
Nutrition Evaluation 

In vitro digestibility.  T he  p re sence  of  s o d i u m  alginate  
( P A F  and  G P A F )  grea t ly  i n h i b i t e d  peps in  d iges t ion ,  where -  
as t ryps in  d iges t ion  was no t  i nh ib i t ed .  W h e n  c o m p a r i n g  the  
e f fec t  o f  g e r m i n a t i o n ,  b o t h  G P F  and  T SF  were  h y d r o l y z e d  
to the  same e x t e n t  by  peps in ,  whereas  t oas t ed  soy f lour  
( T S F )  p repa red  f r o m  n o n g e r m i n a t e d  s o y b e a n s  was p o o r l y  
diges ted wi th  t ryps in  c o m p a r e d  wi th  g e r m i n a t e d  p r o t e i n  
f r ac t i on  (GPF) .  The re fo re ,  i f  t he  c o m b i n e d  ef fec t  o f  peps in  
and  t ryps in  p ro teo lys i s  were t a k e n  i n to  accoun t ,  i t  would  
a p p e a r  t h a t  g e r m i n a t i o n  m a y  n o t  increase  p r o t e i n  digesti- 
bi l i ty  s igni f icant ly .  

Trypsin inhibitor activi ty .  TI values  are given in Table  IV. 
C o m p a r e d  to raw soy f lour ,  ca. 30% of  t h e  TI  ac t iv i ty  was 
e l imina t ed  by  the  soak ing  process  ( sample  SS). C o m p a r a b l e  
r e d u c t i o n  in TI  ac t iv i ty  was o b t a i n e d  du r ing  ge rmina t ion .  
All o f  the  processed  p ro t e in  f r ac t ions  c o n t a i n e d  very  l i t t le  
res idual  TI  act iv i ty .  

Rat Bioassay 

The  nu t r i t i ona l  va lue  o f  g e r m i n a t e d  soybean  p ro t e in  
f rac t ions ,  as measu red  by  PER,  are given in Table  V. 
Pro te in  f rac t ions ,  p rocessed  wi th  s o d i u m  alginate  ( G P A F  
and  PAF) ,  had  the  lowes t  PER values.  T he  g r o w t h  inhibi -  
to ry  e f fec t  of  sod ium alginate  m ay  be  a t t r i b u t e d  to  inh ib i -  
t ion  of  pepsin proteolys is .  S u p p l e m e n t a l  m e t h i o n i n e  
increased cons ide rab ly  the  values of  all diets.  T he  greates t  
s u p p l e m e t a r y  ef fec t  was o b t a i n e d  wi th  diet  c o n t a i n i n g  
G P A F  and PAF pro te ins .  

These  resul ts  ind ica te  t ha t  sod ium alginate  form e n z y m e  
res i s tan t  l inakges wi th  m e t h i o n i n e  residues.  In c o m p a r i n g  
the  PER values of  d ie ts  c o n t a i n i n g  GPF and PF pro te ins ,  
g e r m i n a t i o n  improves  sl ightly the  n u t r i t i o n a l  va lue  of  soy 

p ro te in .  
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ABSTRACT 

Pancrea t i c  h y p e r t r o p h y  t h a t  occurs  in rats  fed raw 
soy f lour  c o n t a i n i n g  a b o u t  1 200  mg t r ips in  i n h i b i t o r  
( T I ) / 1 0 0  g diet  was reversed by  swi t ch ing  the  rats  to  
c o n t r o l  diets  or  to  diets  c o n t a i n i n g  30% toas t ed  
d e f a t t e d  soy flour.  No panc rea t i c  h y p e r t r o p h y  occurs  
in  ra ts  fed commerc i a l ,  edible  grade soy f lours,  
c o n c e n t r a t e  or  i so la te  f rom t ime  of  wean ing  to  
a d u l t h o o d  (ca. 3 0 0  days).  TI  c o n t e n t  o f  the  soy diets  
ranged  f r o m  178-420  m g / 1 0 0  g. E x c e p t  for  pancreas  
e n l a r g e m e n t  in ra ts  fed raw soy f lour ,  gross and  
mic ro scop i c  e x a m i n a t i o n  of  p a n c r e a t a  revealed n o  
abnorma l i t i e s .  The  gross a p p e a r a n c e  of  hear t ,  k idney ,  
spleen,  and  l iver  was no rma l .  Soy f lour ,  p r o t e i n  con-  
cen t r a t e ,  and  p r o t e i n  i so la te  in  a f o r m u l a t e d  corn-soy  
diet  p rov ided  o p t i m u m  g r o w t h  and  m a i n t a i n e d  b o d y  
weight  on ly  i f  s u p p l e m e n t e d  wi th  v i t am i n  B-12 in  
long  t e r m  feeding  s tud ies  wi th  rats. In t he  absence  o f  
such  s u p p l e m e n t a t i o n ,  ra ts  fed soy  diets  in i t ia l ly  grew 
at  a ra te  equa l  to  or  g rea te r  t h a n  t hose  fed a com-  
pa rab le  corn-case in  c o n t r o l  d i e t ;  bu t ,  w i th  c o n t i n u e d  
feeding  for  ca. 300  days,  b o d y  weigh t  o f  ra ts  fed t he  

casein con t ro l  was s igni f icant ly  grea te r  t h a n  t ha t  of  
the  soy f lour- fed  rats.  Those  fed soy isola te  ceased to 
g row;  and  ra ts  fed soy  c o n c e n t r a t e  lost  weight .  No 
s igni f icant  d i f fe rences  were f o u n d  in organ weights  
b e t w e e n  groups  fed soy p r o d u c t s  and  casein,  excep t  

for  inc reased  k idney ,  liver, and  tes tes  weights  relat ive 
to  b o d y  weigh t  w i t h  the  g roup  fed soy concen t r a t e .  
S u p p l e m e n t a t i o n  o f  the  soy diets  w i th  v i t amin  B12 
s t i m u l a t e d  g r o w t h  to the  grea tes t  e x t e n t ,  ca lc ium 

p a n t o t h e n a t e  or  r ibo f l av in  had  an i n t e r m e d i a t e  effect ,  
o t h e r  v i t amins  had  t i t t le  or n o  e f fec t ;  whereas  a 
c o m p l e t e  mine ra l  mix  was de t r imen ta l .  Supp l emen ta -  
t i on  of  the  soy diets  wi th  v i t a m i n  B12 s t imula ted  
g r o w t h  to  the  grea tes t  e x t e n t ,  ca lc ium p a n t o t h e n a t e  
or  robo f l av in  h a d  an i n t e r m e d i a t e  ef fec t ,  o t h e r  
v i t amins  had  l i t t le  or  n o  e f fec t ;  whereas  a comple t e  
mine ra l  m ix  was de t r imen t a l .  S u p p l e m e n t a t i o n  of  the  
c o n t r o l  die t  was w i t h o u t  effect .  The  d ie t a ry  p ro t e in  
level in  these  die ts  was 20%, wi th  casein or  soy pro- 
t e in  r ep r e sen t i ng  7 5% of  t o t a l  p ro t e in .  W h e n  fed con-  
t i n u o u s l y  to  ra ts  f rom wean ing  to  a d u l t h o o d ,  proper -  
ly  processed  soy p r o t e i n  p roduc t s ,  w h e n  ba lanced  
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TABLE I 

Protein and Trypsin Inhibitor (TI) Contents of Diet Ingredients 

Protein a 
Ingredient % N x 6.25 

Trypsin inhibitor act ivity 

TIU/mg sample b mg TI/g sample  e 

Defatted soy flour 
Raw 54.2 80.4 42.3 
Toasted (average) d 53.1 10.5 5.6 

Soy concentrate  (average) 72.6 26.5 13.9 
Soy protein isolate (average) 91.8 20.7 10.9 

Corn meal 1.4 0.74 
Casein 0.5 0.25 

aDry basis. 
bTIU = Trypsin Inhibitor Units (8). 
eCalculated on the basis that 1.9 TIU is equilvalent to 1 #g of TI (8). 
dAverages for two different shipments. 

