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ABSTRACT

FUNCTIONAL CHARACTERIZATION AND HEAT INDUCED
INTERACTIONS BETWEEN MILK PRODUCTS AND SOY ISOLATE
By

Bruce R. Harte

The functionality of milk product:soy isolate blends
was evaluated. The commercial milk components included:
1) sweet whey powder, 2) electrodialyzed whey powder,
3) whey protein concentrate (WPC), 4) nonfat dry milk
(NFDM) and 5) sodium caseinate. A commercial soy isolate
was selected based upon ease of dispersibility, soluble
protein and flavor. Five functional properties were exam-
ined: emulsion capacity, whipping ability, viscosity,
solubility and sensory evaluation. Dispersions were pre-
pared at protein levels of 3.2, 5.0 and 8.0% in ratios of
25:75, 50:50 and 75:25. The samples were subjected to
various treatments including: heating, pH variation and
addition of salts. A second set of treatments was designed
after evaluation of the first trials. Additional treat-
ments were selected to further improve functionality. Many
of the treatments included variants from the first study in
addition to the inclusion of chemical modifiers, gums,
emulsifiers and an enzymatic digestion.

Milk products demonstrated the highest solubility,

with milk product:soy isolate blends having appreciably
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higher solubility than the soy isolate., Specific treatments
resulted in widely varying solubility. The viscosities of
the milk products, soy isolate and their blends were quite
close regardless of the blend ratio. Viscosities rose
moderately as the percent protein increased. The majority
of treatments had 1ittle effect upon viscosities. In
general, the soy isolate had less emulsion capacity than
the milk products. Blends often had nearly the same emul-
sion capacity as the milk product. Emulsion capacities
were affected by various treatﬁents. Stable foams were
produced from NFDM, sodium caseinate, electrodialyzed whey,
and their soy isolate blends. WPC whipped into stable
foams after subjection to specific treatments. Blends
produced foams which had similar specific volumes with
slightly less foam stability than the respective milk pro-
duct. It was possible to substantially improve the whip-
ping properties of the samples by utilization of specific
treatments. The milk products, particularly NFDM and
sodium caseinate had the highest flavor scores. The flavor
characteristics of soy were considered unacceptable. How-
ever, when used in combinétion with milk products the flavor
properties were only slightly less fhan the respective milk
product.

Chemical modification, heating, pH variation, enzymatic
hydrolysis and change in the ionic environment improved the

functionality of many samples. Utilization of different
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treatments made it possible to maintain the generally
higher functionality associated with the milk products. In
many instances, replacement of as much as 50% of the milk
protein product by soy isolate was achieved with little
loss of functionality.

Milk:soy protein blends were examined for heat-induced
interaction. The milk proteins were prepared from sweet
whey, acid whey, colloidal casein and sodium caseinate.
Samples of these proteins were heated with soy protein.

The heat treatments included: unheated-control, 68°C/30

min, 77°C/20 sec, 94°C/10 sec and 121°C/5 sec. After heat-
ing, the proteins were fractionated by gel filtration and
resolved by gel electrophoresis. Whey protein suffered
substantial denaturation at temperatures greater than 77°C/
20 sec. Casein was stable to the heat treatments. Soy
protein began to dissociate into minor components at 77%c/
20 sec. Further heating resulted in the disappearance of
the major bands. There did not appear to be any interaction
between whey or casein and the major soy proteins. The
possibility exists of hydrophobic interaction between casein
and soy protein,

An in vitro enzymatic procedure was utilized to exam-
ine release of total amino nitrogen from intact proteins as
affected by: processing treatments and possible interactions
between protein systems. Soy isolate, NFDM and their blend

were subjected to 24 different treatments. In general, the
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liberation of amino nitrogen was not significantly reduced
by use of the process variants, Specific cases (such as
the addition of chemical modifiers or extremely high pH)
lowered the released amino nitrogen, Protein interaction

detrimental to the release of amino nitrogen was minimal.
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INTRODUCTION

A great deal of effort is being directed toward finding
cheaper protein sources for the domestic food industry.
Currently, animal derived ingredients and wheat are the
major sources for human food, though soybean protein is
becoming more popular, Animal protein foods are expensive
in terms of land requirements and market price. Vegetable
protein foods can supply more protein per acre of land
(Childers, 1972). Proteins which are to be used in food
products must satisfy three criteria. They must be nutri-
tionally adequate, economically feasible and possess the
necessary functional properties. That protein which comes
closest to fulfilling these needs will probably have the
highest utilization,

Sufficient information is available to formulate a
food composition which contains the required amounts of
known nutrients, including vitamins, minerals, proteins,
fats and carbohydrates in proper balance to supply the
calories and chemicals needed by humans (Johnson, 1971).
This can be accomplished by combining plant and animal
products with synthetic chemicals. The problem is to pro-
duce finished products that have the necessary functional

and sensory characteristics which make them acceptable to



the consumer. The common protein foods (meat, fish, eggs
and dairy products) owe their widespread appeal to the gas-
tronomic pleasure derived from their consumption (Mattil,
1971). The proteins in these foods are structural compo-
nents that contribute specific functional properties. If
vegetable proteins are to be incorporated into the products
of today's technology they must possess certain functional
characteristics. Acceptable sensory properties are essen-
tial in the development of new food products. New protein
sources should maintain or improve the quality and accepta-
bility of food products.

The functionality of food proteins denotes any physico-
chemical characteristic which affects the processing and
behavior of the protein in food systems. Functionality is
a reflection of complex interactions between the composi-
tion, structure and conformation of a protein which may
also be influenced by reaction with other food components.
In the food research laboratory, many types of protein
systems are subjected to measurements in an attempt to
quantitate functionality. Typical tests include flavor
analysis, dispersibility, gelation, emulsification, foaming,
viscosity and water absorption. Burrows et al. (1972)
estimated that by 1980 the demand for functional protein
in the United States will exceed three billion pounds.

This will be approximately 15-20% of the total protein

need. The actual demand for new functional proteins will



depend on many factors including the availability and price
of animal proteins and the apparent functionality of non-
animal proteins. Many vegetable, cereal and seed proteins
are being used or investigated for use in roles normally
reserved for animal proteins. However, these proteins
often lack functionality and nutritional adequacy. Both
deficiencies can be improved by combining in one system the
proper blend of animal and nonanimal proteins.

The objective of this research was to provide an in
depth analysis of the functional (whipping, emulsion capa-
city, gelation, etc.) properties of milk product:soy iso-
late blends. As adjuncts to this study two additional
projects were undertaken. Protein interaction between
different protein systems could have substantial impact
upon the functionality of such systems. Milk proteins were
combined with soy protein and examined for heat induced
interactions. Manipulation of or prevention of such inter-
actions would have appreciable importance in achieving the
most functionality from proteins. The functionality of
protein blends can be improved by modification with the
appropriate treatment. However, if such treatment is detri-
mental to protein quality the improved functionality will
be of 1ittle importance. Therefore, the treatments employed
in the prior analysis of functionality were assayed regar-
ding their effect on the quality of the proteins used in

this research. These three studies were designed to



complement each other. Separate aspects of protein research
were brought together to more fully complete the picture.

The commercial milk products used in the study of
functionality included: 1) sweet whey powder, 2) electro-
dialyzed whey powder, 3) whey protein concentrate, 4) non-
fat dry milk, and 5) sodium caseinate. A commercial soy
isolate was selected, based upon ease of dispersibility,
total soluble protein, color and flavor. The materials
were blended in l1iquid systems at various ratios and protein
concentrations. The functionality of the blends was evalu-
ated by several different tests as affected by various
treatments.,

The experimental design to evaluate potential heat
induced interactions between the water soluble protein
from soy isolate and milk proteins consisted of several
heat treatments. These approximated those used in the
pasteurization of liquid systems.

In vitro enzymatic hydrolysis was used to assay: 1) the
effect of processing treatments on the availability of total
amino acids and 2) whether or not potential interaction
between protein systems would influence release of amino
acids. In vitro enzymatic digests offer a viable alterna-
tive to animal assays as an option for monitoring due to
their low cost, speed, and high correlation to animal

assays.



The ultimate objective of any study dealing with the
functionality of protein systems is to provide the infor-
mation which may some day make ii possible to create any
type of protein food from low cost raw materials. This
research provides information to those researchers working

toward development of dairy:soy protein foods.



