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B R E E D I N G F O O D C R O P S F O R I M P R O V E D P R O T E I N Q U A L I T Y 

T h e p l a n t b r e e d e r h a s a k e y r o l e t o p l a y i n h e l p i n g t o m e e t t h e food 

q u a l i t y s i t u a t i o n i n d e v e l o p i n g c o u n t r i e s . H e s h o u l d b e d e d i c a t e d t o t h e 

d e v e l o p m e n t o f h i g h e r y i e l d i n g s t r a i n s a n d / o r h y b r i d s o f a l l i m p o r t a n t 

f o o d c r o p s , b u t s h o u l d a l s o b e a g g r e s s i v e i n i n s u r i n g t h a t s u c h c r o p s h a v e 

a c c e p t a b l e p r o t e i n c o n t e n t a n d p r o t e i n q u a l i t y . F u r t h e r , h e s h o u l d a p p l y 

h i s e x p e r t i s e t o i n c o r p o r a t i n g h i g h e r n u t r i t i v e q u a l i t y o f p r o t e i n i n t o a s 

m a n y a s p o s s i b l e o f t h e p r o d u c t i v e s t r a i n s a n d / o r h y b r i d s o f c r o p s t h a t a r e 

d e v e l o p e d f o r d i s t r i b u t i o n t o g r o w e r s , s o t h a t e a c h p l a n t f o o d s t u f f b e c o m e s 

m o r e n e a r l y a d e q u a t e t o s e r v e h u m a n n e e d s . 

P l a n t p r o t e i n s a r e e v a l u a t e d a s t o t h e i r p r o t e i n n u t r i t i v e q u a l i t y , 

b y t h e c o n t e n t o f c e r t a i n n u t r i t i o n a l l y e s s e n t i a l a m i n o a c i d s i n t h e p r o t e i n 

c o m p l e x , a n d t h e b a l a n c e b e t w e e n t h e s e e s s e n t i a l a m i n o a c i d s . I t i s n o w w e l l 

e s t a b l i s h e d t h a t t h e p l a n t b r e e d e r h a s t h e c a p a b i l i t y o f i n c o r p o r a t i n g d e s i r e d 

p r o t e i n q u a l i t i e s i n c r o p p l a n t s , a s w e l l a s t h a t o f d e v e l o p i n g h i g h e r y i e l d ­

i n g s t r a i n s o r h y b r i d s t h a t a r e w e l l a d a p t e d t o t h e e n v i r o n m e n t a l c o n d i t i o n s 

o f a r e g i o n t h a t a r e a l s o r e a d i l y a c c e p t a b l e t o t h e c o n s u m e r . P i o n e e r i n g w o r k 

o f t h i s n a t u r e w a s f i r s t d o n e w i t h m a i z e , a n d h a s n o w b e e n e x t e n d e d t o w h e a t . 

S t u d i e s o n o t h e r s p e c i e s a r e u n d e r w a y . 

B r e e d i n g f o r i m p r o v e d p r o t e i n q u a l i t y i s a n i m p o r t a n t a n d r e l a t i v e l y 

n e w m e t h o d o f d e a l i n g w i t h d e f i c i e n c i e s i n t h e d i e t s o f p e o p l e i n d e v e l o p i n g 

c o u n t r i e s . T h e r e n o w s e e m s t o b e n o s c i e n t i f i c o b s t a c l e t o e x t e n d i n g u h e 

* P a p e r N o . 3 °f T e c h n i c a l S e r i e s ; b y t h e A g r i c u l t u r a l T e c h n o l o g y D i v i s i o n , 
T A / A G F , A I D - W a s h i n g t o n , A u g u s t 1971. 



p r i n c i p l e s e s t a b l i s h e d f o r i m p r o v i n g t h e n u t r i t i v e q u a l i t y o f p r o t e i n s o f 

r . s i z e a n d w h e a t , t o a l l o t h e r f o o d c r o p s . H o w e v e r , e a c h p l a n t s p e c i e s 

c o n s t i t u t e s a d i f f e r e n t t y p e o f g e n e t i c s i t u a t i o n ; a n d i n d i v i d u a l b r e e d i n g 

p r o g r a m s w i l l b e r e q u i r e d f o r e a c h s p e c i e s t o a c h i e v e d e s i r e d n u t r i t i o n a l 

o b j e c t i v e s . T h e i n i t i a l s t e p i s t h e s e a r c h t h r o u g h t h e g e r m p l a s m c o l l e c t i o n s 

o f e a c h p l a n t . s p e c i e s t o i d e n t i f y t h e g e n e t i c t r a i t s t h a t a r e d e s i r e d . 

