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ABSTRACT 

The nutritional value of processed soy protein in 
human protein nutrition is reviewed on the basis of  
growth, nitrogen balance and metabolic studies in 
infants, children, adolescents and adults. When well 
processed soy products serve as the major or sole 
source of the protein intake, their protein value 
approaches or equals that of  foods of  animal origin, 
and they are fully capable of meeting the long term 
essential amino acid and protein needs of children 
and adults. The significance of the sulfur amino acid 
content  of soy protein for practical human nutrition 
is also examined. For young children and adults, 
under conditions of normal usage of soy protein, it 
is concluded that methionine supplementation of 
good quality products is unnecessary and possibly 
undesirable. For feeding of the newborn, the limited 
data available suggest that supplementation of soy- 
based formulas with methionine may be beneficial. 
However, the appropriate level of supplementation 
is considerably less than that suggested from results 
obtained in rat feeding studies. At total protein 
intakes that approximate current dietary protein 
allowances, well processed soy protein products can 
replace meat and fish proteins without reducing 
the utilization of  dietary nitrogen in adults, and 
they can serve as nutritionally valuable protein 
sources in cereal-based diets for child feeding. The 
value of  long term studies concerned with tolerance 
to and acceptability of  new soy protein products in 
adults is emphasized, and favorable results with two 
isolated soy protein products are described. The data 
indicate that properly processed soy protein foods 
are well tolerated and of  good protein value for 
humans of  all ages. 

INTRODUCTION 

The role of the soybean as a traditional food item in 
diets of populations in Southeast Asia is well recognized. 
More recently, advances in food technology resulting in the 
development of  a variety of  edible soy products, including 
concentrates, isolates and extruded-expanded products, 
with characteristics that resemble specific types of meat, 
have resulted in increased soy consumption by populations 
of technically developed regions of the world. There are 
now a variety of food uses of soy that contributes to the 
protein nutrit ion of populations that have not hitherto 
utilized soy to a significant extent. Table I lists some of 
these uses of soy. For these reasons we have reviewed the 
potential of soy to contribute significantly to the protein 
intake of humans at all ages. 

Emphasis is given to the topic of  protein nutrit ion with 
particular reference to the nutritional value of  soy-con- 
taining foods. Elsewhere in this conference the significance 
of soy is discussed in reference to mineral and lipid metabo- 
lism and nutrition. We (1,2) have reviewed recently these 
latter aspects, and others (3-6) have discussed previously 

the role of soy protein in human nutrition. In this paper we 
present an overview of the literature relating to the nutri- 
tional value of  soy intakes that are quantitatively significant 
in relation to meeting the physiological need for dietary 
protein in humans. Our discussion includes a series of still 
unpublished studies on the nutritional value of soy isolates 
in children, conducted at the Institute of Nutrition of 
Central American and Panama (INCAP) and in adults at 
M.I.T. 

Protein Quality Evaluation in Humans 

General Considerations. Dietary proteins are needed for 
a variety of purposes including replacement of tissue and 
organ proteins due to continuous metabolic losses, the 
formation and growth of new tissues during development, 
pregnancy, lactation and recovery from pathological 
conditions. These needs are met by the indispensible 
(essential) amino acids and nonspecific nitrogen sources 
(dispensible amino acids) that comprise dietary proteins. 

It is usually accepted that the concentrations or the 
availability of individual essential amino acids are the major 
factors in determining nutritive value of a food protein 
source. Conversely, the extent to which a given source of 
food protein is capable of supporting an adequate state of 
nutritional health will depend on the physiological require- 
ments of the individual for essential amino acids and for 
total nitrogen. It has been estimated (Fig. 1) that the 
human infant requires a source of  mixture of food proteins 
that is relatively high in concentration of essential amino 
acid and that with growth and development the needs for 
essential amino acids decline in relation to the total protein 
requirement (7,8). Because of these changes in amino acid 
requirements, Arroyave (9) has concluded that the nutri- 
tional quality of a protein will vary depending upon the age 
of the individual consuming it. Since all age groups are 
likely to experience an increased use of soy in their diets 
during the years ahead, and because plant proteins are 
thought to be limiting or deficient in one or more of the 
essential amino acids, such as lysine and tryptophan in 
common hybrid maize or sulphur amino acids in proteins of 
legume seeds, it is particularly important  to assess the 
capacity of foods based on soy protein to meet the amino 

TABLE I 

Some Food Uses of  Soy in Relation to 
Human Protein Nutrit ion 

Use 

Alternative to milk-based formulas 
Hypoal lergenic  Food 

Vegetable protein mixtures 

Protein-enriched drinks 
Food  Analogues ,  replacers and extenders  
Traditional food  item 

Infants 
Infants and 
children 
Preschool 
and school 
age children 
Children 
All ages 
All ages 
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FIG. 1. Total protein allowance and proportion required as 
essential amino acids for humans at various ages. Based 6n FAO/ 
WHO (7). 

TABLE II 

Summary of Observations with Soybean 
Protein in Feeding 

Studies with Experimental Animals a 

I. Raw soybean meal reduces weight and dietary nitrogen utili- 
zation. 

2. Steam heating improves the nutritional value of raw soybean 
meal. 

3. Growth inhibitors are inactivated by heat. 
4. Metbionine supplementation markedly improves protein quality 

of soybean protein. 
5. Other types of processes, such as toasting, increase protein 

quality of soybean. 
6. Soybean flour compliments the nutritional value of cereal grains 

(corn, wheat). 

aSlightly modified from Bressani (4). 

TABLE III 

Some Used or Potential Measures for 
Evaluation of Dietary Protein 

Quality in Human Subjects 

Growth 

Weight 
Height 
Lean body mass 
40K whole body counting 
Body density 
Body water (isotope dilution) 
Creatinine Height Index 
(CUI) 

Blood and serum constituents 

Proteins: albumin, enzymes 
Free amino acids 
Urea N 

Metabolic balance 

Nitrogen excretion 
Sulfur excretion 
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FIG. 2. An outline of  the nitrogen balance response to changes 
in protein (N) intake, showing the various indices of  N balance that  
are used for assessing dietary protein quality in human subjects. 

acid r e q u i r e m e n t s  of  h u m a n  subjec ts  of  all ages. 
F ina l ly ,  since i t  is n o t  a lways p rac t i ca l  to  measure  the  

value of  a p r o t e i n  d i rec t ly  for  h u m a n  n u t r i t i o n a l  purposes ,  
a n u m b e r  of  l a b o r a t o r y  indices  of  p r o t e i n  qua l i ty  have  been  
developed.  Chemica l  m e t h o d s ,  a l t h o u g h  ana ly t ica l ly  pre-  
cise, are subjec t  to  i m p o r t a n t  l im i t a t i ons  (e.g., see rev iew 
ref. 10). T h e r e f o r e ,  an  a l t e rna t ive  a p p r o a c h  involves  a 
biological  assessment ,  as discussed in th i s  c o n f e r e n c e  by  
Sat ter lee.  

Bressani  (4)  has  s u m m a r i z e d  concise ly  the  resul ts  of  
an ima l  feeding  s tudies  w i th  soy p ro t e in ,  and  his  s u m m a r y  is 
r e p r o d u c e d  in Table  II. The  available da ta  ind ica te  t h a t  raw 
soybean  is of  low n u t r i t i o n a l  value  in the  ra t  and  t h a t  i ts  
p ro t e in  qua l i ty  is i m p r o v e d  by  h e a t  p rocess ing  and  by  
s u p p l e m e n t a t i o n  wi th  m e t h i o n i n e .  The  q u a n t i t a t i v e  signifi- 
cance  o f  these  obs e r va t i ons  for  soy p r o t e i n  in h u m a n  
n u t r i t i o n  m u s t  be eva lua ted  careful ly ,  and  th is  is a m a j o r  
pu rpose  of  the  fo l lowing  overview o f  resul t s  o b t a i n e d  in 
d i rec t  h u m a n  studies .  

