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SUMMARY. The autor recounts his personal trail of research which 
has ultimately led to better understanding of the factors which 
contribute to the poor nutritive value of unheated soybeans. Among 
the ‘techniques that were employed were the isolation of a lectin from 
raw soybeans, the use of affinity chromatography to remove the 
trypsin inhibitors, and the nutritional evaluation of soybean varieties 
which lacked the lectin or the Kunitz trypsin inhibitor. Based on a 
consideration of the results obtained by these experiments, it was 
estrimated that the trypsin inhibitors accounted for approximately 
40% of the growth inihibiton on raw soy, of which two-thirds could 
be attributed to the Kunitz inhibitor and one-third to the Bowman- 
Birk inhibitor. The soybean agglutinin was deemed responsible for 
50% of the inhibiton of growth, and the remaining 10% is most likely 
due to the poor digestibility of the undenatured protein.

RESUMEN. Efecto del procesamiento sobre los factores 
antinutricionales de las semillas de leguminosa: el caso de la soya.
El autor relata sus experiencias de investigación, que le han llevado 
finalmente a una mejor comprensión de los factores que contribuyen 
al pobre valor nutritivo de las semillas crudas de soya. Entre las 
técnicas empleadas figuran el asilameinto de la lectina de las semi­
llas, el uso de cromatolografía de afinidad para removerlos inhibidores 
de tripsina y la evaluación nutricional de variedades de soya des­
provistas de lectina o del inhibidor de tripsina de Kunitz. En base al 
análisis de los resultados de dichos experimentos, se estimó que los 
inhibidores de tripsina contribuyen, aproximadamente, en un 40% a 
la inhibición del crecimento causado por la soya cruda; de este 40%, 
dos tercios pueden ser atribuidos al inhibidor de Kunitz y un tercio al 
de Bowman-Birk. La aglutinina de soya fue considerada como 
responsable del 50% de la inhibición del crecimiento. El restante 
10% probablemente es debido a la pobre digestibilidad de las 
proteínas nativas.

BA CKG RO U N D

M y love affair with soybeans began m ore than four decades 
ago. Follow ing my discharge from  m ilitary service in 1946 ,1 
entered the PhD program  in B iochem istry and N utrition at the 
U niversity o f Southern California. A fter one year o f  intensive 
course w ork to get back on an academ ic track, I was made an 
offer I could not refuse. If  I w ould agree to return to active 
duty, I would be assigned to the Q uaterm aster Corp in 
C hicago w here, in addition to  my m ilitary duties, I  w ould be 
free to conduct my research for the PhD degree. One of the 
projects the Arm y was interested in at the tim e was the 
increased utilization o f soybeans as a replacem ent for m eat 
protein in army rations. One o f  the problem s w ith the use of 
soybeans was the fact that, unless the soybean had been 
subjected to som e from  o f processing, its nutritional value was 
very poor. I was asked to address this problem  and to elucidate 
the basis for this phenom enon. L ittle did I realize at tim e that

I was about to undertake a project which would becom e an 
alm ost life-tim e com m itm ent.

Based on the early observation by Osborne and M endel (1) 
it was already well known that the nutritive value o f soybean 
protein poorly supported the grow th of rats unless it had 
received some form  o f heat treatm ent. A lso know n at this time 
that soybeans in its raw  state was a rich source o f  trypsin 
inhibitors (2). An example o f the inverse relationship between 
the improvement in the nutritive value of soybean protein and the 
destruction of the trypsin inhibitor is shown in Fig. 1. This 
coupled with the observation that heat produced an improvement 
in the digestibility of the protein lead to what appeared to  be the 
logical conclusion that the beneficial effect o f heat treatment 
could be attributed to the destruction o f these inhibitors that could 
otherwise interfere with the digestion of protein in the intestinal 
tract. Moreover, protein fractions which were highly enriched 
with trypsin inhibitor activity were capable of inhibiting the 
growth of rats, chicks, and m ice (4-6).



FIG U RE 1
Effect o f  heat treatm ent on the trypsin inhibitor activity and 

nutritive value o f the protein as m easured by the protein 
efficiency ratio (PER) rat assay. Taken from  Rackis (3).