TABLE II 

Composition of Corn-Casein Control and Corn-Soy Experimental Diets 

Ingredient Dietsa'b 
% Casein Flour Concentrate  Isolate 

Corn premix e 70.0 70.0 70.0 70.0 
Casein 16.0 . . . . . . .  
Soy flour (toasted) --  28.0 . . . . .  
Soy protein concentrate  . . . . .  22.3 --  
Soy protein isolate . . . . . . .  16.3 
DL-methionine d --  0.18 0.18 0.30 
Dextrose 14.0 1.82 7.52 13.4 
Protein content 19.7 19.9 19.6 19.9 
Trypsin inhibitor content rag/100 g diet 50.0 176.0 310.0 178.0 

asoy ingredients were substituted for casein to maintain equivalent protein level, N x 
6.25. 

bcomparable diets were also formulated with added zinc: Soy flour, 25 ppm; soy con- 
centrate and isolate,  50 ppm. 

epremix: yellow corn meal 57.5; soy oil, 5.0; brewers yeast, 2.0; dehydrated alfalfa,  2.0; 
bone ash, 1.5; iodized salt, 0.5; v i tamin A (2000 IU/g), and D3 (200 units]g) mixture, 1.51 
= 70%. 

dMethionine supplementation calculated to achieve equivalent levels in all diets. 

with  essent ia l  nu t r i en t s ,  can  p rov ide  g r o w t h  compar -  
able to  corn-case in  diets.  

INTRODUCTION 

T h r o u g h o u t  the  wor ld ,  s o y b e a n s  are cooked ,  f e r m e n t e d ,  
or  processed  by  var ious  means  before  c o n s u m p t i o n .  T h e  
raw s o y b e a n  is n o t  very  pa l a t ab le  because  of  i ts  t e x t u r e  and  
o b j e c t i o n a b l e  flavor.  Also, in  t he  raw form,  nu t r i t i ve  va lue  
is l o w ;  bu t  w h e n  p r o b a b l y  processed  wi th  mo i s t  hea t ,  a 
process  re fe r red  to  as toas t ing ,  nu t r i t i ve  va lue  can  be  
i m p r o v e d  to  nea r ly  t h a t  of  m e a t  and  milk.  Precise c o n t r o l  
of  hea t i ng  and  o t h e r  p rocess ing  var iab les  ensures  a d e q u a t e  
d e s t r u c t i o n  of  the  heat - labi le ,  a n t i n u t r i t i o n a l  fac to rs  to  
achieve  o p t i m u m  p r o t e i n  qua l i t y  (1 ,2) .  

Raw s o y b e a n s  c o n t a i n  a n u m b e r  o f  hea t - lab i le  f ac to r s  
t h a t  i nh ib i t  p r o t e o l y t i c  ac t iv i ty  o f  digest ive enzymes ,  
s t imu la t e  p r o t e i n  syn thes i s  in  t he  pancreas ,  and  e n h a n c e  
p a n c r e a t i c  e n z y m e  secre t ion .  These  e f fec ts  lead to  an 
e n l a r g e m e n t  o f  t he  panc reas  and  g r o w t h  i n h i b i t i o n .  Var ious  
species o f  an imals  r e s p o n d  d i f f e r en t ly  (3) .  

The  n u t r i t i o n a l  s igni f icance  of  o t h e r  b io logica l ly  act ive 
subs t ances  p re sen t  in soy,  i.e., hemagg lu t in ins ,  go i t rogens ,  
es t rogens ,  al lergens,  and  f l a tu l ence - induc ing  factors ,  has  
been  reviewed (3,4) .  Subs t an t i a l  ev idence  n o w  ind ica tes  
t h a t  b o t h  the  conve r s ion  of  raw s o y b e a n s  i n t o  p r o d u c t s  
w i th  exce l l en t  p ro t e i n  qua l i ty  and  e l i m i n a t i o n  o f  the  
g r o w t h  i n h i b i t o r y  ef fec ts  and  panc rea t i c  h y p e r t r o p h y  resu l t  
f r o m  the  s i m u l t a n e o u s  d e s t r u c t i o n  of  TIs and  the  t rans-  
f o r m a t i o n  of  raw p r o t e i n  i n t o  a m o r e  readi ly  digest ible  
form.  

Previous ly  (5) ,  two  sho r t  t e r m  feeding  tr ials  o f  4 weeks  
w i th  ra ts  were c o n d u c t e d  to d e t e r m i n e  t he  b io logica l  
e f fec ts  o f  d e f a t t e d  soy f lour  processed  to  c o n t a i n  g raded  
levels o f  TI  ac t iv i ty  (71 to  1000  mg T I ] 1 0 0  g diet) .  No 
panc rea t i c  h y p e r t r o p h y  o c c u r r e d  in ra ts  fed soy  f lour  in  
wh ich  55 to  69% of  TI  had  b e e n  des t royed .  M a x i m u m  b o d y  
weight ,  p r o t e i n  e f f i c i ency  values  (PER) ,  a n d  n i t r o g e n  
diges t ib i l i ty  were  o b t a i n e d  w i th  ra ts  fed soy  s amp le s  in  
wh ich  a b o u t  80% of  the  i n h i b i t o r s  were i nac t iva t ed .  Al- 
t h o u g h  i t  was c o n c l u d e d  t h a t  res idual  TI  in  p r o p e r l y  
t oa s t ed  soy f lour  has  n o  n u t r i t i o n a l  s ign i f icance  in  s h o r t  
t e r m  e x p e r i m e n t s ,  t he  q u e s t i o n  of  w h e t h e r  t h e  i n g e s t i o n  o f  
low levels o f  TI  ac t iv i ty  over  a p r o l o n g e d  p e r i o d  w o u l d  
crea te  adverse  e f fec t s  r e m a i n e d  u n a n s w e r e d .  

In t he  p r e s e n t  s t u d y  i n i t i a t ed  in 1973,  ed ib le  grade,  
c o m m e r c i a l l y  m a n u f a c t u r e d  soy  p r o t e i n  p r o d u c t s  were  
fed to  ra ts  f r o m  wean ing  to  a d u l t h o o d  (up  to  3 0 0  days) .  
The  b io logica l  p a r a m e t e r s  eva lua ted  were :  b o d y  we igh t  
gain,  o rgan  weights ,  and  h i s t o logy  of  t he  pancreas .  Ad-  
d i t iona l  w o r k  was also u n d e r t a k e n  to  inves t iga te  t he  revers-  
ib i l i ty  of  p a n c r e a t i c  h y p e r t r o p h y  w h e n  ra ts  fed r aw soy  
f lour  were s w i t c h e d  to  a t o a s t e d  soy  die t  or  to  a c o n t r o l  
diet .  

