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The common occurrence of protein-calorie malnutri t ion throughout 
much of the  world i.s well recognized, especia l ly  i n  the  post-nursing ch i ld  
under s i x  years of age. Less evident t o  many, perhaps, i s  the  f a c t  t h a t  
such d ie ta ry  def ic iencies  of protein and energy i n  young children and 
pregnant o r  l a c t a t i ng  women are  almost always associated with multiple 
def ic iencies  of c e r t a in  e s sen t i a l  vitamins and minerals. Protein supple- 
mentation alone o r  addit ion of the  f i r s t  l imi t ing  amino acid t o  improve the  
effectiveness of the  protein,  without concern about t o t a l  energy intake o r  
adequacy of o ther  e s sen t i a l  m t r i e n t s ,  may be of l i t t l e  o r  no value under 
most circumstances of calorie-protein malnutrition. I n  countries where 
most of the  population subs i s t s  l a rge ly  on cereals  and p lan t  prote in  foods, 
diets-ry def ic iencies  i n  vitamin A, thiamine, r iboflavin,  niacin,  calcium, 

l ,  i ron  and iodine a re  found commonly. 

It i s  estimated t h a t  each year over three  mill ion children d ie  
d i l e c t l g  o r  i nd i r ec t l y  from malnutrition. Moreover, in fan t s  born of mal- 
nourished mothers, s tar t ,  l i f e  with depleted reserves of protect ive  nu t r ien t s  
e s sen t i a l  f o r  normal growth, development, and disease resistance.  Some 
d i e  from malnutri t ion alone, many others d le  from gas t ro in tes t ina l  and 
resp i ra to ry  infect ions  due t o  t h e i r  malnourished s ta te .  In  some countrieS, 
up t o  SO$ of the  children d ie  before the  age of 15 years. I n  those mill ions 
vhich malnutri t ion does not k i l l ,  physical growth and subsequent perform- 
ance mqy be impaired. Ipproximately one-half t o  three-fourths of t h e  
children i n  ce r ta in  countries f a i l  t o  grow physically a t  a r a t e  considered 
normal. Of even greater  consequence i s  the  possible permanent e f f ec t s  of 
malnutri t ion on learning a b i l i t y ,  mental capacity, and behavior. Regard- 
l e s s  of the  deficiency disease indicated, malnutri t ion is, a.s it almost 
always occurs, a  mult iple deficiency syndrome whose correction requires 
supplementation with a l l  e s sen t i a l  nu t r ien t s  which may be def ic ient .  
Several authors and agencies, including the  IJIH, INCAP, FAO, T'HO, UNICEF 
and the  FAO/HO/UNICEF Protein Advisory Group (FAG) have ca l led  a t t en t ion  
t o  t he  need t o  consider calor ies ,  vitamins and minerals a s  well  a s  the  
quant i ty  and qua l i t y  of prote ins  i n  supplementary foods. 
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The problem of developing p ro te in - r i ch  food mixtures f o r  i n f s n t s  and 
jroung ch i ld ren  has received much a t t e n t i o n  by IFTCAP, F 10, UJ!TIC%F and I'HO 
f o r  a number of years.  The PIG rJas e s t ab l i shed  i n  1955 by ' T E  and from 1961 
ac ted  a s  a t r i p a r t i t e  T ~ ~ / F A ~ ~ / m ~ ~ ~ ~ ~  Prote in  ldvisory  Groun, a s s i s t i n g  t h e  
three agencies i n  t h e i r  j o i n t  vork on p ro te in - r i ch  fooc's and r e l a t e d  sub- 
j ec t s .  The work of t h e  i n t e r n a t i o n a l  <?.gencies, government i n s t i t u t i o n s  and 
of some i n d u s t r i a l  f i rms  l e d  t o  t h e  development of a number of p r o t e i n  food 
mixtures inc luding Incaparina,  Pronutro, Senegal rreanling food, Pe ruv i t a  
( ~ e r u )  , h l a c  (Yiger ia) ,  F o r t i f  ex ( ~ r a z i l )  , Algerian ?~ean l ing  food, b i s c u i t  
mepl (uganda), Indian multipurnose food, Ind ia  hj-gh protej-n food, bu lpe r  - 
milk - b u t t e r  mixture ( B r ~ z i l  and c h i l i ) ,  f u l l - f a t  soy mixtures ( ~ a i v a n ) ,  
and. a soybean-chick pea - sesame f l o u r  product ( I s r a e l ) .  I4any of t h e s e  
have been described previous ly  i n  t h i s  Bu l l e t in .  To t h i s  l i s t  during 1366 
lras added, a c h i l d ' s  food supplement f o r  d i s t r i b u t i o n  by t h e  US Azencg f o r  
I n t e r n a t i o n a l  Development, Food f o r  Peace. By January 1967, purchases of 
t h i s  supplement had exceed-ed 50 mi l l ion  pounds, and a t  t h e  time of t h i s  
v r i t i n g ,  orders  f o r  apnroximately 28Umillion pounds of formula foods have 
been placed. It i s  s n t i c i o a t e d  thak such products r Q r i l l  h e  d i s t r i b u t e d  i n  
s i g n i f i c a n t  q u a n t i t i e s  u n t i l  s u i t & l e  l o c a l  food supplements can be developed 
from indigenous food resources i n  each of the  coun t r i e s  ~ ~ r h e r e  such Iood 
supolements a r e  needed. 

