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ABSTRACT 

Soya products can be introduced into animal protein food systems 
to supplement animal protein. This can serve to increase the total 
protein available to target populations. Nutritional studies have 
demonstrated that mixtures of soya protein and meat or soya 
protein and fish are of a biological quality similar to that of meat or 
fish protein when fed alone. Soya products also can be used in 
mixed protein systems with vegetable proteins to complement 
amino acids. Many studies with human subjects have demonstrated 
the utility of soya products in a variety of soya-cereal foods that can 
serve as the major source of protein for infants and children. 

INTRODUCTION 

Food technologists frequently use soya products in foods 
because of some attribute they add to the food such as 
texture, water binding capacity, or suspension in water. The 
soya product will be used either because of some unique 
quality or because it can enhance to the food at a cost less 
than that of an alternative ingredient. These attributes that 
ingredients add to a food system are known to the food 
technologist as functional properties. Because of their 
versatile nature, soya products can be used in a number of 
food systems to meet nutritional objectives. 

SOYA PROTEIN IN A N I M A L  PROTEIN SYSTEMS 

Throughout the world, when given a choice, people prefer 
to eat animal products rather than vegetable products. 
Thus, as populations become more affluent, their consump- 
tion of animal protein increases. Soya products can be 
introduced into animal protein systems in order to supple- 
ment animal proteins. In this way, the total protein avail- 
able to a population can be increased. Examples of such 
food systems are emulsified meat and dairy food systems. 

Mixtures of animal protein and soya protein are of 
nutritionally high quality. Steinke et al. (1) investigated the 
quality of mixtures of isolated soya protein and various 
animal and vegetable proteins by measuring the protein 
efficiency ratio (PER) with rats. Although the applicability 
of rat assays can be questioned because they tend to 
underestimate the nutritional value of proteins for humans, 
it is worthwhile to note that the PER of 50:50 mixtures of 
animal protein and isolated soya protein were, in most 
cases, excellent and quite comparable to that of casein 
(Table I). These favorable protein quality measurements are 
proof that mixtures of animal and soya protein have 
biologically high quality. 

Nutritional experiments with human subjects further 
demonstrate the nutritionally high value of animal protein 
supplemented with soya protein. Young et al. (2) fed 
human subjects a range of mixtures of isolated soya protein 
and skeletal beef muscle as the sole source of protein in the 
form of an emulsified bologna-like food. A single test level 
of 0.6 g protein/kg body weight/day was fed to the sub- 
jects. This level of beef protein was adequate to meet the 
nitrogen needs of the subjects. Nitrogen balance was 
measured and found to be similar no matter what level of 
isolated soya protein replaced beef. The results showed that 
mixtures of beef and soya protein are of nutritionally high 
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value when fed at levels to meet the nitrogen requirement. 
In a second study (3), these investigators determined the 
amount  of dietary nitrogen from beef or a mixture of beef 
and soya protein was required to bring subjects into nitro- 
gen balance. This represented the amount  of nitrogen 
required when a specific source of dietary protein was fed. 
The results showed that a 50:50 mixture of beef and iso- 
lated soya protein was as effective as beef in meeting the 
nitrogen requirements of the human subjects. 

Inoue et al. (4) investigated the nitrogen requirement of 
subjects fed either fish protein in kamaboko made from fish 
paste (surimi), a 50:50 mixture of isolated soya protein 
and fish paste, or isolated soya protein. Results of this 
study demonstrated that fish protein and a 50:50 mixture 
of isolated soya protein and fish protein were equally 
effective in meeting the nitrogen requirement o f  the sub- 
jects. Kies and Fox (5) measured the nitrogen balance of 
human subjects fed different ratios of nitrogen from beef 
and extruded soya flour (TVP) at levels of nitrogen below 
the protein requirement. The subjects received an intake of 
4.8 g of nitrogen/day (30 g of protein). The nitrogen 
balance of the subjects was poorer when a greater propor- 
tion of the nitrogen came from soya flour. However, in 
another investigation (6) in which the subjects were fed 
higher levels of nitrogen (8.8 g of nitrogen/day, 55 g of 
protein/day) beef protein and the extruded soya flour 
promoted similar levels of nitrogen balance. Results showed 
that the effect on nitrogen balance of the various beef:soya 
mixtures in these studies depended on whether the mea- 
surement was made above or below the protein require- 
ment. 