Evaluat ion  o f  S o y  Prote in  Quali ty.  Clinical  m e t h o d s  for  
the  eva lua t ion  o f  p r o t e i n  qua l i ty  are based  o n  the  same 
pr inc ip les  appl ied  to the  c o r r e s p o n d i n g  an imal  assays, b u t  
requi re  some m o d i f i c a t i o n  for  app l i ca t i on  to  h u m a n  sub- 
jec ts  (11) .  The  m a j o r  p r o c e d u r e s  and cr i ter ia  used are 
s h o w n  in Tab le  I l l .  These  inc lude  g r o w t h  or  n i t r o g e n  
balance,  a lone  or  in  c o m b i n a t i o n  w i th  b i o c h e m i c a l  analysis  
of se rum p r o t e i n s  and  a m i n o  acids, h e m o g l o b i n ,  b lood  u rea  
n i t rogen ,  and  t he  u r ina ry  exc re t i on  o f  c rea t in ine ,  su lphur  
c o m p o u n d s ,  and  h y d r o x y p r o l i n e .  The  m a j o r i t y  of  s tud ies  
c o n d u c t e d  in h u m a n s  for  d e t e r m i n i n g  the  n u t r i t i o n a l  va lue  
of  soy p r o t e i n  have been  based  on  measures  of  g r owth ,  N 

ba l ance  and  d ie t a ry  N u t i l i z a t i on  in i n f an t s  and  c h i l d r e n  
and  on  ind ices  o f  N ba l ance  in ado le scen t s  and  adu l t s .  

In n i t r o g e n  ba l ance  e x p e r i m e n t s  w i th  soy p r o t e i n ,  t h e  
a p p r o a c h e s  fo l l owed  and  m e a s u r e m e n t s  usual ly  m a d e  are 
dep ic t ed  in Fig. 2. S tud ies  m a y  inc lude  several  d i f f e r e n t  
i n t a k e  levels of  t e s t  p r o t e i n  and  a r e fe rence  p r o t e i n  s o u r c e  
such  as h e n ' s  egg, h u m a n  or  cow ' s  milk .  If m u l t i p l e  t e s t  
levels o f  p r o t e i n  i n t a k e  are studiecL, a d e t e r m i n a t i o n  is m a d e  
of  the  r e l a t ionsh ip  b e t w e e n  n i t r o g e n  ( p r o t e i n )  i n t a k e  a n d  
n i t r o g e n  r e t e n t i o n  o f  N ba l ance  in each  e x p e r i m e n t .  

Two  d i f f e r en t  r e sponse  cr i ter ia  can be used  to  eva lua t e  
d ie t a ry  p r o t e i n  qua l i t y  f rom the  N ba l ance  r e sponse  curve  
(12)  as dep ic ted  in F igure  3. The  first  involves  an e s t ima -  
t i o n  of  t he  e f f i c i ency  w i t h  w h i c h  d ie t a ry  n i t r o g e n  is u t i -  
l ized.  This  is assessed f rom the  s lope of  t he  n i t r o g e n  b a l a n c e  
r e sponse  curve in t he  r eg ion  of  t he  s u b m a i n t e n a n c e - t o - n e a r -  
m a i n t e n a n c e  N i n t a k e  level.  Second ly ,  p r o t e i n  qua l i t y  c an  
be  e s t i m a t e d  in r e l a t i o n  to h o w  well  a given p r o t e i n  s o u r c e  
m e e t s  the  r e q u i r e m e n t  for  t o t a l  p r o t e i n  and  a m i n o  acids ,  
i.e., wha t  m i n i m u m  i n t a k e  level of  a given p r o t e i n  is re- 
qu i r ed  to m a i n t a i n  a zero  n i t r o g e n  ba lance  or  b o d y  N 
equ i l ib r ium.  In th i s  case t he  r e sponse  cr i ter ia  is t he  inter-  
cep t  o f  the  N ba l ance  r e sponse  curve w i t h  the  l ine of  z e ro  N 
ba lance .  

These  t w o  a p p r o a c h e s  t a k e n  in the  d e t e r m i n a t i o n  o f  
p r o t e i n  qua l i ty  are r e l a t ed  b u t  d i f fe ren t .  Wi th  e i t he r ,  
d i e t a ry  p r o t e i n  qua l i t y  can  be s tud ied  f rom the  r e l a t i o n s h i p  
of  the  N ba l ance  r e sponses  to  the  tes t  p r o t e i n  in  c o m p a r i -  
son  to those  o b t a i n e d  w i t h  the  r e f e r ence  p r o t e i n  s o u r c e  
(12) .  A l t e rna t i ve ly ,  some  s tud ies  have  invo lved  c o m p a r i s o n s  
of  N ba l ance  o b t a i n e d  w i t h  soy p r o t e i n s  and  a r e f e r e n c e  
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FIG. 3. Two N balance response criteria and methods of estima- 
tion for assessment of dietary protein quality in human subjects 
receiving graded intakes of test protein within the submaintenance- 
to-near-maintenance level of intake. From Young and Scrimshaw 
( I ) .  

protein determined only at a single level of test protein 
intake. This approach can provide valuable information, but 
care must be taken in evaluating the results of such studies 
because the N balance response depends upon the particular 
level of  protein intake chosen (13). 

Growth studies are based on the same general 
approaches as those used in N balance experiments, but 
must be longer term studies. Because it is difficult to 
include a reference protein source and to control the 
dietary intake as precisely as in short term N balance 
experiments,  interpretation of results obtained in growth 
studies is generally more difficult. However, such studies 
have provided a significant proportion of the information 
on the value of soy protein in infant nutrition. 

Soy Protein Quality in Humans 

Soy as the sole or major dietary protein source: growth 
studies in inJdnts and children. Fomon and Siegler (14) 
have reviewed recently the available evidence concerning 
the growth of infants and children receiving soy as the sole 
or major source of essential amino acids and total nitrogen. 
A summary of the published studies in which growth, 
usually monitored as body weight gain, was a major 

response criterion is given in Table IV. Many of these 
studies involved use of commercial soy preparations which 
were supplemented with DL- or L-methionine. As shown in 
this Table, in nearly all of the studies linear growth and/or 
body weight gain of infants receiving soy equalled that 
obtained with cow's or human milk when direct compari- 
sons were actually made. In other studies the growth rates 
achieved with soy-based preparations were judged, by the 
investigators, to be normal. 

The results of earlier studies (18,23,24) and more recent 
unpublished data by this group (14), are included in Table 
IV. Growth responses with infants consuming a methionine 
supplemented soy protein isolate were found to be essen- 
tially the same as those receiving a milk-based formula. 
However, there appeared to be small differences in weight 
gain per unit of total energy intake. Infants receiving soy 
gained less per kcal formula ingested during the first four 
months of life than infants given milk-based feeds (14). 

Overall, therefore, the results shown in this Table lead to 
the conclusion that soy flour and soy isolates are capable of 
promoting adequate growth of infants when they are 
either the sole or major source of protein in diets that also 
contain adequate levels of energy and other essential 
nutrients. It cannot be determined from this summary 
whether soy without methionine supplementation isutilized 
as efficiently as the methionine-supplemented product or a 
milk-based fornlula. Additional information on this point 
will be examined in more detail in a subsequent section. 

