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RESUMEN: Las leguminosas grano tienen un alto potencial en 
alimentación humana y animal siendo una importante fuente 
de proteínas así como de otros compuestos beneficiosos para 
la nutrición y salud. La proteína es uno de los ingredientes más 
demandados y las leguminosas grano son una delas fuentes más 
sostenible de proteína. Sin embargo, no todas las leguminosas 
grano son igual de nutritivas, variando la calidad con la compo-
sición de aminoácidos y su digestibilidad. En este artículo revi-
saremos los conceptos de calidad de la proteína y discutiremos 
las posibilidades de mejora genética. Para abordar con éxito la 
mejora de la calidad de la proteína será de gran ayuda disponer 
de bases de datos con los perfiles de aminoácidos y de digestibili-
dad, así como de información cuantitativa sobre los compuestos 
bioactivos que reducen la digestibilidad, todo ello unido a mé-
todos fiables para su evaluación. El desarrollo de variedades de 
leguminosas con una proteína de mayor calidad, más ajustadas a 
las necesidades tanto humanas como del ganado, permitirá una 
mayor eficiencia nutritiva, reduciendo el contenido de proteína 
en la dieta y los costes asociados, así como la excreción de nitró-
geno, disminuyendo el impacto medioambiental.

PALABRAS CLAVE: Leguminosas grano; calidad de la proteína; 
aminoácidos; digestibilidad; factores anti nutritivos

ABSTRACT: Grain legumes, also called pulses, play a key role in 
the nutritional improvement of food and feed. These legumes 
are important sources of protein as well as other nutritional 
compounds. Today, protein is one of the most sought after 
ingredients in the market and grain legumes represent one of 
the most sustainable protein sources. However, not all grain 
legume proteins are nutritionally equal. Their quality varies 
and depends on their amino acid composition and digestibility. 
In this article, we review concepts related to grain legume 
protein quality and discuss challenges regarding their genetic 
improvement. A comprehensive database of grain legume 
amino acid profiles and protein digestibility is needed to 
address the matter of protein quality in grain legume breeding. 
This database will be enhanced by quantitative information 
on digestibility-reducing bioactive compounds and the 
development of reliable screening tools. The achievement of 
higher protein quality grain legume varieties, better adjusted 
to animal and human requirements, will cut dietary protein 
content, associated costs and nitrogen excretion, thus reducing 
the environmental impact.
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GRAIN LEGUME PROTEINS ARE NOT ALL NUTRITIO-
NALLY EQUAL

Protein remains one of the hottest ingredients 
that consumers are seeking in the market, and many 
challenges exist when determining the best protein 
source for a particular purpose. The relative ranking of 
protein sources in terms of quality will directly impact 
the commercial value of a protein product.

Grain legumes, also called pulses, are environ-
mentally friendly sustainable sources of proteins, 
besides having many other nutritional and health 
beneficial components.

Grain legumes high amounts of protein range 
from 20% in pea to 38-40% in lupins (Boye, Zare, 
and Pletch, 2010; Rumiyati, James and Jayasena, 
2012). The main protein fractions in grain legumes 
are the salt soluble globulins (legumin and vicilin) or 
storage proteins, and albumins (that include many 
“housekeeping” proteins, protease inhibitors, and 
lectins). Prolamins and glutelins are very scarce or 
absent. In general these proteins are characterized 
by high lysine (Lys) content and a relative deficiency 
in sulphur amino acids (methionine - Met and cys-
teine - Cys) and tryptophan (Trp) (Wang, Domoney, 
Hedley, Casey and Grusak, 2003). This is explained 
by the amino acid composition of the main stor-
age proteins globulins, whose sulphur amino acid 
content is low (especially for the vicilin fraction) 
whereas Lys content is high (Gatel, 1994). Indeed 
considering the protein amino acid profile, cereal 
and grain legumes appear nutritionally comple-
mentary: those amino acids deficient in one (Lys in 
cereals and sulphur amino acids in grain legumes) 
are adequate in the other. Nevertheless the relative 
Trp deficiency in grain legumes is more of a prob-
lem because natural sources are rather scarce and 
synthetic Trp is expensive (Gatel, 1994).

