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Preface

Legumes are grown worldwide and comprise the third largest family of flowering plants.
They are a main source of nitrogen-rich edible seeds and constitute a major source of food
for a significant part of the world’s population, in addition to providing fodder, oil, fiber,
and many other products.

Globally, grain legumes are one of the most relevant sources of plant proteins, providing
also carbohydrates, minerals, vitamins, and other components with nutraceutical value and
health benefit properties.

This book was conceived to provide key research knowledge on health-promoting aspects of
seed components, and their nutritional and nutraceutical values and legume allergy features.

This book is intended to provide a series of peer-reviewed chapters that the editor believes
will aid in increasing the quality of the research focus across the growing field of legume
research. Overall, the objective of this project is to serve as a reference book and as an excel-
lent resource for students, researchers, and scientists interested and working in different nu-
traceutical aspects of grain legumes, and particularly for the scientific community to
encourage it to continue publishing its research findings on legumes, and to provide a basis
for new research and the area of sustainable crop production.

Jose C. Jimenez-Lopez, PhD
Spanish National Research Council (CSIC)
Madrid, Spain
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Chapter 1

Nutraceutical Properties of Legume Seeds and Their
Impact on Human Health

Arindam Barman, Chinky M. Marak,
Rituparna Mitra Barman and Cheana S. Sangma

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.78799

Abstract

Legume seeds known to produce richer quality of proteins than cereals provide nutritious
food for people around the world. Legume seeds contain around 20-40% protein. Apart
from protein, it is also composed of carbohydrates, fiber, amino acids, micronutrients
including several vitamins and minerals. Legume seeds can be considered a potent nutra-
ceutical as it provides beneficial effects on human health as well as it helps in the preven-
tion or treatment of certain diseases such as cardiovascular diseases, diabetes, digestive
tract diseases, overweight, obesity, cancer, etc. Legume seeds also contain anti-nutritional
compounds which may be toxic when consumed raw, but when processed and treated
may play a positive role on human health. There are many more underutilized food legume
seeds that may be a potential source of nutraceutical food. The main aim of this chapter is
to describe the nutraceutical properties of legume seeds and their impact on human health.

Keywords: legume, nutraceutical, anti-nutritional, underutilized legume, human health

1. Introduction

Nutraceutical can be defined as a food or part of a food that provide medical or health ben-
efits, including the prevention or treatment of a disease [1]. It can be isolated nutrients, dietary
supplements, specific diets, designer foods, herbal products, processed foods or processed bev-
erages. Several nutraceuticals found in legumes are listed among the top 200 list of the American
Nutraceutical Association [2]. Legumes are considered to produce substantial amount of pro-
teins than cereal grains. Not only proteins but legumes also supply adequate amount of energy,
carbohydrates, minerals, vitamins, and dietary fiber with low fat production [3]. The major

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIN
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storage proteins of legume seeds are oligomeric globulins which are of 7S and 11S protein frac-
tions [4]. Legumes are well known for the presence of different bioactive compounds such as
saponins, tannins, flavonoids, isoflavones, lectins, phytic acid etc. which is important for its
nutraceutical property [5, 6]. Highly pigmented and dark colored legume seeds have higher level
of phenolic and flavonoid content which helps in its antioxidant activity [5, 7-9]. Legume seeds
contain enzyme inhibitors like a-amylase, a-glucosidase and y-aminobutyric acid (GABA) for
which it can be used as a nutraceutical molecule. Green legume seeds are also a good source of
nutraceuticals [10]. Legume seeds are normally consumed after processing there by increasing
the bioavailability of nutrients by inactivating trypsin, growth inhibitors and hemagglutinins
[11]. Different species of legumes are involved in the treatment of various diseases like coro-
nary heart diseases, cardiovascular diseases, cancer, diabetes, etc. [5, 7-9]. Legume seeds also
contain resistant proteins and carbohydrates that play an effective role in human health [12].
The importance of legumes in human diet is expected to increase in the near future in order to
meet the demand for protein and other nutrients in the increasing world population and also to
reduce the risk related to animal food source consumption. Molecules present in legume seeds
that are considered toxic or unhealthy may also provide positive effects on human health in the
prevention and treatment of certain diseases if consumed in a limited scale and proper way, and
hence play an excellent role in the nutraceutical and antioxidant property of seed legume [4].

2. Different species of legumes possessing a potential nutraceutical
property

2.1. Black soybean (Glycine max L.)

It is a variety of soybean composed of black seed coat that has been extensively used as a tonic
food and material in oriental medicine for many years. The traditional Chinese medicine the-
ory believes that black soybean is helpful in treatment of diabetes, hypertension, anti-aging,
cosmetology, blood circulation, etc. due to its active peptide compounds [13].