Since t h e  US I I D ,  Food f o r  Peace, Formula Food Pro. 2, commonly r e -  
f e r r e d  t o  a s  "CSiThr  corn-soy-milk, i s  l i k e l y  t o  assume considerable i m -  
p ~ r t a n c e  i n  t h e  n u t r i t i o n  of chi ldren  i n  many coun t r i e s  i n  t h e  immediate 
f u t u r e ,  information concerning t h e  development of t h i s  product may be of 
i n t e r e s t .  

I n  t h e  summer of 19611, ~4r. Stewart Rambo of t h e  ?merican Corn M i l l e r s  
Federat ion,  sought guidance from t h e  Interdepartmental  Cornmi-tteeon d u t r i t i o n  
f o r  Nation21 Defense (nosr Nutr i t ion  Section, NIH), ?s t o  how thc  n u t r i t i o n a l  
p r o p e r t i e s  of corn meal might be improved. M r .  Rambo rras r e f e r r e d  t o  t h e  
w r i t e r  and it tras recommended t h a t  a food supplement s u i t a b l e  f o r  ?re-  
school ch i ld ren  be made from US surplus  commodities p l u s  de fa t t ed ,  hea t -  
processed soy f l o u r  a s  a p ro te in  supplement, wi th  vi tamins and minerals  
added a s  required.  

I f  energy in t akes  from most cere2ls  a r e  adequate f o r  adu l t s ,  t h e i r  
p r o t e i n  and amino a c i d  needs usua l ly  a r e  met, except f o r   h he pregnant and 
l ac tak ing  women. Ho~rever, t h e  needs f o r  amino ac ids  a r e  h igher  f o r  ch i ld ren  
than  f o r  a d u l t s  i n  r e l a t i o n  t o  t h e  t o t a l  amount of energy consumed ( s e e  
Table 1 ) .  On t h e  o the r  hand, t h e  need f o r  seve ra l  n u t r i e n t s  including 
thiamine, r ibo f l av in ,  n i ac in ,  vitamin C, vitamin 4, calcium, and i r o n  a r e  
very s i m i l a r  f o r  young ch i ld ren  and a d u l t s  when expressed a s  a funct ion  of 
t h e i r  c a l o r i e  allowance ( s e e  Table 2). This i s  t r u e  even though t h e  r e -  
quirements f o r  c e r t a i n  n u t r i e n t s  a r e  r e l a t e d  p r imar i ly  t o  body s i z e  
(vitamin A) and f o r  o t h e r s  t o  energy metabolized (thiamine, r ibo f l av in  and 
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niacin). It was believed then t h a t  a formula food which would adequately 
supplement the  d i e t  of children with respect t o  the  potent ia l ly  l imit ing 
e s sen t i a l  nutr ients ,  including amino acids, a l so  could be used sa t i s f ac -  
t o r i l y  as  a food supplement f o r  other age groups. 

