cereal or snack food, or it may be used as a starch source
for fermentation. Pure starch can also be produced (Figure
1).
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Influence of Suspension Medium and pH on Functional and Protein Properties of

Defatted Peanut Meal

Kay H. McWatters,” John P. Cherry,! and Mac R. Holmes

Defatted peanut (Arachis hypogaea L. C.V. Florunner) meal was blended with either water, 0.1 M NaCl,
or 1.0 M NaCl and the pH of each suspension adjusted to either 1.5, 4.0, 6.7, or 8.2; two-step sequential
adjustments from 6.7 to 4.0 to 6.7 and from 6.7 to 4.0 to 8.2 were also included. All suspensions had
similar viscosities. Those at pH 4.0 produced soluble extracts with lowest percentage protein and failed
to form emulsions. Suspensions at pH 6.7 varied widely in percentage protein, produced the least increase
in foam volume, and formed poor emulsions. The most desirable emulsions and foams were produced
by peanut meal-water suspensions adjusted from pH 6.7 to 4.0 to 8.2 and from pH 6.7 to 1.5. Gel
electrophoresis of soluble proteins and multiple regression analysis showed that functionality of peanut
meal was influenced by complex interactions involving suspension medium, pH, and level and character

of soluble proteins.

Peanuts have traditionally been consumed in the form
of peanut butter and in candies, salted nuts, and
snack-type crackers because of their highly acceptable
roasted flavor. In recent years, interest has developed in
high-protein products such as defatted peanut flour,
concentrates, and isolates as potential ingredients having
the capacity to perform specific functions in food systems.
Oilseed protein products act as emulsifiers and extenders
in meat products, fat and water absorption agents in meats
and bakery products, thickeners in soups and gravy

Department of Food Science (K.H.M., J.P.C.) and
Agricultural Economics (M.R.H.), University of Georgia,
College of Agriculture Experiment Stations, Experiment,
Georgia 30212,

IPresent address: Southern Regional Research Center,
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riculture, New Orleans, La. 70179.

products, gelling agents in meat products, color control
agents in bread products, and whipping agents in toppings,
chiffon mixes, and confections (Wolf and Cowan, 1971).

The level or proportion of soluble proteins has been used
as a measure of the availability of these components for
functional uses (Johnson, 1970; Mattil, 1971; Wolf and
Cowan, 1971; Cherry et al., 1975). For example, processing
techniques such as moist heat may be applied for the
express purpose of modifying the protein components of
oilseeds to fit specific product applications. The appli-
cation of moist heat to alter certain physicochemical and
solubility properties of peanut proteins and thus change
their functional properties has been discussed by Cherry
et al. (1975). These workers found that water-soluble
proteins of moist-heated peanut seeds were altered se-
quentially to various structural components, aggregates,
and insoluble forms. Arachin, the major storage globulin
of peanut seeds, was altered to these denatured forms at
at slower rate than nonarachin proteins. Further studies
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suggested that arachin and/or the denatured forms of this
globulin and nonarachin proteins may play a role in the
functionality of peanut components (McWatters and
Cherry, 1975).

Meat formulations such as sausage batters have tra-
ditionally been described as oil-in-water emulsions (Saffle,
1968). In these systems, salt solubilizes proteins which
then act as emulsifying agents having affinity for both
water and fat. These proteins are surface active and form
emulsions by reducing both the interfacial tension between
fat and water and the energy required to form the emul-
sion. In later studies Brown (1972) suggested that meat
proteins and water form a matrix or lattice which binds
fat rather than emulsifying it. Although the mechanisms
for these phenomena are not clearly understood, proteins
are closely associated with solubility, binding, and
emulsification properties (Hermansson and Akesson,
1975).

Both pH and salt concentration markedly affect the
protein solubility and behavior of peanuts and other
oilseeds (Fontaine and Burnett, 1944; Mattil, 1971; Rhee
et al., 1972; Fleming et al., 1974; Wu and Inglett, 1974).
Rhee et al. (1972) found that salts suppressed the ex-
tractability of peanut protein under neutral and alkaline
conditions. However, at pH 3.5-5.5, salts in increasing
concentrations enhanced protein extraction. Below pH 3.0,
protein extractability decreased as salt concentration
increased. If functional properties of proteins are in fact
dependent upon solubility, the use of salt solution as an
extractant, although suitable for meat (Saffle, 1968) and
sunflower protein systems (Fleming et al., 1974), would at
certain pH levels be undesirable for peanut proteins.

