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Abstract Legume seeds are employed as a protein
source for animal and human nutrition not only for
their nutritional value (high in protein, lipids and
dietary fibre), but also their adaptability to marginal
soils and climates. Human consumption of legumes
has been increased in recent years, being regarded as
beneficial food ingredients. Legume seeds contain a
great number of compounds which qualify as bioac-
tive compounds with significant potentials benefits to
human health. These compounds vary considerably in
their biochemistry and they can be proteins, glyco-
sides, tannins, saponins, alkaloids, etc. Hence,
methods for their extraction, determination and quan-
tification are specific of each compound. They do not
appear equally distributed in all legumes, and their
physiological effects are diverse. Some of these
compounds are important in plant defence mecha-
nisms against predators or environmental conditions.
Others are reserve compounds, accumulated in seeds
as energy stores in readiness for germination.
Processing generally improves the nutrient profile of
legume seed by increasing in vitro digestibility of
proteins and carbohydrates and at the same time there
are reductions in some antinutritional compounds.
Most antinutritional factors are heat-labile, such as
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protease inhibitors and lectins, so thermal treatment
would remove any potential negative effects from
consumption. On the other hand tannins, saponins
and phytic acid are heat stable but can be reduced by
dehulling, soaking, germination and/or fermentation.
New directions in bioactive compounds research in the
last decade have led to major developments in our
understanding of their role in nutrition. The scientific
interest in these compounds is now also turning to
studies of their possible useful and beneficial applica-
tions as gut, metabolic and hormonal regulators and as
probiotic/prebiotic agents.
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Introduction

There has been an increased interest in nutrition
recently, not only within the scientific community but
also from wider society. Nowadays, the question is not
simply to eat for survival but to be informed of what
we eat to enjoy the best quality of life for longer. Diet
is now recognized as important, not only for nutrition,
but for the prevention and treatment of diseases,
especially when these diseases are caused by insuffi-
cient, excessive or unbalanced dietary intake (Dillard
and German 2000; WHO 2003).

At present, one of the most controversial subjects of
discussion is the establishment of an optimum human
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diet. Dietary habits are very different in each part of
the world, as are the types of foods consumed.
A balanced diet must contain all the necessary foods
to maintain optimum nutrition. The diet must supply:

(1) Sufficient nutrient energy (calories) to carry out
metabolic and physical processes.

(2) Nutrients with rheological properties and regu-
latory functions (Muzquiz et al. 2003).

It is very important that nutrients are balanced
within the diet. The FAO-WHO Group of Experts
(Nishida et al. 2004) established the following dietary
recommendations: protein must not exceed 15 % of
total calories, carbohydrates 60 % (3 % as fibre) and
no more than 25 % lipids, comprising 75 % plant
foods and 25 % derived from animal foods.

Numerous epidemiological studies have shown that
a plant-based diet can reduce the risk of many chronic
diseases (Dillard and German 2000; Rochfort and
Panozzo 2007). The plant kingdom satisfies an
important part of human diets and, depending on plant
species, different parts of the plant are used: roots,
tubers, stems, leaves, flowers, fruits and seeds. The
legume family is one of the largest in terms of species
number (Duranti 2006).

The presence of both protein and starch in adequate
proportions, along with fibre, vitamins and microele-
ments, has made the legumes a focus of justified
nutritional interest (Leterme 2002). The value of
pulses can be enhanced by physically fractionating the
grain into basic constituents such as protein, starch and
fibre and using these products to supplement other
food ingredients to enhance the nutritive value of food
(Rochfort and Panozzo 2007). Nevertheless, when
plant foods are consumed they are often associated
with a series of compounds, known as antinutrients,
which generally interfere with the assimilation of
some nutrients. In some cases these can be toxic or
cause undesirable physiological effects (for example,
flatulence). However, there is now an increased
awareness of the health-associated value of pulses.
Recent epidemiological studies have demonstrated
that many antinutrients may be beneficial, when
consumed on a regular basis, in the prevention of
diseases like cancer and coronary diseases (Champ
2002).

There is a need to increase the knowledge base
for pulses by understanding more of the functional
and bioactive properties of pulse grain (Hill 2004).
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Legume seeds contain a great number of bioactive
compounds that vary considerably in their bio-
chemistry. They can be proteins (protease inhibitors,
o-amylases, lectins), glycosides (o-galactosides,
vicine and convicine), tannins, saponins or alkaloids
(Muzquiz 2000). Hence, methods for their extraction,
determination and quantification are very specific
(Goyoaga et al. 2008, 2011; Pedrosa et al. 2012). They
do not appear in all plants, and their physiological
effects are diverse (Fig. 1). For example, pyrimidine
glycosides vicine and convicine present in Vicia faba
are the causative agents of favism; the non-protein
amino acid f-n-oxalyl-L-a,f-diaminopropionic acid
(S-ODAP) contained in the seeds of Lathyrus spp. can
cause lathyrism, also known as neurolathyrism. Other
bioactive compounds appear in most legumes such as
the a-galactosides that produce flatulence.

Some of these bioactive compounds are important
in plant defence mechanisms against predators or
environmental conditions. Others are reserve com-
pounds, accumulated in seeds as energy stores in
readiness for germination (Roberts and Wink 1998).

The enormous importance of plant foods is now
recognized all over the world, especially in the
European Union, where the impact of plant foods on
human health and the increased appreciation of the
Mediterranean diet, make all these compounds more
significant (Lasheras et al. 2000; Sofi et al. 2008;
Aranceta et al. 2009; Elmafda and Freisling 2009;
European Commission Communication 2010). The
United Nations Educational, Scientific and Cultural
Organization (UNESCO) inscribed the Mediterranean
Diet in 2010 on the Representative List of the
Intangible Cultural Heritage of Humanity (UNESCO
2010).

Existing data shows that the balance between
deleterious and beneficial effects of these compounds
depend on their chemical structure, concentration,
time of exposure and their interaction with other
dietary components (Muzquiz and Wood 2007). Thus,
they can be considered as antinutrients and/or pronu-
trients with negative and/or positive effects on health
respectively (Champ 2002; Campos-Vega et al. 2010).
Hence, it is important to know not only the quantities
but the types of compounds in food and how they
affect the human body.

