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Soybean protein flavor components: a review

J.C. COWAN, J.J. RACKIS and W.J. WOLF, Northern Regional
Research Laboratory,2 Peoria, {llinois 61604

This review on the flavor compo-
nents of soybean protein products
examines primarily our studies on sen-
sory evaluation of commercial flours,
concentrates and isolates; on extrac-
tion of flavor components from soy-
bean flakes with hexane-alcohol azeo-
tropic mixtures; on the application of
proteolytic enzymes to improve flavor;
and on the effect of inactivating li-
poxygenase on Ssoy beverage flavor.
Evidence indicates that enzymatic re-
actions affect the flavor of final prod-
ucts. Presumably lipoxygenase is a
primary culprit and linolenic acid a
primary precursor when soybeans are
partially processed before destroying
enzymatic activity.

The use of soybean protein food
products has increased considerably
during the last 10 years. Eley (1)
estimated that 244-275 million pounds
of soybean protein products was uti-
lized in foods in 1967; Wilding (2),
Wolf and Cowan (3) and Burket (4)
reported extensions of these estimates
(Table I). Although actual data are
hard to obtain, new plants for protein
concentrate and textured products in-
dicate that consumption of soybean
protein products is expanding, Private
discussions with industry representa-
tives, as well as Eley’s article, indicate
that one factor limiting use of soybean
protein products is flavor. It has been
suggested that outlets for soy flour
and its derivatives would triple in the
next 8 years if good flavor and func-
tionality could go hand in hand. Wild-
ing (2) indicated that incorporation of
soy flour in various food products is
hindered because of flavor. Although
of lesser significance in foods made
with concentrates (70% protein) and
isolates (usually above 95% protein),
flavor remains a major consideration.
To reevaluate this problem of flavor,
we undertook a study of commercial
soy profein products with our taste

1presented at the AOCS Meeting, Atlan-
tic City, October 1971.
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panel group at the Northern Regional
Research Laboratory (NRRL). This
study (described in detail later) serves
to confirm Wilding’s published state-
ment, as well as private reports, regard-
ing the flavor of soybean protein
materials. In many foods, flavor of the
protein products may be masked by
added or inherent flavors. Studies on
masking the flavor of soy proteins is
beyond the scope of this review. It is,
however, a practical approach that has
limitations. The present paper reviews
primarily the work of NRRL, but
includes work from our foreign and
domestic grantees and contractors and
some related studies on flavor of soy-
bean protein products, mainly over the
past 10 years.

Flavor of soy flour, concentrates and
isolates

A number of companies in this
country sell a variety of soybean prod-
ucts to food manufacturers. The four
major types, other than forms of the
original bean, are: full-fat soy flour,
defatted soy flour, soy protein concen-
trate and soy protein isolate. The
macrostructure of the soybean is com-
pletely destroyed in all these protein
forms. They vary in fat, carbohydrate
and protein content, as well as in
functionality.

Early in our studies we undertook
to determine just how much steaming
improved the flavor of soy flour (5).
Considerable improvement occurs in
the first 10 min, with somewhat
smaller improvement in the next 10
min and little change thereafter as
shown in data of Table II. A substan-
tial improvement in flavor results
when steaming is combined with alco-
holic extraction of hexane-defatted
flakes. Ethanol extraction alone gives a
product that scores even higher than
steam-treated, hexane-defatted soy-
bean flakes. Steaming -ethanol-ex-
tracted, hexane-defatted flakes makes
a definite improvement. Most soy
flours that we have tasted do not score
as high as this product. It is, of course,

no longer a flour but a concentrate.
Scoring was based on a range of 1 to
10 where 10 is bland and 1 is a strong
flavor or odor.

In 1971, seven soy flours, five
concentrates and six isolates were
tested by our taste panel (6). Evalua-
tions were made with a 2% dispersion
of the product in water, and two 7.5
ml samples were submitted simulta-
neously to each panel member. Se-
lected data from our taste panel stud-
jes on these commercial items are
given in Table III. The highest flavor
score of any commercial soy protein
product was 7.0.

The descriptions given the flavor of
these soybean protein products are
fairly consistent: beany, bitter, nutty
and toasted. Other flavors were re-
ported; but since some were obviously
the result of certain physical treat-
ments, they were not considered to be
inherent in soybeans. Bitter and beany
are two flavors generally agreed upon,
and beany was reported most fre-
quently as a predominant odor.

The failure of our taste panel to
report higher scores for concentrates
and isolates than flours, as shown in
Table 111, is not a fault of our iasters.
Neither is it a failure of the extraction
procedure to lower the amount of
flavors or flavor precursors. The pro-
cedures used did raise the threshold
levels for sample detection and for
beaniness and bitterness. Thresholds
were determined as those concentra-
tions at which 50% or more of the
panel members recognized that the
sample contained something besides
water and when 50% or more said the
sample was beany or bitter in flavor.
Although the treatments substantially
raised the thresholds and improved
the taste and odor of the sample, the
amounts of flavoring materials still
present in the concentrates and iso-
lates were sufficient, even at the 2%
level in a dispersion with water, for
our taste panel to record values gener-
ally in the range of 6 to 7. Data on
flavor thresholds of a raw flour, con-
centrate and two isolates are given in
Tabie IV.

