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U W  MATERIALS TO BE CONSIDERED 3 I T H  SPECIAL REGARD TO PBODUC- 
TTON OF PROTEIN CONCENTRATES OF ANIEAL OR VEGETABLE ORIGINE 

BY GUNNAR ~ G R E N  
INSTITUTl$ OF EEDICAL CHEMISTRY, UNIVERSITY OF UPPSALA, SIEDEW 

P r o t e i n  m a l n u t r i t i o n  problbma eximt  i n  moat c o u n t r i e o  
and p a r t i c u l a r l y  i n  t h o s e  i n  t h e  develapment  a t a g e .  I n  t h e  
l a t t e r  t h e  problem 1s e e p e c z a l l y  s c u t e  i n  two p o p u l e t i o n  g r o u p r t  
t h e  r u r a l  p o p u l a t i o n  which canno t  b e  r e a e h s d  w i t h  i n d a s t r i a l l y  
p r o c e a s e d  f e e d s  and t h e  low i n c o i e  p o p u l a t i o a  i n  u rban  a r e a s .  

The b u l k  o f  t h e  p o p u l a t i o n  s f f e d f e d  by m a l o u t f i t i o n  i m  
made up  of c h i l d r e n .  The c h i l d r e n  of today  ar8 t h b  young e d u l t  
g e n e r a t i o n s  o f  t h e  1 9 8 0 ' s  and 1990 ' s ,  upon vhbse  h e a l t h  and  
per fo rmance  t h e  f u t u r e  depend.. Adaquate p r o t e i n  is e a o e n t i s l  
f o r  norms1 p h y s i c a l  and normel menta l  developmente ,  r e a f h t e a a e  
t o  i n f e c t i o n  and d i a e e o e  and ma in t e s snce  of h e a l t h .  

Yost  i m p o r t a n t  i r  t h e  p r o v i a i o n  o f  a d e q u a t e  p r o t e i n  f o r  
t h e  f e e d i n g  o f  i n f a n t a ,  young c h i l d r e n  and p r e g n a n t  and n u r e i n g  
mothera ,  becauae  p r o t e i n  d e f i c i e n c y  can oause  i r r e v e r s i b l e  
damage t o  t h e  f o e t u o ,  t h e  i n f a n t  and t h e  young c h i l d .  

I n f a n t  f o o d s ,  i n  o r d e r  t o  cove r  t h e  d a i l y  neceooary  
p r o t e i n  supp ly  i n  a r e a s o n a b l e  volume of p r e p a r e d  food a r e  
recommended t o  c o n t a i n  no l e e 8  t h a n  20 t o  2 6  p e r c e n t  of 
p ro t eZn  o f  good q u a l i t y .  

Beoauoe t h e  l a r g e n t  volume of p r o t e i h  and c a l o r i e o  f o r  
t h e  f o r e a e e a b l e  f u t u r e  muot c o r e  f rom c e r e a l s  w i t h  a p r o t e i n  
o o n t e n t  befween 8 and 15 p e r c e n t  a t  i n  necenoary  t o  i n p r o v e  
t h e  p r o t e i n  c o n t e n t  by t h e  a d d i t i o n  of a p r o t e i n  c o n c e n t r a t e  
a u u a l l y  c o n t a i n i n g  abou t  50 p e r c e n t  o f  p r o t e i n .  The t e r m  " p r o t e i n  
c o n c e n t r a t e "  i a  t o  keep  a e p a r a t e  from t h e  t q r n  " p r o t e i n  food" 
which 5 0  employed t o  d e o c r i b e  any food  whxch usp p r o v i d e  a  
o i g a i f x o a n t  p r o p o r t i o n  of t h e  d i e t a r y  p r o t p i n  and no i n c l u d e o  
t h e  c e r e a l  a u  w e l l  a o  t b e  p r o t e x n - r i c h  an imal  and v b g e t a b l e  
aoorcea  o f  p r o t e i n .  

A l l  c e r e a l o  and c e r e a l  f l o u r a  a r e  d e f i c i e n t  i n  one ensen- 
tisl amino a c i d ,  l p n i n e .  I n  a d d i t i o n ,  aoae  c e r e a l o ,  l i k e  maire 
and wheat ,  c o n t a i n  t o o  s m a l l  amount of a  oecond and t b x r d  sooen- 
t i a l  amino acad  a a  t r y p t o p h a n ,  me th ion ine  b r  t h r e o n i n e  i n  o r d e r  
t o  be c l a s s i f i e d  aa a w e l l  ba l anced  p r o t e ~ n  sou rce .  

A w e l l  b a l anced  p r o t e i n  l i k e  t h e  h e n t o  egg o r  mi lk  
p r o t e i a a  c o n t a i n  a l l  e n a e n t i e l  a c i n o  a c i d s  i n  r i g h t  p r o p o r t i o n @  
t o  cover t h e  d a i l y  needs  f o r  growth and maintenance .  Koet  o f  t h e  
p r o t e i n  c o n c e n t r a t e s  of v e g e t a b l e  nource a r e  n o t  w e l l  ba l anced  
w i t h  r e g a r d  t o  a t  l e a u t  one e n o e n t i a l  amino a c i d  o r  a n o t h e r .  
Thie  d e f e a t  m i g h t  be c o r r e c t e d  by a d d i t i o n  of n e c e a r a r y  s n o u a t o  
o f  s y n t h e t i c  amino e c i d s  which are n o r  produeed i n  neceaoa ry  
amounts t o  r e a s o n a b l e  p r i c e s .  

I n  t h e  P o l l o v i n g  a s h o r t  r ev iew rill be g iven  o f  t h e  mosf 
i m p o r t a n t  raw m a t e r l a l o  t o  b e  oono idered  w i t h  e p e c i s l  r e g a r d  f o  
t h e  p r o d u e t i o n  of p r o t e i n  c o n c e n t r a t e e  of a a i n s l  o r  v e g e t s b l s  
o r i g i n .  k t  t h e  s a a e  t ime  comments w i l l  be g i v e n  of p r o t e i n  
q u a l i f y  and i f  p o s s i b l e  of p r i c e a  and p r e e e n t  p r o d u c t i o n  s i t e o  
end voluoeo.  S p e c i a l  emphaoio w i l l  b e  g iven  t o  t b e  a i t u a t i a n  i n  
A f r i c a n  c o u n t r i e e .  L ikewise  aone examples w a l l  be g i v e n  of 
o o n a e r c i a l i z e d  p r o t e i n  fooda  c o n t a i n i n g  p r o t e i n  c o n c e n t r a t e e  
which c o u l d  b e  uned a s  weaning f o o d s  l o r  i n f a n t  f e ed ing .  



ANIMAL PROTEIN CONCENTRATBS 

L i v e e t o c k  
It  i s  r e c o g n i z e d  a t  t h e  o u t s e t  t h a t  f r o o  t h e  s t a n d -  

p o i n t  of p u r e  e c o n o n i c ~  we can  s u p p l y  p r o t e i n  f o o d s  t h a t  w i l l  
s u s t a i z  l i f e  n o r e  e c o n o c i c a l l y  by d i r e c t  u s e  of  v e g e t a b l e  
p r o t e i n  m a t e r i a l  t h a n  by c o u v e r t l n g  i t  t o  a n i r a l  p r o t e i n .  
However, i t  haa  been p o i n t e d  o u t  t h a t  nany a n i u a l s  do n o t  
compete w i t h  t h e  hunan f o r  t h e  t y p e  of  f o o d  t h e y  e a t .  The 
r u n i n a n t s ,  p a r t i c u l a r l y ,  c o n v e r t  g r a s s  and g r a s s  p r o d u c t s  
and o t h e r  f o r a g e s  i n t o  n o r e  r e a d i l y  and certainly n o r e  d e s i r a b l e  
f o r a s  of  p r o t e i n s .  

Even where t h e  a n i c a l s  nay  b e  c o n , e t i n g  w i t h  t h e  hunan 
f o r  c e r t a i n  t y p e s  of f o o d ,  a s  nay  b e  t h e  c a s e  w i t h  t h e  p i g  and 
t h e  hen ,  t h e s e  a n i n a l s  a r e  p r o d u c i n g  a ~ r o d u c t  d e s i r e d  by nan .  
The 1965 e s t i u a t e d  t o t a l  p r o d u c t i o n  o f  such  n e a t 6  f o r  t h e  44 
n a j o r  p r o d u c i n g  c o u n t r i e a  h a s  been  e s t i n a t e d  t o  a b o u t  50 m i l l i o n  
t o n s .  

