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Abstract 

A protein seldom serves independently as a 
source of dietary amino acids--it works in con- 
cert with other proteins. Hence, the most im- 
portant characteristic of each protein in the diet 
is its ability to fill gaps between the quantities of 
essential amino acids needed and those supplied 
by other foods. When examined from this view- 
point, oilseed proteins differ somewhat, but they 
all appear to be more valuable as supplementary 
proteins than their individual protein qualities 
imply. In general, feeding tests substantiate the 
theoretical supplementary values. Properly pro- 
cessed oilseed flakes, flour or concentrates of pro- 
teins prepared from them have great potential 
value as human food. 

Introduction 

'Several factors must be considered in practical 
assessments of the suitability of a protein-containing 
food for dietary use. These include: digestibility of 
the food; composition of the digestible portion; com- 
position and quantity of other dietary components; 
requirements of the consumer for nutrients (species, 
age, activity, state of health, individual variability) ; 
the  presence of deleterious substances or character- 
istics (e.g., antitryptic factors of soybeans, gossypol 
in: cottonseed, avidin in egg white, or contaminants 
such as aflatoxin in moldy products); social factors 
(superstitions, prejudice, esthetics, fads, education); 
and availability and cost, relative to alternate sources 
of nutrients. The first five topics relate mainly to 
the usefulness of the proteins if consumed, and the 
last two determine whether or not the food will be 
used. 

~ Discussion 

In most parts  of the world diets consist of a variety 
of foods. The important consideration is the adequacy 
of the amino acids in the total digestible portion for 
the nutritional needs of the consumer, be it man or 
animal. Protein quality indices such as net protein 
utilization (NPU), protein efficiency ratio (PER) or 
biological value (BV) usually relate to diets con- 
taining a single protein, although they have equal 
validity when used with mixtures. They are valuable 
insofar as they indicate nutritional adequacy and 
availability for absorption, but they furnish no clues 
as to the probable supplementary effects if several 
proteins are used in mixed diets, unless the mixtures 
are tested biologically. 

Composition data obtained chemically permit com- 
parisons of known animal requirements with the amino 
acid contents of a protein or of a ration, but they do 
not give information regarding the biological avail- 
ability of these amino acids. For intelligent evalua- 
tion of the merits of any protein, both composition 
and digestibility must be known for that protein and 
for other proteins in the diet. Fortunately, reliable 
data are available for most of the proteins of oil seeds 
and of the major dietary components they supplement 

i Presented at the AOOS-AACC Joint Protein Short Course, French 
Lick, Ind iana ,  Ju ly  18-16 ,  1969.  
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(see Table I). It  must be remembered that values 
for PER and BV vary and depend upon the quality 
of the sample tested. 

The PER and BV data prove oilseed proteins to 
be adequate for growth and health of test animals. 
Comparisons of the amino acid requirements of ani- 
mals with the composition data leads to the same 
conclusion. Since foods are not used independently 
in the diet, the pertinent question is: "How well do 
they work with other proteins?" The question is 
largely academic, as numerous experiments have con- 
clusiveIy demonstrated that oilseed proteins, soybean 
protein in particular, are excellent supplements for 
cereals, the probable source of other protein in low 
cost diets. Nevertheless, it may be well to examine 
some of the biological evidence of such supplementa- 
tions. 

In the United States the cereal used in greatest 
amount as food for man is wheat, largely as bread 
or other products baked with white flour. Hence, the 
supplementation of white bread with a soy protein 
concentrate was examined recently by Wilding et al. 
(16). In that research, a standard bread formula in- 
cluding non-fat dry milk (NFDM) was modified to 
include sufficient soy protein concentrate to yield 25% 
to 75% of the total protein. Breads baked according 
to these formulas were air dried and used in sufficient 
quantity to supply 9% protein in diets which were 
otherwise adequate for all nutritional needs of grow- 
ing rats. These diets were fed along with 9% soy 
protein diets to groups of individually caged rats and 
gains and PER were recorded. The addition of soy 
protein markedly improved gains and PER, and maxi- 
mum performance was reached when the soy supplied 
about 75% of the protein. Not all proteins added to 
bread are this effective. Four commercial protein 
breads showed PER ranging from 1.0 to 1.5, com- 
pared to 1.1 for white bread and 1.9 for a 15% soy 
protein bread. Others using different diets Showed 
these supplementary effects long ago (5). 