Proteins are important components of human and 
animal diets and play an essential role as structural 
and functional components of living systems. As hu-
man and animal bodies are incapable of maintaining 
reserves of protein, a constant supply of good qual-
ity protein is needed to maintain growth and other 
physiological functions (Boye et al., 2010). Addition-
ally protein quality is becoming increasingly impor-
tant due to the need to optimally match food (and 
feed) supply and human (or animal) protein needs, 
against the backdrop of a rapid growing world popu-
lation and limited natural resources (FAO, 2013). The 
need for more efficient land and water use, as well 
as a reduction of greenhouse gas emissions make it 

necessary to rethink protein sources. With the grow-
ing demand for protein around the world, high qual-
ity, low cost, and environmental sustainable grain le-
gume alternatives are necessary.

However grain legume proteins are not all nutrition-
ally equal and quality varies both between and within 
species. This can partly be explained by the variabil-
ity existing at the individual amino acids composi-
tion and their bioavailability (the fraction potentially 
available for further uptake and absorption) (Messad, 
Létourneau-Montminy, Charbonneau, Sauvant and 
Guay, 2015). “High quality proteins” are those that 
are readily digestible and contain the dietary essen-
tial (indispensable) amino acids in quantities that cor-
respond to human/animal requirements. The typical 
presence of secondary plant metabolites also referred 
as anti-nutritional factors (ANF) or bioactive com-
pounds in grain legume seeds, reduce protein digest-
ibility (Gilani, Xiao and Cockell, 2012), restricting their 
use especially in animal feeding. On the other hand, 
their low content in sulphur containing amino acids 
and Trp require some type of supplementation. This 
is especially restrictive in the case of organic farm-
ing where supplementation with higher quality pro-
tein processed oilseed products subjected to solvent 
extraction processes (as can be the case of soybean 
meal), or with crystalline amino acids (IFOAM, 2014) 
is not accepted.

HOW CAN WE MEASURE PROTEIN QUALITY?

Protein quality evaluation measures the proportion 
of amino acids that can be absorbed from the diet and 
utilized in the body. It is a relative measure that aims 
to predict the capacity of food protein sources and di-
ets to satisfy the body´s demand for amino acids and 
nitrogen (WHO, 2007).

Determining protein quality is important both in 
food sciences and animal feeding. Although the moti-
vation for obtaining suitable information is different, 
the overall aim of matching food resources most ef-
fectively to nutrient needs is the same. As an exam-
ple, adequate high quality protein intake is essential 
for athletes to maintain optimal muscle mass and 
maximize their performance. Additionally, high qual-
ity protein is recommended to improve body weight 
management and to help to maintain muscle func-
tionality in older people (Devries and Philips, 2015). 
Protein is also the key component and the most ex-
pensive macronutrient in the diet of any farmed ani-
mal, making the accurate assessment of protein utili-
zation critically important.
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Adjusting the protein supply to better meet the re-
quirements of each animal or person through knowl-
edge of protein quality levels can helpfully reduce 
dietary protein content. It can also reduce environ-
mental pollution by helping reduce the amount of 
fecal nitrogen. Nutrient utilization can also be made 
more efficient. Increased growth in farm animals is 
another positive impact of protein supply adjustment. 
Finally, there are important implications for prevent-
ing both chronic and infectious diseases, maximizing 
growth and optimizing health in humans.

A number of methods currently exist to evaluate pro-
tein quality in human nutrition. While these have some 
limitations, they include the consideration of amino acid 
composition, the digestibility of the protein and the bio-
availability of individual amino acids (Boye et al., 2010).

There is no direct method for measuring bioavail-
ability, but the greatest source of variation in bioavail-
ability is, in most cases, digestibility. It is therefore gen-
erally estimated using measures of in vivo digestibility.

The Protein Digestibility Corrected Amino Acid 
Score (PDCAAS) was the method adopted in 1991 to 
describe dietary protein quality and has been widely 
accepted (FAO, 2013). It relies on determination of 
protein content, amino acids profiles and protein di-
gestibility. However there were a number of concerns 
with regards to this tool, such as overestimation of the 
quality of proteins containing anti-nutritional factors.

As already mentioned, the food matrix (e.g. con-
tent of dietary fibre or ANF/bioactive compounds 
such as polyphenols or trypsin inhibitors commonly 
found in grain legumes) affects both digestibility and 
bioavailability. Therefore these components must be 
also taken into consideration when evaluating pro-
tein quality of such matrixes (Gilani et al., 2012). The 
impact of some of these ANF may be removed by 
processing. However, when grain legumes are con-
sumed raw (animal feed), they can cause substan-
tial reductions in protein quality. As an example the 
presence of high levels of trypsin inhibitors in com-
mon bean or the presence of high levels of tannins in 
faba beans caused substantial reductions in protein 
and amino acids digestibility (up to 50%) in rats and 
pigs (Gilani et al., 2012).