Ten c o u n t r i e s  low i n  s u g p l i e s  of a n i n a l  p r o t e i n ,  c e n t ,  
p o u l t r y ,  egg ,  a v a i l a b l e  f o r  hunan c o n s u n p t i o n ,  p r o v i d e  f r o n  5 
t o  14 g r a u e  p e r  p e r s o n  ~ e r  d a y ,  i n  c o n t r a o t  t o  51 t o  74 g r a o e  i n  
t e n  c o u n t r i e s  where an imal  p r o t e i n  i s  n o r e  p l e n t i f u l .  The A f r i c a n  
c o u n t r i e s  b e l o n g  t o  t h e  f i r s t  group.  I n  t h e n e  c o u n t r l e . ~  t h e r e  i s  
a t  p r e s e n t  t i r e  an  i n s u f f i c i e n t  b a s e  f o r  e a t a b l i e h i n g  p l a n t s  f o r  
p r o c e s s  n e a t  o r  egg r e a l s  a s  v a l u a o l e  a n i r a l  p r o t e i n  c o n c e a t r a t e s  
i n  i n f a n t  foodo .  A t  p r e s e n t  o n l y  l i n i t e d  a n o u n t  of  f i r e t  g r a d e  
n e a t  i s  produced i n  t h e  A f r i c a n  c o u n t r i e n  a t  h i g h  p r i c e s  which 
l i ~ i t s  c~aoon2ti~a c o o d i f i o r e  and f a v o r s  e x p o r t .  The f o l l o w i n g  
n e a s u r e a  have  found t o  b e  b o t h  p o s s i b l e  and f e a s i b l e  t o  i n p r o v e  
t h l e  s i t u a t i o n  i n  t h e  C e v e l o p i n g  c o u n t r i e s ;  i n p r o v e n e n t  of  
g e n e t i c  s e l e c t i o n  of  e f f i c i e n t  f e e d  c o a v e r t e r s  of  a l l  c l a s f i e e  o f  
l i v e s t o c k ;  b) i n c r e a s e  t h e  p r o d u c t i v i t y  by u s e  of  a p p r o p r i a t e  
f e e d  a d d i t i v e s  a s  o i l  c a k e s ;  c )  a d o p t e  c o d e r n  f e e d i s g  p r a c t i c e s  
u e i n g  b a l a n c e d  r a t i o n s  f o r  l i v e s t o c k  and p o u l t r y  f e e d i n g ;  d )  u s e  
p r o t e c t i v e  n e a o u r e s  a g a i n s t  l i v e s t o c k  d i e e a o e a  acd  p a r a n i t e e  by 
i q r o v e n e n t s  o f  v a c c i n e s ,  a a n y  of  v h i c h  a r e  n o t  a t  p r e s e n t  
o r i e n t e d  t o  t h e  d i s e a s e s  r e l e v a n t  i n  d e v e l o p i n g  c o u n t r i e s ;  
e )  i n p r o v e d  v e t e r i n a r y  e d u c a t i o n  and s e r v i c e s .  

A c c o r d i n g  t o  FA0 d a t a  t h e  c o c a u n p t i o n  of a n i n a l  p r o t e i n  
i n  1965 was a b o u t  11 g r a n a  p e r  c a p i t a  p e r  day  and w i l l  i n  1985 
h o p e f u l l y  i n c r e a s e  t o  an  a v e r a g e  of  18 g r a n e  i n  t h e  d e v e l o p i n g  
countries. Inproved  l i v e s t o c k  r r o d u c t i o n  and i n c r e a s e  i n  p e r  
c a p i t a  i n c o n e  w i l l  i n  t h e  f u t u r e  b e  i o p o r t a n t  f a c t o r a  which 
w i l l  d e c i d e  when a p a r t  of  a n i n a l  p r o t e i n  p r o d u c t i o n  can  be  
uoed a a  n e a t  powder i n  weaning f o o d s .  

Milk p r o t e i n a  
A t  p r e s e n t  t i n e  t h e  ~ o , u l a t i o n  o f  t h e  F a r  E a e t  o b t a i n  

o n l y  6 8 o f  t h e i r  c a l o r i c  i n t a k e  f r o n  a n i n a l  p r o d u c t s .  Those 
l i v i n g  i n  A f r i c a  a v e r a g e  7 w h i l e  t h o o e  i n h a b i t i n g  t h e  Near 
E a s t  g e t  8 5 of  t h e i r  c a l o r i e a  f r o n  t h i s  s o u r c e .  When t h e r e  a r e  
compared w i t h  t h e  d i e t  of t h e  N o r t h  A n e r i c s n ,  who d e r i v e e  35 8 
of  h i s  c a l o r i e s  f r o n  a n i n a l  p r o d u c t s ,  t h e  p r o b l e n  b e g i n s  t o  cone  
i n t o  f o c u s .  T h i s  disparity e x i e t e  i n  n p i t e  of  t h e  f a c t  t h a t  n o s t  



of the countries in the low animal-calorie regione are basically 
agricultural and frequently poseees large livestock holdings. In 
Kenya, Eaef Africa, for example, a country of 8.8 mzllione 
inhabitants, there are a cattle population of nearly 7 million, 
about a quarter of a million camels, and 13 million sheep and 
goats, In Ethiopia with a population of 22 million the relation- 
ehip between number of inhabitants and animalo are very much the 
881118. 

Most of the cattle are kept for reaeone of prestige in 
the community and with dieregard for quality and economic aon- 
aideratione. Ae veterinary serviceo have gradually improved and 
dimease controls practices have been adopted, the number of 
improductire cattle hae increared, bringing further detorl-rztlca 
of panturen and 8011. It has been reported that at least 20 
milking cowe are required to aupply the milk needed by one nomadic 
farm family, The calf taken precendence over the needs of men, 60 
a yield of 200 ml to 2 liters of milk per day is about all that 
can be expected from theae native cattle during their short 
lactation periods. 

In the United States well managed herds now average 20 
liters per cow. In consequence North dnericone consume about 0.9 
liters of milk (in all its forma) per capita per day, while the 
average Asian ie limited to 0.9 liter equivalent every 14 days. 

The Dairy Branch of FA0 contends, through experience In 
many countrieo that milk production lo pooaible in any country 
of the world, but that production alone without a syotem of 
procenBing and diotribution is futile. FA0 also contends that the 
need in the vorld is not for butterfat, but for the milk protein 
in akim milk. 

Through FA0 and UNICEF cooperation and help some 
aooperative milk procesoing optere have been developed in Kenya. 
A few of theoe proceaa ae much aa 100.000 litero per day, which 
io coneidered to be a minimum quantity for commercial production 
of skim milk powder ao a by-product4 

Contrary to Common belief, it han been demonstrated that 
the climatea of the tropice and aubtropice are not eerioue 
obetaclea to milk production by highly productiwe dairy cattle. 
Israel and other hot countrieo have introduced environmental 
modifications which make it possible for European and American 
breede to produce milk at letela comparable to that in their 
home countries. 

Aaouming that the present 1 billion underfed were to 
receive only 0.25 liter of milk equivalents per day, there would 
be an imnediate need for 2.500 new procesaing plants, each with 
o capacity of 100.000 liters per day. To provide nilk at the 
eame rate for theontieiwted lncreaoe ln population over the 
next ten years would require 125 nore new plante of the aame 
5120 each year. Put together, this meane that in 1979, 3.650 new 
plants of 10D.000-liter capacity would have to be built, equipped 
and opened each day of the year for the next ten years even to 
catch u p .  Then at the end of 1979, we would have processing 
capacity to provide 0.25 liter of nilk and milk product8 for the 
underfed and the increased po2ulation at a conoumption rate only 
one fourth that of tbe current per capita utilization on the 
North American continent. 



F o r  t h e  p r e s e n t ,  we have t o  b e  r e c o n c i l e d  t o  t h e  f a c t  t h a t  
t h o s e  n a t i o n s  t h a t  "have" w i l l  need  t o  c o n t i n u e  t o  h e l p  p r o v i d e  
t h e  m i l k  p r o t e i n  f o r  t h o s e  t h a t  t thave  n o t " ,  

T h i s  h e l p ,  b o t h  by d o n a t i o n  and t h r o u g h  normal  t r a d e  
c h a n n e l s ,  w i l l  of n e c e s s i t y  be  c o n f i n e d  l a r g e l y  t o  n o n f a t  d r y  
m i l k ,  which n o r m a l l y  c o n t a i n s  a b o u t  36 $ s i l k  p r o t e i n .  T h i s  
p r o t e i n  c o n c e n t r a t e  i s  c o n s i d e r e d  t h e  most v a l u a b l e  s o u r c e  of 
complementary p r o t e i n  f o r  t h e  m a l n o u r i s h e d  and l e n d s  i t s e l f  t o  
d i s t r i b u t i o n  and s t o r a g e  c o n d i t ~ o n s  t h r o u g h o u t  t h e  w o r l d .  

I n  1964 t h e  U n i t e d  S t a t e .  produced 1 n i l l i o n  t o n s  o f  food 
g r a d e  n o n f a t  d r y  m i l k .  A s i m i l a r  a ~ o u n t  was p r o c e s s e d  i n  t h e  r e s t  
o f  t h e  w o r l d ,  A c o n s i d e r a b l e  p a r t  of t h i s  p r o d u c t  i s  u s e d  f o r  
l i v e s t o c k  f e e d i n g .  Due t o  t h i s  and o t h e r  f a c t o r s  UNICEF h a s  
recommended a  f l e&ra fohang"  of  d r y  m i l k .  T h i s  h a s  r e s u l t e d  i n  
p r o p o s a l s  t o  r e s t r i c t  t h e  c o n t e n t  of n o n f a t  d r y  m i l k  i n  weaning- 
and i n f a n t  e u f p l e m e n t a r y  f o o d s  t s  90 

Nonfa t  l a c t o s f r e e  skim m i l k  p r o d u c t s  a r e  available a e  
s u i t a b l e  i n g r e d i e n t s  i n  wean ing  f o o d s  f o r  c h i l d r e n  w i t h  s e v e r e  
p r o t e i s  c a l o r i e  n a l n u t r i t i o n .  