2.2, Pegion pea (Cajanus cajan L. Millspaugh)

This legume food is an excellent source of protein, starch, calcium, manganese, crude fiber,
fat, trace elements and minerals. Pigeon pea seeds are composed of 85% cotyledons, 14% seed
coat, about 1% embryo and a variety of dietary nutrients. The embryo contains majority of the
seed proteins whereas the cotyledons constitute majority of the carbohydrates. It has both the
nutritional and medicinal property. Scorched seeds can relieve headache and vertigo when
added to coffee while fresh seeds help urinary incontinence in males. On the other hand,
immature seeds are used in the treatment of kidney ailments. Pigeon pea seed husks possess
an effective anti-oxidant and anti-hyperglycemic activity which may be a potential organic
resource for the development of nutraceutical for hyperglycemic individuals [14].

2.3. Mung bean (Vigna radiata)

It is rich in proteins, carbohydrates, amino acids and vitamins. It contains different bioactive
compound which help in lowering the risk of various diseases [5].
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2.4. Cowpea (Vigna unguiculata)

Itis an important leguminous food rich in protein, carbohydrates, minerals, and water soluble
vitamins like thiamine, riboflavin and niacin [5].

2.5. Rice bean (Vigna umbellate)

It is known as climbing mountain bean, mambi bean and oriental bean and is native to
Southeast Asia. It has high nutritive value with rich source of protein and essential amino
acids such as lysine, tryptophan and methionine. It also contains a number of bioactive com-
pounds such as phytate, a-galactosides and trypsin inhibitors which can act as anti-oxidant,
anti-cancer and anti-diabetic agents [14].

2.6. Black gram (Vigna mungo)

It is an important legume crop having high nutritional value used as a diet during fever, cool-
ing astringent, poultice for abscesses, affection for cough and liver and also recommended for
treating diabetes [8].

2.7. Lentil (Lens culinaris)

It is a rich source of proteins, vitamins, minerals, dietary fibers, folic acid and carbohydrates,
mostly the resistant starches. It also contains different bioactive compounds such as lectins,
enzyme inhibitors, phytates, oligosaccharides, and phenolic compounds. Lentil seed is com-
posed mostly of carbohydrates. Lentil seeds play an important role in the prevention and
treatment of various diseases. Due to the high content of dietary fiber and low glycemic
response of lentil seeds, it is highly recommended for patients suffering from cardiovascular
diseases and diabetes. Several bioactive compounds present in lentil seeds such as phytic
acids, lectins, defensins, saponins, etc. show anti-carcinogenic, anti-mutagenic, anti-oxidative
and anti-hyperglycemic activities [15].

2.8. Chick peas (Cicer arietinum)

The demand for chick pea is high due to its nutritional value. In the semi-arid tropics, chick-
pea is an important component of the diets of those individuals who cannot afford animal
proteins. Chickpea is cholesterol free and is a good source of carbohydrates, protein, dietary
fiber (DF), vitamins and minerals [16, 17]. Chickpea consumption has been reported to reduce
the risk of chronic diseases and optimize health. Chickpea seed oil contains different sterols,
tocopherols and tocotrienols [18]. These phytosterols have been reported to exhibit anti-ulcer-
ative, anti-bacterial, anti-fungal, antitumor and anti-inflammatory properties coupled with a
lowering effect on cholesterol levels [19].

2.9. Lupins (Lupinus sp)

Lupin seeds contain many bioactive components. The protein, which may correspond to
35-40% of the dry weight, is mostly composed of albumins and globulins in a ratio of 1:9 [20].
Different potential health benefits of lupin have been investigated, particularly in the area of
dyslipidemia, hyperglycemia, and hypertension prevention [21].
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2.10. Peanut (Arachis hypogaea)

Peanuts are a rich source of omega-3, fiber, vitamin E, antioxidants and “good” fats. Consumption
of peanuts has been associated with a number of health benefits, particularly for the heart and
to reduce the risk of blood clots, lower cholesterol and reduced the risk of arrhythmia. Now, a
recent study supports that the consuming peanuts may protect against death from numerous
diseases, including cancer, heart disease and diabetes [22] (Figure 1).

o)

Figure 1. Species of legumes possessing potential nutraceutical property [a. Black soybean (Glycine max L.); b. Pegion pea
(Cajanus cajan L. Millspaugh); c. Mung bean (Vigna radiata); d. Cowpea (Vigna unguiculata); e. Rice bean (Vigna umbellate);
f. Black gram (Vigna mungo); g. Lentil (Lens culinaris); h. Chick peas (Cicer arietinum); i. Lupins (Lupinus sp); j. Peanut
(Arachis hypogaea); vetch (Vicia faba); 1. winged bean (Psophocarpus tetragonolobus); m. Pigeon pea (Cajanus cajan); n. Cluster
bean (Cyamopsis tetragonoloba); o. Kidney bean (Phaseolus sp)].
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2.11. Vetch (Vicia fava)

Vicia is a genus of about 140 species of flowering plants that are part of the legume family
(Fabaceae), and which are commonly known as vetches. The vetch or fava bean is an impor-
tant food crop, and several other species of vetch are cultivated as fodder and cover crops and
as green manure. It is a protein-rich legume seed and also at the same time toxic to humans if
consumed in quantity. The seed composed of tannins, vicine and convicine. Beside the positive
impact of tannin-free varieties, the development of faba bean cultivars with very low levels of
vicine and convicine would represent a real advantage in terms of nutritional performance in
poultry diets and of food safety to humans [23].