T r y p s i n  Inhibi tor  A c t i v i t y  ( T l U / m g . )

Pr ot e i n  E f t i c i en cy  Ratio (PER)

D espite  these observatons it rem ained unclear why 
preparations o f the trypsin inhibitor were capable of inhibiting 
g row th  even  w hen in co rp o ra ted  in to  d ie ts con tain ing  
predigested protein or free am ino acids (7). Such experiments 
obviously rule out an inhibiton o f intestinal proteolysis as the 
sole factor responsabile for growth inihibition. Perhaps the 
m ost significant observaton that has ultim ately led to better 
understanding o f the m ode o f action o f  the soybean trypsin 
inhibitors was the finding that feeding of raw  soybeans, or the 
purified inhibitors derived therefrom , caused an enlargem ent 
o f  the pancreas (8), w hich could be described histologically as 
hypertrophy as well as hyperplasia (9). Com com itant w ith this 
increase in the size o f the pancreas was an increase in the 
s e c re tio n  o f  d ig e s tiv e  e n z y m e s , in c lu d in g  try p s in , 
chym otrypsin, and elastase, and their ultim ate excretion in the 
feces (10). Thus arose the hypothesis that the growth depression 
caused by the trypsin inhibitors was a consequence o f an 
endogenous loss o f  am ino acids in  the form  of enzymes being 
secreted by a hyperactive pancreas. Because pancreatic 
enzym es such as trypsin and chym otrypsin are particulary rich 
in the sulfur-containing am ino acids, the effect o f a hyperactive 
pancreas is to d ivert these am ino acids from  the synthesis o f 
body tissue protein to the synthesis o f these enzymes which are 
subsequently lost in the feces. The net effect is a loss in weight 
because o f  an exacerbation o f  an already critical situation with 
respect to  soybean protein, which is inherently deficient in the

sulfur-containing amino acids.
But several observations cast doubt as to whether the 

destruction of the trypsin inhibitor by heat was in fact the 
whole answer to the problem . The addition o f a concentrate of 
the trypsin inhibitor to diets containgn heated soybeans at a level 
equivalent to the trypsin inhibitor activity o f raw soy did not 
reduce the PER to the same level as the raw soy (7). In other words 
there was a definite indication that heat treatment was doing 
something more than just destroying the trypsin inhibitor. 
Furhermore, in a study involving 26 varieties o f soybeans, there 
was no correlation between the protein efficiency ratio (PER) as 
measured in rats and their trypsin inhibitor content ( 11 ). 
Interestingly enough, there was, however, asignificantcorrelation 
between the PER and the size o f the pancreas. This would 
indicate that some factor other than the trypsin inhibitors must 
also be playing a role stimulating the growth of the pancreas.

In order to delineate m ore precisely the role o f the trypsin 
inhibitor, instead of adding the trypsin inhibitor to heated 
soybeans, we decided to rem ove only the trypsin inhibitor 
from  unheated soybeans to see w hat effect this would have on 
the nutritive value of the protein. This approach would then 
exclude any effect heat treatm ent m ight have other than its 
effect on the try psin inhibitor perse . W hen rats were fed a raw 
soybean extract from  w hich trypsin inhibitor activity had been 
rem oved by affinity chrom atography on Sepharose-trypsin, it 
was found that only apaproxim ately 40%  o f the difference in 
P E R ’s and pancreas w eights betw een raw and heated soybean 
protein could be atributed to the trypsin inhibitor ( 12).

W e w ere thus faced with the question as to w hat m ight be 
responsible for the approxim ately 60% o f the growth inhibition 
produced by the ingestion o f  raw  soybeans by the rat. It was 
this consideration w hich prom pted our search for the possible 
presence o f a growth inhibitor (s) w hich m ight account for the 
failure to explain the beneficial effect o f heat treatm ent as 
being due solely to the trypsin inhibitors. As a first approach 
to this problem  we sim ply wanted to see if  one could show the 
presence o f a toxic factor by the direct intraperitoneal injection 
o f a crude extract o f raw soybeans into rats. The injection of 
the pure crystalline preparation o f the K unitz trypsin inhibitor 
proved innocuous, whereas the crude extract w ith considerably 
less antitryptic activity w as in fact quite toxic (13). These 
results made it quite clear that there was som ething other than 
trypsin inhibitor activity that was producing a toxic response 
in rats. Thus began our search for som e yet unidentified toxic 
factor in soybeans.