F i s h  and f i e h  p r o t e i n  c o n c e n t r a t e s  
I n  manv a u a r t e r s  i t  i s  b e i n g  s a i d  t h a t  man must  t u r n  ~ - - - -- - - " a 

i n c r e a s i n g l y  t o  t h e  o c e a n s  f o r  e x t r a  food  needed by t h e  w o r l d ' e  
growing p o p u l a t i o n .  I t  h a s  been  q u e s t i o n e d  how f a r  p r e s e n t  f i s h  
and o t h e r  s e a f o o d  s u p p l i e s  can  be  i n c r e a s e d  u s i n g  t h e  t r a d i t i o n a l  
a p p r o a c h  i n  which t h e  f i s h  s t o c k s  a r e  e x p l o i t e d  by h u n t i n g  b u t  
a r e  n o t  husbanded l i k e  farm a n i m a l s .  I t  may be t h a t  f i s h  f a r m i n g  ~- - 
on B major  s c a l e  w i l l  s n e  day  b e  a c c e p t e d  b r a c t i c e .  

I t  h a s  been  c a l c u l a t e d  t h a t  20 m i l l i o n  t o n s  of  an i f f ia l  
p r o t e i n  would b e  needed t o  c o v e r  t h e  y e a r l y  wor ld  demand. The 
p o t e n t i a l  wor ld  h a r v e s t  of f i s h  u s i n g  t h e  t r a d i t i o n a l  h u n t i n g  
t y p e  methods of  e x p l o i t a t i o n  h a s  been  e s t i m a t e d  a t  a p p r o x i m a t e l y  
200-250 m i l l i o n  t o n n  of f i s h  c o r r e s p o n d i n g  t o  a b o u t  40 n i l l i o n  
t o n a  of  p r o t e i n .  

The w o r l d  c a t c h  of f i e h  i n  1963 wae 46  n i l l i o n  n e t r i c  t o n e  
o r  one f i f t h  of t h e  a v a i l a b l e  r e s o u r c e s .  Vore t h a n  a q u a r t e r  o f  
t h i s  was n o t  c a u g h t  f o r  human n a r k e t  b u t  f o r  c o n v e r s i o n  i n t o  
an imal  f e e d s t u f f s .  Th ie  i s  a n e a a u r e  of t h e  e x t e n t  t o  which 
c u r r e n t  s u p p l i e e  c o u l d  y i e l d  a d d i t i o n a l  f o o d  f o r  d i r e c t  human 
coneumpt ion .  

I t  i s  w o r t h w h i l e  t o  c o n s i d e r  b r i e f l y  t h e  p a t t e r n  of  t h e  
wor ld  f l s h  meal production. I n  1963 n e a l  made f r n n  o i l y - f l e s h e d  
s p e c i e s  amounted t o  2.5  m i l l i o n  t o n s ,  whereas  n e a l  nade  f rom 
n o n o i l y  s p e c i e s ,  t h e  s o - c a l l e d  " w h i t e t t  f i s h  mea l ,  amounted t o  
o n l y  0.5 n i l l i o n  t o n a .  By f a r  t h e  g r e a t e r  p a r t  ~ f  t h e  o i l y  meal 
was made f r s m  f i s h  c a u g h t  p r i m a r i l y  f o r  an imal  f e e d i n g  whereas  
t h e  w h i t e  f l e h  meal w a s  m a i n l y  a  b y - p r L d u c t  of f i s h  c a u g h t  f o r  
t h e  human m a r k e t .  On t h e  whole ,  i t  i s  t h e  o i l y  p e l a g i c  s p e c i e s  
of f i s k  t h a t  can  b e  c a u g h t  n J s t  c h e a p l y  and i n  t h e  g r e a t e s t  
q u a n t i t i e s ,  a0 f a v ~ r i n g  t h e i r  d i r e c t  u s e  f o r  m a n u f a c t u r i n g  I ' f i s b  
meal" f o r  a n i a s l  f e e d i n g .  

I t  i s  i r o n i c  t h a t  acme of t h e  w o r l d ' s  n o s t  p r ~ t e i n - d e f i -  
c i e n t  p o p u l a t i o n s  a r e  engaged i n  l a r g e  o c a l e  e x p o r $ r t l o n  of 
p r o t e a n  i n  t h e  f o r n  of f i s h  meal .  O u t o t a n d i n g  l o  P e r u ,  which i n  
1963 produced w e l l  o v e r  a  m i l l i o n  t o n s  of meal f rom one s p e c i e s  



of oily fish and exrorted practically all of it. Other examples 
are Chile, Souta Africa, and Norocco. In all these countries 
scheme8 have been iniated to divert part of this fieh supply for 
direct local human use, in the form of a fish protein concentrate 
(PPC), but to date none has gsne beysnd the pilot plant level of 
production. 

The term "fish protein cuncentrate" is gener~lly accepted 
as including any stable (defatted) preparation from fish, intenbed 
for human consumption, in which the protein la mare concentrated 
than in the original fish. The worC ftstabletl is imprecise but in 
respect of FPC has been f*ntcitively defined aa implying no signi- 
ficant deterioration in 6 to 12 nonthe at roJm temperature when 
packed In hermetically sealed containere. Fish meal with a fat 
content from 3 to l i  percent is nuch ckeaper but less stable than 
FPC. Anchovy meal f.0.b. Lima costs about 10 U . 3 .  cents per kg., 
with a protein content of 65 percent, cogpared with a deodorized, 
defatted Koroccan FPC with 80 Fercent protein at 40 cents per kg. 
For infante and young children only PPC can be used. 

There is considerable exjerlence showing that the processing 
of FPC is facilitated by using very freah raw material, preferably 
from white fiah. It is also realized that the safety and whole- 
somekess of FPC may depend on the nature of the fiah species and 
thg trestoent of the fleh before and during processing. Thus it 
may be necessary to test any concentrate of this type which may 
be developed before they are recommended for use in human food. 

In principle the fresh fish is zinced, cooked and ?reseed. 
The freah cakes are extracted greferably with isopropanol. The 
tentative specifications include zero Levels of "harmful" solvent 
residues. The deodorized and deflavoured PPC haa a high nutri- 
tional value and is suitable in weaning foods for infants and 
young children. The amount of FPC suggeoted for inclusion in 
human diets should supply 15 grams of protein. At about 80 percent 
protein content this meane about 18 to 20 grame of FPC. 

At present a pharnaceutical cocpany in Sweden, Astra, 
plans to start manufacturing a TPC of good quality on a large 
scale, 10.000 tons or more, starting during 1970. The problems 
of ite manufacture are not lens recalcitrant than thoae of its 
wideepread introduction in the &reas where the need is greatest. 
In part the problems are rooted in conoervative f30d habite and 
dietary patterno. 

Particular attention must be paid to the acceptability in 
consumer tests of producto containing FFC. It may be found that 
the addition of FPC to a food, particularly a staple food, may 
convey obvious benefits to the consurer and may inteed, as 
in other instances, increase the difficultiea of producing food 
products of normal quality. ‘:ark is required on the functional 
properties of FPC when used in a number of staple foods intended 
for the preparation of traditional food products b7 normal proce- 
dure. 

Activities concerned with the production and csnsumption 
of FPC are recently re2orted from a few countries, while a few 
others ore conaidering the natters. Supported by FA0 and UNICEF 
the government of Chile in 1955 net up the first ;ilot plant in 
the world to produce FPC for human consumpt~on. Technical and 
adminxotrative difficulties hampered progrees, but eventually 



C h i l e  now i s  ~ r o d u c z n g  a PIC whicb  C h i l e a n  and f o r e i g n  r e s e a r c h  
w o r k e r s  h a v e  pronounced n o n - t o n l c ,  of  h i g h  n u t r i t i v e  v a l u e ,  
s t a b l e ,  e a s l l y  L i g e s t e d  and a s s i m i l a t e d  e i t h e r  d i r e c t l y  o r  a s  
a supp lement  t o  c s n v e n t i o n a l  f o o d s .  

A s  a  r e s u l t  of s u r v e y s  i n  C h i l e ,  p r o t e i n - r i c h  n i x t u r e s  
c o n t a i n i n g  FPC have  been d e v e l o p e d  and s u c c e s s f u l l y  t e s t e d  on 
g r o u p s  of v e r y  young and schoo l -age  c l ~ i l d r e n  d u r i n g  t h e  l a s t  two 
y e a r a ,  1 9 6 6 - 1 9 6 8 ,  T r i a l a  i n  r u r a l  communit iee a r e  now b e i n g  
p l a n n e d  i n  c o o p e r a t i o n  w i t h  t h e  f o s d  i n d u s t r l e e  w i t h  a  view t o  
u s i n g  t h e  m i x t u r e 6  i n  t h e  n a t i o n a l  f e e d i n g  programmee of t h e  
N a t i o n a l  H e a l t h  S e r v i c e  and t h e  Schoo l  ; ? e l f a r e  Board .  

:.I Uruguay t h e r e  l a  l a b o r a t o r y  p r o d u c t i o n  of  a  powder 
which i s  made by d r y i n g  m a t e r i a l  produced by  t h e  O e r n e n t a t i o n  of 
ground f l s h  w i t h  y e a s t  and s u g a r .  The powder i t 3  s axd  t o  b e  a t a b l e  
and nutritious. I t  h a s  been  t e s t e d  s u c c e s a f u l l y  i n  f e e d i n g  under-  
nourished c h i l d r e n ,  There  a r e  p l a n s  f o r  a  p i l o t  p l a n t .  

