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FOREWORD 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide a 
medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing ADVANCES 

IN CHEMISTRY SERIES except that, in order to save time, the 
papers are not typeset but are reproduced as they are submitted 
by the authors in camera-ready form. Papers are reviewed under 
the supervision of the Editors with the assistance of the Series 
Advisory Board and are selected to maintain the integrity of the 
symposia; however, verbatim reproductions of previously pub
lished papers are not accepted. Both reviews and reports of 
research are acceptable, because symposia may embrace both 
types of presentation. 
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PREFACE 

C J R O W I N G W O R L D P O P U L A T I O N S , different degrees of income, religious 
beliefs, and health concerns have contributed to the increased interest in 
research on novel sources of protein from seeds, plants, and single-cell 
organisms. Such research has given rise to changes in consumption patterns 
and nutritional value of new protein food products. In addition, it has led to 
concern over the effects of potential antinutrients and large quantities of 
vegetable protein on health. Research on these subjects has been reported in 
several books (cf. Chapter 1, Literature Cited), but emphasis was devoted to 
the major cereals, oilseeds, and legumes (e.g., corn, wheat, barley, soybeans, 
peanuts, rapeseed). As technology has improved, the literature reporting new 
achievements in research on vegetable proteins has also grown. 

Plans for the symposium from which this book was developed were 
initiated in 1982-83. The aim was to bring together specialists in three 
primary phases of research on plant proteins and to feature applications in 
both new and traditional foods, the biological effects of all-vegetable protein 
diets on human health, and the chemistry of some lesser known plant 
proteins that are important sources of food in some countries. The speakers 
and subjects were carefully selected to cover these three areas—the ABCs of 
plant proteins—and, although it was not possible to include all possible 
facets of these areas, the organizers sought to provide a good balance on 
important subjects covered very little or not at all in other symposia and 
books. 

The problem of protein malnutrition is very complex and cannot be 
completely covered in one book, but the chapters of this book provide up-to-
date balanced coverage of this important subject. This book, I hope, will fill 
a need for nutritionists, food scientists, and clinicians concerned about 
nutritional aspects of plant proteins for humans. Views and conclusions 
expressed herein are those of the authors, whom 1 sincerely thank for their 
time and effort in presenting their research at the symposium and in 
preparing their manuscripts for publication in this book. 

ROBERT L. ORY 
U.S. Department of Agriculture 
New Orleans, LA 70179 

December 10, 1985 

ix 
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1 
Plant Proteins: The ABCs 

Robert L. Ory 

Southern Regional Research Center, Agricultural Research Service, U.S. Department of 
Agriculture, New Orleans, LA 70179 

What has been is what will be 
and there is nothing new under the sun. 

[Ecclesiates 1:9] 

Interest in seed and vegetable proteins has been growing 
steadily over the past two decades because of the major role plant 
proteins play in both human and animal diets. Animal proteins are 
st i l l acknowledged to have higher nutritional value than those 
from plant sources but for economic, health, or religious reasons, 
some populations derive all of their protein from plants. 

In addition to this interest in new sources of protein, we 
have also seen a growing concern over antinutrients present in 
some plant foods and their effect on human health (1-3). Yet none 
of the plant, seed, or animal proteins we eat today are "new". 
They have been eaten for centuries - but in different forms. The 
"new" aspects include more modern ways of food preparation, better 
technology for measuring chemical composition, nutrients and 
antinutrients in foods, and a greater awareness of the health 
implications of food constituents. 

Proteins are a vital part of living muscle tissue and are one 
of our most important nutrients. They have been called the 
building blocks of nutrition because they are broken down by 
digestive enzymes to provide amino acids for the building and 
repair of tissues. Animal proteins and those from most legumes 
and nuts contain all of the essential amino acids but the 
quantities of some (e.g.: lysine, methionine) in plants are 
lower. To envision the worldwide consumption of proteins in a 
different perspective, consider the major sources eaten by humans. 
Of the average 69 g. protein/day consumed worldwide in 1974, 63% 
was derived from plants (48% from cereals, roots and tubers, and 
15% from fruits, vegetables, nuts, oilseeds and pulses), 36% from 
animal sources (meats, fish, eggs and dairy products), and 1% from 
other sources (4). 

To achieve sufficient essential amino acids or a better amino 
acid balance (chemical score), plant proteins must be consumed in 
larger quantities or be blended with other complimentary proteins. 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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2 P L A N T P R O T E I N S 

For e x a m p l e , peanut p r o t e i n m e a l , low i n l y s i n e and m e t h i o n i n e , 
can be blended w i t h such t h i n g s as h i g h m e t h i o n i n e c i t r u s seed 
meal (J>) or r i c e bran f l o u r (6) to improve the chemical s c o r e . 
Use o f l e s s e x p e n s i v e p l a n t p r o t e i n s b l e n d e d w i t h complementary 
p r o t e i n s i s the l o g i c a l and economical way to improve p r o t e i n 
n u t r i t i o n f o r those not consuming any animal p r o t e i n , but t h i s has 
r a i s e d q u e s t i o n s c o n c e r n i n g n u t r i t i o n a l q u a l i t y , presence of 
a n t i n u t r i e n t s , and p h y s i o l o g i c a l s i g n i f i c a n c e of such foods on 
human h e a l t h . Major changes i n l i f e s t y l e s i n t h e p a s t two 
decades have a l s o had an impact on e a t i n g h a b i t s ; i . e . : more 
women work out t o d a y , l i f e i s l i v e d a t a more r a p i d p a c e , 
a t t i t u d e s about meals p r e p a r e d a t home, meals eaten away from 
home, and members of f a m i l i e s t h a t e a t t o g e t h e r have changed. 
These changes have s t i m u l a t e d the i n t r o d u c t i o n of many c o n v e n i e n c e 
f o o d s , snack i t e m s , and i n t e r e s t i n n u t r i t i o n a l c o m p o s i t i o n and 
l a b e l l i n g o f p r o c e s s e d f o o d s . 

In a d d i t i o n , consumption of f r e s h f r u i t s and v e g e t a b l e s , 
m i l k , m i l k p r o d u c t s , and r e d meats d e c r e a s e d d u r i n g t h i s p e r i o d 
w h i l e consumption of snack i t e m s and f a s t f o o d s e r v i c e p r o d u c t s 
i n c r e a s e d . Though f a s t food s e r v i c e s a r e s t i l l the l a r g e s t 
segment of the f o o d - s e r v i c e i n d u s t r y , w i t h a 3.5% i n c r e a s e i n r e a l 
growth between 1983 and 1984 ( 7 ) , a growing awareness of n u t r i t i o n 
by consumers i s showing a s i igut t r e n d back to f r e s h foods v e r s u s 
p r o c e s s e d foods by some g r o u p s . Growth of snacks and c o n v e n i e n c e 
foods h a s , n e v e r t h e l e s s , s t i m u l a t e d r e s e a r c h on i m p r o v i n g q u a l i t y , 
f l a v o r , c o l o r , t e x t u r e , n u t r i t i o n a l v a l u e and s a f e t y of these new 
food i t e m s . Research on p l a n t and seed p r o t e i n s has moved f a s t as 
t e c h n o l o g y improved and the l i t e r a t u r e r e p o r t i n g t h e s e 
achievements has a l s o grown. In a d d i t i o n to hundreds of papers 
p u b l i s h e d i n t e c h n i c a l j o u r n a l s , t h e r e have been s e v e r a l r e c e n t 
books devoted to seed and p l a n t p r o t e i n s f o r human c o n s u m p t i o n . 
These were devoted t o w o r l d p r o t e i n s u p p l i e s , f u n c t i o n a l and 
n u t r i t i o n a l p r o p e r t i e s [8); c h e m i s t r y , b i o c h e m i s t r y and g e n e t i c s 
o f p l a n t p r o t e i n s (j), 10); o r t o s t r u c t u r e , l o c a l i z a t i o n , 
e v o l u t i o n , b i o s y n t h e s i s , d e g r a d a t i o n , and improvement by b r e e d i n g 
of seed p r o t e i n s ( 1 1 ) . Each of t h e s e p r o v i d e s e x c e l l e n t coverage 
o f t h e i r s u b j e c t m a t t e r but none f o c u s on a p p l i c a t i o n s of p l a n t 
p r o t e i n s i n t r a d i t i o n a l and new foods and on b i o l o g i c a l e f f e c t s o f 
p l a n t p r o t e i n s i n the human d i e t . P l a n t foods are b i o l o g i c a l l y 
more complex than animal food a n d , as noted e a r l i e r , p l a n t 
p r o t e i n s are n u t r i t i o n a l l y not as complete as animal p r o t e i n s . 
P l a n t s c o n s i s t of many d i f f e r e n t t i s s u e s and s t r u c t u r a l elements 
t h a t i n c l u d e f r u i t s , seeds and seed h u l l s , n u t s , r o o t s and t u b e r s , 
f l o w e r s , l e a v e s , and stems. Some of t h e s e t i s s u e s a r e c o n s i d e r e d 
u n s u i t a b l e f o r humans because o f wide v a r i a t i o n s i n n u t r i t i o n a l 
v a l u e a n d / o r i n a b i l i t y to d i g e s t i n t h e g a s t r o i n t e s t i n a l t r a c t and 
they s e r v e as feed f o r a n i m a l s . In c o n t r a s t , animal foods are 
d e r i v e d p r i m a r i l y from one t i s s u e - m u s c l e ( p l u s e g g s , m i l k and some 
organ m e a t s ) , but f a r fewer s p e c i e s o f a n i m a l s s e r v e as food 
s o u r c e s f o r humans than do p l a n t s p e c i e s . 

The c h a p t e r s i n t h i s book were c a r e f u l l y s e l e c t e d t o 
complement the e x i s t i n g i n f o r m a t i o n on p l a n t p r o t e i n s by f o c u s i n g 
on the A, B, C ' s : a p p l i c a t i o n s i n new and t r a d i t i o n a l f o o d s , 
b i o l o g i c a l e f f e c t s of a l l - v e g e t a b l e p r o t e i n d i e t s on humans, and 
c o m p o s i t i o n and c h e m i s t r y of some l e s s e r - k n o w n s o u r c e s of p r o t e i n 
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1. O R Y Plant Proteins: The ABCs 3 

t h a t c o u l d p l a y an i m p o r t a n t r o l e i n areas where the major seed 
p r o t e i n s ( e . g . : s o y , c o t t o n s e e d , p e a n u t , s u n f l o w e r , rapeseed) may 
not be a v a i l a b l e . 

D e s p i t e the w e a l t h of i n f o r m a t i o n a v a i l a b l e on the b i o c h e m i 
s t r y , g e n e t i c s , and n u t r i t i o n a l v a l u e s of p l a n t p r o t e i n s , people 
e a t foods t h a t l o o k , s m e l l , and t a s t e good; not because of 
n u t r i t i o n a l i m p o r t a n c e . T h u s , new b l e n d e d p l a n t foods or 
p r o t e i n - s u p p l e m e n t e d snacks o r food p r o d u c t s w i l l have to l o o k and 
t a s t e l i k e the t r a d i t i o n a l items i f they are t o g a i n s u f f i c i e n t 
a c c e p t a n c e t o become c o m m e r c i a l l y f e a s i b l e . A b s o l u t e food 
d e f i c i t s are not the s o l e cause of hunger i n the w o r l d s i n c e , 
t h e o r e t i c a l l y , the 1 .088 b i l l i o n m e t r i c tons of f o o d g r a i n s 
produced w o r l d w i d e c o n t a i n more than enough c a l o r i e s t o p r o v i d e 
t h e minimal r e q u i r e m e n t of 2 , 5 0 0 c a l o r i e s / d a y f o r i t s 3 . 5 b i l l i o n 
p e o p l e . The b i g problem i s t h e uneven d i s t r i b u t i o n o f t h e s e 
r e s o u r c e s . Not j u s t i n poor c o u n t r i e s but even i n s m a l l r e g i o n s 
o f the r i c h c o u n t r i e s p o c k e t s of m a l n u t r i t i o n s t i l l e x i s t . Some 
r e a s o n s f o r the poor d i s t r i b u t i o n , b e s i d e s t r a n s p o r t a t i o n 
p r o b l e m s , are the use o f 27-30% of the g r a i n f o r animal feed and 
a l m o s t a f o u r t h of t h e s u p p l y i s l o s t to i n s e c t s , r o d e n t s , 
pathogens and w a s t e . 

S i n c e most snack foods are based on c e r e a l s ( w h e a t , c o r n , 
r i c e ) , a g r e a t deal of a t t e n t i o n has f o c u s e d on f o r t i f i c a t i o n / s u p 
p l e m e n t a t i o n of t r a d i t i o n a l c e r e a l - b a s e d f o o d s . W o r l d w i d e , 
c e r e a l s r e p r e s e n t the major source of c a l o r i e s and p r o t e i n s f o r 
humans; i . e . : 52% and 47% of t h e w o r l d ' s average per c a p i t a 
i n t a k e of c a l o r i e s and p r o t e i n , r e s p e c t i v e l y ( 1 2 ) . C e r e a l g r a i n s 
a c c o u n t f o r about 20% o f the c a l o r i c i n t a k e ~ T n the U. S. but 
p r o v i d e 55% i n M e x i c o , 63% i n I n d i a , and 67% i n E a s t A f r i c a . 
C e r e a l s p r o v i d e 44% o f the p r o t e i n r e q u i r e m e n t i n M e x i c o , 58% i n 
T h a i l a n d , and 83% i n the M i d d l e E a s t . The p r i n c i p a l c e r e a l of 
L a t i n America i s maize ( c o r n ) , i n A s i a i t i s r i c e , i n the M i d d l e 
E a s t i t i s w h e a t , and i n A f r i c a , o t h e r g r a i n s such as sorghum. 

A p p l i c a t i o n s and uses o f h i g h p r o t e i n legume f l o u r s i n 
f o r t i f i c a t i o n of f r i e d and baked goods and o t h e r food p r o d u c t s f o r 
both Western and t r a d i t i o n a l d i e t s o f d e v e l o p i n g c o u n t r i e s are 
c o v e r e d i n g r e a t e r d e t a i l i n Chapters 2 - 6 . To a c h i e v e t h e b a l a n c e 
needed i n a t r e a t i s e on food p r o t e i n s and t o i n c l u d e i n f o r m a t i o n 
on a n o t h e r growing use of v e g e t a b l e p r o t e i n s , t h a t of "meat 
e x t e n d e r s " i n Western d i e t s , C h a p t e r s 7 and 8 d e s c r i b e the 
a d d i t i o n of p l a n t p r o t e i n s to p r o c e s s e d meat p r o d u c t s and whole 
muscle m e a t s . The i n c o r p o r a t i o n o f p l a n t p r o t e i n ( p r i m a r i l y 
soybean h i g h p r o t e i n meals and i s o l a t e s ) met w i t h l i t t l e s u c c e s s 
i n the l a t e 1 9 6 0 ' s / e a r l y 1970's because of f l a v o r problems i n 
d e f a t t e d f l o u r s or m e a l s . As t e c h n o l o g y i m p r o v e d , o f f - f l a v o r s 
were removed by p r o d u c t i o n of c o n c e n t r a t e s and i s o l a t e s , so t h a t 
soy p r o t e i n - e x t e n d e d ground beef p r o d u c t s a r e used e x t e n s i v e l y 
today i n s c h o o l l u n c h programs, i n m i l i t a r y i n s t a l l a t i o n s , and i n 
s e v e r a l commercial ground beef p r o d u c t s , hamburger, c h i c k e n and 
tuna h e l p e r s . 

B i o l o g i c a l e f f e c t s of p l a n t p r o t e i n s on human h e a l t h have 
a t t r a c t e d wide a t t e n t i o n i n the r e c e n t past because of the p r e 
sence of v a r i o u s a n t i n u t r i e n t s such as t r y p s i n i n h i b i t o r s , 
h e m a g g l u t i n i n s , and t o x i c p r i n c i p l e s (1). Adequate c o o k i n g and/or 
p r o c e s s i n g i n a c t i v a t e s t h e s e m a t e r i a l s and can improve the q u a l i t y 
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4 PLANT PROTEINS 

o f p l a n t f o o d s , but the problem of s u f f i c i e n t e s s e n t i a l amino 
a c i d s i n the p r o t e i n i s not r e s o l v e d s o l e l y by c o o k i n g or 
p r o c e s s i n g . B l e n d i n g of two or more p r o t e i n s i s s t i l l n e c e s s a r y 
t o improve the c h e m i c a l s c o r e and t h e r e are some b i o l o g i c a l 
e f f e c t s caused by the p r o t e i n q u a l i t y and q u a n t i t y . The e f f e c t s 
o f p r o t e i n on s k e l e t a l i n t e g r i t y i n e a r l y l i f e and t r a c e m i n e r a l s 
u t i l i z a t i o n by r a t s and humans are d i s c u s s e d i n Chapters 9 and 10. 
A d d i t i o n a l c h a p t e r s d e s c r i b i n g the e f f e c t s of p r o t e i n - p r o c y a n i d i n 
i n t e r a c t i o n s on n u t r i t i o n a l q u a l i t y ( C h a p t e r 11) , the 
a c c e p t a b i l i t y o f c o t t o n s e e d p r o t e i n foods by H a i t i a n c h i l d r e n 
(Chapter 1 2 ) , e f f e c t s of p r o t e i n on e x p e r i m e n t a l a t h e r o s c l e r o s i s 
( C h a p t e r 1 3 ) , and on i n t a k e and r e l a t i o n to c a n c e r i n c i d e n c e i n 
Seventh Day A d v e n t i s t s ( C h a p t e r 14) p r o v i d e a d d i t i o n a l i n f o r m a t i o n 
on b i o l o g i c a l e f f e c t s r e l a t e d t o p l a n t p r o t e i n i n t a k e . C h a p t e r s 
15 and 16 d e s c r i b e t h e e f f e c t s of wet and d r y p r o c e s s i n g on 
p r o p e r t i e s of legumes f o r food a p p l i c a t i o n s . 

Because c o m p o s i t i o n and n u t r i t i o n a l p r o p e r t i e s of t h e major 
food legumes and o i l s e e d s have been r e p o r t e d i n numerous t e c h n i c a l 
j o u r n a l s and books ( l i s t e d a b o v e ) , the s e c t i o n devoted t o 
c o m p o s i t i o n and c h e m i s t r y h i g h l i g h t s l e s s e r - k n o w n but p o t e n t i a l l y 
i m p o r t a n t s o u r c e s of p l a n t p r o t e i n t h a t have not r e c e i v e d t h e same 
a t t e n t i o n . Some of t h e s e food c r o p s have been c u l t i v a t e d f o r many 
y e a r s so t h a t they a r e not "new" s o u r c e s . Such c r o p s as winged 
b e a n , sweet p o t a t o , t r o p i c a l s e e d s , f r u i t s and l e a v e s , yams and 
c u c u r b i t s are p o t e n t i a l s o u r c e s of p r o t e i n i n a r e a s where they a r e 
grown. These are d i s c u s s e d i n g r e a t e r d e t a i l i n the r e m a i n i n g 
f i v e c h a p t e r s . 

The problem of p r o t e i n m a l n u t r i t i o n i s too complex t o be 
r e s o l v e d w i t h one s i n g l e approach or s i n g l e f o o d . N o n t e c h n i c a l 
f a c t o r s such as s u p p l y , a v a i l a b i l i t y , d i s t r i b u t i o n , seasonal 
v a r i a t i o n s , age and h e a l t h s t a t u s o f the consumer a l s o p l a y a 
r o l e . However, w i t h the t e c h n o l o g i c a l advances made i n the food 
i n d u s t r y t o d a y , we can now produce food p r o d u c t s t h a t are more 
n u t r i t i o u s and o f t e n cheaper than the t r a d i t i o n a l f o o d s . C e r e a l 
g r a i n s , the w o r l d ' s p r i n c i p a l source o f food c a l o r i e s , can be 
f o r t i f i e d o r supplemented w i t h v a r i o u s p l a n t p r o t e i n s to produce 
v e r y n u t r i t i o u s foods t h a t l o o k , t a s t e , s m e l l , and f e e l l i k e 
t r a d i t i o n a l f o o d s . The purpose here i s c e r t a i n l y not to i m p l y 
t h a t animal p r o d u c t s are bad f o r us but to show t h a t t h e r e are 
a l s o good p r o t e i n s i n p l a n t s t h a t s h o u l d not be o v e r l o o k e d i n t h i s 
s e a r c h f o r e d i b l e p r o t e i n s . I t seems i r o n i c t h a t man has 
s u c c e s s f u l l y conquered space by p u t t i n g men on t h e moon and 
c i r c l i n g the e a r t h i n space s t a t i o n s but s t i l l has not e r a d i c a t e d 
hunger and m a l n u t r i t i o n on e a r t h . 
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2 
Use of Peanut and Cowpea Flours in Selected Fried 
and Baked Foods 

Kay H . McWatters 

Department of Food Science, University of Georgia, College of Agriculture, Experiment 
Station, Experiment, GA 30212 

Successful performance of legume flours as food 
ingredients depends upon the functional characteristics 
and sensory qualities they impart to the end product. 
In snack-type chips, cookies, and doughnuts, sufficient 
viscoelasticity should be provided to maintain product 
integrity, allow expansion, and develop surface 
character. Peanut flour possesses sufficient 
cohesiveness to form a fried snack-type product if low 
to moderate temperatures are used in processing the 
peanuts for flour production. Peanut and cowpea 
flours can replace at least 30% of the wheat flour in 
sugar cookies without altering extensively the 
diameter, height, spread, textural quality, and 
sensory attributes of the baked product. The quality 
of cake-type doughnuts containing peanut and cowpea 
ingredients was improved substantially by using the 
legumes in the form of flour rather than meal. Akara, 
deep-fat fried cowpea paste, may be prepared 
successfully from cowpea meal; conditions employed for 
pretreating seeds for mechanical decortication, meal 
particle size, and meal solids to water ratio were 
important considerations affecting functionality and 
product quality. 

S u c c e s s f u l performance of legumes i n foods cooked by f r y i n g o r b a k i n g 
i n d i c a t e p o s s i b l e a p p l i c a t i o n s f o r t h e i r u s e . Poor p e r f o r m a n c e , on 
t h e o t h e r h a n d , i s u s e f u l i n i n d i c a t i n g a r e a s where c o n d i t i o n s of 
p r o c e s s i n g o r p r e p a r a t i o n may need t o be m o d i f i e d t o accommodate 
legume f l o u r u s a g e . T h i s p r e s e n t a t i o n r e v i e w s work conducted i n o u r 
l a b o r a t o r y t o e v a l u a t e t h e performance of peanut and cowpea f l o u r s 
as i n g r e d i e n t s i n s e v e r a l food p r o d u c t s . 

Snack-Type Peanut C h i p s 

S n a c k - t y p e c h i p s may be p r e p a r e d by a f a i r l y s i m p l e p r o c e s s from 
e i t h e r peanut meal o r f l o u r . To p r e p a r e f u l l - f a t m e a l , peanuts a r e 

0097-6156/86/0312-0008S06.00/0 
© 1986 American Chemical Society 
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2. M c W A T T E R S Peanut and Cowpea Flours 9 

heated a t 93°C f o r 15 min i n a f o r c e d d r a f t o v e n , b l a n c h e d t o remove 
t h e t e s t a , c o a r s e l y ground i n a food c h o p p e r , and passed t h r o u g h an 
8-mesh s c r e e n t o remove l a r g e p a r t i c l e s . Water i s t h e n added t o 
form a d o u g h - l i k e m i x t u r e w h i c h may be shaped by f o r c i n g t h e dough 
t h r o u g h a d i e o r by r o l l i n g and c u t t i n g , f o l l o w e d by d e e p - f a t 
f r y i n g . T h i s p r o d u c t form may be consumed a l o n e o r i n c o m b i n a t i o n 
w i t h d i p s o r s p r e a d s . 

I n i t i a l work t o e s t a b l i s h c h i p p r e p a r a t i o n c o n d i t i o n s showed 
t h a t end p r o d u c t c h a r a c t e r i s t i c s were i n f l u e n c e d by meal p a r t i c l e 
s i z e , by t h e amount of w a t e r added t o form t h e dough, and by t h e 
l e n g t h of t i m e t h e dough was mixed (1). A v e r y a c c e p t a b l e p r o d u c t 
was a c h i e v e d w i t h t h e s e p r o c e s s c o n d i t i o n s : a b l e n d of p a r t i c l e 
s i z e s most of w h i c h were i n t h e 14-30 mesh r a n g e , an 18% added w a t e r 
l e v e l , and a m i x i n g t i m e of 5 m i n . The f i n a l p r o d u c t had a c r i s p 
t e x t u r e , a t y p i c a l r o a s t e d peanut f l a v o r , and was q u i t e s i m i l a r i n 
c o m p o s i t i o n t o f u l l - f a t r o a s t e d p e a n u t s . C h i p s c o n t a i n e d about 49% 
o i l , 27% p r o t e i n , and 1% m o i s t u r e . 

Commercial peanut f l o u r s were a l s o e v a l u a t e d f o r t h e i r 
performance i n p r e p a r a t i o n of peanut c h i p s ( 2 ) . The f o l l o w i n g 
p r o c e s s i n g t r e a t m e n t s were employed: 

F l o u r Code P r o c e s s i n g Treatment 
A F u l l - f a t , s p r a y d r i e d 
Β P a r t i a l l y d e f a t t e d , u n r o a s t e d 
C P a r t i a l l y d e f a t t e d , r o a s t e d a t 1 6 0 ° C f o r 15 min 
D P a r t i a l l y d e f a t t e d , r o a s t e d a t 1 7 1 ° C f o r 15 min 
Ε P a r t i a l l y d e f a t t e d , r o a s t e d a t 1 7 7 ° C f o r 15 min 

The p r o c e s s i n g c o n d i t i o n s employed i n p r e p a r a t i o n of t h e f l o u r s 
i n f l u e n c e d t h e i r appearance and c o l o r , d o u g h - f o r m i n g and h a n d l i n g 
c h a r a c t e r i s t i c s , f r y i n g t i m e , and end p r o d u c t q u a l i t y ( F i g u r e 1 ) . 
F l o u r A ( f u l l - f a t , s p r a y d r i e d ) produced a v e r y o i l y , s t i c k y dough 
which was d i f f i c u l t t o r o l l , s h a p e , and h a n d l e . These c h i p s r e q u i r e d 
a 2-min f r y i n g t i m e t o d e v e l o p a g o l d e n brown c o l o r , became d i s t o r t e d 
i n shape d u r i n g f r y i n g , and were e x t r e m e l y f r a g i l e t o h a n d l e a f t e r 
f r y i n g . F l o u r Β ( p a r t i a l l y d e f a t t e d , u n r o a s t e d ) l a c k e d t h e o i l i n e s s 
a s s o c i a t e d w i t h f l o u r A but was a l s o d i f f i c u l t t o h a n d l e because of 
i t s s t i c k y n a t u r e . C h i p s p r e p a r e d from f l o u r Β r e q u i r e d a 7-min 
f r y i n g t i m e t o become g o l d e n brown i n c o l o r and p u f f e d s l i g h t l y 
d u r i n g f r y i n g . F l o u r C ( p a r t i a l l y d e f a t t e d , 1 6 0 ° C r o a s t ) produced a 
dough t h a t was easy t o form and h a n d l e . C h i p s from f l o u r C r e q u i r e d 
a 4 - m i n f r y i n g t i m e t o d e v e l o p a g o l d e n brown c o l o r and r e t a i n e d 
t h e i r shape and s t r u c t u r e d u r i n g f r y i n g . F l o u r D produced a dough 
t h a t was n e i t h e r s t i c k y n o r t a c k y but l a c k e d c o h e s i v e n e s s . C h i p s 
p r e p a r e d from t h i s f l o u r c o m p l e t e l y d i s i n t e g r a t e d d u r i n g t h e f i r s t 
few seconds of f r y i n g , i n d i c a t i n g t h a t r o a s t i n g c o n d i t i o n s employed 
i n f l o u r p r e p a r a t i o n had c o m p l e t e l y d e s t r o y e d t h e f l o u r ' s 
c o h e s i v e n e s s . No a t t e m p t s were made t o p r e p a r e c h i p s from f l o u r Ε 
s i n c e t h e t e m p e r a t u r e f o r r o a s t i n g t h e n u t s was even more s e v e r e 
t h a n t h a t used f o r f l o u r D. 

Gel e l e c t r o p h o r e t i c p a t t e r n s of w a t e r - s o l u b l e p r o t e i n s i n t h e 
f i v e peanut f l o u r s were d e t e r m i n e d as p r e v i o u s l y d e s c r i b e d (2) and 
show c o n s i d e r a b l e d i f f e r e n c e s i n p r o t e i n c h a r a c t e r ( F i g u r e 2 ) . In 
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P L A N T P R O T E I N S 

F i g u r e 1 . Peanut f l o u r s and c h i p s p r e p a r e d from t h e f l o u r s . 
Reproduced w i t h p e r m i s s i o n from R e f . 2 . C o p y r i g h t 1980, 
I n s t i t u t e of Food T e c h n o l o g i s t s . 

F i g u r e 2 . T y p i c a l d i s c p o l y a c r y l a m i d e g e l e l e c t r o p h o r e t i c 
p a t t e r n s of w a t e r - s o l u b l e p r o t e i n s from peanut f l o u r s . 
Reproduced w i t h p e r m i s s i o n from R e f . 2 . C o p y r i g h t 1980, 
I n s t i t u t e of Food T e c h n o l o g i s t s . 
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2. McWAITERS Peanut and Cowpea Flours li 

f l o u r s A and B, t h e components of t h e major g l o b u l i n , a r a c h i n , a r e 
i n t h e 0 . 5 t o 2 . 0 cm r e g i o n and t h e n o n a r a c h i n p r o t e i n s appear i n 
t h e 2 . 0 t o 4 . 0 cm r e g i o n . The p r o c e s s c o n d i t i o n s employed f o r f l o u r 
C a l t e r e d some of t h e a r a c h i n components ( r e g i o n 1 . 3 t o 2 . 0 cm) and 
t h e n o n a r a c h i n p r o t e i n s t o forms where t h e y moved as d i f f u s e bands 
i n t h e g e l p a t t e r n s . The p r o c e s s c o n d i t i o n s used f o r f l o u r s D and Ε 
d e n a t u r e d v i r t u a l l y a l l of t h e p r o t e i n s t o s m a l l p o l y p e p t i d e s a n d / o r 
a g g r e g a t e s ; t h i s was accompanied by a l o s s of b i n d i n g c a p a c i t y and 
c o h e s i v e n e s s i n c h i p p r e p a r a t i o n . 

Legume F l o u r Sugar C o o k i e s 

Sugar c o o k i e s may be p r e p a r e d by r e p l a c i n g a p o r t i o n of t h e wheat 
f l o u r w i t h non-wheat f l o u r s d e r i v e d from p e a n u t , s o y b e a n , and cowpea 
( 3 ) . The legume f l o u r s used i n t h i s s t u d y were a d j u s t e d t o a 
u n i f o r m o i l c o n t e n t of about 1% by s o l v e n t e x t r a c t i o n . F l o u r 
p r o t e i n c o n t e n t (wet w e i g h t b a s i s ) was 51% f o r p e a n u t , 46% f o r 
s o y b e a n , and 21% f o r cowpea. The f l o u r s were used a t 0 , 1 0 , 2 0 , and 
30% wheat f l o u r r e p l a c e m e n t l e v e l s . Peanut and cowpea f l o u r s c o u l d 
r e p l a c e a t l e a s t 30% of t h e wheat f l o u r w i t h o u t a l t e r i n g e x t e n s i v e l y 
t h e d i a m e t e r , h e i g h t , s p r e a d , t o p g r a i n , t e x t u r a l g u a l i t y , and 
s e n s o r y a t t r i b u t e s of t h e baked p r o d u c t ( F i g u r e 3 ) . T h e r e f o r e , no 
a l t e r a t i o n s i n f o r m u l a t i o n o r p r e p a r a t i o n p r o c e d u r e s would be 
r e q u i r e d t o accommodate t h e use of peanut o r cowpea f l o u r s i n t h i s 
t y p e of c o o k i e . Use of soybean f l o u r a t t h e 20 and 30% l e v e l s , 
however, d e c r e a s e d c o o k i e d i a m e t e r and spread r a t i o , i n c r e a s e d 
c o o k i e h e i g h t and h a r d n e s s , and p r e v e n t e d development of a t y p i c a l 
t o p g r a i n d u r i n g b a k i n g . Peanut f l o u r c o o k i e s r e c e i v e d h i g h s e n s o r y 
s c o r e s f o r a l l a t t r i b u t e s . Cowpea f l o u r p r o d u c t s were a l s o h i g h l y 
a c c e p t a b l e e x c e p t a t t h e 30% l e v e l where a beany aroma and f l a v o r 
were n o t e d . The soy f l o u r c o o k i e s a t t h e 10% l e v e l were q u i t e 
a c c e p t a b l e , but t h e poor s p r e a d of t h e 20 and 30% soy p r o d u c t s 
a d v e r s e l y a f f e c t e d t e x t u r e q u a l i t y . A beany f l a v o r was a l s o 
a p p a r e n t a t t h e h i g h e r soy l e v e l s . In subsequent s t u d i e s , soy f l o u r 
c o o k i e s w i t h good spread c h a r a c t e r i s t i c s were produced by i n c r e a s i n g 
t h e amount of w a t e r i n t h e f o r m u l a t o compensate f o r soy f l o u r ' s 
h i g h w a t e r a b s o r p t i o n c a p a c i t y . 

The p r o t e i n c o n t e n t of c o o k i e s was markedly i n f l u e n c e d by t h e 
a d d i t i o n and p r o t e i n c o n t e n t of t h e v a r i o u s legume f l o u r s ( F i g u r e 4 ) . 
Each i n c r e m e n t of peanut f l o u r r a i s e d t h e t o t a l p r o t e i n c o n t e n t i n 
c o o k i e s by 1 . 5 % . I n c r e a s e s of 1.4% o c c u r r e d w i t h soy f l o u r and 0 . 5 % 
w i t h cowpea f l o u r . 

Legume F l o u r Doughnuts 

The performance of peanut and cowpea f l o u r as i n g r e d i e n t s i n 
c a k e - t y p e doughnuts has been i n v e s t i g a t e d ( 4 ) . In a d d i t i o n t o 
s e n s o r y c h a r a c t e r i s t i c s i m p a r t e d t o t h e end p r o d u c t , t h e i n f l u e n c e 
of t h e legume f l o u r s on t h e m a c h i n a b i l i t y of t h e doughnut b a t t e r was 
found t o be i m p o r t a n t . M a c h i n a b i l i t y i s d e f i n e d as t h e ease of 
c u t t i n g , d i s p e n s i n g , and c o n v e y i n g t h e b a t t e r . I n i t i a l t e s t s 
i n d i c a t e d t h a t peanut and cowpea meals were c o m p a t i b l e i n g r e d i e n t s 
f o r use i n t h i s t y p e of p r o d u c t , but t h e f a t c o n t e n t of 
legume-supplemented doughnuts was c o n s i d e r a b l y h i g h e r t h a n r e f e r e n c e 
doughnuts made w i t h 100% wheat f l o u r . 
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P L A N T P R O T E I N S 

F i g u r e 3 . R e p r e s e n t a t i v e s u g a r c o o k i e s p r e p a r e d from d e f a t t e d 
p e a n u t , s o y b e a n , and f i e l d pea f l o u r s a t 0 , 1 0 , 2 0 , and 30% 
wheat f l o u r r e p l a c e m e n t l e v e l s . Reproduced w i t h p e r m i s s i o n from 
R e f . 3 . C o p y r i g h t 1978, American A s s o c i a t i o n of C e r e a l C h e m i s t s . 

F i g u r e 4 . P r o t e i n c o n t e n t (%) of s u g a r c o o k i e s p r e p a r e d from 
d e f a t t e d p e a n u t , s o y b e a n , and cowpea f l o u r s a t 0 , 1 0 , 2 0 , and 
30% wheat f l o u r r e p l a c e m e n t l e v e l s . Reproduced w i t h p e r m i s s i o n 
from R e f . 3 . C o p y r i g h t 1978, American A s s o c i a t i o n of C e r e a l 
C h e m i s t s . 
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2. M c WATTE R S Peanut and Cowpea Flours 13 

F o l l o w - u p s t u d i e s u t i l i z e d f i n e l y - m i l l e d legume f l o u r s and t h e 
a d d i t i o n of soybean f l o u r as a f a t - c o n t r o l agent i n an e f f o r t t o 
improve doughnut q u a l i t y ( 5 ) . The legume p r o d u c t s and doughnuts 
p r e p a r e d from them a r e shown i n F i g u r e 5 . On a d r y w e i g h t b a s i s , 
peanut f l o u r from s o l v e n t e x t r a c t e d peanuts (PF-SE) c o n t a i n e d 0 . 9 % 
f a t and 54.4% p r o t e i n w h i l e cowpea f l o u r (CF) c o n t a i n e d 1.4% f a t and 
2 5 . 5 % p r o t e i n . Peanut f l o u r from p a r t i a l l y d e f a t t e d u n t o a s t e d 
peanuts (PF-PD-U) c o n t a i n e d 3 4 . 5 % f a t and 3 4 . 9 % p r o t e i n w h i l e peanut 
f l o u r from p a r t i a l l y d e f a t t e d peanuts t o a s t e d a t 1 6 0 ° C c o n t a i n e d 
34.4% f a t and 37.6% p r o t e i n . 

Wheat f l o u r r e f e r e n c e (WFR) samples were compared t o doughnuts 
made w i t h 10% legume f l o u r (LF) o r legume f l o u r p l u s soybean f l o u r 
(LF + S) added t o i n c r e a s e t h e t o t a l f l o u r c o n t e n t by 3%. No 
m a c h i n a b i l i t y problems were encountered e x c e p t w i t h peanut f l o u r 
from p a r t i a l l y d e f a t t e d , u n t o a s t e d p e a n u t s . T h i s f l o u r produced a 
s t i c k y b a t t e r which p r e v e n t e d t h e c u t t i n g / d i s p e n s i n g d e v i c e from 
c o m p l e t e l y c u t t i n g away t h e doughnut c e n t e r . A l l of t h e legume f l o u r 
p r o d u c t s r e c e i v e d v e r y a c c e p t a b l e s e n s o r y r a t i n g s . P a n e l i s t s were 
a b l e t o d e t e c t a " s l i g h t l y beany" aroma i n p r o d u c t s made w i t h t h e 
p a r t i a l l y d e f a t t e d , u n t o a s t e d peanut f l o u r and a " d e f i n i t e r o a s t e d 
peanut" aroma i n doughnuts made w i t h p a r t i a l l y d e f a t t e d , t o a s t e d 
peanut f l o u r . The g r a i n of legume f l o u r - s u p p l e m e n t e d doughnuts was 
u n i f o r m and f i n e - t e x t u r e d , and t h e f a t c o n t e n t of t h e t e s t p r o d u c t s 
was a c c e p t a b l e , c l o s e l y r e s e m b l i n g t h a t of r e f e r e n c e d o u g h n u t s . The 
a d d i t i o n of soy f l o u r p r o v i d e d no added b e n e f i t i n c o n t r o l l i n g t h e 
amount of f a t absorbed by t h e doughnuts d u r i n g f r y i n g . 

A k a r a ( F r i e d Cowpea P a s t e ) 

The U n i v e r s i t y of G e o r g i a i s p a r t i c i p a t i n g i n a c o l l a b o r a t i v e 
r e s e a r c h p r o j e c t w i t h t h e U n i v e r s i t y of N i g e r i a . The o v e r a l l g o a l 
of t h e p r o j e c t i s t o i n c r e a s e t h e a v a i l a b i l i t y of cowpeas f o r 
d e v e l o p i n g c o u n t r y p o p u l a t i o n s by development of t e c h n o l o g i e s t o 
reduce p o s t h a r v e s t s t o r a g e l o s s e s and t o s i m p l i f y t h e p r e p a r a t i o n of 
cowpeas. The p r o j e c t i s s u p p o r t e d by t h e Bean/Cowpea C o l l a b o r a t i v e 
R e s e a r c h S u p p o r t Program (CRSP) and t h e U. S . Agency f o r 
I n t e r n a t i o n a l Development. 

Cowpeas a r e an i m p o r t a n t p a r t of t h e d i e t s of West A f r i c a n s . 
T h e y ' r e grown f o r d o m e s t i c consumption r a t h e r t h a n f o r e x p o r t and 
a r e consumed as a b o i l e d v e g e t a b l e and as p a s t e w h i c h i s cooked by 
e i t h e r steaming o r f r y i n g . 

In o r d e r t o o b t a i n a l i g h t - c o l o r e d p a s t e f r e e of any c o l o r w h i c h 
may be i m p a r t e d by t h e seed c o a t o r e y e , peas a r e d e c o r t i c a t e d by 
manual p r o c e s s e s . The t r a d i t i o n a l wet method c o n s i s t s of s o a k i n g 
peas i n w a t e r t o l o o s e n t h e seed c o a t , t h e n r u b b i n g t h e seeds t o 
s e p a r a t e t h e t e s t a from t h e c o t y l e d o n . The d e c o r t i c a t e d peas a r e 
t h e n ground i n t o p a s t e e i t h e r i n a m o r t a r , on a s t o n e , o r i n a 
b l e n d e r i f a v a i l a b l e . The p a s t e i s s t i r r e d o r whipped t o i n c o r p o r a t e 
a i r , s e a s o n e d , t h e n cooked ( 6 , 7 ) . Chopped peppers and o n i o n s a r e 
t h e most common s e a s o n i n g s , but t o m a t o e s , g i n g e r , o r shrimp a r e a l s o 
used f o r f l a v o r . The f r i e d p r o d u c t ( F i g u r e 6 ) , c a l l e d a k a r a i n 
N i g e r i a , i s consumed as a snack f o o d and b r e a k f a s t f o o d and has a 
b r e a d - l i k e c h a r a c t e r s i m i l a r t o hush p u p p i e s . In a d d i t i o n t o home 
p r e p a r a t i o n , a k a r a i s p r e p a r e d and s o l d by s t r e e t vendors i n t h e 
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14 P L A N T P R O T E I N S 

F i g u r e 5 . R e p r e s e n t a t i v e doughnuts p r e p a r e d from peanut 
f l o u r - s o l v e n t e x t r a c t e d ( P F - S E ) , peanut f l o u r - p a r t i a l l y d e f a t t e d -
u n t o a s t e d ( P F - P D - U ) , peanut f l o u r - p a r t i a l l y d e f a t t e d - t o a s t e d 
( P F - P D - T ) , and cowpea f l o u r ( C F ) . WFR = wheat f l o u r r e f e r e n c e , 
LF = 10% legume f l o u r (peanut o r cowpea), LF + S = 10% legume 
f l o u r (peanut o r cowpea) + 3% soybean f l o u r . Reproduced w i t h 
p e r m i s s i o n from R e f . 5 . C o p y r i g h t 1982, The American Peanut 
Research and E d u c a t i o n S o c i e t y . 

F i g u r e 6 . R e p r e s e n t a t i v e b a t c h of a k a r a , a b r e a d - l i k e p r o d u c t 
made by d e e p - f a t f r y i n g cowpea p a s t e . Reproduced w i t h 
p e r m i s s i o n from R e f . 6 . C o p y r i g h t 1980, I n s t i t u t e of Food 
T e c h n o l o g i s t s . 
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2. McWATTERS Peanut and Cowpea Flours 15 

m a r k e t p l a c e and by s m a l l - s c a l e p r o c e s s o r s f o r home d e l i v e r y and 
c a t e r i n g s e r v i c e s . 

A major f o c u s of t h e p r o j e c t has been development of a p r o c e s s 
t o make cowpea meal o r f l o u r t h a t c o u l d be implemented a t t h e 
v i l l a g e l e v e l . The meal would be a r e a d y - t o - u s e c o n v e n i e n c e p r o d u c t 
t o which t h e consumer c o u l d s i m p l y add w a t e r and then proceed t o t h e 
f i n a l s t e p s of p r e p a r a t i o n . The t i m e - c o n s u m i n g and l a b o r - i n t e n s i v e 
s t e p s of s o a k i n g , d e c o r t i c a t i n g , and g r i n d i n g would be e l i m i n a t e d . 
I f a c o n v e n i e n c e p r o d u c t such as cowpea meal i s t o f i n d f a v o r w i t h 
t h e consumer, i t must produce an end p r o d u c t which i s s i m i l a r i n 
q u a l i t y t o t h a t produced by t h e t r a d i t i o n a l p r o c e s s . E s s e n t i a l t o 
a t t a i n m e n t of a l i g h t , spongy t e x t u r e i n t h e f r i e d p r o d u c t i s t h e 
f o r m a t i o n , d u r i n g t h e w h i p p i n g of cowpea p a s t e , of a foam w i t h 
a p p r o p r i a t e volume and c o n s i s t e n c y . 

Commercial cowpea f l o u r a v a i l a b l e i n N i g e r i a has not been w e l l 
r e c e i v e d by consumers because of i t s poor w a t e r a b s o r p t i o n and 
because a k a r a p r e p a r e d from t h e f l o u r i s h e a v y , l a c k s c r i s p n e s s , and 
l a c k s t h e f l a v o r t y p i c a l of p r o d u c t s made from f r e s h p a s t e ( 8 ) . 
A major d i f f e r e n c e found between t r a d i t i o n a l p a s t e and commercial 
f l o u r o b t a i n e d i n N i g e r i a was p a r t i c l e s i z e d i s t r i b u t i o n ( 9 ) . The 
f l o u r was more f i n e l y m i l l e d t h a n t r a d i t i o n a l p a s t e w i t h 47% of t h e 
f l o u r p a r t i c l e s r i d i n g a 400-mesh s c r e e n compared t o 16% a t t h e 
400-mesh s i z e f o r t h e p a s t e ( F i g u r e 7 ) . The g r e a t e s t c o n c e n t r a t i o n 
of p a s t e p a r t i c l e s (64%) was i n t h e 50-100 mesh range whereas most 
of t h e f l o u r p a r t i c l e s (68%) were c o n c e n t r a t e d i n t h e 200-400 mesh 
r a n g e . Attempts t o make a k a r a from t h e f l o u r , u s i n g i n s t r u c t i o n s 
s u p p l i e d by t h e m a n u f a c t u r e r , were u n s u c c e s s f u l because t h e b a t t e r 
was t o o l i q u i d t o d i s p e n s e and f r y p r o p e r l y . Even a f t e r r e d u c i n g 
t h e amount of w a t e r i n t h e b a t t e r , cooked p r o d u c t s were u n a t t r a c t i v e 
and u n d e s i r a b l y d r y , d e n s e , and t o u g h . These f i n d i n g s prompted 
f u r t h e r s t u d y on t h e e f f e c t s of p a r t i c l e s i z e on cowpea p a s t e 
c h a r a c t e r i s t i c s and a k a r a - m a k i n g q u a l i t y . 

Three s c r e e n s i z e s ( 2 . 0 , 1 . 0 , 0 . 5 mm) were used f o r m i l l i n g 
cowpeas and produced t h e p a r t i c l e s i z e d i s t r i b u t i o n s shown i n F i g u r e 
8 . With t h e 2 . 0 mm s c r e e n , p a r t i c l e s were c o n c e n t r a t e d (76%) i n t h e 
30-100 mesh r a n g e . With t h e 1 . 0 mm s c r e e n , most of t h e p a r t i c l e s 
(82%) were i n t h e 50-200 mesh r a n g e . E i g h t y p e r c e n t of t h e 
p a r t i c l e s were i n t h e 200-400 mesh range w i t h t h e 0 . 5 mm s c r e e n . 

In p r e p a r i n g a k a r a from each m i l l e d p r o d u c t , t o o many l a r g e 
p a r t i c l e s s t i l l remained i n t h e 2 mm m a t e r i a l t o make a smooth p a s t e . 
However, h i g h l y a c c e p t a b l e a k a r a w i t h u n i f o r m shape was produced 
from t h i s m a t e r i a l a f t e r t h e p a s t e was ground t o e l i m i n a t e t h e l a r g e 
p a r t i c l e s . W i t h t h e 0 . 5 mm s c r e e n , t h e p a s t e was v e r y f l u i d and 
e x t r e m e l y d i f f i c u l t t o d i s p e n s e , b e h a v i o r which c l o s e l y resembled 
t h a t e x h i b i t e d by t h e commercial cowpea f l o u r . A k a r a p r e p a r e d from 
t h e 0 . 5 mm m a t e r i a l was a l s o e x t r e m e l y d i s t o r t e d . Of t h e t h r e e 
s c r e e n s i z e s compared, t h e 1 . 0 mm s c r e e n produced t h e most d e s i r a b l e 
p a r t i c l e s i z e d i s t r i b u t i o n ; a l t h o u g h t h e p a s t e produced from t h e 1 . 0 
mm m a t e r i a l was somewhat more f l u i d than d e s i r e d , i t appeared t h a t 
a d j u s t m e n t s c o u l d be made i n h y d r a t i o n of t h e meal t o a c h i e v e an 
a p p r o p r i a t e b a t t e r v i s c o s i t y . 

The poor performance of f i n e l y m i l l e d cowpea f l o u r s may be due 
t o changes i n p h y s i c a l form and s t r u c t u r e which o c c u r as a r e s u l t of 
m i l l i n g . Sefa-Dedah and S t a n l e y (10) i n v e s t i g a t e d t h e r e l a t i o n s h i p 
of m i c r o s t r u c t u r e of cowpeas t o w a t e r a b s o r p t i o n and d e c o r t i c a t i o n 
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PLANT PROTEINS 
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F i g u r e 7 . P a r t i c l e s i z e d i s t r i b u t i o n of t r a d i t i o n a l l y p r o c e s s e d 
cowpea p a s t e and m e c h a n i c a l l y m i l l e d cowpea f l o u r . Reproduced 
w i t h p e r m i s s i o n from R e f . 9 . C o p y r i g h t 1 9 8 3 , American 
A s s o c i a t i o n of C e r e a l C h e m i s t s . 

Tyler Screen Size (mesh) 

F i g u r e 8 . E f f e c t of m i l l s c r e e n s i z e on p a r t i c l e s i z e 
d i s t r i b u t i o n of cowpea m e a l / f l o u r . Reproduced w i t h p e r m i s s i o n 
from R e f . 9 . C o p y r i g h t 1 9 8 3 , American A s s o c i a t i o n of C e r e a l 
C h e m i s t s . 
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2. M C W A T T E R S Peanut and Cowpea Flours 17 

p r o p e r t i e s and found t h a t w a t e r uptake of whole seeds was a 
s e q u e n t i a l p r o c e s s r e l a t e d t o t h e s e e d ' s c e l l u l a r s t r u c t u r e . When 
t h e f o r m of t h e seed becomes so a l t e r e d by a p r o c e s s such as m i l l i n g 
t h a t s t r u c t u r a l and c o m p o s i t i o n a l components a r e v a s t l y d i f f e r e n t 
from t h o s e of t h e i n t a c t s e e d , t h e n t h e c o n d i t i o n s w h i c h a l l o w f o r 
t h e s e q u e n t i a l uptake of w a t e r no l o n g e r e x i s t . 

In subsequent s t u d i e s t o d e t e r m i n e t h e most a p p r o p r i a t e w a t e r 
l e v e l f o r h y d r a t i n g cowpea meal produced from t h e 1 . 0 mm s c r e e n , 
s u f f i c i e n t w a t e r was added t o t h e meal t o a d j u s t t h e m o i s t u r e 
c o n t e n t t o 5 6 , 5 8 , o r 60% (H). P r e l i m i n a r y s t u d i e s had shown t h a t 
a 54% w a t e r l e v e l produced a b a t t e r t h a t was t o o t h i c k f o r w h i p p i n g , 
d i s p e n s i n g , and f r y i n g , and a 62% w a t e r l e v e l was t o o t h i n . 
T r a d i t i o n a l p a s t e made from soaked peas c o n t a i n s about 61% w a t e r and 
has a v i s c o s i t y v a l u e a f t e r w h i p p i n g of about 302 p o i s e . By 
c o m p a r i s o n , t h e v i s c o s i t y of p a s t e made from h y d r a t e d cowpea meal 
was 578 p o i s e a t t h e 56% w a t e r l e v e l , 441 p o i s e a t t h e 58% w a t e r 
l e v e l , and 333 p o i s e a t t h e 60% l e v e l . The 60% w a t e r l e v e l produced 
p a s t e w i t h f l o w p r o p e r t i e s and a cooked p r o d u c t w i t h p h y s i c a l 
c h a r a c t e r i s t i c s more l i k e t h e t r a d i t i o n a l p r o d u c t than t h e o t h e r 
w a t e r l e v e l s . 

S e n s o r y a t t r i b u t e s of a k a r a made from t h e 1 mm s c r e e n f l o u r 
h y d r a t e d t o a 60% m o i s t u r e c o n t e n t b e f o r e c o o k i n g were a c c e p t a b l e 
when compared t o t r a d i t i o n a l a k a r a (H). A major d i f f e r e n c e i n 
a k a r a p r e p a r e d from h y d r a t e d meal and t h a t p r e p a r e d from t r a d i t i o n a l 
p a s t e i s i n t h e f a t c o n t e n t of t h e cooked p r o d u c t . On a d r y w e i g h t 
b a s i s , t r a d i t i o n a l a k a r a c o n t a i n s about 38% f a t whereas a k a r a made 
from meal h y d r a t e d t o a 60% m o i s t u r e c o n t e n t c o n t a i n s 29% f a t . A 
f r e q u e n t comment made by s e n s o r y p a n e l i s t s i s t h a t a k a r a made from 
meal has a d r i e r t e x t u r e and m o u t h f e e l t h a n t r a d i t i o n a l a k a r a . 
S i n c e t h e m o i s t u r e c o n t e n t of t r a d i t i o n a l and m e a l - b a s e d a k a r a i s 
s i m i l a r (about 4 5 % ) , t h e p e r c e i v e d d r i e r t e x t u r e of t h e meal 
p r o d u c t s i s p r o b a b l y due t o t h e i r lower f a t c o n t e n t . 

A l t h o u g h a f r i e d cowpea p a s t e p r o d u c t such as a k a r a i s 
u n f a m i l i a r t o consumers i n t h e Western w o r l d , t h i s use f o r cowpeas 
may have a p p l i c a t i o n as a snack food o r as a b r e a d - l i k e 
accompaniment f o r f i s h o r p o u l t r y . Legumes a l r e a d y p l a y an 
i m p o r t a n t r o l e i n t h e d i e t s of t h e w o r l d ' s p o p u l a t i o n . A p p l i c a t i o n s 
i n w h i c h legumes p e r f o r m s u c c e s s f u l l y i n c r e a s e t h e p o t e n t i a l f o r 
e x t e n d i n g t h e i r usage even f u r t h e r . 
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Use of Field-Pea Flours as Protein Supplements 
in Foods 

Barbara P. Klein and Martha A. Raidl1 

Department of Foods and Nutrition, University of Illinois at Urbana-Champaign, Urbana, 
IL 61801 

Legume seeds, such as soy and other pulses, are widely 
used as protein sources in the human diet. Recent 
advances in technology suggest that protein 
concentrates and isolates made by relatively simple 
methods can be incorporated into food products. 
Flours made from field peas by wet or dry milling, or 
air classification, possess distinctive sensory, 
functional and nutritional characteristics. 
Compositional differences in the pea seeds influence 
the quality of the end products. Pea flours have been 
used for protein enrichment of a number of 
cereal-based products; however, undesirable sensory 
characteristics may limit their use, in spite of 
improved functional effects in food systems. The 
production of volatile compounds during cooking and 
baking of foods with pea supplementation affects their 
acceptability. Enzyme systems active in unheated pea 
flours may contribute to their functional properties, 
but adversely affect the sensory quality of the food. 

Legume seeds, such as soybeans (Glycine max L.), faba beans (Vicia 
faba L.), cow peas (Vigna unquiculata L.), navy beans (Phaseolus 
vulgaris L.) and f i e l d peas (Pisum sativum L.), are widely used as 
protein sources i n the human diet. In many parts of the world, 
legumes are a major contributor to both ca l o r i c and protein 
intakes. The advantages of using beans are many: they have long 
storage l i v e s , even under adverse environmental conditions; they are 
easily transported; and they require minimum equipment for 
preparation. 

Soybeans have received more attention than any of the other 
legumes or pulses. Their high protein and o i l content make them a 
valuable commodity, both from an economic and nutr i t i o n a l 
standpoint. The major uses of soybeans have been i n processed 

1 Current address: Coca-Cola Foods, P.O. Box 550, Plymouth, FL 32768. 

0097-6156/86/0312-0019$06.00/0 
© 1986 American Chemical Society 
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20 PLANT PROTEINS 

products, either as o i l or as high protein flours and concentrates. 
The functionality of soy products d i f f e r s widely depending on the 
time, temperature and moisture conditions used i n processing (1). 

Legumes other than soy are more often consumed as the whole 
bean, either cooked or ground into a flour. Consumption of legumes 
i s higher in less developed countries than i n the more 
indu s t r i a l i z e d . In India, for example, consumption of legumes and 
pulses exceeds 60 grams per capita per day (2) while i n the United 
States and the United Kingdom, i t i s only about 10 to 15 grams per 
capita per day (3). 

Fi e l d peas, both yellow and green, are grown i n Canada, the 
Northwest United States, and to a lesser extent, i n Northern 
Europe. In the United States, the primary interest i n peas has been 
i n the fresh, immature, green vegetable, which i s canned or frozen, 
rather than i n the mature dry seed. Thus, much of the genetic 
research has been directed towards improving appearance, y i e l d , 
disease resistance, canning and freezing quality, instead of 
attempting to increase protein content or quality. In the past ten 
years, advances i n processing technology have made i t possible to 
produce pea protein concentrates by some of the same methods used 
for soy proteins, and more importantly, by r e l a t i v e l y simple methods 
such as a i r c l a s s i f i c a t i o n . 

V a r i a b i l i t y i n Composition of F i e l d Peas 

The composition of the f i e l d pea depends not only on the species, 
but also on the c u l t i v a r that i s being processed (4,5). Variations 
exist among cultivars (e.g., Trapper, Century) i n protein, f a t , 
carbohydrate (crude fiber and starch), and ash contents, as shown i n 
Table I. Tyler and Panchuk (6) noted that the composition of f i e l d 
peas at different stages of maturity also affected the composition 
of the products, and th i s could ultimately influence their 
functionality i n foods. 

Table I. Proximate Composition of Peas (g/100 g) 

Protein Fat Total Carbohydrate Ash 

Dry seeds (J) 24.1 1.3 60.3 2.6 

Starch Fiber 
Trapper cv. (8) 14.5 4.1 59.8 4.3 3.3 

18.3 3.7 56.7 3.7 3.0 
24.2 3.3 53.8 3.5 2.7 
28.5 3.0 49.7 3.1 2.8 

Century cv. (4) 23.3 1.2 54 7.6 2.5 

Protein Components of Field Pea Flour 

The reported protein content of f i e l d peas ranges from 13.3 to 39.7% 
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3. K L E I N A N D R A I D L Field-Pea Flours as Protein Supplements 21 

and i s influenced by genetic and environmental factors (8-13). 
Analysis of 1452 varieties of f i e l d peas (Pisum sativum) showed that 
the protein varied from 15.5 to 39.7% (10), and even genetically 
identical pea plants grown the same year on the same f i e l d produced 
seeds whose protein content ranged from 19.3 to 25.2% (11). More 
than 75% of a l l f i e l d peas grown are of the Trapper variety and 
their protein content can range from 13.3 to 27.1% (8). Watt and 
M e r r i l l (7) indicate that the protein content of mature dry peas i s 
24.1%, but Reichert and Mackenzie (8) found that only 14% of their 
198 f i e l d pea samples had protein levels greater than or equal to 
t h i s value (see Table I ) . 

Environmental factors which affect protein content of f i e l d 
peas include nitrogen f e r t i l i z e r (14), maturation (15), s o i l Ρ and Κ 
content (16), and temperature (17). The protein corrEent of f i e l d 
peas i s important since i t ultimately affects the amount of protein 
in f i e l d pea concentrates or isolates (18). 

Protein content of dehulled Trapper f i e l d peas i s negatively 
correlated with the amino acids threonine, cystine, glycine, 
alanine, methionine, and lysine and positively correlated with 
glutamic acid and arginine (8). Holt and Sosulski (19) obtained 
similar correlations with Century f i e l d peas for a l l amino acids 
except glutamic acid. Other investigators (20) also found that 
sulfur amino acids (cys, met) are negatively correlated with protein 
content. 

The main storage proteins i n f i e l d peas are two globulins 
(Table I I ) , v i c i l i n and legumin, which are similar to the 7S and US 

Table I I . Proteins i n Peas and Soybeans (g/100 g) (21) 

Albumins 3 Globulins* 3 G l u t e l i n 0 

Peas 21 66 12 

Soy 10 90 0 

^Soluble i n water. 
bSoluble i n s a l t solution. 
cSoluble i n dilute acid or base. 

fraction of soy protein (12). However, legumin appears to have a 
more compact structure than the US soybean fraction, and v i c i l i n , 
although comparable to the 7S fraction, i s thought to be two 
proteins. V i c i l i n has a molecular weight of 186,000; legumin i s 
approximately 331,000. These proteins do not participate to the 
same degree as soy proteins i n association-dissociation reactions 
when there i s a change i n ionic strength (21). The two pea 
globulins d i f f e r i n their properties: for example, v i c i l i n i s 
soluble at pH 4.7, legumin i s not; legumin i s not heat-coagulable, 
but v i c i l i n i s . The globulins i n peas appear similar to those i n 
other legumes as well as i n soybeans. 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

00
3



22 P L A N T P R O T E I N S 

The protein efficiency r a t i o (PER) of f i e l d pea flours i s 
considerably less than that of casein (1.46 vs. 2.50), and somewhat 
less than that of soy flour (1.81). However, composites of wheat 
flour and pea or r i c e and pea (50% of the protein from each source) 
had PER1s of 2 or more (22). Thus, supplementation of cereals with 
pea flour results i n improvement of protein quality. 

Starch Components of Field Pea Flour 

Starch content of f i e l d peas (Pisum sativum L., cv. Trapper) ranges 
from 43.7 to 48% and, after being subjected to pin m i l l i n g and a i r 
c l a s s i f i c a t i o n , produces a flour containing 78% starch (9,12,13). 

The predominant polysaccharide i n dehulled f i e l d pea flour i s 
starch (49.7-59.8%) and the major soluble sugars are a-galactosides 
(4.78%) and sucrose (1.85-2.2%) (8,23,24). Verbascose i s the major 
α-galactoside present in f i e l d pea flour (23,24). The a-galactosides 
are the main contributors to the flatulence caused by ingestion of 
legume flours. 

Pea starch granules are oval, sometimes fissured, with a 
diameter of 20-40 ym (13). Molecular and structural characteristics 
of the two main components of f i e l d pea starch—amylose and 
amylopectin—are important i n determining functional properties 
(25,26). Smooth f i e l d pea starch concentrate contains 97.2% starch 
of which 30.3-37.8% i s amylose (9,23,25-27), and wrinkled pea starch 
concentrate contains 94.8% starch, which i s 64% amylose (26). The 
gelatinization temperature of smooth pea starch i s between 64 to 69 
C., and that of wrinkled pea starch i s greater than 99 C to 115 C. 
Gelatinization temperature depends on maturity of f i e l d pea seed and 
amylose content (26,27). 

Processing Methods for Pea Flours 

The f i e l d pea seed i s f i r s t cleaned, usually dehulled, and ground to 
a flour prior to being separated into starch and protein fractions 
(4). The flour i s pale yellow or green, depending on the c u l t i v a r . 
The separation of f i e l d pea flour into protein and starch 
concentrates i s achieved using either a wet or dry m i l l i n g process. 
The wet processing of f i e l d peas produces a r e l a t i v e l y pure protein 
concentrate or isolate composed of approximately 60% protein and a 
starch fraction containing about 2% protein (22). Unfortunately 
this process requires evaporation of large amounts of water, making 
i t expensive and technologically complex (4). 

Dry processing of f i e l d peas uses pin m i l l i n g and a i r 
c l a s s i f i c a t i o n techniques (4,23). Whole or dehulled f i e l d pea seeds 
are pin milled to y i e l d flours with a s p e c i f i c p a r t i c l e size which 
can be further separated into protein and starch fractions using an 
a i r c l a s s i f i e r (9). In t h i s system, using an Alpine Air C l a s s i f i e r 
for example, a s p i r a l flow of a i r i s used to separate the jagged and 
" l i g h t " protein particles from the smooth, round and "heavy" starch 
granules, respectively, into fine and coarse fractions (4,18). The 
starch fraction i s then washed, centrifuged, and defibered to y i e l d 
a pure starch concentrate (9). Many investigators have found a i r 
c l a s s i f i c a t i o n effective i n separating starch and protein-rich 
fractions i n other starchy grain legumes as well as i n f i e l d peas 
(4,18,23,28-30). 
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3. K L E I N A N D R A I D L Field-Pea Flours as Protein Supplements 23 

The composition of protein and starch fractions produced from 
pin m i l l i n g and a i r c l a s s i f i c a t i o n are related to a number of 
variables: v a r i a b i l i t y i n composition of f i e l d pea c u l t i v a r s , 
number of passes through pin m i l l and a i r c l a s s i f i e r , vane settings 
and protein content of peas, and seed moisture (5,9,23,31). 

Protein content of f i e l d peas i s negatively correlated with 
l i p i d , c e l l wall material (CWM), sugar, and ash content and 
positively correlated with starch separation efficiency and protein 
separation efficiency i n a i r c l a s s i f i c a t i o n of pea f l o u r . The lower 
separation efficiency of low protein peas may be due to their high 
l i p i d and CWM content which makes disintegration of seeds and 
separation into protein and starch particles by pin m i l l i n g 
d i f f i c u l t . It i s suggested that peas with a sp e c i f i c protein 
content should be used i n order to control the protein and starch 
fraction contents (18). 

As seed moisture i n f i e l d peas decreases, there i s a decrease 
in starch fraction y i e l d , protein content of starch fraction, 
protein content of protein fraction, and percent starch separation 
efficiency, and a concurrent increase in protein fraction y i e l d , 
percent starch i n starch fraction, percent starch i n protein 
fraction, percent protein separation efficiency, and percent neutral 
detergent fiber in the protein fraction. Lower moisture content of 
f i e l d peas improves mi l l i n g efficiency and results in more complete 
separation of protein and starch fractions, which could explain the 
increase i n protein fraction yield and percent starch i n starch 
fraction, improved protein separation efficiency and less protein i n 
the starch fraction. The decrease i n starch separation efficiency 
was probably due to the increased starch content of protein fraction 
and increased protein fraction yield with lower seed moisture. 
Finer grinding of CWM may explain the increase i n NDF in protein 
fractions (32). 

Pea Protein Concentrates and Isolates 

Isoelectric precipitation and u l t r a f i l t r a t i o n procedures have been 
used to produce protein isolates from f i e l d peas (13). Sumner et 
a l . (33) used an alkaline extraction method to produce pea protein 
isolate either as sodium proteinate or as an i s o e l e c t r i c product 
which was then dried using either a spray, drum, or freeze drying 
method. The i s o e l e c t r i c process and u l t r a f i l t r a t i o n process 
produced f i e l d pea protein isolates which contained 91.9% and 89.5% 
protein, respectively (13). The spray, freeze, and drum drying 
processes produced sodium proteinate isolates which contained 85.8, 
83.0, and 83.2% protein, respectively, while their i s o e l e c t r i c 
counterparts contained 88.5, 90.0, and 85.9% protein (33). The 
resulting pea protein isolate i s a cream to beige color and tastes 
f a i r l y bland (13). The color depends on the method used to dry the 
isolates. Spray-dried isolates are the l i g h t e s t , while freeze-dried 
and drum-dried are the darkest. Oxidation of polyphenols causes the 
darkening of freeze-dried products while the Maillard reaction from 
heat processing creates a darker product i n drum-dried isolates (33). 

Carbohydrate Content. Protein fractions were found to contain AO to 
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24 PLANT PROTEINS 

90% higher levels of α-galactosides when compared to the 
corresponding f i e l d pea flours. Thus, the protein fraction 
contained high levels of verbascose and stachyose and the major 
galactosides remained with the protein fraction during a i r 
c l a s s i f i c a t i o n (24). 

Amino Acid Content. Amino acid content of f i e l d pea products i s 
related to protein l e v e l , method of processing, and fraction (starch 
or protein). The protein fraction contains fewer acidic (glu, asp) 
amino acids than the starch fraction and more basic ( l y s , h i s , arg) 
amino acids than the starch fraction. Also, there are more aromatic 
(tyr, phe) amino acids, leu, i s o , ser, v a l , and pro i n the protein 
fraction than i n the starch fraction (5). An amino acid p r o f i l e of 
pea protein concentrate shows r e l a t i v e l y high lysine content (7.77 g 
aa/16 g Ν) but low sulfur amino acids (methionine and cystine) 
(1.08-2.A g aa/16 g Ν). Therefore, i t i s recommended that a i r 
c l a s s i f i c a t i o n or u l t r a f i l t r a t i o n be used because acid precipitation 
results in a whey fraction which contains high levels of sulfur 
amino acids (12,23). Also, drum drying sodium proteinates decreases 
lysine content due to the Maillard reaction (33). 

Nitrogen S o l u b i l i t y Index. Nitrogen s o l u b i l i t y index (NSI) 
indicates the extent of denaturation of a protein and correlates 
well with the functional characteristics of protein ingredients. 
NSI values are influenced by a number of factors, such as pH, 
temperature, p a r t i c l e size of product, process used for protein 
i s o l a t i o n , and protein content (34). 

Pea protein isolate produced at pH 3 and 7 using 
u l t r a f i l t r a t i o n exhibited 81% nitrogen s o l u b i l i t y and only 66% 
s o l u b i l i t y when the i s o e l e c t r i c precipitation method was used (13). 
Sodium proteinate isolates subjected to freeze, spray or drum drying 
processes had lower nitrogen s o l u b i l i t y than the corresponding 
i s o e l e c t r i c protein isolates (33). The percent nitrogen s o l u b i l i t y 
of the isolates varied from 0 to 100% over a pH range of 3-10. The 
lowest nitrogen s o l u b i l i t y values occurred at pH 4.5 (the 
i s o e l e c t r i c point) for a l l products. The low NSI values for drum 
dried sodium proteinate over this pH range were probably due to 
protein denaturation during processing. Higher NSI values occurred 
in the r e l a t i v e l y undenatured spray- and freeze-dried pea protein 
isolates (33). 

Nitrogen s o l u b i l i t y index i s inversely related to protein 
l e v e l , i . e . , as the protein level increases, NSI decreases (8). 
Another factor related to s o l u b i l i t y of seed nitrogen i n a flour and 
d i s t i l l e d water suspension i s the concentration of water-soluble 
naturally occurring s a l t s , since salt-soluble globulins are the 
major proteins found i n peas (21). Also, differences i n pea mineral 
content may play a role in NSI. 

Water Absorption. Water absorption of pea protein isolates depends 
on pH and processing method used to produce the i s o l a t e . Isoelectric 
pea protein isolate absorbed 2.7 to 2.8 times i t s weight of water at 
pH 7 while UF pea protein isolate absorbed 3.3 times i t s weight of 
water at pH 2.5 and twice i t s weight i n water at pH 8.5 (13). These 
low water absorption values may be due to the high nitrogen 
s o l u b i l i t i e s of these proteins (35). 
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3. KLEIN A N D RAIDL Field-Pea Flours as Protein Supplements 

Use of Field Pea Products i n Cereal-Based Products 

25 

Although there are some references to the incorporation of pea 
flours or concentrates in meat systems (12,22^6), the primary use 
of f i e l d pea flours or concentrates has been i n baked products or 
pastas. Most of the studies conducted on baked products have been 
with pea flour that has had l i t t l e or no heat treatment. Thus, the 
flour can be considered enzyme-active. As a storage organ for the 
plant, the intact pea seed contains a complex assortment of enzymes, 
including amylases, proteases, lipases and lipoxygenases, as well as 
a variety of oxidative enzymes necessary for seed metabolism and 
germination. The function of the enzymes from the physiological 
standpoint i n the plant i s very different from their effects i n a 
food system. Peas contain very low levels of a n t i - n u t r i t i o n a l 
factors, namely trypsin i n h i b i t o r and hemagglutinins, when compared 
with soy (37). Thus, heating of pea flours i s not essential to 
inactivate these compounds. 

Field Pea Flours in Pasta. Incorporation of non-wheat flours into 
noodles improves the protein content and quality, but may have an 
adverse effect on the flavor and texture of the pasta. Hannigan 
(38) reported that 10% substitution of wheat flour with pea or soy 
flour resulted in satisfactory quality of Japanese Udon noodles. 
When the pea flour was heated, the flavor was considerably 
improved. Cooked yellow pea f l o u r - f o r t i f i e d noodles were comparable 
to the control with respect to sensory characteristics and y i e l d . 

Nielsen et a l . (39) used pea flour and pea protein concentrate, 
both cooked and raw, in noodles and spaghetti. The pasta was made 
from composite flours prepared by blending 33% pea flour with 67% 
wheat flour or 20% pea concentrate with 80% wheat flour. Protein 
content of the f o r t i f i e d noodles was approximately one-third higher 
than the wheat flour noodles. Addition of pea flour reduced the 
cooking time, but resulted i n a softer product and lower y i e l d than 
the wheat pastas. Precooking the pea flour improved flavor and 
decreased noodle dough stickiness, but the texture and y i e l d of the 
cooked pasta was s t i l l less than that of wheat products. 

Field Pea Flours in Bread Products. Legume flours, p a r t i c u l a r l y 
soy, have long been incorporated into wheat-based products, both for 
their functional effects and for protein f o r t i f i c a t i o n . In general, 
increasing the levels of legume flours results i n decreased loaf 
volume, lower crumb grain quality, and adverse flavor 
characteristics i n the baked bread (Table I I I ) . 

Results have varied with respect to the amount of f i e l d pea 
flour that can be incorporated into a yeast bread before an 
unacceptable product i s produced. Tripathi and Daté (40) made 
breads containing 5, 10 and 15% f i e l d pea flour and found breads 
made with more than 5% pea flour were not acceptable. Loaf volume 
decreased as the percent substitution increased. At the 5% l e v e l , 
color, flavor and taste of the breads were rated as excellent, but 
at the 10 and 15% levels, there was a b i t t e r taste. 

Fleming and Sosulski (45) found that the incorporation of f i e l d 
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26 PLANT PROTEINS 

pea concentrates into yeast breads at levels from 5 to 25% increased 
the protein content from 10.2% for the wheat control to 16.8% at the 
highest substitution l e v e l . However, sp e c i f i c volume of the loaf 

Table I I I . Baked Products Made with F i e l d Pea 

Product Levels of Substitution Quality 

Yeast bread (40) 5, 10, 15% pea flour Decreased volume 
Acceptable sensory quality 

at 5% 
Bi t t e r taste at 10 and 15% 

Yeast bread (37) 5-20% raw or cooked 
pea flour 

Decreased volume 
Bleaching effect with raw 

pea flour 
Lower acceptability above 

15% 

Yeast bread (41) 8 and 15% concentrate Decreased volume 
Lower acceptability at 15% 

Yeast bread (42) 2.5-10% pea flour No volume change 
Acceptable, beany at 10% 

Quick bread (43) 5-15% pea flour No volume change 
Beany flavor at 10% 

Biscuits (44) 8% pea flour Aroma and flavor decreased 
Doughy texture 

decreased sharply (from 6.04 to 3.56 cc/g) and crumb grain and loaf 
shape scores were steadily and s i g n i f i c a n t l y decreased with each 5% 
increment i n soy flour. They observed similar results with other 
plant protein concentrates. The addition of dough conditioners such 
as sodium stearoyl lactylate improved the volumes and crumb grain 
ratings of the breads. Sosulski and Fleming (41) also reported that 
addition of 8 or 15% f i e l d pea flour plus 2% vTFal gluten resulted 
i n breads that were generally acceptable, p a r t i c u l a r l y at the lower 
le v e l of substitution. 

Jeffers et a l . (32) used 5, 10, 15 and 20% substitutions of raw 
and cooked pea flour i n wheat bread. Different levels of ΚΒΓΟ3 
were incorporated i n the doughs. Mixing times were decreased 
s i g n i f i c a n t l y when pea flour was used. Mixing tolerance increased 
at 5 and 10% leve l s , but was less at 15 and 20% levels with the raw 
pea flour; cooked pea flour did not improve mixing tolerance. Loaf 
volumes decreased with increasing levels of pea fl o u r , as did crumb 
grain scores. However, at the 15% substitution l e v e l s , the breads 
were nearly standard. 

Repetsky and Klein (42) found that pea flour s i g n i f i c a n t l y 
affected the texture, color and flavor of yeast breads. At 
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3. KLEIN A N D RAIDL Field-Pea Flours as Protein Supplements 27 

substitution levels ranging from 2.5 to 10%, loaf volume and 
spec i f i c volume of the breads were not s i g n i f i c a n t l y different from 
the wheat flour control. But trained taste panelists detected a 
beany off-flavor i n breads with 10% pea flo u r , and the color scores 
were lower than for the control. 

The baking studies with yeast breads indicate that levels of 
substitution of up to 15% pea flour or concentrate for wheat flour 
result i n breads that are generally acceptable, but are readily 
distinguishable from, and less preferred to, wheat controls. 
Although the use of a cooked or heated pea flour or concentrate 
improves flavor, the functionality of the product i n bread i s 
adversely affected. 

Field Pea Flour i n Other Baked Products. When McWatters (44) 
substituted 8% f i e l d pea flour and 4.6% f i e l d pea concentrate for 
milk protein (6%) i n baking powder bi s c u i t s , sensory attributes, 
crumb color, and density of the resulting biscuits were adversely 
affected. No modifications were made i n recipe formulation when pea 
products were incorporated. The doughs were s l i g h t l y less sticky 
than control biscuits that contained whole milk. This might be due 
to lack of lactose or to the different water absorption properties 
of pea protein or starch. Panelists described the aroma and flavor 
of these biscuits as harsh, beany and strong. Steam heating the 
f i e l d pea flour improved the sensory evaluation scores, but they 
were never equivalent to those for the controls. 

Raidl and Klein (43) substituted 5, 10, and 15% f i e l d pea flour 
in chemically leavened quick bread. The viscosity of the pea flour 
batters was s i g n i f i c a n t l y lower than either the wheat control or soy 
containing batters. The starch composition of the pea flour and 
lower water absorption properties of the protein could have affected 
the vis c o s i t y . Volumes of pea flour loaves were lower than the 
control and soy loaves. Most of the sensory characteristics of the 
f i e l d pea loaves were similar to those of the control quick breads. 
However, a l l flavor scores were s i g n i f i c a n t l y lower for pea flour 
products, since they had a recognizably beany or o f f - f l a v o r . 

Enzymatic Action i n Pea Flour 

Flavor i s one of the major characteristics that r e s t r i c t s the use of 
legume flours and proteins i n foods. Processing of soybeans, peas 
and other legumes often results i n a wide variety of v o l a t i l e 
compounds that contribute flavor notes, such as grassy, beany and 
rancid flavors. Many of the objectionable flavors come from 
oxidative deterioration of the unsaturated l i p i d s . The lipoxygenase-
catalyzed conversion of unsaturated fatty acids to hydroperoxides, 
followed by their degradation to v o l a t i l e and non-volatile 
compounds, has been i d e n t i f i e d as one of the important sources of 
flavor and aroma components of f r u i t s and vegetables. An enzyme-
active system, such as raw pea flour, may have most of the necessary 
enzymes to produce short chain carbonyl compounds. 

Lipoxygenase (linoleate:oxygen oxidoreductase) catalyzes the 
hydroperoxidation of fatty acids containing a methylene-interrupted 
conjugated diene system. The degradation of the hydroperoxides 
results i n the formation of numerous secondary products (46-48). 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

00
3



28 PLANT PROTEINS 

The coupled oxidation of carotenoids during lipoxygenase reactions 
has been exploited i n the baking industry for many years. Enzyme-
active soy flour has been used i n breadmaking since the early 
1930fs, when Haas and Bonn patented a process for preparing a soy 
flour for use i n bleaching and dough improvement (49). Carotene 
oxidation i s a secondary reaction associated with lipoxygenase (48), 
and the bleaching action occurs readily i n a flour-water system. 