2.12. Winged bean (Psophocarpus tetragonolobus)

It is a source of important minerals, such as iron, manganese, copper, calcium, phosphorus,
magnesium. It also contains an abundance of Vitamin A, which is a powerful antioxidant that
prevents DNA damage [24].

2.13. Pigeon pea (Cajanus cajan)

Pigeon peas are rich in proteins, minerals, vitamins and lipids. It is an excellent source of mag-
nesium, phosphorus, calcium and potassium. It provides an adequate amount of iron and sele-
nium. Pigeon peas contain dietary fiber, potassium and low cholesterol which help to maintain
the healthy heart. Potassium lowers the strain on heart by reducing the blood pressure. Dietary
fiber maintains cholesterol balance and prevents atherosclerosis [25].

2.14. Cluster bean (Cyamopsis tetragonoloba)

Cluster beans are rich source of soluble fiber content and are known for their cholesterol
lowering effect. It is also beneficial for blood circulation, resolve anemia, make bone strong
and stimulates bowel movement [26].

2.15. Kidney bean (Phaseolus sp)

Phaseolus is the most important food legume for human consumption in the world. Its seeds
consist mainly of carbohydrates and are a good source of nitrogen and protein. It also con-
tains calcium, magnesium, potassium, phosphorus, copper, iron, zinc, manganese and sulfur.
This legume is rich in bioactive components such as enzyme inhibitors, lectins, phytates, oli-
gosaccharides and phenolics, which exhibit metabolic roles in humans and animals. Among
the observed biological activities are the antioxidant capacity, the reduction of cholesterol
and reduction of low-density lipoproteins, thus Phaseolus has a protective effect against
cardiovascular diseases. Also it has shown favorable effects against cancer because of the
antimutagenic and antiproliferative properties of their phenolics, lectins and protease inhibi-
tors. Additionally, it has showed effects on obesity and diabetes due to its content of resistant
starch and a-amylase inhibitor [7].
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3. Nutritional and anti-nutritional components found in legume
seeds

There are various nutritional and anti-nutritional components present in legume seeds which
plays a significant role as a nutraceutical property of legume seeds.

3.1. Phenolic compounds

In legume seeds, phenolic compounds are found as antinutritional compounds, but it also can
act as antioxidants because of its ability to chelate metal ions, inhibit lipid peroxidation and
scavenge free radicals. Phenolic compounds found in legume seed are mainly tannins, pheno-
lic acids, anthocyanins and flavonoids Polyphenolic compounds such as flavonol glycoside,
anthocyanins and condensed tannins provide color to the seeds of legumes. The seeds which
are dark colored and highly pigmented have high phenolic content such as red kidney beans
(Phaseolus vulgaris) and black gram (Vigna mungo). The phenolic content of the legume seeds
is highly associated with its anti-oxidant activity [5, 15]. Phenolic compounds in legume seeds
show anti-bacterial, anti-viral, anti-inflammatory and anti-allergenic activities. They are also
known to lower the risk of cancer, heart diseases and diabetes [8]. It has been reported on the
analysis of total phenolics against antioxidant activities that fermented legume seeds exhibit
more antioxidant potential [27]. The balance between antinutrient and biological antioxidant
effects present in legume seeds will help in nutrient utilization improvement thereby provid-
ing potential nutraceuticals for human health [8].

3.2. Tannins

Tannins help in removal of toxins from the intestine because of its ability to bind the proteins.
Tannins also help in maintaining hygiene of the mouth by inhibiting bacterial growth that
cause tooth decay [5, 27].

3.3. Flavonoids

Flavonoids contained in legume seeds act as an antioxidant and prevent many diseases such
as cancer, cataract, arteriosclerosis, autoimmune diseases, inflammation and aging [4-6].

3.4. Isoflavones

Isoflavones in legume seeds act as an antioxidant and helps in lowering the risk of many
diseases such as osteoporosis, cardiovascular diseases and cancer. It is also used for the treat-
ment of menopause symptoms [5]. Isoflavones daidzein and genistein are natural phytoes-
trogens that are able to inhibit LDL oxidation thereby reducing the risk of atherosclerosis
[28]. Genistein and Daidzein acts as an anti-cancer agent. Genistein helps in the inhibition
of platelet aggregation, leukotriene production, DNA topoisomerase II, angiogenesis, reduc-
tion of bioavailability of sex hormones, induction of apoptosis, and differentiation in cancer
cells. Daidzein induces differentiation in B16 melanoma, and HL-60 human leukemia cells.
Daidzein also helps in the inhibition of enzyme ALDH-I, an NAD dependent aldehyde
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dehydrogenase that catalyzes the oxidation of acetaldehyde, the primary product of alcohol
metabolism which further helps in the treatment of alcoholism. There is epidemiological evi-
dence regarding high legume seed diets to reduced risk of cancer [29].