Nitrogen balance studies in infants and children. Rela- 
tively few nitrogen balance studies have been conducted in 
infants and children receiving soy as the sole or principle 
source of dietary protein. A summary of the published 
studies is given in Table V together with indications of the 
test level of protein intake, age and number of subjects and 
major conclusion drawn from each N balance study. In 

summary, the available data indicate that N retention from 
methionine-supplemented soy isolates is apparently as good 
as that obtained with cow's milk. Because, as discussed 

earlier, the efficiency of N utilization depends, in part, 
upon the level of N intake, and the various studies have 
involved different test levels of soy protein intake, it is not 
possible to make a precise, quantitive statement about the 
nutritional value of soy proteins for infant and child 
feeding from the information given in Table V. Therefore, 
specific reference should be made to the recent investi- 

T A B L E  IV 

Par t ia l  S u m m a r y  o f  G r o w t h  S tud i e s  w i t h  I n f a n t s  a n d  C h i l d r e n  Rece iv ing  Soy  
as t h e  Sole o r  Ma jo r  S o u r c e  o f  F o o d  P ro t e in  

P r o t e i n  S u b j e c t s  G r o w t h  r e s p o n s e  
t y p e  I n t a k e  a No Age a n d  C o m m e n t s  

S o y  i so la te  ? 2 0  N e w b o r n  N G  b ; m i l k - b a s e d  
S o y  f l o u r  2 . 5 g / k g  58 P r e m a t u r e  Va r i ab l e .  

b i r t h - 6 m o  
S o y  i so la te  ? 30  P r e m a t u r e  N G  
Ful l - fa t  f l o u r  l .Tg/kg  4 4 - 6 . 5 m o  N G  
( 3 1 0 5 H )  
S o y  i so la te  + M c ? 24  N e w b o r n  N G ;  i n f a n t  f o r m u l a  

+ so l id  f o o d s  
S o y  i so la te  ? 34  N e w b o r n  G r o w t h  ~< mi lk  
S o y  i so la te  + M )  
S o y  f l o u r  + M ~ ? 57  N e w b o r n  G r o w t h  =- m i l k  
S o y  f l o u r  J 
S o y  i so la te  ? 29  2 -15  m o  N G ;  i n f a n t  f o r m u l a  
S o y  i so la te  + M 6 .5% 13 8 - 1 1 2  d a y s  G r o w t h  -~ mi lk-  

b a s e d  and b r e a s t  fed 
S o y  i so la te  + M 6 . 5 - 1 5 %  131 8 - 1 1 2  d a y s  G r o w t h  = m i l k - b a s e d  

S l i g h t l y  h i g h e r  gain  
p e r  kca l  i n t a k e  fo r  
m i l k - b a s e d  

a p r o t e i n  i n t a k e  e x p r e s s e d  as % o f  t o t a l  ca lo r i e  i n t a k e  o r  
b N G  = N o r m a l  G r o w t h .  
c+  M = d ie t  s u p p l e m e n t e d  w i t h  m e t h i o n i n e .  

g / p r o t e i n / k g / d a y .  

R e f  

(15) 
(16)  

(17)  
(18) 

(19 )  

(20) 

(21)  

(22)  
(24)  

(24) 
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TABLE V 

Partial Summary of Nitrogen Balance Studies with Infants and Children 
Receiving Soy as the Sole or Major Source of Food Protein 

Protein 
Subject N balance 

Intake a No Age response 

Full-fat flour l.Tg/kg 4 
Soy isolate + M b 6.4-9.4% 4 
Soy extract 1.5-Tg/kg 24 
Soy isolate + M 8-11% 8 
Soy isolate + M 12-16% 8 
Soy isolate + M 8-11% 8 
Soy isolate + M 12-16% 12 
Soy isolate + M 6.5% 6 

Soy isolate 0.8-2.0g/kg 8 
Soy isolate 0.5-1.25g/kg 8 
Soy flour variable 14 

4-6.5mo =Milk 
23- 30mo >~Milk 
1-3 yrs ~Milk 
8-120 days =Milk-based 
8-120 days 
>/ 121 days >Milk-based 
/> 121 days Good 
113-118 days Milk-based 

human milk 
32 mo ~Milk 
32 mo ~Milk 

3-7 yrs 80% Milk 

aprotein intake expressed as % of total caloric intake or as g protein/kg/day. 
b+ M diet supplemented with methionine. 

Ref. 

(18) 
(25) 
(26) 

(14) 
(14) 
(14) 
(24) 

(27) 
(27) 
(28) 
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FIG. 4. Relationship between nitrogen retention and changes 
in nitrogen intake for children receiving a soy protein isolate (Supro- 
620) as the sole protein source. From Torun and Viteri (27). 

ga t ions  by T o r u n  and  Vi te r i  (27)  in  ch i ld ren  who  had  
recovered  f rom p ro t e in -ene rgy  m a l n u t r i t i o n .  In these  
s tudies  ch i ld ren  received graded  levels o f  in t ake  o f  one  of  
two  soy p r o t e i n  isolates  and the  N ba l ance  re sponses  
c o m p a r e d  w i th  those  o b t a i n e d  wi th  mi lk  as the  r e fe rence  
p ro t e in .  Figure 4 depic t s  resul ts  o b t a i n e d  w i th  ch i ld ren  
receiving graded in t akes  of  a commerc i a l l y  available soy 
p ro t e in  isolate  (Supro -620 ,  Ra l s ton -Pur ina  C o m p a n y ,  
St. Louis ,  MO).  As shown  he re ,  N r e t e n t i o n  increased  
l inear ly  wi th  increases  in N a b s o r p t i o n  (o r  i n t ake )  up  to 
190 m g / k g / d a y ,  and  t h e r e a f t e r  N r e t e n t i o n  r e m a i n e d  
re la t ively  cons t an t .  The re fo re ,  T o r u n  and  Vi te r i  (27)  
e x a m i n e d  the  N ba lance  re sponses  in ch i ld ren  to  each  of  

two  soy p r o t e i n  isola tes  in ch i ld ren  receiving t e s t  p r o t e i n  
i n t akes  < 190rag N / k g / d a y .  Table  VI  p r e sen t s  t h e i r  N 
ba l ance  da ta  for  the  two  soy p roduc t s ,  and  t h e y  are com-  
pa red  here  w i th  da ta  observed  in s imilar  s tud ies  w i t h  mi lk  
p ro t e in .  F r o m  these  resu l t s  i t  is a p p a r e n t  t h a t  t he  n u t r i t i v e  
value  o f  the  soy isola tes  a p p r o x i m a t e s  86 -107% o f  mi lk ,  
d e p e n d i n g  u p o n  t he  specif ic  m e t h o d  of  c o m p a r i s o n .  T h u s ,  
the  nu t r i t i ve  value  of  the  isolates  t e s t ed  in y o u n g  ch i l d r en  
was essent ia l ly  equ iva len t  to  t h a t  o f  mi lk  p r o t e i n .  

Studies in Adults. We (1 ,2)  have  rev iewed  s tud ies  on  the  
n u t r i t i o n a l  qua l i ty  of  soy p r o t e i n  in adu l t s  and  s u m m a r i z e d  
the  resul ts  o f  a series of  n i t r ogen  ba lance  e x p e r i m e n t s  
in  y o u n g  adu l t  male  sub jec t s  w h o  were  s t ud i ed  at  several  
d i f f e r en t  tes t  p r o t e i n  level, in ou r  l a b o r a t o r i e s  at  MIT. 

Figure  5 s u m m a r i z e s  t he  N ba l ance  r e sponse  da ta  
o b t a i n e d  w h e n  y o u n g  adu l t  m e n  rece ived  egg (7 sub j ec t s )  o r  
a soy p r o t e i n  isola te  ( S u p r o - 6 2 0 )  (8 sub jec t s )  a t  several  
levels w i t h i n  the  submaintenance-to-maintenance range  of  
t o t a l  d ie ta ry  p r o t e i n  in take .  Table  VI I  s u m m a r i z e s  t h e  
var ious  e s t i m a t i o n s  of  the  nu t r i t i ve  va lue  o f  soy based  o n  an  
analysis  of  the  N ba l ance  da ta  (Fig. 5) us ing  t he  a p p r o a c h e s  
and  cr i ter ia  d iscussed above.  The  n u t r i t i o n a l  qua l i t y  o f  t he  
soy p r o t e i n  isola te  is h igh ,  for  h e a l t h y  adu l t s ,  app rox i -  
m a t i n g  80% of  the  value  of  egg p r o t e i n  in th i s  e x p e r i m e n t .  
The  t rue  d iges t ib i l i ty  (97%) o f  the  soy isola te  a lso was h igh  
and  c o m p a r a b l e  to  egg p ro t e in .  