I f  one compares the amino acid requirements of 
rats with the amounts supplied by diets containing 
9.09% protein as bread or soy, or by mixtures of the 
two, the reasons for the growth effects become obvious 
(Table II) .  In no diet are the amounts supplied 
adequate for optimal growth, but the 50B/50S and 
25B/75S mixtures yield levels of lysine and sulfur 
amino acids which differ less from the requirements 
than either wheat or soy alone. This is reflected in 
the superior growth of the groups getting the 50/50 
and 27/75 blends. The low percentages of the require- 
ments for lysine and sulfur amino acids illustrate 
the importance of these amino acids in estimations 
of nutritive values. They are key indicators; when 
diets composed of natural components contain enough 
of both lysine and sulfur amino acids they seldom are 
seriously deficient in any other. 

I f  the protein level of the 25B/75S diet were in- 
creased from 9% to 13.5%, there would be adequate 
amounts of all essentials except these two key com- 
ponents. They would still be 20% and 37% below 
the recommended amounts. Supplementation of such 
a diet with synthetic lysine and methionine should 
make it complete with respect to amino acids. 

Some parts of the world rely extensively on corn 
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T A B L E  I 

Nu t r i t i ona l  Character is t ics  of P ro te ins  f rom Var ious  Sources 

mea t  
Cotton- Soy P e a n u t  and  F i sh  Casein Whole  

Corn Rice Whea t  Whi t e  seed bean f lour bone meal  egg 
f lour f lour  f lour meal 

Typical  
p ro te in  8.9 7.5 l l . O  11.1 50 50 50 50 65 100 47 

cone,, % 

l~ i l l ig rams  of Amino  Acid P e r  G r a m  of Ni t rogen in  P roduc t  a 
Tl~,ptophane 63 b 64 72 70 74 86 69 49 b 48 84 103 
Threonine  249 233 168 164 221 246 168 222 248 269 311 
Isoleucine 289 279 253 262 236 336 257 210 314 412 415 
Leucine  810 513 391 439 369 482 380 883 449 632 550 
Lys ine  180 235 160 130 268 395 223 432 563 504 400 
Su l fu r  AA. e 197 188 180 150 172 168 110 161 267 218 342 
Aromat ic  A.A. d 568 511 506 508 498 508 540 334 495 678 630 
Val ine  319 416 270 246 308 828 311 297 391 465 464 
Arg in ine  220 343 279 253 702 452 669 495 258 256 410 
H i s t l d ine  129 100 119 114 166 149 152 101 172 190 150 
Glycine 212 407 356 207 291 261 347 815 429 125 221 

Essent ia ls .  e 
% total protein 48 46 38 37 48 50 46 43 51 59 60 

Diges t ib i l i ty  f 
of protein,  % 80 85 92 88 90 91 94 89 92 93 ...... 

Digest ibi l i tyg 
of prote in ,  % 94 78 91 100 90 96 97 . . . . . . . . . . . .  99 1O0 

Biological  
va lue  (BY)  60 66 70 52 61 75 58 . . . . . . . . . . . .  73 96 

P r o t e in  E F F  h 
ratio ( P E R )  1.2 1.7 1.5 1.0 2.0 2.3 1.7 ...... 2.9 2.0 3.8 

Gross energy, 
K c a l / K g  3918 3604 3516 3650 3560 4198 3710 3175 3360 3600 5920 

~e tabol lzab le  t 
energy, K c a l / K g  3394  3569 3379 3193 2569 2881 2920 2434 2580 2740 ........ 

l~ctabollzabie 
energy, K c a l / K g  I 8430 3480 3010 2640 2210 2244 ........ 1980 3170 . . . . . . . . . . . . . . . .  

a Amino acid values  from References 10 and 14. 
b Reference 6. 
e Su l fu r  amino acids are the sum of meth ionlne  p lus  cystine except w h e n  va lues  are g rea te r  for  cystine t han  for  methlonlne,  then  the su l fu r  

amino acids are taken  as twice  the meth ionine  value.  
d A r o m a t i c  amino acids are the sum of pheny la lan ine  plus  tyrosine  except when the va lues  are grea te r  for  tyros lne  t han  for  phenyla lanine ,  

then  the a romat ics  are taken  as twice the phcny la lan ine  values.  
e For  the purposes  of th is  table, all amino acids l is ted except g lycine  are taken  as essential ,  a l though for  some ages of some species, 

a rg in ine  and  h i s t id ine  are not  essential.  
Fo r  swine, f rom References 10 and  13. 