The studies just cited show that soya products can be 
used to improve human nutri t ion in mixed food systems 
containing animal protein by increasing the total amount 
of dietary protein available. 

The esthetic quality of a protein delivery system can be 
improved by adding soya protein to animal protein prod- 
ucts or animal protein-like products because people prefer 

TABLE I 

Protein Quality, As Measured by Rat Protein Efficiency 
Ratio (PER), of Mixtures of Proteins in Which Nitrogen 
Is Furnished in a Ratio of 1:1 by Animal Protein 
and Isolated Soya Protein (ISP) a 

Protein source PER 

Egg albumin/ISP b 2.8 c 
Whole egg/ISP 2.6 
Lactalbumin/ISP 2.6 
Casein/ISP 2.3 
Processed cheese/ISP 1.9 
Turkey/ISP b 2.6 
Beef/ISP 2.7 
Pork/ISP 2.6 
Tuna fish/ISP 2.6 

aData from Steinke et al. (1). 
bAverage of 2 samples. 
cValues corrected to casein at 2.5 PER. 
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to eat animal products. Soya protein products make it 
possible to improve the quality of nutrition by increasing 
the total dietary protein available through mixtures of soya 
and animal protein. 

TABLE II 

Nutrient Requirements Used to Calculate Amounts 
of  Grains or Tubers and Isolated Soya 
Protein for Model Diets 

USE OF S O Y A  P R O T E I N  TO 
C O M P L E M E N T  V E G E T A B L E  P R O T E I N  

Protein level 

Lower Higher 

People in many parts of the world subsist on monotonous 
diets that are largely composed of grains or tubers. When 
these commodities are deficient in protein or one of the 
essential amino acids, soya products may be used to help 
overcome some of the problems of protein-calorie insuffi- 
ciency. In an all-vegetable food system, soya products may 
be introduced to meet two nutritional objectives: provide 
needed essential amino acids by complementation of  the 
grain protein, and provide higher total levels of dietary 
protein. 

In order to demonstrate bow the protein in soya prod- 
ucts can be used to meet nutritional objectives in vegetable 
food systems, we calculated a series of diets to find out 
how much of a single grain or tuber and isolated soya 
protein would be needed to meet the energy, protein and 
amino acid requirement of  a 3- to 5-year-old child. The 
nutritional requirements that were used are shown in Table 
II. The caloric requirement was based on FAO recommen- 
dations (7). Two protein requirements were used, one based 
on FAO requirements of 1.19 g/kg body wt/day and 
another requirement based on the amount of protein that 
would have to be consumed if the protein requirement is 
8% of the calories, the level of protein found in mother 's  
milk (8). The available amino acid requirements, which 
were based on the pattern suggested by Williams et al. (9), 
were calculated by multiplying the level of amino acids in 
the pattern by the protein requirement. 

Protein requirements for humans are usually expressed 
as grams of a well utilized protein such as whole egg or 
roilk. We interpreted this to mean that the requirement is 
for a protein that is completely digested. Consequently, 
digestible protein contents of the foods were calculated 
from the crude protein values (Table III), drawing largely 
from digestibility coefficients summarized elsewhere (10). 
The values for caloric content  and the level of  crude protein 
and amino acids in the foods were drawn from several 
sources (11-13). Available amino acids were calculated by 
multiplying the amino acid level by the digestibility coeffi- 
cient. 