The  s l ight ly lower  qua l i ty  of  the  soy isola te  m a y  b e  due  
largely to  i ts lower  su lphu r  a m i n o  acid c o n c e n t r a t i o n  
relat ive to  egg p r o t e i n .  However ,  in  r e l a t i on  to  p r a c t i c a l  
h u m a n  n u t r i t i o n ,  i t  is i m p o r t a n t  t h a t  the  p r o t e i n  va lue  of  
the  soy isola te  in adu l t  h u m a n s  is cons ide r ab ly  h i g h e r  t h a n  
t h a t  suggested  by  feed ing  s tud ies  in rap id ly  g r o w i n g  rats .  
This  p o i n t  is d iscussed in m o r e  de ta i l  be low.  

A l i m i t a t i o n  of  these  and  o t h e r  s tud ies  (1 )  in  a d u l t s  is 
t h a t  t h e y  were  of  re la t ive ly  sho r t  d u r a t i o n .  In v iew of  t h e  
t r e n d  t o w a r d  an  increase  in the  use of  soy in  the  d ie t  o f  

TABLE VI 

Comparative Results of Nitrogen Balance Studies with Soybean 
Isolates and Milk, at Intake Levels ~<200mg/kg/day a in Children 

Regression coefficient N equilibrium Compound between N retention 
and attained (mean) 

with N score relative 
N intake N absorbed intake of to milk 

Whole milk b .64 .73 84 
Isolate 620 .65 (I01) c .70 (96) 86 98 
Isolate 710 .59 (92) .63 (86) 59 107 

aN intake, absorption and retention expressed as mg/kg/day. 
bSource: F. Viteri & R. Bressani, Bull World Hlth. Org. 46:827 (1972). 
CFigures in parenthesis; % relative to milk (27). 
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'I'ABLE VII 

An Evaluation of  the Protein Quality of  Soy Protein (Supro-620), 
Relative to Egg Protein, in Adult  Men a 

Method of  es t imat ion 

Response Pooled Individual 
criterion Term data response 

Efficiency RVP 87 77 
(Slope) 

Requirement  RNR 80 79 
( intercept)  

abased on seven subjects with egg and eight with Supro-620. 
Slope with Supro-620 

RVP- = Relative I 'rotein Value 
Slope with egg 

Mean N requirement  
with egg 

R N R -  ~ Relative Nitrogen requirement  
Mean N requirement  
with Supro-620 

adult populations, we considered it important to extend 
our observations to a controlled, longer term metabolic 
experiment in healthy adults. Therefore, eight young adult 
men were studied for the longer term capacity of  a soy 
isolate (Supro-710) to maintain parameters of protein 
nutritional status. The experiment consisted of  an 84-day N 
balance study and the diet provided protein entirely from 
the soy isolate, at level of 0.8 g protein/kg/day.  From the 
results of short term N balance studies, this level was 
predicted to be sufficient to cover the protein needs of 
most young men. The results for N balance, body weight 
changes and whole body potassium, as a measure of protein 
mass, are summarized in Table VIII. Six of the eight sub- 
jects remained in N balance or equilibrium throughout this 

TABLE VIII 

Body Weight Changes, Whole Body Potassium Changes and 
N Balance in Eight Young Men Receiving, for 84 Days 

a Formula Diet Based on Soy Protein a (0.8 G Protein/Kg/Day) b 

Weight change N balance Body K changes 
Subject (kg) (mg N/kg/d)  (P) 

DK 4.7 10.8 NS 
JD +0.4 -6.1 NS 
TK -0.7 4.1 NS 
JP -4.8 -8.3 NS 
BF 4.2 18.7 P<0.05  
DT -0.8 1.0 NS 
RP 2.2 4.2 NS 
AK -1.8 1.4 NS 

aSoy I so l a t e -Supro  710. 
bUnpublished M.1.T. data (Wayler, Scrimshaw and Young). 

TABLE IX 

Concentra t ion of Plasma Cholesterol 
Fractions in Young Adults  during a Long Term 

Metabolic Study in Which They Received 
0.8 G Soy Protein/Kg/Day 

Cholesterol Normal Soy Difference 
fraction diet diet a (p) 

HDL 48.5 • 17.5 b 44.4 • 10.8 NS 
LDL 90.0 -+ 15.9 76.9 • 17.5 <0.025 
VIA)I. 7.3 • 5.0 6.3 • 2.9 NS 

aAfter 10 weeks with the exper imental  diet. Unpublished M.I.T. 
date (Wayler, Scrimshaw, and Young). 

bValues expressed as mg/dl. Mean • SD for 8 subjects. 

long term study. For one subject (JP), the negative balance 
was probably causally related to an inadequate energy 
intake and for the other subject (JD), an inflammation of 
the knee associated with an earlier idiopathic chon- 
dromalacia may have been responsible for his negative N 
balance. Also, as summarized in Table IX, the concentra- 
tions of various cholesterol fractions in plasma were less at 
the end of  the 84-day period of  consuming soy as the sole 
protein source, compared with the values observed when 
subjects were consuming their usual diets. Althodgh the 
lower cholesterol levels may be due to the changes in 
source of dietary fat in the experimental diet, the obser- 
vations lend support to the view that diets consisting 
predominantly of vegetable proteins may reduce plasma 
cholesterol levels (29,30). 

Findings of this long term metabolic study support the 
conclusion that the soy protein isolate is capable of  main- 
taining the protein nutritional status of healthy young men. 

Sulfur amino acid content o f  soy protein in relation to 
human protein nutrition. Experiments with the young, 
rapidly growing rat show clearly that the S-amino acids are 
the most limiting essential amino acids in soy and soy 
protein isolates and that their nutritional value is signifi- 

TABLE X 

Summary of Studies on the Effect of  Methionine 
Supplementa t ion  on the Util ization of Soy Protein 

in Infants, Children and Adolescents 

Protein 

Subject 
Response to 

Intake a No Age Methionine 

Soybean 
Soy isolate 
Soy flour 
Soy isolate 

Textured 
protein 

5-6% 2 21-23 mo Improved N re tent ion  
4% 3 6-15 mo Improved N re tent ion 
7% 1 19 mo Improved N re tent ion  
9.3% 10 Newborn Wt. gain (4 mo) 

same as unsupplemented  
Some differences. 

0.6g/kg 9 13-17 yr Improved N 
retent ion 

aprotein intake expressed as % of calories of g prote in /kg/day.  

Author  

(31) 
(31) 
(31) 
(14) 

(32) 
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cantly enhanced following methionine supplementation (4). 
It is important,  therefore, to consider results of  various 
human studies concerned with the nutritive value of soy, its 
methionine and cystine content, and the effects of 
methionine supplementation. 

Table X summarizes results of  some earlier studies on 
the effects of  methionine supplementation on N balance or 
growth conducted in infants, children and adolescents. 

On the basis of the studies summarized here and of 
studies by Kies and Fox (33) and Zezulka and Calloway 
(34), methionine supplementation improves N retention 
when low test intakes of  soy protein are studied. Thus, 
Zezulka and Calloway (34) were interested in assessing the 
minimum amount of soy protein required to meet amino 
acid needs in adult men, when consuming a diet supplying 
an adequate level of  total nitrogen, and the effects of 
supplementing soy with methionine on N utilization. 