EXPERIMENTAL PROCEDURES 

Materials and Methods 

Soy protein products. Raw,  dehu l l ed ,  d e f a t t e d  soy  
f lour  (Nut r i soy-7-B) ,  and  toas t ed  soy f lour  ( N u t r i s o y )  
were o b t a i n e d  f r o m  A r c h e r  D a n i e l s M i d l a n d  C o m p a n y ,  
Deca tur ,  IL. Soy p r o t e i n  c o n c e n t r a t e  ( P r o m o s o y )  a n d  
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TABLE III 

Tria l  1 - -  Growth and Pancreas Weights of Rats Fed Defatted Soy Flour 
up to 104 Days and Reversibility of Pancreatic Hypertrophy 

Body weight gain • std. dev. b 

D i e t a r y  group a 0-33 Days c 33-104 Days 0-104 Days 

Pancreas weight 
g/100 g 

body weight 
• std. dev. 

1. Wayne basa l  d 
2. Toasted soy in Wayne b a s a l  
3. Toasted soy in corn-casein b a s a l  
4. Raw soy in Wayne basa l  
5. Raw soy in corn-casein basal 
6. Raw soy in Wayne b a s a l  
7. Raw soy ~ Wayne basal e 
8. Toasted soy in Wayne basal 

229 • 25 ABa . . . . . .  0.47 • 0.04 Cc 
235 + 20 Aa . . . . .  0.50 + 0.06 Cc 
242 • 1 3  Aa . . . . .  0.45 • 0.04 Cc 
206 • 21BCb . . . . .  0.77 • 0.04 Aa 
197 • 17 Cb 
189 • 24 Ab 146 • Bb 335 +'39 Bb 0.63 • 0.06 Bb - 0.60 • 0.06 Aa 
201 +- 27 Aab 193 +- 12 Aa 394 • 24 Aa 0.45 • 0.05 Bb 
221 • 24 Aa 155 • 29 Bb 376 • 50 ABa 0.42 • 0.05 Bb 

aLevel of soy in diet, 30%, TI content (mg[lO0 g diet) toasted soy, 189; raw soy, 1410. 
bDuncan's Multiple Range Test (10); m e a n s  without a superscript letter in common are significantly different; P<O.05 = lower case; P<~O.O1 

= upper case. T e n  rats  per  group. 
c0-35 days for groups 1-5. 
dCommercial rat chow. 
eDict switched 1o Wayne basal after 33 days. 

soy p ro t e in  isola te  in the  i soelec t r ic  f o rm  ( P r o m i n e - R )  
were o b t a i n e d  f rom Cen t ra l  Soya C o m p a n y ,  G i b s o n  City,  
IL. P ro te in  c o n t e n t  and  t ryps in  i n h i b i t o r  values  of  the  
p r o d u c t s  are s h o w n  in Table  I. On ly  small  d i f fe rences  
b e t w e e n  two s h i p m e n t s  were found .  

The  official  TI  assay p rocedu re  of  the  A m e r i c a n  Oil 
C h e m i s t s '  Socie ty ,  as deve loped  by K a k a d e  et al. (6),  
was used to  ana lyze  for  TI act iv i ty .  Hea t - t r ea t ed  soy 
p r o d u c t s  when  assayed by  this  p r o c e d u r e  (6)  have grea te r  
TI act iv i ty ,  because  it  is n o w  poss ible  to  measure  the  
ac t iv i ty  of  inso lub le  TI  (7).  

Rat hioassay. Weaning  male  ra ts  of  the  Sprague-Dawley  
s t ra in ,  s epa ra ted  in to  g roups  hav ing  equal  m e a n  b o d y  
weight ,  were h o u s e d  in ind iv idua l  cages and  fed ad l ib i tum.  
C o m p o s i t i o n s  of  the  corn-case in  c o n t r o l  and  corn-soy  
e x p e r i m e n t a l  diets  are given in Tab le  II. Wayne  ra t  c h o w  
(All ied Mills, Inc. ,  Chicago,  IL), wh ich  c o n t a i n e d  24% 
p ro t e in ,  4% fat ,  and 4.5% crude  fiber,  was used  in some 
diets.  F o o d  grade casein was pu rchased  f rom I n t e r n a t i o n a l  
Casein Corp. ,  New Zea land .  Weekly  records  of  b o d y  
weights  and  food  i n t a k e  were kept .  To p reven t  ox ida t ive  
d e t e r i o r a t i o n ,  t he  die ts  were  f o r m u l a t e d  b iweekly .  

Pathology studies. Pancreas  t issue was f ixed in 10% 
n e u t r a l - b u f f e r e d  fo rma l in ,  e m b e d d e d  in paraff in ,  s ec t i oned  
at 6 / lm, and  s t a ined  w i th  h e m a t o x y l i n  and  eosin.  The  
s ta ined  sec t ions  were e x a m i n e d  by  l ight  mic rosopy ,  and  the  
fo l lowing  charac te r i s t i c s  were eva lua ted :  (a) ac inar  archi-  
t ec tu ra l  o r g a n i z a t i o n ;  (b)  w i d t h  of  apical  z y m o g e n  granule  
z o n e ;  (c) degree o f  nuc l ea r  e n l a r g e m e n t ;  (d)  ac inar  epi- 
thel ia l  cell v a c u o l a t i o n ;  (e) p resence  o f  nodules .  

R ESU LTS 

Trial 1. Reversibility of Pancreatic Hypertrophy 

The  pu rpose  of  th is  first  t r ial  was to  con f i r m  t h a t  t he  
T I - induced  p a n c r e a t i c  e n l a r g e m e n t  is revers ible  (9).  Two 
d i f fe ren t  basal  diets  were e m p l o y e d :  t he  first  was a 
c o m m e r c i a l  die t  (Wayne)  t h a t  c o n t a i n e d  several  cereal  and  
a n i m a l  p r o t e i n  b y - p r o d u c t s  as well  as some  toas t ed  soy 
f lour  and  v i t amins  and  mine ra l s ;  t h e  s econd  was a fo rmu-  
l a t ed  corn-case in  d ie t  (Tab le  II). In  the  e x p e r i m e n t a l  diets,  
raw or  t oa s t ed  soy f lour  rep laced  30% of  the  W a y n e  basal  
and  was p r e sen t  at  t he  30% level in  t he  casein c o n t r o l  diet ,  
a t  the  expense  o f  casein and  a p o r t i o n  of  t he  dex t rose .  

Resul t s  g iven in Tab le  III  show t h a t  panc reas  weights  of  
t he  ra ts  fed toas t ed  soy  d ie ts  for  35  days  (d ie t s  2 and  3) 
were  n o t  s ign i f i can t ly  d i f f e r en t  f r o m  t he  W a y n e  basal  (d ie t  
1). Diets  c o n t a i n i n g  30% raw soy f lour  (d ie t s  4 and  5) 
caused  p a n c r e a t i c  h y p e r t r o p h y  and  i n h i b i t e d  g rowth .  