The scientific understanding of how these bioactive
compounds act on an organism iS an important
challenge for the future. This was emphasised at the
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Fig. 1 Bioactive
compounds in legumes
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4th International Workshop on Antinutritional Fac-
tors in Legume Seeds and Oilseeds: “Recent advances
of research in antinutritional factors in legume seeds
and oilseeds” (2004). Special attention was paid to the
beneficial and harmful effects of these compounds and
to their mechanism of action in human nutrition. Thus,
scientific interest is now focusing on potential bene-
ficial applications of these compounds and the
potential synergistic effects between the different
classes of bioactives (Dillard and German 2000;
Rochfort and Panozzo 2007).

The aim of this contribution is to review examples
of some of the main bioactives found in legumes such
as: oligosaccharides, phytates, protease inhibitors,
a-amylase inhibitors, lectins or saponins.

Bioactive compounds
Oligosaccharides

Oligosaccharides derive their name from the Greek
term olio-, meaning few, being composed of between
three and ten monosaccharides joined by glycosidic
bonds. The most common oligosaccharides in the plant
kingdom are «-galactosides and the most ubiquitous

BIOACTIVE COMPOUNDS IN LEGUMES
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group within these are the raffinose family of oligo-
saccharides (Kadlec et al. 2000). The group includes
raffinose (a trisaccharide), stachyose (a tetrasaccha-
ride), verbascose (a pentasaccharide) and ajugose
(a hexasaccharide). Raffinose is present in all parts of
legumes plant but accumulates in the seeds and roots
during development (Muzquiz and Wood 2007). There
are appreciable levels of these oligosaccharides in
chickpeas, lentils, lupins, beans, peas and faba beans
(0.4-16.1 % dry matter) with considerable variation
between the different pulses studied (Rao and Belav-
ady 1978; Rupérez 1998; Aranda et al. 2000; Martinez-
Villaluenga et al. 2008). In Spanish legumes the
concentration of raffinose range from 1.00 (Phaseolus
vulgaris var. Palmefia) to 33.15 (Lupinus mariae-
josephi) mg g~' (Table 1). Most of the drought
resistant leguminous crops contain higher raffinose
contents and could contribute, in part, to their tolerance
(Arora 1983). Both raffinose and stachyose have been
shown to provide frost tolerance in plants (Castonguay
etal. 1995). Stachyose contents range from 0.45 (Vicia
ervilia) to 59.08 (Lupinus albus var. Multolupa)
mg g~ ' and verbascose is mainly present in Pisum
and Vicia species. The higher amount was detected
in Pisum sativum var. Chicarrén (49.26 mg g™ "),
followed by V. faba var. Alameda (29.60 mg g™ ").
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Table 1 o-Galactosides and ciceritol content (mg g~ ') in some varieties of different Spanish legumes

Sample Raffinose Ciceritol Stachyose Verbascose Ajugose
Glycine max var. Ostrumi 9.30 £ 0.18 N.D. 40.70 £ 0.87 N.D. N.D.
Glycine max cv. BR16 8.80 + 0.04 N.D. 22.60 £ 0.09 2.10 + 0.02 N.D.
Lupinus mariae-josephi 33.15 + 3.06 10.27 £ 0.61 39.22 + 1.85 8.39 + 0.34 N.D.
Lupinus albus var. Marta 7.31 £ 0.05 4.04 £ 0.06 55.03 £ 0.16 11.72 £ 0.02 N.D.
Lupinus albus var. Multolupa 6.30 + 0.06 4.01 £ 0.06 59.08 £ 0.11 11.94 £ 0.33 N.D.
Lens culinaris var. Magda 2.92 + 0.39 12.80 £ 0.96 22.60 £ 0.99 21.9 + 0.77 N.D.
Pisum sativum var. Chicarrén 6.58 £+ 0.35 N.D. 18.92 £ 0.68 49.26 £ 1.03 N.D.
Pisum sativum var. Luna 4.20 + 0.04 N.D. 17.54 + 0.47 50.25 £ 0.99 N.D.
Pisum sativum var. Cartouche 5.05 + 0.26 1.80 £+ 0.09 14.59 £ 0.06 39.65 + 0.25 N.D.
Pisum sativum var. Iceberg 5.50 + 0.19 1.61 £ 0.15 26.30 £ 0.79 27.75 £ 0.09 N.D.
Lathyrus cicera cv. Z1-02 7.11 £ 0.11 0.93 + 0.08 36.15 £ 041 N.D. N.D.
Lathyrus cicera cv. Z1-41 6.09 + 0.16 221 +0.13 30.73 £ 0.12 N.D. N.D.
Cicer arietinum var. Duraton 5.59 £ 0.19 29.65 £ 0.33 18.26 + 0.33 N.D. N.D.
Cicer arietinum var. ELF 451 £ 0.11 22.83 + 0.33 16.73 £ 0.73 N.D. N.D.
Cicer arietinum var. Tizén 5.31 £ 0.07 26.05 + 0.25 19.64 + 0.19 N.D. N.D.
Cicer arietinum var. Athenas 6.53 + 0.87 38.3 + 1.84 22.90 £ 0.92 N.D. N.D.
Vicia narbonensis cv. ZU-154 4.72 £ 0.08 7.51 £ 0.35 15.89 £+ 0.51 27.90 + 0.34 N.D.
Vicia narbonensis cv. ICARDA-2470 5.47 + 0.06 7.49 + 0.07 17.79 £ 0.17 29.69 £+ 0.44 N.D.
Vicia ervilia var. Villanueva N.D. 10.39 £ 0.10 1.50 + 0.27 5.81 £ 0.14 N.D.
Vicia ervilia var. Taranto 2.71 £ 0.19 10.72 £ 0.27 0.45 + 0.08 7.83 £ 0.12 N.D.
Vicia faba var. Alameda 5.03 £ 0.12 N.D. 9.22 + 0.38 29.60 £ 0.31 1.64 + 0.04
Vicia faba var. Brocal 4.03 £ 0.08 N.D. 9.43 + 0.19 28.69 £+ 0.73 0.22 £+ 0.01
Phaseolus vulgaris var. Planchada 2.90 + 0.01 N.D. 29.30 £ 0.30 1.1 £ 0.01 N.D.
Phaseolus vulgaris var. Palmena 1.00 £ 0.00 N.D. 29.30 £ 0.30 1.1 £ 0.01 N.D.