The results of this study are depicted in Fig. 6. They 
show that with methionine supplementation, to bring the 
total daily S-amino acid intake up to the 900 mg level, the 
amount stipulated by the 1973 FAO/WHO Commit tee  on 
Energy and Protein Requirements (7) to be sufficient for a 
70 kg adult subject, the utilization of the soy protein 
isolate was improved at low intakes of test protein. How- 
ever, at intakes of 6.5 g N per day from soy, nitrogen 
balance was similar to that achieved with 4.5 g egg white 
nitrogen (about 0.4 g protein/kg/day), and the methionine 
requirements appear to have been met with this intake of 
soy protein. These results indicate that this soy protein 
product was fully capable of meeting the amino acid 
requirements of adult subjects, without supplementation 
with methionine. However, at low intakes of  the protein, 
supplementation with methionine improved the utilization 
of this soy protein, making it possible to meet the require- 
ment for all of  the other essential amino acids. 

The use of  crystalline methionine to supplement pro- 
teins limited in S-amino acids presents a number of  prob- 
lems and difficulties, including the development of  unac- 
ceptable flavors due to methionine degradation. Hence, 
Zezulka and Calloway (35) also compared, as shown in Fig. 
7, the capacity of N-acetyl-L-methionine (AcMet), which is 
not degraded during processing, to substitute for 
L-methionine in the supplementation of soy. Their results 
indicate that AcMet is as beneficial as L-methionine and 
also that sodium sulfate was partially effective in increasing 
N retention. The efficiency of AcMet in adult human 

subjects parallels results of studies in rat~ showing that it is 
nutritionally and metabolically equivalent to L-methionine 
(36,37) and at very high intakes it may be less detrimental,  
in terms of reduced rat growth, than L-methionine (38). 

We have also assessed the effects of methionine supple- 
mentat ion on the utilization of a soy protein isolate in 
adult men. In the first study, methionine supplementat ion 
was given to about equal (supplementation at 1.1% of total 
protein) or somewhat exceed (1.6%) the level of total  
S-amino acid in the 1973 FAO/WHO Provisional Amino 
Acid Scoring Pattern (7). This pattern provides 3.5% total 
S-amino acids. In addition, the effect of  a lower level of 
methionine supplementation was tested since it was desir- 
able to know the minimum level of supplementation 
necessary to achieve a maximal N balance response in adult 
subjects. This study was conducted at a level of test protein 
intake of 0.51 g soy protein/kg/day,  chosen to approximate 
the mean requirement for good quality egg protein (e.g., see 
Fig. 5). 

The results of  this first study, depicted in Fig. 8, agree 
with the observations of Kies and Fox (33), and Zezulka 
and Calloway (34), that methionine supplementat ion 
improves dietary N utilization in adults when soy is con- 
sumed as the sole source of  protein at a deficient level of  
total N intake. It was apparent, however, that there was 
considerable variability in the N balance response to 
methionine supplementation among the subjects. This was 
also the experience of  Zezulka and Calloway (34). With the 
highest level (1.6%) of methionine supplementat ion,  a 
deterioration in overall nitrogen balance occured. This 
latter response parallels that reported in a series of  earlier 
studies in young children concerned with effects of  amino 
acid supplementation of  corn and wheat on nitrogen 
retention (40-42). Not only did the addition of  methionine 
fail to improve N balance when corn or wheat provided the 
entire source of  dietary protein in these studies, but addi- 
tion of methionine to corn masa protein resulted in a 
decrease in nitrogen balance. From these observations, N 
utilization in children is determined, in part, by the dietary 
balance of essential amino acids, and a disproport ion in the 
amino acid pattern can adversely affect dietary protein 
quality. Our study also indicates that at marginal or defi- 
cient levels of  total N intake, healthy young men may react 
negatively to relatively small imbalances among some of the 
dietary essential amino acids. 

A second study was conducted to confirm and evaluate 
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f u r t h e r  the  e f fec t s  of  L - m e t h i o n i n e  s u p p l e m e n t a t i o n  of  soy 
p ro t e in .  Two  levels o f  m e t h i o n i n e  s u p p l e m e n t a t i o n ,  equiva-  
l en t  t o  1.1% and  1.6% of  t o t a l  soy p r o t e i n  i n t ake ,  were 
s tud ied  for  p r o t e i n  i n t akes  of  0.51 g ( a b o u t  5.6 g N / d a y )  
a n d  0.8 g p r o t e i n / k g / d a y  ( a b o u t  9.4 g N /day ) .  The  resul t s  
are s h o w n  in Fig. 9. F o r  t he  l ower  p r o t e i n  level,  N ba l ance  
i m p r o v e d  w i th  the  1.1% level of  s u p p l e m e n t a t i o n  in six of  
t he  e ight  subjects ,  and  the re  was a r e d u c t i o n  in N ba l ance  
w i t h  t he  1.6% level o f  s u p p l e m e n t a t i o n  in these  same 
subjec ts .  The  o t h e r  tw o  sub jec t s  s h o w e d  an  i m p r o v e m e n t  in 
N u t i l i z a t i on  w i t h  the  1.6% level. As also s h o w n  in Fig. 9,  
w h e n  soy in t ake  was equ iva l en t  to  0.8 g protein/kg/day, t h e  
t w o  levels o f  m e t h i o n i n e  s u p p l e m e n t a t i o n  h a d  n o  e f fec t  o n  
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methionine supplementation. Taken from Fomon and Ziegler (14). 

N u t i l i za t ion .  
This  second  s tudy  con f i rms  t ha t  m e t h i o n i n e  supp lemen-  

t a t ion  improves  N ba lance  when  the  level o f  soy p ro t e in  
in take  suppl ies  a l imi t ing  in take  o f  S-amino acids, and  tha t  
an adverse response  may  occur  w i th  levels of  m e t h i o n i n e  
s u p p l e m e n t a t i o n  which  do no t  great ly  exceed  tha t  esti- 
m a t e d  to mee t  the  S-amino acid need  per  un i t  of  to ta l  N 
in take .  The  m e t a b o l i c  basis  for  th is  adverse effect  is 
unclear .  However ,  at any  of the  s u p p l e m e n t a t i o n  levels 
tes ted ,  there  was no  measu rab le  e f fec t  of  m e t h i o n i n e  supple- 
m e n t a t i o n  w h e n  the  level of  soy in take  (0.8 g 
p r o t e i n / k g / d a y )  was suf f ic ien t  to  m e e t  the  d ie tary  allow- 
ance  for  to t a l  p ro t e in  in y o u n g  adu l t s  (43) .  

A more  i m p o r t a n t  ques t ion  c o n c e r n s  the  e x t e n t  to 
which  soy p r o t e i n s  may  be  l imi t ing  in S-amino acids for  
i n f a n t  and  chi ld  feeding at n o r m a l  levels of  in take .  The  
available da ta  are l imi ted ,  bu t  resul t s  of  the  s tudies  by  
T o r u n  and  Vi ter i  (27)  ind ica te  t ha t  for  ch i ld ren  the  sulfur  
a m i n o  acid c o n t e n t  of  soy isolates  is adequa t e  to p r o m o t e  
N r e t e n t i o n  and  g rowth .  

F o m o n  et  al. (44)  have r ecen t ly  descr ibed  resul ts  of  
careful  g r o w t h  and  N ba lance  e x p e r i m e n t s  in normal ,  full 
t e rm  in f an t s  fed a soy isolate f o rmu la  p rov id ing  2.25 g 
p r o t e i n / 1 0 0  kcal,  to  d e t e r m i n e  the  e f fec t  o f  m e t h i o n i n e  
fo r t i f i ca t ion  of  the  soy isolate in i n f a n t  feeding.  A l t h o u g h  
the  N ba lance  d e t e r m i n a t i o n s  (Fig. 10) fai led to indica te  
any  d i f fe rences  in p e r f o r m a n c e  b e t w e e n  u n s u p p l e m e n t e d  
and  m e t h i o n i n e - s u p p l e m e n t e d  soy-based formulas ,  these 
inves t iga tors  did observe  d i f fe rences  or  t r ends  in several 
o t h e r  parameters .  

