Soybean Protein: Uses,

Problems, and Potential

J.J. Rackis |

(Editor’s Note: The full text of the talk by J.J. Rackis to
the Northeast Section Meeting on Dec. 8, 1976, is not avail-
able, but the following article is based on his talk. Neces-
sary slides are included as is a list of references for further
information.)

Soybeans are the world’s major international protein
source. As people in developing nations seek to increase the
protein in their diet, and as the increased numbers of
people in the world create a demand for more protein, the
importance of soybeans as a protein source has been in-
creasing.

While the meal portion of soybean production is used
primarily for animal feed, small but increasing amounts of
soybean protein are being converted to human food. An
acre of land devoted to producing beef can yield 58 pounds
of edible protein a year, 180 pounds of wheat protein, 323
pounds of corn protein, or 500 pounds of soybean protein.

With the soybean becoming increasingly important as a
resource for food protein, the Northeast Section of the
AOCS invited J.J. Rackis of the USDA’s Northern Regional
Research Center to speak at its December meeting on
“Soybean Protein: Uses, Problems and Potential.” Rackis, a
veteran research worker on edible soy protein, was a
speaker at the 1973 World Soy Protein Conference and
recently has concentrated on flavor problems associated
with soy protein for human consumption.

The status and potential of various protein resources and
U.S. research and development capabilities that can best be
applied to improving food production have been evaluated
(1), Rackis said.

Copies of the executive summary of the NSF study can
be obtained from the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC, Stock No.
038-000-00251-1. The cost is $1.75. In discussing world
protein resources, Milner (2) has cited USDA projections
that estimated demand for U.S. soybeans will increase by
73 percent by 1985, over 1970-72 production figures.
Projected increased demand for other U.S. protein crops
during that time span: peanuts, up 56 percent; chickens, up
39 percent; beef and veal, up 33 percent; and com, up 30
percent. Thus the reliance on soybeans as a protein source

TABLE 1

Estimated Production of Edible Soy Protein Products in 1974
and Future Projections in Millions of Pounds

will increase. Other figures also project that while the U.S.
produced 42 million metric tons of soybeans in 1975, the
figure will rise to 61 million metric tons by 1985, and 85

million metric tons by the year 2000. Exports totaled 13
million metric tons in 1975 and will climb to 26 million
metric tons by 1985, and 40 million metric tons in 2000.
Thus, while soybean production is doubling by the year
2000, exports will be tripling.

The dominance of soybeans hinges on continued re-
search on bioagronomic constraints on soybean produc-
tivity and acceptance problems in food systems (1,3),
Rackis said. Generally, edible defatted soy flour is the
product with most poential. Anton (4) and Johnson (5)
consider soy protein products to have a large potential (see
Table I). While their figures differ slightly in emphasis on
the type of soy protein, both anticipate edible soy protein
usage will triple by 1980-85, if potentially restrictive
problems are solved. Johnson’s estimate of 200 million
pounds consumption of soy milk-type products particularly
is dependent on solving soy flavor problems, Rackis said.

Soybeans rank at the top of the list in total production
compared to other oilseeds as food legumes (6). With ap-
proximate oil-protein ratios of 1:2, 2:1, and 1:5 for soy-
beans, other oilseeds, and food legumes, respectively (Table
II), production of some of these protein resources could be
affected by a projected fivefold increase in Malaysian palm
oil by 1985 (7). An August 1976 U.S. International Trade
Commission report estimated that Malaysian palm oil ex-
ports totaled 2,756 million pounds in 1975 and will in-
crease to 6,779 by 1985. The Malaysians’ share of total
world palm oil exports will grow from 69 percent in 1976 to
about 75 percent in 1985, according to the commission’s
report.

