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The Nutritional Role of Polyphenols in Beans

Ricardo Bressani! and Luiz G. Elias'

I he nutntional 1ole of polyphenols in food legumes remains unclear. White, black, and red
Phaseolus vulgaris contain 0,34 0,42,0,57 LI5S and 0.95 1.2977 polyphenols as tanme acid mainly
in testa: protein quality is higher for white, black, and red. respectively. Cooking destroys known
antiphysiological lactors, but not tannins, which are partially removed with cooking hiquor. Bean
protein quality is lower when assayed with cooking liquor, for red and black, but not white.
Polyphenols decrease protein digestibility in animals and humans, probably by making protein
partially unavailable or by inhibiting digestive enzymes and increasing fecal nitrogen.,

| cgume foods provide the supplementary
protein to diets based on cither cereal grains or
starchy food. commonly consumed in developing
countrics. Thus, increasing attention is being
given to agricultural programs aimed at
increasing yield and. hopefully, availability to
CONSUMETS.

It is important, however, to consider in such
programs the introduction of improved
nutritional-quality characteristics as well as ac-
ceptable  cooking and  organoleptic  qualities
{(Hulse ct al. 1977).

Much attention has been given in the past to
the destruction of the well-known antiphysio-
logical factors in legume foods, such as trypsin
inhibitors, by. appropriate processing. | ikewise
some reports have focused on the establishment
of nutritional standards (Thlse ct "al. 1977),
which, besides protein and specific essential ami-
no acids. include other characteristics related to
acceptability and case of preparation for con-
sumption. On the other hand. polyphenolic com-
pounds in food legumes have not been as
thoroughlv investigated, and there are only a few
studies in animals which indicate that these com-
pounds aflect nutritional quality (Chang and
Fuller 1964: Lindgren 19750 Marquardt et al.
1978). However, there is need to know more
about their possible role in reliation to storage,
cooking quality. and nutrient utilization. I egume
grain protein has a low digestibility, which has
not been adequately explained: furthermore,
after long storage legnmes become ditficult to
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cook and are, therelore, refused by the consumer.,
Finally, although mothers in developing count-
ries do not feed whole cooked legume foods to
their children because of their undesirable effects,
they do often feed cooking broth to 1-to 3-year-
old children (Bressani et al. 1973). The question
wils then raised as to whether polyphenolic com-
pounds in common beans and other legume foods
play a role in the constraints indicated above.

Polyphenol Content in
Phaseolus vulgaris Strains

Polyphenolic compounds in common beins
have been determined cither by the method of
Folin-Denis  (Joslvn 1970) and cxpressed as
tannic acid. or by the vanillin-HCl method of
Burns (1971) and cxpressed as catechin equiva-
lents (CE). Reports on the subject are relatively
few. however those available show similar results
as shown in Table 1. The materials in the table
represent strains of common beans grown in
Wisconsin. Puerto Rico. and Guatemala. When
the polyphenols were determined by the Folin-
Denis method, the values were higher than when
expressed as catechin equivalents. Independent
of how the results were caleulated, however, they
indicate differences with respect to seed coat
colour. White beans show the lowest amounts of
polyphenaols, which in general increase in black,
red, and bronze varicties. Fhe variability in white-
coated beans is relatively small, however it is
much greater in materials with black. red. and
bronse seed coats. Studies on tannin-content
inheritance in common beans have shown that it
has a high broad-sense heritability (Ma Yu and
Bliss 1978; Ronnenkamp 1977). therefore, low-
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I'able 1. Polyphenol content in P vidgaris cultivars,

Sample Testa Catechin cquiv.
origin n colour valuc (mg. g) Tannic acid ()
Wisconsin! 6 white 2.3 (1.50 3.26) —
4 black 6.65 (2.48-18.86) —
3 bronze 7.80 (7.10-8.16) —
Puerto Rico' | white 2.40 e
9 black 5.30 (3.40 10.60) -
4 red 12.56 (7.18-15.10) -—
Guatemala? ]| white - 0.38 (0.16-0.53)
249 black - 1.13 (0.72 -1.77)
39 red .14 (0.87-1.52)
Guatemala® k) white 0.24 (0.18 0.28)
10 black 1.99 (0.62 5.90)
4 red 6.42 (1.87 10.06)
k) bronze 9.19 (0.38 14.10)

'Ma Yu and Bhiss 197K,
Bressani and Braham 1978,
‘Linares and de Bosque 1978,

T'able 2. Polyphenols in red-coloured beans expressed
as tannic acid and as catechin equivalent,
P ———————

Catechin cquiv.