In i n f an t s  fed t he  u n s u p p l e m e n t e d  fo rmula ,  t he re  was a 
s ta t is t ical ly  l ower  weight  gain pe r  100kcal  of  f o rmu la  con-  
sumed  t h a n  in p rev ious ly  s tud ied  i n f an t s  fed soy-based or  
mi lk-based  formulas .  Se rum a l b u m i n  c o n c e n t r a t i o n s  were 
less at  28 days  t h a n  in b reas t f ed  in fan ts .  Se rum urea  N was 
s igni f icant ly  h ighe r  t h a n  in i n f a n t s  receiving the  same 
fo rmula  s u p p l e m e n t e d  w i th  m e t h i o n i n e .  The  data  thus  
showed  t h a t  i n f a n t s  given the  u n s u p p l e m e n t e d  soy fo rmula  
p e r f o r m e d  sl ight ly less well  du r ing  the  first 6 weeks of  life 
t han  b reas t fed  i n f a n t s  and  i n f an t s  fed o t h e r  formulas .  
A l t h o u g h  it  is d i f f icu l t  t o  judge  ful ly  the  h e a l t h  s ignif icance 
of  the  f ind ings  by  F o m o n  et  al. (44) ,  t hey  suggest t ha t  
m e t h i o n i n e  m a y  be l imi t ing  in soy p ro t e in  for  in fan t  
feeding.  

A l t h o u g h  var ious  o t h e r  s tudies  i nd i ca t e  t h a t  unsupp le -  
m e n t e d  soy p r o t e i n  can be c o n s u m e d  at  levels suff ic ient  to  
cor rec t  and  p r even t  in fan t i l e  m a l n u t r i t i o n  (e.g., 26)  a case 
could  pe rhaps  be  m a d e  for  a m o d e s t  level of  m e t h i o n i n e  
s u p p l e m e n t a t i o n  of  i n f a n t  fo rmulas  t h a t  are based  en t i re ly  
on  soy, As F o m o n  (45)  has  p o i n t e d  ou t ,  as m a n y  as 10% of  
i n f an t s  in t he  U.S. m a y  receive soy-based  fo rmulas  for  
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TABLE XI 

Sulfur Amino Acid (SAA) Requirements of Rats and 
Humans, Together with SAA Content and Per Values 

of Two Soy Isolates 

SAA requirement 
(or content) 

(mg/g protein) PER Values a 

Rat 
Growing 

Adult 

50 b Supro-620; 1.65 
+ Methionine ; 2.44 

9 c Supro-710; 1.7 
+ Methionine; 2.4 

Human 
Infant d 29 
Child d 34 
Adult d 24 

Soy Isolates e 
Supro 620 26 
Supro 710 26 

aAdjusted to PER 2.5 for Casein. Data provided by F. Steinke, 
Ralston Purina Co. 

bFrom, Rama Rao et al. (46). 
CSaid and Hested (47). 
dFrom: FAO/WHO (7). 
eRalston-Purina Co., St. Louis, MO. 
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FIG. 11. N retention in children receiving soy-cereal diets, ex- 
pressed in relation to N retention with milk. Drawn from summary 
of Bressani (5) and based on data of Chen et al. (48) for soy/rice; 
Durra and de Souza (50) for soy/corn; Bressani et al. (52) for soy- 
textured food and Viteri et al. (53) for corn (92)/soy (8) mixture. 

prolonged per iods  and at a t ime when growth  and develop-  
ment  should p roceed  unin te r rupted .  Thus,  it may  be de- 
sirable to consider  a modes t  level of  me th ion ine  supple- 
men ta t ion  for this age group.  For  individuals aged abou t  1 
year  and above,  however ,  we conc lude  that  there  is l i t t le 
nu t r i t iona l  or  publ ic  heal th  jus t i f ica t ion for  supp lement ing  
soy pro te in  p roduc t s  with meth ion ine ,  par t icular ly  when  
soy is consumed as part  of  a diet o f  mixed  pro te ins  where  
the S-amino acid con ten t  is no t  l ikely to  be a l imi t ing 
factor.  

With reference to me th ion ine  supp lemen ta t ion  and 
infant  feeding, i t  is apparent  that  the r equ i remen t  for  the  
sulfur amino  acids expressed per  g pro te in  are considerably  
higher for  the  growing rat than for  the  infant  and child 
(Table XI).  Because o f  this it is to be expec ted  tha t  me th io -  
nine supp lementa t ion  would  have a greater  ef fec t  on the 
nut r i t iona l  value o f  soy isolates for  the rat  than for  the  
child. The  P E R  data f rom studies wi th  rats given in this 
table and the N balance and growth  studies in infants  and 
children suppor t  this predic t ion.  This also suggests that  it is 
no t  rat ional  to use only PER values de te rmined  in the  
growing rat to regulate,  in quant i ta t ive  terms,  the  nut r i t ive  
value o f  food pro te in  sources for  human  consumpt ion .  

Soy in Cereal-Based Diets. An impor t an t  con t r ibu t ion  o f  
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FIG. 12. Nitrogen balance in young adults receiving beef, or an 
extruded soy protein product (TVP) alone or in various combina- 
tions. Taken from Kies & Fox (39) and based, in part, on data of 
Kies and Fox (33). 

soy in h u m a n  nu t r i t ion  is its use as a c o m p o n e n t  o f  diets 
consist ing o f  m ixed  pro te in  sources. There fore ,  soy has 
been studied in combina t i on  with  o the r  foods,  par t icular ly  
in cereal-based diets when given to children.  The  results of  
these various invest igat ions are depic ted  in Fig. 11, based 
on the summary  presented  recent ly  by Bressani (5). It  can 
be seen that  the nutr i t ive  value of  soy in c o m b i n a t i o n  with  
rice, or corn flour,  or  wi th  mixed  sources such as milk 
solids and corn meal  (54),  as well as wi th  oat  f lour  (55),  
closely approaches  that  o f  milk.  These findings, discussed in 
more  detail  by Bressani (5), indicate  that  when  soy is 
incorpora ted  with o the r  foods,  par t icular ly  cereal grains, 
the  overall  p ro te in  qual i ty  of  the  diet is high,  and it is 
similar to that  for  good qual i ty  animal  pro te in  sources. 

Protein Quality o f  Soy-Beef  and Soy-Fish Combinations. 
The use of  soy pro te in  concen t ra tes  (about  70% prote in)  
and of  soy pro te in  isolates (90% prote in) ,  p roduced  f rom 
defa t ted  soybean  flakes in processed meats  and in tex-  
turized p roduc t s  (56,57) ,  is ano the r  po ten t ia l ly  i m p o r t a n t  
role of  soy in h u m a n  nut r i t ion .  There fo re ,  the nutr i t ive  
value o f  soy in c o m b i n a t i o n  with  mea t  or  fish mus t  be  
considered.  