I n  Masaava on t h e  Red S e a  C o a ~ t  i n  n o r t h e r n  E t h i o p i a  a  
modern f i s h  meal f a c t o r y  h a s  b e e n  e s t a b l i e h e d  f o r  t h e  p r o d u c t i o n  
of  f i s h  meal f a r  an ima l  f e e d i n g .  S t u d ~ e s  a r e  i n  p r o g r e s s  a b o u t  
t!?e p o s s i b i l i t y  i n  u s i n g  equipment  end a o u r c e s  t o  p roduce  FPC aa  
p a r t  of  a supp lementa ry  a i x t u r e s  f o r  c h i l d r e n  and i n  p o s a i b l e  
s c h o o l  f e e d i n g  programs.  

An e x p e r i m e n t a l  f a c t o r y  f o r  t h e  p r o d u c t i o n  of FPC h a s  been 
e s t a b l i e h e d  i n  t h e  U n i t e d  R e p u b l i c  of  Tanzan ia .  At tempt  w i l l  be 
made t h e r e  t o  m a n u f a c t u r e  a p r o d u c t  a c c e p t a b l e  t o  t h e  p e o p l e  of t h e  
c o u n t r y .  I t  h a s  been  found t h a t  FFC made f rom f r e s h  w a t e r  f x a h  
a p p e a r  t o  b e  more a c c e p t a b l e  t h a n  t h o s e  made  fro^ n n r i n e  f i s h .  
I t  i s  propoeed t o  e s t a b l i o h  a number of p i l o t  p l a n t s  on Lake 
Tanganylka  and V l c t o r i a  t o  m a n u f a c t u r e  a b o u t  10.000 FFC. 

PROTEIN FRO!! UNCDMVENTIONAL SOURCES 

1, O i l s e e d  Meals  and P r o t e i n  C o n c e n t r a t e s  
Approx imate ly  8 m i P l l o n  t o n a  of f e r m e n t e d  o r  cooked soy- 

bean  p r o d u c t s  a r e  consumed a n n u a l l y  a n  t h e  F a r  E a a t  and a n o t h e r  
3 m i l l i o n  t o n a  of p e a n u t s ,  c o c o n u t s  and o t h e r  o i l - s e e d s  a r e  e a t e n  
an  t h e  wor ld .  Almoet no u s e  i s  b e l n g  nade  f o r  human f e e d i n g  of 
t h e  r e m a i n i n g  n e a r l y  9 8  m i l l i o n  t o n s  of o i l e e e d s .  The meela  l e f t  
a f t e r  soybean ,  p e a n u t ,  c o t t o n  s e e d ,  a e a a o e ,  s u n f l o w e r ,  s a f f l o w e r ,  
and  c o c o n u t  p r o c e s z i n g  f o r  t h e  extraction o f  a i l  can w i t h  p r o p e r  
p r o c e s e l n g  c o n t a i n  40 t o  50 p e r c e n t  goad q u a l l t y  p r o t e i n  s u i t e d  
t o  huma? consumpt ion  and p a r t i c u l a r l y  t o  combznat ion  w i t h  c e r e a l  
g r a i n s .  a e o n u s e  t h e  e x t r a c t e d  o i l  paya p a r t  of  t h e  c o s t ,  t h e s e  
meals are  t h e  w o r l d ' s  c h e a p e s t  s o u r c e s  o f  p r o t e a n  and l i k e l y  t o  
r emain  s o .  

They p r o v i d e  p r o t e l n  a t  a c o s t  of 0.08 t o  0 . 1 2  U.S. c e n t a  
p e r  pound comj,ared w r t h  0 . 2 2  t o  0 . 27  f o r  n o n - f a t  d r y  m i l k  and 
$ 1 t o  2 f o r  most  o t b e r  p r o t e i n s  of an imal  o r i g i n .  Al though 
a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  i n  u o a t  d e v e l o p i n g  c o u n t r i e s ,  t h e e e  
n u t r i t r Q 6 8  and low-coat  p r o t e i n  m a t e r i a l s  a r e  naw l a r g e l y  e x p o r t e d ,  
f e d  t o  ru ta inan ta  o r  was ted  as  l a e f f i c i e n t  f e r t i l i z e s .  

The soybean ,  c o n t a i n i n g  ap t o  40 ,% of p r o t e i n ,  can  b e  con- 
s i d e r e d  a s  a  p r o t e i n  c o n c e n t r a t e  even w i t h o u t  d e f a t t i n g .  The 
p r o t e a n  n u t r l t l v e  v a l u e  of  soybean l a  among t h e  h i g h e s t  o f  a l l  
p r o t e i n s  of v e g e t a b l e  o r l g i n .  I n  c o n p a r i e o n  w i t h  o t h e r  p l a n t  



proteine it is unusually high in lysine and is therefore useful 
as a supplement to the cereals. Its linitation in terme of protein 
nutritive quality may be primarily a moderate deficiency of 
methionine. 

Soybean milk, produced by aqueos extraction, can be a 
product of considerable merit in its own right. It has not 
achieve6 the popularity it deserrmo prinarily due to the fact 
that ho_e and village procesJing are unable to control the critical 
heat-pr~ceesing etcp adequately, and also to the aboence of 
refrigeration which is required to maintain this product safe. 
Proceseing on an Industrial scale are already in operation, notably 
a flourishing one in Hongkong' 

Defatted, toasted edible soybean oeal containing 50 percent 
or more of protein has been shown to be an excellent source of 
econonical protcin in a form suitable aa human food. The pre- 
c-inent virtue of theae nutritioue soybean flours is t h e ~ r  low 
cost, representing probably the greatest value in protein available 
on today's narket. If thL present U.S. soybean crop, representing 
65 percent of world'a crop of that oilseed, were to be processed 
entirely into such soybean protein concentrateo, it could provide 
750 nillion children with a 40-~r;n ration of high quality protein. 
Instead it is ueed in animal feeding, where 8 0  to 90 percent of 
protein and calories are lost. 

As useful and cheap as defntted, heat-proceased soybean 
concentrates are as protein supplements, they euffer certain 
linitations. In the firat place the appearance, flavor and color 
renaln a compronise aoong various pracessing factors, Efficient 
production of a solvent-proceased 2ro2uct reqirea capital invest- 
nent and the installation of ancillary facilities as grain storage, 
rineing and drying equipnente. Market outlet for oil night again 
temporarily becone a complicating factor. 

The potential of protein isolates fron soybean and other 
oileeeds and the elowness of a protein-bungry world to utilize 
such potential is a challenge to the food industry aud the food 
technologiat to prepare more palatable forms. A number of experi- 
mental foods have been 9re;ared by filanent-spinning techniques 
to imitate neat and fieh products. These developnente are pointing 
the way to entirely new and highly sophiaticated foods which nay 
open rcJs narketa for this product. 

Keanwhile the interest for soybean cultivation is increasing 
in the developing countries. A soybean protein concentrate is ueed 
in INCAPARINA, a supplementary food co~nercialiaed in the Latin 
American countries. The amount of milk supplied by urban nilk 
schemes in India can be doubled through a process of nixing 
skimmed nilk with a aolution of an oilseed protein concentrate. 
The product is a nilk of roughly the sane protein and fat content 
aa cow'o nilk. 

The United Republic of Tanzania proGoses to pronote the 
production of soybean, peanuts and sunflower with a viev to 
increase the aources of oil-oeed and to set up a pllot 
plant to find out whether it lo feasible to produce oilaeed 
protein in that country. A local firn in Zambia ia investigating 
the posszbility of using peanut and noy flour to make a locally 
acceptable product. The Ethiopian Government states that becauee 
of the shortage of dried skin nilk on the world narket it ie hoped 



t o  b e g i n  p r o d u c t i o n  of n i x t u r e s  c o n t a i n i n g  i n p o r t e d  soybean p r o t e i n  
C o n c e n t r a t e .  The u l t i n a t e  a i u  i s  t o  r e p l a c e  t h i o  w i t h  a  p r o d u c t  
made f r o n  i n d i g e n o u s  c u l t i v a t e d  o i l s e e d s ,  s u n f l o w e r  and soybean.  
Improved v a r i o f i e u  of s u n f l o w e r  s e e d  a r e  b e i n g  i n p o r t e d  i n t o  
Bo t swara .  

C o t t o n a e e d  s u f f e r s  f r o n  sone  d r a v b ~ c k e  i n  s p l t e  of t h e  
f a c t  t h a t  i t s  p r o t e i n  b i o l o g i c a l  q u a l i t y ,  l i n i t e d  t o  sone  e x t e n t  
by  m e t h i o n i n e  and l y s i n e  d e f i c i e n c y ,  i s  n o t  n a r k e d l y  i n f e r i o r  t o  
t h a t  of  soybean .  The n o s t  s e r i o u s  p r o b l e n  i s  t h e  u b i q u i t o u o  and 
t o x i c  n a t u r a l  p o l y p h e n o l i c  p i g n e n t  of  t h i s  s p e c i e s  - g o s a y p o l  - 
whose p r e s e n c e  h a s  u n t i l  r e c e n t l y  r e s t r i c t e d  even t h e  an imal  
f e e d i n g  u s e  of c o t t o n s e e d  n e a l s  a l n o s t  e n t i r e l y  t o  r u m i n a n t s .  
7 i d e r  u n d e r a t a n d i n g  of t h e  b a s i c  n e c h a n i s n  of  b i n d i n g  t h e  g o s s y p o l  
t o  p r o t e i n s ,  p a r t i c u l a r l y  t o  t h e  d e t r i u e n t  of  t h e  l y s i n e  c o n t e n t ,  
have  r e s u l t e d  i n  a a r k e t  i n p r o v e n e n t  of  c o t t o n s e e d  p r o t e i n  con- 
c e n t r a t e s ,  many of which a r e  now a c c e p t a b l e  f o r  swine  and p o u l t r y  
f e e d i n g .  