LITERATURE REVIEW

Wolf (1970) reported that soybean proteins are com-
mercially available as flours, grits, concentrates and iso-
lates. The most refined form of soybean proteins are the
isolates which contain not less than 90 percent protein
and have a minimal of nonprotein components. Soy protein
isolate is defined as the major proteinaceous fraction of
soybeans prepared from high quality, sound, clean dehulled
soybeans (Smith and Circle, 1973). 1Isolates are almost
100 percent protein and are essentially void of fiber,
carbohydrate and other flavor components (Johnson, 1970).
Cogan et al. (1967) observed that isolated soy protein has
considerab]e'advantages over soy flour from the viewpoint
of human consumption. These include blander flavor, whiter
color and excellent keeping qualities. In addition, the
functional behavior can be modified to satisfy the necessary
requirements. Ziemba (1966) stated that soy isolates are
generally superior to flours with respect to color, texture,
flavor, fiber content, ease and versatility of use. Iso-
lates are the most expensive form of commercial soy protein.

In the past the major interest in soybeans in this
country has been to obtain o0il for edible purposes, with

the meal being primarily used for animal feed. Soy products



have been used for edible purposes for thousands of years
but mainly T1imited to production of edible products in the
orient (Johnson, 1970). Wolf (1970) felt that the availa-
bility of a greater variety and of more refined forms would
(in addition to the increasing cost of animal protein) re-
sult in greater interest in soy products.

Smith and Circle (1973) described the general proce-
dure for manufacture of soy isolate. The usual starting
material is defatted soy meal or flour of high nitrogen
solubility. The flour is extracted in aqueous or mildly
alkaline media under certain conditions with respect to
temperature, liquid to solids ratio, pH and alkaline rea-
gents. For edible, isolated protein production, aqueous
alkaline extraction is preferably carried out at pH below
9 to avoid undue hydrolytic or rheological changes. The
extract is separated from the insoluble residue by various
screening, centrifuging or filtering devices. A food grade
acid is then used to precipitate the protein. The curd-
whey mixture is separated by means of centrifugation and
several washing steps. The curd can then be either dried
as the isoelectric product or neutralized with food grade
alkali to form the sodium proteinate. It is usually spray
dried.

Nonfat dry milk (NFDM) is the most popular dairy based
ingredient (Hugunin, 1977). It imparts excellent flavor,

functional properties and nutrition to products. NFDM is



manufactured by separating the fat and nonfat portions of
milk by centrifugation. The skimmilk fraction is heat treat-
ed to meet the desired standards, pasteurized, evaporated to
45-50% solids and dried.

Caseinates are salts of casein. They are manufactured
by isoelectric precipitation from skimmilk. After washing
several times an aqueous colloidal suspension is made by the
addition of alkali to pH 6.7. The suspension is pasteurized
and spray dried (Hugunin, 1977). The caseinate produced is
dependent upon the alkali used, although sodium and calcium
caseinates are most commonly manufactured.

Whey is that portion of skimmilk remaining after the
coagulation and separation of casein. The processing of
whey involves centrifugal separation and clarification to
remove fine curd and fat, pasteurization, concentration to
45-50% solijds and spray drying. Most processed whey in the
United States is identified as sweet whey, a byproduct of
ripened cheese production (Hugunin, 1977).

The term whey protein concentrate (WPC) identifies all
whey products which contain higher than normal concentra-
tions of protein (Hugunin, 1977). The composition of WPC is
largely a function of the process used in their preparation.
The protein concentration of most WPC is 35-60% (Morr,
1976). Today, such processes as membrane filtration, re-
verse osmosis, gel filtration, metaphosphate complexing, CMC

complexing, electrodialysis and ion exchange are used to



produce WPC. Richert (1975) discussed the principles of gel
filtration to produce a WPC. The first step involves remo-
val of insoluble proteins and 1lipids through a procedure
requiring divalent cations. The material then undergoes
evaporation and crystallization to remove lactose. The
partially delactosed whey concentrate is now subjected to
gel filtration to fractionate the high and low molecular
weight solutes. Large scale gel filtration may utilize
either a centrifugal or column process. After gel filtra-
tion the protein fraction is dried.

Richert (1975) discussed the principles of electro-
dialysis to remove salts during the processing of fluid
whey. In electrodialysis, ion selective membranes allow
passage of jonic species of one charge but not the other.
The ions migrate in response to an electrical potential.
Commercial operations usually employ repeating pairs of
cation and anion membranes which are arranged in stacks of
100 or more cell pairs. Product is circulated through
alternating pairs and an electrically conductive brine is
circulated between the remaining pairs. The feed material
is usually partially delactosed whey concentrate but can be
either unconcentrated sweet or acid whey. After removal of

charged species, the remainder is dried.
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Functionality

Solubility

Many of the important functional properties dealing
with proteins relate to water-protein interactions, i.e.,
solubility, viscosity, gelation, foaming and emulsification.
The investigation of the functional properties of proteins
can be made more efficient if a systematic study is first
made of the solubility properties of that protein in a vari-
ety of environments (Mattil, 1971). Solubility behavior
provides a good index of the potential and limitations of
proteins (Kinsella, 1976). The pH-solubility profile is
often the first property measured and can provide useful
information regarding the optimization of processing proce-
dures. Solubility is affected by a multitude of factors
such as protein source and concentration, processing his-
tory, heat, ionic strength and interaction with other ingre-
dients. The solubility profile is an excellent index of
protein functionality (Kinsella, 1976).

Paulsen et al. (1960) determined water dispersible
protein (WDP) in soy products. The results were affected
by blending time and speed, pH, sample size and blade
arrangement. At low pH the soy products had low WDP. It
was reported by Yasumatsu et al. (1972) that the WDP did
not correspond directly to the amount of undenatured, native
soy protein. This was because some denatured protein re-

mained soluble. Divalent salts, such as calcium or barium



chloride markedly reduced the WDP of soy protein, even at
low levels (Paulsen and Horan, 1965). Wolf (1961) found
that the solubility of tne major soybean protein, glycinin,
was increased by addition of reducing agents and alkaline
pH. Fukushima and Van Buren (1970) demonstrated that disul-
fide splitters such as mercaptoethanol and cysteine increased
the solubility of soy milk products as did alkaline pH treat-
ment. Chelating agents such as EDTA had little effect. The
solubility oﬁjfé&séanrp}otgjnﬁ was at a minimum near pH 4.5
(Wolf, 1970). So]ubf]ity increased markedly with alkali
treatment and after addition of disulfide reducing agents.
Nash and Wolf (1967) studied the solubility of commercial
and laboratory prepared soy proteins. Measurements were
made in 0.5 ionic strength buffer, pH 7.6, potassium phos-
phate~sodium chloride buffer with and without mercaptoetha-
nol, Five laboratory soybean globulins prepared by isoelec-
tric precipitation had solubilities of 37-73% in buffer and
66-78% in buffer containing mercaptoethanol. Five commer-
cial samples (isoelectric form) had solubilities of 6.0-
59% in buffer and 13-83% in mercaptoethanol buffer. Seven
commercial soy proteinates had solubilities ranging from
13-83% and 6.0-81% with and without mercaptoethanol in the
buffer. Addition of mercaptoethanol to the buffer increased
the solubility of all samples.