The amounts of grain or tuber and isolated soybean 
protein required to meet caloric, digestible protein and 
available amino acid requirement of a 1,360-Kcal diet 
containing at least 16 g digestible protein/day are shown in 
Table IV. Using this type of nutrient requirement, the 
protein and amino acid requirement were met with no 
supplemental protein or amino acids when all the calories 
were supplied by wheat flour, maize, rice or potatoes. 
Rather low levels of  isolated soya protein were needed to 
meet the requirements of diets composed of  sorghum and 
ragi millet whereas somewhat higher levels of  protein were 
needed to meet  the requirements of diets based on cassava 
meal or sweet potatoes, because these tubers are very low in 
protein. Lysine was the limiting amino acid in the mixtures 
of isolated soya protein and sorghum, ragi millet and sweet 
potatoes, whereas valine was the limiting amino acid in the 
mixture with cassava meal. 

The amounts of  grain or tuber and isolated soya protein 
needed to meet the requirements of calories, digestible 
protein and available amino acids of a 1,360-Kcal diet 
containing at least 27.2 g of digestible protein/day are 
shown in Table V. The level of isolated soya protein used 

Kcal/kg 101 101 
Kcal/day a 1360 1360 
Digestible protein 

g/kg/day 1.19 2. 03 
g/day a 16.0 27. 2 
% of calories 4.7 8.0 

aAssumes 1- to 3-yr-old child weighing 13.4 kg. 

TABLE III 

Energy and Protein Values Used to Calculate Amounts of  
Grains or Tubers and Isolated Soya Protein Required 
to Meet Nutritional Requirements 

Grain or tuber Kcal/g 

Crude True Digestible 
protein digestibility protein 

(%) (%) (%) 

Wheat flour a 3.65 12.8 94 
Maize, ground 3.55 9.5 87 
Rice, polished 3.63 7.1 89 
Sorghum, ground 3.32 10.1 85 
Ragi millet 3.27 7.4 79 
Cassava meal 3.52 1.6 85 
Sweet potatoes 1.14 1.3 85 
Potatoes 0. 76 2.0 85 
Isolated soya 

protein 3.12 88.5 95 

12.0 
8.3 
6.3 
8.6 
5.8 
1.4 
1.1 
1.7 

84.1 

a80-90% extraction. 

TABLE IV 

Mixtures of Grains or Tubers and Isolated Soya 
Protein (ISP) That Meet the Requirements of 
1,360-Kcal Diet with at least 16 g 
of  Digestible Protein 

Grain or Limiting 
tuber (g) ISP (g) amino acid 

Wheat flour 373 0 - 
Maize, ground 383 0 - 
Rice, polished 375 0 - 
Sorghum, ground 408 2 Lysine 
Ragi millet 414 2 Lysine 
Cassava meal 373 15 Valine 
Sweet potatoes 1174 7 Lysine 
Potatoes 1790 0 -- 

TABLE V 

Mixtures of Grains or Tubers and Isolated Soya 
Protein (ISP) That Meet the Requirement of  
1,300-Kcal Diet with at Least 27.2 g 
Digestible Protein 

Grain or Limiting 
tuber (g) ISP (g) amino acid 

Wheat flour 368 5 Lysine 
Maize, ground 374 10 Lysine 
Rice, polished 366 10 Lysine 
Sorghum, ground 397 13 Lysine 
Ragi millet 403 13 Lysine 
Cassava meal 361 29 Valine 
Sweet potatoes 1142 18 Leucine 
Potatoes 1764 6 Total sulfur 

amino acids 
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in diets based on wheat flour, maize, rice, sorghum, or ragi 
millet was determined by the amount  of lysine needed to 
meet the requirements of the child. Because of their high 
lysine content, soya products are excellent sources of 
protein to complement the proteins of these grains. When 
the lysine requirements of the grain-soya protein mixtures 
were met, the requirements for digestible protein and the 
other amino acids were also fulfilled. The situation with 
cassava meal and sweet potatoes was less clear. Calculations 
suggest valine and leucine were limiting amino acids in 
mixtures with isolated soya protein. Further investigations 
are needed to ascertain if valine or leucine were truly 
limiting. The limiting amino acids of mixtures of potatoes 
and soya protein were the sulfur amino acids. The calcu- 
lations in this study suggested that isolated soya protein 
does not  complement the amino acids in potato protein 
particularly well. 