N.D. not detected

Burbano et al. (1999)

Goyoaga et al. (2011)

Muzquiz et al. (2009)

Muzquiz et al. (2011)

Pedrosa et al. (2012)

Trugo et al. (1999)

Spanish CDTI Project IDI-20100284 (2011)

Ph. vulgaris usually contained negligible concentra-
tions of verbascose and ajugose was only detected in V.
faba seeds. Ciceritol is also an «-galactoside but does
not belong to the raffinose family of oligosaccharides.
It is an o-p-digalactoside of pinitol and was first
discovered in chickpea (hence the name) by Quemener
and Brillouet (1983). These authors found that ciceritol
was also present in lupin, lentil, pea and some Vicia
species. It is thought that ciceritol was mistakenly
identified as manninotriose in previous literature
(Bernabe et al. 1993). Chickpea seeds contain
21.1-31.0 mg g~ ' and 12.4-38.3 mg g~ ' ciceritol in
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desi and kabuli types, respectively (Muzquiz and
Wood 2007; Pedrosa et al. 2012).
The o-galactosides are well known as antinutrition-

al factors for causing flatulence. The first information
on the antinutritive effects of o-galactosides was
reported back by Kuriyama and Mendel (1917).
Flatulence occurs because mammals (including
humans) have no o«-galactosidase present in their
intestinal mucosa which is required to hydrolyse these
compounds (Muzquiz et al. 1999a, b). Hence, inges-
tion results in o-galactosides passing into the large
intestine where bacteria anaerobically ferment the
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a-galactosides with the production of hydrogen, CO,
and traces of methane gas (Rochfort and Panozzo
2007). These authors also reported that flatulence is
sometimes accompanied by diarrhoea and abdominal
pain if large quantities are consumed. Whilst raffinose
and stachyose ingestion is known to cause flatulence
(Fleming 1981), this is not the case for ciceritol,
perhaps by easier hydrolysis of this compound due to
its different structure (Quemener and Brillouet 1983;
Muzquiz and Wood 2007).

The lack of digestion is also a negative for intensive
monogastric livestock producers, as oligosaccharides
in the diet can reduce growth performance. In addition,
a high content of a-galactosides (higher than found in
normal diets) has been shown to reduce the absorp-
tion capacity of the small intestine by changing the
osmotic pressure in the small intestine (Wiggins 1984;
Zdunczyk et al. 1998). However, intestinal digestion
of a-galactosides can be improved by supplementation
of diets with exogenous a-galactosidase (Kozlowska
et al. 2001). Contrary to previous reports, research by
Sandberg et al. (1993) showed recently that about
30 % of dietary raffinose and stachyose is degraded in
the stomach and small intestine of human subjects and
digested.

Although o-galactosides have little food value
(are partially digested, if at all) this does not imply
the absence of nutritional value. In fact, a-galactosides
convey many benefits to humans and mongastric
animals alike. Since they pass mostly undigested into
the lower gut, a-galactosides are a constituent of
dietary fibre and can act as a probiotic (Schley and
Field 2002). Dietary fibre has been reported to convey
many benefits. In addition, the probiotic effect is
derived from metabolism of «-galactosides by gas-
producing bacteria increasing the colonic population
of bifidobacteria. Bifidobacteria are known to contrib-
ute positively to human health by suppressing intes-
tinal putrefaction, reducing both constipation and
diarrhoea, stimulating the immune system and increas-
ing resistance to infection (Mitsuoka 1996; Eiwegger
et al. 2004).

Phytic acid

Pulse grains are a dietary source of minerals, although
their bioavailability is considered lower because of the
concentration of phytate (Sandberg 2002). Phytate is
formed during maturation of the plant seed and in

dormant seeds represents 60-90 % of the total phos-
phate (Loewus 2002). Usually legume based food
items contain higher amounts phytate than do cereal-
based food items (Kumar et al. 2010).

Phytic acid, myo-inositol-(1,2,3,4,5,6) hexakis-
phosphate, and its salts represent the majority of the
phosphorus in legume seeds (Urbano et al. 2000;
Kumar et al. 2010). According to different authors the
total inositol phosphates content (% dry matter)
ranged from 0.2 to 1.9 % in Ph. vulgaris, from 0.15
to 2.34 % in Lens esculenta, from 0.4 to 1.1 % in
Cicer arietinum, from 0.2 to 1.3 in P. sativum or from
0.5 to 1.1 % in V. faba (Campos-Vega et al. 2010).
The total inositol phosphates content in some Spanish
legumes has been reported to vary from 0.35 % in
L. mariae-josephi to 2.0 % in Glycine max (Table 2).
Inositol phosphates content can vary with genotype,
climate, type of soil, and year (Burbano et al. 1999).

The myo-inositol phosphates, IP¢ and IPs_have the
worst antinutritional effects, as the smaller molecules
(IPy4, IP3, IP,, IP;) have a lower capacity to complex
with inorganic cations. IP4-IP3 were present in lower
concentration than IP¢-IP5 and some legumes did not
contain these smaller forms. The major inositol
phosphate in legumes is IPg (Burbano et al. 1995);
the lower amount was present in L. mariae-josephi and
Ph. vulgaris var. Planchada seeds (both 0.34 % dry
matter), and the higher content correspond to G. max
var. Ostrumi (1.76 % dry matter) seeds.

Phytic acid has been considered an antinutrient as it
binds with other nutrients making them inaccessible to
digestion. Excessive phytic acid in the diet can have a
negative effect on mineral balance because of the
insoluble complexes it forms with essential minerals
(Cu**, Zn**, Fe*" and Ca®") which causes poor
mineral bioavailability (Zhou and Erdman 1995;
Urbano et al. 2000; Konietzny and Greiner 2003).
Among them, bioavailability of Zn*" was reported to
be the most adverse effect in humans (Lopez et al.
2002). Phytic acid is able to complex with proteins
also, decreasing protein solubility. Phytates therefore
impact on enzyme activity and there is evidence of
negative effects on key digestive enzymes including
lipase, a-amylase, pepsin, trypsin and chymotrypsin
(Thompson 1993; Greiner and Konietzny 1996;
Urbano et al. 2000). The binding of phytic acid to
these enzymes reduces nutrient digestibility. Phytic
acid also appears to bind with starch through phos-
phate linkages (Lajolo et al. 2004).
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Table 2 Inositol phosphates content (mg g~ ') in some varieties of different Spanish legumes