The solubility of WPC, soy isolate and sodium caseinate

was examined by Hermansson and Akesson (1975). Solubility
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was determined on 1% sols in water at 25°C. The dispersions
were subjected to heat treatments of 70, 80, 90 and 100°¢
for 30 min. Unheated samples of soy isolate, caseinate and
WPC had solubilities of 52.9, 80.8 and 78.3 respectively.
Moderate heating temperatures increased the solubility of
the soy isolate but had much less effect upon sodium casein-
ate and WPC. The solubility of these materials in 0.2 M-
1.0 M NaCl was also studied by Hermansson and Akesson (1975).
Addition of NaCl decreased the solubility of soy isolate but
increased the solubility of sodium caseinate. Heat treated
dispersions of WPC which were subjected to addition of NaCl
héd decreased solubilities, though nonheatéd samples were
only slightly affected. Kelly and Pressey (1966) exposed
acid precipitated soy protein to high pH levels by addition
of sodium hydroxide. Solubility at pH 12 was markedly
reduced, Addition of urea and mercaptoethanol increased
solubility. Amiliar et al. (1977) determined the total
dispersible protein in reconstituted soy milk. The amount
of dispersible protein increased as the pH rose, with addi-
tion of sodium bisulfite and homogenization. The amount of
soluble soy protein in soy flour was minimal near its iso-
electric point but much higher in an alkaline pH range
(McWatters and Cherry, 1977). Franzen and Kinsella (1976)
reported that the solubility of soy isolate was increased
20, 71 and 80% according to the level of succinylation. As

the amount of succinylation increased so did solubility.
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Treatment of the soy isolate at alkaline pH also resulted in
higher solubility. The nitrogen solubility index of soy
protein isolate (as a function of pH and temperature) was
determined by Hutton and Campbell (1977). Solubility was
minimal at the isocelectric point while increasing rapidly

as the pH diverged from that point. At high pH solubility
increases were very pronounced though this was temperature
dependent. The pH slope was roughly linear in the mid-tem-
perature range and curvilinear at the extremes (4-900C).

Bau et al. (1978) examined the solubility of cold, acid and
salt precipitated soy protein, The soy fractions (10% w/v)
were prepared in dispersions at pH 1.5-9.5. Minimum
solubility was at pH 4.4-4.6. As the pH was brought into
the alkaline region, solubility increased by 25 to 35%.
Heating at 100°C for 7 min decreased solubility approximately
50%. Continued heating had no additional effect on the rate
of insolubilization.

Howat and Wright (1933) examined the effect of heating
temperature upon the solubility of commercial milk powders.
The samples were reconstituted in water and subjected to
heating. Solubility was determined by protein analysis of
the supernatant. There was an increase in solubility as the
temperature rose from 20 to 50°¢. However, as the tempera-
ture increased from 50 to 100°C solubility decreased. The
solubility of caseins near their isoelectric point was

investigated by Bingham (1971). As the temperature was
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lowered, the solubility of the caseins was greater than at
ambient temperature. Aoki and Imamura (1976) determined the
solubility of casein after addition of EDTA and heating.

The solubility was highest in those samples receiving both
heat treatment and 5-15 mM of EDTA. The solubility of un-
heated casein samples containing EDTA also increased but to
a lesser extent. Samples prepared in alkaline pH and heated
were much more soluble than those samples receiving only the
alkaline treatment. The solubility of soy isolate and milk
products dispersed in Koop's buffer was studied by Hoffman
(1974). As casein was replaced by soy protein, an almost
linear decrease was noted in the amount of soluble protein.
There was 1ittle decrease in the amount of soluble protein
as the percent of soy protein increased in whey protein con-
centrate-soy isolate blends. Shen (1976) examined the
effects of a wide range of experimental conditions on the
solubility of three commercial soy isolates and a commercial
sodium caseinate. Protein was quantitated by the Biuret
method. The solubility of Edi-Pro N (a general purpose soy
isolate) did not vary with increase in percent protein (1-
10%). The solubility of this isolate was reported to be 54%
compared to the 80% solubility of sodium caseinate. The
solubility of sodium caseinate did not change as the equili-
bration temperature rose from 25-6200 while the solubility
of Edi-Pro N increased 7%. Blending speed had an appreciable

effect on protein solubility. Marvopoulous and Kosikowski
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(1973) reported on the composition, solubility and stability
of whey powders. £Eight spray dried powders and three freeze-
dried, laboratory samples were analyzed. The solubility of
whey powders ranged from 91.4 to 99.3%, with the freeze-
dried samples most soluble. The solubility of the 11 pow-
ders was lower in 5% NaCl, ranging from 72.4 to 98.2%.

Flavor evaluation by a trained panel showed the powders to
have good flavor characteristics.

The pasteurization of WPC solutions at temperatures of
78.2°C/15 sec and 62.4°C/30 min resulted in approximately 20%
denaturation of the protein (McDonough et al., 1974).
Enzymatic hydrolysis with trypsin was used by Jost (1977)
to increase the solubility of WPC. Hydrolysis was approxi-
mately 8% complete. The functional properties of electro-
dialyzed whey, Enerpro 50, CMC bound WPC and metaphosphate
complexed WPC were examined by Morr et _l; (1973). Protein
solubility, whipping and emu]gion capacity were determined.
At pH 4, 6 and 8, electrodialyzed ﬂbﬁX had solubilities of
92.2, 91,1 and 93.6 percent respectively. The solubilities
of Enerpro 50 at the same pH values were 89.5, 90.2 and 91.2.
Hidalgo and Gamper (1977) produced a WPC from sweet whey
having a protein content of 88%. This product was examined
for thermal stability both in the presence and absence of
0.03 M CaC]z. Solubility decreased rapidly as the samples
were heated at temperatures of either 80 or 134°C.  When the

/

“WPC was heated at high temperatures coagulation occurred,
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especially at pH values near the isoelectric point. In the
presence of Egp]z heat stability was reduced over the pH
range 2-12. Tryptic hydrolysis of the WPC imprcved thermal

stability considerably.

Viscosity and Gelation

Many proteins absorb water and swell, thereby causing
changes in hydrodynamic properties that are reflected in
thickening and increased viscosity (Kinsella, 1976). Pro-
tein gels are composed of three dimensional matrices or
networks of intertwined, partially associated, polypeptides
in which water is entrapped (Kinsella, 1976). Gels are
characterized by a relatively high viscosity, plasticity and
elasticity. Viscosity and rheological properties related to
flow are usually measured on dispersions, slurries or pastes
using the Brookfield viscometer.

Circle et al, (1964) examined the viscosity of soy pro-
tein dispersions. Results showed that in the unheated dis-
persions viscosity rose exponentially with increasing con-
centration. At pH 6 the viscosity of 10% sols dropped
considerably below that at pH 7 or above. At pH 8 and 9
the viscosities rose slightly. A 15% dispersion of isolated
soy protein had a low initial viscosity but thickened notice-
ably when heated one hour (Hafner, 1964). Kelley and Pressey
(1966) examined the effect of pH and chemical additives on
the viscosity of soy protein dispersions. As alkali was

added, viscosity increased rapidly. After a minimum was
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reached viscosity slowly decreased, presumably due to pro-
tein degradation. Addition of low amounts of bromate and
jodate significantly decreased viscosity. Disulfide cleav-
ing agents also reduced viscosity. The viscosity of casein-
soy sols dispersed in Koop's buffer was investigated by
Hoffman (1974). In general, the viscosity of the suspen-
sions decreased as casein was replaced by soy protein. Whey
protein-soy sols were slightly lower in viscosity than
casein-soy sols. Replacement of whey protein with soy pro-
tein slightly increased the viscosities. Fleming et al.
(1974) examined the viscosities of soy isolate and soy con-
centrate slurries. Viscosities\increased as the concentra-
tion of protein increased and as the pH was raised. Hutton
(1977) studied the effect of pH and heat treatment on the
viscosity of soy isolate and concentrate. Apparent visco-
sities increased dramatically as the temperature was raised
to 90°9C. The flow properties of soy isolate, caseinate and
WPC were studied by Hermansson (1975). The viscosity of
protein dispersions (4-20%) were determined in a Haake
Rotovisco instrument model RVI. The flow properties of soy
isolate (Promine D) were characterized by low viscosities
below concentrations of 8.0% protein. At 10% protein there
was an enormous increase in viscosity. Reducing agents and
addition of NaCl decreased the viscosity while heat, oxida-
tion and pH treatments above 7.0 were responsible for

substantial increases. The viscosity of sodium caseinate
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was very concentration dependent with nearly logarithmic
increase over a broad protein range. Addition of NaCl caused
an increase in viscosity as did pH adjustment to pH 9.8-10.
At higher pH values the viscosity rapidly declined. WPC had
the lowest viscosities of all the materials studied. How-
ever, at high protein concentrations (18-20%) the material
became pseudoplastic which resulted in tremendous viscosity
measurements. Factors such as pH and ionic strength had
little effect on viscosity. The viscosity of untreated WPC
dispersions did not change appreciably until a solids level
of 45% was reached. At concentrations of 10-20% the viscosi-
ties were 10 cp or less. Neither succinylation nor heat
treatment significantly altered the viscosities of soy iso-
late at pH 7.0. Only slight changes in viscosity were ob-
served upon addition of CaC]2 (0.2-5.0%) to soy isolate at

pH 7.0 and 10.0.