Cultivar No.  Tannic acid (7)  value (mg/g)

1 0.91 15.9
2 0.77 6.6
1 0.86 9.8
4 0.77 13.0
5 0.91 25.4
6 0.70 40
7 0.82 5.6
R 0.95 21.0
9 0.92 14.8
10 0.89 11.0
I 0.81 10.5
12 0.93 16.2
13 0.95 17.8
A 0.87 13.2
r 0.65**

tannin strains in coloured cultivars may be
obtained cither by selecting among existing pure
lincs. or by crossing and selecting for appropriate
recombinations. The importance of this finding is
that since  populations  have - strong  colour
preferences, it is possible to select coloured seeds
with low polvphenol content, meeting at the same
time consumer preferences, such as colour and
flavour,

With respect to the analytical methodology for
polyphenol compounds in grain legumes, there is
a high correlation between “tannic acid™ (Folin-

Denis) and catechin equivalent (vanillin-HCI)
(Bressani et al., in preparation) as shown in Table
2. In this case. 13 red-coloured cultivars were
analyzcd by both methods. It would be desirable,
however, to have a more specific methodology
and to know cxactly the type of phenolic
compounds being analyzed.

Tannins in common beans are located in the
seced coat of the grain, with low or negligible
amounts in the cotyledons. Some results in this
respect are shown in Table 3. The values reported
were done on cotyledons without seed coat, on
the seed coat, or on the whole sced. The results
show that the cotvledons contain lower
concentrations than the whole seed, while the
sced coat is the main source of polyphenolic com-
pounds in common beans, whether expressed as
catechin equivalent or tannic acid. According to
this, there should be a correlation between per-
centage sced coat and polyphenol content, and
between  polyphenol content and seed  size.
However, the various studies reported did not
show such a relationship, indicating that phenolic
content is independent of seed size (Ma Yu and
Bliss 1978; Elias ct al. 1979).

Effects of Processing

Common beans are cooked belore consump-
tion to make them soft and todestroy antiphysio-
logical substances. Though the cooking process
may- vary, it generally follows the sequence of
steps shown in Fig. 1. Soaking beans in water for
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Lable 3. Polyphenol distnibution in anatomical fractions of 2. vudgaris.

Iesta Whole Sced
Sample origin colour seed Cotyledons coat
Catechin equiv. value (mg /)

Wisconsin' white 2.31 2.17 -
black 6.65 2.90 -
bronze 7.80 2.04 -

Pucrto Rico! white 2.40 0.44 _
black 5.30 (.98 -
red 12.56 1.01] -

Tannic acid (7¢.)

Guatemala’ white 1.R5 4.15 1.30
black 1.95 525 42.50
red 9.30 5.00 IR.00

"Ma Yu and Bliss 1978,
lias ct al. 1979,

Dry beans

water added

\
Soaked beans
+ water fup to 18 h)

Soaking water

/\

Discarded

|

]
Soaked beans

water added
cooked

Cooked beans

\

Cooking water”

/

\

+ water’

Cooked beans'

ground

Mashed beans®

/ strameel
Seod coals \

+ <come

Colvledons
4+ some seed
Fnied beany'

cotyledons

—2 coals fal

Fig. 1. Processing of beans for consumption in Latin America. (Asterisks indicate fractions

and jor products comvumed.)

periods up to 18 his a common practice in Tatin
America. The soaking water, which contains
around 1.3 solids, may or may not be discarded.
Cooking is carriecd out in additional water for
periods of up to 4 h at atmospheric pressure, or

for about 30 min under 15 pounds (6.8 kg) of

pressure. The cookimg water may be removed to
be used as a soup, particularly for children, or it
may be left in with the beans. Cooking water
alone usually contains 4 107 solids. Beans may
he then crushed and consumed or strained and
fricd (Bressani ct al. 1973).
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Several stud.es have been carried out to learn
of the changes which may take place during cook-
ing. Table 4 summarizes results of cooking black.
red, and white bean samples. The cooked
material was analyzed without removing the
cooking water. It can be scen that polyphenols
expressed as tannic acid decrcased 30 49 on
cooking (de Espana 1977). The degree of change
is variable and at present its nature cannot be
explained.