Sone of t h e a e  h e a t - p r o c e s s e d  gooaypol-bound n a t e r i a l s  a r e  
a l r e a d y  i n  u e e  i n  L a t i r  A u e r i c a ,  Colunbiu  and P e r u  f o r  t h e  pro-  
d u c t i o n  of  p r o t e i n - r i c h  c e r e a l  f o o d  n i x t u r e e  h i g h l y  u s e f u l  a s  
i n f a n t  weaning f o o d s .  A food-grade  p r o d u c t  of  t h i s  t y p e  h a s  been  
marke ted  i n  t h e  U n i t e d  S t a t e s  f o r  a  nunbor  of y e a r e .  

S u r v e y e  of p o s s i b l e  c o t t o n s e e d  p r o c e s s i n g  i n  Turkey,  I r a q  
and P a k i s t a n  have  shown t h a t  c o t t o n s e e d  p r o t e i n  c o n c e n t r a t e  c o u l d  
b e  produced i n  t h e s e  c o u n t r i e s .  However, t h e  g e n e r a l  f e e l i n g  i n  
a l l  t h r e e  c o u n t r i e s  were  t h a t  c o t t o n s e e d  f l o u r  c o u l d  be  h a r d  t o  
g e t  t h e  p e o p l e  t o  u s e ,  p a r t i c u l a r l y  hen t h e y  were  s p e n d i n g  t h e i r  
money on i t .  P r o d u c t i o n  of f l o u r  f o r  t h e  armed s e r v i c e s  and o t h e r  
s i n i l a r  o u t l e t s  oeened t o  o f f e r  t h e  n o a t  p r a c t i c a l  way t o  b u i l d  
up  a good s i z e d  p r o d u c t i o n  b a s e  which would g i v e  t h e  o i l  i n d u s t r y  
i n c e n t i v e  t o  p roduce  t h e  b e s t  q u a l i t y  n a t e r i a l  t h e y  can .  

C o t t o n a e e d  p r o d u c t i o n  i s  w i d e l y  d i s t r i b u t e d  i n  a  nunber  of 
d e v e l o p i n g  c o u n t r i e s .  New v a r i e t i e s  of raw n a t e r i a l o  and new 
p r o c e s e e s  w i l l  p r o v i d e  p r o t e i n  f e e d i n g  c o a p o n e n t s  n o r e  s u i t a b l e  
f o r  h u r e a  consumpt ion ,  A r e m a r k a b l e  advance  i n  c o t t o n s e e d  p r o t e i n  
q u a l i t y  n a s  r e s u l t e d  f rom a r e c e n t  b r e a k t h r o u g h  on t h e  g e n e t i c  
f r o n t .  Goeaypo l - f r ee  v a r i e t i e s  of c o t t o n s e e d  have  been d e v e l o p e d ,  
f r o n  which t h e  c h a r a c t e r i s t i c  p i g n e n t  g l a n d e  a r e  a b s e n t .  T h i s  
b r e e d i n g  f a c t o r  can  a p p a r e n t l y  be  i n t r o d u c e d  i n t o  v i r t u a l l y  any 
a t r a i n  of  s e e d  w i t h o u t  i n p a i r i n g  t h e  f i b e r  q u a l i t y  o r  d e s i r a b l e  
a g r o n o n i c  c h a r a c t e r i s t i c s .  These new v a r i e t i e s  n i g h t  b e  a v a i l a b l e  
t o  growere  by  1970. 

rPaWiJT 
The t h i r d  n a j o r  o i l s e e d  r e s o u r c e ,  p e a n u t ,  which a u f f e r s  

l e a s t  of t h e  t h r e e  f r o n  i n d i g e n o u e  o r  n a t u r a l l y  o c c u r r i n g  
d e l e t e r i o u s  c o n p o n e n t a ,  h a s  n e v e r t h e l e s s  r e c e n t l y  been  exposed  
t o  t h i a  r a t h e r  d i f f i c u l t  and u n o e t t l i n g  e x p e r i e n c e  of  o f l a t o r i n s .  
T h i s  n x g h t  b e  a  n a j o r  r e a s o n  why ~ e a n u t  n e a l  h a s  a c h i e v a d  l i t t l e  
t r a d i t i o n a l  food  u s e .  P e a n u t  p r o d u c t i o n ,  l i k e  t h a t  of  c o t t o n s e e d ,  
i s  a l s o  n o r e  s p r e a d  a b o u t  t h a n  s o y b e a n s ,  I n d i a  and s e v e r a l  coun t -  
r i e s  of  ;Teat A f r i c a  b e i n g  t h e  n a j o r  p r o d u c e r e .  I n d i a  a l o n e  grows 
a b o u t  one t h i r d  of  t h e  w o r l d 1 a  t o t a l  c r o p  of 15 n i l l i o n  t o n a .  

Trith neane  t o  c o n t r o l  t h e  a i l a t o x i n  p r o b l e n  a t  hand,  t h i a  
ma jo r  p r o t e i n  r e s o u r c e  w i l l  d o u b t l e s o  a c h i e v e  w i d e r  u s e  f o r  f e e d i n g  
a s  w e l l  ca f o r  i n d u s t r i a l  p u r p o s e .  C a r e f u l  s e l e c t i o n  of  p e a n u t s  



c a n  p r o v i d e  f l o u r s  of good n u t r i t i o u s  q u a l i t y ,  h i g h l y  v a l u a b l e  i n  
a v a r i e t y  o f  d i e t e ,  and a c c e p t a b l e  a s  components of low-cos t  
p r o t e i n - r i c h  f o o d s  s u i t a b l e  i n  a  nunber  of d e v e l o p i n g  c o u n t r i e s .  

I n  I n d i a  b l e n d s  of f u l l - f a t  soya  f l o u r  arid p e a n u t  f l o u r ,  
f o r t i f i e d  w i t h  l y s i n e  and n e t h i o n i n e  have been c o n t r o l l e d  i n  
f e e d i n g  t r i a l s  o v e r  a p e r i o d  of  5q n o n t h s  i n  a  l o c a l  b o a r d i n g  
hone.  The e f f e c t  of d a i l y  s u p p l e c e n t  of 40 g  of  t h i s  p r o t e i n  f o o d  
on t h e  growth and n u t r i t i o n a l  s t a t u s  of 60 a c h o o l  c h i l d r e n  of  
low-incone g roup  f a n i l l e e  were t e s t e d  w i t h  good r e s u l t s .  These  
b l e n d s  have  a l a s  been  t r i e d  and a r e  an e f f e c t i v e  aa  s k i n  n i l k  
powder i n  i n i t i a t i n g  c u r e  of kwaoh io rkor  i n  c h i l d r e n .  

SESANE 
S e a a n e ,  one of t h e  few s e e d  oourceo  r i c h  i n  t h e  a u l p h u r -  

containing a n i n o  a c i d ,  n e t h i o n i n e ,  i n  t h e  o n l y  o i l o e e d  which hao 
d e c r e a o e d  i n  p r o d u c t i o n  s i n c e  t h e  p o s t w a r  p e r i o d .  Al though 
o y n t h e t i c  n e t h i o n i n e  hao been found  a  o a t i n f a c t o r y  s o l u t i o n  i n  t h e  
c a s e  of a  nunber  of n e t h i o n i n e - d e f i c i e n t  f e e d s ,  t h e  u s e  of  
n e t h i o n i n e - r i d h  p l a n t  p r o t e i n  o o u r e e s  o f f e r s  a d v a n t a g e s ,  a t  l e a s t  
f r o n  t h e  p o i n t  of  view t h a t  such  p r o t e i n  s o u r c e o  w i l l  f u r n i s h  
b u l k  p r o t e i n  and a  c e r t a i n  a n o u n t  of  o t h e r  e s z e n t i a l  amino a c i d s ,  
an w e l l  s e  n e t h i o n i n e .  I t  nay  a l s o  b e  advan tageouo  t o  u s e  t h e  
p r o t e i n  i n s t e a d  of  t h e  f r e e  a o i n o  a c i d ,  so  a s  t o  nake a n  even 
r e l e a s e  of a n i n o  a c i d s  i n  t h e  f o o d s t u f f a  upon d i g e s t i o n  p o e o i b l e ,  
Whatever  t h e  n e r i t o  of i n t r o d u c i n g  p r o p e r  l e v e l s  of n e t h i o n i n e  
i n  t h e  f o o d  t h r o u g h  t h e  u s e  of n e t h i o n i n e - r i c h  p r o d u c t s ,  c o n s i d e r a -  
t i o n  s h o u l d  be  g i v e n  as  w e l l  t o  a a k i n g  uae  of a v a i l a b l e  r a w  
n a t e r l a l o  i n  g i v e n  c o u n t r i e o  when t h i s  i s  t h e  c a n e ,  an a d e a i s i o n  
nay  i n  i t s e l f  b e a r  a p o e i t x v e  e c o n o n i c  o i g n i f i c a n c e .  

