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By WILLIAM J. HOOVER 
Head. Deportment of Graln Science and


Industr, Kanas Statre Univesity 


THE CONSUMPTION of bread is
rapidly inc."asing in the develop-
ing countries of the world. This is 
particularly- true in the cor nd
rice consuming areas of Latin 
America and Asia. Tfhis rising pop-
ularity of bread can be directly 
attr'ibuted to the huge shipments
of wheat undler P. L.,480 and to the 
effective wheat marketing pro-
"Trns supported by that law which 
has been so important to the in 
creasing exports of U. S. agricul-
rural crops, 

The addition of soy flour to bread products increases 4he number of air bubbles, 

Throgh to not as yet being en-ffot pesistntriced...,Soy-MilkThro gh tont ffotpesist ric ed.Blendintrodluce the consumption of brlead( The development of an indige-
by training bakers and estblishing 
a baking industry, bread has nowbecome a staple food that is looked 
on as a status symbol in Latin 
America and Asia. 

An integral part of"the intr'oduc-
tion of bread into dliets where it 
haes not been a staple is its us inschool lunch and institutional feed-inlg progr~anz. Prvead has b~een 
quickly recognized as a highly ac-
ceptable veady-to-eat food that can 

loaf volume, in addition to improving nutritional quality.

SBread 
be centrally prepared by a contract 
baker, 

Bread as the means for nutri-

tional improvement has long been 
recognized because of its high con-
sumption, wide acceptance, and low 
price. Enrichment of 1)read with
vitamins and minerals over the last 
20 years in the U. S. has resulted 
in a significant improvement of the 
nutritional status of the population.
This has b e co me taken for 
granted. Export wheat flour ship-
ments under P. L. 480 are enriched 
with vitamins and minerals but 
flour milled in most developing
countries is 

nous milling industry provides the
mechanics for controlled enrich-ment of baked prodIucts b~y en-~cies. Unfortunately, becauseriching the flour at the mill. Thie 
most obvious way for nutritional 
improvement of national diets in 
developing countries is through 
protein-fortified enriched wv h e a tflour. 

While it is true that many diets 
in the developing world are lacking
in vitamins and minerals, the most 

important deficiency is the lack of 
protein of good nutritional quality.The protein content of the cereal 

grains averages from 8% to 13%,
which would not be extremely low 
if the protein were of good nutri
tional quality. Unfortunately, the
proteins of 'Jhe cereal grains are
relatively low in the amino acid,
lysine, which limits their nutrition
al effectiveness. 

Soy flour has long been recog
nized as an excellent means of for
tifying the proteins of the products
of cereal grains because of its high
contenxt of a protein rich in lysine.
Cereal-soy products, such as Corn

(CSM) and Wheat-Soy(WSB), have rapidly becomethe backbone of nutritional pro
gr m sp noe by ovrvoluntary et, 

pnoeg'm and ygvrmns'international 
agen-of .functional property limitations,

these products cannot be used in
significant quantities in b a kc e di 
foods. 

Soy flour In bread 
Wheat gluten is unique among

proteins in its ability to stretch,
exparnd, and fnrm o .. .. , 
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"Of all protein-richfoodstuffsnow available, soy flour is the most 
rattractive in price, quantity, and quality." 
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The growth rate of weanling rats fed soy-fortified enriched bread over a 4-week 
period was seven times the growth rate of rats fed standard enriched bread. 

hold the sn'all hubbles of gas gen-
crated during- the fermentation of 
dough and durinfg baking. This 
unique property permits bread to 
rise and results in bread with good 
volume and fine crumb structure. 
It has been axiomatic that the ad-
dition of starch or flour from grains 
other than wheat or the addition of 
nonwheat protein dilutes or even 
interferes with the functionality of 
wheat gluten. Whatever the mech-aiimi 1~ ~ t-~ru'h"

anism may h~e, it is true tihat at-

tempts to fortify wheat flour with 
soy flour beyond the 3% to 57 
level have caused adverse effects 
on absorption, mixing, and fermen-
tation, as well as on the volume, 
grain or crumli, color, and flavor 
of bread(. 

Over the years, research has lead 
to tle inil'-oement of soy flours 
for tse inl baked produ:ts. Heat 
treatmelnt ol. toasting so.y flour ill-
activated enz mnes in the product, 
which adversely affected the bak-

ing properties. Toasting also a]-
leviates the objectionable "beany" 
flavor, but too much toasting dark-
ens the color of the baked product. 
Particle size of the soy flour or 
grits has also been found to be 
important. A grit with a coarse or 
medium granulation gives more 
appetizing breads and overcomes 
the objectionable brown color of 
breads containing finely powdered 
soy flours,

Modifying the baI processmllng 

also improves breads containing 
soy flour. It has been found that 
raising the water absorption level 
in dough, decreasing mixing time, 
incrasing oxidant treatment, and 
reducing fermentative time all ini-
prove baking lerformaive of flours 
fortified with soy products. 

These advances, howeveir, still 
(lid not p)eInit the pr)oduction of 
high-quality breal when so' flour 
was added at levels that wolid 

result in significant nutritional im
provement of the protein in the 
bread. 

