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Modified soybean protein was studied as to the effect of salts 

on foam stability,   pH and percent light transmittance of the protein 

sols,   and as to the electrophoretic pattern of the protein.    Foams 

made with 1 N salt solutions were most stable.    Those made with 0. 1 

or 0. 01 N solutions behaved more or less alike.    At the highest salt 

concentration there was a definite order of stability of the foams 

when either anions or cations were compared.     The order of stabil- 

ity did not follow a lyotropic series and it appeared that each ion had 

a characteristic effect at a given concentration.    The interrelation- 

ships between pH,   effect of the salt on the protein,   and the indepen- 

dent effect of each salt on the viscosity and surface tension of liquids 

make the system too complicated to devise a theory which would ex- 

plain the overall effect of salts alone on foam stability.    Percent light 

transmittance did not correlate with foam stability. 

Disc electrophoresis was used to separate the protein fractions 



of the enzyme modified soybean protein.    Densitometer tracings 

showed that all components of the original protein had been modified 

to some extent.    Most of the protein was concentrated in the central 

region of the gel,   although there were some very small polypeptides 

which were not separated. 

Comparison of the results obtained in this investigation with 

those obtained by Catsimpoolas (12) on whole,   unmodified,   soybean 

protein,   indicated that three major fractions present in the unmodi- 

fied soybean protein labeled c,   d,   and e may be the source of the 

three major fractions noted in the modified soybean protein.    This 

is assuming that these proteins are able to retain their characteristic 

order of electrophoretic mobility in polyacrylaxnide gel after digestion 

with pepsin.     Two other bands present in the unmodified protein f and 

g, may also be present in themodified protein.    As these two bands 

were distinctly present only -when the protein was dissolved in 0.01 

M mercaptoethanol and placed on a column containing 0. 008 M mer- 

captoethanol,   their presence is not as certain.     The modified protein 

could be effectively separated only on a 1Z  1/2% polyacrylamide gel 

while a 7  1/2% gel was more suitable for the original protein mater- 

ial,   indicating that the protein had been digested to approximately 

60% of its original size. 
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SOME PROPERTIES OF AN ENZYME 
HYDROLYZED SOYBEAN PROTEIN 

INTRODUCTION 

Soybeans have been used as human food for so long that the his- 

tory of their first use has been lost in the past.    They were first 

grown in China and it is here that the protein from the beans was 

first extracted to be used as a food in contrast to using the whole 

bean.    Some time before the Christian Era the Chinese philosopher 

Whai Nain Tze is said to have originated the use of soybean milk and 

a cheese-like product made from the milk curd.     The milk is called 

Fu Chiang and when it is coagulated with a mineral salt or acid it 

forms a curd or type of cheese.    The Chinese call this product Teou 

fu,  the Japanese,   Tofu,   and the Annamites,   Dan Phu.    The film that 

is formed on soybean milk when it is boiled is stripped off and dried 

to produce another product which is called Yuba. 

Tofu was introduced to the American people about 1920.    It was 

not -well accepted and so this protein product has not become a part 

of the American diet.    In 1916 Sinclair reported that soybean milk 

was well digested by babies and was useful in curing diarrhea and 

intestinal disturbances.     The manufaicture of soybean milk powder on 

a commercial basis was attempted several years later.     The use of 

this milk in the United States for therapeutic reasons continues to 



be its major use   as the beany flavor of the milk is objectionable to 

many people. 

Soybeans have been used as a commercial food in the United 

States for only about 40 years.    The beans were first raised because 

of their high oil content.     The high protein meal was aby-product 

which represented a problem.    Research established its value as an 

animal food and since that time it has been used predominantly for 

that purpose.    A beany flavor in the meal made its incorporation 

into human foods unattractive.    It was only after the development of 

methods to remove this flavor that soybean products could be suc- 

cessfully incorporated into foods. 

Considerable attention has been focused on the high quality of 

soybean protein and the possibility of using soybean products to allevi- 

ate the protein shortage in underdeveloped countries.    Many ways of 

incorporating the bean into the diet have been explored.     Recipes for 

use in the home using the whole bean and soybean flour have been 

developed.    Many of the ideas were based upon Oriental products. 

The protein from soybeans has been concentrated to give it 

wider use in foods.     These high protein products may be added to 

improve the nutritional value of a food,   to improve or enhance some 

desirable quality of the product or because it has an important func- 

tional property in itself. 

Many of the products we know today are based upon proteins 



having certain unique properties.     The gluten of wheat flour makes 

possible the high volume yeast bread with which we in the United 

States are most familiar.    We would probably not know what whipped 

cream is if it were not for the protein in cream.    Egg whites find 

uses in many products because of their foaming properties.    Angel 

food cake would not have been developed if eggs didn't foam. 

Among the soybean protein products which have been developed 

is an enzyme modified soybean protein.     This product is unique be- 

cause of its ability to form a high-volume foam.    Modified soybean 

protein could replace some   or all of the egg white in many products 

because of its foaxning properties.    Because of their unique properties, 

soybean foams may be the basis for many new and different products 

not currently available.    At present modified soybean protein is used 

in one step angel food cakes where it makes the simplified preparation 

of this cake possible.     The foam matt process of preparing dried food 

powders may use modified soybean protein as the foaming agent. 

Frozen dessert toppings are still another group of foods in which this 

protein may be used because of its foaxning properties.    As more is 

learned about the basic properties of this protein it should be possible 

to find uses for the protein in many other products. 

It is difficult if not impossible at present to predict the influence 

of added substances on the stability of a foam. A concentration gradi- 

ent at the surface is instrumental in foam formation; however what 



and how changes in this gradient influence foam stability is not clearly 

understood.    Although two substances which can form foams may be 

entirely different chemically they must both be impure before they 

can foam. 

The development of meat substitutes has relied heavily upon 

soybean protein.    Spun fibers made from the protein provide the 

necessary texture and structure in these products.    The Bacon Bits 

currently on the market is an example of one of these products. 

Meat substitutes will gain greater importance as the land area which 

can be devoted to food production is reduced by expanding populations. 

Soybeans have an advantage over animals for protein production be- 

cause far more protein can be produced per acre from soybeans than 

from animals. 

The protein of soybeans is located in protein bodies within the 

cotyledon.    There are other seeds similar to the soybean which con- 

tain protein bodies and fairly large amounts of protein.    Peanuts, 

peas,   and soybeans are all legumes and all contain protein bodies. 

The protein from peanuts has also been extracted; however,   it is of 

lower biological value than soybean protein.     The soybean protein 

appears to be a reserve which is utilized during seed germination. 

The protein in soybeans is particularly valuable because it 

contains all the essential amino acids.    Methionine is the only one 

which has definitely been shown to be present in limiting amounts. 



It is possible that this deficiency can be overcome through controlled 

breeding.     For those who are allergic to various animal proteins or 

who are vegetarians by choice,   a protein substitute of equal biological 

value to that of meat is needed; soybean protein fills this need. 

Few reports are available concerning the properties and per- 

formance of enzyme modified soybean protein.    Gunther Products who 

manufacture    this product provide information relating to its use; but 

little specific information is available about the protein itself.     To 

characterize this protein more fully it would be of value to study the 

nature of the protein,   its heterogeneity and the size of the polypeptide 

molecules,   and investigate factors affecting stability of the soybean 

protein foams. 



REVIEW OF LITERATURE 

Although the cultivation of soybeans began in the Orient,   there 

is no record of when they were first planted (20).    It is estimated that 

they have been planted as food crops for at least 5000 years (23).    The 

first written record of the soybean was by Emperor Shennung in 2838 

B.C.   (20). 

Varieties and Cultivation 

The botanical name for the soybean is Soja. Max or Glycine 

hispida (50).     There are about 1, 500 different varieties.    The beans 

resemble an ordinary bean or pea seed and are a variety of colors 

ranging from yellow,   green,   and brown to black (23).    The yellow 

beans are generally grown in preference to others as they have a 

higher content of protein and fat (23).    The plants grow best in tem- 

perate regions with fairly humid warm summers.     They are not suited 

to the tropics nor will they grow well in areas having cool summers 

(50).     They can generally be grown on all types of soils; however,   the 

best results are obtained in sandy or clay loams (50). 

Soybean Crops in the United States 

The first soybeans were brought to the United States in 1804 on 

a Yankee Clipper ship from China.    Several others brought soybeans 



to the United States after that time.    Experiment station work on the 

soybeans was begun in North Carolina in 1882 (50).    Most of the soy- 

beans are grown in the Corn Belt area today.    In 1968 42 million 

acres were planted in soybeans with a yield of 1, 079. 7 million bush- 

els,   26. 6 bushels per acre.    The domestic use of soybean meal in 

1968 was 10. 7 million tons (67).    In I960 it was stated that the United 

States produced 57 percent of the total world crop of soybeans (8). 

At that time only 2 6 million acres were planted in soybeans. 

Use as Human Food 

Nearly all of the soybeans processed in the United States are 

first solvent extracted to remove the oil.    This process was intro- 

duced in 1934 and since 1950 it has been the major process used (53). 

The meal left after extraction is used primarily as an animal feed. 