Af t e r  33 days on  test ,  one -ha l f  of  the  ra ts  fed raw soy 
were  sw i t ched  to the  basal  die t  for  an a d d i t i o n a l  71 days 
(d ie t  7). Af te r  c o n t i n u o u s  inges t ion  of  soy  f lour  for  104 
days, ra ts  fed raw soy had  s igni f icant ly  grea ter  pancreas  
weights  (d ie t  6) t han  the  g roup  (d ie t  7) t h a t  was changed  at 
33 days f rom raw soy to  Wayne  basal. No te  tha t  b o d y  
weight  gains of  the  raw and  toas t ed  soy g roups  (d ie ts  6 and  
8) were no t  s igni f icant ly  d i f fe ren t  a f te r  104 days. These  
resul ts  suggest  t ha t  panc rea t i c  h y p e r t r o p h y  is readi ly  and  
c o m p l e t e l y  reversible  a f te r  33 days  of  feed ing  raw soy and  
t h a t  panc rea t i c  s t i m u l a t i o n  p r o d u c e d  by  the  TIs in raw soy 
f lour  is a n o n t o x i c  phys io log ica l  response .  Histological  
e x a m i n a t i o n  revealed n o  panc rea t i c  a b n o r m a l i t i e s  in e i the r  
the  raw or  toas ted  fed groups.  

Trial 2. Biological Threshold Levels 
of TI in Long Term Feeding 

Shor t  t e r m  feeding e x p e r i m e n t s  (5)  have  es tab l i shed  t h a t  
the  rat  can  to le ra te  re la t ively  h igh  levels of  TI ( 3 4 0  to  4 3 0  
r ag /100  g die t )  be fore  the  i n h i b i t o r s  exe r t  a s ignif icant  
e f fec t  on  the  pancreas .  The  purpose  o f  this  e x p e r i m e n t  was 
to  d e t e r m i n e  the  relat ive capac i ty  of  d e f a t t e d  soy f lours  
c o n t a i n i n g  graded  levels of  TI  ac t iv i ty  to  i nh ib i t  g rowth  and  
cause panc rea t i c  h y p e r t r o p h y  w h e n  fed to  ra ts  f rom wean-  
ing to  a d u l t h o o d .  As in trial  1, soy f lours  were fed at  t he  
30% level in the  corn-case in  c o n t r o l  d ie t  (Tab le  II)  at  t he  
expense  o f  casein and  a p o r t i o n  of  the  dext rose .  Resul ts  are 
s u m m a r i z e d  in Table  IV. B o d y  weights  of  ra ts  fed raw soy 
f lour  for  35,  168, and  215 days  (d ie t  9) were s igni f icant ly  
lower  t h a n  the  g roups  fed pa r t ly  t oa s t ed  (d ie t  11) and  
t o a s t e d  soy  f lour  (d ie t  13). The  pancreas  was also grea t ly  
en la rged  in the  raw soy  group,  a l t h o u g h  n o  h is to logica l  
a b n o r m a l i t i e s  were n o t e d  in e i the r  raw pa r t l y  toas ted  or 
t oas t ed  soy-fed  groups.  

Ra ts  fed raw soy for  35 days and  t h e n  swi tched  to  a 
t oas t ed  soy diet  s h o w e d  i m p r o v e d  g r o w t h  and  reversed 
panc rea t i c  h y p e r t r o p h y  ( c o m p a r i n g  die ts  9 a n d  10). These  
resul t s  show t h a t  h igh  levels of  t oas t ed  soy f lour  are as 
ef fec t ive  as a Wayne  basal  diet  (see Tab le  I I I )  in  revers ing 
panc rea t i c  h y p e r t r o p h y .  Of  special  s ignif icance is t h e  
f ind ing  t h a t  c o n t i n u o u s  inges t ion  o f  h igh  levels of  TI  ( 4 5 9  
m g / 1 0 0  g d ie t )  did not i n h i b i t  g r o w t h  n o r  cause pancreatic 
h y p e r t r o p h y  (d ie t  11) w h e n  c o m p a r e d  to  t he  g roup  fed 
t oa s t ed  soy  f lour  (d ie t  13). These  results ,  in  ag reemen t  w i th  
p rev ious ly  r e p o r t e d  da ta  (5) ,  s h o w  t h a t  re la t ive ly  h igh  levels 
of  TI  ac t iv i ty  can  be  t o l e r a t e d  b y  t he  ra t  in  sho r t  and  long  
t e rm  feed ing  be fo re  t he  panc rea t i c  h y p e r t r o p h i c  p rope r t i e s  
of  t he  i n h i b i t o r s  will exe r t  a s igni f icant  biological  effect .  

E x a m i n a t i o n  of  weekly  records  of  b o d y  weight  data  
revealed t h a t  t he  in i t ia l  rap id  increase  in weight  gain o f  
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FIG. 1. Growth curves for rats fed soy and casein diets of Table 
II. (Growth with zinc-supplemented diets not shown.) Eight rats per 
dietary group. Curve b, unsupplemented diets, Series B; Curve a, 
supplementation with complete vitamin-mineral mix after 237 days 
feeding of Series A diets. See text and Tables V and VI for details. 

groups 11-13 slowed considerably by the 100th day. By 
133 days, all groups (diets 9-13) began to lose weight and 
showed considerable loss after 167 days. At this point, 
diets 9 - 1 3  were modified by the addition of 5% nonfat 
milk powder, 2% complete vitamin mixture (Table V, 
footnote  c) and U.S.P. salts mixture XIV containing added 
zinc, 125 mg/kg; and cobalt, 5.7 mg/kg. All groups re- 
sponded very quickly, and substantial recoveries in growth 
occurred in the final 47 days of Trial 2. These data indi- 
cated that a nutritional deficiency developed with con- 
tinued ingestion of soy flour. 

Tr ia l  3 .  L o n g  T e r m  F e e d i n g  o f  
S o y  F l o u r ,  C o n c e n t r a t e ,  a n d  I so la te  

A third feeding trial was conducted to determine 
whether the slowdown in weight gain noted with soy flour 
was associated with other soy protein products. A corn- 
casein diet was used as a control. Composition of  the diets 
is given in Table II. 

As shown in Figure I, the ability of  soy flour, concen- 
trate, and isolate to provide opt imum growth in young rats 
and to maintain body weight in adults varied widely, in 
spite of the fact that the soy diets were supplemented with 
methionine (See Table II), calculated to provide a sulfur 
amino acid level approximately equivalent to the corn- 
casein control diet. 

Initially, by 21 days the gain in body weight of rats fed 
toasted soy flour was significantly greater than the group 

fed casin control  (P<0.01);  by 125 days the casein control  
group overtook the rats fed soy flour. At 167 days, the 
differences in weight were significant (P<0.05).  On the 
other  hand, by 84 days on test, the growth rate of  the 
groups fed soy concentrate and isolate was considerably 
lower than that for soy flour and casein (P<0.01).  

An interesting pattern developed upon continued 
ingestion of  soy protein products. At around 146 days, rats 
fed soy flour and isolate leveled off  in growth, and body 
weight remained constant thereafter,  whereas the casein 
group continued to gain weight. The group fed soy concen- 
trate began to lose weight by the 174th day. 