Oxidative improvement of dough that contains enzyme-active 
flours i s recognized i n the bakery industry. Small quantities (less 
than 1% of flour weight) of enzyme-active flours result in changes 
in dough development p r o f i l e s : higher relaxation times indicating 
greater dough strength, and delayed peak development providing 
greater tolerance to overmixing. These changes require oxygen and 
are related to the release of bound l i p i d s through a lipoxygenase-
coupled oxidation of the l i p i d s . The oxidation of gluten occurs 
simultaneously, an effect which may also be attributable to 
lipoxygenase-generated products (1,50). 

Unheated pea flours are also effective in bleaching and 
improvement of doughs (37,51). Mixing times are shorter with 
pea-wheat flour combinations, and mixing tolerance i s increased. 
The levels of pea flour that are most effective for dough 
improvement are usually less than 5%, and 0.75 to 3% has been 
recommended. At higher le v e l s , undesirable dough behavior occurs, 
as well as flavor deterioration. 

Flavor Generation i n Pea Products 

The v o l a t i l e constituents of raw peas have been studied with respect 
to the development of desirable and undesirable flavors i n the 
processed fresh product. Numerous substances have been id e n t i f i e d 
(52-54), such as ethanal, propanal, 2-trans-butenal, 
2-trans-pentenal, 2-trans-hexenal, heptadienal, nonadienal, 
3,5-octadecadiene-2-one, hexanal, pentanol, hexanol, pentanal, 
nonanal, octanal, and heptanal. 

The spe c i f i c compounds that are responsible for the "pea" 
flavor have not been i d e n t i f i e d . Bengtsson and Bosund (52) 
suggested that acetaldehyde, hexanal and ethanol were important, 
while Murray et a l . (53) isolated three methoxypyrazines that have 
very low taste or recognition thresholds and might, therefore, be of 
major significance in pea flavor. 

In baked products, v o l a t i l e carbonyl compounds have been 
iden t i f i e d as important flavor and aroma constituents (55,56). 
Sosulski and Mahmoud (57) determined the composition of the major 
v o l a t i l e carbonyls in protein supplements, fermented doughs, and in 
breads made from protein supplemented flours. These flours included 
f i e l d pea-fortified wheat flour. Some of the v o l a t i l e s produced in 
the yeast breads are shown in Table IV. Several of the compounds 
associated with pea flavor are also present i n the breads; their 
concentration i s higher in soy and pea-containing breads than in 
unfortified wheat breads. This suggests that when unheated legume 
flours are used as a supplement i n doughs, the resulting flavor and 
aroma characteristics could be a result of enzymatic a c t i v i t y , 
p a r t i c u l a r l y lipoxygenase. 
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3. KLEIN A N D RAIDL Field-Pea Flours as Protein Supplements 29 

Table IV. Carbonyl Compounds in Yeast Bread 
(mg/100 g dry weight) (57) 

Wheat Soy a F i e l d Pea a 

Ethanal 166 325 457 
Propanal 25 56 37 
2-Propanone 982 1332 1155 
Butanal 25 38 37 
2-Butanone 306 358 300 
2-Methyl Butanal 107 840 616 
Unknown 47 151 599 
Hexanal 139 1096 520 
Furfural + HMF 600 1470 1730 

aWheat flour/protein supplement/vital gluten = 83:15:2 

Summary 

The f o r t i f i c a t i o n of cereal-based products with f i e l d pea flours or 
protein concentrates results in an increase in both quantity and 
quality of protein in the food. However, the use of pea flours i s 
limited by some of the less desirable effects. At low levels of 
f o r t i f i c a t i o n (0.75-1%), unheated pea flour i s an effective dough 
improver, improving mixing time and tolerance, and providing 
bleaching action through lipoxygenase a c t i v i t y . At s l i g h t l y higher 
levels, 3 to 6%, i t can be used as a non-fat dry milk replacer, 
although this may require some additives such as v i t a l gluten or 
potassium bromate. At levels above 8%, changes i n crumb quality 
appear, and at levels of 15% and more, where the protein 
supplementation effect i s s i g n i f i c a n t , volume, flavor, aroma and 
overall acceptability are altered. Heating pea flour or 
concentrates improves flavor characteristics, but the heated product 
may not retain the desirable functional properties. Therefore, 
although f i e l d pea flours and protein concentrates have some 
technological and economic advantages, their potential use i n food 
products w i l l be limited u n t i l the functionality and flavor problems 
can be resolved. 
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4 
Applications of Vegetable Food Proteins 
in Traditional Foods 

E. W. Lusas and K. C. Rhee 

Food Protein Research and Development Center, Texas A & M University, College Station, 
TX 77843 

On a world wide basis, man obtains approx
imately 70% of his daily protein intake from 
plant sources and 30% from animal and fish 
sources. These figures are 50 and 50%, re
spectively, for the developed nations, and 83 
and 17% for the developing countries. Oilseeds 
and pulses (dry beans, lentils and peas) are 
concentrated sources of proteins, and are 
expected to play increasingly important roles 
in human nutrition as world population grows. 

Whole oilseeds and legumes and their 
derivatives (defatted flours, and protein 
concentrates and isolates) are used in 
traditional foods as sources of protein and 
for their texture-modifying functions. This 
article reviews, on a comparative basis, 
processes for preparation of vegetable food 
proteins, compositions and characteristics 
of the resulting food ingredients, and their 
functionalities and uses in traditional foods. 

The pulses and certain oilseeds (soy, peanuts, sunflower seed, 
sesame, and glandless cottonseed) were f i r s t accepted by man for 
their storage s t a b i l i t y , high nutrition-to-weight r a t i o , and attrac
tiveness of the foods that can be made from them. 

Much of the current interest i n uses of derived oilseed proteins 
in compounded foods stems from projects i n the mid-1960,s to a l l e 
viate massive world hunger. Perhaps the best known of these was the 
development of Incaparina at the Institute for Nutrition of Central 
America and Panama, i n Guatemala by Bressani and coworkers (1). 
However, many other vegetable protein-enriched mass feeding foods 
also have been developed, and have been reviewed {2, 3). 

In developing low cost mass feeding foods, attempts were made to 
use l o c a l l y available oilseed cakes and meals whenever possible. In 
time, interest turned to the extraction of high protein content 

0097-6156/ 86/ 0312-0032$06.00/ 0 
© 1986 American Chemical Society 
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4. LUS AS A N D RHEE Vegetable Food Proteins in Traditional Foods 33 

ingredients from other processing residues and nontraditional crops. 
Prejudices once existed against pulses and certain oilseeds as foods 
of the poorest of the poor. However, with world-wide interest i n 
physical fitness and dietary f i b e r , and concerns about possible r e l a 
tions between animal protein comsumption and atherosclerosis (£, _5), 
interest i n food uses of vegetable food proteins i s increasing. 

Each ingredient i n a compounded food i s selected for a specific 
purpose. Even the less costly, low protein, ingredients play impor
tant roles as sources of t o t a l solids. For example, the Recommended 
Daily Allowance (RDA) of 65 g protein i s the equivalent of 260 calo
r i e s . In a 2600 calorie d i e t , this amount of protein can be diluted 
among a t o t a l c a loric intake ten times greater. In addition to 
serving the function for which i t was selected, each ingredient must 
not interfere undesireably with the functions of other ingredients 
also present. 

PROCESSING 

In i t s common use, the term "vegetable food protein" usually means a 
processed or derived oilseed ingredient, l i k e defatted flour and the 
higher protein content concentrate and isolate forms. Almost every 
defatted, dehulled oilseed flour contains over 50% protein (dry 
weight basis). The terminology of soybean food proteins has essen
t i a l l y been adopted for other oilseeds: "protein concentrate" t y p i 
c a l l y means a product containing over 70% protein (dry weight basis), 
and a "protein i s o l a t e " contains over 90% protein. For a i r - c l a s s i 
f i e d ingredients, "concentrate" refers to fractions that contain more 
protein than the or i g i n a l seed. Since f u l l - f a t or defatted flours, 
l i k e those of soy, can impart undesireable flavors, the more puri f i e d 
food proteins ingredients l i k e concentrates and isolates are prefer
red for certain applications. 

F u l l - f a t Products 

A flowsheet for preparation of glandless cottonseed f u l l - f a t kernels 
and subsequent processing of defatted flours and concentrates and 
isolates i s shown i n Figure 1. This scheme, with specialized adapt
ations depending upon oilseed species, i s ty p i c a l for processing of 
a l l oilseeds. 

F u l l - f a t g r i t s simply consist of whole and broken kernels that 
have been size-reduced by passing through cutting r o l l s or a hammer 
m i l l , and c l a s s i f i e d by sieving. Flakes are made by conditioning 
whole kernels or g r i t s with moisture and heat to assist their p l a s t i -
c i z a t i o n , and then passing through narrowly-set smooth r o l l s to 
achieve the desired thickness. The advantage of g r i t s and flakes i s 
that flowable ingredients can s t i l l be had, even from high o i l 
content seeds. 

Typically, f u l l - f a t flours are made by hammer m i l l i n g the seed 
to pass through 80-mesh or smaller size screens. However, grinding 
of oilseeds containing over 25% o i l results i n sticky flours. Thus, 
partially-defatted peanut and sunflower seed flours are made by f i r s t 
screw pressing the seed to reduce the o i l to 6-18% fat content. 

I t i s common practice to s t a b i l i z e f u l l - f a t products by pre
heating the seed, or by extrusion as i n the case of f u l l - f a t soybean 
flour (6). Heat treatment deactivates lipases and lipoxygenases 
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Figure 1. General flow chart for production of glandless cottonseed 
food ingredients. 
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4. LUSAS AND RHEE Vegetable Food Proteins in Traditional Foods 35 

which catalyze development of free fatty acids and off flavors, 
respectively, i n addition to deactivating a n t i n u t r i t i o n a l factors 
such as trypsin i n h i b i t o r s , hemagglutinins and other l e c t i n s . A 
limited amount of enzyme-active f u l l - f a t soybean flour i s sold for 
bleaching and conditioning of wheat flour and bakery products (7). 

High o i l content seeds form pastes upon grinding, the best known 
example being peanut butter, which accounts for approximately 55% of 
domestic uses of peanuts. By law, peanut butter consists of a 
minimum of 90% peanuts, with the remainder being emulsifiers and/or 
hydrogenated fats to prevent o i l i n g - o f f during storage, and s a l t , 
sweeteners and flavorings. I t i s ty p i c a l to blanch (remove the 
pink/red skin or "testa") , roast, s p l i t , and remove the germ to 
reduce b i t t e r flavor from peanut kernels before grinding into peanut 
butter. 

Defatted Flours 

Defatted flours are made by extracting cleaned, dehulled oilseed 
kernels i n o i l m i l l s that are sanitary i n design and operation for 
production of food-quality ingredients. When kernels contain less 
than 35% o i l (li k e soybeans and glandless cottonseed) , the seed may 
be conditioned, flaked and extracted d i r e c t l y with food grade commer
c i a l hexane. Flakes of high o i l content kernels (peanuts and sun
flower seed) w i l l not remain intact during solvent extraction. I t i s 
typ i c a l to prepress these seeds to an o i l content of approximately 
16% and then solvent extract the broken or reflaked press cake. 
After countercurrent extraction, the hexane i s drained and the meal 
desolventized and toasted by heat. The extent of toasting greatly 
affects protein s o l u b i l i t y of the meal, and a range of soy flours 
with protein d i s p e r s i b i l i t y indexes (PDI's) from 90 to 20% i s a v a i l 
able. 

Defatted dehulled meals are converted into flours by ginding to 
pass though a 100 mesh screen. In producing sunflower f l o u r , 95% 
removal of hulls (grey and white striped) from confectionery varie
t i e s , and 97% removal of hulls from oil-type (black hull) varieties 
i s necessary to avoid noticeable grayness i n the flour. Extraction 
also has the effect of concentrating the rela t i v e percentages of 
components remaining i n the meal. Upon extraction, gossypol content 
i n glandless cottonseed flour and chlorogenic acid content i n sun
flower seed flour can be increased by nearly 50 and 100%, respec
t i v e l y , from the o r i g i n a l contents i n kernels because these compounds 
are not soluble i n hexane and stay with the meal. 

Concentrates 

Concentrates are made by extracting water-soluble sugars and other 
compounds from defatted meals or flours. This i s t y p i c a l l y a secon
dary extraction, using acidic ethanol-water i n a chain-type or 
basket-type continuous extractor for processing flakes, or acidic 
water extraction of flour i n vats, followed by spray-drying (8). 
Acidic polar solvents are used at or near the i s o e l e c t r i c point of 
the protein to minimize i t s s o l u b i l i t y and loss. The reextracted 
flakes may then be ground into a flo u r . Concentrates are more bland 
than defatted flours, but s t i l l contain the fiber components of the 
kernel. After extraction with acidic ethanol or water, concentrates 
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36 PLANT PROTEINS 

may be neutralized to pH 6-7 to improve th e i r s o l u b i l i t y and function
a l i t y . 

Isolates 

Isolates t y p i c a l l y are made by solublizing protein from defatted 
flakes with a l k a l i , removing the insoluble components by decanter or 
desludging centrifuge, precipitating the protein at i t s i s o e l e c t r i c 
pH, concentrating the precipitate by centrifugation, and spray-drying 
the precipitate fraction. In some instances, pH of the acid p r e c i p i 
tate i s adjusted to near neutrality with sodium hydroxide to produce 
a "proteinate". Cottonseed protein i s unique i n having two frac
tions, "storage protein" and "nonstorage protein", that can be 
readily fractionated by precipitation at selected pH's (9) 

Aqueous Extraction 

One of the e a r l i e s t methods of o i l extraction practiced by man was to 
mix f i n e l y ground dehulled seed i n hot water and skim off the layer 
of o i l which separated and rose to the surface of the vat. This 
process has been modernized by using mechanical grinders, stainless 
steel extraction tanks, 3-phase centrifuges and spray dryers, and i s 
called "aqueous extraction processing" (AEP). In th i s procedure, the 
o i l i s removed as an emulsion which i s l a t e r broken by various means. 
The protein remaining i n the l i q u i d may then be recovered and spray 
dried as protein concentrates or isolates. To date, the following 
oilseeds have been extracted experimentally by AEP: soybeans (10) , 
glandless cottonseed (11), peanuts (12), sunflower seed (13), sesame 
(14), lupine (15), and coconuts U 6 ). At the current state of the 
art, minimum achievable residual o i l contents i n AEP concentrates 
are: soybeans, 4-6%; glandless cottonseed, 6-8%; sunflower seed, 
4-6%; peanuts 1-2%; and sesame 2-3%. However, the residual o i l s i n 
AEP flours, concentrates and isolates are remarkably stable. 

Industrial Membrane Processing 

A variety of processing options i s possible through i n d u s t r i a l 
membrane processing (IMP). U l t r a f i l t r a t i o n (UF) membranes of 20,000 
molecular weight (MW) cutoff allow holding back of proteins (as 
retentate), while the sugars and water-soluble compounds pass through 
(as permeate). The permeate can then be processed by reverse osmosis 
(RO) to obtain essentially pure water as RO permeate, and the soluble 
compounds concentrated to about 20% solids as RO retentate. Experi
mental processes for producing soy concentrates and isolates (17) , 
glandless cottonseed concentrates and isolates (18), and peanut 
protein concentrates and isolates (19) have been described. Various 
combinations of t r a d i t i o n a l IMP and AEP/IMP techniques also have been 
t r i e d i n preparation of vegetable protein concentrates and isolates. 

COMPOSITION 

Protein contents of selected oilseeds and legume seeds, and food 
protein ingredients prepared by various procedures, are shown i n 
Table I. Amino acid contents and protein efficiency ratios (PER's) 
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38 PLANT PROTEINS 

of selected food protein ingredients are presented i n Table I I . 
Typical h u l l contents of seeds are: soybeans, 8-10%; peanuts (shells 
and testas), 20-30%; fuzzy cottonseed (li n t e r s and h u l l s ) , 40-50%; 
sunflower seed, 20-25%; sesame, 15-20%; and dry f i e l d beans, 8-10%. 
Typical o i l contents of dehulled kernels (and f u l l - f a t flours) are: 
soybeans, 20-23%; peanuts, 50-55%; glandless cottonseed 35-38%; 
sunflower, 50-55%; peeled sesame, 45-63%; and beans, 1-3%. Total 
carbohydrate contents of defatted flours are: soybeans, 26-30%; 
peanuts, 25-30%; glandless cottonseed, 23-27%; sunflower, 25-29%; 
sesame, 26-30%; and beans, 60-65%. Phytate contents of defatted 
flours are: soybeans 1.4-1.6%; peanuts, 1.7%; glandless cottonseed, 
2.3-4.8%; sunflower, 1.5-1.9%; sesame, 3.6-5.2%; and beans, 1.4-1.8%. 
Trypsin i n h i b i t o r contents of dehulled kernels are: soybeans, 4-6%; 
peanuts, 0.8-1.5%; glandless cottonseed, 0.5-1.5%; sunflower, 0.7-
1.8%; sesame, 0.5-0.8%; and beans, 2-3%. The U. S. Food and Drug 
Administration has set a l i m i t of 450 ppm free gossypol i n glandless 
cottonseed kernels and fl o u r , and the United Nations FAO/WHO has set 
li m i t s of 600 ppm free gossypol and 1.2% t o t a l gossypol i n cottonseed 
products used for human feeding. 

FUNCTIONALITY 

Food protein ingredients are sometimes evaluated by comparative 
empirical tests, including: nitrogen s o l u b i l i t y index (NSI) and 
protein d i s p e r s i b i l i t y index (PDI) p r o f i l e s over a range of pH's, 
water absorption, vi s c o s i t y , g e l l i n g strength, whipping and foaming 
capability (including volume and s t a b i l i t y of foam); fat absorption, 
and o i l emulsification. Performance (including flavor, texture and 
visual appeal) i s often evaluated physically using standardized food 
formulations, including bread (loaf volume, crumb and crust color and 
texture); sugar cookies (sheet spread, surface cracking), frankfur
ters (fat emulsification s t a b i l i t y , swelling and drip loss i n cook
ing, firmness and p e e l a b i l i t y ) ; meat loaves (moisture and fat reten
tion during cooking); and frozen desserts (overrun and texture). 
However, the most meaningful evaluations are direct in-product 
t r i a l s . 

Proteins h i s t o r i c a l l y have been c l a s s i f i e d on the basis of their 
s o l u b i l i t y i n water (albumins); s a l t solution (globulins); alcohol 
(prolamines) and a l k a l i (glutelins) (20). 

Texture functionality of food proteins i s affected by many 
factors, including relative proportions of the subfractions recovered 
by extraction, and by s o l u b i l i t y as affected by heating or toasting. 
Also, i t should be remembered that most food products are complex 
systems with i n t r i n s i c pH and sa l t s o l u b i l i z a t i o n effects, and that 
heat during product processing may coagulate and/or reduce s o l u b i l i t y 
of a l l proteins present, regardless of source. S o l u b i l i t y curves of 
proteins from six raw flour sources are shown i n Figure 2. 

UTILIZATION 

Full-Fat Products 

Nut uses of roasted peanuts and sunflower kernels and deep fat f r i e d 
soybean "nuts" are well known. 

A substantial amount of vegetable protein i s consumed i n the 
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4. LUSASANDRHEE Vegetable Food Proteins in Traditional Foods 41 

form of whole seeds and f u l l - f a t products. Examples of whole seed 
uses include peanuts i n nut-form or i n confections, sunflower seed of 
the loose-shelled "confectionery" type (21); sesame seed used as 
bread and bun toppings and for breads and buns (22); roasted soybean 
nuts (7); and the more recently introduced glandless cottonseed 
kernels used i n confections, toppings for ice cream novelties and 
salad bars, and i n specialty breads l i k e Proteina bread. 

The Food Protein Research and Development Center at Texas A&M 
University has developed a cookbook of glandless cottonseed kernel 
uses i n a variety of appetizer, salad, main course, side dish, and 
dessert products (23). 

The only f u l l - f a t oilseed flour with significant domestic sales 
i s soy. I t has been used i n bakery products, breakfast cereals, 
canned baby foods, canned infant formulas for lactose-intolerant 
babies, and adult dietary beverages Ç24). 

Bakery Products 

Baked goods are the oldest known compounded foods made by mankind. 
Each ingredient i s selected for one or more specific purposes based 
on contribution to functionality and compatibility, and on relative 
cost. Bakery products formulators are receptive to new ideas, and 
vegetable proteins (primarily flours and concentrates) have been 
well-accepted when they show a cost advantage, for example, soy 
flours as replacements for dried nonfat milk solids and dried eggs. 

Defatted flours are especially attractive as protein sources , 
since 10-12% substitution of wheat flour with 50% protein flour w i l l 
raise t o t a l protein content of t y p i c a l wheat breads by approximately 
50%, and 25% substitution w i l l almost double the protein content of 
cookies. Preparation of protein-enriched breads has been reported i n 
the l i t e r a t u r e using soy flours and protein concentrates (25), peanut 
flours and peanut protein concentrates (2£, 27), glandless cottonseed 
flours, concentrates and isolates (28) , sunflower seed flours and 
seed protein concentrates (27) and sesame flours and protein concen
trates (26) . 

Generally, vegetable food protein ingredients are more absorbant 
than other dough components, with the result that mixing time and 
loaf volume i s decreased. In addition, pan bread crumb becomes 
coarser and occasionally darker i n color. Negative effects on loaf 
volume appear to be inversely related to phytic acid content. 

The maximum amounts of vegetable food protein flours that can be 
substituted i n bread without affecting loaf volume and texture are 
5-10% (depending upon the source) , and 18-20% can be substituted i n 
cookies without affecting spread and surface characteristics (26). 
The quantity of vegetable protein flour that can be accommodated i n 
bread can be increased substantially by pre-toasting and by the use 
of approximately 1.5% sodium stearoyl 2-lactylate (28) and other 
emulsifiers. 

Breakfast Cereals 

Soy flours and concentrates are used i n compounded breakfast cereals, 
primarily for improving t o t a l protein content and PER. In the 
absence of dry nonfat milk s o l i d s , glucose i s often included i n 
bakery products formulations to impart a toasted brown color. Most 
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42 PLANT PROTEINS 

ready-to-eat breakfast cereals are either extruded d i r e c t l y from 
doughs, or are f i r s t p e l l e t i z e d by extrusion, then flaked by r o l l s 
before toasting i n continuous ovens. Thus, i t i s r e l a t i v e l y simple 
to incorporate vegetable protein ingredients i n these products. 

Extruded Products 

Soy proteins are commonly extruded as intermediate forms for l a t e r 
use i n processed foods. Flours and concentrates are texturized to 
resemble meat chunks and are sold under the names of Texturized 
Vegetable Protein (TVP), or texturized soy protein (TSP). After 
rehydration with water (to approximately 18% protein and 60-65% 
moisture content), up to 30% reconstituted soy protein can be used i n 
ground meat blends i n the school lunch program, and i n m i l i t a r y and 
other federal-sponsored feeding programs. These products are also 
used as meat enhancers i n standard of identity canned stews and 
c h i l i , and as meat extenders and replacers i n nonstandardized pro
ducts such as pizza toppings and sauces, and i n "meatless" products 
l i k e taco f i l l i n g and "Sloppy Joes". Textured peanut (29), sunflower 
seed, and glandless cottonseed (30) flour products have been prepared 
experimentally, demonstrating the v e r s a t i l i t y of extrusion texturiza-
t i o n . 

Processed Meat Products 

The U. S. Department of Agriculture permits up to 3.5% soy flour or 
soy concentrate i n standard of identity frankfurters, up to 8% soy 
flour i n scrapple and c h i l i con came, and up to 2% soy protein 
isolate (containing titanium dioxide-TiO as a tracer material) i n 
standard of identity frankfurters. Soy flours and concentrates can 
bind up to 3 times their weight of water, compared to nonfat dry milk 
solids which t y p i c a l l y bind only equal weights of water. A general 
practice i n evaluating new vegetable food protein sources i s to 
compare their performance to soy flour i n frankfurters Ç31). An 
extruded soy protein isolate fiber product i s also used for structur
ing mechanically deboned meats, poultry, f i s h and seafoods into 
r o l l s , sticks or f i l l e t s , or into extruded shrimp shapes. 

USDA regulations also allow use of non-meat proteins i n products 
such as pumped ham and corned beef, provided the finished product 
contains a minimum protein content of 17%. Pumping to achieve a 
cooked y i e l d of 130% i s permitted (32). 

Dairy Products 

Cow's milk, extended with f u l l - f a t soy f l o u r , i s produced by CIATECH 
in Chihuahua, Mexico, and a peanut isolate-extended water buffalo 
milk ("Miltone") has been produced i n India for approximately 20 
years Ç33). Establishment of soymilk plants i n Southeast Asia and 
Latin America i s a growth industry and soy milks also are sold i n the 
United States. Various beverages, flavored to mask the taste of 
soybeans, have been introduced world-wide during the la s t two dec
ades. A major problem of vegetable proteins i s that, being globu
l i n s , they are readily precipitated by calcium f o r t i f i c a t i o n , requir
ed under domestic law for milk replacement products. Whereas consu
mers i n other countries readily accept shaking of beverage containers 
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4. LUSAS AND RHEE Vegetable Food Proteins in Traditional Foods 43 

before drinking, the domestic market prefers products which do not 
set t l e . Research progress has been made on succinylation and maley-
la t i o n of soy, peanut and glandless cottonseed proteins to prevent 
their precipitation i n the presence of calcium f o r t i f i c a t i o n (34). 

Considerable interest has been shown i n uses of vegetable food 
proteins i n cheese-type products. Attempts have been made to copre-
ci p i t a t e casein and vegetable protein i n the t y p i c a l vat process for 
making cheeses (_35). Rhee (36) has found that up to 50% peanut 
protein isolate and 25% soybean isolate can be effe c t i v e l y substi
tuted for sodium caseinate i n the preparation of imitation cheeses. 

Summary 

The invention of new food forms i s not required to increase uses of 
vegetable food proteins i n the American diet. Uses of flour s , 
contrâtes and isolates continue to grow as increasingly more con
venience foods are formulated and produced i n factories, either for 
grocery or i n s t i t u t i o n a l sales. 
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5 
Uses of Soybeans as Foods in the West with Emphasis 
on Tofu and Tempeh 

Hwa L. Wang 

Northern Regional Research Center, Agricultural Research Service, U.S. Department of 
Agriculture, Peoria, IL 61604 

Soybeans have been used as food in the Orient since 
ancient times and various methods have been developed 
to make soybeans as palatable as possible. In recent 
years, a large number of these simply processed soyfoods 
are emerging in the West. Tofu and tempeh are the 
most popular and have the fastest growth rate of any 
soyfood in America. Tofu is made by coagulating the 
protein with a calcium or magnesium salt from a hot
-water extracted, protein-oil emulsion of whole soybeans. 
It is a highly hydrated gelatinous product with a 
bland taste. The texture characteristics of the curds 
vary from soft to firm, depending on the processing 
conditions. Thus, tofu can be easily incorporated 
with other foodstuffs and used in nearly every culinary 
context from salad to dessert and from breakfast foods 
to dinner entrees. Tempeh is made by fermenting 
cooked soybeans with a mold, Rhizopus oligosporus. 
The white mycelium covers the bean mass and binds i t 
into a firm cake that can be sliced, seasoned, and 
cooked just like meat. Tempeh is becoming a hamburger 
alternative for vegetarians. 

In the West soybeans have been primarily viewed as an oilseed. As 
early as 1908, some European countries started to import beans from 
China to process into o i l and meal. Commercial o i l m i l l processing 
plants, however, were not bu i l t in the U.S. unt i l 1922 (1). The o i l 
was then mostly for industrial uses. But, because of declining 
industrial uses and increasing demand for edible o i l in the late 
1930s, research on soybean o i l for food uses was encouraged. By the 
seventies, soybean o i l became a major edible o i l in the United 
States. Soybean meal, a by-product from the extraction of o i l has 
been widely used as animal feed since the late 1930s. American 
soybean processors also produce a variety of edible protein products 
from the meal, such as defatted grits and flours, concentrates, and 
isolates. These products became known in the f i f t i e s and reached 
the highest popularity as meat extenders in 1973. Since then their 
use has been s tat ic , although the food industry continues to use 
these products as ingredients in many food systems. The use of 
these edible soy protein products as direct food, however, is s t i l l 
waiting to be accepted. 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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In East Asia , on the other hand, soybeans have tradit ional ly 
been used direct ly as foods. Centuries of creative str iving have 
yielded great numbers of protein foods that are versat i le , easily 
digestible and delicious. It has been said that because of the 
existence of soybeans, the countries of East Asia succeeded in 
supporting a high population density in those distant days. 

Based on processing technology, the soybean foods that have 
been consumed in East Asia may be c lass i f ied into two general types 
non-fermented and fermented (2 - 8 ) as shown in Table I. Names of 
these foods and the details of preparing and serving such foods may 
vary from country to country. Among them, soybean curd (tofu) and 
soy sauce have been the most widely consumed in the Orient, 

Table I. Oriental Soybean Foods 

Foods Description and Uses 
Nonfermented 

Fresh green soybeans 

Soybean sprouts 

Soybean milk 

Prote in- l ip id film 

Soybean curd (tofu) 

Soybean flour 

Fermented 
Soy sauce 

Miso 

Hamanatto 

Sufu 

Tempeh 

Natto 

Picked plump, firm, bright green before 
maturation. Cooked and served as fresh 
green vegetable. 
Bright yellow beans with 3 - 5 cm sprouts. 
Cooked and served as vegetable or in salad. 
Water extract of soybeans, resembling dairy 
milk. Served as breakfast drink. 
Cream-yellow film formed over the surface 
of simmering soybean milk. Cooked and used 
as meat. 
White or pale yellow curd cubes coagulated 
from soybean milk. Served as main dish 
with or without further cooking. 
Ground roasted dry beans, nutty flavor. 
Used as f i l l i n g or coating for pastries. 

Dark reddish brown l iqu id , salty taste 
suggesting the quality of meat extract, a 
flavoring agent. 
Paste, smooth or chunky, l ight yellow to 
dark reddish brown, salty and strongly 
flavored resembling soy sauce, a flavoring 
agent. 
Nearly black soft beans, salty flavor 
resembling soy sauce, a condiment. 
Cream cheese-type cubes, salty, a 
condiment, served with or without further 
cooking. 
Cooked soft beans bound together by 
mycelium as a cake, clean fresh and yeasty 
odor. 
Cooked and served as main dish or snack. 
Cooked beans bound together by and covered 
with viscous, sticky polymère produced by 
bacteria, ammonium odor, musty flavor, 
served with or without further cooking as 
main dish or snack. 
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5. WANG Uses of Soybeans as Foods 47 

According to industry s tat i s t ics gathered in early 1984 by 
Shurtleff and Aoyagi of the Soyfood Center in California (9), 
Americans were consuming an average of 2.22 pounds of such tradit ional 
soybean foods per year per capita as compared to 1.37 pounds of the 
modern soy protein foods. The annual production of tofu has increased 
from 12,020 MT in 1978 to 24,300 MT in 1983, with an average annual 
growth rate of 15% and the highest growth rate of 27% in 1979. The 
annual production of tempeh has increased from 511 MT in 1981 to 900 
MT in 1983, with the average annual growth rate of 33% and the 
highest growth rate of 36% in 1982. Soy protein isolates, which had 
the fastest growth rate among the modern soy products, increased 
from 11,000 MT produced in 1970 to 41,000 MT in 1982, with an average 
annual growth rate of 11%. The production figures on soy isolates 
also include exports. Consequently, the growth rate of consumption 
in U.S. would be s ignif icantly lower than the growth rate of 
production indicated. Furthermore, there has been l i t t l e or no 
growth in the combined U.S. production of soy f lour, isolates and 
concentrates since 1974 based on a survey made by Shurtleff and 
Aoyagi (9). 

Tofu 

Tofu has long been a source of protein in the Orient. It has much 
the same importance to the people of the Orient that meats, eggs and 
cheese have for the people in Western Countries. Tofu is usually 
sold in the form of a wet cake with a creamy-white color, smooth 
custard-like texture and a bland taste. It is highly hydrated and, 
depending on the water content, tofu products with different 
characteristics can be produced. The typical oriental type of tofu 
has a water content about 85%. Japanese prefer tofu having a smooth, 
fragi le texture that contains about 88% water. The Chinese, on the 
other hand, produce many types of firm products with a chewy meat
l ike texture and a water content as low as 50-60%. Western consumers 
l ike tofu with a firm texture; therefore, tofu found in the U.S. 
supermarkets contains 75-80% water. 

Because of i t s fine texture, bland taste and l ight color, tofu 
has been used in nearly every culinary context: desserts, salads, 
breakfast foods, dinner entrees and burgers. It can be cooked 
simply with desired flavoring agents or i t can be easily incorporated 
with other foodstuffs. 

Preparation. Tofu is made by coagulating the proteins with a calcium 
or magnesium salt from a hot-water extracted, prote in-oi l emulsion 
(soybean milk) of soybeans. The process is simple (Figure 1), but 
making a reproducible high-quality product is a problem. Many 
factors, from the quality of the dry beans to pressing the curd can 
affect the y ie ld and quality of the resultant tofu. In recent 
years, several studies (10-14) have been made on tofu processing in 
an attempt to better understand the process and to optimize the 
processing conditions. 

Three main steps are involved in making tofu (Figure 1): 
Preparation of soybean milk, coagulation of protein, and formation 
of tofu cakes in a mold. By experience, the Orientals have found 
that the most suitable ratio of water (including that absorbed 
during soaking) to dry soybeans is 8:1 to 10:1. Watanabe et a l (15) 
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PLANT PROTEINS 

Dry Soybeans 

Soaked in water 16 hr, 20-22°C. 

Drained, washed, ground with water. 

More water added to make ratio 
of water to dry beans 10:1 

Soybean mash 

(Okara) Cooled to 75°C 

Added coagulant 
(powderd gypsum, Ca, 

Mg-salts, hydrate, 
0.02-U.04M) 

Curd 

(fresh Tofu) 

Figure 1. Flow diagram for preparation of tofu.  P
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noted a significant reduction in the amount of protein and total 
solids extracted when the amount of water used was reduced to 6.5 
times that of dry beans. Increasing the amount of water over 10:1 
increases the extractable materials; however, excess water would 
result in a soybean milk too low in protein to achieve a proper curd 
formation. 

Soaking the beans in water fac i l i tates the grinding and i t 
removes some undesirable factors such as the gas-forming oligo
saccharides, but i t also leaches out soluble proteins. To keep 
soaking losses at a minimum and to save energy, hydration of soybeans 
at an ambient temperature, around 20-22°C for 16-18 hr, is most 
suitable (16). Grinding the soaked beans expedites the extraction 
and also the formation of the prote in- l ip id emulsion. A heat 
treatment is essential , not only for protein denaturation to attain 
proper curd formation ( Π ) , but to improve nutrit ional value and to 
reduce off-f lavor. Based on in v i tro d iges t ib i l i ty and amino acid 
composition (13), the maximum nutrit ive value of soybean milk can be 
ensured by boi l ing for 10-15 min. Excessive heat not only adversely 
affects the nutrit ive value and tofu texture, but also reduces the 
total solids recovery, and thus reduces the tofu y i e ld . 

Coagulation is the most important step in terms of reproducible 
y ie ld and texture of tofu, but i t is the least understood. In the 
Orient, making of tofu has been considered an art , and even today, 
the relationship between the ion binding to the soybean proteins and 
the coagulation phenomenon are s t i l l not completely understood. 
According to Fukushiraa (17), native soy protein molecules are 
unfolded during heating. Consequently, the free SH groups, disulfide 
bonds and hydrophobic groups are exposed. In a dilute solution, the 
unfolded proteins remain soluble, but as the exposed groups are 
brought closer together through concentration by drying or freezing, 
or through neutralization of molecular charges, irreversible 
aggregates result . The bonds responsible for the intermolecular 
polymerization are the disulfide bonds formed by the sulfhydryl/ 
disulfide interchange reaction and also the interactions among the 
hydrophobic amino acid residues. Fukushima (17) postulated that the 
irreversible coagulation in tofu production i | + brough£ + about by 
decreasing molecular charges, because added Ca or Mg ions bind 
with the negatively charged acidic amino acid residues and the 
sulfide group of the unfolded protein molecules. 

Recent studies (10,11,13) have shown that both ionic 
concentration and type of coagulant affect the quantity and quality 
of the resultant tofu. Results obtained from our laboratory are 
shown in Figures 2 and 3 (13). When the concentration of the 
coagulant is lower than 0.01 M and higher than 0.1 M, there is no 
curd formation. In studying the binding of unfractionated soybean 
proteins with calcium ion, Appurao and Rao (18) observed that at 
higher calcium concentrations the extent of precipitation decreases 
and the protein becomee soluble again. Our data are consistent with 
their observations. Data in Figure 2 also show that salt 
concentrations between 0.02-0.04 M result in the highest nitrogen 
recovery and that the sensit iv i ty to the concentration shifts i s the 
least. Thus, the use of salt at a level between 0.02 to 0.04 M is 
most l ike ly to y ie ld a reproducible product with a high nitrogen 
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80 I 1 1 1 1 1 1 1 so I 1 1 1 1 1 1 1 
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 

Concentration of Coagulant (M) 

Figure 2. Relationship of concentration and type of coagulant 
to the y ie ld of tofu (13). 
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content. Data on texture characteristics (Figure 3) also indicate 
that there is l i t t l e sensit ivi ty to concentration changes when a 
salt level of 0.02-0.04 M is used. The hardness and the brittleness 
of the curds, however, are influenced by the type of salt used. 
Calcium chloride and magnesium chloride result in curds with much 
greater hardness and brittleness than calcium sulfate and magnesium 
sulfate suggesting that anions have a greater effect on texture than 
cations. This observation agrees with a study by Aoki (19) on the 
effect of salt on the gelation of soybean proteins, where anions 
were found to have a stronger effect on water-holding capacity than 
cations. The hardness of tofu increases as i t s water content 
decreases (14). Tsai et a l (II) found that coagulant concentrations 
between 0.025 and 0.03 M are the most suitable for making Chinese-
style tofu. 

The temperature of the soybean milk at the time coagulants are 
added, the modes of mixing and pressing greatly affect the y ie ld 
and texture of the resulting tofu. Increasing the temperature 
increases the hardness, but decreases the volume, weight, and water 
content of tofu (13). Increasing mixing also decreases tofu volume 
and increases hardness (10 y13). 

Thus, many factors aftect the f inal product. By knowing the 
effects that each factor produces, one can choose and establish a 
set of conditions to reproduce the desired type of tofu. 

Soybean Variety. Saio and her coworkers (20) speculated that soybean 
variety could have an effect on tofu texture, because they found 
that a gel made from isolated IIS globulin is much harder and more 
elast ic than that made from 7S globulin. They also noted increasing 
tofu hardness as the amount of phytic acid was increased in soybean 
milk, but such chemical variations between varieties may not be 
great enough to have the influence on texture that processing 
variables do. Recently, Skurray et a l (12) made a study with 15 
varieties and found no significant correlation between the ratio of 
7S to 11S protein or phosphorus content and the quality of tofu. 
However, they did find that the quality of tofu is more affected by 
the amount of calcium ion added. Wang et a l (14) studied varieta l 
effects with 5 U.S. and 5 Japanese soybean varieties grown under the 
same environmental conditions, and found that the composition and 
color of tofu are affected by soybean variety but that yie ld and 
texture are not s ignif icantly affected. Varieties with a dark brown 
hilum result in tofu with a less attractive color so that these 
varieties are not desirable. Tofu made from varieties with a high 
protein content has a higher prote in /o i l ratio than tofu made from 
varieties with less protein (Table II) . Therefore, varieties with 
high protein are preferred. 
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Table II . Protein to O i l Ratio of Tofu and Soymilk 
as Affected by Protein and O i l Content of Soybeans (14) 

Soybeans 
Protein O i l Protein/Oil 

Variety % % Soybeans Soymilk Tofu 
Wase-Kogane 45.2 17.4 2.60 2.49 2.07 
Vinton 45.1 17.9 2.52 2.50 2.01 
Toyosuzu 44.1 18.1 2.44 2.13 1.87 
Coles 43.2 18.5 2.34 2.11 1.78 
Yuuzuru 42.3 17.7 2.39 2.30 1.89 
Tokachi-Nagaha 4 1 . δ 17.3 2.42 2.12 1.88 
Weber 40.9 19.3 2.12 1.75 1.57 
Hodgson 40*9 19.4 2.11 1.90 1.67 
Corsoy 40.8 18.9 2.16 1.95 1.69 
Kitamusume 40.8 19.4 2.10 1.86 1.57 

Dry basis. 

Composition and Nutrit ional Value of Tofu. The composition of tofu 
may vary depending on soybean variety used and method of preparation 
as exemplified in Tables II and III. Since the method of preparation 
greatly affects the water content of the product, i t influences the 
percentage of other components (Table III) . Tofu available in U.S. 
supermarkets usually contains 80% or less water so that i t may have 
more than 10% of protein. Other nutrients typical ly present in 100 
g tofu with 84.8% of water are: f iber, 0.1 g; calcium, 128 mg; 
phosphorus, 126 mg; iron, 1.9 mg; sodium 7 mg; potassium, 42 mg; 
thiamin, 0.06 mg; r ibof lavin , 0.03 mg; niacin, 0.1 mg (21). Tofu 
has been a source of calcium in the Oriental diet . The calcium 
content of tofu varies depending on the coagulant used. Tseng et a l 
(22) reported that tofu prepared with a calcium salt has a higher 
calcium content and higher Ca/P ratio than that prepared by other 
coagulants. They suggested that tofu can help to correct the 
imbalanced Ca/P ratio in many American diets. Also, tofu made from 
calcium salt is a good source of calcium in vegetarian diets. 

Table III. Composition of Tofu as Related to Percentage of Water 

Water Protein O i l Other Solids Protein 
% % % % O i l Ref. 

84.8 7.8 4.2 3.2 1.9 21 
I4 a 

17 

85.1 
(84.2-85.7) 

88.0 

7.5 
(6.8-8,4) 

6.0 

4.2 
(3.8-4.7) 

3.5 

3.2 

2.5 

1,8 
(1.6-2.1) 

1.7 

21 
I4 a 

17 

Average of 10 soybean variet ies , with ranges in parenthesis. 

Although tofu has been claimed as a low-calorie protein food, 
the following comparison needs to be considered. One hundred grams 
of tofu (water, 84.8 g; protein 7.8 g; o i l , 4.2 g) contains about 72 
calories, whereas 100 g of cooked hamburger (water, 54.2 g; protein, 
24.2 g; fat, 20.3 g) has 286 calories (21). Although the hamburger 
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meat provides more than three times as much protein as tofu, i t has 
a lower protein/fat ratio (1.2 vs 1.9). Accordingly, hamburger has 
more calories than tofu based on the weight that provides the same 
amount of protein* Per 50 g protein, hamburger has 591 and tofu has 
461 calories. Hamburger also has more fat in such a comparison. 
However, protein/fat ratio varies greatly among the various cuts and 
types of meat. Meat that is well trimmed to arrive at a higher 
protein/fat ratio could have less calories and fat content than tofu 
to provide the same amount of protein. Therefore, tofu can not 
always be considered as low calorie food. However, tofu is a low-
density protein food, and is thus more f i l l i n g . The indisputable 
nutrit ional assets of tofu are the absence of cholesterol and 
lactose, and low amounts of saturated fatty acids. 

Microbiological Quality of Tofu. Tofu is a protein-rich substrate 
with pH around 6, hence i t is quite susceptible to microbial growth. 
Tradit ional ly , tofu has been made and consumed in the same day. 
However, in the United States, tofu may be held at the supermarkets 
for many days on produce counters before consumption where 
temperatures are usually 10-15°C. Thus, microbial deterioration 
becomes a serious problem (23-25). 

Tofu should be relat ively free of vegetative microbial cel ls i f 
i t is made under proper sanitary conditions. Cooking the soybean 
mash at the boi l ing temperature for 15 rain should k i l l a l l vegetative 
cel ls and leave only the heat-resistant spores as survivors. However, 
the presence of heat-resistant, spore-forming bacteria observed on 
soybeans (unpublished data) suggests that, even though contamination 
may have been prevented during processing, bacterial growth could 
occur i f tofu is stored under conditions suitable for the microbes 
to grow. Measures then must be taken to prevent the growth of these 
microorganisms in order to improve the microbiological quality of 
tofu. In addition to proper storage conditions, the processors 
should throughly clean the beans to reduce the surface microbial 
load and carry out the processing with a high level of sanitary 
practices (25,26). 

Recently, studies to evaluate the microbiological safety of 
tofu were made by Kovats et a l (27). Water-packed tofu samples were 
inoculated with such common food pathogens as Clostridium botulinum, 
Staphylococcus aureus, Salmonella typhimurium, and Yersinia 
enterocolit ica, then held at different temperatures for various 
lengths of time. They found that a l l four organisms grew in water-
packed tofu. C. botulinum toxin was produced in tofu held at 15° 
and 25°C within 3 days and 1 wk, respectively, but not at 5° and 
10°C within 6 wk. S. aureus and S. typhimurium grew at similar 
rates at 10, 15, 25°C., but neither pathogen grew during storage at 
5°C. Staphylococcal enterotoxin was not produced within 4 wk at 
10°C even though a population of greater than 10 7/g was present in 
most samples analyzed. Y. enterocolitica grew at a l l temperatures 
evaluated (5, 10, 15 and 25°CT! Isolates recovered from tofu samples 
agglutinated with antiserum (WA-SAA), indicating that the isolates 
continued to express their virulence-associated determinant after 
growing in tofu. Thus, l ike many other foods, the potential of 
microbial hazards is great for tofu produced under unsanitary 
conditions and/or stored at improper temperatures. High level 
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5. WANG Uses of Soybeans as Foods 55 

sanitary practices, pasteurization after packaging> and storage and 
display at 5°C or less by manufacturers, distributors and retai lers 
were recommended by Ko vat s et a l (27). 

Tofu can be kept frozen or freeze-dried to prevent microbial 
deterioration. However intemolecular interactions occur during 
frozen storage. As a result , the texture of tofu is changed from 
soft, smooth to sponge-like with a meat-like chewiness. 

Tempeh 
Tempeh, originating in Indonesia, is made by fermenting dehulled and 
br ie f ly cooked soybeans with Rhizopus mold; the mycelium binds the 
soybean cotyledons together in a firm cake. Freshly fermented 
tempeh has a clean, yeasty odor. When sl iced and deep-fat f r i e d , i t 
has a nutty flavor and pleasant aroma. Tempeh is used as a main 
dish and meat substitute in Indonesia. Vegetarians in the West have 
used tempeh as hamburger patties. Unlike most other fermented 
soybean foods which usually involve more than one microorganism, 
long brining, and an aging process, tempeh fermentation i s short and 
simple and requires only one mold. 

Preparation. Tradit ional ly , soaked, hand-dehulled and br ie f ly 
boiled soybeans are inoculated with small pieces of tempeh from a 
previous fermentation, wrapped in banana leaves which also serve as 
a source of inoculum, then le f t at room temperature for 1-2 days. 

Studies carried out by Hesseltine et a l (28) resulted in a pure 
culture fermentation as shown in Figure 4. To save time and labor, 
mechanically dehulled, f u l l - f a t grits have replaced the tradit ional 
whole soybeans. A tempeh starter containing spores of Rhizopus 
oligosporus NRRL 2710 (29) is now used in the West in place of 
tradit ional inocula. Not only are Petri dishes the most convenient 
laboratory container, they also are used commercially in preparing 
tempeh patties. Other containers such as shallow aluminum f o i l or 
metal trays with perforated bottoms and perforated plast ic film 
covers, and perforated plast ic bags and tubings have been used 
successfully for tempeh fermentation. Rhizopus oligosporus requires 
a ir to grow, but too much aeration w i l l cause spore formation and 
also may dry up the beans, resulting in poor mold growth. Therefore, 
both properly perforating the containers and packing the beans for 
fermentation are important. 

Tempeh Products from Grains and Other Beans. Tradit ional ly tempeh 
is made from soybeans known as tempeh kedele. However, copra (pressed 
coconut cake) and the by-product from making soybean milk have also 
been used in Indonesia to make tempeh known as tempeh bongkrek and 
tempeh gembus, respectively. Recently, attempts have been made 
(30) to make tempeh-like products from grains such as wheat, oats, 
barley, r i ce , mixtures of cereal and soybeans, and from beans other 
than soybeans, such as broad beans, cowpeas, mung beans and winged 
beans. In the United States, tempeh made from a mixture of wheat 
and soybeans (31) has been available commercially since 1970. 

Biochemical Changes During Fermentation. The effects of R. 
oligosporus on soybeans have been studied by several investigators 
(30,32). As shown in Table IV, the fermentation process does not 
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Dehulled full-fat soybean grits 

{ • - T a p water 

Soaked 30 min. at 25 C 

Drained 

} - * - T a p water 

Cooked (30 min.) 

• 
Drained and cooled 

• 
Inoculated * - Spore suspension of 

ι Rhizopus oligosporus SaitO 
t NRRL 2710 

Tightly packed in petri dishes 

Incubated 31 C for 20-24 hr 

• 
Tempeh cake 

Figure 4. Flow diagram for tempeh fermentation. 
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5. WANG Uses of Soybeans as Foods 57 

greatly affect the proximate composition of soybeans. The sl ight 
increase in the percentage of protein reflects the decrease of other 
constituents that the mold might have consumed for growth. 

Table IV. Proximate Composition of Soybeans and Tempeh 

Food Protein O i l Fiber Ash Carbohydrates 
% % % % % 

Soybeans5 47.8 26.8 3.9 3.4 18.1 
Tempeh 48.1 24.7 3.1 3.3 20.8 

Treated s imilarly as for fermentation except the inoculation step 
was omitted. 

As the mold begins to grow rapidly, the temperature of fermenting 
beans rises a few degrees above the incubator temperature, then 
fa l l s as the growth of mold subsides. The pH increases steadily to 
above 7, presumably because of protein break-down. After 69 hrs. of 
incubation, soluble solids rise from 13 to 28%, soluble nitrogen 
increases from 0.5 to 2.0%, but total nitrogen remains f a i r l y constant 
and reducing substances decrease s l ight ly , probably due to u t i l i za t ion 
by the mold. The mold does not u t i l i z e the carbohydrates in the 
soybeans; instead, i t uses the soybean o i l as i t s energy source. 

Although total nitrogen remains f a i r l y constant during 
fermentation, free amino acids increase in tempeh. The essential 
amino acid index, on the other hand, is not s ignif icantly changed by 
fermentation. Perhaps the amount of mycelial protein present in 
tempeh is not high enough to alter greatly the amino acid composition 
of the soybeans, nor does the mold depend upon any specific amino 
acid for growth. 

Niacin, r ibof lavin, pantothenic acid and vitamin B 6 contents 
are greatly increased in tempeh during fermentation, whereas thiamin 
exhibits no significant change. R. oligosporus appears to have a 
great synthetic capacity for niacin , r ibof lavin, pantothenic acid, 
and vitamin B$, but not for thiamin. 

The most interesting and important finding was the presence of 
vitamin B12 in tempeh because foods derived from plant materials are 
deficient in this essential nutrient. Vitamin B 1 2 is known to be 
synthesized by microorganisms; however, molds have not been reported 
to produce Vitamin B 1 2 . Liem et a l (33) found a f a i r l y high amount 
of vitamin B 1 2 in commercial tempeh bought from Canada and 
subsequently confirmed that the major source of the vitamin was a 
result of a contaminating bacterium which the authors isolated and 
identif ied as Klebs ie l la . They reported that tempeh made from pure 
mold isolated from commercial tempeh contained nutri t ional ly 
insignificant amounts of vitamin B 1 2 , confirming that the tempeh 
mold does not produce the vitamin. On the other hand, tempeh made 
with the mold and the bacterium, Klebs ie l la , isolated from commercial 
tempeh, had 150 ng of vitamin B 1 2 per gram of tempeh. The presence 
of the mold does not interfere with the production of vitamin B i 2 by 
the bacteria, but presence of the bacteria requires longer 
fermentation time. Liem and his co-workers also demonstrated that 
soaking soybeans either with or without an acid did not increase the 
vitamin B 1 2 content. The results indicated that tempeh made with 
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58 PLANT PROTEINS 

pure mold fermentation under hygienic conditions adopted for food 
processing in this country has no nutri t ional ly significant amount 
of vitamin B 1 2 . However, there is a great potential to make vitamin 
B 1 2 -enriched tempeh with an inoculum containing R. oligosporus and a 
vitamin B 1 2""P r °ducing bacterium. 

Nutritional Value. Although enzymes produced by the mold have acted 
upon the substrate and partly hydrolyzed i t s constituents into small 
molecules, the d iges t ib i l i ty coefficient of tempeh tested by the 
rat-assay method is not s ignif icantly different from that of 
unfermented substrate. It is also not surprising to learn that the 
protein efficiency ratio (PER) of tempeh (8) as determined by rat 
assay is not s ignif icantly different from that of unfermented but 
properly heat-treated soybeans, because the fermentation process 
does not signficantly change the total nitrogen and the amino acid 
composition. However, tempeh made from a mixture of wheat and 
soybeans has been shown (8) to have a better protein value than that 
made from soybeans alone, because of the complementary effect of 
mixed proteins and the increased ava i lab i l i ty of lysine in wheat 
from fermentation. 

Increase in vitamins, such as niacin, r ibof lavin, pantothenic 
acid, Vitamin Be, and Vitamin B 1 2 ) is of great nutrit ional 
significance, especially where fort ifying foods with synthetic 
vitamins is not practiced. 

Microbiological Quality of Tempeh. Like tofu, tempeh should normally 
be relat ively free of contaminated vegetative ce l l s , but may not be 
free of heat-resistant spores. Failure of fermentation caused by 
bacterial contamination has been reported by tempeh producers. In 
order to assure successful fermentation, a starter with high v i a b i l i t y 
is as important as a high level of sanitary practices. To maintain 
the microbiological quality of tempeh, steaming after fermentation 
and then freezing are recommended. Results obtained from studies on 
the safety of tempeh inoculated with different bacterial pathogens 
(34) indicated that tempeh should be steamed after fermentation and 
then kept at 5°C or below unt i l i t is used. 

Conclusions 

Whole soybean foods have been the major source of protein in East 
Asia since ancient times and various methods have been developed to 
make soybeans more palatable. Among these simply made soybean 
foods, tofu and tempeh have recently become increasingly popular in 
the West. The production processes may not improve the nutrit ional 
value of soybean protein, but they reduce the cooking time, improve 
the organoleptic characteristics and increase the versa t i l i ty of 
soybean uses. With the recently increasing interest in protein 
foods other than those from animal or ig in , the consumption of tofu 
and tempeh has been on an upsurge in the West and is expected to 
continue i t s steady growth in the years to come. 
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6 
Incorporation of Cottonseed into Foods for Humans 

Elwood F. Reber 

Department of Nutrition and Food Sciences, Texas Woman's University, Denton, 
TX 76204 

The Food and Drug Administration approved the use of 
cottonseed containing not more than 450 ppm gossypol 
for human use. Glandless whole kernel cottonseed 
flakes and cot-n-nuts are commercially available. 
Studies incorporating cottonseed into many different 
foods have yielded acceptable products with improved 
protein quantity and quality. The presence of free 
gossypol and cyclopropenoid fatty acids (CPFA) poten
tially limits the use of cottonseed in human foods. 
The levels of free gossypol and CPFA are reduced in 
processing the seed and preparation of food. The 
amount of free gossypol and CPFA in the food as eaten 
should be determined. The American Oil Chemists' 
Society method for free and total gossypol is not 
specific for gossypol and gave false positive readings 
for several food ingredients. Glandless cottonseed is 
a valuable addition to the food supply in the United 
States. The development and utilization of glandless 
cottonseed in the rest of the world would be a major 
contribution to the alleviation of severe hunger in 
some areas. 

Glanded cottonseed i s the cotton crop grown around the world. The 
cotton plant and the cottonseed have pigment glands which contain 
s e v e r a l pigments that can make the seed appear dark green to black. 
One of the pigments i s gossypol. Cottonseed was f i r s t suggested as 
a food source f o r human consumption i n 1876 (1). When glanded c o t 
tonseed i s fed to monogastric animals, the oxygen-carrying capacity 
of the blood i s reduced and shortness of breath, edema of the lungs 
and p a r a l y s i s may occur. Rats u s u a l l y show signs of lo s s of 
appe t i t e , decreased growth, rough h a i r coat and l i s t l e s s n e s s (2). 
However, the t o x i c e f f e c t s of gossypol a f f e c t s various animals to 
d i f f e r e n t degrees of s e v e r i t y . The Chinese (3) found the consumption 
of unrefined cotton o i l by humans caused a r e v e r s i b l e i n f e r t i l i t y i n 
males. Cottonseed f l o u r has been included i n INCAPARINA baby food 
formulas i n Guatemala (4). 

0097-6156/86/0312-0061 $06.00/0 
© 1986 American Chemical Society 
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62 PLANT PROTEINS 

Glanded cottonseed has been used to produce a defatted cotton
seed f l o u r with reduced gossypol content by a procedure known as the 
l i q u i d cyclone process (LCP). LCP cottonseed f l o u r has been used i n 
the preparation of many foods that have been tested i n sev e r a l animal 
and human n u t r i t i o n s t u d i e s . The commercial production of LCP c o t 
tonseed f l o u r has not been s u c c e s s f u l (.5) . 

Studies with Raw, Cooked and Roasted Cottonseed 

Glandless cottonseed i s obtained from a cotton v a r i e t y that has 
reduced amounts of pigment and gossypol i n the seed k e r n e l . The 
f i r s t report of a sub-acute t o x i c i t y i n v e s t i g a t i o n of glandless c o t 
tonseed fed to r a t s was made by Reber and Pyke (6). The i n v e s t i g a 
t i o n was designed to s a t i s f y the requirements of the Food and Drug 
Administration (FDA). The r e s u l t s were submitted to the FDA, who 
objected to the v a l i d i t y of the study on the bas i s that cottonseed 
o i l was a derived component of cottonseed kernels; so the c o n t r o l 
d i e t d i d not serve i t s purpose. The FDA suggested that another study 
be conducted where the r a t s would be fed a c o n t r o l d i e t containing 6% 
corn o i l to be able to conclude without r e s e r v a t i o n that glandless 
cottonseed kernels are safe f o r human consumption, based on r a t 
st u d i e s . 

A p r o t o c o l approved by the FDA to determine the safety of low 
gossypol cottonseed kernels f o r human consumption was the basis f o r 
the second study by Reber C7 ) . To prepare raw cottonseed f l o u r , raw 
kernels were ground to meet Ro-tap sieve s p e c i f i c a t i o n s of lab chow. 
To prepare roasted cottonseed f l o u r , raw kernels were dry roasted at 
not l e s s than 121°C f o r not l e s s than 5 min. To prepare cooked c o t 
tonseed f l o u r , raw kernels were cooked i n steam u n t i l batch tempera
ture had been at or above 121°C f o r 5 min. A l l cottonseed kernels 
were ground i n the manner described above. The kernels contained not 
more than O.037% (370 ppm) of free gossypol. They were free of S a l 
monella and d i d not contain detectable amounts of a f l a t o x i n . The 
proximate analyses of the cottonseed f l o u r s are shown i n Table I. 
The glandless cottonseed was obtained from Rogers Cottonseed Co., 
Waco, Texas, then processed and analyzed by the Food P r o t e i n Research 
and Development Center, Texas A&M U n i v e r s i t y , College S t a t i o n , Texas. 

Table I. An a l y s i s of Cottonseed Flours 

Raw Roasted Cooked 
Moisture, % 6.20 2.27 4.23 
Pr o t e i n , % 39.13 40.56 39.81 
O i l , % 35.45 37.34 36.94 
Ash, % 4.30 4.44 4.39 
Crude F i b e r , % 1.48 1.42 1.37 
Gossypol (free) % O.037 O.03 O.034 
Gossypol ( t o t a l ) % O.042 O.034 
Lead, ppm 1.5 1.5 1.5 
Arsenic, ppm O.1 O.1 O.1 
Heavy metals, ppm 10.0 10.0 10.0 

Reprinted from J . Food S c i . 1981. 46(2):593-596. Copyright by 
I n s t i t u t e of Food Technologists. 
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6. REBER Incorporation of Cottonseed into Foods 63 

Growing female r a t s u t i l i z e d cooked or roasted cottonseed more 
e f f i c i e n t l y than raw cottonseed or c o n t r o l d i e t . The percentages of 
pups a l i v e at b i r t h s u r v i v i n g to 4 days were s i g n i f i c a n t l y higher f o r 
r a t s fed raw or cooked cottonseed than roasted cottonseed. There 
were no s i g n i f i c a n t d i f f e r e n c e s due to d i e t observed i n average body 
weights of dams at p a r t u r i t i o n and at weaning time or i n weight of 
o f f s p r i n g . 

There were no detrimental e f f e c t s due to feeding low gossypol 
(370 mg/kg) cottonseed kernels at a l e v e l of 20% of the d i e t equiva
lent to 74 mg of free gossypol per kg of d i e t as eaten. Rats fed 
cottonseed grew as w e l l as or better than c o n t r o l animals. Heat 
treatment of cottonseed apparently made one or more n u t r i e n t s more 
a v a i l a b l e on a n u t r i t i o n a l b a s i s to female r a t s . O v e r a l l the d i e t 
containing cooked cottonseed appeared to be a b e t t e r d i e t than the 
d i e t containing roasted cottonseed. These observations l e d to an 
i n v e s t i g a t i o n of the p r o t e i n q u a l i t y of the cottonseed as a f f e c t e d by 
the processing. 

The same shipment of raw, cooked and roasted glandless whole 
kernel cottonseed f l o u r s used i n the FDA study was used to determine 
the p r o t e i n e f f i c i e n c y r a t i o (PER) of each f l o u r (8). The adjusted 
PER (Table II) of cooked (2.10) cottonseed was s i g n i f i c a n t l y higher 
than roasted (1.77) cottonseed. P r o t e i n r e t e n t i o n e f f i c i e n c y (PRE) 
f o r roasted cottonseed (58.08) was lower than values f o r raw (60.54) 
and cooked (62.95) cottonseed. R e l a t i v e p r o t e i n values (RPV) i n d i 
cated a u t i l i z a t i o n of 91, 91 and 96% of the p r o t e i n i n raw, roasted 
and cooked cottonseed, r e s p e c t i v e l y . The m u l t i p l i c a t i o n of the 
(RPV) percentage u t i l i z a t i o n and the p r o t e i n content of the cotton
seed (Table I) r e s u l t s i n the r e l a t i v e u t i l i z a b l e p r o t e i n values 
(Table I I ) . 

Table I I . Average P r o t e i n E f f i c i e n c y Ratio (PER), R e l a t i v e P r o t e i n 
Value (RPV) and R e l a t i v e U t i l i z a b l e P r o t e i n f o r Raw, Roasted and 

Cooked Whole Kernel Cottonseed 3 

Cottonseed 
Parameter Casein Raw Roasted Cooked 

PER (adjusted) 2.50b 1.93 c 1.77ce 2.10CÛ 
RPV O.91 O.91 O.96 
R e l a t i v e U t i l i z a b l e P r o t e i n ^ 35.61 36.90 38.21 
a R e p r i n t e d from J . Food Q u a l i t y 1983. 6:65-71. 
^Was s i g n i f i c a n t l y (P<O.01) higher than c f o r each parameter 
(Duncan's m u l t i p l e a n a l y s i s ) . 

^Was s i g n i f i c a n t l y (P<O.01) higher than e f o r each parameter 
(Duncan's m u l t i p l e a n a l y s i s ) . 

^RPV X p r o t e i n content. 

Cooked glandless cottonseed p r o t e i n q u a l i t y was superior to that 
of raw and roasted cottonseed. The r o a s t i n g process adversely a f f e c 
ted p r o t e i n q u a l i t y . Supplementation of roasted cottonseed with 0, 
O.2, O.4, O.6 and O.8% L - l y s i n e i n d i c a t e d a peak PER response at 
O.45%. The adverse e f f e c t of r o a s t i n g on the p r o t e i n q u a l i t y of c o t 
tonseed was overcome by a d d i t i o n of L - l y s i n e which made the p r o t e i n 
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64 PLANT PROTEINS 

q u a l i t y of roasted cottonseed comparable to that of cooked cotton
seed (Table I I I ) . The PER study i n d i c a t e d that glandless cottonseed 
kernels are a f e a s i b l e p r o t e i n source. The p r o t e i n i n cottonseed i s 
of greater value and u t i l i z e d to a greater extent a f t e r the kernel 
i s cooked. 

Table I I I . Average Adjusted P r o t e i n E f f i c i e n c y Ratio f o r Raw, Cooked 
and Roasted Cottonseed Supplemented with L y s i n e 3 

Casein 
Raw Cottonseed 
Cooked Cottonseed 
Roasted Cottonseed 
Roasted +O.2% l y s i n e 
Roasted +O.4% l y s i n e 
Roasted +O.6% l y s i n e 
Roasted +O.8% l y s i n e 
a R e p r i n t e d from J . Food Q u a l i t y 1983. 6:65-71. 
b S i g n i f i c a n t l y (P<O.01) higher than C . 

Cottonseed i n Nigerian Foods 

High-protein, low-cost Nigerian foods, c h i n - c h i n , p u f f - p u f f , akara 
(9), akamu, sugar cookies and yeast bread (10) were developed using 
raw f u l l - f a t cottonseed (Table I ) , defatted cottonseed (Table V), 
soybean, peanut or sesame f l o u r s as p r o t e i n supplements. 

The foods were evaluated by A f r i c a n and non-African panels f o r 
appearance, texture, absence of greasiness, p a l a t a b i l i t y and o v e r a l l 
a c c e p t a b i l i t y . The A f r i c a n panel rated a l l the food products s i g n i 
f i c a n t l y (P=O.01) higher f o r a l l c h a r a c t e r i s t i c s than the non-African 
panel. The high scores may be a t t r i b u t e d to the foods being c u l 
t u r a l l y and t r a d i t i o n a l l y acceptable. Akara, p u f f - p u f f and chi n - c h i n 
are deep f a t f r i e d N i gerian foods. Akara i s the most common food 
product i n A f r i c a containing cowpeas. Deep f a t f r i e d b a l l s prepared 
from akara provide a t a s t y , f r e s h product a v a i l a b l e at s p e c i f i c times 
to the consumer. The s i z e of akara b a l l s determines whether they are 
to be eaten as an appetizer or as a main d i s h . The n u t r i t i o n a l value 
of cowpeas i s associated with a high p r o t e i n value, ranging from 20-
25%. The akara products i n which soybean or sesame f l o u r replaced 
25% of the cowpeas were rated more d e s i r a b l e more frequently by both 
panels than were the o r i g i n a l cowpea akara or the akara i n which 
e i t h e r cottonseed f l o u r or peanut f l o u r was used. 

Chin-chin i s c r i s p , s l i g h t l y sweet, golden brown knots of pas
t r y . These deep f a t f r i e d cakes are made i n d i f f e r e n t shapes and 
s t y l e s . Chin-chin i s often f l a v o r e d with v a n i l l a e x t r a c t , nutmeg, 
caraway seed, orange or lemon r i n d . The A f r i c a n panel p r e f e r r e d the 
chin-chin with no s u b s t i t u t i o n f o r a l l c h a r a c t e r i s t i c s except appear
ance. The non-African panel p r e f e r r e d chin-chin without any s u b s t i 
t u t i o n s f o r a l l c h a r a c t e r i s t i c s . The soybean f l o u r was the most 
d e s i r a b l e s u b s t i t u t i o n at 30% of the a l l purpose f l o u r . 

P u f f - p u f f , s o f t , golden brown b a l l s of wheat f l o u r b a t t e r f r i e d 
i n deep f a t , i s a major snack food i n most A f r i c a n c o u n t r i e s . The 

PER 

1.95^ 
1.92 C 
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6. REBER Incorporation of Cottonseed into Foods 65 

African panel preferred the puff-puff containing 30% defatted cotton
seed. The non-African panel preferred the puff-puff containing the 
a l l purpose flour for a l l characteristics except the absence of 
greasiness. 

The substitution of the seed flours for cowpeas or wheat flour 
increased the percentage protein (Table IV) in a l l food products and 
increased the chemical scores of the limiting amino acids, 
methionine and cystine, for a l l foods. 

The percentage of protein and fat in the total solids of food 
products was calculated on the basis of the recipes prior to deep fat 
frying (Table IV). Following the frying of the products proximate 
analyses were obtained and the protein and fat in the total solids 
were calculated. There was a large increase in the fat content of 
a l l products as a result of the deep fat frying. In a l l fried food 
products the percentage of fat exceeded the percentage of protein 
(Table IV). The addition of the seed flours to akara did not signi
ficantly increase protein quality of the product containing cowpea 
seed protein. Although akara was high in fat content after frying 
the high level of protein in akara resulted in PER levels above 2.00. 
In both the chin-chin and puff-puff products the fat to protein ratio 
was considerably higher than for akara (Table IV). The high fat con
tent in the diet reduced the food intake and the weight gained by the 
rats. Thus, the PER values were much lower than would be expected. 
Puff-puff was not a good source of protein and supplementation with 
seed flours made i t an even poorer source due to the high fat content 
in the product as eaten. The addition of seed flours to chin-chin 
improved the protein quality with defatted cottonseed producing the 
best improvement. Supplementation of chin-chin, therefore, would be 
advantageous for the Nigerian people. 

Table IV. Percentage Protein and Fat of Total Solids of the Food 
Before and After Frying 

Products*5 Before After Products*5 

Protein Fat Protein Fat 
Akara 

100% cowpeas 27.5 6.0 20.9 24.9 
75% cowpeas/25% FC 30.8 14.0 21.7 36.9 
75% cowpeas/25% DC 34.7 6.8 24.0 32.0 

Chin-chin 
100% wheat flour 11.1 21.0 9.8 32.0 
70% wheat/30% FC 16.7 27.5 13.6 40.4 
70% wheat/30% DC 20.8 21.3 16.4 30.3 

Puff-puff 
100% wheat flour 17.3 7.5 14.0 30.6 
70% wheat/30% FC 22.4 13.7 17.0 41.9 
70% wheat/30% DC 25.4 7.9 18.7 30.6 

aReprinted from J. Food Sci. 1983. 48(1) : 217-219. Copyright by 
Institute of Food Technologists. 
FC, f u l l - f a t cottonseed; DC, defatted cottonseed. 
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66 PLANT PROTEINS 

Akamu, which i s made from fermented corn, m i l l e t or sorghum i s 
an important t r a d i t i o n a l breakfast and weaning c e r e a l i n most A f r i c a n 
c o u n t r i e s . The A f r i c a n panel p r e f e r r e d the 100% cornstarch akamu, 
whereas, the non-African panel p r e f e r r e d the 25% f u l l f a t cottonseed 
akamu f o r texture, p a l a t a b i l i t y and o v e r a l l a c c e p t a b i l i t y . In 
general, the cornstarch akamu and 25% soybean akamu products were 
rated higher than the 25% sesame akamu f o r c e r t a i n c h a r a c t e r i s t i c s . 
The 25% defatted cottonseed akamu and 25% sesame seed akamu were 
rated lower than the akamu containing f u l l f a t cottonseed, soybeans, 
peanuts or cornstarch f l o u r s . Replacing wheat f l o u r with various 
f l o u r s i n yeast bread produced an acceptable bread, but with de
creased volume. Bread containing 15% f u l l f a t cottonseed was rated 
the highest for moistness. However, both panels rated the 15% de
f a t t e d cottonseed and 15% sesame seed bread lower compared to the 
yeast bread made from 15% f u l l f a t cottonseed, soybean, peanut or 
wheat f l o u r s . When sugar cookies were evaluated, the 30% defatted 
cottonseed cookies were rated lower by both panels compared to the 
cookies made from other f l o u r s . O v e r a l l , the A f r i c a n panel rated the 
akamu, yeast bread and sugar cookies higher than the non-African 
panel f o r a l l c h a r a c t e r i s t i c s evaluated. The defatted cottonseed 
products were rated lower f o r a l l three products compared to the 
other f l o u r products. 

Cottonseed, peanut, sesame seed, and soybean f l o u r s , when used 
as supplements, add to the q u a l i t y of the p r o t e i n . The improvement 
of p r o t e i n q u a l i t y was due to the f l o u r s compensating f o r l i m i t i n g 
amino a c i d s . Supplementation using various f l o u r s improved t o t a l 
p r o t e i n , amino a c i d content and some p h y s i c a l c h a r a c t e r i s t i c s i n 
akamu, yeast bread and sugar cookies. 

Cottonseed i n American Foods 

Food grade cottonseed f l a k e s and cot-n-nut kernels are a v a i l a b l e com
m e r c i a l l y . The fuzzy cottonseed with a moisture content of 9 to 10% 
and a maximum free gossypol content of 300 ppm i s used to prepare the 
cot-n-nuts and f l a k e s . The seed i s cleaned and processed through a 
cottonseed h u i l e r . The dehulled seeds are s i z e d , g r a v i t y graded and 
a s p i r a t e d . Cot-n-nuts are prepared by p l a c i n g the seeds i n a dry 
tumbling roaster set at 154°C f o r 5 min. A f t e r the seeds are 
roasted, they are e l e c t r o n i c a l l y c o l o r - s o r t e d to produce an end pro
duct with a maximum fr e e gossypol content of 100 ppm. The cot-n-nuts 
are vacuum packed i n 50 l b . bags. Raw cottonseed which contains 100 
ppm or l e s s free gossypol i s used to prepare cottnseed f l a k e s . The 
raw cottonseed i s roasted at 121°C f o r 5 min. The hot cottonseed i s 
put through a f l a k e r and then vacuum packed i n 50 l b . bags. The 
cottonseed f l a k e s or cot-n-nuts may be made i n t o a f l o u r . Proximate 
analyses of the cottonseed f l a k e s and cot-n-nuts are shown i n Table 
V. 

Cottonseed f l a k e s and cot-n-nuts have been used i n many foods. 
The Department of N u t r i t i o n and Food Sciences has published (11) 
"Cooking with Cottonseed", a booklet which i s a v a i l a b l e on request. 
Examples of foods with cottonseed f l a k e s are orange cotton cake, 
cot-n-nut chewies, granola bars, sausage and cotton b a l l s , b o l l a 
chips (a high p r o t e i n snack food), cot-n-nut cups, sausage i n a c o t 
tonseed r o l l , and cotton cheese crackers. 
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6. REBER Incorporation of Cottonseed into Foods 67 

Table V. Proximate A n a l y s i s (%) of Defatted Cottonseed F l o u r , 
Cottonseed Flakes and Cot-n-nuts 

Component Cottonseed 
F l o u r a 

Cottonseed 
Flakes Cot-n-nut 

Moisture 8.20 6.00 4.70 
P r o t e i n 55.94 36.06 39.06 
Fat 2.16 31.20 35.40 
Fiber 2.80 4.50 1.90 
Ash 5.99 5.64 4.16 
Nitrogen-free 

extract 24.91 16.60 14.78 
a D e f a t t e d f l o u r . 

The use of cottonseed p r o t e i n i n human foods was described by 
Bressani (12) i n 1965. There are many cottonseed d e r i v a t i v e s and 
t h e i r p o t e n t i a l food uses have been described by Berardi and Cherry 
(13). These d e r i v a t i v e s could become the cornerstone f o r a whole new 
phase of food f o r t i f i c a t i o n (14). Shanklin, Hume and Gould (15) 
i n v e s t i g a t e d the p o s s i b i l i t y of i n c o r p o r a t i n g glandless cottonseed 
i n t o products f o r use i n school lunch programs. The products 
included: p i z z a r o l l , sausage r o l l , heavenly angel b i s c u i t s , corn-
bread, cotton 'lasses, and cotton c r i s p i e s . Using a 7-point hedonic 
s c a l e , the elementary (Grades 1-6) school c h i l d r e n rated a l l products 
a 5 (OK), or b e t t e r f o r o v e r a l l a c c e p t a b i l i t y , with p i z z a r o l l s and 
cotton c r i s p i e s r e c e i v i n g the highest r a t i n g s . When the p r o t e i n con
tent was determined, glandless cottonseed increased the amount of 
p r o t e i n compared to the standard i n a l l products except cotton 
c r i s p i e s . Therefore, i t was considered f e a s i b l e to incorporate 
glandless cottonseed i n t o these food products and obtain an accept
able product with improved p r o t e i n content. 

L i m i t i n g Factors 

Gossypol. A f a c t o r l i m i t i n g the use of cottonseed i n foods f o r 
humans i s free gossypol. Cottonseed and okra belong to the Malvaceae 
family. Gossypol i s present i n okra i n small amounts (16). Okra i s 
consumed i n considerable amounts by people i n some regions but the 
intake of free gossypol i n the d i e t containing okra i s unknown. The 
maximum amount allowed by the FDA i s 450 mg of f r e e gossypol per kg 
of cottonseed. Rogers Cottonseed Co. sets a l i m i t of 300 mg of free 
gossypol per kg of raw cottonseed and sorts the seed to produce 
fl a k e s or cot-n-nuts containing 100 mg or l e s s of gossypol per kg of 
f i n i s h e d product. The goal should be and i s to reduce the f r e e gos
sypol content of cottonseed f o r human consumption to zero. U n t i l 
that goal i s achieved the free gossypol values i n cottonseed before 
i n c o r p o r a t i o n i n t o food should be used i n applying the FDA s a f e t y 
l e v e l . However, processing reduces f r e e gossypol content. 

Bressani et a l . (17) have shown that processing a f f e c t s f r e e 
gossypol. In t h e i r study at the I n s t i t u t e of N u t r i t i o n of C e n t r a l 
America and Panama (INCAP), Vegetable Mixture 9 (28% ground corn, 28% 
ground sorghum, 38% cottonseed f l o u r , 3% t o r u l a yeast, and 3% 
hydrated l e a f meal) was cooked i n water at 85 to 87°C f o r varying 
times and with d i f f e r e n t a d d i t i v e s . Free gossypol was decreased by 
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68 PLANT PROTEINS 

cooking i n water and by wetting without cooking. The e f f e c t s were 
more evident when calcium or i r o n s a l t s were added or when sugars 
were present. The reduction of free gossypol was more pronounced 
when both F e S 0 4 and Ca ( 0 H > 2 were present. This suggests that an 
a l k a l i n e pH i s important i n reducing free gossypol, e s p e c i a l l y i n the 
presence of i r o n . In the Bressani et a l . study, the temperature used 
f o r cooking was not very high and cooking i n water was the only 
technique used. 

Reber, Hopkins and L i u (18) described the e f f e c t s of food prep
a r a t i o n procedures and of various food ingredients on the free and 
t o t a l gossypol contents of food products containing cottonseed. Free 
and t o t a l gossypol l e v e l s were determined by the method i n the 
American O i l Chemists 1 Society O f f i c i a l Methods manual (19). 
Gossypol-acetic a c i d , purchased from the Sigma Chemical Company, St. 
Louis, Mo., was used f o r standard c a l i b r a t i o n . Free gossypol i s that 
p o r t i o n of the gossypol which i s soluble i n aqueous acetone. In the 
a n a l y t i c a l procedure bound gossypol i s released when subjected to 
mild a c i d h y d r o l y s i s . The a n a l y t i c a l procedure i s used to measure 
free gossypol and t o t a l gossypol. Bound gossypol i s t o t a l gossypol 
minus free gossypol. A n a l y s i s of the f l o u r was done by Pope Testing 
Laboratories, Inc., D a l l a s , Texas. The f l o u r contained: 9.00% 
moisture, 55.41% p r o t e i n , 3.24% f a t , O.80% f i b e r , 7.43% ash and 
O.044% (440 mg/kg) free gossypol. There was 460 mg/kg free gossypol 
i n the cottonseed f l o u r as determined by the TWU l a b . Recovery of 
free gossypol added to the cottonseed was 89%. Foods prepared using 
the cottonseed f l o u r were orange b a l l s , cinnamon wafers, brownies, 
hamburger p a t t i e s , and Sloppy Joe f i l l i n g . These foods were chosen 
because various preparation techniques i n c l u d i n g no cooking, baking, 
and simmering were required to make them. A l l of the products had 
been p r e v i o u s l y prepared at Texas Woman's U n i v e r s i t y . 

Orange b a l l s are a no-bake cookie, therefore the gossypol a n a l 
yses were conducted on the f i n i s h e d products. There was a l o s s of 
4% of the free gossypol (Table V I ) . Brownies, cinnamon wafers, and 
hamburger p a t t i e s were mixed, then cooked. These three foods were 
analyzed f o r gossypol content before and a f t e r cooking to determine 
i f the amount of free gossypol changed during the preparation of the 
product. Hand mixing the ingredients i n the brownies r e s u l t e d i n an 
increase of 26% of the free gossypol (Table V I ) . Mixing and cooking 
of the other foods caused a decrease i n free gossypol. No free gos
sypol was found i n baked hamburger p a t t i e s . 

