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need for numerous collaboratives and the lack of need in 
the case of other oils will probably discourage such an 
effort. 

Although the margarine standard has been accepted, the 
situation for products with reduced fat levels is difficult, 
at best. A product with a fat content of 39-41%, protected 
by patent in some European countries, is sold under the 
name of Minarine. It is likely that there will be a standard 
for such products, though the name of Minarine would 
hardly be acceptable on a worldwide basis. Reduced fat 
spreads with fat content greater than 41%, but  considerably 
less than 80%, have surfaced in the U.S. market. In addi- 
tion, it is likely that future research may generate good- 
tasting products which contain considerably less than 39% 
fat. As a consequence, there was no general agreement on 
the range of fat content for such products or how they 
would be named. An obvious solution is to call such prod- 
ucts "margarine-reduced fat (X%)" or even "Spread (X% 
fat)," with the percentage of fat dictated by the expertise 
of the manufacturer. Unfortunately, little enthusiasm was 
expressed for this terminology., particularly where Minarine 
is established in the market place. 

Perhaps because of more restrictive legislation on food 
additives, there has been interest by European countries in 
adding to the standard the typical ranges of unavoidable 
residues from normal fats and oils processing. Such mate- 
rials as bleaching clay, citric acid, sodium hydroxide, 
phosphoric acid and nickel, e.g., might then be considered 
food additives in each standard, triggering much unneces- 
sary analytical work. Adherence to good manufacturing 
practices and a desire to maximize shelf life and quality will 
invariably encourage a manufacturer to minimize these 
residues to levels that are consistent with current process 
capabilities. It has been suggested that these unavoidable 
residues not be included in this standard, but be covered 
separately or combined with a code of practice describing 
the various unit  operations and the unavoidable residues 
therefrom. There was general agreement that processing 
aids and the code of practice not be mandatory because 
this would discourage further technology. Also agreed was 

that residual processing aids present at a sufficiently high 
level to have a technological effect must be considered a 
food additive. Although there has been no final decision on 
either document, exchairman Hubbard has suggested that 
development of a nonmandatory code might demonstrate 
that the committee was taking a responsible attitude 
toward the processing of fats and oils. 

F utu re 

Over 20 international fat and oil standards are expected to 
be firmly established within the next five years. At least 
half of them are sufficiently advanced to be useful in their 
present form. These standards will increase in number very 
slowly as agriculture generates new varieties which ulti- 
mately achieve commercial scale. As its volume grows, high 
oleic safflower oil may become a candidate. It is expected 
that consumer-ready (packaged) goods, as well as semi- 
finished and crude fats and oils will be covered. These 
standards will help promote international trade as well as 
prove invaluable in the inevitable disputes between buyer 
and seller. 

Special Recognition 

Progress in internationally oriented deliberations is under- 
standably slow. However, the hundreds of participants who 
have labored throughout these 11 sessions on fats and oils 
owe Mr. Hubbard, the outgoing chairman, much gratitude 
for his ability to arbitrate and make progress under almost 
impossible situations. In appreciation of his services as he 
retired at the conclusion of the Eleventh Session, the U.S. 
delegation offered a resolution of commendation which 
was unanimously accepted by the committee. 
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A B S T R A C T  

In the early 1940s, soybean oil was considered neither a good 
industrial paint oil nor a good edible oil. The history of soybean oil 
is a story of progress from a minor, little-known, problem oil to a 
major source of edible oil proudly labeled on premium products in 
the 1980s. It is also a story of cooperative government research 
and industrial implementation of research findings. After 3-1/2 
decades, soybean oil, "the number one problem of the soybean 
industry," has become the source of choice for edible oil products 

in the U.S., moreover, increasing outlets appear to be assured in the 
world markets of the future. 

Soybeans were discovered by man before the building of 
Tenochtitlan by the Aztecs, before the advanced cultural 
development of the Mayas and the large-scale architecture 
of Teatihuacan by the Toltecs. Soybeans predate the pyra- 
mids, were grown before the building of the Tower of 
Babel, and came centuries before Solomon fashioned his 

234 / JAOCS March 1981 



SOYA OIL--Dutton 

temple. As one of the oldest of crops cultivated by man, 
they were grown in China before records were kept  (1). 
Not until 2838 BC were they noted, and then in a materia 
medica. Skipping over their immigration to other nations of 
Asia, Europe, and finally to much of the world, we find 
them being grown at the turn of the century in the U.S. 
first as forage crops, pastured and fresh-cut or preserved 
as silage or hay, used as a cover crop, or even plowed 
under as green manure. By 1924, one-third of the soybean 
acreage (1,567,000 acres) was harvested for beans; by 1943 
(10,820,000 acres), two-thirds were harvested for beans. 
Now essentially all of the 70 million acres planted are for 
beans. 