In  September 196b, an example formula was prepared. f o r  the American 
Corn Millers Federation. This was very s imilar  t o  the  present US AID, 
Food f o r  Peace Fomula Food No. 1 known as  ttCeplapro". The term "Ceplaprott, 
from cereal-plant protein, was suggested by Nr. Rambo. The or ig ina l  formula 
contained 55% degerminated corn meal, 107; durham wheat f lour ,  55 non-fat 
dry m i l l ;  so l ids ,  27.5s f u l l  f a t  toasted soy f lour ,  2% of a mineral mix, 
and 0.5% of a vitamin-antioxidant-soy mix. This product was formulated 
to  contain a suff ic ient* l eve l  of a l l  essen t ia l  nu t r ien ts  so a s  t o  render 
the t o t a l  d i e t  of a pre-school age chi ld  adequate i f  consumed a t  a l eve l  t o  
supply approximately 255 of the  energy needs. The or ig ina l  formula con- 
tained 17.9% protein, 6.3% f a t  and 355 metabolizable Calories per hundred 
grams. This formula was submitted t o  the Nutrition Committee of the 
American Academy of Pedeatrics f o r  t h e i r  comments and approval concerning 
i t s  s u i t a b i l i t y  f o r  feeding young children. It mas provided t o  the  Office 
of Food f o r  Peace i n  December, 1964, a s  an example prototype formula f o r  
use i n  overcoming malnutrition i n  pre-school-age children. 

In  the spring of 1965, the or ig ina l  formula was revised so as  t o  in-  
clude defatted toasted soy f lou r  instead of f u l l - f a t  toasted soy f l o u r  and 
dis t r ibuted t o  in te res ted  pa r t i e s  by the -4rnerican Corn Millers Federation. 
The 10% durum wheat f l o u r  i n  these i n i t i a l  formulas was included t o  pro- 
vide an adequate amount of gluten protein t o  permit shaping of the  product 
into  a cerea l  grain-shaped kernel. 

By f a l l  of 1965, the  USDA had a l so  developed formulas f o r  food mix- 
tures  containing corn meal, soybean f lour ,  and dried skim milk o r  ground 
wheat, soybean f lour ,  and dried skim milk. These formulas contained 
approximately 70% corn meal o r  ground wheat, l5$ defatted toasted soy f lou r  
and 15% nonfat dried milk so l ids  plus minerals and vitamins. These for -  
mulas were never f i e l d  tes ted  a s  the supply of nonfat dried milk sol ids  
became ser iously low i n  re la t ion  t o  demand. In  the  meantime, preliminary 
chemical and animal feeding studies had been conducted by the Visconsin 
Alumni Research Foundation f o r  the American Corn Millers Federation. 
These t e s t s  revealed t h a t  the product had a protein eff ic iency r a t i o  
equivalent t o  milk protein averaging 2.42 and 2.48. Other t e s t s  con- 
currently done by D r .  E.E. Howe of Perck, Sharp & Dohme, revealed tha t  
t he  protein  qual i ty  of the uncooked product was not improved by addit ions 
of methionine or  lys ine i n  studies with ra t s .  Moreover, work supported 
by the  American Corn Millers Federation showed t h a t  a corn meal d i e t  con- 
ta ining 25% defatted toasted soy f lou r  and 5% nonfat dr ied milk so l ids  
was equal i n  protein  qual i ty  t o  a s imilar  d i e t  containing 15% defatted 
toasted soy f lou r  and 15% nonfat dried milk solids.  This l ed  t o  fu r the r  
modifications of the Ceplapro Formula i n  the f a l l  of 1965 f o r  use as  a 
primary food supplement f o r  pre-school children i n  l i e u  of using the USDA 
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formula which contained considerably more milk solids.  The durum wheat 
f l o u r  was removed a s  the  product intended primarily f o r  pre-school children 
did not require shaping and could be supplied more economically i n  dry 
mi;: ground form. Other changes involved fu r the r  modifications of t h e  
mineral and vitamin mixes i n  an e f f o r t  t o  improve s t a b i l i t y  and t o  i n -  
sure a su i t ab l e  food grade product. Supplemental copper and manganese 
were removed t o  improve s t a b i l i t y  of l i a b l e  vitamins, especia l ly  vitamin A. 
Vitamin C a l so  was removed due t o  uncer ta ini ty  about i t s  s t a b i l i t y .   h he 
wr i t e r  believes t h a t  "stabil ized-type" ascorbic acid would be reasonably 
s a t i s f a c t o i y  a s  long a s  the  moisture content of t he  product i s  kept low. 
Further s tudies  a re  needed t o  determine t he  s t a b i l i t y  of added vitamin C 
i n  t h i s  product so t h a t  it can be rendered su f f i c i en t  i n  t h i s  nu t r ien t ) .  
The corn used i n  the  product i s  pregelatinized by moist heat treatment. 
This improves the  keeping qua l i t i e s  of t he  product and gives r i s e  t o  a 
product bhich requires only about 1 o r  2 minutes of boi l ing p r i o r  t o  i t s  
consumption. 

