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revealed as the second limiting amino acid, had the value
98.0 whereas all the other amino acids exceeded the re-
spective levels in the reference pattern. For rainbow trout
roe only tryptophan, which was the first limiting amino
acid with the score 90.0, did not exceed the recommended
level.

In most foods and diets lysine, total sulfur-containing
amino acids, or tryptophan is found to be the first limiting
component (FAO/WHO, 1973). In roe lysine seems to
exist in relatively high proportions as in other fish protein.
On the contrary, valine shows a low score in Baltic herring
roe and in this aspect the results are comparable to those
of mullet (Mugil cephalus) roe reported by Lu et al. (1979).
The overall quality of the roe protein studied is comparable
to the FAO/WHO amino acid pattern and to the egg
protein which is often used as the reference.
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Protein Solubility Characteristics of an Ultrafiltered Full-Fat Soybean Product

Carol L. Lah and Munir Cheryan*

Protein dispersibility (PDI) as a function of pH and concentration of various salts was studied for a
full-fat soy protein product produced by ultrafiltration (UF). For the acidic and neutral pH regions,
PDI was higher than that of the raw material (ground whole soybeans) and a commercial soy isolate.
A significant difference in salting out at pH 6.7 was observed depending on the order of mixing of
ingredients; protein dispersed after NaCl was dispersed showed much larger salting out effects than
if the protein was dispersed in water prior to NaCl solution. At pH 6.7, PDI of UF soy was 6-20% between
0.01 and 0.2 M CaCl,. When tricalcium phosphate was used at 0.01-0.15 mol of calcium/L, PDI was
81-89%. Phytic acid had a significant effect on protein solubility in the acidic pH region, and its presence
may also mask the true effects of low levels of Ca?* on solubility characteristics.

Much attention has been focused on nontraditional
protein sources such as alfalfa, cottonseed, algae, blood,
and, of course, soybeans in order to augment the limited
supply of protein in the world. A substantial amount of
processing is usually necessary to convert these materials
into more readily utilizable forms, and as a result the
product may have less than desirable functional properties.
Recently, ultrafiltration (UF) has been shown in our lab-
oratory to be a viable means of producing purified pro-
tein—-fat products from whole soybeans (Omosaiye et al.,
1978; Omosaiye and Cheryan, 1979a,b). By selecting the
appropriate membrane pore size and operating conditions,
it is possible to simultaneously fractionate and concentrate
water extracts of soybeans under mild operating condi-
tions, using much less energy than that required by con-
ventional processes that require heating and cooling. The
functional properties of such a UF soy product warrant
attention not only because of the novelty of the process
and relatively mild processing conditions but also because
the final product is greatly reduced in undesirable com-
ponents such as oligosaccharides, phytic acid, and trypsin
inhibitor compared to the original soybeans and has no
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lipoxygenase-induced “painty” off-flavors. A product with
such a desirable combination of physical properties pro-
duced by a relatively simple process is uncommon, espe-
cially in the full-fat form.

The objective of this study was to evaluate protein
solubility characteristics of a full-fat soy protein product
produced by ultrafiltration. Solubility is a critical func-
tional property, since a protein generally has to be in so-
lution in order to exert its other desirable functional
characteristics (Kinsella, 1976). Nitrogen Solubility Index
and Protein Dispersibility Index (PDI) are the two most
common methods of evaluating solubility characteristics.
They differ chiefly in that the former is a low-shear,
long-time method, while the latter is done at high shear
for a short time. Because most food products are generally
prepared commercially under high-shear, short-time con-
ditions for production efficiency, PDI is considered a better
indication of solubility behavior in such systems (Pour-El,
1976) and hence this test was used in our studies. The
effect of pH, sodium chloride, calcium chloride, and cal-
cium phosphate tribasic on PDI was studied. In addition,
phytic acid, a common constituent of many vegetable
protein products, has been shown to complex with proteins,
resulting in lowered solubility and possible shifts in the
pH-solubility profile (Smith and Rackis, 1957; Shen, 1976;
Cheryan, 1979). Since many commercial soy products

© 1980 American Chemical Society
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retain a substantial amount of the phytate originally
present in the soybean, and ultrafiltration has been re-
ported to be an effective means of removing phytic acid
from soybean systems (Okubo et al., 1975; Omosaiye and
Cheryan, 1979a), it was of interest to study its effect on
protein solubility of the UF soy product.

