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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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FIG. 1. Jejunal mucosa from a 17-day rat fetus before culture. 
No villi are present and the epithelium consists of stratified undif- 
ferentiated cells. Richardson's stain (x310). 

acid composition and availability, protein digestibility and 
other factors contribute to the poor nutri t ional value of 
cereal proteins as compared to proteins from animal sources 
(1). Moreover, some cereal species contain chemicals of 
different nature which can have serious effects under  
particular circumstances (i.e., tannins in a low protein diet, 
phytates in a metal-deficient diet) (1). These factors affect- 
ing nutrit ional value of cereal and other plant proteins are 
now well established, and nutritionists as well as food 
technologists have learned how to deal with such problems. 

However, there are other toxic components  in some 
cereal species (and they might as well be present in other 
plant materials) that act under special circumstances and 
that we do not know yet how to inactivate or counter- 
balance. A typical relevant condition in this respect is 
coeliac disease, a giuten-induced entheropathy that affects 
sensitive humans (perhaps 1 over each 1,000 people)(2).  It 
has been reported (3) that patients with coeliac disease 
show intolerance not  only of wheat, but  also of rye, barley 
and oats. The role of wheat gluten as a toxic factor in the 
pathogenesis of coeliac disease is now well established, and 
it has been suggested that gliadin, the ethanol soluble 
fraction of gluten, is in fact responsible for the adverse 
effects observed when gluten is present in the diet of 
coeliac individuals (4,5). Not only whole gliadin proteins, 
but  also peptides deriving from proteolytic digestion 
of wheat gliadins are toxic in coeliac disease (6-9). 

Moreover, there are indications that wheat gluten or 
gluten fractions might have a harmful role in other types of 
small intestinal diseases. Bayless and Swanson (10) reported 
that patients with tropical sprue responded to a gluten-free 
diet with a decreased steatorrhea and with an improvement 
in the jejunal lesions. Hedberg et al. (11) described patients 

FIG. 2. Jejunal mucosa from the same fetus as Fig. 1 which had 
been cultured for 48 hr showing well developed villi lined by a single 
layer of relatively differentiated columnar epithelial cells. Richard- 
son's stain (x310). 

with postgastrectomy steatorrhea that was improved by a 
gluten-free diet. Levine (12) found that subjects convalesc- 
ing from Laennec's cirrhosis, tuberculosis, or viral hepatitis 
showed a significant increase in fecal fat excretion upon 
addition of 100-150 g gluten dally to the diet, whereas no 
effect was observed with normal  individuals. Rudman et al. 
(13) showed that patients with regional enteritis g~ven 5 to 
50 g of gluten with the diet for 12 days suffered gastroin- 
testinal bleeding, increased steatorrhea, fever, diarrhea and 
abdominal discomfort due to inclusion of gluten in the diet. 
Temporary gluten intolerance (14) as well as gluten 
sensitive diarrhea without evidence of coeliac disease ( 1 5 )  
have also been described. 

The detection and characterization of cereal components  
which may be toxic for man under  some conditions is very 
difficult because of the lack of suitable in vivo or in vitro 
methods for toxicity testing. This applies to compounds 
responsible for coeliac disease as well as to those involved in 
other intolerances to cereal proteins. Moreover, the possi- 
bility exists that some new protein sources also contain 
similar compounds which may exert a toxic effect on man. 
At the moment  we have no way of testing such a pos- 
sibility to give good indications to food technologists 
for removal and/or inactivation of toxic compounds.  
Therefore, we are trying to develop an in vitro system to be 
used for identification of this special type of toxic com- 
pounds. A common feature of cereal intolerance path- 
ologies is the increase of enterocyte turnover resulting in 
the presence of immature enterocytes on the surface of the 
mucosa. As such a condit ion could be at least in part 
assimilated to some biological stages underlying maturat ion 
of rat fetal intestine, which takes place in vitro in a way 
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FIG. 3. Jejunal mucosa from the same fetus as Fig. 1 which had 
been cultured for 48 hr in the presence of the PTC digest of gliadin 
prepared from hexaploid wheat (0.1 mg/ml). No villi :ire developed, 
and the intestinal surface is lined by a single layer of relatively 
undifferentiated cuboidal and columnar epithelial cells. Large 
lysosome-like inclusions are present. Richardson's stain (x310). 

