0il meal. J. 3iol. Chcm. 175, 15 (1948)

EVANS, R.J. and 3UTTS, H.A. Inactivation of amino acid by auto-
claving. 3cience 109, 569 (1949)

EVANS, R.J. and BUTTS, H.A. Studies on the heat inactivation of
nethionine in soybean o0il meal. J. Biol. Chem. 178, 543

(1949)

EVAITS, R.J., GROSEHKEZ, 4.C. and BUTTS, H.A. Studics on the heat
nactlvatlon of cystine in soybean o0il meal. Archs. Biochen,

30, 414 (1951)

BVAMS, R.J. and BATDILER, S.L. Nutritive valuc of some oil seced
proteins. Cereal Chem, 44 (5), 417 (1967)

FERNEL, 'T.R. and ROSEW, G.D. kicrobiological evaluation of
protein quality with Tetrahymena pyriformis W. I.
Charactcristics of growth of the organism and determination
of relative nutritive values of intact protein. Brit. J.
Mutr. 10, 143 (1956)

FERRY, J.D. Protein gels. Adv. Protein Chem. 4, 1 (1948)

FISHER, H. and JOHNSON, D. The effcectiveness of essential amino
acid supplementation in overcomingz the growth depression
of unheated soybean meal. Archs. Biochem. Biophys. 77,
124 (1958)

FOMON, S.J. DNitrogen balancc studies with normal infants fed
soybean protein, In: Proceceding of confercnce of soybean
products for protein in human foods. Northern Utilisation
and Development Division, ARS - USDA,Pecoria, Illinois,
Sept. 1% - 15, (1961). ARS - 71 - 22 (1962), p.175

Ffood Chemical Codex, pub. o.1143, National Academy of Sciences -
National Research Council,(1963), p.196

FORD, J.E. and SALTER, D.N. Analysis of enzymically digested
food proteins by sevhadex-gel filtration. Brit. J. Nutr.
20, 843 (1966)

FORD, J.E. A microbiological method for assessing the nutritional
value of proteins. Brit. J. Nutr. 14, 485 (1960)



199.

89, FORD, J.E. A microbiological method for assessing the nutritional
value of proteins. 2. The measurement of available
methionine, leucine, isolcucine, arginine, histidine _
tryptophan and valine. Brit. J. Nutr. 16, 409 (19623

90. FORD, J.E. A microbiological method for assessing the
nutritional value of proteins. 3. Further studies on the
measurement of available amino acids. Brit. J. Nutr. 18,

449 (1964)

91. TFRAENKEI-CORIJAT, H. and COOPER, M. The use of dyes for the deter-
riination of acidic and basic groups in proteins, J. Biol.

Chem. 154, 239 (1944)

92. TFRENSDORFF, H.K., WATSON, M.J. and KAUZMANN, W/. The kinetics of
protein denaturation. IV. Thc viscosity and gelation of
urea ﬁolution of ovalbumin. J. Am. Chem. Soc. 75, 5157
(1953

93. FRITZ, J.C., KRAIKE, E.M. and REED, C.A. BEffect of heat treat-
nent on the biological valuec of soybeans. Poultry Sci. 26
657 (1947)

94, TFROLICH, A. Reaction between phthalein dycs and heated food-
stuffs, Nature 174, 879 (1954)

95, TUKUSHIMA, D. Denaturation of soybecan proteins by organic
solvents, Cereal Chem. 46, 156 (19€69)

96, TFUKUSHIMA, D. A now method for quantitative determination of the
degreec of denaturation of protein in soybcan flour. Bull,
hgr. Chem. Soc. Japan, 23, 15 (1959)

97. FUKUSHIMJ, D. and VAN BUREN, J.P. Effect of physical and cheuical
processing factors on the redispersibility of dried soymilk
proteins. Cercal Chem. 47 (5), 571 (1270)

98. GESTETNBR, B., BIRK, Y. and BONDI, A. Proc. Israel Chem. Soc. 3,
83 (1965). Cited in reference 271.

99. GOITZEA, I. and SUTZESCU, P. Natural antinutritive substances in
foodstuffs and forage. S. ¥arger A.G. (publishers),
Switzerland (1968)

100. GORTWER, R.A. and SINCLAIR, W.B. Sulfur in proteins. IV. The
effecect of alkalies upon cystine. J. Biol. Chen. 83, 6&1
(1929)

101. GRAHAIT, G.G. Dietary protein quality in malnourished infants:
soyproteins. Proc. Inter. Conf. on soybean protein foods,
ARS - USDA, Peoria, Illinois, October 17 - 19 (1966),
ARS ~ 71 - 35 (1967) p.64

102. GREAVES, E.O., MORGAN A.F. and LOVEEN, l.K. The effect of amino
acid supplcements and of variations in time and duration of
heating upon the biological value of heated casein., J.
Hutr. 16, 115 (1938)



105.

