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Selection for nufritional quality in faba bean

G. DUC

INRA, STATION DE GENETIQUE ET
D'AMELIORATION DES PLANTES

BV 1540, 21034 DIJON CEDEX, FRANCE

SUMMARY - Genetic variability is allowing to build Vicia faba genotypes with very diverse protein contents, starch contents and
with zero levels in such antinutritional factors as tannins, vicine and convicine. Together with industrial processes, breeding will
improve the quality of faba bean to meet the needs expressed by the different users.

RESUME - “Sélection pour qualité nutrionnelle chez la féverole”. La variabilité génétique disponible chez Vicia faba permet de
disposer de génotypes a teneurs en protéines et teneurs en amidon trés différentes et avec des niveaux zéro pour les facteurs
antinutritionnels majeurs que sont les tanins et la vicine-convicine. En ajoutant les effets génétiques et ceux de la technologie
industrielle, on est aujourd hui en mesure de fournir les utilisateurs de graines de féverole en un produit de bonne qualité.

Introduction

Many experiments have been conducted throughout
the world on feeding farm animals with faba bean instead
of soybean. The results have been confusing since the
contribution of the following different factors in the res-
ults is not always clear:

— The specific reaction of animal species

— The rate of faba bean incorporation in the diet

— The absence or presence of sulphur amino-acid
supplementation in the diet

— The form of preparation of the feed (thickness of
grinding, dehulling, industrial processing)

- The genotype of faba bean.

In France, results of recent large scale feeding trials
which used faba bean supplemented with sulphur amino-
acids can be summarized as follows:

Incorporation of faba bean flour can be upto 10% in
piglets’ and fattening pigs’ diets. It can be higher (25%)
for fattening pigs when using dehulled faba bean seeds
(Grosjean and Gatel, 1988). Digestible energy ranged
from 3650 to 3900 kcal/kg in spring faba bean and 3450
to 3850 kcal/kg in winter faba bean (Bourdon and Perez,
1984). Faecal apparent digestibility of proteins was close
to 74% in tannin-containing cultivars and to 80% in tan-
nin-free cultivars (Bourdon and Perez, 1984).

In broilers’ diet, incorporation of faba bean can reach
upto 20-30%, but it cannot be higher than 5% for laying
hens (Luckbert, 1988). Measurement of metabolisable
energy on roosters gave values of 3092 keal/kg in spring
faba bean and 2887 kcal/kg in winter faba bean (Lacassa-
gne, 1988). Starch digestibility can be improved by pel-
leting (Lacassagne et al., 1988) or by thinner grinding
(Carré, personal communication). Protein from tannin-
free cultivars is more digestible (82.6%) than protein
from tannin-containing cultivars (68.2%) (Lacassagne et
al., 1988).

In bull-calves’ diet, 2 kg of faba bean seed flour can
efficiently replace 1 kg of soybean meal in the feed
(Weiss and Raymond, 1988) and it is a question to be
answered if tannin-free cultivars can be used equivalently
to tannin-containing ones.

The main antinutritional factors contained in the seed
are tannins, vicine and convicine. These factors have
been chemically characterised (Martin-Tanguy et al.,
1977; Marquardt, 1989b) and have proved to have delete-
rious effects, tannins on monogastric animals and vicine
and convicine on laying hens (Marquardt, 1989a,b).

Plant breeders have, therefore, attempted to look into
the genetic variability for various quality attributes in-
cluding antinutritional factors and use it for imp-
rovement.
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Protein content

According to previous results obtained by numerous
workers, it has been shown that this character expresses
large genetic variability in Vicia faba and has a high
heritability. It means that it can be improved, but the
demand of industrial users of faba bean is more for pro-
tein content stability. This last criterion must be consid-
ered by the breeder who should measure the level of
environment and environment x genotype effects on seed
protein content in his selections. Users must be aware
that genetic variability for protein content is already
higher among commercial cultivars of faba bean than it
is for pea and consequently, this factor of variation will
be added to the environmental factor. Preliminary meas-
urements of variation coefficient due to environment for
protein content of faba bean seeds, did not give us fig-
ures different from what are generally obtained in other
legume crops or in cereals, but the consequence of such
coefficients is higher when it concerns higher absolute
values.

Protein quality

Faba bean seed, as many other legume seeds, is defi-
cient in sulphur amino-acids. Improving their content by
breeding seems difficult since a very strong correlation
coefficient exists between protein content and the content
of individual amino-acids (Sj6din et al., 1981b). This fact
can explain the failure of some breeding strategies to
effect sulphur content improvement, or legumine/viciline
ratio improvement (legumine contains twice as much
sulphur aminoacids as viciline) (Sjédin et al., 1981b).