g Fo r  rats ,  f rom Reference 7. 
h For  rats,  f rom Reference 2. 
I For  chickens, f rom Reference 10. 

ra ther  than  wheat  as the pr incipal  cereal. The protein 
of corn is also not noted for its biological value, and 
protein deficiencies are common in populations de- 
pending on it  as a major  diet component. Bressani 
and Behar  (3) showed tha t  soy protein could serve 
as an efficient supplement  to corn, but  tha t  peanut  
protein could not (Table I I I ) .  Reasons for  the sup- 
p lementary  effects of soybean protein are obvious 
if  one calculates the extent to which the amino acids 
in the supplements correct the deficiencies in the 
corn (Table IV) .  This does not mean that  peanuts  
are not a good source of protein,  merely tha t  they do 
not complement corn. Increasing the level of protein 
in a diet can make it adequate for amino acids even 
though the amino acid levels in the protein are not 
optimal. Bressani and Behar  have also shown that  

a var ie ty  of other proteins can supplement  corn. Those 
derived f rom leaves and grass may  be of value (1). 

Calculation of the amounts of supplementary  pro- 
teins needed to meet a t a rge t  pa t t e rn  can be made in 
m a n y  ways, but  we prefer  a method in which sup- 
plementat ion is considered as a function of the energy 
value of the foods concerned. Such a procedure per- 
mits use of experimental ly  determined or calculated 
values for  both energy and amino acids, and eliminates 
consideration of weight unti l  a suitable amino acid 
balance has been achieved. As a pract ical  example, 
consider feed for  growing chickens. To s impl i fy  the 
illustration, we will assume tha t  the rat ion supplies 
adequate amounts of minerals  and vi tamins and it  
includes only one cereal and one supplementary  
protein. 

TABLE II 

Amino Acids Required by Young Rats and Amounts Supplied by 
White Bread, Soybean Flour and Mixtures of Them 

Amino  acid 

A m o u n t  
requ i red  by 

the ra t  a 
m g / g  

Amount 
supplied by diets 

con ta in ing  9.09 % 
pro te in  

Pe r  cent of r equ i rements  suppl ied by 
va r ious  blends 

5o% 25% 
From F r o m  All All Bread,  Bread,  
whi te  soy bread  soy 50 % 75 % 
broad f lour 
m g / g  m g / g  ~ % Soy Soy % % 

Tryptophane 1.5 0.9 1.1 60 73 67 70 
Threen lne  5.0 2.8 3.6 55 72 64 67 
Isoleuelne  5.0 4.2 4.9 84 98 91 86 
l~euclne 8.0 6.5 7.0 81 87 84 86 
Lys ine  9.0 2.2 6.7 24 63 44 58 
S u l f u r  A.A. 6.0 2.8 2.4 48 40 44 42 
Aromat ic  A.A. 9.0 6.9 7.4 77 82 80 81 
Val ine  7.0 4.2 4.7 60 67 64 66 
A r g i n i n e  2.0 3.3 6.5 165 325 245 285 
t t i s t i d i n e  3.0 1.9 2.2 63 78 68 70 

�9 Requ i r emen t  per gram of diet  supp ly ing  4 kcal  energy per  gram.  
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TABLE III 

I n f l u e n c e  of V a r i o u s  S o y / C o r n  or  P e a n u t / C o r n  P r o t e i n  
Ra t io s  on P E R  Values  ~ 

VOL. 47 

TABLE V 

Rela t ionsh ip  of A m i n o  Acids  R e q u i r e d  by  Chicks  to the  A m o u n t s  
Supp l ied  by  Corn  a n d  Soybean  ~ e a l  

P r o t e i n  P E R  va lues  P r o t e i n  P E R  va lues  A m i n o  
supplied for 8 % suppl ied  fo r  10 % a c i d  
as soy. total  pro- as peanut ,  total pro- r equ i re -  

% re in  level % te in  level m e n t s  
p e r  

0 1.60 0 1.55 1000 
20 2.29 33 1,48 k c a l  
40 2.72 45 1.52 of 
60 2.91 55 1.50 r a t i o n  s 
77 2.67 76 1.61 g 
91 2.56 82 L 4 6  