106.

107.

108.

109.

110.

1M1,

112,

113.

114.

115.

116,

17.

200,

(1]
GYORGY, P., OMANS, W.3. and HALL, E.W«S. Feeding value of soy-
milk for prematurc infants. In reference 85, p.179

HACKLER, L.R., VAN BUREN, J.P., STEINKRAUS, K.H., RAWI, I.E. and
HAND, D.B. Effect of heat treatment on nutritive valuc of
soymilk protein fed to weanling rats. J.Food Sci. 30, (4),
723 (1965)

HACKLER, L.R. and STILLIN%Z, 3.R. Amnino acid composition of heat
processed soymilk and its correlation with nutritive value.
Cereal Chen. éﬁ.(1), 70 (1967)

HAINES, P.C. and LYIiAll, R.TL. Relationship of pancrcatic cnzyne
sccretion to growth inhibition in rats fed soybean trypsin
inhibitor. J. Nutr. 74, 445 (1961)

HALEVY, S. and GUGGCNHEIN, K. Archs. Biochem. Biophys. 44, 211
(1953) cited in reference 154

HALBVY, S. and GROSSOWICZ, N. A microbiological approach to
nutrition cvaluation of protein. Proc. Soc., Exptl. Biol.
Mec. 82, 567 (1953)

HAIT, W.E. and SANDSTEDT, R.M. A4 proteolytic inhibiting substance
in the extract from unhecated soybecan mecal, J. Biol. Chen.

154, 505 (1944)

HAYD, D.B. Development of low cost supplemental foods from soy-
becans. Corncll International Agricultural Development
Iineograph 13, Cornell University, Ithaca, XNew York,(1965)

HAND, D.3., STEINKRAUS, K.H., VAY BUCREN, J.P., HACKLIR, L.R.,
RAYVT, E.I. and PALLESE!, H.l. Pilot plant stvdies on soy-
milk, Food Technol. 18, 139 (1964)

HAUROWITZ, i'. ™"The chemistry and function of proteins't Aicademic
Press Inc., ilew York and London (1963) p.161

HAYASHTI, Y. and ARIYANA, H. BEffect of heat on the digestibility
of soybcan proteins. BEiyo to Shokuryo 10, 134 (1957)

HAYWARD, J.W., STERBOCK, H. and BOHSTEDT, G. The effecct of
cystine and casein supplements upon the nutritive value of
the protein of raw aud heated soybeans. J. Nutr. 12, 275

(1936)

HAYWATD, J.W. and HAFWER, T.H. The supplementary effect of cystine
and methionine upon the protein of raw and cooked soybeans
?s determined with chicks and rats. Poultry Sci. 20, 139
1941)

HAYWARD, J.W. Heat processing of soybecan meal for maximum
protein quality. Soybcan Digest 27, 43 (1967)

HILL, C.H., BORCHERS, R., ACKERSON, C.%. and MUSSEHL, F.E. Lack
of effect of arino acids on the growth retardation due to
unheated soybcans. Archs. Biochem. Biophys. 43 286 (1953)



118,

1109.

120,

121.

122.

123.

124.

125.

126.

2.

128.

129.

130,

131.

201,

HOROWITZ-WLASSOWA, L.l., OBERIARD, J.4&. and GUTERFANN, S8.J.
Schriften Zentral Biochem. Forschungs Inst. Nahr-Gemussmittel,
1, 157 (1931) Cited in reference 255.

HORN, #.J., BLUM, A.E., WOMACK, II. and GERSDORFF, C.E.F.
Nutritional evaluation of food proteins by measuring
availability of aminc acids to microorganisms. I. Cotton-
seed protein. J. Nutr. 48, 231 (1952)

HORW, M.J., BLUIM, B.E. and WOMACK, M. Availability of awmino acids
to microorganisms., II. A rapid microbial method of
determining protein value. J. Iutr. 52, 375 (1954)

HOU, H.C., RIESEN, Y.H., and ELVEHJEI{, C.A. Influence of heating
on the liberation of certain amino acids from whole raw
soybeans. Proc. Soc. Exptl. 3iol. Med., 70, 416 (1949)

HUNZIKER, O.T. Condensed milk and milk powder, 6th edition,
published by the author, La Grange, Illinois, (1946), 1.191

IMGRAY, 5.R., RIGSEW,,¥.H., CRAVENS, ¥.'7. and ELVEHJEM, C.A.
Bvaluating soybean o0il meal protein for chick growth by
enzymatic release of amino acids. Poultry Sci. 28, 898 (1949)

"International action to avert the impending protein crisis",
Special report series of the advisory committee on the
application of science and technology to development.
United Nations, New York, (1868)

ISHAAYA, I., BIRK, Y. 3Soybean saponins IV. The effect of »roteins
on the inhibitory activity of soybean saponins in certain
enzymes. J. Food Sci. 30, 118 (1965)

JACQUOT, R. Traitements thermigues et valeur alimentaire, Ann.
Zootech., 3, 189 (1954 ) cited in reference 99.