The m ost prom ising candidate appeared to be agglutinins 
known to be present in legumes. As early as 1888 Stillm ark 
had already shown that ricin, the toxic principle o f the castor 
bean, displayed hem agglutinating activity (14). Later, in 1908, 
Landsteiner and Raubitschek (15) had shown that crude extracts 
o f  m any edible legum es, inc lud ing  soybean, also  had 
hem agglutinating activity. L ittle attention, however, was paid 
to the possibiity that these agglutinins, which would later be 
referred to as «lectins», w ere responsible for the poor nutritive



value o f  som e o f  these legum es in their raw form. It w asn’t 
until latter part o f  ’49 and the early ‘5 0 ’s that Jaffe directed our 
attention to the possibility that the toxicity o f  raw  beans 
(Phaseoulus vulgaris) m ight be due to the presence o f  these 
hem agglutinins (16-18). These reports prom pted us to attem pt 
the isolation o f w hat we thought could very well be the toxic 
factor in soybeans that we were looking for. Using fractional 
precipitation o f the protein w ith am m onium  sulfate, we found 
that the intraperitoneal toxicity was closely associated with 
hem agglutinating activity but was com pletely unrelated to 
trypsin inhibitor activity (19). W e m anaged to purify this toxic 
factor w ith its associated hem agglutinating activity to the 
point o f  hom ogeneity as evidenced by m oving boundary 
electrophoresis and sedim entation in the ultracentrifuge. W e 
su b seq u en tly  de te rim n ed  som e o f  its m ore im portan t 
physicochemical parameters including its molecular weight 
(20), amino acid composition and end group analysis (2 1), and 
the effect o f chemical modificatoin (22). These studies revealed 
that the soybean agglutinin was comprised of several polypeptide 
chains and was a glycoprotein, chem ical features which 
subsequently proved to be characteristic o f  most other lectins.

As an aside it should be m enitoned that at this tim e I took 
the liberty o f nam ing this protein «soyin», a term  which was 
in tended  to  deno te  its re la tionsh ip  to the o ther toxic 
hem agglutinins that w ere known at the time, such as «rincin» 
derived from  the castor bean (R icinus communis) and «abrin» 
from thejequirity bean (Abrusprecatorius). It was subsequently 
brought to m y attention that the nam e «soyin» had been 
prevoiusly used to  denote the proteolytic activity in a crude 
extract o f  the soybean (23), although the enzym e responsible 
for this activity was, to m y know ledge, never isolated or 
characterized. Nevertheless, in deference to these investigators, 
and in order to avoid confusion in the literature, we no longer 
used the term  «soyin» in subsequent papers from our laboratory. 
This protein has since been simply referred to as the soybean 
agglutinin or SBA. It m ay be o f  intrest to note that at the tim e 
that we reported the isolation o f  the soybean agglutinin in 1952
(19), the term  «lectin» had not been introduced into the 
literature until two years later by Boyd and Shapleigh (24).

Up to this point we had succeeded in showing there was a 
hemagglutinin in soybeans which was toxic when injected. It 
remained to be proven, however, that this protein was in fact 
responsible, at least to some extent, for the poor nutritive value 
of raw soybeans when consumed in the diet. To prove this point 
it became necessary to develop a method for the large-scale 
preparation o f  SBA which would enable us to incorporate it into 
a diet fed to rats. A  labor intensive procedure involving salt and 
alcohol fractionation enabled us to obtain from each kg o f raw 
soy flour at least 2  gm  o f a hemagglutin preparation which we 
judged to be about 78% pure, based on electrophoretic analysis, 
and virtually devoid o f antitryptic activity. This preparation was 
added to a diet containing heated soy flour at a level which would 
provide the same level o f hemagglutinating activity as an 
equivalent level o f raw soy flour. The inclusion o f SBA into adiet

containg autoclaved soy flour accounted for about half o f  the 
growth depression obtained with the raw flour (25).

M ore recently we w ere afforded the unique opportunity o f 
having m ade available to us by Dr. T. H ym ow itz o f  the U. 111. 
a soybean strain w hich lacked the gene fo r the soybean lectin. 
The results o f feeding rats this particular strain o f  soybeans, 
which had less than 0.05%  of the activity o f  a com m ercial 
variety, fully confirm ed our previous experim ent in w hich we 
added SBA to heated soybeans, that is, the lectin-free soybean 
showed an im provem ent in nutritive value that was about half 
that produced by heating alone (26). See Table 1. N ote that 
there is very little difference in nutritive value between these 
two cultivars following heat treatment. It is im portant to point 
out that the trypsin inhibitor content o f  both  soybean varieities 
was essentially the same, thus ruling out any effect due to  the 
trypsin inhibitors.