I n  Mexico two ne thodn  have been d e v e l o i e d  t o  p roduce  p r o t e i n  
c o n c e n t r a t e s  f r o n  o e s a n e .  I n  t h e  "d ry"  n e t h o d  p a r t  of  t h e  o i l  i e  
f i r s t  r enoved  by neana  of a c o n v e ~ t i o n a l  e x p e l l e r  t y p e  u n i t  and 
t h e  r e n a i n i n g  h i g h  o i l  meal i s  t h e n  o o l v e n t  e x t r a c t e d .  The p r o t e i n  
c o n t e n t  i s  65 t o  70 ~ e r c e n t  and t h e  p r o t e i n  q u a l i t y  1s much h i g h e r  
t h a n  c o u c e n t r a t e o  r e s u l t i n g  f r o n  e x p r e n a i o n  o f  t h e  s e e d  i n  
r e g u l a r  e x y e l l o r e .  The "wetw p r o c e s a  w i t h  w a t e r  e x t r a c t i o n ,  i s o -  
e l e c t r i c  p r e c i p i t a t i o n  aud d r y i n g  i n  s u b s t a n t i a l l y  n o r e  e x p e n a i v e  
and r e s u l t s  i n  a  p r o t e i n  c o n c e n t r a t e  w i t h  9 0  p e r c e n t  p r o t e i n .  

F e e d i n g  e x p e r i m e n t s  w i t h  c h i c k s  c o n p a r i n g  t h e  r e g u l a r  
s e s a n e  n e a l  a t  h i g h  l e v e l s ,  hzve shown t h a t  growth  i e  l o w e r  t h a n  
when u s i n g  a s t a n d a r d  d i e t ,  b o t h  a t  t h e  s a n e  p r o t e i n  l e v e l .  Yhen 
t 5 e  e x p e r i m e n t a l  d i e t  wae s u p p l e n e n t e d  w i t h  l y o i n e  t h e  r e s u l t s  
o b t a i n e d  were q u i t e  c l o s e  t o  t h o s e  of  a  c o n n e r c i a l  o p t i n a l  d i e t .  
A c o n s i d e r a b l e  p a r t  of  l y o i n e  c o u l d  be  found bound,  as  n r e e u l t  
o f  h e a t  t r e ~ t n e n t s  a f f e c t i n g  t h e  n a t e r i a l s .  

The p r o t e i n  c o n c e n t r a t e s  f r o n  s e s a n e  have  r e c e n t l y  been  
t r i e d  o u t  as i n g r e d i e n t 5  o f  p r o d u c t s  f e d  t o  Bunans. The r e o u l t s  
o b t a i n e d  showed t h a t  t h e s e  c o n c e n t r a t e s  nay be  s a t i s f a c t o r i l y  
u s e d  f o r  hunan f e e d i n g .  

SUNFLOYER SEED 
Many o i l s e e d s  c o n t a i n  t o x i c  f s c t s r s  175ich c o n p l i c a t e  t h e  

u a e  of  such  p r o t e i a  c o n c e n t r a t e s  f o r  hunan c o n s u n p t i o n .  The eun- 
f l o w e r  i s  one of  few s p e c i e s  whose s e e d s  s e e n  t o  b e  c o n p a r a t i v e l y  
f r e e  i r o n  ~ c t i n u t r i t i o n a l  f a c t o r s .  S u n f l o w e r  i s  one o f  t h e  ~ a i n  
o x l e e e d s  c u l t i v a t e d  i n  R u s e i a .  I n  A f r i c a ,  s u u f l o w e r  i n  c u l t i v a t e d  
on a e n a l l  s s a l e  i n  E t h i o p i a ,  Tanzan ia  and aone o t h e r  c o u n t r i e s .  



The a n i n o  a c i d  c o n p o s i t i o n  of s u n f l o w e r  p r o t e i n  i n  t h e  
form of  f l o u r  c o n p a r e e  f a v o r a b l e  w i t h  t h e  a n i n o  a c i d  r e q u i r e n e n t  
p a t t e r n  f o r  c h i l d r e n  a l t h o u g h  i t  l o  s l i g h t l y  low i n  l y s i n e  b u t  
r i c h  i n  b o t h  n e t h i o n i n e  and t r r p t o p h a n .  The s u n f l o w e r  h a s  n a i n l y  
b e e n  c u l t i v a t e d  due t o  t h e  e x c e l l e n t  q u a l i t y  o f  t h e  o i l ,  The p r e s s -  
c a k e s  have been  u s e d  f o r  an imal  f e e d i n g .  

An o i l  n i l 1  i n  Korocco u a i n g  p re -p reoa  e o l v e n t  (hexane)  
e x t r a c t i o n  h a s  p roduced  a  s u b o t a n t i a l  q u a n t i t y  of  a u n f l o w e r  
p r o t e i n  c o n c e n t r a t e  on a  c o s n e r c i o l  s c a l e .  I t  h a s  been  u s e d  by 
FA0 and UNICEF i n  t h e  d e v e l o p n e n t  of weaning f o o d s  s o  f a r  w i t h  
unknown r e a u l t s .  A e i n i l a r  c o n c e n t s a t e  hae  been p r e p a r e d  on a  
l a b o r a t o r y  s c a l e  and t e s t e d  ao a  covLponent of a  v e g e t a b l e  n i x t u r e  
on c h i l d r e n  i n  E t h i o p i a  w i t h  goad r e m u l t s .  

COCONUT 
Coconut i s  anong t h e  n o o t  i n p o r t a n t  o i l  b e a r i n g  f r u i t s  i n  

t h e  wor ld  t r a d e .  P r o d u c i n g  c o u n t r z e s  consune  Bone of  i t  as f r e s h  
n u t s ,  b u t  t h e  c h i e f  p r o d u c t s  of  c o n n e r c e  a r e  c o p r a  and t h e  o i l  
of  i t ,  The p r o d u c t i o n  of c o p r a  i s  d e c l i n i n g .  I n  1956  i t  w a s  of 
t h e  o r d e r  of 3.4 n i l l i o n  t o n s  and i n  1960 e e t i n a t e  w a s  3.1 n i l l i o n  
t o n s .  

The a v e r a g e  f a t  c o u t e n t  of c o p r a  i s  64 p e r c e n t  and of  
p r o t e i n  9 p e r c e n t .  Gsod q u a c t i t i e s  of  coconu t  a r e  u t i l i z e d  a s  such  
i n  d a i l y  d i e t a r i e s  i n  growing r e g i o n s ,  P r o t e i n  c ~ n c e n t r a t e s  and 
p r o t e i n  i s o l a t e s  have  been p r e p a r e d  i n  I n d i a  and i n  P h i l i p p i n e s  
and t e s t e d  i n  f e e d i n g  t r i a l s  on under -nour i shed  c h i l d r e n  f a r  
p e r i o d s  s f  s e v e r a l  n o n t h s  w i t h  good i n p r o v e n e n t s  i n  growth and 
w e l l - b e i n g ,  On t h e  o t h e r  hand ,  e x p e r z e n c e  of i n t e r f e r e n c e  of  
f i b r e  1-1 c o c o n u t  w i t h  d i g e s t i b i l i t y  and n i t r o g e n  r e t e n t i o n  i n  
c h i l d  f e e d i n g  h a s  a l s o  been r e p o r t e d .  

Of econonac  n e c e s s i t y ,  a l l  p r o c e s s e s  t o  p r e p a r e  p r o t e i n  
e o n e e n t r a t e s  f r o n  coconu t  a a  w e l l  6s f r o n  a11 k i n d s  of  311 s e e d  a r e  
d e s i g n e d  t o  p r o d u c e  o i l  a s  t h e  u a z a  prodmrt sad the p r o t e i n  
b e a r i n g  n a t e r i a l  aa a d j u n c t .  None of  t h e  p r e s e n t  p roposed  pro-  
c e e s e e  have  been u s e d  i n  c o n n e r c i a l  p r e p a r a t i o n  of  c o c o n u t  p r o t e i n  
c o n c e n t r a t e e .  The m a t e r i a l  i s  low i n  l y s i n e ,  n e t h i o n i n e  and t h r e o -  
zine conpared  w i t h  egg  p r o t e i n .  Screw p r e s s i n g  y i e l d a  a f l o u r  of 
l o v e r  q u a l i t y  t h a n  s o l v e n t  e x t r a c t i o n .  

F e a s i b i l i t y  a n a l y e i a  have been  nade  and g i v e n  f a v o r a b l e  
r e s u l t s .  I t  would be  p o s s i b l e  t o  p r e p a r e  e d i b l e  coconu t  f l o u r  f o r  a  
p r i c e  of 10 U . 3 .  c e n t e  p e r  kg .  A f a c t o r  of i n p o r t a n c e  i s  t h a t  
c o c o n u t  i s  a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  i n  nany c o u n t r i e s  where 
p r o t e i n  n a l n u t r i t i o n  i s  a l a o  w i d c l y  p r e v a l e n t .  I t  l a  i n c r e a e i n g l y  
r e c o g n i z e d  t h a t  c o c o n u t  p r o t e i n  c o n c e n t r a t e s ,  p r o p e r l y  p r o c e e s e d ,  
cou ld  b e  u s e d  t o  s u p p l e n e n t  t h e  d i e t s  of i n f a n t s  and c h i l d r e n  of 
t h e s e  a r e o e .  