/
JAFFE, Y.G. Uber phytoloxine aus 3ohnen (phaseolus vulgaris).
Arzneimettel-Forsch. 10, 1012 (1960) cited in reference 160.

/

JAFFE, W.G. and CANEJO, G. La accionde una proteina toxica,
aislada de caraotas negras (phaseolus vulgaris) sobre la
absorcion intestinal en ratas. Acta. cient. venezolana,
12, 59 (1961) cited in reference 160

JELLIFFE, D.B. Infant nutrition in the subtropics and tropics.
WHO monograph series no.29, World Health Organisation,
Geneva, 1968

JENSEN, 3.V., HOSPZLHORW, V.D., TAPELY, D.F. and HUGGINS, C.
Thermal coagulation of serum protein. III. The effect of
pH and of sulphydryl reagent on the nature of the coagulum.
J. Biol. Chem. 185, 411 (1950)

JENSEN, E.V. Sulfhydryl-disulfide interchange. Science 130,
1319 (1959)



132.

133.
134.
135.

136.

i 3

138.

139.

140.

141.

142.

143.

144.

145.

146.

147,

148,

14S.

202,

JIRGENSONS, B. and STRAUMANIS, IM.E. A short text book of colloid
chemistry. 2nd edition, Pergamon Press (1964) p.156

JIRGENSONS, B. and STRAUKANIS, M.E. Reference 132, p.350
JOHNSOW, G.W. U.3. Pat. 3,386,833 (1968)

JOLY, M. A physico-chemical approach to the denaturation of
proteins. Academic Press, London and New York (1965) p.127

JONES, D.B. and GERSDORFF¥, C.H.F. The effect of dilute alkali on
the cystine content of casein. J. 3iol. Chem. 104, 99 (1934)

JONES, D.B. Nutritive value of soybean and peanut proteins.
Federation Proc. 3, 116 (1944)

KASTELL, A. Determination of the digestibility of crude protein
in vitro. Die Bodenkultur, 12,247 (1961) cited in reference
206,

KELLEY, J.J. and PRESSEY, R. Studies with soyhean protein and
fibre formation. Cereal Chem. 43, 195 (1966)

KHAYAMBASHI, H. and LY!IAN, R.L. Growth depression and pancreatic
and intestinal changes in rats force-fed amino diets con-
taining soybean trypsin inhibitor. J. Nutr. 89, 455 (1966)

KLOSH, A.A., FREAVENS, J.D. and I'EVOLD, H.L. Inadequacy of pro-
teolytic engyme inhibition as explanation for growth
depression by lima hean protein fractions. Science 108, 28

(1948)

KLOSE, ,A.A., HILL, B. and FEVOLD, H.L. I'ood value of soybean
proteins as related to processing. Food Technol. 2, 201

(1948)

KUNITZ, M. Crystallization of a trypsin inhibitor. Science 101,
668 (1945)

KUNITZ, 1. Crystalline soybean trypsin inhibitor, II. %Seneral
properties. J. Gen. physiol. 30, 291 (1947)

KUNITZ, I1. The kinetics and thermodynamics of reversible
denaturation of crystalline soybcan trypsin inhibitor.
J. Gen. whysiol. 32, 241 (1948-49)

KWONG, E. and BARNES, R.II, Effect of soybean trypsin inhibitor on
methionine and cystine utilization. J. Nutr. 81, 392 (1963)

LAGER, M. The useful soybean.. MNcGraw-Hill Book Company, Inc.,
Hew York and London (1945)

LASKOWSKI, M, and LASKOWSKI, M.Jr., Naturally occuring trypsin
inhibitor. Adv. Protein Chem. S, 203 (1954)

LAWRENCE, A.J. Use of the refractometer to determine total solids
in sweetcened condensed milk., Aust. J. Dairy Technol. Q.(3),
92 (1953)



150.

151,

528

153.

154.

155.

156,

157.

158.

159.

160,

161.

162,

163.

203,

LEA, C.H. and HANNAN, R.S. Studies of the reaction between proteins
and reducing sugars in the "dry" state. I. The effect of
activity of water, of pH and temperature on the primary
reaction between casein and glucosc. Biochem. and Biophys.

Acta, 3, 313 (1949)

LEA, C.H. and HANNAN, R.S. Studies of the reaction between proteins
and reducing sugars in the "dry" state. II. Further observa-
tions on the formatvion of the casein glucose complex.ibid.