Guy et al. (1969) prepared a whey-soy flour mixture
suitable for beverages. The product reconstituted in water
to yield a milk with a cereal flavor. The viscosities of
the soy flour-whey mixtures were relatively insensitive to
heat treatment. When the total solids were greater than 45%,
significant changes were associated with high temperature
treatment. Homogenization reduced the viscosity and solu-
bility index. The viscosity and thickening of several pro-
teins were correlated with the water binding properties of

mode]l meat systems by Hermansson and Akesson (1975). WPC,
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soy isolate and sodium caseinate were examined in unheated
and heated dispersions. Heat (fo-]OOOC/3O min) caused gela-
tion of 10% dispersions of soy isolate and WPC but did not
cause gelation of caseinate. Of the three proteins, soy
isolate had the highest viscosity, swelling ability and
formed the strongest gels. Caseinate had greater swelling
ability and higher viscosity than WPC. WPC had the lowest
viscosity and swelling ability of the three proteins but did
form firm gels upon heating. In a further examination, Her-
mansson and Akesson (1975) investigated the effect of salt

on dispersions of soy isolate, sodium caseinate and WPC. As
the amount of NaCl increased (0.2 M to 1.0 M) there was a
marked decrease in the gelation of soy isolate. The viscosi-
ty of the caseinate sols increased as the concentration of
NaCl increased. Swelling and gelation were not affected.
Nonheated WPC dispersicns were little affected by addition

of salt. However, when heated to 30°cC gel strength increased
rapidly as NaCl was added.

Sosulski et al. (1976) compared the functional proper-
ties of rapeseed and soybean protein products. O0il emulsi-
fication, whippability, viscosity and gelation were examined.
Viscosity increased with increase in protein concentration
for soy 1so]ate, When soy isolate was subjected to heat
treatment at 100°C, smooth, firm gels were formed. The o0il
emulsification properties of the soy isolate were much less

than that of the corresponding rapeseed product. Most of
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the soy isolates did not exhibit good foam properties. The
swelling ability of several protein systems was studied by
Hermaﬁsson (1972). The soy isolate had excellent swelling
properties while sodium caseinate demonstrated much less

and WPC had vitrually none. The viscosity of both soy iso-
late and sodium caseinate was much higher when examined over
a broad concentration range than WPC. The swelling ability
of soy isolate decreased as the ionic strength increased.
WPC was essentially unaffected by increase in ionic strength.
The swelling ability of caseinate increased rapidly as the
pH went up or down.

Ehninger and Pratt (1974) studied the effect of sugars,
NaCl, and freeze thaw cycles on the gelation and stability
of soy protein dispersions. Gelation was also studied at
low protein levels and at pH ranges feasible in a food
system. Gelation was measured with a Brookfield RVD visco-
meter, Viscosity tended to increase exponentially as the
concentration of protein increased, though it was pH depen-
dent. Viscosity was much higher at elevated pH. Addition
of 5 or 10% sucrose to the dispersions decreased the visco-
sity of the gels while addition of dextrose at these same
levels resulted in slight increase. Dispersions containing
0.2 M NaCl at pH 6.5 had decreased viscosities. Modler and
Emmons (1977) prepared a soluble WPC by adjusting the pH of
sweet whey to 2.5-3.5 prior to heating at 90°C for 15 min.

Concentration of the whey prior to heating or addition of
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iron increased protein recoveries but decreased solubili-
ties. The viscosities of the reconstituted samples (33%
total solids) ranged from 4,000 to 36,800 cp. At protein
concentrations of 2, 4, 6 and 8%, gelation occurred when this
WPC was heated at 95°C for 20 min. The samples retained
excellent color and flavor. Kalab et al. (1971a) reported
on gels produced from NFDM. The gels were prepared by slur-
rying the material (50% NFDM) into sausage casings and
heating for 10 min in boiling water. A penetrometer was
used to measure firmness. This study was continued by Kalab
et al. (1971b) when he examined various physical factors
influencing the firmness of heat induced milk gels. Aqueous
dispersions of 40-60% NFDM were heated at temperatures of
80-100°C for 10 to 30 min. Temperatures below 80°C did not
induce gelation of 50% NFDM dispersions. Gel firmness was
maximum at 100°C and high milk solids concentration. Kalab
and Emmons (1972) investigated the effect of chemical addi-
tives upon the firmness of heat coagulated milk gels.
Several additives (0.25 M) were screened for effectiveness.
Divalent cations, especially catt promoted gelation as did
the addition of oxidizing and crosslinking agents. Addition
of reducing agents and sulfhydryl blockers to the skimmilk
resulted in soft, sticky gels. Neutral salts such as NaCl
and KC1 had no effect on gel firmness. Catsimpoolas and

Meyer (1970) examined the gelation phenomenon of soybean

globulins. Aqueous dispersions of the proteins (8-10%) were
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prepared and heated at specified temperatures. A Brookfield
viscometer equipped with a helipath stand was used to measure
apparent viscosity. The minimum protein concentration neces-
sary to obtain a self supporting gel structure was 8 percent.
Highest viscosity values were obtained at neutral or mildly
alkaline pH. Both high and low pH decreased gel strength.
Gel firmness was greatest when the samples (pH 7.0) were
heated at 80°C for approximately 30 min. Continued heating
at this temperature had no detrimental effect though excess
heating at higher temperatures substantially reduced gela-
tion. The viscosity of globulin dispersions in NaCl de-
creased as the amount of NaCl increased. Gels were prepared
by Catsimpoolas and Meyer (1971a) from dispersions of soy-
bean globulins in water-alcohol and water-glycol mixtures.
The viscosities of the heated slurries were determined after
coo]fng with a viscometer. Rheological data demonstrated
that these mixtures formed gels of higher viscosity than
water dispersions. Apparent viscosities increased as the
length of the aliphatic chain increased. Solvents such as
acetone, dioxan and dimethyl formamide also markedly enhanced
gel viscosity. The role of 1ipids in the gelation of soybean
globulins was examined by Catsimpoolas and Meyer (1971b).
Protein-1ipid dispersions were prepared by addition of pro-
tein to the water-1ipid mixture and heating. Gels produced
from mixtures containing saturated fats had higher viscosi-

ties than those produced with unsaturated fat. As the length
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of the fatty acid chain length decreased, viscosities in-
creased. The role of sulfhydryl groups on the physical
characteristics of tofu 1ike gel products was investigated
by Saio et al. (1971). The texture of the tofu became
softer and more adhesive when sulfhydryl blocking agents
were used. Saio (1973) found that the strength of soy
protein gels was increased by the addition of calcium salts.
Gels made from the 11S protein were firmer than those made
from 7S protein, Heat coagulated gels from soy protein

isolate were hard and elastic (Yasumatsu et al., 1972a).

Denatured soy isolates were more desirable because partial
denaturation was believed to be conducive to preparation of
firm gels. Soy isolates with a nitrogen solubility index
(NSI) of 50 had better gel formation qualities than one with
a NSI of 80 (Yasumatsu et al., 1972). Circle et al. (1964)
reported that soy protein dispersions readily gelled when
heated, At protein concentrations of 10% gelation was best
when the dispersions were heated at 100°C for 45 min. Addi-
tion of sodium sulfite and free cysteine substantially
reduced gelation while salts had much less effect. At pro-
tein concentration greater than 10% heating could be reduced
without loss of gelation. The effect of heat, pH, ionic
strength and protein fraction on the expansion characteris-
tics of soy gels were examined by Saio et al. (1974).