The production of food products from the meal was not begun until 

1949 (53).    About 10% of the protein in the meals is used for food 

products today,   including that which is exported.    Nearly all exported 

soybeans are used for food (63) 

Numerous  products   are made from soybean meal.     The major 

classes of these high protein food products are soy flour,   acid pre- 

cipitated protein,   soluble soybean proteinate,   70% protein concen- 

trate,   aerating agents,   and dry soybean whey solids.    Within each 

class are individual products which differ from one another in the 
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procedure used to produce them or the intended use of the products (6 3). 

Soybean flours can be made containing full fat,   18 to 20%; low 

fat and defatted,   less than 1% fat.    The latter flour has been used in 

bread to improve loaf volume and crumb grain; to control water ab- 

sorption in doughnut mixes,   to improve the color of the crust,   and to 

improve the keeping quality of the finished product; in meat loaves, 

sausage,   and weiners it serves as a binder and emulsifier (4) and in 

breakfast cereals it improves the nutritive value (63).    Coarsely 

ground meal has been used as an adjunct in the brewing industry to 

improve the body and flavor of beer,   to increase foam stability,   and 

to stimulate yeast growth (4). 

Many uses have been proposed for the various protein materials 

isolated from the soybean meal.    In 1959 Jonson and Circle (32) 

listed about 90 foods in which they felt these proteins could be used. 

These included bakery products,   breakfast cereals,   spaghetti, nood- 

les,   egg and dairy type products,   sausages,   and ground meats,   ed- 

ible coatings,   Oriental type foods and specialties such as baby foods, 

candies,   flavor carriers,   gravies,   emulsions,   and geriatric foods. 

The ability of pepsin modified protein to form a very high vol- 

ume stable foam makes it useful in many food processes.    A 1% solu- 

tion of modified protein will form a foam at least ten times the origi- 

nal volume after whipping for three minutes.     This foaming agent has 

been used in one step angel food cakes (30),  nougats,   fudge,   divinity. 



cream candies,   meringue powders (60) and dried food powders (27, 28), 

In marshraallows it has been found that by replacing 25% of the gelatin 

with modified soybean protein the whipping time is decreased and 

the resulting marshmallows are more tender.    Soybean protein can 

replace egg whites in Mazetta,   frappe,   or marshmallow topping and 

part of the egg whites in meringues (1). 

Nutritive Value of Soybean Protein 

Numerous studies have been conducted to determine the biolog- 

ical value of soybean protein.    Human beings as well as animals have 

been used in the studies.    The soybean protein has been shown to be 

of good biological value if it is heated before feeding (32, 22, 31, 15^ 

and 6).    The cause of lower biological value in the unheated protein 

seems to be due to a trypsin inhibitor (74),  most of which appears 

to be in the whey as this fraction of the protein has the lowest biolog- 

ical value and yet its amino acid composition is good (52, 31, 19)» 

There are slight differences in the biological value of whole bean, 

soybean milk whey and soybean curd (15, 6,   31).    The nutritive value 

of protein from different varieties is not significantly different as 

determined by rat feedings studies (22) and there is no definite evi- 

dence to indicate a difference in amino acid composition (70). 

The amino acid composition of several fractions of soybean 

protein is presented in the table on page 11.    Results bbtainedin three 
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laboratories are reported for acid precipitated protein.    When the 

three are compared,   it is seen that most of the values for the individ- 

ual amino acids agree quite well (69,   52,   13).    Results from one 

laboratory are reported for soluble protein and from another laboratory 

for whole meal protein. 

Different processes have been developed to modify soy proteins 

in order to impart special properties such as whipping,   foaming,   gel 

formation,  water or fat retention to soybean protein isolates.    The 

effect of these processes on the nutritive value is important. ' Isola- 

tion of the protein by dilute alkali does not cause a significant decrease 

in the amount of methionine or lysine and it is these amino acids which 

are most likely to be limiting.    Spray drying does not cause a de- 

crease in these amino acids either (19).      Antitryptic activity re- 

mains in the isolated proteins if the protein is not heated sufficiently 

during processing.    Spray drying apparently decreases the antitryptic 

activity and increases the digestibility of the protein (19).     The forma- 

tion of the protein into fibers as is done in the making of meat substi- 

tutes also appears to eliminate the inhibitor (3). 

Soybean Protein 

Location in Seed 

The protein of soybeans is located predominantly in the cotyledons 
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Amino Acids of Soybean Protein 

Amino acid 
Whole 

Soluble protein     meal 

Van Etten             Kackis 
g/16gN           g/16gN 
(6?)                   (52) 

Acid precipitated protein 
Van Etten 

g/16gN 
(69) 

Rackis 

g/16gN 
(51) 

Catsimpoolas 
g/16gN 

(13) 

Arginine 6.46 8.42 6. 19 9.00 7.8 

Histidine 2.59 2.55 2. 10 2.83 2.4 

Lysine 6.67 6. 86 6.07 5.72 6.0 

Tyro sine 4.37 3.90 3.91 4. 64 3.8 

Tryptophan 1.35 1. 28 1.45 1.01   

Phenylalanine 5.61 5.01 5.37 5.94 5.5 

Cystine 1.36 1.58 1.22 1.00 1.2 

Methionine   1.56 1.40 1.33 1.2 

Serine 5.97 5.57 5.72 5.77 5.7 

Threonine 3.93 4.31 3. 60 3.76 3.6 

Leucine 8. 13 7.72 9. 11 7.91 7.9 

Isoleucine 5.26 5. 10   5.03 4.8 

Valine 5.57 5.38 5.44 5. 18 4.7 

Glulamic acid 18.52 21.00 20. 8 23.40 22.4 

Aspartic acid 11.28 12.00 12.03 12,87 12.6 

Glycine 4.60 4.52 4.49 4.56 4. 1 

Alanine 4.03 4.51 3. 85 4.48 3.9 

Proline 5.32 6.28 5.57 6.55 5.4 
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in protein bodies.     These protein bodies vary in size from two to ten 

microns in diameter and are located within the interbody network 

known as speresome or lipid grains (59 )<>     The role of these proteins 

in the seeds has not been established.    Several functions have been 

proposed.     They could be the vestiges  of enzyme systems present 

in the mature seed,   they could serve as a matrix for the deposition 

of enzymes and other materials,   or they could be reserve proteins 

which represent organized systems of enzymes and substrates which 

participate in the synthesis of new enzymes during the early stages 

of germination (1).    Changes in the number and kind of proteins pres- 

ent has been observed during germination (10, 9).    Catsimpoolas found 

four immunochemically different proteins in the protein bodies,   two 

major and two minor,   when immunoelectrophoresis in agar gel (11) 

was used.    Six immunochemically different proteins were found in the 

protein bodies when disc immunoelectrophoresis was used (9)-    When 

Tombs used disc electrophoresis to separate the proteins,   he found 

only two proteins which he considered to be monomer and dimer forms 

of the same protein (66).     The method used evidently affects the re- 

sults obtained. 

Components 

Classification.   In the early work on soybean protein,   the protein 

was divided into three classes.     They were a casein which was 
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extracted with potassium hydroxide and represented 90% of the pro- 

tein,   an albumin which was the heat coagulable protein present in the 

whey after casein precipitation,   and an insoluble casein which was 

left behind after extraction with potassium hydroxide.    Osborn gave 

the name glycinin to the casein fraction isolated by the first workers, 

Meissl and Bocker.    Several other much smaller fractions were de- 

scribed by Osborn; however,   the procedures used to extract these 

proteins were so involved that the distinctions are thought to have 

resulted through manipulation (18). 

More recently,   the methods of ultracentrifugation,   disc elec- 

trophoresis,   immunoelectrophoresis,   and others (Sephadex G-200 

separation) have demonstrated that the soy proteins are much more 

complex. 

Most of the recent work on soybean proteins has dealt with the 

water or salt soluble protein fraction similar to Osborn's glycinin. 

The present classification of the soluble soy proteins is based upon 

the sedimentation fractions obtained using the ultracentrifuge.    There 

are four well resolved fractions having approximate sedimentation 

constants of 2,   1,   11,   and 15S.     These four fractions are not homo- 

geneous (72).    Attempts have been made to purify the individual frac- 

tions and determine the character of each one.    The IIS fraction 

contains the largest amount of protein and has therefore been inves- 

tigated the most.     Together the 7S and IIS fractions account for about 
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70% of the total protein in soybeans (72). 

As a result of different treatments,   soybean proteins are known 

to undergo at least three reactions:   A) dissociation into subunits,   B) 

association into noncovalent linked polymers,   and C) formation of di- 

sulfide linked polymers (72). 

Examination of whole water extracts of soybean protein indicate 

that there are more than the four protein fractions as shown by ul- 

tracentrifuge studies.    Work with disc electrophoresis indicates that 

there are at least 12 protein fractions (13).    When the protein was 

placed in a dissociating solvent system,   consisting of phenol-acetic 

acid-0.2 M mercaptoethanol,   2:1:1,   w/v/v,   made 5 M in urea,   21 

protein fractions were obtained (10).    When starch was used as the 

matrix for electrophoresis,   14 fractions were observed in an alkaline 

system and 15 in an acid system (51). 

When Sephadex G 200 was used for separation of soybean protein 

four protein fractions were obtained.     The first and second fractions 

contained 7,   11,   and 15S proteins while the third contained only 7S 

and the fourth only 2S.     The fourth fraction was the only one contain- 

ing any trypsin inhibitor activity (76). 

