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Legume grains have provided essential nutrients in human diets for centuries, being
excellent sources of proteins, carbohydrates, fatty acids, and fibers. They also contain
several non-nutrients that historically have been connotated as toxic but that in recent
years have been shown to have interesting bioactive properties. The discussion on the
role of bioactive non-nutrients is becoming more important due to increasing science-
based evidence on their potential antioxidant, hypoglycemic, hypolipidemic, and
anticarcinogenic properties. At a time when legume-based products consumption is being
strongly promoted by national governments and health authorities, there is a need to
clearly define the recommended levels of such non-nutrients in human diets. However,
there is insufficient data determining the ideal amount of non-nutrients in legume grains,
which will exert the most positive health benefits. This is aligned with insufficient studies
that clearly demonstrate if the positive health effects are due to the presence of specific
non-nutrients or a result of a dietary balance. In fact, rather than looking directly at the
individual food components, most nutritional epidemiology studies relate disease risk with
the food and dietary patterns. The purpose of this perspective paper is to explore different
types of non-nutrients present in legume grains, discuss the current evidence on their
health benefits, and provide awareness for the need for more studies to define a
recommended amount of each compound to identify the best approaches, either to
enhance or reduce their levels.

Keywords: anti-nutrients, bioactive, legume grains, health, sustainability

INTRODUCTION

The intensification of agriculture and the unbalanced consumption of animal protein has called
for increased consumption of alternative sources of protein, such as legumes. However, legume
production and consumption levels are at a historic low in many parts of the world, including in
many European countries (Cusworth et al., 2021). Food and feed-wise, legumes are often subdivided
into three subgroups: fresh legumes (e.g., beans and peas), oilseed legumes (like peanuts and
soybeans), and pulses (dried and edible seeds of legume plants, such as chickpeas, dried peas, and
dried beans; Mullins and Arjmandi, 2021). Legume production may help reduce greenhouse gas
emissions, improve soil carbon sequestration, and overall reduce fossil energy inputs in farming
systems (Mus et al., 2016; Stagnari et al,, 2017). Oftentimes legumes grow well in poor soils and
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with unfavorable weather conditions and may be used as cover
crops, which contribute to a reduction in soil erosion. These
benefits, combined with the fact that they form symbiotic relations
with nitrogen-fixing bacteria, make them excellent rotational crops
(Maphosa and Jideani, 2017; Liu et al., 2018).

Legumes are generally low in fat, cholesterol-free and excellent
sources of protein/amino acids, providing a large share of
human dietary protein requirement (Smykal et al., 2015), fatty
acids, fibers, carbohydrates, vitamins, and minerals (Ganesan
and Xu, 2017; Mirali et al., 2017; Bazghaleh et al., 2018; Baldzs
et al., 2021; Tannetta et al., 2021), like calcium (Ca), chromium
(Cr), copper (Cu), iron (Fe), magnesium (Mg), phosphorus
(P), potassium (K), selenium (Se), and zinc (Zn; Kouris-Blazos
and Belski, 2016).

The consumption of legumes, as a part of a balanced diet,
can bring human health benefits, including a reduced risk of
cardiovascular disease (CVD; Marventano et al., 2017) and
related CVD issues, like obesity, high blood pressure, type-2
diabetes, dyslipidemia, and stroke (Polak et al., 2015; Becerra-
Tomas et al., 2019; Ferreira et al., 2021; Mullins and Arjmandi,
2021). Its reduction is possible due to the low glycemic index
of legumes (avoid peaks in blood glucose), their high fiber
content, and the presence of the non-nutrients (phytosterols,
saponins, and lectins, among others; Duranti, 2006). Besides,
legumes also improve the microbial diversity of gut, colon
health, oxidative stress, inflammatory status, and even help to
reduce cancer (Santos et al., 2017; Mirmiran et al., 2018; Mullins
and Arjmandi, 2021; Ferreira et al., 2022).

Nonetheless, legumes have historically been associated with
the presence of specific classes of anti-nutrients (or bioactive
non-nutrients) which, if processed inappropriately, may have
secondary effects, such as toxicity or legume-related food allergies
(e.g., peanut and soybean). The negative connotation began
several years ago, and one of the earliest pieces of evidence
comes from the story of the Greek philosopher and mathematician,
Pythagoras, who forbade his disciples to consume the Greek
fava beans because it made many people sick with the so-called
“favism” (Meletis, 2012). It is claimed that Pythagoras died at
the hands of the enemy because he decided not to escape through
a fava bean field (Meletis, 2012). Currently, it is known that
favism is a form of hemolytic anemia and jaundice caused by
a genetically inherited deficiency in the enzyme glucose-6-
phosphate dehydrogenase (G6PD; Luzzatto and Arese, 2018).
The cause of favism in such individuals is due to the presence
of two fava bean anti-nutrients, the pyrimidine glycosides vicine
and convicine (Luzzatto and Arese, 2018; Khazaei et al.,, 2019).
These compounds are thermostable, but their concentration can
be greatly reduced by seed soaking, frying, boiling, microwave
irradiation, roasting, or fermenting (Pulkkinen et al., 2019). For
non-nutrients that are clearly unsafe, breeding could help in
the reduction/elimination of undesired non-nutrients levels
(Khazaei et al., 2019; Robinson et al., 2019). In fact, low vicine
and convicine fava bean cultivars are now available and researchers
are also investigating ways to completely eliminate them (Khazaei
et al., 2019). While the reduction of vicine and convicine levels
has been successfully achieved, with a consensus that this reduction
would be important for a broader consumption of fava beans,

we cannot say the same for all anti-nutritional compounds. For
some, health benefits may be promoted, and increasing their
levels could be considered. Nonetheless, a thorough discussion
is needed to decide when (and if) these compounds should
be bred “in” or “out” or kept “as is”

Even though legumes provide several health and environmental
advantages there is a persistent barrier to their increased
consumption related to the presence of bioactive non-nutrients.
For example, legumes are highly associated with causes of
unwanted flatulence, due to the presence of oligosaccharides
(raffinose, stachyose, and verbascose; Abdel-Gawad, 1993; Han
and Baik, 2006). In times where legumes have been put forward
as an important protein source and as a vehicle to provide
well-balanced nutrition, while safeguarding the environment,
there is a need to clarify the real concerns (or lack thereof)
of these compounds. Does the presence of non-nutrients bring
positive or negative impacts, and how to balance the two?
The present perspective takes a close look at this question
and discusses some of the angles that need to be considered
when discussing future research needs.

NON-NUTRIENTS

The non-nutrients can be broadly divided into two major
categories: the proteinaceous group and the non-proteinaceous
group. The former includes lectins, agglutinins, bioactive peptides,
and protease inhibitors, and the second group includes alkaloids,
phytic acid, tannins, and saponins (Sanchez-Chino et al., 2015).
The accumulation in edible seeds is a natural process, triggered
by plant defense mechanisms against insects, parasites, fungi,
and herbivorous animals (Sanchez-Chino et al., 2015). They can
also act as a nutritional pool to maintain plant growth under
unfavorable conditions (Sdnchez-Chino et al.,, 2015). Although
some non-nutrients are mostly found in certain types of legumes,
such as vicine and convicine in fava bean (Khamassi et al.,
2013), not all of them are legume-exclusive; phytic acid is also
present in cereals, oil seeds, nuts, and plants (Gupta et al., 2015);
oxalates in spinach, Swiss chard, rhubarb, and potatoes; tannins
in tea, cocoa, grapes, and wine (Petroski and Minich, 2020).
It is important to note that legumes that share similar
nutritional profiles may have significant variations in the relative
abundances of individual nutrients (Mirali et al., 2017). This
variability extends not only to protein and other macronutrients
but also for bioactive compounds (Table 1), and this should
be considered when evaluating the right amount of each in
a dietary serving. Among the proteinaceous non-nutrients, the
glycoproteins lectins or hemagglutinins have the capacity of
reversibly attaching carbohydrates on cells, like red blood cells,
resulting in erythrocyte agglutination (Petroski and Minich,
2020; Samtiya et al., 2020). Lectins, present especially in common
beans (Phaseolus vulgaris) and peas (Pisum sativum; Table 1),
have a negative role in nutrient absorption (by binding intestinal
epithelial cells), and in the integrity of the mucosa, causing
intestinal hyperplasia and high permeability (Figure 1; Petroski
and Minich, 2020; Samtiya et al., 2020), which allow bacteria
contact with the bloodstream (Samtiya et al, 2020).
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TABLE 1 | Summary of main legume species and concentrations of the
non-nutrient’s lectins, oxalates, total phenolics, phytates, saponins, and
tannins (in yield range), and of trypsin and alpha-amylase inhibitors (in

activity units).