Expansion increased as the temperature of heating rose from

100 to 132°C. cCalcium gels had greater expansion and were
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more elastic than acid gels. Fleming and Sosulski (1975)
evaluated the gelling ability of aqueous dispersions of 10%
protein from soybean flours, concentrates and isolates.
Gelation was induced by heating the slurries in sealed con-
tainers at 90°C for 45 min in a water bath. After cooling
in an ice bath, viscosities were determined. Uniform firm
gels were produced from the soy isolate. A pH cycling treat-
ment, 7 to 12 to 7, increased gelation strength of the gels.
The viscosities of soy proteins prepared by cold, acid
and salt precipitation were compared by Bau et al. (1978).
Viscosities were determined on 10% protein slurries. Moist
heating at 100°C increased the viscosity of all fractions.
Prolonged heating at this temperature resulted in sharply
decreased values. Viscosities were at a minimum near the pH
of their jsoelectric point (4.5). As the pH diverged from
this point in either direction, viscosities increased.
McDonough et al. (1974) formed firm, resilent gels from
10% WPC solutions which did not leak after standing for
several hours. Heat denaturation resulted in what the
author described as classical gel structure. Schmidt et al.
(1978) studied the heat induced gelation of peanut/whey pro-
tein blends. Heating at 70°C or less resulted in no gel
formation. Heating temperatures of 100°C-45 min were neces-
sary to obtain satisfactory gelation. Qualitative techniques

showed no difference in gel strength as the pH was raised

from 7 to 10. At pH 11 the gels were very soft with
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measurable browning. Gels formed satisfactorily when 25% of
the protein was from peanut flour. Sodium chloride (up to
0.5 M) increased the gel strength of the whey protein gels.
Addition of CaC]2 at levels of 10 and 30 mM resulted in

increased gel firmness.

Emulsion Capacity

The emulsifying properties of food proteins are a pri-
mary functional characteristic. Three different procedures,
i.e. emulsifying capacity, emulsion stability and emulsify-
ing activity are used in the investigation of this property
(Kinsella, 1976). Emulsion or emulsifying capacity (EC) is
the method most commonly used, and is defined as the volume
of 0i1 (m1) that can be emulsified by protein (gm) before
phase inversion occurs.

Swift et al, (1961) developed a method to determine EC.
This procedure, known as the viscosity drop method, utilized
a high speed mixer and melted lard to prepare the emulsions.
The mixer speed, rate of fat addition and temperature affec-
ted EC., Carpenter and Saffle (1964) developed a method to
determine EC subjectively. An "Osterizer" was modified to
accompany an inverted ball jar. Formation and collapse of
the emulsion was viewed through the glass Jjar. Blender
speed, mix temperature, protein aliquot and rate of o0il
addition affected the final volume. A method (using sau-

sages) was described by Inklaar (1969) as being capable of



26

accurately evaluating protein emulsion capacity and stability.
Using this procedure, soya isolate had better EC than sodium
caseinate. Both products had better EC at higher pH.
Becher (1966) suggested electrical conductivity as a method
for determining types of emulsions. Electrical resistance
was used by Webb et al. (1970) to measure EC of protein.
Corn o0il was delivered in close proximity to the propeller
blades and mixed with the protein extract at high speed.
Emulsion formation and collapse were monitored by a ohm
recorder measuring resistance. Precise control of blender
speed, rate of oil delivery, and location of delivery tube
were critical in obtaining repeatability. The validity of
using electrical a-c impedance and d-c resistance methods in
the evaluation of EC was investigated by Haq et al. (1973).
For dilute, aqueous systems undergoing agitation, Webb's
et al, (1970) procedure was shown to be satisfactory. In
highly viscous systems, a-c impedance measurements had
greater accuracy. Marshall et al. (1975) used a red colored
dye (oil-red 0) to determine the EC of protein slurries,
including soy isolate. The author claimed greater accuracy
for this method due to the increased visibility of the
inversion point.

Morr et al. (1973) investigated the EC of several dif-
ferent WPC and found similiar results for all samples tested.

The EC ranged from 32-40 g corn 0il for a 0.1% solution

except for CMC complexed WPC which was double that of the
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other WPC. The effect of enzymatic hydrolysis on the EC of
whey protein was studied by Kuehler and Stine (1974). EC
was not significantly affetted by proteolysis with prolase.
Emulsion capacities were approximately 3.0, 1.9 and 2.2 g/
0il/mg protein for dried whey, whole casein and nonfat dry
milk.

Pearson et al. (1965) compared the EC of soy sodium
proteinate, potassium caseinate and NFDM by the viscosity
drop procedure. The EC of soy was greatest at pH 10.7 and
p=0.05. At higher ionic strength (0.3) EC decreased slight-
ly. At pH 5.1 EC was much lower. Potassium caseinate had
satisfactory emulsifying properties in water at pH 6.9.
Emulsion capacity was highest at pH 10.4 and ionic strength
0.05 while Towest at pH 5.4. NFDM had slightly less EC than
potassium caseinate at high pH. The EC of NFDM was greatest
at pH 5,6, At low concentration NFDM had good EC while at
high concentration EC decreased. Several protein additives
were assayed by Smith et al. (1973), including soy isolates,
flours, concentrates and NFDM. EC and stability were evalu-
ated in frankfurter emulsions. In this system animal pro-
teins had better EC than the soy products. Hoffman (1974)
reported that the EC of casein-soy blends decreased as the
amount of soy protein increased. In addition, the ability
of WPC to emulsify o0il decreased significantly as soy protein

was substituted for whey protein. Crenweldge et al. (1974)

investigated the EC of NFDM, soybean concentrate, cottonseed
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flour and bovine hemoglobin. A viscosity drop procedure was
utilized in determining EC. Both soy and NFDM had emulsion
capacities resembling pH solubility profiles. At pH values
near the isoelectric point NFDM and soy exhibited minimal
EC. As the pH increased to 7.0 and above, EC increased
rapidly. NFDM had greater EC than the soy concentrate.
Various proteins were compared by Lauck (1975) as fat bin-
ders in sausage products. The proteins included Enerpro 50
(WPC), dried sweet whey, NFDM and promine D (a soy isolate).
Binders were added either as dry ingredients or predispersed
in water. Following laboratory testing, pilot plant produc-
tion of sausage products containing the binders was initiated
with subsequent evaluation. The laboratory tests indicated
that, as a class, protein containing binders might be better
than meat proteins in binding fat. The pilot plant evalua-
tion revealed that the frankfurters produced with the various
binders were of good quality but did differ in several
aspects. The whey product sausages had thin emulsions while
the soy isolate frankfurters had a definite off-flavor.
Yasumatsu et al. (1972) examined the emulsion activity of
soy products. Systems containing both skim milk and soy
flour had the highest emulsion activity. Soy protein
extract had more emulsifying activity than soy protein iso-
late in a sodium chloride brine. High correlation coeffi-
cients were observed between dispersible nitrogen and emul-

sifying properties.
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Succinylation enhanced the emulsifying capacity of soy
isolate dispersion (Franzen and Kinsella, 1976). When suc-
cinic anhydride was added on a g to g basis with protein EC
doubled. McWatters and Cherry (1977) reported on the EC of
defatted soybean flour. Suspensions, prepared in distilled
water were evaluated at several pH values. Maximum emulsi-
fication was at pH 6.5. The emulsion properties of a soy
concentrate and isolate were examined by Hutton and Campbell
(1977). The interdependent influence of pH and temperature
on EC was reviewed. Soy dispersions were studied at pH 5.0,
6.0 and 7.0 with temperature treatments of 4°c and 90°c.
Emulsification was significantly affected by such treatment.
At Tow pH emulsification was substantially less, probably

due to the loss of solubility.

Whipping Ability

Foaming or whipping, i.e. the capacity to form stable
foams with air, is an important functional property of many
foams (Kinsella, 1976). Foaming properties include whippa-
bility or foamability, both of which are used interchange-
ably. These properties are measured by foam capacity, foam
expansion or overrun, all of which refer to the volume in-
crease of a protein dispersion following incorporation of
air by agitation or whipping. Foam stability refers to the
ability of foam to retain its volume over time.

Webb (1941) examined the foaming capacity of reconsti-

tuted skimmilk by whipping at 1000 rpm's. Foam stabilities
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and specific volumes were determined for samples containing
10-30 percent solids. As the concentration of solids in-
creased to 20%, specific volumes decreased but stabiiity
times increased. Whipping properties were reduced when
severe heat treatments were employed. Peter and Bell (1930)
investigated the foaming characteristics of normal and
modified whey protein solutions. Untreated whey had poor
foaming ability, though heating to 60°C resulted in some
improvement. Addition of Ca(OH)2 had a pronounced effect,
significantly improving the whipping quality of the whey
protein. When the solution was neutralized, the improvement
in whipping was still evident. Addition of NaOH or calcium
salts failed to have the same effect. However, when calcium
salts were added in an alkaline medium an excellent foam was
produced. The addition of sodium sulfite considerable im-
proved whipping characteristics.