MATERIALS AND METHODS

Production of UF Soy Product. The ultrafiltered soy
product was prepared by a method developed at the
University of Illinois by Omosaiye and Cheryan (1979b).
Briefly, water extracts of soybeans were made by a series
of unit operations involving soaking of soybeans, blanching,
grinding, and filtration in a plate-and-frame filter press.
Ultrafiltration of the water extracts was done at pH 6.6-6.8
and 50 °C in a Romicon pilot-scale hollow fiber unit
equipped with the XM50 membrane (50000 molecular
weight cutoff). The retentate was recycled through the
ultrafiltration unit to a fivefold volume reduction. It was
then rediluted with water to its original volume and
reultrafiltered to a 3.3 volume reduction. The retentate
was freeze-dried and stored in covered plastic containers
at 4 °C until evaluation.

Analytical Methods. Moisture content, ash, and ni-
trogen (Kjeldahl) were determined by standard methods
(AOAC, 1970). Protein was calculated as N X 6.25. Lipid
was determined as described by Omosaiye and Cheryan
(1979b). Phytic acid was measured by using the methods
of Wheeler and Ferrel (1971) and Earley and de Turk
(1944); results with either method were essentially the
same. Carbohydrate is expressed as the difference of
protein, fat, ash, moisture, and phytic acid.

Protein Dispersibility Index (PDI). The PDI me-
thod No. Ba 10-65 (AOCS, 1970) was used to evaluate the
solubility characteristics of the UF soy product, ground
whole soybeans, and Promine-D (Central Soya, Ft. Wayne,
IN). UF soy and Promine-D were evaluated within 6
months of manufacture, so effects of aging would not
confound solubility comparisons. Twenty grams of soy
product, weighed to 0.1-g accuracy, was added to 50 mL
of deionized water in a Waring blender jar and stirred with
a spatula so that the product was wetted. More deionized
water was then added to total 250 mL of water. The slurry
was then dispersed in a Waring blender connected to a
variac which was set so that the blender shaft rotated at
8500 rpm according to phototachometer measurements.
After 5 min of blending, 0.5 N NaOH or 0.5 N HCI was
used to adjust to the desired pH and the total water
volume was then brought up to 300 mL, taking into ac-
count the addition of acid or alkali acccordingly. The soy
slurry was blended for an additional 5 min (for a total of
10 min), and the pH was rechecked at the end of the
blending. The PDI test was done at room temperature,
and no provision was made to control temperature during
blending.

The soy slurry was allowed to settle for 10 min before
decanting into two 50-mL centrifuge tubes. The tubes
were centrifuged in a Servall SS-4 enclosed superspeed
centrifuge (Ivan Sorvall, Inc., Norwall, CT) at 1400g for
10 min, and the nitrogen in the supernatant was deter-
mined. Since 15 mL of supernatant is equivalent to 1 g
of dry sample, the PDI was calculated by using

protein in 15 mL of supernatant

PDI (%) = protein in 1 g of dry sample X 100

Whole soybeans were ground fresh in a CRC Micromill
with circulating cold water for 1 min for each set of solu-
bility determinations.
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Table I. Proximate Analysis of Soy Protein
Products (% Dry Basis)

whole UF soy Promine-

component soybeans product D
protein (N X 6.25) 43.3 59.6 93.0
fat 24.0 33.0
ash 4,70 3.30 3.80
phytic acid

solids basis 1.26 1.32 2.14
protein basis 2.91 2.21 2.30
carbohydrate? 26.7 2.80 1.10

¢ By difference.