The formula, i n i t i a l l y  procured by USDA f o r  the  Agency f o r  In te r -  
nat ional  Development (Food f o r  peace) costs  about 9 cents per  lb.  Its 
composition i s  shown i n  Table 3. The calculated nu t r i t i ona l  composition 
of t h i s  product i s  given i n  Table 4, together with the  NRC allowances 
f o r  the  1 t o  3 year-old ch i l d  f o r  comparison. This formula was developed 
and approved by a committee representing the  Nutri t ion Branch, Office or" 
Technical Cooperation and Research, A I D ,  the USDA, and t he  Nutri t ion 
Section, NIH.  

This development i s  believed t o  represent a r e a l  breakthrough i n  
A I D l s  program t o  a s s i s t  developing countries i n  overcoming malnutri t ion 
i n  t h e  pre-school-age child. This corn-soy-milk supplement i s  based on 
the  p r inc ip le  of supplying a l l  nu t r ien t s  which may be c r i t i c a l l y  l imi t ing  
ra ther  than j u s t  supplying addi t ional  high qua l i ty  protein.  

4s  indicated above, i f  consumed a t  approximately one-fourth of t he  
ca lor ic  intake, the  pre-school ch i ld  u i l l  be able t o  supplement adequately 
h i s  o r  her d i e t ,  except f o r  vitamin C. It i s  important t o  insure  t h a t  
f r u i t s ,  f r u i t  juices, vegetables, o r  soups be supplied t o  provide an 
adequate intake of vitamin C t o  children depending upon t h i s  mixture f o r  
t h e i r  supplemental nutr ients .  

Although the  corn-soy-milk formula was made of ingredients which 
had been used i n  human d i e t s  previously, l i t t l e  information i s  avai lable  
even now a s  t o  the  accep tab i l i ty  of t h i s  pa r t i cu l a r  product without 
addi t ional  changes i n  p a r t i c l e  s ize ,  f lavoring,  sweetness, etc.  Some 
of t h i s  product was a i r l i f t e d  t o  India  i n  Flay 1966 f o r  t e s t i n g  i n  ch i ld  
feeding programs. Other samples were sen t  t o  a number of se lected 
countries and a l1 , r epo r t s  indicated i ts  su i t ab i l i t y .  Since t h a t  time, 
formal feeding t r i a l s  have been conducted by D r .  George G. Graham and 
D r .  Juan Bae r t l  of the  B r i t i s h  American Hospital i n  Peru, using children 
1 t o  3 years old who received the  corn-soy-milk mixture as  a primary source 



