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Nutritional Qualities of Soya Protein As
Affected by Processing

F.R. DEL VALLE, Apartado Postal 1545, Sucursal C, Chihuahua, Chihuahua, Mexico

ABSTRACT

The nutritional qualities of soybean proteins are basically deter-
mined by amino acid patterns, amino acid availabilities (digesti-
bility) and contents of biologically active components. Of these
factors, the last two are most affected by processing conditions,
whereas amino acid analysis is least affected, although it too may be
modified in those cases in which soybean proteins are fractionated,
In the preparation of the large variety of soya products presently
available, soybeans are subjected to many different processes, all of
which are discussed. Heat treatment appears to be the process which
most affects protein nutritional quality; generally, quality first
increases with heat treatment due to inactivation of biologically
active factors, passes through a maximum and then decreases due to
destruction and/or inactivation of essential amino acids such as
cystine and lysine. Other processes affect protein nutritional quality
to different degrees, inasmuch as they affect amino acid analysis,
digestibility and content of biologically active components. When
soybean proteins are used to extend animal proteins, supplement
other vegetable proteins, or in vegetable protein mixtures, nutri-
tional quality of the combined proteins appears to be affected in the
same manner as that of soya proteins alone,

NUTRITIONAL QUALITY OF PROTEINS

Various means for determining and comparing protein
quality have been developed, including chemical score,
essential amino acid index, biological value, net protein
utilization, protein efficiency ratio and nitrogen balance
methods, all of which have been defined and discussed
previously (1-4). Generally, these indices are classified into
four groups, ie., those based on (a) protein amino acid
composition (chemical score and essential amino dcid
index); (b) nitrogen absorption and/or retention (biological
value, net protein utilization and digestibility); (c) ability of
the protein to produce growth in test animals, usually rats

(protein efficiency ratio); and (d) ability of the protein to
provide amino acids for the synthesis or replacement of
body tissue protein (nitrogen balance methods). Of these,
perhaps most limited are the chemical indices, because they
depend solely on amino acid composition and not amino
acid availability, and thus may give misleading information.
For example, it is known that soya protein quality is
significantly affected by processing under conditions that
have little or no effect on its amino acid composition. The
remaining indices, which all are of a biological nature, do
provide a reasonable measurement of functional protein
quality, and each is useful in comparing proteins from
different points of view, according to the nature of each
index.

Although all indices have been used in protein quality
work, three have been especially useful: protein efficiency
ratio (PER), nitrogen balance methods and digestibility.

The PER, first proposed by Osborne and Mendel (1),
remains the most widely used technique today for biolog-
ical evaluation of proteins. It is defined as the weight gain
of a growing animal, usually the rat, divided by its protein
intake, and when conducted under standard conditions, is
capable of yielding fairly accurate and reproducible results
(5). By including casein as a control and relating the ob-
served PER of the experimental groups to casein (whose
PER is usually standardized at 2.5), meaningful compari-
sons between laboratories can be made. Table I shows
typical PER values of different proteins.

The nitrogen balance method evaluates the ability of a
protein to provide amino acids for the synthesis or replace-
ment of body tissue protein. This can be done in the intact
animal by comparing the quantity of nitrogen ingested with
the amount which is excreted in the urine and feces. The
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TABLE I

Typical PER Values of Representative Food Proteins?

Protein source

Corrected PER

Animal sources
Whole egg
Cow’s milk
Beef muscle

Plant sources
Soybeansb
Peanuts
Cottonseed
Rice
Corn
Wheat
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ACorrected for casein PER = 2.5 (128,129).
bRange of values for raw and heat-processed.

difference between these values, referred to as “nitrogen
balance,” indicates whether the animal is losing, gaining or
maintaining its nitrogen resources. The ability of an animal
to maintain nitrogen equilibrium (as in nongrowing ani-
mals), or to retain nitrogen (as in growing animals) is
dependent on the availability of a balanced assortment of
essential amino acids in the diet. A diet deficient in one or
more essential amino acids does not permit efficient nitro-
gen utilization, hence much of the dietary nitrogen would
be lost in the urine and feces, a condition which would
result in negative nitrogen balance. Because of its relative
simplicity, the nitrogen balance technique can be applied
effectively to studies with human subjects.

Finally, digestibility is defined simply as percentage of
pitrqgep (protein) intake which is absorbed. Strictly speak-
ing, it is not an index of protein quality; rather, it measures
efficiency of protein absorption by the animal body.
Factors which determine digestibility are the ability of
digestive enzymes to hydrolyze a given protein into its
component amino acids, and absorption of these amino
acids through the intestinal wall. Enzyme hydrolysis is
usually the determining factor in digestibility. Table I also
reports digestibilities of different proteins.

Further discussion of this subject is outside the scope of
this work; for further information, the reader is referred to
the corresponding scientific literature (1-5).

FACTORS AFFECTING PROTEIN QUALITY

It has been established that, generally, a combination of

TABLE I

three different factors determines the nutritional quality of
a given protein: (a) amino acid composition; (b) amino acid
availability or digestibility; and (c) presence or absence of
biologically active components.

Amino Acid Composition

Classical studies (6,7) revealed that, of the 20-odd amino
acids found in nature, the human body is incapable of
synthesizing eight: isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophane and valine. Because
of this limitation, humans must obtain these amino acids
from a dietary source. These acids are therefore termed
“essential.” Human requirements for each of these eight
essential amino acids have been determined (8). More
important than the quantitative requirements for each
amino acid, however, is the ratio or pattern of each amino
acid requirement to another. In other words, when a
protein~containing food is fed at a level which meets the
total protein requirement, the overall pattern of essential
amino acids is more important in determining the quality of
the protein than the absolute content of each essential
amino acid.