Effect of Salts. Two methods of adding NaCl to the
soy slurry were evaluated. In the first, NaCl was com-
pletely dissolved in the deionized water before addition
of the UF soy, and PDI was measured as before. In the
second method, the NaCl was added after 7 min of
blending (i.e., the protein was dispersed in water prior to
addition of salt). In either case, the pH was readjusted
after 10 min of blending. The blender contents were left
undisturbed for 10 min and then stirred with a spatula
before decanting into two 50-mL centrifuge tubes. The
stirring is important so as to avoid the problem of lig-
uid-phase separation which occurs in soy proteins at cer-
tain critical salt concentrations and pH values (Van Megen,
1974). The molarities of the Na* ion ranged from 0.1 to
1.0 and were evaluated at pH 2, 4.7, and 6.7.

Calcium chloride, at concentrations of 0.01, 0.03, 0.05,
0.1, and 0.2 mol/L, was added to the UF soy slurry after
7 min of blending, as described above for NaCl. The pH
was adjusted to 6.7 with NaOH at the end of blending.
Blender contents were left undisturbed for 10 min before
decanting into the centrifuge tubes.

When sodium chloride and calcium chloride were used
in combination, 0.2 M sodium chloride was added after a
10-min blend of the soy slurry, followed by an additional
3-min blend, Calcium chloride was then added and
blended for 3 min more. The pH was adjusted at the end
of blending to 6.7.

Calcium phosphate (tribasic) at concentrations of 0.03,
0.09, and 0.15 mol of calcium per L of protein dispersion
was first dispersed in deionized water before the UF soy
was added. This is to ensure that the maximum possible
amount of calcium phosphate tribasic was in solution prior
to introducing the protein.

The effect of added phytic acid was studied by dissolving
the equivalent of 2.7 g of phytic acid/100 g of protein in
300 mL of deionized water prior to adding UF soy. Sodium
phytate was purchased from Sigma Chemicals, St. Louis,
MO (Lot No. 67C-0183).

RESULTS AND DISCUSSION

The compositions of whole soybeans, Promine-D, and
the UF soy product are shown in Table I. Compared to.
the soybean, the UF soy product has higher protein and
fat contents and much lower carbohydrate content. The
phytate content of the UF soy product, expressed on a
protein basis, is lower than that of the original soybean and
very similar to that of Promine-D. The phytate content
of the UF soy product reported here is higher than that
observed by Omosaiye and Cheryan (1979a), which could
be because less ultrafiltration was done here in the second
stage (a 3.3-fold reduction instead of a 5-fold reduction).
Also, phytate removal depends on pH, type and concen-
tration of ions, nature of the phytate—-protein complex,
possibly the age of the soybeans, and other unknown
factors. Since the yield of UF soy product was typically
50% of the weight of the original soybeans, it means that,
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Table II. Analysis of Variance for pH-Solubility Data

sum of mean
source df squares square F value
UF Soy

treatment 13 98726.9605 7594.3816 3820.51¢
error 52 103.3651 1.9878
total 65 98830.3257

Ground Soybean

treatment 6 28119.7314 4686.6219 387.04°
error 21 254,2884 12.1089

total 27 28374.0198

UF Soy with Phytate

treatment 4 21 346.9279 5336.7320 350.68¢
error 15 228.27565 15.2184

total 19 21575.2035

Promine-D

treatment 10 62752.1139 6275.2114 568.02¢
error 51 563.4220 11.0474

total 61 63315.5359

¢ Significant at the 0.5% level.

on a mass balance basis, about 48-54% (range for three
separate UF runs) of the phytate present in the original
soybeans had been removed by ultrafiltration. This pro-
cess is reported to yield product with a quite low residual
trypsin inhibitor activity (Lowe et al., 1977; Omosaiye and
Cheryan, 1979b). The minerals remaining in the UF soy
product are probably bound to the protein (Omosaiye and
Cheryan, 1979b).