W o r l d w i d e c o l l e c t i o n s o f t h e g e r m - p l a s m r e s o u r c e s h a v e n o w b e e n m a d e f o r a 

c o n s i d e r a b l e n u m b e r o f f o o d c r o p s , a n d t h e s e m a y b e a c q u i r e d b y p l a n t 

b r e e d e r s . When o n c e f o u n d , t h e p r o t e i n q u a l i t y t r a i t s m a y t h e n b e u t i l i z e d 

i n b r e e d i n g p r o g r a m s t o p r o d u c e s t r a i n s t h a t c o m b i n e t h e n u t r i t i v e q u a l i t i e s 

w i t h e c o l o g i c a l a d a p t a t i o n , y i e l d i n g a b i l i t y , a n d o t h e r d e s i r a b l e p r o d u c t i o n 

c h a r a c t e r i s t i c s . 

A n e x c e e d i n g l y u s e f u l p u b l i c a t i o n f o r p l a n t b r e e d e r s c o n c e r n e d w i t h 

b r e e d i n g c r o p s f o r i m p r o v e d p r o t e i n q u a l i t y h a s b e e n i s s u e d b y F A O : " A m i n o -

A c i d C o n t e n t o f F o o d s ; a n d B i o l o g i c a l D a t a o n P r o t e i n s " . F A O : N u t r i t i o n a l 

S t u d i e s , N o . 2 b , R o m e 1 9 7 0 . T h i s p u b l i c a t i o n s u m m a r i z e s d a t a f r o m t h e 

w o r l d l i t e r a t u r e o n t h i s s u b j e c t , a n d p r o v i d e s i n f o r m a t i o n o n f o o d s o f p l a n t 

o r i g i n , a s w e l l a s f o r o t h e r f o o d s t u f f s . S i n c e a l l i n f o r m a t i o n i s r e p o r t e d 

i n t h r e e l a n g u a g e s ( E n g l i s h , F r e n c h , a n d S p a n i s h ) , t h e d a t a i s r e a d i l y 

a v a i l a b l e t o a l l s c i e n t i s t s . 

T h e p l a n t b r e e d e r w i l l f i n d u s e f u l i n f o r m a t i o n f o r o r i e n t i n g a b r e e d i n g . 

p r o g r a m t o i m p r o v e t h e p r o t e i n q u a l i t y o f . f o o d c r o p s i n t h e " F o r e w o r d " a n d 

" E x p l a n a t o r y N o t e s " , a s w e l l a s i n P a r t I " A m i n o - A c i d C o n t e n t o f F o o d s " . 

S e c t i o n I o f P a r t I g i v e s t h e M e a n V a l u e s f o r p r o t e i n a n d f o r i n d i v i d u a l a m i n o 



i d d s f o r c e r e a - l s ( 3 0 i t e m s ) , s t a r c h y roots a n d t u b e r s ( 1 3 i t e m s ) , d r y 

l e g u m e s a n d l e g u m e p r o d u c t s ( 3 5 i t e m s ) , n u t s a n d s e e d s ( 9 1 i t e m s ) , v e t e t a b l e s 

( 1 0 7 i t e m s ) , a n d f r u i t s ( 2 2 i t e m s ) . P e r h a p s t h e m o s t i m p o r t a n t i n f o r m a t i o n 

i n S e c t i o n I o f P a r t I i s t h e b i o l o g i c a l e v a l u a t i o n o f t h e p r o t e i n , e x p r e s s e d 

a s a c h e m i c a l s c o r e b a s e d o n t h e h e n ' s e g g g a s a s t a n d a r d f o r h u m a n d i e t s . 

I n S e c t i o n I I o f P a r t I , t h e r a n g e i n c o n t e n t o f e a c h a m i n o a c i d i s 

g i v e n f o r t h e m a j o r p l a n t f o o d s - a t o t a l o f J1Q i t e m s . T h e b r e e d e r w i l l 

b e m o s t c o n c e r n e d w i t h t h e r a n g e i n v a l u e s f o r t h e f o u r e s s e n t i a l a m i n o 

a c i d s m o s t l i k e l y t o b e d e f i c i e n t i n p l a n t f o o d s t u f f s , n a m e l y ; l y s i n e , 

t h r e o n i n e , m e t h i o n i n e , a n d t r y p t o p h a n . I n g e n e r a l , p l a n t p r o t e i n s a r e 

n o t w e l l b a l a n c e d i n t h e s e e s s e n t i a l a m i n o a c i d s , s o t h a t t h e b i o l o g i c a l 

v a l u e o f t h e t o t a l p r o t e i n i s s u b s t a n t i a l l y b e l o w t h e v a l u e o f t h e i n d i ­

c a t o r p r o t e i n o f t h e c h i c k e n e g g . 