The essential amino acid pattern required by man has
been a topic of much research and discussion. The first
pattern ornginally suggested was based on that of whole hen
egg protein (9). Subsequently, the FAO Committee on
Protein Requirements proposed a pattern, called the “FAO
Provisional Pattern,” which was believed to reflect minimal
essential amino acid requirements in humans (10). This
pattern, however, did not distinguish between requirements
for children and adults, which are now known to be dif-
ferent. As a result, the joint FAO/WHO expert group (11)
developed and proposed separate patterns for children and
adults. Both of these patterns are currently believed to
reflect human minimal amino acid requirements, so that the
nutritional quality of a protein will depend on how much
its essential amino acid pattern resembles the corresponding
reference pattern. A novel aspect of the FAO/WHO pat-
terns is that they group together sulfur-containing (meth-
ionine and cystine) and aromatic (phenylalanine and
tyrosine) amino acids, because it has been found that,
although cystine and tyrosine are not, strictly speaking,
essential amino acids, they may be converted by the body
into methionine and phenylalanine, respectively, which are
essential amino acids. Table II reports essential amino acid
patterns for whole hen egg protein, the FAO provisional
pattern, and the FAQ/WHO patterns for adults and chil-
dren.

Amino Acid Reference Patterns and Patterns for Whole Egg and Soybean Proteins?

FAO/WHO Patterns

(11)

FAO provisional Whole egg Soybean

Amino acid pattern (10) Children Adults 4) (96)
Isoleucine 4.2 4.0 1.8 6.3 4.2
Leucine 4.8 7.0 2.5 8.8 7.4
Lysine 4.2 5.5 2.2 7.0 6.4
Phenylalanine 2.8 2.4 1.5 5.7 4.5
Tyrosine - — — 4.2 3.4
Total aromatic - 6.0 2.5 9.9 8.0
Methionine 2.2 - - 3.4 1.2
Cystine - — - 2.4 0.9
Total sulfur - 3.5 2.4 5.8 2.2
Threonine 2.8 4.0 1.3 5.1 3.6
Tryptophane 1.4 1.0 0.65 1.5 1.7
Valine 4.2 5.0 0.8 6.8 4.3

3Amino acid contents are reported as g amino acid/16 g nitrogen.
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In determining the quality of a given protein, reference
patterns are applied as follows. Levels of amino acids of the
test protein are compared with corresponding levels in the
reference pattern. Those amino acids whose levels equal or
exceed reference pattern levels are termed ‘‘nonlimiting,”
because they are present in sufficient amounts to provide
for hbuman needs; amino acids whose levels are inferior to
reference pattern levels, however, are termed “limiting,”
as they are not present in sufficient amounts in the protein.
Limiting amino acids are classified in order of decreasing
deficiency with respect to the pattern, with the most
deficient being termed “first limiting amino acid.” The
ratio of the level of the first or most limiting amino acid in
the test protein to that of the corresponding amino acid in
the reference pattern, multiplied by 100, is termed the
“chemical score” of the protein. Table II, which also
includes the amino acid pattern for soya protein, reveals
that sulfur-containing amino acids are first limiting in this
protein.

The amino acid pattern of a given protein may be
modified by (a) a number of processes or processing
conditons such as protein fractionation, which divides
a protein into separate components, each of which may or
may not have an amino acid pattern different from that of
the parent protein; and (b) heat treatment, which may
destroy lysine, cystine and other essential amino acids
(12-16).

Amino Acid Availability or Digestibility

The amino acid pattern of a protein, usually obtained by
acid hydrolysis, assumes that the animal body can utilize all
of each amino acid contained in the protein. This is an
assumption which does not consider that a number of
factors may alter the physiological availability of a given
amino acid; ie., although the amino acid may be present in
the protein, it may not necessarily be available to the
organism for nourishment. Thus, although the amino acid
pattern may indicate a certain protein to be of potentially
good quality, the unavailability of one or more essential
amino acids may actually make the protein of poor quality.

As noted previously, the index which measures amino
acid availability to the organism is ‘“‘digestibility.” Factors
affecting amino acid availability or digestibility of a given
protein are those which may either destroy or inactivate
amino acids. “Destruction,”” as used here, refers to a failure
to recover an amino acid upon acid or alkaline hydrolysis;
“Inactivation,” on the other hand, refers to a situation in
which there may be complete recovery of the amino acid
after hydrolysis, but nonetheless, there has been a marked
decrease in the biological availability of that amino acid,
primarily because is has been bound into a compound or
compounds which cannot be attacked by digestive en-
zymes.

The digestibility of a given protein is markedly impaired
by excessive heat treatment. Further discussion of this
subject is therefore deferred to the section on heat treat-
ment.

Presence of Biologically Active Components

A given protein may have an adequate amino acid pattern,
and the amino acids of the purified protein may be totally
available to the animal organism. Purified proteins, how-
ever, do not exist in nature, and in some cases—notably
legumes—are found in conjunction with certain substances
which reduce their nutritive value. These substances, known
as “biologically active components,” are of various types,
of which two are especially important: trypsin inhibitors
and hemagglutinins or lectins (17-19). The most important
biologically active components found in soybeans include

proteinase inhibitors, phytohemagglutinins, antivitamin and
mineral factors, goitrogens, allergins, saponins, sterols,
phenalic compounds and flavus factors.

As the name implies, trypsin inhibitors reduce nutri-
tional quality by decreasing or inhibiting the action of the
pancreatic enzymes trypsin and chymotrypsin, thus effec-
tively impairing digestibility (19). Hemagglutinins or lectins
have the ability of agglutinating blood cells of many ani-
mals, including humans (19,20). It is known that they
inhibit growth in a number of animals fed diets containing
adequate quantities and qualities of proteins (21,22); this
growth inhibition appears to be correlated to their toxicity
and hemagglutinating activity (23,24). '

It has been amply demonstrated that antinutritional
factors such as trypsin inhibitors and hemagglutinins are
destroyed by mild heat treatment, which is considerably
less than that required to impair protein nutritional quality
by destruction or inactivation of essential amino acids (25).
Application of heat treatment, therefore, to proteins which
contain biologically active components markedly increases
their nutritive quality as a result of destruction of these
substances.