Protein Dispersibility in Deionized Water. Com-
paring the PDI of UF soy with that of ground whole soy-
beans, the UF soy had higher solubility at the extremes
of pH and lower solubility at the isoelectric point (Figure
1 and Table II). Prefiltration of ground soybean slurry
through a filter press removed much of the insoluble
proteins, which would explain the higher solubilities at the
acidic and alkaline pH values. On the other hand, low
molecular weight nitrogenous compounds such as amino
acids and small peptides passed through the UF membrane
into the permeate. These compounds are soluble at the
isoelectric point, Since they have been selectively removed,
it results in a lower PDI in the isoelectric region.

As this is a full-fat soy product, lipid—protein interactions
could have an effect on the apparent solubility and stability
of the proteins. Nelson et al. (1976) have hypothesized that
the formation of hydrophilic protein-lipid complexes was
responsible for the soy beverage—protein stability they
observed, as evidenced by lack of settling of the protein.
The phospholipids in soybeans may absorb or form other
types of complexes with proteins (Ohtsuru et al., 1978;
Markley, 1950). It has been postulated that lecithin in its
natural state favors water dispersion of soy proteins as a
lecithin—protein complex (Markley, 1950). Unfortunately,
the detailed structure of any lipid—protein complex, even
a model one, is not yet known (Rand, 1976).

Effect of Phytic Acid. Figure 1 also appears to in-
dicate a shift of the pH-PDI profile to the right in the
acidic range upon ultrafiltration of ground soybean ex-
tracts. This could possibly be due to the partial removal
of phytic acid, as postulated by Smith and Rackis (1957).
Of the 12 replaceable protons in the phytic acid molecule,
6 are strongly dissociated with a pK of 1.8 (Omosaiye and
Cheryan, 1979a). Hence, phytic acid is a highly charged
electronegative molecule which can strongly chelate or bind
minerals and proteins. In the acidic range, proteins have
a net positive charge and consequently a strong phytate—
protein interaction occurs, leading probably to the for-
mation of an unionized salt. The net charge on the acidic
protein is diminished as a result of anion binding. In other
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Figure 1. Solubility profile of UF soy product and ground whole
soybeans in deionized water. Least significant difference (L.SD)
between products (P < 0.001) = 1.85%.

words, protein in a high phytate concentration environ-
ment (such as ground soybeans) would precipitate out at
a lower pH than in a low phytate concentration system,
such as dialyzed (Smith and Rackis, 1957) or ultrafiltered
proteins.

Smith and Rackis (1957) determined that removal of
40% of the phytic acid from a soy isolate by dialysis re-
sulted in a shift in the pH-solubility profile in the acidic
range to the right by about 0.4 pH unit, and removal of
78% of the phytic acid caused a 1.0 pH unit shift. Ad-
dition of phytic acid back to the dialyzed protein practi-
cally restored the original solubility profile. Similarly,
TIacobucci et al. (1973) observed a shift of almost 2 pH units
when phytic acid was added to 11S soy protein at a level
of 5 g of phytate phosphorus per 100 g of protein. The data
in this study are consistent with these reports, even though
the removal of phytic acid was much less, about 24%
calculated on a protein basis.

For confirmation of these effects of phytic acid on the
solubility profile, phytic acid was added back to the UF
soy product so that the final level of phytate was 1.7 times
that of the original soybean. Smith and Rackis (1957) used
similar levels in their experiments. As shown in Figure 2,
there is a noticeable shift of the pH-PDI curve of UF soy
to the left by about 0.5 pH unit upon the addition of phytic
acid. There was a slightly greater shift in the acidic side
of the isoelectric point than in the alkaline side, which
confirms the results of Fontaine et al. (1946a,b), who
showed that phytate reduces the solubility of peanut and
cottonseed proteins at pH values below the isoelectric point
but does not appear to influence the solubility of these
proteins at alkaline pH values. In a similar manner, it is
interesting to note that, in the acidic range, the PDI curve
of the ground soybeans (Figure 1) is almost superimposable
on the PDI curve of the UF soy with the added phytate
(Figure 2), but not in the alkaline region or above the
isoelectric point.