S i n c e t h e c h e m i c a l s c o r e i s b a s e d o n t h e a m i n o a c i d i n s h o r t e s t s u p p l y 

i n f o o d s t u f f , a n i n c r e a s e i n c o n t e n t o f t h e o n e o r t w o l i m i t i n g a m i n o a c i d s 

m a y d r a s t i c a l l y i m p r o v e t h e n u t r i t i v e v a l u e o f t h e t o a l p r o t e i n c o n t e n t . T h e 

r e p o r t e d r a n g e i n c o n t e n t o f e a c h a m i n o a c i d i s o f p a r t i c u l a r c o n c e r n , s i n c e 

i t m a y i n d i c a t e d i f f e r e n c e s d u e t o g e n e t i c c o m p o s i t i o n o f i n d i v i d u a l l o t s 

t h a t w e r e t e s t e d . H o w e v e r , i t i s n o t k n o w n h o w m u c h o f t h e r e p o r t e d v a r i a t i o n 

m a y h a v e b e e n c a u s e d b y o t h e r f a c t o r s , s u c h a s t h e c o n d i t i o n s u n d e r w h i c h t h e 

c r o p w a s g r o w n , v a r i a t i o n s i n a n a l y t i c a l p r o c e d u r e s i n d i f f e r e n t l a b o r a t o r i e s , 

o r e r r o r s o f v a r i o u s t y p e s . S i n c e o t h e r e v i d e n c e i s v e r y c l e a r f o r a c t u a l 

g e n e t i c d i f f e r e n c e s i n m a i z e , w h e a t , a n d r i c e , i t i s e x p e c t e d t h a t a d i l i g e n t 

s e a r c h f o r l i n e s , s t r a i n s o r t y p e s i n e a c h o f t h e o t h e r f o o d c r o p s m a y 



d i s c l o s e b r e e d i n g s t o c k s t h a t h a v e v a l u e i n a p l a n t i m p r o v e m e n t p r o g r a m 

t o i n c r e a s e b o t h t o t a l p r o t e i n a n d p r o t e i n q u a l i t y a s r e q u i r e d t o m e e t 

h u m a n n e e d s . 

T h e p l a n t b r e e d e r m a y n e e d t o e s t a b l i s h a r e l a t i v e l y s i m p l e m e a s u r e - ' 

o f p r o t e i n q u a l i t y t o e x p e d i t e t h e t a s k o f s c r e e n i n g l a r g e n u m b e r s o f 

s t r a i n s o r t y p e ' s t o u s e a s b r e e d i n g s t o c k s . A c o n v e n i e n t i n d e x i s t h a t 

t h e f o u r a m i n o a c i d s m o s t l i k e l y t o b e d e f i c i e n t i n p l a n t f o o d s t u f f s 

s h o u l d b e p r e s e n t i n t h e r a t i o n o f f o u r p a r t s l y s i n e , t h r e e p a r t s m e t h i o n i n e , 

t w o p a r t s t h r e o n i n e , t o o n e p a r t o f t r y p t o p h a n , w h e n e a c h i s e x p r e s s e d i n 

m i l l i g r a m s p e r g r a m o f n i t r o g e n i n t h e s a m p l e a n a l y z e d . A n y o f t h e s e a m i n o 

a c i d s t h a t a r e s o l o w a s t o a f f e c t t h e d e s i r e d b a l a n c e , b e c o m e s t h e l i m i t i n g 

f a c t o r i n d e t e r m i n i n g n u t r i t i v e v a l u e a s h u m a n f o o d . 

I n u n d e r t a k i n g t o b r e e d f o r i m p r o v e d p r o t e i n q u a l i t y , t h e f i r s t g o a l 

i s t o i d e n t i f y s t r a i n s o r s e l e c t i o n s o f t h e c r o p s p e c i e s , t h a t h a v e a 

h i g h e r c o n t e n t o f t h e l i m i t i n g a m i n o a c i d ( s ) . T h u s , i n t h e f o o d g r a i n 

l e g u m e s , m e t h i o n i n e g e n e r a l l y c o n s t i t u t e s t h e l i m i t i n g f a c t o r i n p r o t e i n 

q u a l i t y ; a n d t h e i d e n t i f i c a t i o n o f s t r a i n s o r s e l e c t i o n s l e g u m e s t r a i n s 

t h a t e x c e l i n t h i s a m i n o a c i d s h o u l d c o n s t i t u t e a s t e p i n t h e p r o c e s s o f 

b r e e d i n g f o r h i g h e r p r o t e i n q u a l i t y i n s u c h s p e c i e s . T h e s e F A O t a b l e s m a y 

a s s i s t t h e p l a n t b r e e d e r i n i d e n t i f y i n g t h e k e y a m i n o a c i d d e f i c i e n c i e s i n 

a n y s p e c i f i c c r o p , a s w e l l a s p r o v i d i n g s o m e i n d i c a t i o n o f t h e v a r i a b i l i t y 

t h a t m a y b e p r e s e n t i n t h a t s p e c i e s . 