EFFECT OF PROCESSING ON NUTRITIONAL
QUALITY OF SOYA PROTEINS

Heat Treatment

By far, the most important process encountered with soya
products is heat treatment. Defatted soya flour and grits,
full-fat soya flour and grits, soyamilk, soyamilk curd and
soya protein concentrate, among others, include a heat
treatment step in their production.

It has generally been established by many investigators
that the nutritional quality of soy proteins first increases,
passes through a maximum and then decreases, all with
increasing degree of heat treatment, as shown in Figures 1
and 2.

The beneficial effect of heat treatment on the nutritive
value of soya proteins has been the subject of numerous
studies, and the extensive literature dealing with this
subject has been reviewed elsewhere (26,27). Generally, it is
believed that the improvement in nutritive value of soya
proteins probably results from inactivation or destruction
of antinutritional factors; e.g., it has been found that
nutritive value improvement closely follows trypsin inhibi-
tor inactivation (Fig. 2; ref. 19). Figure 1 shows that moist
heat is essential for obtaining the marked improvement in
nutritive value, and that steaming under pressure produces
this effect at a faster rate than steaming under atmospheric
conditions (28). Factors which affect the efficacy of heat
treatment in improving the nutritive value of soya proteins
are summarized as follows.

Steaming temperature. Maximal nutritive value is obtained
after steaming whole, initially dry soybeans for 20-30 min
at atmospheric pressure, or for 15-20 min at 15 psi (29).

Moisture comtent. Atmospheric steaming inactivates most
of the trypsin inhibitor in whole soybeans in 15-20 min if
the initial moisture content is 20%. If the beans are soaked
in water overnight to 60% moisture, 5 min in boiling water
is sufficient to inactivate the inhibitors (30). Also, maximal
PER obtained upon heating increases with increasing
soybean moisture content {(17).

Particle thickness. Atmospheric (100 C) steaming inacti-
vates more than 95% of the trypsin inhibitor activity of
raw, defatted soybean flakes in 15 min. In contrast, steam-
ing whole soybeans, chips or cotyledons for 20 min only
partially inactivates trypsin inhibitor, apparently because of
the large particle size, which retards heat penetration (31).
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FIG. 1. Effect of type and extent of heat treatment on nutritional
value of soybean protein (ground whole soybeans) (37).
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FIG. 2. Effect of atmospheric steaming on trypsin inhibitor activity
and protein efficiency ratios of soybean-meal-fed rats (19).

Adverse effects of heat treatment on protein quality
previously were explained as being due to the destruction
or inactivation of certain essential amino acids. Cystine is
particularly sensitive to heat, and as much as one-half to
one-third of the cystine content of soybean protein may be
destroyed by excessive heat (12-14). Lysine, besides under-
going destruction when proteins are overheated (15,16), is
also rendered unavailable by the Maillard or browning
reaction, in which its epsilon-amino groups react with the
carbonyl groups of reducing sugars. In the case of soybeans
subjected to heat treatment, the hydrolysis of sucrose may
give rise to appreciable levels of reducing sugars which
interact with lysine. Lysine so modified is no longer physio-
logically available, because the peptide bond containing the
modified lysine is not susceptible to cleavage by trypsin;
thus, the digestibility of proteins by pancreatic enzymes,
whether in vitro or in vivo, is considerably reduced (32,33).
A direct consequence of impaired digestion is retardation of
the rate at which amino acids are released from the protein
during digestion (33-36). Although not all workers have
been able to demonstrate that lysine becomes limiting in
overheated soybean products (13), it is important to
remember that one of the principle assets of soybean
protein is its high lysine content, which can be used to
supplement lysine-deficient cereal products. Thus, the
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lysine deficiency of overheated soybean protein may not
become apparent unless such products are used in com-
bination with other proteins which are limiting in lysine.
With regard to cystine, it has been noted that its destruc-
tion further intensifies the deficiency of methionine in
overheated soybeans (37). In any case, it has definitely
been established that heat damage to soya protein may be
overcome by supplementation with lysine and sulfur-
containing amino acids (37).

In addition to cystine and lysine, a number of other
amino acids, including arginine, tryptophane, histidine and
serine have been found to be either partially destroyed or
inactivated as a result of excessive heating (26). On the
other hand, because these amino acids are not limiting in
soya proteins, their destruction or inactivation does not
appear to greatly affect protein quality (26).

Finally, it has been found that nutritive quality loss in
soybeans by heat proceeds at a much faster rate when
steaming is done under pressure than when it is done
atmospherically, and also that dry heat appears to have no
effect (29).

Solvent Extraction

Extraction of soybean flakes for removal of oil with ali-
phatic hydrocarbons such as hexane, heptane and cyclo-
hexane is used in the industrial production of defatted grits
and flour (38). As far as we know, solvent extraction per se
has no effect on soybean protein quality; rather, this
appears to be affected by the degree of heat treatment
applied in the desolventizing step (20). Different types of
desolventizers exist which apply different degrees of heat
treatment for the producton of defatted products of
different types (39). Generally, heat treatment denatures
proteins, decreasing their solubility so that, in these prod-
ucts, degree of heat treatment is determined indirectly by
measuring protein solubility. Table 11l compares the nutri-
tive value of defatted soy flakes which were extracted with
hexane under identical conditions, but were desolventized
at different temperatures (40). As degree of heat treatment
increased, protein solubility (PDI) decreased and PER
increased. However, the factor which determined protein
quality was heat treatment and not solvent extraction.