Table 1. Antinutritional factors and the associated
genetic variability in Vicia faba

Antinutritional Measurement of Measurement of
factors genetic variability genetic variability

for total content in composition
Hemagglutinins Sjodin et al. (1981a)

Trypsin inhibitors ~ Sjodin et al. (1981a)
Picard (1976)
Martin-Tanguy

et al. (1977)

Sjodin et al. (1981a)
Cabrera and Martin
{1986)

Pitz et al. (1981)
Bjerg et al. (1985)
Duc et al. (1989)

Tannins Bierg et al. (1988)

Glucosides
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Consequently, breeding for higher sulphur amino-
acids does not appear at the moment cheaper than their
industrial synthesis. It may be an objective for which the
molecular genetics strategy may prove more efficient
than classical breeding.

Carbohydrates

When compared to pea, the chemical nature of starch
(Colonna and Carré, 1981) and cell wall constituents
(Brillouet et al., 1983) in faba bean is not much different.
Within Vicia faba, genetic variability has been shown for
starch and fibre contents (Bjefg et al., 1988) which
should have an effect on the energy value of the product.
The possible benefit of a breeding programme aiming at
improving the quality or availability of carbohydrates
must be evaluated against the benefit of industrial proc-
esses such as thermomechanical treatments or thinner
grinding (Carré, personal communication), which could
make starch more digestible.

Antinutritional factors

Several antinutritional factors and the associated gen-
etic variability, have been studied in Vicia faba (Table

1).

From feeding experiments conducted on laying hens
(Marquardt, 1989a) and rats (Sjédin ef al., 1981a; Bjerg
et al., 1984), the main antinutritional factors seem to be
tannins and two glucosides (vicine and convicine). These
two glucosides are also believed to be responsible for
causing favism in some genetically susceptible humans
consuming faba bean.

Dehulling, which eliminates tannins, is an alternative
technology to breeding. Vicine and convicine are ther-
mostable products and removal or destruction of these
causative agents by processing is difficult. Much breed-
ing effort has been placed on these two types of antinu-
tritional factors with success.

Tannins

Two recessive genes which code for absence of tan-
nins in the seed coat have been found (Picard, 1976).
These genes block synthesis of anthocyanin or anthocy-
anin’s precursors and give rise to white-flowered plants.
Consequently, the screening in F, of zero-tannin geno-
types is easy. Some results (Loon et al., 1989; Bond,
1987) justify the conclusion that the disease resistance of
tannin-free faba bean depends on the genetic background
and that tannin-free genotypes with adequate levels of
disease resistance can be bred. Most seedling establish-
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ment problems observed with some of these genotypes
are alleviated by fungicidal seed dressing (Bond, 1987).
Some white-flowered varieties are now available for nat-
ional trials in different EEC countries or are already
listed.

An alternative to the breeding of zero-tannin geno-
types is the breeding for low tannin contents such as
those reported by Cabrera and Martin (1986). M. Jay is
presently investigating at the University of Lyon the gen-
etic variability in the composition of tannins in a large
collection of genotypes. A better knowledge of the rela-
tive antinutritional effect of different tannin fractions and
of their thermosensitivity would be of importance in the
breeding strategy.

Glucosides

Genetic variability for vicine and convicine content
determined by using HPLC technique has been shown in
previously mentioned works. On a collection of 919 gen-
otypes, we measured a continuous variation for vicine +
convicine content ranging from 0.41 to 1.50% of seed
dry matter (Duc et al., 1989). No significant correlation
was found between the contents of the two glucosides.
Beside this continuous variation, which has a strong gen-
etic component, and thus opening possibilities for breed-
ing, we detected a genotype with nearly zero-vicine/zero-
convicine content in dry seeds (Duc et al., 1989). The
genetic studies have shown that this character is nuclear
monogenic additive with maternal control. This gene
gives nearly zero-vicine and convicine contents also in
green pods. Among the broad genefic variability now
available for vicine and convicine content, we have not
yet detected any relationship of this character with other
seed characteristics (seed size, protein content, tannin
content) or other plant characteristics (growth vigor, ear-
liness, disease susceptibility). The development of a
breeding program necessitates a rapid screening tech-
nique to be used in F, generation. Near infrared reflec-
tance technique, which has been evaluated in this respect,
can only reduce by half the number of HPLC determina-
tions required in F, progenies (Duc et al., 1989). Some
progress has to be made on this point.

Conclusion

Genetic variability for quality is very large in Vicia
faba species.

The Zero-tannin and Zero-glucoside content geno-
types can be developed with very diverse protein content.
We arive at the optimistic conclusion that, together with
industrial processes, breeding will fullfil the needs ex-
pressed by the different users of faba bean seeds in ani-
mal feed.
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The requirements for faba bean quality in human
food are limited by strong habits for seed size and seed
colour. Cooking quality is an additional criterion. Pro-
gress made on low glucosides content faba bean for ani-
mal feeding will have positive effect in human nutrition
as well.

References

BIERG, B., EBMEYER, E., EGGUM, B.O., LARSEN, T., ROB-
BELEN, G. and SORENSEN, H. (1988): The nutritive value of ten
inbred lines of faba beans (Vicia faba L.) in relation to their content
of antinutritional constituents and protein quality. Plant Breeding
101:277-291.