Tamsma et al. (1969) described the increased foaming
from skimmilk, homogenized prior to drying. NFDM produced
in this manner was whipped to form a stable foam after re-
constitution in water. The percent overrun and the stability
of the resultant foams was dependent upon homogenization
pressure and percent total solids. Foam stability was op-
timal at 30% total solids,.

The whipping properties of unheated WPC were studied by
Morr et al. (1973). Metaphosphate complexed WPC failed to

form stable foams while CMC complexed WPC had the most



31

stable foams of any of the materials tested. None of the
WPC had as high an overrun as sodium caseinate. The whip-
ping properties of spray-dried whey protein/CMC complexes
were examined by Hansen and Black (1972). The powder was
resuspended in water and whipped to foam resembling egg
white. A 4% protein sol whipped for 15 min proved optimal.
Heat treatment and homogenization decreased both specific
volume and foam stability. Foam development increased
rapidly as the pH went from 5 to 9. Addition of Ca(OH)2
resulted in the greatest improvement in whipping quality.
Addition of H202 increased foaming with the best results
achieved at a concentration of 0.1%. At higher levels of
H202 foam development deteriorated. Addition of 3% sucrose
after whipping improved foam stability. Foam stability was
reduced when soy isolate was added to the sols. Jelen
(1973) conducted whipping studies with delactosed cheese
whey, The concentrated product was whipped for 10 min. The
unheated whey protein had poor whippability, poor foam sta-
bility and low overrun. Heating to 90°¢ improved all whip-
ping properties, especially after the heat denaturable, acid
precipitable proteins were removed. Overruns greater than
2000% were achieved with the acid supernatant at 34% total
solids. Addition of 5-40 g soluble starch per 100 g of the
whey concentrate increased the foam stability but resulted
in lower overruns. Devilbiss et al. (1974) examined WPC as

a possible replacement for egg white in angel food cakes.
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Commercial samples of WPC were obtained and dispersed in
water at a concentration of 30%. The samples were whipped
for 10 min prior to baking. Samples heated at 559C for 60
min had increased foam stabilities which did not collapse
when heated. The whipping properties of WPC were studied

by McDonough et al. (1974). \Untreated solutions did not
form stable foams unless the sols contained at least 25%
protein. Heat treatment significantly improved the whipping
characteristics, apparently due to partial denaturation of
the protein. Adjustment of the pH upward withACa(OH)2
resulted in excellent foams which were not duplicated by
adjustment with NaOH. Samples subjected to both heat and
alkaline pH treatment had excellent whips with stability
times of several hours. The effect of enzymatic hydrolysis
on the whipping properties of whey protein was studied by
Kuehler and Stine (1974). Heat treatment was a necessary
prerequisite to insure foam production and stability. Spe-
cific volumes (SV) ranged from 10-15 ml/g with % stability
times, up to a temperature of 85°C. The data indicated that
the greater the net charge on the protein, the greater was
the tendency of the sols to foam. Thus, at pH 9 and 2, foams
were produced with the largest SV, though acid foams had low
stability times, Stability increased with alkalinity above
PH 6.0. Addition of 0.1% CMC and heating to 85°C resulted
in doubled stability times. Addition of 0.5% CMC increased

stability times additionally. Four percent casein sols had
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foams of poor stability. Enzymatic hydrolysis (prolase) for
one hour increased SV. Additional digestion slightly lowered
SV. Stability times decreased through the first hour of
digestion and then leveled off. A limited amount of hydrol-
ysis was desirable to increase foaming properties, though
excessive digestion decreased SV and stability of the foams.
The foaming capacity (FC) of 10% WPC sols was determined by
bubbling N2 through the solution at a constant rate and
noting the expansion in a given time (Cooney, 1976). Foam
stability (FS) was measured by recording the time required
for % the liquid volume to drain from the foam. FC was en-
hanced by removing triglycerides via ultracentrifugation.
Instantaneous heating to 60°C overcame the inhibitory effect
triglycerides had on FC. FS was inversely dependent on the
jonic strength of the WPC. Calcium and barium ions decreased
FC more than monovalent cations at pH 4.3. Phosphates and
tripolyphosphates improved foaming at pH 4.3 but not at pH
7.0. Foam overrun was optimum at pH 8.0. Foaming was im-
proved by addition of 0.50 mM SDS but not by Tween 20 or
Triton X-100. Trypsin hydrolysis of WPC increased the over-
run but slightly decreased the FS. Min and Thomas (1977)
investigated several variables which affected the physical
properties of dairy whipped toppings. These included: sta-
bilizer and emulsifier concentration, milk protein fraction,
homogenjzation pressure and interaction among selected in-

gredients. Stabilizer level markedly affected overrun and
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firmness. Toppings made with a stabilizer concentration of
0.3% had maximum overrun. Emulsifier concentration and type
had a positive influence on overrun and firmness. The milk
protein fraction (skim milk colloid, whey protein, CMC pre-
cipitated milk protein, sodium caseinate and NFDM) had a
very significant effect on the foaming capacity. Toppings
made with sodium caseinate and whey protein were unsatisfac-
tory. Calcium (50 mg/ml) was added prior to whipping of
some topping formulations. Increased overrun and firmness
were noted. Tripling the Ca++ concentration substantially
increased overrun. Hoffman (1974) examined the whipping
properties of soy isolate and milk products at low protein
levels. Rep]acemént of casein with soy isolate had little
effect on SV but drastically reduced FS. Whey and soy mix-
tures maintained their SV but were so unstable that drip
could not be measured.

Watts (1937) investigated the whipping ability of com-
mercial soy flours and a solvent extracted laboratory pre-
pared soy flour. A1l commercial products tested had little
or no whipping ability. Petroleum ether, dry heat and
pressure were used to produce the soy flour. This product,
reconstituted in water, whipped to a stiff white foam resem-
bling egg white. The material whipped best at concentrations
of 7-8 percent and at pH values far removed from its isoelec-
tric point. Salt (NaCl) at concentrations up to 2 percent

increased the whipping ability. The extraction of a
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substance responsible for the whipping ability of soy flour
was reported by Watts and Ulrich (1939). It was apparent
that neither the glycinin nor the legumelin were the active
substance. Stable foams were produced by water dispersing
3-10% purified soy protein. The dispersions were heated
prior to whipping. Stable foams were produced at all pH's
except 3-6. Franzen and Kinsella (1976) found that succiny-
lation markedly enhanced the FC and FS of soy isolate dis-
persions. The values were approximately double that of the
unmodified isolate. Addition of NaCl also increased the FC
of native soy isolate while addition of sucrose decreased
FS. Soy isolate was subjected to an alcohol wash prior to
whipping (Eldrige et al., 1963). The samples were heated
for 15 min in a boiling water bath prior to whipping. The
low density foams had stability times of approximately 200
min. The alcohol washed protein had improved color aﬂd
flavor. Stable foams were produced below pH 3.0 and above
6.5. Minimum foam stability (in addition to the lowest
volume foams) occurred in the isoelectric area of protein.
Heating the protein enhanced foam expansion. Addition of
5.0% NaCl resulted in foams of low stability. The addition
of tripoly and hexametaphosphate had 1ittle effect on the
whips., Yasumatsu et al. (1972) measured foam expansion and
stability in model systems containing soybean proteins.

Native soy flour had high foam expansion and stability.

Denatured forms of soy flour had poor whipping
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characteristics. The highest whipping values were from
systems containing both soy flour and skimmilk. The whip-
ping properties of soy flour were maximum at pH 6.5 (McWat-

ters and Cherry, 1977).

Sensory Evaluation

Flavor is perhaps the most important property in deter-
mining food acceptability and where flavor is the less
dominant trait, mouth feel or texture assumes greater
importance (Kinsella, 1976). Color, odor, flavor and
texture are key attributes in deciding whether or not a
new protein will be used in a food product. Proteins affect
texture in sols, gels, foams, emulsions and extruded foods.
The flavor of a food product can be affected by proteins due
to browning reactions, sulfide elimination, proteolysis and
by entrapment and binding. Color can be significantly
affected by browning reactions. Altering a protein source
may result in flavor changes in the food. These flavors may
be contaminants of the protein per se, or they may be gen-
erated during processing and storage.