Anticipating that zinc availability may be a limiting 
growth factor in soy protein diets (11,12), a second series 
of  feeding tests were carried simultaneously in Trim 3, in 
which the three soy diets were supplemented with zinc 
(Table II, footnote  2). The results indicated that zinc 
supplementation had no significant effect on weight gain 
throughout  the entire period regardless of the soy protein 
product  fed; therefore, the zinc data was not  shown. 
Analysis of  variance showed that the major variation in 
body weight at 237 days was related only to differences in 
the soy products. 

Reformulat ion o f  diets in Trial 3. In an a t tempt  to 
determine why growth rate of rats fed the soy products and 
casein in trial 3 varied so widely (See Figure 1), all diets, in- 
eluding those containing added zinc, were reformulated or 
supplemented at 237 days to give a Series A and B. The 
eight rats of  each dietary group were divided into two sub- 
groups of  four rats each. The composit ions of  the Series A 
diets are shown in Table V. The Series B diets had the 
composit ion of  the original diets shown in Table II and 
were supplemented with 75 mg/kg manganese as manganese 
citrate and 0.1% choline chloride. The design of the Series 
B diets was based on the fact that soy isolate contained 3 
ppm manganese compared to values of  33, 36, and 0 ppm 
for soy flour, soy concentrate,  and casein, respectively 
(unpublished data); whereas choline supplementat ion in 
combination with methionine greatly enhanced growth of  
chicks fed soy isolate (13). 

Results of the continuation of  the feeding trial after diet 
reformulation at 237 days are given in Figure 1. There was 
little effect on growth with the casein control  diet. The 
reformulated diets, Series A, brought about an immediate  
stimulation of  growth for all soy groups accompanied by a 
marked increase in feed consumption. The greatest increase 
in weight gain was obtained with the group fed soy protein 
concentrate,  the group that was actually the most de- 
pressed at 237 days. A large increase in weight gain also 

i occurred with the isolate group, whereas reformulat ion had 
little effect on the soy flour group. The only Series B group 
that appeared to benefit  from choline and manganese 
addition was the rats fed soy isolate without zinc. Analysis 

TABLE IV 

Trial 2 - Long Term Feeding of Defatted Soy Flour Containing Graded Levels 
Trypsin Inhibitor (TI) on Body and Pancreas Weights of Rats 

Pancreas 
weight Dietarygroup DaySpartlyOn soy diet a Tlrag/COntent,100 g Body weights (-+ S.E.) b after (+_ S.E.)b 

No. Raw toasted Toasted diet 35 Days 168 Days c 215 Days G/IOO G.B.W. 

9 2 1 5  0 0 1 2 6 9  2 5 1 . 4  -+ 4 . 4  B b d  3 6 6  -+ 10  Cc  4 3 2  -+ 9 Bc  0 . 5 0 9  +- O . 0 1 3 A a  
10 35 0 1 8 0  d - -  2 5 1 . 9  + 4 . 8  Bb 4 1 8 -  + 1 1 B b  4 6 0 -  + 13 A B b c c  0 . 3 8 7  -+ 0 . 0 1 1 B b c  
11 0 2 1 5  0 4 5 9  2 8 9 . 4  -+ 6 . 0  A a  4 5 8  -+ 15 A B a  4 9 8  -+ 12 A a  0 . 3 6 7  + 0 . 0 1 5  Bb 
12 0 35 1 8 0  d 2 8 8 . 9  -+ 7 . 3  A a  4 5 3  -+ 10  A B a b  4 8 5  -+ 9 A a b  0 . 3 6 0  -+ 0 . 0 1 2  B b  
13 0 0 2 1 5  1 8 9  2 9 4 . 5  + 6 .2  A a  4 7 2  -+ 13 A a  4 9 7  -+ 16 A a  0 . 3 6 4  + 0 . 0 1 2  Bb 

aTen weanling male rats/group, level of soy in diet, 30%. 
bS.E. = standard error, Duncan's Multiple Range Test (I0): Means without a superscript letter in common are significantly different; lower 

case, P <0.05; upper case, P <0.01. 
CN = 9. Animal, number PAN 17, died at 142 days. 
dDiet switched to toasted soy diet after 35 days. 
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TABLE V 

Trial 3 - Composi t ion  of  Reformulated Diets,  Series A a 

Ingredient,  % Casein Soy  flour Soy concentrate  Soy isolate 

Casein 16.0 . . . . .  
Soy flour --- 28.0 . . . .  
Soy concentrate  . . . .  22.3 --- 
Soy isolate . . . . . . . . .  16.3 
Corn meal 57.5 57.5 57.5 57.5 
Corn oil 5.0 5.0 5.0 5.0 
Salts b 4.0 4.0 4.0 4.0 
Vitamins  c 2.2 2.2 2.2 2.2 
Cellulose 2.2 2.0 2.0 2.0 
DL-methionine  - -  0.18 0.18 0.30 
Dextrose  13.1 1.120 6.82 12.70 

aFed f rom 237 days to end o f  feeding trial; brewers yeast,  alfalfa meal ,  bone ash, sod ium 
chloride,  vitamin A, and D 3 mix were el iminated from original diets (see Table III) and 
replaced wi th  a comple te  salt and mineral mix .  

bBernhart and Tomerell i  salt mixture  (g/kg diet): calc ium,  9.0; chlorine,  0 .74;  copper,  
0.0074;  iodine,  0 .00022;  iron,  0.037; magnes ium,  0.60;  manganese ,  0 .074;  phosphorus ,  7.4; 
potassium, 2.7; sodium,  0.74; sulfur (SO4), 5.0, zinc, 0.02.  

eVi tamin  mixture  (in diet): A acetate,  19.8 iu/g; D3, 2.2 iu/g; DL-ct4ocopherol acetate,  
0.12 iu/g; choline chloride, 1.65 g/kg; menadione ,  49.6 mg/kg; nicotinic acid, 99 mg/kg;  
rivoflavin, 22 mg/kg; pyr idoxine .HC1,  22 mg/kg; th iamine .HCl  22 mg/kg;  calcium panto-  
thenate ,  66 mg/kg;  D-biotin, 0.44 mg/kg  ; folic acid,  1.98 mg/kg;  BI2  crystalline, 29.7 
ug/kg; inositol ,  110 mg/kg; p-aminobenzoic  acid, 110 mg]kg. 