Data in Tables III and IV might
lead some to believe that processing
besides steaming did not improve fla-
vor. This assumption is not true. Note
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from Table IV that raw defatted flour
at 0.005% or 50 ppm can be detected
by the taste panel, and the concen-
trates and isolates at 400 to 600 ppm.
At 300-400 ppm as a slurry, raw flour
tastes beany and bitter; the concen-
trate tastes beany and bitter at 2000
ppm. One isolate is beany at 12,500
ppm but bitter at 30,000 ppm. These
data emphasize that some of the flavor
factors can either be removed or re-
duced in intensity, or both. Although
the flour used in those comparisons
was a raw flour, toasting usually im-
proved its flavor to a higher score. The
flavor scores of toasted flour are gener-
ally, but not always, the same as the
scores for concentrates and isolates.
These data also serve to emphasize a
point that we frequently make to
manufacturers of foods and soy food
products: There is flavor left that is
difficult to remove. But with the many
flavor additives available, the food
manufacturer can often mask or retard
any recognition of soy flavor. Thus it
is possible in a number of products
now to use the available soy flours,
soy concentrates and isolates in vary-
ing amounts.

Even though toasting or cooking of
soybeans is known to improve their
flavor substantially, industry is seek-
ing means of achieving better flavor.
Research at NRRL seeks the way and
means without any substantial loss in
functionality.

Before we review some of the prac-
tical approaches to improving the fla-
vor, identifying flavor components and
their potential precursors appears de-
sirable.

ldentification of Flavor Components

Demonstration that measurable
amounts of lipid material remain in
protein isolated from hexane-extracted
soybean flakes suggests that oxidation
of lipid components may be a factor in
the flavor of soybean protein products
(7). Removal of much of the flavor
and lipid material by extraction of
dehulled, defatted soybean flakes with
alcohols supports this suggestion (8).

Early studies on removal of lipid
materials and flavors from defatted
flakes with ethanol gave us the oppor-
tunity to investigate the materials ex-
tracted by this solvent. Teeter and
coworkers (9) fractionated the “alco-
holic extract” in an attempt to isolate
beany and bitter fractions. When the
concentrated extract was repeatedly
fractionated by dissolving in acetone
and precipitating, a bitter concentrate
was obtained. It appeared, however, to
result from the interaction of carbohy-
drates present. At least part of the
bitter material isolated resulted from a
browning reaction that occurred after
extraction with alcohol.

The alcoholic extract was steam-
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distilled and beany volatiles were col-
lected. The beany distillate contained
ketones, carboxylic acids, estess, phe-
nols and some other neutral com-
pounds not further identified. Ace-
tone, methyl n-propyl ketone and an
11 carbon ketone were found along
with free acids from 3 to 9 carbon
atoms with caproic present in the
largest amounts but no 4 carbon acid.
Also esters of acids from 6 to 10
carbon atoms were found with the
acids containing 8 and 9 carbon atoms
predominant. Steam distillation ap-
peared to hydrolyze esters of acids
containing 6 to 8 carbon atoms and
the esters may exist as the components
in the original flakes with little free
acid present. Also they could have
been formed from alcohols and acid
present in the extract since it did stand
for a long time prior to fractionation.

TABLE 1

Estimates of Production of Soy Flours,
Concentrates and Isolates for
Food in 1970

Product Millions of 1b
Flour and grits (total) 232-2373

Bakery 60
Meat products 38
Beverages 12

Dry cereals and baby foods 8
Brewers’ flakes 4
Miscellaneous 8-13
Exports 12
U.S. government (CSM

and other foods) 81b

Concentrates 20-35
Isolates 25-40

aProduction in 1970 reported as 325-
500 but includes dog food, a relatively
large outlet (4).

bCorn-soy-milk (CSM) and other blends
projected at 97 and 187 million 1b for 1971
and 1972 (4).