The astringency in milk products was thought to be
caused primarily by heat altered whey proteins and milk
salts (Josephson, 1967). Both of these groups were associ-
ated, by adsorption or by interaction, with the casein
micelles. Lang et al. (1976) examined the influence of

compositional variations and processing on the sensory
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properties of skimmilk. Pasteurization at 79.4°C and 85.0°C
produced a heated flavor noticeable to trained panelists.
Variations i1n homogenization pressure and fat content did
not result in detectable flavor or mouthfeel differences.
Judges detected differences between samples with and without
200-300 ppm of stabilizer when the samples were heated at
85°C. The panelists were not able to detect 400 ppm of
emulsifier unless fat contents were below 0.5%. The addi-
tion of stabilizers increased viscosity while addition of
emulsifiers did not.

Sensory evaluation of casein-soy sols revealed a sig-
nificant decrease in flavor scores as caseiﬁ was replaced
with soy protein {Hoffman, 1974). The odor of soy isolate
was described as beany, No color change was noted as soy
isolate replaced WPC in sols though the blends were des-
cribed as having a beany odor. Maga and Lorenz (1973) con-
ducted a sensory and analytical flavor evaluation of NFDM,
sodium caseinate, isolated soy proteinate and various other
protein supplements. Odor intensities and flavor evaluations
were repeated randomly by 20 taste panelists using a scale
of 1 to 10. A product with a completely bland character
received a score of 10 while a strong characteristic was
scored 1, Of the 12 products examined, NFDM had the most
bland odor and flavor when tested in a rehydrated system.

As a group, the milk protein supplements were the most bland

products. The soy products had lower flavor and odor
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scores. In another study Maga and Lorenz (1972) examined
the flavor and odor intensities of milk, marine and vegetable
protein supplements. Sensory panel scores were reccrded for
odor and flavor properties. Milk products included NFDM,
sodium caseinate, whey powder and demineralized whey powder.
Soy products included soy isolate, soy concentrate and soy
flour. There were no statistical differences between odor
intensities of any of the milk products. Many of the vegeta-
ble products had less bland odor properties. Reconstituted
NFDM was judged to have the most bland flavor. The flavor
of soy isolate was Jjudged to be statistically inferior.
Demineralized whey powder was considered to be more bland
than standard whey powder. As a group, the milk products
had a definite flavor advantage over the vegetable products.
Kalbrener et al. (1971) reported on taste panel studies
on commercial soy flours, concentrates and isolates. Sam-
ples were evaluated in 2% dispersions in water. A raw
defatted flour prepared in the laboratory received an odor
score of 5.8, a flavor score of 4.1 and was described as
beany and bitter. Commercial flours generally were rated
higher, ranging from 4.2 to 6.7 for flavor. Concentrates
had flavor scores ranging from 5.6 to 7.0. Isolates scored
from 5.9 to 6.4. It was generally agreed that beany and
bitter flavors persisted in isolates, though at low levels.
An inverse relationship was found between flavor score and

solubility. Raw flour had the highest solubility but lowest
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flavor scores. Maga (1970) compared the flavor profile of
commercial isolate and raw soybeans of the same source.
Overall intensity scores revealed that the isolate had the
blandest flavor and odor properties. Processing decreased
the green and bitter flavors, probably due to the sweet like
flavor which appeared. Repeated washings with water and
solvents removed some but not all of the objectionable soy
flavor.

Bitterness was found in a partial proteolytic hydroly-
zate of soybean protein (Yamashita et al., 1969). Arai

et al. (1970) pointed out that enzymatic proteolysis of soy
resulted in the formation of bitter compounds. This bitter-
ness was caused by peptides containing leucine at the C-
terminal. ~ In an earlier study Fujumaki gi al. (1968) found
that the beany flavor generally decreased during the early
stages of enzymatic Aigestion, though the bitter flavor
increased. Bitterness was found in soybean digests after
partial hydrolysis with pepsin (Fujumaki et al., 1970).
Johnson (1975) reported that enzymatically modified soy
proteins could be used as whipping agents, though there
might be problems with flavor due to bitterness.

Mattick and Hand (1969) investigated the raw, green
bean like flavor of soybeans which they described as the
major sensory defect of soybean products. A compound was

isolated and identified as ethyl vinyl ketone which had a

green bean like flavor. Pelissier (1976) compared the bitter
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taste of enzymic hydrolysates from cow, ewe and goat caseins.
Caseins from bovine milk were generally more bitter than the
otrher caseins. The total hydrophobicity of the protein and
the nature of natural proteases were important in the devel-
opment of bitterness.

Sensory evaluation by a trained panel showed that alkali
pretreated soy had better flavor properties than the water
soaked control (Badenhop and Hackler, 1975). However, this
treatment did result in partial destruction of the amino
acid cystine. The use of alkali treatment to improve the
flavor of soymilk was explored by Bourne et al. (1976).
Addition of NaOH caused a rapid increase in pH while addition
of Na2C03 or NaHCO3 caused much less. An experienced taste
panel demonstrated a greater acceptability for soymilk
adjusted to pH 7-7.5 with NaOH but noted a soapy flavor
with the other compounds. Soymilks were then prepared with
sodium salts at the same sodium ion concentration that was
used in the original tests with NaOH. These samples were
given approximately the same scores by the panel as the NaOH
treated group, even though the pH was not in the same range.
This led the authors to conclude that the sodium ion con-
centration rather than the pH was the effective mechanism.

The effect of chemical modification on flavor was
investigated by Franzen and Kinsella (1976) who examined the
role of acetylation and succinylation on the sensory proper-

ties of soy protein. The color of the sols was lightened
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and no flavor problems were reported by these treatments.

Cowan et al. (1973) reviewed the flavor components of
soybean products. Steam treatment in combination with alco-
hol extraction produced soybean flakes with flavor scores of
7.0 (1-10 scale, 10 most desirable). Beany and bitter fla-
vors were still detectable even at low concentrations. The
effect of hexane:ethanol azeotropic extraction on the
organoleptic qualities of defatted soy isolates was inves-
tigated by Honig et al. (1976). Flavor and odor scores were
based on a ten point system (1 strong, 10 bland). Following
azeotropic extraction the isolate had a flavor score of 7.2
which was an improvement over the original score of 6.2.
Odor intensities were lower and were judged to be comparable
to sodium caseinate. Eldridge et al. (1977) examined alco-
hol treatment as a mechanism for reducing the beany flavor
of soybean protein products. Raw soybeans and soybean
products were steeped or wet milled with ethyl alcohol to
inactivate enzymes in situ or with disruption of cellular
disruption. When aqueous alconhol was used enzymatic acti-
vities were reduced and flavor properties were improved.
Flavor scores improved from 6.1 (control) to 7.7 for a soy
isolate.

Yasumatsu et al. (1972) observed that almost all types
of soy bean products have some undesirable flavor charac-

teristics. These defects have proven to be the greatest

barriers to increased use of soybean products in food.
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Principle component analysis was used to analyze tne flavor
profile of soy isolate. Even though soy isolate was the
most purified form of soy protein, it still had flavor prob-
lems. Johnson (1970) made the observation that the use of
soy products in human food has largely been liﬁited due to

flavor problems.

Heat Stability

Soy Protein

The nomenclature system based on sedimentation coeffi-
cients has been used extensively for soybean proteins (Smith
and Circle, 1973). Four main fractions have been isolated
with sedimentation coefficients of 2S, 7S, 11S and 15S.

The 2S fraction is a multiprotein component with molecular
weights ranging from 8,000-24,000. The 7S globulin has a
molecular weight of approximately 180,000 and is composed
of many subunits. The 11S fraction has a molecular weight
of approximately 350,000 and is also composed of many sub-
units. Together the 7S and 11S comprise between 65 and 70%
of the total protein, The 15S component is a large, molecu-
lar weight species having a molecular weight of approximately
L million, |

- Mann and Briggs (1955) examined the effect of heat on
soybean proteins using electrophoretic analysis with a
Tiselius apparatus. Protein sols were heated by immersing

in an 0il bath for the desired time and temperature.
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Temperatures ranged from 45°C to 90°C with heating times of
2 to 30 hr. Electrophoretic patterns varied widely with
heat treatment with some apparent aggregation. The quantity
of protein precipitated increased with increased temperature
and length of heating. Watanbe and Nakayama (1962) des-
cribed the formation of soluble aggregates during heating
of water extracts from defatted soy meal. Ultracentrifugal
analyses indicated that the 11S, 7S and 15S fractions par-
tially disappeared after 10 min at 80°C or higher tempera-
tures.