The Sloppy Joe f i l l i n g was analyzed only a f t e r cooking, because 
i t was cooked as i t was mixed. No free gossypol was recovered i n the 
cooked f i n a l product. These data i n d i c a t e free gossypol i s reduced 
as a r e s u l t of mixing cottonseed with other r e c i p e i n g r e d i e n t s , but 
i n the foods t e s t e d , some free gossypol remained. The a p p l i c a t i o n of 
heat i n cooking the foods als o caused a reduction of the presence of 
free gossypol. In the case of hamburger p a t t i e s and Sloppy Joe 
f i l l i n g , no free gossypol was recovered. The a n a l y s i s f o r free gos
sypol of foods as eaten should be the basis f o r measuring gossypol 
intake by humans. 

The fo l l o w i n g food products prepared f o r human consumption were 
analyzed f o r free and t o t a l gossypol: Proteina bread, a product of 
Mrs. Baird's Bakery, Fort Worth, Texas; crunchy and smooth Cot-N-Nut 
Butter, processed at the American Nut Corporation, L e w i s v i l l e , Texas; 
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6. REBER Incorporation of Cottonseed into Foods 69 

Table VI. Percentage of Free Gossypol Change 
i n Food Products 

Method of Food Change i n 
Preparation Product Free Gossypol,% 
Hand Mixing Orange B a l l s - 4 

Hand Mixing Cinnamon Wafers - 13 
Baking Cinnamon Wafers - 85 

Hand Mixing Brownies + 26 
Baking Brownies - 76 

Hand Mixing Hamburger P a t t i e s - 64 
Baking Hamburger P a t t i e s -100 

Simmering Sloppy Joe F i l l i n g -100 

and B o l l a , a f r i e d chip prepared at Texas Woman's U n i v e r s i t y . The 
concentration of free gossypol i n the cottonseed included i n the food 
was 450 mg or l e s s per kg of cottonseed. The free gossypol i n these 
foods ranged from 10 to 38 mg per kg of food (Table V I I ) . 

Table VII. Products Containing Cottonseed 

Product Gossypol, mg/kg Product Free T o t a l 
Proteina Bread 10 90 
Crunchy Cot-N-Nut Butter 20 150 
Smooth Cot-N-Nut Butter 38 180 
B o l l a 20 130 

The t o t a l gossypol data f o r many foods was much higher than that 
contributed by the cottonseed. The increase i n free gossypol as a 
r e s u l t of mixing the ingredients i n preparing the brownie mix was a 
problem. The a n a l y t i c a l work i n d i c a t e d the AOCS procedure f o r free 
and t o t a l gossypol a n a l y s i s was not s p e c i f i c f o r gossypol. The lack 
of s p e c i f i c i t y had been noted i n a study i n which animal t i s s u e s were 
analyzed f o r gossypol content (20) . The gossypol values were a t t r i 
buted to some constituent other than gossypol r e a c t i n g with the 
reagent. The AOCS method involves a c o l o r r e a c t i o n that takes place 
between the aldehyde groups of gossypol and the amine group of 
a n i l i n e to form d i a n i l i n o - g o s s y p o l (19). A n i l i n e i s a n o n - s p e c i f i c 
reactant with aromatic aldehydes. Stipanovic et a l . (16) reported 
f a l s e - p o s i t i v e free gossypol r e s u l t s i n the a n a l y s i s of okra and 
glandless cottonseed. The f a l s e - p o s i t i v e gossypol readings appeared 
to be due to degradation products of hydroxylated unsaturated f a t t y 
a c i d t r i g l y c e r i d e s r e a c t i n g with a n i l i n e . The free gossypol values 
reported i n Table VI and VII may represent free gossypol contributed 
by the cottonseed f l o u r , f a l s e - p o s i t i v e readings caused by the i n g r e 
d i e n t s , or some of each. Therefore, i t i s impossible to st a t e the 
free or t o t a l gossypol content of prepared foods based on the AOCS 
method. 
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70 PLANT PROTEINS 

The lack of s p e c i f i c i t y of the AOCS method produced f a l s e -
p o s i t i v e readings f o r orange j u i c e , v a n i l l a wafers, pecans, brown 
sugar, c h i l i powder, v a n i l l a , cocoa, Worcestershire sauce, and black 
pepper (Table V I I I ) . Cooked ground beef, shortening, and baking 
powder d i d not produce f a l s e - p o s i t i v e gossypol readings. The 
increase i n the number of f a l s e - p o s i t i v e values f o r t o t a l gossypol, 
compared to free gossypol, may have been due to the l i b e r a t i o n of 
re a c t i v e groups as a r e s u l t of the mild a c i d h y d r o l y s i s required i n 
the a n a l y s i s f o r t o t a l gossypol. 

Table V I I I . Free and T o t a l Gossypol i n Recipe Ingredients 

Ingredient Gossypol, 
Free 

mg/kg 
T o t a l 

Cottonseed f l o u r 460 660 
C h i l i powder 310 1090 
V a n i l l a 270 550 
Cocoa 125 410 
Orange j u i c e 86 90 
Worcestershire sauce 80 1620 
Black pepper 70 140 
Brown sugar 35 390 
V a n i l l a wafers 33 180 
Pecans 8 30 
Kitchen bouquet 0 1940 
Granulated sugar 0 1370 
Salt 0 1360 
Powdered sugar 0 600 
Tomato paste 0 550 
Cinnamon 0 470 
Egg 0 410 
A l l purpose f l o u r 0 150 
Beef, ground, raw 0 50 
Whole wheat f l o u r 0 50 
Onion 0 20 

The rate of condensation of an amine (R-NH2) with a carbonyl 
compound (R-CHO) as a f u n c t i o n of pH forms a bell-shaped curve over 
the pH range 1 to 7 with a peak at pH 3.5. The co l o r developed 
( o p t i c a l density) by the r e a c t i o n at pH i n t e r v a l s from 3 to 11 were 
determined. A bell-shaped curve d i d not occur. Peak o p t i c a l 
d e n s i t i e s (O.D.) occurred at pH 4.00 (O.755), 5.00 (O.776) and 5.63 
(O.775). Pure v a n i l l a over a pH range of 3 to 11 had an inverted 
bell-shaped curve, but had some o p t i c a l density i n the range of 4 to 
5.65 pH. Gossypol acetate was added to the v a n i l l a so that the gos
sypol concentration was the same as i n the standard gossypol s o l u 
t i o n . The curve of the gossypol plus v a n i l l a s o l u t i o n was s i m i l a r 
to the v a n i l l a curve. Thus, v a n i l l a may i n h i b i t the g o s s y p o l - a n i l i n e 
c o l o r development r e a c t i o n i n some way. 

Solutions obtained f o r the a n a l y s i s of other food ingredients 
had the greatest c o l o r development, i . e . , f a l s e gossypol values, at 
pH 5 to 6. False gossypol r e a c t i o n s could not be eliminated by 
a l t e r i n g the pH of the r e a c t i n g s o l u t i o n s i n the AOCS (19) procedure. 
It i s e s s e n t i a l to be able to accu r a t e l y determine the amount of an 
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6. REBER Incorporation of Cottonseed into Foods 71 

ingredient i n a food, e s p e c i a l l y when that ingredient may have an 
adverse e f f e c t on an i n d i v i d u a l who consumes i t . The i n a b i l i t y to 
accurately analyze a human food product f o r free and/or t o t a l gos
sypol using AOCS (19) s t r e s s e s the need f o r m o d i f i c a t i o n of that 
procedure or to e s t a b l i s h an a n a l y t i c a l method that i s r e l i a b l e . 

Nomeir and Abou-Donia (21) have reported on gossypol:high per
formance l i q u i d chromatographic (HPLC) a n a l y s i s and s t a b i l i t y i n 
various solvents. Stipanovic et a l . (16) suggested the a n a l y s i s of 
gossypol be made on the basis of the amount of d i a n i l i n o g o s s y p o l 
formed. D i a n i l i n o g o s s y p o l was measured by t h i n l a y e r chromatography 
(TLC). 

Cyclopropenoid Fatty A c i d s . Cottonseed contains cyclopropenoid 
f a t t y acids (CPFA) which must be i n v e s t i g a t e d to determine t h e i r 
e f f e c t s on humans and other monogastric animals. Related to t h i s i s 
the hepatocarcinogenicity of whole kernel glandless cottonseed and 
cottonseed o i l i n rainbow t r o u t , Salmo g a i r d e n e r i , (22-24). However, 
the Food and Drug Administration (FDA) has adopted the p o s i t i o n that 
f i s h are not s u f f i c i e n t l y r e l a t e d to man to n e c e s s i t a t e the FDA 
changing i t s acceptance of cottonseed and i t s byproducts i n human 
foods (25). 

Cottonseed contains two cyclopropenoid f a t t y a c i d s , m a l v a l i c 
and s t e r u l i c a c i d . The presence of these two CPFA 1s could be a 
l i m i t i n g f a c t o r i n the use of cottonseed for human food (26) . The 
preparation of foods containing cottonseed may decrease the amount 
of cyclopropenoid f a t t y a c i d s . 

Hampden, Reber and Stewart (27) compared the e f f e c t s of feeding 
whole ke r n e l cottonseed f l o u r at 50% of the d i e t as the s o l e source 
of l i p i d and p r o t e i n to feeding cottonseed o i l or corn o i l as the 
l i p i d source and casein as the p r o t e i n source. Growing male r a t s 
u t i l i z e d the d i e t containing cottonseed o i l more e f f i c i e n t l y 
(P=O.001) than male r a t s fed whole ke r n e l cottonseed or corn o i l 
d i e t s . The whole kernel cottonseed and cottonseed o i l d i e t s had a 
hypocholesterolemic e f f e c t on the r a t s as compared to r a t s fed corn 
o i l . T o t a l serum c h o l e s t e r o l l e v e l s were 73.4, 63.1 and 61.8 mg/dl 
for r a t s fed corn o i l , cottonseed o i l and whole kernel cottonseed, 
r e s p e c t i v e l y (28). Rats fed corn o i l and whole kernel cottonseed 
d i e t s had s i g n i f i c a n t l y (P=O.05) higher t o t a l serum t r i g l y c e r i d e 
l e v e l s than r a t s fed cottonseed o i l . Very low density and low den
s i t y l i p o p r o t e i n concentrations were s i g n i f i c a n t l y (P=O.05) higher i n 
r a t s fed cottonseed o i l and whole kernel cottonseed compared to r a t s 
fed corn o i l . Fat depots of r a t s fed cottonseed o i l and whole kernel 
cottonseed had s i g n i f i c a n t l y (P=O.001) higher l i n o l e i c a c i d l e v e l s 
and s i g n i f i c a n t l y (P=O.001) lower o l e i c a c i d l e v e l s than r a t s fed 
corn o i l . No detrimental e f f e c t s due to feeding whole kernel cotton
seed f l o u r at 50% of the d i e t were observed. There were no CPFA i n 
f a t depots of the r a t s . Cottonseed o i l i n the d i e t r e s u l t e d i n 
superior performance as compared to r a t s fed corn o i l . 

Heavy Metals. The l e v e l s of lead, arsenic and heavy metals f o r c o t 
tonseed f l o u r , f l a k e s and cot-n-nuts are i n Table IX. Under the 
category of heavy metals, lead, arsenic and mercury are included. 
Generally, adults consume about O.2 to O.3 mg of lead per day; how
ever, consumption of 2 to 3 mg per day (1 mg i n c h i l d r e n ) f o r an 
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72 PLANT PROTEINS 

extended time can r e s u l t i n t o x i c i t y . To prevent accumulation of 
lead i n the body, the suggested maximum amount of t o t a l lead intake 
f o r adults and c h i l d r e n i s 600 and 300 ug per day, r e s p e c t i v e l y (29). 
Arsenic i s found i n many foods at l e v e l s below 1 mg per kg (PPM) . 
Da i l y intake of arsenic from food v a r i e s from tens of micrograms to 
over 1 mg (30). According to the l e v e l s i n Table IX, consumption of 
large amounts of cottonseed over a prolonged period of time could 
r e s u l t i n lead, arsenic and heavy metal t o x i c i t y . 

Table IX. Heavy Metal Content of Cottonseed Flakes, Cot-N-Nut 
and Defatted Cottonseed Flour 

Component Cottonseed 
Flakes Cot-N-Nut Defatted 

Cottonseed Flour 
Lead, ppm 1.5 O.9 1.5 
Arsenic, ppm <O.5 <O.5 <O.5 
Heavy metal, ppm <10 <10 <10 

A l l e r g e n s . A l i m i t i n g f a c t o r i n the consumption of cottonseed i s the 
presence of a l l e r g e n s . A l l e r g e n s may produce immediate or delayed 
symptoms. The a l l e r g e n apparently i s not present i n the f a t p o r t i o n 
of the cottonseed, but i s i n the p r o t e i n which i s reduced by heat, 
though not completely destroyed (31). With the increased production 
of products containing cottonseed, the presence of al l e r g e n s becomes 
important even though i t may a f f e c t only a small p o r t i o n of the popu
l a t i o n . In developing countries i n which c e r e a l s are the major food 
source of p r o t e i n , a l l e r g i e s to cottonseed could become c r i t i c a l to 
the production and u t i l i z a t i o n of cottonseed products, e s p e c i a l l y i f 
cottonseed i s to become an important food source by i t s i n c o r p o r a t i o n 
i n t o other foods. 
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7 
Addition of Soy Proteins to Meat Products 

A. W. Kotula and B. W. Berry 

Meat Science Research Laboratory, Agricultural Research Service, U.S. Department of 
Agriculture, Beltsville, M D 20705 

Soy proteins are used extensively in meat and meat 
products by the military, the school lunch program 
and consumers to save money. Their ultimate 
acceptability is equally dependent upon the 
nutritional, chemical, sensory and shelf life changes 
which occur when they are added. Soy proteins in 
meat products such as ground beef inhibit rancidity, 
improve tenderness, increase moisture retention, 
decrease cooking shrink, fat dispersion during 
cooking and have no important effect on 
microbiological condition. Concomittantly, 
inordinate amounts of added soy protein may cause the 
meat product to be too soft, exhibit an undesirable 
flavor and may lead to a decreased PER and a 
deficiency in B-vitamins and trace minerals. In 
emulsified meat products, soy protein effectively 
binds water but does not emulsify fat as well as salt 
soluble muscle protein. Prudent incorporation of 
plant proteins can result in an improvement of the 
quality of the meat product with inconsequential 
adverse effects. 

Over a decade ago the i n s t i t u t i o n a l t r ade , the Department of 
Defense, the School Lunch Program of the Un i ted States Department 
of A g r i c u l t u r e and consumers became i n te re s ted in u t i l i z i n g soy 
p ro te in s to augment the p ro te in s of meat. The economic bene f i t s 
a s soc ia ted with the use of soy p ro te i n were r e f l e c t e d in the 1974 
p r i ce s f o r food groups which were u t i l i z e d as sources of p ro te in s 
(Table I ) . Whereas the average p r i c e per kg of u t i l i z a b l e p ro te i n 
from meat and f i s h was in the neighborhood of $6.6 per kg, soybean 
f l o u r was $.68 per kg, peanut f l o u r $1.45 per kg, and s i n g l e c e l l 
p r o te i n s $.95 per kg. 

If one est imated the p r i c e of meat at $2.2 per kg and added 25 
percent hydrated soy, when the hydrat ion r a t i o was 3 parts water to 
1 part soy, and the cost of the soy was $1.8 per kg, then the 
savings due to the use of soy would be $.44 per kg of product 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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7. KOTULA AND BERRY Soy Proteins in Meat Products 77 

(2). Even g reater sav ings , 21 to 35 pe rcent , can be r e a l i z e d 
because a c e r t a i n amount of lean trimmings can be replaced by 
f a t t e r t r immings, depending on which fo rmu la t ion i s used (Table 
I I ) . Augmenting meat or f i s h p ro te i n with soy p r o te i n cont inues to 
be economica l l y advantageous. The cur rent p r i c e of soy p r o t e i n s , 
(D. R. R i ce , Personal communication, 1985), v a r i e s with q u a n t i t i e s 
purchased, but v a r i e s on a cent per kg ba s i s from 22 to 55 f o r soy 
f l o u r ; 55 to 110 f o r textured soy f l o u r ; 77 to 121 f o r 
non - func t i ona l soy concent ra te ; 132 to 176 f o r high s o l u b i l i t y soy 
concent ra te ; 108 to 154 f o r textured soy concent rate ; 238 to 330 
f o r soy i s o l a t e ; and 275 to 330 f o r s t ruc tu red soy i s o l a t e . 

Some of the uses of soy p ro te in s to augment meat p ro te in s are 
summarized in Table I I I . Textured soy f l o u r , though not inc luded 
in that t a b l e , can be used in the same meat systems, where soy g r i t 
or coarse soy p r o te i n concentrate are used. Besides the economics 
assoc iated with the use of soy p r o t e i n , they are u t i l i z e d in such 
meat products because of t h e i r f u n c t i o n a l and n u t r i t i o n a l 
p r o p e r t i e s . 

Funct iona l P r o p e r t i e s and Sensory C h a r a c t e r i s t i c s 

The increased water ho ld ing c apac i t y as a r e s u l t of adding soy 
p ro te i n s to meat i s one of the most important c h a r a c t e r i s t i c s of 
soy p r o t e i n s . The recommended hydrat ion l e v e l s f o r soy f l o u r (50% 
p r o t e i n ) , soy concentrate (70% p ro te i n ) and soy i s o l a t e (90% 
p ro te i n ) are about 1.5:1, 2.5:1, and 3.5:1, r e s p e c t i v e l y . Rakosky 
(4·) recommended using a hydrat ion l e v e l which w i l l r e s u l t in a 
p r o t e i n l e ve l of about 18 percent in the hydrated product. Andres 
(5J reported that soy concentrate r a p i d l y absorbs and r e t a i n s over 
400% i t s weight of water. Though the soy concentrate can absorb 
even 600 percent of i t s weight of water, some would be l o s t due to 
syneres i s and would de t rac t from the meat product q u a l i t y . Of 
equal importance i s the need fo r the soy p ro te in to r e t a i n some of 
i t s water ho ld ing c apac i t y dur ing cooking so that i t w i l l bind 
l i b e r a t e d j u i c e s and thus r e t a i n the meat f l a v o r s and increase the 
cooked y i e l d of the meat products (5). 

Rakosky (40 reported that i f a 25% shr ink were obtained with 
an a l l meat product, the shr ink in a meat product augmented with 
soy concentrate would be about 22.5%, or a 10% reduc t i on in sh r i nk . 
Use of textured soy r a the r than soy concentrate (Table IV) has been 
shown to reduce shr ink in beef p a t t i e s (6_,7_). In a comparison of 
textured soy, soy concentrate and soy i s o l a t e , Berry et a l . (7) 
found i s o l a t e s gave the lowest cooked y i e l d s . In that study, 
cooking y i e l d s were d i r e c t l y r e l a t ed to the amount of dry soy in 
the ground beef-soy f o rmu la t i on s . The g reater quan t i t y of soy (and 
cor respond ing ly les s water) in the textured soy f l o u r fo rmu la t ion 
increased moisture r e t en t i on and decreased t o t a l cooking l o s s . 
Wolf {8) a t t r i b u t e d the water b ind ing by soy f l o u r not on ly to the 
presence of the p rote ins but a l so to the po lysacchar ides which are 
present . Ko tu l a and Rough (6) demonstrated that ground beef 
p a t t i e s extended with soy f l o u r or concentrate were more tender 
than the a l l beef p a t t i e s . Berry et a l . (7) found p a t t i e s made 
with soy f l o u r or concentrate to be more tender than a l l - b e e f 
p a t t i e s or p a t t i e s formulated with soy i s o l a t e . The d i l u t i o n 
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7. KOTULA AND BERRY Soy Proteins in Meat Products 81 

e f f e c t of s u b s t i t u t i n g soy p ro te in f o r muscle and connect ive t i s s u e 
are probably re spons ib le f o r these tenderness improvements as we l l 
as the f a c t that s o l ub l e p ro te in s add to b ind ing p roper t i e s dur ing 
the denatur ing of p ro te in s assoc iated with cook ing. Toasted soy 
f l o u r , soy g r i t s and c e r t a i n soy p ro te i n concentrates are a l ready 
denatured p r i o r to t h e i r add i t i on to meat. 

An eva lua t i on of the composit ion of the cooking j u i c e s , as 
presented i n Table IV, demonstrates, by d i f f e r e n c e , that f a t i s 
r e ta i ned to a g rea te r extent by the soy concentrate meat product 
than by the soy f l o u r meat product or the ground beef. The meat 
product conta in ing soy f l o u r l o s t more f a t dur ing cooking than d id 
the a l l - b e e f (Table IV). S i m i l a r r e s u l t s were reported by Anderson 
and L ind (9). When soy p ro te i n concentrates are used in canned 
meat products l i k e c h i l i , the f a t i s l ands w i t h i n the chopped meat 
products and the f a t cap are e l im ina ted (10). When 4% soy 
concentrate was added to a minced pork product, cook out of f a t and 
moisture was reduced 31% f o r pas teur i zed product and 34% f o r 
s t e r i l i z e d product. 

The s t a b i l i t y of e m u l s i f i e d products conta in ing soy p ro te i n 
f l o u r , concentrate or i s o l a t e was be t t e r than s i m i l a r emulsions 
without soy (JJ_) · Emulsion s t a b i l i t y was higher in emulsions 
con ta in i ng soy f l o u r than in those conta in ing soy concentrate or 
i s o l a t e . The use of soy p ro te i n i s o l a t e has been recommended fo r 
non-standardized sausage type products because i t binds f a t and 
water, prov ides cohes iveness , prevents f a t m ig ra t i on dur ing or 
a f t e r cook ing , adds p ro te in and forms a f i r m gel s t r u c tu re 
0 2 ) . 

In the study by Thompson, et a l . ( 11 ) , the ml of gel re leased 
per 100 g emulsion f o r the reference emûTsion without soy, with soy 
i s o l a t e ( S I F ) , soy concentrate (SCF) or soy f l o u r (SF) was 6.07, 
5.83, 5.49 and 3.08, r e s p e c t i v e l y , when the hydrat ion r a t i o s were 
1:4 ( f l o u r :wa te r ) f o r S IF, 1:3 f o r SCF and 1:2 f o r SF. The ml gel 
re leased per 100 g emulsion conta in ing 10, 15, 20, and 25% soy 
p ro te i n was 6.70, 5.01, 3.94 and 3.57, r e s p e c t i v e l y . When soy 
p r o t e i n concentrate was incorporated i n to an emulsion at the 3.5% 
l e v e l , the process ing y i e l d s , t e x t u r a l p r o f i l e and sensory t e x t u r a l 
a t t r i b u t e s of f r a n k f u r t e r s were not d i f f e r e n t among the products 
with and without added soy concentrate ( 13). An o b j e c t i v e measure 
of compression and shear modulus i nd i ca ted that soy p ro te i n 
concentrate incorporated i n to f r a n k f u r t e r s at the 3.5% l e v e l had no 
e f f e c t on ba t te r s t rength or t ex tu re (_U). The add i t i on of a 
cottonseed p ro te i n to f r a n k f u r t e r s to rep lace 5, 10 or 15% o f the 
meat r e s u l t ed in higher pH, le s s cured c o l o r , les s f i rmness of 
s k i n , s o f t e r t ex tu re and reduced d e s i r a b i l i t y as judged by a 
sensory panel ( J 5 ) . 

When s t ruc tu red soy p ro te in f i b e r was added to fermented 
salami at 15 or 30% l e v e l s , t r a i ned sensory panels found the f l a v o r 
to be undes i r ab le , whereas a 116-member untra ined panel found the 
product con ta i n i ng 30% soy f l o u r to be undes i rab le in f l a v o r , 
tenderness and o v e r a l l d e s i r a b i l i t y (J6»). The f l a v o r of beef 
p a t t i e s con ta i n i ng 20% soy p ro te i n f l o u r or concentrate was rated 
about equal to a l l beef p a t t i e s by a 52-member pane l , whereas 
p a t t i e s con ta i n i n g 30% were scored lower by the panel ( 6 ) . Berry 
et a l . (7) found the c h a r a c t e r i s t i c " s o y - l i k e " f l a v o r to be more 
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preva lent in p a t t i e s made with soy f l o u r vs soy i s o l a t e and soy 
concent ra te . Compared to a l l - b e e f p a t t i e s , use of soy f l o u r 
reduced the inc idence of r anc id f l a v o r , which was probably due in 
part to the an t i ox idan t p rope r t i e s inherent to soy f l o u r . 
F o r t i f i c a t i o n of the soy f l o u r with i r on and z inc e levated the 
inc idence of ranc id f l a v o r . 

N u t r i t i o n a l C h a r a c t e r i s t i c s 

Typ i ca l chemical analyses f o r soy f l o u r and soy concentrate are 
presented in Table V. N u t r i t i o n a l l y , soy p ro te in s are a good 
source of amino a c i d s , but they could bene f i t from increased l e v e l s 
of methionine (18). Though such previous l i t e r a t u r e reported soy 
p ro te i n s to be ïïëficient in methion ine, the report of the 1981 
Expert Committee on Prote in -Energy Requirements, Foreign 
A g r i c u l t u r e Organ i za t ion of the United Nat ion s , which i s i n press , 
i nd i ca ted soy p ro te in products meet the requirements f o r t o t a l 
s u l f u r amino ac ids f o r a l l age groups except i n f a n t s . Regard less , 
methionine i s an e s s e n t i a l amino ac id and p ro te in q u a l i t y of soy 
products w i l l be enhanced by increased l e v e l s of that amino a c i d . 
When Vemury et a l . (19) s tud ied the comparative value of severa l 
vegetable p ro te i n prôïïucts fed at equal n i t rogen l e v e l s to human 
a d u l t s , they reported the products con ta in i ng the highest to the 
lowest p ro te i n n u t r i t i o n a l values were egg, beef, blended wheat 
p ro te i n product, extruded soy f l o u r and extruded soy concent ra te . 
The authors a lso recognized that t h e i r use of a n i t rogen convers ion 
f a c t o r of 6.25% ra ther than 5.71% f o r soy p ro te i n r e su l t ed in a 
comparison being made between 22.8 g of p ro te i n from soy p ro te in 
w i th 25 g p ro te i n from beef. 

The blood c h o l e s t e r o l values of human adu l t s fed t e s t d i e t s of 
de fa t ted soy f l o u r or extruded soy concentrate tended to be lower 
than the values f o r the i n d i v i d u a l s on the non-test or animal 
product (beef, egg) d i e t . The mean value f o r c ho l e s t e r o l and 
range, in pa ren the s i s , f o r the non - te s t , beef, eggs, soy f l o u r , soy 
concentrate and blended wheat p ro te in d i e t s in mg/100 mg were 209 
(181-250); 200.5 (104-238); 206.8 (164-267); 180.4 (149-216); 191.3 
(164-238); and 178.6 (143-192), r e s p e c t i v e l y . Rhee and Smith (20) 
i nd i c a ted the c h o l e s t e r o l content of ground beef augmented with soy 
f l o u r decreased as the amount of added soy inc reased , due to the 
d i l u t i o n of meat which conta ins c h o l e s t e r o l with soy, which does 
not. However, in the cooked p a t t i e s , the amounts of c h o l e s t e r o l 
were not s i g n i f i c a n t l y d i f f e r e n t from the a l l beef p a t t i e s 
con ta i n i n g 8 or 16% f a t , but in the case of the p a t t i e s con ta in i ng 
27% f a t , the p a t t i e s conta in ing soy p ro te i n contained s i g n i f i c a n t l y 
higher l e v e l s of c h o l e s t e r o l . 

Some legumes, i n c l ud i n g raw soy or peanut f l o u r are known to 
conta in c e r t a i n a n t i n u t r i t i o n a l f a c t o r s such as prote inase 
i n h i b i t o r s and hemagglut inins or l e c t i n s (21,22). These f a c t o r s 
can be i n a c t i v a t e d , f o r the most p a r t , by moist heat, dur ing 
p roces s ing . I n t e r e s t i n g l y , peanut f l o u r contained more t r y p s i n 
i n h i b i t o r and l e c t i n than d id soy f l o u r (22) . 

The cont roversy concerning the allegëcT i n h i b i t o r y a c t i v i t y of 
soy products to non-heme i ron has not yet been reso lved complete ly . 
Rodriguez et a l . (23) d i scussed the presence of phytate in soy 
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7. KOTULA AND BERRY Soy Proteins in Meat Products 85 

proteins and i t s i n h i b i t i o n of iron and other trace mineral 
b i o a v a i l a b i l i t y . They found that iron supplementation of soy 
protein i s o l a t e - b a s e d - d i e t was only s l i g h t l y e f f e c t i v e , thus 
i n d i c a t i n g that added iron may have been bound by the protein or 
the protein-phytate complex. Treatments of soy involving heating 
at 120°C for 20 min or reducing the phytate by 75% were equally 
e f f e c t i v e in increasing the b i o a v a i l a b i t y of endogenous (39%) or 
added iron (46%), according to Rodriguez et a l . (23). Their 
studies were c a r r i e d out with Leghorn cockerel c h i c k s . Other 
s c i e n t i s t s using r a t s (24), reported the iron b i o a v a i l a b i l i t y of 
soy concentrate to be 925? and soy f l o u r , 85%. Ranger and Neale 
(25_) reported the iron a v a i l a b i l i t y , compared to ferrous s u l f a t e 
(55%), of the various soy proteins to range from 29-57%, for meat 
samples from 32-39% and for soy meat combination products from 61 
to 92%. Those authors noted that in comparison with human s t u d i e s , 
the soy iron a v a i l a b i l i t y in animal models seems to be 
overestimated and the meat iron seems to be underestimated using 
hemoglobin regeneration techniques. 

Shelf L i f e 

The t y p i c a l m i c r o b i o l o g i c a l q u a l i t y for soy protein f l o u r and soy 
protein concentrate were reported (V7) as: less than 15,000 per 
gram for the t o t a l plate count, less than 10 per gram for 
c o l i f o r m s , Escherichia c o l i negative in O.1 g and salmonellae 
negative in 200 g . During r e f r i g e r a t e d storage, aerobic b a c t e r i a 
and coliforms increased f a s t e r in soy f l o u r , but not in soy 
concentrate, than in a l l beef patties (26). Keeton and Melton (27) 
observed that aerobic b a c t e r i a increased in proportion to the 
increase in soy. Reports by Judge et a l . (28) and Emswiler et a l . 
(29) indicated the addition of soy protein f l o u r or concentrate had 
no e f f e c t of p r a c t i c a l s i g n i f i c a n c e on the microbial counts. 
Thompson et a l . (30) reported soy s i g n i f i c a n t l y increased the rate 
of growth of totalTaerobic b a c t e r i a , but from his graph there was 
no difference in rate of growth u n t i l after the fourth day of 
storage at 3°C when the products started to s p o i l . Harrison et a l . 
(31) reported the s h e l f l i f e of ground beef with soy could be 
extended 2 days by the addition of acetic a c i d . Joseph et a l . (32) 
reported the addition of structured soy protein to the ingredients 
of dry fermented salami had no effect on the growth of endogenous 
microorganisms. 

The addition of soy protein likewise did not enhance the 
production of enterotoxin by Staphylococcus aureus S-6 (33). 
However, the addition of soy protein did increase the pH of the 
resultant product from 5 . 8 - 5 . 9 to 6.1 and resulted in a s i g n i f i c a n t 
increase in D-values of salmonellae at 54 and 60°C (34). 

The addition of soy proteins to beef tended to i n h i b i t 
r a n c i d i t y development ( 3 5 , 3 0 , 3 6 ) . Figure 1 g r a p h i c a l l y 
demonstrates the i n h i b i t o r y effect of soy on oxidative r a n c i d i t y . 
The addition of soy protein to emulsions had no effect on r a n c i d i t y 
(TBA values) (VI) . 
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protein. 
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Rancidity development i n ground beef with and without soy 
(Reproduced with permission from reference 30.) 
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7. KOTULA AND BERRY Soy Proteins in Meat Products 87 

Detection 

Eldridge and Wolf (37) provided a review of l i t e r a t u r e for 
detecting soy protein by microscopy and h i s t o l o g i c a l methods, 
immunochemical techniques, e l e c t r o p h o r e s i s , density gradient 
c e n t r i f u g a t i o n , fluorescence and chemical determination of unique 
components. An additional method published more recently (38) 
involved determination of free galactose plus arabinose using 
galactose dehydrogenase. Average galactose l e v e l s in soy protein 
f l o u r , concentrate and i s o l a t e were 674, 600 and 66 moles 
galactose equivalents per gram of product, r e s p e c t i v e l y . Less than 
1 mole of galactose is present per gram of beef or pork. A 
h i s t o l o g i c a l method for detecting soy at the 3 , 5 , 10 and 15% 
l e v e l s was reported by Carey et a l . (39). Those authors 
s u c c e s s f u l l y tested the procedure using double b l i n d samples 
provided to f i v e c o l l a b o r a t i n g l a b o r a t o r i e s . 

Summary 

Without a doubt, the greatest incentive for augmenting meat and 
meat products with soy proteins i s the potential savings in product 
c o s t s . Some of the functional p r o p e r t i e s , such as water holding 
c a p a c i t y , reduced cooking loss and fat d i s p e r s i o n , provide an added 
i n t e r e s t in the use of soy p r o t e i n s . Some of the f l a v o r concerns 
expressed over a decade ago are s t i l l a r e a l i t y with some 
p a r t i c u l a r soy products, but for the most p a r t , undesirable f l a v o r s 
can be overcome by using the recommended lower amounts, or a better 
q u a l i t y soy product or use in meat products containing seasonings. 
The soy protein can improve the texture and tenderness of some meat 
products. Likewise, the sugars responsible for f l a t u l e n c e can be 
removed or g r e a t l y reduced. N u t r i t i o n a l l y , soy proteins provide a 
wide range of amino acids which added to meat appear to be 
acceptable for the consuming p u b l i c . Additional research into 
a n t i n u t r i t i o n a l factors in soy proteins i s i n d i c a t e d . Soy protein 
products do aid in i n h i b i t i n g r a n c i d i t y and do not contribute 
i n o r d i n a t e l y to the microbial spoilage of the meat products of 
which they are a constituent p a r t . Detection methods are presently 
a v a i l a b l e for i d e n t i f y i n g products which may be mislabeled in 
respect to t h e i r soy protein content, but additional research 
should be c a r r i e d out to develop methods which are more rapid and 
can be c a r r i e d out by less trained personnel. With the guidelines 
of meat s a f e t y , proper labeling and good sanitary p r a c t i c e s , the 
prudent use of soy protein products should provide the meat 
industry with greater v e r s a t i l i t y l i m i t e d only by t h e i r desire to 
provide a high q u a l i t y meat product at a f a i r p r i c e . 
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8 
Use of Soy Protein Products in Injected and Absorbed 
Whole Muscle Meats 

L. Steven Young, Greg A. Taylor, and Alexander T. Bonkowski 

Archer-Daniels-Midland Company, Chicago, IL 60639 

Use of soy protein products in brine injected or 
absorbed whole muscle meat products such as beef, 
poultry, and seafood is reviewed. The importance of 
functionality on brine performance and within muscle 
tissue is stressed. Major considerations are 
selection of the proper soy protein, accompanying 
functionalities such as water-binding, gelling and 
viscosity, the specific meat system and requirements 
pertaining to nutrition, processing and marketing. 
When properly formulated, soy protein allows for 
significant cost savings, increased yields, reduced 
fat, increased protein, reduced cholesterol, reduced 
sodium and/or reduced calories while maintaining 
muscle tiesue integrity. Applicable finished products 
include ham, roast beef, chicken, turkey, seafood and 
other whole muscle foods. Finished product character
istics given specific goals and guidelines are out
lined as are new product opportunities. 

Given specific goals or guidelines, soy protein products offer 
versat i l i ty and superior functional characteristics for use in a 
variety of processed meats. When properly selected, soy protein 
products help reduce finished product costs, maintain quality and 
create new product opportunities. Exact formulations are determined 
by muscle product type, cost, quality, nutr i t ion , process, legal and 
marketing considerations (_1-9) · Speci f ical ly , soy proteins: 
1 · Increase cooking yield by binding fat and water · 
2. Maintain protein content in the finished product when required. 
3. Allow use of existing plant f a c i l i t i e s . 
4. Help u t i l i z e available supplies of lean skeletal tissues as well 

as less desirable pieces or s o u r c e s · 
5. Help reduce finished product costs. 
6. Allow precise control of finished product qual i ty . 
7 · Allow development of new product c o n c e p t s · 

0097-6156/86/0312-0090$06.00/0 
© 1986 American Chemical Society 
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8. YOUNG ET AL. Soy Protein Products in Whole Muscle Meats 91 

Applicable meat systems include coarse ground ( i . e . salami-
type), emulsion ( i . e . bologna and and weiner-typee), restructured 
( i . e . sectioned and formed) and whole muscle products. The use of 
soy protein in coarse ground, emulsion and restructured products is 
wel l established and understood (3, 5, 7, 9, 10) . However, muscle 
tissue integrity often is sacrificed during product formulation and 
manufacture. The injection or absorption of salt brines containing 
soy protein into whole muscle tissue offers opportunity to maintain 
t i ssue integrity , take advantage of the unique characteristics of 
soy protein products, reduce costs, increase y ie lds , and create new 
p r o d u c t s · 

Tradit ional ly , brines containing sa l t ( s ) , phosphate(s), spices, 
cure, e tc . , have been successfully used to replace water lost during 
cooking and, thus, improve yields (5, _6_, _9, 11-12). Brines can be 
injected direct ly into large whole muscle pieces or gently absorbed 
into smaller comminuted meat pieces. Cooking yields of less than 
100% of green ( i . e . starting) weight can be improved to over 100% of 
green weight. Use of a properly selected soy protein product can 
allow yields of up to 135% of green weight (4, j>» Z» 2' 11) · ϋ ^ 1 1 

recently, most soy protein technology was directed exclusively 
toward cured, pumped ( i . e . injected) whole pork products such as 
hams, shoulders, picnics , butts and loins Ç5, _6, 11). New and 
exist ing USDA guidelines regulating meat/non-meat combinations (13) 
have diversif ied interest in soy protein injection/absorption tech
nology to other selected muscle tissues (Table I ) . When properly 
appl ied, soy protein brines can offer reduced cost, reduced fat , 
reduced calor ie , portion controlled and/or protein standardized 
foods with yields up to 200% of green weight while resembling the 
structure of whole muscle tissue ( 1 4 ) · 

TABLE I . WHOLE MUSCLE MEAT SYSTEMS ADAPTABLE TO INJECTION OR 
ABSORPTION PROCESSES 

Proper selection of soy protein is c r i t i c a l to successful brine 
formulation and finished product quality (Table I I ) · 

TABLE II . CRITICAL CHARACTERISTICS OF SOY PROTEIN PRODUCTS FOR USE 
IN INJECTION OR ABSORPTION PROCESSES 

Roast Beef 
Corned Beef 
Turkey Ham 

Ham 

Chicken Breast 

B-B-Q Ribs 
Shrimp 
Salmon 
Fish Fi lets 
Scallops 

-Protein Content 
-Dispers ib i l i ty 
-Solubi l i ty 
-Brine Stabi l i ty 
-Brine Viscosity 
-Color 
-Moisture Retention 
-Flavor 
-Legal Standards 
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92 PLANT PROTEINS 

Soy Protein Products To Consider 

Advances in soy protein processing technology have allowed extensive 
diversification of protein product applications. More sophisticated 
soy protein products now manufactured have more functionality, 
better performance, more consistency and better flavor than commerc
i a l l y available defatted soy fl o u r and g r i t s (50% protein dry 
basis). Among these products are improved textured soy flours, 
concentrates, and isolates (50%, 70% and 90% protein dry basis, 
respectfully), functional and non-functional soy protein concen
trates (70% protein dry basis) and highly soluble, highly functional 
isolated soy proteins (90% protein dry basis) (6^8, 14-18). 

Textured Soy Proteins. Textured vegetable proteins, primarily tex
tured flours and concentrates (50% protein and 70% protein, dry 
basis, respectfully) are widely used in the processed meat industry 
to provide meat-like structure and reduce ingredient costs (3-6, 
9-10). Available in a variety of sizes, shapes, colored or uncolor-
ed, flavored or unflavored, f o r t i f i e d or unfortified, textured soy 
proteins can resemble any basic meat ingredient. Beef, pork, sea
food and poultry applications are possible (3, 4-7, 15, 19)· Proper 
protein selection and hydration is c r i t i c a l to achieving superior 
finished product quality. Textured proteins have virtu a l l y no solu
b i l i t y and, thus, no ab i l i t y to penetrate into whole muscle tissue. 
Therefore, textured soy proteins are inherently restricted to coarse 
ground (e.g. sausage) or fine emulsion (e.g. weiners and bologna) 
products, and comminuted and reformed ( i . e . restructured) meat 
products. None are used in whole muscle absorption or injection 
applications (2-4, 6̂, 11). 

Soy Protein Concentrates. Both non-functional (low or no s o l u b i l i 
ty) and functional (good solubility, emulsification capacity, and 
dispersibility) soy protein concentrates (70% protein, dry basis) 
are commercially available for use in meat products (2-4, 6̂, 9̂, 15) · 
Normally, a highly functional product with no harsh or b i t t e r 
flavors i s desirable. When used to replace lean meat, non-hydrated 
concentrate can be used at lev e l s up to 6-7% i n finished non
specific emulsion meats. Higher replacement levels or formulas with 
specific cost/nutrition requirements may use soy protein concentrate 
with a judicious amount of textured soy protein (6). Excellent 
yields, cost savings, texture, flavor and nutrient profiles are 
possible. However, most soy protein concentrates lack sufficient 
solubility or sufficiently low viscosities to be used in brines for 
absorption or injection into whole muscle tissue. When legal stand
ards for protein content exist (13), more concentrate must be used 
to achieve legal minimums. Brine viscosities increase and uniform 
distribution of brine components throughout the specific whole 
muscle piece i s restricted. Finished product appearance and flavor 
are easily compromised. Thus, use of soy protein concentrates in 
whole muscle applications i s limited. 

Isolated Soy Proteins. Isolated soy proteins (90% protein dry 
basis) are highly dispersible, highly soluble, highly functional soy 
products (8j _9, 11, 17, 18). Designed to replace a portion of 
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8. YOUNG ET AL. Soy Protein Products in Whole Muscle Meats 93 

salt-soluble meat proteins, isolated soy proteins bind water and 
fat, stabilize emulsions and help insure maintenance of structure in 
finished cooked meats (3, 5, 6-9). Proper selection i s required to 
match specific functionality with cost, nutrition, process and mar
keting needs (Table II). Isolated soy protein can give excellent 
emulsification, low viscosity, high moisture retention, and good 
s t a b i l i t y i n high s a l t concentrations, such as i n absorption/ 
injection brines and within muscle tissue (5-6̂ , 9_, 11-12). 

Injection/Absorption of Soy Protein Containing Brines 

Table I l i s t s whole muscle meats which can be adapted to the injec
tion or absorption of brines containing soy protein. Special con
siderations and guidelines (9, 12) can be taken into account with 
specific goals are defined (Tables III and IV)· 

TABLE III. FORMULA CONSIDERATIONS 

-Process 
-Ingredient 
-Nutritional 
-Marketing 
-Acceptability 
-Legal 
-Economic 

TABLE IV. NUTRITIONAL GUIDELINES 

-Reduced Oil/Fat 
-Reduced Cholesterol 
-Increased Protein 
-Reduced Sweetener 
-Reduced Calorie 
-Vitamin/Mineral Fortification 

Injection Process. Brines containing soy protein (Table V) may be 
injected directly into large, whole muscle pieces such as roast 
beef, ham, etc. ( 5-£, 11-12). Injection is appropriate when tissue 
pieces are large, firm, and able to withstand the physical action of 
the injection process. Injection i s normally accomplished by use of 
a mechanical ("stitch") pump. Brine is forced into various areas of 
the whole muscle piece through injector needles and distributed 
according to needle configuration, size, number and type. Even 
distribution of brine within each muscle piece is assured by tumbl
ing or "massaging" injected muscle in a rotating tumbler. Vaccum 
may, or may not, be applied to improve brine component distribution 
throughout the tissue. Injected and tumbled product can then be 
appropriately cooked, cooled, and packaged. Finished products 
exhibit whole muscle features including appearance, flavor, color 
and slicing characteristics (6, 9̂, 11-12). In addition, significant 
cost savings are achieved while satisfying U.S.D.A. guidelines (13). 
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94 PLANT PROTEINS 

TABLE V. Recommended Brine Formulas for 50% Brine Injection Into 
Selected Whole Muscle Tissues 

Ham Corned Beef Roast Beef 
Ingredient Percent 
Water 82.2 82.6 86.3 
Isolated Soy Protein 7.5 7.5 7.5 
Salt 7.0 6.5 5.0 
Dextrose 2.0 2.0 — 
Sodium Tripolyphosphate 1.2 1.2 1.2 
Cure O.1 O.2 — 
Spices/Flavors as desired as desired as desired 

Total 100.0 100.0 100.0 

Absorption Process. It is possible to absorb brines containing soy 
protein (Table VI) into unground, fresh muscle t issue. Most adapt
able are small pieces or trimmings with larger available surface 
area as compared to large muscle pieces more applicable to injection 
processing. This can Include pork, beef, mutton, lamb, venison, 
turkey, chicken, f i sh f i l l e t s , shrimp, etc. (3. 9̂  11-12). Fine
ly ground, comminuted or chopped tissues are not normally compatible 
with absorption technology. Absorption can be used to aid the 
"restructuring" of pieces which have been reduced in size into a 
larger whole muscle structure or to process individually defined 
pieces (e.g. f i sh f i l l e t s , shrimp) without "restructuring" (6, 9). 

In general, absorption of brines containing soy protein into 
muscle tissue is applicable when: 
1. Injection is not possible (meat pieces are too small or fragi le 

to handle the mechanical stress of the s t i tch pump)· 
2. Meat from less desirable portions (including tissue after boning 

and trimming) are to be combined ("restructured") into more 
desirable and uniform p r o d u c t s · 

3. Prime pieces are needed to conform to various shapes and sizes 
of containers and packaging. 

4. Uniform weights and sizes are required by combining ("restruc
turing") small and large pieces. 

5. Specifications require removal of undesirable internal fat , 
g r i s t l e , veins, e tc . , to yield more desirable and nutr i t ional ly 
sound finished p r o d u c t s · 

6. Tenderization of lesser grade whole muscle meat is desirable. 
7. Color uniformity is a major concern. 
8. Maintenance of whole muscle tissue integrity is required. 

Brine containing soy protein can be easily absorbed into small 
muscle pieces by the use of gentle mechanical action (e .g. tumbl
i n g ) . Again, vaccum may, or may not, be applied to the tumbling 
process . As brine is absorbed into the muscle tissue, release of 
natural myosin gives each piece the capability of being reunited or 
"restructured" into a larger whole muscle piece. Absorption of up 
to 100% over green weight is possible. Since tissues remain p l i 
able, they can easily be molded or packaged into a variety of shapes 
as required. Heat processing so l id i f ies myosin exudate and soy 
prote in , thus, unifying small muscle pieces into a uniform mass 
which w i l l not separate during subsequent handling. When formula-
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8. YOUNG ET AL. Soy Protein Products in Whole Muscle Meats 95 

ted properly, finished restructured products can retain up to 100% 
of absorbed brine after cooking ( i . e . no cooking loss) and products 
resemble, s l ice and eat l ike their whole muscle counterparts (3-6 9̂ , 
i i> J E 

TABLE VI. Recommended Brine Formulas for Brine Absorption into 
Selected Whole Muscle Tissue 

Ingredient 
Roast Beef Breast Chicken 

Percent 
Shrimp 

Water 82.1 90.7 91.0 
Isolated Soy Protein 7.3 5.3 5.0 
Salt 4.5 2.5 2.0 
Dextrose 4.0 — — 
Sodium Tripolyphosphate 1.1 1.5 2.0 
Spice/Flavoring as desired as desired as desired 

Total 100.0 100.0 100.0 

U . S . D . A . Regulatory Guidelines. In the U .S . , whole muscle meat 
products ( i . e . beef, corned beef, ham, pork lo ins , e t c . ) , which have 
been absorbed or injected with soy protein containing brine, must 
comply with the following guidelines (13): 
1. Products must be appropriately labeled and standard USDA labe l 

ing approval granted. 
2. A l l other U.S.D.A. regulations (e .g. use of phosphates) must be 

sat i s f ied . 
3. The non-meat protein product (e.g. isolated soy protein) must 

contain a prescribed vitamin/mineral pre-mix. 
4. The non-meat protein product must have biological quality of 

protein (including amino acids added) of not less than P.E.R. 
2.0 (80% of casein) or an essential amino acid content (exclud
ing tryptophan) of no less than 28% of total protein. 

5. The finished cooked product must contain at least 17% protein. 
6. Finished product must be labeled "Combination Product" 

(Ham, Roast Beef, Turkey, etc.) with an appropriate statement of 
minimum percent meat ingredient (e.g. 70% Ham, 70% Roast Beef, 
e t c . ) . Product which has been sectioned and formed ( i . e . 
restructured) must be ident i f ied . 

Calculation of Brine Components. In order to satisfy U.S.D.A. regu
lat ions , care must be taken during brine preparation so that f in i sh 
ed product protein meets or exceeds 17 percent. The following 
formula can be used to determine brine composition (isolated soy 
protein, sa l t , dextrose, polyphosphate, etc.) ( 6 ) · 

Percent Dry Ingredient = Μ + Β 
in Brine Β X 

M = Percent Raw Meat - 100% 
Y » Percent Ingredient in Uncooked, Injected Product 
Β = Percent Injected Brine 
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96 PLANT PROTEINS 

Example - Raw meat (21% protein) to be injected to 50% over raw 
weight. Maintain 17% protein in 70% meat finished/cooked combina
tion using isolated soy protein. Assume isolated soy protein is 92% 
protein. 

17% Protein = (70 χ .21) + (Υ χ .92) Therefore, 

Y = Amount isolated soy protein in uncooked, 
pumped product = 2.5 percent 

M = 100 percent 
Β = 50 percent 

Amount Isolated Soy = 100 + 50 « s« 

Typical selected brine formulas for injection of roast beef, 
corned beef and ham are given in Table V. Brines for absorption 
technologies given in Table VI are calculated similarly and may only 
differ in minor brine components ( i . e . salt, seasonings, etc.). 

Economics. Tables VII, VIII, IX and X summarize savings (based on 
ingredient prices, delivered Chicago, F a l l , 1985) and yields possi
ble when applying soy protein, injection, absorption and restruc
turing technologies to the processing of whole muscle meats · 
Although significant yield increases and savings are possible, 
extensive new opportunities can result from the development of new 
products and new product applications. 

Protein in Brine 50 

TABLE VII. COW TOP ROUND - 50% INJECTION PROCESS 

Control Inj ected 
Cow Top Round 100.0 lbs. 100.0 lbs. 
Brine: 

Water 
Isolated Soy Protein 
Salt 
Sodium Tripolyphosphate 
Dextrose 
Flavor 

43.0 lbs. 
3.4 lbs. 
2.5 lbs. 
O.7 lbs. 
O.3 lbs. 
O.1 lbs. 

Total 100.0 lbs. 150.0 lbs. 

Ingredient Cost 
Finished Cooked Weight 

$117.00 
88.0 lbs. 

$120.00 
132.0 lbs. 

Cost Per l b . Finished 
Savings Per l b . Finished 
% Savings 

$O.91 
$O.42 
35.9% 
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8. YOUNG ET AL. Soy Protein Products in Whole Muscle Meats 97 

TABLE VIII. TURKEY ROLL - 35% ABSORPTION/RESTRUCTURE PROCESS 

Control Absorbed 
Turkey Breast (Boneless) 100.0 lbs. 100.0 lbs. 
Brine: 

Water 30.5 lbs. 
Isolated Soy Protein 2.3 lbs. 
Salt 1.4 lbs. 
Sodium Tripolyphosphate O.5 lbs. 
Spice O.3 lbs. 

Total 100.0 lbs. 135.0 lbs. 

Ingredient Cost $222.00 $237.67 
Finished Cooked Weight 90.0 lbs. 121.5 lbs. 

Cost Per l b . Finished $2.47 $1.96 
Savings Per l b . Finished — $O.51 
% Savings — 20.6% 

TABLE IX. BOILED SHRIMP - 25% ABSORPTION PROCESS 

Control Absorbed 
70-90 P&D Raw Shrimp 100.0 lbs. 100.0 lbs. 
Brine : 

Water 23.0 lbs. 
Isolated Soy Protein 1.3 lbs. 
Sodium Tripolyphosphate O.5 lbs. 
Salt O.2 lbs. 

Total 100.0 lbs. 125.0 lbs. 

Ingredient Cost $250.00 $251.83 
Finished Cooked Weight 72.0 lbs. 95.0 lbs. 

Cost Per l b . Finished $3.47 $2.65 
Savings Per l b . Finished — $O.82 
% Savings — 24.0% 

TABLE X. SMOKED CHUM SALMON - 33% INJECTION PROCESS 

Control Injected 
Chum Salmon 100.00 lbs. 100.00 lbs. 
Brine: 

Water 29.60 lbs. 
Isolated Soy Protein 1.70 lbs. 
Salt O.90 lbs. 
Sodium Tripolyphosphate O.70 lbs. 
Sodium Nitrite O.03 lbs. 
Sodium Erythorbate O.07 lbs. 

Total 100.00 lbs. 133.00 lbs. 

Ingredient Cost $175.00 $177.00 
Finished Cooked Weight 72.0 lbs. 107.0 lbs. 
Cost Per l b . Finished $2.43 $1.65 
Saving Per l b . Finished — $O.78 
% Savings — 32.1% 
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98 P L A N T PROTEINS 

New Product Opportunities 

Injection and absorption of brines containing soy protein into whole 
muscle meats can be used to develop a variety of new product con
cepts designed to meet specific formula guidelines (Table III). 
Through simple brine reformulation finished meats can be made to 
comply with desired or legal requirements · Possible are whole 
muscle foods with reduced fat, reduced cholesterol, reduced sodium, 
increased protein, reduced simple sugars ( i . e . sweeteners) and/or 
reduced calories (3, _6, 12, 14). Finished products such as these 
can be used as direct consumer goods or as ingredients in other 
engineered systems. These, i n turn, may include portion and 
nutrient controlled meals or diets, frozen entrees, sandwiches, etc. 
Thus, by properly applying the proper soy protein ingredient and 
brine injection/absorption technologies to control of costs, yields, 
and nutrient profiles, new product concepts are possible while 
maintaining the structure, function and integrity of whole muscle 
tissues. 
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9 
Effect of Dietary Protein On Skeletal Integrity 
in Young Rats 

Faustina Bohannon and Gur Ranhotra 

Nutrition Research, American Institute of Baking, Manhattan, KS 66502 

A number of nutrients affect bone integrity early in 
li f e . While the role of certain minerals and vitamins 
bearing on skeletal integrity is well established, 
that of protein remains controversial, especially 
when consumed in excessive amounts. Protein-included 
calciuric effect as observed in adult man and animals 
may also occur early in life and thus conceivably 
affect peak bone mass adversely, particularly when 
calcium intakes may be marginal. In studies report
ed here (test model: young female rats), it was found 
that a diet approaching adequacy in protein and based 
equally on plant and animal sources would favor some 
parameters which bear on skeletal mass at maturity 
more than other combinations of protein consumed. 

Several f a c t o r s , d i e t - r e l a t e d and others, a f f e c t bone mass, and thus 
s k e l e t a l i n t e g r i t y e a r l y i n l i f e . It i s suspected that i n d i v i d u a l s 
with large bone mass acquired e a r l y i n l i f e (peak bone mass) are l e s s 
l i k e l y to develop o s t e o p o r o s i s — t h i n n i n g of b o n e s — i n l a t e r years 
than i n d i v i d u a l s with l e s s e r bone mass (1-3). While the d i e t a r y i n 
adequacy of c e r t a i n minerals and vitamins that a f f e c t s k e l e t a l ma
t u r i t y adversely i s w e l l documented, f o r p r o t e i n our concern centers 
around the excessive intake of t h i s n u t r i e n t . Protein-induced c a l 
c i u r i c e f f e c t observed i n adult man and animals i s implicated by 
some (4-6)as a contributory f a c t o r i n the e t i o l o g y of osteoporosis. 
Protein-induced c a l c i u r i a , i f occurring e a r l y i n l i f e , may c o n t r i b 
ute to an e a r l y onset of osteoporosis by adversely a f f e c t i n g the 
peak bone mass, e s p e c i a l l y when calcium intake may be marginal. The 
studies reported here were undertaken to examine t h i s l a t t e r p o s s i 
b i l i t y under conditions wherein the source of d i e t a r y p r o t e i n a l s o 
v a r i e d . 

M a t e r i a l s and Methods 

Six p r o t e i n sources—two plant-derived and four animal-derived—were 
used i n t h i s 2 x 3 f a c t o r i a l type study (Table I). Diets were formu-

0097-6156/86/0312-0100S06.00/0 
© 1986 American Chemical Society 
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9. BOHANNON AND RANHOTRA Effects of Protein on Skeletal Integrity 101 

l a t e d using three combinations of p r o t e i n sources, to contain 10% or 
30% p r o t e i n . Diets were complete i n a l l n u t r i e n t s required by the 
ra t (7) except calcium which was provided at 60% of the requirement 
l e v e l . Calcium (O.3%), phosphorus (O.4%), magnesium, z i n c , sodium 
and potassium l e v e l s were a l l equalized between d i e t s . A d d i t i o n a l 
information on d i e t s i s provided elsewhere (8). 

Table I. Experimental Design ( 2 x 3 F a c t o r i a l ) 

Diet No. Dietary P r o t e i n 
Level Type (% of Total) 
(%) P l a n t a Animal b 

A 10 67 33 
Β 10 50 50 
C 10 33 67 

D 30 67 33 
Ε 30 50 50 
F 30 33 67 

aAs bread: Bread was made with white wheat f l o u r , wheat 
gluten and defatted soy f l o u r . 

^Sources used: Cooked ground beef, parmesan cheese, non
f a t dry milk and egg white powder. 

Weanling female r a t s were used as the te s t model i n these 
s t u d i e s . They were housed i n d i v i d u a l l y (10 r a t s / d i e t ) and o f f e r e d 
d i e t and deionized water ad l i b i t u m f o r 5 months. Apparent calcium 
and phosphorus absorption and uri n a r y Ca and Ρ losses were measured 
on c o l l e c t i o n s made the l a s t f i v e days each month. Urine volume and 
pH values were also recorded. Other data (growth response, serum Ca 
and Ρ l e v e l s , femur mineral composition, femur strength and density, 
and femur h i s t o l o g y ) were obtained at the end of the 5-month feeding 
study. D e t a i l s of t h i s and the a n a l y t i c a l methods used are present
ed elsewhere (8). A l l data were subjected to appropriate s t a t i s t i c a l 
analyses. 

Results and Discussion 

P h y s i o l o g i c a l Responses. The various p h y s i o l o g i c a l responses mea
sured i n r a t s at the end of the 5-month feeding period are summarized 
i n Table I I . These responses were obtained on d i e t s which were com
ple t e i n a l l required n u t r i e n t s except p r o t e i n and calcium. P r o t e i n 
was provided at a marginal (10%) or excessive (30%) l e v e l while c a l 
cium was provided at a submarginal l e v e l . These l e v e l s represent 
patterns of intake t y p i c a l of the American population. 

With the exception of d i e t Β (10% p r o t e i n d i e t based equally on 
plant and animal p r o t e i n sources; Table I ) , the body weight gains of 
ra t s (Table II) were s i g n i f i c a n t l y higher (Table III) when fed 30% 
rather than 10% p r o t e i n d i e t s . Weight gains on d i e t Β equalled or 
approached gains observed on 30% p r o t e i n d i e t s ( d i e t s D-F). Diet Β 
also showed the highest d i e t u t i l i z a t i o n e f f i c i e n c y as the d i e t : 
gain r a t i o s suggest (Table I I ) . I r r e s p e c t i v e of the p r o t e i n sources 
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9. BOHANNON AND RANHOTRA Effects of Protein on Skeletal Integrity 103 

used, high p r o t e i n diets-induced s i g n i f i c a n t enlargement of the k i d 
ney (Tables II and I I I ) . 

Table I I I . S t a t i s t i c a l A n a l y s i s : F Values For 
Parameters Included In Table I I a 

Dietary P r o t e i n 
Level Type Level χ Type 

Body wt. gain 
Diet intake 

20.2*** 
18.6*** 

4.3* 
4.6** 

1.8 n s 

O.6ns 

Diet : gain 10.5** 7.2** 6.0** 
Pro t e i n intake 62.9*** 3.9* 1.8 n s 

Kidney wt. 27.2*** O.8ns 3.2* 
Ca intake 18.6*** 4.6* O.6ns 

Ρ intake 18.6*** 4.6** O.6ns 

Serum Ca 4.7 n s O.8ns 1.2 n s 

Serum Ρ O.5ns O.5ns O.1ns 

Femur wt. 18.3*** 3.4* 2.0 n s 

Femur ash O.6ns 3.6* 2.7 n s 

Femur Ca 2 3 n s 

143.4*** 
6.6** O.6ns 

Femur Ρ 
2 3 n s 

143.4*** 2.3 n s O.3ns 

ns, not s i g n i f i c a n t 
*, P<O.05 

**, P^O.01 
:**, P< O.001 

A l l d i e t s contained the same l e v e l of calcium and phosphorus. 
However, the d i e t intake of r a t s was s i g n i f i c a n t l y higher on the 30% 
as compared to the 10% p r o t e i n d i e t s (Tables II and I I I ) . Consequent
l y , t h e i r calcium and phosphorus intakes were a l s o s i g n i f i c a n t l y 
higher (Table I I I ) . This d i d not appear to s i g n i f i c a n t l y a f f e c t the 
serum calcium or phosphorus l e v e l s which are e f f e c t i v e l y regulated 
through homeostatic c o n t r o l (9). The source of p r o t e i n a l s o d i d not 
s i g n i f i c a n t l y a f f e c t the serum calcium or phosphorus l e v e l s . 

Femur weights, apparently a f u n c t i o n of body weight, were s i g 
n i f i c a n t l y higher (Tables II and III) i n r a t s fed the 30% rather than 
10% p r o t e i n d i e t s . In c o n t r a s t , percent femur ash (the l e v e l o btain
ed suggested a complete o s s i f i c a t i o n of the cartilagenous mass) was 
unaffected by the l e v e l of d i e t a r y p r o t e i n and only marginally a f 
fected by the type (source) of p r o t e i n consumed (Table I I I ) . In 
s p i t e of t h i s , the mineral makeup of the femur ash appeared to d i f f e r 
appreciably. Percent femur phosphorus, but not percent femur c a l 
cium, was s i g n i f i c a n t l y lower (Tables II and III) i n r a t s fed the 
30% compared to 10% p r o t e i n d i e t s . The p h y s i o l o g i c a l s i g n i f i c a n c e of 
t h i s , as i t might bear on s k e l e t a l mass l a t e r i n l i f e , i s d i f f i c u l t 
to assess but t h i s d i f f e r e n c e i n ash makeup l i k e l y r e s u l t e d from an 
excessive u r i n a r y phosphorus l o s s (discussed l a t e r ) observed on 30% 
p r o t e i n d i e t s compared to 10% p r o t e i n d i e t s . 

Urinary Responses. In agreement with some recent f i n d i n g s (10, 11), 
the apparent absorption of calcium and phosphorus d i d not increase 
s i g n i f i c a n t l y as p r o t e i n i n the d i e t increased (data not shown): pro-
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t e i n type a l s o had no s i g n i f i c a n t e f f e c t on calcium and phosphorus 
absorption. Apparently, the s i g n i f i c a n t increases observed i n u r i 
nary calcium and phosphorus losses as p r o t e i n i n the d i e t increased 
from 10 to 30% (Tables IV and V) r e s u l t e d from increased glomerular 
f i l t r a t i o n and/or reduced r e n a l reabsorption. This mechanism i s now 
widely postulated (4, 12) f o r calcium losses and could also be true 
for phosphorus. Since the d i e t a r y p r o t e i n sources tested a l s o a f f e c t 
ed c a l c i u r i c and phosphaturic responses s i g n i f i c a n t l y (Table V), any 
i n t e r p r e t a t i o n of the e f f e c t of l e v e l of p r o t e i n , without regard to 
the source, could be misleading. 

Table V. S t a t i s t i c a l A n a l y s i s : F Values For 
Measurements Included In Table I V a 

P r o t e i n P r o t e i n PI Month M M M 
L e v e l Type X (M) X X X 
(PI) (Pt) Pt PI Pt PI 

X 
Pt 

Urine Ca 5, .2* 7. 2. . 7 n s 223, 10. 5. .6*** 7. 3*** 
Urine Ρ 302, 7 * * * 13. ' , *** . 4 14, 327, 5. ',6*** 8. 7. 
Volume O. , 8 n s 1. . 5 n s 1, . 9 n s 262, 14. g*** 1. ,0 n s 2. 5*** 
pH 2. , 8 n s O. 5 n s O. 2 n s 8, O. , 8 n s 0, , 5 n s 1, ! o n s 

ns, not s i g n i f i c a n t 
J * , P<O.05 

P<O.01 
*** P< O.001 

In t h i s study, the protein-induced c a l c i u r i c e f f e c t was rather 
modest. Such could be the response e a r l y i n l i f e or i t may be due to 
the n a t u r a l p r o t e i n sources, which are reported (13, 14) to be l e s s 
c a l c i u r i c than p u r i f i e d p r o t e i n sources. Proteins d i f f e r i n t h e i r 
c a l c i u r i c e f f e c t and combining them can render them l e s s c a l c i u r i c . 
The r e l a t i v e (to calcium) excess of d i e t a r y phosphorus, a hypocal-
c i u r i c agent (14) may have a l s o mitigated pronounced h y p e r c a l c i u r i a 
due to excessive p r o t e i n . 

Urine volume increased s t e a d i l y during the f i r s t three months 
before l e v e l l i n g o f f (Table IV). Neither urine volume nor urine pH 
were s i g n i f i c a n t l y a f f e c t e d by the l e v e l or type of d i e t a r y p r o t e i n 
or by t h e i r i n t e r a c t i o n (Tables IV and V). For pH, t h i s could be a 
masking e f f e c t r e s u l t i n g from combining d i f f e r e n t proteins which 
i n d i v i d u a l l y may appreciably a f f e c t u r i n e pH. 

Other Responses and Measurements. Femur weight and volume (Table VI), 
apparently a fu n c t i o n of body weight, were s i g n i f i c a n t l y higher 
(Table VII) i n r a t s fed 30% compared to 10% p r o t e i n d i e t s . However, 
the parameters bearing on s k e l e t a l i n t e g r i t y , namely femur density 
and femur strength, were not s i g n i f i c a n t l y i nfluenced by the l e v e l 
or the type of d i e t a r y p r o t e i n . H i s t o l o g i c a l examination of the 
humerus (transverse and l o n g i t u d i n a l sections) a l s o f a i l e d to r e 
v e a l a s i g n i f i c a n t e f f e c t of p r o t e i n . 
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106 PLANT PROTEINS 

Table VI. Femur Density and Strength 
(End of Experiment) 

Diet 

Wet Wt. (g) 0, ,53 O. ,56 0, ,54 O.58 0 .60 0, ,61 
±O. .03 ±9« .05 +0, .03 +O.04 +0 .03 +O. .04 

Volume (cm^) O. .45 0, .48 0, .46 O.48 0 .50 0, .52 
+0, .02 +0, .04 +0, .03 +O.04 +0 .03 +0, .04 

Density (g/cm^) 0, .31 O. .32 0, .31 O.34 0 .36 0, .36 
±0, .02 +O. .03 +0, .02 +O.03 +0 .02 +0, .03 

Strength (Kg b) 12, .0 13, .2 13, .0 13.6 12 .2 12, .6 
+1. .3 +2, .6 +1. .8 +O.8 +1 .2 +1, .8 

Femur strength was measured on r i g h t femur; other measure
ments were made on l e f t femur. 

^Weight required to break f r e s h bone placed v e r t i c a l l y i n 
"Instron Press". 

Table VII. S t a t i s t i c a l A n a l y s i s : F Values 
For Measurements Included i n Table V I a 

Dietary P r o t e i n 
L e v e l Type Le v e l χ Type 

Femur Wt. 24.3*** 3.0 n s O.8ns 

Femur Volume 28.7*** 2.2 n s 1.0 n s 

Femur Density 2.9 n s O.1ns 1.3 n s 

Femur Strength O.03ns O.01ns 3.1 

a ns, not s i g n i f i c a n t 
*, P^O.05 

***, P^ O.001 
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10 

Effects of Protein Sources on the Utilization 
of Trace Minerals in Humans 

C. E. Bodwell 

Energy and Protein Nutrition Laboratory, Beltsville Human Nutrition Research Center, 
Agricultural Research Service, U.S. Department of Agriculture, Beltsville, M D 20705 

The effects of various potentially 
deleterious components of plant protein 
sources, as indicated by the results of 
studies conducted with humans, are 
briefly discussed. Examples of 
contradictory results are given. 
It is concluded that the effects of 
fi b e r , phytic acid and protein source 
per se have not been unequivocably 
established. Reasons for the general 
lack of agreement are discussed. 
Other components which may affect 
mineral utilization are noted. 
The pr a c t i c a l implications of 
consuming sp e c i f i c protein sources 
at customary dietary intake levels 
are briefly discussed. 

From a g l o b a l v i ew , p l a n t p r o t e i n sources ( c e r e a l s , 
legumes, o i l s e e d s , v e g e t a b l e s , f r u i t s ) have always been 
the p r i m a r y source o f d i e t a r y energy and p r o t e i n f o r the 
m a j o r i t y o f the w o r l d ' s p o p u l a t i o n . In a d d i t i o n , i n 
r e c e n t y e a r s , the use o f v e g e t a b l e p r o t e i n p r o d u c t s as 
sources of d i e t a r y p r o t e i n , as supplements , and as 
ex tenders o f more t r a d i t i o n a l an imal p r o t e i n sources has 
been i n c r e a s i n g markedly i n the deve loped c o u n t r i e s . 
These f a c t o r s a r e r e s p o n s i b l e f o r our i n t e r e s t i n 
d e t e r m i n i n g the e f f e c t s o f p l a n t p r o t e i n sources on the 
u t i l i z a t i o n o f m i n e r a l s i n the human d i e t . 

Concerns have been focused on the v a r i o u s 
c o n s t i t u e n t s p r e s e n t i n p l a n t p r o t e i n sources o r 
p r o d u c t s which may have , f o r the most p a r t , d e l e t e r i o u s 
e f f e c t s ; numerous r e c e n t rev iews d e t a i l i n g v a r i o u s 
a s p e c t s have been p u b l i s h e d ( e . g . , 1 . - 1 8 ) · In the 
c u r r e n t d i s c u s s i o n , emphasis is p l a c e d on the s t a t u s o f 
our c u r r e n t knowledge about the e f f e c t s o f f i b e r , p h y t i c 
a c i d and p r o t e i n source per se . 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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10. BODWELL Utilization of Trace Minerals in Humans 109 

E f f e c t s o f F i b e r 

R e s u l t s from some r e c e n t s t u d i e s (19-36) on the e f f e c t s 
o f f i b e r a r e summarized i n T a b l e I . F o r the most p a r t , 
the r e s u l t s a r e from m u l t i - d a y b a l a n c e s t u d i e s . However, 
T u r n l a n d e t a l . (3j>) used the s t a b l e i s o t o p e f e c a l 
m o n i t o r i n g method to as sess z i n c u t i l i z a t i o n and Simpson 
e t a l . (24) measured i r o n a b s o r p t i o n from a s i n g l e t e s t 
meal · 

U t i l i z a t i o n of i r o n was not a f f e c t e d a t l e v e l s o f 9 
to 26g b r a n / d a y from c o r n or wheat (19, 20, 26.) o r by 16 
g o f b r a n / d a y (25) . N e g a t i v e b a l a n c e s were observed by 
M o r r i s and E l l i s (21) d u r i n g the f i r s t b a l a n c e p e r i o d 
w i t h d a i l y i n t a k e s o f 36g b r a n but not d u r i n g the second 
5-day b a l a n c e p e r i o d . However, Simpson e t a l . (24) found 
a marked i n h i b i t i o n o f non-heme i r o n a b s o r p t i o n from a 
s i n g l e t e s t meal which i n c l u d e d 6 g o f wheat b r a n . Wi th 
a d i e t which p r o v i d e d 35g/day o f NDF ( n e u t r a l d e t e r g e n t 
f i b e r from b r a n b r e a d ) , i r o n b a l a n c e s were decreased (26) 
compared to the 9 o r 22g/day i n t a k e l e v e l s . 

K e l s a y and co -workers (27,28) observed no e f f e c t s on 
i r o n b a l a n c e o f i n c l u d i n g 24g/day o f NDF from f r u i t s and 
v e g e t a b l e s ; however, n e g a t i v e z i n c and copper b a l a n c e s 
were o b s e r v e d . In a second s tudy (29) , lower z i n c , but 
not c o p p e r , b a l a n c e s were observed a t i n t a k e s o f 25g 
NDF/day; lower i n t a k e s (10, 18g NDF) had no e f f e c t . In 
these s t u d i e s , the e f f e c t s o f o x a l a t e s (from spinach) may 
have a f f e c t e d m i n e r a l b a l a n c e s . In a t h i r d s t u d y , a 
c o m b i n a t i o n o f consuming s p i n a c h every o t h e r day p l u s a 
d a i l y f i b e r i n t a k e o f 26g NDF r e s u l t e d i n i n c r e a s e d f e c a l 
z i n c e x c r e t i o n and n e g a t i v e b a l a n c e s (37) . 

In s e v e r a l s t u d i e s ( e . g . , 30~2J>, T a b l e I ) , the 
e f f e c t s o f i n c l u d i n g "processed" f i b e r sources ( f i b e r 
i s o l a t e d from n a t u r a l sources) have been i n v e s t i g a t e d . 
R e s u l t s have been c o n t r a d i c t o r y ; f o r example, 10gm/day 
c e l l u l o s e decreased z i n c b a l a n c e s i n one s tudy (30J but 
30 to 40g/day d i d not a f f e c t z i n c a b s o r p t i o n i n another 
s tudy (36) . Proces sed f i b e r may have e f f e c t s which a r e 
not i n d i c a t i v e o f the e f f e c t o f a s i m i l a r l e v e l o f 
endogenous f i b e r from f o o d s . In summary, d a i l y i n t a k e 
l e v e l s o f f i b e r e q u i v a l e n t to 20 to 30g NDF/day from food 
sources would not be expected t o have l o n g - t e r m 
d e l e t e r i o u s e f f e c t s on m i n e r a l u t i l i z a t i o n . 

P h y t i c A c i d 

P h y t i c a c i d has been i m p l i c a t e d , i n both an imal and 
human s t u d i e s , as h a v i n g a d e l e t e r i o u s ^ e f f e c t on the 
u t i l i z a t i o n o f v a r i o u s m i n e r a l s and i n p a r t i c u l a r i r o n 
and z i n c . Wi th r e f e r e n c e to z i n c , p r i m a r i l y based on 
r e s u l t s from animal s t u d i e s , a molar r a t i o o f d i e t a r y 
p h y t i c a c i d to z i n c o f 12 to 15 (or g r e a t e r ) has been 
suggested as a t h r e s h o l d a t which decreases i n z i n c 
u t i l i z a t i o n may o c c u r ( 9 j . R e s u l t s from some r e c e n t 
s t u d i e s , a r e summarized i n T a b l e I I . 
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PLANT PROTEINS 

Table I. Eff e c t s of Fiber 

Source Fiber Mineral E f f e c t 
Intake 

Ref. 

Wheat 
bran 

14g 
per day 

Zn None (19) 

Wheat 
or corn 

26g bran 
per day 

Zn,Fe None 
Cu 

(20) 

Wheat 
bran 

Wheat 
bran 

Basal 
diet 

36g Zn, Negative balances, 
of bran Fe 1st 5-day period; 
per day positive balances, 

2nd 5-day period 

3.3,10.9,or Zn,Fe No change i n 
balances with bran 
added 

18.7g/day 

18.5g/day 

(21-22) 

(23) 

Wheat 6g Fe Marked i n h i b i t i o n 
bran of bran (51,74%) of 

per test non-heme iron 
meal absorption 

(24) 

Wheat 
bran 

16g 
per day 
of raw 
bran 

Fe,Mg No e f f e c t or 
increased absorption 

Zn Decreased absorption 

(25) 

White 
bread 

Coarse-
bran 
bread 

Fine 
bran 
bread 

9g NDF 
per day 

22g,35g 
NDF 
per day 

22g NDF 
per day 

Zn,Fe Retentions similar 
Cu,Mg for 9 and 22g NDF 

diets; only 
deleterious e f f e c t 
observed was that 
iron balances 
decreased on 35g 
NDF diet 

(26) 

Whole 
meal 
bread 

22g NDF 
per day 

a)NDF=neutral detergent f i b e r . 
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10. BODWELL Utilization of Trace Minerals in Humans 

on Mineral u t i l i z a t i o n i n Humans. 

Source Fiber 
Intake 

Mineral Eff e c t Ref. 

F r u i t s , 24g Fe 
vege- NDF Ζη 
tables per day Cu 

F r u i t s , 10,18 
vege- 25g NDF 
tables per day 

Cellu
lose 

10g 
per day 

Zn 

Cu 

Zn 

No eff e c t (27,28) 
Negative balances 
Negative balances 

Lower balances on (29) 
25g f i b e r level 
No ef f e c t 

Negative balances (30) 

Cellu 
lose, 
hemi-
cell u l o s e 
or pectin 

14.2g 
per day 

Zn 

C e l l u -
ulose, 
hemi-
cell u l o s e 
or wheat 
bran 

10 or 20g Zn 
per day 

Lowered balances (31) 
with hemicellulose 

Increased fecal (32) 
losses of zinc 

Hemi- 4.2,14.2, Zn 
c e l l - 24.2g/day 
ulose 

14.7g/day Fe, 
(basal) Zn 

Veget 
arian 
diet 
plus 
c e l l 
ulose, 20g/day 
hemi
c e l l 
ulose 20g/day 
or wheat 
bran 20g/day 

Decreasing (33) 
balances with 
increased f i b e r 
intake 

Fecal iron excretion (34,35) 
increased with 
added hemicellulose; 
omnivores had 
decreased balances 
and vegetarians had 
less positive balances 
with added ce l l u l o s e 
or hemicellulose 

C e l l - 30-40 Zn 
ulose g/day 

Absorption not 
decreased 

(36) 
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PLANT PROTEINS 

Table I I . Effects of Phytic Acid 

Source Intake 
level of 
phytic 
acid 

Molar 
r a t i o 
(phytic 
acid to 
zinc) 

Wheat bran 
dephytinized 

139mg/meal 
9mg/meal -

Soy protein 264mg/meal -

Meals with primary 
protein from 
chicken 
+ soy flour 

beef 
+ soy flour 

soybeans 

75mg/meal 
200mg/meal 
7mg/meal 
200mg/meal 
620mg/meal 

13.4 a 

l e 5 a 
5 · 2 a 24.4 a 

Diets with 70% of 
protein from 
textured soy 
soy i s o l a t e 
or animal protein 

3.8g/day 
1.7g/day 
O.6g/day 

22.3 
14.2 
3.4 

Animal protein diet 
Soy protein diet 

O.81g/day 
1.38g/day 

6 - 4 a 9.6a 

Sodium phytate 2.0g/meal -

Sodium phytate 
(formula diets) 

2.34g/day 15 

Sodium phytate 
(added to bread) 

~1.5g/day . 1 3 a 

Sodium phytate 
(in breads) 

- -

Normal foods 
+Na Phytate 
+Na Phytate 

O.5g/day 
1.7g/day 
2.9g/day 

4.7 
16.3 
27.5 

a) Calculated from authors 1 data. 
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10. BODWELL Utilization of Trace Minerals in Humans 

on Mineral U t i l i z a t i o n i n Humans. 