Sedimentation Fractions .    Disc electrophoresis of purified IIS 

protein dissolved in 6 M guanidinium hydrochloride containing 0.2 M 

mercaptoethanol to dissociate the polypeptides showed the presence of 

12 protein fractions (13),   i.e.,   12 polypeptide chains.    At the  N 
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terminal end of eight of these chains is the amino acid glycine,   two 

end in plenylalanine,   and two end in either leucine or isoleucine (12)„ 

When Eldridge purified the IIS component he found that when held 

in the cold,   0° to 20C,   for three weeks a 7S component appeared in 

his sample.     Using a rabbit protein antibody specific for the IIS 

protein,   Catsimpoolas (12) showed that this protein is immunochem- 

ically homogeneous.     The major internal structures of the IIS pro- 

tein are antiparallel beta structures and a disordered structure.     The 

molecule is quite compact being folded tertiarily to form water-impen- 

etrable hydrophobic regions (26). 

Koshiyama,   using  N terminal analysis reported that the 7S 

fraction of soybeans contains nine polypeptide chains.    The  N term- 

inal end of these chains are aspartic acid,   alanine»   glycine,   valine, 

two serine,   tyrosine,   glutamic acid,   and leucine or isoleucine (35). 

One characteristic of the 7S component separating it from all others 

is its ability to undergo quantitative dimerization to 9S in solutions 

of low ionic strength (u) and dissociation to the monomer as the ionic 

strength is increased (54).    Koshiyama (37) has summarized the 

reactions which the 7S protein can undergo in the following way: 

1   s 2 
/■" -» 2S + 5S   „ 3                           7S                            ^4^ 9S dimer «^_  ^  

In step 1,   the 2S protein combines with the 5S protein to give a 7S 

fraction.     Two 7S fractions then combine to form a dimer,   the 9S. 
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Step 1 takes place under acidic conditions at u = 0. 1 or alkaline condi- 

tions of u = 0.5.     This step can be reversed by using acidic solutions 

0.01 N in HC1.    Step 2 takes place under alkaline conditions with u ~ 

0. 5.     Step 2 may then be reversed with alkaline conditions and u = 0. 5, 

step 4.    Although some 7S fractions appear to be homogeneous,   it is 

very possible that more than one protein sediments in the 7S region. 

Koshiyama (37) found that there is a 7S fraction which did not dimerize 

to 9S.    It represented one fifth of the protein.    There are no free SH 

groups in this protein.     The molecular weight of the protein is about 

180, 000 (35).   The composition of the 7S protein is as follows: 

Composition of the 7S Protein 

No.   of No .   of 
Residue residues Residue residues   (35) 

Tryptophan 3 Glutamic acid 251 

Lycine 86 proline 71 

histidine 19 glycine 68 

arginine 91 alanine 75 

aspartic acid 191 valine 78 

threonine 43 methionine 3 

serine 116 isoleucine 88 

tyro sine 36 leucine 141 

phenylalanine 81 1/2 cystine 4 

amide ammonia 181 manno s e 38 

glucosamine 12 
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The isoelectric point of this fraction has been determined to be pH 

4.90 (35).     The internal structure of this protein is thought to be the 

same as that in the IIS protein (26).      Since there are only two disulf- 

ide bonds in the 7S protein molecule (37) and they seem to be buried 

in the hydrophobic region of the molecule,   these bonds are not thought 

to be important in the dimerization of the 7S protein.     The tyro sine 

amino acids r/a/.y contribute to the noncovalent bonding which binds 

the subunits of the 7S protein (37).     Catsimpoolas,   in 1968,   using 

immunoelectrophoresis in agar gel,   reported that there were at least 

14 subunits in the 7S molecule (10). 

Changes in Sedimentation Pattern 

Effect of Salts .    It has been found that both the kind of salt,   and 

the concentration affect the sedimentation pattern of the protein.     The 

amounts of protein present in the various fractions,   2,   7,   11,   and 

15S,   changed as the salt concentration changed.     The 7,   11,   and 15S 

fractions were most influenced by the salts.     The 2S fraction showed 

very little change.     The amounts of 7,   11,   and 15S increase as the 

solubility of the protein increases on either side of the minimum. 

This is true for both NaCl and CaCl-  solutions.     However the amount 

of the various fractions was found to be considerably less in CaCl 

dispersed protein.    Material which sedimented at values greater than 

15S increased as solubility increased on either side of the minimum. 
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Most of the changes in solubility were due to changes in the solubility 

of 1 IS,   15S,   and >  15S.    Wolf noted that the behavior of these proteins 

is unusual in that they exhibit a salting-out effect at low salt concen- 

trations followed by a salting-in at higher salt concentrations (72). 

The sedimentation pattern of soybean protein in acid solutions is 

different from that obtained in alkaline solutions on which most of 

the work has been done.     There are three resolved components in 

acid solutions,   2,   7,   and 13S,   in addition to material greater than 13. 

The kind of salt influences the amount of material at >  13S.    In sodi- 

um chloride solutions,   less > 13S was present 34%,   than in calcium 

chloride solutions 46%,  which was less than that in sodium sulfate, 

71%.     The distribution of 7S and 2S also changed with the kind of salt. 

In calcium chloride there was more 2S than 7S while the reverse was 

true in sodium chloride and sodium sulfate (5 3). 

Effect of pH .    Varying the ionic strength of sodium chloride 

solutions from 1.0 to 0. 1 has less effect on the sedimentation pattern 

than does pH (41).    At a pH of 2 it was found that sodium chloride and 

potassium chloride exhibited the same effects on the sedimentation 

pattern of the 7S protein while in the presence of lithium chloride, 

potassium sulfate,   and sodium sulfate the sedimentation pattern was 

not stable (37). 
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Solubility 

Effect of Extraction Procedure .     The treatment of soybean pro- 

tein during extraction markedly affects the solubility.    Acid precipita- 

tion of the protein at pH 4. 5 and heat treatments both reduce the solu- 

bility.     While soybean proteins are easily extracted from defatted 

meal by water at pH 6. 6 only about 60% remains soluble at pH 7. 6 

after precipitation at pH 4. 5.    If 0. 01 M mercaptoethanol is added 

to the solution 80% becomes soluble at this pH.    The increase in solu- 

bility observed ■with the addition of mercaptoethanol is thought to rep- 

resent reversibly denatured protein.    When the protein is prepared 

commercially there is wide varia.tion in the amount of soluble protein 

present after isolation.    When prepared by methods similar to the 

ones used in the laboratory the range in solubility is from 6'to 59% 

without mercaptoethanol and 10 to 66% when it is present.     The pro- 

tein which remains insoluble in the presence of mercaptoethanol is 

presumably irreversibly denatured-(44). 

When the ultracentrifuge fractions present in laboratory pre- 

pared protein isolates were compared with commercially prepared 

isolates,   it was found that the commercially prepared protein samples 

contained a lower amount of soluble 2S fraction than the laboratory 

samples.    The proteins which were irreversibly denatured in the 

commercial samples came mostly from the components sedimenting 



20 

faster than the 2S fraction (44). 

Effect of Salts .    Water alone is capable of dispersing more of 

the protein than even concentrated salt solutions.     The kind and con- 

centration of salt affects the amount of soybean protein which can be 

extracted from soybean meal.    A low concentration of salt disperses 

less protein than a higher concentration.    Although more protein is 

extracted at high salt concentrations,   less is extracted than when 

water alone is used.    For univalent cations a minimum dispersion 

occurs at about 0. 1 N and for divalent cations at about 0. 02 N.    Both 

anions and cations appear to follow the lyotropic series (63). 

Effect of pH.    When the extractability of protein was measured 

in NaCl and CaCU  solutions with varying pH,   it was found that pH 

has a greater effect on protein extractability at low salt concentra- 

tions than at high salt concentrations.    Above 0. 5 N the effect of pH 

practically disappears.     The minimum dispersibility occurs at pH 

4.2 which is near the isoelectric point of the protein (62). 

Effect of Solvents.    Various solvents are known to decrease the 

solubility of soybean protein extracts.     Freeze dried,   acid precipitat- 

ed protein having 81% solubility    decreased   66    to 71% soluble after 

extraction for two hours at 250C with 94% methanol,   83% ethanol,   or 

77% isopropanol.    And when water saturated butanol was used the 

protein was only 25% soluble (75).    It has been found that the concen- 

tration of ethanol in water affects the amount of insolubility,   i. e. , 
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denaturation,   which occurs.     The extent of denaturation increased 

rapidly up to a maximum at an ethanol concentration of 60% and then 

decreased rapidly.     The 7S component was most rapidly denatured 

while the 2S was affected very little.    The IIS and 15S components 

were denatured slowly (56).    When several solvents are compared, 

the order of denaturing ability increases with their hydrophobicities 

at low concentrations of solvent and decreases with their hydrophob- 

icities at high concentrations.    A model to account for this behavior 

has been described by Fukushima (25).    According to this theory the 

protein molecules behave like an oil drop covered with a shell of hy- 

drophylic    chain groups.    Water can rapidly attack and disrupt the 

hydrophylic    shell around the drop in materials with both hydrophobic 

and hydrophylic   radicles in their structure.    A certain amount of 

water must be present to solvate the hydrophylic    groups to facilitate 

denaturation.      The proper balance between hydrophylic   and hydro- 

phobic groups is necessary to get maximum denaturation. 