PAG BULLETIN 7 
page 19 

of protein. Their preliminary r e su l t s  ind ica te  t h a t  t h i s  product i s  
equivalent t o  the bes t  cereal-based products. They found t h a t  the  pro- 
duct, a s  it has a bland t a s t e ,  can be ea s i l y  incorporated i n to  a va r i e ty  
of preparations. The inclusion of sugar mater ia l ly  improved i t s  accept- 
ab i l i t y ,  and it was well  consumed a s  a soup o r  a "mazamoria". A shor t -  
coming found was i t s  bul-kiness when prepared with rrater and f lavor ing only. 
A preliminary repor t  from s tudies  being ca r r ied  out i n  Tailran by 
D r .  Ta Cheng Tung ind ica tes  t h a t  t he  acceptabi l i ty  of CSIjI was not s a t i s -  
factory rrithout f lavoring,  but t h a t  intakes of up t o  90 grams per  day 
were well accepted when flavored with sugar, f i s h ,  o r  meat. I h t r i t i o n a l l y ,  
the  lack of vitamin C and r e l a t i ve ly  low ca lor ic  content per  un i t  volume 
appear t o  '7e t he  major problems as ide  from possible  d i f f i c u l t i e s  with 
f l avor  and texture.  It i s  hoped t ha t  u l t imately  a f u l l - f a t  toas ted soy 
product might be t e s t ed  fu r the r  as  an ingredient  i n  order t o  upgrade the  
intake of f a t  and energy i n  children receiving t h i s  food a s  a major p a r t  
of t h e i r  d ie t .  

A t  l e a s t  s i x  US corn mi l le r s  have been engaged thus f a r  i n  manufac- 
tu r ing  the  corn-soy-milk product f o r  the  US Governments. Qua l i ty  control  
t e s t s  t o  insure  i t s  wholesomeness and t h a t  it meets nu t r i t i ona l  spec i f i c -  
a t ions  have revealed no problems. Storage t e s t s  performed by the  US 
Department of Agriculture indicate  t h a t  moisture l eve l s  must be kept 
reasonably low i n  order t o  maintain s t a b i l i t y  of vitamin A. 

Although more experience w i l l  undoubtedly l ead  t o  fu r the r  improvements 
i n  t h i s  product, it i s  believed t ha t  t h i s  in fan t  food packs a r e a l  nu t r i -  
t i o n a l  "wallop". Every e f f o r t  should be made t o  help developing countries 
produce a t  a low cost  a formula food which i s  acceptable t o  t h e i r  t a s t e  
and i s  made from indigenous resources as  f a r  a s  possible. A s  soon a s  
such products a re  available,  t h e i r  u t i l i z a t i o n  i n  l o c a l  nu t r i t i on  programs 
could a id  mater ia l ly  i n  preventing severe malnutri t ion i n  young children. 

+t The USDA May 5, 1967, purchase tender f o r  35.6 mil l ion lbs .  of 
CSY4 brings t o  approximately 230 mil l ion lbs .  t he  amount of CSI 
purchased since l a s t  October f o r  use i n  ch i l d  and maternal 
feeding programs i n  some 90 countries. 
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Table I 

MINIM4L REQUIREIENTS OF CRITICALLY - LIMI TIAG ESSENTIAL AMIAO A C I D S ~  

E PRESSED I N  MILLIGFULYS FEEDED PER PlETAB OLIZABLE MEGA C !LORY 

Essen t ia l  Infant  1-3 yr.  old Adult loman ,!dult Man 
Amino k i d  ( 8  kg) Child (13 kg) (58 kg) (70 kg) 

Lysine 870 770 

Methionine 4L1.2 - 
Tryptophan 191 193 

Threonine 760 770 

Values from D.M. Hegsted, i n  Mammalian Protein Metabolism, H.IT. Munro 
and J.B. Allison, Eds., Vol. 11, pp. 135-171, Academic Press, 
New York (1964). 