Effec t Reference 

Removal of of 93% of phytic (24) 
acid did not improve 
absorption of 
non-heme iron 

Removal of phytic acid (38) 
from soy did not improve 
non-heme iron absorption 

No effects of phytic acid on (39) 
absorption; absorption 
depended on zinc level 

S i g n i f i c a n t l y decreased (40) 
iron balances with soy 
iso l a t e diet; tendency for 
zinc balances to decrease with 
increased phytic 
acid level 

Markedly decreased zinc (41) 
balances with soy diet 

Iron absorption decreased (42) 
by 77% 

Decreased zinc absorption by (36) 
almost 50% 

Zinc and iron balances not (23) 
affected 

Zinc absorptions 2-fold higher (43) 
with low vs high phytate bread 

No effec t on apparent (44) 
absorption of iron, manganese 
or copper; although not 
s t a t i s t i c a l l y s i g n i f i c a n t , 
absorption of zinc tended 
to decrease with increased 
phytic acid intake 
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114 PLANT PROTEINS 

Simpson e t a l . (24) d i d not observe i n c r e a s e d 
non-heme i r o n a b s o r p t i o n when d e p h y t i n z e d b r a n was 
i n c l u d e d i n a t e s t meal compared to the n o n - d e p h y t i n i z e d 
b r a n . Removal o f p h y t i c a c i d from soy p r o t e i n l i k e w i s e 
d i d not improve non-heme a b s o r p t i o n (38) . Decreased i r o n 
b a l a n c e s , observed by Bodwel l e t a l . (40) w i t h soy 
i s o l a t e d i e t s , d i d not appear to be a s s o c i a t e d w i t h the 
l e v e l o f p h y t i c a c i d ; a tendency f o r z i n c b a l a n c e s to 
decrease w i t h i n c r e a s e d p h y t i c a c i d was o b s e r v e d . 
However, even w i t h a molar p h y t i c a c i d to z i n c r a t i o o f 
2 2 . 3 , average b a l a n c e s were p o s i t i v e (Table I I ) . In 
c o n t r a s t , a t a much lower l e v e l o f p h y t i c a c i d i n t a k e , 
Cossack and Prasad (41) observed n e g a t i v e z i n c b a l a n c e s 
w i t h a soy p r o t e i n d i e t . In the l a t t e r s t u d y , the soy 
p r o d u c t s were "washed'1 w i t h EDTA; the p o s s i b i l i t y e x i s t s 
t h a t some r e s i d u a l EDTA remained which c o u l d have 
a f f e c t e d m i n e r a l u t i l i z a t i o n . 

G i l l o o l y e t a l . (42) observed t h a t i r o n a b s o r p t i o n s 
were markedly decreased by the a d d i t o n o f sodium p h y t a t e 
to t e s t meals w h i l e s i m i l a r l y marked decreases i n z i n c 
a b s o r p t i o n have been observed (36,43; T a b l e I I ) . 
C o n t r a d i c t o r y r e s u l t s were r e c e n t l y r e p o r t e d (23,14). 
A d d i t i o n o f h i g h l e v e l s (1.5 to 2 .9g /day) o f sodium 
p h y t a t e d i d not s i g n i f i c a n t l y a f f e c t the apparent 
a b s o r p t i o n o f i r o n , manganese, copper or z i n c . 

I t has g e n e r a l l y been presumed and observed 
( 3 6 , 4 2 , 4 3 ) , t h a t p u r i f i e d sodium p h y t a t e had d e l e t e r i o u s 
e f f e c t s i n humans s i m i l a r to those observed i n an imal 
s t u d i e s w h i l e the e f f e c t s o f ind igenous p h y t i c a c i d have 
been q u e s t i o n e d . Recent r e s u l t s (23,44; T a b l e II) 
i n d i c a t e t h a t even w i t h p u r i f i e d sodium p h y t a t e , 
d e l e t e r i o u s e f f e c t s are not always o b s e r v e d . The form o f 
the p h y t i c a c i d - m i n e r a l - p r o t e i n complex p r e s e n t (12) may 
be the de terminant f a c t o r as to whether a d e l e t e r i o u s 
e f f e c t is o b s e r v e d . 

P r o t e i n Source 

The e f f e c t s o f p l a n t p r o t e i n sources on i r o n and z i n c 
u t i l i z a t i o n have been o f p a r t i c u l a r concern and the 
s u b j e c t o f the most s t u d i e s w i t h humans. A c c o r d i n g l y , 
the f o l l o w i n g d i s c u s s i o n is focused on s t u d i e s concerned 
w i t h these two m i n e r a l s . 

I r o n . In the human d i e t , two forms o f i r o n e x i s t , 
heme i r o n and non-heme i r o n (14 ,17 ) . H e m e i r o n is much 
more r e a d i l y a v a i l a b l e and appears to be absorbed by the 
human r e g a r d l e s s o f o t h e r components o f the d i e t which 
may i n h i b i t the a b s o r p t i o n o f the non-heme i r o n . 
However, i t has been e s t i m a t e d t h a t about 80% o f the 
d a i l y d i e t a r y i n t a k e o f i r o n is i n the form o f non-heme 
i r o n and o n l y about 20% from heme i r o n . Hence, any 
p r o d u c t added to the d i e t which causes a s i g n i f i c a n t 
decrease i n non-heme i r o n a b s o r p t i o n is o f c o n c e r n . 

The b e l i e f t h a t soy p r o t e i n , added to b e e f , caused a 
marked decrease i n non-heme i r o n a b s o r p t i o n , l e d to a 
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10. BODWELL Utilization of Trace Minerals in Humans 115 

number of s t u d i e s which are summarized i n T a b l e I I I . 
C o n t r a d i c t o r y r e s u l t s have been o b t a i n e d ; however, t h i s 
can p a r t l y be e x p l a i n e d by more r e c e n t o b s e r v a t i o n s which 
w i l l be d i s c u s s e d be low. In 3 s t u d i e s (45-47) , i n which 
men were f e d complete d i e t s f o r 10 to 82 d a y s , 
a b s o r p t i o n s o f non-heme i r o n were s i m i l a r t o those 
observed w i t h m i l k - b a s e d d i e t s (45, 46) o r were 
m a i n t a i n e d a t an adequate l e v e l (47) . However, i n these 
s t u d i e s an excess o f a s c o r b i c a c i d , which enhances 
a b s o r p t i o n o f non-heme i r o n (17) , was p r o v i d e d . In a 
s tudy i n which a more u s u a l l e v e l o f a s c o r b i c a c i d was 
p r o v i d e d , a soy i s o l a t e d i e t was observed t o r e s u l t i n 
s i g n i f i c a n t l y lower i r o n b a l a n c e s than those observed 
w i t h t e x t u r e d soy o r animal p r o t e i n d i e t s (40) . 

In a s e r i e s o f s t u d i e s , Cook and co -workers 
(48,49,50) observed a marked decrease i n non-heme i r o n 
a b s o r p t i o n when soy p r o t e i n was added to beef o r p r o t e i n 
mix tures o r when soy p r o t e i n was consumed as the p r i m a r y 
p r o t e i n source i n t e s t meals and compared t o the e f f e c t s 
o f i n c l u d i n g egg albumen o r beef a lone i n the t e s t meal 
(Table I I I ) . H a l l b e r g and Rossander (38) , however, found 
l e s s o f an e f f e c t when t o t a l i r o n a b s o r p t i o n (heme p l u s 
non-heme i r o n ) was c o n s i d e r e d . L i k e w i s e , i n a s tudy i n 
which r e c o n s t i t u t e d t e x t u r e d soy was used t o r e p l a c e 30% 
o f the b e e f , the a b s o r p t i o n s o f t o t a l i r o n were not 
g r e a t l y a l t e r e d (51) . In a s tudy by S t e k e l e t a l . (52) , 
r e p l a c i n g p a r t o f the beef w i t h soy i s o l a t e o r add ing 
h y d r a t e d i s o l a t e to beef decreased non-heme i r o n 
a b s o r p t i o n from 12.4% t o 9.2 and 9.3%, r e s p e c t i v e l y . In 
a r e l a t e d s t u d y , non-heme and t o t a l i r o n a b s o r p t i o n s were 
low when soy i s o l a t e was the major p r o t e i n s o u r c e . 

In a s tudy conducted a t B e l t s v i l l e , M o r r i s e t a l . 
(53) measured a b s o r p t i o n s i n men b e f o r e and a f t e r they 
had consumed beef o r beef extended w i t h 6 d i f f e r e n t soy 
p r o d u c t s (Table III ) as t h e i r p r i m a r y p r o t e i n source i n 
9 o f 14 b r e a k f a s t and even ing meals f o r 6 months. No 
c o n s i s t e n t d i f f e r e n c e s o r changes among the groups were 
o b s e r v e d . 

In the same B e l t s v i l l e s t u d y , no changes i n c l i n i c a l 
parameters o r i n serum f e r r i t i n l e v e l s were observed i n 
the men nor i n the women and c h i l d r e n p a r t i c i p a t i n g 
and consuming beef p a t t i e s extended w i t h the v a r i o u s 
soy p r o d u c t s (54, 55 ) . 

H a l l b e r g and Rossander (38) f e d 9 o r 10 s u b j e c t s a 
b a s a l t e s t meal c o n t a i n i n g maize , r i c e and b l a c k beans 
o r the same meal w i t h beef o r soy f l o u r added . 
Non-heme i r o n a b s o r p t i o n s of 3 . 2 , 8.4 and 4.8% and 
t o t a l i r o n a b s o r p t i o n s o f O.18, O.63 and O.51 mg were 
observed f o r the b a s a l mea l , the b a s a l meal p l u s b e e f , 
and the b a s a l meal p l u s soy f l o u r , r e s p e c t i v e l y . The 
a u t h o r s c o n c l u d e d t h a t the amount o f i r o n absorbed was 
" s u b s t a n t i a l l y augmented" by the a d d i t i o n o f the soy 
f l o u r which was h i g h i n i r o n . 
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10. BODWELL Utilization of Trace Minerals in Humans 119 

Some of the apparent discrepancies between studies 
(often between studies based on long-term feeding vs 
those involving single test meals) can, in part, be 
explained by the results of a recent study by Lynch et 
a l . ( 5 6 ) . In this study, the heme-iron and the 
non-heme iron were separately labeled with different 
iron isotopes. The addition of soy protein to beef 
caused a marked decrease i n non-heme iron absorption 
( 5 . 1 vs 1 . 9 % ) . However, a marked increase was observed 
in the absorption of the heme iron upon inclusion of 
the soy protein (increased from 3 3 . 1 to 4 2 . 1 % ) . The 
amount of t o t a l iron absorbed was decreased by the 
inclusion of soy ( O . 4 3 mg instead of O.56 mg); however, 
the decrease was not as marked as would have been 
suggested by the results of the e a r l i e r studies and 
might not be deleterious during long-term consumption. 

Lynch et a l . (5J7) found non-heme iron absorptions, 
as measured by single test meals, for black beans, 
l e n t i l s , mung beans s p l i t peas, and whole soybeans to 
be low ( O . 8 4 to 1 . 9 1 % ) . This suggests that many 
commonly consumed legumes are poor sources of iron; 
whether legumes other than soy may have an " o f f s e t t i n g w 

enhancing effect on heme-iron absorption cannot be 
predicted. 

Zinc. Some recent studies on the effects of soy 
protein on zinc u t i l i z a t o n are summarized i n Table IV. 
Young and Janghorbani (4j4) and Istfan et a l . ( 4 6 ) 
compared the effects of soy isolate or soy concentrate 
and dried skim milk as protein sources i n multi-day 
feeding periods. Zinc absorptions, measured by fecal 
monitoring of the ex t r i n s i c label given, were 
equivalent and no deleterious effects of soy protein 
were observed. In a second study, Istfan et a l . ( 4 7 ) 
fed egg protein diets for 10 days and then a soy 
concentrate diet for 82 days. Zinc absorptions were 
not decreased by feeding the soy concentrate diet. 

Sandstrom and Cederblad ( 3 9 ) fed single test meals 
of chicken, beef, chicken or beef plus soy flour or 
soybeans. The amount of zinc i n the test meal affected 
absorption (Table IV) but not soy flour per se. Higher 
levels of zinc resulted i n lowered absorptions. 

Janghorbani et a l . ( 5 8 ) fed isonitrogenous diets to 
10 subjects for 12 days. Both an i n t r i n s i c label 
(chicken) and extr i n s i c labels were used. Zinc 
absorptions from an all-chicken diet and from a 50% 
chicken - 5 0 % soy isolate diet were equivalent. Solomons 
et a l . ( 5 9 ) fed 5 or 10 subjects diets i n which milk, 
soy i s o l a t e , and beef (or mixtures of these) were 
protein sources; for the milk and/or soy diets, 
absorptions were similar; " f r a c t i o n a l " absorptions from 
beef bologna may have been higher than from soy bologna 
(Table IV). 

In the absorption study conducted by Istfan et a l . 
(47), zinc balances were also determined. Mean zinc 
balances were positive and serum zinc levels were 
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unchanged across the 82-day period of feeding soy 
concentrate. In the study by Bodwell et a l . (40) mean 
balances were lower for textured soy and soy isolate 
diets, compared to an animal protein diet, but were 
s t i l l positive. Conversely, Cossack and Prasad (41) 
observed negative balances when a diet containing soy 
isolate plus textured soy was fed for 3 months. 
However, as noted above, whether or not the EDTA used 
to "wash" the soy products was completely removed is 
unknown. 

Reasons for Discrepancies 

As noted above, disagreement has often been observed 
among different studies on the effects of f i b e r , phytic 
acid and protein source on mineral u t i l i z a t i o n . Some 
possible reasons include: (a) estimates of absorption 
from single meals (with or without previous consumption 
of the same foods used in the test meal which may also 
affect results) may not always be equivalent to results 
from multi-day balance studies, (b) in balance studies, 
the f a i l u r e to allow s u f f i c i e n t time (e.g., 1-2 weeks 
or more) for adaptation may a l t e r the findings, (c) 
variations in the compositions of meals or diets, 
including mineral levels, between studies may influence 
the results obtained, and (d) the persons used as 
subjects vary and this may have an af f e c t . In 
addition, i n the fiber studies, the levels, types, and 
p a r t i c l e size of fiber fed have varied widely and 
levels of other possibly confounding components (e.g., 
caffeine, tanins, oxalates) may have di f f e r e d . 

Practical Implications 

Numerous studies (e.g., 60-63) have evaluated the 
nu t r i t i o n a l mineral status of vegetarians. Most 
consume r e l a t i v e l y high levels of f i b e r and some 
probably consume a r e l a t i v e l y high level of phytic 
acid. Although exceptions occur, i n general their 
mineral status has been adequate. Obviously, 
adaptation occurs; this has been shown c l i n i c a l l y 
(34,35). It thus seems unlikely that increased intakes 
of vegetable protein products pose long term risks for 
those accustomed to non-vegetarian diets. 
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Protein-Procyanidin Interaction and Nutritional Quality 
of Dry Beans 

W. E. Artz1, B. G. Swanson, B. J. Sendzicki, A. Rasyid, and R. E. W. Birch 

Food Science and Human Nutrition, Washington State University, Pullman, 
WA 99164-6330 

Thermodynamic analysis of the temperature dependance 
of procyanidin binding to bovine serum albumin (BSA) 
and bean glycoprotein G-1 suggested predominantly 
hydrophobic and hydrophilic binding, respectively. A 
cis-parinaric acid fluorescence assay for surface 
hydrophobicity supported amphiphilic interactions of 
procyanidin. Heat denatured G-1 had a surface 
hydrophobicity greater than native G-1. Procyanidin 
dimer and trimer inhibited trypsin digestion of BSA. 
In vitro digestibility and Tetrahymena-Protein 
Efficiency Ratio (t-PER) were inversely related to 
procyanidin concentration. Procyanidin intubation 
restricts rat growth and damages intestinal villi. 
Procyanidins intubated with food or as dry beans were 
not as inhibitory as procyanidins intubated alone. 
Digestibility and PER of tempeh prepared with red 
beans and corn were less than the digestibility and 
PER of soybean tempeh. Tempeh, Rhizopus oligosporus, 
fermentation did not improve digestibility or 
nutritional quality of dry black beans. 

The common dry bean, Phaseolus vulgaris, is a grain legume consumed 
in large quantities around the world. Black and other colored beans 
provide appreciable protein, vitamins, minerals and calories for 
rural and urban populations of developing countries. The 
nutritional importance of beans is great since access to protein of 
animal origin is limited. Legumes and cereals, which contain 
complementary proteins, provide protein of greater quality than 
consumption of legumes or cereals alone. However, consumption of 
beans and cereals in a favorable nutritional quality ratio and 
amount tends to be infrequent in developing countries. World 
production of legumes appears to be declining compared to production 
and greater yields of cereals. Legume production, however, is s t i l l 
encouraged internationally to f i x atmospheric nitrogen and 
contribute to increased s o i l f e r t i l i t y in developing countries. Dry 
1Current address: Food Science, University of Illinois, Urbana, IL 61801. 

0097-6156/86/0312-0126506.00/0 
© 1986 American Chemical Society 
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11. ARTZ ET AL. Nutritional Quality of Dry Beans 127 

beans are also an excellent source of complex carbohydrates, fibre 
and polyunsaturated fatty acids. However, dry beans have several 
undesirable attributes such as enzyme inhibitors , phytates, flatus 
factors, lect ins , allergens and condensed tannins that constrain 
nutri t ional quality unless destroyed or removed. 

This paper presents research data that delineate the 
relationship of dry bean proteins to dry bean procyanidins, and 
discusses the constraints protein-procyanidin interaction places on 
nutri t ional quality of dry beans. 

Proteins in Legumes 

Proteins present in the seeds of legumes are primarily of two types: 
1) enzymatic and structural metabolic proteins responsible for 
normal ce l lu lar act iv i t ies including the synthesis of structural 
proteins, and 2) storage proteins. The storage proteins and 
reserves of carbohydrates and o i l s are synthesized during seed 
development (1). Storage proteins occur within the c e l l in discreet 
protein bodies (Figure 1) that develop late during maturation of 
bean seeds (2). The quantity of protein in dry beans ranges from 18 
to 25% (180 - 250 g/kg) dry weight. Protein fractionation studies 
of Phaseolus vulgaris L . have generated three major soluble protein 
fractions: phaseolin (Gl), globulin (G2) and albumin (3-4). 

Considerable confusion surrounds the nomenclature of seed 
proteins of common beans. Phaseolin is reportedly the preferred 
t r i v i a l designation for the globulin-1 (Gl) , glycoprotein II or 
v i c i l i n , a 6.9S protein which aggregates to form the 18S tetramer at 
pH 4.5 05, Ο . Globulin-1 (Gl) , globulin-2 (G2) and albumin 
represent 36-46%, 5-12% and 12-16% of the total seed protein, 
respectively, although there appeared to be some contamination 
between the latter two fractions after usual isolation procedures 
(4). Environmental factors such as geographic location and growing 
season substantially influence protein content of dry beans (6). 
Polypeptide c lass i f icat ion of Gl fraction has been well documented 
and permits c lass i f icat ion of bean cultivars into three groups: 
Tendergreen, Sanilac and Contender, on the basis of electrophoresis 
banding patterns (7). The major storage protein in beans, 
globulin-1 (Gl), exhibits a pH dependent polymerization that was 
u t i l i zed in purif ication (8). At pH 3.8 to 5.4, Gl exists as a 
tetramer, while at pH 6.4 to 10.5, Gl exists as a monomer of MW 
163,000 (9). The isoelectric point of Gl is pH 4.4 - 5.6. Gl 
so lubi l i ty is independent of pH from pH 2.5 to 12.0 (10) in O.5F 
NaCl. A crude extract of Gl was prepared for purif ication on 
cyanogen bromide activated Sepharose. 

Tannins/Procyanidins 

Tannins are one of several antinutrit ional factors present in dry 
beans. Any polyphenolic compound that precipitates proteins from an 
aqueous solution can be regarded as a tannin (11). Tannins 
precipitate proteins due to functional groups that complex strongly 
with two or more protein molecules, building up a large cross-linked 
protein-tannin complex (12). 

Naturally-occurring food legume tannins are reported to 
interact with enzyme and non-enzyme proteins to form complexes that 
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128 PLANT PROTEINS 

r e s u l t in i n a c t i v a t i o n of d i g e s t i v e enzymes and p r o t e i n i n s o l u b i l i t y 
(13). J j i v i t r o and in vivo studies i n d i c a t e that bean tannins 
decrease p r o t e i n d i g e s t i b i l i t y and p r o t e i n q u a l i t y (14). 

Condensed tannins and procyanidins are terms used to describe 
the same general c l a s s of compounds, plant phenolics that are 
polymers of the flavan-3-ols (Figure 2), (+) catechin and/or (-) 
e p i c a t e c h i n (15). Procyanidins heated in a l c o h o l and a c i d w i l l 
produce colored compounds s t r u c t u r a l l y r e l a t e d to anthocyanidins 
(16). Procyanidin polymers c o n s i s t of chains of 5, 7, 3 f , 4 ?-
tetrahydroxyflavan-3-ol connected by C(4)-C(6) or C(4)-C(8) bonds 
(15). Procyanidins occur free and not as glycosides (17). An 
a d d i t i o n a l hydroxy group can sometimes be found on the Β r i n g of the 
f l a v a n - 3 - o l at the 5 f p o s i t i o n . Some hydroxy groups on the Β r i n g 
may be methoxylated (18) and the methoxyl groups may a f f e c t 
p r o t e in-procyanidin i n t e r a c t i o n . Procyanidin concentrations range 
from 1.5 to 18.6 mg of procyanidin per gram of whole bean f l o u r (4). 
Procyanidins are found in greater concentrations in colored beans 
than in white beans, most of which are located in the seed coat, 
t e s t a or h u l l . 

Methods 

Dimeric and t r i m e r i c catechin were prepared by reduction of 
dihydroquercetin with sodium borohydride in the presence of 
catechin (19). Polymerization was followed on s i l i c a g e l TLC using 
an acetone:toluene:formic a c i d (60:30:10) solvent (20). The 
v i s u a l i z a t i o n agent was v a n i l l i n (1 g/100 ml) in 70% v/v s u l f u r i c 
acid/water. Catechin, catechin dimer and catechin trimer appeared 
as red spots with r e s p e c t i v e Rf values of O.66, O.54 and O.43. The 
f l a v a n - 3 , 4 - d i o l appeared as a purple spot with an Rf value of O.63. 
Separation of dimeric and t r i m e r i c catechin was accomplished with 
Sephadex LH-20 using an ethanol:water (45:55) solvent. P u r i t y of 
the procyanidin was evaluated with reversed-phase HPLC i s o c r a t i c a l l y 
with 4% a c e t i c a c i d in water. T r i t i u m - l a b e l l e d procyanidin dimer 
and trimer were synthesized s i m i l a r l y with 25 mCi t r i t i a t e d sodium 
borohydride added to the r e a c t i o n mixture over a 20 min period under 
nitrogen. Binding constants of l i g a n d , t r i t i u m l a b e l l e d catechin 
dimer and trimer, to defatted bovine serum albumin (BSA) and 
p u r i f i e d bean p r o t e i n Gl were determined by the method developed by 
Sophianopoulos et a l . (23) with an Amicon M i c r o p a r t i t i o n System 
MPS-1 (American Corp., Danvers, MA). Separation of the free l i g a n d 
from the bound li g a n d was accomplished by convective f i l t r a t i o n of 
free l i g a n d through an a n i s o t r o p i c , h y d r o p h i l i c YMT u l t r a f i l t r a t i o n 
membrane. The d r i v i n g force was provided by c e n t r i f u g a t i o n . 
Proteins were q u a n t i t a t i v e l y retained above the membrane while low 
molecular weight l i g a n d passed through the membrane. Binding 
constants were determined by Scatchard p l o t a n a l y s i s (24-26). 
Linear regression a n a l y s i s was used to f i t the points f o r the 
Scatchard p l o t . 

Procyanidin Binding to Bovine Serum Albumin (BSA) 

Polymeric procyanidin e x t r a c t i o n from black beans (Phaseolus 
v u l g a r i s L. cv. Black T u r t l e Soup) and p u r i f i c a t i o n was a 
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ARTZ ET AL. Nutritional Quality of Dry Beans 

Figure 1. Scanning e l e c t r o n micrograph of Phaseolus v u l g a r i s 
cotyledon showing p r o t e i n bodies (P) and star c h granules (S). 
Bar = 10 Urn. 

PROCYANIDIN B2 

Figure 2. Structure of ep i c a t e c h i n , catechin and procyanidin 
dimer B2. 
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130 PLANT PROTEINS 

modification of the procedure of Strumeyer and Malin (21) and the 
procedure of Cansfield et a l . (22) using 80:20 ratio of 
acetone:water as primary extracting solvent, and LH-20 for clean-up. 

The method of Kato and Nakai (27) for determining protein 
surface hydrophobicity was adapted for evaluating procyanidin 
binding to BSA and G l . The procedure is based on the fact that the 
fluorescence quantum yield of c is-parinaric acid increases 40-fold 
when cis-parinaric acid enters a hydrophobic environment from a 
hydrophilic environment. The digestion of BSA by trypsin in the 
presence of procyanidin dimer, procyanidin trimer and black bean 
procyanidin polymer was evaluated by discontinuous sodium dodecyl 
sulfate (SDS) slab gel electrophoresis and a p i c r y l sulfonic acid 
(TNBS) assay (28). 

Scatchard plots were used to determine the binding constants of 
procyanidins to BSA and bean globulin Gl at temperatures of 19, 29 
and 39°C (Figures 3 and 4). Nu (v) is moles of ligand bound per 
mole of protein. L is the concentration of the free ligand. The 
equilibrium binding constant is equal to the negative slope of the 
corrected curve as determined by linear regression analysis from the 
Scatchard plot. Nonspecific binding is the binding of ligand to 
protein sites possessing low aff in i ty (24). High af f in i ty binding 
must be corrected for nonspecific binding (25). Nonspecific binding 
was determined as the y-axis intercept of the extension of the lower 
af f in i ty binding curve. The lower aff in i ty nonspecific binding was 
subtracted from binding possessing the high aff in i ty to produce the 
corrected binding curve. The negative slope of the curve is equal 
to the equilibrium association binding constant and the x-axis 
intercept is equal to the moles of ligand bound per mole of protein. 

Thermodynamic analysis of the binding constants of BSA and 
procyanidin dimer and trimer from the Van't Hoff equation (29) 
indicates a reaction with a positive entropy change, a positive 

Table I. Binding Constants 

Gl BSA 
Procyanidin 

Temperature Trimer Dimer Trimer 
(k) (k) (k) 

19 74,000 4,000 110,000 
29 42,000 8,200 120,000 
39 27,000 20,490 122,000 

Table II . Enthalpy, entropy and free energy 

Enthalpy Entropy Free Energy 
Procyanidin Protein (H) (S) (G) 

(kcal/mole) (eu) (kcal/mole) 
Trimer Gl - 9.26 - 9.41 - 6.51 
Dimer BSA 14.9 67.5 - 4.81 
Trimer BSA O.96 26.3 - 6.73 
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Figure 3, Scatchard plot of BSA and procyanidin dimer at 19C. 

25000r-

20000 - , 

1500oL + + 4 
V/L 

Κ - 110000 + 
SCATCHARO PLOT 

COR. SCATCHARO PLOT 

.5 1.5 

Figure 4. Scatchard plot of BSA and procyanidin trimer at 19C. 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

01
1



132 PLANT PROTEINS 

enthalpy change and a negative f r e e energy, i . e . a spontaneous 
r e a c t i o n that is t o t a l l y entropy driven (Tables I and I I ) . Since 
hydrophobic i n t e r a c t i o n s are entropy d r i v e n , the binding of BSA to 
procyanidin is hydrophobic. 

In aqueous s o l u t i o n s , hydrophobic i n t e r a c t i o n is very important 
(30). Water molecules at the surface of the hydrophobic domain 
created by a nonpolar solute rearrange in order to regenerate broken 
hydrogen bonds, but in doing so create a greater degree of l o c a l 
order than e x i s t s in pure l i q u i d water, thereby producing a decrease 
in entropy (30). The d r i v i n g force f o r hydrophobic i n t e r a c t i o n is 
the increase in entropy when the ordered water is released to the 
bulk water. Hydrophobic i n t e r a c t i o n s are entropy d r i v e n . 

C e r t a i n types of non-covalent i n t e r a c t i o n s such as hydrogen 
bonds, London i n t e r a c t i o n s and van der Waals i n t e r a c t i o n s are 
enthalpy driven i n t e r a c t i o n s (26); heat is released during bond 
formation. The heat released during bond formation s t a b i l i z e s the 
bonds. Hydrogen bonds, London i n t e r a c t i o n s and van der Waals 
i n t e r a c t i o n s are v a r i a n t s on the d i p o l e - d i p o l e i n t e r a c t i o n model, 
which include permanent and induced d i p o l e s . 

T r i m e r i c procyanidin binds more t i g h t l y to BSA than dimeric 
procyanidin (Table I I ) . P a r t i t i o n c o e f f i c i e n t s of dimeric and 
t r i m e r i c catechin between n-octanol and water i n d i c a t e procyanidin 
trimer is more hydrophobic than procyanidin dimer. Increased 
binding constants of trimer r e l a t i v e to dimer agree with reported 
p a r t i t i o n c o e f f i c i e n t s . Surface hydrophobicity assays with 
c i s - p a r i n a r i c a c i d confirm the thermodynamic a n a l y s i s that binding 
of procyanidin to BSA is hydrophobic. 

Procyanidin Binding to Bean G l o b u l i n (Gl) 

Binding of procyanidin trimer to bean p r o t e i n Gl was temperature 
dependent (Figure 5). An increase in temperature r e s u l t e d in a 
large decrease in the binding constant (Table I ) . Gl binding to 
procyanidin trimer is spontaneous and h y d r o p h i l i c in nature. The 
binding is driven by the large change in enthalpy (Table I I ) . The 
type of bonding involved between G l , a g l y c o p r o t e i n , and procyanidin 
is probably hydrogen bonding. Evaluation of the Gl i n t e r a c t i o n with 
procyanidin trimer with c i s - p a r i n a r i c a c i d confirmed that the 
binding of native Gl to procyanidin trimer is h y d r o p h i l i c (Figure 
6). 

Heat-denatured Gl exhibited a surface hydrophobicity greater 
than that of native G l . The increase was not unexpected since 
hydrophobic groups are commonly oriented towards the center of 
proteins in aqueous solvents. Heat denaturation of p r o t e i n exposes 
hydrophobic groups to the solvent. Binding of denatured Gl to bean 
procyanidin oligomer was predominantly hydrophobic. 

Common bean procyanidins are capable of both h y d r o p h i l i c and 
hydrophobic i n t e r a c t i o n with p r o t e i n . H y d r o p h i l i c i n t e r a c t i o n s are 
favored with a h y d r o p h i l i c g l y c o p r o t e i n l i k e common bean g l o b u l i n 
G l , while hydrophobic i n t e r a c t i o n s are favored a f t e r p r o t e i n 
denaturation, when p r o t e i n hydrophobic groups are exposed to the 
solvent. 
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1 2 3 4 

V 

Figure 5. Scatchard p l o t of procyanidin trimer and bean g l o b u l i n 
Gl at 19C. 

Figure 6. Fluorescence of Gl (O.04%), procyanidin dimer and 
c i s - p a r i n a r i c a c i d . 
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134 PLANT PROTEINS 

Trypsin Inhibition 

Table III . Percent Inhibition of the Trypsin Digestion of BSA 

Procyanidin 1 mg/ml 5 mg/ml 
Dimer 16.9 25.2 
Trimer 42.3 71.2 
Polymer 50.5 89.4 

Trypsin digestion of BSA was inhibited by addition of procyanidin 
dimer, trimer and oligomer (Table III) . Increased procyanidin 
concentration increased inhibit ion of the trypsin digestion of BSA. 
Increased procyanidin chain length also increased inhibit ion of 
trypsin digestion. Protease inhibit ion by procyanidin does not 
occur by irreversible binding of procyanidin to the active site of 
the protease. Procyanidin is not a specific inhibitor for either 
trypsin or chymotrypsin, i . e . procyanidin does not inhibit by 
binding irreversibly to the active s i te , rather procyanidin binds 
non-specifically to the enzyme and/or protein substrate. Since 
procyanidin does not bind specif ical ly to protease active s i tes , but 
reacts non-specifically, Scatchard plots indicate less than one mole 
of procyanidin is bound per mole of protein. With polymeric 
procyanidin, considerable cross-l inking w i l l occur. Not a l l 
ant i -nutri t ional effects can be explained by high aff in i ty binding. 

Feeding Procyanidins 

Complete removal of procyanidin is not necessary to overcome 
ant i -nutri t ional effects. Removal of most procyanidin or addition 
of sufficient protein w i l l overcome ant i -nutri t ional effects of 
procyanidins. Small concentrations of procyanidin can be easily 
overcome by adding protein. 

The most apparent nutri t ional effect of feeding procyanidins at 
naturally occurring concentrations in plants, such as in sorghum 
grain (1-2%), are growth depression, poor feed efficiency ratios and 
increased fecal nitrogen (12). Protein Efficiency Ratio is a 
procedure to measure the ratio of weight gain to protein intake of 
weanling rats fed a diet with a single suboptimal 10% concentration 
of test protein. Tetrahymena-PER is a more rapid assay, using 
protozoa Tetrahymena pyriformis or Tetrahymena thermophila, as an 
alternative to the laboratory rat as a biological assay for protein 
quality. Good correlation between PER determined with the rat and 
Tetrahymena have been reported (14). In v i tro d iges t ib i l i ty and 
Tetrahymena-PER are inversely related to procyanidin content (14). 
Bioavai labi l i ty , expressed as Tetrahymena growth, of bean globulin 
Gl in the presence of black bean procyanidins correlated well with 
in v i tro d iges t ib i l i ty of the protein. 

Health consequences of procyanidins in the human diet are 
relat ively unknown, but the toxicity for human beings may be similar 
to the toxicity observed in experimental animals (12). Bender and 
Mohammidiha (31) proposed that increased fecal nitrogen from rats 
fed diets containing large quantities of cooked legumes was due to 
increased gastrointestinal mucosal c e l l turnover, rather than poor 
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11. ARTZETAL. Nutritional Quality of Dry Beans 135 

protein d iges t ib i l i ty . Fairweather-Tait et a l . (32) discovered that 
mucosal c e l l sloughing increased 35% in the small intestine of rats 
fed beans compared to rats fed a control diet . Physiological 
alterations such as damage to the mucosal l in ing of the 
gastrointestinal tract and increased cation excretion have also been 
demonstrated (33-35). Very great concentrations of dietary 
procyanidin, near 5%, can cause death (12). Increased fecal 
nitrogen or decreased nitrogen retention by animals fed procyanidin 
has been explained by either a reduced d iges t ib i l i ty of dietary 
protein or an increased excretion of endogenous protein (33). 
Explanations for the antinutrit ional aspects of procyanidins have 
centered around the ab i l i ty of procyanidin to bind protein. 

Rats intubated with 5.0% procyanidin developed coughing, 
sneezing, wheezing, overall respiratory distress and severe 
dehydration, and were sacrificed after 20 d. Gross pathological 
examination revealed moderate to large quantities of intest inal gas, 
distended intest inal walls and a translucent quality to the small 
intest inal mucosa. The duodenum was discolored, black-purple, for 
O.5 to 1.0 cm aboral to the pyloric sphincter. The jejunum and 
ileum were thin-walled translucent and gas-f i l led when compared to 
jejunum and ileum of control rats (36). Histological examination of 
gastrointestinal tissues from rats intubated with 5% procyanidin 
revealed broad, short and fused v i l l i in the areas where the 
duodenal tissue was dissolved. Dietary procyanidin can damage v i l l i 
decreasing the absorptive surface area and altering the absorptive 
capability of the intest inal mucosa. Nutrient 
ava i lab i l i ty is reduced and dietary protein deficiency can result . 
Gastrointestinal epi the l ia l damage observed with purified 
procyanidin may be dose dependent. Intubations of 1.0 and O.5% 
procyanidin were not toxic over a four week period, yet resulted in 
areas of v i l l i shortening and broadening in some of the rats 
intubated. Growth rate reduction did occur with 1.0 and O.5% 
procyanidin intubation with food. Long term consumption of 
unpurified procyanidins contained in legumes had no detectable 
effect on the histological appearance of the gastrointestinal tract 
in rats consuming diets prepared with 40% black beans. 

Dry Bean Fermentation-Tempeh 

Tempeh, an Indonesian food generally produced from soybeans 
fermented by Rhizopus oligosporus, is more acceptable than cooked 
soybeans because, in part, tempeh does not have the unacceptable 
beany flavor and flatus problem associated with soybeans. Tempeh 
prepared with small red beans or a small red bean/corn mixture were 
acceptable in color, sweeter and more fragrant in flavor and similar 
in texture to soybean tempeh. The PER and in v i tro protein 
d iges t ib i l i ty of small red bean (1.69, 85.2) and small red bean/corn 
(2.15, 86.1) tempeh were less than the PER and in v i tro protein 
d iges t ib i l i ty of soybean (2.63, 88.9) and soybean/corn (3.11, 90.2) 
tempehs (37). Tempeh fermentation does not improve the protein 
quality of common beans. The presence or absence of bean hulls did 
not s ignif icantly affect protein u t i l i za t ion from tempeh. The PER 
for white bean t r i a l s (1.47) improved when soaking water was 
discarded before the beans were cooked (1.70) and fermented (38). 
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136 PLANT PROTEINS 

Conclusions 

Common bean p r o t e i n and procyanidin i n t e r a c t i o n s can be h y d r o p h i l i c 
or hydrophobic, depending on the s i t e s on the p r o t e i n a v a i l a b l e f o r 
i n t e r a c t i o n . Thermal processing can denature the p r o t e i n and change 
the type of i n t e r a c t i o n p o s s i b l e . Once bean p r o t e i n is denatured, 
hydrophobic i n t e r a c t i o n s between the p r o t e i n and procyanidin are 
l i k e l y . Since the strength of hydrophobic i n t e r a c t i o n s increases 
with increased in temperature, the i n t e r a c t i o n between p r o t e i n and 
procyanidin w i l l be enhanced during thermal processing. Removal of 
procyanidin w i l l be e a s i e s t p r i o r to thermal processing. 

Acute long term doses of procyanidins and food have a reduced 
t o x i c i t y compared to procyanidin intubated alone. Dietary long term 
doses of procyanidins are normally encountered in human d i e t a r y 
patterns in various areas of the world. Recommendations to increase 
common bean consumption w i l l not r e s u l t in any adverse e f f e c t s to 
populations consuming large q u a n t i t i e s of beans. 

Tempeh can be s u c c e s s f u l l y fermented with common beans and 
bean/corn mixtures. However, the p r o t e i n d i g e s t i b i l i t y or 
n u t r i t i o n a l q u a l i t y of beans is not improved s u b s t a n t i a l l y by tempeh 
fermentation. 
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Acceptability and Tolerance of a Corn-Glandless 
Cottonseed Blended Food by Haitian Children 

R. E. Hayes1, Carolyn P. Hannay2,4, J. I. Wadsworth3, and J. J. Spadaro3,5 

1Olivet Nazarene College, Kankakee, IL 60901 
2Grace Children's Hospital, International Child Care, Port-au-Prince, Haiti 
3Southern Regional Research Center, Agricultural Research Service, U.S. Department of 
Agriculture, New Orleans, LA 70179 

A lysine-fortified, corn-based Public Law 480-type food 
blend containing glandless cottonseed flour (CC) was 
found to be comparable in nutritional quality, maternal 
and child acceptability and child gastrointestinal 
tolerance to the extensively used U.S. Food-for-Peace 
Program food blend, corn-soy-milk (CSM). The double 
blind, four week supplementary feeding study was 
conducted among 157, mainly preschool age, children and 
their mothers at nutrition centers in the area of 
Port-au-Prince, Haiti. The proportion of components in 
CC were determined by computer to formulate the blend 
of highest protein quality as measured by chemical 
score. Animal protein was not used in CC in achieving 
PER and NPR values statistically comparable to those 
for CSM. 

The f e a s i b i l i t y o f u s i n g c o t t o n s e e d f l o u r to r e p l a c e soy f l o u r as a 
high p r o t e i n c o n t r i b u t o r t o U . S . Government food b l e n d s has been o f 
i n t e r e s t in r e c e n t y e a r s . P r e s e n t l y c o t t o n s e e d f l o u r is not used 
to an a p p r e c i a b l e e x t e n t in human f o o d in the U n i t e d S t a t e s . B u t , 
due to expanding p o p u l a t i o n in d e v e l o p i n g c o u n t r i e s , i t may be 
n e c e s s a r y to use t h i s p r o t e i n r e s o u r c e more e f f i c i e n t l y . 

An i n v e s t i g a t i o n has been conducted to determine the 
s u i t a b i l i t y o f u t i l i z i n g g l a n d l e s s c o t t o n s e e d f l o u r in P u b l i c Law 
480 (known a l s o as the U . S . F o o d - f o r - P e a c e Program) blended f o o d s . 
The f i r s t stage of t h i s r e s e a r c h was to e s t a b l i s h a r a p i d computer 
f o r m u l a t i o n procedure to s u p p l a n t a l e n g t h y t r i a l - a n d - e r r o r 
approach f o r d e t e r m i n i n g i n g r e d i e n t p r o p o r t i o n s needed to a c h i e v e 
b e s t p r o t e i n q u a l i t y in the b l e n d s U , 2 ) . A s e r i e s o f n i n e 
c o r n - b a s e d b l e n d s , c o n t a i n i n g f l o u r s of p e a n u t , g l a n d l e s s 
c o t t o n s e e d , or c o t t o n s e e d / s o y c o m b i n a t i o n s were then f o r m u l a t e d by 
the computer o p t i m i z a t i o n t e c h n i q u e d e s c r i b e d . E x p e r i m e n t a l 
s c r e e n i n g t e s t s compared these n i n e b l e n d s w i t h two s t a n d a r d P u b l i c 

1Current address: St. Thomas Hospital, Nashville, T N 37208. 
5Retired. 

0097-6156/86/0312-0138$06.00/0 
© 1986 American Chemical Society 
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12. HAYES ET AL. Corn-G landless Cottonseed Blended Food 139 

Law 480 b l e n d s c o r n - s o y and c o r n - s o y - m i l k , w i t h r e s p e c t to p r o t e i n 
q u a l i t y by animal a s s a y , o r g a n o l e p t i c q u a l i t y and s t o r a g e 
s t a b i l i t y . Of the n i n e e x p e r i m e n t a l b l e n d s , a b l e n d of 
c o r n - g l a n d l e s s c o t t o n s e e d , f o r t i f i e d w i t h l y s i n e m o n o h y d r o c h l o r i d e , 
showed a h i g h p r o t e i n q u a l i t y and was comparable to c o r n - s o y - m i l k 
w i t h r e s p e c t to o v e r a l l f l a v o r q u a l i t y and in degree o f f l a v o r 
maintenance d u r i n g s t o r a g e (3). 

T h i s p r e s e n t study d e s c r i b e s a comparative a c c e p t a b i l i t y and 
t o l e r a n c e f i e l d t e s t (4), the n e x t step in d e t e r m i n i n g the 
s u i t a b i l i t y o f u s i n g a supplementary f o o d m i x t u r e f o r s m a l l 
c h i l d r e n in d e v e l o p i n g c o u n t r i e s . I t was conducted in H a i t i , 
m a i n l y among p r e s c h o o l age c h i l d e r n . M o d i f i e d c o r n - s o y - m i l k 
( d e s i g n a t e d MCSM), a sweetened v e r s i o n o f the l e a d i n g U . S . 
F o o d - f o r - P e a c e Program b l e n d e d f o o d , was t e s t e d a g a i n s t a sweetened 
e x p e r i m e n t a l b l e n d , c o r n - g l a n d l e s s c o t t o n s e e d , f o r t i f i e d w i t h 
l y s i n e monohydrochloride ( d e s i g n a t e d C C ) . H a i t i was a p a r t i c u l a r l y 
s u i t a b l e l o c a t i o n f o r comparative e v a l u a t i o n o f these c o r n - b a s e d 
b l e n d s because c o r n is a major s t a p l e t h e r e , and because of the 
a v a i l a b i l i t y o f n u t r i t i o n c e n t e r s t h a t serve mothers w i t h young 
c h i l d r e n . Supplementary f o o d s , such as those p r o v i d e d under P u b l i c 
Law 480, are o f t e n d i s t r i b u t e d a t the c e n t e r s . 

E x p e r i m e n t a l 

B l e n d Formu1ati o n , P r é p a r a t i o n . S e v e r a l s o u r c e s were used to d e r i v e 
tfië" n u t r i t i o n a l c r i t e r i a For p r e s c r i b i n g b l e n d c o m p o s i t i o n s and 
t e s t q u a n t i t i e s . C o l l e c t i v e l y , P r o t e i n A d v i s o r y Group ( d e s i g n a t e d 
PAG) g u i d e l i n e numbers 7 and 8 U,j5) and the g e n e r a l U . S . D . A . 
g u i d e l i n e s f o r g r u e l - t y p e foods (6,7J recommend: d a i l y dry w e i g h t 
o f supplement; p r o t e i n c o n c e n t r a t i o n and q u a l i t y ; minimum l e v e l of 
f a t ( f o r adequate c a l o r i c d e n s i t y ) ; maximum l e v e l s f o r crude f i b e r 
and t o t a l a s h ; m o i s t u r e r a n g e ; and f o r t i f i c a t i o n w i t h v i t a m i n s , 
m i n e r a l s and a n t i o x i d a n t s . Because p r i o r e x p e r i e n c e in 
f i e l d - t e s t i n g b l e n d e d f o o d s has shown t h a t a d d i t i o n o f sugar 
improved a c c e p t a b i l i t y , an 8 p e r c e n t s u c r o s e l e v e l was used f o r 
b o t h MCSM and CC (8 - J O ) . 

T a b l e I . S p e c i f i c a t i o n s f o r the c o r n - g l a n d l e s s 
c o t t o n s e e d (CC) and m o d i f i e d c o r n - s o y - m i l k (MCSM) b l e n d s 

Component s p e c i f i c a t i o n B l e n d 

CC ( * ) MCSM (%) 

T o t a l P r o t e i n ( a l l s o u r c e s ) 20.0 20.0 
T o t a l F a t ( a l l s o u r c e s ) 6.6 6.6 
Sugar 8.0 8.0 
N o n - f a t dry m i l k O.0 15.0 
M i n e r a l premix 2.7 2.7 
V i t a m i n premix O.1 O.1 

U t i l i z i n g proximate a n a l y s i s data on a l l b l e n d c o n s t i t u e n t s and 
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140 PLANT PROTEINS 

amino a c i d analyses on the p r o t e i n - con t a i n i n g components, the 
composit ion of the corn -g land les s cot tonseed, l y s i n e monohydro-
ch lo ide blend was opt imized by computer to obta in the best chemical 
score con s i s t en t w i th the c r i t e r i a der i ved from the sources 
descr ibed above and l i s t e d in Table I. 

The add i t i o n of sugar requ i red a d i f f e r e n t fo rmulat ion f o r 
MCSM from the p ropor t ions s t i p u l a t e d by the commodity s p e c i f i c a t i o n 
(11). A l s o , in l i e u of the usual procedure of mixing commodities 
in a given p ropor t ion to formulate corn - soy -mi lk , p r o te i n and f a t 
percentage l e v e l s of MCSM were set i d e n t i c a l l y to those s p e c i f i e d 
f o r CC. Cornmeal, de fa t ted soy f l o u r and soy o i l p ropor t ions were 
then adjusted by computer to meet these c o n s t r a i n t s . The v i tamin 
premix provided the an t i o x i d an t s B.H.A. and B.H.T., each a t a l e ve l 
of O.0022 percent (11) in both blends. 

Standard a n a l y t i c a l procedures were used to eva luate the 
composit ion of i n g r ed i en t s . Of the proximate ana ly se s , n i t r o gen , 
l i p i d s , and crude f i b e r were measured by American Oil Chemists 
Soc iety (AOCS) methods (12) and moisture and ash by A s soc i a t i on of 
O f f i c i a l A n a l y t i c a l Chemists (AOAC) methods ( 1 3 L Amino a c i d 
analyses were performed by g a s - l i q u i d chromatography (14) except 
f o r tryptophan, which was analyzed c o l o r m e t r i c a l l y T Î 5 ) . In 
a d d i t i o n to these assays, c e r t a i n te s t s of i n g red i en t safety or 
spo i lage were a l s o performed, which space does not permit to be 
reported in t h i s paper, to assure tha t i ng red ien t s met accepted 
standards fo r food sa fety (16). 

The i ng red ien t s of each blend were thoroughly mixed in a large 
r ibbon b lender. The e n t i r e food p repara t i on and packaging 
operat ion was c a r r i e d out in a s an i t a r y manner. A quant i ty of each 
blend was a p p r o p r i a t e l y subpackaged f o r the var ious p h y s i c a l , 
chemical and m i c r o b i o l o g i c a l t e s t s . 

In accordance w i t h the recommendation of PAG gu i de l i ne number 
8 (5), the CC and MCSM fo r f i e l d t e s t i n g were packaged in O.8 
k i logram q u a n t i t i e s (approximately 100 grams dry weight of 
supplement per day f o r one week). Each O.8 k i logram batch was 
weighed i n t o a 3.8 l i t e r ( four quart) po lyethy lene f r ee ze r bag, 
c losed wi th a t i e tape, and t h i s bag was then placed w i t h i n a 1.9 
l i t e r ( h a l f - g a l l o n ) r i g i d c y l i n d r i c a l po lyethy lene conta iner w i t h a 
l i d that was sealed w i th p l a s t i c tape. A 53 cc p l a s t i c measuring 
cup, f o r use in prepar ing g r u e l , was inc luded w i t h the food. 
Numbers were ass igned to the CC and MCSM samples on a random ba s i s . 
There were four O.8 k i logram packages prepared f o r each number, one 
f o r d i s t r i b u t i o n to each c h i l d ' s mother weekly fo r four weeks. The 
p l a s t i c conta iner s were packaged f o r shipment in f i b e r board drums 
and held a t -18°C u n t i l food sa fety c learances of the U.S. and 
H a i t i a n governments were obta ined. Th i s c learance took 
approximately nine months. 

Chem i ca l , B i o l o g i c a l and Phy s i ca l Tests on Blends. Reported 
chemical eva lua t i on s on the f r e s h l y prepared blends i nc lude 
proximate analyses and amino a c i d ana lyses . The same a n a l y t i c a l 
procedures descr ibed above f o r i ng red ien t s were a l s o used on the 
blends. 

Three animal procedures (p ro te in e f f i c i e n c y r a t i o , net p ro te i n 
r a t i o , and p r o t e i n d i g e s t i b i l i t y ) were used to eva luate p r o t e i n 
q u a l i t y . The AOAC (13) animal assay for p ro te in e f f i c i e n c y r a t i o 
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12. HAYES ET AL. Com-G landless Cottonseed Blended Food 141 

(PER) was modi f ied in several r e spec t s . The d i e t s were c a l c u l a t e d 
on a 10 percent p ro te i n l e v e l ra ther than on an i son i t rogenous 
ba s i s . This was done because the n i t rogen f a c to r s of the var ious 
blend components va r i ed apprec iab l y from the 6.25 n i t rogen f a c t o r 
assumed in the AOAC procedure. A composite n i t rogen f a c t o r f o r 
each blend was c a l c u l a t e d from a n a l y t i c a l r e s u l t s by d i v i d i n g the 
t o t a l amino a c i d content by the n i t rogen content. In t h i s manner, 
the composite n i t rogen f a c t o r s were determined to be 6.28 f o r MCSM 
and 5.91 f o r CC. A f u r t he r dev i a t i on from the AOAC PER procedure 
was t ha t f i v e animals r a t he r than ten were used. The t e s t i n g 
l abo ra to ry performing the assays had been r o u t i n e l y using f i v e 
animals f o r some time f o r t h i s t e s t and had found only a small 
d i f f e r ence in the standard e r r o r between r e s u l t s f o r f i v e versus 
ten animals. The convent ional n i t rogen f a c t o r of 6.25, as 
s p e c i f i e d in the AOAC procedure, was used fo r computing the Animal 
N u t r i t i o n Research Counci l (ANRC) case in l e v e l . 

In the net p ro te i n r a t i o (NPR) c a l c u l a t i o n (17), 15-day growth 
and p r o te i n in take data of animals on the PER d i e t s were used. 
Nitrogen d i g e s t i b i l i t y (percent of n i t rogen in take absorbed) was 
determined on each animal on pooled data from the 8th through the 
15th day of the PER t e s t . 

In add i t i o n to the t e s t s desc r ibed above, other chemica l , 
b i o l o g i c a l , p h y s i c a l , and physicochemical tes t s were performed (16) 
which are not reported in t h i s paper because of space l i m i t a t i o n . 
These te s t s are mainly concerned w i th product s a fe t y , chemical 
s t a b i l i t y and sensory pe rcept i on . 

F i e l d Tes t P r o t o c o l . Background in fo rmat ion on t e s t methodology, 
n u t r i t i onal charac t e r i s t i cs, and food sa fe ty a n a l y t i c a l values were 
requ i red by both the H a i t i a n and American Governments before 
sending the blended foods to H a i t i . In the H a i t i a n Government, 
approval was requ i red by the M i n i s t r y of Health and by i t s Bureau 
of N u t r i t i o n . Approval of the U.S. Government was given through 
the U.S. Department of A g r i c u l t u r e ' s Human Stud ies Review 
Committee. 

N u t r i t i o n a l c r i t e r i a f o r p r e s c r i b i n g the blend composit ions 
and q u a n t i t i e s used have been descr ibed above in the fo rmu la t ion 
s e c t i o n . Procedural c r i t e r i a used in the f i e l d t e s t are embodied 
in PAG gu ide l i ne number 7 f o r human t e s t i n g of supplementary food 
mixtures (4.). Th i s g u i de l i ne requ i re s t ha t human t e s t i n g be 
preceded by compos it ional and n u t r i t i o n a l s tud ies of the mixture 
being cons idered, assessment of food safety aspects and economic 
f e a s i b i l i t y e v a l u a t i o n . Economic f e a s i b i l i t y was not considered in 
t h i s case s ince the i n v e s t i g a t o r s were i n t e r e s t ed in a future 
p o t e n t i a l use of g land les s cottonseed, which is not now 
economica l ly compet i t i ve w i th soy. Compos i t i ona l , n u t r i t i o n a l , and 
food safety s tud ies were p rev i ou s l y conducted as descr ibed above 
[3) . The same types of eva lua t i on were performed on foods a c t u a l l y 
sent to H a i t i . The H a i t i a n f i e l d t r i a l concerns one of the four 
categor ies of human eva luat ions o u t l i n e d by PAG g u i d e l i n e number 7 
(4) , namely, a c c e p t a b i l i t y and to lerance t e s t s . Some of the 
fea tu re s of these t e s t s are tha t : a t l e a s t some of the t e s t i n g 
should take place in a country fo r which the p r o t e i n - r i c h food is 
intended; the t e s t should be conducted w i th c h i l d r e n in the age 
categor ie s f o r which the product is intended; both the t e s t and 
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142 PLANT PROTEINS 

con t ro l groups should be of s i m i l a r s i z e ; a t l e a s t 20 i n d i v i d u a l s 
should be used in the t e s t ; the durat ion of the t e s t should be a t 
l e a s t 4 weeks; data ana l y s i s should cons ider tha t the mother ' s 
a c c e p t a b i l i t y response may i n f l uence the c h i l d ' s response; and the 
p o s s i b i l i t y tha t disease processes might i n f l uence a c c e p t a b i l i t y 
and to le rance should be cons idered. Refusal of the c h i l d to ea t 
the food is cons idered to be an i n d i c a t o r of poor p a l a t a b i l i t y . 
In to lerance is judged by not ing p e r s i s t e n t g a s t r o i n t e s t i n a l upsets. 
I t is a l s o suggested tha t other c l i n i c a l responses, such as 
a l l e r g i c r e a c t i o n s , be recorded. 

Cons iderat ion of the p rov i s i on s of PAG gu i de l i n e number 7 
determined t e s t procedure, to be desc r ibed , and a l s o the 
composit ion of the ques t i onna i re . The quest ionna i re a c t u a l l y used 
was a Creole t r a n s l a t i o n of the one shown in F igure 1. 

The quest ions were to be asked of each mother f o r each c h i l d 
by the n u t r i t i o n c l i n i c worker a f t e r the four-week feeding t r i a l . 
Question A concerns the c h i l d ' s a c c e p t a b i l i t y response. The 
c h i l d ' s eagerness to e a t the food is used as a gauge of how we l l 
the c h i l d l i k e d the food. Item Β r e f l e c t e d the mother ' s o v e r a l l 
a c c e p t a b i l i t y response to the food. The mother ' s e va l ua t i on of 
four f a c t o r s i n f l u e n c i n g her a c c e p t a b i l i t y is provided f o r in item 
C. The f a c t o r s under i tem D i nvo l ve the mother ' s est imate of 
whether c e r t a i n i n d i c a t o r s of g a s t r o i n t e s t i n a l r e a c t i o n change and 
the d i r e c t i o n of the change dur ing the i n t e r v a l the blended food 
was consumed. The mother was a l s o asked ( i tem E) to provide 
i n fo rmat ion t ha t would help i n v e s t i g a t o r s to check po s s i b l e 
r e l a t i o n s h i p s between quest ionna i re responses and other foods eaten 
dur ing the t e s t i n t e r v a l . 

The blended foods were d i s t r i b u t e d to mothers a t f i v e n u t r i t i o n 
centers in the Po r t - au -P r i nce area of H a i t i . One of the coauthors, 
Caro lyn P. Hannay, R.N., n u t r i t i o n i s t , supervised food d i s t r i b u t i o n 
and c o l l e c t i o n of data. 

A l l c h i l d r en were to be 5 years of age or younger. Mothers had 
from one to four c h i l d r e n p a r t i c i p a t i n g in the f i e l d t e s t . The 
mothers were grouped accord ing to the number of c h i l d r e n that they 
had p a r t i c i p a t i n g in the study. A randomizat ion procedure was used 
f o r sample assignment to mothers w i th two ch i l d r en in the study, 
and then f o r mothers w i t h three c h i l d r e n , e t c e t e r a . For each 
mother designated to rece i ve a given blend (eg., MCSM), each c h i l d 
in her fami ly in the t e s t rece ived d i f f e r e n t sample numbers of the 
same blend. D i f f e r e n t blends were not ass igned to the same mother. 

Mothers were given a demonstration on how to prepare gruel 
from a dry blend. Wr i t ten d i r e c t i o n s in Creole were made a v a i l a b l e 
f o r use by n u t r i t i o n workers. The feed ing was to be done three 
times per day. Some f l e x i b i l i t y was a l lowed the mother in 
p reparat ion of the g r u e l . The same r e c o n s i t i t u t i o n d i r e c t i o n s were 
given to mothers w i th e i t h e r MCSM or CC, even though i t was known 
that con s i s t enc i e s of the two blends d i f f e r e d . No c lue was g iven 
that there were two blends. 

The experiment was d o u b l e - b l i n d . The a u x i l i a r y n u t r i t i o n i s t 
d i s t r i b u t i n g the food conta iner s to the mothers d i d not know which 
blend a c e r t a i n number represented. She only knew that a given 
mother rece i ved a sample w i t h a p a r t i c u l a r ass igned number f o r a 
c e r t a i n c h i l d . Nor, of course, was the mother t o l d tha t the 
blended food she rece i ved was of any p a r t i c u l a r type. A O.8 
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12. HAYES ET AL. Com-Glandless Cottonseed Blended Food 143 

BLENDED FOOD QUESTIONNAIRE 

Q u e s t i o n s t o be a s k e d o f e a c h m o t h e r f o r e a c h c h i l d by t h e n u t r i t i o n c l i n i c 
w o r k e r a f t e r t h e f o u r - w e e k f e e d i n g t r i a l . 

F a m i l y name:_ 

C h i l d ' s f i r s t name: Age 

How many c h i l d r e n o f t h i s f a m i l y a r e p a r t i c i p a t i n g 1n t h i s f e e d i n g s t u d y ? 

B l e n d e d f o o d sample number : 

A . How d i d y o u r c h i l d l i k e t h e b l e n d e d f o o d a s I n d i c a t e d by e a g e r n e s s t o e a t t h e f o o d ? 

L i k e © O . K . D i s l i k e © 
Any c o m m e n t ( s ) ? 

B . How d i d y o u l i k e t h e b l e n d e d f o o d ? _ 

P u t an "XM I n 
one b l o c k 

L i k e © O . K . D i s l i k e © 
C . D i d y o u c o n s i d e r t h e b l e n d e d f o o d s : 

Good? 

P u t an M X H In 
one b l o c k 

F a i r ? P o o r ? 

A p p e a r a n c e _ 
F l a v o u r 
F e e l - 1 n - t h e - m o u t h 
E a s e o f p r é p a r a t 1 o n _ 

D u r i n g t h e f o u r weeks t h e new f o o d was e a t e n , d i d : 

I n c r e a s e ? D e c r e a s e ? Remain t h e same? 

A p p e t i t e 
F l a t u l e n c e _ 
Yom1 t i n g 
D i a r r h e a 
U n d i g e s t e d 

s t o o l c o n t e n t s 

E. What o t h e r f o o d s d i d y o u r c h i l d consume d u r i n g t h e f o u r weeks t h e f o o d s u p p l e m e n t was 
e a t e n ? 

Figure 1. Blended food questionnaire. (Reproduced with permission 
from reference 16. Copyright 1983 United Nations U.) 
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144 PLANT PROTEINS 

ki logram quant i t y of dry b lend, of the same sample number, was 
provided weekly f o r each of four weeks f o r each c h i l d . At the end 
of the four weeks, the n u t r i t i o n worker at each c l i n i c , using the 
Creole t r a n s l a t i o n of the ques t i onna i re desc r ibed , recorded the 
response of each mother, and that of her c h i l d , to the assigned 
blended food sample. The a u x i l i a r y n u t r i t i o n i s t a l s o recorded 
other foods consumed dur ing the t e s t i n t e r v a l , because the blended 
foods were meant t o supplement the regu la r d i e t . 

S t a t i s t i c a l A n a l y s i s . For each of the 11 pos s ib le ques t ionna i re 
responses Tor preference or g a s t r o i n t e s t i n a l e f f e c t , as shown in 
F igure 1, value numbers were ass igned to the d i f f e r e n t d e s c r i p t i v e 
responses. For the sec t i on on the c h i l d s eagerness to eat and 
mother ' s o v e r a l l l i k i n g of the food, values of 1, 2 and 3 were 
assigned to the responses L i k e , OK and D i s l i k e , r e s p e c t i v e l y . For 
the sec t i on on mother ' s op in ion of food c h a r a c t e r i s t i c , values of 
1, 2 and 3 were assigned to the responses Good, F a i r and Poor, 
r e s p e c t i v e l y . For the sec t i on on mother ' s observat ion of 
g a s t r o i n t e s t i n a l e f f e c t s , values of 1, 2 and 3 were assigned to the 
responses Increase, Remains the same, and Decrease, r e s p e c t i v e l y . 
In a d d i t i o n , f o r the purpose of s t a t i s t i c a l a n a l y s i s , the n u t r i t i o n 
center Ch r i s t - Ro i (69 Ch i ld ren ) was designated N o . l ; Car refour 
F e u i l l e s (34 c h i l d r e n ) was No. 2; and the combined Delmas, Pe rn ie r 
and Sa l va t i on Army centers (54 Ch i l d ren ) was No. 3. 

Several approaches were taken to handl ing the data by ana l y s i s 
of var iance (ANOYA) U 8 ) . In some cases, data from a l l 
p a r t i c i p a t i n g c h i l d r e n were used in the ana l y s i s . In other 
instances a h i e ra r cha l design was employed tha t used only part of 
the c o l l e c t e d data . 

Combining the data from a l l the c l i n i c s , ANOYA was used to 
t e s t the 11 ques t ionna i re responses f o r s t a t i s t i c a l s i g n i f i c a n c e of 
v a r i a t i o n s among the three n u t r i t i o n cen te r s , and between the two 
blend types , and whether a d i f f e r e n c e between blends depended upon 
the n u t r i t i o n center ( i n t e r a c t i o n e f f e c t ) . The same v a r i a t i o n s 
were examined s t a t i s t i c a l l y using only the f i r s t c h i l d in each 
f a m i l y . The r a t i o n a l e f o r t h i s approach was t ha t data from 
d i f f e r e n t c h i l d r e n of the same f am i l y might be c o r r e l a t e d , because 
the same mother responded to a l l the ques t ions . 

Several c ircumstances developed dur ing the f i e l d t e s t that 
neces s i t a ted repeat ing the ANOVA a f t e r c e r t a i n data were omi t ted . 
For a se r i e s of samples, more than one c h i l d used the same sample 
number. Th is problem is understandable in a s e t t i n g wi th a high 
inc idence of p r o t e i n - c a l o r i e m a l n u t r i t i o n (19). There were a l so a 
few c h i l d r e n in the study who were above tRë o r i g i n a l l y set upper 
age l i m i t of f i v e year s . ANOYAs were made exc lud ing both 
observat ions on c h i l d r e n shar ing the same numbered sample and those 
on c h i l d r e n over f i v e years . In making these reruns , appropr ia te 
adjustments had to be made in some re ta i ned data because of changes 
in c h i l d - o r d e r w i t h i n f ami l y and t o t a l number of c h i l d r e n in 
the f am i l y p a r t i c i p a t i n g in the study. 

Resu l t s and D i scuss ion 

Composition and N u t r i t i o n a l Q u a l i t y . Comparisons of blends CC and 
MCSM are summarized in Tables II through IY. Table II shows that 
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12. HAYES ET AL. Corn-G landless Cottonseed Blended Food 145 

there were some marked differences between blends in protein pro
viding ingredients, but added o i l and f o r t i f i c a t i o n l e v e l s , 
except for lysine monohydrochloride were s i m i l a r . The compositions 

Table I I . Formulation of the f i e l d tested food blends 
corn-cottonseed (CC) and modified corn-soy-milk (MCSM). 

Ingredient Amount in Blend [%) Ingredient 
CC MCSM 

Cornmeal, processed, g e l a t i n i z e d 52.5 45.4 
Soy f l o u r , d e f a t t e d , toasted — 22.9 
Cottonseed f l o u r , glandless, defatted 31.5 — 
M i l k , nonfat dry — 15.0 
Sucrose, granulated 8.0 8.0 
Soy o i l — 5.9 
Cottonseed o i l 5.1 — 
Mineral premix 2.7 2.7 
Vitamin premix with antioxidants O.1 O.1 
L - l y s i n e HC1 O.09 — 

of the mineral premix and vitamin premix with antioxidants are 
given in reference (3). The proximate analyses (Table III) are 
very s i m i l a r for both blends. The ingredient percentages and 
s i m i l a r proximate analyses of both blends aligned quite well with 
the s p e c i f i c a t i o n s previously described. The protein q u a l i t y and 
c a l o r i c d e n s i t i e s of the two blends are given in Table IV. 
Although there was a difference in the most l i m i t i n g amino acids 
between the blends, they were close in chemical score. The 
chemical score is the score of the most l i m i t i n g essential amino 

Table I I I . Proximate analyses of f i e l d tested 
food blends corn-cottonseed (CC) and modified 
corn-soy-milk (MCSM). 

Component Amount in 
CC 

Blend {%) 
MCSM 

Protein 20.7 20.8 
Lipids 6.3 6.5 
Crude f i b e r O.9 1.0 
Ash 4.8 5.3 
Moisture 8.7 8.8 
Carbohydrate (by difference) 58.6 57.6 

a c i d . The amino acid scores were computed according to the 
d e f i n i t i o n in reference (j£Q). The two blends were not found to be 
s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t in PER, proportionally 
adjusted to reference c a s e i n , or in NPR. The blends were almost 
equal in c a l o r i c density , an important c h a r a c t e r i s t i c of weaning 
foods. O v e r a l l , the n u t r i t i o n a l values of both blends were very 
comparable . 
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146 PLANT PROTEINS 

Table IV. N u t r i t i o n a l q u a l i t y of f i e l d te s ted food blends 
corn-cottonseed (cc) and modi f ied corn- soy-mi lk (MCSM). 

Q u a l i t y f a c t o r Blend 
cc MCSM 

Chemical score ÔÛ 84 
L i m i t i n g amino ac id (s) Threonine Methionine 

+cyst ine 
PER(adjusted) + S.E. 2.12+O.05 2.26+O.06 
N P R + S . E . 3.62+O.07 3.72+O.05 
Nitrogen d i g e s t i b i l i t y {%) 87.7 85.6 
C a l o r i c dens i ty (Kcal/lOOg) 374 372 

A c c e p t a b i l i t y and Tolerance Responses. The r e s u l t s of s t a t i s t i c a l 
analyses of the blended food ques t ionna i re responses are presented 
in Table Y. In t h i s t a b l e , t e s t i n g by ana l y s i s of var iance of 
blend type d i f f e r e n c e is des ignated by BT, of c l i n i c number 
d i f f e r e n c e by CN, and of the dependence of d i f f e r e n c e s between 
blends on c l i n i c number by CN-BT. 

Reference is now made to the f i r s t v e r t i c a l set of r e s u l t s in 
Table Y, encompassing a l l c l i n i c s and a l l c h i l d r e n . One hundred 
f i f t y seven c h i l d r e n were i n vo l ved ; 77 used blend CC and 80, blend 
MCSM. I t is apparent, the mean scores near ly equal to one, tha t 
both blends were very acceptable to both c h i l d r e n and mothers. 
Despite the f a c t t ha t blend CC had a s l i g h t l y green cast due to i t s 
cottonseed f l o u r component, co l o r d i f f e r e n c e between blends d i d not 
a f f e c t the mothers ' comparative appearance a c c e p t a b i l i t y . 
Appearance and f l a v o r of both blends rece ived the h ighest po s s i b l e 
a c c e p t a b i l i t y r a t i n g by the mothers. They had a s i g n i f i c a n t l y 
higher preference (p<O.05) f o r the mouth f ee l of the MCSM b lend, 
which was th inner in cons i s tency than the CC b lend. Desp i te t h i s 
s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e , the mean r a t i n g values f o r 
blend MCSM (1.013) and f o r blend CC (1.132) were c l o s e , and both 
were near the best r a t i n g score s ca le of 1 = good. For both 
b lends, appe t i t e increased dur ing the feeding t r i a l . The mean 
values showed tha t the inc idence of f l a t u l e n c e , vomit ing , d i a r rhea 
and the amount of undigested s too l contents remained about the same 
dur ing the i n t e r v a l when the food supplements were consumed. 

Using the same data base of a l l c h i l d r e n from a l l c l i n i c s , 
there were no s t a t i s t i c a l l y s i g n i f i c a n t i n t e r a c t i o n e f f e c t s found, 
wherein d i f f e r e n c e s between blends depended on the n u t r i t i o n 
cen te r . S t a t i s t i c a l s i g n i f i c a n c e was a l so te s ted fo r among the 
v a r i a t i o n s in r a t i n g s o f the n u t r i t i o n cen te r s . A l though, as 
p rev i ou s l y shown, there were no s t a t i s t i c a l l y s i g n i f i c a n t 
d i f f e r e n c e s found between blends f o r the mothers ' s e va lua t i on of 
appe t i t e and f l a t u l e n c e changes, there were h i gh l y s i g n i f i c a n t 
d i f f e r e n c e s (P<O.01) in r a t i n g values f o r these c h a r a c t e r i s t i c s 
among c l i n i c s , as shown in Table Y. Mothers at c l i n i c number 2, for 
some reason, l e s s o f ten noted an inc rease in appe t i t e when c h i l d r e n 
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148 PLANT PROTEINS 

were consuming e i t h e r b lend. Mothers at c l i n i c number 2 a l s o more 
o f ten noted increased f l a t u l e n c e when e i t h e r blend was consumed. 
However, in the case of both appe t i t e and f l a t u l e n c e , s i g n i f i c a n t 
d i f f e r e n c e s between the two blends at c l i n i c number 2 could not be 
found. 

Table V a l so decr ibes r e s u l t s of analyses of var iance that were 
performed when data f o r u n q u a l i f i e d c h i l d r e n were removed. The 
data f o r 42 c h i l d r e n were excluded from the t o t a l of 157, because 
of shar ing food having the same sample number. The data f o r 7 
c h i l d r e n , age 6 and o l d e r , were a l so exc luded. When data in both 
these ca tego r ie s were exc luded, s i g n i f i c a n t d i f f e r e n c e s were not 
found between the two blends f o r any of the 11 ques t i onna i re 
responses, i n c l u d i n g f e e l - i n - t h e - m o u t h . Perhaps, because of fewer 
observat ions , a s i g n i f i c a n t d i f f e r e n c e between blends was not found 
f o r t h i s c h a r a c t e r i s t i c when u n q u a l i f i e d c h i l d r e n were excluded 
from the t o t a l . As in the case when a l l c h i l d r e n ' s responses were 
inc luded in the a n a l y s i s , s t a t i s t i c a l l y h i gh ly s i g n i f i c a n t (<O.01) 
d i f f e r ence s in r a t i n g s among c l i n i c s were found f o r appet i te and 
f l a t u l e n c e . In a d d i t i o n t o t h i s , there was a s t a t i s t i c a l l y 
s i g n i f i c a n t (p<O.05) d i f f e r e n c e in score among c l i n i c s (produced by 
responses in c l i n i c number 1) f o r undigested s too l content s . But 
aga in , there was no s i g n i f i c a n t d i f f e r e n c e between blends for t h i s 
c h a r a c t e r i s t i c . 

In add i t i on to Table Y reported r e s u l t s , analyses of var iance 
were performed on data from a l l c l i n i c s , using only the f i r s t c h i l d 
in each f a m i l y . In t h i s case a l s o , s t a t i s t i c a l s i g n i f i c a n c e 
between blends was not found f o r any of the 11 response charac 
t e r i s t i c s . 

The ass igned blended food was intended as a supplement to the 
regu la r d i e t of each c h i l d during the feed ing t r i a l . The survey of 
mothers at the te rminat ion of the f i e l d t e s t showed that the most 
popular cerea l s tap le was corn, fo l l owed by r i c e . Beans or other 
type vegetables were a l so commonly eaten. The consumption of beans 
by the c h i l d r e n during the t r i a l might have masked any e f f e c t the 
cottonseed f l o u r had on f l a t u l e n c e . In comparison to p lant foods, 
animal p ro te i n foods such as m i l k , meat, and f i s h were consumed by 
a cons ide rab ly lower percentage of the c h i l d r e n . No a l l e r g i c 
responses were observed during the study. 

Summary 

This study has demonstrated the f e a s i b i l i t y of producing a 
corn-based P u b l i c Law 480-type food blend con ta i n i ng g land les s 
cottonseed f l o u r t ha t is comparable in n u t r i t i o n a l q u a l i t y , 
maternal and c h i l d a c c e p t a b i l i t y , and c h i l d g a s t r o i n t e s t i n a l 
to le rance to the ex ten s i ve l y used U.S. Food-for-Peace Program food, 
co rn - soy -m i l k . 

The blend con ta in i ng g land le s s cottonseed f l o u r o f f e r s the 
economic advantage of not r e q u i r i n g an animal p r o t e i n component. 
However, g landless cottonseed f l o u r is not at present t ime 
economica l l y compet i t i ve w i th soy f l o u r . With more ex tens i ve 
c u l t i v a t i o n of g landless cottonseed, the prospect of us ing t h i s 
commodity in n u t r i t i o u s food blends w i l l be more f avo rab le . 
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Influence of Animal and Vegetable Protein 
on Serum Cholesterol, Lipoproteins, and Experimental 
Atherosclerosis 

David M . Klurfeld and David Kritchevsky 

The Wistar Institute of Anatomy and Biology, Philadelphia, PA 19104 

One distinguishing characteristic between protein of 
animal and vegetable origin is the ratio of lysine to 
arginine (L/A). Feeding casein (L/A-1.9) to rabbits 
gave cholesterol levels of 268 mg/dl and 1.34 average 
score of aortic atherosclerotic lesions (0-4 scale); soy 
isolate (L/A-0.9) gave 145 mg/dl cholesterol and 0.55 
lesions. Addition of lysine to soy to give L/A ratio of 
casein raised lipids and lesions significantly. Addition 
of arginine to casein had a slight lowering effect on 
lipids and atheroma. Feeding three animal proteins of 
varying L/A ratios (fish, 1.4; casein, 1.9; milk, 2.4) 
resulted in atherosclerosis significantly correlated (r = 
0.99) with L/A ratio. Feeding beef or textured vegetable 
protein (TVP) yielded significantly higher serum chol
esterol and atherosclerosis in the group fed beef; how
ever, an equal mixture of beef:TVP gave results similar 
to TVP alone. Animal proteins are more atherogenic 
than those from vegetable sources and the L/A ratio may 
give an index of magnitude of effect. When animal pro
tein is part of a mixed diet, the atherogenic effect is 
diminished or abrogated. 

The f i r s t experimental studies on nutritional induction of 
atherosclerosis were performed by Ignatowski (1_) who fed rabbits 
milk, beef, and egg yolk. These experiments were interpreted as 
indicating that the animal foods consumed by the wealthy contributed 
to atherosclerotic heart disease which was observed only among the 
upper class at that time. However, Anitschkow and Chalatow (2) 
published studies shortly thereafter in which they fed purified 
cholesterol to rabbits and achieved the same results which led them 
to conclude that the sterol present in foods of animal origin, was 
the predominant factor in genesis of the arterial lesions. This 
finding has had lasting and significant influence on the direction 
of research about atherogenesis. The earliest comparison of animal 
and plant proteins in a model of experimental atherogenesis showed 
that feeding casein led to more atherosclerosis than feeding soy 

0097-6156/86/0312-O150$06.00/0 
© 1986 American Chemical Society 
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13. KLURFELD AND KRITCHEVSKY Influence of Protein on Serum Cholesterol 151 

r o t e i n whether or not c h o l e s t e r o l was added to the d i e t s (_3) . 
ince the p u b l i c a t i o n of t h i s experiment over 45 years ago, there 

has been a recent resurgence of i n t e r e s t in the area of p r o t e i n 
e f f e c t s on plasma l i p i d s and a t h e r o s c l e r o s i s . This paper summarizes 
some of the data generated in our laboratory over the l a s t several 
years and discusses t h e i r s i g n i f i c a n c e in r e l a t i o n to 
hypercholesterolemia and a t h e r o s c l e r o s i s in other species i n c l u d i n g 
humans. 

The standard d i e t used in our experiments is a semipurified, 
c h o l e s t e r o l - f r e e preparation that is composed of 25% p r o t e i n , 40% 
sucrose, 13% coconut o i l , 1% corn o i l , 15% c e l l u l o s e , 5% mineral 
mix, and 1% vitamin mix. This diet has been shown to induce an 
endogenous hypercholesterolemia and lead to a t h e r o s c l e r o s i s in 
r a b b i t s and monkeys (4,_5). The s p e c i f i c question addressed by our 
s e r i e s of i n v e s t i g a t i o n s is whether the type of d i e t a r y p r o t e i n , 
when a l l other d i e t a r y components are constant, can influence the 
development of hyperlipoproteinemia and a t h e r o s c l e r o s i s . More 
s p e c i f i c a l l y , we have examined the e f f e c t s of the i n d i v i d u a l amino 
acids, l y s i n e and a r g i n i n e , and t h e i r r a t i o s in the d i e t on plasma 
and hepatic l i p i d s as w e l l as the development of a r t e r i a l plaques. 
To study amino acid e f f e c t s , we have added s i n g l e amino acids to the 
d i e t s to approximate the l y s i n e / a r g i n i n e (L/A) r a t i o of d i f f e r e n t 
p r o t e i n s . For example, the L/A r a t i o of casein is about 2.0; 
therefore, enough l y s i n e was added to the d i e t containing soy 
p r o t e i n i s o l a t e to bring i t s endogenous L/A r a t i o of O.9 up to that 
of casein. S i m i l a r manipulations were performed with a d d i t i o n of 
a r g i n i n e to casein to give the L/A r a t i o normally found in soy 
p r o t e i n . 