TABLE II

Effect of Steam on Flavor Score Given by Taste Panel
for Different Soy Flours

Flavor2
Flour sample Treatment score Remarks
Fuli fat No steaming 1.5 Raw flour, beany,
bitter, green
Full fat 3 min steamingb 4.5 Beany, bitter, nutty,
sweet, toasted
Full fat 10 min steaming 6.0 Beany, nutty, bitter
Full fat 20 min steaming 6.3 Beany, nutty, bitter
Full fat 40 min steaming 6.1 Beany, nutty, bitter
Hexane defatted Washed with dilute acid 3.6 -
at pH 4.6
Hexane defatted 80% methanol extraction 6.3 -
Hexane defatted 80% ethanol extraction 7.3 -
Hexane defatted 80% ethanol extraction 8.0 Highest score
plus 20 min steaming
aScoring 1-10 where 10 is bland and 1 is a strong flavor or odor.
bLive steam treatment in preheated autoclave at atmospheric pressure,
TABLE III
Odor and Flavor of Some Commercial Samples
Odor Flavor
Sample Score? Description Score? Description
Flours i
A 5.8ab NP¢ 4,2a Bitter, beany
C 7.0b Beany 5.5b Beany, bitter
F 7.4b Toasted 6.6b Toasted, beany, bitter
Concentrates
A 6.4a Ccwe 5.6a Bitter, beany
C 6.9ab NP 6.3ab Beany
E 7.4b NP 7.0b Beany
Isolates
A 7.7a Musty, corn meal 5.9a Beany, cardboard
F 7.4a. Flour 6.4a Beany, flour, nutty

aSee Table 1I for scoring,

bWithin each group, i.e., flours, concentrates or isolates, scores with letters in common
are not significantly different at the 0.05% level.

CNP, none predominant; CW, odor similar to oat cereal-singed wool in water,
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TABLE 1V

Flavor Thresholds Soybean Products

Threshold concentrations, %

Sample Sample detection Beany Bitter
Flour H2 0.005 0.033 0.04
Concentrate D 0.04 0.16 0.20
Isolate E 0.06 1.25 >3.0
Isolate F 0.06 0.20 2.0

aRaw, laboratory-prepared defatted flour,

TABLE V

Volatile Carbonyl Compounds from
Defatted Soybean Flour (13)

Amount,

Compound ppm
Ethanal 1-5
Hexanal 1-5
Acetone 0.1-1
2-Pentanone <0.1
2-Hexanone <0.1
2-Heptenal <0.1
2,4-Decadienal <0.1

Later Rackis and coworkers (10,11)
investigated lipid oxidation during
preparation of raw and toasted full-fat
and defatted flakes. They identified
four products and developed strong
evidence for a fifth in raw full-fat
flakes (11). These products isolated
and identified as 2,4-dinitrophenylhy-
drazones included: acetone, hexanal,
ethanal and 2-heptenal. The fifth com-
pound was a dicarbonyl similar in
character to one isolated by Kawahara
et al. (12) at our laboratory, and was
believed to be hexene-dial-1,6. The
total amount of volatiles in defatted
flakes was ca. 3.6 ppm, and it was
thought that these were not the prod-
ucts responsible for the bitter and
beany responses of soy flour. Unpub-
lished work by C.D. Evans shows that
gas chromatograms of volatiles from
soy flour and soybean oil have consid-
erable similarity. Both slightly oxi- -
dized oil and flour taste beany. It
would appear that their beany flavors
might be identical or related. Indeed,
hexanal may be an important part of
the total flavor.

In related research that was par-
tially carried out under a foreign grant,

Fujimaki and coworkers (13-17) at the

University of Tokyo reinforced and
extended these studies in a series of
papers on flavor components of de-
fatted soy flour. Among this series we
find papers on: aliphatic carbonyl
compounds (13), phenolic acids (14),
volatile fatty acids and volatile amines
(15), and volatile neutral compounds
(16) and alcohols (17).

The volatile carbonyl compounds
(13) were isolated by passing carbon
dioxide through an aqueous suspen-
sion of 2 kg defatted soybean meal in
10 liters water. Volatile carbonyl com-
pounds separated by this procedure
are listed in Table V.

Soybeans contain a number of phe-
nolic acids that could be directly
related to flavor, odor and other ef-
fects—such as throat-catching—known
to be associated with soybean protein
products. Arai et al. (14) carried out
an extensive fractionation of defatted
soybean flour. Their work indicates
that there are at least seven phenolic

acids in soybeans that can be extracted
with ethanol and separated from the
concentrated extract into ether- and
water-soluble fractions. In the ether-
soluble fraction, they found ferulic
and coumaric acids, derivatives of cin-
namic acid; coumaric acid is p-hy-
droxycinnamic acid and ferulic acid is
m-methoxy-p-hydroxycinnamic acid.
The other five in the ether-soluble
fraction were all hydroxybenzoic
acids: syringic, vanillic, gentisic, sali-
cylic and p-hydroxybenzoic. The wa-
ter-soluble fraction contained chloro-
genic, isochlorogenic, neochlorogenic
and probably cryptochlorogenic acids.
They are caffeic acid derivatives of
quinic acid. A report by Corse and
associates (18) indicates that some
chlorogenic acids do survive the roast-
ing of coffee, but some are destroyed.
Although a much higher temperature
is involved in roasting (ca. 200-250 C)
than in toasting (100-122 C), decom-
position does occur. Van der Meer and
Spaans (19) indicate that hydroxycin-
namic acid derivatives in soybean fla-
vor may be important factors in its
odor when this product is cooked.
They autoclaved a dough of soy flour.
The dough was then steamed and the
volatiles were collected. Among the
compounds isolated, 4-vinyl phenol
and 4-vinyl guaicol were identified.
Their source was found to be p-
coumaric and ferulic acids, respec-
tively. Attempts to reproduce the