Recently, McWatters and Cherry (1975) observed that
aqueous suspensions of peanut paste could form oil-in-
water emulsions and foams in model test systems. A
two-step pH adjustment from a natural pH of 6.7 to 4.0
to 8.0 was necessary for formation of thick, viscous em-
ulsions having mayonnaise-like consistencies. Interestingly,
these pH values were employed by Rhee et al. (1972) for
maximum recovery of both protein and oil from raw
peanuts in an aqueous system. Moreover, adjusting the
pH of water-soluble extracts of peanut flour to 7.0 and
adding sugar prior to whipping improved foaming capacity
by increasing the viscosity of the resulting foams (LLawhon
et al.,, 1972).

The purpose of this study was to examine the influence
of pH and suspension medium on proteins and selected
functional properties such as viscosity, emulsification, and
foam formation of defatted peanut meal. Gel electro-
phoretic techniques and multiple regression analysis were
used to determine if changes in soluble protein composition
relative to pH and suspension medium could be correlated
to the functional properties of the treated peanut meal.
The extent to which peanut seed proteins are successfully
utilized in food formulations will depend upon an un-
derstanding of factors which affect their functional
properties.

MATERIALS AND METHODS

Meal Preparation. Florunner peanut seeds used in this
investigation were grown in experimental piots at Plains,
Ga. in 1974. Skins were removed by hand and without
heat. The seeds were first coarsely ground in a Hobart
cutter and then partially defatted by extraction with
food-grade hexane, and the resulting meal was air-dried
overnight at 23 °C. This meal was reground in a pilot-scale
stone mill (Morehouse-Cowles, Inc., Los Angeles, Calif.)
set at a stone clearance of 0.01 in. and then reextracted
with hexane until the oil content was below 1.0%. The
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defatted meal was air-dried for 72 h at 23 °C and sifted
through a 60 mesh screen. The final product was stored
in glass jars at 1 °C until used.

Moisture content of solvent-extracted peanut meal was
determined by drying 3-g samples in a forced draft oven
at 110 °C for 5 h. Total oil was determined by suspending
the dried meal in 25 ml of diethyl ether overnight, re-
moving 10 ml of clarified ether containing dissolved oil,
evaporating the ether in a tared vessel, and weighing and
calculating the percentage oil originally contained in the
meal. Total protein and ash were determined by the
American Oil Chemists’ Society (1970) methods and total
carbohydrate by difference. A factor of 5.46 was used to
convert nitrogen content to protein values (Jones, 1931).
The proximate composition of the defatted meal was 9.2%
moisture, 54.9% protein, 0.9% oil, 4.5% ash, and 30.5%
carbohydrate.

Suspension Preparation and pH Adjustment.
Defatted peanut meal was blended with either distilled
water, 0.1 M NaCl, or 1.0 M NaCl (8% suspensions; w/v)
in an Osterizer blender operated at low speed. Blending
was conducted in four 30-s intervals, allowing the contents
to remain undisturbed for 5 min between each mix to
ensure protein solubilization. The pH of each suspension
was then adjusted to either 1.5, 4.0, 6.7, or 8.2, Two
additional pH adjustments included two-step sequential
changes from 6.7 to 4.0 to 6.7 and from 6.7 to 4.0 to 8.2.
The desired pH was attained by adding 1 N HCI or NaOH
solution to suspensions with continuous stirring.

Viscosity. A Brookfield viscometer (Model RVT)
equipped with a No. 1 spindle was used to measure the
viscosity of suspensions at 23 °C in centipoises (cP).
Following pH adjustment, each suspension was transferred
to a 600-ml beaker and the viscosity was measured at 100
rpm after a 30-s rotation.

Emulsion Capacity. Oil-in-water emulsions were
prepared as described by McWatters and Cherry (1975)
with the exception that all oil added was from a buret.
Emulsion capacity was considered to be the point at which
a sudden drop in viscosity occurred due to separation of
oil and water into two phases. These data were reported
as milliliters of oil emulsified per 25 ml of suspension
sample.