The first processing of  soybeans to oil and meal in the 
U.S. appears to have been in 1911 on beans from Man- 
churia and with hydraulic pressing. After many unsuccessful 
attempts by various companies to press soybeans, an 
expeller plant was established in Chicago in 1922; A.E. 
Staley Manufacturing Company commenced operations in 
Decatur in that same year. Solvent extraction of soybean 
oil was undertaken from 1923 to 1925. By 1938, the 
production of soybean oil was 0.3 billion lb. Seven years 
later, in 1945, it had grown to 1.3 billion lb (8.7 billion lb 
in 1978). In that  year, soybean oil for the first t ime ex- 
ceeded cottonseed oil in production to become and remain 
the leading edible oil in the U.S. 

This increased consumption was attained, despite the 
well known flavor and odor deficiences of the oil. In part, 
it was occasioned by the exigencies of World War II short- 
ages. As much as 30% of  soybean oil was "forced" into 
certain margarine formulations and, at the same time, 
soybean oil was discounted 4-9 cents a pound over cotton- 
seed oil for its flavor deficiency. Despite its expanding 
market, the flavor of soybean oil was singled out  in 1945 as 
the "number  one problem of the soybean i n d u s t r y " - a  
problem that would limit future soybean production. 
Soybean oil had been destined to become an industrial oil. 
However, as a paint oil, it dried slowly and developed "after  
tack." But then, as an edible oil, it tasted like paint. 

It was in this critical state of affairs for the soybean 
industry that  the Chairman of  the Board of National 
Soybean Processors 'Associat ion,  Edward J. Dies, sum- 
moned the Soybean Research Council to the first of what 
was to become annual conferences on the Flavor Stabil i ty 
of Soybean Oil in Chicago 1946 (2). He welcomed 28 
representatives of government, academic, and industrial 
research organizations and immediately charged them with, 
"I  cannot too strongly emphasize the economic advantages 
of  rapid solution of the problem of  flavor stability in 
soybean oil and soybean oil p roduc t s - l e t  us solve it at the 
earliest possible moment .  This meeting today was a deliber- 
ate move to bring together the best research minds in the 
nation who are engaged in work on this subject. The basic 
hope has been that  we might be able to facilitate a free 
exchange of ideas and subsequently promote special collab- 
oration among workers engaged in this field." The atten- 
dance list follows. 

CONFERENCE ON FLAVOR 
STABIL ITY  IN SOYBEAN OIL 
Soybean Research Council 
National Soybean Processors Association 
April 22, 1946 
Bismarck Hotel, Chicago, Illinois 
Present 
O.H. Alderks, The Procter and Gamble Company 
H.C. Black, Swift and Company 
R.A. Boyer, The Drackett  Company 
G.N. Bruce, Durkee Famous Foods 

John C. Cowan, Northern Regional Research Laboratory 
B.F. Daubert, University of Pittsburgh 
Edward J. Dies, National Soybean Processors Association 
Maurice Durkee, A.E. Staley Mfg. Co. 
Herbert J. Dutton,  Northern Regional Research Laboratory 
Egbert Freyer, Spencer Kellogg and Sons, Inc. 
Calvin Golumbic, University of  Pittsburgh 
Warren Goss, Northern Regional Research Laboratory  
Arne Gudheim, Lever Brothers 
J.K. Gunther, Central Soya Co., Inc. 
Fred Hafnor, Archer-Daniels-Midland Co. 
R.G. Houghtlin, National Soybean Processors Association 
H.T. Iveson, The Glidden Company 
J. Jakobsen, General Mills, Inc. 
N.F. Kruse, Central Soya Co., Inc. 
Herbert W. Lemon, Ontario Research Foundat ion 
Herbert  E. Longenecker, University of  Pittsburgh 
Ralph H. Manley, General Mills, Inc. 
Karl F. Mattil, Swift and Company 
R.T. Milner, Northern Regional Research Laboratory 
W.W. Moyer, A.E. Staley Mfg. Co. 
F.W. Quackenbush, Purdue University 
H.E. Robinson, Swift and Company 
J.H. Sanders, The Procter and Gamble Company 
L.A. Spielman, The Glidden Company 