| cooked soy odor were made by mixing

TABLE VI
Amounts of Volatile Products in Raw Soybeans—Hawkeye Variety

Order of appearance of Amount,

Compound GLC3 peak % mg/kg
Dimethylamine 1 2 0.4
Acetaldehyde 2 4 0.8
Acetone 3 8 1.
Methanol 4 30 6.0
Ethanol 5 22 4.4
n-Hexanal 7 2 0.4
2-Pentanol 8 4 0.8
Pentanol acetate 10 1 0.2
Isopentanol 11 11 2.2
n-Pentanol 12 2 0.4
n-Hexanol 13 8 1.6
n-Heptanol 14 6 1.2
Acetic acid 15 Trace Trace
Hydrogen sulfide 16 Trace Trace

AGLC, gas liquid chromatography.

Presumably isoamyl alcohol or 3-methyl pentanol.

TABLE VII
Effect of Initial Moisture on Urease Activity and Nitrogen Solubility Index (NSI) of
‘Whole Soybeans Immersion-Cooked in Boiling Water
pH Change urease
activity NSI
Cooking e N s T
period, Initial moisture Initial moisture
min 8% 62-68% 8% 62-68%
V] 2.3 2.3 89 89
2 - 0.1 — 40
5 - 0.0 - 35
10 1.9 0.0 49 13
30 0.1 0.0 24 11
430A

these two vinyl phenols with diacetyl,
maltol, hexanol and other compounds.
The Dutchmen were unable to repro-
duce fully the cooked soybean odor.
They did conclude that 4-vinyl phenol
and 4-vinyl guaicol were integral parts,
but that other compounds must be
involved.

The Japanese workers (15) ex-
tracted raw meal with methylene di-
chloride and separated the acidic com-
ponents by the following steps: extrac-
tion of solvent layer with dilute alkali,
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neutralization with phosphoric acid to
pH 8, evaporation of aqueous solution
to dryness and conversion of sodium
salts to free fatty acids. They were
dissolved in ether and GLC was used
to identify the acids present. Acids
from acetic through n-caproic were
identified. The workers characterized
isocaproic, n-caproic and n-caprylic
acids as green bean-like. Like Teeter
and coworkers (9), the Japanese found
that the largest amount was n-caproic.
The Japanese did not assign any prac-
tical effect on soybean flavor to the
quantities of isocaproic, caproic and
caprylic acids present.

The volatile amines were separated
from raw meals by the following steps:
Raw ground soybeans were extracted
in 10% trichloroacetic acid, and the
resulting solution was adjusted to pH 5
by sodium hydroxide (15). After fil-
tration, concentration and adjustment
of pH to 8, the extract was steam
distilled. Volatile amines were trapped
in hydrochloric acid and analyzed by
paper and gas chromatography. Evi-
dence was found for ammonia, meth-
ylamine, dimethylamine, piperidine
and cadaverine. Dimethylamine was
believed to contribute to a fishy flavor
associated with soy flour products.
The amount of volatile amine was ca.
1.5 ppm, with dimethylamine being
about one-third of the total.

In another approach, ground raw
soybeans were packed in a glass col-
umn, wairmed to 50 C, swept with
nitrogen gas, and the volatiles trapped
in bottles immersed in ice water, solid
carbon dioxide-acetone and liquid ni-
trogen (16). Trapped volatiles were
analyzed by a variety of methods
(Table VI). At least two GLC peaks (6
and 9) were not identified since they
represented only trace amounts. The
“isopentanol” (presumably isoamylal-
cohol), n-hexanol and n-hexanal gave
green bean-like odors.

These Japanese workers (17) also
report that alcohols—such as pentanol,
hexanol and heptanol—are found
throughout soybean tissues, but that
lipoxygenase activity generates the
hexanal to give a typical flavor. How-
ever there does appear to be some
characteristic flavor, even when the
enzymes are inactivated before the
hull is broken. Also, because of the
similarity of derived flavors and oxi-
dative products, autoxidation can be a
contributing factor. The potency of
certain other autoxidation products
suggests that compounds other than
hexanal may be major contributors to
the flavor of soybean protein mate-
rials.