The major reserve protein of soybeans, glycinin was
heated by Catsimpoolas et al. (1969) at temperatures of
35-909C for 1 hr. No significant changes were observed
to occur from 35-50°C and only slight change was noted
between 50-70°C. When the protein was heated at tempera-
tures above 70°C a sudden alteration occurred. Examination
by disc electrophoresis revealed significant dissociation
of the protein into subunits. The protein was not com-
pletely dissociated as some undissociated glycine could
still be detected. Some precipitation of the protein
occurred at 90°C. Wolf (1970) reported that heating dilute
solutions of 11S globulin caused about one half of the
protein to precipitate while the remainder was converted
into a 3-4S form that remained soluble.

Wolf and Tamura (1969) heated 0.5% solutions of 11S

fraction at 100°C in a pH 7.6, u=0.5 buffer. The solution
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became turbid and precipitation occurred. The 11S protein
disappeared in less than 5 min and a soluble aggregate of
80-100S appeared. With continued heating the aggregate
grew and precipitation océurred in 7 min. Disappearance of
the 11S was accompanied by appearance of a 3-4S component.
This fraction reached its maximum in 5-7 min and was stable
to heat for more than 30 min. Saio et al. (1971) investi-
gated the effect of heating on the 7S and 11S fractions of
soybean protein. The proteins were heated at temperatures
of 0-100°C for 1 min. After heating at the higher tempera-
tures (70°C and above) several fast moving bands appeared
on polyacrylamide gels. The less mobile 7S and 11S bands
disappeared. The appearance of the fast moving bands seemad
to coincide with an increase in sulfhydryl groups.

The antigenic changes involved in the thermal denatu-
ration of glycinin, the major reserve protein of soybeans
were reported by Catsimpoolas et al. (1971). The protein,
consisting of multiple subunits was dissociated by heating
into both soluble and insoluble complexes. Glycinin was
heated at temperatures of 30-90°C for 30 min. Disc electro-
phoresis was used to demonstrate the changes occurring to
the native protein, The gel patterns from samples heated
to 70-75°C were almost identical to the unheated sample.

As the temperature rose to 80°C and above, the intensity of
the glycinin band gradually declined and disappeared

entirely at 90°C. Concurrent with the disappearance of
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glycinin, several faster migrating components appeared in
the gels. In addition, the amount of glycinin not entering
the gels increased.

The fate of water soluble soy protein during thermo-
plastic extrusion was examined by Cumming et al. (1973).
The extruded material consisted of commercial defatted soy-
bean meal which had been cooked to temperatures of 93, 121,
149, 177 and 204°C. After processing, a portion was extrac-
ted with distilled water and subjected to PAGE in an alka-
line system on 7% gels. As the cooking temperature rose
the concentration of those components close to the origin
slowly disappeared and bands with faster migration rates
appeared. Six major fractions were found in these gels,
though differing in intensity. Fractions A and B decreased
with increasing temperature while fractions D and E in-
creased. In the unprocessed meal, dense bands were iden-
tified as 7S, 11S and 15S fractions. At elevated cooking
temperatures there was a reduction in all three fractions,
accompanied by a noticeable increase in breakdown products.

Saio et al. (1975) induced soy 7S and 11S proteins to
gel by heat treatment at 100-170°C. After heating the
samples, the material was solubilized with a solution con-
taining 0,075 M sodium dodecyl sulphate (SDS) and 0.025 M
mercaptoethanol (ME). After dialysis, a portion was sub-
mitted to both disc and SDS polyacrylamide gel electrophore-

sis (PAGE). Disc PAGE was difficult to interpret because
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of the large number of minor components which resulted in
substantial diffusion. With SDS electrophoresis, the
unheated, cold insoluble fraction (CIF) resolved into two
principal bands and several minor ones. Similar patterns
were obtained by heating to temperatures of 130%C.  No
bands were observed at heating temperatures above 150°¢.
The effect of heat on the PAGE patterns of crude 7S gel was
similar to that observed for the CIF proteins. In a fur-
ther study, Saio et al. (1975) investigated the breakdown
of protein subjected to heat treatments greater than 150°¢.
Sodium dodecyl sulfate and disc electrophoresis with o-
phthalaldehyde as the stain were employed. The authors
concluded that the gross structure of soybean subunits
degraded to form lower molecular weight substances by
heating at temperatures above 150°¢C.

Aldrick (1977) examined selected milk and soy fractions
for specific heat induced interaction. Soy 7S and 11S
proteins were prepared from whole soybeans. Sodium casein-
ate and B lactoglobulin were prepared from fresh whole milk.
Soy-milk protein combinations were heated in a 1:1 ratio at
three temperatures; 63, 74 and 121%C. After cooling and
centrifugation, aliquots of the protein were electrophoresed
in the appropriate gel system. The gel bands corresponding
to the 75 fraction diminished in intensity at 63°C/30 min
and vanished at higher temperature. The soy 7S fraction was

found to move independently of either sodium caseinate or
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B lactoglobulin. The soy 11S fraction was more stable to
heat treatment at 740C than the 7S fraction. The 11S frac-
tion also moved independent of either B8 lactoglobulin or

sodium caseinate.

Milk Proteins

Caseins are those phosphoproteins precipitated from raw
skimmilk by acidification to pH 4.6 at 20°C (Whitney et al.,
1976). Caseins can be divided into four main groups based
upon their electrophoretic mobilities: o caseins, B caseins,
k-caseins and y-caseins. The as-caseins consist of one
major and several minor components. Approximately 45-55%
of the skimmilk protein is in this fraction. The molecular

1., 1970).

weight of as-casein is about 23,000 (Rose et
The milk protein present in the second largest amount is

g casein which accounts for 25-35% of the total skimmilk
protein and has a molecular weight of 19,000. The remaining
two fractions k and y represent 8-15 and 3-7% of the total
skimmilk protein.

The whey proteins are those remaining in the serum
after precipitation of casein by addition of acid (Whitney
et al., 1976). The major whey protein, B lactoglobulin is
'responsib]e for 7-12% of the total skimmilk protein and has
a molecular weight of 18,000. The whey protein present in
the second greatest amount is o lactalbumin which has a

molecular weight of about 14,000 and represents 2-5% of the

total skimmilk protein. The immunoglobulins are a
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heterogeneous group of proteins with molecular weights
ranging from 160,000 to 1,000,000. They represent 1.9-3.3%
of the total skimmilk protein. Bovine serum albumin
accounts for 0.7-1.3% of the skimmilk protein and has a
molecular weight of approximately 66,000. The proteose
peptone fraction is a multicomponent group with molecular
weights ranging from 4,000 to 41,000. They represent
approximately 2-6% of the total skimmilk protein.

Pasteurization at 67°C/3O min produced no appreciable
change in the nitrogen distribution of whole milk (Shahani
and Sommer, 1951). Pasteurization at 73°C/30 min resulted
in a decrease in the globular nitrogen and an increase in
the NPN. Sullivan et al. (1957) examined the changes
occurring in the centrifugable nitrogen fraction of skim-
milk as a function of time following several heat treat-
ments. Portions of skimmilk were heated for one min at 75,
104, and 132°C, cooled and centrifuged. A1l samples had a
marked decrease in protein content after heat treatment.
The decrease in nitrogen was roughly proportional to the
increase in heat treatment.

Josephson et al. (1967) heated selected milk systems
at various temperatures to determine astingency flavor
response. Sephadex gel filtration, PAGE, electron micro-
scopy and chemical analyses were used to determine changes
in the size, shape and composition of protein-salt particles.

The astringent components in rennet whey, heated at 63-90°C
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for 30 and 10 min were quite large as evidenced by their
sedimentation patterns. The proteins in heated rennet whey
(90°C/]0 min) were present as aggregates of sufficient size
to prevent their migration into the gel (PAGE). Heating
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