3.5. Phytic acid

Phytic acid is present in legume seeds as antinutrients. It is stored in legume seeds in the
form of phosphate in the endosperm [15] Phytic acid act as anti-HIV agent by inhibiting the
transcription of the viral genome. Phytic acid prevents the formation of kidney stones. It also
helps in the prevention of cavities, plaque and tartar in the teeth by reducing solubilities of
calcium, fluoride and phosphate and protects it from demineralization. Phytic acid also helps
in reducing risk of heart diseases and diabetes mellitus [7]. It also shows antioxidant and anti-
carcinogenic properties [30].

3.6. Saponins

Saponins are secondary plant metabolites which can be either steroidal or triterpenoid.
Commonly found saponins in legume seeds are triterpenoids. Saponins may play a significant
role as anti-cancer agent by reducing the formation of carcinogenic substances in colon. They
may also lower the risk of heart diseases. Saponins may also show immune stimulant effects by
inducing the formation of cytokinins such as interleukins and interferons. Saponins may also
provide several other beneficial effects such as anti-inflammatory, anti-fungal, anti-parasitic,
hypercholesterolaemia, hypoglycemia, immunomodulatory, etc. [15, 30].

3.7. Oligosaccharides

Legume seeds constitute indigestible substances especially flatulence induced oligosaccha-
rides, e.g. raffinose, stachyose and verbascose. These oligosaccharides can be used as a pre-
biotic agent by promoting the growth of bifido bacteria. They may show anti-carcinogenic,
anti-diabetic and anti-cardiovascular effect and also a higher rate of mineral absorption that
are beneficial to human health [8].

3.8. Enzyme inhibitors

Legume seeds contain enzyme inhibitors which are involved in the regulation of endogenous
proteases, amylases, lipases, glycosidases and phosphatises enzyme. They provide defense
mechanism against seed eating insects and microorganisms. Enzyme inhibitors of legume
seeds belong to Kunitz (20-24 kDa) and Bowman-Birk (8 kDa) family [5].

3.8.1. Protease inhibitor

Seeds of legumes such as pea, chickpea and mung bean protein hydrolysates have angiotensin
converting enzyme (ACE) inhibitory activity which helps in improving cardiovascular health.
Inverse correlation between pulse consumption and risks of colon cancer, prostrate cancer, gas-
tric cancer and pancreatic cancer shows that it helps in the prevention of these diseases [5, 28].
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3.8.2. a-Amylase inhibitor

a-Amylase protein inhibitor present in raw legume seeds help in the prevention and therapy
of obesity and diabetes [5, 28].

3.8.3. a-Glucosidase inhibitor

Legume seeds contain a-glucose inhibitor which helps in the treatment of diabetes. Postprandial
hyperglycemia, the earliest metabolic abnormality of type 2 diabetes mellitus can be suppressed
by inhibition of a-glucosidases delaying the digestion and absorption of carbohydrates [5, 28].

3.8.4. y-Aminobutyric acid

Y-Aminobutyric acid (GABA), a non-protein amino acid, acts as a depressive neurotransmit-
ter in the sympathetic nervous system. GABA is effective for the treatment of hypertension,
depression, sleeplessness, autonomic disorders, and chronic alcohol related symptoms and
for stimulation of immune cells [5, 28].

3.9. Polysaccharides

The presence of carbohydrate in grain legume seeds in amounts up to 60%, which include oligo-
saccharides, such as alpha-galactosides, and complex molecules, such as starches and fibers [31].
Starch is a storage polysaccharide made up of amylose and amylopectin in the ratio roughly of
1:3 but in wrinkled pea the ratio reach 3:1 [32]. As far as starch concerns, in lupin and soybean
are found the lowest amounts (about 1-2%) whereas in pea and fababean it accounts for about
50% of the dry seed weight. From the nutritional viewpoint this polysaccharide can be classi-
fied, according to its hydrolysis degradation in animal model systems, as rapid digestion starch
(RDS), slow digestion starch (SDS) and resistant starch. This later is not hydrolysed by human
amylases but it can be fermented by the microorganisms present in the colon as if it is fiber [33].

3.10. Lipids

Lipids are generally present in legume seeds such as pea, common bean, lentil at low amounts
(1-3%) with approximately 40-50% neutral lipids, 25-35% phospholipids and 9% glycolipids.
Phospholipids have been shown to possess potent effects on serum lipoproteins and the phos-
pholipids in pulses could contribute to the lipoprotein effects [34]. The effects on the cardio-
vascular system in preventing diseases are seemingly due to their capacity to lower the blood
cholesterol levels by inhibiting cholesterol absorption [35].

3.11. L-DOPA

Seeds of wild legume Mucuna pruriens and seeds of C. cathartica are excellent natural source
of the neurotransmitter L-DOPA. Consumption of food possessing L-DOPA is toxic only to
those individuals having deficiency of glucose-6-phosphate dehydrogenase (G-6-PD) in their
erythrocytes. Although L-DOPA is neurotoxic, it is highly effective to treat the Parkinson’s
disease [36-39]. L-DOPA is responsible for the release of human growth hormone (HGH) from
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pituitary gland and it can be effectively used in the treatment of restless leg syndrome (http://
www.ihealthdirectory.com/l-dopa/). Administration of L-DOPA for a long duration to the
patients suffering from Parkinson’s disease, there were no adverse effects to prove its toxicity.