100 1.48 T r y p t o p h a n e  0 .73 
T h r e o n i n e  2 .54  

a Daf~a a d a p t e d  f r o m  Refe renoe  3. I so leuc ine  2 . 7 2  
L e a c i n e  5.08 
Lys ine  4 ,00 
S u l f u r  A.A. 2 .72  

Table V lists the essential amino acid requirements A r o m a t i c  h . h .  4 .72 

of young chickens per 1,000 kcal of energy (12) and Valinc 3.08 A r g i n i n e  4 ,36 
the amino acid contents of corn and soybean meal per H i s t i d i n e  1 .45 

1,000 kcaL The last two columns list the supply of 
amino acids per  1,000 kcal as a percentage of the 
requirements. Thus, the natural  level of protein in 
corn does not provide enough of any of the essentials. 
Since all essentials are low, the addition of pure amino 
acids to enrich corn to the required levels is im- 
p rac t i ca l~ac tua l ly  the major  par t  of the supply 
of essentials must come from some non-corn source. 

Soybean meal provides generous quantities of the 
essentials, as the last column in Table V shows, and 
it is readily available to use with corn. Closer in- 
spection of the data indicates that  if both proteins 
are used, the most probable deficiencies would be 
lysine or the sulfur  amino acids, methionine + eystine. 
Calculations show that  all of the essential amino acids 
in adequate amounts can be supplied by 362 kcal from 
soybean meal and 638 kcal from corn, which is 45% 
soybean meal and 55% corn by weight and more than 
30% protein in the energy par t  of the ration. This 
is a high level of protein and i t  provides large excesses 
of all amino acids except the sulfur group (Table VI ) .  
Fur the r  calculations show that  a 239/761 soy/corn 
ratio, on a calorie basis, will provide enough of all 
essentials except the sulfur  group, which is now sub- 
optimal and must be brought  up by the addition of 
0.65 g of methionine per 1,000 kcal. 

We can car ry  the supplementation fur ther  by de- 
creasing the level of soy until  threonine jus t  reaches 
the recommended level, thus making both lysine and 
arginine limiting. Actually,  the latter is not serious 
and supplementations with more methionine (0.90 g) 
and lysine (0.66 g) should balance the ration. This 
would decrease the percentage of soy in the ration 
from 45% to less than 20%, but  at  a substantial cost 
for  expensive amino acids. The methionine needed for 
improving the 239 soy/761 corn ration of Table VI 

TABLE IV 

Extent to Which Soybean and Peanut Proteins 
SupDIement  Corn Protein 

Suppl ied  by  diets  R a t  r e q u i r e m e n t  
c o n t a i n i n g  9.09 % suppl ied  b 

R a t  p ro t e in  
re- 

quire-  
mer i t  ~ F r o m  From F r o m  F r o m  F r o m  From 

pea- pea- corn,  soy. :. m g l g  corn ,  soy, nu t .  nut ,  
m g / g  m g / g  m g / g  % % % 

Tryptop.hane 1.5 .5 1.1 1.0 (33 )  73 67 
T h r e o n l n e  5.0 3,6 3.6 2.4 72 72 48 
I so leue ihe '  5,0 4,2 4.9 3.7 84 98 74 
Leuc ine  8.0 1 L 7  7.0 5,5 147 87 69 
L y s i n e  ' 9.0 2,6 5.7 ~ 3.2 ( 2 9 )  ( 6 3 )  (35 )  
S u l f u r  A:A. 6 . 0  2.9 2 . 4  : 1.6 ( 4 8 )  ( 4 0 )  ( 2 7 )  
Aromatic A.A. 9.0 8.2 7.4 7.4 91 82 82 
Val ine 7.0 4,6 4.7 4.5 66 ( 6 7 )  (64 )  
A r g i n i n o  2.0 3.2 6.5 9.7 160 325 485 
I-I is t idine 3.0 1.7 2.2 2.2 57 73 73 

a A m i n 6  acid requirement in m i l l i g r a m s  ' p e r  g r a m  of diet  s u p p l y i n g  
4 kca l  energy/g.  Reference 11. 

b V a l u e s  in  ( ) indicate the three lowest percentages. 