Comparison with Promine-D. The objective mea-
surement of PDI is still subject to many uncertainties
associated with apparatus, techniques, analytical metho-
dology, and other factors (Kinsella, 1976), which makes
it difficult to compare solubility data of our products with
literature values, unless a standard protein is simultane-
ously evaluated by each laboratory. Promine-D has been
extensively studied, and much solubility data have been
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Figure 3. Comparison of pH-PDI profiles of UF soy and Pro-
mine-D in deionized water. LSD between products (P < 0.001)
= 1.5%.

published in the literature; hence, it was used in this
project as a “standard” so that better comparisons could
be made with the UF soy product.

The UF soy had a higher solubility at the acidic and
neutral pH ranges and a wider isoelectric range than
Promine-D (Figure 3). There may be several reasons for
the UF soy’s higher solubility, but since the full process
of making Promine-D is not known these explanations are
only speculative. Unlike many commercial soy isolates,
UF soy was produced with no pH adjustment and hence
there were no irreversible protein aggregations that nor-
mally occur during isoelectric precipitation (Wolf, 1970),
resulting in higher PDI for the UF soy product. In ad-
dition, the ultrafiltration process retains almost all the
“whey” proteins, while the isoelectric precipitation process
removed them. Soy whey proteins may aid in the dis-
persing of proteins, resulting in higher solubilities
(Markley, 1950). Although Nash et al. (1971) found no
clear-cut evidence for a protein-solubilizing factor in whey,
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Figure 4. Effect of sodium chloride and the order of mixing of

ingredients on solubility characteristics of UF soy. LSD between

treatements (P < 0.001) = 0.53%.

the 28 and 118 fractions appeared more stable when whey
proteins were present.

Shen (1976) observed less insolubilization of soy proteins
if dehydration was done by freeze-drying (the method used
in this project) as compared to commercial dehydration
methods as would be used for Promine-D. This is con-
firmed to a certain extent by comparing PDI at pH 6.7 of
UF soy dried by spray drying (84%; Lowe et al., 1977) to
our value of 90% obtained by freeze-drying.

The wider isoelectric range of the UF soy may be due
to the whey proteins (Fontaine et al., 1946b), which ac-
count for 6-8% of the total protein content of the soybean
(Omosaiye and Cheryan, 1979b). Saio et al. (1973) also
noted that the isoelectric range was narrower for the
acid-precipitated protein than that of the water extract.

Effect of Salts. In general, the effect of adding NaCl
to UF soy was to lower PDI at neutral and acidic pH
(commonly referred to as the “salting out” phenomenon)
and slightly increase it at the isoelectric point (“salting in”),
as shown in Figure 4. There was a dramatic difference
in salting out behavior depending on the order or time of
addition of salt to the protein dispersion. At pH 6.7, when
NaCl was dissolved in the water before dispersing the soy
product, the PDI was as low as 14% at 0.1 M NaCl and
it remained very low up to 1.0 M NaCl (broken line in
Figure 4). However, when the salt was added to the slurry
after the protein had been dispersed, the PDI was about
78% at 0.1 M NaCl and leveled off at 556% PDI at 1.0 M
NaCl. This effect of order of addition of ingredients on
PDI has rarely been mentioned in the literature, but it is
of obvious significant if one is trying to incorporate soy
proteins into real food systems which tend to have high
salt contents, such as luncheon meats, or augment intact
muscle by using techniques based on cured meat prepa-
ration. If solubility is important in the final application,
then it is essential to completely hydrate and dissolve the
protein prior to addition of salt. Decker and Kolar (1978)
recently discussed some commercial implications of this
problem. The minimum exhibited in PDI at pH 6.7 in
Figure 4 has also been observed by Hermansson (1978).