Sample 1P3 1P4 1P5 1P6 Total 1P

Glycine max var. Ostrumi 0.49 + 0.01 0.51 £ 0.02 1.53 £ 0.04 17.6 £ 0.08 20.1 £ 0.15
Glycine max cv. BR16 N.D. 0.14 + 0.01 0.82 + 0.02 3.82 £ 0.15 4.78 £ 0.20
Lupinus albus var. Multolupa N.D. 0.52 + 0.00 1.07 + 0.05 7.54 £ 0.15 8.87 £ 0.12
Lupinus luteus N.D. N.D. 0.60 £ 0.00 7.17 £ 0.12 7.77 £ 0.12
Lupinus mariae-josephi N.D. 0.17 &£ 0.00 N.D. 342 + 0.16 346 £ 0.12
Lens culinaris var. Magda 0.62 + 0.02 1.17 + 0.06 2.81 £ 0.13 7.63 + 0.04 12.2 + 0.22
Pisum sativum var. Chicarron 0.07 £ 0.00 N.D. 0.38 + 0.05 5.01 £ 0.21 546 + 0.17
Pisum sativum var. Luna 0.06 &+ 0.00 N.D. 0.38 + 0.03 4.05 + 0.11 446 £ 0.15
Pisum sativum var. Cartouche 0.06 £ 0.00 N.D. 0.44 £ 0.01 594 £ 0.16 6.43 £ 0.15
Pisum sativum var. Iceberg 0.07 £ 0.00 0.05 £ 0.03 0.52 £+ 0.04 5.79 £+ 0.10 6.43 £ 0.17
Lathyrus cicera cv. Z1-02 0.07 £+ 0.01 N.D. 0.44 + 0.01 527 £ 0.11 5.79 £ 0.11
Lathyrus cicera cv. Z1-41 0.10 £ 0.01 N.D. 0.49 + 0.02 8.24 + 0.32 8.83 £ 0.35
Cicer arietinum var. Duraton 0.08 £+ 0.00 N.D. 0.46 £+ 0.04 6.36 &+ 0.08 691 £+ 0.10
Cicer arietinum var. ELF 0.07 £ 0.00 N.D. 0.34 £+ 0.02 5.30 + 0.06 5.71 £ 0.07
Cicer arietinum var. Tizén N.D. N.D. 0.36 £ 0.02 573 £ 0.11 6.10 £ 0.09
Cicer arietinum var. Athenas N.D. 0.57 £+ 0.02 1.44 £ 0.06 4.01 £ 0.02 6.02 £ 0.07
Vicia narbonensis cv. ZU-154 0.06 + 0.01 N.D. 0.34 + 0.01 546 + 0.13 5.84 £ 0.14
Vicia narbonensis cv. ICARDA-2470 0.09 + 0.01 0.10 + 0.00 0.43 £ 0.02 7.94 + 0.15 8.51 £ 0.19
Vicia ervilia var. Villanueva 0.19 + 0.02 N.D. 0.31 £ 0.02 6.21 + 0.20 6.71 £ 0.21
Vicia ervilia var. Taranto 0.21 £ 0.00 N.D. 0.32 £+ 0.06 8.11 £ 0.10 8.64 + 0.04
Vicia faba var. Alameda 0.25 £+ 0.01 0.63 + 0.02 2.15 £ 0.04 5.54 + 0.06 8.56 £ 0.11
Vicia faba var. Brocal 0.15 £+ 0.00 0.44 + 0.00 1.69 + 0.03 421 £0.10 6.49 + 0.08
Phaseolus vulgaris var. Planchada 0.04 £ 0.00 0.04 + 0.00 0.53 £ 0.04 344 +0.24 4.00 £ 0.28
Phaseolus vulgaris var. Palmefia N.D. N.D. 0.49 £ 0.05 4.46 £ 0.01 4.95 £ 0.04

N.D. not detected
Goyoaga et al. (2011)
Muzquiz et al. (1999b)
Muzquiz et al. (2009)
Muzquiz et al. (2011)
Pedrosa et al. (2012)

Spanish CDTI Project IDI-20100284 (2011)
Trugo et al. (1999)

The ability of phytic acid to bind with minerals,
proteins or starch, directly or indirectly, may alter
solubility, functionality, digestibility and absorption
of these nutrients. In addition, monogastric animals
have a limited ability to hydrolyse phytates and release
phosphate for absorption due to a lack of intestinal
phytases (Zhou and Erdman 1995; Greiner and
Konietzny 1996; Urbano et al. 2000).

However, there are some beneficial effects of
phytic acid, such as reduced bioavailability, and
therefore toxicity, of heavy metals (such as cadmium
and lead) present in the diet (Rimbach et al. 1996;
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Rimbach and Pallauf 1997). Several studies have
provided evidence of phytic acid displaying anti-
oxidant properties in vitro (Lajolo et al. 2004). These
effects are mainly mediated through its iron and
copper chelating properties, although the molecular
mechanisms are not fully understood. Contrary to this
was research by Minihane and Rimbach (2002) who
demonstrated under in vivo conditions that phytic acid
did not always have a significant effect on oxidant or
anti-oxidant status.

Some myo-inositol phosphates, including IP¢ from
soybean, have been suggested to have beneficial health
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effects, such as amelioration of heart disease by
controlling hypercholesterolemia and atherosclerosis,
prevention of kidney stone formation and a reduced
risk of colon cancer (Champ 2002; Greiner et al.
2002). IPg has been suggested to be responsible for the
epidemiological link between high-fibre diets (rich in
IP¢) and low incidence of some cancers (Campos-
Vega et al. 2010). The anticarcinogenic properties of
phytic acid may result, from numerous factors,
including its ability to chelate metal ions (Steer and
Gibson, 2002). In mice, dietary myo-inositol has been
shown to be effective in preventing different cancer
(Wattenberg et al. 2000; Nishino et al. 1999; Jenab and
Thompson 2002).

Phytases are enzymes that are widely distributed in
nature in plants, certain animal tissues and in micro-
organisms (Haros et al. 2007; Hill et al. 2007). They
have been studied intensively in the last few years
because of great interest their ability to reduce the
phytate content in monogastric and human foods
(Greiner and Konietzny 2006). Enzymatic degradation
of phytic acid by exogenous phytase is already used in
feed, particularly to improve mineral and protein
utilization, simultaneously reducing excessive phos-
phorous accumulation in the environmental (Grases
et al. 2006). Phytases do this by hydrolyzing phytic
acid to a series of lower phosphate esters of myo-
inositol and phosphate. [UPAC-IUBMB (the Interna-
tional Union of Pure and Applied Chemistry and the
International Union of Biochemistry and Molecular
Biology) currently acknowledges three classes of
phytase enzymes, which initiate the dephosphoryla-
tion of phytic acid at different positions on the inositol
ring, and produce different isomers of the lower
inositol phosphates (Bohn et al. 2008). These three
classes of phytase enzymes are: 3-phytase (EC
3.1.3.8), S-phytase (EC 3.1.3.72) and 4/6-phytases
(EC 3.1.3.26), indicating the susceptible phosphoester
bond that is predominantly attacked by the enzyme.
The pathway of dephosphorylation of myo-inositol
hexakisphosphate by phytases purified from different
legume seeds has been established by Maiti et al.
(1974) and modified by Greiner et al. (2002).