R e q u i r e m e n t  
Suppl ied  by suppl ied  
1000  kca l  by  1000 

kca]  e 

Of  Of  Of  Of  
SOy- SOy- 

c o m  b bean  b corn. bean,  
g g % % 

0.26 3.12 (36)  426 
1.04 8.92 41 ( 3 5 6 )  
1.20 12.18 44 447 
3.36 17.42 66 ( 3 4 3 )  
0.75 14.30 (19)  (357 )  
0.82 6.08 30 ( 2 2 4 )  
2.36 18.40 50 390 
1.33 11.87 43 395 
0.92 16.37 (21)  " 375 
0.54 5.40 37 370 

Calculated f r o m  R e f e r e n c e  12. 
b Us ing  metabol izable  e n e r g y  v a | a e s  f r o m  TabIe I .  
r Values  in  p a r e n t h e s i s  ind ica te  the  th ree  or  f o u r  lowest  pe rcen tages .  

amounts to about 1600 g or 3.5 lb./ ton of mixed 
feed and more than most feeding tests have shown 
necessary. 

This can be understood if  we remember that  the 
table values for  the sulfur groups never exceed twice 
the methionine value, even though there may be more 
cystine than methionine in a feedstuff. For  example, 
soybean meals contain, per gram of nitrogen, 0.111 g 
eystine and 0.084 g methionine, i.e., 0.027 g more 
cystine than methionine. The added methionine allows 
this extra eystine to be used efficiently. Even so, amino 
acid supplements are costly, as the data in the bottom 
lines of Table VI  show. Those values are not corrected 
for  the cystine effect. Despite the expense, supple- 
ments of pure amino acids to overcome specific de- 
ficiencies reduce feed costs under  many circumstances. 
In  practice, methionine and cystine are calculated 
separately for  critical cost formulations. 

Of course, these are overly simplified calculations; 
modern rations include several sources of amino acids 
and the cost as well as composition helps determine 
the relative amounts of the ingredients used. Also 
feedstuffs supply energy, vitamins, essential fa t ty  
acids and minerals, and all must be considered in 
formulat ing adequate rations. Obviously least-cost 
formulations require extensive calculations. Corn- 

TABLE Vl 

Amino  Acid Compositions and Costs of Corn-Soy Based  
B r o i l e r  R a t i o n s  l~er i000 kcal 

A m i n o  Amino  ac id  content  of corn-soy 
acid blends supplying 1000 kca l  

r equ i re -  
ments ,  638 Corn 761 Corn 809 Corn 

g / 1 0 0 0  
kca l  362 Soy, g 239 Soy, g 191 Soy, g 

T ~ - p t o p h a n e  0 . 7 3  
Thrcon ino  2 .54  
Iso leucine  2 .72 
L e ue ine  5 .08 
Lysine 4.00  
S u l f u r  A.A. 2 .72 
Aromatic A.A. 4 .72 
Va l ine  3 .08 
A r g i n i n e  4 .36  
H i s t i d i n e  1 .45 
Added  su l fu r  A A ,  
Added  lysine 

Total wt. per 1000 
kcal ,  g 

Tota l  protein per 1000 
kcal ,  g 

Soy, wt .  % 
Cost  of  corn  and 

soy per  I000 
kcal,  r 

Cost of amino  acids  
added,  r 

Tota l  cost per 1000 

kcal ,  r 

1.40 0.95 0,81 
3.89 2.91 (2 .54 )  
5.19 3 , 8 3  3.29 
8.47 6.73 6.05 
5.66 (3 .99)  (3 .34 )  

(2 .72 )  (2 .07)  (1 .82 )  
8.18 6.20 5.43 
5.15 3.84 3.35 
6.52 4.61 (3 .86)  
2 .99 1.70 1.47 
...... 0,65 0.90 
. . . . . . . . . . . .  0.66 

336 322 815 

94.05 69.88 62.06 
45 31 20 

2.408 2,081 1 .956 

0.092 0 .303 

2 .408 2.173- 2 .259  
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T A B L E  V I I  

Su i t ab i l i t y  of V a r i o u s  P r o t e i n s  for I n f a n t  D i e t s  

W h e a t  
Cotton- H u m a n  Whole  Rice inter-  Soy P e a n u t  

mi lk  e g g  med ia te  seed  
f lour 

12.9 7.0 12.0 47,0 51,0 52.2 
6.25 5.95 5.70 5.71 5.30 5.46 

163 366 365 826 325 324 

0.415 0.279 0.253 0.336 0.236 0.257 
0.550 0.513 0.391 0.482 0.369 0.380 
0.400 0.235 0.160 0.395 0.268 0.223 
0.342 0.188 0,217 0.195 0.188 0.149 
0.630 0.571 0,506 0.508 0.498 0.540 
0.311 0.233 0.168 0.246 0.221 0.168 
0.103 0 .064 0.072 0 .086 0 .074 0.069 
0.464 0.416 0.270 0.328 0.308 O.Bl l  
3.21 2.50 2.38 2.58 2.16 2.10 