Foam Capacity and Stability. Samples of peanut
meal suspensions (100 ml) were prepared for foam capacity
measurements as described by McWatters and Cherry
(1975). The volume of foam after 1 min was measured in
a graduated cylinder and reported as total milliliters of
foam. The volume of foam remaining after standing for
60 min was recorded as a measure of foam stability.

Protein Solubility and Gel Electrophoresis. A 5-ml
sample of each suspension was centrifuged at 43 5008 to
separate soluble and insoluble protein fractions. Quan-
titative and qualitative changes in soluble proteins of
peanut meal suspensions relative to extraction medium and
pH were determined by the procedure of Lowry et al.
(1951) and polyacrylamide gel electrophoretic techniques
described by Cherry et al. (1975). In addition, defatted
meal and soluble and insoluble fractions from the sus-
pensions were lyophilized and examined for protein
content using the macro-Kjeldahl technique and a con-
version factor of 5.46. Salt levels in extracts were cal-
culated and appropriate adjustments were applied to the
protein data.

Statistical Analysis. A multiple regression analysis
was used to quantify the relationships between functional
properties of defatted peanut meal in the suspension media
and various independent variables. A step-down computer
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Figure 1.

program was used in the selection of the equation of best
fit as described by Cherry et al. (1975) and McWatters and
Cherry (1975).

Variables evaluated in statistical (multiple regression)
models included pH, signed deviations of pH from 4.0 and
from 6.7, absolute deviations of pH from 4.0 and from 6.7,
absolute deviations of pH from 4.0 (or 6.7) for pH values
above 4.0 (or 6.7), absolute deviations of pH from 4.0 (or
6.7) for pH values below 4.0 (or 6.7), suspension medium
(0, 0.1, and 1.0 M NaCl), and percentage soluble and
insoluble protein. Other variables evaluated included
dummy (0-1) variables for treatments in which the pH was
lowered from 6.7 to 4.0 and then raised to either 6.7 or 8.2
and the squares and cubes of changes in percentage protein
in soluble and insoluble fractions for pH values ranging
from 1.5 to 8.2.

Measurements of the functional characteristics
(emulsion capacity, foam capacity, and foam stability)
were used directly as dependent variables and also after
conversion to their natural logarithms.

RESULTS AND DISCUSSION

Protein Solubility. The effects of various suspension
media and pH adjustments on protein solubility of de-
fatted peanut meal are presented in Figure 1. In addition,
percentage protein in lyophilized soluble and insoluble
fractions determined by the macro-Kjeldahl and Lowry
et al. (1951) methods are also shown in Figure 1. Per-
centages of protein in lyophilized extracts of water and 0.1
M NaCl were higher at each pH when determined by the
macro-Kjeldahl method than by the Lowry et al. (1951)
procedure. On the other hand, similar results were ob-
tained with both methods when extracts contained 1.0 M
NaCl. Evidently, nitrogen in 1.0 M NaCl extracts was
derived from protein whereas preparations made with
water or 0.1 M NaCl had high quantities of nonprotein
nitrogen-containing material and/or proteins low in tyr-
osine.

Effect of pH and suspension medium on the solubilization of protein in defatted peanut meal.

Data obtained with these methods show that percentage
protein in either water or 0.1 or 1.0 M NaCl soluble
fractions was highest at pH 8.2, intermediate at 6.7, and
lowest at 4.0. The isoelectric point of peanut seed proteins
is between pH 3.0 and 5.0 depending on the type of ex-
traction medium used to prepare these components (Basha
and Cherry, 1976; Quinn and Beuchat, 1975; Ayres et al.,
1974; Rhee et al., 1972). The percentage protein in lyo-
philized extracts of water or 0.1 M NaCl was higher at pH
1.5 than at 4.0. The percentage protein decreased slightly
in 1.0 M NaCl as the pH was lowered from 4.0 to 1.5. The
changes in percentage protein in insoluble preparations
after each pH change were inversely related to the soluble
extracts (Figure 1).