TABLE 1 | Continued

Non-nutrient

Yield range

Legume species (mg/100g seeds)

References

. . Yield range
Non-nutrient Legume species (mg/100g seeds) References
Lectins Cicer arietinum L. 95 Gautam et al.,
2018
Glycine max 360 Barca et al., 1991
Lens culinaris 48 El-Araby et al.,
2020
Phaseolus vulgaris 13-1,100 Lam and Ng, 2010
174 Shang et al., 2016
Pisum sativum 148-160 El-Araby et al.,
2020
Vicia faba 50 El-Araby et al.,
2020
Oxalates Arachis hypogaea 41 Guo et al., 2021
Cicer arietinum 192-199 Shi et al., 2018
Glycine max 370
Lens culinaris 168-289
Phaseolus vulgaris 99-117
Pisum sativum 244-280
Macrotyloma 88-123 Vashishth et al.,
uniflorum 2021
Vicia faba 241-291 Shi et al., 2018
Total phenolics  Canavalia spp. 640-1,818 Sridhar and
Sahadevan, 2006
Glycine max 1.77-2.48 Krél-Grzymata and
Amarowicz, 2020
Lens culinaris 12 Piecyk et al., 2012
Lupinus 94.66 Karnpanit et al.,
angustifolius 2016
Mucuna pruriens 0.565 Siddhuraju and
Becker, 2005
Phaseolus vulgaris 35.5-45.6 Barreto et al.,
105.8 2021
Piecyk et al., 2012
Pisum sativum 1.6 Piecyk et al., 2012
Vicia faba
Vigna unguiculata 1,210 Kalpanadevi and
Mohan, 2013
Phytates Cicer arietinum L. 1,133-1,400 Shi et al., 2018
Glycine max 2,291
Lens culinaris 856-1710
Lupinus 0.80 Karnpanit et al.,
angustifolius 2016
Macrotyloma 42-45 Vashishth et al.,
uniflorum 2021
Mucuna pruriens 950 Siddhuraju and
Becker, 2005
Phaseolus vulgaris 310 Shang et al., 2016
1,580 Carbas et al.,
1,564-1,882 2020
1,760-2,080 Shi et al., 2018
Barreto et al., 2021
Pisum sativum 855-993 Shi et al., 2018
Vicia faba 1,965 Shi et al., 2018
112-1,281 Mayer Labba et al.,
2021
Vigna unguiculata 360-510 Avanza et al., 2013

(Continued)

Saponins

Tannins

Trypsin
inhibitors

Alfa-amylase
inhibitors

Cajanus cajan 2,164
Canavalia spp. 571-1,005
Medicago sativa 800-1,650
Mucuna pruriens 1,210
Phaseolus vulgaris 940-1,180
373
Vigna radiata 2,848
Vigna umbellata 2,175-2,450
Canavalia spp. 230-900
Lupinus 46.41
angustifolius
Macrotyloma 90-92
uniflorum
Mucuna pruriens 300
Phaseolus vulgaris 170-1,770
Vicia faba 1,370
Vigna unguiculata 380
110-820
Activity units
(U/mg)
Arachis hypogea 5.60
Cajanus cajan 4.75
Cicer arietinum 12.60-14.51
14.22-16.24
Lens culinaris 3-8
7.40
4.98-6.29
Phaseolus vulgaris 17-51
15.18-20.83
Pisum sativum 5.75-12.55
3.16-4.92
Vicia faba 5-10
5.96-6.10
4.47
Vigna unguiculata 7.52
Cajanus cajan 0.07
Cicer arietinum 0.09
0.02-0.08
Phaseolus vulgaris 0.786-1.37
0.25
Vicia faba 0.02
Vigna angularis 0.12
Vigna radiata 0.14
Vigna unguiculata 0.18

Duhan et al., 2001
Sridhar and
Sahadevan, 2006
Hadidi et al., 2020
Siddhuraju and
Becker, 2005
Emire and Rakshit,
2007

Shang et al., 2016
Kataria et al., 1988
Kaur and Kapoor,
1992

Sridhar and
Sahadevan, 2006
Karnpanit et al.,
2016

Vashishth et al.,
2021

Siddhuraju and
Becker, 2005
Carbas et al., 2020
Sharma and
Sehgal, 1992
Kalpanadevi and
Mohan, 2013

Avanza et al., 2013

Embaby, 2010
Sangronis and
Machado, 2007
Muzquiz et al., 2012

Shi et al., 2017
Guillamon et al.,
2008

Swieca and
Baraniak, 2014

Shi et al., 2017
Guillamon et al.,
2008

Shi et al., 2017
Muzquiz et al., 2012

Shi et al., 2017
Guillamon et al.,
2008

Shi et al., 2017

Alonso et al., 2000
Rivas-Vega et al.,
2006

Choi et al., 2019
Choi et al., 2019

Mulimani et al.,
1994

Shi et al., 2017
Alonso et al., 2000

Alonso et al., 2000
Choi et al., 2019
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FIGURE 1 | Different non-nutrients found in legume grains, their clinical health implications, and methods to reduce their content.

Despite lectins are resistant to enzymes in the gastrointestinal
tract, they can be reduced/removed by boiling, soaking,
autoclaving, fermenting, germinating, and milling (Figure 1;
Petroski and Minich, 2020). For example, boiling white and
red kidney beans can eliminate lectin content (Nciri et al.,
2015). However, lectins may have clinical benefits, for example,
some studies show that they can recognize different glycan
production of cancer cells and therefore can be potentially
used in cancer treatments (Figure 1; Panda et al., 2014; Gautam
et al, 2018, 2020; Bhutia et al., 2019; Mullins and Arjmandi,
2021). Besides, they positively activate the immune system,
modifying the expression of interleukins and some protein
kinases, and have been demonstrated as possible antiviral and
antimicrobial agents (Figure 1; Lagarda-Diaz et al., 2017; Mullins
and Arjmandi, 2021). For instance, in the treatment of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
responsible for the currently COVID-19 pandemic, lectins can
bind complex-type-N-glycans on viral glycoproteins, like
coronaviruses spike and prevent the production of viral proteins
and the cytopathic effect in host cells (Liu et al., 2020).
Protein and a-amylase inhibitors may present higher activity
units in common beans and chickpeas (Cicer arietinum; Table 1)
and are natural plant inhibitors that interfere with mineral
bioavailability, nutrient absorption, and protein and starch