FUTURE SOURCES OF PROTEIN CONCENTRATZS 
S  INGLECELL FROTEINS 

No n a j o r  d i c f e r e n c e e  e x i s t  between t h e  q u a l i t y  of  p r o t e i n  
f r o n  s i n g l e  c e l l s  o f  y e a s t  and b a c t e r i a  and f r o 3  o t h e r  p l a n t s  and 
a n i n a l e .  S u f f i c i e n t  i n f o r n a t i o n  h a s  a c c u n u l a t e d  t o  i n d i c a t e  t h a t  
c e r t a i n  s i n g l e  c e l l  p r o t e i n s  a r e  r e a d i l y  u t i l i z e d  by a n i n a l e  and 
man. The a d v a n t a g e s  of  microorganism. a s  s o u r c e s  of p r o t e i n  a r e  
t h e i r  r a p i d  growth  and a b i l i t y  t o  c o n v e r t  cheap ene rgy  and n i t r o -  



gen o o u r c e o  i n t o  h i g h - q u a l i t y  p r o t e i n &  
The r a t e  of m i c r o b i a l  a y n t ! ~ e s i a  of p r o t e i n  f ~ r  exceedo  

t h e  r c t e  a t  which  a n i n a l a  c y n t h e t i z e  p r o t e i n .  A cow w e i g h i n g  
500 k g  when f e d  by g r a z i n g  can  ~ y n t h e o i z e  0.5 k g  of  p r o t e i n  p e r  
day  w h e r e a s  500 k g  of u i c r o o r g a n l s n s  g r s w i n g  on p a r a f f i n i c  hydro-  
c a r b o n s  c o u l d  s y n t h e s i z e  1 .250  kg of p r o t e i n  p e r  day .  

Y e a o t s  grown on c a r b o h y d r z t e  s o u r c e 0  h a v e  been  uoed f o r  
many y e a r a  a s  minor  components  of  a n i d s 1  and human f o o d c ,  b u t  t h e  
o t r a i n o  oo f ~ r  t e s t e d  have  n o t  p r o v e d  a t t r a c t i v e  zo a b u l k  conpo- 
n e n t  of t h e  human d i e t .  P r o t e i n  f rom s i n g l e - c e l l  o r g a n i o n  grown 
on p e t r o l e u m  p r o d u c t s  h a s  a  a p e c i a l  m e r i t  o f  p r o d u c t i o n  w i t h o u t  
a g r i c u l t u r s l  l a n d  o r  p r o d u c t o  of  a g r i c u l t u r e .  I f  t h e  mic roorga -  
n i a o a  can  b e  p r o c e o o e d  t o  p r o d u c t a  which  w i l l  b e  s a f e ,  n u t r i t l o u a ,  
a c c e p t a b l e  and  w i t h i n  t h e  e c o n o z i c  r e s o u r c e s  of  t h e  d e v e l o p i n g  
c o u n t r i e s ,  t h e n  t h e s e  c o u l d  s u p p l y  a  l a r g e  p a r t  o f  t h e  human 
p r o t e i n  r e q u i r a m e n t o  i n  t h e s e  a r e a s  b e c a u s e  h y d r o c a r b o n s  f rom 
p e t r o l e u m  a r e  c h e a p l y  and r e a d i l y  a v a i l a b l e  i n  moat p a r t s  o f  t h e  
w o r l d .  Aoauning  a  50 p e r c e n t  e f f i c i e n c y  of  c o n v e r s i o n ,  t h e  p e t r o -  
leum p r o d u c t o  t o  p r o d u c e  s i n g l e - c e l l  p r o t e i n  f o r  a  m i l l i o n  p e o p l e  
would amount t o  a  n e g i b l e  1 /10 .000 th ,  o f  t h e  c u r r e n t  c r u d e  o i l  
p r o d u c t i o n .  

A l t e r n a t i v e l y ,  2 m i l l i o n  c u b i c  f e e t  o f  n e t h o n e ,  available 
i n  enornouo  q u a n t i t i e s  i n  n a t u r a l  gas,  i s  c a l c u l a t e d  t o  s u f f i c e  
f o r  p r o d u c i n g  1 0  t o n o  of  s u c h  p r o t e i n ,  T h e r e  i s  ao  y e t  no f i n a l  
a s s u r a c c e  of a  o a f e  and a c c e p t a b l e  p r o d u c t  f o r  hunan c o n e u n p t i o n .  
I n  F r a u c e  a  p l a n t  13 now b e i n g  e r e c t e d  w i t h  p a r a f f i n s  a o  s u b s t r a t e  
and  a  y e a r l y  p r o d u c t i o n  of  o v e r  16.000 t o n e  (CNRS-BP). The p r o d u c t  
w i l l  o n l y  b e  uoed f o r  a n i n a l  f e e d i n g '  Ano the r  c a j o r  e c f o r t  u t ~ l i z e  
t h e  combined r e s e a r c h  and a e v e l o p n e n t  r e s o u r c e o  o f  t h e  Nea t16  
conpany,  S w i t z e r l a n d  and t h e  S s s o  R e ~ e a r c h  and E n g i n e e r i n g  Conpany 
baned  i n  U.S.A. The p i l o t  p l a n t o  a t u Z i e s  a r e  n e o r l y  a t  t h e  end and  
p l a n e  a r e  f i n i o h e d  f o r  t h e  c o n s t r u c t i o n  of  p l a n t  f o r  c o n n e r c i a l  
;reduction o f  a  p r o d u c t  i n t e n d e 2  f o r  hunan u s e  a a  a p r o t e i n  con- 
c e n t r a t e .  

The p r o d u c t o  which  c o n t a i n  f r o 2  40  t o  50 p e r c e n t  o f  p r o t e i n  
h a v e  b e e n  t e s t e d  f o r  a e v e r a l  y e a r o  on a n i n a l a  w i t h  good r e o u l t a .  
T h e r e  a r e  b o r d e r l i n e  v a l u e 5  f o r  aone  e s s e n t i a l  a o i n o  a c i d s  b u t  
o t h e r  characteristics ouch as 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  
h a v e  shown good v a l u e o  and t h e  p r o d u c t  i s  f l a v o u r -  and c o l o r l e o a  
and  w i t h o u t  t o x i c i t y ,  Whi l e  f i n a l  c o a t s  c a n n o t  b e  p r e d i c t e d  a t  
t h i a  t i n e ,  t h e y  c a n  b e  e x p e c t e d  t o  b e  v i t h i n  t h e  r a n g e  o f  t h o s e  
f o r  d e f a t t e d  o o j b e s n  c o n c e n t r a t e  and u o o - f a t  d r y  m i l k ,  $ 0.08 t o  
$0.20 p e r  pound o f  p r o t e i n  c o n c e n t r c t e .  

Even when p r o d u c t i o n  p r o b l c n a  s r e  a o l v e d ,  however ,  t b e a e  
s i n g l e  c e l l  p r o d u c t s  n a y  e n c o u n t e r  t h e  Q J c e  r e e i a t a n c e  t o  xncorpa-  
r a t i o n  a t  h i g h  l e v e l s  i n t o  hunan d i e t s  a s  h a s  b e e n  o b a e r v e d  f o r  
f o o d  y e a a t  r 

On t h o  o t h c r  hand t h e  d o v e l o g l o g  countries a r e  q u i t e  
f a m i l i a r  w i t h  f e r n o n t a t i o n  p r o c e o s c a  f o r  c a k i n g  b r e a d ,  b e e r ,  
e n s e t e  p r o d u c t e ,  and f c r n e n t e d  s o y a  p r o d u c t e .  I n  Chad i n  C e n t r c l  
A f r i c a  a  b l u e  a l g a l  h a s  b e e n  coonuned t r a d i t i o n a l l y  f o r  a l o n g  
t i n e .  

GREFN LEk-VES 
C a n o i d e r a b l e  ; u b l i c i t y  h a s  beeu  g i v e n  t o  t h e  f a c t  t h a t  

g r e e n  l e ~ v e s  c o n t a i n  p r o t e i n  o f  r e l a t i v e l y  goad q u a l i t y .  F r o n  



t h e  p u l p e d  l e a v e a  a  g r e e n  j u i c e  can b e  e x p r e o s e d  and h e a t e d  
q u i c k l y  t o  7 0 ' ~  t o  c o a g u l a t e  t h e  p r o t e i n ,  wh ich ,  a f t e r  wash ing  
and d r y i n g ,  can be  s t o r e d  a s  a  g r e e n - c o l o r e 8  mea l ,  w i t h  a s l i g h t  
t a s t e  of hay and w i t h  poor  p a l a t a b i l i t y .  Moreover ,  when consumed 
i n  l a r g e r  a n o u n t  t h e  c h l o r o p h y l l  w i l l  c o l o r  t h e  f a e c e s .  

A s  a  s o u r c e  of p r o t e i n  c o n c e n t r a t e  i n  c h i l d  wesn ing  l e a v e  
p r o t e i n  h a s  a l i m i t e c  i n t e r e n t .  

A M I N O  A C I D  SU~PLBJ~ENT~TIO~J  3P $0329 
A l l  p r o t e i n s  a r e  formed f rom amino a c i d s  i n  v a r y i n g  p ropor -  

t i o n s .  Of t h e  e i g h t  e u s e n t i a l  a- ino a c i d s  which a r e  d i e t a r y  e s sen-  
t i a l s  f o r  human n u t r i t i o n ,  o n l y  l y s i n e ,  m e t h i o n i n e ,  t r y p t o p h a n  
and t h r e o n i n e  a r e  l i k e l y  t o  be d e f i c i e n t  i n  o r d i n a r y  p l a n t  p r o t e i n s .  