TABLE VI 

Trial 3 -- Organ Weights of  Rats Fed Soy Products for 285 Days a 

Organ,  % of  body weight (means -+ S.E.) b 

Diet c Pancreas Liver Kidney Spleen Heart Testes 

Soy flour 
Series A 0,36 -+ 0,01 ab 2,5 • 0.1 de 0.56 +- O.02fg 0.14 -!-- 0,01 a 0.26 • 0.0 ab 0,64 • 0.04 bcde 
Series B 0.38 -+ 0.03 ab 2.9 • 0.02 cde 0,71 + 0.08 def 0,14 _+ 0.01 a 0.26 • 0.01 ab 0,68 -+ 0.05 bcd 

Soy concentrate  
Series A 0.37 + 0.01 ab 2.7 • 0.0 cde 0.65 _+ O.03defg 0.15 + 0.02 a 0.26 • 0.01 ab 0.76 + 0.04 bc 
Series B 0.32 + 0.02 b 4.1 + 0.2 a 0.99 + 0.05 ab 0.17 + 0.01 a 0.27 + 0.01 ab 0.97 • 0.06 a 

Soy isolate 
Series A 0.39 • 0.02 ab 2.4 • 0.1 e 0.64 • 0.02defg 0.14 • 0 .0l  a 0.26 • 0.01 ab 0.71 • 0.03 bd 
Series B 0.44 -+ 0.06 a 3.1 • 0.3 bc 0.78 • 0.02 cd 0.16 • 0.02 a 0.28 • 0.01 a 0.74 _+ 0.03 bc 

Casein control  
Series A 0.32 • 0.02 b 2.'/ +- 0.1 cde 0.53 • 0.01g 0.14 +- 0.01 a 0.23 • 0.01 ab 0.61 • 0 03 cde 
Series B 0.36 • 0.05 ab 2.7 • 0.1 cde 0.60 • 0.02 fg 0.16 • 0,01 a 0.25 + 0.02 ab 0.53 + 0~06 de 

aAnimals  fed for 237 days on original diets (Table II) plus 48 days on reformulated diets. 
bS.E. = Standard error, four rats per group, differences among means  compared using Duncan ' s  multiple range test (10): means without  a 

superscript letter in c o m m o n  are s ignif icantly different ,  P <0 ,05 .  
CSee text  and Table V for reformulat ion of  diets to give Series A and B diets. 

o f  v a r i a n c e  i n d i c a t e d  t h a t  d i e t a r y  s u p p l e m e n t a t i o n  a n d  t y p e  
o f  s o y  p r o t e i n  p r o d u c t  f e d  h a d  a s i g n i f i c a n t  e f f e c t  o n  
g r o w t h .  Z i n c  s u p p l e m e n t a t i o n  was  w i t h o u t  e f f e c t .  

Organ weights o f  rats in Trial 3. O r g a n  w e i g h t s  o f  r a t s  
f e d  s o y  p r o d u c t s  f o r  285  d a y s  a re  s u m m a r i z e d  in  T a b l e  VI .  
T h e r e  w a s  n o  i n d i c a t i o n  o f  a p a n c r e a t i c  s t i m u l a t i o n  e f f e c t  
o f  T I s  f o r  e i t h e r  Se r ies  A o r  B d i e t s  f o r  all  s o y  p r o t e i n  
p r o d u c t s ,  e v e n  t h o u g h  T I  c o n t e n t  r a n g e d  f r o m  3 1 0  m g  
T I / 1 0 0  g c o n c e n t r a t e  d i e t  t o  176  m g  T I  fo r  b o t h  t h e  s o y  
f l o u r  a n d  s o y  i s o l a t e  d i e t s  ( T a b l e  II) .  

S i g n i f i c a n t l y ,  i n c r e a s e d  l ive r  w e i g h t  r e l a t i ve  t o  b o d y  
w e i g h t  was  n o t e d  f o r  t h e  g r o u p  f e d  s o y  c o n c e n t r a t e  Se r i e s  
B.  T h i s  g r o u p  o f  r a t s  l o s t  w e i g h t  d u r i n g  t h e  f i r s t  2 3 7  d a y s  
o f  f e e d i n g  (F ig .  1) a n d  f a i l ed  t o  r e s p o n d  t o  t h e  r e f o r m u -  
l a t e d  d i e t  as wel l .  T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  in  
r e l a t i ve  k i d n e y  w e i g h t s  b e t w e e n  g r o u p s  f e d  s o y  p r o d u c t s  
a n d  c a s e i n ,  e x c e p t  f o r  a n  i n c r e a s e d  r e l a t i ve  k i d n e y  w e i g h t  
w i t h  t h e  g r o u p  f e d  s o y  c o n c e n t r a t e  Ser ies  B. S p l e e n  a n d  
h e a r t  w e i g h t s  w e r e  s i m i l a r  in  all d i e t s .  R e l a t i v e  w e i g h t s  o f  
t h e  t e s t e s  f o r  t h e  s o y - f e d  g r o u p s  w e r e  all g r e a t e r  t h a n  t h o s e  
o f  t h e  c o n t r o l s  a n d  a p p e a r e d  t o  be  i n v e r s e l y  r e l a t e d  t o  t h e  
g r o w t h  r a t e  o f  t h e  r a t s  f e d  t h e  v a r i o u s  d i e t s .  T h e  t e s t e s  o f  
r a t s  f e d  s o y  c o n c e n t r a t e  Ser ies  B w e r e  s i g n i f i c a n t l y  l a rge r  
c o m p a r e d  t o  t h e  o t h e r  s o y  a n d  c a s e i n  d ie t s .  A l t h o u g h  t h e  
d a t a  a re  n o t  r e p o r t e d  h e r e ,  s i m i l a r  o r g a n  w e i g h t s  w e r e  a l so  

n o t e d  fo r  t h e  r a t s  f ed  d i e t s  s u p p l e m e n t e d  w i t h  z inc .  
T h e s e  f e e d i n g  s t u d i e s  i n d i c a t e  t h a t  n o  d e l e t e r i o u s  e f f e c t s  

o c c u r r e d  in  t h e  o r g a n s  o f  r a t s  f ed  s o y  p r o t e i n  p r o d u c t s  f o r  
2 8 5  days .  A microscopic e x a m i n a t i o n  o f  t h e  p a n c r e a t i c  
t i s s u e s  r e v e a l e d  n o  a b n o r m a l i t i e s .  S i g n i f i c a n t  d i f f e r e n c e s  in  
r e l a t i ve  o r g a n  w e i g h t s  o c c u r r e d  o n l y  in  t h e  g r o u p  f ed  s o y  
c o n c e n t r a t e  Ser ies  B. In  t h i s  g r o u p ,  t h e  l iver ,  k i d n e y ,  a n d  
t e s t e s  e x h i b i t e d  s i g n i f i c a n t l y  h i g h e r  o r g a n  w e i g h t s  re la t ive  
to  b o d y  w e i g h t .  

Trial 4. Identification of the Growth Factor 
in Reformulated Soy Diets 

R e s u l t s  o f  T r i a l  3 (F ig .  l )  i n d i c a t e d  t h a t  a n u t r i e n t  in  t h e  
r e f o r m u l a t e d  d ie t  g r e a t l y  s t i m u l a t e d  g r o w t h  o f  r a t s  f ed  s o y  
p r o t e i n  p r o d u c t s ,  p a r t i c u l a r l y  t h o s e  f ed  s o y  c o n c e n t r a t e .  
In  Tr ia l  4,  w e a n l i n g  r a t s  w e r e  f ed  t h e  c a s e i n  c o n t r o l  a n d  s o y  
c o n c e n t r a t e  d i e t s  ( c o m p o s i t i o n ,  T a b l e  II) f o r  148  d a y s  u n t i l  
a l a rge  d i f f e r e n c e  in  b o d y  w e i g h t  o c c u r r e d ;  b o d y  w e i g h t s  
w e r e  4 8 5  a n d  4 0 9  g, r e s p e c t i v e l y .  A s  in  Tr i a l  3,  F i g u r e  1, 
r a t s  o n  t h e  c a s e i n  d i e t  o u t g r e w  t h o s e  f ed  s o y  c o n c e n t r a t e ;  
t h e  d i f f e r e n c e  i n  b o d y  w e i g h t  b e c a m e  s i g n i f i c a n t  a t  a b o u t  
64  d a y s  i n  b o t h  Tr ia l  3 a n d  4. I n  T r i a l  3,  g r o w t h  c e a s e d  a n d  
was  f o l l o w e d  b y  w e i g h t  lo s s  w i t h  c o n t i n u e d  f e e d i n g .  In  
Tr i a l  4,  t h e  s o y  c o n c e n t r a t e - f e d  g r o u p  e x h i b i t e d  a s l o w  r a t e  
o f  g r o w t h  c o m p a r e d  t o  t h e  c a s e i n  g r o u p .  T h i s  v a r i a t i o n  m a y  
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TABLE VII 