121 81 74 98 68 75 
97 91 69 85 42 a 45 a 
97 57 a 89 a 96 65 b 54 b 

135 74 86 77 a 74 59 
108 96 85 85 84 91 ," 
109 82 59 b 87 78 59 
1O0 62 b 70 83 b 72 67 
118 106 69 84 79 80 

97--135 5 7 - 1 0 6  3 9 - 8 6  77--98 4 2 - 8 4  4 5 - 9 1  
109 85 81 87 73 71 

P ro te in  per  100 g food, g 1.4 
Grams  pro te in  per  g N 6.38 
Calories per  100 g 71 

Essent ia l  amino  acids, grams amino acid per  g rams  lq 
Isoleucine  0.344 
Leucine  0.567 
Lys ine  0.413 
Total  su l fu r  A.A. 0.253 
Total  aromat ic  A.A. 0.595 
T h r e o n i n e  0.284 
Tryp tophan  0.103 
Va]ine 0.391 

Total  essentials  2.95 
Amino acids as % of h u m a n  mi lk  pat t ern  

Isoleucine 100 
Leucine  100 
Lys ine  100 
Total  su l fu r  A.A. 100 
Total  a romat ic  A.A. 100 
T h r e o n i n e  100 
Tryp tophan  100 
VaIino 100 

R a n g e  
TotM essentials  100 

a F i r s t  l i m i t i n g  amino acid. 
b Second l i m i t i n g  amino acid. 

puters are widely used in the feed industry to adjust 
formulas as ingredients vary in cost. 

Although oilseed proteins have been used primarily 
in feeds, they are acceptable in foods and there is 
every reason to expect them to be used increasingly 
in foods. We have already mentioned the beneficial 
effects of soy protein when fed to rats along with 
wheat or corn. Because the essentials are required in 
similar proportions by many species, including man, 
this is good evidence that soy protein is an effective 
supplement for these two cereals. Because of the well- 
known shortages of food protein in widespread areas 
of the world, we should examine the nature of the 
supplementary properties of various proteins for 
cereals in the human diet. 

Man has his most critical need for protein as an 
infant. In many economically or culturally depressed 
areas of the world, infants are weaned from their 
mother's milk, considered by pediatricians to be the 
perfect baby food, to diets in which protein is in- 
adequate in both quantity and quality. Poor growth 
and poor health result, with a high incidence of 
serious disease and death (9). I t  has been repeatedly 
demonstrated that addition of relatively small amounts 
of good quality protein to such diets will prevent 
deficiencies and cure those that are not too far ad- 
vanced or too severely complicated with infectious 
diseases. Thus Bressani and Behar (3) and other 
medical research teams have cured kwashiorkor with 
several mixtures of vegetable proteins as well as with 
animal protein. The components of these mixtures 
were chosen to provide assortments of amino acids 
which would efficiently supplement the usual dietary 
proteins of the children. 

Oilseed proteins can play an important role in 
such dietary supplements. One or another of them 
can be produced in good yield in most climates and 
their composition is such that it complements the 
common staples. The compositional characteristics 
listed in Table I have been recalculated as a per- 
centage of the human milk pattern in Table VII. 
From the second part  of this table it is obvious that 
lysine, the sulfur amino acids and tryptophau are 
weak spots in the cereals, and to some extent in the 
oilseed proteins although soy has a much stronger 
position with respect t o  ]ysine than the other two. 
Thus, shy products are more efficient than cottonseed 

or  peanut flours as supplements to lysine-poor wheat, 
rice and corn. 

This can be seen more dramatically if we consider 
the amounts of amino acids present in an 800 kcal 
portion of the several cereals or of cereals plus sup- 
plement. This amount of energy is approximately that 
which an 18 lb. baby would be expected to obtain by 
nursing a healthy mother and it is assumed that  it is 
optimal for growth and health. Rice alone is deficient 
in six essentials--seriously so (less than 70% of breast 
milk supply) in lysine, sulfur amino acids and 
tryptophan (Table VII I ) .  Wheat alone is deficient 
only in lysine, 73% of the breast milk level. 