A pronounced salting out effect was also observed at pH
2 (Figure 4). The time of addition did not appear to have
a large effect on PDI, although the difference in PDI was
“statistically significant”. There was only a slight salting
in at pH 4.7 (Figure 4), and again there was no large effect
of the method of adding salt on the degree of salting in
at the isoelectric point.

The effect of order or time of salt addition on solubility
may be only an apparent difference. With more equili-
bration time, as occurs in many physical chemistry in-
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vestigations, this difference could be less noticeable.
However, this difference is significant when extrapolated
to problems of food processing, as in these cases speed of
preparation is of major importance.

The general explanation of the salting out phenomenon
is that the Na* and Cl- ions tend to screen the fixed
charges of the amino acid side chains, preventing water—
peptide interactions (Bello et al., 1966). However, it is
generally assumed, when discussing macromolecule—ion
interactions, that a hydrated ion is reacting with a hy-
drated macromolecule (Franks and Eagland, 1975). This
may not be true in the case of dispersion of protein in NaCl
solutions (i.e., adding NaCl to the water before the protein)
because the macromolecule may not be fully “hydrated”.
When NaCl is dissolved in the water first, the resulting
sodium ion has a slightly more positively charged hydrogen
than the hydrogen of ordinary water and is therefore better
able to compete for a receptor site on the protein (Bello
et al., 1966), leading to more drastic salting out. However,
in the reverse case, once water has been bound to the
protein first, as would be the case for the protein dispersed
in deionized water before salt addition, the Nat ions are
less able to compete for sites on the protein or for water
molecules directly bound to the amide dipoles (Franks and
Eagland, 1975), thus resulting in less salting out. Her-
mansson (1972) found that soy proteins took a longer time
to reach maximum hydration in salt solutions than in
water, even though actual swelling ability was decreased
in the presence of salt. The differences in salting out
behavior due to the time of addition observed in this study
between pH 2.0 and 6.7 are probably due to complex in-
teractions, part of which are due to the roles Na* and Cl
play according to the difference in charge of the amino acid
side groups at the given pH.

In contrast to the salting out phenomenon, salting in is
a nonspecific electrostatic interaction between a charged
protein molecule and the ionic environment (Von Hippel
and Schleich, 1969). These interactions cause a net de-
crease in the acitivity coefficient of the protein which is
reflected as an increase in the net stability and solubility.
Salting in is not dependent on ion type but on ionic
strength. Considering this definition, it is not surprising
to find that the time of addition of salt had little or no
effect on the degree of salting in (Figure 4).

Effect of Calcium Salts. Similar effects on protein
dispersibility were observed with calcium ions except that
in this case the mechanism may be more complicated.
Figure 5 shows the effect of CaCl, on PDI on pH 6.7. At
0.01 M Ca?*, PDI dropped to 6.7%. At higher Ca®** con-
centrations, there was an apparent salting in, resulting in
a PDI of 19% at 0.2 M Ca?*. These results are in general
agreement with other researchers (Appurao and Narasinga
Rao, 1975; Sakakibara and Noguchi, 1977; Hermansson,
1978; Van Megen, 1974) who observed protein precipitation
at 0.01-0.03 M Ca®* and salting in beginning around 0.05
M Ca?*.