Four experimental d i e t s based upon that described above were 
fed to rabbits for eight to ten months in three separate 
experiments. The r e s u l t s are summarized in Table I. Serum 
c h o l e s t e r o l concentrations in rabbits fed casein were s i g n i f i c a n t l y 
elevated over those observed with soy p r o t e i n feeding. A d d i t i o n of 
arginine to casein had i n c o n s i s t e n t e f f e c t s on serum c h o l e s t e r o l 
l e v e l s ; a d d i t i o n of l y s i n e to soy p r o t e i n usually r a i s e d the 
c h o l e s t e r o l l e v e l s above those found by feeding soy alone. Serum 
t r i g l y c e r i d e s were s i g n i f i c a n t l y lower in the animals fed soy than 
in the rabbits fed casein. A d d i t i o n of the i n d i v i d u a l amino acids 
to the proteins had no consistent s i g n i f i c a n t e f f e c t s on 
t r i g l y c e r i d e s . The data for a o r t i c a t h e r o s c l e r o s i s are expressed on 
a 0 to 4 scale with 4 denoting complete coverage of the i n t i m a i 
surface with l i p i d - c o n t a i n i n g l e s i o n s . Table I shows that feeding 
of soy p r o t e i n leads to less than h a l f the a o r t i c a t h e r o s c l e r o s i s 
found when casein is the p r o t e i n . A d d i t i o n of arginine to casein 
reduces the s e v e r i t y of a o r t i c a t h e r o s l e r o s i s by about 25% while 
a d d i t i o n of l y s i n e to soy p r o t e i n increased the s e v e r i t y of 
a t h e r o s c l e r o s i s in the a o r t i c arch by 57% and that in the thoracic 
aorta by 75%. 

Serum samples from some animals fed the four d i e t a r y regimens 
were pooled and subjected to f r a c t i o n a t i o n of the l i p o p r o t e i n s by 
agarose column chromatography. The t o t a l amounts of l i p o p r o t e i n s 
found in the sera from the four groups (ug/ml) were: casein, 904; 
soy p r o t e i n , 807; casein/arginine, 1,130; and, s o y / l y s i n e , 672. 
Table II gives the d i s t r i b u t i o n of l i p o p r o t e i n s in the various 
density classes from these animals. Since the t o t a l amounts of 
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152 PLANT PROTEINS 

l i p o p r o t e i n s in the sera of rabbits fed the d i e t s containing 
d i f f e r e n t proteins was so v a r i e d , a comparison of the percentage 
d i s t r i b u t i o n of the l i p o p r o t e i n classes is more appropriate than 
simply comparing absolute amounts. The percentages of very low 
density (VLDL) and intermediate density l i p o p r o t e i n s (IDL) were 
s i m i l a r in the animals fed the casein and soy/lysine d i e t s and 
were double the percentage of l i p o p r o t e i n in these two density 
classes found in the sera of animals fed soy protein or 
casein/arginine d i e t s . The percentages of low density l i p o p r o t e i n s 
(LDL) were s i m i l a r in a l l groups and the percentage of high density 
l i p o p r o t e i n (HDL) was highest in the animals fed soy p r o t e i n . 

Table I. Serum L i p i d s and A o r t i c A t h e r o s c l e r o s i s in Rabbits fed 
Casein, Soy Pr o t e i n , Casein & Arginine, or Soy & Lysine 

Number of 
Serum L i p i d s (mg/dl)~ A t h e r o s c l e r o s i s 

Thoracic 
Experiment 1 
Casein 7 174 + 30 133 + 17 2.2 + O.5 1.5 + O.4 
Soy p r o t e i n 7 77 + 21 98 + 17 1.1 + O.4 O.7 + O.3 
Cas/arginine 6 129 + 12 186 + 20 1.4 + O.4 O.8 + O.3 
Soy/lysine 6 106 + 29 101 + 14 1.6 + O.4 1.1 + O.2 

Experiment 2 
Casein 8 283 + 28 81 + 11 1.1 + O.3 O.8 + O.3 
Soy p r o t e i n 11 234 + 20 53 + 7 O.5 + O.2 O.4 + O.1 
Cas/arginine 7 343 + 65 117 + 58 1.3 + O.4 O.7 + O.2 
Soy/lysine 11 242 + 22 70 + 7 O.9 + O.3 O.5 + O.2 

Experiment 3 
Casein 5 377 + 59 104 + 28 1.6 + O.2 O.9 + O.3 
Soy p r o t e i n 7 117 + 10 43 + 4 O.6 + O.2 O.1 + O.1 
Cas/arginine 7 271 + 74 75 + 13 1.2 + O.2 1.3 + O.2 
Soy/lysine 8 242 + 43 60 + 5 O.5 + O.2 O.7 + O.1 

Table I I . Percentage D i s t r i b u t i o n of Lipoproteins from Rabbits 
fed Various Proteins 

Treatment VLDL IDL LDL HDL 

Casein 2.3 14.4 31.9 51.4 
Soy p r o t e i n 1.1 7.7 30.0 61.2 
Cas/arginine O.9 7.8 35.8 55.5 
Soy/lysine 2.2 17.8 30.2 49.9 

Another experiment compared the e f f e c t s of feeding p a r t i a l l y 
defatted beef with textured vegetable p r o t e i n (TVP) derived from soy 
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13. KLURFELD AND KRITCHEVSKY Influence of Protein on Serum Cholesterol 153 

beans. In t h i s experiment, the fat was beef tallow and i t was added 
so that a l l groups had a t o t a l of 14% f a t in the d i e t . This allowed 
compensation for the fat content of the p a r t i a l l y defatted beef so 
that only 9.3% tallow was added to the beef d i e t . S i m i l a r l y , 
carbohydrate and crude f i b e r were adjusted in the d i e t s containing 
TVP so that each group consumed 40% d i g e s t i b l e carbohydrate and 15% 
crude f i b e r . In a d d i t i o n to the groups fed beef and TVP, a t h i r d 
group was fed an equal mixture of the two p r o t e i n sources. The 
d i e t s were fed to groups of twelve rab b i t s for eight months. At the 
end of the study, the animals were k i l l e d and serum and hepatic 
l i p i d s as w e l l as a o r t i c a t h e r o s c l e r o s i s were quantitated. Table 
I I I gives some of the data from t h i s experiment. 

Table I I I . Serum L i p i d s and A o r t i c A t h e r o s c l e r o s i s in Rabbits fed 
Beef, TVP, or an Equal Mix of Beef & TVP 

Beef TVP Beef-TVP 
Serum l i p i d s (mg/dl) 
Ch o l e s t e r o l 185 + 24 37 + 4 61 + 6 
% HDL-cholesterol 20 + 2 39 + 4 43 + 4 
T r i g l y c e r i d e s 60 + 8 59 + 7 70 + 13 

A o r t i c a t h e r o s c l e r o s i s 
Arch 1.3 + O.2 O.8 + O.1 O.7 + O.1 
Thoracic O.8 Τ O.1 O.2 + O.1 O.4 + O.1 

S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s were observed in serum t o t a l 
c h o l e s t e r o l , HDL-cholesterol, and a o r t i c a t h e r o s c l e r o s i s . Serum 
t r i g l y c e r i d e s were unaffected by d i e t a r y p r o t e i n . Textured 
vegetable p r o t e i n as the sole d i e t a r y p r o t e i n source r e s u l t e d in 
o n e - f i f t h the amount of serum c h o l e s t e r o l and about h a l f the 
a t h e r o s c l e r o s i s in the animals fed beef. Most importantly, the 
animals fed an equal mix of beef and TVP had serum c h o l e s t e r o l 
l e v e l s and a t h e r o s c l e r o s i s almost equal to those seen with pure 
vegetable p r o t e i n . HDL-cholesterol concentrations were s i m i l a r in 
the a l l TVP and beef-TVP d i e t a r y groups which were double that seen 
in the a l l beef group. The r e s u l t s obtained f o r serum l i p i d s and 
a t h e r o s c l e r o s i s with feeding beef were almost i d e n t i c a l to a group 
fed casein concomitantly as the sole p r o t e i n source (6). In t h i s 
p a r t i c u l a r experiment, a small amount of c h o l e s t e r o l was consumed 
with the beef and tallow. However, due to the design of the d i e t s 
which made up for the endogenous fat content of the beef, the 
c h o l e s t e r o l intake (10-12 mg/day) was s i m i l a r in a l l groups. 
Furthermore, at t h i s l e v e l of c h o l e s t e r o l intake l i t t l e or no e f f e c t 
would be expected on plasma l i p i d s and the development of 
a t h e r o s c l e r o s i s (3). 

An important point relevant to the above r e s u l t s is that the 
d i e t was i d e n t i c a l for a l l groups w i t h i n a given experiment except 
for p r o t e i n source. This is necessary to d i s t i n g u i s h s p e c i f i c 
n u t r i e n t e f f e c t s but does not r e f l e c t actual food consumption since 
intake of animal p r o t e i n is a l s o associated with increased i n g e s t i o n 
of t o t a l f a t , saturated f a t , and c h o l e s t e r o l . Therefore, i t is only 
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154 PLANT PROTEINS 

through manipulation of d i e t s of experimental animals that the 
question of protein e f f e c t s on l i p i d s and a t h e r o s c l e r o s i s can be 
addressed in an adequate manner. It is d i f f i c u l t to extrapolate 
findings in rabbits to humans but other i n v e s t i g a t o r s have confirmed 
our r e s u l t s in several animals species. Studies with humans fed soy 
p r o t e i n have also been reported but these have been l e s s consistent 
than the animal studies for reasons that w i l l be discussed below. 

Kim et a l (_7) fed swine d i e t s containing e i t h e r casein or soy 
p r o t e i n . These d i e t s resembled the t y p i c a l American d i e t in that 
they derived about 42% of c a l o r i e s from fat and 21% of c a l o r i e s from 
p r o t e i n with the remainder from carbohydrate. In these test d i e t s , 
90% of the fat was butter and the r e s t was corn o i l . In a d d i t i o n , 
c r y s t a l l i n e c h o l e s t e r o l was added to b r i n g t o t a l c h o l e s t e r o l in each 
d i e t to 1055 mg per day. These i n v e s t i g a t o r s also fed one group of 
swine a d i e t with equal parts of casein and soy. Feeding these 
d i e t s for four or six weeks led to a doubling of serum c h o l e s t e r o l 
concentrations when the p r o t e i n was casein but only a small 
n o n s i g n i f i c a n t r i s e when soy protein or the mixture of soy and 
casein was fed. In a d d i t i o n , these researchers found that 
s u b s t i t u t i o n of soy protein for casein completely i n h i b i t e d the 
increase in t o t a l body c h o l e s t e r o l that they had demonstrated in 
swine fed a casein-based d i e t . Further studies by t h i s group of 
i n v e s t i g a t o r s revealed that the hypocholesterolemic e f f e c t of soy 
p r o t e i n was evident in swine only when they were fed a 
hypercholesterolemic diet (8). I n c l u s i o n of soy p r o t e i n in the 
basal hypercholesterolemic d i e t r e s u l t e d in s i g n i f i c a n t increases in 
f e c a l excretion of neutral and a c i d i c s t e r o i d s that was not 
accompanied by increases in c h o l e s t e r o l synthesis. The d i f f e r e n c e 
between soy and casein was not observed when included in a basal 
mash d i e t , i n d i c a t i n g that th i s d i e t a r y e f f e c t in swine was 
important only under conditions favorable to net c h o l e s t e r o l 
r e t e n t i o n . 

Semipurified d i e t s whose basic composition was s i m i l a r to 
d i e t s consumed in Western countries were fed to cynomolgus monkeys; 
the d i f f e r e n c e s between the groups were that one d i e t contained 
casein and the other contained soy p r o t e i n i s o l a t e (9). In a 
crossover experiment, soy p r o t e i n was exchanged for casein and v i c e 
versa for three-week periods. Although there were no s i g n i f i c a n t 
d i f f e r e n c e s in t o t a l serum c h o l e s t e r o l concentrations, b e n e f i c i a l 
e f f e c t s on i n d i v i d u a l l i p o p r o t e i n classes were demonstrated 
following feeding of the soy p r o t e i n d i e t . HDL c h o l e s t e r o l l e v e l s 
were s i g n i f i c a n t l y higher and VLDL c h o l e s t e r o l l e v e l s were 
s i g n i f i c a n t l y lower when soy p r o t e i n replaced casein. 

Since most studies concerning a l t e r a t i o n s in l i p i d metabolism 
among animals fed d i f f e r e n t types of p r o t e i n have been performed 
using rodents, the remainder of t h i s paper w i l l concentrate on those 
f i n d i n g s . C a r r o l l and h i s associates have investigated t h i s area 
e x t e n s i v e l y . Hamilton and C a r r o l l (_10) surveyed a v a r i e t y of animal 
and plant proteins for t h e i r e f f e c t s on c h o l e s t e r o l l e v e l s in 
r a b b i t s fed a c h o l e s t e r o l - f r e e , s e m i p u r i f i e d d i e t . These proteins 
were d e l i p i d i z e d by solvent e x t r a c t i o n and fed to the animals for 
28-day periods. Although there was r e l a t i v e l y wide v a r i a t i o n in the 
response of serum c h o l e s t e r o l to feeding of the proteins, i n g e s t i o n 
of animal proteins r e s u l t e d in s i g n i f i c a n t l y higher serum 
c h o l e s t e r o l concentrations than did consumption of plant proteins 
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13. KLURFELD AND KRITCHEVSKY Influence of Protein on Serum Cholesterol 155 

(Table IV). Huff et a l (11) extended these observations to include 
enzymatic hydrolysates of the native proteins and amino acid 
mixtures equivalent to soy or casein. In t h i s experiment amino acid 
contents were i d e n t i c a l among the d i e t s fed as the three forms of 
each p r o t e i n but the structure was d i f f e r e n t (Table V). 

Table IV. Serum Ch o l e s t e r o l Levels in Rabbits fed D i f f e r e n t 
Proteins 

P r o t e i n 
Animal p r o t e i n 

Whole egg 
Skim milk 
Lactalbumin 
Beef 
Pork 
Egg white 

Plant p r o t e i n 
Wheat gluten 
Peanut protein 
Soy p r o t e i n concentrate 
Promine-R 

Serum Cho l e s t e r o l (mg/dl) 

235 + 89 
230 + 40 
215 + 69 
160 + 60 
110 + 17 
105 + 28 

80 + 21 
80 + 10 
25 + 5 
15 + 5 

From: Hamilton and C a r r o l l (10) 

Table V. Serum C h o l e s t e r o l Levels in Rabbits fed Casein, Soy 
Pro t e i n , Their Hydrolysates and Their Amino Acid Mixtures 

Dietary treatment Serum C h o l e s t e r o l (mg/dl) 
Intact casein 213 + 53 
Enzymatic hydrolysate 178 + 30 
Amino acid mixture 213 +_ 42 

Intact soy protein 69 + 12 
Enzymatic hydrolysate 41 + 8 
Amino acid mixture 124 + 30 

From: Huff et a l (11) 

Table VI. Serum Ch o l e s t e r o l Levels in Rabbits fed Mixtures of Soy 
and Casein 

% Casein / % Soy Pr o t e i n Serum Ch o l e s t e r o l (mg/dl) 
100 0 239 + 28 
75 25 138 + 20 
50 50 70 + 15 
0 100 67 + 12 

From: Huff et a l (11) 
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156 PLANT PROTEINS 

While the enzymatic hydrolysate of casein and i t s equivalent amino 
ac i d mixture gave serum c h o l e s t e r o l l e v e l s s i m i l a r to i n t a c t casein, 
such was not the case with feeding soy p r o t e i n . The enzymatic soy 
hydrolysate was almost equivalent to the i n t a c t p r o t e i n but feeding 
the amino acid mixture gave serum c h o l e s t e r o l l e v e l s double that of 
the native protein (although s t i l l s i g n i f i c a n t l y lower than feeding 
c a s e i n ) . This i n d i c a t e s that the t e r t i a r y structure of the protein, 
or some minor non-protein contaminant, has a s i g n i f i c a n t e f f e c t of 
serum c h o l e s t e r o l l e v e l s . The experiment in which d i l u t i o n of 
casein with soy pr o t e i n was studied (Table VI) showed a reduction in 
serum c h o l e s t e r o l p r o p o r t i o n a l to the amount of soy p r o t e i n in the 
di e t up to 50% which was equal to an a l l soy d i e t . I f a 
contaminating factor were present, i t would have to be 
e x t r a o r d i n a r i l y potent to exert such an e f f e c t . When the soy and 
casein d i e t s were fed for ten months s i g n i f i c a n t d i f f e r e n c e s in 
a o r t i c a t h e r o s c l e r o s i s were found (Γ2). Feeding casein r e s u l t e d in 
average atheroma scores of 1.8 + O.3 (0-4 scale) while soy pro t e i n 
gave a mean value of O.2 + O.06, which is s i g n i f i c a n t at ρ < O.01. 

Terpstra and h i s associates have been a c t i v e in i n v e s t i g a t i n g 
the e f f e c t s of d i e t a r y p r o t e i n and s i n g l e amino acids on serum 
c h o l e s t e r o l l e v e l s in several species (reviewed in J^3). They 
confirmed that feeding casein r e s u l t s in s i g n i f i c a n t l y higher serum 
c h o l e s t e r o l concentrations than does soy p r o t e i n . In t h e i r studies, 
a d d i t i o n of O.8% arginine to a 20.8% casein d i e t r a i s e d serum 
c h o l e s t e r o l of r a b b i t s , in contrast to our f i n d i n g s . A d d i t i o n of 
gly c i n e r e s u l t e d in h a l f the serum c h o l e s t e r o l obtained with feeding 
casein alone. I n t e r e s t i n g l y , a d i e t containing a mixture of three 
animal proteins (8% casein, 5.6% g e l a t i n , and 8% f i s h protein) gave 
serum c h o l e s t e r o l l e v e l s s l i g h t l y higher than those found with 
feeding soy pro t e i n and s i g n i f i c a n t l y lower than those observed when 
casein was fed alone. 

A c h a r a c t e r i s t i c of casein and other animal proteins that 
d i s t i n g u i s h e s them from plant proteins is the high l y s i n e content. 
We have demonstrated that a d d i t i o n of l y s i n e to soy p r o t e i n causes a 
s i g n i f i c a n t increase of serum c h o l e s t e r o l and development of 
a t h e r o s c l e r o s i s . Another approach to t h i s question was to feed 
three proteins of animal o r i g i n that contained almost i d e n t i c a l 
amounts of l y s i n e but d i f f e r e n t amounts of arginine. We used f i s h 
p r o t e i n ( l y s i n e , 6.81; arginine, 4.74; L/A r a t i o , 1.44), casein 
( l y s i n e , 6.91; arginine, 3.65; L/A r a t i o , 1.89), and milk p r o t e i n 
( l y s i n e , 6.61; arginine, 2.71; L/A r a t i o , 2.44) (14). The proteins 

Table VII. Serum L i p i d s and A t h e r o s c l e r o s i s in Rabbits fed Three 
Animal Proteins with D i f f e r e n t Lysine/Arginine Ratios 

F i s h p r o t e i n Casein M i l k p r o t e i n 
C h o l e s t e r o l (mg/dl) 238 + 40 530 + 76 462 + 62 
T r i g l y c e r i d e s (mg/dl) 122 + 20 177 + 47 251 + 56 

At h e r o s c l e r o s i s 
Arch 1.6 + O.2 2.1 + O.3 2.6 + O.2 
Thoracic 1.0 + O.2 1.1 + O.3 1.6 + O.2 

From: Kritchevsky et a l (14) 
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13. KLURFELD AND KRITCHEVSKY Influence of Protein on Serum Cholesterol 157 

were fed at 25% in our standard c h o l e s t e r o l - f r e e , s e m i p u r i f i e d d i e t 
for eight months. Results from t h i s study are given in Table VII. 
Analysis of l i n e a r regression between a o r t i c a t h e r o s c l e r o s i s and the 
l y s i n e / a r g i n i n e r a t i o of the three proteins y i e l d e d r = O.99 (p < 
.05). These r e s u l t s i n d i c a t e that not only does the amount of l y s i n e 
a f f e c t serum c h o l e s t e r o l and a t h e r o s c l e r o s i s but in proteins with 
s i m i l a r l y s i n e contents the proportion of l y s i n e to arginine may be 
a s i g n i f i c a n t determinant of t h e i r e f f e c t s on these parameters. 
Arginine has been reported to be a glucagon secretagogue and may 
have glucagon-like a c t i v i t y (15). Sugano et a l (_15) reported that 
a d d i t i o n of arginine to casein r e s u l t e d in a s i g n i f i c a n t increase in 
plasma glucagon l e v e l s in r a t s . In t h i s study, casein and soy 
feeding y i e l d e d s i m i l a r l e v e l s of glucagon but s i g n i f i c a n t l y lower 
immunoreactive i n s u l i n concentrations were found in the r a t s fed soy 
p r o t e i n . Since peptides formed during p r o t e i n d i g e s t i o n can 
function as glucagon secretagogues through some mechanism other than 
a l t e r a t i o n s of amino acid l e v e l s in the plasma (16), i t is necessary 
to study d i f f e r e n c e s these proteins may exert in the i n t e s t i n e . To 
t h i s end, we have examined the influence of casein and soy p r o t e i n 
on i n t e s t i n a l absorption and lymphatic transport of c h o l e s t e r o l and 
o l e i c a c i d (17). Although o v e r a l l recovery of c h o l e s t e r o l and o l e i c 
a c i d was s i m i l a r among animals fed d i f f e r e n t proteins, a n a l y s i s of 
timed lymph c o l l e c t i o n s revealed that absorption of l i p i d s was more 
rapid in rats fed casein than in those fed soy p r o t e i n . 
Furthermore, a d d i t i o n of l y s i n e to soy p r o t e i n markedly increased 
the rate of l i p i d absorption and a d d i t i o n of arginine to casein 
slowed l i p i d absorption. The slowed absorption of l i p i d s in animals 
fed soy p r o t e i n is s i m i l a r to that reported for soluble f i b e r s such 
as p e c t i n and guar gum that act to lower serum c h o l e s t e r o l 
concentrations in a number of animal species, i n c l u d i n g humans. 

In a d d i t i o n to more rapid absorption of l i p i d s in animals fed 
casein, another mechanism that may be operative is decreased 
clearance of c i r c u l a t i n g l i p i d s . Rabbits fed a casein-based 
semip u r i f i e d d i e t excreted s i g n i f i c a n t l y less c h o l e s t e r o l but more 
b i l e acids in t h e i r feces than animals fed a commercial d i e t (18). 
The t o t a l s t e r o l excretion in feces of the animals fed the casein 
d i e t was h a l f that of the rabbits fed the stock d i e t . Huff and 
C a r r o l l (_19) found that rabbits fed soy p r o t e i n had a much f a s t e r 
turnover rate of c h o l e s t e r o l and a s i g n i f i c a n t l y reduced r a p i d l y 
exchangeable c h o l e s t e r o l pool compared with rabbits fed casein. 
S i m i l a r studies performed in our laboratory revealed that the mean 
t r a n s i t time for c h o l e s t e r o l was 18.4 days in r a b b i t s fed soy 
p r o t e i n , 36.8 days in r a b b i t s fed casein, 33.7 days in r a b b i t s fed 
soy plus l y s i n e , and 36.3 days in r a b b i t s fed casein plus a r g i n i n e . 
These data suggest that a d d i t i o n of l y s i n e to soy p r o t e i n 

Table VI I I . Dietary P r o t e i n E f f e c t s on C h o l e s t e r o l K i n e t i c s in 
Rabbits 

Pool A (mg) Pool Β (mg) Mean t r a n s i t time (days) 
18.4 
33.7 
11.8 

Soy p r o t e i n 427 
Soy & l y s i n e 791 
Commercial d i e t 200 

711 
1260 
690 
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s i g n i f i c a n t l y i n h i b i t e d c h o l e s t e r o l f l u x and t h i s was borne out by 
the f i n d i n g of expanded size s of both the r a p i d l y exchanging (pool 
A) and the slowly exchanging (pool B) pools of body c h o l e s t e r o l 
(Table V I I I ) . Recent work reported by Vahouny et a l (20) suggested 
that in rats there was reduced clearance of both c h o l e s t e r o l and 
t r i g l y c e r i d e s associated with chylomicron-like l i p o p r o t e i n p a r t i c l e s 
in animals fed casein as compared with those fed soy p r o t e i n . 
A d d i t i o n of l y s i n e to soy protein had only s l i g h t e f f e c t s but 
a d d i t i o n of arginine to casein led to r e s u l t s s i m i l a r to those found 
with feeding soy p r o t e i n . In t h i s study, serum i n s u l i n l e v e l s were 
co r r e l a t e d i n v e r s e l y with serum l i p i d concentrations. This is at 
odds with the report of Sugano et a l (JJ>) who reported a l t e r a t i o n s 
of glucagon, but not i n s u l i n , with a d d i t i o n of arginine to casein. 
Both of these reports agree that feeding soy protein r e s u l t e d in 
less cholesterolemia than casein and that t o t a l serum c h o l e s t e r o l 
was only s l i g h t l y a f f e c t e d by a d d i t i o n of l y s i n e or a r g i n i n e . The 
d i f f e r e n c e s between the two i n v e s t i g a t i o n s may be a t t r i b u t a b l e to 
d i f f e r e n c e s in age or s t r a i n of r a t s , or d i f f e r e n t preparations of 
soy and casein. 

Whatever the mechanism of hypocholesterolemia associated with 
feeding vegetable proteins when compared with most animal proteins, 
studies in humans in d i c a t e a s i m i l a r e f f e c t only when the i n i t i a l 
serum c h o l e s t e r o l concentration is r e l a t i v e l y high. In d i v i d u a l s 
with normal c h o l e s t e r o l l e v e l s do not respond with a further 
decrease in serum l i p i d s . S i r t o r i et a l (21) treated type II 
hyperlipoproteinemic patients with a d i e t that was s i m i l a r in 
composition to the low f a t , low c h o l e s t e r o l d i e t recommended by the 
American Heart A s s o c i a t i o n and compared t h i s with a d i e t which was 
s i m i l a r in composition except for s u b s t i t u t i o n of the majority of 
animal p r o t e i n with textured vegetable p r o t e i n in a crossover 
design. The soy p r o t e i n d i e t r e s u l t e d in a s i g n i f i c a n t reduction in 
l e v e l s of plasma t o t a l and LDL c h o l e s t e r o l , and t h i s decrease was 
far greater than with the usual therapeutic d i e t . When patients 
were given the soy d i e t and then switched to the 
usual d i e t (based on meat as the protein source), there was an 
increase of t o t a l and LDL c h o l e s t e r o l . This study had been 
c r i t i c i z e d because of s i g n i f i c a n t d i f f e r e n c e s in the 
polyunsaturated:saturated (P/S) f a t r a t i o between the two d i e t s . 
Therefore, t h i s group of researchers performed another study in 
which the P/S r a t i o was O.1 or 2.7 in a crossover design (_22). The 
P/S r a t i o did a f f e c t plasma c h o l e s t e r o l l e v e l s but the soy d i e t 
r e s u l t e d in reductions of plasma c h o l e s t e r o l that always exceeded 
15% regardless of the P/S r a t i o . 

Not a l l studies of soy protein d i e t s in humans have found 
s i g n i f i c a n t reduction of plasma c h o l e s t e r o l . In a d d i t i o n to 
d i f f e r e n c e s in d i e t formulations and soy p r o t e i n preparations, one 
reason that has been proposed for these d i s p a r i t i e s is that there is 
a s t a t i s t i c a l l y s i g n i f i c a n t negative c o r r e l a t i o n between the i n i t i a l 
c h o l e s t e r o l l e v e l and the decrease of c h o l e s t e r o l achieved with the 
soy p r o t e i n d i e t (r = -O.48, ρ < O.01) (23). In other words, those 
with normal or s l i g h t l y elevated c h o l e s t e r o l l e v e l s would be 
expected to show less change in c h o l e s t e r o l as a r e s u l t of the soy 
d i e t than i n d i v i d u a l s with markedly elevated l i p i d s . S i r t o r i and 
associates (23^ have followed a number of type II 
hyperlipoproteinemic patients who have been maintained on the soy 
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p r o t e i n d iet for over two years. A f t e r at l e a s t two months of t o t a l 
s u b s t i t u t i o n of the d i e t a r y protein, the patients were in s t r u c t e d to 
consume at l e a s t six meals per week based on the textured soy 
p r o t e i n . A decrease in t o t a l c h o l e s t e r o l averaging 30% was 
maintained and there was a small but s i g n i f i c a n t increase in HDL 
c h o l e s t e r o l l e v e l s . 

Studies on the hypocholesterolemic mechanism(s) associated 
with s u b s t i t u t i o n of soy p r o t e i n for animal p r o t e i n have provided 
seemingly c o n f l i c t i n g r e s u l t s . Fumagalli et a l (24) have reported 
that type II hyperlipoproteinemic patients treated with the soy d i e t 
had no change in f e c a l s t e r o i d excretion nor any d i f f e r e n c e in 
h a l f - l i f e of plasma c h o l e s t e r o l . However, Nestel et a l (25) found 
that vegetarians excreted l e s s neutral s t e r o l s and b i l e acids and 
had reduced synthesis of LDL than omnivores. Taken together, these 
studies indicate that the hypocholesterolemic e f f e c t of plant 
proteins is not due to d i e t a r y f i b e r or some other nonabsorbable 
component of the d i e t . Furthermore, the mode of a c t i o n of soy 
p r o t e i n appears to be d i s s i m i l a r from pharmacologic agents that 
a f f e c t s t e r o i d excretion into the i n t e s t i n a l lumen or bind b i l e 
acids to prevent reabsorption. 

A number of p o t e n t i a l mechanisms are under study by several 
groups. The insulin/glucagon r a t i o s may c o n t r o l l i p i d biosynthesis 
but data on th i s point in r e l a t i o n to feeding soy p r o t e i n have also 
been c o n f l i c t i n g . D i f f e r e n t molecular weight forms of the hormones 
may be secreted in response to feeding the d i f f e r e n t proteins. 
Digestion of plant and animal proteins may y i e l d absorption of 
d i f f e r e n t peptides or amino acids that have b i o l o g i c e f f e c t s . To 
t h i s end, S i r t o r i (23) found that plasma content of free arginine 
increased 20% when patients were fed a soy-based d i e t . P a r t i a l 
d i g e s t i o n products of the protein may bind l i p i d s in the i n t e s t i n e 
but data on t h i s point are c o n f l i c t i n g . Rates of d i g e s t i o n of the 
proteins may be d i f f e r e n t , e l i c i t i n g a l t e r e d hormonal or other 
b i o l o g i c responses. Products of p r o t e i n d i g e s t i o n may influence 
a p o l i p o p r o t e i n s e c r e t i o n in e i t h e r the i n t e s t i n e or l i v e r . Of 
relevance to t h i s point is the hypothesis that the l y s i n e / a r g i n i n e 
r a t i o of a protein determines i t s a t h e r o g e n i c i t y . Since l y s i n e and 
arginine are the amino acids responsible for net binding by the 
apoprotein molecule, i f vegetable p r o t e i n can a l t e r the apoprotein 
moitiés q u a n t i t a t i v e l y or q u a l i t a t i v e l y t h i s is another p o t e n t i a l 
pathway for hypocholesterolemic a c t i v i t y . We have also suggested 
that the high L/A r a t i o of animal p r o t e i n might i n h i b i t hepatic 
arginase a c t i v i t y , thus reducing formation of a r g i n i n e - r i c h 
apoproteins which are c h a r a c t e r i s t i c of experimentally induced 
hyperlipidemia (14). I t is possible that more than one mechanism 
may be found for the hypocholesterolemic e f f e c t of vegetable 
p r o t e i n . Substantial work remains to be done in i d e n t i f i c a t i o n of 
the hypocholesterolemic mechanism of feeding soy p r o t e i n . Whether 
there are general or s p e c i f i c d i f f e r e n c e s in e f f e c t s on l i p i d 
metabolism between animal and plant proteins a l s o remains to be 
determined. 
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14 
Mortality among Seventh-Day Adventists in Relation 
to Dietary Habits and Lifestyle 

Roland L. Phillips and David A. Snowdon1 

Loma Linda University, School of Medicine, Center for Health Promotion, Loma Linda, 
CA 92350 

This report summarizes 21 years of mortality follow-up 
for 25,000 California members of the Seventh-day 
Adventist church. Compared to the general population, 
Adventists have an exceptionally low risk of fatal lung 
cancer which is clearly accounted for by their lack of 
cigarette smoking. They also have a marked reduction 
in risk of fatal large bowel cancer, coronary disease, 
stroke, diabetes and nontraffic accidents. Compared to 
Adventists who heavily use meat the vegetarian 
Adventists have a substantially lower risk of fatal 
coronary disease, fatal diabetes and death from any 
cause, especially among men. Among Adventist men who 
use few animal products (meat, milk, cheese, eggs) the 
risk of fatal prostate cancer is one third that of 
Adventist men who heavily use such products. Moderate 
use of coffee is associated with an increased risk of 
fatal large bowel cancer among both sexes and an 
increased risk of coronary death and all-cause deaths 
among males. Since the amount of meat and coffee used 
by Adventists tends to reflect their overall adherence 
to the prudent practices advocated by the Adventist 
church, these findings suggest that the Adventist 
lifestyle may delay premature death from several major 
causes of death. 

Seventh-day Adventists have been o f f i c i a l l y organized as a church for 
about 120 years. Within a few years after their organization, 
Adventist leaders began to advocate particular habits and practices 
that were f e l t to promote better health. Smoking and drinking of 
alcoholic beverages soon became proscriptions which are carefully 
adhered to by the vast majority of Adventists (99 per cent 
nonsmokers, 90 per cent nondrinkers). The Adventist church also 
recommends (but does not require) i t s members to avoid certain 
dietary items such as meat, poultry, fish, coffee, tea, other 

1Current address: University of Minnesota, Division of Epidemiology, Minneapolis, 
M N 55455. 

0097-6156/86/0312-0162$06.00/0 
© 1986 American Chemical Society 
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14. PHILLIPS AND SNOWDON Mortality of Adventists in Relation to Diet 163 

c a f f e i n e - c o n t a i n i n g beverages, r i c h and h i g h l y r e f i n e d foods, and hot 
condiments and s p i c e s . These recommendations account f o r the f a c t 
that c u r r e n t l y about one-fourth of Adventists are l i f e t i m e 
lacto-ovo-vegetarians, one-fourth have adopted the vegetarian d i e t 
sometime in l i f e ( u s u a l l y s h o r t l y a f t e r j o i n i n g the church), and 
one-half of the Adventists c u r r e n t l y f o l l o w a nonvegetarian d i e t . 
This v a r i a t i o n r e s u l t s in a population with much wider v a r i a t i o n in 
exposure to meat than one could f i n d in a t y p i c a l sample of the 
general population. Adventists who chose to use l i t t l e or no meat 
also tend to follow many other n u t r i t i o n a l p r a c t i c e s that are 
b e l i e v e d to promote h e a l t h . Thus, wide v a r i a t i o n in many d i e t a r y 
exposures, in a population which is r e l a t i v e l y homogeneous in many 
other c h a r a c t e r i s t i c s relevant to cancer r i s k , provides an i d e a l 
s e t t i n g to t e s t d i e t a r y hypotheses. 

Serious i n t e r e s t in the health status of Adventists i n i t i a l l y 
arose in the l a t e 1950's as part of a surge of research e f f o r t to 
i n v e s t i g a t e the health e f f e c t s of tobacco use. Adventists provide an 
opportunity to evaluate the r i s k of smoking-related diseases among a 
group who reportedly abstain from both tobacco and a l c o h o l . 
Adventists are of p a r t i c u l a r i n t e r e s t as research subjects because 
former smokers or heavy meat users u s u a l l y dropped t h e i r habit 
because of r e l i g i o u s reasons, rather than i l l n e s s , and a s i z a b l e 
proportion of Adventists never i n i t i a t e d smoking or meat use. 

B r i e f Overview of Study Methods 

In 1960 i n v e s t i g a t o r s at Loma Linda U n i v e r s i t y c o l l e c t e d b a s e l i n e 
self-administered questionnaire data on demographic, s o c i o l o g i e , 
medical, d i e t a r y and l i f e s t y l e c h a r a c t e r i s t i c s from 25,000 C a l i f o r n i a 
Adventists age 35 and over. These subjects were c a r e f u l l y followed 
through 1965 and death c e r t i f i c a t e s were obtained f o r a l l deaths so 
that causes of death could be tabulated. We have r e c e n t l y completed 
the task of extending the follow-up of these 25,000 subjects through 
1980 v i a a computer-assisted record linkage procedure with the 
C a l i f o r n i a death c e r t i f i c a t e f i l e . During t h i s 21-year follow-up 
period 7,250 subjects have died. U t i l i z i n g t h i s updated m o r t a l i t y 
data, t h i s report w i l l r e c a p i t u l a t e and summarize the key f i n d i n g s 
which have been reported during the 25 years since the study began 
(1-15). 

M o r t a l i t y among Adventists Versus the General Population 

E a r l y in the follow-up period i t became c l e a r that Adventists have a 
very low r i s k of lung cancer (1) and other f a t a l diseases strongly 
r e l a t e d to use of c i g a r e t t e s or a l c o h o l (mouth cancer, esophagus 
cancer, r e s p i r a t o r y disease, l i v e r c i r r h o s i s , e t c . ) . Table I shows 
that the r i s k of f a t a l lung cancer among Adventists is 25% of the 
r i s k among general population subjects of comparable age. The 
standardized m o r t a l i t y r a t i o used on t h i s table is a convenient 
s t a t i s t i c to use in comparing m o r t a l i t y rates of any p a r t i c u l a r group 
(Adventists in t h i s case) to the general population while taking i n t o 
account the f a c t that the d i s t r i b u t i o n of age (the p r i n c i p l e 
determinant of death) may not be comparable between the two groups. 
A standardized m o r t a l i t y r a t i o of 100 f o r any given cause of death 
would i n d i c a t e that the r i s k of Adventists dying from that cause is 
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164 PLANT PROTEINS 

Table I 
Age-Standardized Mortality Ratios for Selected Causes 

of Death Among 25,000 White California Adventists, 1960-1980 

CAUSE STANDARDIZED 
of MORTALITY RATIO NUMBER of DEATHS 
DEATH (100 χ obs/exp) (both sexes) _| 

Male Female Both Observed Expected 

LUNG CANCER 16* 47* 25* 75 306.5 
LARGE BOWEL CANCER 55* 46* 49* 175 358.0 
BREAST CANCER — 83* — 182 219.3 
PROSTATE CANCER 74* — — 94 126.7 
ALL OTHER CANCER 58* 59* 59* 723 1227.6 

CORONARY DISEASE 42* 44* 43* 2460 5744.6 
STROKE 47* 48* 48* 1035 2154.2 
DIABETES 45* 39* 40* 116 288.7 

TRAFFIC ACCIDENTS 107 113 110 119 108.4 
OTHER ACCIDENTS 47* 35* 40* 123 306.9 
SUICIDE 46* 80 57* 44 77.0 

ALL CAUSES 46* 51* 49* 7250 14756.4 

The probability that the mortality differential between 
Adventists and a l l U.S. whites is accounted for by chance 
alone is under O.05. 

The number of deaths expected i f white California Adventists 
(age 35 or over) had the same concurrent risk of dying 
(within each of 26 sex-age groups) as a l l whites in the United 
States. 

equal to persons of the same age and sex in the general population. 
Twelve years ago, we were intrigued by the data on certain 
causes of death other than lung cancer (Table I ) . For several of 
these causes (large bowel cancer, breast cancer, prostate cancer, 
diabetes) the risk among Adventists is substantially below the 
general population even though they are unrelated to cigarette and 
alcohol use. This suggests that aspects of the Adventist l i f e s t y l e 
other than abstinence from tobacco and alcohol may account for their 
low risk. We are now in the twelth year of a totally new study which 
is primarily designed to identify the specific components of the 
Adventist's l i f e s t y l e which may reduce their risk of acquiring these 
diseases. This ongoing study differs from the previous mortality 
study in three major ways: (1) the study population is considerably 
larger, (2) the baseline data on l i f e s t y l e is more detailed, and (3) 
the outcome of interest is newly acquired disease events rather than 
only fatal disease events. 

The other specific causes of death which are shown on Table I 
(coronary disease, stroke, accidents and suicide) are known to be 
related to alcohol or tobacco use. However, for fatal coronary 
disease, which is the major k i l l e r in this country, the risk among 
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14. PHILLIPS AND SNOWDON Mortality of Adventists in Relation to Diet 165 

Adventists is substantially below the r i sk in comparable subjects in 
the general population who have never smoked (8). In view of the 
abstinence from alcohol in Adventists, i t is especially surprising to 
note that their r i sk of fata l t raf f i c accidents is about the same as 
the r isk in the general population, although other accidents appear 
to be substantially lower among Adventists. This may part ia l ly 
reflect the fact that the cause of a fatal traf f ic accident is often 
outside of the victim's control , while other accidents usually re
flect the victim's own behavior. It is conceivable that the re la 
t ively high risk of traf f ic accidents among Adventists may part ia l ly 
be accounted for by their low use of caffeinated beverages. 
Furthermore, the one study that has examined the driving habits of 
Adventists found that they tend to accrue somewhat more traf f ic 
citations than comparable peers in the general population (16). The 
relat ively low r isk of suicide among Adventist men raises the pos
s i b i l i t y that the Adventist way of l i f e may provide effective ways of 
coping with the extreme stresses of l i f e . However, the fact that 
Adventist women are not clearly at lower risk of suicide does not 
support this concept, part icularly in view of the tendency of women 
to take their re l ig ion more seriously than men. 

The bottom line of Table I shows that the age-standardized risk 
of dying from any cause among Adventists is one-half of the r i sk in 
the general population. This does not mean that Adventists are 
immortal in some mystical way. With the exception of a few causes of 
death which are caused almost entirely by tobacco or alcohol (lung 
cancer, l iver c irrhos is , e tc . ) , the proportion of deaths attributed 
to each of the major causes of death in the U.S. is essentially equal 
among Adventists and U.S. whites. Adventists simply die later . This 
relative delay in the age at which Adventists succumb to most fatal 
diseases results in a lower age-standardized death rate and a longer 
l i f e expectancy. Compared to their general population peers, l i f e 
expectancy among Adventists who reach age 35 is 6 years longer for 
men and 4 years longer for women (3). Our ongoing study w i l l enable 
us to determine whether this increased l i f e expectancy among 
Adventists is due to a delay in acquiring l i f e threatening diseases 
or to a tendency to l ive longer with their diseases. The latter 
poss ib i l i ty is not a desirable situation. Longer l i f e is only 
desirable i f the quality of l i f e is also extended. 

Lifestyle Versus Selection 

Although comparisons between Adventists and the general population 
are interesting, considerable caution is warranted in drawing 
inferences from such comparisons. Proponents of the Adventist 
l i fes ty le tend to use such data to extol the virtues of the Adventist 
l i f e s ty le which "obviously" accounts for their favorable mortality 
rates. It is important to note that over 50% of the Adventist 
subjects in this study are adult converts to the church and such 
converts are clearly not a random sample of the general population. 
In fact, i t is reasonable to assume that adults in the general 
population who choose to jo in the Adventist church are a select group 
of rather unique and unusual people whose risk of acquiring or dying 
from any given disease may have been d is t inct ly different from the 
general population at the time they converted to Adventism.7 If this 
were true, the primary explanation for their low r isk may not be the 
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166 PLANT PROTEINS 

l i f e s t y l e they adopted a f t e r j o i n i n g the church, but rather the 
n o n l i f e s t y l e t r a i t s which c h a r a c t e r i z e persons who choose to convert 
to Adventism. However, i t is p o s s i b l e that some converts to 
Adventism were l i v i n g a l i f e s t y l e somewhat comparable to Adventists 
p r i o r to j o i n i n g the church. Furthermore, m o r t a l i t y data f o r the 
general population is based on a l l persons in the population. Thus, 
general population m o r t a l i t y data includes deaths among subjects who 
were i n s t i t u t i o n a l i z e d or i l l at the onset of the study, whereas such 
subjects in the Adventist population would not be l i k e l y to complete 
a questionnaire which is the p r e r e q u i s i t e f o r i n c l u s i o n in the 
Adventist m o r t a l i t y data. Even the l i f e t i m e Adventists are not free 
from s e l e c t i o n b i a s . Through no choice of t h e i r own they were 
endowed with m u l t i p l e c h a r a c t e r i s t i c s from t h e i r parents who were 
l i k e l y converts to the church. C l e a r l y , the general population is 
not a very appropriate comparison group f o r Adventists. Thus, only 
very l i m i t e d inferences can be derived from such comparisons. 

M o r t a l i t y and L i f e s t y l e V a r i a t i o n s Within Adventists 

Because of these unavoidable problems in comparing Adventists with 
the general population we have adopted the point of view that much 
more can be learned about the r e l a t i o n s h i p between l i f e s t y l e and r i s k 
of disease by comparing Adventists with Adventists. The varying 
degrees of compliance which Adventists e x h i b i t toward the health 
recommendations of the church produces a s i z a b l e v a r i a t i o n in 
l i f e s t y l e patterns. In f a c t , f o r many hab i t s the v a r i a t i o n among 
Adventists is much greater than one could f i n d in the general 
population. For example, approximately h a l f of the Adventists in 
t h i s study are lacto-ovo-vegetarians and 20% use meat four or more 
days per week. Thus, Adventists provide a r i c h resource f o r 
i n v e s t i g a t i n g the health e f f e c t s of l i f e s t y l e v a r i a t i o n s without the 
need f o r an external comparison group which would l i k e l y confuse the 
p i c t u r e . The remainder of t h i s report w i l l focus p r i m a r i l y on 
comparisons between Adventists who have varying degrees of adherence 
to the church's recommendation against the use of meat and c o f f e e . 

Meat Use. On Table I I , meat use r e f e r s to the combined use of both 
meat and p o u l t r y because they were unfortunately combined in a s i n g l e 
question on the questionnaire. Table II u t i l i z e s r e l a t i v e r i s k as an 
e a s i l y i n t e r p e t a b l e means of r e l a t i n g meat use to the r i s k of dying 
of s e v e r a l common diseases which are often considered to be l i f e s t y l e 
r e l a t e d . Subjects who consume no meat are used as the reference cate
gory and thus t h e i r r e l a t i v e r i s k is a r b i t r a r i l y set to one. The r e l 
a t i v e r i s k among subjects in other categories of meat consumption r e 
l a t e s d i r e c t l y to the reference category. For example a r e l a t i v e r i s k 
of 2.0 f o r a c c i d e n t a l death among subjects who consume meat 4 or more 
days per week (hypothetical data not shown on table) would i n d i c a t e 
that the r i s k of a f a t a l accident among heavy meat users is twice 
that of subjects who use no meat. A r e l a t i v e r i s k of O.5 would i n d i 
cate that the r i s k in the comparison group is one h a l f that of the 
reference group. A l l r e l a t i v e r i s k s are age-standardized which essen
t i a l l y eliminates the p o s s i b i l i t y that the r i s k d i f f e r e n t i a l between 
the comparison and reference group could be due to a d i f f e r e n t age 
d i s t r i b u t i o n in the two groups. I f the measured r i s k between the 
comparison and reference group were s o l e l y due to a markedly older 
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Table II 
Relationship of Meat Consumption to the Age-Standardized 

Relative Risk of Dying from the Indicated Cause Among 
25,000 California Adventists, 1960-1980 

R E L A Τ I V E R I S Κ 
(in reference to nonusers) 

CAUSE No Meat Meat NUMBER 
of Meat 1-3 days 4+ days OF 

DEATH SEX per week per week DEATHS 
(1) (2) (3) (1) (2) (3) 

LARGE BOWEL CANCER Β 1.0 1.4 O.9 77 44 18 
BREAST CANCER F 1.0 1.2 1.2 92 53 41 
PROSTATE CANCER M 1.0 1.2 1.5 57 25 15 

CORONARY DISEASE M 1.0* 1.4 1.7 607 306 188 
F 1.0* 1.2 1.2 917 395 240 

STROKE M 1.0 1.3 1.2 199 90 37 
F 1.0 1.2 O.9 425 168 83 

DIABETES M 1.0* 1.3 3.6 18 9 13 
F 1.0* 1.2 2.1 39 18 21 

ALL CAUSES M 1.0* 1.2 1.5 1583 719 453 
F 1.0 1.1 1.1 2577 1089 695 

The probability that chance alone accounts for the progressive 
increase in relative r isk across meat use categories is under 
O.05 (under O.001 for a l l causes). 

^Meat refers to combined use of meat and poultry. There were 
no subjects who used fish without also reporting use of meat 
and poultry. 

age distribution in the comparison group the "raw" (nonstandardized) 
relative r i sk in the comparison group would be substantially greater 
than one, while the age-standardized relative r i sk would be exactly 
equal to one. The "no meat" category includes 1049 subjects who 
report occasional meat use (less than once per week). They were 
combined with subjects who indicated their use of meat as "0" days 
per week. A l l subjects in the occasional use category took the 
effort to write a note to this effect on their questionnaire. We 
suspect many more subjects who real ly belong in the occasional use 
category simply recorded their use as "0" because i t approximates 
their use closer than "1 day/wk". 

The most surprising observations on Table II are the lack of a 
clear relationship between meat use and r isk of fatal cancers of the 
large bowel and breast. Evidence from several other studies suggests 
that a direct positive association should be evident (10). However, 
data from a growing number of recent studies are not consistent with 
an association between meat use and r isk of large bowel cancer or 
breast cancer (17-19). Meat use is also unrelated to a l l types of 
cancer combined. 
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An a s s o c i a t i o n between meat use and f a t a l prostate cancer is 
evident in Table I I , although i t is not s t a t i s t i c a l l y s i g n i f i c a n t . 
A d d i t i o n a l analyses (not shown on table) show a s i m i l a r degree of 
a s s o c i a t i o n between use of other animal products (eggs, milk, 
cheese) and f a t a l prostate cancer. I f use of a l l four animal 
products are combined i n t o an index which r e f l e c t s t h e i r combined 
use, a very c l e a r r e l a t i o n s h i p emerges (Table I I I ) . Thus, i t 
appears that heavy use of a l l four animal products is associated 
with a t h r e e - f o l d increase in r i s k of f a t a l prostate cancer. 

In males the r i s k of f a t a l coronary disease shows a s u b s t a n t i a l 
stepwise increase with i n c r e a s i n g meat use. Although the a s s o c i a t i o n 
between meat use and f a t a l coronary disease is s t a t i s t i c a l l y 
s i g n i f i c a n t in females, the degree of increased r i s k with heavy meat 
use is rather small. The pattern is rather s i m i l a r f o r both males 
and females when a l l causes of death are considered together. 
However, these r e l a t i o n s h i p s with meat use are somewhat stronger 
among younger males under age 65 (Table IV). In t h i s age group of 
males, the r i s k of f a t a l coronary disease among heavy meat users is 
increased by a f a c t o r of 2.5. Furthermore, heavy meat use is 
associated with a 40% increase in the r i s k of dying of noncoronary 
causes and a 70% increase f o r a l l causes. Thus, causes of death 
other than coronary disease s u b s t a n t i a l l y contribute to t h i s 
increased r i s k of dying. 

The rather strong r e l a t i o n s h i p between meat use and f a t a l 
diabetes was only r e c e n t l y discovered, and to our knowledge t h i s 
r e l a t i o n s h i p has not been reported by other i n v e s t i g a t o r s . Since 
most people with diabetes do not die from t h e i r disease, m o r t a l i t y 
data is not the p r e f e r a b l e type of data to use in i n v e s t i g a t i n g a 
p o s s i b l e causative l i n k between diabetes and meat use. However, the 
r e l a t i o n s h i p is f a i r l y strong and shows a dose-response pattern f o r 
both males and females despite a very l i m i t e d number of d i a b e t i c 
deaths. There is a c l e a r need f o r f u r t h e r studies to evaluate the 
r e l a t i o n s h i p of meat and other d i e t a r y h a b i t s to the frequency of 
diabetes u t i l i z i n g more d i r e c t methods of measuring diabetes r i s k . 

Coffee Use. Table V focuses on the r e l a t i o n s h i p of coffee use to 
the same s i x causes of death considered on previous t a b l e s . Approxi
mately 70% of the Adventists in t h i s study use no c o f f e e . However, 
17% drink two or more cups of coffee per day and 10% l i m i t t h e i r 
intake to one cup per day. The "no c o f f e e " category includes 362 
subjects who report o c c a s i o n a l coffee use ( l e s s than one cup per 
day). They were combined with subjects who i n d i c a t e d t h e i r coffee 
use as "0" cups per day. A l l subjects in the o c c a s i o n a l use cate
gory took the e f f o r t to write a note to t h i s e f f e c t on t h e i r ques
t i o n n a i r e . We suspect many more subjects who r e a l l y belong in the 
occasional use category simply recorded t h e i r use as "0" cups per 
day because i t approximates t h e i r use c l o s e r than "1 cup per day". 

Unfortunately, the questionnaire d i d not d i s t i n g u i s h between 
c a f f e i n a t e d versus decaffeinated coffee or i n s t a n t versus brewed 
c o f f e e . P o s i t i v e a s s o c i a t i o n s with coffee use are seen f o r f a t a l 
large bowel cancer in both sexes, f a t a l coronary disease in males 
only, and p o s s i b l y f o r a l l causes of death in males only. Both 
sexes were combined f o r large bowel cancer because the degree of 
a s s o c i a t i o n was e s s e n t i a l l y equivalent when examined separately f o r 
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Table I I I 
Relationship of Animal Product Use to the Age-Standardized 

R e l a t i v e r i s k of f a t a l Prostate Cancer Among 9000 
C a l i f o r n i a Adventist Males, 1960-1980 

ANIMAL RELATIVE RISK NUMBER 
'RODUCT OF FATAL of 
INDEX PROSTATE CA DEATHS 

<5 1.0 15 
6 1.2 12 
7 1.2 16 
8 1.5 20 
9 1.8 19 

10+ 2.9 18 

*The p r o b a b i l i t y that chance alone accounts f o r the progressive 
increase in r e l a t i v e r i s k as the animal product index increases 
is O.002. 

+ A score of 1,2, or 3 was r e s p e c t i v e l y assigned to 3 categories 
which r e f l e c t i n c r e a s i n g use of each of four animal products 
(meat, eggs, milk, and cheese). For each subject, the scores 
fo r these 4 animal products were summed to obtain the animal 
product index. 

Table IV 
Relationship of Meat Consumption to the Age-Standardized 

R e l a t i v e Risk of Death From Coronary Disease and A l l 
Other Causes Among C a l i f o r n i a Adventist Men age 35-64, 

1960-1980 

R E L A T I V E R I S K 
( i n reference to nonusers) 

CAUSE No Meat Meat NUMBER 
of Meat 1-3 days 4+ days of 

DEATH per week per week DEATHS 
(1) (2) (3) (1) (2) (3) 

CORONARY DISEASE 1.0* 1.7 2.5 78 73 73 

OTHER CAUSES 1.0* 1.4 1.4 176 137 94 

ALL CAUSES 1.0* 1.5 1.7 254 210 167 

*The p r o b a b i l i t y that chance alone accounts f o r the 
progressive increase in r e l a t i v e r i s k across categories of 
meat use is under O.05. 
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Table V 
Relationship of Coffee Consumption to the Age-Standardized 

Relative Risk of Dying from the Indicated Cause Among 
25,000 California Adventists, 1960-1980. 

R E L A T I V E R I S K 
(in reference to nonusers) 

CAUSE Coffee Coffee NUMBER 
of No one cup 2+ cups of 

DEATH SEX Coffee per day per day DEATHS 
(1) (2) (3) (1) (2) (3) 

LARGE BOWEL CANCER Β 1.0* 1.2 1.7 91 14 31 
BREAST CANCER F 1.0 1.1 O.9 131 19 26 
PROSTATE CANCER M 1.0 O.8 O.7 76 7 11 

CORONARY DISEASE M 1.0* 1.6 1.5 716 127 220 
F 1.0* 1.1 1.2 1111 49 216 

STROKE M 1.0 1.2 O.9 242 32 41 
F 1.0 1.4 O.9 477 84 72 

DIABETES M 1.0 O.7 1.8 26 2 10 
F 1.0 1.4 O.9 56 10 9 

ALL CAUSES M 1.0* 1.4 1.3 1873 282 510 
F 1.0 1.2 1.1 3069 463 591 

The probability that chance alone accounts for the progressive 
increase in relative r i sk across coffee use categories is under 
O.05 (under O.001 for a l l causes) 

males and females. However, due to the limited number of large bowel 
cancer deaths, s ta t i s t i ca l significance was achieved only when both 
sexes were combined. The association of coffee use with fatal large 
bowel cancer was rather unexpected. Although one other study has 
reported a similar positive association (17), there are two studies 
that report a negative association suggesting that r i sk of large 
bowel cancer is lowered by heavy coffee use (20,21). It seems 
prudent to interpret our data cautiously at this point. We w i l l 
re-evaluate this relationship in our new ongoing study and hopefully 
i t w i l l also be studied by other investigators. The lack of a clear 
dose-response effect in the observed association between coffee use 
and fata l coronary disease in men somewhat weakens the poss ib i l i ty 
that the association is causative, however, i t is s ta t i s t i ca l l y 
significant and cannot be ignored. The same can be said for the 
possible relationship between coffee use and the r i sk of dying from 
any cause. 

One of the d i f f i cu l t i e s encountered in evaluating the possible 
associations between disease r isk and consumption of meat or coffee 
is the fact that Adventists who use one of these products also tend 
to use the other. For example, 91% of the Adventists in this study 
who use no meat also abstain from coffee, whereas, 50% of those who 
use meat four or more days per week also use coffee. Thus, i t is 
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M E A T U S E ( d a y s / w e e k ) 

Figure 1. Age-standardized relative r i sk of fatal coronary 
disease among California Adventist males age 35-69 divided by 
meat and coffee use, 1960-80. The number of deaths is indicated 
at the base of each bar. *The probability that chance alone 
accounts for the di f ferent ia l in r isk between the indicated group 
and subjects who use no meat or coffee is less than O.001. 

quite possible that associations between meat use and disease could 
be reflecting the effect of coffee, and vice versa. Unfortunately, 
there are too few deaths for most specific causes to re l iably 
disentangle the separate effect of meat and coffee. However, for 
fata l coronary disease there are adequate deaths to part ia l ly assess 
the poss ib i l i ty of independent associations with meat and coffee. 
Figure 1 depicts these associations for fatal coronary disease in 
young males. The figure is limited to relat ively young males because 
this group showed the strongest associations when meat and coffee 
were examined separately. The important trends to note are: (1) the 
stepwise increase in r i sk with increasing meat use among subjects who 
use no coffee (front row of bars), (2) the near threefold r isk 
increase of coffee users over nonusers among subjects who use no meat 
(left row of bars), and (3) the coffee users who also use meat 
heavily have the highest r isk (3.4 times the r isk among subjects who 
use neither meat or coffee). The pattern rather strongly suggests 
that both meat and coffee use are substantially associated with an 
increased r i sk of fatal coronary disease among young males. The 
pattern for a l l causes of death among young males was rather similar 
to coronary disease (no data shown) with the exception that coffee 
use was more strongly associated with r isk of dying than meat use. 
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Summary and Comments 

The f o l l o w i n g summary statements deserve c o n s i d e r a t i o n and comment: 
1. Compared to the general population, Adventists have an 

e x c e p t i o n a l l y low r i s k of f a t a l lung cancer and other diseases 
which are s t r o n g l y r e l a t e d to c i g a r e t t e or a l c o h o l use. They a l s o 
appear to have a marked reduction in r i s k of death from large 
bowel cancer, coronary disease, stroke, diabetes, and n o n t r a f f i c 
accidents. 

2. Meat use among Adventists is unrelated to f a t a l cancers of the 
large bowel and breast. 

3. Animal product use among Adventists is s t r o n g l y r e l a t e d to r i s k of 
f a t a l prostate cancer. 

4. In Adventist males, meat use is s t r o n g l y r e l a t e d to r i s k of death 
from coronary disease and a l l causes, e s p e c i a l l y in younger males. 

5. Meat use among Adventists is s t r o n g l y r e l a t e d to f a t a l diabetes 
among both males and females. 

6. Meat use among Adventists is questionably r e l a t e d to coronary 
disease in females, and stroke in males. 

7. Coffee use among Adventists is moderately r e l a t e d to r i s k of death 
from large bowel cancer in both sexes, as w e l l as coronary disease 
and a l l causes in males. 

8. Coffee use and meat use are both independently r e l a t e d to r i s k of 
f a t a l coronary disease in young Adventist males. 

O v e r a l l , i t does appear that the vegetarian d i e t , abstinence from 
smoking, and perhaps other prudent p r a c t i c e s adopted by the majority 
of Adventists may be preventive f o r s e v e r a l of the major l i f e 
threatening diseases which are so prevalent in the U.S. 

The most important item to keep in mind when i n t e r p r e t i n g t h i s 
data is that a l l the r e l a t i o n s h i p s mentioned are merely a s s o c i a t i o n s 
between a disease outcome and some personal c h a r a c t e r i s t i c which is 
common to a high proportion of subjects who experience the disease. 
Even i f s t a t i s t i c a l t e s t i n g has e s s e n t i a l l y r u l e d out chance 
phenomenon as a l i k e l y explanation f o r these observed a s s o c i a t i o n s , 
there is s t i l l the very r e a l p o s s i b i l i t y that the a s s o c i a t i o n s are 
i n d i r e c t and, thus, not d i r e c t l y relevant to the cause of the 
disease. For example, i t is l i k e l y that Adventists who use meat 
and/or coffee may have many other c h a r a c t e r i s t i c s which are d i f f e r e n t 
from subjects who abstain from these products. One or more of these 
c h a r a c t e r i s t i c s may be the important f a c t o r which a c t u a l l y accounts 
for the a s s o c i a t i o n between meat and a s p e c i f i c cause of death. Yet, 
such a f a c t o r may not have been measured or taken i n t o account during 
the data a n a l y s i s . 

I t is beyond the scope of t h i s report to pursue a d e t a i l e d 
d i s c u s s i o n of such f a c t o r s . However, f o r a l l the strong a s s o c i a t i o n s 
mentioned in t h i s report we have i d e n t i f i e d other items on the 
questionnaire which could p o s s i b l y account f o r the observed 
a s s o c i a t i o n s . We have re-evaluated each a s s o c i a t i o n a f t e r taking 
such items i n t o account. Without presenting the evidence, I w i l l 
simply state that a l l a s s o c i a t i o n s in t h i s report remained 
e s s e n t i a l l y unchanged a f t e r the above procedures. Of course i t is 
impossible to take items i n t o account which were not measured by the 
baseline questionnaire. Preliminary analyses of the b a s e l i n e data 
from our new ongoing study s t r o n g l y suggests that amount of meat use, 
and to some extent coffee use, is a rather accurate index of the 
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degree of adherence to m u l t i p l e aspects of the Adventist l i f e s t y l e 
i n c l u d i n g degree of involvement with church a c t i v i t i e s . Thus, i t 
is p o s s i b l e that many of the a s s o c i a t i o n s in t h i s report p r i m a r i l y 
r e f l e c t the e f f e c t s of adherence or nonadherence to the t o t a l l i f e 
s t y l e patterns the Adventist church has advocated f o r over 100 years. 

One important c r i t e r i o n f o r determining whether an a s s o c i a t i o n 
is causative is whether i t is b i o l o g i c a l l y p l a u s i b l e . Although a 
j u s t i f i c a t i o n of the b i o l o g i c a l p l a u s i b i l i t y of each of our observed 
a s s o c i a t i o n s is beyond the scope of t h i s report, i t is rather common 
knowledge that abundant evidence from other studies confirms the 
p l a u s i b i l i t y of a causative l i n k between meat use and coronary 
disease (22). However, t h i s study is the f i r s t major observational 
study to c l e a r l y show t h i s r e l a t i o n s h i p among U.S. subjects. The 
a s s o c i a t i o n s between meat and diabetes are c e r t a i n l y p l a u s i b l e , but 
there is considerably l e s s evidence from other experimental or 
observational studies to substantiate such a r e l a t i o n s h i p . 

In reference to coffee use and large bowel cancer, b i o l o g i c a l 
p l a u s i b i l i t y remains to be evaluated. However, i t is worth noting 
that a l l types of coffee contain substances which are capable of 
damaging genes (23), and some of the n o n l i q u i d p o r t i o n of ingested 
coffee does come i n t o d i r e c t contact with the inner l i n i n g of the 
bowel w a l l where cancer begins. 

We suspect that the magnitude of most of the a s s o c i a t i o n s noted 
between meat or coffee and s p e c i f i c f a t a l diseases are somewhat 
underestimated because Adventists may tend to underreport the amount 
of meat or coffee they use. I f a s u b s t a n t i a l number of subjects 
a c t u a l l y use more meat and c o f f e e than they reported on the i n i t i a l 
questionnaire, i t would tend to make i t harder to f i n d the r e a l 
a s s o c i a t i o n s , and the observed a s s o c i a t i o n s would tend to be weaker. 
Furthermore, we may have missed a s s o c i a t i o n s because subjects changed 
t h e i r habits during the 21-year follow-up period. A l l observed 
a s s o c i a t i o n s are based on meat and coffee use at the time subjects 
completed the b a s e l i n e questionnaire (1960). Subsequent changes in 
these habits would tend to reduce or eliminate the p o s s i b i l i t y of 
f i n d i n g disease a s s o c i a t i o n s with these h a b i t s . F a i l u r e to f i n d 
a s s o c i a t i o n s , or d e t e c t i o n of weak a s s o c i a t i o n s , could a l s o r e s u l t 
from the f a c t that our study population contains r e l a t i v e l y few 
subjects who are very heavy users of meat or c o f f e e , while i t 
contains an abundance of subjects who have no exposure to these 
items. 

There are many aspects of the Adventist l i f e s t y l e that have not 
been considered in t h i s r e p o r t . However, i f we assume that the 
p o s i t i v e a s s o c i a t i o n s noted in t h i s report are conservative, i t is 
reasonable to conclude that some aspects of the Adventist l i f e s t y l e 
may s u b s t a n t i a l l y reduce the r i s k of premature death. 
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15 
Composition and Functionality of Protein, Starch, and 
Fiber from Wet and Dry Processing of Grain Legumes 

F. W. Sosulski1 and K. Sosulski2 

1Department of Crop Science and Plant Ecology, University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada S7N 0W0 

2Biomass Resources, Saskatchewan Research Council, Saskatoon, Saskatchewan, Canada 
S7N 0X1 

The field pea (Pisum sativum) and small fababean 
(Vicia faba minor) were pin milled and air 
classified into protein and starch fractions or, 
alternately, the protein, starch and fiber were 
extracted by an aqueous alkali procedure. 
The efficiencies of protein (75-80%) 
and starch (88-93%) recoveries by the dry 
process were higher than the 73-79% recoveries 
by wet processing, and there were no losses 
of solids in the whey and wash water or 
need for effluent recovery. The starch fraction 
was similar to refined starch in most functional 
properties except for a low amylograph viscosity. 
The protein fraction showed low nitrogen solubility 
and rather low water hydration and oil absorption 
values relative to those of the proteinates but 
oil emulsification was quite high. Refined legume 
fiber had a water hydration capacity of over 20 g/g 
product. 

Characterist ical ly , legume seeds are r i ch in protein and contain 
intermediate to high levels of lysine and threonine which are 
important in balancing the deficiencies of these essential amino 
acids in cereal diets . Certain legume proteins, such as soybean, 
also exhibit strong functional properties, especially water 
so lubi l i ty , water and fat binding and emulsification. Thus soybean 
f lours , protein concentrates and isolates have been used widely as 
nutrit ional supplements and functional ingredients in foods. 

Most grain legumes are consumed primarily as whole or sp l i t 
seeds, and only limited quantities are processed into flours or more 
refined products. Starchy legume flours appeared to have weaker 
functional properties than defatted soybean or lupine flours (1) , 
due in part to their lower protein contents. To overcome the 
problem of variable protein composition among samples of f i e ld peas 
and other grain legumes, Youngs (2̂ ) developed a process for 
separation of the protein and starch fractions in the seeds by fine 
grinding and a ir c lass i f i cat ion . The fine fract ion, obtained in 

0097-6156/86/0312-0176506.00/0 
© 1986 American Chemical Society 
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15. SOSULSKI AND SOSULSKI Protein, Starch, and Fiber from Grain Legumes Ml 

yields of about 25%, contained 48-67% of protein, depending upon the 
legume species (3). The functional properties of oil absorption, 
emulsification and whippability in the a i r -c las s i f i ed protein 
fractions were greatly enhanced over the f lours. The 
oligosaccharides, trypsin inhibi tors , hemagglutinins, saponins, 
phytic acid and, in fababean, vicine and convicine concentrated into 
the fine fraction with the protein ( 4 ^ ) . Numerous other 
investigators have evaluated the fractions obtained by a i r 
c lass i f icat ion of finely-ground flours from f i e ld pea, fababean and 
other starchy legumes (6,7_,<8,9) . 

Grain legumes have also been processed into refined starch 
(1(),11_) and protein isolates (12^13.,14_) by procedures derived from 
the tradit ional corn starch and soybean protein industries (15). 
However, comparative data on product yie lds , composition and losses 
have not been published. A commercial plant for the wet processing 
of f i e ld pea into refined starch, protein isolate and refined fiber 
has been established in Western Canada. L i t t l e is known about the 
characteristics of the protein isolate or refined fiber product. 
Water-washed starch prepared from the a i r -c las s i f i ed starch 
fractions of f i e ld pea (16,17) and fababean (6) have been 
investigated for certain physico-chemical and pasting properties. 
Reichert (18) isolated the c e l l wall material from soaked f i e ld pea 
cotyledons and determined i t s fiber composition and water 
absorption capacity. In addition, the effects of drying techniques 
on the characteristics of pea protein isolates have been determined 
(14). 

The objectives of the present study were to compare the 
processes of protein and starch concentration by dry a i r 
c lass i f icat ion and wet a l k a l i extraction of protein and starch from 
f ie ld pea and fababean. The yie lds , composition and functionality 
of the crude and refined products were compared. 

Experimental Procedures 

The smooth f i e ld pea (Pisum sativum L . cv. Trapper) and small 
fababean (Vicia faba minor cv. Diana) samples were composites of 
several lots grown in 1981. After blending, about 20 kg were 
dehulled on a resinold disc , abrasive dehuller (19), followed by 
a i r aspiration to remove 10 and 15% of hu l l s , resp. The dehulled 
seeds were coarse-ground in a hammermill and subdivided for dry and 
wet processing. 

Dry Process. Ten kg each of the ground f i e ld pea and fababean were 
passed through an Alpine Pin M i l l model 250 CW (Alpine American 
Corp. , Natick, MA) (Figure 1). Two passes through the m i l l reduced 
the particle size to less than 325-mesh. The pin-milled flours were 
then fractionated into l ight and dense particles by a single pass 
through the Alpine Air Class i f ier Type 132 MP at a cut point of 15 
microns (800-mesh) diameter between the two fractions (9), followed 
by a reclass i f icat ion of the dense fraction (20). The two protein 
fractions were combined. 

Wet Process. About 5 kg of each meal were s lurried in 25 1 of O.02% 
NaOH for 1 hr at room temperature. The mixture was s t irred with a 
high speed mixer (Polytron) u n t i l a uniform slurry was obtained 
(Figure 2). The yellowish suspension was passed through a 
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PLANT PROTEINS 

Field pea or 
Fababean Seed ι 

Dehull ι 
Pin Mill ι 
Pin Mill ι 

Air Classify 

•Protein Fraction 

Starch Fraction ι 
A^ Classify 

•Protein Fraction 

Starch Fraction 

Figure 1. Flow diagram for pin milling and a i r classification 
of f i e l d pea and fababean into protein and starch fractions. 
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SOSULSKI AND SOSULSKI Protein, Starch, and Fiber from Grain Legumes 

Field pea or Fababean Seed 

dehull -
grind 

Hulls 
Flour 

alkali 
wet mill 
screen 

Fiber -

wash 
oc -amylase 
wash* 
freeze-dry 

Slurry 

centrifuge 

Starch slurry 

iRefined Fiber 1 
alkali wash — 
wash* 
sedimentation 
air-oven 

Protein slurry 
pH 4.5 
centrifuge 

Curd 

Refined Starch 

|Whey| 

wash* 
neutralize 
freeze-dry 

iProteinatel 

* Discarded 

Figure 2. Flow diagram for preparation of purified f iber, 
starch and protelnate from f ie ld pea and fababean by wet 
processing techniques. 
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180 PLANT PROTEINS 

Morehouse 200 wet m i l l (Morehouse Industries, Ful lerton, CA), 
operated at 3600 rpm. The finely dispersed slurry was f i l t ered 
through a 230-mesh vibrating screen to remove the coarse fiber 
fract ion. The residue was washed a second time with O.02% NaOH for 
1 hr and passed through the wet m i l l and screen to remove additional 
solubles. 

The fiber fraction was washed several times with water, rat io 
1:5, the washings being added to the starch fraction (Figure 2). 
F ina l traces of starch were removed from the fiber by incubation 
with 2% alpha-amylase (Sigma Chemical Co. , type V-A from hog 
pancreas) for 16 hr at 37°C., and washing several times with 
d i s t i l l e d water before freeze-drying. 

The f inal pH of the i n i t i a l extract from the vibrating screen 
was 7.5 but this increased to pH 9.6 and 10.2 for fababean and f i e l d 
pea, resp. , during the second extraction. The f i l t rates were 
combined and centrifuged on a Fletcher basket centrifuge at 3400 rpm 
(1800 χ g) to separate the starch and protein (Figure 2). 

The starch fraction was washed i n i t i a l l y with O.02% NaOH, the 
extract being added to the protein solution (Figure 2). The starch 
was then s lurried in d i s t i l l e d water, separated by sedimentation, 
and dried at 3 0 ° C The combined protein extracts were adjusted to 
pH 4.5 with IN HC1 and the whey separated from the curd by 
centrifugation in the basket centrifuge (1100 χ g). The protein 
curd was washed twice with water adjusted to pH 4.5, then 
resuspended at pH 7.0 using IN NaOH. The proteinate was 
freeze-dried. 

Analytical Methods. The samples were analyzed by standard AACC (21) 
procedures for moisture (air-oven method), protein (Method 46-13), 
crude fat (Method 30-25), crude fiber (Method 32-10), insoluble 
dietary fiber (Method 32-20) and ash (600<>C., 3 hr ) . Starch 
content was determined by the polarimeter method (Method 76-20) and 
tota l sugars by Method 80-60. Color characteristics of the dried 
products were evaluated with the Hunter Color Difference Meter. 

Functional property tests were conducted in duplicate. AACC 
(21) methods were used for the determination of water hydration 
capacity (Method 88-04) and nitrogen so lubi l i ty index (NSI) (Method 
46-23). Oil absorption capacity was measured by the procedures of 
L i n et a l . (22) and oil emulsification by a modification (22) of 
the Inklaar and Fortuin (23) method. Pasting characteristics of 
12.0% (w/v, db) s lurries of the flours and processed products were 
determined on a Brabender Visco/Amylograph (Method 22-10). The 
s lurries were heated from 30 to 95°C before cooling to 50°C to 
obtain the cold paste viscosity value. Gelation experiments were 
conducted by heating 15% (w/v db) s lurries in sealed stainless steel 
containers to 90°C for 45 min in a water bath (3). 

Results and Discussion 

Composition of legume f lours . Proximate analyses of the dehulled 
flours of f i e ld pea and fababean (Table I) showed that the raw 
materials were typical of legume flours processed by previous 
investigators (3_,&_92A) but Colonna et a l . (6) and Vose et a l . (9) 
u t i l i z e d f i e ld pea samples with higher concentrations of crude 
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15. SOSULSKI AND SOSULSKI Protein, Starch, and Fiber from Grain Legumes 181 

Table I. Concentration of proximate constituents and carbohydrates 
in flours, dry and wet processed products from dehulled 

f i e l d pea and fababean, % dry basis. 

Crude Crude Crude Total 
Process and Product protein* fat fiber Ash Starch Other sugars 
Field peas: Flour 22.2 1.3 1.3 2.8 55.0 17.4 7.0 
Dry-Protein fraction 52.7 2.9 2.9 5.7 8.3 27.5 12.7 
Starch fraction 6.4 O.6 O.5 1.3 83.2 8.0 3.5 

Wet-Proteinate 87.7 3.0 O.2 5.8 0 3.3 -Refined starch O.4 O.1 O.8 O.2 94.0 4.5 -
Refined fiber O.8 1.2 47.3** 1.7 0 49.0 -

Fababean: Flour 33.5 1.0 1.1 3.2 51.3 9.9 4.8 
Dry-Protein fraction 72.5 2.6 2.0 5.7 8.6 8.6 7.1 
Starch fraction 9.9 O.5 O.6 1.6 77.3 10.1 4.2 

Wet-Proteinate 94.1 1.9 O.1 3.1 0 O.9 -
Refined starch O.5 O.1 O.6 O.2 94.1 4.5 -Refined fiber O.7 1.2 36.9** 2.2 0 59.0 -

* Ν χ 6.25. 
**Insoluble dietary fiber. 

protein. In the present study, the concentrations of crude protein 
and starch of 22.2% and 55.0%, resp., in f i e l d pea contrasted with 
the 33.5% crude protein and 51.3% starch in fababean. The concentra
tions of crude fat, crude fiber and ash totalled only about 5%e of 
the legume flours. Th "other" component was calculated by d i f f e r 
ence and, since the flours differed widely in this value, analyses 
for total sugars were done. The 7.0% and 4.8% of total sugars in the 
two flours represented 40-50% of the unknown component. The remain
der would be phytate C5), oligosaccharides (4) and components of 
dietary fiber lost during the crude fiber analysis (18). 

Moisture in the original f i e l d pea and fababean seeds obtained 
from storage varied from 11.2% to 12.7%. During pin milling, mois
ture losses were quite high, about one-third of the seed moisture, 
and a i r classification reduced the value further to about 6.0% in 
both the protein and starch fractions. During storage the refined 
starches equilibrated to about 11.8% moisture whereas the freeze-
dried proteinate and fiber were at 6.7% and 4.4% moisture, resp. To 
compare the yields and compositions on an equal basis, the results 
are reported on a dry weight basis. 

Dry and Wet Process Efficiencies. The yields of products obtained by 
the two processes are reported in grams per kilogram of raw material 
(Table II) and as percentages of the original flour weights (Figure 
3). The compositions of the protein, starch and fiber components are 
given in Table I and the distribution of protein and starch among the 
fractions are given in Figure 3. 

The cut point of 15 microns on the Alpine a i r c l a s s i f i e r gave an 
fine:coarse s p l i t of 31.8:61.7 for f i e l d pea but the yield of protein 
fraction was much higher at 37.0% for fababean (Table II). Based on 
the protein contents of the fine fractions (Table I), the recoveries 
of protein in the fine fraction were 75.5% for f i e l d pea and 80.0% 
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15. SOSULSKI AND SOSULSKI Protein, Starch, and Fiber from Grain Legumes 183 

Protein Starch Proteinate Refined Refined Whey and 
Fraction Fraction Starch Fiber washes 

, . • 1 
Dry Process Wet Process 

Figure 3. Yields of products from dry and wet processing of 
f i e ld pea and fababean flours and their protein and starch 
concentrations in percent. 
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184 PLANT PROTEINS 

for fababean (Table II). Residual starch in the protein fractions 
was only 8.3 to 8.6%, so that recoveries of starch in the coarse 
fractions averaged 90% in the two legumes. Figure 3 illustrates 
that both high starch ( f i e l d pea) and high protein (fababean) 
legumes can be ef f i c i e n t l y fractionated by the air classification 
technique. However the f i e l d pea protein fraction had a much lower 
protein concentration than fababean. and the level of non-starchy 
carbohydrates was particularly high (Table I ) . 

The dry process technique used in the present study involved 
passing the legume flours twice through the pin mill before the 
double pass through the air c l a s s i f i e r . The efficiencies of protein 
and starch separation into the fine and coarse fractions (Table II) 
were greater than was obtained by Sosulski and Youngs (3) when 
single passes through the pin mi l l and air c l a s s i f i e r were employed. 
Tyler et a l . (8,20) reported higher protein and starch separation 
efficiencies by the double milling and classification procedure. 

On the basis of proteinate yields (Table II) and their protein 
contents (Table I), the recoveries of protein during wet processing 
were about 73% for both legumes, which was only slightly below the 
efficiency of the dry process. However, the losses of starch in the 
whey and wash solids were substantial, and starch recoveries aver
aged 77.5%. The yields of refined fiber were about 8% of the raw 
materials. Almost 30% of the dry matter from wet processing would 
have to be recovered from whey and wash extracts to make the process 
economical. 