In 1969, Pomeranz, Shogren, and 

Finney' found that adding natural 
wheat glyceolipids or synthetically 
produced sucroesters to wheat flour 
permitted adding up to 16% soy 
flour to bread formulas without a 
significant loss ilI physical proper
ties. Unfortunately, naturalglycolipicds are uneconomicalwheatandgyoiisa,!ueooia n 

approvd of sucroesters for use in 
food has not been requested of the 
Food and Drug Administration. 

Tsen and Ioover, at insas 
State University, studied the ac-
Lions of various surfactants in 
the production of protein-(ortified 
breads. They found that the use 
or Ihree dough conlditioners, 'odii
t,. stearoyl-2-1actylate (SSL), cal
citini steamoyl-2-actyl:ate (CSI), 
and ethoxylated monoglyceri(les 
(EM) permitted the production of 
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high-quality breads even when 
high levels of nonwheat protein 
from many sources were in the 
formula. 

Of all protein-rich foodstuffs 
now available, soy flour is the most 
attractive in price, quantity, and 
quality. Using the dough conditio- 
ers, the K-State workers found 
that bread of acceptable quality 
could be made using up to 16%it 
soy flour or 24%/ full-fat soy flour 
in the formulas. The breads not 
only had good volume and crumb 

texture but were light in color and 
had no trace of soy flavor. The 
basic result of this research is 
shown on page 14. 

A significant "plus" factor was 
that the soy breads stayed soft or 
fresh for several days longer than 
the regular v.heat flour bread. The 
ingredient o.:.st of the high-protein 
bread should be essentially the 
same per ,,af as regular bread. 
Nutrifional significance 

The nutritional significance of 
this develr'rntnt can be easily 
seen. Soy fl,ur is a valuable addi-
tive for bread not only for its high- 
protein content, hut .so for its 
3.2% to lysine, compared 
with 0.38r in wheat flour. The ly-
sine contert of a mixture of wheat 
fortified with 12%; soy flour more 
than doubles, up to 0.76% to 
0.83%,. The soy-fortified bread lhas 
a protein content of about 11.5% 
compared to about 8% for conven-
tional bread. 

Feeding studies at Kansas State 
have demonstrated (opposite) the 

remarkable benefits to be gained 
from soy flour fortification of 
wheat flour. The growth rate of 
weanling rats fed soy-fortified en
riched bread over a 4-week period 
was seven times the growth rate 
of rats fed standard enriched 
bread. 

One measure of the nutritional 
effectiveness of a protein is the 
protein efliciency rat i o (PER). 
Foods are fed to rats under stan-
dardized conditions and the ratio 
is determined as the amount of 

weight gain divided by the amount 
of protein consumed. Casein is tak-
en as the reference standard pro-
tein and has a PER of 2.5. White 
bread has a PER of around 1.0 
while the 12% soy flour fortified 
bread was determined to have a 
PER of 1.95. 

Blend K 
Based on these findings, a spe-

cification for a protein-fortified 
wheat flour has been proposed for 
inclusion in P. L. 480 purchase 
programs. This product, tentative-
ly called Blend K, would consist of 
100 parts bread wheat flour, 12 
parts soy flour, 0.5 parts SSL, and 
would be enriched with vitamins 
and minerals. It is felt that such a 
program will find ready acceptance 
for institutional feeding programs 
both in the U. S. and abroad which 
utilize bread as a basic commodity. 
Blend K would appear to be a com-
plementary addition to the CSM 
and WSB family (. fortified foods. 

Blend K is now being tested in 
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many countries and it is hoped that 
it will be a commercial reality in 
the very near future. 

Fortified bakery products 

Encouraged by the results with 
bread fortification, a great deal of 
effort has been extended to other 
baked or fried dough products. 
I-iigh-protein cookies of excellent 
quality have been produced that 
offer an exciting possibility in child 
feeding programs.

An example of the wide range 

of l)otentially commercial protein
fortified baked or fried wheat
based foods is the yeast-raised 
doughnut. Doughnuts of excellent 
quality, having doubled the normal 
lrotein content and only two-thirds 
the normal level of calories, have 
been produced. The ingredient cost 
for these douglnuts is slightly less 
than the regular doughnuts. Two 
of them and a glass of milk meet 
the nutritional requirements for 
the "Engineered Breakfast" re
cently proposend by USDA for do
mestic school breakfast programs. 
Conclusion 

The inereasing acceptance of 
bread in the developing world of 
Latin America and Asia, in addi
tion to the traditional role of wheat 
as the staple of diets elsewhere, 
makes bread the most likely ye
hicle for nutritional improvement 
of diets. Protein-calorie inalnutri
tion is and will become increasingly 
the most serious nutrition problem 
in the developing world. Soy flour 
is the only protein-rich foodstuff 
that is available in large quantities 
at a reasonable price. The techno
logical barriers to the use of sub
stantial levels of soy flour in '

foods have been largely overt e. 
Thus, it appears that the era of 

the use of soy-flour-fortified wheat 
flour for m a k i n g high-protein 
breadstufls is at hand. # 
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