A few words on why extraction of soybeans with
aliphatic hydrocarbons has no effect on protein quality
might be of interest. First, extraction is usually done
at moderate temperatures. Second, because extraction
solvents used are hydrophobic or nonpolar, they are cap-
able of dissolving soybean oil, but have little or no effect on
soybean proteins, Also, because of the total incompatibility
of the extraction solvent with water, except for the small
amount of moisture present in soybean flakes, extraction is
essentially done under anhydrous or “dry”’ conditions, and
it has been established that dry heat has no effect on
protein quality (Fig. 1). It is known, on the other hand,
that use of more polar solvents for extraction (ethanol,
isopropanol or trichloroethylene) does affect soya protein

TABLE III

Effect of Heat Treatment on Solubility and Nutritive Value
of Soy Proteins (40)

Heat treatment PDI2 Corrected PER
Untoasted 85 + 1.31
Lightly toasted 60-75 1.59
Fully toasted 2040 2.19

4PDI = Protein dispersibility index, a measure of solubility of
protein in water under standard conditions, AOCS-MOCS Method
10-65.
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solubility and hence may affect protein quality as well
(41,42).

Leaching of Low Molecular Weight Substances
{Soya Protein Concentrate)

Defarted soya flour and grits have ca. 50% protein. To
prepare products of higher protein content, it is necessary
to remove low molecular weight components such as
water-soluble sugars, ash and other minor constituents by
leaching. Products in which the protein content has been
increased by this method are known as ‘“soy protein con-
centrates” (20).

Three processes are used commercially to prepare
concentrates. They differ from each other mainly in the
method used to insolubilize the major proteins while the
low molecular weight components are removed (43,44). In
the first process, the soluble constituents are leached out
with aqueous alcohol leaving the proteins and polysac-
charides, which are desolventized and dried. In the second
process, the major proteins are insolubilized by extracting
with dilute acid at the isoelectric point (pH 4.5), after
which the insoluble protein-carbohydrate mixture is neu-
tralized and dried. Because some of the minor proteins
are soluble at pH 4.5, there is some loss and fractionation
of proteins in this process. The third process takes advan-
tage of the heat sensitivity of soy proteins: the flakes
or flours are heated with moisture to denature the proteins
and insolubilize them; the soluble constituents are then
leached out with hot water (20).

Despite the different processes used, overall composition
of the concentrates are very similar, and their protein
content on a dry basis lies within a relatively narrow range,
as shown in Table IV (45). Protein solubility, on the other
hand, is very low for the alcohol and moist, heat-treated
products, and relatively high for the acid-extracted product.

The effect of leaching on the nutritive value may be
determined by analyzing its effect on the three factors
which are known to affect protein quality, i.e., amino acid
composition, amino acid availability and biologically active
factors.

No appreciable difference exists between amino acid
composition of defatted soyaflour and soya protein con-
centrates obtained therefrom. Leaching by the different
methods, therefore, apparently does not substantially alter
amino acid compositions. It may be concluded that either a
negligible amount of protein is removed by leaching (as is
probably the case with the alcohol and hot water processes)
or else whatever protein.is removed has approximately the
same amino acid pattern as that which remains (which is
probably the case with the acid-leach).

Regarding amino acid availability and biologically active
components, bath have been shown to depend primarily on
degree of heat treatment. Unfortunately, not much infor-
mation is available on heating conditions employed indus-
trially for making soya protein concentrates. However,
some data available in the literature might shed light on this
point. Longenecker (46) found considerable variation in the
PER values of a number of unheated commercial soya
protein concentrates which, when heated at 105 C for 30
min, gave values approaching those of defatted soya flour.
On the other hand, Meyer (45) was unable to demonstrate
any improvement by heat treatment in the nutritive value
of several commercial products examined. Generally, PER
values reported in the literature for concentrates (Table V)
shows them to vary little from each other, and to approxi-
mately equal known values for defatted soya flour.

The preceding observations, and the general effect of
leaching on protein nutritive value in the preparation of
concentrates, may be summarized as follows. If the

TABLE IV

Compositions of Soy Protein Concentrates
Obtained by Different Processes (45)

Alcohol Acid Moist heat,
Component leach leach water leach
Protein (%) 66 67 70
Moisture (%) 6.7 5.2 3.1
Fat (%) 0.3 0.3 1.2
Crude fiber (%) 3.5 3.4 4.4
Ash (%) 5.6 4.8 3.7
Nitrogen Solubility Index 5.0 69.0 3.0
pH of 1:10 water dispersion 6.9 6.6 6.9
TABLE V
PER Values for Defatted Soybean Meal, Defatted Flour
and Soy Protein Concentrates?
PER
Product Range Average Reference
Solvent extracted meal,
uncooked 0.3-0.6 0.5 130
Solvent extracted meal,
autoclaved 1.1-2.9 1.9 130
Defatted flour 1.5-2.4 1.8 130
Protein concentrate 0.3-2.5 1.4 45,46

2Wherever possible, PER values have been corrected on the
basis of a PER of 2.5 for casein.

defatted soya flour or flakes from which the concentrate is
made has received adequate heat treatment, concentrate
nutritive value probably cannot be further improved by
heat treatment, and will probably equal that of the flour.
On the other hand, if the defatted flour has not received
sufficient heat treatment, concentrate nutritive value will
either equal or exceed that of the flour. It will equal that of
the flour if it receives further heat treatment during its
preparation or thereafter; it will be greater than that of the
flour if heat treatment is applied in the leaching step or
thereafter. Because it does not appear to appreciably alter
amino acid pattern, leaching per se (independently of heat
treatment) probably has no effect on protein nutritonal

quality.

Protein Solubilization and Precipitation
(Soya Protein Isolate)

Another process to which soya proteins are subjected is
solubilization in dilute alkali, followed by precipitation at
the isoelectric point, in the production of isolates. Process-
ing conditions are usually pH at 7-8, temperature 50-55 C
for solubilization, and pH of 4-5 and ambient temperature
for precipitation (20,47,48). After separating the protein
curd by filtration or centrifugation, it is washed with water
and either directly dried to produce the isoelectric protein,
or neutralized and spray-dried to produce the sodium
proteinate form. Isolates generally contain above 90% of
highly soluble protein because the starting material is raw,
unheated flakes and the temperature is kept relatively low
throughout the process.