In 1969, during work at the North-
ern Laboratory on separation of lipid
materals from defatted soybean
flakes, Honig et al. (20) used hexane-
ethanol azeotrope as the extracting
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solvent. They, as well as others, had
noticed a throat-catching, lingering
aftertaste, which they attempted to
isolate. Since we know that alcohol
extraction improves the flavor of the
soybean residue, the crude lipids from
this azeotropic extraction were exam-
ined. They did, indeed, have throat-
catching, lingering aftertaste. Further
separation on a Sephadex G-25 col-
umn gave six fractions, One of these
had a concentration of the throat-
catching, lingering aftertaste charac-
teristic of defatted soy flakes. At-
tempts to increase the amounts of the
active flavor ingredient by oxidation
of oil-free phosphatides were only
partially successful. A 5 hr UV irradia-
tion did lead to an intense bitter-bit-
ing-choking effect, and the thiobarbi-
turic acid number was substantially
increased from an original value of 5.5
to 75.9. The oxidized products of the
lipid fractions of defatted or full-fat
flour appear to be associated with at
least a portion of the flavor of some of
these flours (11).

Honig and coworkers (21) isolated
ethyl-o-D-galactopyranoside as a bitter
component of hexane-ethanol-ex-
tracted soy flakes. Evidence shows
that this compound is probably
formed during extraction. Although
bitter, this compound is present at
levels below its threshold value for
bitterness. While present at 0.2% in
full-fat flakes and 0.03% in defatted
flakes when both were treated with
hexane-ethanol, in agueous suspension
it requires ca. 5000 ppm or 0.5% to
give a bitter response. It is not likely
to be much of a factor for bitterness,
even in alcohol-extracted flour. Pini-
tol, also found in this fraction,” was
sweet.

Another addition to the com-
pounds known to be present in soy
protein products is ethyl vinyl ketone,
reported by Mattick and Hand (22).
They isolated this ketone from Clark
soybeans and identified it by GC and
mass spectrometry. The beans were
ground and treated in ways similar to
the preparation of soy milk. Indeed,
the authors believe this compound is
an important factor in the green beany
flavor of both raw soybeans and soy
milk from raw uncooked soybeans. At
the same research laboratory, Baden-
hop and Wilkens (23) showed that
1-octen-3-ol formed during soaking of
the beans. It causes a mushroom flavor
in dairy products (24). In soy milk it
was detected when added at levels 0.5
to 1.0 ppm, and was formed in
greatest amounts in milks made at pH
6-7.

Workers (25) at Peoria have shown
that linoleic and linolenic acids may be
implicated as the source of flavors.
Hydroperoxides of linoleic and lino-
lenic acid were prepared with the use

of soybean lipoxygenase. After purifi-
cation by silicic acid chromatography,
these hydroperoxides or their decom-
position products were characterized
by ataste panel as grassy-beany, musty-
stale and bitter for linoleic hydroper-
oxide at 50 ppm, and grassy-beany,
bitter and astringent for linolenic
hydroperoxide at 10 ppm. Although
these flavors are similar to what the
taste panel reports for flour, concen-
trate and isolate, other materials may
be involved. The work does show that
these acids must be considered as a
primary source of off-flavors. Any
procedure that deactivates lipoxy-
genase readily without denaturing the
protein should be given careful com-
mercial consideration.

Preventing Formation of Flavor

The simplest procedure inactivates
enzymes before the hull of the soy-
bean is cracked. Historically, both the
Chinese and Japanese have soaked
beans, cooked them and used them in
a variety of ways (26,27). This proce-
dure denatures the protein so that
much, if not all, of its functionality is
lost, and if the oil is extracted the fine
flour remaining is difficult to handle.
The desirability of steaming (28),
cooking (29) or treating whole beans
with dilute acid (30) was early recog-
nized in patents issued during the
1920’s and 1930’s. Since then, several
research groups have suggested modifi-
cation of these procedures that should
be considered in making soybean pro-
tein products.

Mustakas and coworkers (31) of
our Northern Regional Research Labo-
ratory adopted the procedure of ex-
trusion cooking immediately after
cracking and dehulling beans. Since
the process is continuous, the enzymes
have only a short period to act. Im-
provement in flavor is reported over
standard procedures for making full-
fat flour when toasting is done after
tempering, cracking and flaking. In
other work at Peoria, a simple method
for making full-fat soy flour (32) was
devised, which included water soaking
and immersion cooking. Washed beans
are placed in a cloth sack, soaked
overnight, cooked in boiling water for
10 min, air-dried, cracked, dehulled,
and ground to a flour. In related weik
(33) it was shown that ca. 30 min of
steaming was required to inactivate
urease in whole beans containing
20-68% moisture, whereas 60 min
steaming was required for beans with
8% moisture. Only 5 min of immersion
in boiling water was required to de-
stroy urease in beans with 62-68%
moisture, whereas ca. 30 min was
required if they had 8% moisture.
Nitrogen solubility indexes (NSI) and
urease activities are contained in Table
VII. After 5 and 10 min immersion in
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boiling water the NSI was reduced to
35 and 13, respectively. Similarly,
Mustakas et al. (34) showed that a
number of different heat treatments of
dehulled beans gave rapid deactivation
of lipoxygenase and relatively higher
flavor scores for the flours, but re-
duced protein solubility.