3.12. L-Canavanine

L-canavanine is a suitable inhibitor of cancer-inducing nitric oxide [40]. It can prevent the anti-
tumor activity of Walker carcinoma, human melanoma, pancreatic cancer [41, 42], plant sources
containing L-canavanine in therapy of colon cancer through diet management. L-canavanine
is highly suitable for pancreatic cancer studies due to lack of considerable amount of arginase
in the pancreas [41].

3.13. Lectins

The lectin con C of C. cathartica has anumber of applications such as a blood grouping substance
[43], immunomodulator [44] and tissue marker [45]. Con A induces immune cell responses in
liver, which leads to destruction of tumor cell, after binding to mannose moiety, con A exerts
both autophagic and anti-hepatomic (immunomodulation) properties. Adeno virus micro-
beads bound to con A is an effective agent in delivering therapeutic transgenes for inflamma-
tory bowel disease [46]. It has also been found that con A stimulates mitosis and inhibits the
lymphocyte cap formation and patch formation due to anti-immunoglobulin. In isolated fat
cells, con A shows similar activity to that of insulin [47].

3.14. Proteins

Mature seeds of pea, faba bean and beans contain 18-20% protein and lupin and soybean con-
tains 35-45% protein. Most of the proteins found in legume seeds are storage proteins which are
of 75 and 11S globulins based on their sedimentation coefficient [4]. Some proteins in legume
seeds show antifungal and anti-viral activity and hence act as anti-HIV and anti-diabetic agent
[5]. These proteins contain several essential amino acids which are beneficial to human health.

The proteins present in Vigna species, show antifungal and antiviral activity. Ground bean lec-
tin inhibits the hemagglutinating activity by polygalacturonic acid but not galacturonic acid
and simple monosaccharides [31]. It decreases the viability of hepatoma (HepG2), leukemia
(L1210) and leukemia (M1) cell and also elected a mitogenic response from mouse splenocytes.
Due to presence of all these properties, these proteins act as an excellent drug for the treatment
of AIDS patients with no adverse effects as compare to synthetic drugs [44].

3.15. Minerals and vitamins

Minerals act as a cofactor for many enzymatic reaction e.g. copper, zinc, and magnesium and
manganese. Vitamin E and C are known to play a role as an antioxidant and inhibiting the
oxidation of vitamin A in the gastric intestinal tract [39]. Vitamin E also prevents cancer by
inhibiting carcinogens from precursor substances. Whereas, vitamin K play functional role by
act as blood clotting factor in liver. The B vitamin folic acid significantly also reduces the risk
of neural tube defects (NTDs) like spina bifida in new born babies.
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3.16. Fiber

Legumes are good source of fiber. Dietary fiber comes from the portion of plants that is not
digested by enzymes in the intestinal tract. Bacteria present in lower gut may metabolize this
and produce short chain fatty acid. Fiber also reduces body cholesterol level by binding with
cholesterol in human gut. High fiber foods can improve serum lipoprotein values, lowers
blood pressure and improves blood glucose level for diabetic individuals [35]. Insoluble fiber
increases the rate of transient time of wastes material from the gastrointestinal tract.

3.17. Oligosaccharides

Indigestible substances especially flatulence induced oligosaccharides (a-galactosides) e.g.
raffinose, stachyose and verbascose, occur mainly in legume seeds. Oligosaccharides show
wide range of physiological properties like anticarcinogenic effect, antidiabetic, anti-car-
diovascular and higher rate of mineral absorption that are beneficial to human health [43].
Prebiotic such as Bifidobacteria prevent colon cancer.

3.18. Phytic acid

Phytic acid of legumes reduces colon cancer via chelation of iron and suppression of iron-
related initiation and promotion of carcinogenesis. Further, it may have potential therapeutic
use in cancer due to its property of increasing the activity of natural killer cells associated with
suppressed tumor incidence [48, 49].

3.19. Vitamins and minerals

Soybean is a better source of vitamins B compared to cereals, although it lacks B12 and vita-
min C [50]. Soybean oil also contains tocopherols which are tremendous natural antioxidants.
Soybean also contains 5% minerals. It is relatively rich in K, P, Ca, Mg and Fe. Soy ferritin can
be extra reasonable quantities of iron [51].

3.20. Phytosterols

Phytosterols are natural compounds structurally similar to mammalian cell-derived choles-
terol. The best dietary sources of phytosterols are unrefined vegetable oils, seeds, cereals,
nuts, and legumes. Phytosterols with potential effects on obesity are diosgenin, campesterol,
brassicasterol, sitosterol, stigmasterol, and guggulsterone [52]. High intakes of these com-
pounds can also protect against atherosclerosis and decrease serum TC and LDL-C levels [53].
Their influence on intestinal genes and transcription factors makes phytosterols key regula-
tors in metabolism and cholesterol transport in the expression of liver genes.