~ Processing of soya proteins in the production of isolates
affects their nutritive values. In the first place, because not
all protein is solubilized in the alkaline extraction step, and
not all solubilized protein is precipitated in the isoelectric
precipitation step, a certain fractionation of protein occurs.
This fractionation reduces the sulfur-containing amino
acids, a fact which has received biological confirmation
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with rats (19), pigs (49) and human subjects (50). The
supplementation of soy protein isolates with methionine,
on the other hand, raises their nutritive value to that of
casein when assayed with rats (51), and to 85% of milk
proteins when assayed with pigs (52).

Second, because isolates are prepared from raw flakes,
isolated proteins may not be totally free from trypsin
inhibitor and other biologically active components. It has
been found that elimination of these components depends,
to a large extent, on the thoroughness of the washing step
(28). Thus, several investigators have found that nutritive
value of soya isolates can be improved by heat treatment
(45,51,53).

Finally, alkaline extraction of soybean meal under
more drastic conditions may also damage certain amino
acids. De Groot and Slump (54) found that the protein
isolated by acid precipitation from soybean mea! which had
been extracted at pH 12.2 for 4 hr at 40 C had a much
lower NPU than the original meal. They attributed this
decrease in nutritive value to the destruction of cystine,
which is accompanied by the formarion of lysinoalanine,
which in turn is produced by the interaction of dehydro-
alanine—a decomposition product of cystine and serine—
and the epsilon amino group of lysine. Supplementation of
the alkali-damaged protein with methionine partially, but
not totally, restored its nutritive value.

Typical PER values for soya isolates reported in Table
VI show that all are inferior to values reported for soya
flour. Interestingly, however, in studies conducted with
human subjects using nitrogen balance techniques, Young
and his associates (55) found that for young children and
adults, under conditions of normal usage of soya proteins,
methionine supplementation of good quality soya protein
isolates was unnecessary, and was required only for new-
born infant formulas.

Spun Soya Fiber

An important and interesting application of isolates is the
production of spun fiber for use in textured foods and meat
analogs (56-58). In this process, soya protein is dissolved in
alkali and then extruded through a die or forced through
spinnerets into an acid or acid-salt bath to form fibers,
which can be manipulated to simulate a wide variety of
foodstuffs.

The amino acid compositions of some textured foods
made from spun soya fiber (50) indicate that cystine has
not been destroyed, probably because the protein isolate
was treated at pH 12 for only 10 min at room temperature
(59). Bressani et al. (59) made a comprehensive study of
the protein quality of soybean protein textured foods, and
concluded that their nutritive value was equivalent to that
of beef protein, and ca. 80% that of casein. PER values

TABLE VI

PER Values for Defatted Soybean Meal, Defatted Flour, Soy
Protein Isolate and Textured Meat Analog (spun fiber)2

PER
Product Range Average Reference

Solvent extracted meal,

uncooked 0.3-0.6 0.5 130
Solvent extracted meal,

autoclaved 1.1-2,9 1.9 130
Soy protein isolate 0.6-1.9 1.3 46,51
Textured meat analog 2.3 59

2Wherever possible, PER values have been corrected on the
basis of a PER of 2.5 for casein.
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reported for textured meat analogs made from spun soy
fiber are of the order of 2.3 (46,51).

Because of considerably milder processing conditions,
and probably better washing, spun soya fiber, although a
form of isolate, apparently has a higher nutritive value
(PER) than normal forms of isolates.

Extrusion

In extrusion cooking, soybean products are subjected to
temperatures, pressures and shear rates of different intensi-
ties for varying periods of time. Several types of industrial
extruders exist for use in the food industry, each with its
own peculiar characteristics (60).

Generally, three types of soya products are made by
extrusion processes: textured soy protein, full-fat soy flour
and extrusion-cooked mixtures of soybeans with cereals
and/or other legumes.

Textured protein is produced by extrusion cooking of
defatted soya flour or grits. By proper control of processing
characteristics (temperature, pressure, and moisture con-
tent) in the extruder, as well as raw material characteristics
(fat content and protein solubility), a product with texture
similar to that of meat may be obrained (61). Adequate
control of temperature, pressure and moisture during
extrusion inactivates antinutritional factors (62). On the
other hand, comparison of amino acid data for textured
soya protein and defatted soy meal reveal the textured
protein to have suffered some reduction in methionine and
lysine, suggesting excessive heat treatment during extrusion
(63,64). Generally, however, PER values for textured soy
protein tend to resemble closely those for defatted soy
meal, showing inactivation of antinutritional factors during
extrusion to be adequate, and heat treatment to not be
over-excessive (65,66).

Full-fat soya flour is produced by extrusion cooking of
whole, raw soybeans which have usually been dehulled; the
product leaving the extruder is then finely ground to the
required mesh size. (It should be noted that extrusion
cooking is not the only process used for making full-fat soy
flour; other processes employ cooking, toasting or dry
roasting of soybeans to apply proper heat treatment,
followed by fine grinding [67-69]). Available data reveal
that this process (extrusion cooking) affects the nutritive
value of full-fat soy flour in much the same way that it
affects that of textured soy protein, ie., inactivation of
antinutritional factors with the possibility of some heat
destruction or inactivation of amino acids (70). Indeed,
Table VII shows that the nutritive value of full-fat soy flour
extruded from dehulled soybeans reflects the typical effect
of heat treatment, i.e., it first increases with increasing
extrusion temperature (revealing increased inactivation of
antinutritional factors), passes through a maximum (at ca.
143 C) and then decreases with increasing temperature
(probably because of inactivation or destruction of some

TABLE VII

Effect of Extrusion Temperature on the Nutritive Value
of Full-Fat Soy Flour (70)

Extrusion temperature (C) Corrected PER

Raw, dehulled soybeans 1.01
121 1.35
127 1.42
132 141
138 1.55
143 1.94
149 1.78
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amino acids as a result of excessive heat treatment).