TA B LE 1
N U TRITIO NA L V A LU E OF «LECTIN-FREE» 

SOYBEAN CU LTIV A R (T102) CO M PA RED  W ITH  
CO NVENTIONAL CO M M ER CIAL V A RIETY  OF 

SOYBEANS (AM SOY) AS M EA SU R ED  IN  R A TS3

Soybean Weight gain 
(g/21 days)

PERb Lectin activity 
(HU/mg protein)0

Raw Amsoy 9.1 0.64 314x 1 0 3
Raw T102 18.2 1.21 120
Heated Amsoy 68.9 2.58 0
Heated T102 73.4 2.73 0

Data taken from Donatucci (26). 
Protein Efficiency Ratio.
HU = hemagglutinating units.

In more recent years research by Pusztai and his group as 
well as other workers have further investigated the antinutritonal 
effects o f  the soybean lectin. A m ong their findings was the 
surprising fact that the soybean lectin w as also responsible for 
pancreatic enlargem ent (27). In addition the soybean lectin 
induced a low level o f circulating insulin, an increased rate of 
lipid metabolism, and cellular hyperplasia o f the small intestine 
(28,29). The latter effect could also lead to an increase in an 
endogenous loss o f protein resulting in an inhibition o f growth. 
Other adverse effects attributed to the soybean lectin include an 
inhibition of the disaccharidases and proteases in the intestines 
(30) and an interference w ith absorption o f non-heme iron (31).

In addition to the trypsin inhibitors and lectin in soybeans 
another factor w hich m ust be taken into account is the 
digestibility o f  the protein itself. In order to  dissociate the 
effect o f the trypsin inhibitors on the digestibility o f  protein 
from  the digestibility o f the protein perse , in vitro  digestibility 
studies were carried out on a crude extract o f  soybeans from 
which the trypsin inhibitors had been rem oved by affinity 
chrom atography (12). A  m arked increase in the digestibility o f



the soybean  p ro te in  by trypsin  w as p roduced  by heat treatm en t 
o f  the crude soybean  ex tract. T his increase, how ever, w as 
m uch greater than the increase obtained with the unheated extract 
w hich w as free o f  the inhibitor and m ay be attributed to the 
enhanced digestibility o f  the protein as a result o f heat treatm ent. 
It should be m entioned that the resistance o f  native globulin 
proteins from  the kidney bean to proteolytic attack had been 
reported prevoiusly from  Jaffe’s laboratory (32). It has been 
reported by G reen et al. (33) that the presence o f  undigested 
protein in the sm all intestine can also cause an increase in 
pancreatic enzym e secretion. This it does in essentially the sam e 
w ay as the trypsin inhibitor, that is, by form ing a stable enzym e- 
substrate com plex w ith trypsin w hich results in rem oving the 
feedback inhibition o f  pancreatic secretion by trypsin.

R ela ted  to the increased  p ro lifera tion  o f  the pancreatic  
tissue  evoked  by the trypsin  inh ib ito rs is the finding that the 
long-term  feed ing  o f  raw  soy flou r resu lted  in the production  
o f  adenom atous nodu les on the pancreas (34). P rom pted  by 
these reports the U S D A  sponsered  an in depth  study in w hich 
rats w ere fed d ie ts con ta in in ig  various levels o f  raw  soyflour 
so as to  p rov ide  various levels o f  trypsin  in ih ib ito r activity  
(35). F ig . 2 com pares the appearance o f  the pancreas o f  rats fed 
diets con ta in ing  increasing  levels o f  raw  soy Hour fo r a period 
o f  18 m onths. A  h igh ly  sign ifican t co rrelation  w as found 
betw een  the inc idence  o f  nodules and the level o f  trypsin  
in h ib ito r ac tiv ity  in the diet.

