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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 of plants against their predators. As a 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.

INTRODUCTION

Some vegetable foods contain antinutritional and toxic
factors which conform an effective arsenal in the chemical
warfare of plants against their predators. Legume seeds are an
example of a heavy armored group [1]. Nonectheless, the
bean’s content of proteins, carbohydrates, dietary fiber, minerals
and vitamins confers them a high nutritive potential whose
extensive exploitation have only been possible through the
development of a variety of processing techniques (ordinary
cooking, autoclaving, roasting, germination, fermentation, etc.).

Although these treatments had made possible the
consumption of pulses, the digestibility of processed seeds is
usually lower than that of animal foods. A variety of reasons
have been put forward to explain this finding. Besides the
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intrinsic nature of some seed proteins (i.e. globulins) and
starches, other determinants contribute to the relatively low
digestibility of cooked beans: The incomplete inactivation of
heat-labile antinutritional factors (hydrolase inhibitors and
lectins), the presence of heat-stable agents (tannins, alkaloyds
and non-protein amino acids), and the formation of complexes
among various seed components (proteins, starches, lipids,
fiber, minerals) which are resistant to hydrolase attack [2,3,4].

Several reports have pointed to the fact that colored sceds
had lower digestibilities than the white varieties [5,6]. In
addition, rats or chicks fed diets containing colored Vicia faba
or sorghum grains showed decreased body weight gain. In
these animals, the true digestibility of proteins and, to a lesser
extent, that of carbohydrates and fats, was sensibly reduced
[7.8]). These effects have been attributed to polymeric
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polyphenols (tannins) which concentrate in the coats of most
colored seeds.

Tannins, an ill defined and chemically diverse class, are
able to complex and precipitate proteins [9]. Two major tannin
categories have been identified: hydrolyzable and condensed
tannins. The latter, abundant in vegetable foods [10], are
polymers of flavan-3ols (catechins) or flavan-3,4-diols
(leucoantocyanidins). The first group, represented by tannic
acid, is composed of esters of phenolic acids with sugars [10,11].

The lack of commercial condensed tannins has prompted
the use of tannic acid as a model compound in various in vivo
and in vitro studies depicted to evaluate the antinutritional
effects of the whole tannin group. Although some of the
changes brought about by the latter are similar to those of
condensed tannins, there are also important 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 more effective than tannic acid in regards to the
reduction of body weight in chicks [14].

To ascertain the antinutritional influence of common bean
tannins it was necessary to extract, quantify and extensively
purify them, in order totest their effects free of other interferences.
These aspects were addressed in the present study.

The ability of methanol, 1% HCI in methanol and 60%
acetone to extract legume seed coat polyphenols is depicted in
Figure 1. As compared to pure methanol, acidic methanol or
the aqueous acetone solution increased two to three times the
extraction yield. Water and 60% ethanol were only slightly
more effective than methanol (results not shown). Extraction
yield was always higher for the colored seeds as compared to
white common beans.

FIGURE 1
Effectivity of various solvents to extract bean polyphenols
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Seeds were ground to an average particle size of 820 um and
subjected to four consecutive extractions with the indicated solvents
using a flour/solvent ratio of 1:10. Extracts were pooled and their
total polyphenol content assessed with the Prussian blue reagent [16].
Results were expressed as Black Bean Tannin Equivalents (BBTE).

CARMONA

The selectivity of extraction solvents to solubilize
polyphenols is a frequent concern of researchers in this field.
This question can be approached analyzing polyphenol extracts
by adsorption chromatography on Sephadex LH-20 [15,16].
In short (4.5 x 2 cm) columns, HCIL.-methanol and acetone
extracts from the coats of black Phaseolus vulgaris and P.
lunatus seeds were resolved into two major fractions: non-
tannins eluted with ethanol and condensed tannins eluted with
50% acetone (Figure 2). The chromatographic profiles were
very similar for both P. vulgaris extracts. For P. lunatus, the
acidic methanol extract yielded a profile similar to that from
P. vulgaris, whilethe acetone one contained almostexclusively
condensed tannins. These results indicate that there could be
differences in the selectivity of solvents to extract some
polyphenols depending upon its source. The uncertainties
associated with polyphenol extraction could be solved by
direct assessment in the dry vegetable material. Although
some attempts have been made using Near Infrared Reflectance
Spectroscopy [17] or seed color determination in achromameter
[18], these procedures have not been properly validated.

FIGURE 2
Fractionation of P. vulgaris and P. lunatus polyphenols by
adsorption chromatography
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HCl-methanol and 60% acetone extracts were seeded on top of a
Sephadex LH-20 column (4.5 x 2 cm) [16). Non- tannin polyphenols
were washed with 95% ethano! and their elution followed at 280 nm.
Afterwards, tannins were desorbed with 50% acetone and their
elution monitored at 400 nm.
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The results of a more 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 o-amylase. These fractions did not
react with anthrone (results notshown) indicating the condensed
nature of these tannins.