There have been a number of studies in which the 
protein quality of a variety of mixed vegetable proteins 
has been measured both in adults and children. These 
studies have been summarized and reviewed in detail 
(14-19). However, one or two other studies are worthy of 
special mention. Panemangalore and coworkers (20) supple- 
mented a diet of poor quality, composed predominantly of 
rice, with either soya flour, soya flour and methionine or 
skim milk. The diets were fed to children. When the rice 
diet, which provided a level of 1.4 g of protein/kg body 
wt/day, was supplemented with soya flour and methionine 
or skim milk to provide 2.4 g of protein/kg body wt/day, 
similar positive nitrogen balances, of 112 and 113 mg/kg/ 
day were observed. However, the nitrogen balance of the 
children fed the rice diet supplemented with soya flour was 
also excellent, 96 mg/kg/day. These results show that 
supplementation of a largely vegetable diet with an ade- 
quate level of soya flour can produce a quite acceptable 
level of nitrogen balance. 

Kies and coworkers (21) compared the nitrogen balance 
of subjects fed millet, triticale, soya flour, or mixtures of 
the two grains with soya flour. The results demonstrated 
that at this admittedly deficient level of protein intake, the 
soya flour was quite effective in improving protein quality 
of either the millet or triticale. 

Bressani (19) recently summarized several investigations 
on the nutritional value of combinations of soya and cereals 
or mixed diets. These results, which are summarized in 
Table VI, indicated that, overall, the protein quality of 
mixed food systems containing soya products is excellent. 
Graham and Baertl (22) summarized studies in which the 
protein quality of a number of predominantly vegetable 

TABLE V l  

Summary of  Various Studies or Evaluation 
o f  Soybean Products in ChUdren a 

N retention 
with milk (%) Reference 

Soya/rice 97 23 
Soya/corn 78 24 
Soya/mixed diet 129 25 
Soya/corn 126 26 
Soya textured food 114 27 
Corn 92/soya 8 83 28 

aCalculated from summary by Bressani et al. (19). 

foods containing soya flour was measured in children. Their 
studies demonstrated that a variety of cereal-soya mixtures 
could serve as the major or sole source of protein in diets of 
infants and children, although the protein quality of the 
cereal-soya mixture was somewhat inferior to casein (Table 
VII). These workers went on to explain that the difference 
in protein quality between the soya-cereal mixtures and 
casein was quite likely due to poorer digestibility. They 
pointed out that this could be overcome by processing 
technology. The important thing to note in these studies is 
that the protein quality of the mixtures is quite satisfactory 
and the mixtures are capable of maintaining adequate 
protein nutri t ion in children when fed as the major source 
of dietary protein. 
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Requirements for Foods Containing Soy 
Protein in the Food for Peace Program 

G.N. BOOKWALTER, Northern Regional Research Center, Agricultural Research, 
Science and Education Administration, U.S. Department of Agriculture, Peoria, I L 61604 