The protein concentration in the f i e l d pea proteinate was only 
87.7% due to the presence of significant quantities of ash, l i p i d 
and carbohydrate (Table I ) . Both refined starches were relatively 
pure, the protein levels being only O.5%. The merits of producing 
protein and starch isolates as opposed to concentrates by the dry 
process would depend on their relative functional properties and the 
requirements of the end-user. 

The refined fiber obtained during wet processing differed from 
the hull material in being white in appearance, arising primarily 
from c e l l wall material in the cotyledons ( 1 8 ) . The yield of 
refined fiber and i t s concentration of insoluble dietary fiber from 
f i e l d peas greatlv exceed that of fababean (Table I ) . It appeared 
this component, along with total reducing and non-reducing sugars, 
oligosaccharides and phytin, accounted for the high proportion of 
"other carbohydrates" in the protein fraction from f i e l d pea. 

Functional Properties. The pH's of the flours and products obtained 
by air classification varied between 6.5-6.7 (Table III), which was 
typical of legume flours ( 1 . 3 ) . The proteinates were near PH 7 be
cause of the neutralization Drocedure after isoelectric Orecinita-
tion while the refined starch and fiber were s t i l l alkaline in pH 
despite several washings with d i s t i l l e d water. In a previous study, 
adjustment of the pH of lupine flour was shown to have a significant 
influence on functional properties ( 1 ) but pH was not adjusted in 
the present investigation. 

The f i e l d pea and fababean flours, which were ground to 
60-mesh. showed high nitrogen solubility (Table III). However, the 
orocess of nin millinc reduced the NSI values to approximately 
one-half that of the original flours. The air classified protein 
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186 PLANT PROTEINS 

fractions exhibited similar low NSI values. Exit temperatures of 
55-60°C were recorded in the product after pin mil l ing and excess
ive heating during grinding was l ike ly the main factor responsible 
for the low NSI's. The proteinate of fababean was completely solu
ble under the conditions of the NSI test. The somewhat lower NSI 
value for f i e ld pea proteinate, 83.6%, indicated that phytin was 
present and bound to the protein (5), resulting in a high ash value 
for the product as well (Table I ) . 

The water hydration capacities of O.6-O.9 g water/g of legume 
flour were improved to 1.0-1.2 g/g in the protein and starch frac
tions (Table I II ) . However, the proteinates of f i e ld pea and faba
bean were markedly higher in water hydration capacity, being more 
than two times greater than was shown by the corresponding dry-
processed protein fraction. The starch fractions and refined 
starches had similar water hydration capacities of 1.0 g/g product. 
Reichert (18) reported that c e l l wall material from f i e ld pea coty
ledons absorbed approximately 18 times i t s weight of water. In the 
present study f i e ld pea and fababean fiber absorbed about 20 and 22 
times, resp. , of their weight of water. These high values were 
attributed to the high proportion of pectic substances in the c e l l 
wall material (18). 

Like NSI, the oil absorption capacities of the legume flours 
were decreased by pin mi l l ing , and the protein fractions were more 
functional in this parameter than were the starch fractions 

Table IV. Visco/Amylograph and gelation properties of 
f lours, dry and wet processed products from dehulled 
f i e ld pea and fababean. 

Process and product Peak Cold paste Degree of Gel 
viscosity viscosity gelation colour 

B .U .* B.U. % 
Fie ld pea:Flour 400 840 60 cream 

Dry-Pin-milled flour 400 785 81 cream 
Protein fraction 65 110 100 yellow 
Starch fraction 260 600 96 cream 

Wet-Proteinate _** - 100 brown 
Refined starch 610 1250 100 white 

Fababean:Flour 340 720 62 cream 
Dry-Pin-milled flour 315 715 80 cream 

Protein fraction 60 90 94 yellow 
Starch fraction 150 500 88 cream 

Wet-Proteinate - - 100 green 
Refined starch 480 1480 100 white 

*Brabender units . 
**Values less than 15 BU. 

(Table I I I ) . Again, the proteinates absorbed 2-2.5 times more oil 
than the corresponding protein fraction, while the wet- and dry-
processed starch were similar in their low absorption capacity. 
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15. SOSULSKl AND SOSULSKI Protein, Starch, and Fiber from Grain Legumes 187 

P i n m i l l i n g alo . ie improved one functional property, oil emulsi-
f ication (Table III) . The pin-milled f lours, protein fractions and 
proteinates gave oil emulslfication values of 70.0-79.0% compared 
to values of less than 18.0% for starch products. 

Viscosity and Gelation Characterist ics . The f i e ld pea and fababean 
flours gave typical legume amylograms (1) with intermediate peak v i 
scosities and positive setback or cold viscosity values (Table IV). 
The protein fractions gave low viscosit ies during the heating and 
cooling cycle and proteinates showed almost no change in viscosity . 
Although the viscosity properties appeared to be due almost ent ire
ly to the presence of starch, the starch fractions fai led to devel
op viscosit ies comparable to the f lours. The refined starches gave 
the highest peak and cold paste viscosit ies but the differences 
between f ie ld pea and fababean were not consistent. 

The proportion of the legume flours which gelled when heated 
in a closed container Increased from about 60 to 80% as a result of 
pin mi l l ing (Table IV). Also, most of the protein and starch 
fractions from f i e ld pea gelled under these conditions but a por
tion of fababean fractions remained as a pourable s lurry . The 
proteinate and refined starch gave very firm gels. 

Under these conditions of heating the aqueous s lurr ies , the 
flours and starch fractions generally developed creamy colours 
(Table IV). However the protein fractions were d is t inct ly yellow 
after heating and the proteinates became l ight brown, or green in 
the case of fababean. The refined starches showed only a white 
colour during the heating cycles employed in these tests. 

Product Colours. Both legume flours showed creamy-yellow colours 
under the Hunter Color Difference Meter but fababean flour was also 
s l ight ly greenish (Table V ) . Pin mil l ing improved the lightness of 
the flour and this colour was retained by the protein and starch 
fractions at the expense of the yellow values. The proteinates 
were l ight brown in appearance whereas the refined starches were 
essentially white. The refined fiber retained only a l ight shade 
of yellow as compared to the other products. 

Conclusions 

The wet processing procedures provided protein, starch and fiber is
olates which exhibited strong functional properties. However, pro
cessing costs would be high due to extensive losses of solids in 
the whey and wash waters, and the need to dry the products as well 
as recycle the effluents. The pin mi l l ing and a i r c lass i f icat ion 
system provided lees refined products of intermediate protein or 
starch composition but losses were negligible and there was no need 
for addition or removal of water in the process. Functionally, the 
protein fraction showed low NSI values and only marginal improve
ment in water hydration or oil absorption capacity. Oil 
emulsification and gelation values were comparable to those of the 
protein isolate . The starch fraction was comparable to refined 
starch in most function properties except for amylograph 
v iscos i t ies . 
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188 PLANT PROTEINS 

Table V. Hunterlab colour values (L=lightness; a= +red, -green; 
b= +yellow, -blue) of flours, dry and wet processed 
products from dehulled f i e l d pea and fababean. 

Process and 
product L 

Field pea 
a b L 

Fababean 
a b 

Legume flour 87.9 -O.3 19.1 88.3 -1.6 18 .3 
Dry process 
Pin-milled flour 92.8 -1.1 13.2 93.4 -1.9 11 .5 
Protein fraction 92.7 -1.0 13.3 94.3 -1.7 10 .4 
Starch fraction 93.8 -1.2 11.6 93.5 -2.0 11 .0 

Wet process 
Proteinate 81.3 O.3 24.2 79.1 -O.9 17 .5 
Refined starch 96.8 -O.7 2.4 95.9 -O.6 3 .2 
Refined fiber 91.4 -1.1 8.4 88.2 -O.6 7 .9 
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16 
Processing and Use of Dry, Edible, Bean Flours 
in Foods 

Mark A. Uebersax and Mary E. Zabik 

Department of Food Science and Human Nutrition, Michigan State University, East 
Lansing, MI 48824 

Navy, pinto and black beans (Phaseolus vulgaris) were 
dry roasted in a solid-to-solid heat exchanger, 
dehulled by air aspiration, pin-milled and air
-classified to yield whole, hulls, high protein, and 
high starch flour fractions. Proximate analyses, 
color, enzyme neutral detergent fiber (ENDF), nitrogen 
solubility index, oligosaccharide content, SDS-PAGE, 
and in-vitro digestibility were determined and 
resulted in differences due to bean types, mill 
fractions, and processing variables. Samples of all 
fractions were analyzed by emission spectroscopy (ICP) 
for minerals. Phytate phosphorus was present in the 
greatest quantity in the protein fraction (0.86-
1.06%). Protein digestibility of the cotyledonary 
fractions, high protein and high starch, was similar 
for both bean types. However, digestibility of the 
hull fraction was greater for navy bean than that 
obtained from pinto bean. All flour fractions 
retained stability during conventional storage 
protocols. Quality attributes of foods incorporating 
fractions were objectively and subjectively 
evaluated. Acceptable cookies, donuts, quick breads 
and leavened doughs were produced using high fiber or 
high protein fractions at moderate levels of 
substitution (20%) for wheat flour. 

Dry beans have been t r a d i t i o n a l l y prepared by soaking and cooking i n 
the home or consumed as commerc ia l ly processed canned beans. Whole 
beans r equ i r e soaking and cooking to ensure uniform expansion of the 
seed coat and hydra t ion of the coty ledon m a t r i x . Long cooking t imes 
requ i red to ach ieve s a t i s f a c t o r y p a l a t a b i l i t y have impeded f u r t h e r 
u t i l i z a t i o n of dry beans. The use of dry e d i b l e beans cou ld be 
r e a d i l y expanded i f they were a v a i l a b l e i n the form of a s h e l f -
s t ab l e f l o u r . 

Bean f l o u r s have been prepared by soaking and cooking beans i n 

0097-6156/86/0312-0190$06.00/0 
© 1986 American Chemical Society 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 191 

water and steam fo l lowed by temperature dehydrat ion over drum d r i e r s 
( J j . Due to the high carbohydrate and high p r o t e i n contents o f 
legume seeds, research has been o r i en ted to the p roduct ion of high 
s t a r ch and high p ro te i n concen t r a te s , using so lvent e x t r a c t i o n 
techniques e i t h e r in p i l o t or commercial s c a l e . The p rope r t i e s and 
f u n c t i o n a l i t y of these concentrates have been evaluated ( 2 - 5 ) . 
Although t h i s wet process ing method r e s u l t s in high y i e l d s and high 
percentage va lues of p r o te i n and s t a r ch in the concen t ra te s , i t is 
energy i n t e n s i v e , generates l a r ge q u a n t i t i e s of waste e f f l u e n t , and 
r e s u l t s in a d e c l i n e in n u t r i t i v e va lue due to l e a c h i n g . 

M i l l i n g and f r a c t i o n a t i o n of legumes to produce f l o u r products 
have rece ived inc reased i n t e r e s t in recent y e a r s . M i l l e d products 
such as whole f l o u r and a i r - c l a s s i f i e d h igh p r o t e i n and high s t a r ch 
f r a c t i o n s from beans have demonstrated high n u t r i e n t r e t e n t i o n and 
have provided increased v e r s a t i l i t y and improved u t i l i z a t i o n of 
beans. A number of s tud ie s on m i l l i n g of legume f l o u r s and 
i n c o r p o r a t i o n of f l o u r i n t o food products have been reported (6 -
9 ) . F i e l d peas have been s u c c e s s f u l l y m i l l e d i n t o whole f l o u r and 
a i r - c l a s s i f i e d i n t o high p r o t e i n and high s ta rch concentrates (6). 
Y i e l d and compos i t ional data of high p ro te i n and high s t a r ch 
concentrates of var ious legume seeds obtained through a i r -
c l a s s i f i c a t i o n have been reported ( 7 - 9 ) . 

I t was noted, however, t ha t legume seeds con ta in a n t i n u t r i t i o n a l 
f a c t o r s such as t r y p s i n i n h i b i t o r s and l e c t i n s which exe r t 
undes i rab le e f f e c t s on n u t r i t i v e va lue i f they are not i n a c t i v a t e d 
(10 -11 ) . In a recent study (12) navy beans were dry roasted in a 
p a r t i c l e - t o - p a r t i c l e heat exchanger p r i o r to m i l l i n g and a i r -
c l a s s i f i c a t i o n to maximize the n u t r i t i v e p o t e n t i a l of the whole, 
h u l l s , high p r o t e i n , and high s t a r ch f r a c t i o n s . 

The present research was conducted to eva luate s e l e c t ed 
phys icochemical p r ope r t i e s of the dry roasted and a i r - c l a s s i f i e d 
navy, p i n t o , and b lack bean f l o u r f r a c t i o n s . S tud ies were conducted 
to determine the chemical compos it ion and to c h a r a c t e r i z e the 
f u n c t i o n a l p r ope r t i e s of d ry - roa s ted bean f l o u r f r a c t i o n s and to 
eva luate the s u i t a b i l i t y of the f l o u r s f o r use in foods systems. 

Pry Bean Processing 
Dry beans (Phaseolus v u l g a r i s ) , represented by the commercial 
c l a s s e s of navy, p i n to and b lack were used to produce f l o u r 
f r a c t i o n s at the Food P r o t e i n Research and Development Center , Texas 
A & M U n i v e r s i t y . Beans were d ry - roa s ted under se l ec ted process 
c o n d i t i o n s in a gas f i r e d s o l i d - t o - s o l i d heat exchanger, dehu l led by 
a i r a s p i r a t i o n , p i n - m i l l e d and a i r - c l a s s i f i e d to ob ta in four f l o u r 
f r a c t i o n s . These f r a c t i o n s i nc luded whole, h u l l s , high p r o t e i n , and 
high s t a r ch f l o u r s . 
Roasting and Dehulling 
The heat t r a n s f e r medium of the exchanger con s i s t ed of 1.6 mm 
(1/16") d iameter , type A, 90% aluminum oxide ceramic beads (Coors 
Ceramic Co., Golden C i t y , CO) w i th a s p e c i f i c g r a v i t y of 3.6 
g/crrr. Se lec ted r oa s t i n g c ond i t i o n s were mainta ined by c on t r o l of 
bead temperature and re s ident t i m e . The beads were heated to 240°C 
and were mainta ined in the chamber w i th the raw beans f o r 100 
seconds in a 1:5 r a t i o of beans to beads. These process ing 
c o n d i t i o n s r e s u l t ed in an e x i t temperature of the beans of 113°C. 
Roasted beans were cracked through a corrugated r o l l e r m i l l ( F e r r e l l 
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192 PLANT PROTEINS 

Ross; Oklahoma C i t y , OK) i n t o 6 to 8 p i e c e s . The h u l l s , or seed 
c o a t s , were removed us ing a z i g - z a g a s p i r a t o r (K ice Metal P roducts ; 
W i c h i t a , KS) . A hu l l f l o u r f r a c t i o n was produced by g r i nd ing the 
h u l l p ieces through a swinging blade Model D6 F i t z m i l l (W.J. 
F i t z p a t r i c k Co. , Chicago, IL) us ing the impact sur faces f o r 
p u l v e r i z a t i o n through a O.69 mm (1/37") round hole s c reen . 
Grinding and Air Class i f icat ion 
A f t e r h u l l removal, the cracked coty ledons were m i l l e d and a i r -
c l a s s i f i e d at A lp i ne American Corporat ion p i l o t f a c i l i t i e s ; N a t i c k , 
MA. The cracked coty ledons were f i n e l y ground in a Model 250 CW 
Stud Impact M i l l at a speed of 11,789 rpm and a door speed of 5,647 
rpm. The r e s u l t i n g f l o u r s were a i r - c l a s s i f i e d in a Model 410 MPVI 
A i r C l a s s i f i e r at a r o to r speed of 2,200 rpm and a brake r i n g 
s e t t i n g of 3, us ing a 7.62 cm (3 inch) screw feeder operat ing at 25 
rpm. I n i t i a l l y , two f l o u r f r a c t i o n s were obta ined: an i n te rmed ia te 
s ta rch f r a c t i o n (coarse I) and an i n te rmed ia te p r o t e i n f r a c t i o n 
( f i n e s I ) . The i n te rmed ia te p r o t e i n f r a c t i o n was r e c l a s s i f i e d under 
the f o l l o w i n g c o n d i t i o n s : r o t o r speed of 2,200 rpm; brake r i n g 
s e t t i n g of 0; 7.62 (3 inch) screw feeder opera t ing at 25 rpm. As a 
r e s u l t of t h i s second a i r c l a s s i f i c a t i o n s t e p , a high s ta rch 
f r a c t i o n (coarse I I ) and a high p r o t e i n f r a c t i o n ( f i n e s I I ) were 
o b t a i n e d . The f i n a l m a t e r i a l s produced as a r e s u l t of the processes 
desc r ibed i nc l uded the h u l l f l o u r f r a c t i o n and th ree a i r - c l a s s i f i e d 
f r a c t i o n s : i n te rmed ia te s ta rch ( s t a r ch I ) , high s t a r ch ( s t a r ch I I ) , 
and high p r o te i n ( p r o t e i n I I ) . A f low diagram showing the f l o u r 
process ing scheme and the f r a c t i o n s produced appears in F igure 1. 
The percentage y i e l d of each f r a c t i o n of each bean type is shown in 
f i g u r e 2 . 

Physico-Chemical Characteristics 
Composition 
Chemical analyses of mo i s tu re , f a t , d i e t a r y f i b e r , ash and p r o t e i n 
were conducted on a l l f l o u r f r a c t i o n s . Chemical measurements are 
important to c h a r a c t e r i z e the s p e c i f i c n u t r i t i o n a l p r ope r t i e s of 
each f r a c t i o n and to a id in determin ing each f r a c t i o n ' s s u i t a b i l i t y 
f o r use in s e l ec ted p roduct s . F igure 3 show the data from the 
average of e i gh t t reatments on chemical compos i t ion of roasted navy 
bean f l o u r f r a c t i o n s . Mo i s ture contents of these f r a c t i o n s ranged 
from 6.0 to 8.9%. L im i ted f a t content was found in a l l f r t i o n s w i th 
the high p r o t e i n f r a c t i o n con ta i n i ng the g rea te s t f a t l e v e l 
( 2 .3%) . Highest ash content was found in hu l l f l o u r w i th s l i g h t l y 
lower ash values in the remaining th ree f l o u r s . As expected, f i b e r 
content of h u l l f l o u r was very high (40.5%) as was p r o t e i n content 
(42.5%) of h igh p r o t e i n f r a c t i o n . 

A Hunter Co lo r and Co lo r D i f f e r e n c e Meter was used to eva luate 
f l o u r c o l o r . The e f f e c t of r o a s t i n g c o n d i t i o n on Hunter L va lues of 
f l o u r s i n d i c a t e d t ha t l i g h t n e s s values (L) decreased w i th increased 
r oa s t i n g temperature and t ime wi th a l l navy bean coty ledonary 
f r a c t i o n s possess ing a c l e a r l i g h t appearance. 

I d e n t i f i c a t i o n and q u a n t i t a t i v e ana l y s i s of o l i g o s a ccha r i de s by 
high performance l i q u i d chromatography (HPLC) was done to determine 
p o t e n t i a l problems w i th f l a t u l e n c e . Stachyose, which was h ighest in 
high p ro te i n f l o u r , was the major o l i g o s a c c h a r i d e , fo l lowed by 
sucrose and g lucose , w i th a t r a c e amount of r a f f i n o s e . Hu l l f l o u r 
had the lowest t o t a l sugar l e v e l among f r a c t i o n s . 
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W H O L E B E A N S 

I R O A S T I N G I 

I D E H U L L I N G I 
• r f A S P I R A T I O N ! • 

H U L L S 

G R I N D I N G 

H U L L F L O U R 

COTYLEDONS 

IPIN MILLING I 

IAIR CLASSIFICATION! 

STARCH I 

STARCH II 

High Starch Flour 

PROTEIN I 

. I . 
jAIR CLASSIFICATION 

ΤΓ 1 

PROTEIN II 

High Protein Flour Figure 1. Flow diagram of f l o u r processing scheme. (Reproduced 
with permission from reference 33.) 

NAVY PINTO BLACK 

S-1 S-2 S-1 

H - HULL S-1- STARCH I S-2 - STARCH II Ρ - PROTEIN 

Figure 2. Percentage y i e l d of f l o u r f r a c t i o n s obtained from 
navy, p i n t o , and black beans. (Reproduced with permission from 
reference 33.) 
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194 PLANT PROTEINS 

WHOLE NAVY BEAN FLOUR 

" MOISTUR 

FRESH BASIS — D R Y WEIGHT B A S I S — * 

FAT DIETARY ASH PROTEIN 
FIBER 

NAVY BEAN HULL FLOUR 

40 -
38 -
16 f 
14 -

, 12 -ο 
10 -

8 -

6 -

4 -

2 -

FAT DIETARY ASM PROTEIN 
FIBER 

MOISTURE 

FRESH BASIS — D R Y WEIGHT BASIS —* 

NAVY BEAN STARCH FRACTION NAVY BEAN HIGH PROTEIN 
FRACTION 

MOISTURE FAT DIETARY ASM PROTEIN MOISTURE FAT DIETARY ASM PROTEIN 
FIBER FIBER 

FRESH BASIS — D R Y WEIGHT B A S I S — FRESH BASIS -—DRY WEIGHT BASIS—-

F igure 3. Proximate compos it ion of dry r oa s ted , a i r - c l a s s i f e d 
navy bean f l o u r f r a c t i o n s . 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 195 

Nitrogen S o l u b i l i t y Index (NSI) analyses were conducted on navy 
bean a i r - c l a s s i f i e d p ro te i n f r a c t i o n s t o assess the i n f l u e n c e of 
process ing parameters on p r o t e i n f u n c t i o n a l i t y . N i t rogen S o l u b i l i t y 
Index Method 46-23 (_13) was mod i f i ed by p l a c i n g a 400 mL beaker 
con ta i n i ng the w a t e r - f l o u r mixture on a mechanical s t i r r e r and 
s t i r r i n g at 120 rpm f o r 120 min at 30°C. N i t rogen s o l u b i l i t y 
i n d i c e s of p r o t e i n f l o u r s are shown in F igure 4. Resu l t s i n d i c a t e d 
t ha t inc reases in roa s t i ng temperature and time s i g n i f i c a n t l y 
reduced the NSI v a l ue s . 
Dough M i x i n g C h a r a c t e r i s t i c s 
Three bean f l o u r f r a c t i o n s were s u b s t i t u t e d f o r 10% bread f l o u r t o 
study Theological p r ope r t i e s of the dough and the r e s u l t s are 
presented in Table 1. Farinograms showed changes in a r r i v a l t ime 
and a s l i g h t but con s i s t en t decrease in peak time f o r a l l 
f r a c t i o n s . Water absorpt ion and dough s t a b i l i t y were g r e a t l y 
a f f e c t e d . S u b s t i t u t i n g 10% bean h u l l f l o u r had the greates t e f f e c t 
in i n c r ea s i n g water a b s o r p t i o n . The 60.8% water absorpt ion value 
f o r wheat f l o u r standard increased to 74.4% wh i le the mix ing 
s t a b i l i t y changed from 6.0 min to 2.3 m in . Whole bean f l o u r had the 
l e a s t e f f e c t w i th a water absorpt ion of 61.3% and a dough s t a b i l i t y 
of 3.5 min . The e f f e c t of s u b s t i t u t i n g the high p r o t e i n f r a c t i o n 
was s l i g h t l y l e s s det r imenta l than t ha t which occurred wi th navy 
bean h u l l s . The increase in water absorpt ion and reduct i on in dough 
s t a b i l i t y due to the s u b s t i t u t i o n of bean f l o u r g ene r a l l y agreed 
wi th data reported by D 'Appolonia (14) and Sathe et a l . ( 15 ) . 
P h y t i c A c i d and M i n e r a l C o n t e n t 
Analyses were performed to determine the quan t i t y and p a r t i t i o n i n g 
pa t te rn of e i gh t minera l s and phy t i c a c i d among f i v e f l o u r f r a c t i o n s 
der i ved from navy, p i n t o , and b lack beans. A f t e r ob ta i n i ng data on 
minera l c on ten t , phy t i c a c i d con ten t , and proximate composit ion of 
each f l o u r f r a c t i o n of the th ree bean t y p e s , the study a l s o 
attempted to c o r r e l a t e the i n d i v i d u a l m i c r ocon s t i t uen t s w i th 
mac rocons t i t uen t s . An i n d u c t i v e l y coupled plasma emiss ion 
spectrometer was employed to measure the Zn, Fe , Ca, Cu, Na, K, Mg, 
and Ρ content of each sample. The e x t r a c t i o n and p r e c i p i t a t i o n o f 
phy t i c a c i d was accomplished accord ing to the method of Wheeler and 
Fe r r e l ( 16 ) . Makower's (17) method was then used t o convert f e r r i c 
phytate to f e r r i c hydrox ide. The A0AC (18) method f o r measuring 
f e r r i c i r o n using o r tho -phenanthro l i ne was f o l l o w e d . Phytate 
phosphorus content was c a l c u l a t e d from i r o n concent ra t i on by 
assuming a 4:6 atomic r a t i o of i r o n to phosphorus ( 16 ) . Phy t i c a c i d 
content was est imated on the bas i s t ha t 28.20% of the weight of 
phy t i c a c i d is con t r i bu ted by. 

O v e r a l l , the l a r ge number of s i g n i f i c a n t d i f f e r e n c e s among the 
f r a c t i o n s of a l l th ree bean t ype s , revea l s t ha t the var ious m inera l s 
s tud ied were not equa l l y d i s t r i b u t e d among the f r a c t i o n s , except f o r 
sodium, but ra the r tha t p a r t i t i o n i n g o c cu r r ed . Cons i s tent w i th the 
ash va lues ob ta i ned , the p r o t e i n f l o u r f r a c t i o n s of the th ree bean 
types conta ined l a r g e r amounts o f Fe , Mg, Ρ, Z, and Κ whereas the 
s ta rch II f r a c t i o n s conta ined sma l le r amounts of these minera l s and 
Ca and Cu than the other f l o u r f r a c t i o n s . Phy t i c a c i d content 
ranged from 8.7-30.2 mg/g f o r navy f l o u r s , from 4.3-23.7 mg/g f o r 
p i n to f l o u r s . Tota l phosphorus content c o r r e l a t e d we l l w i th both 
phy t i c a c i d content and p r o t e i n con ten t . Phy t i c a c i d content was 
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196 PLANT PROTEINS 

F igure 4 . Mean n i t rogen s o l u b i l i t y index (%) f o r p r o t e i n f l o u r 
dry roasted under var ious process ing c o n d i t i o n s : bean/bean 
r a t i o n (1/10, 1/15); res idence t ime ( 1 , 2 min ) ; and bead 
temperature (240, 270 C) . Means w i th s i m i l a r l e t t e r s are not 
s i g n i c a n t l y d i f f e r e n t , P<O.05). (Reproduced w i th permiss ion from 
re fe rence 34.) 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 197 

a l so h i g h l y p o s t i v i t e l y c o r r e l a t e d to the p r o t e i n c on ten t . The i r o n , 
Zn, Ρ and Mg contents of the navy, p i n t o , and b lack bean f l o u r s 
showed p o s i t i v e c o r r e l a t i o n s w i th both p r o t e i n content and and 
p h y t i c a c i d c on ten t , which suggest tha t these minera l s may become 
bound by phy t i c a c i d as p o s s i b l y by the p r o t e i n . Calc ium d i d not 
c o r r e l a t e w i th p ro te i n con ten t , phy t i c ac i d con ten t , or s t a r ch 
con ten t . The h u l l f l o u r f r a c t i o n s of navy and b lack beans had both 
the h ighest d i e t a r y f i b e r contents and the h ighest ca lc ium contents 
of a l l f r a c t i o n s s t u d i e d . Th i s suggests t ha t ca l c i um may be bound 
by f i b e r . As such, any process ing techniques implemented to i s o l a t e 
p r o t e i n may a l so serve to i nc rease the concent ra t i on of phy t i c 
a c i d . In a d d i t i o n , the high degree of c o r r e l a t i o n achieved between 
p r o t e i n content and the contents of Zn, Fe , K, and Mg, and between 
phy t i c a c i d content and these m inera l s suggests tha t these elements 
are present as m e t a l l i c phy t a te s . 
In Vitro Protein Digest ib i l i ty 
The in v i t r o d i g e s t i b i l i t y of the a i r c l a s s i f i e d f r a c t i o n s of navy 
and p i n t o beans was assessed by measuring the extent t o which the pH 
of the p r o t e i n suspension dropped when t r e a t ed wi th a mult i-enzyme 
system which i nc luded t r y p s i n , chymotryps in, and pept idase as 
desc r ibed by Hsu et_ al_. (19) and mod i f ied by S a t t e r l e e et_ aj_. (20) 
to i n c l u d e a f ou r t h enzyme, the protease of Streptomyces g r i s e u s . 
Values were c a l c u l a t e d f o r Phaseolus v u l g a r i s accord ing to Wolzak et 
a l . ( 21 ) . Re su l t s are presented in f i g u r e 5. Roast ing increased 
p r o t e i n d i g e s t i b i l i t y f o r each bean type and f o r a l l f l o u r 
f r a c t i o n s . P r o t e i n d i g e s t i b i l i t y of high s t a r ch and high p r o t e i n 
f r a c t i o n s was not s i g n i f i c a n t l y d i f f e r e n t f o r e i t h e r bean t y p e . 
Hu l l f r a c t i o n s possessed l e s s p r o te i n d i g e s t i b i l i t y than d i d 
coty ledon f r a c t i o n s . Raw p in to h u l l p r o t e i n was l e s s d i g e s t i b l e 
than navy h u l l p r o t e i n . However, heat ing r e su l t ed in improvement to 
y i e l d n o n - s i g n i f i c a n t d i f f e r e n c e s between navy and p i n to h u l l s . The 
SDS-PAGE method of Weber and Osborne (22) was fo l l owed to study the 
d i s t r i b u t i o n of bean p ro te i n s among the d i f f e r e n t a i r c l a s s i f i e d 
f r a c t i o n s . SDS-PAGE demonstrated r o a s t i n g r e s u l t e d in a s h i f t to 
broader and h igher molecu lar weight bands w i th g l o b u l i n s e x h i b i t i n g 
g rea te r heat s t a b i l i t y than a lbumins. 

Storage Stabi l i ty 
Equilibrium Moisture Content (EMC) 
The e f f e c t of r oa s t i n g c ond i t i on s on the EMC of the a i r - c l a s s i f i e d 
navy bean f l o u r f r a c t i o n s in va r ious water a c t i v i t y l e v e l s was 
determined at room temperature. F igure 6 i l l u s t r a t e s the water 
a so rp t i on isotherms of bean f l o u r ( F i g . 6 ) f r a c t i o n s f o r d i f f e r e n t 
r oa s t i n g t reatments at va r ious a w l e v e l s a f t e r e i gh t weeks of 
s t o r age . Roast ing treatment d i d not a f f e c t the EMC of the f l o u r s to 
a s i g n i f i c a n t extent f o r the two lowest a w l e v e l s (O.48 and O.53); 
however, EMC of whole f l o u r s decreased w i tn inc reased r oa s t i n g t ime 
and temperature and the e f f e c t of t ime/temperature treatment was 
shown to be s i g n i f i c a n t w i th inc reased a w , e s p e c i a l l y w i th the a w ' s 
beyond O.8. 

A s i m i l a r r oa s t i ng e f f e c t was shown f o r the water adsorpt ion 
isotherms of h u l l f l o u r s except t ha t the most severe r o a s t i n g d i d 
not a f f e c t the EMC as d r a m a t i c a l l y as i t d i d whole f l o u r s f o r the 
h ighest a w . The water a so rp t i on isotherms of high p r o t e i n f l o u r s 
i n d i c a t e tha t roa s t i ng d i d not a f f e c t EMC of these f l o u r s 
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198 PLANT PROTEINS 

Table 1. Far inograph values of d ry - roa s ted navy bean f l o u r 
f r a c t i o n s 1 > . 

Flour Fractions 
Parameter 

Whole 
Flour 

Hull 
Flour 

High Protein 
Flour 

Wheat 
Flour 

Standard 

Curve Type H H 
Water /«,ν 
Absorption 61.3±O.5 a 74.4*O.1° 71.1*O.1° 60.8*O.2 a 

Arrival Time (min.) 3.0*O.1a 3.5*O.0° 3.2*O.0 b 3.0*O.1 a 

Peak Time (min.) 4.3*O.1a 4.4*O.1 a 4.3*O.1a 5.0*O.1° 

Stability (min.) 3.5*O.1° 2.3*O.3 a 3.0*O.1° 6.0*O.2 d 

Mean values and standard deviations ( l i k e l e t t e r s within each row indicate no si g n i f i c a n t 
differences at Ρ < O.05 by Tukey mean separation; η = 3) 

"Bean fractions substituted 10% for wheat fl o u r 

• RAW NAVY Ι Ξ RAW PINTO 
28 ROASTED NAVY M ROASTED PINTO 

Hull Cotyledon High Protein High Starch 
Flour Flour Flour Flour 

F igure 5. In v i t r o p r o te i n d i g e s t i b i l i t y (%) f o r f r a c t i o n s of 
raw and roasted navy and p in to beans. 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 199 

F igure 6. Water adsorpt ion isotherms by d ry - roas ted navy bean 
f l o u r f r a c t i o n s at room temperature (20°C) . 
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200 PLANT PROTEINS 

s i g n i f i c a n t l y f o r the lowest a w l e v e l (O.48) and s i m i l a r i sotherms 
were obta ined f o r f l o u r s from r oa s t i n g treatments o f 1 min/270°C and 
2 min/240°C. In gene r a l , EMC of high p r o t e i n f l o u r s decreased 
s i g n i f i c a n t l y w i t h inc reased r oa s t i n g t ime and temperature over the 
range of a w in which f l o u r s were s t o r e d . Isotherm curves o f high 
s t a r ch f l o u r s as a f f e c t ed by roa s t i ng were s i m i l a r to those f o r 
whole f l o u r s except tha t s l i g h t l y lower EMC values were found f o r 
high s ta rch f l o u r s at h igher a w l e v e l s . Comparisons of isotherms 
from t h i s f i g u r e demonstrated t na t high p r o t e i n f l o u r s having the 
h ighest p r o t e i n content (41.3% to 47.6% db) had the highest EMC 
among a l l f r a c t i o n s , wh i le h u l l f l o u r w i th somewhat lower p r o t e i n 
content (14.1% to 18.4%) had the lowest EMC at a l l a w l e v e l s . 
G e n e r a l l y , moisture content of samples beyond 16% ab caused 
s i g n i f i c a n t increases of mold growth f o r a l l the f l o u r f r a c t i o n s . 
High p r o t e i n f l o u r had the h ighest water uptake and thus r e su l t ed in 
the most mold growth, whereas the high s t a r ch f r a c t i o n absorbed l e s s 
water and had the l e a s t mold growth. EMC of the h u l l f l o u r a f t e r 
e i gh t weeks was lower than 40% db; however, there was cons ide rab le 
mold growth on the f l o u r s u r f a c e . 
Property Changes During Storage 

Fo l l ow ing storage (3 months) the samples at a w h igher than O.75 were 
moldy and thus d i s c a r d e d . S ince the r o a s t i n g treatment of 1 min at 
240°C was demonstrated to ob ta in the h ighest EMC a f t e r s to rage , 
f l o u r s from t h i s t reatment were s e l e c ted f o r c o l o r , NSI, and sugar 
a n a l y s i s . Hunter L values remained unchanged w i th increased a w f o r 
a l l f l o u r f r a c t i o n s ; however, a^ and b L va lues of these f r a c t i o n s 
increased wi th increased a w i n d i c a t i n g t ha t f l o u r s became more red 
and more y e l l o w toward high a w l e v e l s . Labuza et a l . (23) s t a ted 
tha t non-enzymatic browning increased w i th increased a w reaching a 
maximum and then decreased due to the d i l u t i o n of the r e a c t a n t s . 
The f a c t t ha t d i s c o l o r a t i o n of f l o u r inc reased w i th increased a w in 
t h i s study could be due to the increased browning r eac t i on s in the 
stored samples at high a ^ l e v e l s . NSI va lues were found to decrease 
s i g n i f i c a n t l y f o r whole f l o u r s and high s t a r c h f l o u r s s to red beyond 
O.48 a w and f o r high p ro te i n f l o u r s to red beyond O.53 a w . In 
g e n e r a l , NSI values of these f r a c t i o n s decreased w i th increased 
storage a w except f o r h u l l f l o u r . NSI values of hu l l f l o u r s were 
the lowest among f r a c t i o n s and d i d not show any s i g n i f i c a n t change 
due t o increased a w l e v e l s . Sugar contents of f l o u r s were analyzed 
by HPLC and, in gene ra l , g lucose decreased s i g n i f i c a n t l y w i th 
increased a w f o r a l l f r a c t i o n s . Other sugars remained unchanged or 
decreased w i th i n c r e a s i n g a w . The reduct ion of g lucose was probably 
a t t r i b u t e d t o the inc reased non-enzymatic browning r eac t i on s which 
a l s o caused the increased d i s c o l o r a t i o n of f l o u r s at h igher a w 

l e v e l s . 
To f u r t h e r eva lua te the s t a b i l i t y of f l o u r s dur ing long term 

s to rage , f l o u r f r a c t i o n s from the optimum r o a s t i n g treatment were 
se lec ted and stored at two temperatures (20°C., 37.7°C) and th ree 
preadjusted moisture contents (6%, 9%, 12% db ) . I t was concluded 
tha t f l o u r s of a l l f r a c t i o n s s tored at l e s s than O.75 a f o r two 
months at ambient temperature r e s u l t e d in s t a b l e q u a l i t y . Long term 
storage i n d i c a t e d t ha t the f l o u r s s tored up to 24 months w i th 6% and 
9% moisture at 20°C or w i th 6% moisture at 37.7°C r e ta i ned good 
q u a l i t y . 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 201 

Bean Product Ut i l izat ion in Wheat Flour Based Foods 
The u t i l i z a t i o n of bean f l o u r of va ry ing e x t r a c t i o n s from untreated 
and d ry - roa s ted s p l i t navy beans has been i n v e s t i g a t e d f o r bread 
making ( 14 ) . Func t iona l p r ope r t i e s o f s t a r ch f l o u r prepared from 
var ious legumes were s tud ied by Schoch and Maywald (2) and N a i v i k u l 
and D 'Appolon ia ( 24 ) . Rheo log ica l p r ope r t i e s of dough and baking 
q u a l i t y of bread as a f f e c t ed by the a d d i t i o n of navy bean f l o u r and 
p r o te i n concent rate were s tud ied (15)» Cereal brans have been 
incorporated i n t o bread, cakes, and cook ies to produce baked 
products w i th high f i b e r contents (25-39)« Research conducted by 
DeFouw et a l . (29) concluded that navy bean h u l l s were an acceptab le 
source of d i e t a r y f i b e r in s p i c e - f l a v o r e d l a y e r cakes . 
Cake Donuts. The e f f e c t s of 0-30% s u b s t i t u t i o n of d r y - roa s ted a i r -
c l a s s i f i e d navy, p in to or b lack p r o t e i n f l o u r f o r wheat f l o u r on the 
phy s i ca l and sensory q u a l i t i e s of cake donuts were i n v e s t i g a t e d . In 
g e n e r a l , f a t absorpt ion decreased as the l e v e l of s u b s t i t u t i o n 
inc reased w i th the p in to bean v a r i a b l e having the lowest v a l ue s . An 
i nc rea se of navy bean and p in to p r o t e i n l e v e l s decreased donut 
height a f t e r the 10% l e v e l . The donuts w i th p in to bean p r o t e i n 
e x h i b i t e d l e s s spread than the other bean type donut v a r i a b l e s . 
Navy bean p r o t e i n produced a more tender donut than the other bean 
t y p e s . The c on t r o l donut and those w i th navy bean p r o t e i n were the 
l i g h t e s t in c o l o r , fo l l owed by p in to and b lack bean p r o t e i n donuts, 
r e s p e c t i v e l y . With an i nc rease in p r o t e i n l e v e l i n c o r p o r a t i o n over 
10%, a darker donut was produced. The navy and p i n to p r o t e i n f l o u r 
donuts were brownish, whereas the b lack p r o t e i n f l o u r produced a 
grayer donut. The sensory panel found the donuts c on t a i n i n g b lack 
bean p r o t e i n t o have poor c o l o r , but a l l o f the o ther v a r i a b l e s had 
an acceptab le c o l o r . 

Consumer panels i n d i c a t e d tha t s u b s t i t u t i o n of 13% o f the dry 
mix (20% of the f l o u r ) w i th navy or p i n to p r o t e i n was h i gh l y 
a c cep tab l e . These donuts a l so had l e s s f a t , were s o f t e r and 
e x h i b i t e d l e s s f i r m i n g a f t e r s i x days of s t o rage . 
Sugar Snap Cookies. Q u a l i t y c h a r a c t e r i s t i c s of sugar snap cook ies 
i n c o r p o r a t i n g dry bean h u l l s were eva luated in a f a c t o r i a l 
exper iment. Navy bean h u l l s were obta ined from three r oa s t i n g 
t reatments : none, moderate temperature and high temperature 
r o a s t i n g . Cookies were prepared s u b s t i t u t i n g 0, 10, 20 and 30% 
h u l l s f o r f l o u r . Cookie q u a l i t i e s s i g n i f i c a n t l y a f f e c t e d by 
s u b s t i t u t i o n l e v e l i n c l uded : su r face c h a r a c t e r i s t i c s , c o l o r , 
mo i s tu re , tenderness , and f l a v o r . Major d i f f e r e n c e s a t t r i b u t e d to 
r oa s t i n g were c o l o r , moisture and su r face c h a r a c t e r i s t i c s . F l avo r 
was not s i g n i f i c a n t l y d i f f e r e n t between cookies prepared w i th e i t h e r 
roasted or unroasted navy bean h u l l s . 
Spiced Layer Cake. I n v e s t i g a t i o n was undertaken to eva luate navy 
bean h u l l s as an a l t e r n a t i v e source of d i e t a r y f i b e r in s p i c e -
f l a v o r e d l a y e r cakes and to compare h u l l f l o u r from beans w i th no 
heat treatment to hu l l f l o u r from beans roasted f o r 2 min at 
240°C. Resu l t s of the o b j e c t i v e analyses performed on both the 
b a t t e r and the cakes i n d i c a t e d tha t the a d d i t i o n of 15% navy bean 
h u l l s r e s u l t e d in a t h i c k e r b a t t e r , due to the high water absorbancy 
of the h u l l s ; however, on ly the b a t t e r con ta i n i ng the unroasted 
h u l l s was s i g n i f i c a n t l y more v i scous than the c o n t r o l b a t t e r . Cakes 
prepared with the roasted navy bean h u l l s tended to be s l i g h t l y more 
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202 PLANT PROTEINS 

moist and tender than the c o n t r o l , but these r e s u l t s were not 
s i g n i f i c a n t . Shrinkage was g reater f o r cakes prepared w i th the 
unheated h u l l s than f o r cakes prepared w i th roasted h u l l s , 
although n e i t h e r d i f f e r e d s i g n i f i c a n t l y from the c o n t r o l . 

The a d d i t i o n of navy bean h u l l s darkened the crumb c o l o r of 
cakes . Cakes prepared wi th the unroasted h u l l s were s i g n i f i c a n t l y 
darker than e i t h e r the con t ro l or cakes made w i th roasted h u l l s ; 
cakes prepared w i th roasted h u l l s were s i g n i f i c a n t l y darker than the 
c o n t r o l . The unheated h u l l s were s l i g h t l y gray and imparted t h i s 
darkness to cakes. The roasted h u l l s were y e l l o w ; consequent ly , 
cakes prepared with them were the most y e l l o w ; however, d i f f e r e n c e s 
were not s i g n i f i c a n t . Redness of the cakes d id not d i f f e r 
s i g n i f i c a n t l y because of hu l l s u b s t i t u t i o n . 

Sensory analyses i n d i c a t e d t h a t f l a v o r and general a c c e p t a b i l i t y 
of the cakes prepared with unheated bean h u l l s were s i g n i f i c a n t l y 
l e s s d e s i r a b l e than the c o n t r o l ; however, the were s t i l l rated as 
moderately d e s i r a b l e . For a l l sensory c h a r a c t e r i s t i c s , cakes 
prepared w i th roasted h u l l s scored h igher than cakes prepared w i th 
unheated h u l l s and were c l o s e r t o values given to the con t r o l cakes . 

Both the unheated and roasted navy bean h u l l s are high in 
d i e t a r y f i b e r (43% and 40%, r e s p e c t i v e l y ) , based on ENDF 
de te rm ina t i on s . 

Few d i f f e r e n c e s were a t t r i b u t e d to r oa s t i n g of the navy bean 
h u l l s ; however, c o l o r of the h u l l s improved w i th heat t r ea tment . 
Cakes prepared w i th e i t h e r unheated or roasted bean h u l l s compared 
f avo rab l y to the c o n t r o l . Consequent ly, navy bean h u l l s are an 
acceptab le source of d i e t a r y f i b e r in a f l a vo red cake . More 
research should be i n i t i a t e d to i n v e s t i g a t e a l t e r n a t i v e uses f o r 
navy bean h u l l s as a d i e t a r y f i b e r source . 
Pumpkin Q u i c k B r e a d . Prev ious research y i e l d e d legume breads and 
bread products w i th decreased f l a v o r , volume, and c o l o r values 
(14,30-31) . The present research attempted to overcome these 
d i f f i c u l t i e s by producing a quick bread of high f l a v o r i n t e n s i t y 
through the use of s p i c e s , c on s i s t en t s p e c i f i c volume through the 
method of p r e p a r a t i o n , and decreased c o l o r change through the use of 
an a l ready da r k l y co l o red product . A study was designed to compare 
the q u a l i t y c h a r a c t e r i s t i c s of pumpkin bread con ta i n i n g 0 , 20, 35 
and 50% whole navy bean f l o u r s u b s t i t u t e d f o r wheat f l o u r . B a t t e r 
v i s c o s i t y , s p e c i f i c g r a v i t y , and pH f o r a l l l e v e l s of navy bean 
i n c o r p o r a t i o n were s i m i l a r . Co lo r of the bread was darker 
(decreased L v a l u e ) , l e s s red (decreased a L v a l u e ) , and l e s s y e l l o w 
(decreased b L va lue) w i th i n c r ea s i n g l e v e l s of navy bean f l o u r 
s u b s t i t u t i o n . Although s i g n i f i c a n t d i f f e r e n c e s in ye l lowness and 
redness occurred f o r each l e v e l of navy bean f l o u r s u b s t i t u t i o n , 
l i g h t n e s s values d i f f e r e n t on ly between the con t r o l and the pumpkin 
bread s u b s t i t u t e d w i th 50% navy bean f l o u r . Mo i s ture content of the 
baked product s , however, d id not d i f f e r s i g n i f i c a n t l y . Volume of the 
quick breads decreased wi th i n c r ea s i n g l e v e l s of navy bean f l o u r 
s u b s t i t u t i o n , w i th d i f f e r e n c e s most s i g n i f i c a n t between the con t r o l 
and bread w i th 50% navy bean f l o u r . Pumpkin bread tenderness 
increased with i n c rea s i n g amounts of bean f l o u r s u b s t i t u t i o n ; 
however, no s t a t i s t i c a l d i f f e r e n c e s were found. 

Odor, c o l o r , and tenderness of the pumpkin breads were not 
a f f e c t e d by navy bean f l o u r s u b s t i t u t i o n . Texture scores f o r 
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16. UEBERSAX AND ZABIK Processing and Use of Bean Flours 203 

pumpkin bread w i th the 35% l e v e l of navy bean f l o u r s u b s t i t u t i o n 
were supe r i o r t o those of the c o n t r o l . Moistness o f the bread w i th 
50% navy bean f l o u r , however, was s i g n i f i c a n t l y lower than the other 
bread v a r i a b l e s . F l a vo r scores decreased i n c r e a s i n g l e v e l s of 
s u b s t i t u t i o n ; however, a s t a t i s t i c a l d i f f e r e n c e was noted only 
between the c on t r o l and the bread w i th the 50% l e v e l of navy bean 
f l o u r . Moreover, a l l pumpkin breads were of good q u a l i t y , s co r ing 
above f i v e on a seven-point s c a l e ; however, the pumpkin bread 
con ta i n i ng 35% navy bean p r o t e i n s u b s t i t u t i o n appeared to be 
optimum. 

The legumes have a high l y s i n e content ( 7 ,32 ) , which makes them 
an e x c e l l e n t complement to cerea l p r o t e i n s . P r o t e i n contents of 
pumpkin breads were 5.0, 5.6, 6.2 and 6.7% f o r loaves tha t had 0, 
20, 35 and 50% Navy bean f l o u r , r e s p e c t i v e l y . 

Quick breads are unique baked products in t ha t they encompass 
some of the f u n c t i o n a l q u a l i t i e s of both bread and cake. The 
products are baked as breads, yet they l ack a s t rong g lu ten 
development and con ta i n a high r a t i o of sugar t o f l o u r , as in a cake 
system. Thus, i n c o r p o r a t i o n of p r o t e i n s u b s t i t u t e s is f e a s i b l e . 
The r e s u l t s of the study agreed with f i n d i n g s of other 
r e sea r che r s . Tenderness values increased because of reduced g lu ten 
format ion and the d i l u t e d nature of the g l u t e n . Volume decreased 
because of decreased g lu ten f o rma t i on . The product was darker 
because of increased reducing sugars in the navy bean f l o u r , 
promoting M a i l l a r d browning. Neve r the le s s , a h i g h - q u a l i t y pumpkin 
bread was produced w i th navy bean f l o u r s u b s t i t u t e d f o r 35% o f the 
f l o u r . This bread conta ined about 25% more p r o t e i n than the 
c o n t r o l . 
Peanut B u t t e r C o o k i e s . Three types of peanut bu t te r c ook i e s , 
c o n t r o l , h igh p r o t e i n (30% bean p r o t e i n concentrate s u b s t i t u t e f o r 
f l o u r ) and high f i b e r (20% bean h u l l s s u b s t i t u t e d f o r f l o u r ) 
prepared at Michigan S tate U n i v e r s i t y bakery were eva luated f o r 
t h e i r phy s i ca l c h a r a c t e r i s t i c s (Table 2 ) . 

Table I I . Q u a l i t y c h a r a c t e r i s t i c s of peanut bu t t e r cook ies prepared 
w i th navy bean hu l l (20%) and p ro te i n (30%) s u b s t i t u t i o n s 
f o r wheat f l o u r . 

Treatment MOISTURE BAKING SPEED TENDERNESS SENSORY SCORE 
(%) LOSS FACTOR (LB/G) HIGHEST 

(%) (W/T) 7 = 
RATE 

CONTROL 5.84 10.73 

BEAN HULL (20%) 5.03 10.45 

BEAN PROTEIN 7.04 11.23 
(30%) 

10.0 25.73 5.9 

9.6 31.58 5.9 

9.1 21.62 5.5 

Ν = 3 
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204 PLANT PROTEINS 

High p r o t e i n cook ies had the h ighest moisture content and baking 
l o s s , but lowest spread f a c t o r . Tenderness of high f i b e r cook ies 
was shown to be the highest wh i le tha t of high p r o t e i n cook ies 
e x h i b i t e d the lowest tenderness v a l u e . These cook ies were a l so 
eva luated us ing a seven-point hedonic s ca l e by 300 p a r t i c i p a n t s at 
(Focus:H0PE, D e t r o i t , M i ch i gan ) . These p a n e l i s t s i nc luded wide 
rep re sen ta t i on of c h i l d r e n , teenagers and a d u l t s . B lack was the 
predominant race although some whites and other races took p a r t . 
P a n e l i s t s ' general comments were f a v o r a b l e . Data showed the high 
f i b e r cook ies t o score as high as the con t r o l wh i l e the high p r o t e i n 
cook ie scored s l i g h t l y l ower . Even though s t a t i s t i c a l d i f f e r e n c e s 
o c cu r r ed , a l l cook ies were rated acceptab le by these p a n e l i s t s . 

CONCLUSIONS 
Dry bean f l o u r f r a c t i o n s produced by dry r o a s t i n g , m i l l i n g and a i r 
c l a s s i f i c a t i o n r e su l t ed in v e r s a t i l e food i n g r e d i e n t s . F r a c t i o n s 
possessed good f u n c t i o n a l and n u t r i t i o n a l p r ope r t i e s which were 
found to be acceptab le in a v a r i e t y of food systems. These 
processes and products appear to have p o t e n t i a l f o r improving 
n u t r i t i v e s t a tu s through improved dry bean u t i l i z a t i o n . 
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17 
Winged Bean as a Source of Protein: Recent Advances 

Sachi. Sri Kantha and John W. Erdman, Jr. 

Department of Food Science, University of Illinois, Urbana, IL 61801 

Protein quality studies evaluating various edible por
tions of the winged bean plant and the results of re
cent International Field Trials are reviewed. Research 
efforts have been focused upon the mature seed (protein 
content 20.7-45.9% in 240 accessions), which is occa
sionally eaten in parts of Indonesia and Papua, New 
Guinea. Autoclaved seed meal and wet heat treated seed 
meal provided a corrected PER value of 1.76 and 1.72 
respectively, in comparison to casein control of 2.50. 
Of the 190 accessions evaluated after one year's growth 
in Florida, 38 showed tuber formation. Tender leaves 
are incorporated in the food preparations in the South 
Asian region. Leaf protein concentrate (crude protein 
51.9%) prepared from leaves yielded a PER value of 2.2 
in comparison to 2.7 for corn-soy control. Internation
al Winged Bean Trials conducted in 19 countries recommend 
5 varieties as having the best yield potential under 
varying environmental conditions. 

The winged bean (Psophocarpus tet ragono lobus L.DC) is a t w i n i n g , 
perennia l herbaceous legume which can c l imb t o 3-4 meters. B o t a n i 
ca l l y i t is c l a s s i f i e d as be long ing to Family Leguminoseae, sub
f am i l y Papl i ono ideae , t r i b e Phaseoleae and s u b t r i b e Phaseo l ine 
( 1 , 2 ) . Of the 9 recognized spec ie s o f Psophocarpus, f o u r are 
p re sen t l y c u l t i v a t e d as a home garden c rop in the humid t r o p i c s o f 
South and South East A s i a . Three spec ies (P.scandens, P . p a l u s t r i s 
and P . g r and i f l o r u s ) are now being c u l t i v a t e d on experimental b a s i s 
as fo rage and cover crops {3). Though i t has ye t t o a t t a i n the 
s ta tu s o f a commerc ia l l y p roduc t i ve legume, the n u t r i t i o n a l a spect s 
o f winged bean have been s tud ied in USA, I n d i a , Japan, M a l a y s i a , 
P h i l i p p i n e s , Papua New Guinea, Czechos lovak ia , A u s t r a l i a and S r i 
Lanka. 

The a c t i v e l y i n v e s t i g a t e d areas and the l o c a t i o n s where winged 
bean s t ud i e s have been conducted are shown in Table I. S ince 1975, 
on a con se r va t i ve e s t ima te , approx imate ly 150 research r epo r t s 
cove r ing areas such as m i c r o s t r u c t u r e of winged bean p r o t e i n , nu-

0097-6156/86/0312-0206S06.00/0 
© 1986 American Chemical Society 
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17. KANTHA AND ERDMAN Winged Bean as a Source of Protein 209 

t r i e n t and a n t i - n u t r i e n t compos i t i on , e f f e c t o f s to rage on seed 
components, p r o t e i n q u a l i t y e s t i m a t i o n o f seed f l o u r f o r ch i ckens 
and r a t s , human feed ing t r i a l s , p r epa r a t i on o f foods from processed 
winged bean f l o u r and consumer a c c e p t a b i l i t y s t ud i e s have been pub
l i s h e d . A r e p r e s e n t a t i v e l i s t o f about one t h i r d o f the p u b l i c a 
t i o n s (4-58) are noted in Table I. 

P r e v i ou s l y pub l i shed reviews (59-61) have analyzed in d e t a i l 
t he emergence of winged bean as a legume o f s i g n i f i c a n t p o t e n t i a l . 
Th i s paper summarizes recent r epo r t s on p r o te i n q u a l i t y e v a l u a t i o n 
o f t he e d i b l e po r t i on s o f t h i s legume. 

Seeds 

N u t r i t i o n re search on winged bean has main ly focused upon the 
tough, mature seed, which is r i c h in p r o t e i n and oil. The seeds 
a re o c c a s i o n a l l y consumed in Indonesia and Papua New Guinea (59, 
60) . A survey o f 240 winged bean access ions from 16 c oun t r i e s 
showed t ha t the p r o te i n and oil contents range between 20.7-45.9% 
and 7.2-21.5% r e s p e c t i v e l y (13). S tud ies on t he e va l u a t i o n o f seed 
f l o u r as an a l t e r n a t i v e feed source f o r l i v e s t o c k has on ly r e c e n t l y 
begun. The two most commonly used p lant p r o t e i n sources in b r o i l e r 
(ch icken) d i e t s t o date have been soybean and peanut cake ( 62 ) . 
The e f f e c t o f r e p l a c i n g soybean meal w i th winged bean meal a t 0, 
19, 44, 74 and 95% on a p r o t e i n b a s i s was s tud ied by de Lumen e t 
a l . (45). No s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s were observed 
among d i f f e r e n t r a t i o n s in me tabo l i z ab l e energy, n i t rogen r e t e n t i o n 
and b r o i l e r performance. However, t he re was an i n d i c a t i o n o f ad
verse e f f e c t s a t 95% replacement. In another experiment us ing more 
b i r d s per t rea tment , the same re sea rcher s reported t h a t replacement 
a t 75% and 100% l e v e l decreased the metabol i z a b l e energy and l ed to 
poor b r o i l e r performance. Though d e f a t t e d winged bean meal prepar 
ed by au toc l a v i n g at 121°C f o r 30 min was used in t h i s s tudy , i t 
was i n f e r r e d t ha t h u l l s in the seeds may have caused the decrease 
in metabol i z a b l e energy t h a t l e d to the poor performance o f b r o i l 
e r s . 

Two s t ud i e s (44,63) had shown t h a t growth performance and n i 
t rogen r e t e n t i o n e f f i c i e n c y o f c h i c k s were seve re l y reduced by t he 
i n c l u s i o n o f raw f u l l f a t winged bean seeds a t r a t e s o f up t o 
400g/kg in s e m i - p u r i f i e d d i e t s . Heat treatment of winged beans 
p r i o r to d i e t a r y i n c o r p o r a t i o n r e s u l t s in r e ve r s a l o f the growth 
depress ion and inc reases the e f f i c i e n c y o f food u t i l i z a t i o n . 

In a recent i n v e s t i g a t i o n performed in N i g e r i a (62.), farm pro
cessed winged bean was fed t o b r o i l e r s in p a r t i a l o r complete r e 
placement f o r e i t h e r soybean meal o r peanut cake. The feed ga in 
r a t i o obtained f o r b i r d s fed on winged bean, soybean and peanut 
cake d i e t s were 3.0, 2.8 and 2.7 r e s p e c t i v e l y . However, the study 
revea led t h a t m o r t a l i t y o f b r o i l e r s fed on winged bean-based d i e t 
was h igh (14%), suggest ing t ha t the bean cake was not e f f e c t i v e l y 
processed to remove the a n t i - n u t r i e n t s . Resu l t s o f another study 
(64) showed tha t i t was f e a s i b l e to feed autoc laved winged beans t o 
Japanese qua i l c h i c k s . However, the authors suggest t ha t p r i o r to 
f eed ing qua i l o r o ther monogastr ic an ima l s , the type o f heat pro
ce s s i ng treatment must be c a r e f u l l y monitored. Beans heated f o r 30 
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210 PLANT PROTEINS 

min at 118°C produced e x c e l l e n t growth response. The a d d i t i o n o f 
O.8% methionine to winged bean meal was suggested t o be necessary 
f o r equ i va l en t growth compared w i th an a d d i t i o n l e v e l o f O.3% in 
soybean meal d i e t s (64) . 

These i n v e s t i g a t i o n s show the p o t e n t i a l va lue o f f u l l f a t 
winged bean as a b r o i l e r feed. However, f u r t h e r s t ud i e s t h a t de 
f i n e c o n d i t i o n s f o r d e s t r u c t i o n o f a n t i - n u t r i e n t s which cause r e 
duced growth performance should be performed. 

Qu i te a nunber o f s t ud i e s (18,40-43,65,66) pub l i shed in the 
l a s t few years have i n v e s t i g a t e d t he growth performance o f 
l a b o r a t o r y r a t s fed raw o r autoc laved winged been. In a general 
c o n t e x t , r a t s tud ie s prov ide a good model t o eva luate adequate 
process ing techniques needed f o r e l i m i n a t i o n o f a n t i - n u t r i e n t s . 
There is un i f o rm i t y among the reported s t ud i e s regard ing t he l e t h a l 
e f f e c t o f feed ing raw winged beans t o r a t s . Whi le raw bean meal 
r e s u l t s in poor or no growth, autoc laved meal r e s u l t s in adequate 
growth and no t o x i c s i de e f f e c t s in the r a t . 

Table II p rov ides a comparison o f f ou r p r o t e i n e f f i c i e n c y r a 
t i o (PER) s tud ie s o f heat-processed winged bean seed f l o u r . In 
these s t ud i e s r a t s were fed 10% p r o t e i n l e v e l o f c a s e i n on t e s t 
p r o t e i n f o r 28 days. PER was determined by e v a l u a t i n g grams growth 
per grams p r o te i n i n t a k e (t imes 100). The seeds used in the four 
s t ud i e s were subjected to va r y i ng t ime and temperature heat t r e a t 
ments. However i t can be seen t h a t the PER va lues obta ined f o r 
winged bean compare f avo rab l y w i t h t h a t o f c a s e i n c o n t r o l . In a 
study from our l a b o r a t o r y (66) i t was found t h a t d e h u l l i n g f o l l owed 
by moist heat t reatment f o r 30 min cou ld be u t i l i z e d as a good pro
cedure o f heat treatment in p lace o f a u t o c l a v i n g . I f these data 
are conf i rmed w i th human t r i a l s , i t cou ld enhance the use o f seeds 
s i nce in the t r o p i c a l deve lop ing c oun t r i e s where o ther po r t i on s o f 
winged bean are a l ready consumed and f a c i l i t i e s f o r au toc l a v i n g are 
unava i l ab l e f o r r u r a l peasants. 
Tubers: Tubers a re qu i t e commonly consumed by v i l l a g e r s in Burma. 
Other t r o p i c a l c o u n t r i e s a l s o repo r t sporad ic use of winged bean 
tuber s ( 59 ) . However, in comparison to the a v a i l a b l e data on the 
n u t r i e n t , a n t i - n u t r i e n t compos i t ion and the p r o t e i n q u a l i t y o f t he 
seed f l o u r , pub l i shed data on the n u t r i t i o n a l va lue o f winged bean 
tuber is somewhat l i m i t e d . The few repor ted s t ud i e s d e a l i n g w i t h a 
l a r g e r number o f v a r i e t i e s grown in d i f f e r e n t l o c a t i o n s (25,67-71) 
show t h a t tuber s are ma in ly composed o f p r o t e i n and ca rbohydra tes . 

Fresh tuber s c on t a i n a mo i s tu re content o f 55.5-65.8% and a 
r a t he r h igh crude p r o t e i n content o f 5.5-5.6%. A i r - d r y i n g or 
f r eeze d r y i n g of t ube r s r e s u l t s in an i nc rea se o f p r o t e i n content 
t o 13.1-16.5% (Table I I I ) . However, dry weight o f tube r per p l a n t 
was l ow, va ry i ng from l e s s than 25g t o about 50g in d i f f e r e n t wing
ed bean c u l t i v a r s (72). Furthermore, o f the 190 access ions e va l u 
ated a f t e r one year 1 ! ; growth in F l o r i d a , on l y 38 showed tuber f o r 
mation (72). 

Accord ing to M a s e f i e l d ( 7 3 J the winged bean nodulated we l l 
wherever the crop has been grown, i r r e s p e c t i v e of whether the seed 
was i n o cu l a t ed or not . The mean p r o t e i n content s (dry wt. b a s i s + 
S.D.) o f i nocu l a ted and un inocu lated t ube r s o f s i x s t r a i n s o r i g i 
na t i ng from S r i Lanka, N i g e r i a , Indones ia , Papua, New Guinea and 
Thai land are repor ted as 20.0(+3.7) and 17.3(+6.2), r e s p e c t i v e l y 
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(71 ). There was no s i g n i f i c a n t d i f f e r e n c e between the amino ac id 
content s o f the i nocu l a ted or un inocu lated t u b e r s . 

The Rh i zob i a l c h a r a c t e r i s t i c s o f the winged bean nodules were 
repor ted by Ikram and Broughton in a s e r i e s o f s t ud i e s (74-76). Of 
the Rh izob ia i s o l a t e d from 14 d i f f e r e n t genera o f legumes when 
te s ted f o r t h e i r n i t r ogen f i x i n g e f f e c t i v e n e s s w i th £ . te t ragono -
l obu s , a l l but one i s o l a t e was ab l e t o form nodules w i th winged 
bean. Thus, Ikram and Broughton (74) suggested t ha t the winged 
bean may be cons idered as promiscuous w i th re spect t o i t s Rh i zob i a l 
requ i rements . 

From a study o f 6 v a r i e t i e s o f tube r s from d i f f e r e n t reg ions 
o f A s i a and grown at two l o c a t i o n s (Western A u s t r a l i a and 
M a l a y s i a ) , K o r t t and Ca ldwel l (70) concluded t h a t , 

1. t he repor ted v a r i a t i o n s in t he compos i t ion o f t ube r crude p ro 
t e i n are probably due to v a r i a t i o n s in the content o f f r e e 
amino ac id s and low molecu la r weight pept ides accumulated by 
the tuber under d i f f e r e n t n u t r i e n t growth c o n d i t i o n s . 

2. t he development o f the tuber as a food c rop is dependent more 
on agronomic f a c t o r s such as v a r i e t y s e l e c t i o n s , y i e l d s , ease 
o f harvest and storage o f t u b e r s , than on n u t r i t i o n a l l i m i 
t a t i o n s . 

Well designed s t ud i e s on n u t r i t i o n a l q u a l i t y o f t ube r p r o t e i n w i t h 
hunans, p o u l t r y o r o ther farm animals have ye t t o be r e p o r t e d . 
Leaves: Among the v a r i e t y o f green, l e a f y f oods , winged bean 
l eaves are one o f the r i c h e s t sources o f p r o t e i n and ca ro teno i d s 
( 59 ) . In S r i Lanka and elsewhere, they a re consumed a f t e r steaming 
o r by d i r e c t i n c o r p o r a t i o n i n t o sa lads (60). Leaf p r o t e i n concen
t r a t e s (LPC) prepared from winged bean leaves grown at the e x p e r i 
mental p l o t s in Puerto Rico were repor ted t o c o n t a i n 51.9% crude 
p r o t e i n and an e s s e n t i a l amino a c i d p r o f i l e s i m i l a r t o the repor ted 
va lues o f a l f a l f a LPC. Winged bean LPC was r i c h in l e u c i n e , l y 
s i n e , pheny la lan ine and v a l i n e . The on l y growth performance study 
conducted in r a t s y i e l d e d a PER va lue o f 2.2 f o r winged bean leaves 
in comparison t o 2.7 f o r a corn-soy c o n t r o l ( 77 ) . C l e a r l y more 
s tud ie s are needed on l e a f p r o t e i n . 
Haulm (stem): The p o s s i b i l i t y o f us ing winged bean haulm as a po
t e n t i a l raw mate r i a l f o r s i n g l e c e l l p r o t e i n product ion in t he 
t r o p i c s has been i n v e s t i g a t e d by Zomer et a l . ( 78 ) . Semi-sol i d 
fe rmentat ion o f haulm, us ing va r ious f u n g i , y i e l d e d a product con 
t a i n i n g 20% t r ue p r o t e i n , a 30% inc rease over the n a t i v e m a t e r i a l . 
The fe rmentat ion a l s o inc reased the s u l f u r amino a c i d content by 
1.5 t o 6 f o l d . 

I n t e r n a t i o n a l Winged Bean T r i a l s 

A f t e r the F i r s t I n t e rna t i ona l Winged Bean Symposium held at Los 
Banos, P h i l i p p i n e s in 1978, the f i r s t i n t e r n a t i o n a l winaed bean 
t r i a l s were launched. Accord ing t o t he repo r t o f Khan (79) , who 
served as the c o o r d i n a t o r o f the t r i a l s , the aims o f the t r i a l s 
were t o : 

i ) t e s t adapta t i on o f s e l e c t e d winged bean v a r i e t i e s over a wide 
range o f environmental c o n d i t i o n s ; 

i i ) p rov ide sources o f germ plasm of a new crop which cooperator s 
may use d i r e c t l y ; 

i i i ) i d e n t i f y areas o f the world which have p o t e n t i a l f o r winged 
bean p roduc t i on ; and 
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214 PLANT PROTEINS 

i v ) t e s t the response o f winged bean to d i f f e r e n t environments. 
A l t o ge the r 31 researchers from 19 c oun t r i e s p a r t i c i p a t e d in the 
t r i a l s in reg ions as d i v e r s e as Bangladesh, Indones ia, Korea, T a i 
wan, Ivory Coast, Guatemala and USA. Through most o f the t r i a l s 
s i t e s were l o ca ted in t r o p i c a l c l i m a t i c r eg i on s , a few were held in 
the s ub t r op i c s as we l l w i t h t h ree a d d i t i o n a l reg ions ( A u s t r a l i a , 
Korea and Pak i s tan) at l a t i t u d e s 31° -37° . Of the 14 v a r i e t i e s used 
in the t r i a l , f i v e v a r i e t i e s were s e l ec ted to have t he best 
p o t e n t i a l . Table IV shows the d e t a i l s obta ined f o r these 5 
v a r i e t i e s and the recommendations made by t he e va l ua to r s . The 
Tha i land v a r i e t y (Nakhan Sawan) produced the h ighest y i e l d in seeds 
and dry pods. Indonesian v a r i e t i e s (LBNC1 and LBNC3) produced 
h igher y i e l d s o f f r e s h t u b e r s . However, these th ree Southeast 
As ian v a r i e t i e s were l a t e matur ing types and were a l so so s e n s i t i v e 
t o long day l eng ths t h a t in some t r i a l s f l owe r i n g d id not occu r . 
Two Papua, New Guinean v a r i e t i e s (UPS 121 and UPS 122) were 
i d e n t i f i e d as having medium v i g o r . Though winged bean genotypes 
from va r i ou s reg ions of Southeast A s i a e x h i b i t c on s i de rab l e genet i c 
d i v e r s i t y , K o r t t (3(D) reported no d i f f e r e n c e s in p r o te i n subunit 
compos i t i on . Thus i t seems at t h i s j u n c t u r e , t h a t v a r i a t i o n in 
p r o t e i n subunit compos i t ion cannot be e x p l o i t e d by p l an t breeders 
to improve the n u t r i t i o n a l va lue o f the seed. This area needs 
f u r t h e r con f i rmato ry r e sea r ch . 

Future areas of research 

The winged bean was ab l e to r i s e from comparat ive o b s c u r i t y t o some 
degree of prominence in the past decade, main ly because i t was pro
moted as a legume in which a l l po r t i on s o f the p lan t were e d i b l e 
and o f h igh n u t r i t i o n a l va l ue . Some c a u t i o n must be exe rc i sed a t 
t h i s po int s i n ce a l l po r t i on s cannot be e x p l o i t e d from the same 
p l an t (80). Pod and seed product ion is i n f l uenced by p luck ing t he 
leaves and/or f l o w e r s . A l s o , h igh t u b e r - y i e l d i n g v a r i e t i e s do not 
produce high seed y i e l d s . Furthermore, a nunber of problems must 
be overcome be fo re the winged bean becomes an important cash c rop 
f o r the t r o p i c s . 

P r e s e n t l y , the expansion o f winged bean product ion and com
merc i a l development is i n h i b i t e d by t he l a c k o f dwarf morpho log ica l 
v a r i a n t s and e c o l o g i c a l u n c e r t a i n t i e s ( 80 ) . A p r e l i m i n a r y note on 
the development o f bush t ype mutant in India has appeared ( 8 1 J , 
though s c i e n t i f i c d e t a i l s have not been reported y e t . 

Another area which needs a d d i t i o n a l research is t he nature o f 
photoper iod s e n s i t i v i t y o f the p l a n t . Most, i f not a l l , winged 
bean genotypes are pho t ope r i od - s en s i t i v e and do not f lower in l ong 
days. For example, in a f i e l d t r i a l conducted in Southwestern 
Lou i s i ana in 1982, 25 c u l t i v a r s of P . tet ragono lobus , one of P.. 
scandens and two o f P . p a l u s t r i s were sown in May. F lower ing was 
observed t o be s t r o n g l y daylength-dependent w i t h on ly 2 c u l t i v a r s 
o f P. tetragonolobus f l owe r i n g in August; most c u l t i v a r s d i d not 
f l ower u n t i l m id - to l a t e September and some not u n t i l e a r l y Novem
ber , thus l i m i t i n g seed p roduct ion (82 ) . Genet ic breeding f o r a 
succes s fu l search f o r day -neut ra l genotypes from germplasm c o l 
l e c t i o n s is r equ i r ed (80 ) . 
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216 PLANT PROTEINS 

A number o f problems r e l a t e d to u t i l i z a t i o n o f va r i ous por
t i o n s o f the p lant f o r food and feed were r e c e n t l y reviewed by us 
(61 ). Notably the hard seed coa t , poor hyd ra t i on c a p a c i t y and 
hard-to-cook phenomena needs t o be overcome. 

P r e l i m i n a r y s t u d i e s on the p o t e n t i a l o f winged bean as a 
mu l t i - pu rpo se legume cover c rop in Ind ia (83) and P h i l i p p i n e s (84) 
have been r epo r t ed . Data obta ined on these f i e l d t r i a l s seem en
courag ing though they need f u r t h e r c o n f i r m a t i o n based on l a r g e 
s c a l e c rop p l a n t i n g . One o p t i m i s t i c f e a t u r e in winged bean r e 
search is t h a t du r i ng t he l a s t few y e a r s , agronomical s t ud i e s a re 
be ing conducted in c o u n t r i e s such as Czechos lovak ia ( 85J , Belgium 
(86,87). I t a l y (88), B r a z i l (89), Guatemala (90) and USA (91,92) , 
where winged bean has not been grown t r a d i t i o n a l l y , even as a home 
garden c rop . Such a pooled e f f o r t is bad l y needed t o f i l l t he gaps 
o f knowledge which e x i s t in the g e n e t i c s , phys io logy and agronomy 
of winged bean. 

In c o n c l u s i o n , winged bean is a legume crop w i th great po
t e n t i a l but a combined re search e f f o r t by agronomists , p l an t b reed 
e r s , p h y s i o l o g i s t s and n u t r i t i o n i s t s is needed t o e l i m i n a t e the ob
s t a c l e s which stand in the way o f i t s r e a l i z a t i o n . Large s c a l e nu
t r i t i o n a l b e n e f i t from t h i s legume awaits f u r t h e r research deve lop
ments. 
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18 
Tropical Seeds, Legumes, Fruits, and Leaves as Sources 
of Protein 

Robert E. Berry 

U.S. Citrus and Subtropical Products Laboratory, South Atlantic Area, Agricultural 
Research Service, U.S. Department of Agriculture, Winter Haven, FL 33883-1909 

Many tropical plants are surprisingly high potential 
sources of protein with some leafy plants comprising 
as much as 40% dry-matter as protein, some fruits 
ranging as high as 40% protein and some aquatic 
weeds containing up to 5% protein. The amino acid 
compositions of many of these are well balanced, 
while others, particularly proteins from fruits, 
often need amino acid supplements or combinations 
with other protein sources. In extraction and use 
of leaf proteins, certain types of lipids provide 
interference and must be removed prior to or during 
the protein extraction process. In fruits and some 
tubers, caloric density becomes an important 
factor. Often, in order to obtain the recommended 
dietary allowance of protein from a specific fruit 
source, a higher than recommended amount of calories 
would need to be consumed. Thus, in order to be 
useful dietary sources of protein, some sources must 
be reduced in caloric content and/or supplemented 
with protein concentrates. While protein and amino 
acid composition of some water weeds are low 
compared with other leaves, they are easy and very 
low cost to produce. In many tropical areas they 
grow wild and would only need to be harvested. 
Natural production would be sufficient for supplying 
very large quantities. 

Mention of a trademark or p r o p r i e t a r y product is f o r 
i d e n t i f i c a t i o n only and does not imply a warranty or guarantee of 
the product by the U. S. Department of A g r i c u l t u r e over other 
products which may als o be s u i t a b l e . 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

01
8



18. BERRY Tropical Plants as Sources of Protein 221 

H i s t o r i c a l l y , a major form of m a l n u t r i t i o n in most parts of the 
world has been protein d e f i c i e n c y and t h i s has been e s p e c i a l l y 
prevalent in s u b t r o p i c a l and t r o p i c a l areas where 80% of the world 
population w i l l reside by the end of the next decade (1) . While 
legumes and leaves have been considered as p o t e n t i a l p r o t e i n sources 
fo r many years, only r e c e n t l y have the protein p o t e n t i a l s of l e s s 
obvious sources such as t r o p i c a l f r u i t s , some unique t r o p i c a l seeds 
and aquatic water weeds been considered. As the protein 
d e f i c i e n c i e s in world d i e t s become more c r i t i c a l , i n c r e a s i n g 
a t t e n t i o n w i l l be given to new sources of protein which can be grown 
in t r o p i c a l and s u b t r o p i c a l areas and which have not been given 
s i g n i f i c a n t a t t e n t i o n in the past (2^). While, in general, f r u i t and 
vegetables provide only about 3-4% of the d i e t a r y protein in most 
coun t r i e s , t h i s is more than doubled in a few such as Spain, Peru 
and the P h i l i p p i n e s (3). A review of the o v e r a l l p r o t e i n contents 
of some t r o p i c a l p l ants, the crude p r o t e i n and extractable amounts 
in comparison with average s i z e s and e d i b l e amounts of some f r u i t s 
and the p o t e n t i a l production y i e l d s of some seeds and leaves, 
i n d i c a t e s there is s i g n i f i c a n t p o t e n t i a l f o r a d d i t i o n a l p r o t e i n as 
d i e t a r y supplements in t r o p i c a l areas. Past work on p r o t e i n 
e x t r a c t a b i l i t y from leaves and grasses has i n d i c a t e d , while they are 
good p o t e n t i a l sources of l e a f p r o t e i n concentrates (LPC), some 
l i p i d components i n t e r f e r e with protein e x t r a c t a b i l i t y (h). The 
concept of c a l o r i c density of foods is of importance when 
considering c e r t a i n p r o teins. The U.S. Senate Select Committee on 
N u t r i t i o n and Human Needs recommended consumption of f r u i t s and 
vegetables should be increased, meats, f a t s and r e f i n e d sugars 
decreased, and about 12-14% of the t o t a l c a l o r i c intake should be 
derived from p r o t e i n (_5). In many starchy crops (roots and tubers) 
and f r u i t s , the sugars and starches so d i l u t e the p r o t e i n content 
that in order to be a s i g n i f i c a n t p r o t e i n source, too many c a l o r i e s 
would have to be consumed. Thus, many foods of these kinds must be 
consumed as complements to other d i e t a r y components higher in 
protein content, or the p r o t e i n from these foods must be extracted 
and concentrated. 

Many waterways of t r o p i c a l areas are plagued with water weeds 
which must c o n t i n u a l l y be removed to keep lakes and streams 
navigable and they g e n e r a l l y cause a nuisance. These aquatic weeds 
can als o serve as p o t e n t i a l p rotein sources. Though they have the 
disadvantage of being r e l a t i v e l y low in p r o t e i n content, they have 
the advantage of being widely a v a i l a b l e , e a s i l y grown and 
p r a c t i c a l l y no cost to produce. 