Cornell researchers (35) applied the
technique of early denaturation of
enzymes to the preparation of soy
milk. By grinding soybeans in hot
water, they were able to improve
flavor over soy milk made by cooking
after extraction of the beans. Superior
flavor in the milk was achieved when
beans were hydrated at 121 C for 15
min,

Kon and associates (36) at the
Western Regional Research Laboratory
extended the work of Cohn (30) to
show that soybeans could be ground in
acidic solutions of pH 1.0-3.85 and
that the resulting slurry cooked on a
steam bath gave a better flavored
product than one made at a more
neutral pH of 6.7. A research group at
the University of Illinois suggested
some modification of these procedures
that involves blanching (37). Two ap-
proaches were recommended: (a) soak-
ing beans for 4 hr and either cooking
or blanching at 210 F for 10 min; and
(b) blanching for 20 min before any
further treatment.

Commercially, deactivating en-
zymes in soybeans before dehulling
may cause some problems in handling,
Also, as seen from the NSI data in Ta-
ble VII, some of the most desired
functional properties of soybean pro-
tein may be lost. Also, cracked beans
might have to be separated before
soaking, and any hard beans that do
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FIG. 1. Effect of extraction time on amount of material removed with hexane-alcohot

azeotropes from defatted soybean flakes.

not absorb water fast might resist the
heat treatment and contaminate some
of the soybean protein product with
lipoxygenase.

Procedures for Removing Flavor

Steaming (toasting) of defatted soy-
bean flakes is the generally accepted
commercial method for removing
some of the flavor from soybean pro-
tein products. As shown in studies
previously mentioned (6), although
this treatment helps, more improve-
ment is needed for use in many appli-
cations.

Earlier we mentioned some studies
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involving extraction with alcoholic sol-
vents. Alcoholic treatment does partly
inactivate enzymes in soybeans and
does remove substantial amounts of
lipids and flavor (5,7,8,20). Alcohol
suffers from some of the same disad-
vantages as cooking and steaming.
Denaturation of at least some of the
major protein occurs and functionality
is partly lost. It reminds one of a once
popular song that still is heard on
occasion—*“Love and marriage, love
and marriage...You can’t have one
without the other”—and have a com-
pletely satisfactory product. In soy-
bean processing it appears most diffi-
cult to achieve the marriage of excel-
lent flavor and functionality. This dif-
ficulty might be resolved if a method
of inactivating lipoxygenase and other
enzymes could be found that did not
insolubilize the major storage proteins;
or conversely, if a practical method of
solubilizing these proteins were found
that was applicable to steamed or
alcohol-treated soybean protein prod-
ucts.

Alcoholic extraction of soybeans
was practiced in Manchuria in the
1930’s (38) and studied extensively in
the U.S. after World War II. As re-
ported in Table II, the combination
of ethanolic extraction and steaming
gave as high flavor score as the NRRL
taste panel has been able to report
with a soy protein product. The hex-
ane-alcohol azeotropes (hexane-metha-
nol, -ethanol, -2-propanol) have now
been studied, and hexane-ethanol
azeotrope gave the best flavored soy-
bean flakes and derived sodium pro-
teinates of the three azeotropes. Aque-
ous dispersions (2%) of the flakes and
sodium proteinates both received
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scores of ca. 7 after 1 hr extraction
with hexane-ethanol (39). Figures 1
and 2 show the effect of extraction
time on the amount of material re-
moved with hexane-alcohol azeotropes
and on the mean flavor score of the
resulting flakes in 2% water disper-
sions, respectively. Use of alcohol for
washing soy flakes to make a concen-
trate is practiced by one company
(40).

In another series of papers, Fuji-
maki and coworkers found a ninhy-
drin-negative bitter peptide in the
peptic hydrolyzate of soybean protein
(41), evidence for the occurrence of
protein-flavor binding (42) and en-
zymes capable of removing the bitter
flavor from soybean protein products
(43). Hydrolysis with Molsin, a fungal
enzyme preparation, decreased the bit-
ter flavor (44,45). The acid carboxy-
peptidase from Aspergillus saitoi gave
the lowest bitterness of several tested,
apparently because its hydrolyzate had
less bitter peptides (46); these workers
believe the more bitter hydrolyzates
were rich in peptides ending in leucine,
i.e., a hydrophobic amino acid.

REFERENCES
1. Eley, C.P., “Food Uses of Soy Protein,”

Marketing and Transportation Situa-
tion, ERS-388, August 1968, p. 27.

A Dramat

10.

11,

12,

13

14,
15.
16.
17.
18.

19,

. Burket,

. Wilding, M.D., JAOCS 47:398 (1970).
. Wolf, W.1,, and J.C. Cowan, CRC Crit.