Kies and coworkers  (32 ,33 ,39)  have r epor t ed  tha t  at 
l imit ing N intakes,  in adolescent  boys  and y o u n g  adults  soy 
prote in  has a lower  nut r i t ive  value than  beef.  Thus,  it is 
i m p o r t a n t  to explore  the ex t en t  to which soy m a y  substi- 
tu te  for  bee f  pro te in  w i thou t  an overall  e f fec t  on the 
ut i l izat ion o f  the die tary  prote in .  There fore ,  Kies and F o x  
(39) measured  the  e f fec t  o f  d i f ferent  dietary rat ios o f  beef  
pro te in  to ex t ruded  soy pro t ien  (TVP) on n i t rogen  utili-  
za t ion  in eight young  adults.  Their  subjects received an 
intake of  4.8 g n i t rogen  per  day wi th  a series of  diets 
providing ratios of  bee f / soy  N o f  4 :0 ,  3 :1 ,  2 :1 ,  1:3, and 
0:4.  The  results are depic ted  in Fig. 12. Ni t rogen  balances 
of  -0.44, -0.56, -0.75, -0.90, and -1.11, g N/day ,  respec- 
t ively,  were ob ta ined  for  the  foregoing dietary rat ios  o f  
beef  to  soy ni t rogen.  Hence ,  these data  indicate  a l inear 
decrease in pro te in  value of  the  diet  wi th  increasing soy 
rep lacement  o f  beef  pro te in .  However ,  in an earl ier  s tudy  
by these invest igators  (33),  there  was no  d i f ference  in N 
ut i l iza t ion o f  beef  and soy when  the test  p ro te in  in take  level 
was 8.0 g N/day  (about  0.7 g p ro te in /kg /day) .  These results 
are also inc luded in Fig. 12. It must ,  the re fore ,  be con-  
c luded that  the  effects  of  var ious  beef -soy~combinat ions  on 
N ut i l iza t ion depend on whe the r  the measu remen t s  are 
done at adequate  or  inadequa te  levels o f  p ro te in  intake.  
The results would  also depend  on the  nu t r i t iona l  qua l i ty  o f  
the  specific food  tes ted,  which,  in turn,  is in f luenced  by the 
specific processing condi t ions  used in p roduc ing  the soy 
product .  
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TABLE XII 

Summary of N Balance Data and Protein Quality Indices 
in Soy-Beef Replacement Study a 

% Soy 100 75 50 25 0 
% Beef 0 25 50 75 100 
N balance b -2.3 -3.2 -0.9 -1.1 -1.7 
BV c 53 52 55 53 53 
Digestibility (%) 97 99 98 98 98 

aNone of the diets showed significant (p>0.05) differences. 
bmg N/kg/day. 
CBiological value. 

TABLE XIII 

Summary of Preliminary Results on the 
Evaluation of a Soy Protein Isolate 

Alone and in Combination with Fish in 
Young Adult Japanese Adult Men a 

N intake 
for requirement 

Protein (mg N/Kg/day) RNR b 

Fish 87 
Supro-620 118 74 
Supro/Fish 91 96 
(50:50) 

aFrom lnoue et al. (59). 
bRNR = Relative Nitrogen Requirement. (see Table VII). 

F o r  these  reasons,  we carr ied ou t  a s t udy  to d e t e r m i n e  
the  e x t e n t  to  which  the  h igh  qua l i ty  soy isola te  ( S u p r o  
620 )  could  replace bee f  p r o t e i n  w i t h o u t  s igni f icant ly  

i n f luenc ing  overall  d i e t a ry  N u t i l i za t ion .  Fo r  th is  pu rpose ,  a 
single tes t  level of  0.6 g p r o t e i n / k g / b o d y  w e i g h t / d a y  was 
given. This  was c h o s e n  on  the  basis of  a p rev ious  s tudy  
ind ica t ing  th is  to  be the  a m o u n t  of  bee f  p r o t e i n  necessary  

in sho r t  t e rm  ba lance  s tud ies  to  mee t  the  n i t r ogen  needs  of  
mos t  y o u n g  adul t s  (58) .  Va r ious  c o m b i n a t i o n s  o f  bee f  and  
soy were tes ted ,  i n c o r p o r a t i n g  the  soy p r o t e i n  in to  a 
commerc i a l l y  p repa red  b o l o g n a  p roduc t .  

A s u m m a r y  of the  N ba l ance  da ta  o b t a i n e d  in th is  s t udy  
is p r e sen t ed  in Table  XII.  A l t h o u g h  s igni f ican t  ( p ~ 0 . 0 5 )  
var iab i l i ty  was f o u n d  in n i t r ogen  ba lance  a m o n g  the  sub-  
jects ,  t he re  were no  s igni f icant  d i f fe rences  in n i t r ogen  
ba lance  a m o n g  the  var ious  c o m b i n a t i o n s  of  beef - to-soy  

p ro t e in .  Thus ,  we c o n c l u d e  t h a t  a soy p r o d u c t  of  this  
qua l i ty ,  w h e n  given at  a level suf f ic ien t  to  m e e t  the  p r o t e i n  
a l lowance  wi th  bee f  p r o t e i n ,  can replace bee f  w i t h o u t  
a l te r ing  the  p ro t e in  value  o f  the  diet .  

I t  shou ld  be e m p h a s i z e d  t h a t  in ou r  s tudy ,  a 0.6 
g / k g / d a y  level of  tes t  p r o t e i n  in take  was given equ iva len t  
to  a b o u t  42  g p r o t e i n / d a y  for  a 70 kg m a n ,  c o m p a r e d  

w i t h  ca. 30  g p r o t e i n / d a y  given to sub jec t s  by  Kies and  
F o x  (33) .  This  is p r e s u m a b l y  the  m a j o r  reason  for  t he  
d i f fe rences  in resul ts  o b t a i n e d  in t he  t w o  studies ,  bu t  a 
d i f f e rence  in t he  n u t r i t i o n a l  qua l i ty  o f  the  soy p r o d u c t s  
t e s ted  c a n n o t  be ruled out .  

I n o u e  et al. ( 5 9 ) h a v e  e x p l o r e d  the  n u t r i t i o n a l  qua l i ty  of  
a soy p r o t e i n  isola te  w h e n  mixed  w i th  50% fish p r o t e in  in  
s tud ies  in J apanese  y o u n g  men .  Ut i l iz ing  an a p p r o a c h  
s imfl iar  to that fo l lowed  in o u r  s tudies  wi th  MIT s t u d e n t s  
(e.g., Fig. 5 and  Table  VII ) ,  I noue  et  al. ( 5 9 ) e s t i m a t e d t h e  
in takes  of  f ish p r o t e i n  and  soy isola te  a lone  or  an equa l  
m i x t u r e  of  fish p r o t e i n  and  soy p r o t e i n  isolate  necessary  to 
m a i n t a i n  N ba lance  in t he i r  subjects .  The  p re l imina ry  
resu l t s  o f  these  s tud ies  given in Table  XII I  show t h a t  the  
p ro t e in  value  o f  the  soy isolate-f ish p r o t e i n  m i x t u r e  is 
essent ia l ly  the  same as t h a t  o f  cod fish p r o t e i n  a lone.  These  
f indings  ind ica te  t h a t  a soy p r o d u c t  o f  th i s  qua l i ty  can 
replace  at  least  50% of  fish p r o t e i n  w i t h o u t  a change  in the  
p r o t e i n  value  o f  the  diet .  

TABLE XIV 

Design of a Six-month Acceptability Study 
with a Soy Protein Isolate (Supro-620) 

Design 

Subjects : 

Diets: 

40 adult subjects (18 subjects--experimental group; 22 
subjects--control group) 
Experimental-40 g soy protein isolate (Supro-620) 
daily 
Control -40 g DMS a powder daily 

Length 
of Study: 6 me 
Approach: Clinical biochemical battery physical examinations 

reporting and appearance of clinical reactions. 

aDried skim milk. 

TABLE XV 

Design of a Two-Month Acceptability Study with a 
Soy Protein Isolate (Supro 710) 

Design 
Subjects: 100 adult subjects (50 experimental, 50 control) 
Diets: Experimental-40 g soy isolate daily 

Contro l -40 g DSM a powder daily 
Length of 
Study: 2 me 

Approach: Clinical biochemical battery Physical examinations 
Reporting and Appearance of clinical reactions 

aDried skim milk. 