digestibility (Figure 1; Sanchez-Chino et al., 2015; Samtiya
et al., 2020). Although studies are limited and not recent and
this subject remains controversial, it has been broadly reviewed
that some of the inhibitors, like Bowman-Birk, may present
anticarcinogenic effects (Figure 1; Muzquiz et al., 2012; Sanchez-
Chino et al,, 2015; Srikanth and Chen, 2016; Kérlund et al,,
2021). Boiling and fermenting may reduce their amount
(Figure 1; Maphosa and Jideani, 2017), and there are already
studies aimed to reduce these compounds, through natural or
induced biodiversity screening (Sparvoli et al., 2016).
Oxalates are often labeled as deleterious non-nutrients and
are frequently present in soybean, fava bean, and peas (Figure 1),
but also in non-legumes (Mitchell et al, 2019; Petroski and
Minich, 2020). They are usually associated with a reduction in
mineral bioavailability and absorption (through chelating minerals)
and with favoring kidney stones formation (Shi et al, 2018;
Petroski and Minich, 2020). Oxalates are usually excreted in
urine (Shi et al., 2018), and its excretion can be promoted via
proper hydration, Ca consumption (Ca binds to oxalates during
digestion), and vitamin C balance (which may influence the
oxalate endogenous production; Mitchell et al, 2019). Boiling,
soaking, steaming, and combining with high Ca-rich foods help
to reduce oxalate content (Figure 1; Petroski and Minich, 2020).
For example, soaking seeds of different legumes species reduced
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the oxalate content by 17-52% and the reduction even increased
after cooking, 31-66% (Shi et al., 2018). Nevertheless, it is necessary
to have into account that legumes are not the only oxalate source;
cooked and raw spinach is considered the major supplier since
ingestion of 50-100g of spinach (normal portion) provides around
500-1,000mg of oxalate (Mitchell et al, 2019); also in cocoa
powder, oxalates content was found to be 619mg/100g; in sweet
potatoes 496mg/100g and in okra 317mg/100g (Siener et al., 2020).

Phytate or phytic acid, a non-proteinaceous non-nutrient
(Raes et al,, 2014), frequently present in soybeans, fava beans,
and common beans (Table 1), can chelate Fe, Zn, and Cu, and
can negatively affect their absorption in the gastrointestinal tract
(Figure 1; Samtiya et al., 2020). People that consume a large
amount of legume grains as a part of their diet can have lower
levels of Fe. In extreme cases, this can cause anemia (Shi et al,,
2018), if the recommended daily doses are exceeded or it is
not maintained a balanced diet. The adequate provision of
vitamin C in the diet is a good option to counteract these
negative effects since it keeps Fe available for absorption (Bohn
et al., 2008; Petroski and Minich, 2020). Nevertheless, phytates
have important health benefits, such as anticarcinogenic properties
and antioxidant activity (Figure 1), chelating toxic metals,
palladium and cadmium, or excess Fe, thus preventing harmful
Fenton reactions (Shi et al.,, 2018; Petroski and Minich, 2020).
Several techniques can reduce their content, for example, boiling,
autoclaving, among others (Figure 1; Maphosa and Jideani, 2017)
and, in the last decades, several mutants with low phytic acid
have been developed, like in common beans (Campion et al.,
2009; Sparvoli et al., 2016; Cominelli et al., 2018), to improve
the nutritional quality of this seed crop (Cominelli et al., 2020).

Phenolic compounds, present in Canavalia spp. and cowpea
(Vigna unguiculata; Table 1), can have anti-inflammatory and
antioxidant properties, improve gut health (Filosa et al., 2018),
lead to the inhibition of glucose regulation enzymes a-amylase
and amyloglucosidase (Sanchez-Chino et al.,, 2015), and reduce
the risk of CVD, type 2 diabetes, metabolic syndrome, ischemic
stroke, and atherosclerotic vascular disease (Petroski and Minich,
2020). Nevertheless, not all polyphenolic compounds have health
benefits, for example, tannins. Found mostly in the outer layers
of grains and seed coats and, in higher concentration, in fava
beans (Table 1), but also in cocoa beans, tea, wine, and fruits,
they have the capacity of interfering with Fe absorption and
storage, contributing to Fe deficiency anemia (Figure 1; Raes
et al., 2014; Petroski and Minich, 2020). They can also form
protein complexes, reducing protein digestibility and inactivating
digestive enzymes (Figure 1; Samtiya et al, 2020). Methods
like boiling, soaking, fermenting, milling, cooking, and de-coating
allow the reduction of their content in legume seeds (Figure 1;
Petroski and Minich, 2020; Samtiya et al., 2020). In the case
of fava bean, genetic improvement has been applied to obtain
zero-tannin cultivars (Gutierrez et al., 2008). Phytoestrogens,
present especially in soy products (tofu, tempeh, and soymilk),
have a similar structure to the female primary sex hormone,
17-B-estradiol, and also have some health concerns; they may
be involved in endocrine disruption and increase the risk of
estrogen-sensitive cancers (Figure 1; Petroski and Minich, 2020).
However, there are some references to anticarcinogenic effects

(Figure 1; Sdnchez-Chino et al., 2015; Petroski and Minich,
2020). These compounds can be reduced through boiling,
fermenting, and steaming (Figure 1; Petroski and Minich, 2020).

Saponins in plant foods can interact with erythrocytes increasing
the risk of hemolysis, inhibit digestive enzyme activities causing
indigestibility disorders, and reduce vitamin absorption (Figure 1;
Samtiya et al, 2020). However, saponins can also reduce the
risk of CVD, cancer, blood cholesterol, and blood glucose; increase
bile acids excretion, cell proliferation regulation, and have anti-
inflammatory and immune-stimulatory activities (Figure 1;
Sanchez-Chino et al., 2015; Singh et al., 2017). Once again, several
standard processing methods are effective at reducing their amount
(Figure 1; Maphosa and Jideani, 2017; Samtiya et al., 2020), for
example, soaking navy beans reduced the level of saponins by
6.3% and soaking and cooking by 42.3% (Shi et al., 2009).

Since the consumption of non-nutrients has contrasting health
effects, the possibility of reducing or increasing their content in
different legumes has been considered (Gutierrez et al, 2008;
Cominelli et al,, 2018; Khazaei et al, 2019). The vast majority
can be reduced or even eliminated by traditional food preparation
procedures (Figure 1), and proper processing methods can reduce
their amount and increase the protein digestibility and biological
value of legumes (Samtiya et al., 2020). These methods are well
documented in the literature according to the perspective that
these compounds need to be eliminated (Samtiya et al., 2020)
but the discovery that these can have beneficial effects has opened
a new path of study. Some can indeed be present after food
preparation procedures, and their health implications need to
be further explored. However, benefits or deleterious effects are
related to intake amount (Conti et al., 2021), which is absent in
the literature, emphasizing the need to develop guidelines for
recommended intake. Nevertheless, legumes are currently being
used in alternative ways (e.g. flours), where they may not
be subjected to these kinds of processing methods, therefore new
breeding approaches are required. Hence, further studies on specific
levels for these compounds that may bring positive health outcomes
without jeopardizing human and animal health are necessary.

Furthermore, climatic changes can have an impact on the
composition of these compounds, and thus, the future breeding
programs and selection of high or low-bioactive legumes must
be adapted (Hummel et al., 2018; Herrera et al., 2019). For
example, mild hydric stress in common bean culture increased
the non-nutrient content (phenolic compounds and saponins;
Herrera et al., 2019).