FIGURE 3
Characterization of polyphenols from black beans
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A HCl-methanol extract of black beans was cromatographed in a 20
x 2 cm Sephadex LH-20 column and resolved as indicated in figure
2. Fractions were analyzed for condensed tannins with the vanillin
reagent (0) and their ability to inhibit pancreatic «—amylase
(+) [16,24].

Tannin-protein interactions are a major issue regarding
the nutritional significance of tannins. Using the protein
precipitationtest designed by Hagerman and Butler [ 19] it was
found that tannic acid and black bean tannins precipitated
serum albumin in a similar fashion (Figure 4). Nonetheless,
the amount of tannins recovered in the precipitates was usually
lower for the condensed ones, particularly atlow tannin levels.
In spite of the complexities of protein-tannin interactions,
these results suggest that bean tannins are more effective
promoting albumin precipitation than tannic acid.

Figure 5 demonstrates the formation of soluble black bean
tannins-gelatin complexes. When the supernatant from
incubations of gelatin and tannins were chromatographed in
Bio-Gel P60, a fraction of the tannins appeared along with the
protein in the void volume, while the uncomplexed polyphenols
were considerably delayed. These soluble tannin-protein
adducts are of utmost importance in regards to enzyme
inhibition which may occur at tannin concentration which do
not induce protein precipitation.
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FIGURE 4
Formation of insoluble tannin-protein complexes
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Bovine serum albumin (1 mg/ml) was incubated with the indicated
amounts of either black bean tannins or tannic acid [19]. Precipitates
were collected, rinsed and analyzed for their tannin content. The
amount of protein precipitated was estimated by difference measuring
that remaining in the supernatant.

FIGURE 5
Demonstration of soluble tannin-protein complexes
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Samples of black bean tannins and of the supernatant fromincubations
of dinitrophenylated gelatin and black bean tannins were
chromatographed on a (0.6 x 29 cm) Bio-Gel P60 column, using 0.15
M NaCl as solvent. The elution of the protein was followed as 435 nm
while that of tannins by their reaction with the Folin-Ciocalteus
reagent measuring the resulting absorbance at 725 nm. Vo.: Void
volume.

Considering that condensed tannins are not absorbed from
the gut, the evaluation of their antinutritional potential points
to establish their effects on various digestive enzymes:
pancreatic proteases (trypsin and chymotrypsin), o.-amylase,
brush border disaccharidases (inaltase, sucrase and lactase)
and the intestinal glucose uptake system (Table 1). Black bean
tannins inhibited the enzymes concerned with carbohydrate
digestion, the proteolytic activity of pancreatin and, to alesser
extent, intestinal glucose uptake. Nonetheless, caution should
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be taken in interpreting these figures due to the differences in
the assay mixtures employed to measure these enzymes where
complex tannin-protein and or tannin-substrate interactions
could be established.

TABLE 1
INHIBITION OF DIGESTIVE ENZYMES BY BLACK
BEAN TANNINS
Tannin
requiered to
to inhibit
Enzyme1 Source Substrate activity by
50% (ng)
Proteases  Bovine pancreatin Casein 180-2002
o-amylase Bovine pancreatin Starch 213
c-amylase Hog pancras (purified) Starch 504

Maltase Rat brush border membranes Maltose 733
Sucrase Rat brush border membranes Sucrose 575
Lactase Rat brush border membranes Lactose 973
Glucose

uptake Rat intestinal slevees Glucose > 20004

1. Enzymes were measured using standard assays (21-25).
2. Rojas, M. (unpublished observations).

3. Carmona, A. (unpublished observations).

4. Borges, G. (unpublished observations).

5. Borgudd, L. (unpublished observations).

The concentration dependent nature of the fore mentioned
effects of bean tannins emphasize the need to quantify the seed
contentof polymeric polyphenols able to elicitan antinutritional
response. In our laboratory we have critically evaluated a
variety of assay procedures, from those based on the general
reductive character of 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]. To overcome some of the limitations of the traditional
vanillin reaction performed in methanol {16,21], the modified
procedure of Butler et al. [22), in glacial acetic acid, proved
to be more reliable and led to results which closely paralleled
those obtained measuring anthocyanidin release under
conditions which minimize phlobaphene formation (Figure 6).

Although the nutritional relevance of the data presented in
this study is still uncertain, due in part to the lack of results
from in vivo experiments, we are opening a way to test the
effect of condensed tannins under conditions closer to those
prevailing in vivo. Considering the consequences of dietary
protein complexing and enzyme inhibition, it is likely that
condensed tannins may significantly contribute to reduce the
digestibility of colored legume seeds.

CARMONA

FIGURE 6
Correlation between the tannin determinations performed
with the glacial acetic acid-vanillin and anthocyanidin
formation tests
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HCI-methanol extracts from the seeds of 8 species and varieties of
legumes were analyzed for their tannin content using the acetic acid-
vanillin [22] and anthocyanidin formation {20} tests. Results were
expressed as Black Bean Tannin Equivalents (BBTE). The equivalence
line represents the Y=X theoretical line. The inset expands the scale
to show the points around the origin of the plot.
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