In addition to denaturing the protein,   aqueous alcohol extracts 

nonprotein components from the protein.     The extracted material has 

been found to contain phosphatidyl choline,   phosphatidyl ethanolamine, 

saponins,   sitosterol glycosides,   and genistein (43). 

Effect of Urea and Mercaptoethanol .    Mercaptoethanol,   which 

is known to affect the disulfide bonds in proteins,   increases the solu- 

bility of soybean protein.    Wolf and Smith,   working with soy protein 



22 

found that when water extracted it was 59% soluble.    With the addition 

of 0. 01 M mercaptoethanol it was 81% soluble (44).     The relative 

amounts of the various sedimentation fractions changed with the addi- 

tion of mercaptoethanol.     The amount of material sedimenting at val- 

ues above 15S decreased while there was an increase in the amounts 

of 7S and IIS protein.     There was almost no change in the amount of 

2S protein.     The increased solubility of the 7S protein is difficult to 

explain since the two disulfide bonds in this molecule are buried in 

the center of the molecule according to Koshiyama (37). 

The presence of urea changes the sedimentation constants of 

all the protein fractions.    In 1. 5 M urea the protein sediments at 2, 

6,   9,   and 12S corre sponds to the 7S protein while the 9S fraction 

corresponds to IIS.    At concentrations of 1. 5 and 3 M urea it is 

possible to remove the urea by dialysis against buffer and obtain the 

original sedimentation constants.    If 6 M urea is used most of the 

protein appears in the 1 to 2S region and it is not possible to return 

to the original sedimentation constants by removing the urea (33). 

Urea is known to denature protein and it will cause some protein to 

break up into smaller subunits; however,   its mode of action is not 

clearly under stood. 

Binding of Calcium 

The cold insoluble fraction of soybean protein contains some 
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phytate.    Work done by Saio (58) indicates that the calcium ion is 

bound to the cold insoluble fraction of soybean protein and the amount 

bound increases as the amount of phytic acid added is increased.    A 

large number of calcium ions are capable of binding to each protein 

molecule.     The cold insoluble fraction consists predominantly of the 

IIS component of soybean protein.    It appears that phytic acid first 

combines with the calcium ion and then immediately combines with 

the soybean protein as a complex. 

Foams 

Factors Affecting Foaming 

Maxerials which can La made to foam vary greatly from one to 

another.    It is almost impossible to state the characteristics which 

a material must have to allow it to foam,   although the presence of 

impurities in solution seems to be necessary for foam formation. 

Substances which are pure will not foam (42).     This observation has 

led to the assumption that a positive or negative concentration gradient 

at the surface is necessary for foam formation (42). 

The physical characteristics of a liquid influence the stability 

of the foam formed from it.    Some of these characteristics are bulk 

viscosity,   surface viscosity,   density of the liquid,   and the minimum 

thickness of liquid film before the film ruptures (5 6).    Once a foam 
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has been formed the drainage of liquid from it is influenced by bubble 

size and the rate and manner in which the babbles coalesce (5 6).    Al- 

though the size of bubble formed is influenced by the equipment used 

to form the foam,   the liquid itself exerts  some influence on this 

characteristic. 

Variations in the beating method are known to  affect the foam 

volume.    Ross (56) found that in beating lubricating oil of viscosity 

SAE 60 the degree of immersion of the blades in the sample and the 

speed used during beating were critical.     The farther the blades dip 

into the liquid the more air can be trapped in the foam.     This means 

that the same bowl,   a constant amount of liquid and blades kept at 

the same level are important to eliminate experimental errors. 

More air can be trapped by beating at lower speeds than at higher 

speeds.    Although an equilibrium is established,   the more rapidly 

moving blades actually break up the foam to a certain extent.    As a 

result the beating speed should be held constant.     Factors which were 

not found to influence the volume of foam produced by a lubricating 

oil were length of beating time,   frothing the oil before beating,   and 

testing the oil 60 seconds after beating instead of immediately after 

beating.    If another foaming agent were tested,   it is possible that 

the factors unimportant with oil foams would be important. 

Foam volume and foam stability may or may not be related 

depending on the material which forms the foam.    In a majority of 
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cases they are apparently unrelated (5 6).    In the case of soybean 

protein foams,   foam stability closely parallels foam volume (30). 

The foams of higher volume were more stable than foams of lower 

volume. 

Soybean Protein Foams 

Isolated soybean protein is capable of foaming even before it 

undergoes modification with pepsin.    Although the foaming properties 

are enhanced by modification,   it is possible to produce a high foam 

from the unmodified protein.    The foaming capacity of the protein 

is defined as the number of cubic centimeters of solution which 

can be converted into foam by 1 g of protein nitrogen.    The 

foaming capacity is affected by pH and the presence of salts. 

Perri and Hazel (48) found that maximum foaming capacity was ex- 

hibited at extremely high and low pH values with a smaller maximum 

at the isoelectric point.    On the acid side of the isoelectric point a 

minimum occurred at pH 3. 15 while on the alkaline  side the minimum 

occurred at pH 8. 8.    The foaming capacity per gram of nitrogen 

ranged from 4, 640 cc of solution at the isoelectric point to 180 at 

pH 8. 8.    Both the anion and the cation of salts influences the foaming 

capacity.    The effectiveness of the various anions and cations in 

improving foaming capacity followed a lyotropic series at some con- 

centrations but not at others.    An explanation for this behavior has 
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not been found.     The vailence of the ion also influences the foaxning 

capacity; however in this case it is the cation which has an effect 

while the anion has little or no effect (48). 
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PROCEDURE 

Introduction 

Modified soybean protein is used in foods primarily for its foam- 

ing ability,   hence the effects of various substances on the stability of 

the foam is important.    It is generally desirable to produce the most 

stable foam possible.    Salts are known to affect proteins so would 

doubtless have an effect on protein foams.    (To determine the effect 

of salts,   solutions of protein containing various salts in three con- 

centrations were whipped to a foam and the drainage from the foam 

determined 15 minutes after beating.    As pH could have an effect on 

foam stability aside from the effect of the salts,   the pH of the salt- 

protein solutions was determined.    In preliminary work it was noted 

that some of the protein solutions were milky before beating but be- 

came clear after beating and draining.     To determine what effect if 

any this might have on the foam stability,   the percent transmittance 

of the solutions before and after beating (after draining from the 

foams) was determined. 

Little is known about the nature of the modified soybean protein 

itself.     Polyacrylamide disc electrophoresis was used to determine 

the heterogeneity and relative size of its proteins in comparison with 

the unmodified protein. 
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As referred to in this investigation,   modified soybean protein is 

the pepsin hydrolyzed protein prepared by Gunther Products Inc. 

There are three patents which cover the preparation of modified 

soybean protein.    Although the exact process used for its preparation 

is not divulged,   a summary of the various conditions which might be 

used,   as described by the patents,   is as follows:    The protein is ex- 

tracted from oil free,   i. e.,   solvent extracted,   soybean meal in sol- 

uble form.     The conditions for this are a pH of 6. 6-6. 8 and 130oF. 

(68) or pH 8.5 and 85° F (60).     The resulting mixture is then treated 

to remove the solid material which could be accomplished by allowing 

the material to settle out,   or by filtering ox centrifuging.     The protein 

solution is then adjusted to the isoelectric point of the protein,   pH 

4.2-4, 6,   to precipitate the protein.     This leaves the albumins,   sugars, 

salts,   and other materials in solution.     The precipitate is then washed 

with water followed by modification with pepsin.    A pH of 2. 0 and a 

temperature of 100   F is necessary for optimum action of the pepsin. 

The reaction mixture is  11 to 13% by weight protein and 0. 35% by 

weight commercial 1;10, 000 potency pepsin (68) or 7.5% by weight 

solids and 0.3 to 0.5% pepsin (60).     The pepsin is allowed to act about 

11/2 hours or until 40% of the protein is soluble in water at pH 5. 

Enzyme action is stopped by raising the temperature to 160°^ (68) 

or by raising the pH to 5.2 (60).    Following neutralization to pH 6. 5, 

the final product is prepared by spray drying the liquor.    A slightly 
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different procedure is described in the third patent (5).     The first 

step in this process is leaching at the isoelectric point of the protein 

to remove soluble salts and sugars.    Pepsin digestion is then carried 

out on the leached flakes instead of on the isolated protein as described 

above.    After modification with pepsin,   the pH is raised to 3. 5 and 

0.2% of a peptizing salt (NaCl) is added to solubilize an optimum 

amount of unhydrolyzed protein.    Celite 545 is then added and the 

slurry is filtered.    After filtering the pH is adjusted to 4. 5 followed 

by spray drying to produce the finished product. 

A typical analysis of enzyme modified protein is as follows: 

82.9% protein,   1. 0% carbohydrates,   11. 1% ash,   and 5. 0% moisture. 

A 5% solution at 25 C has a pH of 5.2.     The product may contain 10% 

but not greater than 35% nonprotein nitrogen.     The powder is bland 

tasting and light cream in color (65).     The protein is 94 to 100% sol- 

uble in buffer at a pH of 7. 6 and ionic strength of 0. 5 (44).     The addi- 

tion of 0.01 M mercaptoethanol causes only a very small increase in 

solubility.     The process of digestion produces some dialyzable poly- 

peptides (24). 

