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SUMMARY. The presence of antinutritional factors in legume seeds 
and other vegetables has been considered as an expression of the 
chemical warfare ofplants against their predators. Asa consequence, 
the nutritional utilization of these foods has only been possible 
through the use of a variety of treatments (cooking, fermentation, 
germination) which increase nutrient bioavailability. Nonetheless, 
some factors are not destroyed by effect of seed processing, among 
which stand a family of polymeric polyphenols called tannins. These 
pigments have the ability to complex and precipitate proteins and 
inhibit digestive enzymes. This paper describes what has been 
accomplished in regards to the selection of an appropriate solvent to 
extract bean polyphenols, the assessment of the most commonly used 
assay procedures, the purification of bean tannins and the evaluation 
of their interaction with proteins and digestive enzymes, responsible 
for their antinutritional effect.

RESUMEN. Taninos: Pigmentos termoestables que se acomplejan 
con proteínas e inhibiben enzimas digestivas. La presencia de 
factores antinutricionales en las semillas de leguminosas y otros 
vegetales se ha interpretado como la expresión de mecanismos de 
defensa de las plantas contra sus depredadores. Por ello, el aprove­
chamiento nutricional de dichas semillas sólo ha sido posible a través 
de la aplicación de diversos tratamientos de cocción, fermentación, 
germinación, etc., los cuales producen, en general, un aumento en la 
biodisponibilidad de los nutrientes. No obstante, algunos factores 
resisten a los tratamientos mencionados. Entre estos se encuentra una 
familia de polifenoles poliméricos, llamados taninos, que se 
concentratan en la cáscaras de semillas coloreadas. Los taninos 
tienen la capacidad de acomplejarse con proteínas, inducir su pre­
cipitación e inhibir una diversidad de enzimas digestivas. El presente 
trabajo describe los logros alcanzados en la búsqueda del solvente de 
extracción más apropiado para solubilizar los polifenoles de semillas 
de leguminosas, la evaluación de diferentes procedimientos de 
cuantificación, la purificación de los taninos de las semillas y el 
estudio de su interacción con proteínas y enzimas responsables de su 
efecto antinutricional.

INTROD U CTIO N

Som e vegetable foods contain antinutritional and toxic 
factors w hich conform  an effective arsenal in the chemical 
warfare o f  plants against their predators. Legum e seeds are an 
exam ple o f a heavy arm ored group [1]. Nonetheless, the 
bean’s content o f proteins, carbohydrates, dietary fiber, minerals 
and vitamins confers them a high nutritive potential whose 
extensive exploitation have only been possible through the 
development o f a variety o f processing techniques (ordinary 
cooking, autoclaving, roasting, germination, fermentation, etc.).

A lth o u g h  these  trea tm en ts  had  m ade p o ssib le  the 
consum ption o f  pulses, the digestibility o f  processed seeds is 
usually low er than that o f  anim al foods. A  variety o f reasons 
have been pu t forw ard to  explain this finding. Besides the

intrinsic nature o f some seed proteins (i.e. globulins) and 
starches, other determ inants contribute to the relatively low 
digestibility o f cooked beans: The incom plete inactivation of 
heat-labile antinutritional factors (hydrolase inhibitors and 
lectins), the presence o f heat-stable agents (tannins, alkaloyds 
and non-protein am ino acids), and the form ation o f com plexes 
am ong various seed com ponents (proteins, starches, lipids, 
fiber, m inerals) which are resistant to hydrolase attack [2,3,4], 

Several reports have pointed to the fact that colored seeds 
had lower digestibilities than the w hite varieties [5,6]. In 
addition, rats or chicks fed diets containing colored Vicia fa b a  
or sorghum grains showed decreased body w eight gain. In 
these animals, the true digestibility o f proteins and, to a  lesser 
extent, that o f carbohydrates and fats, w as sensibly reduced
[7,8], These effects have been  attribu ted  to  po lym eric



polyphenols (tannins) w hich concentrate in the coats o f most 
colored seeds.

Tannins, an ill defined and chem ically diverse class, are 
able to com plex and precipitate proteins [9]. Two m ajor tannin 
categories have been identified: hydrolyzable and condensed 
tannins. The latter, abundant in vegetable foods [10], are 
polym ers o f  flavan-3ols (catechins) or flavan-3 ,4-diols 
(leucoantocyanidins). The first group, represented by tannic 
acid, is com posed of esters of phenolic acids with sugars [10,1 1 ].

The lack o f com m ercial condensed tannins has prom pted 
the use o f  tannic acid as a  m odel com pound in various in vivo 
and in vitro studies depicted to evaluate the antinutritional 
effects o f  the w hole tannin group. A lthough som e of the 
changes brought about by the latter are sim ilar to those of 
condensed tannins, there are also im portant differences. For 
instance, diets based on high tannin sorghum do not cause 
depression of food intake as has been reported for those 
containing tannic acid [7,12,13]. In addition, condensed tannins 
seem  to be m ore effective than tannic acid in regards to the 
reduction o f body w eight in chicks [14].