4, 518 (1930)

LEA, C.H. and HANNAN, R.S. Studies of the reaction between proteins
and reducing sugzars in the "dry" state. III. Nature of the
protein groups reacting sugars. ibid, 5, 433 (1950)

LEA, C.H. and HANNANM, R.S. Biochemical and nutritional
significancce of the reaction between proteins and reducing
sugars. Nature, 165, 438 (1950)

LIENER, I.Z. Effect of heat on plant proteins, In: Processed

plant protein foodstuffs. Altschul, ALl (Editor), Academic
Press, Inc., (publishers), New York (1958) p.79

LIENER, I.E. and FEVOLD, H.L. The effect of the soybean trypsin
inhibitor on the pancreatic releasc of amino acids from auto-
claved soybean meal. 4rchs. Biochem. 21, 395 (1949)

LIENiR, I.E., DEUEL, H.,J.Jr., and FEVCLD, H.L. The effect of
supplemental methionine on the nutritive value of diets
containing concentrates of the soybean trypsin inhibitor.

J. Tutr. 39, 325 (1049)

LIZER, I.E. The intraperitoneal toxicity of concentratecs. of the
soybean trypsin inhibitor. J. 3iol. Chem. 193, 183 (1951)

LIENBER, I.%. The effect of heat treatment on the nutritive value
and hemagglutinin activity of soybean o0il meal. J. Nutr.

49, 609 (1953)

LIENBR, I.B. Soyin, a toxic protein from the soybecan. 1.
Inhibition of rat growth. J. Hutr. 49, 527 (1953)

LIENER, I.BE. Hemagzlutinin in foods. In: Toxican occurring
naturally in foods. pub,1354, NMational Academy of Sciences -
National Research Council, Washington, D.C. (1966) p.51

LIENRR, I.E. Inactivation studies on thc soybean hemagglutinin.
J. Biol. Chem. 233, 401 (1958)

Lo, W.Y., STEINKRAUS, K.H., HAND, D.B,, WILKEXI3, ¥.F., and HACKLER,
L.R. Yeilds of extracted solids in soymilk as affected by
temperature of water of various pretreatments of beans. Food
Technol, 22, 1322 (1968)

LO, W.Y., STEINKRAUS, K.H. and HAND, D.B. Concentration of soymilk.
Tood Technol. 22, 1028 (1968)



164.

165,

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.
177.

178.

179,

204.

LO, W.Y., STEINKRAUS, K.H. and HAND, D.B. Heat sterilization of
bottled soymilk. Food Technol. 22, 129 (1968)

LOVERN, J.A., OLLEY, J. and PIRI®, R. Pepsin digestibility: as
an indez of quality of fish meal: Part II. Some British
studies. Fishg.News Int. 3 (4), 310 (1964)

LOVERN, J.A. Some analytical problems in the analysis of fish
and fish products. J.4.0...C. 48 (1), 60 (1965)

LOWRY, O.H., ROSENBROUGH, IN.J., FARR, A.L. and RANDALL, R.J.
Protein measurement with the Folin phenol reagent. J. Biol.

Chem. 193, 265 (1951)

LYa, R.L. and LEPKOVSKY, S. The effect of raw goybean meal and
trypsin inhibitor diets on the pancreatic enzyme secretion in
the rat. J. Nutr. 62, 269 (1@573

LYMAN, R.L. The effect of raw soybean intestinal and pancreatic
nitrogen in the rat. J. Nutr. 62, 285 (1957)

MAILLARD, L.C. Chemie organique action des3 zcidcs amines sur les
sucres, formation des melanoidines par voie methodique. Compt.
nend 154, 66 (1912) original not seen.

HANY, R.L. and BRIGGS, D.R. Effccts of solvent and heat treatments
on soyvean proteins as evidenced by clectrophoretic analysis.
Cereal Chem., 27, 258 (1550)

PATHEON, M.A. Available lysine. II. Determination ol available
lysine in feeding stuffs by dinitrophenylation. J. Sci. Td.
Agric. 19, 496 (1968)

I"ATTICK, L.R. and HAWD, D.3. Identification of volatile comwonent
in soybeans that contributes to the raw bean flavour.
J. Agric. M. Chen. 17 (1), 15 (1969)

MAURON, J., MATTU, F., BUJARD, E. and EGLI, R.H. The availability
of lysine, methionine and tryptophan in condensed milk and
milk powder. In vitro digestion studies. Archs. Biochem.

Biophys. 59, 433 (1955)

MAURON, J. Nutritional evaluation of proteins by cenzymatic methods.
In reference 18, p.211

McANELLY, J. TU.S. Pat. 3,142,571 (1964)
NELHUISH, W.J. U.S. Pat. 1,175,467 (1916)

MBELNICK, D., OSER B.L. and WEISS, S. Rate of cenzymic digestion of
proteins as a factor of nutrition. Science, 103, 326 (1946)

MELNICK, D. and OSER, B.L. The influencc of hcat processing on the
functlonal and nutritive properties of protein. Food
Technol. 3, 57 (1949)




180.