In 2013 an expert consultation group from FAO recom-
mended that the more accurate Digestible Indispensable 
Amino Acid Score (DIAAS) be adopted to replace PD-
CAAS. It considered for instance each dietary amino acid 
as an individual nutrient. It also considered ileal amino 
acid digestibility instead of fecal protein digestibility.

One of the present challenges with this tool is the 
use of methods to determine true ileal digestibility that 
normally involve demanding, expensive and ethical 
complex human and/or animal testing. In the interim, 
promising in vitro methods that accurately estimate 
true protein digestibility may be used for rapid routine 
assessment of legume protein quality, supported by 
established protein standardized ileal digestibility val-
ues of well-defined foods from published data bases 
(Messad et al., 2015). While it is not realistic to expect 
absolute agreement between in vivo and in vitro ob-
servations, in vitro assays can be a useful tool to rank 
food proteins according to their protein digestibility 
(Butts, Monro and Moughan, 2012), and that could be 
refined by extra information on the presence of com-
pounds affecting digestibility such as ANF.

Currently, improving protein content has been the 
major breeding target for grain legume breeders, with 
the enhancement of protein quality only of secondary 
interest (Schumacher et al., 2011). In addition it ap-
pears that any increase in grain legume crude protein 
content may lead to a decrease of protein quality in 
terms of amino acid profiles (Gatel, 1994). Neverthe-
less protein quality improvement is gaining ground 
among legume breeders.

CAN WE BREED FOR IMPROVED GRAIN LEGUME 
PROTEIN QUALITY?

Grain legume species such as peas and faba beans 
are valuable sources of protein and energy for hu-
mans and animals. However they are sometimes low 
in Met, Cys and Trp content and the presence of sec-
ondary plant metabolites (ANF, reducing nutrients 
digestibility) restricts their protein quality, especially 
for animal feeding. It is therefore crucial to develop 
suitable alternatives to meet animal and human pro-
tein quality requirements. Breeding for higher protein 
quality grain legume varieties (in terms of improved 
amino acid composition and digestibility) would be 
the most sustainable alternative.

The typical grain legume protein deficiency in sul-
phur containing amino acids can be overcome in 
feed production by mixing with cereal protein (with 
a complementary amino acid composition) or by add-
ing costly synthetic amino acids. Nevertheless, this is 
still regarded as a target for breeding through the use 
of natural variation or genetic manipulation (Wang 
et al., 2003). Taking into account the large variation 
of the albumin to globulin and the vicilin to legumin 
ratios among grain legumes and the different amino 
acid profiles of these various protein fractions, this 
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variability could be used to genetically improve their 
amino acid profiles (Gatel, 1994). However genetic 
approaches have resulted in relatively limited success. 
This is mostly due to limited availability of genetic re-
sources for plant breeding, and the fact that genetic 
traits for high contents of Lys, Trp or Met are generally 
associated with abnormal plant growth because these 
traits do not operate in a seed specific manner (Ufaz 
and Galili, 2008). In contrast results from genetic en-
gineering appear to be more promising. Successful ex-
amples of improving the amino acid balance include 
high-Lys (Falco et al., 1995) or high Met and Cys soy-
bean (Dinkins et al., 2001).

While processing using heat treatments may in-
crease protein digestibility by inactivating or reducing 
some of the present ANF (Gatel, 1994), this might not 
always be cost efficient. In contrast to breeding for 
improved amino acid balance, breeding for improved 
digestibility by reducing the amounts of ANF is much 
more promising due to the known natural variation 
within grain legume species. Indeed recent progress 
in plant breeding has contributed to the improvement 
of pulses nutritive value through reductions in digest-
ibility interfering ANF content. Examples are the de-
velopment of zero-tannin faba bean cultivars (Crepon 
et al., 2010), the low trypsin inhibitor soybean culti-
vars (Clarke and Wiseman, 2000) or the low phytate 
pea cultivars (Warkentin et al., 2012).