Protein in t r o p i c a l plants 

The protein content of many t r o p i c a l and s u b t r o p i c a l plants is 
s u r p r i s i n g l y high. A study by Martin and Ruberte in 1975 (6) 
included leaves of many plants which could be e a s i l y grown in 
t r o p i c a l areas and which contained about 20% or higher protein on a 
dry-weight b a s i s . In 1975, H a l l et a l . (7) determined amino a c i d 
compositions of many of these plants by semi-quantitative t h i n - l a y e r 
chromatography. Their r e s u l t s , i n d i c a t e d in Table I, showed many 
types of t r o p i c a l plants have protein contents above 20%, with the 
highest being the castor bean and the balsam pear. 
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222 PLANT PROTEINS 

Table I. Protein and Free Amino Acid Compositions of 
Leaves from T r o p i c a l and Subtropical Plants 

[Adapted from H a l l et a l . (7)] 

Type and Free 
Common Growth Protein Content Amino 
Name Hi i b i t (Mean %) Acids 

Castor bean P" herb 41.3 .165 
Balsam pear A vine 32.5 .107 
Cowpea Ρ vine 31.8 .182 
Cassava Ρ shrub 31.6 .107 
Purslane A herb 27.5 .243 
Chayote Ρ vine 24.4 .162 
Mulberry Ρ tree 23.9 .128 
Ceylon spinach Ρ vine 23.3 .152 
Pigeon pea Ρ shrub 23.3 .081 
Cup panax Ρ shrub 22.4 .091 
Peperomia Α herb 21.6 .109 
Banana Ρ herbaceous 

tree 20.9 .133 
Dwarf Coral 
tree Ρ tree 20.4 .124 

Coffee Ρ shrub 19.5 .076 
Hibiscus Ρ shrub 17.5 N.D. 
Beach morning 
glory Ρ herb 16.3 N.D. 

Poor man's 
orchid Ρ tree 15.5 N.D. 

Indian 
mulberry Ρ tree 14.5 N.D. 

Tamarind Ρ herb 13.0 N.D. 
Bignay Ρ tree 11.4 N.D. 
Baobab Ρ tree 10.8 N.D. 
Mango Ρ tree 7.5 N.D. 
Indian 
rubber Ρ tree 5.9 N.D. 

M i l l i e q u i v a l e n t s of free amino a c i d per gm of dry 
cleaves. 
Ρ = Perennial. 

^A = Annual. 
N.D. = Not determined. 
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18. BERRY Tropical Plants as Sources of Protein 223 

Cow peas, cassava and pigeon peas a l s o ranked high and these 
plants are c u r r e n t l y used as part of the staple d i e t in many 
t r o p i c a l c o u n t r i e s . Their studies concluded that any l e a f crop 
with high p r o t e i n content and s i g n i f i c a n t e s s e n t i a l amino acids 
should be strongly considered as a p o t e n t i a l source f o r l e a f 
p r o t e i n concentrate (LPC). They also i n d i c a t e d such crops i f not 
already consumed, should be promoted f o r consumption as 
supplementary foods. Their studies v e r i f i e d that leguminous 
plants such as cowpea and pigeonpea could serve as good sources of 
supplementary amino acids because of the high l y s i n e content which 
is commonly l i m i t i n g in many d i e t s based on cereals such as r i c e , 
corn, and wheat ( 8 ) . They a l s o recommended that the n u t r i t i o n a l 
q u a l i t y of cassava leaves (high in l y s i n e and methionine) would 
g r e a t l y enhance a d i e t of cassava root, a staple food in the 
t r o p i c s . The castor bean has not been used as a protein source 
p r i m a r i l y because of a poisonous a l k a l o i d which combines with the 
pr o t e i n r i c i n in the mature leaves. They recommended studies to 
solve t h i s problem through improved processing techniques or plant 
h y b r i d i z a t i o n methods. 

Prot e i n in t r o p i c a l f r u i t s 

While f r u i t s are not normally considered p o t e n t i a l sources of 
p r o t e i n , some have been found r e c e n t l y to be s u r p r i s i n g l y high in 
crude protein in the edible p o r t i o n (9^, 1£, 11). As i n d i c a t e d in 
Table II some of the more common f r u i t such as banana, persimmon 
and mango have crude protein in the range of 1 g or less/100 g of 
f r u i t f l e s h . However, some l e s s widely known f r u i t s such as Mamey 
sapote, tucuma, and decne have crude p r o t e i n contents above 2 
g/100 g and baobab-seeds contained over 12 g/100 g. 

Table I I . P o t e n t i a l P r o t e i n in Some T r o p i c a l F r u i t s 3 

T o t a l 
Average Crude 0 Required 
F r u i t P rotein Amino Acids 
Weight % % b g/100 g rag/100 g 
(g) Edible S o l i d s of F r u i t Fresh F r u i t 

Baobab-seedsj 114 35 90 12.56 --pulp 56 68 90 3.31 -Decne 714 90 30 4.58 -Tucuma 20 19 45 2.67 1181 
Mamey sapote 800 82 34 2.12 535 
Avocado 85 57 21 1.61 666 
Longan , 6 52 19 1.31 301 
B r e a d f r u i t 2018 80 32 1.36 -Banana 257 68 24 1.00 -Persimmon 20 60 24 O.62 234 
Mango 550 69 15 O.42 428 
fFrom H a l l et a l . ( 9 ) . ^From O l i v e r i a (10). 
°100% - % moi sture. From Adams 
CN χ 6.25. 
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224 PLANT PROTEINS 

However, O l i v e r i a (10) in d i c a t e d the decne f r u i t contained a very 
high moisture content and the baobab-seeds had a very high f i b e r 
content. Thus, i t would not be p r a c t i c a l to expect one to consume 
r e l a t i v e l y large q u a n t i t i e s of these f r u i t s in the f r e s h form. 
However, there are p o t e n t i a l treatments by which the f i b e r content 
could be lessened or the moibture content could be reduced. On a 
per f r u i t b a s i s , b r e a d f r u i t , Mamey sapote and decne appeared to be 
good protein sources because of the r e l a t i v e l y high f r u i t weight, 
as well as the s i g n i f i c a n t crude p r o t e i n content. According to 
H a l l et a l . (9) the tucuma was one of the best apparent sources of 
crude protein among the t r o p i c a l f r u i t s they studied. Because 
these f r u i t are quite unusual, a b r i e f d e s c r i p t i o n seems 
appropriate. These are f r u i t from a type of palm grown around the 
Amazon basin in South America and sold in that region. They are 
us u a l l y harvested from wild stands and the f r u i t has a heavy, 
starchy, semi-moist consistency and bland f l a v o r . I t has been 
used in soups, stews, and cooked with other foods. While the 
Mamey sapote and the avocado also contain s i g n i f i c a n t crude 
protein in the edib l e portions, they both contain very high 
st a r c h , f a t , and carbohydrate and therefore are high in d i e t a r y 
c a l o r i e s . Thus, they would be i m p r a c t i c a l to serve as primary 
protein sources. 

When q u a l i t y of f r u i t p roteins, ( i n d i c a t e d by the content of 
amino acids required in the human d i e t ) is considered several are 
s i g n i f i c a n t , as in d i c a t e d in Table I I I . This l i s t s , from l e f t to 
r i g h t in descending order, the amounts of required amino acids in 
several f r u i t s , r e cently reported. Among the f r u i t s reported 
here, the tucuma and avocado provide a good balance and a high 
quantity of the required amino a c i d s . Almost a l l f r u i t s reported 
here were r e l a t i v e l y low in the s u l f u r containing amino a c i d s , 
p a r t i c u l a r l y cysteine and c y s t i n e . However, dr i e d date, tucuma, 
and Mamey sapota were r e l a t i v e l y high in amounts of these amino 
acids as w e l l . Most of the more common f r u i t s such as peach, 
orange and mango were r e l a t i v e l y low in s u l f u r containing amino 
ac i d s , as well as other required amino a c i d s . As in d i c a t e d by 
these studies many f r u i t s would make ex c e l l e n t d i e t a r y supplements 
to improve content of c e r t a i n amino a c i d s . 

Protein source vs production p o t e n t i a l 

Where arable land is high cost, high value, or in scarce supply 
the production p o t e n t i a l of protein becomes an e s p e c i a l l y 
important f a c t o r . F r u i t s and leaves from wild, undomesticated 
plants provide a t t r a c t i v e sources of protein in the d i e t because 
of t h e i r natural a c c e p t a b i l i t y by l o c a l inhabitants and t h e i r 
wide-spread a c c e s s i b i l i t y due to native growth. However, f o r 
domesticated and commercialized s i t u a t i o n s the production of 
protein per uni t area of arable land is an important f a c t o r . 
Seeds, le a f crops, and grasses are very e f f i c i e n t p r o t ein 
producers from the standpoint of amount per uni t area. As 
ind i c a t e d in Table IV, the more commonly used seeds and legumes, 
soybeans and wheat have r e l a t i v e l y high protein production 
p o t e n t i a l s (around 400 to 800 kg/ hectare). 
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226 PLANT PROTEINS 

Table IV. Production P o t e n t i a l of Protein From Some 
Seeds and Leafy Vegetables [from Berry (2)] 

kg P r o t e i n /ha 
Seeds 

Soybean ( o i l s e e d ) 510* 785 D 

Wheat ( c e r e a l seed) 392 
Cowpea (legume seed) 3 3 0 d Urd bean (legume seed) 254 d 

Leaves 
A l f a l f a (Medicago s a t i v a ) 300CT, 2690 
Sorghum χ sudan grass hybrid 2320 

(Sorghum sudanesis) f 
Transvala d i g i t g r a s s 2179 1 

( D i g i t a r e a decumbenc) 
1760 s T e t r a k a l a i 1760 s 

(Phasedus aureus) 
*From Food Ind. S. A f t . (1). ^Frorn Singh (22). 
From Stahmann (19). From Sotomayor-Rios et a l . (23). 

°From FAO (20). gFrom Kohler et a l . (24). 
From Jeswani (21). 

Cow pea and urd bean, two common legumes are only s l i g h t l y lower. 
An e x c e l l e n t review by H. D. T i n d a l l of the leguminosae plants 
i n d i c a t e s most of t h e i r seeds have high p r o t e i n contents, are 
d i r e c t l y consumable, and they are e a s i l y grown in t r o p i c a l and 
s u b t r o p i c a l climates (30). 

However, neither seeds nor f r u i t can approach the extremely 
e f f i c i e n t production of l e a f y plants and most forage grasses. 
A l f a l f a , one of the most commonly grown sources, produces around 
3,000 kg/hectare. C e r t a i n grasses such as the sorghum χ sudan 
grass hybrid and the transvala d i g i t g r a s s i n d i c a t e d in Table IV 
have r e l a t i v e l y high protein but not as high as a l f a l f a . These 
grasses are some of the better prospects among those surveyed at 
the USDA T r o p i c a l H o r t i c u l t u r a l Laboratory in Rio Piadres, Puerto 
Rico where many grasses, l e a f crops and hybrids are being 
studied. It is notable that leaves produced more crude p r o t e i n 
than seeds by f a c t o r s of 6 to 8 times and l e a f y vegetables y i e l d 
the highest p r o t e i n / u n i t area. As reported by Abbott in 1966 ( 3 ) , 
one acre of land can produce in three to four months about eight 
tons of f r e s h l e a f y vegetables (grasses e s p e c i a l l y ) containing up 
to 350 pounds (160 kg) of p r o t e i n . Legumes have a much lower 
y i e l d and in f a c t , peas and beans rank below some starchy crops 
l i k e potatoes and corn in q u a n t i t i e s of protein produced per u n i t 
of land area (12). 

Another point to be considered is the form in which the 
protein-containing food is consumed and the e f f i c i e n c y of 
e x t r a c t i o n or use of the p r o t e i n in human d i e t . When t h i s is 
considered, most of the seed-type foods, beans and legumes, have 
e f f i c i e n c i e s which overcome t h e i r lowered production p o t e n t i a l . 
Thus, these foods can be d i r e c t l y consumed and t h i s r e s u l t s in a 
very e f f i c i e n t use in the human body. Many grasses and 
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18. BERRY Tropical Plants as Sources of Protein 227 

leafy-type vegetables must be e i t h e r extracted and concentrated or 
fed to animals and protein consumed by eating the animal. P r o t e i n 
can u s u a l l y be more e a s i l y extracted from beans and seeds than 
from leaves. However, in an extensive study, Martin and Ruberte 
(6) i n d i c a t e d there are many t r o p i c a l leaves that can be consumed 
d i r e c t l y and serve as e x c e l l e n t sources of e f f i c i e n t p r o t e i n in 
the human d i e t . 

P r o tein in l e a f y vegetables 

As pointed out by Martin and Ruberte (6) of many vegetables 
normally consumed such as beans, seeds, peas, and tubers, the 
leaves contain s i g n i f i c a n t l y more pr o t e i n than the part commonly 
consumed. They reported that the % crude p r o t e i n in many leaves 
ranges as high as 20% in bamboo, curry, and l e t t u c e to greater 
than 30% in leaves from cassava, cowpea, balsam pear and pumpkin. 
Cassava, taro, okra, soybean and pigeon pea are good examples of 
pr o t e i n content of leaves being higher than that of seed, pod, or 
tuber. 

Many studies have been reported on e x t r a c t a b i l i t y and 
concentration of protein from l e a f y plants (13, 14). While i t is 
more e f f i c i e n t to consume the l e a f y vegetable or f r u i t d i r e c t l y , 
considerable q u a n t i t i e s of l e s s a v a i l a b l e p r o t e i n can be made 
a v a i l a b l e through e x t r a c t i o n and concentration i n t o LPC. As 
pointed out by P i r i e (13) and Kohler & Knuckles (14), an LPC 
processing plant could be oriented near packinghouses f o r l e a f y 
vegetables so that leaves, stems, and s t a l k s trimmed from these 
vegetables before being sent to market, could subsequently be 
extracted f o r p r o t e i n . Leaf p r o t e i n processes are covered in more 
d e t a i l in another chapter. 

The p r o t e i n in four d i f f e r e n t t r o p i c a l leaves and the y i e l d of 
crude and f i n a l LPC were studied by Nagy et a l . in 1978 (15). 
They found that the crude p r o t e i n in cassava leaves and sorghum χ 
sudan hybrid grass were r e l a t i v e l y high (Table V) but the d r i e d 
y i e l d of true l e a f concentrate was much higher from sauropus. 

Table V. Weights and P r o t e i n Contents of Leaves from Four 
T r o p i c a l Plants [from Nagy et a l . (4)] 

Fresh Wt Dry Crude P r o . a Crude b 
True 

Leaves Content Dry LPC LPC 
T r o p i c a l Leaves g g Leaves, g Prot., g Prot., g 
Chaya 873 170 41.3 15.1 7.2 
Sorghum χ sudan 1230 180 18.7 11.1 4.7 
Cassava 561 102 18.0 10.2 5.7 
Sauropus 1216 281° 83.7 21.4 10.5 
*N χ 6.25. 
Dried weight. 
Contains woody stems. 
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228 PLANT PROTEINS 

A problem encountered e s p e c i a l l y in the LPC from grasses and 
some types of leaves is the i n t e r f e r e n c e of l i p i d s extracted with 
the protein concentrate which were d i f f i c u l t to separate. As 
i n d i c a t e d in Table VI, although the p r o t e i n from grasses is 
considered highest q u a l i t y from plants, based on required amino 
a c i d s , that from other t r o p i c a l leaves such as cassava, Chinese 
cabbage and Tamu-TEX-sci (an experimental grass hybrid from the 
U n i v e r s i t y of Texas) a l l compare favorably. These plants a l l show 
a good balance of amino acids required f o r humans and e s p e c i a l l y 
some of those such as methionine which are u s u a l l y low in plant 
p r o t e i n . However, they a l l have a r e l a t i v e l y low l e v e l of 
threonine and the experimental grass hybrid is low in 
phenylalanine. Three of these plants, Chinese cabbage, the grass 
hybrid and cassava leaves can be consumed d i r e c t l y as human food, 
as well as used as a source of LPC. 

Regarding the i n t e r f e r e n c e of l i p i d s and f a t t y acids in 
preparation of LPC, Nagy et a l . (15) made an extensive study of 
t h i s problem and determined, as i n d i c a t e d in Table VII, that the 
l i p i d content and t o t a l l i p i d d i s t r i b u t i o n in some green protein 
f r a c t i o n s is indeed s i g n i f i c a n t and can present a problem with 
protein e x t r a c t a b i l i t y and p u r i f i c a t i o n . They in d i c a t e d however, 
most of the l i p i d appeared to come from e x t r a c t i o n of c e l l walls 
and ruptured c e l l u l a r contents during the maceration process. 
They also suggested the l i p i d s were released and became 
extractable p r i m a r i l y through enzymatic reactions a f t e r maceration 
of the leaves f o r e x t r a c t i o n . Thus, they postulated that the time 
i n t e r v a l between maceration of the plant t i s s u e and the 
a p p l i c a t i o n of heat to coagulate proteins was c r i t i c a l . They 
recommended heat i n a c t i v a t i o n of enzymes and p r e c i p i t a t i o n of 
proteins as q u i c k l y as p o s s i b l e a f t e r maceration to minimize t h i s 
i n t e r f e r e n c e . 

Role of c a l o r i c density in p r o t e i n e f f e c t i v e n e s s 

A serious problem with some vegetables and p a r t i c u l a r l y with f r u i t 
as a source of p r o t e i n is the d i l u t i o n of protein with 
carbohydrates so that an inordinate amount of c a l o r i e s must be 
consumed to obtain the needed amount of p r o t e i n and amino acids 
for human growth. A survey of c a l o r i e s and protein content/100 g 
f r e s h weight of several d i f f e r e n t leaves, pods, seeds and tubers 
is shown in Table VIII. This i n d i c a t e s the d e s i r a b i l i t y of 
c e r t a i n leaves, pods and seeds over tubers, f o r example, as a 
protein source. 

Foods that y i e l d in the range of 5-10 c a l o r i e s / g p r o t e i n 
should be e x c e l l e n t d i e t a r y sources of p r o t e i n . However, those 
that y i e l d 50-100 or more c a l o r i e s / g p r o t e i n should probably be 
used more where c a l o r i e s f o r energy are needed and supplemented 
with other p r o t e i n sources. In many countries man has 
supplemented h i s d i e t with p r o t e i n by the consumption of animal 
products and meat in order to eliminate t h i s problem and balance 
the p r o t e i n - c a l o r i c values. 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

01
8



BERRY Tropical Plants as Sources of Protein 229 

CO 
CO cu cu co rH CO CO cO u PQ 

ο 

x> 
c — 

CO w - a 
cu CO rH .» «4-1 

,Ο . rH 
CO rH CO M-l 
cu rH 
60 4-1 < CU cu > 
>> 60 (J 
u-i ctJ cO CO 2 > Q) CO CO ο CO rH V-l CO CO «4-1 

CJ 
Ο 
•Η Ό α ω 
O 4 J 

u a / - s H cO •H 
Ό rO Ο 

Q) < CO co en Ο 
ο . - •Η CO X C/3 β CO β eu •H CO •Η Η 
β Q) CO H I •H 4-» CO Ο PQ 
CO r-l < 

Ό ΡΗ H 
•H > ^ 
U 60 
< Ο 
Ο ο 
β rH 
•Η \ CO β CO cO co Q> /-Ν < -α CJ Ή CO CD •Η •Η CO cu 60 CO β β CO α <: CO Φ •Η ̂  CO β •Η Ο *-» «H CJ CO β β « x : w CJ 

CJ 
ο ε 
< 
60 

Μ 

> 
ω 

rH 
rO 
CO Η 

vû CM Ν Η CO Ο <f 

\0 VO CM ΙΟ Ο Μ Γ Ι vû 

ν υ ι Λ Γ Μ ι Λ Ο Ο ί Λ ν Ο Η 

r-̂  cr> νο οο o> CM 
VO ΙΛ rH <f ON Ι Λ VO 

ο m <r ο m ο r n 
νΟ Ν Η ι Π Ο Μ Λ vû 

r H C M C j N C M C M C M s T v O 

Ν ν Ο Η ΐ Λ Ο > ι Λ ν Ο Η 

eu 
β •Η β CU co β ω Η .Η (3 CO β .Η 0) «Η Ο β β >%.Η Ο •Η β CU C0 <U -U» U 

eu β 
•Η 

β β 
•Η <U 
U rH β Ο 

β 
C0 

>, Χ <ϋ 43 CU CO CO 
r J C X . S H r J r H > H 

00 

rH Ο 
β M 
Ο U 

ο ο 

m 
CM I 

CO β 
α> ο 

u 
« CQ 

S S Ο ο 
u u 
En fi, 
CO rÛ 

ο CO 
u 

«4-1 
ο 

β 
rÛ •Η 
VI 
4 J CO •Η 
Q 
Τ3 •H 
a 

•H 

> 
eu 

rH 
rÛ cO 
H 

CU 
β 

Ό CM 00 

* •H • • • 
β CO 00 vD CM 
ο Q) CO CO 

•H e i 
4-) 
β 

rÛ 
•H 
VH 
4-1 > Ï CO 
CO 4-) 00 CO Ο 

•H 4-J •H • • • 
CO U en CM 

< m CO CO 
Π3 
•H 
a 

•H 
r J 1 CO 
rH β eu 
CO ο rH vO m CM 
4-1 a r û • • • 
Ο cO cO 00 ΙΛ 

H 

N
o

n
s

 

if
i 

CM CO CM 

Ό eu eu 
• H O U 
a β o •H U 

r J CJ PH 

<7\ CO CM CM 
rH CM rH CM I 

Ο Ο Ο Ο 

οο m CM οο 
CM CM rH <t 

β CO 
β 
CO 

60 CO 

I 
U 

0 CO β > CO X cO 
a >, 60 co CO U CO 

£1 Ο CO CO 
c j cn C J cn 

eu 
4-1 
a 
co 
3 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ch

01
8



230 PLANT PROTEINS 

Table VIII. Protein and C a l o r i c Value of D i f f e r e n t Types of 
Vegetables (Per 100 g Fresh wt) 

Protein C a l / 
C a l o r i e s (8) g. Prot. 

Leaves 
Cassava 53 7.0 7.6 
T r o p i c a l spinach 44 4.0 11.0 
Kankong 17 3.0 5.6 
Green vegetables (avg) 22 2.4 9.2 
Yellow vegetables (avg) 18 1.5 12.0 

Pods and seeds 
Beans (pods) 33 2.2 15.0 
Asparagus bean (pods) 18 2.0 9.0 
Peas (seeds) 48 3.4 14.1 

Tubers 
Cassava 131 O.7 187.0 
Sweet potato 121 2.0 61.0 
Cocoyam 88 2.0 44.0 

aAdapted from Terra (29). 

Aquatic weeds as sources of plant protein 

While many types of plant sources are a t t r a c t i v e as sources of 
pro t e i n , perhaps the most a t t r a c t i v e of a l l would be those plants 
which are a nuisance, grow wild r a p i d l y and whose removal would be 
an advantage to mankind. Roe and Bruemmer (16) studied the 
extractable protein as percent of dry-matter from several aquatic 
weeds which had become a nuisance in F l o r i d a and other t r o p i c a l 
and s u b t r o p i c a l areas of the U.S. These and s i m i l a r v a r i e t i e s are 
also wide-spread among most t r o p i c a l areas of the world. As 
indica t e d in Table IX they found p r o t e i n contents ranging from .3 
to 5.4 % of the dry-matter. A f u r t h e r study i n d i c a t e d a higher 
y i e l d of pro t e i n could be obtained when dimethyl s u l f o x i d e (DMS0) 
was used f o r e x t r a c t i o n . Their studies a l s o i n d i c a t e d , (Table X) 
that the protein from these water-weeds had a r e l a t i v e l y good 
balance of amino a c i d s , being low mainly in methionine. I t was 
also observed that those e x t r a c t s made with DMS0, although 
y i e l d i n g g enerally higher amounts of pro t e i n and i n d i v i d u a l amino 
ac i d s , y i e l d e d much lower amounts of the s u l f u r - c o n t a i n i n g 
c y s t e i n e , c y s t i n e and methionine. They speculated that the DMSO 
probably decomposed the s u l f u r - c o n t a i n i n g amino acids due to i t s 
chemical a f f i n i t y f o r s u l f u r groups. They also noted a lower 
amount of l y s i n e in those ex t r a c t s from DMSO and, although they 
could not explain t h i s completely, i t may al s o be due to r e a c t i o n 
between the basic amino a c i d and DMSO. 
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BERRY Tropical Plants as Sources of Protein 231 

Table IX. E x t r a c t a b i l i t y of Protein from Aquatic Weeds a 

Dry Matter 
(DM) Extractable Protein 

% % of DM 
I l l i n o i s pondweed 13.3 5.4 
Water hyacinth 10.6 1.8 
Water l e t t u c e 6.9 O.9 
H y d r i l l a 7.8 O.6 
C a t t a i l s 27.5 O.3 
Adapted from Roe and Bruemmer (16). 

Table X. Amino Acid Compositions of Acid Hydrolyzed 
Protein Fractions from DMSO and Aqueous Extra c t s of 

Pondweed and Water Spinach 

Amino Acid Content: g/100 g Recovered 

Amino Acid 
Pondweed Water Spinach 

Amino Acid DMSO Aqueous DMSO Aqueous 
Lysine 3.40 7.03 2.89 6.63 
H i s t i d i n e 3.17 2.59 5.06 2.43 
Arginine 2.43 5.33 2.67 5.88 
Aspartie 10.27 10.29 10.08 10.12 
Threonine 5.99 5.33 6.44 5.38 
Serine 6.22 5.50 5.42 4.99 
Glutamic 11.77 10.77 12.33 11.11 
P r o l i n e 5.09 4.61 5.12 4.70 
Glycine 7.35 5.24 6.44 5.45 
Alanine 7.33 5.87 7.22 5.77 
Cystine (1/2) O.30 3.54 O.29 3.64 
Valine 7.21 6.32 7.36 6.25 
Methionine O.22 2.10 00 2.05 
Isoleucine 6.16 5.18 6.34 5.00 
Leucine 11.25 8.71 10.97 8.56 
Tyrosine 2.63 4.60 2.53 4.86 
Phenylalanine 7.28 5.40 7.07 5.78 

Adapted from Roe and Bruemmer (16) 
and FAO (18). 

Bruemmer and Roe's f i n d i n g (17) that hot DMSO could extract 8% 
of the dry-matter of water spinach as pro t e i n should encourage 
a g r i c u l t u r a l i s t s and s a n i t a t i o n engineers i n t e r e s t e d in the 
economic aspects of aquatic p l a n t s . These are often grown to 
co n t r o l the nu t r i e n t run-off in lakes from a g r i c u l t u r a l lands and 
waste-treatment p l a n t s . Water spinach grows p r o l i f i c a l l y and acts 
as a l i v i n g sponge f o r removing the water soluble n u t r i e n t s from 
lakes and streams. C a t t a i l s , water hyacinths, water spinach and 
h y d r i l l a d r a s t i c a l l y lower the n i t r i t e - n i t r o g e n content of water 
streams passed through t h e i r beds, or in which beds of these 
plants are grown. They are c u r r e n t l y used in f i e l d t e s t s in 
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232 PLANT PROTEINS 

several waste d i s p o s a l systems as methods to remove n u t r i e n t s from 
drainage water and waste treatment streams. The discovery of ways 
to increase the extractable plant protein with a p o t e n t i a l food or 
animal feed use f o r these plants should g r e a t l y enhance the 
economic f e a s i b i l i t y of using them to c o n t r o l waste and excess 
n u t r i e n t s in water streams. The c a p a b i l i t y of such plants to 
concentrate p o t e n t i a l l y t o x i c metals would have to be considered 
and c a r e f u l l y c o n t r o l l e d . 

Conclusions 

Seeds, legumes and leaves are among the best sources of p o t e n t i a l 
low-cost p r o t e i n , considering the e f f i c i e n c y with which they can 
be used by the human body upon d i r e c t consumption, coupled with 
t h e i r p r o t ein production p o t e n t i a l per u n i t area of arable land. 
While proteins from these sources are very s i m i l a r in amino acid 
composition, a few c u l t i v a r s showed notable v a r i a t i o n s in 
methionine content and a well-balanced d i e t should contain 
portions of several of those c u l t i v a r s , perhaps mixed with c e r t a i n 
f r u i t s as w e l l . Some l e s s e r known t r o p i c a l f r u i t s contain 
s i g n i f i c a n t amounts of proteins and almost a l l f r u i t s contain 
f a i r l y well-balanced proteins considered from the content of 
e s s e n t i a l amino a c i d s . However, in considering f r u i t s and tubers 
as sources of p r o t e i n the c a l o r i c density of the food must be 
c a r e f u l l y considered so that p r o t e i n / c a l o r i e s is not too low due 
to high c a l o r i e carbohydrates and/or l i p i d s . Aquatic weeds and 
c e r t a i n nuisance plants, while not widely considered as p r o t e i n 
sources, nevertheless have s i g n i f i c a n t amounts of protein which 
with the use of s p e c i a l i z e d e x t r a c t i o n techniques such as 
e x t r a c t a b i l i t y with DMSO, y i e l d new sources of p r o t e i n . Although 
contents of these plants are not as high as those grown 
s p e c i f i c a l l y f o r foods, they o f f e r the a d d i t i o n a l a t t r a c t i o n s of 
being e a s i l y grown, low cost to grow, widespread in a v a i l a b i l i t y 
and a great advantage f o r clean-up of waste-waters and streams by 
harvesting and using them as a p r a c t i c a l source f o r l e a f p r o tein 
concentrate. 
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Protein of the Sweet Potato 

W. M . Walter, Jr.1, and A. E. Purcell2 

1Agricultural Research Service, U.S. Department of Agriculture, and North Carolina 
Agricultural Research Service, Department of Food Science, North Carolina State 
University, Raleigh, NC 27695 

2Department of Food Science and Nutrition, Brigham Young University, Provo, UT 84602 

The sweet potato ranks sixth in average yearly 
production among the world's major food crops. 
The crude protein content ranges from 1.3% to > 
10% (dry weight basis). Significant potential exists 
for increasing the protein content by 
breeding/selection and optimization of production 
practices. From 60-85% of the nitrogenous material 
is protein, and the remainder is mostly amino and 
amide nitrogen. Humans have been maintained in 
nitrogen balance using sweet potato as the major 
source of nitrogen. The protein efficiency ratio 
(PER) for isolated sweet potato protein is equal 
to that of casein. Heat processing lowers lysine 
bioavailability, dependent upon the severity of 
the heat treatment and the amount of reducing sugar 
present during heating. 

The sweet potato (Ipomoea batatas L.) i s an important c o n t r i b u t o r 
to human n u t r i t i o n i n many parts of the world. Sweet potato ranks 
s i x t h i n annual world production at 137 m i l l i o n metric tons 
(1975-1977) (1) behind wheat, r i c e , maize, potato, and barley. 
Although starchy roots are generally considered to provide only 
c a l o r i e s to the d i e t , the sweet potato provides 73% of the 
required p r o t e i n per c a l o r i e (2, 3) f o r an adult male. The average 
y i e l d f o r sweet potatoes f o r 1975-1977 (1) was 9,621 kg/ha, making 
i t second only to white potatoes among the ten leading crops 
produced worldwide. There i s s i g n i f i c a n t p o t e n t i a l f o r increased 
y i e l d s , provided production p r a c t i c e s are optimized and high 
y i e l d i n g c u l t i v a r s are grown. In the United States, f o r example, 
the mean y i e l d i n 1980 was 13,108 kg/ha (4). High y i e l d s and 
a 110-130 day growing season make the sweet potato an a t t r a c t i v e 
source of c a l o r i e s and other n u t r i e n t s f o r t r o p i c a l regions of 
the world. I t i s noteworthy that the majority of the countries 
with an annual income of l e s s than $500 (US) per c a p i t a are 
located i n the t r o p i c s . Thus, the sweet potato i s p o t e n t i a l l y 

0097-6156/ 86/0312-0234$06.00/0 
© 1986 American Chemical Society 
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19. WALTER AND PURCELL Protein of the Sweet Potato 235 

an outstanding candidate f o r increased production in t h i s area. 
Although not an important source of p r o t e i n in the United States, 
the sweet potato is consumed extensively in New Guinea, and in 
parts of that country, provides up to 40% of the crude p r o t e i n 
in the d i e t (5̂ ) . 

Data are not a v a i l a b l e f o r p r o t e i n production worldwide. 
However, an estimate of the p r o t e i n c o n t r i b u t i o n provided by 
sweet potatoes can be made i f we assume a mean dry matter content 
of 28% and a mean pr o t e i n content of 5%. Based on these 
assumptions, the sweet potato provides 1.92 m i l l i o n metric tons 
of p r o t e i n worldwide. The y i e l d of p r o t e i n would be 134 kg/ha 
using worldwide y i e l d values or 184 kg/ha using US production 
values. 

Sweet Potato P r o t e i n 

The d i e t must provide those amino acids which the body cannot 
synthesize ( e s s e n t i a l amino acids, EAA) and nitrogen in the form 
of nonessential amino acids (ΝΕΑ). Both EAA and ΝΕΑ are required 
f o r biosynthesis of proteins and other nitrogen-containing 
compounds necessary f o r homeostasis or growth. Thus, the t o t a l 
nitrogen content of a s p e c i f i c food must be considered to be 
n u t r i t i o n a l l y s i g n i f i c a n t . 

For those sweet potato c u l t i v a r s studied, the crude p r o t e i n 
(Ν χ 6.25) contains both p r o t e i n and nonprotein nitrogen (NPN). 
The NPN content has been demonstrated to range from 15 to 37% 
at harvest (6, 7). The only published report of the composition 
showed the NPN f r a c t i o n to be n u t r i t i o n a l l y unbalanced, containing 
mostly amino acids and amides (6). The major components were 
asparagine, 61%; a s p a r t i c a c i d , 11%; glutamic a c i d , 4%; serine, 
4%; and threonine, 3%. Eighty-eight percent of the NPN f r a c t i o n 
was accounted f o r by amino acids and amides. During the e a r l y 
part of storage, the NPN f r a c t i o n decreased, then increased (8). 
The nonlinear nature of the change in NPN, coupled with the f a c t 
that nitrogen content decreased during storage, i n d i c a t e d that 
t h i s f r a c t i o n is part of a m e t a b o l i c a l l y a c t i v e nitrogen pool 
(9) and that the appreciable amount of nitrogen stored as 
asparagine is a v a i l a b l e f o r metabolic demands of the root. 
Although the NPN f r a c t i o n of sweet potato is a v a i l a b l e to s a t i s f y 
nitrogen requirements, only small amounts of EAA are present 
in t h i s f r a c t i o n . 

The i n i t i a l report on the nature of sweet potato p r o t e i n 
i n d i c a t e d that most of the p r o t e i n was a g l o b u l i n "ipomoein" 
(10) . The authors als o stated that upon storage of the root, 
ipomoein was p a r t i a l l y converted i n t o a polypeptide which was 
considerably d i f f e r e n t from the parent m a t e r i a l both in i t s 
chemical composition and i t s p h y s i c a l p r o p e r t i e s . Later workers 
using modern techniques reported the major soluble p r o t e i n was 
a 25 k Da molecule (11) . Only small amounts of t h i s p r o t e i n were 
found in roots stored for 1 year, suggesting that t h i s p r o t e i n 
is r e a d i l y metabolized and is probably the storage p r o t e i n . In 
a d d i t i o n , a second major p r o t e i n i d e n t i f i e d as beta amylase was 
a l s o shown to be minimally present in roots stored f o r 1 year. 

Sweet potato p r o t e i n is unequally d i s t r i b u t e d w ithin the 
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236 PLANT PROTEINS 

root. The crude p r o t e i n content is s l i g h t l y greater in the stem 
end than the root end. The only region which has been shown to 
contain much higher p r o t e i n l e v e l s is the outer l a y e r adjacent 
to the skin corresponding to precambial t i s s u e (12, 13). Scraping 
the roots removed ^2.5% of the f r e s h weight (FW) and decreased 
the root p r o t e i n content by 4.4%, while a more d r a s t i c peeling 
which removed ^.8.5% of the FW lowered the p r o t e i n content by 
12% (13). The t i s s u e removed with the scrapings c o n s t i t u t e d 2.5% 
of the t o t a l weight and contained 87% more p r o t e i n per u n i t weight 
than d i d the remaining t i s s u e . The t i s s u e removed by the deep 
peeling treatment contained 47% more p r o t e i n per u n i t weight 
than d i d the t i s s u e remaining a f t e r p e e l i n g . The above data 
i n d i c a t e that although the surface l a y e r s of t i s s u e are 
s i g n i f i c a n t l y higher in p r o t e i n content than the underlying 
t i s s u e , the absolute amount of p r o t e i n - r i c h material is small. 
Consequently, i t is not f e a s i b l e to increase the p r o t e i n content 
by s e l e c t i v e removal of t i s s u e . 

A p r o t e i n concentrate can be obtained from sweet potato 
roots (_14) . The laboratory method involved grinding with three 
parts of water, screening to remove coarse fibrous material, 
s e t t l i n g the starch, coagulating the chromoplasts, and 
p r e c i p i t a t i n g the p r o t e i n . Sweet potatoes have been used as a 
commercial source of starch and are s t i l l being used as such 
in Japan (15). Commercial production of starch involves the f i r s t 
three steps, i . e . , grinding, screening and s e t t l i n g the starch. 
I t would appear that commercial q u a n t i t i e s of sweet potato p r o t e i n 
might be r e a d i l y a v a i l a b l e as a by-product of the starch industry. 
The laboratory concentrates were bland, l i g h t - c o l o r e d powders 
containing 80-88% p r o t e i n . 

Crude Protein V a r i a b i l i t y 

The sweet potato is a perennial, propagated v e g e t a t i v e l y as an 
annual f o r a g r i c u l t u r a l purposes. The plant is heterozygous and 
is a hexaploid with a somatic chromosome number of 90. As would 
be expected, genetic p o t e n t i a l f o r v a r i a t i o n in p r o t e i n content 
is great. Various workers have reported a p r o t e i n range of from 
1.3% to >10% (dry weight basis) (16, 17, 18), depending upon 
the c u l t i v a r . There appears to be p o t e n t i a l f o r increasing the 
p r o t e i n content by breeding, since the sweet potato has responded 
qu i t e well to s e l e c t i o n f o r other t r a i t s when genetic v a r i a b i l i t y 
is present. Increase in p r o t e i n content by s e l e c t i o n is e s p e c i a l l y 
important because many parts of the t r o p i c s , which are in need 
of a d d i t i o n a l p r o t e i n sources, c o n s i s t e n t l y produce sweet potatoes 
with low (< 4%) p r o t e i n content (dry b a s i s ) . L i (19) demonstrated 
that a mass s e l e c t i o n technique was e f f e c t i v e in i n c r e a s i n g crude 
p r o t e i n content and maintaining a high y i e l d . A l a t e r study (7) 
showed that NPN percent and t r y p s i n i n h i b i t o r a c t i v i t y d i d not 
increase as the sweet potato p r o t e i n content increased. There 
appeared to be some d e t e r i o r a t i o n in the p r o t e i n n u t r i t i o n a l 
q u a l i t y with an apparent d e c l i n e in r e l a t i v e amounts of v a l i n e , 
aromatic amino acids and s u l f u r - c o n t a i n i n g amino aci d s . I t should 
be noted, however, that sample to sample v a r i a b i l i t y among amino 
acids is very great, and thus, more research is needed in t h i s 
area before a d e f i n i t e r e l a t i o n s h i p can be determined. 
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19. WALTER AND PURCELL Protein of the Sweet Potato 237 

Within c u l t i v a r v a r i a t i o n of sweet potato crude p r o t e i n 
is high. P u r c e l l et a l . (20) reported a 13% c o e f f i c i e n t of 
v a r i a b i l i t y between roots from a s i n g l e h i l l and a 13% c o e f f i c i e n t 
of v a r i a b i l i t y between h i l l s in a s i n g l e f i e l d . F i e l d to f i e l d 
v a r i a b i l i t y was very great with Jewel c u l t i v a r , ranging from 
3.99 to 8.81% p r o t e i n (dry b a s i s ) , depending upon the f i e l d 
l o c a t i o n . In a c a r e f u l l y c o n t r o l l e d study, C o l l i n s and Walter 
(21) reported that f o r s i x sweet potato genotypes grown at s i x 
l o c a t i o n s f o r 3 years (18 environments), p r o t e i n content v a r i e d 
in a s t a t i s t i c a l l y s i g n i f i c a n t manner (V 4. O.01) by genotype, 
environment and the environment-genotype i n t e r a c t i o n . 

Another study (22) of genotype-environment i n t e r a c t i o n f o r 
sweet potatoes grown in the southern highlands province of Papua, 
New Guinea, r e i n f o r c e d the f i n d i n g of C o l l i n s and Walter (21) 
with regard to the v a r i a b i l i t y in crude p r o t e i n content. The 
data of Bradbury et a l . (_22) f o r 10 c u l t i v a r s from 5 environments 
showed a mean crude p r o t e i n content of 1.51% (fresh weight) with 
a standard d e v i a t i o n of O.54%, a c o e f f i c i e n t of v a r i a b i l i t y of 
35.8% (Table I ) . The gradient r e f e r r e d to in Table I was obtained 
by p l o t t i n g the mean crude p r o t e i n content f o r the 5 environments 
(bottom row, Table I) against the crude p r o t e i n content f o r each 
c u l t i v a r in each environment. The gradient or slope of the 
r e s u l t i n g l i n e provided a measure of the response of a given 
c u l t i v a r to varying environments. The greater the gradient or 
slope, the more the c u l t i v a r is a f f e c t e d by environment. From 
Table I, i t is apparent that the c u l t i v a r 'Simbul Sowar' is l e a s t 
responsive to environment and s t i l l is high in crude p r o t e i n 
content. On the other hand, c u l t i v a r 'Takion' has the highest 
mean crude p r o t e i n content but much more environmental 
i n s t a b i l i t y . This type a n a l y s i s is a valuable t o o l f o r improvement 
of the crude p r o t e i n content through c u l t i v a r s e l e c t i o n . 

C u l t u r a l p r a c t i c e s a l s o can a f f e c t sweet potato p r o t e i n 
content. P u r c e l l et a l . (23̂ ) reported that i n c r e a s i n g amounts 
of nitrogen f e r t i l i z a t i o n up to 112 kg/ha caused an increase 
in p r o t e i n content but no change in the NPN. Neither s u l f u r nor 
potassium influenced the p r o t e i n content. S i m i l a r l y , Constantin 
et a l . (24) found that nitrogen f e r t i l i z a t i o n up to 67.3 kg/ha 
l i n e a r l y increased crude p r o t e i n content. Kimber (25>) reported 
that when a v a i l a b l e nitrogen no longer a f f e c t s y i e l d s , p r o t e i n 
content of the roots continues to increase. Other workers have 
demonstrated that crude sweet potato p r o t e i n content can be 
increased through c u l t u r a l management p r a c t i c e s (_26, 27̂ ) . Length 
of the growing season a l s o has an e f f e c t on crude p r o t e i n content. 
P u r c e l l et a l . (28) found that the p r o t e i n content decreased 
O.0067% per day between 102 and 165 days. Concomitantly, dry 
matter decreased l i n e a r l y at O.233% per day. In a d d i t i o n to 
nitrogen f e r t i l i z a t i o n rate and length of growing season, high 
rates of i r r i g a t i o n caused decreases in both dry matter and 
p r o t e i n content (29). The r e s u l t s reported by Dickey et a l . (7) 
and Bradbury et a l . (22) r e i n f o r c e the concept that p r o t e i n 
content is not a r e c i p r o c a l f u n c t i o n of dry matter content. I t 
appears then that n a t u r a l genotypic v a r i a b i l i t y in crude p r o t e i n 
content provides a promising avenue to improve p r o t e i n l e v e l s 
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v i a s e l e c t i o n . S e l e c t i o n f o r high p r o t e i n c u l t i v a r s which are 
r e l a t i v e l y i n s e n s i t i v e to environmental d i f f e r e n c e s and 
o p t i m i z a t i o n of c u l t u r a l p r a c t i c e s are a l s o a t t r a c t i v e research 
areas f o r i n c r e a s i n g p r o t e i n content. 

N u t r i t i o n a l Value 

Feeding Studies. Although sweet potatoes are a s i g n i f i c a n t source 
of c a l o r i e s in many parts of the world, very l i t t l e information 
is a v a i l a b l e concerning the n u t r i t i o n a l q u a l i t y of sweet potato 
p r o t e i n as determined by c o n t r o l l e d feeding studies in humans. 
This is in s t r i k i n g contrast to numerous reported studies on 
the feeding of white potatoes to humans (30). An e a r l y study 
in which the sweet potato was used as the sole source of nitrogen 
in the d i e t of humans was that of Adolph and L i u (31). They 
reported that nitrogen balance could be maintained with sweet 
potato nitrogen provided s u f f i c i e n t amounts were consumed. 
Research by other workers (32, 33) a l s o suggested the sweet potato 
p r o t e i n is r e a d i l y u t i l i z e d by humans. 

Large amounts of sweet potato must be eaten to provide enough 
nitrogen. Oomen (34) reported that in New Guinea, where 80-90% 
of the t o t a l c a l o r i e s were obtained from sweet potato, the 
subjects studied were u s u a l l y in s i g n i f i c a n t negative nitrogen 
balance. Since negative nitrogen status means continuous breakdown 
of body p r o t e i n leading to serious m a l n u t r i t i o n , Oomen (34) was 
puzzled because the subjects seemed to be in good health. As 
a r e s u l t , he suggested that eating large amounts of sweet potato 
might induce an i n t e s t i n a l m i c r o f l o r a which was able to f i x 
gaseous nitrogen so that i t could be u t i l i z e d to synthesize amino 
acid s . Obviously, i f such were the case, much of the knowledge 
of p r o t e i n n u t r i t i o n would be in doubt since the v a l i d i t y of 
nitrogen balance studies upon which most of t h i s knowledge is 
based would be in doubt. A l a t e r study (_35) using c a r e f u l l y 
c o n t r o l l e d conditions i n d i c a t e d that both adolescent and young 
adult males maintained in s l i g h t l y negative nitrogen balance 
through use of sweet potato as the major nitrogen source developed 
c l i n i c a l symptoms of mild p r o t e i n m a l n u t r i t i o n . These included 
abnormal plasma free amino a c i d patterns and a decrease in 
p h y s i c a l stamina. In a d d i t i o n , no evidence of in vivo nitrogen 
f i x a t i o n could be detected in f e c a l m a t e r i a l , i n d i c a t i n g that 
the m i c r o f l o r a induced by long-term consumption of sweet potatoes 
are not capable of f i x i n g nitrogen. The report that h a b i t u a l 
sweet potato eaters are somewhat independent of d i e t a r y nitrogen 
appears to have no basis in f a c t . 

Results reported by Huang et a l . (35) i n d i c a t e d that with 
teenagers a p o s i t i v e nitrogen balance could be maintained with 
an intake of O.67 to O.71 g protein/kg body weight, where the 
sweet potato furnished most of the p r o t e i n . The energy requirement 
f o r t h i s l e v e l of p r o t e i n consumption was 54 k cal/kg body weight. 
The apparent p r o t e i n d i g e s t i b i l i t y was found to be 66%, which 
was very close to a p r e v i o u s l y reported value of 67% (36). The 
above reports, although l i m i t e d in number, i n d i c a t e that sweet 
potato p r o t e i n is of good n u t r i t i o n a l q u a l i t y but the quantity 
is low in the c u l t i v a r s used. The c u l t i v a r Tainon 57 used by 
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240 PLANT PROTEINS 

Huang et a l . (35) had a crude p r o t e i n content of from O.8 to 
1.3% (fresh weight). 

A report by Bressani et a l . (3_7) , which evaluated the 
n u t r i t i o n a l value of d i e t s based on starchy foods and beans, 
i n d i c a t e d that f o r the r a t , sweet potato p r o t e i n was of poor 
n u t r i t i o n a l q u a l i t y . When methionine was added to a l l d i e t s to 
r a i s e s u l f u r amino acids, sweet potato s t i l l required the l a r g e s t 
amount of supplementation with bean f l o u r to maintain animal 
weight (Table I I ) . 

Sweet potato f l o u r contained 3.8% p r o t e i n , the second highest 
amount of p r o t e i n among starchy foods, and yet the p r o t e i n 
appeared to be the poorest in n u t r i t i o n a l q u a l i t y . However, i t 
should be noted that the sweet potatoes used in t h i s study were 
d r i e d at 60 C but were not cooked. Uncooked sweet potato starch 
is not completely digestable by rodents. As a consequence, 
maintenance requirements would increase. This is the most l i k e l y 
explanation f o r the increased requirement f o r bean f l o u r , but 
there als o may have been i n t e r f e r e n c e with d i g e s t i o n from protease 
i n h i b i t o r s present in uncooked sweet potatoes. 

Walter et a l . (38) measured the p r o t e i n e f f i c i e n c y r a t i o 
(PER) of f l o u r prepared from sweet potatoes which were cooked 
in a drying oven. Because the PER is determined on the basis 
of a d i e t containing 10% p r o t e i n , the 'Jewel' and 'Centennial' 
sweet potatoes used in t h i s study were stored u n t i l s u f f i c i e n t 
s t a r ch had metabolized to increase crude p r o t e i n content to 11.25% 
(dry b a s i s ) . When the f l o u r was fed to Sprague-Dawley s t r a i n 
r a t s , the corrected PER values were 2.22 and 2.00 f o r 'Centennial' 
and 'Jewel' c u l t i v a r s , r e s p e c t i v e l y , compared to 2.50 f o r casein. 
'Centennial' had the highest PER value of the two c u l t i v a r s 
because i t s NPN content was lower. The net e f f e c t of increased 
NPN content is to lower the amount of e s s e n t i a l amino acids as 
a percentage of the t o t a l nitrogen and thus decrease the PER 
value. 

A n t i - n u t r i t i o n a l Factors 

It has been recognized since 1954 (39) that sweet potato contains 
t r y p s i n i n h i b i t o r s . T r y psin i n h i b i t o r s (TI) have an a n t i -
n u t r i t i o n a l e f f e c t by i n h i b i t i n g p r o t e o l y t i c a c t i o n of t r y p s i n 
during d i g e s t i o n . Since the i n i t i a l report, TI a c t i v i t y in sweet 
potatoes has been the subject of several reports. Dickey and 
C o l l i n s (40) reported the presence of 7 TI bands in the 4 
c u l t i v a r s examined, the i n t e n s i t y of the bands being c u l t i v a r 
dependent. Heat i n a c t i v a t i o n of TI also was c u l t i v a r dependent, 
but heating the t i s s u e to 94 C., followed by cooling to room 
temperature destroyed 93-97% of the a c t i v i t y in a l l c u l t i v a r s . 
Consequently, cooking of sweet potatoes should eliminate most 
of the a n t i - n u t r i t i o n a l e f f e c t . 

E n t e r i t i s necrotians (EN), a spontaneous form of e n t e r i c 
gangrene endemic to the highlands of Papua, New Guinea, is caused 
by toxins produced when C l o s t r i d i u m perfringens of the gut enter 
a r a p i d growth phase (41). I t has been postulated that the disease 
occurs in populations which consume a low p r o t e i n d i e t , e.g., 
sweet potato as the staple food combined with TI a c t i v i t y which 
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WALTER AND PURCELL Protein of the Sweet Potato 241 

Table I I . E f f e c t of Supplementation of Starchy^ Foods With Common 
Beans on Weight Maintenance 

% Crude % Bean Flour Required 
Flours P r o t e i n f o r Nitrogen Balance 

Cassava 1. .4 14, .5 
P l a n t a i n 3, .1 20. .1 
Potato 9. .5 14. .6 
Sweet Potato 3. .8 29. .3 
Bean 22. .8 10. .1° 

^From Bressani et a l . (37) . Wistar r a t s were t e s t animal. 
D Supplemented with methionine. 
Cornstarch used as starchy food with bean f l o u r . 
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242 PLANT PROTEINS 

e f f e c t i v e l y reduces the p r o t e o l y t i c capacity of the d i g e s t i v e 
system to such a degree that i t cannot destroy the proteinaceous 
t o x i n by h y d r o l y s i s . A report by Bradbury et a l . (13) i n d i c a t e d 
that there was no c o r r e l a t i o n between the incidence of EN in 
a given region and the amount of TI a c t i v i t y in the sweet potato 
c u l t i v a r s consumed in that region. Unless the populations involved 
consume large amounts of raw sweet potatoes, i t is highly u n l i k e l y 
that the TI is obtained from t h i s source since cooking has been 
shown to i n a c t i v a t e the i n h i b i t o r (40, 42). 

Amino Acid Composition 

In recent years, a number of workers have published amino a c i d 
analyses of the sweet potato (38, 43, 13, 22, 18). The o v e r a l l 
p i c t u r e is that the sweet potato amino a c i d pattern is of good 
n u t r i t i o n a l q u a l i t y but that the v a r i a b i l i t y of i n d i v i d u a l amino 
acids both within the same c u l t i v a r and across c u l t i v a r s is very 
high. For example, Walter et a l . (44) reported that with the 
exception of aromatic amino acids, every e s s e n t i a l amino a c i d 
has a score of l e s s than 100 in one or more c u l t i v a r s . The amino 
a c i d score is defined as the g of amino a c i d in 100 g of t e s t 
p r o t e i n d i v i d e d by the number of g of that amino a c i d in the 
FAO/WHO reference pattern times 100. Bradbury et a l . (22) showed 
that, f o r the same c u l t i v a r , environmental e f f e c t s on the amino 
a c i d patterns is s i g n i f i c a n t . For three c u l t i v a r s , they found 
a mean percent standard d e v i a t i o n f o r a l l amino acids of 24.2, 
23.4 and 20.6 over 5 environments. From t h e i r r e s u l t s , Bradbury 
(22) concluded that in the highlands of Papua, New Guinea, the 
EAA most l i k e l y to be l i m i t i n g in decreasing order of p r o b a b i l i t y 
were l y s i n e , leucine and s u l f u r amino a c i d s . These workers 
suggested that a part of the large d i f f e r e n c e reported worldwide 
in the r e l a t i v e amount of s u l f u r amino acids may be due in part 
to d i f f i c u l t i e s in the a n a l y s i s of these compounds. 

Concentrates and Iso l a t e s 

The l i t e r a t u r e on concentrated sweet potato p r o t e i n is sparse. 
Amino a c i d patterns f o r sweet potato p r o t e i n i s o l a t e s have been 
reported by three groups (16, 45, 46). One report showed that 
when compared to the FAO standard (47), no amino acids were 
l i m i t i n g . The other reports showed t o t a l s u l f u r amino acids and 
l y s i n e to be l i m i t i n g (Table III) . The patterns i n d i c a t e a 
n u t r i t i o n a l l y w e l l balanced p r o t e i n . The improvement in 
n u t r i t i o n a l q u a l i t y , when compared to amino a c i d patterns from 
whole sweet potato, is due to the f a c t that whole sweet potatoes 
contain s u b s t a n t i a l amounts of NPN, which c o n s i s t s mainly of 
nonessential amino acids. This e f f e c t i v e l y d i l u t e s the EAA and 
lowers the amino a c i d score. 

Feeding studies with the r a t as the t e s t animal v e r i f i e d 
the high n u t r i t i o n a l q u a l i t y i n d i c a t e d by the amino a c i d pattern 
(45). Using i s o l a t e s and concentrates prepared from 'Jewel' and 
'Centennial' c u l t i v a r s , PER values were equal to that of casein 
(milk protein) (Table IV). Examination of the amino a c i d patterns 
of sweet potato p r o t e i n and casein revealed that both contained 
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19. WALTER AND PURCELL Protein of the Sweet Potato 243 

Table I I I . Amino Acid Composition of Pro t e i n I s o l a t e s (g of Amino 
Acid Per 100 g of Protein) 

E s s e n t i a l 

Walter and P u r c e l l Nagase FAO/WHO 
Catignani (45) et a l . ( 1 6) 3 (46) (47) 

Threonine 6. ,4 5. ,5 4.6 4. .0 
Val i n e 7. ,9 6. .8 7.9 5. .0 
Methionine 2. .0 2. .6 2.5 
T o t a l S u l f u r 3. .1 3. .0 4.1 3. .5 
Isoleucine 5. .6 5. .3 5.3 4. .0 
Leucine 7. .4 7. .8 8.7 7. .0 
Tyrosine 6. .9 5. .2 3.6 
Phenylalanine 8. .2 6. .7 6.0 
Lysine 5. .2 6. .8 

c 
6.5 

c 
5, .5 

Tryptophan ^ ̂  1. .2° 1. . i c 1.8 1, .0 
Amino Acid Score ' 

Tot a l S u l f u r 88 86 100 
Lysine 95 100 100 

Nonessential 

A s p a r t i c Acid 18, .9 14, .4 13.1 
Serine 6, .6 5, .1 5.5 
Glutamic A c i d 9, .6 8, .6 11.8 
P r o l i n e 4, .2 5, .4 4.3 
Glycine 5, .3 4, .3 2.6 
Alanine 5, .4 4, .6 6.1 
H i s t i d i n e 2, .7 2 

• f 

N H 3 1. .6 -L 

Arginine 5, .9 6 .0 6.4 

"'Jewel' c u l t i v a r . 
C u l t i v a r unknown. 
Tryptophan content measured c o l o r i m e t r i c a l l y on enzyme-hydrolyzed 

^ma t e r i a l . 
g of amino a c i d in 100 g of t e s t protein/g of amino a c i d in FAO/WHO 
reference pattern χ 100. 

^ A l l other e s s e n t i a l amino acids exceeded FAO/WHO values. 
NH not reported. 

From Walter et a l . (44). 
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19. WALTER AND PURCELL Protein of the Sweet Potato 245 

l e s s s u l f u r amino acids than required f o r r a t growth. In a d d i t i o n , 
sweet potato contained l e s s l y s i n e , while casein contained l e s s 
threonine than is required f o r r a t growth. Apparently the o v e r a l l 
d e f i c i e n c i e s l i m i t e d r a t growth about the same amount. The end 
r e s u l t was that r a t s fed e i t h e r p r o t e i n grew at about the same 
rate . 

Horigome et a l . (15) reported a PER of 1.9 f o r p r o t e i n 
recovered from an i n d u s t r i a l sweet potato starch f a c i l i t y . They 
were able to increase the PER to 2.5 by supplementing the d i e t s 
with l y s i n e and methionine. A p o r t i o n of these amino acids were 
e i t h e r destroyed or made b i o l o g i c a l l y nonavailable by the 
processing operation. The p o s s i b i l i t y a l s o e x i s t s that these 
amino acids were l i m i t i n g in the c u l t i v a r s studied. 

E f f e c t of Processing on N u t r i t i o n a l Q u a l i t y 

Heat processing of sweet potatoes can have d e l e t e r i o u s e f f e c t s 
on p r o t e i n n u t r i t i o n a l q u a l i t y . P u r c e l l and Walter (48) found 
that the i n t e n s i t y of the heat processing conditions had a d i r e c t 
bearing on n u t r i t i o n a l q u a l i t y of the p r o t e i n . In t h i s study 
l y s i n e was destroyed, presumably v i a i r r e v e r s i b l e r e a c t i o n with 
reducing sugars (40). Both sucrose syrup-canned sweet potatoes 
and drum-dried sweet potato f l a k e s contained 26% l e s s l y s i n e 
than d i d baked sweet potatoes. In a d d i t i o n , syrup-canned sweet 
potatoes contained 25% l e s s t o t a l nitrogen than d i d e i t h e r baked 
or drum-dried sweet potatoes. This l o s s of nitrogen was apparently 
due to s o l u t i o n of the NPN f r a c t i o n in the syrup. Other reports 
on canned sweet potatoes reveal s i m i l a r changes. Canned sweet 
potatoes from various l o c a t i o n s were found to contain 3.8 to 
4.2% (dry basis) crude p r o t e i n (_50) , rather than the expected 
4.5-7.0%. Although no mention was made of the lower-than-expected 
crude p r o t e i n values, these were probably due to d i s s o l u t i o n 
of part of the NPN f r a c t i o n in the syrup. S i m i l a r l y , Meredith 
and D u l l (43) reported that canned-in-syrup sweet potatoes 
contained ca. 45% l e s s amino acids than d i d the roots before 
processing. Since syrup is discarded before the canned roots 
are eaten, t h i s r e s u l t s in a serious l o s s of nitrogen. 

The s e v e r i t y of heat treatment during dehydration has a 
s i g n i f i c a n t e f f e c t on p r o t e i n n u t r i t i o n a l q u a l i t y . Cooked sweet 
potatoes dehydrated in a f o r c e d - d r a f t oven at 60 C had a PER 
of 2.2, while a second l o t of cooked sweet potatoes dehydrated 
on a steam-heated drum dryer had a PER of 1.3 (38). The l y s i n e 
content measured by a c i d h y d r o l y s i s - i o n exchange chromatography 
was somewhat lower in the drum dehydrated f l o u r but not 
s u f f i c i e n t l y low to account f o r the d i f f e r e n c e in PER values. 
Further study using an assay f o r a v a i l a b l e l y s i n e (SI) showed 
that a large part of the l y s i n e was not a v a i l a b l e . Thus, a c i d 
h y d r o l y s i s can l i b e r a t e b i o l o g i c a l l y nonavailable l y s i n e which 
is subsequently q u a n t i f i e d along with a v a i l a b l e l y s i n e , causing 
an overestimation of the n u t r i t i o n a l q u a l i t y of the food. This 
is most l i k e l y to happen when high l e v e l s of reducing sugars 
are present in the food and l y s i n e is l i m i t i n g , as is the case 
with sweet potatoes. 
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246 PLANT PROTEINS 

Summary and Conclusions 

The sweet potato ranks s i x t h in average production among the 
major food crops of the world. There is s i g n i f i c a n t p o t e n t i a l 
f o r i n c r e a s i n g the p r o t e i n content of t h i s crop by a combination 
of breeding/selection and optimization of production p r a c t i c e s . 
According to present knowledge, most of the nitrogen of the sweet 
potato is in a form s u i t a b l e to s a t i s f y human nitrogen 
requirements. The p r o t e i n component comprises from 60-85% of 
the nitrogen with the remainder c o n s i s t i n g of amino or amide 
nitrogen. The amino a c i d pattern of the sweet potato is highly 
v a r i a b l e . Isolated sweet potato p r o t e i n is of s u f f i c i e n t 
n u t r i t i o n a l q u a l i t y to support growth of laboratory r a t s to the 
same extent as casein. Humans have been maintained in nitrogen 
balance using sweet potato as the major source of p r o t e i n . 
Processing of sweet potatoes can have adverse e f f e c t s on the 
p r o t e i n n u t r i t i o n a l value. Canning sweet potatoes in a l i q u i d 
medium causes leaching of soluble nitrogenous compounds i n t o 
the l i q u i d , thereby lowering the nitrogen content. Heat processing 
of the sweet potato causes a decrease in the b i o l o g i c a l 
a v a i l a b i l i t y of l y s i n e . The extent of the decrease in l y s i n e 
a v a i l a b i l i t y is dependent upon the s e v e r i t y of the heat treatment 
and the amount of reducing sugars present during heating. 
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20 
Cucurbit Seed Protein and Oil 

T. J. Jacks 

Southern Regional Research Center, Agricultural Research Service, U.S. Department of 
Agriculture, New Orleans, LA 70179 

Research concerning the structure, composition, 
and usefulness of cucurbit seeds (gourds, melons, 
squash, etc.) is reviewed. Cytological features 
are typical of those for oilseeds. Composition-
ally, decorticated seeds contain by weight 50% oil 
and 35% protein. The oil is unsaturated and 
edible; however, certain species contain conju-
ated trienoic fatty acids (drying oils). 
Globulins account for 70 to 90% of the protein 
and consist of two, four or six subunits of 
54,000 daltons. Disulfide reduction of the 
subunit yields polypeptides of 19,000 to 37,000 
daltons. Globulins are rich in arginine, 
aspartic and glutamic acids, and are deficient 
in lysine and sulfur-containing amino acids. 
Nutritional values of the globulin are similar 
to those of other oilseed globulins; supple
mentation with the limiting amino acids increases 
the values. 

The f i r s t general review of the composit ion and c h a r a c t e r i s t i c s of 
o i l and p ro te in from several species of c u c u r b i t seeds was pub l i shed 
i n 1972 ( 1 ) . S ince then, a resurgence of i n t e r e s t has developed i n 
the exp loT ta t i on of seeds from w i l d , xe rophyt i c c u c u r b i t s , e s p e c i a l l y 
B u f f a l o gourd (Cucurb i ta f o e t i d i s s i m a ) , as u s e f u l , n u t r i t i o u s f ood 
s t u f f components (2 -4 ) . ' Reviews concerning r e s u l t s of f i e l d s t ud ie s 
of Bu f f a l o gourd product ion and a d e s c r i p t i o n of the U n i v e r s i t y of 
A r i z o n a ' s program to domesticate i t have a l so appeared (5 ,6 ) . In 
a d d i t i o n , seeds of other cucu rb i t s seem j u s t as economicFlTy and 
n u t r i t i o n a l l y p romis ing . In t h i s chapter , pe r t i nen t r e s u l t s o f 
research on c u c u r b i t seeds w i th regard to y i e l d , c y t o l o g i c a l s t r u c 
t u r e , compos i t ion, and c h a r a c t e r i z a t i o n s and n u t r i t i o n a l aspects of 
o i l and p ro te in are summarized. 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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250 PLANT PROTEINS 

Y i e l d 

Seed y i e l d in cucu rb i t s is seldom i n ve s t i g a ted because commercial 
product ion of the ca rbohyd ra te - r i ch f r u i t is the major concern. Wide 
v a r i a t i o n s in s i z e s and weights of seeds, numbers of seeds per f r u i t 
and even numbers of f r u i t s per p l an t seems the r u l e , p a r t i c u l a r l y in 
w i l d p lant s and even w i t h i n one spec ies (7). E s t imat ions from 
l i m i t e d observat ions of C. f o e t i d i s s i m a , Z. d i g i t a t a and C. pal ma ta 
growing w i l d in deser t areas i n d i c a t e t h e o r e t i c a l y i e l d s Trom 500 to 
3,000 lb of seeds per acre Ç. f o e t i d i s s i m a c u l t i v a t e d in 
northwestern Texas y i e l d s approximately 700 to 2,000 l b of seeds per 
acre (10). C. pepo (pumpkin) produces up to 1,200 l b per acre and 
an improved seed-coat les s l i n e y i e l d s from 1,200 to 1,400 l b of seed 
per acre (£ , 11). These y i e l d s are comparable to y i e l d s of o i l s e e d s 
of commerce. 

C y t o l o g i c a l S t ruc tu re 

Cucu rb i t seeds are exalbuminous or l ack i ng endosperm in the mature 
s t a t e . In such seeds the embryo is large in r e l a t i o n to the seed as 
a whole. I t f i l l s the seed almost completely and i t s body p a r t s , 
p a r t i c u l a r l y the coty ledons , s tore the food reserves fo r germinat ion. 
S ince the predominant t i s s ue of the seed is coty ledonous, and s ince 
cotyledons are l eaves , anatomy and h i s to logy of t y p i c a l l e a f t i s s u e 
s u f f i c e to descr ibe the preponderant pa r t of the seed. Epidermal 
c e l l s cover the coty ledonary sur face fo l lowed by pa l i sade and 
abundant parenchyma c e l l s that conta in the food re se rve s . Vascular 
t i s sue s are a l so present . 

A c r o s s - s e c t i o n a l view of a C. d i g i t a t a seed is shown in a 
scanning e l e c t r o n micrograph (SENfT in F igure 1. The sec t i on was 
t rea ted wi th hexane before being sput te r -coated (12) and is 
morpho log i ca l l y i d e n t i c a l to a s i m i l a r view of C. pepo (12). The 
seed coat comprises the somewhat t h i n outer boundary of TRe sec t i on 
and the remainder is composed of two cotyledons separated by the 
f i r s t " t r u e " leaves of the embryo. 

To show the i n t r a c e l l u l a r s t r uc tu re of a c u c u r b i t seed, t h i s 
time C. f o e t i d i s s i m a , an SEM a t higher magn i f i ca t i on is given in 
Figure 2~ With in the c e l l wa l l are la rge p a r t i c l e s of p ro te i n 
(p ro te in bodies) and a cytoplasmic r e t i cu l um in which oil-rich 
spherosomes were embedded. This emptied spherosoma complex, 
appearing as a net-work, is preserved U 2 , 13) when the sample is 
prepared by the aqueous method of Arnot t ancTWebb U 2 ) . When the 
method given f o r F igure 1 was used, the i n t r a c e l l u l a r s t r u c tu re 
( p ro te i n bodies but no cytoplasmic re t i cu lum) was s i m i l a r to that of 
C. f o e t i d i s s i m a shown by Tu e t a l (13). 

C y t o l o g i c a l fea tu res of the cotyledons are shown in Figure 3, 
which is a composite e l e c t r on micrograph po r t ray ing t y p i c a l paren
chyma c e l l s that comprise the coty ledonary storage t i s s ue s of £ . 
f o e t i d i s s i m a , C. pepo, C. pal ma t a , C. d i g i t a t a , and Apodanthera 
undulata Π Τ ) . The bul7 of the cytoplasm cons i s t s of two o r g a n e l l e s : 
spherosomes ( l i p i d bodies) and p ro te in bodies (aleurone g r a i n s ) . 
S tarch gra ins are absent U ) . Spherosomes are about 1 micron in 
diameter, are surrounded by h a l f - u n i t membranes (15), and conta in 
the reserve oil of o i l s eed s (16). P ro te in bodies are from 5 to 20 
microns in diameter, are enclosed in u n i t membranes, conta in storage 
p r o te i n (17, 18), and harbour two i n c l u s i o n s : c r y s t a l l o i d s and 
g l obo id s . C r y s t a l l o i d s are c r y s t a l l i n e depos i t s of storage p r o te i n 
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JACKS Cucurbit Seed Protein and Oil 

Figure 1. Scanning e l e c t r o n micrograph of a cross s ec t i on of a 
dormant, hexane-treated seed of Cucurb i ta d i g i t a t a . Note outer 
seed coa t s , two coty ledons (C ) , and cen t r a l c l e f t that conta ins 
f i r s t " t r u e " leaves between the coty ledons . Bar represents 
1 mm. 

F igure 2. Scanning e l e c t r o n micrograph of a mesophyll c e l l of 
a dormant cotyledon of Bu f f a l o gourd (Cucurb i ta f o e t i d i s s i m a ) . 
T issue was f i x e d in aqueous g lu ta ra ldehyde, dehydrated w i th 
ethanol and c r i t i c a l l y po in t d r i e d . Note c e l l wa l l (W) and 
i n t r a c e l l u l a r components i n c l ud i n g p ro te in bodies (P) and 
emptied spherosomes tha t appear as a cytoplasmic r e t i c u l u m . 
Bar represents 10 ym. 
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252 PLANT PROTEINS 

F igure 3. Transmiss ion e l e c t r o n micrographs of mesophyll c e l l s 
of dormant coty ledons o f : A, Cucurb i ta f o e t i d i s s i m a ; B, 
Cucurb i ta pepo; C., Cucurb i ta pa] ma t a ; D, Cucurb i ta d i g i t a t a ; E, 
Apodanthera undulatjT Note c e l l wal l (W), prote in body (P ) , 
spherosome ( S ) , g l obo id (G), and c r y s t a l l o i d (X) . In each 
micrograph, the bar represents f i v e microns. Reproduced from 
re fe rence 14. 
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20. JACKS Cucurbit Seed Protein and Oil 253 

( c u c u r b i t i n ) and are gene ra l l y abundant and la rge in c ucu rb i t s (17, 
18). Globoids are composed mostly of m e t a l l i c s a l t s of phy t i c a c i d 
ΤΓ9, 20) . Energy d i s p e r s i v e x-ray a n a l y s i s of C. maxima (squash) 
g lobo ids have shown tha t , in add i t i on to phosphorus due to p h y t i c 
a c i d , potassium, magnesium, and sometimes ca lc ium are located in 
g lobo ids (17). These ca t ions comprise the m e t a l l i c s a l t s of phy t i n 
in the g l obo i d ; they are absent in the proteinaceous matr ix of the 
p ro te in body in which g lobo ids are embedded (17, 19). 

Other i n t r a c e l l u l a r o r g a n e l l e s , such as mitocïïondria, p l a s t i d s , 
and endoplasmic r e t i c u l a , a l l of which are r a r e l y observed in the 
cytoplasm of qu iescent seed c e l l s , are not apparent in qu iescent 
c u c u r b i t seed coty ledons . N u c l e i , however, are present . 

Composition 

As w i th y i e l d s of seeds given above, the amount of seed coat per seed 
v a r i e s con s i de rab l y , anywhere from 18% (C. pepo) to 60% (Lagenaria 
v u l g a r i s , b o t t l e gourd) (21, 22) . IndeecT, seed-coat les s l i n e s of C. 
pepo have l i t t l e or no coat (TT, 23). 

The amounts of oil and p ro te i n in deco r t i c a ted seeds are 
somewhat le s s v a r i e d . C a l c u l a t i o n s of e a r l i e r data from t h i r t e e n 
spec ies show that deco r t i c a t ed seeds c o n t a i n , by weight, 49.5 + 2.3% 
oil and 35.0 +̂  2.4% p ro te i n a t 95% confidence i n t e r v a l s in the~2 t e s t 
( U . More recent repor t s (7, 24-32) are in s ub s t an t i a l agreement 
wTth these va lue s . Some s tud ies r epo r t oil and p ro te in contents of 
undecor t i ca ted seed (whole seed) or p ro te i n content of oil-free meal. 
Reca l cu l a t i on s to d e c o r t i c a t e d f u l l - f a t seeds f i t these ranges. 

Oil 

Unsaturated f a t t y a c i d s are the preponderant f a t t y ac id s of c u c u r b i t 
o i l s , and in some seeds conjugated t r i ene comprises o n e - t h i r d of t h i s 
un sa tu r a t i on . Table I shows the f a t t y a c i d d i s t r i b u t i o n in o i l s of 
c u c u r b i t seeds ( ] ) . More recent determinat ions (7 , £ 7 , _31» 33) are 
in c lose agreement wi th these r e s u l t s . Occa s i ona l l y a spec ies 

Table I. Content of Fatty Acids in Cucu rb i t O i l s * 

P a l m i t i c S t e a r i c O l e i c L i n o l e i c 
Conjugated 
Tr ienes 

Ed ib l e O i l s 
Drying O i l s 

14.2 + 3.1 
7.8 + 2.9 

8.4 + 2.5 
8.4 + 5.9 

28.5 + 4.1 
22.4 + 5.7 

47.3 + 4.5 31.0 + 8.4 29.2 + 6.7 

95% conf idence i n t e r v a l s c a l c u l a t e d from the Ζ t e s t . Data from more 
than one determinat ion on a given spec ies were averaged before the 
means of data from a l l species were c a l c u l a t e d so that each spec ies 
was eva lua ted , or weighted, e q u a l l y . Reproduced from re fe rence 1. 

conta ins an unusual amount of a given f a t t y a c i d , such as 49% o l e i c 
a c i d in seed-coat les s C. pepo (26) or 78% l i n o l e i c a c i d Lagenar ia 
masacarena (34) . C l e a r l y , the "data show that c u c u r b i t seeds are 
important sources of ed i b l e oil, and d i g e s t i b i l i t y s tud ie s w i th 
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254 PLANT PROTEINS 

ch icks and r a t s supports t h i s (27, 33, 35), unless conjugated t r i e n e s 
are present . In that case, the oil is va luab le as a dry ing oil and 
s tud ie s of £ . d i g i t a t a and C. palmata seed o i l s i l l u s t r a t e t h e i r 
usefu lness as p r o t e c t i v e coat ing s (8 ) . 

I t is of i n t e r e s t tha t caroteno id pigments ( x an thophy l l s ) , 
s t e r o l s ( s p i na s te ro l and c h o n d r i l l a s t e r o l ) and a t r i t e r p e n e a l coho l 
have been i d e n t i f i e d in c u c u r b i t seed oil (31 , 36, 37). However, 
c u c u r b i t o i l s such as tha t from Bu f f a l o gourcT are amenable to 
r e f i n i n g , b leach ing and deodor i z ing (38). 

P r o te i n 

Deco r t i ca ted c u c u r b i t seeds conta in by weight about 35% p r o t e i n . 
T r a d i t i o n a l l y , seed p ro te in s are c l a s s i f i e d as g l obu l i n s and albumins 
accord ing to t h e i r s o l u b i l i t y in c e r t a i n aqueous s o l ven t s . 
B i o chem i ca l l y , o i l s e e d g l obu l i n s are genera l l y cons idered storage 
p ro te i n s wh i le albumins are be l i eved to be metabol ic ( c a t a l y t i c ) 
p r o t e i n s . 

Albumins have not been as thoroughly i n ve s t i g a ted as have 
g l o b u l i n s . Albumins i s o l a t e d from Ci t r u l l us v u l g a r i s (watermelon) 
and C. maxima are composed of 9-12 major components tha t d i f f e r in 
e l e c t r o p h o r e t i c m ig ra t ion (39-41 ) and 6-9 components in gel 
f i l t r a t i o n (40) . Many e l e c t r o p h o r e t i c a l l y d i s t i n g u i s h a b l e p ro te in s 
comprise t heT lbum in f r a c t i o n of Cucumis s a t i vu s (cucumber), which is 
dominated by albumins of molecular weight of 7000 to 9000 da l tons 
(42). A thorough study of Cucumis s a t i vu s albumin (43) showed t h a t 
aïïôut one- four th of i t s p r o te i n is water s o l u b l e . TRTs low molecu lar 
weight albumin has a sedimentat ion constant o f 2 S (Svedberg un i t s ) 
in the a n a l y t i c a l u l t r a c e n t r i f u g e . I t was concluded t ha t , bes ides 
c u c u r b i t g l o b u l i n s , a la rge po r t i on of the albumins a l so ac t s 
b i o chem i ca l l y as storage p r o t e i n , but fo r s u l f u r in a d d i t i o n to 
n i t rogen s ince t h e i r amino a c i d composit ion is s i m i l a r to that o f 
n i t r o g e n - r i c h g l o b u l i n , y e t they conta in an e x c e p t i o n a l l y high 
content of c y s te ine (8.9% of the t o t a l amino a c i d s ) . 

Cucu rb i t seed g l o b u l i n s , which account fo r about 70 to 90% of 
the t o t a l p ro te i n content , conta in about 18% n i t r o gen , are so lub le in 
10% s a l t s o l u t i on s from which they r e a d i l y c r y s t a l l i z e upon d i l u t i o n , 
and are a l so so lub le in both a c i d i c and bas ic s o l u t i on s of low i o n i c 
s t r e n g t h . Since the c l a s s i c a l i s o l a t i o n of c r y s t a l l i n e c u c u r b i t i n in 
1892 (44) , many chemical and physicochemical s tud ies of c u c u r b i t i n 
have been conducted. Var ied r e s u l t s from determinat ions of the 
molecular weight of the nat i ve o l i gomer i c g l obu l i n s and the number 
and molecular weights of i t s subunits have been obta ined . In 
a d d i t i o n to s l i g h t natura l v a r i a t i o n s among spec ies , the v a r i a b i l i t y 
appears due to p repara t i ve procedures as we l l as to cond i t i on s and 
modes of ana ly ses . E a r l i e r s tud ies of the molecular weight of the 
o l i gomer i c g l o b u l i n , the number of subunits and t h e i r e l e c t r o p h o r e t i c 
heterogeneity have been reviewed U ) . Results p r i o r to 1972 
i n d i c a t e d that c u c u r b i t i n is a hexamer of about 340,000 molecu lar 
weight and sedimentation constants in three s tates of a s s o c i a t i o n -
d i s a s s o c i a t i o n are 3 S (monomeric s ubun i t ) , 7 S and 12 S. At a c i d i c 
pH values or high i o n i c s t reng th s , c u c u r b i t i n appears homogeneous 
dur ing e l e c t r o p h o r e s i s or u l t r a c e n t r i f u g a t i o n ; however, a t neutra l pH 
values and low i o n i c s t rengths , the p ro te in conta ins up to four major 
components. 
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20. JACKS Cucurbit Seed Protein and Oil 255 

A l a t e r study (45) i n d i c a t e s that c u c u r b i t i n from pumpkin has a 
molecular weight o f TT2,000 da l tons that can be e l e c t r o p h o r e t i c a l l y 
separated i n to subunits of 63,000 and 56,000 d a l t o n s . Reduction of 
d i s u l f i d e s produces po lypept ides of 36,000 and 22,000 da l t on s . 
G lobu l i n s from s i x cucu rb i t s examined chromatograph ica l l y (46) have 
molecular weights of 220,000 to 260,000 daltons that e x h i b i t 
predominantly 10.4 - 11.2 S va lues (about 95% of the three g l o b u l i n 
f r a c t i o n s ) . Cucu rb i t i n from Cucumis s a t i v u s appears a tetramer of 
240,000 da l tons composed of four subunits of 54,000 da l tons (42) . 
D i s u l f i d e reduct ion produces s i x po lypept ide subunits r ang ingTrom 
37,000 to 19,000 d a l t o n s . A more recent study of c u c u r b i t i n i s o l a t e d 
from severa l spec ies (47) i nd i c a t e s that i t is composed of on ly 12 S 
(90% of the g l obu l i n ) and 18 S va l ue s . By e l e c t r o p h o r e t i c a n a l y s i s 
and chromatography combined w i th u l t r a c e n t r i f u g a t i o n , nat i ve 
c u c u r b i t i n appears a hexamer of about 325,000 da l tons (12 S form), 
composed of s i x monomeric subunits of about 54,000 da l tons each, and 
forms a dimer of 630,000 da l tons (18 S form). The la rge and small 
po lypept ide subunits of the monomer, prepared by reduct ion with 
2-mercaptoethanol, range from 33,000 to 36,000 da l tons and 22,000 to 
25,000 da l t on s , r e s p e c t i v e l y . 