Because no physical separation was made, the
change may have resulted from the binding of
polyphenols with other organic substances, or
from alteriations in chemical structure of the poly-
phenols, thus rendering them incapable of giving
the chemical colour reaction measurced by the
Folin-Denis method.

lable 4. Losses ol polyphenols during cooking,
expressed as tannic acid (de Espana 1977).
= = —T——a—«——————}

Tannic aad (%)

Bean

colour Raw Cooked [.oss (T¢)
Black 0.90 0.63 10.0
Red 1.21 0.62 48.8
White 0.40 0217 J2.5

Large amounts of polyphenols may be found in
the cooking waters as indicated in Table §. In
these examples, the samples were analysed raw,
and cooked. with and without the cooking broth,
The results show lower values in the cooked bean
samples analyzed without the cooking broth
(Elias et al. 1979; Fukuda Suzuki 1978). The
lower section of the table shows the compara-
tively high amounts found in the cooking broth.
Similar studies have been performed. expressing

Table 6. 1.osses in polyphenols during cooking,
expressed as catechin equivalent value, mg g
(Linares and de Bosgque 1979).

Bean

colour Raw Cooked
Black 1.99 0.24
Red 6.42 0.12
White 0.24 0.12
Brown 9.19 0.38

polyphenolics as catechin equivalents, and some
results are shown in Table 6. Losses in this case
appear to be much higher than when tannic acid is
used to indicate polyphenol content (Linares and
de Bosque 1979). As indicated, no explanation is
available at present to account for the loss. It is
possible the polyphenols react with carbohydrate,
protecin, or other substances which could be
mecasured biologically, or may be partially
destroved.

Attempts to obtain some explanation have
been made by following the changes which occur
during the processing of the raw beans to crushed
cooked beans. The results, as shown in Table 7,
indicate that although relatively large amounts of
polyphenols could be climinated by discarding
washing and cooking waters, the residue, mainly
cotyledons, retains large quantities, because of
the apparent migration of the tannins from the
sced coats to the cotyledons, The actual amounts
ingested will thus depend on how beans are
processed and consumed.

Nutritional Role

Itis recognized that tannins alter the nutrition-
al quality of plant products. This has been very
well demonstrated for bird-resistant grain sor-
ghum (Chang and Fuller 1964; Lindgren 1975).

lable 5. Polyphenols in raw and cooked P vidgaris with and without the cooking broth, expressed as tannic acid.

Cooked

("nnkcd

Colour cooking + cooking Cooking
of seed Raw broth hroth broth
White! 0.35 0.10 0.20 -
Black! 0.75 0.34 0.45
Red! 097 .49 0.45

White? () IR 0.20 0.78
Black? 0.80) (.52 0.76
Red? .93 0.41 2.10

T ubhuda Suzuk 1978
“Flias et al. 1979
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Lable 7 Distiibution of poly phenols as tannie acid dunng coohimg ol 2 vudgaris!', grams,

Bean Bean colour
product Black White Red
1 Raw beans 4.50 1.80 7.15
2) Soaking water 0.16 0.05 0.25
1 Soaked heans 1RO 1.94 5.2}
4) Soaking water 441} (3.96)° 2.11 (1.99) 5.78 (5.4R)
+ soathed beans
5) Cooked beans 272 1.20 2. 78
6) Cooking water (.86 0.28 0.86
7) Cooked beans 137 (12.5%) .48 (1.4R8)" 419 (1.61)°
* cooking water
K) Mashed beans 15K | 4R 4.67
9) Straned (0.737)" (0.3 (0.7477)"
10) Sced coat (1.00%) (0.287¢) (1.277%)
Toss (1 K) (")) 20.4 17.8 16.5

"Values represent absolute amounts from an imtial sample of 500 g of heans.

‘Values in parcntheses represent calculated result.
‘Content in protein,

Lable 8. Protem digestibihity of beans ol differentcolour.

———— e e

Bean lanmn Dig. lannin Dirg.
colowr S b 1 ¥ (e) e)
Black 063 707 0.34 4.6
Red 0.62 6R.S (.49 70.1
White 0.27 752 010 RS

Table 9 Correlation cocllicients between polyphenols
as catechin equinalent and in vivo protein digestibility
(Linares and de Bosgue 1979).