Trial 4 -- Weight Gain of Rats Fed Soy Concentrate 
Supplemented with Vitamins and Minerals after 148 days a 

Mean weight gain (g)b 

Dietary group 7 Days 14 Days 21 Days 28 Days 

Diet 14, casein control c 13.2 bcde 25.9 bc 28.5 cd 31.4 bcde 
Diet 15, soy concentrate c 8.8 de 18.7 bc 24.3 cd 32.0 bcde 
Diet 16, soy concentrate d 28.1 a 43.0 a 50.2 ab 58.7 a 

Soy concentrate Diet 23 plus supplement: e 

1. Complete vitamins and minerals 19.0 abc 29.6 abc 34.3 bc 42.7 ab 
2. Complete vitamins 20.8~ b 32.1 ab 42.0 abc 46.8 ab 
3. Complete minerals -1.8 1.0 d 5.2 e 12.8 e 
4. Vitamins A, D 3, E 9.0 cde 18.8 bc 23.5 cd 27.7 bcde 
5. B vitamins 21.4 ab 40.5 a 53.5 a 56.8 a 
6. BI2 22.3 ab 43.5 a 53.7 a 61.8 a 
7. Ca pantothenate 16.8 bed 31.1 ab 38.2 abe 41.2 abe 
8. Riboflavin 9.7 cde 23.9 be 32.5 bc 39.7 abcd 
9. Pyridoxine 14.9 bcde 20.9 bc 23.0 cde 29.8 bcde 

I0. Folic acid 8.2 cde 19.0 bc 25.2 cd 28.3 bcde 
11. Thiamine 4.9 ef 10.4 cd 12.2 de 19.7 cde 
12. Nicotinic acid -2.6 f 3.9 d 12.7 de 17.0 de 

aAfter 148 days on test, soy groups were subdivided and then supplemented as shown. 
bDuncan's multiple range test (10): Means, at any given time, without a superscript letter in common are 

significantly different, P <0.05. N = 8., casein control; N = 6, all other diets. Mean starting body weight (149 
days on test): Casein control, 485 g; all other diets, 408 to 409 g. 

CComposition of diets, Table II; the casein and soy diets contained 0.6 and <0.2 nag BI2/100 g, analyzed by 
Warf Institute, Inc., Madison, Wisconsin, AOAC method (14). These values are the original diets fed to weanling 
rats at the start of Trial 4 to 148 days. 

dsoy concentrate diet of Table V was substituted for that of Table II at 149 days. 
eConcentrations of added vitamins and minerals as shown in Table V, footnotes b and c. 

ref lect  some u n k n o w n  di f ferences  in process ing  b e t w e e n  
soy c o n c e n t r a t e  samples,  even though  p r o x i m a t e  analyses 
were qui te  similar. 

Af te r  148 days on  test ,  the  soy groups  were  divided in to  
14 subgroups  o f  6 rats, each subgroup  having the  same 
m e a n  b o d y  weight.  Vi tamins  and minerals  were added  as 
ind ica ted  in Table VII and g rowth  rate  was fo l lowed  for  the  
n e x t  28 days. 

Rats  receiving diet  16, the  r e f o r m u l a t e d  diet  supple-  
men t ,  r e s p o n d e d  in the  first week.  Rate  of  g rowth  was 
s ignif icant ly greater  than  wi th  e i ther  the  u n s u p p l e m e n t e d  
diet 15 or  the  casein con t ro l  (die t  14). S u p p l e m e n t s  1,2, 
and 5, all o f  which  con ta ined  B 12, also s t imula ted  g rowth  
similar to  tha t  observed wi th  diet  16. B12 alone (supple-  
m e n t  6) a c c o u n t e d  for  the  s t imula t ing  ef fec ts  observed.  An 
in t e rmed ia t e  g rowth  ef fec t ,  no t  s ignif icant ,  was ob ta ined  
wi th  calcium p a n t o t h e n a t e  and r iboflavin.  Minerals,  thia- 
mine,  and n icot in ic  acid appeared  to  inh ib i t  g rowth .  As in 
all previous trials wi th  edible grade,  hea t -p rocessed  soy 
p roduc t s ,  no  pancrea t ic  h y p e r t r o p h y  occur red .  

DISCUSSION 
Rat tes ts  s h o w  tha t  pancrea t ic  e n z y m e  secre t ion  is 

suppressed  by  negative f eedback  inh ib i t ion  resul t ing f rom 
the  presence  o f  t ryps in  in the  in tes t ina l  t ract  (15-17).  At  
very  high levels o f  act ivi ty such as t ha t  in raw soy flour,  TI 
evokes hype r sec re t i on  of  pancrea t ic  e n z y m e s  by fo rming  
t rypsin-TI  complexes ,  t he reby  decreasing the  suppress ion  
exe r t ed  by  free t rypsin .  Con t inuous  pancrea t ic  s t imula t ion  
leads to  h y p e r t r o p h y  and g rowth  inh ib i t ion .  The sec re to ry  
response  of  the  pancreas  to TIs is an ind i rec t  one  tha t  is 
in i t ia ted  in the  in tes t ina l  t rac t  and n o t  in the  b l o o d  (18).  
In previous shor t  t e rm rat  bioassays,  par t ia l ly  p rocessed  soy 
f lour  as the  sole source  o f  dietary p ro t e in  did no t  enlarge 
the  pancreas.  The diet  c o n t a i n e d  464 mg  TI /100  g o f  diet  
and r ep re sen ted  only  ca. 54% des t ruc t ion  of  TI act ivi ty 
originally p resen t  in raw flour (5). Even in the  long t e rm 
feeding tes ts  descr ibed here ,  no rma l  pancrea t ic  e n z y m e  
secre t ion  appears  to  be main ta ined  wi th  diets con ta in ing  
relatively high levels o f  TI activity.  

In the  p resen t  s tudy ,  ini t ial ly all soy diets  s u p p o r t e d  
g ro w t h  equal  to  rats fed casein.  With c o n t i n u e d  feeding,  the  
g rowth  o f  soy-fed  rats lagged beh ind  tha t  for  the  casein 
cont ro l .  A v i tamin  B 12 def ic iency  may  be respons ib le  fo r  
m o s t  o f  this g ro w t h  lag. Since g ro w t h  ra tes  o f  rats  fed  soy 
flour,  concen t r a t e ,  and isolate  d i f fe red  marked ly ,  it  wou ld  
appear  t ha t  m o r e  research  will be n e e d e d  to  d e t e r m i n e  
w h e t h e r  the  n u t r i e n t  r e q u i r e m e n t s  o f  rats change  sub- 
s tant ial ly during c o n t i n u o u s  c o n s u m p t i o n  of  soy p ro te in .  