The action of pepsin on the protein may be proportional to the 

degree of disruption in the molecule.    When the proteinase from A. 

sojae was allowed to act on soybean protein it was found that the 

initial velocity of the hydrolysis is proportional to the degree of 

disruption (26).    If pepsin hydrolysis is continued for  164 hours the 
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increase in titratable acidic groups is equivalent to 21% of that ob- 

tained upon complete hydrolysis with acid.    After the digestion only 

4. 6% of the total nitrogen was precipitable (40). 

Stability of Foams 

Salts 

1. Solutions of each of the following salts were prepared as 

IN,   0. 1 M and 0.01 N concentrations:    lithium chloride (LiCl), 

sodium chloride (NaCl),   potassium chloride (KCl),   ammonium chlor- 

ide (NH Cl),   magnesium chloride (MgCl^),   calcium chloride (CaCl?), 

potassitim citrate (K0C,HrO„),   sodium citrate (Na_C,H_0„),   sodium 
3657 3    b   b    I 

oxalate (Na_C_0.),   ammonium citrate ((NH.^HC, H_0_),   sodium x      2   2   4 4 2       6   5   7 

tartrate (Na   C   H  O,),   sodium acid phosphate (Na  HPOJ,   sodium 

fluoride (NaF),   sodium iodide (Nal),   and sodium bromide (NaBr). 

Magnesium sulfate (MgSO .) and sodium sulfate (Na  SO .) were pre- 

pared as molar solutions at 1 M,   0. 1 M,   and 0. 01 M concentrations. 

2. One gram of the modified soybean protein    was dissolved in 

100 ml of salt solution. 

3. Each protein-salt solution was transferred to a KitchenAid 

mixer bowl and beaten at the highest speed for three minutes. 

D 100 WA Protein,   Gunther Products Inc.,   701 West Sixth 
Street,   Galesburg,   Illinois 61401. 
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4. After beating,   the foams were carefully transferred to 550 

ml funnels which were  set in 100 ml graduated cylinders. 

5. The milliliters of drainage after 15 minutes were deter- 

mined. 

6. Total weight of the foam in the funnels was determined. 

The pH of all protein-salt solutions was determined using 

a Beckman Model G pH meter. 

Percent Transmittance 

Percent transmittance of each protein-salt solution was deter- 

mined immediately after preparation and on the liquid drained from 

the foams using a Bausch and Lomb Spectronic 20 at a wavelength of 

380 mp.. 

Protein Composition 

Electrophoresis 

The method described by Ornstein was used (47).    The equip- 

2 
ment consisted of a disc electrophoresis chamber with water cooling 

2 
Hoefer Model DE 101 Buchler Instrument Co. 
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3 
and a 1000 volt power supply.       The procedure follows. 

1. Glass tubes,   10 cm x 5 mm ID,   were cleaned with chromic 

acid and thoroughly rinsed with water.     They were drained and then 

shaken to dryness.     They should not be dried by heating.    Each tube 

was capped with a double layer of parafilm. 

2. The lower gels were poured.    These gels consisted of: 

Volume 

Lower acrylamide (b) 2. 0 ml 

Urea (k) 4. 5 ml 

Lower gel buffer (d) 1.0 ml 

Ammonium persulfate (f) . 5 ml 

Composition of solutions appears in the Appendix. 

Each tube was filled so that the resulting gel occupied the lower 6 cm 

of each tube.     The solution shrinks on gelling so,   when pouring,   al- 

lowance must be made for this  shrinkage.     The solutions were over- 

laid with lower reservoir buffer (h) diluted 1 to 8 with water and 

allowed to stand at room temperature for 30 minutes or until gelled. 

It is necessary to apply the buffer very slowly in order to avoid mix- 

ing of the solutions. 

3. The aqueous liquid phase was then sucked off with care to 

avoid disturbing the gel.    A fine tipped pipet to which suction was 

applied was used for this purpose. 

•3 
Model no.   3-1014A Buchler Instrument Co. 
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4. The upper gels were poured.     They consisted of: 

Volume 

Upper acrylamide (a) 2.0 ml 

Upper gel buffer (c) 1. 0 ml 

Urea (k) 4.5 ml 

Ammonium persulfate (e) 0.5 ml 

Each tube was filled so that the resulting gel would occupy 2 cm of 

each tube. These were overlaid with upper gel buffer (c) diluted 1 

to 8 'with water,   and allowed to stand for 30 minutes. 

5. The aqueous phase was sucked off. 

6. The protein solution was added,  i   or j.     The solutions con- 

sisted of 250 (xg of protein dissolved in 0. 2 ml water containing 0. 01 

M mercaptoethanol (i) or without mercaptoethanol (j) Dry P-100 poly- 

4 
acrylamide powder    was tapped into the tubes until the solution be- 

came a stiff gel thus stabilizing it against convection. 

7. The lower ends of the tubes were immersed in diluted lower 

reservoir buffer (h) and the upper ends in diluted upper reservoir 

buffer (g).   Diagram 1. 

8. One drop of 0.5% bromophenol blue in ethanol was added to 

the upper reservoir as tracking dye for the buffer front.     Three milli- 

amperes of current were applied per tube until the buffer front was 

4 
Bio-Gel Bio-Rad Laboratories,   Richmond,   Calif. 
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5 mm from the bottom of each tube.     The protein in every tube did 

not migrate at the same rate hence,   as the buffer front came to within 

5 mm of the bottom of each tube,   the current was turned off momen- 

tarily while that tube was covered with a rubber cap to prevent further 

migration. 

9. After electrophoresing, the gels were removed from the 

tubes by "rimming" with a water-filled hypodermic syringe.     The 

gels -were forced out by using a glass rod which fitted into the tubes. 

Care was taken not to damage the lower gels. 

10. The gels were stained in a filtered solution of Amido 

Black(l ) for 30 minutes. 

11. The gels were destained by warming in 10% acetic acid 

over night using a large excess of the acetic acid solution. 

12. The gels were stored in 2% acetic acid in a cool dark place 

until they could be read. 
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Separating 
Gel 

Water 

Figure 1 .    Diagram, of apparatus for Disc 
Electrophoresis. 



36 

RESULTS 

Foam Stability as Affected by Salts 

Salt Concentration 

The stability of the standard foams,   made with double distilled 

water and soluble soy protein without added salts,   was very low.    In 

general,   as the salt concentration increased,   foam stability also in- 

creased,   as shown in Figures 2,   3,   4,   and 5.    In these figures,   the 

center point of each bar shows the milliliters of drainage from that 

particular foam divided by the weight    of the foam.     The extremes of 

the bar indicate the standard deviation from the mean and show the 

probable maximum and minimum drainage divided by the weight for 

that foam.     The difference in stability of foams was greater between 

the 1 N solutions and the 0. 1 N than between the 0. 1 N and the 0.01 N. 

In some cases the presence of a low concentration of salt made the 

foam less  stable than it was in the absence of salt as may be seen 

for 0. 01 N sodium chloride and magnesium chloride foams which were 

less stable than the standard.     Lowered stability was also found for 

the 0. 1 N calcium chloride foam.     For most salts,   foams prepared 

from 1  N solutions were more stable than those made from 0. 1 N. 

These in turn tended to be more stable than those made from 0. 01  N 

solutions.    Exceptions to this trend were noted for the following 
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salts:    ammonium chloride,   sodium acid phosphate,   and potassium 

citrate.     Foams made from the 1 N and 0. 01 N solutions were more 

stable than those made from the 0. 1 N solution.     These three salts 

do not have one common characteristic which would account for this 

behavior.    Several salts appeared to have little effect on stability, 

the foams prepared from 0. 1 N or 0. 01  N concentrations being simi- 

lar to the standard. 

Changing the concentration of the anion had less effect on foam 

stability than changing the concentration of the cation.     This effect 

may be seeih by comparing the greater stability of foams made with 

chloride salts with the lesser stability of foams made with sodium 

salts. 

Cations of Chloride Salts 

The relative stability of foams containing chloride salts at three 

concentrations is illustrated in Figure 2.    All chloride salts had a 

stabilizing effect on soy protein foams when present at 1 N concen- 

tration.     Below this level the stabilizing effect was slight and sodium, 

calcium and magnesium salts were significantly destabilizing.     The 

order of stability at 1  N concentration was lithium > potassium >  sod- 

ium.     The foam containing magnesium was equal to the one containing 

calcium and both were slightly more stable than those containing po- 

tassium.     The stability of the foam containing ammonium was between 
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those made 'with potassium and sodium and -was only slightly more 

stable than the sodium-containing foam.    Foams made from 0. 1 N 

salt solutions differed but little in stability.     The order of stability 

for these foams was lithium > potassium > ammonium.     Foams con- 

taining ammonium,   sodium and magnesium were almost equal in 

stability.     The calcium-containing foam was the least stable,   being 

less stable than the standard.    When foams were prepared from salt 

solutions at 0.01 N concentration,   potassium,   lithium,   and ammonium 

salts were very similar in having low stability,   and were almost the 

same as the standard.     The sodium,   magnesium,   and calcium chlor- 

ide solutions at this concentration were all less stable than the stand- 

ard. 