By test of  history, the conferees drawn from government, 
academic and industrial research would seem to have lived 
up to Dies' expectations, and their names are well known 
to soybean oil research and among lipid chemists. More- 
over, the cooperat ion of basic research groups and the 
industrial implementation of research findings account for 
the progress of a minor edible oil in the early 1940s to the 
major edible oil of  the U.S. and the world, proudly labeled 
on premium products of the 1980s. 

Trivial as it may seem now, the first significant research 
development was the establishment of objective methods 
to assess flavor and odor (3). Numerical values from a taste 
panel in one plant could then be easily reproduced by a 
panel in another institution. Equally important  perhaps, 
research finally had a way to reliably assess the benefit  
of a given processing t reatment  rather than relying on the 
judgment  of a single "exper t . "  

With this new tool, trace metals were identified as having 
special significance in soybean oil compared to other  edible 
fats and oils. While cottonseed oil can tolerate copper and 
iron in the parts per million (ppm) range, soybean oil is 
ruined by as little as 0.3 ppm of iron and 0.01 ppm of 
copper (4). Following this announcement  of  the deleterious 
effect of trace metals, especially iri soybean oil, was the 
removal of brass valves in refineries and conversion from 
cold, rolled-steel deodorizers to stainless steel and even to 
nickel. 

Strange as it may seem in retrospect, scientists,had to 
establish that  "soybean flavor reversion," as it was then 
called, was an oxidative process. When government scien- 
tists sharpened their analytical tools, the relationship of 
peroxidation to off-flavor became unmistakable. Industry 's  
response was to blanket  oils with inert gas at all critical, 
high-temperature steps, including final packaging. 

The development reported at the 1946 conference has 
the aspects of  a cloak-and-dagger story. At  the close of 
World War II, Warren H. Goss, a chemical engineer at the 
Northern Regional Research Center (NRRC), was commis- 
sioned a major in the Army on special assignment to follow 
Patron's advancing tanks through Germany and to investi- 
gate the German oilseed industry. As the t roops advanced, 
he kept  hearing about  a recipe to cure soybean reversion; 
but not until he reached Hamburg did he learn the exact 
details. It was a strange formula involving many water 
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washings and such steps as contacting oil with water glass; 
but strange or not, when tested at NRRC, it worked. It was 
not until after this 1946 conference that  we found why it 
improved flavor stability. It worked not because of the 
unusual washing treatments,  but  because citric acid was 
added to the deodorizer and citric acid complexed trace 
prooxidant  metals. Based on this discovery came the surge 
of metal deactivators, i.e., sorbitol, phosphoric acid, leci- 
thin, polycarboxy acids and starch phosphates. The imme- 
diate response of industry was to adopt  metal deactivators, 
and today there may not  be a pound of soybean oil product  
not protected by citric acid or some similar metal scav- 
enger. 

These palliative steps, important  as they were, still 
begged the question as to what caused off-flavor to develop, 
i.e., what was the unstable precursor of the odor? Phospho- 
lipids, isolinolenic acid, unsaponifiables and sterols were 
suspected. Circumstantial evidence pointed to the 7% 
content  of linolenic acid, which draws its name from 
linseed oil, in which this fa t ty  acid amounts to 50%. 

In what is now a classic experiment,  9% linolenic acid 
was interesterified into the glyceride structure of a "non- 
reverting," nonlinolenic acid o i l -namely ,  cottonseed oil. 
The taste panel identified cottonseed oil interesterified with 
linolenic acid as a soybean oil (5). 

Armed with this new information, what could be done? 
Three alternatives were suggested with regard to linolenic 
acid removal: (a) breed it out  (The American Soybean 
Association, through its Research Foundation,  is currently 
supporting this research approach); (b) extract  it out  
(during World War II, soybean oil was countercurrently 
extracted with furfural to yield a more flavor-stable raffi- 
nate for edible purposes and a high-iodine value extract  
fraction to substitute for the then-scarce linseed o i l ) ;o r  (c) 
react it out. 