Studies of the secondary s t r uc tu re of c u c u r b i t i n have shown i t s 
conformational modes c o n s i s t of 5% a - h e l i c a l , 32% p leated sheet, and 
62% unordered s t r uc tu re s (48) . These values are s i m i l a r in 
d i s t r i b u t i o n to those of otiïer o i l s e e d g l o b u l i n s (48). 

The amino a c i d composit ions of t o t a l c u c u r b i t seed p ro te in 
(meal) and p u r i f i e d g l o b u l i n are presented in Table I I . More recent 
compos i t ional data (7, 29, 32, 43, 45, 46, 49-51) s i nce those 
summarized e a r l i e r (T) are TrT s ub s t an t i a l agreement with the mean 
d i s t r i b u t i o n shown in Table I I , which i n d i c a t e s that c u c u r b i t seeds, 
as o i l s eed s in gene ra l , are r i c h in g lutamic a c i d (and g lutamine) , 
a r g i n i n e , and a s p a r t i c a c i d (and asparag ine ) . The abundance of these 
n i t r o g e n - r i c h amino ac ids accounts fo r the 18% n i t rogen content of 
c u c u r b i t p r o t e i n . Other nonprotein amino ac ids have been i d e n t i f i e d 
in c u c u r b i t seeds (52), i n c l u d i n g 3 -amino-3-carboxypyro l id ine 
( c u c u r b i t i n e ) , whicTPhas an the lm in t i c a c t i v i t y (53) . 

From amino a c i d compos i t ions, eva luat ions oT~~the n u t r i t i o n a l 
p o t e n t i a l s of c u c u r b i t meals and g l obu l i n s can be c a l c u l a t e d 
accord ing to FA0/WH0 (54). The A:E r a t i o s , which are the amounts of 
each e s s e n t i a l amino a c i d r e l a t i v e to the t o t a l amount of e s s en t i a l 
amino a c i d s , are shown in Table I I . These data i n d i c a t e tha t , l i k e 
most other o i l s e e d s , c u c u r b i t seeds are d e f i c i e n t in l y s i n e and 
s u l f u r - c o n t a i n i n g amino a c i d s . However, s u l f u r - c o n t a i n i n g amino 
a c i d s are cons iderab ly high in C i t r u l l u s c o l o c yn th i s ( e gu s i , 
a nce s t r a l watermelon) seed p ro te in and exceed the suggested l e ve l in 
FA0/WH0 re fe rence p ro te in (55) . 

A p ro te in that is unduTy r i c h in the ten e s s e n t i a l amino ac id s 
would not provide s u f f i c i e n t n i t rogen fo r other metabo l i c processes 
w i thout o b l i g a t o r y catabo l i sm of the e s s e n t i a l amino a c i d s . Thus, 
the proport ion of the t o t a l n i t rogen intake that e s s e n t i a l amino 
a c i d s form i n d i c a t e how a given p ro te in f u l f i l l s n u t r i t i o n a l 
requirements f o r p r o t e i n s . This p r opo r t i on , the E/T r a t i o (54), 
i n d i c a t i v e of the amount of p ro te i n n i t rogen suppl ied by e s s e n t i a l 
amino a c i d s , is ( in g of e s s e n t i a l amino ac id s per g of n i t rogen) 
2.18 f o r c u c u r b i t meal and 2.67 f o r c u c u r b i t g l o b u l i n . The value f o r 
meal is s i m i l a r in magnitude to those fo r other seeds and the value 
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f o r g l o b u l i n is s i m i l a r to those fo r f i s h and pork t ende r l o i n (54). 
The n u t r i t i o n a l p rope r t i e s of c u c u r b i t seeds have a l so been eva luated 
expe r imenta l l y through feeding s tud ies w i th an imals . Resu l t s 
summarized in 1972 (1) show that c u c u r b i t seed products are i n f e r i o r 
to mi lk products f o r support ing weight increases in growing r a t s , but 
that supplementation of c u c u r b i t meals wi th c e r t a i n l i m i t i n g amino 
a c i d s increases the n u t r i t i o n a l value of the meals. 

Recent n u t r i t i o n a l eva lua t i on s of c u c u r b i t seeds have 
accentuated the c u r r e n t l y popular Bu f f a l o gourd (C. f o e t i d i s s i m a ) and 
are shown in Table I I I . PER (p ro te in e f f i c i e n c y r a t i o ) values of 
f u l l - f a t and natura l and autoc laved f a t - f r e e meals fed to weanling 

Table I I I . N u t r i t i o n a l Eva luat ions of B u f f a l o Gourd 

value Egg/Casein Real G l o b u l i n 
Γ7Τ ?7T8 7Π 

6.9» 3.3-4.7 
2.5b 1.7 

NPR 4.0a 2.2 
D i g e s t i b i l i t y (%) 82* 70 93 

d Egg 
b C a s e i n 

mice range from 2.0 to 2.8 f o r £ . d i g i t a t a and 3.3 to 4.7 f o r £. 
f o e t i d i s s i m a (51). P ro te in d i g e s t i b i l i t i e s are about 70%. The 
meals are i n f e r i o r to whole egg (6.9 PER; 82% d i g e s t i b i l i t y ) . In a 
separate study (32), the feeding of f u l l - f a t £. d i g i t a t a , C. 
f o e t i d i s s i m a , ancTApodanthera undulata meals to weanling mice y i e l d e d 
PER values of O.4, 1.5 and 1.2, r e s p e c t i v e l y , compared to 2.5 fo r 
whole egg. One-hundred percent m o r t a l i t y w i t h i n f i v e days r e s u l t s 
from i nge s t i on of C i t r u l l us c o l o c yn th i s ( egu s i ) . The NPR va lues (net 
p r o t e i n r e t en t i on ) are 1.8, 2.2 and 2.4, r e s p e c t i v e l y , compared to 
4.0 f o r whole egg. Values greater than 2.0 are considered good 
p r o t e i n q u a l i t y . F a t - f r e e C. f o e t i d i s s i m a meal fed to growing r a t s 
is s i m i l a r in n u t r i t i v e value to soybean meal, and upon supplementa
t i on wi th l y s i n e and th reon ine , approaches casein (56). When 
c r y s t a l l i z e d £. f o e t i d i s s i m a g l o b u l i n is the d i e t a r y source o f 
p r o te i n f o r weanling r a t s , the cor rected PER is 1.7 compared to 2.5 
f o r c a se i n , and d i g e s t i b i l i t y is 93% (49). However, a somewhat weak 
t r y p s i n - i n h i b i t o r a c t i v i t y is present in £ . f o e t i d i s s i m a seeds (28) . 

Carbohydrates 

Ub iqu i tous in seeds is phy t i c a c i d , the hexaphosphate e s te r of 
i n o s i t o l , which has been i s o l a t e d from c u c u r b i t seeds (57). Small 
amounts of f ree sugars and terpeno id g l ycos ides ( c u c u rb i t a c i n s ) are 
a l s o present (58-60), but s ta rch is absent (1 , 61). C e l l u l o s i c c e l l 
wa l l ma te r i a l s comprise the remaining carbohydrate content . 
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21 
Protein-Nitrogen Conservation in Fresh Stored 
Dioscorea Yams 

Godson O. Osuji1, Robert L. Ory, and Elena E. Graves 

Southern Regional Research Center, Agricultural Research Service, U.S. Department of 
Agriculture, New Orleans, LA 70179 

Fresh and stored yams were examined for protein and 
selected nitrogen-metabolizing enzymes. Yams stored at 
room temperature lost weight (water), protein, and 
non-protein nitrogen. Sprouting depleted all of the 
protein. The major protein of yams is a 60-70% 
ethanol-soluble prolamine, virtually insoluble in NaCl 
or water. Purine-metabolizing enzymes in 7 Dioscorea 
yam cultivars were examined. Three of these (adenosine 
deaminase, uricase, allantoicase) give rise to ammonia; 
the others do not (xanthine oxidase, allantoinase). 
Allantoinase activity is low in yam tubers and may 
result in accumulation of allantoin. Yams also contain 
an alkaline proteinase that is active on yam prolamines, 
has a pH optimum at 9.5-10.0, and is stable to heat 
(60°C for 5 hours). It is not inhibited by thiol 
reagents, Ca, Mn, Mg, Zn or Cu but is strongly inhibited 
by Fe3 and Fe2. Dehydrated yam flakes were prepared 
from fresh yams in over 60% yield, as a potential means 
of storing yams safely for food uses in the tropics. 

The yam tuber (Dioscorea spp.) is a primary carbohydrate 
s t ap l e crop in West A f r i c a but i t s u f f e r s cons iderab le lo s ses 
dur ing pos tharves t storage due to fungal decay and/or sprout ing 
( 1 ) . S ince the yam is a l so a minor source of d i e t a r y n i t rogen f o r 
many people whose d i e t s conta in l i t t l e or no animal p r o t e i n , l o s s 
of n i t rogen by the tubers can be se r ious s ince other d i e t a r y 
p ro te i n s are not a v a i l a b l e . The major sources of nonprotein 
n i t rogen in yams are the ure ide compounds of the pur ine metabo l ic 
pathway (2). Yams are e s s e n t i a l l y t r o p i c a l crops t ha t cannot 
t o l e r a t e any f r o s t or temperatures below 20°C (68°F) but the r a te 
of growth increases w i th temperatures of 25-30°C ( 77 -86 e F ) , which 
are normal in areas where yams are grown (_3> 4). The West A f r i c a n 
yam zone is the most important yam producing area of the wor l d . 
About h a l f of the world crop appears to be produced in N i g e r i a . 
Of 12.1 m i l l i o n metr i c tons produced in a l l of West A f r i c a , about 
9 m i l l i o n were produced in N i g e r i a U ) . There are many spec ies of 
D ioscorea of economic i n t e r e s t , of which ten are most important as 

1Current address: Department of Agricultural Biochemistry, Anambra State University of 
Technology, Enugu, Nigeria. 

This chapter not subject to U.S. copyright. 
Published 1986, American Chemical Society 
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sources of food. Of these, D. a l a t a , D. cayenensis and D. 
rotundata are the major species grown in N i g e r i a and are the 
spec ies examined in these i n v e s t i g a t i o n s . Of these t h r e e , D. 
ro tundata is by f a r the major species grown as a food c rop, 
fo l l owed by D. a l a t a and D. cayenens i s . 

In an e a r l i e r repor t ΠΓΠ the decay of healthy yam tubers 
dur ing storage was shown to be a r e s u l t of ca tabo l i sm of i t s 
p ro te in s by an a c t i v e α-glutamyl t r an spep t i da se . There is a l so 
some a l k a l i n e p r o t e o l y t i c a c t i v i t y in the yam tuber ( 6 h but 
l i t t l e i n fo rmat ion is a v a i l a b l e on i n d i v i d u a l enzymes of the 
pur ine degradat ive pathway and on the p rope r t i e s of an a l k a l i n e 
p ro te inase that may func t i on in yams dur ing s torage. Th i s r epo r t 
desc r ibes the i n t e r r e l a t i o n of f i v e enzymes of ure ide metabolism 
in f re sh and stored yams, the re lease of ammonia in v i t r o by three 
of the enzymes that may provide an environment fo r a l k a l i n e p ro 
te ina se a c t i v i t y in v i v o , and the in v i t r o p r o p e r t i e s of an 
a l k a l i n e p ro te inase i s o l a t e d from f re sh yams. Using a method 
developed f o r the preparat ion of dehydrated f l a ke s from sweet pota 
toes (_7), dehydrated f l a ke s were prepared from f re sh yams. These 
f l a k e s appear to be a s u i t a b l e means fo r i n a c t i v a t i n g the yam 
enzymes and preserv ing the d i e t a r y n i t rogen in yams f o r long term 
storage under t r o p i c a l c o n d i t i o n s . 

M a t e r i a l s and Methods 

Yam tubers of D ioscorea a l a t a (Umudike c u l t i v a r ) , D. rotundata 
(asukwu and obiaturugo c u l t i v a r s Π and D. cayenensis (water yam 
and Nkokpu c u l t i v a r s ) were obtained from the Nat ional Root Crops 
Research I n s t i t u t e , Umudike, N i g e r i a . Some tubers were s tored 6 
or 12 months at room temperature (25-27°C), some in vacuum 
de s s i c a t o r s over a s u i t a b l e de s s i can t , and some in paper bags 
placed in a dark cab inet (absence of c i r c u l a t i n g a i r ) . Fresh 
tubers were peeled by c a r e f u l l y scrap ing away the cork l a ye r to 
minimize l o s s of outer t i s s u e s ince much of the p r o t e i n is 
concentrated here (8). They were then cut i n t o 2 cu . cm. p i e ce s , 
q u i c k l y f rozen w i th s o l i d CO2 in 50 g por t ions in p l a s t i c bags, 
and s tored in a f r eeze r u n t i l needed. 

Homogenization of Tuber T i s s ue . Frozen p ieces of t i s s ue (50g) 
were t r a n s f e r r e d to a Waring B l endo r l / and homogenized in 100 ml 
i c e - c o l d O.1 M K2HPO4 (4°C) and O.1 ml 3-mercaptoethanol at low 
speed f o r 3 min. The homogenate was f i l t e r e d through two l a ye r s 
of cheesec loth and the f i l t r a t e cen t r i f uged a t 20,000 g. f o r 10 
min. The p e l l e t was d i scarded and the supernatant l i q u i d was 
d i a l y z e d aga in s t three changes of de ion ized water f o r 24 hr to 
remove low molecular weight sugars tha t might i n t e r f e r e with the 
phenyl hydraz ine assays f o r a l l a n t o i n a s e and a l l a n t o i c a s e a c t i v i t y . 

Enzyme Assays. Adenosine deaminase (E.C. 3.5.4.4) was assayed by 

2/ Trade names are given s o l e l y fo r the purpose of p rov id ing 
s p e c i f i c i n f o rma t i on . The i r mention does not imply recommendation 
or endorsement by the U. S. Department of A g r i c u l t u r e over others 
not mentioned. 
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21. OSUJIETAL. Protein-Nitrogen Conservation in Yams 263 
the method of Coddington (9) and absorbance was read at 265 nm in 
a spectrophotometer over the f i r s t 5 min of r e a c t i o n t ime. The 
change in absorbance was used to c a l c u l a t e enzyme a c t i v i t y . 
Xanthine oxidase (E.C. 1.2.3.2) was measured according to Bray 
(10) w i th xanthine as subs t ra te and oxygen as the e l e c t r o n 
acceptor . The change in absorbance a t 293 nm between 5 and 10 min 
of r e a c t i o n was used to c a l c u l a t e a c t i v i t y . Ur i case (E.C. 
1.7.3.3) was assayed according to Mahler (11) w i th oxygen as 
e l e c t r o n acceptor . The change in absorbance was measured a t 293 
nm in a spectrophotometer over the f i r s t 5 min and used to 
c a l c u l a t e a c t i v i t y . A l l a n t o i n a se (E.C. 3.5.2.5) was measured with 
a l l a n t o i n as subs t rate by a m o d i f i c a t i o n of the methods of Singh 
e t a l . (12) and T r i j b e l s and Yogels U 3 ) . To 1 ml of a l l a n t o i n 
s o l u t i o n T 3 mM in O.1 M t r i s b u f f e r , pH 7 .4 ) , O.5 ml of tuber 
e x t r a c t was added and the mixture incubated a t 40°C in a water 
bath f o r 1 hr. The r e a c t i o n was stopped by adding 1 ml each of 
cone. HC1 and phenyl hydraz ine (100mg/30ml de ion i zed water) which 
reac t s wi th the g l y o x y l i c a c i d formed from a l l a n t o i n . React ion 
tubes were placed in b o i l i n g water f o r 5 min , then cooled r a p i d l y 
by immersing in an ice/water bath. A f t e r r e t u rn i n g the tubes to 
room temperature, 1 m l . of potassium f e r r i c y a n i d e (500 mg/30 ml . 
de ion ized water) was added, mixed w e l l , then cen t r i f uged a t 10,000 
g f o r 5 min to remove p r e c i p i t a t e d p r o t e i n s . Absorbance was 
measured at 525 nm in a spectrophotometer. Cont ro l s conta ined 
a l l a n t o i n but no tuber e x t r a c t and were t rea ted the same as t e s t 
samples. Absorbance of c on t r o l s was subtracted from t e s t samples 
and c a l c u l a t e d from a standard curve prepared w i th g l y o x y l i c a c i d . 

A l l a n t o i c a s e (E.C. 3.5.3.4) was assayed w i th a l l a n t o i c ac id 
as subs t ra te by a m o d i f i c a t i o n of the methods of T r i j b e l s and 
Yogels (13) and Ory, e t a l . (14) . To O.5 ml a l l a n t o i c ac id 
s o l u t i o n T 3 . 5 nM in O.1 M t r i s ~ ï ï u f f e r , pH 7.4) , O.5 ml of the 
tuber e x t r a c t was added and incubated at 40°C in a water bath f o r 
1 hr. Test tubes were placed in i c e , then 1 ml each of cone. HC1 
and phenyl hydraz ine (100 mg/30 ml de ion i zed water) were added, 
fo l l owed by 1 ml of the potassium f e r r i c y a n i d e s o l u t i on and mixing 
to promote r e a c t i o n w i th g l y o x y l i c a c i d . The p r e c i p i t a t e was 
removed by c e n t r i f u g a t i o n (as above) and absorbance read a t 525 nm 
in the spectrophotometer. Cont ro l s conta in ing a l l a n t o i c a c i d 
subs t ra te but no tuber e x t r a c t were t r ea ted as above and 
absorbance of c on t r o l s was subtracted from t e s t samples to 
c a l c u l a t e a c t i v i t y . U re idog l yc i ne and u r e i dog l y co l a t e produced 
from a l l a n t o i c ac i d by tuber e x t r a c t s were determined by the 
d i f f e r e n t i a l g l y o x y l a t e method of T r i j b e l s and Yogels (JL3) a f t e r 
the tuber e x t r a c t s and a l l a n t o i c a c i d had been incubated as 
descr ibed f o r a l l a n t o i c a s e . 

P r o te i n s and P r o t e i n a s e I s o l a t i on/As say . P ieces of tuber were 
homogenized U00g/150 ml abso lute ethanol) in a Waring Blendor f o r 
3 min (as be f o re ) , f i l t e r e d through chee sec l o th , and the f i l t r a t e 
cen t r i f u ged a t 10,000 g f o r 15 min. The supernatant was made to 
10% w i t h t r i c h l o r o a c e t i c a c i d to p r e c i p i t a t e the p r o t e i n and 
s tored a t 0°C fo r severa l hours to separate the yam prolamine. 
A f t e r c e n t r i f u g i n g at 10,000 g f o r 15 min, the p r e c i p i t a t e was 
suspended in a minimum volume of water and d i a l y z e d aga ins t 
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264 PLANT PROTEINS 

de ion i zed water ove rn i gh t , then f r e e z e - d r i e d and s tored a t 5°C 
u n t i l needed. 

For the p ro te i na se , 100 g of yam cubes was homogenized in 150 
ml i c e co ld (4°C) de ion ized water con ta i n i ng 2 g p o l y v i n y l p y r r o l i 
done (PYP) and 100 mg e thy l ened i am ine te t r aace t i c ac id (EDTA) in a 
Waring Blendor at low speed f o r 3 min, f i l t e r e d through two l a ye r s 
of cheesec lo th , then cen t r i f uged as be fo re . The supernatant 
l i q u i d was made up to 85% s a t u r a t i o n w i th s o l i d ( N H ^ SO4; the 
p r e c i p i t a t e was removed by c e n t r i f u g i n g a t 10,000 g f o r 15 min, 
then d i s s o l ved in 2-5 ml of de ion i zed water f o r d i a l y s i s aga in s t 
de ion i zed water ove rn i gh t . The d i a l y z e d enzyme was f r e e z e - d r i e d 
f o r storage in the f r eeze r u n t i l needed. In some cases, the 
o r i g i n a l homogenate was made up to 35% w i t h (NH^p SO4 to remove 
small amounts of p r o t e i n ; then the f i l t r a t e was r a i s ed from 35% to 
85% w i t h (NH4)? SO4, p r e c i p i t a t e d , c e n t r i f u g e d , d i a l y z e d , and 
f r e e z e - d r i e d as be fo re , to e f f e c t a higher p u r i f i c a t i o n . 

P r o t e i n contents of tuber e x t r a c t s were determined by the 
method of Lowry e t a l . (^5) using bovine serum albumin as the 
standard. 

For a c t i v i t y assays, prote inase s o l u t i on s were made f r e sh 
d a i l y (10 mg f r e e z e - d r i e d s o l i d s in 1 ml pH 10.0 phosphate b u f f e r , 
O.1 M). Two ml of the p ro te i na se , O.5 ml of subs t ra te (azocase in 
or other p ro te in s in pH 10 b u f f e r ) , O.3 ml of O.1% EDTA, and 
de ion i zed water were made up to a volume of 3.5 ml . React ion 
tubes were incubated in a 40 e C water bath f o r 1 hr , then the 
r e a c t i o n was stopped by a d d i t i o n of 1 ml 5% TCA. A f t e r removal of 
the p r e c i p i t a t e d p ro te in s by c e n t r i f u g a t i o n , absorbance was read 
at 366 nm ( f o r azocasein) or by the Lowry method (15) f o r other 
sub s t ra te s , to c a l c u l a t e prote inase a c t i v i t y with TRe d i f f e r e n t 
s ub s t r a te s . 

For e l e c t r o p h o r e s i s of the p r o te i na se , saturated s o l u t i on s of 
crude and p u r i f i e d preparat ions were made in O.1 M T r i s - g l y c i n e 
b u f f e r , pH 10.5, and e lect rophoresed in 7% po lyacry lamide gel w i t h 
and wi thout sodium dodecyl s u l f a t e (SDS). 

Resu l t s and D i s cu s s i on 

A summary of the proximate analyses of these yam tubers is 
shown in Table 1. On a f resh weight ba s i s , p ro te i n is qu i te low 
because of the high water and s tarch contents of yams (dry weight 
p r o t e i n content is 4-8%). Yams are r a r e l y consumed alone but , 
depending upon the economic s ta tus and t a s t e s of the consumer, 
they are accompanied by meat or f i s h , green vegetables , or s p i ce s . 
Where animal p r o t e i n is not i n c l u d e d , conservat ion of the l i m i t e d 
amounts of crude p ro te i n in yams is e s s e n t i a l fo r areas tha t 
depend upon yams as t h e i r primary food source. 

Because yams are poor sources of d i e t a r y n i t r o g e n , a 
knowledge of nonprotein n i t rogen metabolism in yams would prov ide 
usefu l i n fo rmat ion f o r r e t a i n i n g the amount present in f r e sh 
tubers and prevent ing the usual los ses su f fe red dur ing storage in 
the t r o p i c s . Yams accumulate la rge q u a n t i t i e s of nonprote in 
n i t r ogen as a l l a n t o i n (16) but the ure ide compounds ( a l l a n t o i n , 
a l l a n t o i c a c i d , e t c . ) are more important in te rmed ia tes in the 
n i t r o g e n - r i c h p l an t species (17-19) than in n i t r o g e n - d e f i c i e n t 
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Table I. Summary of Proximate Analyses of Fresh Yam Tubers U. 

Species 
Component D. a l a t a D. cayenensis D.rotundata 

t % % 

Mois ture 65-73 83 58-73 

Carbohydrate 22-29 15 23 

Fat O.03-O.27 O.05 O.12 

Crude P r o t e i n (Ν χ 6.25) 1.1-2.8 1.0 1-2 

Crude F i be r O.6-1.4 O.4 O.3-O.8 

Ash O.7-2.1 O.5 O.7-2.6 

U Data taken from Coursey U ) , pp. 154-157. 

roo t tuber s . However, ure ides are known to be metabol ized by 
p l an t root s (20-22). 

F i ve enzymes of the pur ine degradat ive pathway in two spec ies 
of yams were i n ve s t i g a t ed to obta in a be t t e r understanding of 
n i t rogen metabolism in f r e sh and stored tube r s . The r e s u l t s 
(Table 2) show t h a t 12 months storage had va r i ed but s t r i k i n g 
e f f e c t s on a c t i v i t y of adenosine deaminase, xanthine ox idase , 
u r i c a s e , a l l a n t o i n a s e , and a l l a n t o i c a s e in both D. a l a t a and D. 
r o tundata . In the general scheme of pur ine degradat ion , adenosine 
is deaminated to y i e l d xanth ine, which in turn is o x i d i z ed to u r i c 
a c i d , the subst rate f o r u r i c a s e . Subsequent deamination by 
u r i c a se produces a l l a n t o i n , the subs t ra te f o r a l l a n t o i n a s e . 
A l l a n t o i n degradat ion to a l l a n t o i c ac i d prov ides the subs t ra te f o r 
a l l a n t o i c a s e , which converts t h i s to urea and g l o x y l i c a c i d . 
Thus, low a c t i v i t y (or i n h i b i t i o n ) of the l a s t two enzymes of t h i s 
chain cou ld be re spons ib le f o r the accumulation of a l l a n t o i n in 
c e r t a i n p l a n t s . Whereas the water yam c u l t i v a r shows a general 
i nc rease in a c t i v i t y f o r a l l f i v e enzymes dur ing s torage, the 
other c u l t i v a r s show mixed e f f e c t s ; some l o se a c t i v i t y and some 
increase a c t i v i t y upon s torage. Comparing a l l a n t o i n a s e / 
a l l a n t o i c a s e a c t i v i t i e s , these enzymes in the D. a l a t a c u l t i v a r s 
increased dur ing storage whereas those in the ÏÏ7" rotundata 
c u l t i v a r s decreased. Such decreased a c t i v i t i e s dur ing storage may 
prov ide a mechanism f o r increased accumulat ion of a l l a n t o i n / 
a l l a n t o i c ac i d and subsequent r e t e n t i o n of nonprotein n i t rogen in 
the tube r s . Th i s a l so prov ides usefu l i n fo rmat ion f o r breeding 
yam tubers wi th higher n i t r o g e n ; tubers wi th lower a c t i v i t i e s of 
these enzymes would be more d e s i r a b l e . I f the s p e c i f i c a c t i v i t i e s 
of these two enzymes in f re sh yams are compared (Table 3 ) , i t 
appears t ha t a l l a n t o i c a s e a c t i v i t y is h igher in a l l c u l t i v a r s . 
This suggests tha t a l l a n t o i n a s e may be the l i m i t i n g enzyme in the 
pur ine degradat ive pathway. 
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Table 3. S p e c i f i c A c t i v i t i e s (μΜ/min/mg) of A l l a n t o i n a s e and 
A l l a n t o i c a s e in Fresh Yams. 

Spec i e s /Cu l t i v a r A l l a n t o i n a s e A l l a n t o i c a s e 

D. a l a t a (umudike) 1.1 1.5 

D. cayenens is (water yam) O.8 2.5 

D.rotundata (obiaturugo 1.0 1.7 

D.rotundata (asukwu) 3.6 11.8 

Release of Ammonia. Of the f i v e enzymes, three lead to re lea se of 
ami de/ami no n i t rogen as ammonia dur ing ure ide metabolism: 
adenosine deaminase, u r i c a s e , and a l l a n t o i c a s e . Th i s cou ld 
prov ide a mechanism fo r the o v e r a l l net l o s s of n i t rogen by the 
tubers or f o r accumulation in the t i s s u e s . 
Accumulat ion of NHo is be l i eved to r e s u l t in the b u i l d up of 
u re ides in p lant s (23). S ince yams are t r a d i t i o n a l l y stored in 
open barns in West A f r i c a f o r severa l months, both p ro te i n and 
nonprote in n i t rogen can be l o s t . Yams are the primary source of 
d i e t a r y carbohydrate but are a l so a minor source of n i t r ogen . 
K je l dah l a n a l y s i s of yam t i s s ue before and a f t e r storage showed 
t h a t D. a l a t a Umudike c u l t i v a r l o s t 31% of i t s t o t a l n i t rogen 
a f t e r 12 month's storage and 65% of the nonprotein n i t r o gen . D. 
ro tundata asukwu c u l t i v a r l o s t 15% of the t o t a l n i t rogen and 5"U% 
oF tHë "nonprotein n i t rogen a f t e r s torage. Loss of ammonia by 
pur ine degradat ion could be s i g n i f i c a n t s ince the tubers are 
a l ready low in n i t r ogen . 

A l k a l i n e P ro te inase A c t i v i t y in Yams. The re lea se of ammonia a t 
severa l stages dur ing ureide metabolism suggested a p o t e n t i a l fo r 
a l k a l i n e cond i t i on s in yam tube r s , r a t he r than the usual neutra l 
or a c i d cond i t i on s genera l l y found in seeds and p l a n t s . 
Because yams are stored in open systems at ambient temperatures 
( u s ua l l y warm), tuber t i s s u e was examined for prote inase a c t i v i t y 
a t 40°C. Some tubers had high apparent polyphenol oxidase a c t i v i t y 
upon pee l i n g of the tubers ( t i s s u e turned deep purple at the 
peeled sur face) so t ha t PYP was added to e x t r a c t s to combine w i th 
po l ypheno l i c compounds and p ro tec t the prote inase from r e a c t i n g 
w i th these compounds. E a r l i e r s tud ie s had shown some i n h i b i t i o n 
o f a l k a l i n e prote inase a c t i v i t y by f e r r i c ion (24) so t ha t EDTA 
was a l so added to the e x t r a c t s to che la te any f ree i r o n . Two 
a l k a l i n e pH optima were found, at 9.0 and 10.5. The a l k a l i n e 
p ro te ina se s of white potatoes (Solanum tuberosum) have pH optima 
between 8.6 and 9 (25) and those of C a r i l l a choco la tubers have pH 
optima between 8.0 and 9.5 U6,2771 suggesting t ha t a l k a l i n e 
p ro te ina se s of D ioscorea tubers mayHiave the h ighest pH optima ye t 
reported in p l an t s . 

The temperature optimum f o r t h i s p rote inase may a l so be a 
r e s u l t of e vo l u t i ona r y adaptat ion to the hot temperatures 
exper ienced dur ing growing and pos tharves t storage in West A f r i c a . 
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268 PLANT PROTEINS 

Maximum a c t i v i t y was found at 60° (24). As seen in F i g . 1, the 
enzyme l o s t on ly 10-15% of i t s a c t i v i t y a t 60°C a f t e r 5 hr at tha t 
temperature, suggesting a remarkable s t a b i l i t y toward heat. 
However, a l l t e s t s were conducted a t 40°C to avoid denaturat ion 
e f f e c t s on prote inase subst rates and d i f f i c u l t i e s i nvo l ved w i th 
ma in ta in ing the higher temperature. Optimal temperature of the 
t h i o l p rote inase of white potato is 40°C (25) and a membrane-bound 
p ro te ina se in germinating pea seeds is s taB le at 60°C f o r 1 h r . 
(28) . The yam tuber prote inase does not seem to be 
membrane-bound, s ince i t is e a s i l y e x t r a c ted from the t i s s u e 
without detergent s . To study subs t ra te s p e c i f i c i t y , two assays 
were used. In i n i t i a l t e s t s (pH optimun, heat s t a b i l i t y / o p t i m u m ) , 
azocase in was employed as a chromogenic subs t ra te because of i t s 
s e n s i t i v i t y . Because the yam prote inase had only ha l f or l e s s of 
the a c t i v i t y of t r y p s i n and pepsin on azoca se in , a dd i t i o na l t e s t s 
on subst rates employed the Lowry method (15) to measure h y d r o l y s i s 
of subs t ra tes by yam pro te ina se . Resu l t s of these t e s t s are 
summarized in Table 4. Lowest a c t i v i t y was measured w i th 
azocase in , peanut g l o b u l i n ( a r a c h i n ) , egg albumin, bovine serum 
albumin and hemoglobin, and 6 - l a c t o g l o b u l i n , a l l r e a d i l y so lub le 
p r o t e i n s . Highest a c t i v i t y was e x h i b i t e d towards the two 
pro lamines, wheat g l i a d i n and yam p r o t e i n ; both p ro te in s ex t r ac ted 
wi th e thano l . The yam prote inase showed as much a c t i v i t y toward 
the yam prolamine as i t d id on wheat g l i a d i n . Th i s suggests tha t 
the yam prote inase may func t i on in v i vo by hydro lyz ing the 
d i f f i c u l t l y - s o l u b l e prolamines dur ing long term storage of the 
tubers under t r o p i c a l c o n d i t i o n s . Resu l t s in Table 4 a l so suggest 
tha t the prote inase is not a ser ine p ro te i na se . Tests with the 
two e f f e c t o r s , l eupep t i n and peps ta t i n -A , showed no i n h i b i t i o n of 
a c t i v i t y with azocasein as sub s t r a te . The observed i n h i b i t i o n of 
a c t i v i t y by f e r r i c ions suggests that i t is not a metal loenzyme. 
Thus, i t appears to be d i f f e r e n t from the known p l an t p ro te inases . 

Attempts to p u r i f y the enzyme by Sephadex chromatography were 
not succes s fu l because of excess ive lo s ses of a c t i v i t y a f t e r 
passage over the columns. Such losses a f t e r chromatography 
suggested tha t the prote inase may be d i s s o c i a t i n g i n t o subunits 
(or changing conformation) t ha t have very l i t t l e a c t i v i t y . The 
f i n a l bands of a c t i v i t y were so f a i n t tha t they could not be 
photographed. The p u r i f i e d enzyme gave a s i n g l e , very l i g h t band 
upon e l e c t r opho re s i s and attempts to improve sharpness of the band 
in the ge ls were not s u c c e s s f u l . E l e c t r opho re s i s w i th molecular 
weight markers provided a crude est imate of the s i z e . The crude 
enzyme (und i s soc ia ted) d id not enter the gel as r e a d i l y as d id 
r a b b i t muscle myosin (205,000), but with sodium dodecyl s u l f a t e 
(SDS), the subunits migrated f a s t e r than d id the carbon ic 
anhydrase marker (29,000). 

P r o t e i n in Stored Tubers. The heat t o l e r a n c e , a l k a l i n e pH 
optimum, and subst rate s p e c i f i c i t y of the yam prote inase suggested 
t h i s enzyme as the primary cause of p r o t e i n l o s s during s to rage. 
F i g . 2 shows f resh yams l e s s than a month a f t e r harvest and a 
s i m i l a r tuber a f t e r 4 months storage at ambient temperature 
(24-27°C) in open paper bags in a c lo sed l abora to ry c ab i ne t . The 
temperature, humid i ty , and l i m i t e d a i r f l ow promoted sprout ing of 
the tube r s . The new sprout was over 25 cm. in length and attempts 
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2 r 

1 

ol U U U U I I 
1 2 3 4 5 

HOURS 
F igure 1. Heat S t a b i l i t y of Yam Tuber A l k a l i n e P ro te ina se 

a t 60°(with azocasein as s u b s t r a t e ) . 

F igure 2. Photograph of Yam Tubers, Fresh (A) and a f t e r 4 
Months Storage (B) Showing a T yp i c a l Sprout 
t ha t Occurs in Stored Tubers. 
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t o e x t r a c t p r o t e i n from the r e s i dua l tuber were f r u i t l e s s , 
i n d i c a t i n g a r ap id and severe l o s s of p r o t e i n n i t r o g e n . S ince the 
tubers a l so l o se n i t rogen v i a u re ide metabolism during s to rage, 
consumption of yams a f t e r extended storage under adverse cond i t i on s 
cou ld int roduce n u t r i t i o n a l d i so rder s where o ther sources of 
p r o t e i n are l a c k i n g . E i t h e r the tubers would have to be consumed 
soon a f t e r harvest or a method must be found to improve the 
t r a d i t i o n a l ways of s t o r i n g yams in the t r o p i c s . 

An attempt was made to prepare dehydrated f l a k e s from yam 
tubers by the SRRC-developed method f o r p repar ing sweet potato 
f l a k e s ( ] ) . Th is would i n h i b i t a l l enzyme a c t i v i t i e s , remove the 
l a rge amounts of water (Table 1 ) , and r e t a i n the i n i t i a l p r o t e i n 
and n i t rogen of the t ube r s . S ince the SRRC process is 
ene rgy - i n tens i ve and a p p l i c a t i o n s in West A f r i c a would have to 
depend p r i m a r i l y on a v a i l a b l e manpower, 12.5 kg of yam tubers were 
peeled by hand, d iced i n t o 2 χ 2 cm. p i ece s , b o i l e d in water and 
s t i r r e d wi th a wooden paddle in a la rge k e t t l e , then poured i n to 
the mechanical f i l t e r f o r removing f i b r ou s mate r i a l and mashing. 
The puree was manually t r an s f e r r ed to a hopper and drum-dried by 
pass ing steam through the s lowly r e vo l v i n g drum (the only step that 
w i l l requ i re f o s s i l energy in A f r i c a ) . The f l a ke s obtained ( F i g . 
3) were o f f - w h i t e in c o l o r , had good tex tu re and represented over 
60% recovery on a dry weight b a s i s . Over 95% of the o r i g i n a l 
n i t rogen of f r e sh tubers was recovered, suggest ing a p o t e n t i a l 
means of p rese rv ing yams without f ea r of lo s ses due to sp rou t i ng , 
i n s e c t s , fungal degradat ion, e t c . , in the t r o p i c s . Yam f l a k e s 
should be more s tab le f o r extended storage than f re sh yams and, as 
f l a k e s , they would requ i re l e s s storage space. 

F igure 3. Dehydrated F lakes Prepared from Fresh Peeled 
Yam Tubers by the SRRC-Sweet Potato F l ak ing 
Process. 
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A n t i n u t r i t i o n a l f a c t o r s , sweet 
potato, 240,242 

A o r t i c a t h e r o s c l e r o s i s in r a b b i t s 
e f f e c t of beef and textured 

vegetable p r o t e i n , 153 
e f f e c t of ca s e i n , soy p r o t e i n , 

a r g i n i n e , and l y s i n e , 151-152 
Aquatic weeds as sources of plan t 

p r o t e i n , 230-232 
Aqueous e x t r a c t i o n of o i l s e e d s , 

d i s c u s s i o n , 36 
Arg i n i n e , e f f e c t on serum l i p i d s and 

a t h e r o s c l e r o s i s in 
r a b b i t s , 151-152,156-158 

A t h e r o s c l e r o s i s , i n f l u e n c e of animal 
and vegetable p r o t e i n s , 150-160 

Β 

Baked foods 
use of f i e l d - p e a f l o u r s , 26 
use of peanut and cowpea 

f l o u r s , 8-17 
Bakery products, use of vegetable food 

p r o t e i n s , 41 
Bean(s) 

dry, p r o t e i n - p r o c y a n i d i n i n t e r a c t i o n 
and n u t r i t i o n a l q u a l i t y , 126-136 

use in terapeh p r e p a r a t i o n , 55 
winged, as a source of 

p r o t e i n , 206-216 
Bean f l o u r s 

p r e p a r a t i o n , 190 

Bean f l o u r s — C o n t i n u e d 
processing and use in foods, 190-204 

Bean g l o b u l i n , binding with 
p r o c y a n i d i n , 132-133 

Bean product u t i l i z a t i o n in 
wheat-flour-based foods, 201-204 

Bean soaking, t o f u p r e p a r a t i o n , 49 
Beef, e f f e c t on serum l i p i d s and 

a o r t i c a t h e r o s c l e r o s i s in 
r a b b i t s , 153 

Beef-soy p a t t i e s , cooking 
c h a r a c t e r i s t i c s , 8 0 t 

Binding constants, procyanidins to 
bovine serum albumin and bean 
g l o b u l i n , 130-132 

Biochemical changes during 
fermentation, tempeh 
prep a r a t i o n , 55,57-58 

B i o l o g i c a l t e s t s , blended 
foods, 140-141 

Black bean f l o u r s , processing and use 
in foods, 190-204 

Blended foods f o r H a i t i a n c h i l d r e n 
a c c e p t a b i l i t y and tol e r a n c e , 138-148 
pre p a r a t i o n , 139-140 
questionnaire, I 4 2 , l 4 3 f 

Blood c h o l e s t e r o l values, human a d u l t s 
fed t e s t d i e t s of soy p r o t e i n s , 82 

Bovine serum albumin, binding with 
p r o c y a n i d i n , 128,130-132 

Bread, pumpkin quick, use of bean 
products, 202-203 

Bread products, use of f i e l d - p e a 
f l o u r s , 25-27 

Breakfast c e r e a l s , use of vegetable 
food p r o t e i n s , 41-42 

Bri n e s , soy p r o t e i n 
advantages, 91 
c a l c u l a t i o n of composition, 95-96 
i n j e c t i o n and absorption, 9 3 - 97 

B u f f a l o gourd, p r o t e i n and oil from 
seeds, 249-257 

C 

Cake, spiced l a y e r , use of bean 
products, 2 0 1 - 2 0 2 

Cake doughnuts, use of bean 
products, 201 

C a l o r i c d e n s i t y , r o l e in p r o t e i n 
e f f e c t i v e n e s s , 2 2 8 , 2 3 0 t 

Cancer, among Adventists 
r e l a t i o n to coffee use, 168-171 
r e l a t i o n to meat use, 166 -169 
r i s k , 163 -165 

Carbohydrates 
c u c u r b i t seeds, 257 
legume f l o u r s , 180-181 
pea p r o t e i n s , 23-24 

Carbonyl compounds in yeast bread, 2 9 t 
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Casein 
e f f e c t on serum c h o l e s t e r o l l e v e l s 

of r a b b i t s , 154-156 
e f f e c t on serum l i p i d s and a o r t i c 

a t h e r o s c l e r o s i s in 
r a b b i t s , 151-152 

e f f e c t on swine and monkeys, 154 
Catechin, s t r u c t u r e , 129f 
C e l l w a l l , c u c u r b i t seed, 252f 
Cereal , worldwide consumption, 3 
Cereal-based products, use of 

f i e l d - p e a products, 25-27 
Chemical a n a l y s i s , soy p r o t e i n f l o u r 

and concentrate, 83-84t 
Chemical composition, winged bean 

tubers, 212t 
Chemical t e s t s , blended foods, 140-141 
C h i l d r e n , H a i t i a n , a c c e p t a b i l i t y and 

tolerance o f a corn-glandless 
cottonseed blended food, 138-148 

Chin-chin, use of cottonseed, 64-65 
C h o l e s t e r o l 

d i e t a r y p r o t e i n e f f e c t s on k i n e t i c s 
in r a b b i t s , 157-158 

serum, i n f l u e n c e of animal and 
vegetable p r o t e i n s , 150-160 

Coagulant concentration and type, 
e f f e c t on t o f u , 49-52 

Coagulation of p r o t e i n , t o f u 
p r e p a r a t i o n , 47-49 

Coffee use of A d v e n t i s t s , r e l a t i o n to 
m o r t a l i t y , 168-171 

Colo r s , legume f l o u r s , 187-188 
Composition 

blended foods, 144-146 
c u c u r b i t seeds, 253-257 
dry bean f l o u r s , 192-195,196f 
t o f u , 53-54 

Concentrates 
o i l s e e d processing, 35-36 
soy p r o t e i n s , use in meat 

products, 77-87,92 
sweet potatoes, 242-245 

Cookies 
peanut b u t t e r , use of bean 

products, 203-204 
sugar snap, use of bean 

products, 201 
Cooking c h a r a c t e r i s t i c s , beef-soy 

p a t t i e s , 80t 
Copper u t i l i z a t i o n in humans, e f f e c t of 

f i b e r , 109-111 
Corn-glandless cottonseed blended food 

a c c e p t a b i l i t y and tolerance by 
H a i t i a n c h i l d r e n , 138-148 

prep a r a t i o n , 139-140 
Corn-soy-milk blend, 

p r e p a r a t i o n , 139-140 
Coronary disease, among Adventists 

r e l a t i o n to coffee use, 168-171 
r e l a t i o n to meat use, 166-169 
r i s k , 164-165 

Cot-n-nuts, use in American 
foods, 66-67 

Cottonseed 
f a c t o r s l i m i t i n g use in foods, 67-72 
i n c o r p o r a t i o n i n t o foods f o r 

humans, 61-72 
raw, cooked, and roasted, 62-64 
use in American foods, 66-67 
use in Nig e r i a n foods, 64-66 

Cottonseed-corn blended food, 
a c c e p t a b i l i t y and tolerance by 
H a i t i a n c h i l d r e n , 138-148 

Cottonseed f l o u r s , a n a l y s i s , 62t 
Cottonseed products, as a f a c t o r 

l i m i t i n g cottonseed use in foods 
f o r humans, 72 

Cow top round, use of soy p r o t e i n 
products, 9 6 t 

Cowpea f l o u r s 
use in f r i e d and baked foods, 8-17 
use in N i g e r i a , 15 

Cowpea paste, f r i e d , 
p r e p a r a t i o n , 13-17 

Crude p r o t e i n v a r i a b i l i t y , sweet 
potato, 2 36 - 239 

C r y s t a l l o i d , c u c u r b i t seed, 252f 
Cucumber, albumin content, 254 
Cucurbit seeds 

carbohydrates, 257 
c y t o l o g i c a l s t r u c t u r e , 250-253 
oil, 253-254 
p r o t e i n , 254-257 
y i e l d , 250 

C u c u r b i t i n , d e s c r i p t i o n , 254-255 
C u l t u r a l p r a c t i c e s , e f f e c t on sweet 

potato p r o t e i n content, 237 
Cyclopropenoid f a t t y a c i d s , as a 

f a c t o r l i m i t i n g cottonseed use in 
foods f o r humans, 71 

Cynomolgus monkeys, e f f e c t of d i e t s 
c o n t a i n i n g casein or soy 
p r o t e i n , 154 

C y t o l o g i c a l s t r u c t u r e , c u c u r b i t 
seeds, 250-253 

D 

Dairy products 
p r i c e s and p r o t e i n contents, 7 5 t 
use of vegetable food 

p r o t e i n s , 42 -43 
Defatted f l o u r s , o i l s e e d 

processing, 35 
D e h u l l i n g , dry beans, 191 -192 
Dehydrated f l a k e s , fresh-peeled yam 

tubers, 271 
Detection, soy p r o t e i n s , 87 
Diabetes, among Adventists 

r e l a t i o n to coffee use, 168-171 
r e l a t i o n to meat use, 166 -169 
r i s k , 164 -165 
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278 PLANT PROTEINS 

D i e t , soy p r o t e i n , e f f e c t on 
c h o l e s t e r o l l e v e l s in 
humans, 158-159 

Diet manipulation of experimental 
animals, use to study p r o t e i n 
e f f e c t s on l i p i d s and 
a t h e r o s c l e r o s i s , 154 

Dietary h a b i t s and l i f e s t y l e s of 
Adv e n t i s t s , r e l a t i o n to 
m o r t a l i t y , 162 -173 

Dietary p r o t e i n 
e f f e c t on c h o l e s t e r o l k i n e t i c s in 

r a b b i t s , 157-158 
e f f e c t on s k e l e t a l i n t e g r i t y in 

young r a t s , 100 -106 
Dimethyl s u l f o x i d e , use to e x t r a c t 

p r o t e i n from aquatic 
weeds, 230-231 

Dioscorea yams 
enzyme assays, 2 62 - 263 
f r e s h stored, p r o t e i n - n i t r o g e n 

conservation, 261-271 
p r o t e i n s and proteinase 

i s o l a t i o n - a s s a y , 263-264 
Dough mixing c h a r a c t e r i s t i c s , dry bean 

f l o u r s , 1 9 5 , 1 9 8 t 
Doughnuts 

cake, use of bean products, 201 
legume f l o u r , p r eparation, 1 1 , 1 3 , l 4 f 

Dry bean(s) 
fermentation, 135 
p r e p a r a t i o n , 190 
processing, 1 9 1 - 1 9 2 , 1 9 3 f 
p r o t e i n - p r o c y a n i d i n i n t e r a c t i o n and 

n u t r i t i o n a l q u a l i t y , 126 -136 
Dry bean f l o u r s , processing and use in 

foods, 190-204 
Dry processing of g r a i n legumes, f o r 

p r o t e i n , s t a r c h , and 
f i b e r , 176 -188 

Ε 

Economics, use of soy p r o t e i n products 
in whole muscle meats, 9 6 - 9 7 

E f f i c i e n c i e s , wet and dry processing 
of g r a i n legumes, 181-184 

Egusi, amino a c i d content, 255 
El e c t r o n microscopy, c u c u r b i t 

seeds, 250-252 
E n t e r i t i s n e c r o t i a n s , 

occurrence, 240,242 
Environment-genotype i n t e r a c t i o n , 

sweet potatoes, 237 
Enzymatic a c t i o n in pea f l o u r , 27-28 
Enzymatic and s t r u c t u r a l metabolic 

p r o t e i n s , legumes, 127 
Enzymatic hydrolysates of casein and 

soy p r o t e i n , e f f e c t on serum 
c h o l e s t e r o l l e v e l s of 
r a b b i t s , 155-156 

Enzyme assays, Dioscorea yams, 262-263 
E p i c a t e c h i n , s t r u c t u r e , 129f 
E q u i l i b r i u m moisture content, dry bean 

f l o u r s , 197,199-200 
E x t r a c t a b i l i t y of p r o t e i n from aquatic 

weeds, 231t 
Extruded products, use of vegetable 

food p r o t e i n s , 42 

F 

Fababean 
c o l o r , 187-188 
composition, 180-181 
e f f i c i e n c i e s of wet and dry 

processing, 181-184 
f u n c t i o n a l p r o p e r t i e s , 184-187 
v i s c o s i t y and g e l a t i o n 

c h a r a c t e r i s t i c s , 187 
wet and dry processing f o r p r o t e i n , 

s t a r c h , and f i b e r , 177-180 
Farinograph values, navy bean f l o u r 

f r a c t i o n s , 198t 
Fat content, N i g e r i a n foods, 65t 
Fatty a c i d s 

as a f a c t o r l i m i t i n g cottonseed use 
in foods f o r humans, 71-72 

cu c u r b i t o i l s , content, 253t 
Feeding procyanidins, n u t r i t i o n a l 

e f f e c t s , 134-135 
Feeding s t u d i e s , sweet potato, 239-240 
Femur weights, r a t s on c o n t r o l l e d 

d i e t s , 103,105-106 
Fermentation 

dry beans, 135 
tempeh pr e p a r a t i o n , biochemical 

changes, 55,57-58 
Fermented soybean foods, d e s c r i p t i o n 

and uses, 46t 
Fib e r 

e f f e c t on mineral u t i l i z a t i o n in 
humans, 108-111 

wet and dry processing of g r a i n 
legumes, 176-188 

F i e l d pea(s) 
c o l o r , 187-188 
composition, 180-181 
e f f i c i e n c i e s of wet and dry 

processing, 181-184 
f u n c t i o n a l p r o p e r t i e s , 184-187 
v a r i a b i l i t y in composition, 20 
v i s c o s i t y and g e l a t i o n 

c h a r a c t e r i s t i c s , 187 
wet and dry processing f o r p r o t e i n , 

s t a r c h , and f i b e r , 177-180 
Field-pea f l o u r 

p r o t e i n components, 20-22 
st a r c h components, 22 
use as p r o t e i n supplements in 

foods, 19-29 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ix

00
2



INDEX 279 

Field-pea products, use in 
cereal-based products, 25 

F i e l d - t e s t p r o t o c o l , study of blended 
foods, 141-144 

Flakes, dehydrated, fresh-peeled yam 
tubers, 271 

F l a v o r generation in pea 
products, 28-29 

Flou r s 
dry bean 

percentage y i e l d , 193f 
processing and use in 

foods, 190-204 
f i e l d - p e a , use as p r o t e i n 

supplements in foods, 19-29 
peanut and cowpea, use in f r i e d and 

baked foods, 8-17 
processing scheme, 1 93 f 
soy, a d d i t i o n to meat 

products, 77-87 
Flow diagram 

pi n m i l l i n g and a i r c l a s s i f i c a t i o n 
of f i e l d pea and fababean i n t o 
p r o t e i n and s t a r c h 
f r a c t i o n s , 178f 

preparation of p u r i f i e d f i b e r , 
s t a r c h , and p r o t e i n a t e from 
f i e l d pea and fababean, 179f 

Food, comparison of p r i c e s and p r o t e i n 
contents, 74-77 

Food p r o t e i n i n g r e d i e n t s 
amino a c i d contents and p r o t e i n 

e f f i c i e n c y r a t i o s , 3 9 t 
f u n c t i o n a l i t y , 39,40f 
p r o t e i n contents, 3 7 t 

Formulation, blended foods, I45t 
Free gossypol content of food 

products, e f f e c t of preparation 
method, 6 8 - 69 

F r i e d cowpea paste, p r e p a r a t i o n , 13-17 
F r i e d foods, use of peanut and cowpea 

f l o u r s , 8-17 
F r u i t s , t r o p i c a l , as sources of 

p r o t e i n , 220-232 
F u l l - f a t products 

o i l s e e d processing, 33-35 
use of vegetable food 

p r o t e i n s , 38,41 
F u n c t i o n a l p r o p e r t i e s 

food p r o t e i n i n g r e d i e n t s , 38,40f 
legume f l o u r s , 184-187 
soy p r o t e i n s , 77,80-82 

G 

Gel e l e c t r o p h o r e t i c p a t t e r n s , 
water-soluble p r o t e i n s from peanut 
f l o u r s , 9-11 

G e l a t i o n c h a r a c t e r i s t i c s , legume 
f l o u r s , 187 

Genotype-environment i n t e r a c t i o n , 
sweet potatoes, 237 

Glanded cottonseed, t o x i c e f f e c t s , 61 
Glandless cottonseed 

p r o t e i n q u a l i t y , 63-64 
t o x i c i t y s t u d i e s , 62-63 

Glandless cottonseed-corn blended 
food, a c c e p t a b i l i t y and tolerance 
by H a i t i a n c h i l d r e n , 138-148 

Globoid 
c u c u r b i t seed, 252f 
squash, 253 

G l o b u l i n s , c u c u r b i t 
amino a c i d compositions, 255,256t 
c h a r a c t e r i s t i c s , 254 
n u t r i t i o n a l p o t e n t i a l , 255-257 

Gossypol 
as a f a c t o r l i m i t i n g cottonseed 

use in foods f o r humans, 67-71 
determination in foods co n t a i n i n g 

cottonseed, 68 
t o x i c i t y s t u d i e s , 61-63 

Gourd, B u f f a l o , p r o t e i n and oil from 
seeds, 249-257 

Grain, use in tempeh pre p a r a t i o n , 55 
Grain legumes, wet and dry processing 

f o r p r o t e i n , s t a r c h , and 
f i b e r , 176-188 

Grinding and a i r c l a s s i f i c a t i o n , dry 
beans, 192,193f 

Ground beef blends, cost 
comparison, 78t 

Growth performance, r a t s fed winged 
bean, 210 

H 

H a i t i a n c h i l d r e n , a c c e p t a b i l i t y and 
tolerance of a corn-glandless 
cottonseed blended food, 138-148 

Haulm, winged bean, n u t r i t i o n a l 
value, 213 

Heat s t a b i l i t y , yam tuber a l k a l i n e 
proteinase, 268,269f 

Heavy metals, as a f a c t o r l i m i t i n g 
cottonseed use in foods f o r 
humans, 71-72 

Heme i r o n u t i l i z a t i o n in humans, 
e f f e c t of p r o t e i n source, 114-119 

Homogenization of yam tuber 
t i s s u e , 262 

Hydrolysates of casein and soy 
p r o t e i n , e f f e c t on serum 
c h o l e s t e r o l l e v e l s of 
r a b b i t s , 155-156 

Hypocholesterolemic mechanism 
associated with s u b s t i t u t i o n of 
soy p r o t e i n f o r animal 
p r o t e i n , 159 
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280 PLANT PROTEINS 

I 

In v i t r o p r o t e i n d i g e s t i b i l i t y , dry 
bean f l o u r s , 197,198f 

I n d u s t r i a l membrane processing, 
vegetable food p r o t e i n 
p r e p a r a t i o n , 36 

I n h i b i t i o n , t r y p s i n d i g e s t i o n of 
bovine serum albumin, 134 

Injected whole muscle meats, use of 
soy p r o t e i n products, 90 -98 

I n j e c t i o n process, b r i n e s c o n t a i n i n g 
soy p r o t e i n , 93-94 

I n t e r c e l l u l a r s t r u c t u r e of a c u c u r b i t 
seed, 250,251f 

I n t e r n a t i o n a l winged bean 
t r i a l s , 213-214,215t 

I o n i c concentration of coagulant, 
e f f e c t on t o f u , 49-52 

Ipomoea batatas L., p r o t e i n 
content, 234-246 

Iron u t i l i z a t i o n in humans 
e f f e c t of f i b e r , 109-111 
e f f e c t of p h y t i c a c i d , 109,112-114 
e f f e c t of p r o t e i n source, 114-119 

I r r i g a t i o n , e f f e c t on sweet potato 
p r o t e i n content, 237 

I s o l a t e s 
o i l s e e d processing, 36 
soy p r o t e i n s , a d d i t i o n to meat 

products, 77-87,92-93 
sweet potatoes, 242-245 

L 

Leaf p r o t e i n concentrate, sources, 223 
Leafy vegetables, p r o t e i n 

content, 2 2 6 - 2 2 9 
Leaves 

t r o p i c a l , p r o t e i n content, 2 20 - 232 
winged bean, n u t r i t i o n a l value, 213 

Legume(s) 
p r i c e s and p r o t e i n 

contents, 7 6 t , 1 2 7 - 1 2 9 
p r o t e i n , s t a r c h , and f i b e r from wet 

and dry processing, 176 -188 
t r o p i c a l , p r o t e i n content, 2 2 0 - 2 3 2 

Legume f l o u r doughnuts, 
prep a r a t i o n , 1 1 , 1 3 , l 4 f 

Legume f l o u r sugar cookies, 
p r e p a r a t i o n , 1 1 , 1 2 f 

Legume seeds, p r o t e i n 
content, 1 9 - 2 0 , 3 7 t 

Legumin, in f i e l d peas, 21 
L i f e s t y l e s of Ad v e n t i s t s , r e l a t i o n to 

m o r t a l i t y , 162 -173 
L i m i t i n g f a c t o r s , use of cottonseed in 

foods f o r humans, 67-72 
L i p i d d i s t r i b u t i o n s , green p r o t e i n 

f r a c t i o n s , 2 2 9 t 

L i p o p r o t e i n s 
d i s t r i b u t i o n in r a b b i t s fed various 

p r o t e i n s , 151-152 
i n f l u e n c e of animal and vegetable 

p r o t e i n s , 150-160 
Lipoxygenase, hydroperoxidation of 

f a t t y a c i d s , 27-28 
L i q u i d cyclone process, defatted 

cottonseed f l o u r production, 62 
Lung cancer, r i s k among 

Adv e n t i s t s , 163-165 
Lysine, e f f e c t on serum l i p i d s and 

a t h e r o s c l e r o s i s in 
r a b b i t s , 151-152,156-158 

Lysine-supplemented cottonseed, 
p r o t e i n q u a l i t y , 63-64 

M 

Magnesium u t i l i z a t i o n in humans, e f f e c t 
of f i b e r , 109-111 

Meat 
i n j e c t e d and absorbed whole muscle, 

use of soy p r o t e i n 
products, 90 -98 

p r i c e s and p r o t e i n contents, 75t 
use by Ad v e n t i s t s , r e l a t i o n to 

m o r t a l i t y , 166-169 
Meat products 

a d d i t i o n of soy p r o t e i n s , 74-87 
p r i c e s and p r o t e i n contents, 75t 
processed, use of vegetable food 

p r o t e i n s , 42 
Mesophyll c e l l ( s ) 

B u f f a l o gourd, scanning e l e c t r o n 
micrograph, 251f 

cu c u r b i t seeds, transmission 
e l e c t r o n micrographs, 252f 

M i c r o b i o l o g i c a l q u a l i t y 
soy p r o t e i n s , 85 -86 
tempeh, 58 
t o f u , 54-55 

M i l l screen s i z e , e f f e c t on p a r t i c l e 
s i z e d i s t r i b u t i o n of cowpea 
f l o u r , 1 5 , l 6 f 

M i l l i n g and f r a c t i o n a t i o n of legumes, 
f l o u r product production, 191 

M i n e r a l content, dry bean 
f l o u r s , 195 ,197 

Moisture content, e q u i l i b r i u m , dry 
bean f l o u r s , 197,199-200 

Monkeys, cynomolgus, e f f e c t of d i e t s 
containing casein or soy 
p r o t e i n , 154 

M o r t a l i t y among Adventists 
r e l a t i o n to d i e t a r y h a b i t s and 

l i f e s t y l e s , 162-173 
versus the general 

population, 163-165 
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Ν 

Navy bean f l o u r s , processing and use 
in foods, 190-204 

Nig e r i a n foods 
cottonseed content, 64-66 
p r o t e i n and f a t content, 65t 

Nitrogen balance, e f f e c t of sweet 
potatoes, 239 

Nitrogen content 
c u c u r b i t p r o t e i n , 255 
yams, 264-265 

Nitrogen f e r t i l i z a t i o n , e f f e c t on 
sweet potato p r o t e i n content, 237 

Nitroge n - p r o t e i n conservation, f r e s h 
stored Dioscorea yams, 261-271 

Nitrogen s o l u b i l i t y 
dry bean f l o u r s , 195,196f 
legume f l o u r s , 184-186 
pea p r o t e i n s , 24 

Nonfermented soybean foods, 
d e s c r i p t i o n and uses, 46t 

Nonheme i r o n u t i l i z a t i o n in humans, 
e f f e c t of p r o t e i n source, 114-119 

Nonprotein nitrogen 
sweet potatoes, 235 
yams, 264-265 

N u t r i t i o n a l e f f e c t s , feeding 
procyanidins, 134-135 

N u t r i t i o n a l i n d u c t i o n of 
a t h e r o s c l e r o s i s , experimental 
s t u d i e s , 150-151 

N u t r i t i o n a l q u a l i t y 
blended foods, 144-146 
B u f f a l o gourd, 257 
c u c u r b i t meals and 

g l o b u l i n s , 255-257 
dry beans, 126-136 
soy p r o t e i n s , 82-85 
sweet potatoes, 239-240,245 
tempeh, 58 
t o f u , 53-54 
winged beans, 207-208t 

0 

Oil, c u c u r b i t seeds, 249-257 
Oil absorption c a p a c i t i e s , legume 

f l o u r s , 185-186 
Oil e m u l s i f i c a t i o n values, legume 

f l o u r s , 185-187 
Oilseeds 

p r i c e s and p r o t e i n contents, 37t,76t 
processing f o r vegetable food 

p r o t e i n s , 33-36 
O r i e n t a l soybean foods, d e s c r i p t i o n 

and uses, 45-58 

Ρ 

P a r t i c l e s i z e d i s t r i b u t i o n , cowpea 
paste and f l o u r , 15,l6f 

Pasta, f i e l d - p e a f l o u r s , 25 
Pea(s) 

p r o t e i n composition, 211 
proximate composition, 20t 

Pea f l o u r s 
enzymatic a c t i o n , 27-28 
processing methods, 22-23 

Pea products, f l a v o r generation, 28-29 
Pea p r o t e i n s 

carbohydrate content, 23-24 
concentrates and i s o l a t e s , 23-24 

Peanut b u t t e r cookies, use of bean 
products, 203-204 

Peanut cake, replacement with winged 
bean meal, 209-210 

Peanut c h i p s , preparation from peanut 
meal or f l o u r , 8-11 

Peanut f l o u r s 
processing treatments, 9 
use in f r i e d and baked foods, 8-17 

pH values, legume f l o u r s , 184-816 
Phaseolus v u l g a r i s 

cotyledon, scanning e l e c t r o n 
micrograph, 129f 

processing and use in foods, 190-204 
P h y s i c a l t e s t s , blended foods, 140-141 
Physicochemical c h a r a c t e r i s t i c s , dry 

bean f l o u r s , 192-197,198f 
P h y s i o l o g i c a l responses, r a t s on 

c o n t r o l l e d d i e t s , 101-103 
P h y t i c a c i d 

dry bean f l o u r s , 195,197 
e f f e c t on mineral u t i l i z a t i o n in 

humans, 109,112-114 
P i n m i l l i n g , f i e l d pea and fababean 

i n t o p r o t e i n and s t a r c h , 177,178f 
Pi n t o bean f l o u r s , processing and use 

in foods, 190-204 
P l a n t ( s ) , t r o p i c a l , p r o t e i n 

content, 221-223 
Plan t foods, comparison to animal 

foods, 2 
Pla n t p r o t e i n s 

aquatic weeds as sources, 230-232 
overview, 1 

Pondweed, amino a c i d 
compositions, 231t 

Potato, sweet, p r o t e i n 
content, 234-246 

Preparation 
corn-soy-milk blend, 139-140 
tempeh, 55,56f 

Processing 
dry bean f l o u r s f o r foods, 190-204 
o i l s e e d s f o r vegetable food 

p r o t e i n s , 33-36 
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Procyanidin 
binding to bean g l o b u l i n , 132-133 
binding to bovine serum 

albumin, 128,130-132 
i n t e r a c t i o n with p r o t e i n in dry 

beans, 126-136 
s t r u c t u r e , 129f 
t o x i c i t y , 134-135 

Property changes during storage, dry 
bean f l o u r s , 200 

Pr o t e i n ( s ) 
animal and vegetable, 150-160 
blended foods, 140-141 
c u c u r b i t seeds, 249-257 
e f f e c t on c h o l e s t e r o l k i n e t i c s in 

r a b b i t s , 157-158 
e f f e c t on serum c h o l e s t e r o l l e v e l s 

of r a b b i t s , 154-156 
e f f e c t on s k e l e t a l i n t e g r i t y in 

young r a t s , 100-106 
f i e l d - p e a f l o u r , 20-22 
glan d l e s s cottonseed, 63-64 
i n t e r a c t i o n with procyanidin in dry 

beans, 126-136 
i s o l a t i o n - a s s a y , Dioscorea 

yams, 263-264 
l e a f y vegetables, 227-228,229t 
leaves from t r o p i c a l p l a n t s , 227t 
legume, 127,129f 
legume f l o u r sugar cookies, 11,12f 
lysine-supplemented 

cottonseed, 63-64 
Nig e r i a n foods, 65t 
peas and soybeans, 21t 
pl a n t , overview, 1 
stored yam tubers, 268,269f,271 
sweet potato, 234-246 
t r o p i c a l seeds, legumes, f r u i t s , and 

leaves, 220-232 
vegetable food, a p p l i c a t i o n s in 

t r a d i t i o n a l foods, 32-43 
wet and dry processing of g r a i n 

legumes, 176-188 
winged bean as a source, 206-216 

P r o t e i n body, c u c u r b i t seed, 252f 
P r o t e i n concentrate, d e f i n i t i o n , 33 
P r o t e i n d e f i c i e n c y , as a form of 

m a l n u t r i t i o n , 221 
P r o t e i n d i g e s t i b i l i t y , dry bean 

f l o u r s , 197,198f 
P r o t e i n e f f e c t i v e n e s s , r o l e of c a l o r i c 

d e n s i t y , 228,230t 
P r o t e i n e f f i c i e n c y r a t i o s 

B u f f a l o gourd, 257 
f i e l d - p e a f l o u r , 22 
food p r o t e i n i n g r e d i e n t s , 39t 
sweet potato f l o u r , 240 
sweet potato p r o t e i n f r a c t i o n s , 244t 
winged bean seed f l o u r , 210,211t 

P r o t e i n i s o l a t e , d e f i n i t i o n , 33 
Pro t e i n - n i t r o g e n conservation, f r e s h 

stored Dioscorea yams, 261-271 

P r o t e i n source 
e f f e c t on i r o n u t i l i z a t i o n in 

humans, 114-119 
e f f e c t on z i n c u t i l i z a t i o n in 

humans, 119-122 
vs. production p o t e n t i a l , t r o p i c a l 

p l a n t s , 224,226-227 
P r o t e i n supplements in foods, use of 

f i e l d - p e a f l o u r s , 19-29 
Proteinase a c t i v i t y , a l k a l i n e , in 

yams, 257-270 
Proximate composition 

blended foods, I45t 
cottonseed products, 67t 
legume f l o u r s , 180-181 
navy bean f l o u r f r a c t i o n s , 194f 
soybeans and tempeh, 57t 
yam tubers, 264-265 

Psophocarpus tetragonolobus, 
p r o t e i n content, 206-216 

P u f f - p u f f , use of cottonseed, 64-65 
Pumpkin, c u c u r b i t i n content, 255 
Pumpkin quick bread, use of bean 

products, 202-203 

Q 

Questionnaire, blended foods fed to 
H a i t i a n c h i l d r e n , I42,l43f 

R 

Rabbits, use in st u d i e s of animal and 
vegetable p r o t e i n s , 150-160 

Rancidity development in ground beef 
with and without soy 
p r o t e i n , 85,86f 

Rats 
e f f e c t of d i e t a r y p r o t e i n on 

s k e l e t a l i n t e g r i t y , 100-106 
fed winged bean, growth 

performance, 210 
p h y s i o l o g i c a l responses to 

c o n t r o l l e d d i e t s , 101-103 
u r i n a r y responses to c o n t r o l l e d 

d i e t s , 103-105 
Recipe i n g r e d i e n t s , free and t o t a l 

gossypol contents, 70t 
Regulatory g u i d e l i n e s , whole muscle 

meat products, 95 
R h i z o b i a l c h a r a c t e r i s t i c s of winged 

bean nodules, 213 
Roasting and d e h u l l i n g , dry 

beans, 191-192 

S 

Salmon, use of soy p r o t e i n 
products, 97t 
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Scanning e l e c t r o n micrograph 
cross s e c t i o n of a c u c u r b i t 

seed, 25If 
mesophyll c e l l of a B u f f a l o 

gourd, 251f 
Phaseolus v u l g a r i s cotyledon, 129f 

Scatchard p l o t s 
bovine serum albumin and 

procyanidin, 131Γ 
procyanidin t r i m e r and bean 

g l o b u l i n , 133f 
Seed(s) 

c u c u r b i t , p r o t e i n and oil, 249-257 
t r o p i c a l , p r o t e i n content, 220-232 
winged bean, p r o t e i n 

content, 209-213 
Seed p r o t e i n s , c u c u r b i t 

amino a c i d compositions, 255,256t 
n u t r i t i o n a l p o t e n t i a l , 255-257 

Sensory c h a r a c t e r i s t i c s , soy 
p r o t e i n s , 77,80-82 

Serum c h o l e s t e r o l l e v e l s 
i n f l u e n c e of animal and vegetable 

p r o t e i n s , 150-160 
r a b b i t s fed casein and soy 

p r o t e i n , 155t 
r a b b i t s fed d i f f e r e n t p r o t e i n s , 155t 

Serum l i p i d s in r a b b i t s 
e f f e c t of beef and textured 

vegetable p r o t e i n s , 153 
e f f e c t of c a s e i n , soy p r o t e i n , 

a r g i n i n e , and 
l y s i n e , 151-152,156-158 

Seventh-Day A d v e n t i s t s , m o r t a l i t y in 
r e l a t i o n to d i e t a r y h a b i t s and 
l i f e s t y l e s , 162-173 

S h e l f l i f e , soy p r o t e i n s , 85-86 
Shrimp, use of soy p r o t e i n 

products, 97t 
S k e l e t a l i n t e g r i t y in young r a t s , 

e f f e c t of d i e t a r y p r o t e i n , 100-106 
Snack-type peanut c h i p s , preparation 

from peanut meal or f l o u r , 8-11 
Soy p r o t e i n ( s ) 

a d d i t i o n to meat products, 74-87 
advantages, 90 
brines c o n t a i n i n g , i n j e c t i o n and 

absorption, 93-97 
d e t e c t i o n , 87 
e f f e c t on c h o l e s t e r o l l e v e l s of 

humans, 158-159 
e f f e c t on c h o l e s t e r o l l e v e l s of 

r a b b i t s , 154-156 
e f f e c t on i r o n u t i l i z a t i o n in 

humans, 114-119 
e f f e c t on serum l i p i d s and a o r t i c 

a t h e r o s c l e r o s i s in 
r a b b i t s , 151-152 

e f f e c t on swine and monkeys, 154 
e f f e c t on z i n c u t i l i z a t i o n in 

humans, 119-122 
f l o u r and concentrate, chemical 

a n a l y s i s , 83-84t 

Soy p r o t e i n ( s ) — C o n t i n u e d 
f u n c t i o n a l p r o p e r t i e s and sensory 

c h a r a c t e r i s t i c s , 77,80-82 
n u t r i t i o n a l c h a r a c t e r i s t i c s , 82-85 
s h e l f l i f e , 85-86 
use in i n j e c t e d and absorbed whole 

muscle meats, 90 -98 
Soybean(s) 

e f f e c t of v a r i e t y on t o f u , 52-53 
general d i s c u s s i o n , 19-20 
p r o t e i n composition, 21t 
proximate composition, 57t 
uses as foods in the West, 45-58 

Soybean meal, replacement with winged 
bean meal, 209-210 

Spherosome, c u c u r b i t seed, 252f 
Spiced l a y e r cake, use of bean 

products, 201-202 
Sprouts of stored yam tubers, 

photographs, 269f 
Squash, globoid content, 253 
Starch 

f i e l d - p e a f l o u r , 22 
foods c o n t a i n i n g , supplementation 

with common beans, 240,24lt 
wet and dry processing of g r a i n 

legumes, 176-188 
S t a t i s t i c a l a n a l y s i s , study of blended 

foods, 144 
Storage p r o t e i n s , legumes, 127 
Storage s t a b i l i t y , dry bean 

f l o u r s , 197,199-200 
Stored yam tubers, p r o t e i n 

content, 268,269f,271 
Strokes, among Adventists 

r e l a t i o n to coffee use, 168-171 
r e l a t i o n to meat use, 166-169 
r i s k , 164-165 

Substrate s p e c i f i c i t y of yam tuber 
a l k a l i n e proteinase, 270t 

Sugar cookies 
legume f l o u r , p r e p a r a t i o n , 11,12f 
use of bean products, 201 
use of cottonseed, 66 

S u i c i d e , r i s k among 
Adv e n t i s t s , 164-165 

Sweet potatoes, p r o t e i n 
content, 234-246 

Swine, e f f e c t of d i e t s c o n t a i n i n g 
casein or soy p r o t e i n , 154 

Τ 

Tannins, dry beans, 127-128 
Tempeh 

fermentation, 135 
proximate composition, 5 7 t 
use as food in the West, 5 5 - 5 8 

Temperature of soybean milk, e f f e c t on 
t o f u , 52 

Textured soy p r o t e i n s , use in the 
processed meat i n d u s t r y , 92 
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Textured vegetable p r o t e i n , e f f e c t on 
serum l i p i d s and a o r t i c 
a t h e r o s c l e r o s i s in r a b b i t s , 153 

Tofu 
p r e p a r a t i o n , 47-52 
use as food in the West, 47-55 

Tolerance responses, blended 
foods, 146-148 

T o x i c i t y 
g l a n d l e s s cottonseed, 62-63 
gossypol, 62-63 
procyanidins, 134 -135 

Trace mineral u t i l i z a t i o n in humans, 
e f f e c t of p r o t e i n source, 108-122 

T r a f f i c a c c i d e n t s , r i s k among 
Ad v e n t i s t s , 164-165 

Transmission e l e c t r o n micrographs, 
mesophyll c e l l s of c u c u r b i t 
seeds, 252f 

T r o p i c a l seeds, legumes, f r u i t s , and 
leaves, p r o t e i n content, 220-232 

Trypsin d i g e s t i o n of bovine serum 
albumin, 134 

Trypsin i n h i b i t o r s in sweet 
potatoes, 240 

Tuber(s) 
winged bean, n u t r i t i o n a l 

value, 210,212t ,213 
yam, general d i s c u s s i o n , 261-262 

Tuber t i s s u e , yam, horaogenization, 262 
Turkey r o l l , use of soy p r o t e i n 

products, 97t 

U 

United States Department of 
A g r i c u l t u r e , r e gulatory g u i d e l i n e s 
f o r whole muscle meat products, 95 

Ureide enzymes in yam tubers, e f f e c t 
of storage on r e l a t i v e 
a c t i v i t i e s , 266t 

Uricase 
assay, 263 
purine degradation in yams, 265-267 

Urinary responses, r a t s on 
c o n t r o l l e d d i e t s , 103-105 

V 

Vegetable(s), l e a f y , p r o t e i n 
content, 226-230 

Vegetable food p r o t e i n s 
a p p l i c a t i o n s in t r a d i t i o n a l 

foods, 32-43 
composition, 36-38 
d e f i n i t i o n , 33 
e f f e c t on serum c h o l e s t e r o l , 

l i p o p r o t e i n s , and 
a t h e r o s c l e r o s i s , 150-160 

f u n c t i o n a l i t y , 38,40f 

Vegetable food p r o t e i n s — C o n t i n u e d 
prep a r a t i o n , 33-36 

V i c i l i n , f i e l d peas, 21 
V i s c o s i t y , legume f l o u r s , 187 

W 

Water, use in t o f u p r e p a r a t i o n , 47 ,49 
Water absorption, pea p r o t e i n s , 24 
Water adsorption, navy bean f l o u r 

f r a c t i o n s , 199 f 
Water hydration c a p a c i t i e s 

legume f l o u r s , 185-186 
soy p r o t e i n s , 77 

Water-soluble p r o t e i n s from peanut 
f l o u r s , g e l e l e c t r o p h o r e t i c 
p a t t e r n s , 9-11 

Water spinach, amino a c i d 
compositions, 231t 

Watermelon, albumin content, 254 
Weeds, a q u a t i c , p r o t e i n 

content, 230-232 
Weights, leaves from t r o p i c a l 

p l a n t s , 227t 
Wet processing of g r a i n legumes, f o r 

p r o t e i n , s t a r c h , and 
f i b e r , 176-188 

Wheat-flour-based foods, use of bean 
products, 201-204 

Whole muscle meat systems, adaptable 
to i n j e c t i o n or absorption 
processes, 91t 

Winged bean 
c u l t i v a t i o n , 206 
future areas of research, 214,216 
i n t e r n a t i o n a l t r i a l s , 213-214,215t 
n u t r i t i o n a l s t u d i e s , 207-208t 
p r o t e i n content, 206-216 

X 

Xanthine oxidase 
assay, 263 
purine degradation in yams, 265-267 

Y 

Yam(s) 
a l k a l i n e proteinase 

a c t i v i t y , 267-270 
f r e s h s t o r e d , p r o t e i n - n i t r o g e n 

conservation, 261-271 
nitrogen content, 264-265 
purine degradation, 265-267 

Yam tubers 
e f f e c t of storage on ureide enzyme 

a c t i v i t i e s , 266t 
f r e s h and stor e d , photographs, 269f 
fresh-peeled, dehydrated f l a k e s , 271 

 P
ub

lic
at

io
n 

D
at

e:
 J

un
e 

18
, 1

98
6 

| d
oi

: 1
0.

10
21

/b
k-

19
86

-0
31

2.
ix

00
2



INDEX 285 

Yam tu b e r s — C o n t i n u e d 
general d i s c u s s i o n , 261-262 
st o r e d , p r o t e i n 

content, 268,269f,271 
Yeast bread 

carbonyl compounds, 29t 
use of cottonseed, 66 

Yi e l d s 
c u c u r b i t seeds, 250 
products from dry and wet processing 

of f i e l d pea and fababean 

Y i e l d s — C o n t i n u e d 
f l o u r s , 181-184 

winged bean v a r i e t i e s , 215t 

Ζ 

Zinc u t i l i z a t i o n in humans 
e f f e c t of f i b e r , 109-111 
e f f e c t of p h y t i c a c i d , 109,112-114 
e f f e c t of p r o t e i n source, 119-122 
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