Table 2 

1/ 
NRC ALLOWANCES- FOR SEE CTED NUTRIENTS. 

Infant  1-3 y r  old 6-9 yr old 15-18 yr Preg. woman Lact.woman Adult mman Adult Ran 
Nutrient  c h i l d  ch i ld  e l d  boy 18-35 yr 18-35 yr 18-35 y r  18-35 y r  

@ k g )  ( 1 3 k g )  (24 kg) (61 kg) (58 kg) (58 kg) (58 kg) (70 kg) 
(3rd t r imester  ) ------ - - 

VitaminA, I .U .  1630.0 1540.0 1670 .O 1470 .O 2600 .O 2580 .O 2380 .O 1725 .J 
Thiamine, mg 0.43 0.39 0.38 0 .4l  0.43 0.38 0 -38 0 -41 
Riboflavin, mg 0.65 0.62 0.62 0.53 0 -7 0 .61 0 -62 0 -59 
Niacin, rng 6.5 6.9 6.7 7.4 6.8 6.7 6.6 

2 3 2  Vitamin C.  me: 33 .O 31.0 30.0 43 .O 32 .O 33 .O 24.0 
2 - 

C ~ L  cium, mg 760 .C 615. 0 380 .O 410 .O 515.0 420 .O 380 .O 276.0 
Iron,  mg .LO. 9 6.1 5.7 4,. 4 8.7 6.5 7 -2 3 05 
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Table L 

CALCULATED NUTRIENT CONTENT OF US BLENDED FOOD PRODUCT 
9 

DRIED FOOD SUPPLEMENT, FORMULA #2 (CSM) 

Amount per 100 gm. NRC allowance 
(1-3 yrs.)  

Proximate Composition - 
PJIetabolizable ki localor ies  (c )  
Crude protein,  gm 
Crude f a t ,  gm 
Linoleic acid  grn 
Crude f i b e r ,  gm 
Nitrogen Free Extract, gm 

Ninerals 

Calcium, mg 
Phosphorus, mg 
Sodium, mg 
Potassium, mg 
Magnesium, mg 
Iron, mg 
Zinc, mg 
Iodine, mcg 
Manganese, mg 
Copper, mg 

Vitamins 

Vitamin A, I U  
Vitamin D, USP uni t s  
Vitamin E, as  added acetate,  I U  
Thiamine, mg 
Riboflavin, mg 
Niacin, mg 
Pantothenic Acid, mg 
Pyridoxfne, mg 
Folacin, rncg 
Vitamin B12, mcg 
Biotin, mg 
Choline, mg 
Vitamin C, mg 
Vitamin I i ,  mg 

502 
4.20 
350 
620 
140 
11 

9 
1~8 

not calc. 
not calc. 

1960 
198 

1- 5 
0.65 
0.6 
6.3 
3.6 
0.35 
3.3 
3.3 
0.13 

105 
none 
not calc. 

2000 
Loo 

(continued over) 
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Table l!. (continued) 

Nutrient Amount per 100 gm BRC allowance 

-- 

Amino Acids 

Lysine, gm 1.11 
Trypt ophane , gm 0.23 
Methionine, gm 0.32 
Cystine, gm 0.32 
Phenylalanine, gm 0.97 
Tyrosine, gm 0.83 
Threonine , gm 0.80 
Isoleucine, gm 1.05 
Valine, gm 1.07 
Leucine, gm 1.86 
Histidine, gn 0. k6 
Arginine'.t, gm 1.18 
~ l y c  ine'.?, gm 0.75 
Proline'.:, gm 1.51 
Glutamic acid-::-, gm 3.73 
..%lanine+, gm 1 .12  
Aspartic acid'.$, gm 2.36 
Serine'.:, gm 1 .25  

6 Dietary non-essentials 

1. Recommended Dietary Allowances (6 th  Ed., 1964), BRC Pub. lllr6. 
Values i n  parentheses were taken frcm the  t ex t  of t he  publication 
and a re  only approximations. 

---000000000--- 