3.21. Phytoestrogens

Phytoestrogens in food legumes are nonsteroidal phytochemicals quite similar in structure and
function to gonadal estrogen hormone. They have antioxidant effects due to their polyphenolic
nature, including modulation of steroid metabolism or of enzymes detoxification, interference
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with calcium transport, and positive effects on lipid and lipoprotein profiles [52]. They offer an
alternative therapy for hormone replacement therapy with beneficial effects on the cardiovas-
cular system, and may even improve menopausal symptoms.

3.22. Phytochemicals in legumes

Legumes contain, in addition to the health-promoting components (fibers, proteins, resistant
starch, and minerals), numerous phytochemicals endowed with useful biological activities
[53]. Various studies reveal that selected polyphenols exhibit strong protective actions on
many pathological conditions, particularly those triggered by oxidative stress, such as CVD
and metabolic disorders [54]. The major sources of dietary polyphenols are cereals, legumes
(beans and pulses), oilseeds, fruits, vegetables, and some beverages.

3.23. Legume fibers

Legumes are a very good source of dietary fibers. Dietary fibers include resistant starch, non-
starch polysaccharides (cellulose, hemicellulose, pectin, gums, and b-glucans), nondigestible
oligosaccharides, and lignin. High consumption of soluble fibers is associated with a decrease
in serum total cholesterol (TC), in LDL-C, and is inversely correlated with CHD mortality
rates [53, 54]. Dietary fibers may also be beneficial against obesity.

3.24. Antioxidant activity

The antioxidant properties of food have been studied since reactive oxygen species are widely
believed to be involved in many diseases such as cancer, diabetes, autoimmune conditions,
various respiratory diseases, eye diseases, and schizophrenia [55, 56]. The antioxidant activity
of different dry beans has been assessed by several workers [8-12, 51-57].

3.25. Anti-nutritional components (ANC)

Despite the potential nutritional and health-promoting values of legume seeds the presence of
anti-nutritional components (ANC) in it, limits its biological value and usage as food. Bean seeds
like chick pea, grain beans, lupin, peanut etc. contain a number of antinutritional compounds
which can be of proteinous or non-proteinous nature [58]. ANCs found in legume seeds are
mainly ubiquitarian, like proteinase inhibitors, lectins, phytates, polyphenols, other are more
specific, as some complex glycosides [59]. Legume seeds antinutrients are considered to limit
protein and carbohydrate utilization. The negative effects of legume seeds are only observed
after the consumption of raw and unprocessed seeds or flour, as normally high temperature
during processing inactivates the ANCs [60]. Most of the bean ANCs have an impact on the
digestive system, like the inhibition of digestive enzymes (e.g. protease inhibitors), impairment
of hydrolytic functions and of transport at the enterocyte site (lectins), formation of insoluble
complexes (phytates, polyphenols), and the increase of the production of gases in the colon
(a-galactosides) [58]. The most characterized and commonly found protein inhibitors of legume
seeds are trypsin inhibitor of both, Bowman-Birk type and Kunitz type, and a-amylase inhibi-
tors like in chickpea [61]. Most of legume species like kidney bean, grain beans, etc. are also a
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good source of lectins [62]. Legume seeds are also contains a number of non-protein ANCs, like
phenolic compounds, saponins, alkaloids, phytates etc. that impair the biological utilization of
their nutrients [63].

3.26. Legume allergies

The use of legume seeds is being expanded in the food industry due to their excellent nutri-
tional and technological properties. However, legumes have been considered causative agents
of allergic reactions through ingestion. Allergy due to consumption of legume seeds for pri-
mary sensitization or cross-reactions with other legumes is also a major concern due to the
presence of anti-nutritional components. In 2006, Lupin allergy was reported in the literature
and there after the European Union included lupin among the allergens that must mandato-
rily be declared on the foodstuff labels [64]. The main allergens that have been associated with
the sensitization to lupin are a- and £8-conglutins and, to a lesser extent, y- and d-conglutin [65,
66]. Peanut allergy is one of the most common and severe IgE-mediated reactions to food and
is typically lifelong [67]. Lentils and chickpeas have also been reported to cause IgE-mediated
hypersensitivity reactions, particularly in pediatric patients [68]. The major lentil allergen was
identified as Len c 1 (as a 48-kDa vicilin) [69]. So far, no chickpea allergen has been identi-
fied but several IgE-binding bands (10-70 kDa) have been detected by immunoblotting [68].
Total 33 soybean proteins have been identified as allergens (from 7 to 71 kDa) to date [69].
There is need of research to investigate the impact of various treatments in raw legume seeds
like roasted peanuts, lentils, chickpeas and soybeans etc. using a serum pool from sensitized
patients to find out the possible allergy reaction and its possible overcome.

4. Impact of bioactive compounds present in legume seeds on
human health

Several bioactive compounds may exhibit a wide range of beneficial effect on human health
which may contribute to its nutraceutical property.