F IG U R E  2
P ho tograph  o f  p ancreas o f  rats fed d iets con tain ing  

increasing  levels o f  raw  soy flou r (R SF) fo r a period  o f  18 
m onths. P ro tein  in d ie t w as m ain ta ined  at a constan t level 

o f  10% by app rop ria te  m ix tu res o f  raw  and heated  soyflour.
T aken  from  a study by L iener et al (35)

T he effects o f p rocessing

H eat trea tm e n t. It is the re la tive  ease  w ith  w hich  the 
pro tease inh ib ito rs and lec tins are inac tiva ted  by m oist heal 
treatm ent that has perm itted  the w ide spread use o f  soybeans 
in anim al and hum an diets. T he general conclusion  that can be 
draw n is that the ex ten t to w hich  the trypsin  inh ib ito rs and 
lectins are destroyed  by heat trea tm en t is a function  o f  
tem perature , du ra tion  o f  heating , partic le  size, and m oistu re  
conditions. All o f  these factors are carefu lly  m on ito red  and 
contro lled  during the com m ercia l p roduc tion  o f  soybean 
products in o rder to  insure a p roduc t hav ing  m ax im um  
nutritional value. It is im portan t to p o in t out, how ever, that 
excessive heat trea tm en t should  be avo ided  in o rder to  prevent 
dam age to the nu tritonal value o f  the protein . In seek ing  a 
com prom ise betw een these tw o ap posing  effects, it is not 
surprising  that one genera lly  finds sm all bu t m easurab le  
am ounts o f  trypsin  inh ib ito r ac tiv ity  in a variety  o f  p roducts 
con ta in in ig  soy p ro tein  as the m ain  source o f  protein  (36).

A lthough  these re latively  low  levels o f  trypsin  inh ib ito r 
activ ity  probably  pose little  risk  to the general population , 
there are certa in  segm en ts o f  the popu la tion  tha t m ight be m ore 
vu lnerab le  to the adverse effects o f  even  low  levels o f  the 
trypsin  inhibitor. S ince residual trypsin  inh ib ito r activ ity  m ay 
still rem ain in soy based  in fan t fo rm ulas (37), in fan ts w ho are 
fed soy m ilk for p ro longed  periods because  o f  an allergy  to 
c o w ’s m ilk  could  be at risk. A n o ther popu la tion  g roup  that 
m ight be al risk  by con tinuous d ietary  exposure  to the trypsin  
inhibitors are those ind iv iduals w ho are vegeta rians, e ither by 
choice o r cultu re , and m ost o ften  choose  legum es such as 
soybeans as a m eat rep lacem en t. A  s im ila r situa tion  w ould  
prevail in those ind iv iduals suffering  from  h y p erlip idem ia  or 
hypercho lestero lem ia  w ho have been adv ised  to  rep lace  the 
anim al protien  w ith soybean  protein  in o rder to  reduce  the 
level o f  b lood cho lestero l.

B ecause o f  the com pac t structure o f  the B ow m an-B irk  
inhib ito r (B B I) and its stab ility  tow ards heat in its purified  
state (38), it has been genera lly  assum ed  that m ost o f  the 
residual trypsin  in ih ib ito r activ ity  found  in heat p rocessed  
soybean p roducts is due to th is inh ib ito r. H ow ever, u sing  a 
technique w hich serve to d ifferen tia te  betw een  the K unitz 
inh ib ito r and BBI, it w as the la tte r that w as m ore readily  
destroyed  than the K unitz inh ib ito r (39). T h is d ifference  in the 
heat resistance  betw een  the K unitz  inh ib ito r and BBI assum es 
added  sign ificance  in v iew  o f  reports o f  the an ticarc inogen ic  
properties o f  B B I (40). T hus, if  one is p rom p ted  to p reserve  the 
B B I con ten t o f  soybean  products as a m eans o f  p reven ting  
cancer, m ore carefu l a tten tion  w ill have to be paid  to  the 
p rocessing  cond itions used  in p roducing  such products.

The inactivation o f  the soybean lectin by m oist heat treatm ent 
closely parallels the destruction o f  the trypsin inhibitors in 
soybeans. Since the soybean lectin is quite resistant to inactivation 
by dry heat treatm ent (41), this m ay explain w hy low but 
m easurable levels o f  lectin activity w ere detected in a  num ber o f



soy containing products (42). Itisdoubtful, however, whether the 
final concentration o f lectin in these products are such that they 
would pose a risk to human health.

Germination: A lthough the germ ination o f soybeans has 
been reported to result in an im provem ent in the nuritive value 
o f the protein, this effect appears to be unrelated to  th e  level of 
trypsin inhibitor in the germ inated bean (43). A s far as the 
soybean lectin is concerned, germ ination is accom panied by 
a rapid disappearance o f hem agglutinating activity  (44). This 
perhaps m ay be one o f the factors what accounts for the 
im proved nutritional value o f the germ inated bean.