181.

182.

183.

184.

185,

186.

187.

188.

189.

190.

191.

192.
195%
194.

195.

209,

MENDEN, E. and CREMER, H.D. Laboratory methods for the evaluation
of changes in protein quality. In: Newer methods of
nutritional biochemistry. A.A. Albanese (Editor), Academic
Press, New York and London, 4, 123 (1970)

MERTZ, E.T., RENNERT, S.S. and CCLE, E.W. 4 bacterial method for
determining protein digestibility. J. Nutr. 56, 437 (1955)

MILES, C. U.S. Pat. 3,288,614 (1956)

MILLER, H.W. Traditional methods of processing and use of soy
liquid and powdered milk. In rcference 85, p.149

MILLER, H.W. U.S. Pat. 2,078,962 (1937)

MILLER, H.W. DNutritional value of soymilk. Mimeographed. Inter-
national Nutrition Rescarch Foundation, Arlington,
California, (1957)

HILLER, E.L. Determination of the tryplophan content of fceding-
stuffs with particular refcrence to cereals. J. Sci. .
Agric. 18, 318 (1967)

MILNER, M. General outlook for seed protein concentrates.
In: World protein resources, advances in chemistry. Series 57,
R.F. Gould (Editor), American Chemical Society, Washington,
D.C. (1966) p.52

MITCHELL, H.H. and BLODE, R.J. Some relationshins between thc
anino acid contents of proteins and their nutritive values
for rats. J. Biol. Chem. 163, 599 (1946)

MITCHELL, H.H. In: Methods for evaluation of nutritional
adequacy and status, Committcc on Foods, National Academy
of Sciences - National Research Council, Washington D.C
(1954) p.13. Original not secn

MITCHELL, H.H. Dectermination of the nutritive value of the proteins
of food products. Ind. Eng. Chem. Anal. Ed, 16, 696 (1944 )

MITCHELL, H.H. A method Hr determining the biological value of
protein. J. Biol. Chem. 58, 873 (1924)

MONAHAN, L.J. and POPE, C.J. U.S. Pat. 1,104,376 (1914)

MONOHAN, L.J. and POPE, C.J. U.S. Pat. 1,165,199 (1915)

MOORE, S., SPACKMAN, D.H. and STEIN, W.H. Chromatography of amino
acids on sulphonated polystyrene resin. An improved system.
Anal. Chem. 30, 1185 (1958)

MORAN, E.T.Jr., JENSEN, L.S. and McGINNIS, J. Dyc binding by

soybean and fish meal as an index of quality. J. Nutr. 79,

239 (1963)



206,

196. MORRISON, A.B. Some aspects of the nutritive value of proteins.
Symposium on foods: proteins and their reactions, H.W.
Schultz and A.F. Anglemier (Zditors), The AVI Publishing
Company, Inc., Westport, Connecticut (1964) p.361

197. IMORSE, W.J. Chemical composition of soybean seecd, In: Soybeans
and soybean products. Vol.I, K.S. Markle (Editor), Inter-
science Publishers, Inc., New York (1950) p.135

198. MORSE, %W.J. History of soybean production, In rceference 197, p.3

199, MUSTAKAS, G.C., ALBRECHT, W.J., BROOKWALTER, G.N. and GRIFFIN, E.L.
Jr., Full-fat soyflour by a simple process for villagers.
Publication 4RS - 71 - 34 (Yashington, D.C. : U.S. Dept. Agric.)

200. MUSTAKAS, G.C. and MAYBERRY, D.H. Simplified full-fat soyflour
process. TFood Eng. 36 (10), 52 (1964)

201, NAKAJIMA, A. and SCHBRAGA, H.A. Thermodynamic study of shrinkage
and of phase cquilibrium under stress in films made from
ribonuclase. J. Am. Chem. Soc. 83, 1575 (1961)

202, NESHEIM, ¥.C., GARLICH, J.D. and HOPKINS, D.T. Studies on the
effect of raw soybean meal of fat absorption in young chicks.
J. Nutr. 78, 89 (1962)

203. DNew Zealand Standard Institution, N.Z.S. 2246 (1969)

204. NITSAN, Z. and ALUMOT, E. Overcoming the inhibition of intestinal
proteolytic activity causced by raw soybean in chicks of
different ages. J. Nutr, 84, 179 (1964)

205. OKUMURA, 3. and WILKINSON, J. U.S. Pat. 3,399,997 (1968)

206. OLLEY, J. Unpublished results, Torry Research Station Interim
Record No.13, 1964, Available on request from Torry Research
Station, Aberdeen or the Humber Laboratory, Hull,

207. OLLEY, J. and PAYNE, P.2. Net protein utilization of fish products:
Prediction using a nodified pepsin digest procedurec. Fishg.
News Int. 6 (1) 34 (1967)

208. OSBORNE, T.B. and MENDZEL, L.B. The use of soybean as food. J.
Biol, Chem. 32, 369 (1917)

209. OSBORNE, T.B. and HENDEL, L.B, Amino icids in nutrition and growth.
J. Biol. Chem. 17, 325 (1914)

210. OSER, B.L. Method for integrating essential amino acid content
in the nutritional evaluation of protcin. J., Am. Dietet.
Assn. 27, 396 (1951) Original not seen

211. OSER, B.L. Assessment of nutritional value of novel proteins. J.
Am. 0il Chem. Soc. 47 (11), 453 (1970)



212,

213.