Different structural isomers of myo-inositol phos-
phates can be generated during enzymatic degrada-
tion. They can have different physiological functions;
hence, their identification is of great importance to
exploit the full potential of naturally occurring phy-
tases (Greiner et al. 2002).

Protein-antinutrients

The most widely studied antinutrient proteins in
legumes are the enzyme inhibitors (pancreatic prote-
ases and o-amylases) and the lectins (Lajolo et al.
2004; Pusztai et al. 2004).

Protease inhibitors

Legume seed protease inhibitors can have a major
impact on seed nutritional value as they inhibit the
function of digestive enzymes, such as trypsin and
chymotrypsin, by competitive binding. These protease
inhibitors contain no carbohydrates and belong to two
different families; the Kunitz family and the Bowman-
Birk family. Protease inhibitors from both families
have been found in legume seeds (Domoney 1999;
Lajolo and Genovese 2002; Lajolo et al. 2004;
Srinivasan et al. 2005). Both families of protease
inhibitors are capable of inhibiting trypsin and
chymotrypsin. A large number of isoforms of the
Bowman-Birk inhibitor (BBI) have been described in
G. max and have differing properties depending on
their chemical structure. Guillaméon et al. (2008a)
showed that trypsin inhibitor isoform varied with
legume species and variety.

However, this is unlikely to be a problem in humans
as protease inhibitors are heat-labile and legumes are
usually cooked prior to consumption. Genetic engi-
neering is being also used to reduce protease inhibitors
(Greiner and Domoney 2004).

The trypsin inhibitors content in different Spanish
legumes ranged form 5.75 TIU mg~" (P. sativum var.
Iceberg) to 83.70 TIU mg_1 (G. max var. Ostrumi);
however, G. max var. Ostrumi did not contain
chymotrypsin inhibitors. Ph. vulgaris var. Rifion and
Lathyrus cicera presented the highest values
(>16 CIU mg™") (Table 3).

Antinutritional effects and health benefits have
been ascribed to the presence of certain amounts and
types of protease inhibitors. The effect of trypsin
inhibitors on animal growth is not only a consequence
of inhibition of intestinal protein digestion, since the
presence of inhibitors in diets consisting of free amino
acids also led to decreased growth (Lajolo et al. 2004).
The Kunitz and Bowman-Birk inhibitors have been
found to cause an enlargement of the pancreas
(hypertrophy and hyperplasia) and hypersecretion of
digestive enzymes (sulphur-rich proteins) in rodents
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Table 3 Trypsin inhibitors
activity (TIU mg~') and
chymotrypsin inhibitors
activity (CIU mg™") in
some varieties of different
Spanish legumes

N.A. not analyzed

TIU means trypsin inhibitor
units

CIU means chymotrypsin
inhibitor units

Rubio et al. (2006)

Sample TIU mg_1 CIU mg_1
Glycine max var. Ostrumi 83.70 + 6.20 N.A.
Glycine max var. Ostrumi deffated 8.57 £ 0.14 12.00 £ 0.16
Pisum sativum var. Chicarrén 9.94 £+ 0.50 12.22 £ 0.75
Pisum sativum var. Luna 12.55 £ 0.07 15.75 £ 0.21
Pisum sativum var. Cartouche 9.87 £ 0.71 10.16 £ 0.28
Pisum sativum var. Iceberg 5.75 £+ 0.08 8.62 + 0.38
Lathyrus cicera cv. ZL-02 15.14 £ 0.38 16.60 £ 0.50
Lathyrus cicera cv. Z1L-41 16.28 £ 0.38 20.78 £ 0.14
Cicer arietinum var. Duraton 14.51 £ 0.28 10.12 £ 0.61
Cicer arietinum var. ELF 12.60 £ 0.45 9.74 + 0.22
Cicer arietinum var. Tizon 12.70 £ 0.35 11.38 £ 0.90
Vicia narbonensis cv. ZU-154 6.95 £+ 0.01 2.19 £ 0.10
Vicia narbonensis cv. ICARDA-2470 7.01 + 0.05 2.63 + 0.60
Vicia ervilia var. Villanueva 6.52 + 0.11 8.68 + 0.57
Vicia ervilia var. Taranto 7.60 + 0.08 8.20 £ 0.12
Phaseolus vulgaris var. Rifion 13.60 £ 0.68 17.30 £ 0.39

Spanish CDTI Project (IDI-
20100284)

and birds. This results in a loss of the sulphur-rich
endogenous proteins that would cause growth depres-
sion, as legume seed proteins are generally deficient in
the sulphur amino acids (Lajolo and Genovese 2002).

On the other hand, protease inhibitors have been
linked, over the last two decades, to health promoting
properties (Champ 2002) and are considered natural
bioactive substances. Protease inhibitors may act as
anticarcinogenic agents (Clemente et al. 2004). Bow-
man-Birk inhibitors have been shown to be effective in
preventing or suppressing carcinogen-induced trans-
formation in vitro and carcinogenesis in animal assays.
The BBI, achieved Investigational New Drug status
from the FDA in 1992 for this purpose (Kennedy
1995) and studies with humans showed no toxic
effects of BBI (Amstrong et al. 2000). Use of BBI
inhibited the growth and survival of human prostate
cancer cells (Kennedy and Wan 2002). It also reduced
the incidence and frequency of colon tumours in
dimethylhydrazine-treated rats. However, this effect
was not observed with autoclaved BBI, suggesting that
protease inhibitor activity was necessary for anticar-
cinogenic activity (Kennedy et al. 2002).