Anions of Sodium Salts 

The relative stability of foams containing three concentrations 

of sodium salts is illustrated in Figure 3.    In general salt concentra- 

tions had less effect among the sodium salts than was evident among 

chloride salts.     The kind of salt had the most pronounced effect at 

1 N concentration.     The order of stability among foams containing 

inorganic salts changed with concentration.    At 1 N concentration the 

order of stability "was bromide > chloride > iodide,   while at 0. 1 N 

the order was fluoride > bromide which equaled iodide,   and iodide > 

chloride.     This order was repeated at 0.01 N.     These orders are not 
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expected if size or reactivity of the ions are functioning in determining 

stability.    Sodium acid phosphate cannot really be compared with other 

inorganic salts used.    Its greater stability may or may not be related 

to the pH.    In comparing minimum and maximum stability of foams 

for a given salt at different concentrations,   it was noted that different 

effects were found for different salts.     The stability of sodium iodide 

foams was almost unaffected by the concentration of the sodium salts, 

the difference between foams of maximum and minimum stability 

being only 0.01,   while for sodium chloride it was 0.275,   for sodium 

bromide 0.270,   for sodium citrate 0.220,   for sodium acid phosphate 

0. 170,   and for sodium tartrate 0. 355.    Sodium iodide appears to have 

the least effect of any salt on foam stability.     This conclusion arises 

from the observation that foams containing sodium iodide were but 

slightly more stable than the standard and there was very little differ- 

ence in stability between high and low salt concentrations. 

Citrate,   Sulfate,   and Ammonium Salts 

It was noted that foams made from organic salt solutions were 

generally more stable than those made from the inorganic ones.     The 

pH of these solutions was a little higher than those of the inorganic 

salts; however,   the order of stability did in no way follow an order 

according to the pH as may be seen in Figures 6,   7,   and 8. 

Two citrate salts are compared in three concentrations in 
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Figure 4.    At 1 N and 0. 01 N the sodium salt was less stable than the 

potassium while at 0. 1 N the reverse is true.    Potassium citrate is 

one of the salts in which 0.1 N is less stable than 0. 01 or 1 N so this 

reversed order might be expected. 

Sodium and magnesium sulfate foams were compared at equiva- 

lent levels of sulfate ion in Figure 5.    Both foams were highly stable 

at 1 M salt concentration.    At lower salt concentrations the foams 

made from the magnesium salt solutions were less stable than those 

made from sodium salt solutions.    It appears that one magnesium ion 

had more effect than two sodium ions in decreasing stability.     The 

difference between the minimum, and maximum stability for foams 

containing these ions was greater than for all other salts.     For mag- 

nesium the difference was 0. 58 and for sodium it was 0. 50.     The 

range from very high stability foams containing 1 N salt to foams 

less stable than the standard at 0. 01 M salt concentration is very 

striking.     This broad difference in stability is also evident when 

calcium chloride and magnesium chloride foams are compared to 

singly charged cations of the chloride foam series. 

Foams containing ammonium chloride and ammonium citrate 

were similar to each other.     There was not much difference between 

the stability of these foams at 1 N or 0.01  N concentrations.    In gen- 

eral ammonium citrate foams were the least stable of those contain- 

ing organic salts; however,   the lower pH of this salt solution may 



Table 1.    Foam stability of soluble soy protein foams as affected by salts. 

Concentration of salt 
1.0 0.1 

Molarity 
0.01 1.0 0.1 0.01 

Normality 
0.0 

Na SO 
2     4 

MgS04 

LiCl 

NaCl 

KC1 

NH Cl 
4 

MgCl2 

CaCl„ 

K3C6H507 • H20 (citrate) 

Na3C6H507 ' 5H20 (citrate) 

(NH4)2HC6H507   (citrate) 

Na C O    (oxalate) 

Na C H O, •  2 H O (tartrate) 
2  4   4   6 2 

Na„HPO 
2       4 

NaF 

NaCl 

Nal 

NaBr 

Standard 

.088 

.073 

.287 

.656 

.591 

.722 

174 .534 .583 

426 .644 .702 

322 .581 .569 

390 .640 .600 

278 .650 .700 

285 .732 .743 

078 .414 .294 

147 .345 .369 

346 .569 .638 

— .435 .475 

141 .390 .496 

218 .399 .311 

— .400 .487 

426 .644 .702 

517 .546 .608 

319 .534 .592 

0.615 
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have some influence. 

Percent Transmittance 

All solutions containing salts behaved quite similarly with re- 

spect to changes in percent transmittance before and after beating. 

In most cases,   the percent transmittance either remained the same 

or increased after beating and draining.    Possible exceptions were 

potassium citrate when present in the solution at 0. 1 N and 0. 01 N 

concentrations,   sodium citrate at 1 N and 0. 1 N,   and sodium oxalate 

at 0. 1 N.    Of these only potassium citrate when present in the solution 

at 0. 1 N showed a great enough decrease in percent transmittance to 

be significant.    For 13 of the 18 salts tested,   it was the unbeaten solu- 

tion with the lowest concentration of salt which had the lowest percent 

transmittance.     These solutions had a milky appearance.     Of the five 

salt solutions which did not follow this trend potassium citrate and 

sodium sulfate had the lowest percent transmittance at the highest 

salt concentration and sodium citrate,   sodium oxalate,   and sodium 

acid phosphate maintained nearly the same percent transmittance 

over the range of salt concentrations.     The change in percent trans- 

mittance of the solutions drained from the foams following beating 

would seem to be due to changes in the solubility of the protein and 

changes in the number of particles present.    Beating may separate 

the protein into smaller fragments.    According to the theories of 
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colloid chemistry the intensity of the scattered light increases with 

the number and size of the protein molecules.     Thus,   the increase 

in percent transmittance of the protein solutions after beating could 

be due to smaller molecules which would scatter the light less result- 

ing in a clear solution instead of a milky one. 

Relationship of pH to Stability 

Stability of soybean protein foams is plotted against pH in Fig- 

ures 6,   7,   and 8 to help assess the influence of pH on the stability. 

It is noted that the solutions containing the highest concentration of 

salts exhibited the widest range in pH,   from pH 4. 8 to pH 8. 5.    As 

the salt concentration in the solutions decreased the range in pH also 

decreased from 5. 1 to pH 7. 6 at intermediate salt concentration and 

from pH 5. 3 to pH 6. 7 at the lowest salt concentration.     When the 

pH of solutions which result in foams which are relatively more  stable 

is noted,  it is found that they range in pH from 5. 3 to 8. 5.    If the 

salt solutions which differ in pH by only ±0.1 pH   are compared,   the 

difference in the effects on foam stability due to the salts alone can 

be verified.    Solutions of salts having monovalent ions,   potassium 

chloride,   sodium chloride and sodium iodide,   had very similar pH 

values and yet there was a definite difference in the stability of the 

foams made from these solutions.    In studying the effect of salts 

upon osmotic pressure,   swelling and viscosity of protein solutions, 
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Loeb (38) stated that only the valence of an ion and not the kind of ion 

influenced these three properties when pH was constant.    All mono- 

valent ions were found to influence these properties to the same ex- 

tent.    At an intermediate salt concentration,   potassium chloride and 

sodium chloride solutions have alnnost the same pH and yet potassium 

chloride foams were quite a bit more stable than were sodium chloride 

containing foams.     There is further evidence that pH is not directly 

related to foam stability.    Sodium fluoride and sodium bromide solu- 

tions at the lowest concentration,   differ in pH by only 0. 01 pH unit 

and yet there was a definite difference in their influence on foam 

stability. 

Sodium and potassium citrate and sodium acid phosphate solu- 

tions had consistently higher pH values than did the other salt solu- 

tions,   and foams made from these solutions were also consistently 

more stable.    A clear effect due to pH might be indicated except that 

at the highest salt concentration lithium chloride at pH 5. 3 is very 

similar in stability to sodium citrate at pH 7. 6.    The influence of 

pH in this case cannot be ruled out; however its influence may be less 

important in this case because the protein is soluble at all pH's. 

Each salt undoubtedly has its maximum effect on foam stability at 

a certain pH.    What the effect of pH alone on foam stability was can- 

not be determined from these data. 

The influence of pH alone on the foaming capacity (equilibrium 



54 

foam volume) of unmodified soybean protein is very marked.    As 

foaming ability and foam stability appear to be related in soybean pro- 

tein,   it might be expected that pH would also have an influence on the 

foam stability of modified soybean protein.     The results with unmodi- 

fied soybean protein indicate that there is a decrease in foaming ca- 

pacity from the isoelectric point to pH 8. 8 (48).    All of the salts 

used in the present investigation produced a pH within this range. 

If increasing pH results in decreased foatning capacity it would be 

expected that foams with salts of higher pH would be less stable than 

foams with salts of lower pH.     This is definitely not the case with 

modified protein as foams from all the solutions of higher pH were 

more stable than those from the majority of the other solutions.    On 

the basis of this it appears that pH plays a minor role when salts are 

present.     This might be expected as the presence of salt decreases 

the intermolecular energy of proteins,   and the greater the salt con- 

centration the less the intermolecular energy (16).    As the foaming 

capacity of unmodified soybean protein is greatest when the inter- 

molecular energy is least,   at the isoelectric point and in strong salt 

solutions (48) reduced intermolecular energy may be important in 

improving foaming capacity and stability of soybean protein foams. 