To better evaluate the real need of reducing non-nutrients
levels in plant foods or showing the benefits of such compounds,
specific nutritional epidemiology studies are needed, but they are
quite limited. It is imperative to have studies looking for associations
between foods or even dietary patterns and diseases risk, rather
than looking directly at the nutrients and components of individual
foods (Hu, 2002). For example, several research studies show an
inverse relationship between consumption of different legumes
and CVD risk (Macarulla et al., 2001; Jukema et al., 2005; Winham
and Hutchins, 2007; Abeysekara et al, 2012; Zhu et al, 2012;
Ferreira et al., 2021). This benefit could be partially justified by
these bioactive compounds in combination with others, in synergistic
relationships (Hu, 2002; Bhupathiraju and Tucker, 2011).
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Furthermore, it should be considered that although some
non-nutrients are more abundant in specific legumes, their
intake dosage, within a diversified diet, can balance the
beneficial and adverse effects. This could ensure their recognition
as non-nutrient or pro-nutrient (Muzquiz et al., 2012; Popova
and Mihaylova, 2019). For example, phytic acid represents a
non-nutrient factor in the context of a poor diet, that lacks
in minerals and vitamins, or in unfavored segments of the
population (such as elders and infants), while it can have
health properties in a rich diet, typical of the industrialized
countries (Nissar et al., 2017). Saponins may also have opposite
effects, that is, when consumed in low amounts may contribute
with the previously mentioned benefits, but when ingested
in high amounts may have deleterious effects (Kumar and
Pandey, 2020). Nonetheless, more studies are needed to
determine the recommended amount of these compounds to
avoid these harmful effects.

FUTURE RESEARCH NEEDS

Legume consumption provides health and environmental gains.
However, the presence of non-nutrients continues to affect
their consumption, and the goal of increasing the levels of
these is a complex subject. The purpose of this perspective is
not to give breeding directions for these non-nutrients but to
raise awareness of this topic and underline the need for further
studies and knowledge on specific amounts of these compounds
that may bring health benefits without compromising general
health and determine the need to either increase or decrease
them. These may be a challenge since these compounds are
not ingested isolated but in meals containing further compounds
that can have synergic relationships. Besides, the human clinical
trials that investigate the non-nutrients effects are quite limited
and the alternative epidemiological/observational studies used
are difficult to implement due to different variables. There are
also great discrepancies in legume consumption habits, linked
to cultural aspects, dietary habits, processing methods, and

REFERENCES

Abdel-Gawad, A. S. (1993). Effect of domestic processing on oligosaccharide
content of some dry legume seeds. Food Chem. 46, 25-31. doi:
10.1016/0308-8146(93)90070-V

Abeysekara, S., Chilibeck, P. D., Vatanparast, H., and Zello, G. A. (2012). A
pulse-based diet is effective for reducing total and LDL-cholesterol in older
adults. Br. J. Nutr. 108, S103-S110. doi: 10.1017/S0007114512000748

Alonso, R., Aguirre, A., and Marzo, E. (2000). Effects of extrusion and traditional
processing methods on antinutrients and in vitro digestibility of protein
and starch in faba and kidney beans. Food Chem. 68, 159-165. doi: 10.1016/
S0308-8146(99)00169-7

Avanza, M., Acevedo, B., Chaves, M., and Aién, M. (2013). Nutritional and
anti-nutritional components of four cowpea varieties under thermal treatments:
principal component analysis. LWT Food Sci. Technol. 51, 148-157. doi:
10.1016/j.1wt.2012.09.010

Balazs, B., Kelemen, E., Centofanti, T., Vasconcelos, M. W, and Iannetta, P. P. M.
(2021). Integrated policy analysis to identify transformation paths to more-
sustainable legume-based food and feed value-chains in Europe. Agroecol.
Sustain. Food Syst. 45, 1-23. doi: 10.1080/21683565.2021.1884165

socioeconomics, among others, that need to be integrated into
a multidisciplinary approach for proper guidance of future
research efforts. Therefore, in the future, more research is
needed to make a proper position and clarify these knowledge
gaps, including a technical perspective from breeders, public
health specialists, sociologists, policymakers that takes into
consideration all these aspects.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

MV defined the concept. RG, MV, CS, and EP offered
contributions to the design and writing of the manuscript, as
well as to the analysis and interpretation of data for the work,
and revised the manuscript critically. All authors contributed
to the article and approved the submitted version.

FUNDING

This research was supported by the European Union’s Horizon
2020 Research and Innovation Programme through project
“Realising Dynamic Value Chains for Underutilised Crops”
(RADIANT), Grant Agreement number 101000622, and by
the Fundagdo para a Ciéncia e Tecnologia (FCT, Portugal)
through PhD scholarship 2021.05683.BD.

ACKNOWLEDGMENTS

The authors would also like to thank the scientific collaboration
under the FCT project UIDB/50016/2020.

Barca, A. M. C., Vazquez-Moreno, L., and Robles-Burgueio, M. R. (1991).
Active soybean lectin in foods: isolation and quantitation. Food Chem. 39,
321-327. doi: 10.1016/0308-8146(91)90149-1

Barreto, N. M. B., Pimenta, N. G., Braz, B. E, Freire, A. S., Santelli, R. E.,
Oliveira, A. C., et al. (2021). Organic black beans (Phaseolus vulgaris L.)
from Rio de Janeiro state, Brazil, present more phenolic compounds and
better nutritional profile than nonorganic. Foods 10:900. doi: 10.3390/
foods10040900

Bazghaleh, N., Prashar, P, Purves, R. W,, and Vandenberg, A. (2018). Polyphenolic
composition of lentil roots in response to infection by Aphanomyces euteiches.
Front. Plant Sci. 9:1131. doi: 10.3389/fpls.2018.01131

Becerra-Tomds, N., Papandreou, C., and Salas-Salvad6, J. (2019). Legume
consumption and cardiometabolic health. Adv. Nutr. 10, S437-S450. doi:
10.1093/advances/nmz003

Bhupathiraju, S. N., and Tucker, K. L. (2011). Coronary heart disease prevention:
nutrients, foods, and dietary patterns. Clin. Chim. Acta 412, 1493-1514.
doi: 10.1016/j.cca.2011.04.038

Bhutia, S. K., Panda, P. K., Sinha, N., Praharaj, P. P, Bhol, C. S., Panigrahi, D. P,
et al. (2019). Plant lectins in cancer therapeutics: targeting apoptosis and
autophagy-dependent cell death. Pharmacol. Res. 144, 8-18. doi: 10.1016/j.
phrs.2019.04.001

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 772054


https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles
https://doi.org/10.1016/0308-8146(93)90070-V
https://doi.org/10.1017/S0007114512000748
https://doi.org/10.1016/S0308-8146(99)00169-7
https://doi.org/10.1016/S0308-8146(99)00169-7
https://doi.org/10.1016/j.lwt.2012.09.010
https://doi.org/10.1080/21683565.2021.1884165
https://doi.org/10.1016/0308-8146(91)90149-I
https://doi.org/10.3390/foods10040900
https://doi.org/10.3390/foods10040900
https://doi.org/10.3389/fpls.2018.01131
https://doi.org/10.1093/advances/nmz003
https://doi.org/10.1016/j.cca.2011.04.038
https://doi.org/10.1016/j.phrs.2019.04.001
https://doi.org/10.1016/j.phrs.2019.04.001

Geraldo et al.