Protein nutritive values of mixtures of soybeans and
other legumes behave in essentially the same way, and are
affected by the same factors as those which affect textured
soy protein and extrusion-cooked, full-fat soy flour.

Fractionation of Proteins {(Soyamilk and Soyamilk Curd}

In the preparation of soyamilk as well as soya curd by
the traditional method, soybean proteins are fractionated.
In the first case, warter soluble or dispersible proteins are
separated from insoluble or nondispersible proteins, which
are left in the residue. In the second case, proteins which
are precipitated by acid, calcium or magnesium ions are
separated from those which are not so precipitated. This
fractionation of proteins can, and does, also result in a
fractionation of amino acids. This change necessarily
modifies the nutritional value of the fractions.

To prepare soyamilk by the traditional method (71-73),
whole soybeans are thoroughly washed and soaked in water
3 hr or more, depending on the temperature of the water,
and ground wet with addition of enough water to give the
final desired solids content. The ratio of water to beans is
ca. 10:1. The slurry is heated at near its boiling point for
15-20 min to inactivate toxic factors and reduce microbial
load. The suspension is finally filtered, yielding soyamilk
(filtrate) and an insoluble residue.

The extent of fractionation of amino acids from the
original soybeans into milk and residue may be appreciated
from Table VIII (74-79). The most important differences
between milk and residue are higher lysine and aromatic
amino acid contents for the milk, but higher sulfur amino
acid, threonine, tryptophane, leucine and valine contents
for residue. Because soya protein is abundant in lysine, but
limiting in sulfur-containing amino acids, it follows that, as
a result of this fractionation, soyamilk residue should have
a somewhat higher nutritive value than soya milk, and this
has indeed been found to be true (4,78,80,81).

Concerning other processing parameters in soyamilk
production, Hackler et al. (82) stated that the time and
temperature of heat treatment of soyamilk from 1-6 hr at
93 C had no adverse effect on rat growth, PER, or available
lysine.

Soyamilk curd, or tofu, is prepared from soyamilk by
precipitation of protein, usually with calcium or magnesium
ions, but sometimes also with acid. This process frac-
tionates proteins between those insolubilized by the preci-
pitating substance and those not so affected. Reference to

TABLE VI

Table VIII shows that milk and curd proteins are not much
different in amino acid pattern, although milk proteins are
somewhat richer in lysine, sulfur-containing amino acids,
threonine, tryptophane and valine. Because this difference
is not too great, PER values are not expected to be dif-
ferent, although soyamilk should have a higher value than
curd. This is indeed true (4,78,80,81). It might be noted
that acid-precipitated tofu apparently has a better amino
acid pattern than either calcium- or magnesium-precipitated
tofu, because the PER value of the acid-precipitated tofu
exceeds that of the other (78).

Concerning effect of heat treatment, recall that tofu is
produced from soyamilk which has already been heated to
inactivate toxic factors. This heat treatment appears to be
adequate; Chang and Murray (83) found that autoclaving
did not enhance the nutritive value of tofu.

Drying

In drying soya products, all available evidence indicates that
nutritional value is affected only by degree of heat treat-
ment. Most work on drying of soya products has involved
dehydration of soyamilk, usually by spray drying, but also
by other methods. Spray drying has been preferred because
it minimizes thermal damage by the exceedingly short
contact times and high evaporation rates. Of all process
variables encountered in spray drying, inlet temperature has
the most marked effect on protein quality of dried soya-
milk (84). Thus, Hackler et al. (82) found that tempera-
tures below 277 C did not affect protein quality, but raising
temperatures above that value produced marked decreases
in available lysine and protein quality. Generally, PER
values of soyamilk spray-dried under adequate conditions
have been found to differ little from those of liquid soya-
milk (76,84).

Hand et al. (85) and Van Buren et al. (86) made exten-
sive investigations of the effect of vacuum roller drying,
atmospheric roller drying and freeze drying on the nutritive
value of soyamilk. They found essentially the same PER
values for all products, when processed under adequate
conditions, thus verifying the fact that in drying, degree of
heat treatment alone, and not method of drying, deter-
mines nutritive value of the final product.

Grinding

Information about the effect of grinding on the nutritive
value of soybean proteins is quite limited. However, evi-
dence indicates that with grinding, as with drying, nutri-

Amino Acid? and Other Data for Soymilk and Soymilk Curd Fractions (74-79)

Measurement Beans Milk Residue Curd Whey
Protein content, :
dry basis (%) 45 24 59 59
Percentage 100 83 17 74 9
of original protein
Amino acids
Isoleucine 4.8 4.8 4.5 4.9 2.9
Leucine 7.8 7.9 8.0 8.0 4.0
Lysine 6.5 6.1 5.1 5.9 8.8
Methionine 1.4 1.4 1.0 1.4 2.2
Cystine 1.6 1.6 2.3 1.7 2.7
Total sulfur 3.0 3.0 3.3 3.1 4.9
Phenylalanine 5.1 4.9 4.9 4.8 2.0
Tyrosine 3.9 3.9 3.0 3.7 3.8
Total aromatic 9.0 8.8 7.9 8.5 5.8
Threonine 4.2 3.9 4.1 3.7 5.2
Valine 5.0 4.8 5.0 4.7 3.2

3Amino acid content expressed as g/16 g nitrogen.
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tional quality is affected only by heat treatment. On the
other hand, because temperature rise in grinding—even in
the case of very finely ground flours (100-300 mesh) is only
10-15 C (M. Vega, personal communication), the amount of
heat treatment received is negligible, so that protein quali-
ties of finely ground soya flours—defatted and full-fat—are
expected to be essentially the same as those of grits or
flakes from which they were made, and indeed, they are
(87-89).

Fermentation

Numerous fermented soybean products exist in the Orient.
Of these, the most important for human nutrition are those
which are consumed in appreciable amounts in meals, i.e.,
tempeh, natto and miso. Fermented soy sauces are less
important because they are used only as seasonings, so that
total amounts of these products consumed per capita are
rather small when compared to the others (20,38).