A B S T R A C T  
Under the Food for Peace Program, whole grains, milled wheat 
flour, milled rice, soybean oil, soybean flour, nonfat dry milk, soya- 
containing blended food supplements, and soya-fortified processed 
foods are provided by the U.S. to needy people abroad to alleviate 
malnutrition. These commodities are used in maternal/child health 
programs, school feeding, food for work projects and disaster relief. 
The wide diversity of nutritional requirements and traditional food 
preferences has led to development of nine soya-containing food 
types, which are used in the PL-480 Title II donation program as 
blended food supplements or fortified processed foods. Research 
studies have led to the development of product specifications. 
Blended food supplements include the standardized mixtures of 
corn-soya-milk (CSM), instant CSM, wheat-soy blend and whey-soy 
drink mix. These foods, developed to fulfill the nutritional require- 
ments of preschool children, contain from 17.5 to 29.7% either 
toasted-defatted or equivalent full-fat soya flour, along with vita- 
mins and minerals. In addition, 4-19% soya oil is added to improve 
caloric density. These products contain 19 or 20% minimum protein 
and 6 or 19% minimum fat content. Fortified processed foods in- 
clude soya-fortified bulgur (SFB), soya-fortified bread wheat flour 
(SFWF), soya-fortified cornmeal (SFCM), soya-fortifled sorghum 
grits (SFSG), and soya-fortified rolled oats (SFRO). These foods 
contain toasted soya flour, grits, or flakes added at 12-15% levels. 
Fortified foods are generally consumed by people other than 
infants. 

I N T R O D U C T I O N  

For  more  than a generat ion,  the U.S. has been a leader in 
expor t ing  foods  to alleviate hunger  among the 0.4 to 1.2 
billion (est imated)  malnour ished people  in the world  (1). 
Since the incept ion  of  Public Law 480 (PL-480), the Agri- 
cultural  Trade Deve lopment  and Assistance Act ,  the U.S. 
has expor ted  over  265 mill ion tons of food  valued above 
$26 billion (1). The major  objective of  this program was to 
relieve world hunger  using our  surplus commodi t ies .  Dona-  
tions are included under  Tit le  II of  this act and comprise ca. 

20% of total  food  aid. F r o m  1955 to 1966, the donat idn 
program averaged ca. 2 mill ion t0ns/year .  The principal 
Tit le  II commodi t i e s  shipped during this per iod were wheat ,  
feed grains, rice, nonfa t  dry milk (NFDM), and edible oil. 
Because these were years of  surplus in the U.S., the pro- 
gram served the dual purpose of  feeding the hungry and 
reducing surplus commodi t i e s  held in U.S. warehouses and 
grain elevators. 

In 1966, the law was amended  and PL-480 became 
known as the F o o d  for  Peace Program, which f e a t u r e d  a 
new emphasis on nutr i t ion.  Au tho r i t y  was provided for  
enr ichment  and for t i f ica t ion  of  commodi t i e s  to improve  
their  nut r i t ional  values and for in ternat ional  programs to 
comba t  malnut r i t ion  in children. This legislation removed  
the requ i rement  that  a c o m m o d i t y  be in surplus to be eligi- 
ble for distr ibution.  The  Secretary of Agricul ture  now 
determines  the agricultural commodi t i es  to be used. 

For  several years prior to the change in legislation, there 
was a growing awareness of  the need to provide more  nu- 
tr i t ious foods through the donat ion  program. In the early 
1960s, there was a shortage of  nonfa t  dry milk, which was 
the only PL-480 high-protein food  specifically suited for 
infant  and child feeding. Guidelines for  blended food  
supplements  were established in 1965 for  the nut r ien t  
compos i t ion  o f  fo rmula ted  foods.  These guidelines were 
developed by the U.S. Depa r tmen t  of  Agricul ture  (USDA) 
in coopera t ion  with the Agency  for In ternat ional  Develop- 
men t  (AID) and the Nat ional  Inst i tutes  of  Health (2). The  
formula ted  foods  were to serve as supplements  in diets o f  
young  children, pregnant  and lactat ing women ,  or  in emer- 
gency feeding of  adults. 

Guidelines (3,4) included the requ i rement  for  corn or 
wheat  to be used as the basic cereal components ,  whereas 
soya f lour and nonfa t  dry milk  were included as prote in  
supplements .  The essential amino acid dis tr ibut ions in soy- 
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