Adjusting the pH from 6.7 to 4.0 and then back to either
6.7 or 8.2 showed that percentage protein in lyophilized
water-soluble extracts as determined by both methods was
less than those after a one-step pH change. In lyophilized
extracts containing 0.1 M NaCl, the macro-Kjeldahl
method showed little difference in protein composition
after a one- or two-step adjustment, whereas data from the
Lowry et al. (1951) procedure suggested that the two-step
adjustment caused an increase in percentage protein in the
soluble fraction. On the other hand, variations in protein
percentages were small whether the extract was adjusted
to pH 6.7 or 8.2 by the one- or two-step adjustment. This
was also true when protein evaluations were determined
by either the macro-Kjeldahl or Lowry et al. (1951)
methods in which suspensions from seed meal were made
with the 1.0 M NaCl solution. Moreover, greater per-
centages of protein were found in high-salt extracts than
in those containing no or low salt at pH 6.7.

Viscosity. Data in Table I show that peanut seed meal
suspended in either water or a salt solution resulted in low
viscosities. Neither variations in type of medium (water
or 0.1 or 1.0 M NaCl) nor pH produced substantial changes
in suspension viscosities. This behavior is in contrast to
that exhibited by soy flour dispersions which showed
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mayonnaise-like emulsions and produced high levels of
foam. At pH 6.7, 8.2, and the two-step pH treatments,
water and low salt mixtures resulted in soluble proteins
having similar electrophoretic properties. These gels
showed that suspensions with 1.0 M NaCl had lower
amounts of the nonarachin proteins in region 2.5-5.5 cm
which could be related to the poor emulsions from these
preparations. Moreover, the arachin components were
diffuse and difficult to discern in these gels. No specific
protein properties detectable by gel electrophoresis could
be related to the unique ability of the water suspension
subjected to the two-step pH adjustment of 6.7 to 4.0 to
8.2 to form a mayonnaise-like emulsion.

CONCLUSIONS

In meat systems, the quantity as well as the quality of
aqueous salt-soluble protein is an excellent measure of
certain functional properties of these products in foods
(Saffle, 1968). Our data suggest that predicting the
functional properties of defatted peanut meals cannot be
done on the basis of proteins alone. Water, proteins,
carbohydrates, oil, and a number of unknown constituents
in oilseed meals evidently interact differently than in meat
systems depending on pH and salt levels (Lin et al., 1974;
Cherry et al., 1975; McWatters and Cherry, 1975). Studies
on interactions of processing conditions and protein
composition such as those explored in this study should
lead to an understanding of their effects on the func-
tionality of peanut protein products. Processors are now
beginning to develop some of the new and expanded areas
for peanut utilization dealing with high protein meals,
flours, concentrates, and isolates. Furthermore, the be-
havior of specific peanut components must receive more
research emphasis if the potential of peanut products as
functional ingredients is to be fully realized. One example
of the significance of such studies is presented in this paper
in that adjusting the pH of peanut meal suspensions in
water from 6.7 to 4.0 to 8.2 (or water and low salt mixture
from pH 6.7 to 1.5) dramatically improved their functional
behavior in emulsion formation.

ENZYMIC ASSAY FOR JUICES AND WINES
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An Enzymic Assay for Acetate Fruit Juices and Wines

Leo P. McCloskey

A rapid enzymic method for the determination of acetate anion in juices is described. It utilizes three
coupled enzyme mediated reactions so that the spectrophotometric determination of NADH is stoi-
chiometrically related to acetate anion levels. The method is described for use with vegetable and fruit
juices, and wine. The recovery of acetate anion was 97-102%, with standard deviations as good as 0.25
mg/100 ml (2.5 ppm) in an apple juice with 22 mg/100 ml of acetate anion. The procedure was compared
to a steam distillation procedure, showing that the enzymic assay was vastly superior as to accuracy
and recovery of acetate. The procedure should be of advantage in agricultural areas involving the
processing of fruits and their products, including fermented beverages. One operator can perform 200
assays per day manually and more with some automation.

There are various enzymatic assays for the carboxylic
acids, including acetic acid, described in the literature

Ridge Vineyards Inc., 17100 Montebello Rd., Cupertino,
California 95014, and Santa Cruz Agricultural Chemistry,
339 Stanford Ave., Santa Cruz, California 95062.

(Bergmeyer, 1963, 1974b; Holz and Bergmeyer, 1970;
Postel and MacCagnan, 1971). The availability of enzymes
commercially at reasonable prices is a limiting factor in
the feasibility of the use of some of these assays (Berg-
meyer, 1974a; Lundquist et al., 1961).

A practical and popular method used for the mea-
surement of acetate in biological fluids is that of Rose
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