In food-scarce areas there is seldom enough food, 
and that which is available is stretched by the addi- 
tion of sugars or fruits and low-protein vegetables. 
I f  We assume that the child with an 800 cal/day 
requirement gets only 600 from cereals and protein 
supplements, the real differences in cereals and in 
supplements begin to show up. If  all 600 kcal are 
from wheat, the only real deficiencies are in lysine 
(--465 mg) and threonine (--124 rag); leucine and 
valine would be about 3% lower than the desired 
levels. At this same energy intake, both rice and 
corn would have severe deficits. Thus, it is easy to 
understand why children in regions depending on 
these latter two cereals are subject to severe protein 
malnutrition. 

I t  is not feasible to correct the deficiencies by feed- 
ing more cereal because excessive calorie intakes would 
be associated with the extra cereal. There are nutri- 
tionally sound approaches to improving protein nu- 
trition: (a) supplement with enough good protein 
to make up for the deficits; (b) supplement with 
enough good protein to make up most of the deficits, 
and use amino acids to complete the diet; or (c) 
supplement with pure amino acids exclusively. At 
present this third alternative does not appear very 
practical except with diets in which wheat supplies 
almost all the calories. The 800 kcal column for wheat 
in Table VI I I  shows a deficit of 280 mg lysine per 
218 g of wheat, or 1.285 g/kg. This has a value of 
about 0.75 cent at recent bulk prices, which does not 
sound like much, yet it is $6.80 per ton of wheat. 
Corn and rice would require more lysine and tryp- 
tophan, which is not yet commercially available. Com- 
pletion of the 600 kcal portions with pure amino acids 
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TABLE VIII 

Grams of Amino Acids Supplied by Cereals and by H u m a n  l~i lk  

Human Rice Wheat  
milk  

800  600  800  600  
800  k c a l  kca l  k c a l  kca l  
k e a l  

Weight, g 1 2 2 7  218  1 6 4  218  1 6 4  
Protein, g 15 .8  15.3  11 .6  26 .2  19 .7  
Nitrogen, g 2 .47  2 .58  1 .93 4 . 6 0  3 .46  

Isoleueine 0 . 8 4  0 .72  a 0 . 5 4  a 1 .16  0 . 8 8  
Leue lne  1 .40  1 .32a  0 .99  ~ 1 .80  1 .86  ~ 
Lysine 1.02 0 .61  a 0 .46  a 0 .74  a 0 .56  a 
S u l f u r  AA 0 .62  0 .49  a 0 .36  a 1 .00  0 .75  
Aromatic AA 1 .47  1 .47  1 .10  a 2 .33  1 .76  
Threonlne 0 .70  0 .60  a 0 .45  a 0 .77  0 .58  a 
T r y p t o p h a n e  0 .25  0 .17  a 0 .13  a 0 .88  0 .26  
Valine 0 . 9 7  1 .07  0 .80  a 1 . 2 4  0 .94  a 

a Deficient with respect to h u m a n  mi lk .  

is obviously impractical because of the number and 
magnitude of the deficits. 

Addition of good protein food to make the diet an 
adequate source of all amino acids has been the 
customary method of correcting protein malnutrition 
when suitable foods have been available. Non-fat dry 
milk has been used successfully in a number of areas. 
I t  usually has been donated because the deficit areas 
seldom can afford imports. Consequently, research 
teams have investigated vegetable proteins that are 
indigenous to the areas--everything from leaves and 
grass to seeds--and have shown that these can be 
used. New techniques would be needed to produce 
the proteins and methods for introducing them into 
foods would have to be developed. Peanuts, cotton- 
seeds, sesame and soybeans are familiar crops, and 
at least one of them is available in most climates. 
Hence, they have been used as a basis for most 
supplementation schemes. 

These oilseed products can serve as the sole sup- 
plement to cereals, although this may not be the most 
efficient procedure. A blend of 9% of 50% protein 
soy flour with whole wheat flour will provide the 
required amino acids in a 600 kcal portion; 12.5% 
of cottonseed flour or 16% of peanut flour will do the 
same, greater percentages being needed because of 
lower lysine levels (Table IX).  Larger amounts of 
all supplements would be needed for rice and corn, 
because of their lower protein levels and poorer 
balances of amino acids. Thus, 600 kcal blends with 
rice would have to contain 10.5% soy, 14.8% cotton- 
seed or 18.8% peanut flour to meet the lysine standard. 
I f  lysine was added, smaller amounts of protein 
would be needed, the quantity then depending upon 
the second limiting amino acid. For wheat and soy 
this is threonine, and a blend of 4% soy in wheat will 
supply enough of it and all other needed amino 
acids except lysine, which would be short by 1.50 
g/kg of blend, or by 0.15%. Table IX indicates other 
possible uses of pure amino acids along with vegetable 
proteins as supplements. 