T o ascertain the antinutritional influence of com m on bean 
tannins it was necessary to extract, quantify and extensively 
purify them, in orderto test their effects free of other interferences. 
These aspects were addressed in the present study.

The ability o f  m ethanol, 1 % HC1 in methanol and 60% 
acetone to extract legum e seed coat polyphenols is depicted in 
F igure 1. As com pared to pure m ethanol, acidic methanol or 
the aqueous acetone solution increased two to three times the 
extraction yield. W ater and 60%  ethanol were only slightly 
m ore effective than m ethanol (results not shown). Extraction 
yield was always higher for the colored seeds as com pared to 
white com m on beans.

FIG U RE 1
Effectivity o f  various solvents to extract bean polyphenols

S O LV E N T

Seeds w ere g round to an average particle  size o f  820 p m  and 
subjected to four consecutive extractions w ith the indicated solvents 
using a flour/so lvent ratio  o f  1:10. E xtracts w ere pooled  and their 
total polyphenol content assessed w ith the Prussian blue reagent [16]. 
R esults w ere expressed  as B lack B ean  T annin  Equivalents (BBTE).

The selectiv ity  o f  ex traction  so lvents to so lub ilize 
polyphenols is a frequent concern o f  researchers in this field. 
This question can be approached analyzing polyphenol extracts 
by adsorption chrom atography on Sephadex LH -20 [15,16], 
In short (4.5 x 2 cm ) colum ns, H CL-m ethanol and acetone 
extracts from the coats of black Phaseolus vulgaris and P. 
lunatus seeds were resolved into tw o m ajor fractions: non­
tannins eluted w ith ethanol and condensed tannins eluted with 
50% acetone (Figure 2). The chrom atographic profiles were 
very sim ilar for both P. vulgaris extracts. For P. lunatus, the 
acidic m ethanol extract yielded a profile sim ilar to that from  
P. vulgaris, while the acetone one contained alm ost exclusively 
condensed tannins. These results indicate that there could be 
differences in the selectivity o f solvents to extract some 
polyphenols depending upon its source. The uncertainties 
associated with polyphenol extraction could be solved by 
direct assessm ent in the dry vegetable material. A lthough 
some attempts have been made using N ear Infrared Reflectance 
Spectroscopy [17] or seedcolor determination inachrom am eter
[18], these procedures have not been properly validated.

FIGURE 2
Fractionation o f P. vulgaris and P. lunatus polyphenols by 

adsorption chrom atography
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HC l-m ethanol and 60%  acetone extracts w ere seeded on  top o f  a 
Sephadex L H -20 colum n (4.5 x 2 cm ) [16], N on- tannin polyphenols 
w ere w ashed w ith 95%  ethanol and their elu tion  follow ed at 280 nm. 
A fterw ards, tannins w ere desorbed w ith 50%  acetone and their 
elu tion  m onitored a t 400 nm.



The results o f a m ore extensive characterization of common 
bean polyphenols is presented in Figure 3. Fractions eluted 
with 50% acetone reacted strongly with the vanillin reagent 
and inhibited pancreatic a-am ylase. These fractions did not 
react with anthrone (results not shown) indicating the condensed 
nature of these tannins.

FIG U RE 3
Characterization o f  polyphenols from  black beans

FIG U RE 4
Form ation o f insoluble tannin-protein com plexes
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A H C l-m ethanol extract o f  b lack  beans w as crom atographed in a  20 
x 2 cm  Sephadex LH -20 colum n and resolved as indicated in figure 
2. Fractions w ere analyzed for condensed tannins w ith the vanillin 
reagent (□) and their ability  to inhib it pancreatic  a -a m y la se  
(+) [16,24].

Tannin-protein interactions are a m ajor issue regarding 
the nutritional significance o f tannins. Using the protein 
precipitation test designed by Hagerm an and Butler [ 19] it was 
found that tannic acid and black bean tannins precipitated 
serum album in in a sim ilar fashion (Figure 4). Nonetheless, 
the am ount o f  tannins recovered in the precipitates was usually 
low er for the condensed ones, particularly at low  tannin levels. 
In spite o f the com plexities o f protein-tannin interactions, 
these results suggest that bean tannins are m ore effective 
prom oting album in precipitation than tannic acid.

F igure 5 dem onstrates the form ation of soluble black bean 
tann ins-gela tin  com plexes. W hen the supernatan t from  
incubations o f gelatin and tannins were chrom atographed in 
B io-G el P60, a fraction o f the tannins appeared along with the 
protein in the void volume, while the uncomplexed polyphenols 
w ere considerably delayed. These soluble tannin-protein 
adducts are o f utm ost im portance in regards to enzym e 
inhibition w hich m ay occur at tannin concentration which do 
not induce protein precipitation.