The most common explanation for these effects is that
they are due to a change in the conformation of the protein
as a result of direct binding of calcium by the protein,
setting off a denaturing mechanism different from other
ions (Bello et al., 1966; Franks and Eagland, 1975; Appurao
and Narasinga Rao, 1975; Saio et al., 1967). Hermansson
(1978) has suggested that charge neutralization of proteins
by Ca?* may also be important. Solubilities were higher
for the UF soy in which 0.2 M NaCl had been added to
the water dispersion before the addition of CaCl, (Figure
5), although the increase is minor. This is due possibly
to the Na* ions partially shielding the interacting sites of
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Figure 5. Effect of calcium salts on solubility characteristics of
UF soy at pH 6.7. LSD between treatments (P < 0.001) = 0.8%.

the protein molecules from the calcium ions (Saio et al.,
1973; Appurao and Narasinga Rao, 1975).

At higher CaCl, concentration (0.1 M Ca®** and above),
the literature shows greater salting in effects than were
observed for the UF soy (Van Megen, 1974; Hermansson,
1978). No doubt part of this difference reflects the dif-
ference in protein fractions and processing methods used
by the other experimenters. However, as previously dis-
cussed, the UF soy did not show an appreciable salting in
effect in the isoelectric region in the presence of NaCl;
therefore, the same mechanism may be at work in this case.

The effect of calcium salts on protein solubility is of
commercial importance for two reasons: the manufacture
of tofu, where low solubility is required, and for the for-
tification of soy-based infant formulas (to ensure sufficient
intake of calcium), where good solubility in the presence
of calcium is desirable. The latter is of special concern if
it is the sole or major source of calcium in the infant’s diet.
The data in Figure 5 indicate that CaCl, is adequate for
the former purpose but should not be used for the latter.
However, when calcium was added to the UF soy in the
form of calcium phosphate tribasic, the UF soy retained
a PDI of 81-89% (Figure 5). Calcium phosphate tribasic
is quite insoluble, and so the calcium in this form does not
readily react with the protein. For this reason, soy bev-
erages should be fortified with this form of calcium rather
than with CaCl,. Some settling of the calcium phosphate
would occur, and this would necessitate adequate mixing
or shaking of the container prior to consumption of the
fortified beverage.

When sodium phytate was added to the UF soy dis-
persion, there was a distinct inhibition of protein precip-
itation by calcium. The added-phytate UF soy was 82.5%
soluble at 0.01 M CaCl, as compared to 6.7% in the low
phytate concentration system. At higher calcium levels,
there was no significant difference between the high and
low phytate concentration systems, agreeing with the
findings of Appurao and Narasinga Rao (1975). Phytic
acid forms extremely stable complexes with multivalent
cations, and hence calcium binds preferentially to the
phytic acid instead of the protein; the Ca?* is unavailable
for interaction with protein, thus preventing its precipi-
tation. At higher Ca®* levels, however, all the charged
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groups of phytic acid are saturated with calcium. The
excess free Ca?* interacts with proteins and causes them
to precipitate out. It appears that reduction of phytate
makes soy proteins more sensitive to Ca’*.

CONCLUSIONS

Protein dispersibility characteristics of ultrafiltered
soybean products are interesting and somewhat unusual.
The product is very sensitive to low levels of Na*, dis-
playing less of a salting in at the isoelectric point and more
of a salting out at acidic and neutral pH than other forms
of soy proteins. The method of studying salt-protein in-
teractions is important. Proteins dispersed before NaCl
showed higher solubilities than if NaCl was dispersed first.
UF soy is also very sensitive to CaCl, but not to calcium
phosphate tribasic, up to a concentration of 0.15 mol of
calcium per L. Our studies reiterate the importance of
considering effects of phytic acid whenever solubility
characteristics of vegetable proteins are studied. Phytic
acid was found to have a significant effect on solubility
characteristics; the data suggest that its association with
soy proteins results in a shift of the pH-solubility profile
to the left by about 0.5 pH unit and may mask the true
effects of Ca2* on protein solubility, especially at low Ca?*
levels. Preliminary studies indicate that this product may
be particularly useful as emulsification and whipping aids.
These functional properties have also been studied and will
be reported in forthcoming publications.
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