* M e t h i o n i n e a n d c y s t i n e a r e s u l f u r - c o n t a i n i n g a m i n o a c i d s ; a n d s o m e 
n u t r i t i o n i s t s a d d s o m e p a r t o f t h e c y s t i n e t o t h e m e t h i o n i n e i n e s t i m a t i n g 
n u t r i t i v e v a l u e s . 



* PERSPECTIVES ON BREEDING FOR PROTEIN 
QUALITY IN CROPS 

Appendix to Paper No. 3 of Technical Series; by the A g r i c u l t u r a l Technology 
Division, TA/AGF, AID-Washington. 

A major objective'of the plant breeder i s the development of s t r a i n s 

or hybrids that possess greatly increased y i e l d i n g capacity. To achieve 

these high y i e l d s i t has been necessary to develop a suitable package of 

c u l t u r a l practices including the appropriate place of the crop i n cropping 

systems;improved s o i l and water management systems; good qual i t y seed; 

adequate and timely f e r t i l i z e r usage; s a t i s f a c t o r y date of planting; plant 

populations s u f f i c i e n t to f u l l y u t i l i z e potential water and s o i l f e r t i l i t y ; 

and protection of the crop from diseases, i n s e c t s and weeds. Higher y i e l d s 

are of prime importance, but improved n u t r i t i v e q u a l i t y i s a necessary cor­

o l l a r y i f the ultimate objective or providing foods to meet basic n u t r i t i o n a l 

requirements i s to be r e a l i z e d . 

The food supply i n the LDCs i s f a l l i n g below the t o t a l quantities 

required to feed t h e i r people, while the population numbers continue to 

increase by leaps and bounds. I n I 9 6 0 , t o t a l c a l o r i e s i n the diets of 

underdeveloped countries avaraged only 7 5 $ of the amount needed to meet 

minimum dietary requirements; but t o t a l protein averaged only about 7 0 $ of 

the minimum amount needed.* 

* A p r a c t i c a l n u t r i t i o n a l goal i s to provide about 2 , 5 0 0 c a l o r i e s per person 
per day, and 7 5 grams of t o t a l protein, of which 3 0 grams should be of 
animal ori g i n (meat, milk, eggs, f i s h , e t c . ) . The animal proteins may be 
replaced by plant proteins to the extent that the plant proteins are 
altered i n content to provide the necessary balance i n e s s e n t i a l amino 
acids, or are supplemented by additions of the d e f i c i e n t amino acids. 



After considering a l l available a l t e r n a t i v e s , the comprehensive 

analysis of "The World Food Problem," published i n November I 9 6 6 as a 

report of the President's Science Advisory Committee, stated that "the 

bulk of the increase i r food supply must come from increased production 

of farm crops." Although the more advanced nations may help i n c r i t i c a l 

food-shortage situations by donations and sales of foods on easy terms, the 

long term solution i s to expand a g r i c u l t u r a l production within each country. 

The plant breeder's role i n helping meet the world food sit u a t i o n 

can be a .most rewarding one since he has. i n h i s power the a b i l i t y to not 

only increase food production but he can also improve the quality by 

genetic control. I n order to do t h i s he must be concerned not only with 

the development of higher yielding v a r i e t i e s of important crops, but also 

insure that these v a r i e t i e s are superior i n both protein content and quality. 

For t h i s objective, the breeder must be concerned with the amounts of 

e s s e n t i a l amino acids that can be stored i n the edible portion of the crop 

plant. 