FIG. 4. Jejunal mucosa from the same fetus as Fig. 1 cultured 
for 48 hr in the presence of the PTC digest of gliadin prepared from 
tetraploid wheat (0.5 mg/ml). The maturation of the jejunal mucosa 
happens normally. Well formed villi similar to those shown in Fig. 3 
are present and their epithelial lining consists of a single layer of 
fairly differentiated columnar cells. Richardson's stain (x 310). 

comparable to what happens in vivo (16), we have under- 
taken a research program to evaluate whether such a tissue 
provides a good model for the study of toxic proteins and 
peptides. In a previous study (I 7) we prepared a peptic- 
tryptic-cotazym (PTC) digest of  a crude gliadin preparation 
from hexaploid wheat gluten under experimental condi- 
tions simulating in vivo protein digestion by humans; this 
digest was then fractionated into 10 peaks by ion exchange 
chromatography. PTC gliadin digest and one of its subfrac- 
tions (coded as fraction 9 according to its elution pattern) 
were very active in inhibiting in vitro development and 
morphogenesis of small intestine from 17 and 18 day old 
rat fetuses, but had no toxic effect in the culture of 
jejunum from 21 day old rat fetus. In this previous study 
(17), we also tested several wheat albumin and gliadin 
fractions on in vitro developing small intestine from 17 day 
old rat fetus. Among all the tested protein fractions, only 
one gliadin fraction (coded as a t 0  gliadin from its gel 
electrophoretic mobili ty) exhibited a toxic effect;  morpho- 
logical alterations induced by cq0 gliadin were similar to 
those induced by PTC digest and fraction 9. 

We have carried out further experiments to investigate 
the effects on such a tissue system of peptides obtained 
through digestion of  several protein fractions from hexa- 
ploid and tetraploid wheats as well as from other cereal 
species. 

EXPERIMENTAL 

For preparation of  the globulin fraction, 100 g of  finely 
ground whole cereal flour was extracted at 4 C for 3 hr in a 

shaker with 11 of  a 0.04 M Na2HPO4 (pH 7) buffer con- 
taining 1.8 M (NH4) 2 SO 4. After extraction, the suspension 
was centrifuged for 15 rain at 16,000 x g. The supernatant 
was dialyzed against distilled water for 48 hr at 4 C to 
obtain the globulin fraction as a precipitate. Identical 
experimental conditions were applied with other solvents 
for the consecutive extraction of the albumin, gliadin, and 
glutelin fractions from the residue from the first extraction. 
The solvent for extraction of albumins was 0.04 M Na2 HPO 
4 (pH 7) containing 0.4 M (NH4)2504,  that for extraction 
of gliadins was ethanol/water (70:30 v/v), and for the 
extraction of  glutelin 0.1 M acetic acid was used. Gliadin 
and glutelin fractions were extracted at room temperature 
using 300 ml of solvent for 100 g of flour. 

The procedure for gliadin preparation used here is 
significantly different from that previously used by de Ritis 
e t a l .  (17) mainly because they extracted gliadins from 
commercial wheat gluten instead of  wheat flour. 

Pepfic-trypfic-cotazym digests were prepared from cereal 
protein fractions following the three steps procedure of 
Bronstein e ta l .  (18) as reported by de Ritis e ta l .  (17). One 
hundred g of  protein fraction was digested in 11 of 0.2 N 
NC1 (pH 1.8) with 2 g of  purified pepsin at 37 C for 2 hr. 
The resultant peptic digest was further digested by addition 
of  2 g of  purified trypsin after pH adjustment to 8.0 with 
2 N NaOH. The reaction mixture was vigorously stirred at 
37 C for 4 hr at pH 8.0. Then, the peptic-tryptic digest was 
treated with 2 g of purified cotazym and mechanically 
stirred for 2 hr at pH 8.0. During all the digestion pro- 
cedure, the pH was checked periodically and, when 
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TABLE I 

Morphological Features of Maturation of Rat Fetal Jejunum Cultures 
in Vitro in the Absence of in the Presence of Gliadin Peptides 

Sample 

Epithelium 

Villi Monostratified 

Absent Rudimentary Present Stratified Cuboidal Columnar Mixed 

Goblet Degenerative 
ceils changes a 

Present + ++ 

Uncultured 
17-day fetuses 
(42) b 42 

A f t e r  48 hr 
culture without 
gliadin peptides 
(42) b 2 

After 48 hr 
culture with 
PTC-gliadin 
d i g e s t  from 
hexaploid wheat 
(0.5 mg/ml) 
( 4 ) 0  4 

(0.1 mg/ml) 
(6) b 6 

After 48 hr 
culture with 
PTC-gliadin 
digest from 
tetraploid wheat 
(0.5 mg/ml) 
(6)b 

(0.1 mg/ml) 
(6)h 

42 

1 3 9  --- 4 1  1 27 10 

2 1 1 -- 3 1 

2 2 2 1 3 --- 

5 6 2 

6 6 3 

1 

a+_ Indicates slight degenerative changes; ++ indicates large necrotic areas. 
bNumber of fetal jejunal cultured. 

needed ,  ad jus ted  w i th  HC1 o r  NaOH. A t  t he  end  o f  t he  
whole  d iges t ion  p r o c e d u r e ,  the  digest was s u b m i t t e d  to  gel 
f i l t r a t ion  and  t he  pep t i de  f r ac t ions  e lu ted  a f t e r  cy to -  
c h r o m e  c were co l l ec ted  and  f reeze-dr ied.  Th i s  enzyme- f r ee ,  
low m o l e c u l a r  weight  pep t i de  poo l  has  been  c o d e d  as PTC 
p r o t e i n  digest.  Moreover ,  a PTC bov ine  se rum a l b u m i n  
digest to  be used as a c o n t r o l  was p r e p a r e d  u n d e r  iden t i ca l  
e x p e r i m e n t a l  cond i t ions .  