4.1. Cardiovascular diseases

Legumes help immensely in cholesterol lowering mechanism. There is 22-11% lowering risk
of coronary heart disease and cardiovascular disease associated with legume consumption
[5]. It has been reported that legume seed consumption lowers LDL cholesterol by partially
interrupting the enterohepatic circulation of the bile acids and increasing the cholesterol
saturation by increasing the hepatic secretion of cholesterol [15]. Different types of bioactive
compounds found in legume seeds such as fibers, oligosaccharides, angiotensin converting
enzyme (ACE), vitamins and minerals help in the protection against cardiovascular diseases.
It has been examined that 30% neutral detergent fiber of black gram in diet can reduce choles-
terol level compared to cellulose on binding with bile acids [31].

4.2, Diabetes

Legume seeds play a significant role in the treatment of diabetes. They have high content of
fiber and oligosaccharide which help in maintaining the glycemic level in blood. Low glycemic
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index corresponds to reduce lipid level, insulin and epididymal adipocyte volume in plasma.
Hence legume seeds can be used as an anti-diabetic agent [51, 58].

4.3. Cancer

Legume seeds contain several nutrients and bioactive compounds like fibers, oligosaccharides,
phenolic compounds and antioxidants that show anti-carcinogenic activity. It has been found
that adzuki bean (Vigna angularis) has differentiation/maturation inducing activity for den-
dritic cells and apoptosis inducing activity for human leukemia U937 cell. Hence legume seeds
help in the treatment of different types of cancer [41]. There is a reduced risk of prostrate can-
cer, breast cancer, colon cancer and pancreatic cancer on consumption of legume seeds [41, 57].

4.4. Hepatotoxicity

Legume seeds are healthy food for liver. y-aminobutyric acid (GABA) present in legume seeds
is a potent hepatoprotective agent [5].

4.5. Osteoporosis

Legume seeds being a good source of calcium and protein help to build strong bone and
hence reduces the risk of osteoporosis. Isoflavones daidzein and genistein prevents break-
down of bones [51].

4.6. Postprandial hyperglycemia

Legume seed husks possess potent anti-oxidant and anti-hyperglycemic activity. It may
become an economical natural organic resource for development of functional food/nutra-
ceuticals meant for hyperglycemic individuals. Methanolic extract of seed husk potentially
mitigated development of postprandial hyperglycemic spikes and glycemic load close to
clinically used drug acarbose [52].

4.7. Anti-carcinogenic effects

Various studies have reported results for intakes of pulses and cancer risk; it will be very
difficult, using conventional epidemiological tools, to ascertain the quantitative contribution
made by pulses to cancer risk however the beneficial effects against cancer of specific and
isolated legume components have been carried out since long. Among the potential protective
components against cancer which can be present in pulses are included protease inhibitors,
saponins, phytosterols, isoflavones and phytates [41, 70].

4.8. Weight control and obesity

Dry legumes are claimed to help maintaining a regular body weight, thanks to their great
satiety effect, thus limiting the overall food daily intake. Various seed components have been
claimed to bring about this effect. According to studies, performed with healthy subjects,
showed an increase of the stool weight when they included soybean or pea fibers in the diet
[31, 34]. A specific direct action of grain legume alpha-amylase protein inhibitors has been
considered for its potential use in the prevention and therapy of obesity and diabetes [34].



16

Legume Seed Nutraceutical Research

4.9. Cryptic activity

The bioactivity of peptides which are latent until released from a protein by enzymatic prote-
olysis, are called cryptic activities [71]. Many kinds of bioactive peptides which might prevent
lifestyle-related diseases are released from food proteins after enzymatic digestion. This can
occurs during gastrointestinal digestion, germination, fermentation (the proteolytic systems
of bacteria can contribute to the liberation of bioactive peptides) or food processing. In this
latter case, the wise use of different proteases may bring to the release of different peptides
from the same protein source.

It has often been shown that peptides originating from enzymatic hydrolysis of food proteins
demonstrate biological effects in various test systems, their activity being due to the abil-
ity of inhibiting endogenous enzyme activities or binding to peptide hormone receptors. An
immunostimulating peptide isolated from an enzymatic digest of soybean protein prevented
alopecia induced by cancer chemotherapy [72].

4.10. Hypolipidemic effect

Dyslipidemias are an important risk factor for coronary artery disease. Insulin resistance, a con-
sequence of increased triglyceride and low-density lipoprotein cholesterol (LDL-C) in plasma
and decreased high-density lipoprotein cholesterol (HDL-C), is an important risk factor for
peripheral vascular disease, stroke and coronary artery disease [73]. It has been shown that
long-term feeding with beans decreases cholesterol and low-density lipoprotein (LDL) serum
levels in humans, so it seems likely that it can offer protection against cardiovascular diseases
[74]. The fiber isolated from Phaseolus mungo showed a neutral detergent residue (NDR). It has
significant cholesterol lowering activity and increased bile acid excretion in feces [75].