Tempeh, natto and miso are quite similar; all are
basically soybeans which have been inoculated and fer-
mented by different organisms (tempeh by Rbizopus
oryzae, natto by B. subtillis or B. matto, and miso by
Aspergillus oryzae; ref. 38). Miso differs from natto and
tempeh in that it also contains rice. The procedures for
preparing the three products all include a soybean cooking
step before inoculation and fermentation, so that it is safe
to conclude that little or no toxic factors remain in the
final products (20,38).

Decreases in lysine and methionine have been reported
for tempeh (90,91), increases in lysine and tryptophane for
natto (92), and increases in leucine, aromatic amino acids
and valine for miso (92). Nutritive values of all these
products are fairly similar to those of cooked, unfermented
soybeans, with the exception of deep-fat-fried natto which,
probably because of excessive heat damage, has suffered a
considerable drop in PER value. These results (i.e., no
appreciable difference in nutritive value between fermented
and unfermented soybeans) are consistent with previous
observations on similarity of amino acid patterns between
fermented and unfermented beans, and adequate heat
treatment (by cooking) of all products to inactivate or
destroy antinutritional factors.

Germination

The effect of germination on the nutritive value of soybean
proteins has been studied by a number of investigators
(80,81,93,94), all of whom have found an increase over
ungerminated beans for rats. On the other hand, a decrease
in nutritive value for chicks has been reported (95).

Comparison of amino acid patterns of germinated and
ungerminated beans (92,96) shows little difference, except
that germinated beans appear to contain somewhat more
lysine and aromatic amino acids, but somewhat less sulfur-
containing amino acids than ungerminated beans. Because
lysine is abundant, and sulfur amino acids are limiting in
soybeans, the difference would point to an effect opposite
that observed, i.e.,, a decrease, and not an increase, in
nutritive value (Table 1X).

Desikachar and De (93) found no change in trypsin
inhibitor content, but Bau and Debry (94) reported a 30%
decrease upon germination,

Finally, because all nutritive value determinations
reported here were conducted with unraw, unheated
soybeans, the possibility of inactivation of toxic factors, or
heat damage to proteins must be ruled out.

The effect of germination on soybean protein nutritive
value remains unclear and is not easily explained, but
appears to be real. Standal (81,92) concluded from her
studies that germinated soybeans compared very favorably
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with other soybean products which are used as Oriental
foods, their NPU being intermediate between that of tofu
and natto.

Storage

Mitchell (97) and Mirtchell and Beadles (98) reported a
definite deterioration in digestibility and biological value of
soybeans which had been stored for almost 3 years at 25.5
C. This deterioration was particularly marked with whole
raw beans, but could largely be prevented by pretreatment
with heat. For this reason, the decrease in digestibility and
biological value were reported to be caused by enzymatic
reactions. Zimmerman et al. (99) found that the NPU of
defatted meal decreased with prolonged storage times at
different temperatures, and was correlated with a decrease
in available lysine. This loss in available lysine, which was
also exhibited by isolated soya protein, was attributed to
the formation of an atypical peptide bond between lysine
and glutamic or aspartic acids (100).

Dry Roasting

Cowan (69) and J.M. Harper (personal communication)
have studied the dry-bed roasting of soybeans and other
legumes. The seeds were dropped into an inclined, rotating
drum which contained sand, salt or ceramic pellets as a
heat-transfer medium and held at 196-204 C for ca. 20-25
sec. They were then dropped into a separator for transfer of
the salt, sand or pellets back to the rotating drum heater.
Roasted beans may be ground to a flour or converted to
another product.

PER and digestibility values reported for roasted soy-
beans are superior to those for autoclaved beans, and
trypsin inhibitor activity is apparently reduced 75% to 4 X
10”2 units/g, and hemagglutinin units to 0.2 (69).

Hydrolysis

Hydrolyzed soybean protein is used as a seasoning (soya
sauces), flavoring agents for foods and, to a lesser extent,
for its functional properties. On an industrial scale, mainly
two types of hydrolytic processes are used: acid and
enzyme hydrolysis. Hydrochloric is the most commonly
used acid, which ecasily leads to 2 100% completion of the
hydrolysis. Hydrolysis by isolated proteolytic enzymes or
under alkaline conditions proceeds substantially slower, and
results only in partial hydrolysis, making the resulting
products useful for their functional properties. Generally,
hydrolyzed vegetable proteins are defined as mixtures,
composed primarily of amino acids, other substances such
as peptides obtained also by hydrolysis, and salt (101).

Because hydrolyzed soya protein is used in relatively
small amounts in foods, little or no information exists in
the literature regarding its nutritive value. However, much
about the chemistry of its production is known, so that

TABLE IX

PER Values for Ungerminated and Germinated Soybeans

Product PER2 Reference
Ungerminated soybean, raw,
immature 1.1 80
Ungerminated soybean, raw,
vine-ripened 0.5 66
Ungerminated soybean, raw,
mature 0.7 130
Germinated soybeans, raw 1.36 81
1.4 80

ACorrected PER values have been reported whenever possible.
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from this information some conclusions concerning its
nutritive value may be drawn.

First, because antitrypsins and hemagglutinins are
proteins, they are also probably attacked by the hydrolysis
process, and hence are either destroyed or inactivated. That
this happens may be inferred from the fact that vegetable
protein hydrolysates, including soya protein hydrolysates,
are considered generally recognized as safe (GRAS) in the
U.S. (101) in their present level of use in foods.

Concerning amino acids resulting from proteins by
hydrolysis, it is known that, under conditions of hydro-
lyzed vegetable protein production, or during the concen-
tration or drying steps, part of these react with sugars or
sugar degradation products in nonenzymatic browning
reactions, Strecker degradations or oxidation and condensa-
tion reactions into meat-like flavor compounds (101). This
would point to the loss of appreciable amounts of essential
amino acids, including lysine and possibly cystine, with a
consequent loss in nutritive value.