All samples n = R0 r = 0.3955%
Black n = 40 r= 0169
Red n =12 r = 0.1031
Bronse n =16 r = ().3987
White n =12 r= 01264

de Fapafia 1977
‘Fukuda Suzuki 1978

Some reports have indicated that tannins in dif-
ferent cultivars of peas, ficld beans, and ‘other
food legumes were responsible for  lower
digestion coeflicients for erude protein in poultry
(Lindgren 1975: Marquardt et al. 1978).

Artificial rumen studies have shown that
tannin extracts from carobs inhibit cellulolyvtic
and proteolytic activity (Tamir and Alumot
1969). Furthermore, the carob tannins have been
shown to be strongly inhibitory of trypsin and
amylase and, to a lesser degree, of lipase. ©hese
results sugpest that the depressing effect of
tannins results from their action on digestive
enzvimes. However, they can react with food
proteins, interfening  with thewr digestion by
enzymes, and. consequently, loweringamino acid
avatlability (Haslam 1974).

Some information on the nutritional role of
polyphenols in Phaseolus vulgaris has already
been obtained. Table 8 describes results from two

independent studies showing a relation between
polyphenols as tannic acid and protein digestibil-
ity (de Fspana 1977: Fukuda Suzuki 1978). In
both studies white-coated cultivars showed the
highest digestibility and the lowest tannic acid
content. Furthermore, red-coloured beans in
both studies showed the lowest protein digestibil-
ity with the highest tannic acid content. It should
be indicated that in both studies the cooking
broth was separated from the cooked cotyledons.
Larger numbers of samples have been studied
recently and Table 9 presents the correlations
found between” phenolic content and in vivo
protein digestibility, These are significantly nega-
tive for all samples taken together as well as for
black-coated beans. All other correlations are
negative although not statistically significant
(Linares and de Bosque 1979). As shown
previously, the broth contains relatively large
amounts of polyphenols and, if included with the
cotyledons, it may decrease digestibility further
(sec Table 10). The addition of the cooking broth
to both black- and red-coloured beans decreased
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Fable 10. Etfec of cooking broth addition on protein digestibility of beans of different colour (Elias et al. 1979).

Protein digestibility (77)

Sample - White Red Black
Cooked beans 81.} + |.R 78.7 + 2.8 779 * 2.5
Cooked beans
+ broth Rl.4 + 1.5 704 * 4.8 75.0 = 1.5

Table 1. Fffectof cooking broth addition on average weight gain and protein efficiency ratio (PER) of various food
legumes (Elias ct al. 1979).

Ave. wt. gain PER
+ cooking cooking + cooking cooking

Identification broth broth broth broth
Sensuntepeque (black) (7. vudgaris) 6 29 0.20 0.8K
S-184-N (black) (. vudearis) | 29 - 0.95
Red-70 (red) (. vudearns) K 10 0.11 .48
27-R (red) (P vulearis) 21 27 0.61 (.86
Cowpea (17 sinensis) 12 52 1.04 1.24
Sovbean ((. max) 94 13 1.69 1.80
Pigeon pea (. cajan) l6 51 0.98 1.46

protein digestibility, however such an ceffect was
not obtained with  white-coloured beans. It
should be indicated. however, that differences in
digestibility may not be due to tannins alone.
Availability of anuno acids may also play a role
still to be dgmonstrated.

I'he effect of adding the cooking broth is also
seen in terms of protein quality as determined by
the protein  efficiency  ratio (PER).  Some
representative values are shown in Table 11, In
this case. the climination of the broth as part of
the bean in the diet resulted inhigher PER values,
I'his is clear for I vulearis, as well as for other
food legumes, such as cowpeas, soybeans. and
pigeon peas. although not as striking as for P,
vadgaris (Flias et al. 1976). It s of importance to
recognize that the effect may not be entirely due
to tannins but may result from interactions ol the
protein - with some  unidentified adverse
component of the broth.

The results of two studies of interest are shown
in Table 12 (de Espaia 1977; Fukuda Suzuki
1978). In the first, there 18 a direet relationship
between polyphenol content and the net protein
ratio (NPR) value of the legume protein. The re-

lationship between tannin content and protein
quality is also evident when the protein is sup-
plemented with methionine, thus eliminating the
possibility of the role this amino acid plays in the
protein quality of legume foods. In the second
study, the assay utilized was the nitrogen growth
index (or NGI, which is determined as the slope of
the line rélating prowth rate to protein intake).
I'he assay is carried out by feeding rats dicts with
different levels of protein from the.same source.
As more beans form part of the diet. more
phenolics are included in it. The results obtained
suggest again that coloured beans have a lower
protein-quality value than white beans.
Additional  studies arc now under way to
ascertain the relationship between polyphenolsin
beans and protein digestibility.