BJERG, B., EGGUM, B.O., JACOBSEN, J., OLSEN, O. and SO-
RENSEN, H. (1986): Protein quality in relation to antinutritional con-
stituents in faba bean (Vicia faba L.). The effect of vicine, convicine
and dopa added to a standard diet and fed to rats. Z. Tierphysiol.
Tierernihrung u. Futtermittelkde 57:275-285.

BJERG, B., NORGAARD-KNUDSEN, J.C., OLSEN, O.,
POULSEN, M.H. and SORENSEN, M. (1985): Quantitative analysis
and inheritance of vicine and convicine content in seeds of Vicia faba
L. Z. Pflanzenziichtg. 94:135-148.

BOND, D.A. (1987): Recent Developments in Breeding Field Beans
(Vicia faba L.). Plant Breeding 99:1-26.

BOURDON, D. and PEREZ, M. (1984): Valeur énergétique et
azotée pour le porc de différents types de féverole, pauvie ou riche en
tanins. Journées Rech. Porcine en France 16:401-408.

BRILLOUET, J.M. and CARRE, B. (1983): Composition of cell
walls from cotyledon of Pisum sativum, Vicia faba and Glycine max.
Phytochemistry 22:841-847.

CABRERA, A. and MARTIN, A. (1986): Variation in tannin con-
tent in Vicia faba L. J. Agric. Sci. Camb. 106:377-382.

COLONNA, P., BULEON, A. and MERCIER, C. (1981): Pisum
sativum and Vicia faba carbohydrates: structural studies of starches. J.
Food Sci. 46:88-93.

DUC, G., SIXDENIER, G., LILA, M. and FURTOSS, V. (1989):
Search of genetic varjability for vicine and convicine content in Vicia
faba L. A first report of a gene which codes for nearly zero-vicine and
zero-convicine contents. Pages 305-313 in Recent advances of research
in antinutritional factors in legume seeds (Huisman, J., Poel, T.E.B. van
der and Liener, LE., eds.). Pudoc, Wageningen, The Netherlands.

GROSJEAN, F. and GATEL, F. (1989): Utﬂisatic;n par les porcins.
Pages 198-205 in Atout Pois (ITCE-UNIP, eds.). ITCF, Paris, France.

LACASSAGNE, L. (1988): Alimentation des volailles: substituts au
tourteau de soja. INRA Prod. Anim, :47-57.

LACASSAGNE, L., FRANCESCH, M., CARRE, B. and MEL-
CION, 1.P. (1988): Utilisation of tannin-containing and tannin-free faba
beans (Vicia faba L.) by young chicks: effects of pelleting feeds on
energy, protein and starch digestibility. Animal Feed Science and Tech-
nology 20:59-68.

LOON, J.J.A. van, NOREL, A. van. and DELLAERT, L M.V.
(1989): Tannin-free Vicia faba L. and disease resistance: conflicting
breeding objectives?. Pages 301-304 in Recent advances of research in

- 121 -



antinutritional factors in legume seeds (Huisman, J., Poel, T.F.B. van
der and Liener, LE., eds.). Pudoc, Wageningen, The Netherlands.

LUCKBERT, J. (1988): Utilisation par les volailles. Pages 206-207
in Atout Pois (ITCF-UNIP, eds.). ITCF, Paris, France.

MARQUARDT, R.R. (1989a): Vicine, convicine and their agly-
cones - divicine and isouramil. /n Toxicants of Plant Origin (Cheeke,
PR., ed.). CRC Publishers (in press).

MARQUARDT, R.R. (1989b): Dietary effects of tannins, vicine and
convicine. Pages 141-155 in Recent advances of research in antinut-
ritional factors in legume seeds (Huisman, J., Poel, T.F.B. van der and
Liener, LE., eds.). Pudoc, Wageningen, The Netherlands.

MARTIN-TANGUY, J., GUILLAUME, J. and KOSSA, A. (1977):
Condensed tannins in horse bean seeds: chemical structure and apparent
effect on poultry. J. Sci. Food Agric. 28:757-765.

CIHEAM - Options Mediterraneennes

PICARD, J. (1976): Apercu sur I’hérédité du caractére absence de
tanins dans les graines de féverole (Vicia faba L.). Ann. Amélior. Plan-
tes 26:101-106.

PITZ, W.J., SOSULSKI, F.W. and ROWLAND, G.G. (1981): Ef-
fect of genotype and environment on vicine and convicine levels in faba
beans (Vicia faba minor). J. Sci. Food Agric. 32:1-8.

SJIODIN, J., MARTENSSON, P. and MAGYAROSI, T. (1981a):
Selection for antinutritional substances in field bean (Vicia faba L.). Z.
Pflanzenziicht. 86:231-247.

SIODIN, J., MARTENSSON, P. and MAGYAROSI, T. (1981b):
Selection for improved protein quality in field bean (Vicia faba L.). Z.
Pflanzenziicht. 86:221-230.

WEISS, P. and RAYMOND, F. (1988): Utilisation par les tauril-
lons. Pages 213-215 in Atout Pois (ITCF-UNIP, eds.). ITCF, Paris,
France.

- 122 -