Rev. Food Technol. 2(1):81 (1971).
R.E., Soybean Dig. 32(1):6
(1971).

. Moser, H.A., C.D. Evans, R.E. Camp-

bell, A.K. Smith and J.C. Cowan, Cereal
Sci. Today 12(7):296 (1967).
Kalbrener, J.E., A.C. Eldridge, H.A.
Moser and W.J. Wolf, Cereal Chem.
48:595 (1971).

. Eldridge, A.C., W.J. Wolf, A.M. Nash

and A.K. Smith, J. Agr. Food Chem.
11:323 (1963).

. Beckel, A.C., and A.K. Smith, Food

Ind. 16(8):616 (1944).

. Teeter, H.M., L.E. Gast, EW. Bell, W.J.

Schneider and J.C. Cowan,
32:390 (1955).

Rackis, J.J., D.H. Honig, D.J. Sessa and
F.R. Steggerda, J. Agr. Food Chem.
18:977 (1970).

Sessa, D.J., D.H. Honig and J.J. Rackis,
Cereal Chem. 46:676 (1969).
Kawahara, F.K., H.J. Dutton and J.C.
Cowan, JAOCS 29:633 (1952).
Fujimaki, M., S. Arai, N. Kirigaya and
Y. Sakurai, Agr. Biol. Chem. 29:855
(1965). ’

Arai, S., H. Suzuki, M. Fujimaki and Y.
Sakurai, Ibid. 30:364 (1966).

Arai, S., H. Suzuki, M. Fujimaki and Y.
Sakurai, Ibid. 30:863 (1966).

Arai, S., O. Koyanagi and M. Fuji-
maki, Ibid. 31:868 (1967).

Arai, S., M. Noguchi, M. Kaji, H. Kato
and M. Fujimaki, Ibid. 34:1420 (1970).
Corse, J., L.L. Layton and D.C. Patter-
son, J. Sci. Food Agr. 21:164 (1970).
Van der Meer, J.H.H., and J. Spaans,
Cereal Sci. Today 15(9):Abstr. 64
(1970).

JAOCS

20. Honig, D.H., D.J. Sessa, R.L. Hoffmann
and J.J. Rackis, Food Technol. (Chica-
g0) 23(6):95 (1969).

21. Honig, D.H., J.J. Rackis and D.J. Sessa,
J. Agr. Food Chem. 19:543 (1971).

22. Mattick, L.R., and D.B. Hand, Ibid.
17:15 (1969).

23. Badenhop, A.F., and W.F. Wilkens,
JAOCS 46:179 (1969).

24. Stark, W., and D.A. Forss, J. Dairy Res.
31:253 (1964).

25. Kalbrener, J.E., A.C. Eldridge and K.
Warner, Cereal Chem., In press.

26. Smith, A.K., “Use of United States
Soybeans in Japan,” ARS-71-12, April
1958, 36 p.

27. Smith, A.K., “Oriental Methods of Us-
ing Soybeans as Food with Special
Attention Furnished to Fermented
Products and Notes on Oriental Prac-
tices,” ARS-71-17, July 1961, 65 p.

28. Berczeller, L., U.S. Patent 1,509,076

(1924).

29. Gill, L.0., U.S. Patent 2,026,676
(1936).

30. Cohn, M., U.S. Patent 2,052,215
(1936).

31. Mustakas, G.C., E.L. Griffin, Jr., L.E.
Allen and O.B. Smith, JAOCS 41:607
(1964).

32. Albrecht, W.J., G.C. Mustakas, J.E.
McGhee and E.L. Griffin, Jr., Cereal
Sci. Today 12(3):81 (1967).

33. Albrecht, W.J., G.C. Mustakas and J.E.
McGhee, Cereal Chem. 43:400 (1966).

34. Mustakas, G.C., W.J. Albrecht, J.E.
McGhee, L.T. Black, G.N. Bookwalter
and E.L. Griffin, Jr., JAOCS 46:623
(1969).

35. Wilkens, W.F., L.R. Mattick and D.B.

(Continued on page 444A)

IC Brehrough

in Oil Refining Loss Control

The Sullivan Electronic Efficiency System.

Another Sullivan Innovation.

It may not look very dramatic. But it can
do a lot to increase your refining profits.
Inside, thousands of computerized circuits
monitor your input and output, to give you
an instantaneous reading of oil loss. That's
new. .. and, with the rising cost of crude
oil, very valuable. Knowing your refining
loss, you can immediately make adjust-

ments and operate at maximum yields.
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Let us install our system in your plant. It
could pay for itself within a month.

LULLIVAN

Innovators in the
Edible Oil Processing Industry

Headquarters: Maritime Center, P.Q. Box
168, Tiburon, CA 94920 (415) 435-3855
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o Meetings. . .