Moreover breeding for improved quality in grain 
legumes is a complex task due to high trait interac-
tion, which often causes quality concerns (Vaz Patto 
et al., 2015). And protein quality is not an exception. 
In grain legumes some of the components that may 
act as anti-nutrients (oligosaccharides, lectins, sapo-
nins, phytic acid, phenolic compounds) may also be 
health-promoting agents preventing chronic diseases 
(Arnoldi, Zanonia, Lammia and Boschina, 2015) or 
reduce the risk of bloat in ruminants (Phelan et al., 
2015). As an example tannins have shown antioxi-
dant, as well as antimicrobial properties, and some 
trypsin inhibitors have been shown to function as 
therapeutic agents against cancer (Boye et al., 2010). 
Some of these compounds may also alter bitterness 
or astringency, affecting food taste (Vaz Patto et al., 
2015) or are associated with resistance to pests and 
abiotic stresses (Islam, Rengifo, Redden, Basford and 
Beebe, 2003; Winkel-Shirley, 2002) making their ma-
nipulation by genetic breeding very complex. So while 
breeding would improve legume nutritional quality, 
by inactivating or reducing some of the ANF, it may 
also be desirable to retain some of these ANF for their 

bioactive properties or their role in defense against 
insect attacks (Wang et al., 2003).

The absence of appropriate, efficient breeding tools 
to select for these complex interacting traits has ham-
pered their breeding exploitation (Vaz Patto et al., 2015).

As with grain legume quality improvement in gen-
eral, a multidisciplinary approach, integrating a com-
prehensive characterization of the different traits in-
fluencing quality, in representative collections of the 
different grain legume species, will be essential for 
devising a strategy for protein quality breeding (Vaz 
Patto et al., 2015). This would lead to the recogni-
tion of existing higher protein quality grain legumes 
and to the development of new environmentally 
sustainable varieties. Indeed FAO (2013) has recom-
mended as important to plant breeding, and related 
to sustainability issues, the generation of data at the 
level of the genetic resource (i.e., biodiversity char-
acterization) on amino acid composition and digest-
ibility. One of the proposed outcomes of the present 
2016 International Year of Pulses is such a compre-
hensive catalogue.

THE FUTURE: GRAIN LEGUME PROTEIN QUALITY 
SURVEY AT GLOBAL LEVEL AND THE DEVELOPMENT 
OF RELIABLE AND QUICK SCREENING ASSAYS

A key message of the 2016 International Year of 
Pulses is that grain legumes are highly nutritious. But 
in order to better promote the production and con-
sumption of grain legumes, we must first know the 
nutritional make-up of these crops so we can appre-
ciate their nutritional benefits. However, no compre-
hensive, global resource on the composition of grain 
legumes currently exists. To address this knowledge 
gap, FAO is working to develop a Global Food Compo-
sition Database for grain legumes (IYoP, 2016). Data 
will be collected from published and unpublished 
literature with special emphasis on biodiversity and 
their relation to agriculture and processing features. 
This database will be a repository of existing analytical 
data taken from scientific articles and other sources 
such as unpublished laboratory reports and have a 
user-friendly interface showing the complete nutri-
ent profile of different types of grain legumes. To 
add value to such an effort we believe that, besides 
amino acid composition, available digestibility values 
and ANFs content should also be included in such a 
database. This would transform such a database into 
the perfect gateway tool for any grain legume protein 
quality improvement program.
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Amino acids composition and digestibility related 
measurements are often time consuming and expen-
sive to perform in a big number of accessions such as 
the ones normally involved in breeding programs. The 
development of accurate, reliable and efficient screen-
ing tools on protein content and quality will allow great-
er possibilities of breeding legume varieties with in-
creased nutritional value as outstanding higher quality 
accessions would be easily identified. These tools would 
also help reveal existing genetic diversity needed for im-
provement. Spectroscopy techniques, such as NIR (Near 
Infra-Red) or FT-IR (Fourier Transform Infra-Red), have 
been applied successfully in the measurement of sev-
eral biomolecules or properties in different agricultural 
products, with minimal or no sample preparation (Coz-
zolino, 2015). Examples of such tools are beginning to 
be used to predict legume protein amino acid composi-

tion (Kovalenko, Rippke and Hurburgh, 2006) or in vitro 
digestibility (Carbonaro, Maselli and Nucara, 2012).

Once comprehensive data on the different grain le-
gume varieties is available and a clear picture of the 
overall nutritional high variability existing within each 
species defined, there will be many more opportuni-
ties to address protein deficiencies by incorporating 
grain legumes into nutrition and agriculture policies 
and by developing higher protein quality varieties 
through cross-breeding and selective breeding. These 
varieties would have higher protein content, but also 
higher protein quality. They will be better adjusted to 
animal and human requirements, have improved nu-
trient use efficiency, reduce dietary protein content 
and associated costs, and reduce nitrogen excretion 
that will decrease negative environmental impact.
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