B y  a d d i n g  t b e  l i m i t i n g  a a i n o  a c i d s  t o  p l a n t  p r o t e i n s ,  t h e  
p r o t e i r  , u a l i t y  can  be  made comparable  t o  t h e  b e a t  an ima l  p r o t e i n s  
t h u a  r e a u c i n g  t h e  n e c e s s a r y  i n t a k e  of p r o t e i n .  A 1 1  c e r e a l s  a r e  
deficient i n  l y o i n e  and a c o n n i d e r a b l e  i n c r e a a e  i n  u t i l i z a t i o n  of 
c e r e a l  p r o t e i n  can  be a c h i e v e d  by t h e  a & d i t i o n  of a n a l 1  a a o u n t a  
of  s y n t h e t i c  l y s i n e .  The d e f i c i e n c y  i n  most  legume o r  legume-based 
d i e t s  i s  i n  n e t h i o n i n e  and a  c o n s i d e r a b l e  i n c r e a s e  of  p r o t e i n  
q u a l i t y  n i g h t  be  a c h i e v e d  by m e t h i o n i n e  s u p p l e m e n t a t i ~ n .  

A t  p r e c e n t  o n l y  l y o i n e  and n e t h i o n i n e  a r e  a v a i l a b l e  a t  a 
r o a n o n a b l e  p r i c e .  V t e n  a  marke t  f o r  t r y g t o p h a n  and t h r e o n i n e  i s  
c r e a t e d  t h e y  n i g h t  a l s o  become available a t  r e a s o n a b l e  p r i c e s .  
I f  t h e  c o s t  of l y s i n e  cou ld  be r e d u c e d  t o  31.00 a pound w i t h  
l a r g e  s c a l e  m a n u f a c t u r e ,  t h e  l y o i n e  s u p p l e n e n t a t i o n  of t h e  wheat  
would c o o t  o n l y  5 U.S. c e n t o  p e r  k g  p r o t e i n  t h a t  would be  up- 
g r a d e d .  3 1 t h  1 0  p e r c e n t  p r o t e i n  i n  wheat  t h e  p r i c e  would b e  0 .5  
c e n t  p e r  k g  whea t .  A r e d u c e  i n  t h e  wor ld  marke t  p r i c e  f o r  l y e i n e  
can  be  e x c e c t e d  due  t o  a  n e v  i n e x p e n s i v e  way t o  a y n t h e t i e e  l y s i n e ,  
r e c e n t l y  d e v e l o p e d  a t  t h e  Dutch S t a t e  Mines.  The p r e s e n t  p r i c e  
of  f e e d  g r a d e  o e t h i o n i n e  n i g h t  b e  a l i g h t l y  l e s s  t h a n  $1.00 a 
pound. 

Phen t h e  r e q u i r e d  m a t e r i a l s  a r e  ~ v o i l a b l e  a t  low c o a t  i n  
a  d e v e l o p i n g  c o u n t r y ,  o  s u i t a b l e  e n r i c h m e n t  of c e r e a l  f l o u r s  
would b e  t h e  c o n b i n a t i o n  of m e t h i o n i n e  o r  l y s i n e  a d d i t i o n s  w i t h  
s m a l l  q u a n t i t i e s  of legume o r  o i l s e e d .  T h i s  w i l l  improve t h e  
q u a l i t y  of  t h e  p r o t e i n  i n  t h e  c e r e a l  f l o u r  and w i l l  p r o v i d e  some 
a Z d i t i o n a l  p r o t e i n ,  The n u t r i t i o n a l  r e s u l t  i s  s i n i l a r  t o  t h a t  
when n o n - f a t  d r y  skim m i l k  i s  added t o  a c e r e a l  f l o u r .  

COKMERCIAL 3 I G H  FROTEIN FOOD3 
A number of c o n n e r c i a l  h i g h  p r o t e i n  f o o d s  w i t h  a p r o t e i n  

c o n t e n t  f rom 20 t o  25 p e r c e n t  a r e  a v a i l a b l e  i n  t h e  d e v e l o p i n g  
c o u n t r i e s  of t h e  wor ld .  Nany of  t h e s e  p r o d u c t s  have  been p r o c e s s e d  
f o r  c h i l d  f e e d i n g  and many of  t h e n  c o u l d  a l s o  be  used  a s  weaning 
f o o d s ,  A l i s t  of some of t h e  more coononly  used  i s  a t t a c h e d .  



NO. 1 

HJPPWMTARY MIXTURE NO,. 20, PRODUCED BY CNU, ADDIS AbXW, B'IWCOPIA 

meat flour 57% 
split ehiok pea flour 10% 

Soya protein eoncentmate 1 8qb 

Nan-fa* dry m i l k  54b 
sw= 8% 
Salt, iodieed 246 

Protein oont ent : 23% 

Priaer $ 0.32 per kg 

NO, 2 

SUPERAMINE, PRODUCBD BY S . N .  SEMPAL, ALGER, hLG'IERM 

Cereals 28% 

~ h i a k  peas 5736 
Non-fat dry milk 

sue:= 5% 

Protein eontent: 2074 

Calorie oontentr 387 per 100 g 

Price r Unknown 

NO. 3 
SVPROt PRODUCED BY SUPRO LABORATORIES LTD., UK, OXFAM OF UK., 

AM] AFCOT OF NAIROBI,  KENTA 

Barley f l e w  54x4 
Torula yeast 25% 

Non-fat dry milk 17.5% 
Salt and flavor 7.5% 

Protefn content: 23.5% 
PER: 1.77 
Price: $ 0.32 P- kg 



M a z e  flour, precooked 68% 

Defatted soy flour 25% 

Nm-fat dry m i l k  5% 
Salts, vitamins 2s6 

Protein aontent: 20qb 

Calorie oontentr 360 per 100 g 

PER: as casein 

P r i e e  t Unknown 

M R I C A  BASIC FOOD COMPANY UGANDA, Dr* W *  Har"ri~n 

1, PORRIDGE MIX FOR SALZS TO SCHOOLS 

Maize flour 6@ 
MI-f at say f lour  2074 

Sugar 20q6 

Pratein-content: 13% 

Price: $ 0 . 1 7  per kg 

2*  PORRIDGE MIX FOR SALE TO SHOPS 

Maize flour 43% 
F U ~ I - P ~ ~  say f l ~ u r  4274 

sues= 15% 

Protein content: 21% 

Prices $ 0.33 per kg. 

NO. 6 

VEGETABLE M I A I  PRODUCED BY SENTENBC, MICAR, SENE- 

Flour an sorghum or millet 2 6  

Beans 5 6  
Non-fat dry milk 20% 

Sw= 10% 

Protein aontentr 22q6 

Priae: $ 0.39 per kg 



AMINO ACID COMPOSfTION OF SOME SELECTED ANID.ML PROTEIN SOURCES 

mgig of T o t a l  Nitrogen 

Amino Acids Hent s B e e f  M e a t  Pork Cowf s gon-fat milk Fzsh ~ i s h  protein 
5kT3 meal mi l l c  concentrate all eypes concentrate 

Z s o ~  euc~no 3 33 301 379 356 295 330 299 293 

L ~ U C ~ X I O  55 1 507 374 563 596 619 1480 1473 

Lya ina h36 556 3 28 625 487 453 56 9 6 02 

Mathianipc 2 10 169 89 $88 $57 16 1 179 174 

Cys%fno 752 80 49 88 5 1  5 9 73 - 
Phenylalanlnc 353 275 2 13 288 336 3 03 245 26 I 

Tyro sine 260 225 140 2Lr7 237 3 11 229 204 

~ h r e  onino 3Zf3 287 7 93 3 19 278 263 286 265 

Wptophm 93 70 55 85 88 89 7 0 8 1 

Valine 428 3 13 278 3 24 446 440 3 75 43 0 

S o t e i n  700 80 68 8 1 66 6 9 80 
pore 

First limiting Math M o t h  Meth Meth Meth M o t h  
amino acid + CYS + CYS + Cys + Cys + C y s  + C y s  



Table  2 

lmino Acid 

I s o l e u c i n e  

1 euc ine  

Lys i ae  

1 e t h i o n i n e  

G y ~ t  i n e  

P h s n j l a l a n i n e  

Threonine  

Tryptophan 

Va l i ne  

f i m i t i n g  
h i n o  
Acid 

P r o t e i n  x 
S c o r e  (A/E) 

Amino Acid Composit ion of Some S e l e c t e d  Vege t ab l e  P r o t e i n e .  
Amino Acids  a s  mg p e r  grams o f  T o t a l  N i t rogen  

Peanu t  SOY Sun- Nug Co t ton  
bean f l o w e r  p r o t e i n  s eed  

p r o t e i n  p r o t e i n  c o n c e n t r a t e  p r o t e i n  
c o n c e n t r a t e  c o n c e n t r a t e  c o n c e n t r a t e  

Meth Meth 

Sesame 
meal 

P e a n u t  
meal  

Ue th  

% r o t e i n  .core s e c o r d ~ n g  t o  FA0 Nutr .  Meet. Bop. Ser .  No.37. Rome 1965. 