214.

215.

216.

217,

218.

219,

220,

221,

222,

223,

224,

225,

226,

207,

OYENUGA, V.A. Improvement of nutritional status in developing
countries by improved food production: 1legumes. In:
nutrition under various geographic and climatic conditions.
Proceedings of the seventh international congress of
nutrition. Perg=zmon Press. 3, 35 (1966)

PALLANSCH, M.J. and LIENER, J.E. Soyin, a toxic protcin from
soybean. II. Physical characterization. Archs. Biochem.

Biophys. 45, 366 (1953)

PATTON, A.R., HILL, E.G. and FOREMAN, Z.lf, Amino acid impairment
in casein heated with glucose. Science 107, 623 (1248)

PATTON, 4A.R., HILL, E.G. and FORE!AN, E.}. The ceffect of browning
on the essential amino acid content of soy globulin.

Science 109 659 (1948)

PETERS, I.N., CARROLL, R., BUNTING, J.R. and HENSLEY, G.W.
Project Report, Committee on Food Research, Quartcrmaster
Tood and Container Institute for the Armed Forces, Chicago,
(1947). Original not seen.

PLATT, B.S. and MILLER, D.S. Thc net dietary protein value (w.D.
~-Pv) of mixtures of foods - its definition, determination
and application. Proc. Nutr. Soc. 18, vii (1959)

PLATT, B.S., MILLER, D.S. and PAYN'; P.R. Protein values of human
food, In: Reccent advances in human nutrition, J. F. Brock
(Editor), Churchill, London (1961) p.360

POPE, C.G. and STEVENS, l.F'. The determination of amino nitrogen
using a copper method. Biochem. J. 33, 1070 (1939)

PORTER, R.R. The unreactive amino groups of proteins. Biochem.
Biophys. Acta. 2, 105 (1948)

POTTER, . G.C. and KUMMEROW, F.A. Chemical similarity and biological
activity of saponins isolated from alfalfa and soybeans.
Science 120, 224 (1954)

President's Science Advisory Committce (PSAC), "The world food
problem™ vol.I and II, Govt. Printing Office, Washington,
D.C. (1968)

Proceeding of international conference on soybean protein foods,
Peoria, Illinois, Oct. 17 - 19 (1966), aRS - 71 - 35 (1967)

Protein requirements. Report of a Jjoint FAO/UHO expert group,
FAO Nutrition Mcetings Report Scries No.3¥¢ (198%)

Protein regquircements, Report of a joint FAO/WHO expert group,
World Health Organisation Technical Report Series No.301 (1965)

PUSZTAI, A. Trypsin inhibitors of plant origin. Their chemistry
and potential role in animal nutrition. Nutr. Abst. Revs.

31, 1 (1967)



227,

228.

230.

231,

202,

233.

234.

235.
236.

.

238.

239.

240.

241,

208,

RACKIS, J.J. and ANDERSON R.L. Isolation of four soybean trypsin
inhibitors by DEAE - cellulose chromatography. Biochem,
Biophys., Res. commun. 15 (3), 230 (1964

RACKIS, J.J. Soybecan trypsin inhibitors: Their inactivation
during meal processing. Food Technol. 20, 1482 (1966)

RAO, S.R., CARTER, F.L. and FRAMPTON V.L. Determination of
available lysine in 0il secd meal proteins. Anal. Chem.

35, 1927 (1963)

RICE, ®.E. and BEUK, J.F. The effects of heat upon the nutritive
value of protein. Adv. Food Res. 4, 233 (1953)

RIESEN, W.H., CLAMDININ, D.R., ELVELJEM, C.A. and CRAVENS, '.¥.
Liberation of essential amino acids from raw, nroperly hecated
and overheated soybean o0il meal. J. Biol. Chem. 167,
143 (1947)

ROACH, A.G., SAWDERSON, P. and ¥WILLIAIS, D.R. Comparison of
methods for the determination of available lysine in animel

?nd vigetable protein sources. J. Sci. Fd. Agric. 18, 274
1967

ROSE, W.C. The nutritive significance of the amino acids and
certain related compounds. Scicnce 86, 298 (1937)