Studies have also been conducted with adult
human subjects (Herniandez 1979). Preliminary
results from four subjects show that black beans
had the lowest protein digestibility, followed by
red beans, while both were lower than the digesti-
bility value ol cheese protein (see Table 13). These
studies are now being expanded to include white
beans with and without the cooking broth from
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- . . . . . - .
Fable 12, Relat mship between polyphenol contentin beans and their protemn quality with and without the addition
ol methionine to the diet !

lannin?

(“t) mcthionine + methionine

Ner protem rano (NPR)

Black' n = 5§ 0.47 0.X1 (0.63) 2.00 I8

Red'  n =2 0.59 0.64 (0.62) 1.96 2.88

White! n = 2 0.27 0.28 (0.27) 2.3R8 3.90
Nurogen growth index (NG 1)

Black! n =3 0.29 (.3R (0.14) 1.81 —

Red* n =2 0.48 0.50 (0.49) 2.09 —_

White! n = 2 0.08 0.11 (0.10) 2.56

"Roth studies conducted without adding the cooking broth,
“In cooked sample.

‘e Fapaiia 1977

Fukinda Suzuki 1978

Table 11, Protein digestibility in humans fed bean protein with diflerent content of polyphenols,
expressed as tannic acid (Herndndez 1979).

Digestibility
Nitrogen
Protein halance Apparent True
source (mg. kg day) () (“t)
Red beans 46.6 + 6.5 55.7 * 4.7 789 + 44
Black beians 46.4 + 2K 49.6 + 2.4 728 + 31
. Cheese 720 * 34 76,2 * 1.4 983 £ 1.6

cither red or black beans. In order to find out
whether or not tannins are influencing the results,
regression cquations were calculated. between
catechin intake and feeal nitrogen. Fig. Xshows
the results of two regressions, The first, calculated
with fecal N exeretions from a dict without beans
or tannins, and the second, in which this point
was not included. There is a statistically signifi-
cant correlation in the first case. However, in the
second case the correlation 1s not statistically
signiticant. It is believed that there is need to in-
crease the number of observations to be able to be
conclusive on this particular point.

In summary, it may be concluded that tannins
affeet the utilization of protein in beans through
increasing fecal N ooutpat, as made evident in rat
studhes. Trials with human subjects showed a
similar trend. although the effect was less marked
than in rat,

Based on the observations reported in this
paper and on those from the literature, it may be
suggested that the polyphenol compounds in
common beans decrease protein digestibility

cither by inhibiting digestive enzymes or by
reacting with protein, reducing amino acid avail-
ability, or both. The decrease in protein digesti-
bility, in turn, reduces absorption of amino acids
which could explain the lower protein-quality
value observed. In case phenolic compounds are
absorbed, they will have to be eliminated, cither
as glucuronate derivatives or sulfates: in the latter
case, sulfur amino acid needs will increase. thus
decreasing the quality of the protein for growth
purposes, All these etlects are, however, relatively
small.

With respect to the significance of the poly-
phenols present in beans and their cffect in
nutrient utilization, the problem should be ana-
Ivzed from two points of view., Once is the
nutritional ¢ffect per se and the second, hean
acceptability. As for the nutritional effects, these
are evident, but relatively small. They would
probably be smaller considering that beans are
only one component of the diet, thus the effects
will be diluted or minimized, and certainly, very
difficult to measure.
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Regarding the problem of bean acceptability,
one aspect is clear, at least in Latin America,
coloured bheans are greatly preferred to white-
coated beans, by all populations, Furthermore,
the cooking liquors must be thick and dark and
arc preferred for young children. The question
could be asked if acceptability is based only on
colour of the sced coat or also on the small
amounts of polyphenolic compounds present. 1t

is of interest to poimnt out in this respegt that
preference varies even within the same colour,
Therefore, it would be of interest to find out if
phenolic compounds in common beans are
related to acceptability and to increase our
knowledge of their nutritional role, before genctic
sclection is undcrtaken by legume breeders to
climinate them.