Bioactive Non-nutrients in Legume Grains

Bohn, L., Meyer, A. S., and Rasmussen, S. K. (2008). Phytate: impact on
environment and human nutrition. A challenge for molecular breeding.
J. Zhejiang Univ. Sci. B 9, 165-191. doi: 10.1631/jzus.B0710640

Campion, B., Sparvoli, E, Doria, E., Tagliabue, G., Galasso, I., Fileppi, M.,
et al. (2009). Isolation and characterisation of an lpa (low phytic acid)
mutant in common bean (Phaseolus vulgaris L.). Theor. Appl. Genet. 118,
1211-1221. doi: 10.1007/s00122-009-0975-8

Carbas, B., Machado, N., Oppolzer, D., Ferreira, L., Brites, C., Rosa, E. A. S,
et al. (2020). Comparison of near-infrared (NIR) and mid-infrared (MIR)
spectroscopy for the determination of nutritional and antinutritional parameters
in common beans. Food Chem. 306:125509. doi: 10.1016/j.
foodchem.2019.125509

Choi, W. C,, Parr, T, and Lim, Y. S. (2019). The impact of four processing
methods on trypsin-, chymotrypsin- and alpha-amylase inhibitors present
in underutilised legumes. J. Food Sci. Technol. 56, 281-289. doi: 10.1007/
s13197-018-3488-0

Cominelli, E., Confalonieri, M., Carlessi, M., Cortinovis, G., Daminati, M.,
Porch, T., et al. (2018). Phytic acid transport in Phaseolus vulgaris: a new
low phytic acid mutant in the PvMRP1 gene and study of the PVMRPs
promoters in two different plant systems. Plant Sci. 270, 1-12. doi: 10.1016/j.
plantsci.2018.02.003

Cominelli, E., Pilu, R., and Sparvoli, F. (2020). Phytic acid and transporters:
what can we learn from low phytic acid mutants? Plants 9:69. doi: 10.3390/
plants9010069

Conti, M. V., Guzzetti, L., Panzeri, D., De Giuseppe, R., Coccetti, P., Labra, M.,
et al. (2021). Bioactive compounds in legumes: implications for sustainable
nutrition and health in the elderly population. Trends Food Sci. Technol.
117, 139-147. doi: 10.1016/j.tifs.2021.02.072

Cusworth, G., Garnett, T., and Lorimer, J. (2021). Legume dreams: the contested
futures of sustainable plant-based food systems in Europe. Glob. Environ.
Chang. 69:102321. doi: 10.1016/j.gloenvcha.2021.102321

Duhan, A, Khetarpaul, N., and Bishnoi, S. (2001). Saponin content and trypsin
inhibitor activity in processed and cooked pigeon pea cultivars. Int. J. Food
Sci. Nutr. 52, 53-59. doi: 10.1080/09637480020027200

Duranti, M. (2006). Grain legume proteins and nutraceutical properties. Fitoterapia
77, 67-82. doi: 10.1016/j.fitote.2005.11.008

El-Araby, M. M., El-Shatoury, E. H., Soliman, M. M., and Shaaban, H. E
(2020). Characterization and antimicrobial activity of lectins purified from
three Egyptian leguminous seeds. AMB Express 10:90. doi: 10.1186/
s13568-020-01024-4

Embaby, H. E.-S. (2010). Effect of heat treatments on certain antinutrients and
in vitro protein digestibility of peanut and sesame seeds. Food Sci. Technol.
Res. 17, 31-38. doi: 10.3136/fstr.17.31

Emire, S., and Rakshit, S. (2007). Effect of processing on antinutrients and
in vitro protein digestibility of kidney bean (Phaseolus vulgaris L.) varieties
grown in East Africa. Food Chem. 103, 161-172. doi: 10.1016/j.
foodchem.2006.08.005

Ferreira, H., Pinto, E., Gil, A. M., and Vasconcelos, M. W. (2022). “Chapter
15—potential role of pulses in the development of functional foods
modulating inflammation and oxidative stress,” in Current Advances for
Development of Functional Foods Modulating Inflammation and Oxidative
Stress. eds. B. Hernandez-Ledesma and C. Martinez-Villaluenga (Cambridge,
Massachusetts, United States: Academic Press), 287-309.

Ferreira, H., Vasconcelos, M., Gil, A. M., and Pinto, E. (2021). Benefits of
pulse consumption on metabolism and health: a systematic review of
randomized controlled trials. Crit. Rev. Food Sci. Nutr. 61, 85-96. doi:
10.1080/10408398.2020.1716680

Filosa, S., Di Meo, E, and Crispi, S. (2018). Polyphenols-gut microbiota interplay
and brain neuromodulation. Neural Regen. Res. 13, 2055-2059. doi:
10.4103/1673-5374.241429

Ganesan, K., and Xu, B. (2017). Polyphenol-rich lentils and their health promoting
effects. Int. J. Mol. Sci. 18:2390. doi: 10.3390/ijms18112390

Gautam, A. K., Gupta, N., Narvekar, D. T., Bhadkariya, R., and Bhagyawant, S. S.
(2018). Characterization of chickpea (Cicer arietinum L.) lectin for biological
activity. Physiol. Mol. Biol. Plants 24, 389-397. doi: 10.1007/s12298-
018-0508-5

Gautam, A. K., Sharma, D., Sharma, J., and Saini, K. C. (2020). Legume lectins:
potential use as a diagnostics and therapeutics against the cancer. Int. J.
Biol. Macromol. 142, 474-483. doi: 10.1016/j.ijbiomac.2019.09.119

Guillamén, E., Pedrosa, M. M., Burbano, C., Cuadrado, C., Sanchez, M. D.
C., and Muzquiz, M. (2008). The trypsin inhibitors present in seed of
different grain legume species and cultivar. Food Chem. 107, 68-74. doi:
10.1016/j.foodchem.2007.07.029

Guo, Z., Barimah, A. O., Yin, L., Chen, Q. Shi, J., El-Seedi, H. R., et al.
(2021). Intelligent evaluation of taste constituents and polyphenols-to-amino
acids ratio in matcha tea powder using near infrared spectroscopy. Food
Chem. 353:129372. doi: 10.1016/j.foodchem.2021.129372

Gupta, R. K., Gangoliya, S. S., and Singh, N. K. (2015). Reduction of phytic
acid and enhancement of bioavailable micronutrients in food grains. J. Food
Sci. Technol. 52, 676-684. doi: 10.1007/s13197-013-0978-y

Gutierrez, N., Avila, C. M., Moreno, M. T., and Torres, A. M. (2008).
Development of SCAR markers linked to zt-2, one of the genes controlling
absence of tannins in faba bean. Aust. . Agric. Res. 59, 62-68. doi: 10.1071/
AR07019

Hadidi, M., Ibarz, A., and Pagan, J. (2020). Optimisation and kinetic study of
the ultrasonic-assisted extraction of total saponins from alfalfa (Medicago
sativa) and its bioaccessibility using the response surface methodology. Food
Chem. 309:125786. doi: 10.1016/j.foodchem.2019.125786

Han, I. H,, and Baik, B.-K. (2006). Oligosaccharide content and composition
of legumes and their reduction by soaking, cooking, ultrasound, and high
hydrostatic pressure. Cereal Chem. 83, 428-433. doi: 10.1094/CC-83-0428

Herrera, M. D. Acosta-Gallegos, J. A., Reynoso-Camacho, R., and
Pérez-Ramirez, I. E. (2019). Common bean seeds from plants subjected to
severe drought, restricted- and full-irrigation regimes show differential
phytochemical fingerprint. Food Chem. 294, 368-377. doi: 10.1016/j.
foodchem.2019.05.076

Hu, E B. (2002). Dietary pattern analysis: a new direction in nutritional
epidemiology. Curr. Opin. Lipidol. 13, 3-9. doi: 10.1097/00041433-
200202000-00002

Hummel, M., Hallahan, B. E, Brychkova, G., Ramirez-Villegas, J., Guwela, V.,
Chataika, B., et al. (2018). Reduction in nutritional quality and growing
area suitability of common bean under climate change induced drought
stress in Africa. Sci. Rep. 8:16187. doi: 10.1038/s41598-018-33952-4

lannetta, P. P. M., Hawes, C., Begg, G. S., Maaf}, H., Ntatsi, G., Savvas, D.,
et al. (2021). A multifunctional solution for wicked problems: value-chain
wide facilitation of legumes cultivated at bioregional scales is necessary to
address the climate-biodiversity-nutrition nexus. Front. Sust. Food Syst.
5:692137. doi: 10.3389/fsufs.2021.692137