Homogenization

In a number of processes, liquid soyamilk is homogenized
in order to increase stability to settling of dispersed solid
particles (73,102,103). Although homogenization is usually
done at high pressures (2,000-4,000 psi), in the author’s
experience, the resulting temperature rise of soyamilk in
passing through the homogenizer is very low, on the order
of 2-5 C. This would indicate, excluding unexpected high
pressure effects, that because of the insignificant amount of
heat treatment applied, homogenization per se would
probably have negligible effect on soybean protein quality.
Thar this is, indeed, the case may be inferred from the fact
that PER values of properly heat-processed homogenized
soyamilks are essentially the same as those of properly
heat-processed raw materials from which the milks were
made (85,104).

Combinations of Soybean Proteins with Other Proteins

A number of important applications exist in which soybean
proteins are combined with other proteins. Three cases are
especially important: extension, supplementation and
vegetable protein mixtures.

Extension involves addition of soya to animal proteins
for the purpose of increasing yields and decreasing finished
product cost, all at essentially constant nutritional content
(105-107). Its most important application is in the meat
products field, especially processed meats (108-111)—
extension of, e.g., hamburger patties, meatballs, frankfurters
and salami—although dairy and egg products have also been
extended (112). Supplementation refers to addition of soy
proteins to other vegetables, mostly cereal proteins, with
the purpose of improving their nutritional values, usually
by supplying lysine, which is abundant in soy but limiting
in cereal proteins. In this case, soya proteins are usually the
minor component. Examples of supplementation include
enrichment of bread and other baked goods, tortillas and
other corn products, and rice-based products with soya
proteins (113-122). Finally, as their name implies, vegetable
protein mixtures refer to blends of different vegetable
proteins whose combined amino acid pattern, because of
amino acid complementation, is superior to those of the
individual components (123-126). Examples of vegetable
protein mixtures include the Incaparinas developed at the
Institute of Nutrition of Central America and Panama
(125) and the soy-oats infant formula developed at the
Chihuahua Institute for Nutritional Research and Develop-
ment (126).

All evidence available in the literature indicates that the

effect of processing on the nutritional value of mixtures of
soya with other proteins is essentially the same as that for
soya proteins alone and that heat treatment is the most
important single process variable which determines nutritive
values.

A few examples of the effect of processing on nutritive
value of mixtures of soy with other proteins may be men-
tioned. Tribelhorn et al. (127) and Cummings et al. (70},
using a low-cost Brady extruder, found that PER of corn-
soy, cassava-soy and potato-soy mixtures first increased,
passed through a maximum and then decreased, all with
increasing extrusion temperature in exactly the same
manner as that encountered for full-fat soya flour. Del
Valle and Pérez-VillaseTor (121) and Del Valle and Monte-
mayor (122) found that properly heat-processed corn-soy
tortillas had PER values comparable to those of properly
processed soybeans alone, and considerably greater than
those of tortillas made for corn alone. Young et al. (55)
found that adequately heat-processed beef-soy frankfurters
{(using soy protein isolate) had a nutritive value, by nitrogen
balance studies with humans, similar to that of 100% beef
frankfurters. And Bressani et al. (124) found that properly
heat-processed mixtures containing corn, defatted soy flour
and defatted cottonseed meal had PER values superior to
those of the individual components. More information is
available to the interested reader (131-149).
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Considerations in Development of Regulations
for New Protein Sources

J.E. VANDERVEEN, Division of Nutrition, Bureau of Foods, FDA,
Dept. of HHS, Washington, DC 20204

ABSTRACT

In the development of regulations for new protein food sources,
considerations are given to such factors as product definition,
product safety, nutritional quality, consumer perceptions and fair
marketing practices.

In the U.S. the food additive status of any new protein
source would have to be considered. A determination
would be necessary, depending on the type and use of the
product, as to whether a new protein product has GRAS
(generally recognized as safe) status or whether a food
additive petition would be necessary before marketing. A
new product would be considered GRAS if there is general
agreement that a product is safe for human consumption
and no concerns exist that the product could cause harm if
consumed by any segment of the population. Although a
manufacturer can make this determination on his own,
generally, it would be best for the manufacturer to review
his findings with the Food and Drug Administration (FDA)
prior to marketing the new protein product to be sure that
the agency agrees with his determination. Should the
manufacturer or the FDA find unanswered questions about
a product’s safety, then a food additive petition would be
required.

PRODUCT DEFINITION

The first consideration in regulation of a new protein source
is the same as for any other food additive—that of defining
the product. In general, two approaches have been used to
describe a new product source, The first and most preferred

is to describe the physical and chemical properties of the
end item. Such a description should be as complete as
possible to distinguish the product from other products in
the marketplace. The description should contain infor-
mation about the complete chemical profile of the product,
including levels of all nutrients and contaminants found.

A second method for defining a new protein product is
to detail the way in which the product was produced. This
approach is generally less desirable because it requires
records on production and disclosure of processing tech-
niques. A manufacturer who wishes to describe a product in
this manner may elect to file a food additive petition, even
if he thinks the product is, in reality, GRAS. Many new
products are described on the basis of a combination of
these approaches. In such cases, the manufacturer elects to
provide information on both production techniques and
composition of the end product. For example, a general
outline of the production process is provided, in which the
starting products are specified, the processing steps are
listed and the acceptance criteria used for the end product
are stated. It is obvious that approval to market a new
protein source or any other food additive requires a reason-
able basis on which the product can be identified in the
marketplace.

PRODUCT SAFETY

After a new product has been adequately defined, the
next consideration is an assessment of its safety. Tradition-
ally, the agency has required a so-called 100-fold safety
factor for approval of new food additives. This strategy
permits the use of 1% of the highest level shown to have
no adverse biochemical or physiological effect in man or
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