ROSEN, 4.D. and FERWELL, W.R. MNicrobiological cvaluation of
protein quality with Tetrahymena pyriformis ¥W. 2. Relative
nutritive value of proteins in foodstuffs. 3Brit. J. Nutr.
10, 156 (1956)

SAKATA, H., ENOMOTO, M. and HIGUCHI, Y. Jap. Pat. 11939 (1963)

SCHLAMOWITZ, M. and PETERSON. L.V. Studies on the optimum pH for
the action of pecpsin on native and denatured bovine serum
albumin and bovine hemoglobin. J. Biol. Chem. 234, 3137 (1959)

SCHRAIM, E., IMOORE, S. and BIGWOCD, E.J. Chromatographic deter-
mination of cystine as cystic acid. 3iochem. J. 57, 33 (1959)

SESS4A, D.J., HONIG, D.H. and RACKIS, J.J. Lipid oxidation in
full-fat and defatted soybecan flakes as related to soybean
flavours. Cecreal Chem. 46 (6) 675 (1969)

SHEFFNZR, A.L., In vitro protein evaluation, In: DNewer methods
of mutritional biochemistry, A.A. Albancse (Rditor) Academic
Press, New York and London. 3, 125 (1967)

SHEFFNER, A.L., ECKFELDT, G.A. and SPECTOR, H. The pcpsin-digest-
residue (PDR) amino acid index of net protein utilization.
J. Nutr. 60, 105 (1956)

SIMITH, A.K. Oriental methods of using soybeans as food.
Publication ARS - 71 - 17, (1961), (Washington, D.C., : U.S.
Dept. of Agriculture)



242'

2430

24‘4‘.
24‘5.

246,

247.

248.

249.

250.

251 .

252.

253.

254.

255.

256.

209.

SMITH, A.K. and BECKEL, A.C. Scybecan or vegetable milk, Chem.
and Eng. Nows. 24, 54 (1946)

SMITH, A.K. and YOLF, W.J. Tood uses and properties of soybean
protein. 1, TFood uses. Food Technol., 15 (5), 4 (1961)

SMITH, A.K. Vegetable protein isolates. In reference 154, p.249

SMITH, A.K., CIRCLE, S.J. and BROTHER, G.H. Peptization of
soybean proteins. The effect of neutral salts on the
quantity of nitrogenous constituents extracted from oil
free meal. J. Am. Chem. Soc. 60, 1316 (1938)

SMITH, A.K., RACKIS, J.J., McKINNEY, L.L., ROB3INSONS, D.J. and
BOOTH, A.N. Feedstuffs, 36, 46 (1964) Original not seen

SWYDER, D.G., OUSTERHOUT, L.E., TITUE, H.¥., NMORGAREIDGE, K. and
¥ELLENBARGAR, S. The evaluation of autritive content of
fish meals by chemical methods. Poultry Sci. XLI,
1736 (1962)

SOLOMONS, C.C. and IRVINZ, J.T. Studies in calcification: The
rcaction of somc hard- and soft-tissuc collagens with
1-gluoro-2:4 dinitrobenzine. Biochem. J. 68, 499 (1958)

SPACKMAN, D.H., STEIN, Y.H. and MOORE, S. Automatic recording
apparatus for use in the chromatography of amino acids.
Anal, Chem. 30, 1190 (1958)

Standard Association of lNew Zealand Dairy Products and lequisites
committee. Draft method of analysis for spray dried milks
and whey, Sept. 1968

STEAD, R.H., DE IEULENAERE, H.J.H. and QUICKE, G.V. Trypsin
inhibitor, hemagglutination and intraperitoneal toxicity in
cxtracts of Phageolus vulgaris and Glycine max, Biophys,

113, 703 (1966)

STEINER, R.IF'. The rcduction and reoxidation of the desulfidce
bonds of soybean trypsin inhibitor. Biochem, Biophys. Acta,
100, 111 (1965)

STEI'ZR, R.T". and EDELHOCH, H. Structural transitions of soybean
trypsin inhibitor. I. The native protein in water. J. Biol.

Chem. 238, 925 (1963)

STOTT, J.A., SMITH, H. and ROSEN, G.D. Microbiological evaluation
of protein quality with Tetrahymena »yriformis 'I. 3. A
simplified assay procedure., Brit., J. Nutr. 17, 227 (1963)

TAN, B.H. Technology of soymilk and some derivatives. Thesis,
Agric. Univ. of Wageningen, Netherlands. 1958

THEVENOT, ¢.D. U.S. Pat. 1,556,977 (1925)



257.

258.

259.

260,

261,

262.

263,

264.

265.

266.