Tannic acid equivalents (ug)

- 0 -  T A  B B T  T A  B B T

Bovine sem m  album in (I  m g/m l) was incubated  w ith the indicated 
am ounts o f either b lack bean tannins or tannic acid [19]. Precipitates 
were collected, rinsed and analyzed for their tannin content. The 
am ount o f protein precipitated w as estim ated by d ifference m easuring 
that rem aining in the  supernatant.

FIG U RE 5
Dem onstration o f soluble tannin-protein com plexes
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Sam ples o f black bean tannins and o f the supernatant from  incubations 
o f  d in itro p h e n y la te d  g e la tin  and  b la c k  b e a n  ta n n in s  w ere  
chrom atographed on a  (0.6 x 29 cm ) B io-G el P60 colum n, using 0.15 
M N aCl as solvent. T he elution o f the pro tein  w as follow ed as 43 5 nm  
while that o f  tannins by  their reaction with the Folin-C iocalteus 
reagent m easuring the resulting absorbance at 725 nm. Vo.: V oid 
volume.

Considering that condensed tannins are not absorbed from  
the gut, the evaluation of their antinutritional potential points 
to establish their effects on various d igestive enzym es: 
pancreatic proteases (trypsin and chym otrypsin), a-am ylase, 
brush border disaccharidases (m altase, sucrase and lactase) 
and the intestinal glucose uptake system  (Table 1). B lack bean 
tannins inhibited the enzym es concerned with carbohydrate 
digestion, the proteolytic activity o f pancreatin and, to a  lesser 
extent, intestinal glucose uptake. N onetheless, caution should



be taken in interpreting these figures due to the differences in 
the assay m ixtures em ployed to  m easure these enzymes where 
com plex tannin-protein and or tannin-substrate interactions 
could be established.

TA BLE 1
IN H IBITIO N  O F D IG ESTIV E ENZYM ES BY BLACK 

BEA N  TANNINS

E nzym e 1 Source Substrate

Tannin 
requiered to 
to inhibit 
activity by 
50% (pg)

Proteases B ovine pancreatin Casein 180-2002

a-am y lase B ovine pancreatin Starch 213

a-am y lase H og paneras (purified) Starch 504

M altase R at bm sh  border m em branes M altose 735

Sucrase R at b m sh  border m em branes Sucrose 57 3

L actase R at b m sh  border m em branes Lactose 975

G lucose

uptake R at intestinal slevees Glucose >  20004

1. E nzym es w ere m easured using  standard assays (21-25).
2. R ojas, M. (unpublished observations).
3. C arm ona, A. (unpublished observations).
4. B orges, G. (unpublished observations).
5. Borgudd, L. (unpublished observations).

The concentration dependent nature o f the fore m entioned 
effects o f  bean tannins em phasize the need to quantify the seed 
content o f polymeric polyphenols able to elicit an antinutritional 
response. In our laboratory we have critically evaluated a 
variety of assay procedures, from  those based on the general 
reductive character o f  polyphenols (i.e. Prussian blue test) to 
those highly specific for condensed tannins such as the vanillin 
reaction (Figure 2) or the quntitative anthocyanidin formation 
test [20]. T  o overcom e som e o f the lim itations o f the traditional 
vanillin reaction perform ed in m ethanol [16,21], the modified 
procedure o f  Butler et al. [22], in glacial acetic acid, proved 
to  be m ore reliable and led to results w hich closely paralleled 
those ob ta ined  m easuring  an thocyanid in  release under 
conditions which m inim ize phlobaphene formation (Figure 6).

A lthough the nutritional relevance o f the data presented in 
this study is still uncertain, due in part to the lack o f  results 
from  in vivo  experim ents, we are opening a way to  test the 
effect o f  condensed tannins under conditions closer to those 
prevailing in vivo. Considering the consequences o f dietary 
protein com plexing and enzym e inhibition, it is likely that 
condensed tannins m ay significantly contribute to reduce the 
digestibility o f  colored legum e seeds.

FIG U RE 6
C orrelation between the tannin determ inations perform ed 

w ith the glacial acetic acid-vanillin and anthocyanidin 
form ation tests

A n th o c y a n id in  fo rm a tio n  (B B T E  m g /g  flou r)

H Cl-m ethanol extracts from  the seeds o f  8 species and varieties o f 
legum es w ere analyzed fo r their tannin content using  the acetic acid- 
vanillin [22] and anthocyanidin form ation [20] tests. R esults w ere 
expressed as Black B ean Tannin Equivalents (B B TE). The equivalence 
line represents the Y =X  theoretical line. T he inset expands the  scale 
to show  the points around the orig in  o f  the plot.
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