Jukema, J. W,, Liem, A. H., Dunselman, P. H., van der Sloot, J. A., Lok, D. J.,
and Zwinderman, A. H. (2005). LDL-C/HDL-C ratio in subjects with
cardiovascular disease and a low HDL-C: results of the RADAR (rosuvastatin
and atorvastatin in different dosages and reverse cholesterol transport) study.
Curr. Med. Res. Opin. 21, 1865-1874. doi: 10.1185/030079905X74952

Kalpanadevi, V., and Mohan, V. R. (2013). Effect of processing on antinutrients
and in vitro protein digestibility of the underutilized legume, Vigna unguiculata
(L.) Walp subsp. unguiculata. LWT Food Sci. Technol. 51, 455-461. doi:
10.1016/j.1wt.2012.09.030

Karlund, A., Paukkonen, I, Gémez-Gallego, C., and Kolehmainen, M. (2021).
Intestinal exposure to food-derived protease inhibitors: digestion physiology-
and gut health-related effects. Healthcare 9:1002. doi: 10.3390/healthcare9081002

Karnpanit, W., Coorey, R., Clements, J., Nasar-Abbas, S. M., Khan, M. K., and
Jayasena, V. (2016). Effect of cultivar, cultivation year and dehulling on
raffinose family oligosaccharides in Australian sweet lupin (Lupinus angustifolius
L.). Int. J. Food Sci. Technol. 51, 1386-1392. doi: 10.1111/ijfs.13094

Kataria, A., Chauhan, B. M., and Gandhi, S. (1988). Effect of domestic processing
and cooking on the antinutrients of black gram. Food Chem. 30, 149-156.
doi: 10.1016/0308-8146(88)90152-5

Kaur, D., and Kapoor, A. C. (1992). Nutrient composition and antinutritional
factors of rice bean (Vigna umbellata). Food Chem. 43, 119-124. doi:
10.1016/0308-8146(92)90224-P

Khamassi, K., Faysal, B., Hobbs, D., Irigoyen, J., Stoddard, E, O’Sullivan, D.,
et al. (2013). A baseline study of vicine-convicine levels in faba bean (Vicia
faba L.) germplasm. Plant Genet. Resour. 11, 250-257. doi: 10.1017/
$1479262113000105

Khazaei, H., Purves, R. W,, Hughes, ], Link, W., O’Sullivan, D. M., Schulman, A. H.,
et al. (2019). Eliminating vicine and convicine, the main anti-nutritional
factors restricting faba bean usage. Trends Food Sci. Technol. 91, 549-556.
doi: 10.1016/j.tifs.2019.07.051

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 772054


https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles
https://doi.org/10.1631/jzus.B0710640
https://doi.org/10.1007/s00122-009-0975-8
https://doi.org/10.1016/j.foodchem.2019.125509
https://doi.org/10.1016/j.foodchem.2019.125509
https://doi.org/10.1007/s13197-018-3488-0
https://doi.org/10.1007/s13197-018-3488-0
https://doi.org/10.1016/j.plantsci.2018.02.003
https://doi.org/10.1016/j.plantsci.2018.02.003
https://doi.org/10.3390/plants9010069
https://doi.org/10.3390/plants9010069
https://doi.org/10.1016/j.tifs.2021.02.072
https://doi.org/10.1016/j.gloenvcha.2021.102321
https://doi.org/10.1080/09637480020027200
https://doi.org/10.1016/j.fitote.2005.11.008
https://doi.org/10.1186/s13568-020-01024-4
https://doi.org/10.1186/s13568-020-01024-4
https://doi.org/10.3136/fstr.17.31
https://doi.org/10.1016/j.foodchem.2006.08.005
https://doi.org/10.1016/j.foodchem.2006.08.005
https://doi.org/10.1080/10408398.2020.1716680
https://doi.org/10.4103/1673-5374.241429
https://doi.org/10.3390/ijms18112390
https://doi.org/10.1007/s12298-018-0508-5
https://doi.org/10.1007/s12298-018-0508-5
https://doi.org/10.1016/j.ijbiomac.2019.09.119
https://doi.org/10.1016/j.foodchem.2007.07.029
https://doi.org/10.1016/j.foodchem.2021.129372
https://doi.org/10.1007/s13197-013-0978-y
https://doi.org/10.1071/AR07019
https://doi.org/10.1071/AR07019
https://doi.org/10.1016/j.foodchem.2019.125786
https://doi.org/10.1094/CC-83-0428
https://doi.org/10.1016/j.foodchem.2019.05.076
https://doi.org/10.1016/j.foodchem.2019.05.076
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1038/s41598-018-33952-4
https://doi.org/10.3389/fsufs.2021.692137
https://doi.org/10.1185/030079905X74952
https://doi.org/10.1016/j.lwt.2012.09.030
https://doi.org/10.3390/healthcare9081002
https://doi.org/10.1111/ijfs.13094
https://doi.org/10.1016/0308-8146(88)90152-5
https://doi.org/10.1016/0308-8146(92)90224-P
https://doi.org/10.1017/S1479262113000105
https://doi.org/10.1017/S1479262113000105
https://doi.org/10.1016/j.tifs.2019.07.051

Geraldo et al.

Bioactive Non-nutrients in Legume Grains

Kouris-Blazos, A., and Belski, R. (2016). Health benefits of legumes and pulses
with a focus on Australian sweet lupins. Asia Pac. J. Clin. Nutr. 25, 1-17.
doi: 10.6133/apjcn.2016.25.1.23

Kro6l-Grzymata, A., and Amarowicz, R. (2020). Phenolic compounds of soybean
seeds from two European countries and their antioxidant properties. Molecules
25:2075. doi: 10.3390/molecules25092075

Kumar, S., and Pandey, G. (2020). Biofortification of pulses and legumes to
enhance nutrition. Heliyon 6:¢03682. doi: 10.1016/j.heliyon.2020.e03682

Lagarda-Diaz, I, Guzman-Partida, A. M., and Vazquez-Moreno, L. (2017).
Legume lectins: proteins with diverse applications. Int. J. Mol. Sci. 18:1242.
doi: 10.3390/ijms18061242

Lam, S. K., and Ng, T. B. (2010). Isolation and characterization of a French
bean hemagglutinin with antitumor, antifungal, and anti-HIV-1 reverse
transcriptase activities and an exceptionally high yield. Phytomedicine 17,
457-462. doi: 10.1016/j.phymed.2009.07.017

Liu, A., Contador, C. A., Fan, K., and Lam, H.-M. (2018). Interaction and
regulation of carbon, nitrogen, and phosphorus metabolisms in root nodules
of legumes. Front. Plant Sci. 9:1860. doi: 10.3389/fpls.2018.01860

Liu, Y.-M., Shahed-Al-Mahmud, M., Chen, X., Chen, T.-H., Liao, K.-S., Lo, J. M.,
et al. (2020). A carbohydrate-binding protein from the edible lablab beans
effectively blocks the infections of influenza viruses and SARS-CoV-2. Cell
Rep. 32:108016. doi: 10.1016/j.celrep.2020.108016

Luzzatto, L., and Arese, P. (2018). Favism and glucose-6-phosphate dehydrogenase
deficiency. N. Engl. ]. Med. 378, 60-71. doi: 10.1056/NEJMral708111

Macarulla, M. T., Medina, C., De Diego, M. A., Chavarri, M., Zulet, M. A,,
Martinez, J. A., et al. (2001). Effects of the whole seed and a protein isolate
of faba bean (Vicia faba) on the cholesterol metabolism of hypercholesterolaemic
rats. Br. J. Nutr. 85, 607-614. doi: 10.1079/BJN2000330

Maphosa, Y., and Jideani, V. (2017). “The role of legumes in human nutrition,”
Functional Food- Improve Health through Adequate Food. ed. M. C. Hueda
(London, United Kingdom: IntechOpen).