Traditional soybean dishes: Since the preparation o f 
tofu, soym ilk, and ferm ented dishes such as tem peh and natto 
generally involves the cooking or stream ing o f  soybeans 
during o r p iror to  extraction w ith w ater or ferm entation, such 
dishes are generally quite low  in trypsin inhibitor activity (45).

Chemical Treatment: A lthough heat is an effective and 
sim ple m eans o f  inactivating the trypsin inhibitors o f  soybeans, 
as already indicated, it carries w ith it the risk that excessive 
heat m ay dam age the protein. A djunct treatm ent w ith  various 
thiol-containign chem icals, such as N -acetyl-cysteine and 
glutathione has been found to  facilitate inactivation at lower 
temeratures (46). This inactivation is most likely a consequence 
o f the interaction o f the disulfide bonds o f the trypsin inhibitors 
through the form ation o f m ixed disulfides. The treatm ent o f 
soy products with sodium  sulfite, a reagent which is know n to 
cleave d isu lfide  bonds, likew ise  served  to  reduce  the 
tem perature necessary to  inactivate the trypsin inhibitors (47).

Genetic Variants: N um erous studies have beeen devoted 
to a search for varieties o f soybeans that m ight be low in 
trypsin inhibitor content, but, as already noted ( 1 1 ), there 
appears to be little correlation between trypsin inhibitor content 
and the nutri tonal value o f the protien. Hymo witz and coworkers 
have succeeded in identifying several isolines w hich lacked 
the K unitz trypsin inhibitor but retained about 50% o f the 
trypsin inhibitor activity o f  a com m on com m ercial variety of 
soybeans (48). This rem aining activity was found to be entirely 
due to BBI. Feeding studies w ith several species o f animals 
showed that the soybean isoline with reduced trypsin inhibitor 
acti vity supported better grow th than raw  soybeans containing 
the K unitz inhibitor as well (48,49). An exam ple o f the 
performance o f rats in  terms o f PER and the size o f the pancreas 
when placed on a diet containing the soybean lacking the Kunitz 
inhibitorisshow ninTable2. From these dataitm ay be calculated 
that approximately one-third o f  the growth inihibition and 
pancreatic enlargement produced by raw  soy still remains after 
removal o f  the Kunitz inhibitor and may be presumed to be due 
to BBI. Heat treatment, however, still proved to be the most 
effective means for enchanting the nutritional value o f the 
protein. The practical implication from these studies is the fact

that milder heat treatment is needed to  achieve near zero level of 
H  activity with the isoline laking the Kunitz inhibitor than with 
standard varieties o f soybeans (49,51).

T A B L E 2
BIO LOGICAL EV ALU A TIO N  O F A  SOYBEAN  LINE 
(PI 147440) W H IC H  LACKS TH E K U NITZ SOYBEAN 

IN H IB ITO R 21

Soybean TI activity** PERC Pancreas
wet.d

Unheated soy flour 100 0.98(100) 0.61(100)
Heated soyflour 5 2.39 (0) 0.40 (0)
Unheated PI 157440 40 1.44(32) 0.54 (33)
Heated PI 157440 5 2.42 (102) 0.42 (90)

a Data taken from Tarcza (50). 
k As percent of unheated soy flour.
c Protein efficiency ratio. Values in parentheses denote % of the 

growth inhibition obtained with unheated soy flour taken as 100%. 
d Expressed as % of body weight. Values in parentheses denote % 

of the increase in weight of pancreas from unheated soy flour 
taken as 100%.

CO N CLU SIO N

A fter decades o f  research the available evidence now 
perm its an approxim ation as to how  m uch o f  the beneficial 
effect o f  processing o f  soybeans is due to the inactivation of 
each o f the antinutritional com ponents show n in Fig. 3. The 
contribution of the trypsin inhibitors to  the overall effect is 
about 40%  o f w hich two-thirds is due to  the K unitz inhibitor 
and one-third to BBI. The soybean lectin accounts for about 
50% of the effect, and the rem aining 10% m ust be due to the 
enhanced digestibility o f denatured protein.

FIG U RE 3
Pie chart showing the estim ated contribution o f  the various 
antinutritional factors to thé overall effect produced by raw 
soy beans. The inactivation o f  these factors by processing is 

responsible for the beneficial effect o f heat treatm ent.

Factors affecting the nutritional 
quality of raw soybeans
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