(Continued from page 443A)

Feb. 9-10, 1974-29th Annual Convention of the Oil
Technologists’ Assn. of India and Symposium on Prob-
lems and Prospects in Oils and Fats, Surface Coatings
and Bleaching Earths and Active Carbons, Regional
Research Lab., Hyderabad, India. Contact: Dr. A.J.
Pantulu, Convener, OTAI Symposium, Regional Re-
search Lab., Hyderabad-500009, India.

Mar. 1-2, 1974—22nd Annual Food Technology Conference
of the St. Louis and Kansas City, Mo., sections of the
Institute of Food Technologists, University of Missouri,
Columbia.

Mar. 4—8, 1974—25th Pittsburgh Conference on Analytical
Chemistry and Applied Spectroscopy, Cleveland Conven-
tion Center, Cleveland, Ohio. Contact: Richard S.
Danchik, program chairman, 1974 Pittsburgh Confer-
ence, Alcoa Labs., Alcoa Center, Pa. 15069.

Apr. 1-5, 1974—International Conference on Animal
Feeds of Tropical and Subtropical Origin, London.
Contact: Public Relations C, Tropical Products Institute,
56-62 Gray’s Inn Rd., London WC1X 8LU, UK.

April 23-26, 1974—26th Annual Technical Exhibition of
the Oil and Colour Chemists’ Assn., Empire Hall,
Olympia, London, UK. Contact: Oil and Colour Chem-
ists’ Assn, Priory House, 967 Harrow Rd., Wembley,
Middlesex, U.K. HAQ 2SF.

May 1-2, 1974—International Symposium on Flammabil-
ity and Fire Retardants, Parkway Hotel, Cormmwall, Oni.,
Can. Contact: Vijay Mohan Bhatnagar, editor, Advances
in Fire Retardants, 209 Dover Rd., Cornwall, Ont., Can.

May 5-8, 1974~Sixth Annual Offshore Conference, Astro-
hall, Houston, Tex. Contact: Stan R. Houston, 6200 N.
Central Expressway, Dallas, Tex. 75206.

May 12-16, 1974—34th Annual Meeting of the Institute of
Food Technologists, New Orleans, La. Contact: Edward
H. Hoffman, Institute of Food Technologists, Suite
2120, 221 N. La Salle St., Chicago, Ill. 60601.

May 29-31, 1974—Canadian Sulphur Symposium, Univer-
sity of Calgary, Calgary, Alberta, Can. Contact: Dr. T.W.
Swaddle, Dept. of Chemistry, University of Calgary,
Calgary, Alberta, T2N 1N4.

Jul. 22—24, 1974—Sixth International Sunflower Confer-
ence, Bucharest, Romania. Contact: lon Trifu, Academy
of Agricultural and Forestry Sciences, Blvd. Marasti 61,
Bucharest 1, Romania.

Sept. 8-12, 1974-Sixth International Congress of Essential
Oils, San Francisco, Calif. Contact: Sixth International
Congress of Essential Oils, 60 E. 42nd., New York, N.Y.
10017.

Oct. 7-9, 1974-21st Canadian Spectroscopy Symposium,
Ottawa, Can. Contact: J.L. Dalton, secretary, 21st
Canadian Spectroscopy Symposium, Department of En-
ergy, Mines and Resources, Mines Branch, 555 Booth
St., Ottawa, Ont., K1A 0G1, Can. =

Copies of the 1972-73 report
of the AOCS Nomenclature
Subcommittee are now available

at $2.50 each.

Write AOCS headquarters at
508 S. Sixth, Champaign, Ill. 61820

AQOCS member
Francis Horan named

president-elect of AACC

Francis E Horan

Edith Christensen

Francis E. Horan, AOCS member since 1968, has been
named president-elect of the American Assn. of Cereal
Chemists in mail balloting by the organization’s 2,000
members. He is director of research, Archer Daniels
Midland Co., Decatur, IlL.

He has served the AACC in numerous capacities in his 18
years as a member, holding such positions as national
program chairman, 1959 annual meeting, and national
director (1966-68) for the Association. Horan is also a
member of the American Chemical Society; American
Institute of Chemists; Agricultural Research Institute;
American Assn.for the Advancement of Science; Institute of
Food Technologists; Soybean Research Council; National
Soybean Research Coordinating Committee; and Industry
Liaison Panel, Food and Nutrition Board, National Acad-
emy of Sciences.

Re-elected to the office of National Secretary is Edith A.
Christensen, an AOCS member since 1952. She is head of
the Testing Section, Commodity Inspection Branch of the
Grain Division of the Agricultural Marketing Service,
USDA, Beltsville, Md.

The newly-elected officers will be installed at the
Association’s 58th Annual Meeting in St. Louis, Nov. 4-8.
Dr. John H. Nelson, Peavey Company, Minneapolis, current
president-elect, will assume the presidency at that time. ®

o News feature. ..
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