Resul ts  o f  n u m e r o u s  chemica l  analyses and  shor t  t e r m  
animal  bioassay ind ica te  t ha t  wi th  precise con t ro l  o f  
m a n u f a c t u r i n g  processes ,  soy  p ro t e in  p roduc t s ,  in m i x e d  
diets,  have p ro te in  nu t r i t i ona l  value app roach ing  tha t  o f  
animal  p ro t e i n  (4). In ex tens ive  h u m a n  tests ,  equiva len t  
results  were ob ta ined  wi th  an in take  o f  at least 0.6 g 
p ro t e in  per  kg o f  b o d y  weight  per  day,  w h e t h e r  as soy 
isolate or as beef  p ro te in ,  based on  n i t rogen  balance  and 
chemical-biochemical pa rame te r s  (19).  These  r epo r t s  
suggest it is unl ikely t ha t  such soy p ro t e in  p r o d u c t s  wou ld  
be a hea l th  p ro b l em in man.  Our  long t e rm feeding  tes ts  
suppor t  this  assessment ,  because  w h e n  soy p ro te ins  were  
fed to rats f rom weaning  to  a d u l t h o o d ,  no  pancreatic 
h y p e r t r o p h y  was observed.  
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Dry Roasting of Beans 
3.C. COWAN, Recorder, Bradley University, PO Box 3442, Peoria, 
I L 61604 USA 

Dr. Irving Liener ,  Univers i ty  of  Minneso ta ,  Minneapol i s ,  
MN, and  G r a n t  K u h n  of  the  G r a n t  L. K u h n  and  Co., 
Saginaw,  MI, rev iewed a new process  for  d ry-bed  roas t ing  of  
navy beans.  The  work  is r e p o r t e d  in detai l  in  an  art icle  by  
Yadav  and  Liener ,  Legume Research  1 ( 1 ) : 1 7  (1977) .  The  
p r o c e d u r e  appea r s  app l icab le  to  m a n y  seeds inc lud ing  
s o y b e a n s  t h a t  need  hea t  t r e a t m e n t  p r io r  to  c o n s u m p t i o n  by  
an imals  or  h u m a n s .  T he  seeds are roas ted  for  a sho r t  t i m e  at 
ca. 200  C before  be ing  processed  to  f lour  or r e t a ined  as 
seeds. By m e a n s  o f  a screw conveyo r ,  beans  are d r o p p e d  
i n to  an inc l ined  r o t a t i n g  drum.  It c o n t a i n s  sand,  salt or  
ce ramic  pel le ts  as a hea t  t r ans f e r  m e d i u m  held  at  196-204 

C. The  beans  are r e t a ined  for  ca. 20-25 seconds .  Beans  are 
d r o p p e d  i n to  a s epa ra to r  wh ich  pe rmi t s  t r ans fe r  of  t he  salt ,  
sand,  or  pel le ts  back  to  the  r o t a t i n g  d r u m  hea ter .  Roas t ed  

beans  m a y  be  g r o u n d  to  f lour ,  c o n v e r t e d  to  o t h e r  p r o d u c t s  
or  m a r k e t e d  as " r o a s t e d "  beans.  Tests  s h o w e d  the  beans  to 

have  d iges t ib i l i ty  and  PER super io r  to  au toc laved  beans.  
T ryps in  i n h i b i t o r  was r educed  ca. 7 5% to  4 x 10 -3 un i t s  pe r  

g and  h e m a g g l u t i n i n  un i t s  to  0.2.  With  added  m e t h i o n i n e ,  

the  PER was 3.1 + 0 .08  and  wi th  50-50 corn-beans ,  t he  
PER was equal  or b e t t e r  t h a n  casein.  Tests  are cu r r en t l y  
be ing  c o m p l e t e d  on  soybeans .  

Physiological Effects of High Soybean Diet in Man 
P.G. VAN STRATUM, Unilever Research, Vlaardingen, The 
Netherlands (Summary prepared by J.C. COWAN, Recorder) 

Two  groups  o f  46 h u m a n  v o l u n t e e r s  were fed a c o n t r o l  
or  a soy  diet  for  4 weeks  and  t he  diet  sw i t ched  for  a n o t h e r  
4 weeks. The  soy  diet  was based  on a soy  c o n c e n t r a t e  o f  ca. 
62% pro te in .  The  n u t r i t i o n a l ,  med ica l  and  tox ico log ica l  
expe r t s  o f  t he  g roup  invo lved  in th i s  s t udy  c o n c l u d e d  
u n a n i m o u s l y  t h a t  changes  in phys io log ica l  p a r a m e t e r s  were  

no t  abnorma l .  Where  s igni f icant  d i f fe rences  were n o t e d ,  
t hey  fell w i th in  n o r m a l  cl inical  l imits .  No undes i rab le  e f fec t  
was n o t e d  w i th  n o  i n d i c a t i o n  o f  any  undes i r ab le  long t e r m  
effect .  P roper ly  h e a t - t r e a t e d  soy p r o t e i n  p r o d u c t s  shou ld  
n o t  give any  h e a l t h  p r o b l e m s  wi th  h u m a n s .  See Cereal  
Foods  Wor ld  2 3 ( 5 ) : 2 3 4  (1978) .  

Toxicity of Cereal Protein- Derived Peptides for in 
Vitro Developing Intestine from Rat Fetus 
S. AURICCHIO and G. DE RITIS Clinica Pediat_rica, II Facolta di Medicina e Chirurgia, 
Napoli, Consiglio Nazionale delle Ricerche, Rome, Italy, and M. DE VINCENZl and 
V. Sl LANO, Laboratorio di Tossicologia, Istituto Superiore di Sanita, Rome, Italy 

ABSTRACT 

This  p a p e r  descr ibes  work  t h a t  shows  t h a t  the  PTC 
digest  of  gl iadins e x t r a c t e d  f r o m  h e x a p l o i d  w h e a t  f lour  
have  t he  same tox i c  ac t iv i ty  o f  t he  PTC digest o f  gl iadins 
e x t r a c t e d  f r o m  h e x a p l o i d  w h e a t  g lu ten .  Moreover ,  n o t  all 
w h e a t  species  a p p a r e n t l y  c o n t a i n  t he  tox ic  c o m p o n e n t s ,  
t hus  sugges t ing  t h a t  d u r u m  w h e a t  foods  m a y  p re sen t ,  as 
c o m p a r e d  to  sof t  w h e a t  foods ,  a l o w e r  risk for  h u m a n  

h e a l t h  u n d e r  pa r t i cu la r  c i r cums tances .  Similar  consider-  
a t ions  seem to  app ly  to  o t h e r  cereal  genera  t h a t  seem to  
d i f fe r  wi th  respec t  to  t he  p re sence  a n d / o r  c o n t e n t  o f  t ox i c  
pept ides .  F u r t h e r  e x p e r i m e n t s  to  tes t  such  a work ing  
h y p o t h e s i s  are n o w  be ing  made .  

INTRODUCTION 

Many  factors ,  such  as p r o t e i n  c o n t e n t ,  essential  a m i n o  
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