267,

268,

269,

270,

271,

210,

THURSTON, C.E., OUSTERHOUT, L.E. and MAC MASTER, P.P. The
nutritive valuec of fish meal protein, a comparison of
chemical measurements with a chick feeding test. J.A.0.A.C.
43, 760 (1560)

TKACHUK, R. and IRVINE, G.II. .‘mino acid compositions of cereals
and oilsceds. Cereal Chem. 46 (2), 206 (1962)

TSO, ®W. A vegetable milk substitute in Horth China, Am. J.
vhysiol. 90, 542 (1929) Citcd in reference 242

TUMERIIAL, L. and WaBB, 3.H. Coagulcation of milk and protein
dcnaturation., In: Fundamentals of dairy chemistry. 3.H. Webb
and L.H. Johnson (Editors), The AVI Publishing Couwpany, Inc.,
Westport, Connccticut (1965) p.506

Vil BUREN, J.P., STEIIKRAUS, K.H., HACKL®ER, L.R., RAWI, I.E. and
HAND, D.3. Indices of protein quality in dried soymilks.
J. Agric. Tood Chem. 12 (6) 524 (1964)

VENKATESAN, N. and REGE, D.V. Digestibility in vitro and
availablc lysine content of Indian oilseed meals. J. Seci.
4, Agric. 18, 327 (1968)

WALLACE, G.l. and AIYAR, K.R. Sulphydryl and disulphide groups
in casein. J. Dairy Res. 36, 115 (1969)

WASHBURN, E.W. (Chief Editor), Intermctional critical tables of
numecricel data, physics, chemistry and technology. National
Research Council of the Tmited States of America, Vol.VI,

229 (1929)

WATERTON, J.C., CRAVIOTO, J. and STEPHZI, J.M. Protein malnutrition
in man. In: 4dv. Protein Chem. 15, 131 (1960)

VE3STFALL, R.J., BOSSHARDT, D.K. and 34 E3, R.H. Influcence of crude
trypsin inhibitor on utilization of hydrolyscd wnrotein.
Proc. soc. Exptl. Biol. led. 68, 453 (1948)

WESTFALL, R.J. and HAUGE, S.M. The nutritive quality and the
trypsin inhibitor content of soybcan flour heated at
various tcmperatures. J. Mutr., 35, 379 (1948)

WILDIFG, M.D. Oilsced proteins, present vtilisation pattems.
J. im. Cil Chem. Sec. 47, 39 (1970)

WILKENG, W.I'., IATTICK, L.R. and HAID, D.3. Effcect of processing
mcthod on oxidative off-flavors of soybcan milk, Food
Technol. 21, 1630 (1967)

WILKENS, Y.F., and HACKLER, L.R. DBffect of nrocessing conditions
?n thg composition of soymilk. Cercal Chem. 46 (4), 391
1969

WOLM., W.J. Trypsin inhibitors, hecmagglutinins, saponins and
isoflavones of soybecans. In reference 223, p.112



2i2.

273,

274.

275.

276-

277.

280,

2dl.

WOLF, W.J. Soybecan protein nomenclature: a progress rcport.
Cercal Sci. Today. 4,(3), 75 (1969)

WOLF, W.J. Soybean proteins: their functional, chcmical and
physical properties. J. Agric. Fd. Chem. 18 (6), 969 (1970)

WOLF, '1.J. and TAMURA, T. Heat denaturation of soybean 113
protcin. Cereal Chem. ié_(4), 331 (1969)

WU, Y.U. and SCHERAGA, H.A. Studies of soybcan trypsin inhibitor.
I. Physico~chemical properties. Biochemistry 1, 698 (1962)

ZELTER, S.Z. Estimation of biochemical tests of cooking effects
on the quality of o0il cake proteins. Prod. Deriv. Hulerie
(1964) p.162

ZITTLE, C.A. and DELLAMOFRICA, E.S. The viscosity and opacity of
heated‘ﬁ - lactoglobulin solutions: the effect of salts and
oxidizing and rcducing rcagents. J. 4m. Chem. Soc. 79,

126 (1957)

ZITTLE, C.A. Influence of heat on K-cascin. J. Dairy Sci. 52 (1),
12 (1969)

ZUBAY, G. and DOTY, P. Complex formation between bovine serum
albumin and sodium deoxyribonucleatc induced by heat.
Biochem. Biophys. Acta 23, 213 (1957)

CRESTA, 1f., PERISSE, J. and AUTRET, . Study of the corrclations
between biological and chemical mcasuremcnts of food
protein quality. FAO Iutr. Newsletter. 7 (2), 1 (1969)



	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188
	10189
	10190
	10191
	10192
	10193
	10194
	10195
	10196
	10197
	10198
	10199
	10200
	10201
	10202
	10203
	10204
	10205
	10206
	10207
	10208
	10209
	10210
	10211
	10212
	10213
	10214
	10215
	10216
	10217
	10218
	10219
	10220
	10221
	10222
	10223
	10224
	10225
	10226
	10227
	10228
	10229
	10230