a-Amylase inhibitors
Alpha-amylases (a-1,4-glucan-4-glucanohydrolases)

are endo-amylases that catalyze the hydrolysis of
o-D-(1,4) glycosidic linkages which occur in starch
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and related compounds. They play a major role in the
carbohydrate metabolism of animals and humans by
providing them with glucose as an energy source and
as a building block for synthesis of other sugars.
Among a-amylase inhibitors (¢Al) found in plants,
legume oAl and especially oAl from beans, have
received considerable attention (Whitaker 1988;
Lajolo and Genovese 2002). Jaffe et al. (1973)
screened 95 legume cultivars for oAl levels and found
that lima beans (Phaseolus lunatus), mung beans
(Phaseolus aureus) and horse gram (Dolichos biflo-
rus) had the highest levels of inhibitory activity.
Mulimani et al. (1994) determined the oAl activity of
28 varieties of chickpea and found variations ranging
from 11.6 inhibitory units g~ to 51.4 inhibitory units
g~ ', Alonso et al. (1998) reported 16.8 inhibitor units
g_1 for P. sativum cv. Solara and Marzo et al. (2001)
found 2.26 inhibitor units g~ ' for Ph. vulgaris var.
Pinto. Jaffe et al. (1973) reported that the partially
purified kidney bean inhibited the salivary amylase
more than the pancreatic amylase. This shows that
amylase inhibitors from different legume seeds may
exhibit unequal activity against different enzymes.
The most probable function of «Al in the plant is in
protection from predatory insects by inhibiting their
digestive amylase. These aAls have been shown to
inhibit pancreatic amylases (human and porcine),
human salivary amylase and insect amylase (Le
Berre-Anton et al. 1997). a-Amylase inhibitors are
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deleterious or anti-metabolic for many predators of
crop plants. The genes for both of these factors have
been introduced into a number of plants and the
resultant transgenic crops have a significantly
increased resistance to predators (Gatehouse et al.
1994; Gatehouse 2011). Campbell et al. (2011)
described the development of three genetically mod-
ified legumes (pea, chickpea and cowpea) containing
a gene from the common bean (Ph. vulgaris) for aAl
to protect peas in the field from pea weevil and the
harvested grain of chickpea and cowpea from larvae
of cowpea weevil, a prevalent pest that causes serious
damage in many developing countries in Africa and
Asia.

High dietary intakes of «Als can cause a number of
potentially deleterious alterations in the body metab-
olism of experimental animals. Significant enlarge-
ment of the small intestine and of the pancreas was
evident in rats given oAl (Grant et al. 1998).

o-Amylase inhibitors reduce amylase activity and
starch digestion in the gut when given orally to
humans (Singh et al. 1982). As a result, they lower
postprandial increases in circulating glucose and
insulin. These inhibitors may, therefore, prove useful
in treatments for obesity or diabetes mellitus.

The stability of «Al to proteolytic degradation in
vivo does not seem to have been evaluated. However,
the findings that orally administered oAl could greatly
reduce intraluminal amylase levels and starch diges-
tion in rats and humans suggests that nutritionally
significant quantities of oAl survive passage through
the small intestine in a fully functional form (Pusztai
et al. 1995).

Lectins

Lectins (haemagglutinins) are glycoproteins which are
able to reversibly bind to specific sugars and glyco-
proteins on the surface of cells in the gut wall, thereby
interfering with nutrient breakdown and absorption.
This reaction is manifested, in vitro, by agglutination
of red blood cells from various animal species. Lectins
have traditionally been measured by their haemagglu-
tinating activity (Grant 1991). Lectins are extremely
specific; different types having different interactions
on toxicity, blood groups, mitogenesis, digestion and
agglutination.

Two haemagglutination assay systems have been
used: native rat blood cells and blood cells treated with

trypsin to increase the sensitivity of the assay. Ph.
vulgaris var. Processor and Pinto are included in each
assay as standards and 1 HU (haemagglutination unit)
is defined as the amount of material in the last dilution
at which 50 % of the cells were agglutinated. How-
ever, when possible, ELISA based immunological
methods which recognise specific antibodies are being
increasingly used due to their higher specificity (Hajos
et al. 1996; Muzquiz et al. 2001). Table 4 shows the
lectin content of different Spanish legumes measured
by both methodologies. L. culinaris showed the
highest hemaglutinating capacity (500.0 HU g Kg™")
of the analyzed legumes. Standard lectin of soybean
(SBA), lentil (LcA) and beans (PHA) were used to
carry out a competitive indirect ELISA. Ph. vulgaris
var. Oracada, Curruquilla and Processor showed the
highest values (>12 g kg™h.

Nutritionally dietary lectins vary considerably in
the nature and extent of their antinutritional effects.
Lectins can be toxic; they can interfere with hormone
balance and deplete nutrient reserves leading to severe
growth depression and a high incidence of deaths.
In short experiments, purified lectins from beans or
soybeans impaired growth of rats, induced enlarge-
ment of the small intestine, caused damage to the
epithelium of the small intestine, and stimulated hyper-
trophy and hyperplasia of the pancreas. A proximal
lesion (reduction in villus cell population) with
increase in enterocyte population of the jejunal villi
and length, population, and crypt cell production of the
jejunal and ileum crypts were observed (Zucoloto
et al. 1991). Reduction in maltase and invertase
activities of the intestinal mucosa and interfer-
ence with glycose transportation were also reported
(Figueroa et al. 1984). At higher levels, bean lectins
induced depletion of body and skeletal muscle, lipid,
and glycogen (Bardocz et al. 1992, 1996).

However, lectins may be beneficial by stimulating
gut function, limiting tumour growth and ameliorating
obesity (Pusztai et al. 2004). The inclusion of purified
bean phytohemagglutinin in the diet of mice reduced
tumour growth rate in a dose-dependent manner,
suggesting a competition for nutrients between the gut
epithelium undergoing hyperplasia and the developing
tumour (Pryme et al. 1998). In obese rats, a reduction
of lipid accumulation by inclusion of raw kidney bean
in the diet was observed, which was related to a
decrease of insulin levels caused by lectins. However,
no body or muscle protein losses occurred, even at
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Table 4 Lectin content
measured by
Haemagglutination Units
and competitive indirect
ELISA (g Kg™") in some
varieties of different
Spanish legumes

N.A. not analyzed

Pedrosa et al. (2012)
Asensio-Vegas et al. (2007)
Muzquiz et al. (1999a)

Sample HU Elisa lectin
Glicine max var. Ostrumi 40.00 £ 0.00 4.80 £ 0.10
Lens culinaris var. Magda 500.00 £ 1.67 8.00 £ 0.27
Phaseolus vulgaris var. Oracada 40.00 £ 0.00 12.07 £ 0.73
Phaseolus vulgaris var. Corcal 3.00 £ 0.00 1.53 £ 0.43
Phaseolus vulgaris var. Gernikesa 24.09 £ 0.50 5.50 £ 0.50
Phaseolus vulgaris var. Tolosana 17.01 + 1.50 6.49 + 1.50
Phaseolus vulgaris var. Almonga 0.32 + 0.00 0.67 £ 0.00
Phaseolus vulgaris var. Curruquilla 4.00 £ 0.00 12.87 £ 0.79
Phaseolus vulgaris var. Processor 20.41 + 0.02 25.25 £ 1.90
Pisum sativum var. Chicarrén 0.32 + 0.00 N.A.
Pisum sativum var. Cartouche 0.24 + 0.08 N.A.
Pisum sativum var. Luna 0.63 £+ 0.00 N.A.
Pisum sativum var. Iceberg 0.32 £ 0.00 N.A.
Vicia ervilia var. Villanueva 0.48 + 0.16 N.A.
Vicia ervilia var. Taranto 0.63 £ 0.00 N.A.
Lathyrus cicera cv. Z1-02 1.28 £+ 0.00 N.A.
Lathyrus cicera cv. Z1-41 0.48 £+ 0.16 N.A.