Marventano, S., Izquierdo Pulido, M., Sanchez-Gonzalez, C., Godos, J., Speciani, A.,
Galvano, E, et al. (2017). Legume consumption and CVD risk: a systematic
review and meta-analysis. Public Health Nutr. 20, 245-254. doi: 10.1017/
$1368980016002299

Mayer Labba, I.-C., Frekier, H., and Sandberg, A.-S. (2021). Nutritional and
antinutritional composition of fava bean (Vicia faba L., var. minor) cultivars.
Food Res. Int. 140:110038. doi: 10.1016/j.foodres.2020.110038

Meletis, J. (2012). Favism. A brief history from the “abstain from beans” of
pythagoras to the present. Arch. Hellenic Med. 29, 258-263.

Mirali, M., Purves, R. W,, and Vandenberg, A. (2017). Profiling the phenolic
compounds of the four major seed coat types and their relation to color
genes in lentil. J. Nat. Prod. 80, 1310-1317. doi: 10.1021/acs.jnatprod.
6b00872

Mirmiran, P, Hosseinpour-Niazi, S., and Azizi, F. (2018). Therapeutic lifestyle
change diet enriched in legumes reduces oxidative stress in overweight type
2 diabetic patients: a crossover randomised clinical trial. Eur. J. Clin. Nutr.
72, 174-176. doi: 10.1038/ejcn.2017.113

Mitchell, T., Kumar, P, Reddy, T., Wood, K. D., Knight, J., Assimos, D. G,
et al. (2019). Dietary oxalate and kidney stone formation. Am. J. Pphysiol.
Renal Physiol. 316, F409-F413. doi: 10.1152/ajprenal.00373.2018

Mulimani, V. H., Rudrappa, G., and Supriya, D. (1994). a-Amylase inhibitors
in chick pea (Cicer arietinum L). J. Sci. Food Agric. 64, 413-415. doi: 10.1002/
jsfa.2740640404

Mullins, A. P, and Arjmandi, B. H. (2021). Health benefits of plant-based
nutrition: focus on beans in cardiometabolic diseases. Nutrients 13:519. doi:
10.3390/nu13020519

Mus, E, Crook, M. B., Garcia, K., Garcia Costas, A., Geddes, B. A., Kouri, E. D,,
et al. (2016). Symbiotic nitrogen fixation and the challenges to its extension
to nonlegumes. Appl. Environ. Microbiol. 82, 3698-3710. doi: 10.1128/
AEM.01055-16

Muzquiz, M., Varela, A., Burbano, C., Cuadrado, C. Guillamén, E., and
Pedrosa, M. M. (2012). Bioactive compounds in legumes: pronutritive and
antinutritive actions. Implications for nutrition and health. Phytochem. Rev.
11, 227-244. doi: 10.1007/s11101-012-9233-9

Nciri, N., Cho, N., El Mhamdji, E, Ben Ismail, H., Ben Mansour, A., Sassi, E H.,
et al. (2015). Toxicity assessment of common beans (Phaseolus vulgaris L.)
widely consumed by tunisian population. J. Med. Food 18, 1049-1064. doi:
10.1089/jmf.2014.0120

Nissar, J., Ahad, T., Naik, H., and Hussain, S. (2017). A review phytic acid:
as antinutrient or nutraceutical. J. Pharm. Phytochem. 6, 1554-1560.

Panda, P. K., Mukhopadhyay, S., Behera, B., Bhol, C. S., Dey, S., Das, D. N,
et al. (2014). Antitumor effect of soybean lectin mediated through reactive
oxygen species-dependent pathway. Life Sci. 111, 27-35. doi: 10.1016/j.
1fs.2014.07.004

Petroski, W, and Minich, D. M. (2020). Is there such a thing as “anti-nutrients”?
A narrative review of perceived problematic plant compounds. Nutrients
12:2929. doi: 10.3390/nul2102929

Piecyk, M., Wolosiak, R., Druzynska, B., and Worobiej, E. (2012). Chemical
composition and starch digestibility in flours from polish processed
legume seeds. Food Chem. 135, 1057-1064. doi: 10.1016/j.foodchem.2012.
05.051

Polak, R., Phillips, E. M., and Campbell, A. (2015). Legumes: health benefits
and culinary approaches to increase intake. Clin. Diabetes 33, 198-205. doi:
10.2337/diaclin.33.4.198

Popova, A., and Mihaylova, D. (2019). Antinutrients in plant-based foods: a
review. Open Biotechnol. ]. 13, 68-76. doi: 10.2174/1874070701913010068

Pulkkinen, M., Coda, R., Lampi, A.-M., Varis, J., Katina, K., and Piironen, V.
(2019). Possibilities of reducing amounts of vicine and convicine in faba
bean suspensions and sourdoughs. Eur. Food Res. Technol. 245, 1507-1518.
doi: 10.1007/s00217-019-03282-4

Raes, K., Knockaert, D., Struijs, K., and Camp, J. (2014). Role of processing
on bioaccessibility of minerals: influence of localization of minerals and
anti-nutritional factors in the plant. Trends Food Sci. Technol. 37, 32-41.
doi: 10.1016/j.tifs.2014.02.002

Rivas-Vega, M. E. Goytortua-Bores, E., Ezquerra-Brauer, ] M,
Salazar-Garcia, M. G., Cruz-Sudrez, L. E., Nolasco, H., et al. (2006). Nutritional
value of cowpea (Vigna unguiculata L. Walp) meals as ingredients in diets
for Pacific white shrimp (Litopenaeus vannamei Boone). Food Chem. 97,
41-49. doi: 10.1016/j.foodchem.2005.03.021

Robinson, G. H. J., Balk, J., and Domoney, C. (2019). Improving pulse crops
as a source of protein, starch and micronutrients. Nutr. Bull. 44, 202-215.
doi: 10.1111/nbu.12399

Samtiya, M., Aluko, R. E., and Dhewa, T. (2020). Plant food anti-nutritional
factors and their reduction strategies: an overview. Food Prod. Process. Nutr.
2:6. doi: 10.1186/s43014-020-0020-5

Sénchez-Chino, X., Jiménez-Martinez, C., Davila-Ortiz, G., Alvarez-Gonzalez, 1.,
and Madrigal-Bujaidar, E. (2015). Nutrient and nonnutrient components of
legumes, and its chemopreventive activity: a review. Nutr. Cancer 67, 401-410.
doi: 10.1080/01635581.2015.1004729

Sangronis, E., and Machado, C. J. (2007). Influence of germination on the
nutritional quality of Phaseolus vulgaris and Cajanus cajan. LWT Food Sci.
Technol. 40, 116-120. doi: 10.1016/j.1wt.2005.08.003

Santos, C., Benkeblia, N., and Vasconcelos, M. (2017). “Strategies for enhancing
phytonutrient content in plant-based foods,” Phytonutritional Improvement
of Crops. ed. N. Benkeblia (Hoboken, New Jersey, United States: Wiley-
Blackwell), 203-232.