Of the three alternatives, reacting out  linolenic acid 
appeared to be the most practical, short-term research 
approach. There began a long search for selective hydro- 
genation ca ta lys ts - those  that would react with linolenic 
acid but  not at tack the desired, essential polyunsaturated 
fat ty acid-l inoleic .  

Fortunately,  at this time, basic researches on catalyst 
selectivity bore fruit. NRRC scientists found that  among 
many metals tested, copper behaved with almost enzymatic 
specificity, hydrogenating linolenic acid some 15 to 20 
times more rapidly than linoleic acid (6). It meant that  not 
3-5% linolenic salad oils, but  "zero" percent linolenic oils 
could be produced, with little at tack on the essential 
linoleic acid and with, concomitantly,  the advantage of 
low winterization losses. Room-odor  studies, conducted 
by NRRC's taste-odor panel, could hardly detect  the fishy 
odors characteristic of unhydrogenated soybean oil or of  
soybean oil partially hydrogenated by conventional nickel 
catalysts. 

At this point  in history, then, one might well ask, "What 
today is the status of  the flavor stability problem of soy- 
bean oil?" 

For application in margarines and shortenings, it is 
generally conceded there is essentially no problem in the 
use of hydrogenated soybean oil; because of its large, stable 
supply and its ease of refining and odor removal, it is an 
oil of choice. For low-temperature salad oil applications, 
soybean oil "specially processed" (hydrogenated-winter- 
ized) has wide acceptance. The remaining unsolved flavor 
problem of soybean oil is in its high-temperature, deep- 
fat frying applications. This is primarily of concern in the 
export  market. Fishiness and retention of odor in the 

kitchen after frying are the complaints, particularly from 
those consumers accustomed to the peculiar but  traditional 
odors of heated peanut and olive oils. 

Parenthetically (and ironically as it seems to non-Asians), 
in a recent visit by the representatives of  the People's 
Republic of China to NRRC, we were to learn that soybean 
oil still poses no flavor problem in China. If one wishes 
sesame flavor, he cooks in crude sesame seed oil, if rape 
flavor, in crude rapeseed oil, and if soya flavor, in crude 
soybean oil. The best solution to the world 's  ethnic and 
cultural preferences would seem to be to provide a soybean 
oil that remains bland and stable on heating (7). This 
stabili ty and blandness have been characteristic of  copper- 
hydrogenated oils produced and evaluated both at NRRC 
and commercially in France and the U.S. They do not, 
we emphasize, taste or smell like heated peanut oil, heated 
olive oil, or other tradit ionally preferred oils, but can be 
blended with them. 

This, then, effectively brings the history of soybean oil 
(8,9) to bear on the future. For, if there be any merit  to the 
study of history, it is to help us understand the present 
(be consoled, it has happened before) and to project the 
future (be advised, it will happen again). For  goals of future 
research, I see (10): (I) novel ways of extracting, refining, 
and processing soybean oil such as: (a) super critical gase- 
ous extraction and simultaneous fractionation of  soybean 
oil; (b) continuous high-pressure hydrogenation with 
selective copper catalysts and appropriate analytical trans- 
ducers for computer  control and specification of  flavor- 
stable hardened products;  (c) physical refining with its 
concomitant  lowering of energy cost; (II) soybean oil of 
higher stability and lower iodine value by selective breed- 
ing, mutation, and other techniques of genetics, thereby 
affording reduced hydrogenation cost; ( l i d  a bland, stable, 
liquid soybean oil for deep-fat cooking used either by itself 
or in blends with tradit ional oils; (IV) more complete 
knowledge of the relationship of  lipid metabolism to 
atherosclerosis, of the incorporation of isomeric fat ty  acids 
in human tissues and of other nutritional and health-related 
problems of fats in diets; (V) reevaluation of  oil-producing 
soybeans as a photosynthet ic  trap for solar energy and for 
its on-farm use as a diesel fuel. 

While there may be "no new thing under the sun," there 
may well be new ways of producing and processing soy- 
beans and soybean oil, including helping the soybean plant 
to become a more efficient converter of  solar energy to 
food, feed, fiber, fuel and fertilizer nitrogen. 
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