Spanish CDTI Project IDI-
20100284 (2011)

high doses, as with normal rats, suggesting a possible
use of lectins as therapeutic agents to treat obesity
(Pusztai et al. 1998).

Saponins

Saponins derive their name from their ability to form
stable, soap like, foams in aqueous solutions. They are
a complex and chemically diverse group of com-
pounds. Chemically saponins are composed of a
steroidal or triterpene aglycone linked to one, two or
three saccharide chains of varying size and complexity
via ester and ether linkages. The complexity of the
saponin structure (and thereby their diversity of
biological activities) depends on the variability of
the aglycone structure, the attachment position of the
glycosidic moieties, and the nature of these glyco-
sides. Aglycones are generally linked to p-galactose,
L-thamnose, D-glucose, D-xylose, D-mannose and D-
glucuronic acids some of which may be acetylated
(Fenwick et al. 1991). All legumes have triterpene-
type saponins.

The chemical composition of soybean (G. max)
saponins has been extensively investigated. They are
triterpene saponins (known as soyasaponins) of which
more than 10 types have been isolated (Shibuya et al.
2006). Saponins have been reported in many edible
legumes, and they have been found in lupins, lentils

@ Springer

and chickpeas, as well as soy, various beans and peas
(Ruiz et al. 1996a; Woldemichael et al. 2003; Shi et al.
2004). Soya-sapogenol B was identified as the agly-
cone in saponins from different legume species (Price
et al. 1987, 1988; Ayet et al. 1996; Tava et al. 1993).
Ayet et al. (1996) and Burbano et al. (1999) found
sapogenol-B in different Spanish legumes, with con-
tents of 0.36 mg g~ in Chickpea (Kabuli type) and
lentil (var. Magda). Ph. vulgaris varieties always
contained the highest values (from 044 to
2.05 mg g~ ') and V. faba the lowest (0.02 mg g™ ").
Ruiz et al. (1996b, 1997) showed the presence of
soyasaponin VI, a conjugated form of soyasaponin I,
in many legumes. Soyasaponin VI may have an
important physiological role in preventing lipid per-
oxidation of DNA and proteins by free radical attack.

Ingestion of saponin-containing plant foods by
humans and animals has been associated with both
deleterious and beneficial effects (Oakenfull and
Sidhu 1989).

Their physiological activity appears to arise from
two main causes: their powerful physical interactions,
as surface-active agents, with other components of the
digesta and their ability to interact with the mem-
branes of mucosal cells. Sometimes the latter causes
profound changes in the associated membrane bio-
chemistry. These physiological interactions can inhi-
bit nutrient uptake.
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Potential benefits from consumption of saponins in
foods include a reduced risk of cardiovascular disease
and some cancers. Dietary saponins have been
repeatedly shown to lower plasma cholesterol in
animals. However, their hypocholestoremic effect in
humans is more speculative. Some studies suggest that
saponins may reduce cholesterol through the forma-
tion of insoluble complex with cholesterol, thus
preventing absorption in the intestine. Additionally,
some saponins increase the excretion of bile acids, an
indirect method to decreasing cholesterol (Rochfort
and Panozzo 2007). They may also have anticarcino-
genic properties, as suggested by a recent rodent study
in which feeding a saponin-containing diet inhibited
the development of preneoplastic lesions in the colon
(Koratkar and Rao 1997).

Clinical studies have suggested that these health-
promoting components, saponins, affect the immune
system in ways that help to protect the human body
against cancers, and also lower cholesterol levels.
Saponins decrease blood lipids, lower cancer risks,
and lower blood glucose response. A high saponin diet
can be used in the inhibition of dental caries and
platelet aggregation, in the treatment of hypercalciuria
in humans, and as an antidote against acute lead
poisoning. In epidemiological studies, saponins have
been shown to have an inverse relationship with the
incidence of renal stones (Shi et al. 2004).

Processing

Processing generally improves the nutrient profile of
legume seed by increasing in vitro digestibility of
proteins and carbohydrates from around 40 % up to
98 % (Rehman and Shah 1998; el-Adawy 2002;
Naveeda and Jamuna 2004). At the same time, there
are reductions in some antinutritional compounds
(Muzquiz et al. 1996; Hajos and Osagie 2004;
Jiménez-Martinez et al. 2004).

Among the traditional processing techniques we can
outline: (a) Non-heat processing such as imbibition,
germination, dehulling or fermentation, and (b) Heat
processing, such as cooking at atmospheric pressure,
autoclaving or roasting (Cuadrado et al. 1996; Ego-
unlety and Aworth 2003; Martin-Cabrejas et al. 2004;
Rehman and Shah 2005; Sanchez et al. 2005). Most
antinutritional factors are heat-labile, such as protease
inhibitors and lectins, so cooking would remove any
potential ill effects from consumption (Rochfort and

Panozzo 2007). Tannins, saponins and phytic acid, on
the other hand, are heat stable but can be reduced by
dehulling, soaking, germination and/or fermentation.

Dehulling is a common processing step that
removes the seed coat, which contains some of the
antinutritional factors, such as tannins.

Imbibition is commonly done before cooking whole
legume seeds, mainly to reduce cooking times (Wood
and Harden 2006). However, soaking also reduces
certain antinutritional factors which leach into the
soaking medium, such as oligosaccharides, protease
inhibitors and some tannins (Saxena et al. 2003). The
amount of leaching will vary depending on the soaking
medium (water, salt solution or bicarbonate solution)
and on the soaking time. For example, Rao and
Deosthale (1982) found that the tannin content of
chickpeas reduced by almost 50 % after soaking
overnight in water.

The effects of germination and cooking treatments on
the nutritional composition and antinutritional factors of
legumes were studied by el-Adawy (2002) and Goyoaga
et al. (2011). They found that germination was more
effective in reducing phytic acid, stachyose and raffi-
nose than cooking. Greiner et al. (1998) reported a large
reduction in phytate due to germination in lentils but not
in chickpeas. Rao and Deosthale (1982) found germi-
nation to decrease tannin content of chickpeas by a
further 10 % after soaking overnight.