Protein Composition by Disc Electrophoresis 

Initial investigations on the separation of modified soybean 
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protein by disc electrophoresis showed that a 12  1/2% polyacrylamide 

concentration was required to obtain a separation of the fragments 

present in the protein*     The protein was treated in three different 

ways in order to determine the best conditions for resolution of the 

protein fragments.    Prior to placing the protein on the gel column the 

protein was dissolved in water alone,  water containing 6 M urea,   or 

water containing 0.01 M mercaptoethanol.,    All of the gel columns 

contained 6 M urea and the columns used for separation of the sample 

dissolved in water alone and in 0. 01 M mercaptoethanol also contained 

. 008 M mercaptoethanol.    All three gels produced three definite bands 

designated as c,   d,   and e in Figures  10,   11,   and 12,   obtained by ^ryK 

scanning the gels with a recording densitometer at 620 m|j. wave length. 

When dissolved in 0. 01 M mercaptoethanol and placed on a column con- 

taining 0. 008 M mercaptoethanol,   two additional bands were visible. 

Most of the protein was a heterogeneous mixture of fragments present 

in the area of the three major peaks.    The peak to the left of peak c 

represents the farthest point of travel of the protein and contains the 

glycine placed in the upper buffer and probably some very small frag- 

ments of the modified soybean protein.    As slightly better resolution 

of the protein fragments was obtained when mercaptoethanol was pres- 

ent in the gel column,   some disulfide bonding is probably present in 

the modified soybean protein. 
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Figure 9.    Whole,   unmodified soybean protein-- separation of 
protein fractions by disc electrophoresis on poly- 
acrylamide gel as reported by Catsimpoolas, 
Campbell,   and Meyer (9). 



Figure  11.     Modified soluble soybean protein dissolved in water--separation of protein frac- 
tions by disc electrophoresis on polyacrylamide gel containing 6 M urea and 
0. 008 M mercaptoethanol. 

00 
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Figure  12.    Modified soluble soybean protein dissolved in 
urea-- separation of protein fractions by disc 
electrophoresis on polyacrylamide gel contain- 
ing 6 M urea. 
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DISCUSSION OF RESULTS 

Foam Stability as Affected by Salts 

The drained volumes obtained from the various foams reflect 

the gross effect of the salts on stability.    Different drainage amounts 

in a given time interval after beating can be used as an index to the 

stability of the foam.    It has been noted that drainage from a foam is 

influenced by the size of bubbles formed during its preparation.    Smal- 

ler bubbles permit a slower rate of drainage from a foam than larger 

bubbles (39).     The size of bubbles formed is determined by the mater- 

ial being whipped and the equipment used to produce the foam (56). 

In the present investigation the same protein and equipment 

were used to produce all foams,   yet,   judging by their appeara.nce, 

there were differences in bubble size.    Some of the foams were very 

white and opaque in appearance,   whereas others were more trans- 

lucent and wet appearing.     Light rays refracted from numerous tiny 

surfaces would give a white appearance.    It may be inferred that the 

whiter foams were made up of smaller bubbles.     The differences in 

the sizes of bubbles formed in the various foams would result pri- 

marily from changes in the protein caused by the different salts. 

All of the foams formed were quite stiff.    Approximately the 

same volume of foam was placed in the funnels each time; however 
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due to the stiffness of the foam,   air pockets were easily formed which 

slightly altered the foam volume.    Specific gravity measurements were 

not made because of the stiffness and instability of the foam to shear- 

ing.    When a series of standard foams was prepared having different 

weights of foam in the funnels,   it was found that increased weight of 

foam proportionally increased the drainage from the foam.     For this 

reason the volume of drainage from each foam was divided by the 

weight of that foam to compensate for differences in volume and 

weight of individual foams.    Analysis of variance of drainage vol- 

umes before and after dividing by the weight of foam showed that the 

standard deviation of the milliliters drainage /weight of foam was 

considerably less than for milliliters of drainage alone. 

Work done with whole soybean protein showed that high salt 

concentrations caused an increase in soybean protein solubility (63). 

Assuming that the solubility and solvation of polypeptides in modified 

soybean protein would also increase as salt concentration is increase4 

the enhanced stability of foams made from solutions containing high 

salt can be partly explained by the greater solvation of the protein 

molecules.    Some salts in very low concentration may cause enough 

agglomeration of polypeptides to make the foams less stable than the 

standard foam prepared in distilled water.    As the modified protein 

was almost 100 percent soluble in water as determined by Nash (44), 

the degree of solvation of the protein fragments was probably affecting 
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foam stability. 

The percent transmittance of protein salt solutions should be 

an indication of protein solubility.    As most of the solutions showed 

an increase in percent transmittance with an increase in salt concen- 

tration and these same solutions yielded the most stable foams,   the 

belief is supported that increased solvation of the protein resulted in 

increased stability.    Potassium citrate and sodium sulfate were ex- 

ceptions to this observation when present at the highest concentra- 

tion.     These solutions were milky when first made but became clear 

after beating.     They also yielded stable foams.    Since both of these 

solutions are essentially transparent after beating and drainage,   the 

beating process may cause separation of the protein fragments giving 

greater access of the molecules to the salt which then helps to stabil- 

ize the separated fragments. 

At the air-water interface,   near the isoelectric point or in 

strong salt solutions,   the intermolecular energy of proteins is small 

(16).     This decrease in intermolecular energy probably also helps to 

account for increased stability of foams made from the solutions with 

the highest salt concentration as used in this investigation.     The salts 

would be expected to have less effect at lower concentrations.     Chang- 

ing the concentration of salt changes the effect of the salt on the foam. 

In high concentrations,   calcium chloride increased foam stability 

while at low concentrations it decreased foam stability.    Perri (48) 
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noted similar changes in the behavior of a salt at different concentra- 

tions when the effect of neutral salts on the foaming capacity of un- 

modified soybean protein was determined.    At very low salt concen- 

trations,   0. 0001 M Perri found a marked difference in the effect of 

the valence of the cation of the added salt.     The foaming capacity of 

lanthanum chloride was greater than the foaming capacity of calcium 

chloride which was greater than sodium chloride.    In the present in- 

vestigation sodium chloride and calcium chloride were used at equiva- 

lent normality instead of molarity; however,   a definite difference 

between the two due to valence alone could not be shown at 0. 01 N. 

Both of these salts gave less stable foams than the control at this 

concentration.    The effect of reducing the concentration further was 

not determined; however it is possible that a difference due to valence 

might appear if the concentration  were reduced.    When sodium sulfate 

and magnesium sulfate were compared at 0.01 M concentration the 

possibility of a valence effect seems likely.     The magnesium had 

much greater effect in decreasing the foam stability than the sodium. 

The difference between the two is even more pronounced at 0. 1 M 

salt concentration. 

Of the salts tested it is shown that calcium ion will bind to 

soybean protein through phytic acid which is normally present in 

the protein (57).    A similar binding of calcium to modified soybean 

protein may take place; however its binding would be expected to be 
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reduced because of the reduced protein size.    Maximum binding 

probably takes place at all of the salt concentrations used.    Calcium 

and magnesium seem to have the same effect on foam stability,   hence 

an affinity for calcium, does not seem to explain the effect on foam 

stability.    Proteins are charged molecules containing both positively 

and negatively charged radicals in their structure,   hence it is pos- 

sible for them to attract other charged molecules.    Salts are ionized 

in solution so each of the ions can be attracted to the protein molecule. 

If the charge of the protein molecule is either positive or negative, 

one of the ions may have more influence on the protein than the other. 

This reasoning supports the theory that the ion with the opposite 

charge to that of the protein will have the greatest influence on that 

protein (38).     The concentration of negative ion in solution seemed 

to have more influence on modified soybean protein foam stability 

than the positive ion.     The most marked influence upon foam stability 

was found for the chloride salts,   especially when concentrated,   where- 

as less difference was noted among sodium salts.     Further,   a change 

in the kind of negative ion of sodium salts,   especially at 1  N concen- 

tration,   strongly influenced foam stability.    Since the modified soy- 

bean protein had an isoelectric point of 4. 5,   it would carry a negative 

charge in the salt solutions,   since all were above this pH value.     The 

observation that the anions strongly affected foam stability is in con- 

flict with the above stated theory which predicts that the cation should 
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have the greatest effect on foam stability. 

pH did not in itself affect stability of the foams; however,   the 

extent of bonding of an anion or cation is influenced by pH.    Chloride 

binding decreases with increasing pH.     For those proteins which will 

bind chloride,   the binding ability decreases to zero at pH 7.     For 

those which bind chloride less,   the binding ability decreases to zero 

at a lower pH.    In general,   proteins with low isoelectric points will 

not bind chloride in the pH range 3 to 7 and those of high isoelectric 

point will have considerable affinity for chloride in this   same range. 

In the intermediate range of pH 4 to 10,   there is no direct correlation 

between isoelectric point and anion binding (7).    When positively 

charged ions are investigated it is found that increasing the pH in- 

creases the binding of the ion.    Most of the protein salt solutions had 

a pH slightly above the isoelectric point of 4. 5 as shown in Figures 6, 

7,   and 8.    Although the isoelectric point of soybean protein is in the 

intermediate range,   there is a possibility that it may bind chloride. 

The chances of its doing so are greater because nearly all of the solu- 

tions had a pH below 7 which was found to be the highest pH at which 

chloride binding occurs. 