Other factors which must be taken into account i n meeting the n u t r i t i o n a l 

needs of the human population include: ( l ) the fate of these e s s e n t i a l 

amino acid components i n the crop processing, marketing, and storage, 

( 2 ) the e f f i c i e n c y and r e s u l t s of the cooking processes ( p a r t i a l losses of 

e s s e n t i a l amino acids by excessive heat, prolonged cooking, discarding of 

water containing the soluble constituents, e t c . ) , and ( 3 ) the actual delivery 

of highly nutritious foods to the most n u t r i t i o n a l l y sensitive segments of 

the population. 
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The greatest need for d i e t s of adequate protein q u a l i t y i s for 

'. women, nursing m o t h e r s , and infants below school age. T h e second 

greatest n u t r i t i o n a l need i s that of growing children. Normal adults who 

usually have f i r s t choice of a l l foods, have the lowest need for protein, 

e s p e c i a l l y when they have enough ca l o r i e s to support necessary physical a 

a c t i v i t y . 

Without a sustained and balanced supply of the four most important amino 

acids ( i n the approximate r a t i o of tryptophan 1 part, threonine 2 parts, 

methionine ji parts, and'lysine 4 parts) i n the t o t a l diet of the infants, 

the development of the brain and nervous system may be permanently impaired. 

Without a continuing supply during the growth of the c h i l d from age 4 to 

about 12, the further development of the nervous system and v i t a l organs 

may be adversely affected. Hunger must be s a t i s f i e d to meet the urgent needs 

of man, but the i n v i s i b l e hunger for e s s e n t i a l amino acids i s equally 

important. 

The plant breeder looks to the n u t r i t i o n i s t to provide r e l i a b l e i n f o r ­

mation on the actual amino acid d e f i c i e n c i e s i n the t o t a l diets of n u t r i t i o n ­

a l l y sensitive population groups. Such d e f i c i e n c i e s w i l l indicate the goals 

for development of crop v a r i e t i e s that w i l l have the desired n u t r i t i o n a l 

value. The actual u t i l i z a t i o n of protein by s e n s i t i v e segments of the 

population can seriously be affected by any single e s s e n t i a l amino acid that 

f a l l s below the optimum ration. For example, i f methionine constitutes the 

l i m i t i n g factor i n a p a r t i c u l a r diet, the addition of l y s i n e w i l l not 

correct the deficiency. The plant breeder should s t r i v e for improved protein 

quality i n both the actual amounts and the r a t i o s of the more important 

amino acids. He should not be concerned only with improving protein or l y s i n e 

content even 'though both may be very important. 



nlike animals (and f i s h ) , plants do not synthesize and store amino 

i r i i components of protein i n the ratios appropriate to man's n u t r i t i o n a l 

requirements. However, i t i s now known that wide var i a t i o n s occur i n the 

amino acids composition of plant proteins of many species, (perhaps a l l ) 

and some knowledge has been gained as to the genetic controls determining 

amino acids composition. I t now seems f e a s i b l e to breed for desired amino 

acid content and r a t i o s between these, within each crop species. The plant 

breeder should set h i s goals to meet the s p e c i f i c needs i n the geographic 

region where the crop i s to be grown and u t i l i z e d . 

The plant breeder should combine crop yielding a b i l i t y with improved 

protein content, but he must not assume that t o t a l protein i s a s a t i s f a c t o r y 

n u t r i t i o n a l index. He must go further to assure that improved s t r a i n s or 

hybrids alsc hive adequate protein quality. He should know the content of 

at l e a s t 4 most important e s s e n t i a l amino acids - tryptophan, methionine, 

threonine, and l y s i n e , and that they are present i n the proper r a t i o s . 

I t i s now possible to use "automatic amino acid analysers" i n bio­

chemical laboratories to rapidly determine the amino acid composition of 

foodstuffs. As a goal f or determination of n u t r i t i v e value, the content 

(and r a t i o s between them) of the 4 most important amino acids should be such 

that the improved crop w i l l not only be adequate as a single food, but be 

high enough i n cer t a i n amino acid components to help supplement other foods 

that are primary sources of ca l o r i e s (energy). 

The plant breeder has powerful genetic techniques at h i s disposal. Not 

only are t o t a l protein, and the content of in d i v i d u a l amino acids under a 
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of g e n e t i c c o n t r o l , b u t each of those components tends to be 

inherited separately. Thus, i t i s possible to breed for a wide range of 

compositions, i n which high, medium or low contents may be combined at w i l l 

with various l e v e l s of each of the other components. 

These genetic controls of the amino acids content of plant proteins 

are supplementary to any e f f e c t s of the environment or c u l t u r a l practices 

upon protein quality and amount, 

To exploit t h i s new dimension in plant improvement, i t w i l l become 

necessary that there be access to laboratories that can analyze for amino 

acids content. Such sophisticated equipment capable of making thousands 

of samples yearly, permits the breeder to i d e n t i f y superior parental stocks 

and to screen segregating populations, or hybrid combinations for actual 

content of e s s e n t i a l amino acids. 
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