F o r  in  v i t ro  cu l t u r e  o f  fe ta l  j e j u n u m ,  t i m e - p r e g n a n t  
Wistar  ra ts  were a n e s t h e t i z e d  w i th  e t h e r  and  17 day fe tuses  
were r e m o v e d  at  l a p a r a t o m y .  Fe ta l  j e j u n u m  segmen t s  were 
i so la ted  and  cu l t u r ed  in vitr t ,  for  48  h r  in a se rum-f ree  
m e d i u m ,  accord ing  to  t he  m e t h o d  desc r ibed  by  de Rit is  et  
al. (17) .  J e juna l  s egmen t s  f r o m  t he  s ame  fe tus  were  cul- 
tu red  in the  absence  and  in t he  p re sence  o f  t e s t ed  pept ides .  
D i f f e r en t i a t i on  o f  the  fetal  ra t  j e j u n u m  was fo l lowed  
morpho log i ca l l y  by  l ight  m i c r o s o p y  e x a m i n a t i o n  as re- 
p o r t e d  b y  de Rit is  e t  al. (17) .  

RESULTS A N D  DISCUSSION 
As i n d i c a t e d  b y  l ight  m i c r o s c o p y  e x a m i n a t i o n ,  j e juna l  

segments  f r o m  s e v e n t e e n  day  old  ra t  fe tuses  did n o t  show 
before  in v i t ro  cu l tu re  any  vil lus and  o n l y  u n d i f f e r e n t i a t e d  
cubo ida l  s t ra t i f i ed  e p i t h e l i u m  l in ing t h e  j e j u n u m  was 
p re sen t  (F igure  1). Moreover ,  no  gob le t  cells cou ld  be  
d e t e c t e d  at  th is  stage of  t issue d e v e l o p m e n t .  Af t e r  48  h r  in  
v i t ro  cu l tu re  (F igure  2), t h e r e  were clear  m o r p h o l o g i c a l  
evidences  o f  t issue m a t u r a t i o n .  Well d i f f e r e n t i a t e d  villi were  
p resen t  in  cu l t u r ed  j e juna l  segments .  T h e  ep i the l ia l  l in ing  
cons is ted  exclusively  o f  s imple  c o l u m n a r  e p i t h e l i u m ;  gob le t  
cells were  also iden t i f i ed  ( T a b l e  1). T h e  pep t i c - t r yp t i c -  
c o t a z y m  digest  (PTC digest)  o f  t he  gl iadin  f r ac t i on  p r e p a r e d  
f rom h e x a p l o i d  (Triticum aestivum) w h e a t  was very  act ive 
in s lowing d o w n  in v i t ro  d e v e l o p m e n t  o f  fe ta l  ra t  i n t e s t i ne  
and  in increas ing  o c c u r r e n c e  and  sever i ty ,  especial ly  at  t he  
m e s e n c h y m e  level,  of  degenera t ive  changes  sporad ica l ly  
observed  in t he  c o n t r o l  t issue (F igure  3).  Such  ef fec ts  were  
also obse rved  at the  lowes t  pep t i de  c o n c e n t r a t i o n  t e s t ed  

(0.1 m g / m l  o f  i n c u b a t i o n  m e d i u m )  ( T a b l e  1). 
No one  o f  t he  e f fec ts  i n d u c e d  b y  t he  PTC gl iadin  d iges t  

f r o m  h e x a p l o i d  w h e a t  was obse rved  w i th  t he  PTC digest  o f  
gl iadin f r ac t i on  o b t a i n e d  f r o m  t e t r a p l o i d  (Triticum durum) 
whea t ,  even  w h e n  it  was t e s t ed  at  a c o n c e n t r a t i o n  as h i g h  as 
0.5 m g / m l  (F igure  4 and  Tab le  1). 

P re l imina ry  e x p e r i m e n t s  have  also b e e n  ca r r ied  o u t  w i t h  
PTC gl iadin  digest  f r o m  dip lo id  (Triticum monococcum) 
w h e a t  as well  as f r o m  o t h e r  cereal  species  i n c l u d i n g  r ice ,  
bar ley ,  oa t s  and  rye.  P re l imina ry  da ta  avai lable  s eem to  
i nd i ca t e  t h a t  t he  digests  f r o m  rye  and  oats ,  a l t h o u g h  t o  a 
d i f f e r en t  e x t e n t ,  have  the  t o x i c  ac t iv i ty ,  whereas  t h e  digests  
f rom diplo id  w h e a t s  seem inact ive .  A few e x p e r i m e n t s  have  
also b e e n  car r ied  o u t  t o  t e s t  PTC digests of  h e x a p l o i d  w h e a t  
a l b u m i n ,  g lobu l in  and  g lu te l in  f r ac t i ons ;  in  all t h e  cases n o  
tox ic  ac t iv i ty  has  b e e n  d e t e c t e d  up  to  now.  
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