Shang, R., Wu, H., Guo, R, Liu, Q, Pan, L., Li, J., et al. (2016). The diversity
of four anti-nutritional factors in common bean. Hortic. Plant J. 2, 97-104.
doi: 10.1016/j.hpj.2016.06.001

Sharma, A., and Sehgal, S. (1992). Effect of processing and cooking on the
antinutritional factors of faba bean (Vicia faba). Food Chem. 43, 383-385.
doi: 10.1016/0308-8146(92)90311-O

Shi, L., Arntfield, S. D., and Nickerson, M. (2018). Changes in levels of phytic
acid, lectins and oxalates during soaking and cooking of Canadian pulses.
Food Res. Int. 107, 660-668. doi: 10.1016/j.foodres.2018.02.056

Shi, L., Mu, K., Arntfield, S. D., and Nickerson, M. T. (2017). Changes in
levels of enzyme inhibitors during soaking and cooking for pulses available
in Canada. J. Food Sci. Technol. 54, 1014-1022. doi: 10.1007/s13197-
017-2519-6

Shi, J., Xue, S. J., Ma, Y,, Li, D., Kakuda, Y., and Lan, Y. (2009). Kinetic study
of saponins B stability in navy beans under different processing conditions.
J. Food Eng. 93, 59-65. doi: 10.1016/j.jfoodeng.2008.12.035

Siddhuraju, P, and Becker, K. (2005). Nutritional and antinutritional composition,
in vitro amino acid availability, starch digestibility and predicted glycemic
index of differentially processed mucuna beans (Mucuna pruriens var. utilis):
an under-utilised legume. Food Chem. 91, 275-286. doi: 10.1016/j.
foodchem.2004.02.044

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 772054


https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles
https://doi.org/10.6133/apjcn.2016.25.1.23
https://doi.org/10.3390/molecules25092075
https://doi.org/10.1016/j.heliyon.2020.e03682
https://doi.org/10.3390/ijms18061242
https://doi.org/10.1016/j.phymed.2009.07.017
https://doi.org/10.3389/fpls.2018.01860
https://doi.org/10.1016/j.celrep.2020.108016
https://doi.org/10.1056/NEJMra1708111
https://doi.org/10.1079/BJN2000330
https://doi.org/10.1017/S1368980016002299
https://doi.org/10.1017/S1368980016002299
https://doi.org/10.1016/j.foodres.2020.110038
https://doi.org/10.1021/acs.jnatprod.6b00872
https://doi.org/10.1021/acs.jnatprod.6b00872
https://doi.org/10.1038/ejcn.2017.113
https://doi.org/10.1152/ajprenal.00373.2018
https://doi.org/10.1002/jsfa.2740640404
https://doi.org/10.1002/jsfa.2740640404
https://doi.org/10.3390/nu13020519
https://doi.org/10.1128/AEM.01055-16
https://doi.org/10.1128/AEM.01055-16
https://doi.org/10.1007/s11101-012-9233-9
https://doi.org/10.1089/jmf.2014.0120
https://doi.org/10.1016/j.lfs.2014.07.004
https://doi.org/10.1016/j.lfs.2014.07.004
https://doi.org/10.3390/nu12102929
https://doi.org/10.1016/j.foodchem.2012.05.051
https://doi.org/10.1016/j.foodchem.2012.05.051
https://doi.org/10.2337/diaclin.33.4.198
https://doi.org/10.2174/1874070701913010068
https://doi.org/10.1007/s00217-019-03282-4
https://doi.org/10.1016/j.tifs.2014.02.002
https://doi.org/10.1016/j.foodchem.2005.03.021
https://doi.org/10.1111/nbu.12399
https://doi.org/10.1186/s43014-020-0020-5
https://doi.org/10.1080/01635581.2015.1004729
https://doi.org/10.1016/j.lwt.2005.08.003
https://doi.org/10.1016/j.hpj.2016.06.001
https://doi.org/10.1016/0308-8146(92)90311-O
https://doi.org/10.1016/j.foodres.2018.02.056
https://doi.org/10.1007/s13197-017-2519-6
https://doi.org/10.1007/s13197-017-2519-6
https://doi.org/10.1016/j.jfoodeng.2008.12.035
https://doi.org/10.1016/j.foodchem.2004.02.044
https://doi.org/10.1016/j.foodchem.2004.02.044

Geraldo et al.

Bioactive Non-nutrients in Legume Grains

Siener, R., Seidler, A., and Honow, R. (2020). Oxalate-rich foods. Food Sci.
Technol. 41, 169-173. doi: 10.1590/fst.10620

Singh, B., Singh, J. P, Singh, N., and Kaur, A. (2017). Saponins in pulses and
their health promoting activities: a review. Food Chem. 233, 540-549. doi:
10.1016/j.foodchem.2017.04.161

Smykal, P., Coyne, C. J., Ambrose, M. J., Maxted, N., Schaefer, H., Blair, M. W.,
et al. (2015). Legume crops phylogeny and genetic diversity for science
and breeding. Crit. Rev. Plant Sci. 34, 43-104. doi: 10.1080/07352689.
2014.897904

Sparvoli, E, Laureati, M., Pilu, R., Pagliarini, E., Toschi, I., Giuberti, G., et al.
(2016). Exploitation of common bean flours with low antinutrient content
for making nutritionally enhanced biscuits. Front. Plant Sci. 7:928. doi:
10.3389/fpls.2016.00928

Sridhar, K., and Sahadevan, S. (2006). Nutritional and antinutritional significance
of four unconventional legumes of the genus Canavalia—a comparative
study. Food Chem. 99, 267-288. doi: 10.1016/j.foodchem.2005.07.049

Srikanth, S., and Chen, Z. (2016). Plant protease inhibitors in therapeutics-
focus on cancer therapy. Front. Pharmacol. 7:470. doi: 10.3389/fphar.
2016.00470

Stagnari, F, Maggio, A., Galieni, A., and Pisante, M. (2017). Multiple benefits
of legumes for agriculture sustainability: an overview. Chem. Biol. Technol.
Agric. 4:2. doi: 10.1186/s40538-016-0085-1

Swieca, M., and Baraniak, B. (2014). Influence of elicitation with H,O, on
phenolics content, antioxidant potential and nutritional quality of Lens
culinaris sprouts. J. Sci. Food Agric. 94, 489-496. doi: 10.1002/jsfa.6274

Vashishth, R., Semwal, A. D., Naika, M., Sharma, G. K., and Kumar, R. (2021).
Influence of cooking methods on antinutritional factors, oligosaccharides

and protein quality of underutilized legume Macrotyloma uniflorum. Food
Res. Int. 143:110299. doi: 10.1016/j.foodres.2021.110299

Winham, D., and Hutchins, A. (2007). Baked bean consumption reduces serum
cholesterol in hypercholesterolemic adults. Nutr. Res. 27, 380-386. doi:
10.1016/j.nutres.2007.04.017

Zhu, Z., Jiang, W., and Thompson, H. J. (2012). Edible dry bean consumption
(Phaseolus vulgaris L.) modulates cardiovascular risk factors and diet-induced
obesity in rats and mice. Br. J. Nutr. 108, S66-S73. doi: 10.1017/
S0007114512000839

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.

Copyright © 2022 Geraldo, Santos, Pinto and Vasconcelos. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 772054


https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles
https://doi.org/10.1590/fst.10620
https://doi.org/10.1016/j.foodchem.2017.04.161
https://doi.org/10.1080/07352689.2014.897904
https://doi.org/10.1080/07352689.2014.897904
https://doi.org/10.3389/fpls.2016.00928
https://doi.org/10.1016/j.foodchem.2005.07.049
https://doi.org/10.3389/fphar.2016.00470
https://doi.org/10.3389/fphar.2016.00470
https://doi.org/10.1186/s40538-016-0085-1
https://doi.org/10.1002/jsfa.6274
https://doi.org/10.1016/j.foodres.2021.110299
https://doi.org/10.1016/j.nutres.2007.04.017
https://doi.org/10.1017/S0007114512000839
https://doi.org/10.1017/S0007114512000839
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Widening the Perspectives for Legume Consumption: The Case of Bioactive Non-nutrients
	Introduction
	Non-nutrients
	Future Research Needs
	Data Availability Statement
	Author Contributions

	References