Since the different ions exerted different effects on the stability 

of soybean protein foams,   it might be expected  that they would follow 

a lyotropic series.     This possibility was investigated by Perri (48) 

by determining the effect of neutral salts on the foaming capacity of 
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unmodified soybean protein.    He observed a lyotropic series among 

monovalent cations at 1 N concentration; however,   at lower concen- 

trations a different order of effectiveness was observed.    In the pres- 

ent investigation lyotropic series was not observed in the ion effect 

on foam stability of modified soybean protein.     The order lithium > 

potassium > sodium was observed at 1 N and 0. 1 N while at 0. 01 N 

the difference between lithium and potassium foams was not signifi- 

cant and both were more stable than sodium containing foams.    Anion 

lyotropy among halogen salts was not observed and the order of effec- 

tiveness changed with salt concentration.    It is therefore proposed 

that each ion has a unique effect at a given concentration which is 

determined by the nature of the protein-salt interaction and the over- 

all effect of the ion on the physical properties of the solution. 

In addition to the changes which salts can bring about in the 

protein,   they are capable of changing the surface tension of the liquid 

by their presence alone.     Bulk and surface viscosity can be changed 

by the presence of salts in water.     These physical properties are 

known to influence the foaming properties of a solution.    Salts,   there- 

fore,   influence the foaming of the solution without interacting with 

the protein in any specific manner.     The individual salts doubtless 

affect the physical properties of the solution in different ways,   and 

in addition bind differentially to the protein.    Both effects may not 

act in the same direction with respect to foaming stability.     The 
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combination of effects probably accounts for the lack of specific pat- 

terns for the various salts,, 

Protein Coraposition by Disc Electrophoresis 

Disc electrophoresis separates the proteins in a solution ac- 

cording to their electric charge and their molecular size.    Increas- 

ing the concentration of polyacrylamide in the preparation of the gel 

reduces the size of the pores in the gel used to separate the proteins, 

thus limiting the size of the protein molecules that can migrate in ito 

Disc electrophoresis is a type of zone electrophoresis which uses a 

pH discontinuity to produce a thin starting zone allowing better reso- 

lution of individual proteins (47).    As long as the treatment of the 

protein and method are held constant,   reproducible results can be 

obtained.    When the treatment of the protein is changed or reducing 

agents are incorporated into the gels,   different results are frequently 

obtained.     The complex nature of proteins and the possibility of sub- 

units held together by disulfide and other intermolecular bonds, 

makes the treatment to which a protein is subjected critical if results 

are to be compared. 

The densitometei" tracing of electrophoretically separated bands 

of modified soybean protein is shown in Figure 10.     Five distinct 

bands may be seen.     The protein was dissolved in 0.01 M mercapto- 

ethanol and the gel used for separation contained 0. 008 M 
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mercaptoethanol and 6 M urea.     This pattern can be compared to one 

obtained from unmodified soybean protein by Catsimpoolas,   Campbell 

and Meyer (12) using similar methods and conditions for protein sepa- 

ration.     The positioning of the peaks in the densitometer tracing of 

modified protein is quite similar to that shown in the tracing of un- 

modified protein.    It is reasonable to assume that the five peaks noted 

for modified protein are the digested residues of the same five peaks 

c  through  g   shown in Catsimpoolas1 tracing,   reproduced in Figure 9 « 

The   a  and b  peaks in his tracing are probably a part of the fast 

moving buffer front in the tracing of unmodified protein.    In order 

to make this comparison of modified and unmodified protein it is 

necessary to assume that enzyme digestion does not change the rela- 

tive migration rates of the individual proteins. 

The unmodified protein is best separated in a 7  1/2% gel while 

a 12  1/2% gel was necessary to get satisfactory separation of modi- 

fied protein.    Since this gel concentration is almost double that suit- 

able for separating the unmodified protein,   it may be concluded that 

the proteins have been digested until they are about 60% of their 

original size.    All of the modified protein was able to enter the gel 

column.     This would lead to the conclusion that all of the protein 

present in this modified soybean protein product had been hydrolyzed 
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by the pepsin. 

Unpublished data obtained by Burnett indicate that the aerating 

properties of soybean protein result from the presence of smaller 

molecular weight fractions,   such as peptones and proteoses,   pro- 

duced by peptic hydrolysis of soybean protein.     The presence of 

unhydrolyzed or only partially hydrolyzed protein contributes to the 

formation of stable air-cell structures (4).     Judging from the results 

of disc electrophoresis,  most of the protein in modified soybean pro- 

tein is of smaller molecular weight and size than in the unmodified 

protein and has all been hydrolyzed by the pepsin. 

Ultracentrifuge studies of pepsin-hydrolyzed soybean protein 

by Nash (44) indicated that no high molecular weight material is pres- 

ent in the protein (designated T).     The protein which sedimented came 

down in the 2S region and represented 36% of the protein.     This infor- 

mation is in agreement with the results obtained in the present inves- 

tigation which indicated that all of the protein components had been 

hydrolyzed to some extent.    It is doubtful if the protein which sedi- 

mented in the 2S region is the same as that present in the unmodified 

protein,   as significantly more protein is present in this region after 

hydrolysis. 
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SUMMARY AND CONCLUSIONS 

Modified soybean protein was studied as to the effect of salts 

on foam stability,   pH and percent light transmittance of the protein 

sols,   and as to the electrophoretic pattern of the protein.    Foams 

made with 1  N salt solutions were most stable.     Those made with 

0. 1 or 0. 01 N solutions behaved more or less alike.    At the highest 

salt concentration there was a definite order of stability of the foams 

when either anions or cations were compared.     The order of stability 

did not follow a lyotropic series and it appeared that each ion had a 

characteristic effect at a given concentration.     The interrelationships 

between pH,   effect of the salt on the protein,   and the independent ef-: 

feet of each salt on the viscosity and surface  tension of liquids make 

the system too complicated to devise a theory which would explain 

the overall effect of salts alone on foam stability.    Percent light 

transmittance did not correlate with foam stability. 

Disc electrophoresis was used to separate the protein fractions 

of the enzyme modified soybean protein.    Densitometer tracings 

showed that all components of the original protein had been modified 

to some extent.    Most of the protein was concentrated in the central 

region of the gel,   although there were some very small polypeptides 

which were not separated. 

Comparison of the results obtained in this investigation with 
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those obtained by Catsimpoolas (12) on whole,   unmodified,   soybean 

protein,   indicated that three major fractions present in the unmodi- 

fied soybean protein labeled c,   d,   and e may be the source of the three 

major fractions noted in the modified soybean protein.     This is as- 

suming that these proteins are able to retain their characteristic order 

of electrophoretic mobility in polyacrylamide gel after digestion with 

pepsin.     Two other bands present in the unmodified protein f  and  g, 

may also be present in the modified protein.    As these two bands 

were distinctly present only when the protein was dissolved in 0.01 

M mercaptoethanol and placed on a column containing 0. 008 M mer- 

captoethanol,   their presence is not as certain.     The modified protein 

could be effectively separated only on a 12  1/2% polyacrylamide gel 

while a 7  1/2 % gel was more suitable for the original protein mater- 

ial,   indicating that the protein had been digested to approximately 60% 

of its original size. 
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Composition of solutions 

(a) Upper acrylamide 

5 
Polyacrylamide .   10 g. 
Add water to make 100 ml. 

(b) Lower acrylamide 

Polyacrylamide 50 g. 
Add water to make 100 ml. 

(c) Upper gel buffer 

1. 00 M HC1 24 ml (accurately) 
TEMED^ 0. 1 ml 7 
Trizma (base) to pH 6.9 
Add water to make 100 ml 

(d) Lower gel buffer 

LOO M HC1 48 ml 
Trizma to pH 8.9 
Add water to make 100 ml 

(e) Ammonium persulfate solution for upper gel (must be prepared 
just before use) 

Ammonium persulfate 0.28 g 
Add water to make 100 ml 

(f) Ammonium persulfate solution for lower gel (must be prepared 
just before use) 

Ammonium persulfate 0. 28 g 
Mercaptoethanol 0.248 g for .008 N 
Add water to make 100 ml 

5 
Cyanogum 41,   Order no.   EC 472,   E-C Apparatus Corporation, 

538 "Walnut lane,   Swarthmore,   Pa. 

Tetra methyl ethylene diamine 
Trizma Base Order No.   T-1503,   Sigma Chemical Co., 
3500 DeKalb St. ,   St.   Louis,   Missouri 
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(g)        Upper Reservoir buffer 

Glycine 28„ 8 g 
Trizma to pH 80 3 
Add wate- to make 1000 ml 
Dilute for use,   1 part to  10 water 

(h)        Lower Reservoir buffer 

1.00 M HC1 48 ml 
Trizma to pH 8„9 
Add water to make 1000 ml 
Dilute for use,   1 part to 8 water 

(i)        Modified soy protein solution 

D 100 WA soybean protein        0. 125 g 
Add water to make 100 

(j) Modified soy protein in mercaptoethanol 

100 W soybean protein 0. 125 g 
Mercaptoethanol 0.781 g 
Add water to make 100 ml 

(k)        10 M urea 

Urea 60 g 
Add water to make 100 ml 

(1)        Amido Black 

Aniline blue black, 
acid black I 0.5% 

Dissolved in 10% acetic acid 
Filtered periodically with use 