T A B L E  I X  

Supplements to Cereals for Infants 

Cereal 
Per cent supplement in blend to supply 600  k c a l  

Soy Cottonseed Peanut 

Whole wheat flour a 9 12 16 
Lysine supplement 4 + 0 .15  % 4 + 0 .19  % 6 + 0 .18  % 

Rice b 11 15 19 
Lysine supplement . . . . . . . .  13 -{- 0 . 0 0 5 %  

Corn b 13 15 19 
Lyslne supplement . . . . . . . .  15  ~- 0 . 0 6 %  

aThreonine is second limiting amino acid. 
b Tryp~ophan is second limiting amino acid,  
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Decision whether to use protein alone or protein 
plus amino acids involves more than cost; factors such 
as availability of the pure amino, facilities for ac- 
curately mixing small percentages of a powder into 
a blend, palatability of foods made from the blend 
are of equal or greater importance. Nutritionally, 
diets could be improved by using the cereal and sup- 
plement separately, as bread with peanut butter or 
as rice served along with legumes or pulses. These 
considerations are outside the scope of the present 
discussion, but we should examine costs somewhat. 

Evaluation of costs is difficult because of changing 
ratios in prices of the several ingredients. If  whole 
wheat is ground and blended with an oilseed flour 
at a local mill, the price of the blend may be quite 
different from that of a blend made by a mixer who 
purchased all his supplies. 

I f  wheat at $1.30 a bushel (4.8#/kg) is mixed with 
9% edible soy flour at 6.50 cwt (14.3r both 
recent quotations, to meet the human milk standard 
with 600 kcal of blend, the ingredient cost is 5.65r 
kg. However, if lysine is available at $2400/ton 
(0.265#/g), a processor could use 4% soy flour + 
0.15% lysine, and his cost would be 5.578r The 
slight difference in ingredient cost ($0.70/ton) could 
easily be wiped out by a decline in the cost of edible 
soy flour. If  we use wheat at $1.30 a bushel and 
solvent extracted soy flour at bulk prices of $80./ton 
(8.8r the ingredient costs for the soy/wheat 
blend would be considerably less than for the blend of 
wheat with soy and lysine; 5.16#/kg vs 5.36c/kg. 

However, if this latter blend should be more 
acceptable in food, the higher price might not deter 
its use. Under certain price structures, for example 
where oilseed proteins are cheaper than cereals, blends 
might actually cost less tban cereal. Other oilseed 
proteins such as sesame, sunflower, safflower and 
linseed, have possibilities for use in human food if 
properly processed. 

We have not stressed the importance of processing 
conditions or proteins separated from the various 
oil free flours. Either under- or over-heating de- 
creases the nutritive value of soybean meal. PER 
values range from 0.65 for raw to 1.96 for optimally 
heated and down to ].78 for overheated meals (]5). 
Processing conditions are critical for best quality 
meals. 

The proteins in concentrates from which water 
soluble materials have been washed or in products 
which have been manufactured by short, high tem- 
perature treatment retain full nutritive value (8). 
However isolates prepared by alkaline extractions of 
soybean meals followed by precipitation of the pro- 
teins at their isoelectric points have slightly lower 
PER values. Thus, Hackler et al. (4) found PER 
values for dehulled beans, dilute alkali soluble pro- 
tein, proteins precipitated from alkaline solution by 
acid, and proteins in the whey filtered from the pre- 
cipitate to be 2.51, 2.11, 2.20 and 1.93, respectively. 

To summarize, the concentrations of amino acids in 
properly processed oilseed proteins vary from product 
to product. They occur in ratios such that oilseed 
foods tend to compensate for the deficiencies of the 
proteins of cereal products used with them. For 
optimum nutritive efficiency and minimum cost, the 
type of supplementary protein (and amino acids) 
must be matched to the cereal used. For most pur- 
poses soy protein is nutritionally superior to the other 
common oilseed proteins, but all can be used effectively 
under the proper circumstances. 
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