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been found. The

the testa of faba bean, mainly linked to
A
to
of tannins in the physiology of the

Vicia faba.

amount of condensed tannins in

the
is available in

with
to

- “Facteurs antinutritionnels de la fève. Teneur en tannins chez Vicia faba: possibilités d’amélioration”. Les tannins
condensés sont un des facteurs antinlltritionllels les plus inlportants de Vicia faba. La variabilité génétique pour la quantité
de
tannins condensés dans la testa de la fève, liée principalement à des gènes qui contrôlent la couleur de la peur ou de la graine,
est disponible dans des populations naturelles.
a été trouvé une réponse positive à la sélection des graines àfaible teneur en
tanninsdansdeslignéesde
fève ri peurs colorées.Lerôledestanninsdanslaphysiologiedelaplanteenrelationavec
l‘amélioration génétique est traité.

Introduction
Among the
of plant metabolism,
tannins have
the attention of plant
mainly because of two
negative effect on the
quality of the
uced, and the
they play in
defence mechanisms against pathogens and pests.
The

of tannins is complexandnotwell
it is difficult to
it with the tannin
effects which
of
to plant
Tannins
classified into two
condensed tannins which
of flavonols and yield anthocyanidins when
heated in acid solution,
tannins which
gallic acid
The
easily eliminated with the action of the
juices
and do not
a
in animal feeding.
this
not included in
analysis.
Flavan, the basic
is madeupoftwobenzene

unit of condensed tannins
linked
bya

-

-

n.O

unit is also the basic
of anthocyanidins and
glycosides (anthocyanins), the
being
the
in plants
glycosidation
possible modifications of the basic unit of
sulting in
of the physiological and
biochemical
of these substances.
ties could be as basic as the auxin
1988),
of
tissues
against visible
UV
(Salatino et al.,
1988),
of nodulationgenes
et al., 1986).
tannins

C2) in

biosynthetic pathway
by adding leucoc-

flavan-3,4-diols, flavan-3-01). The
of
tion is a
of high biological
significance.
activity of tannins (a
the
of
digestibility) in3 and
with size, and it
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Swain, 1963). These
to
such as the
of
ghum seeds
1982) and the
in infestation
of Vicia faba by Callosobruchus maculatus
et al., 1986). The
has been
posed to be a nonenzymatic
ences in the
of
in
could
be
genetic
as it is a
of some
et al., 198l), although
such as
biochemical components of the
seed could also be
The analytical
in
the evaluation of tannin quality and quantity
unsolved.
this
we
the
of
on the study of tannins in the seeds of Vicia faba.

Genetics of testa tannin content and its
relation with flower and grain colour
mentioned, tannins
some
with anthocyanin pigments in
biosynthetic
pathway. This is"the
the well known
ship between whitè
plants and absence of tanet al., 1957).
nins in
seeds
mutants have played an
in the elucidation
of the biosynthetic pathwayof anthocyanidins and
decided to study the
between
testa
and tannin content in Vicia faba. In
Table 1 we have
the
of the analysis
of 55 lines with
of selfing. The
lationship of
with tannin content of the
whole seed is significant. As found by
white
lines lack tannin in
seeds. The spotted lines have less tannin in the testa than lines with
diffuse pigmentation in the
and
As

Table 1.

found in plants with yellow
in lines
with
less evident,
because the genetics of seed
is
complex than
1988).
that of
plants with
seed coat and spotted
have
low tannin content.
Table 2 we show
a
study but
instead of
lines, F2 plants of
in
tannin content,
pigmentation
used
and
1989b). The data ontannin
content
given as
of testa weight. An
imate
of both studies can be made by assuming that the seed coat was constant at 15% of total weight
of the seed. Even
this adjustment, thevalues of
tannin content in both tables
not
because of
analytical
used in each study. A
modifiedFolinmethod
(Singlenton and
1965),
used in the
study gives an
of tannin
content as
to the Vanillin
cific method
tannins and its
used in the
second
and Jones, 1978). The
between
and tannin content is also manifested in the second study.
the influence of the
locatedin
et al., 1989), on tannin content became evident,
because of the
homogeneous genetic
of the
analysed.
the analytical
the
between
and seed coat
and tannin content of the
seed is obvious.
when studying the
genetic basis of tannin content in the testa we found that
although additiveness was the main component, dominant
was also significant in
if the plant with
gains
diffuse pigmentation in
eliminated, the dominant component
of the
and the additive component is
and
1989a).

(%) in grain of faba bean pure lines in relation to flower and testa coloursa.