Long Term Tolerance and Acceptability of 
Soy Protein Products 

Even t h o u g h  soy p r o t e i n  is f r equen t ly  used as a mi lk  
subs t i t u t e  for  i n f an t s  allergic to  fo rmu la s  based on  cow's  
milk ,  soy can also be  a p r ima ry  cause of  allergy (60 ,61) .  
A m o n g  a top ic  ch i ld ren ,  5% had  specif ic  i n t r a c u t a n e o u s  
reac t iv i ty  to  soy, while 64% had  a posi t ive  reac t ion  to two  
or  more  m e m b e r s  of  the  legume family ,  mos t  o f t en  
peanuts ,  s t r ing  beans ,  l ima beans ,  and  green beans.  Pro-  
cessing of  p r o t e i n  foods  is k n o w n  to  be capable  of  
p roduc ing  al lergenic subs tances  no t  de t ec t ab l e  in the  
original  p r o d u c t  (62 ,63) .  Thus ,  a l t h o u g h  allergic reac t ions  
are u n c o m m o n  wi th  t r ad i t iona l ly  processed  soy-con ta in ing  
foods  c o m p a r e d  w i th  m a n y  o t h e r  c o m m o n  foods  of  an imal  
and  p lan t  or igin ,  the  possible  e f fec t s  of  new process ing  
p rocedure s  shou ld  always be t a k e n  i n to  accoun t .  

A c o m p r e h e n s i v e  eva lua t ion  of  the  role of  soybean  
h u m a n  p ro t e in  n u t r i t i o n  m u s t  n o w  inc lude  s tudies  on  the  
accep tab i l i ty  of, and  to le rance  to ,  t he  long  t e r m  inges t ion  
of  the  soy p r o t e i n  p r o d u c t s  t ha t  r ep re sen t  fo rms  of  p repara-  
t i on  no t  p rev ious ly  expe r i enced  by m a n ,  or  at levels of  
i n t ake  h igher  t h a n  t hose  on  wh ich  h u m a n  exper ience  has  
been  accumula t ed .  These  s tudies  m u s t  be c o n d u c t e d  u n d e r  
close m e d i c a l  supervis ion and  s u p p o r t e d  by  appropr i a t e  
l a b o r a t o r y  p rocedures .  

We have c o n d u c t e d  t w o  such accep tab i l i t y  s tudies  at 
MIT. In the  first  s t udy  (Table  XIV) ,  a t o t a l  of  40 hea l t hy  
adul t  subjec ts  were selected and  r a n d o m i z e d  in to  two 
groups ;  one  cons is ted  o f  n ine  m e n  and  n ine  w o m e n  con-  
suming  dai ly 40  g of  Soy Pro te in  Isola te  620;  the  o t h e r  a 
doub l e -b l i nd  group  o f  e leven m e n  and  e leven  w o m e n  who  
c o n s u m e d  an equ iva len t  a m o u n t  of  skim mi lk  powder .  The  
soy and  mi lk  p o w d e r  were i n c o r p o r a t e d  in to  frui t  juices,  
and  were c o n s u m e d  in add i t i on  to  t he  f ree-choice  die ts  of  
the  subjects .  One  subjec t  in the  e x p e r i m e n t a l  g roup ,  a 
2 t -yea r -o ld  w o m a n ,  deve loped  mi ld  gas t ro in tes t ina l  symp-  
toms ,  nausea,  and  d ia r rhea  a p p r o x i m a t e l y  two  hours  a f te r  
c o m s u m i n g  t he  mater ia l .  Fo l low-up  tes ts  suggested t ha t  t he  
s y m p t o m s  in this  subjec t  were associated w i th  the  inges t ion  
o f  Soy P ro t e in  620  and  commerc i a l  p r o d u c t s  con ta in ing  it,  
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bu t  n o t  w i th  soy curd  or TVP  f r o m  a n o t h e r  m a n u f a c t u r e r .  
T h e  r eac t ion  was  mi ld  and ,  wi th  r epea t ed  tes t ing ,  the  
sens i t iv i ty  g radua l ly  d i sappea red  be fore  a specif ic  cause  
could  be iden t i f ied .  

T h e  r e m a i n i n g  sub jec t s  o f  b o t h  g r o u p s  c o m p l e t e d  the  
s t u d y  u n e v e n t f u l l y ,  w i t h o u t  any  adverse  r eac t ion  o f  a ny  
k ind  t h a t  could  be a t t r i b u t e d  to  the  i nges t i on  of  the  tes t  
p r o d u c t .  B lood  s am p le s  were d r awn  ini t ia l ly  and  at 60 and  
180 d ay s  o f  the  s t u d y  for  an  ex tens ive  b a t t e r y  o f  b i o c h e m i -  
cal ana lyses .  T h e  e x p e r i m e n t a l  g roup  s h o w e d  no  cha nge s  or 
d i f f e rences  o f  clinical s igni f icance  relat ive to t hose  in t he  
c o n t r o l  g ro u p .  

A s e c o n d  s t u d y  was c o n d u c t e d  on  the  accep tab i l i t y  o f  
and  to l e r ance  to Soy P ro te in  710 .  Th i s  s t u d y  was carr ied 
ou t  in a larger  sample  o f  sub jec t s ,  as s h o w n  in Table  XV. 
All o f  t h e  sub jec t s  c o m p l e t e d  t he  s t u d y  u n e v e n t f u l l y  and  
w i t h o u t  s igni f icant  comp la in t s .  G a s t r o i n t e s t i n a l  f u n c t i o n  
r e m a i n e d  n o r m a l  t h r o u g h o u t  the  s t u d y ,  and  n o  na use a ,  

a b d o m i n a l  d i s c o m f o r t ,  loose  s tools ,  c o n s t i p a t i o n ,  or  in- 
creased gas were r epo r t ed .  No allergic r e sponse s  were 
observed ,  n o r  were the re  any  changes  in b lood  che mis t r i e s  
in the  e x p e r i m e n t a l  group c o m p a r e d  wi th  those  o f  the  
con t ro l  g roup .  

Kies  and  F o x  (39)  m o n i t o r e d  b lood  c o m p o n e n t s  o f  
sub jec t s  c o n s u m i n g  va r ious  t e x t u r e d  soy  p r o t e i n  p r o d u c t s .  
All va lues  for  all sub jec t s  r e m a i n e d  wi th in  the  n o r m a l  range 
du r ing  the  e x p e r i m e n t a l  diet  per iods .  Bressani  e t  al. (52)  
s h o w e d ,  in the i r  s tud ies  wi th  ch i ld ren  c o n s u m i n g  a n o t h e r  
t e x t u r i z e d  fo o d  f r o m  s o y b e a n  p ro t e in  i so la te ,  t ha t  t he  tes t  
p r o d u c t  was readi ly  a ccep t ed  by  all. T h e r e  were n o  adverse 
e f fec t s  n o t e d  at  an y  t ime  du r ing  the  e x p e r i m e n t .  G o o d  
accep tab i l i t y  o f  and  to l e rance  to  soy  p ro t e in -ba se d  
f o r m u l a s  in the  n e w b o r n  are also a p p a r e n t  f r om the  e x t e n -  
sive s tud ies  b y  F o m a n  and  c o w o r k e r s  (14) ,  

Most  r epo r t s  o f  n u t r i t i o n a l  s tud ie s  wi th  soy  
p ro t e in  p r o d u c t s  in h u m a n s  m a k e  no  speci f ic  m e n t i o n  o f  
the  accep tab i l i t y  o f  or to l e rance  to  the  ma te r i a l  t e s ted .  If 
s igni f icant  p r o b l e m s  of  i n to l e r ance  h a d  o c c u r e d ,  h o w e v e r ,  it 
is l ikely t h a t  t h e y  wou ld  have  at least  been  n o t e d .  We 
conc lu d e  t h a t  well p roces sed  soy  p r o d u c t s  c o n s u m e d  over  
long  pe r iods  o f  t ime  are well t o l e r a t ed  and  accep ted  by  
h u m a n  subjec t s .  
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