TABLE I

Production and Protein Content of QOilseeds and Legumes?2

1974

Products I i 19802 1985b
Soy flour and grits 300 9200 600 2,000
Textured soy proteins 160 100 1,080 450
Soy protein concentrate 175 70 350 600
Soy protein isolate 75 60 400 450
Soy milk-type products - nil - 200
Total 710 1,130 2,430 3,700

3Anton, J.J., Food Prod. Develop. 9:96 (October 1975).

bJohnson, D., “World Soybean Research,” Edited by L.D. Hill,
Interstate Printers and Publishers, Inc., Danville, IL, 1976.
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Crop Million metric tons Protein content, %
Soybeans 46.52 40-43
Cottonseed 22.06 17-21
Peanuts 18.14 25-30
Sunflowerseed 9.65 20
Rapeseed 6.50 17-24
Linseed 4.14 24
Sesame seed 1.86 25
Food legumes 40.39 23-27

aFAO (1970) crop year 1970.

TABLE III

Heat-Labile Factors in Soybeans

Property

Inhibit growth Stimulate pancreatic enzyme secretion

Reduce protein digestibility Stimulate gall bladder activity

Increase sulfur amino acid
requirements

Enlarge pancreas

Reduce metabolizable energy
Inhibit proteolysis
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See These Qutstanding Wiley Books
at the McGraw-Hill Bookstore

COSMETICS, 2nd Edition
Science and Technology,
Vols. 1,2, and 3

Edited by M. S. Balsam & Edward Sagarin

This revised and expanded edition reflects the increas-
ing knowledge of the pharmacological, bacteriological,
and toxicological considerations in the formulation and
manufacture of safe and useful products. Volume 1 deals
with skin creams and lotions, suntan preparations, face
powders, rouge, lipstick, dentifrices, and mouthwashes.
Volume 2 covers shaving, hairgrooming, and nail prep-
arations, deodorants, aerosol cosmetics, eye lotions,
and fragrances. Volume 3 discusses the status and struc-
ture of the cosmetics industry, physiology of the skin
and of sweating, quality control, preservation of cos-
metics, self-regulation in the cosmetics industry, and
legal considerations and regulatory procedures that
govern cosmetics. 3-Volumeset 2,083pp. $94.50

NEW YORK’S LARGEST TECHNICAL
BOOKSTORE IS ONLY THREE BLOCKS
SOUTH OF THE AMERICANA HOTEL,
AOCS CONVENTION HEADQUARTERS.

FORMULATION AND FUNCTION

OF COSMETICS
J. Stephan Jellinek

Covers the preparation of the complete
array of modern cosmetics, stressing the
chemical and physiological principles
involved. Presents a broad range of
current approaches to the solution of
cosmetic problems. Emphasizes the un-
derstanding of the formulation of prep-
arations in terms of their functions. *
should be of value to all cosmetic and medicinal chem-
ists as well as dermatologists and other specialists con-
cerned with cosmetology in any way.”

—Unlisted Drugs
586 pp. $41.50
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FATTY ACIDS, 2nd Ed.
Their Chemistry, Properties,

Productlon and Uses=Part 5
Edited by Klare S. Markley

A comprehensive treatment of the
lower members of the fatty acid series,
the hydroxy, keto, branched-chain and
polycarboxylic acids and their deriva-
tives. The industrial production and
utilization of fatty acids are the sub-
jects of special chapters.

717 pp. $41.50

THE ANALYSIS OF DETERGENTS

AND DETERGENT PRODUCTS
G. F. Longman

“The book is well organized, easy to read, and very
thoroughly referenced. It fills a need in an area that has
developed into an important worldwide industry. The
author, well known in the field, has been extremely
thorough and has covered the complexities of detergent
analysis in a laudable manner. The book can be highly
recommended. To anyone working with detergents and
surfactants, the information contained in this book
should prove invaluable.” —Journal of American Oil
Chemists Society 625 pp. $33.00

THE USE OF FRAGRANCE

IN CONSUMER PRODUCTS
J. Stephan Jellinek

Covers those aspects of fragrance that are important to

the manufacturer or marketer of consumer products in

which fragrance is used. Deals with:

+ How fragrance can contribute to product acceptance

» How to select fragrance suppliers and the fragrances
themselves

* How to get the most cooperation and best value from
the supplier

+ How to conduct quality control

Introduces original ideas on many points such as fra-

grance as a signal attribute, fragrance testing through

descriptive questions, and consonant and dissonant

fragrances. 219 pp. $16.75

McGRAW-HILL BOOKSTORE 5.7
1221 AVE. OF THE AMERICAS, N. Y., N. Y. 10020
TELEPHONE ORDERS 212/997-4115

Please send me____copies of

Check or Credit Card [] Amer Exp [] Mast Chg ] BankAm

Acct. No. Expires
NAME ‘
ADDRESS

cITy STATE 1P

Add applicable sales tax plus for postage & handling 95¢ for the
first book, 65¢ ea. thereafter.
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FIG. 1. Effect of type and extent of heating on nutritional value
of soybean meal
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_FIG. 2. Effect of steaming on trypsin inhibitor activity and pro-
tein efficiency ratio of soy meal
TABLE 1V

Types of Soy Protein for Food
Approximate Prices and Production 1976

Protein content Price per Ib. Production estimate

Protein form percent cents million 1b.
Flour 50 9 625
Concentrates 70 30 80
Isolates 90 60 75

Among the problems that need research if the potential
of soybeans is to be realized are production, detection
methods for soy in foods, labeling requirements, anti-
nutritional factors, functionality in foods, flavor, color,
flatulence, and amino acid content, Rackis said.

Careful processing control is required to improve nutri-
tional quality, to ensure good flavor acceptability, and to
maintain advantageous functional properties, he said.
Research has brought soybean technology to a sophisti-
cated level and can now be applied to solving problems with
other protein resources (8). Rackis noted that in the raw
form, soybeans contain many substances that cause
differing biological and physiological responses in animals
(Table III) but, when heat and other processing variables
are properly controlled, nutritive value can be improved to
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FIG. 3. Conversion of soybeans into oil and defatted flakes.
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nearly that of meat and milk (9) (Figure 1). The USDA’s
Northern Regiona! Research Center and others have shown
that residual trypsin inhibitor activity in toasted soy
products has no nutritional significance (10). When trypsin
inhibitor activity is 85 percent destroyed, soy flours have
maximum nutritive value (Figure 2).

Soy flours, concentrates and isolates are the three basic
forms of soy protein products (Table IV), which are further
modified to create a large number of products used for
specific nutritional purposes and specific functional pur-
poses (as emulsifiers, water-binders, fat-binders, etc.). It is
essential, Rackis said, that reports on soy protein describe
the specific type of product and provide conditions of
preparation, avoiding the generic term ‘‘soy protein’ (Fig.
3-5). One magazine article on ‘‘soy protein’ questioned the
bioavailability of zinc and warned that supplemental zinc
was necessary in ‘‘soy protein,” Rackis said. Soy flour diets
do not require supplemental zinc to support good growth
of rats. Isolates manufactured for functional purposes re-
quire 15 to 100 parts per million of supplement zinc when
fed as the sole source of protein (Table V). Isolates,
manufactured specifically for soy-based infant formulas, do
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Anderson IBEC is a recognized
leader in the manufacture and
supply of oilseed and grain proc-
essing equipment — worldwide.
Our experience and engineering
expertise is available to provide
solutions to your processing
problems—from single pieces of
equipment to complete systems.
May we help you? Call or write
today. Anderson IBEC, Division
of IBEC Industries, Inc., 19699
Progress Drive, Strongsville, Ohio
44136. (216) 238-5800.

N
Grain Expander -
Extruder - Cooker
—200 - 20,000 lbs.
per hour depend-
ing on material be-

ing processed.