Testa

Total
Yellow

White
Yellow-spot

0.1 zk 0.0
-

Total

0.1
with

O.Oa

0.1

* 0.0

-

2.2 f 0.0

1.5 f 0.1
-

1.5 0.2
1.7 5z 0.3

2.3

2.8 f 0.1

2.3
2.5

2.1 f 0.2c

2.2 f 0.lc

0.2

1.5 k 0.2b

in the same l i e

column

-

statistically

0.1
0.2

2.3 f 0.2
2.5 -t 0.4
2.4

(p < 0.01)
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1.5 f 0.2b
2.3 0.0

-

0 . 3 ~ 2.3 f 0 . 0 ~

0.1

O.Oa

1.8 O.lb
2.3 5z 0 . 2 ~
2.5 0.lc
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of F, plants of faba bean in relation to flower and testa

Table 2.
coloura.

r

Testa

White
Yellow-spot
yellow
Total

0.4

-+_

-

0.0

1.7 f 0.1
2.7 f 0.1
-

in the same line

-

3.6 -1. 0.1
4.2 zk 0.0
4.4 -1. 0.1
4.8 0.1

3.9 -1. 0.1
4.2 -1. 0.0

4.1fO.O~

c ~
34.2
. 0 -1.
z k0.0
O.O

-

3.2 f 0.1

2.5-1.0.1 b
column

(p

statistically

conclusion is that the main
of the quantitative
detected on tannin content of the testa in
Vicia faba
is a
of
genes, mainly
coat (Rh), diffuse pigmentation (Sdphdp) and
yellow
(Yf/yf) genes, the
of
being
influenced by

The role of tannins in faba bean
The condensed tannins in faba bean have
biological effects andbiochemical
to those
sent in
et al., 1977). The
of
of condensed
tannins of developingseedsin
1982),
with
well
known. Likewise, in
the genetic
have
been classified into
of
of tannins contained in them. In Vicia
as we know, no such study has been pubfaba,
lished
Tena
have
studied the evolution of tannin with
development
in
and found the same
as in
ghum. The
shows an
of condensed tanseed coat with time which
30 days
and is followed by
a decline intannin content associatedwith an
in the
of
They have also studied
the changes of
of tannins in the seed coat
wilt time of
faba bean lines having diffuse pigmentation,VF91 (yellow),VF118(violet)and
VF123
dimension
The evolution of tannin content
level
found, although W 9 1 kept a noticeable amount of
catechin) and oligomsix months, indicating a
in the level of

-

-

3.0 -1. 0.0

2.6 & 0.1

0.4-1.0.0a

Total

C

0.4 f 0.0 a
k 0.1 b
3.6 f 0.0 b
4.4 f 0.2 c
5.1 f 0.44.5
0.1 c

0.01)

linked to

pigment
some white flowplants
a
linked to changes in pigmentation.
in
not
black at
and this may be
to be because of the
in the levels of enzymes oxidising phenols
plausibly asa change in the subof these enzymes common to both genetic
plants with yellow
pigmentation in the seed
1989a).
some white
plants do turn black
at
have found that these
the allele Yf
pigmentation while plants
that kept a light
the yf
yellow pigmentation. This meansthatanthocyanidinsand
compounds
not involved in this change of
.is
change in seed
associated to
and
of the seed coat of Vicia faba,
linked with
andwitha
biological
impact. is wellknownthatthe
testa
with time
due to the oxidation of
phenolic compounds.
in plants with
the
in individual plants is
not
light
be obtained. The
of each is not maintained in
the next
selfing.
(1974) have studied the
between seed
phenolic compounds, levels of enzymes oxidising phenolics compounds, and the
of the seed coat in
the genus
They concluded that seed
bility to
to phenolic content and its level
of oxidation and
in
the position of the seed in the
plant. We also
found
in
to
of
amounting to 80% of its weight
10
seeds
plants
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weight by 46% and light
20%.
24

of these
no
The

of seeds
in Viciafaba.

the most
to this
change of
was the absence of infestation by
Bruchrts rufimanus of light
while
ones and
white
plants
infested
in 100% of the cases
field conditions. We
to
find a
between
and situation in the
plant of the
but unlike in
was no
Table 3 some
and light
seeds
the same plant
lines and
F3 plants
analysed.
in
of
difseed coat
not significant. No
found betweenboth seed
in sections of seed coats.
the tannin index
of both
was significantly
which seems
to indicate a
in phenols content. On the conthe
to vanillin wasnot significant, although a
between values of
and vanillin is evident. The
values of the vanillin test could
be
as a
level of
of tannins in light
testas, because this test onlytakes
into account the
unit of the
and the
in
could
two
of
phenols oxidation,
of
genetic
the development
of the seed.
Glennie (1981) has studied the
changes in polyphenols content, and
in
and polyphenol oxidase
activities.
found a
between tannin evolution
and the activity of both enzymes, with the decline of
not as
as that of tannins
These
enzymes and
have been associated with defence mechanisms.
to be a definite
of
development in which the
could be infested and also a
in which the high level of
idase and
tannin
such
infestation. White
do not change testa
and
susceptible to Bruchus.
have two types of
those with
testa
sensitive to Bruchus infestation because they
pass quickly to high
levels
oxidase and
activities, and
with
testa
take
time in
the same
tion level and
immune to Bruchus infestation.