Cooking (boiling, autoclaving and microwave
cooking) were found to be more effective in reducing
trypsin inhibitors, hemagglutinin activity, tannins and
saponins than germination (el-Adawy 2002).

Fermentation significantly decreased both phytic
acid and tannin contents in chickpea tempeh flour
(Reyes-Moreno et al. 2004). Saponin contents of
soybean were halved in fermented tempeh compared
to the raw seed (Fenwick and Oakenfull 1983).

Increased demand for food products, whose nutri-
tional and sensory quality is retained, or improved, has
allowed the introduction of new food processing
technologies like extrusion/cooking (extrusion HTST),
microwaving and instant controlled pressure drop
(DIC). The advantages of hot extrusion against other
heat processing methods are improved nutritive value
of the raw material. It is a versatile processing
technique that can produce a variety of products of
different form, texture and organoleptic characters,
tailored to market demand, from similar raw materials.
It can also reduce thermolabile factors such as lectins
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and trypsin inhibitors and increase starch and protein
digestibility (Urdaneta et al. 2003). Alonso etal. (2001)
extruded pea (P. sativum) and kidney bean (Ph.
vulgaris) meals, which reduced tannin, oligosaccha-
ride, starch, non starch polysaccharides (NSP) and
lectin contents, and increased mineral availability.

There are contradictory results concerning the
effect of microwaving on nutrients; some suggest that
increased nutritive value is only obtained when low
power is used for a short exposure time. It seems that
power is the most important parameter affecting the
results, but there are few studies on the optimisation of
the physical parameters involved. Studies on soya-
bean, using dry or soaked seed, and using different
time and temperature conditions show a reduction in
trypsin inhibitor and lectin content with improved
starch digestibility, without any significant effect on
nutritional quality (Rajké et al. 1997; Mahungu et al.
1999). Autoclaving was found to be more effective in
reducing lupin allergenicity than extrusion, boiling, or
microwaving (Alvarez-Alvarez et al. 2005).

DIC treatment is a new and highly controlled
process used in food technology that combines steam
pressure (up to 8 bar) with heat (up to 170 °C) for a
short time (up to 3 min), DIC treatment of some
bioactive compounds in lupin and soybean seeds
considerably reduced these components without
affecting the total protein or lipid contents (Haddad
et al. 2006, 2007; Haddad and Allaf 2007; Pedrosa
et al. 2012).

Previous studies have demonstrated that lupin
allergenic proteins are relatively heat-stable, and a
combination of heat and pressure is required to
eliminate their allergenic potency (Guillamoén et al.
2008b).

Genetic improvement

Genetic improvement of nutritive value can modify
the content of bioactive compounds. For this reason, it
has been possible to genetically eliminate the alkaloids
in different species of Lupinus, and decrease vicine
and convicine in V. faba by breeding (von Baer and
Vath 1990; Gutierrez et al. 2004).

In classical plant breeding, genetic modifications
may occur spontaneously in nature, and humans have
consciously tried to exploit these in agriculture for
crop improvement and animal husbandry (Duc et al.
1989). Classical plant breeding is more often
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performed under a controlled environment, making
deliberate and specific crosses to maximise the
benefits of each parent into a new genotype. This
method is only possible where significant genotypic
variation exists within the species or within wild-
species of the same family.

At present, there are many possibilities for the use
of genetically engineered plants. Genetic engineering
allows selective modifications by the insertion or
elimination of known single genes. Modern genetic
manipulation opens up the possibility of acting on the
information contained in hereditary material more
quickly, adding genes from different species, or
modifying gene expression to create genetically
modified plants (Monsanto 2001). Over the last few
years, transgenic crops have moved from being a
laboratory curiosity to providing new varieties grown
in large areas throughout the world. Gene transfer
protocols and regeneration systems have now been
developed for different legume and oilseed species
(Babaoglu et al. 2000; Kuchuk et al. 2001). Further-
more, genetic engineering is being used to reduce the
content of anti-nutrients such as phytate (Lucca et al.
2001; Raboy 2001), protease inhibitors (Welham and
Domoney 2000) and glucosinolates, as well as oest-
rogen-like compounds, which may lower animal
fertility (Greiner and Domoney 2004).

There is no doubt that GMOs and particularly
genetically modified plants open an important area
that is one of the most promising research areas from
the agriculture, food and health perspective. Grain
legumes contain seed protein that is relatively defi-
cient in the sulphur amino acids, cysteine and methi-
onine. For instance, in order to increase the
concentration of the nutritionally essential sulphur
amino acids in seed protein, a transgene encoding a
methionine- and cysteine-rich protein, sunflower seed
albumin (SSA), was transferred to chickpeas. The
results suggested that free methionine and O-acetyl-
serine acted as signals that modulated chickpea seed
protein composition in response to the variation in
sulphur demand, as well as in response to variation in
the nitrogen and sulphur status of the plant (Chiaiese
et al. 2004). Such transgenic chickpeas have the
potential to reduce the amount of synthetic methionine
required in chickpea-based diets (Brenes et al. 2004).
The nutritive value of transgenic narrow-leafed lupin
seed with higher methionine content was also evalu-
ated using broiler chickens (Ravindran et al. 2002).
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Nevertheless, considerable protest has been raised
regarding the safety of genetically engineered foods.
The possibility of allergen transfer by genetic engi-
neering was discovered when a methionine producing
gene from Brazil nut (Bertholletia excelsa) was
incorporated into soybean to increase its protein
quality (Greiner and Domoney 2004). The 2S albumin
of Brazil nut (allergen Ber e 1) expressed in transgenic
soybean is recognized by IgE antibodies of patients
who are allergic to Brazil nut (Nordlee et al. 1996).
Ewen and Pusztai (1999) investigated the deleterious
effects of a GMO potato containing a foreign lectin
(Galanthus nivalis lectin) on rats. These examples
highlight the importance of knowing in advance the
characteristics of dietary components (including aller-
genic properties) whose genes are being transferred to
ensure there will be no side-effects. Plant biotechnol-
ogy is now at the threshold of an exciting new area in
which emphasis is on the manipulation of metabolic
pathways.

Conclusion

This review makes clear the complexity of these
bioactive compounds in legume seeds both from a
biochemical and physiological point of view. Taking
into account the comparison between beneficial and
deleterious effects of these compounds, the most
important challenge to be faced in the future is to know
their in vivo effects and how to modify their concen-
trations to our advantage.
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