Produces human
snacks, meat ex-
tenders, textured

vegetable protein |

and pet foods.

Horizontal
Cylindrical
Cooker-
Dryer—
Uniform,
scientific
cooking
and drying.
No heat
damage to
oil or meal.

72 Tube Rotary Steam Dryers—
Fast drying at low cost. Can be
used as single unit or stacked
for multiple unit installations.

Expeller Press — Capacity
ranges from 3-40 tons of oilseed .
material per day, full press. Re-
sidual 0ils—3-12%.

A
No. 11-66 Expeller Prepress—
100-150 tons of oilseed material
per day ahead of Solvent Ex-
traction. Residual 0ils—15-20%.




TABLE V

Zinc Requirement and Carrier Capacity of Soy Protein Products
as Sole Source of Protein in Diet

Supplementation,  Solubility of 65Zn,
Product Zinc, ppm %
Soybean meal none 28
Soy protein isolate-A 15 7
Soy protein isolate-B 30 2

Solubilization of 65Zn from an insoluble 65Zn-labeled phytate
complex at intestinal pH of 6.8. Lease J. Nutr. 93:523 (1967).

more valuable the oil is, the less expensive the other
products need to be to make the crop a profitable one for
growers, and vice versa.
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TABLE VI

Flavor Scores and Enzyme Activity of Processed Soy Flakes

Processing conditions

Flavor scores*

Lipoxygenase
umoles Oy /min/g

Peroxidase,
absorbance units

Hexane-defatted, raw

Hexane-defatted, toasted

3 hr, azeotrope-extd

3 hr, azeotrope-extd
(toasted)

el e W Y
=N e W)

248 1584
0.4 225
1.8 1840
0.5 71

*15-member taste panel, scores based on 1 for strong; 10 for bland.

not require supplemental zinc (11). Rackis also points out
that “alpha protein™ used in some lab diets as a sole source
of protein is not intended as a foodstuff at all, but is used
as a paper coating and sizing agent.

While the causes for problems such as flatulence and
antinutritional factots associated with use of soy protein in
food have been virtually solved, the question of flavor has
remained the last major roadblock. Commercial flours,
concentrates, and isolates produced odor scores of 5.8 to
7.5 and flavor scores of 4.2 to 6.6 (a score of 10 would be
perfectly bland) in one test of 18 samples. New solutions
appear near. Hexane-ethanol azeotrope extraction can be
used to produce soy flour and concentrates with flavor
scores approaching the blandness of wheat flour (13).
Toasting after azeotropic extraction has raised flavor scores
of soy flours and concentrates to 7.9, a value that compares
favorably with 8.1 for wheat flour. Odor also was judged
the same as that of wheat flour by an experienced taste test
panel (Table VI).

The use of soybean lipoxygenase in breadmaking and
application of enzymes to modify functional properties
have been reviewed in other literature (14).

While there are many potential sources of protein for the
human diet, in the foreseeable future, soybeans appear to
be the most likely source. The use of soybean oil is im-
portant to the potential use of soybean protein in that the

AOCS

Directory questionnaires due

AOCS members who have not yet returned 1977-78
Membership Directory questionnaires are asked to do so.
Questionnaires must be received at the AOCS headquarters,
508 S. Sixth St., Champaign, IL 61820, by May 1 or the
information can not be included in the new directory.
Members who have not received a questionnaire should call
Jo Nelson, director of membership services, in Champaign if
they wish to receive one. . °
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Did you notice?

Cover-to-cover readers of JAOCS have perhaps by now
noticed a new number in the lower left-hand corner of the
front cover. The number, printed at the request of the
Library of Congress, is an “International Standard Serial
Number” and will be used, the Library of Congress says, as
an unambiguous identifier to be used by libraries, abstract-
ing and indexing services, and computer-based reference
services.

That’s why we've got a new number. The code just
above that is used for similar purposes but is based on a
system developed by ACS. °
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