yield and
establishment of
isogenic lines than
tannin-containing
These
not unusual and the
of yield could be a consequence
of susceptibility of
to pathogens and
pests. In Table 4 we
data on mean seed weight,
of seed
plant and yield
plant of F2 plants
of
by tannin-containing lines.
The five lines used
of
seed size (seed
weight of line 14=0.41, 15=0.50, 23=0.41, and 44=0.33,
59=0.40 g). The only
that seems to 'be
in
plants is seed weight and in
of yield
it is
by a
of seeds
white plant. is well known that seeds
white flowplants have a
of testa than tannin
containing plants
and
1986). This fact
could account
the
The
establishment could also be a
of
tion
a
and
testa.
a
of
have to be
tested.
of selection
lowcondensed tannin
content in
faba bean populations
scanty. Sjödin et al. (1981) selected
lowandhigh
content of total phenolics,
populations with
testa
two cycles. the
cycle
a
of 0.33 units was
found between high and
lowtannin containing plants while in the second cycle
significant
The
weight was
affected by selection, and the testa
which was significantly
in the population with high content of total phenoaffected. The change in testa
could account
the change in phenolics content.
seems that selection
low tannin content in populations
withhomogeneous testa
and
pigmentation in
is not effective.
thetannin

Table 3. Characteristics of seedcoatofindividual
Vicia faba plants differing in darkening.
Light
X SE
Seed coat %
T.1.b

Breeding strategies
the white

Vanillin

of
faba bean
using
genes is the easiest way of solving the
-

X

SE

15.38 k 0.55 16.25 3Z 0.47 1.21 ns
13.43 k 0.37 13.99 3Z 0.63 0.69 ns
6.97 &
5.49 0.31 2.34 *
6.66 & 0.15 5.41 0.11 6.58 ***
4.74 ***
& 0.24 5.44 0.14 6.79
3.65 & 0.25 3.14 0.20 1.58ns

lines
bF3plants
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White

N

X

X f SE
0.44 f. 0.01
58.01 f. 5.06
26.28 f. 2.32
0.50 f 0.05
56.17 f. 3.20
28.16 f 1.23
0.44 f 0.01
45.34 f. 3.91
20.34 f. 1.86
0.44 f 0.06
59.28 2.78
25.98 f 1.25
0.45 f. 0.01
66.82 ? 8.05
30.29 f 3.67
0.48 f 0.06
52.13 f 2.63
25.04 f 1.24
0.47 f 0.03
55.90 f 1.40
26.09 f. 0.66

162

62

156

38

127

0.43 f. 0.04
61.74 t- 2.09
26.91 f 0.93

615

content estimated by the
was
in one cycle of selection
and
population
et al., 1989). A composite population was
by mixing F, plants
among lines
in
and seed coat
Selection
low and high tannin content was done. The
tannin content using
Two
distinctive
obtained. The two selected populationswith high and
low content of tannins
tested
and seed
coat
was
thatthetwo
populations
these
The low tannin population
had 96.5% plants with spotted
yellow spots) and 3.5% with solid pigmentation,
in the high tannin population the
to 40%. With
to seed coat
we found that
64% of the low tannin content population had
15%
seed coat
The
of the
plants had
yellow seed coat
in the high tannin content population 92.75% of the
plants had
andyellow seed coat

t

SE

0.24 f 0.01
61.98 f 6.08
26.06 f 2.75
0.47 f 0.01
65.47 f 3.47
30.49 f 1.57
0.42 f 0.01
48.03 f 5.79
20.21 f 2.42
0.41 f 0.01
65.69 f 5.03
26.83 t- 2.00
0.43 f 0.01
68.54 5.76
29.97 f. 2.81
0.45 f 0.01
56.73 f 5.02
25.76 2.32

70

N

seeds

15.38 ***
0.50 ns
0.06 ns
3.16 **
2.19 *
1.17 ns
1.05 ns
0.38ns
0.04 ns
3.44 ***
1.11 ns
0.36ns
1.71ns
0.17 ns
0.07 ns
3.19 **
0.79 ns
0.27 ns

43

59

34

55

35

44

270
.

found.
the genetics of

8.33
2.31
0.72
ns

***
*

as
in

the
of
using the
white
genes,
genes that
tannin content,
should be
tested. A plant with
and lemon spot
could be the basis of low tannin content
without
the negative effect of white
genes.
is well established that phenol
compounds
play an
in plant metabolismand in the
of plants with
section
1983). In the
some
on the
at plant level
of Vicia
of
of the
faba, like
same plant associated with
testa
and susceptibility tÒ infestation by Bruchus rufinzanus.
to selection
ful. We
not able to find a
between seed
and situation in the
plant, but this does not
mean it does not exist. a plant with only light
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to Bruchus
in tannin content.

could be obtained it would be
infestation with only a small

Once elucidated the
of
genes with the
tannin content of the testa,
main objective will be the
study of tannin content in the vegetative
of the plant,
with the aim of obtaining faba bean with the highest
level of tannin in the vegetative
and the lowest in
the
The study of the
influence in
the tannin content of the seed and the elucidation of the
genetic basis of the
in
levels,
if they do exist, will be the goals

legume seeds: animal

feed technology, analytical methods
and
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