4.11. Chronic degenerative diseases

Chronic diseases can be defined as disorders which last for a long time and progress slowly
such as heart disease, infarcts, cancer, pulmonary diseases and diabetes. These diseases are the
main causes of mortality in the world, accountable for 63% of deaths [76]. Bean consumption
has been related to numerous health benefits, such as a decrease in cholesterol levels and cardiac
diseases. Beans also offer some protection against cancer, diabetes and obesity, because of their
antioxidant, antimutagenic and antiproliferative properties.

4.12. Anti-inflammatory agent

BBI proteases from legume crops achieved investigational new drug status by the FDA due to
their health-promoting benefits in a denatured form [77]. Since then numerous reports have
been published on the potential health-promoting benefits of protease inhibitors, such as their
potential use as an anti-inflammatory agent.

4.13. Hypertension

ACE causes high blood pressure by converting the biologically inactive angiotensin I to the
potent vasoconstrictor angiotensin II, and also inactivates the vasodilator bradykinin [78].
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Angiotensin I-converting enzyme (ACE) inhibitor peptides have been isolated from various
legumes and has proven to be effective in the prevention and treatment of hypertension.

4.14. Glycemic control and diabetes

Clinical studies consistently show that when replacing other carbohydrate-rich foods, bean
reduces postprandial glucose elevations in both diabetic and nondiabetic participants [34].
When comparing extreme quintiles, bean (a category that excludes peanuts and soy products)
intake was associated with a significant decreased risk of developing diabetes and bean con-
sumption may decrease CVD as well as other diseases by reducing inflammation.

4.15. Mortality

Bean consumption has been associated with reduced risk of mortality. Legume intake ranged
from 85 g/d in Japan and Greece to a low of only 14 g/d in some segments of the Australian
population, legumes were the only foods associated with a reduced risk of mortality [79].

5. Conclusions

Legume seeds are nutritious food for the people around the world as it is known to produce
richer quality of proteins (around 20-40% protein) than cereals. Apart from protein, it is also
composed of carbohydrates, fiber, amino acids, micronutrients including several vitamins
and minerals. Legumes are also well known for the presence of different bioactive compounds
such as saponins, tannins, flavonoids, isoflavones, lectins, phytic acid etc. which is important
for its nutraceutical property and provides beneficial effects on human health as well as helps
in the prevention or treatment of certain diseases such as cardiovascular diseases, diabetes,
digestive tract diseases, overweight, obesity, cancer, etc. There are many more underutilized
food legume seeds that may be a potential source of nutraceutical food. The importance of
legumes in human diet is expected to increase in the near future in order to meet the demand
for protein and other nutrients in the increasing world population and also to reduce the risk
related to animal food source consumption.
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Abstract

Data from Food and Agriculture Organization indicate the worrying scenario of severe
food insecurity in the world and the contrasting high prevalence of obesity (13% of the
world adult population) in both developing and developed countries. Sustainable agri-
culture systems with increased inclusion of grain legume species and the boosting of
public awareness about legume importance on diet should be a priority issue to eradicate
malnutrition and promote public health. However, grain legume production and con-
sumption are in constant state of decline, especially in the European Union. Assigned as
the “poor man’s meat”, “promoters of flatulence”, or incorrectly classified as “starchy
foods”, grain legumes have a negative image in modern societies. In fact, legumes repre-
sent an important source of protein, fiber, vitamins (e.g. folate) and minerals (e.g. mag-
nesium). Moreover, legumes are rich in bioactive compounds (e.g. phenolic compounds,
protease and a-amylase inhibitors) acting as a “double-edged sword” in human health.
They may impair nutrients availability exerting at the same time beneficial biological
activities in lipid profile, inflammation, glycaemia and weight. The present chapter is
focused on the advantages of a legume-rich diet for health promotion at a global scale,
reviewing legume nutritional and bioactive compounds, with particular emphasis on
common bean.
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1. Introduction

Grain legumes have been neglected, regardless of their potential to ensure nutrition and food
security. Nutritionally rich in protein, fiber, carbohydrates, vitamins and minerals, grain
legumes are key dietary components to eradicate hunger, as well as, malnutrition [1].

The ignorance regarding grain legume nutritional composition and food preparation tech-
niques, allied with the negative image of legumes in modern societies, contributes to decrease
legumes’ consumption. Besides nutrients, legumes are also a rich source of bioactive com-
pounds which can act as a “double-edged sword”, since they can impair nutrients” bioavail-
ability (as anti-nutritional factors), acting simultaneously, as health promoting compounds
in the prevention of non-communicable diseases (e.g. cardiovascular diseases, inflammatory
diseases and cancer) [2]. In order to balance negative and positive effects of these bioactive
compounds, crops diversity should be preserved and characterized to give valid information
to breeders and molecular biologists, who can manipulate the levels of these compounds
through the selection of interesting varieties.

The present chapter aims to give a general overview of the current state of the art of grain
legume production, consumption and impact on world food security. It also shows the nutri-
tional value and the bioactive composition considering some in vitro, in vivo and epidemio-
logical studies conducted to analyze the potential health benefits associated with legumes
consumption.

2. Legumes diversity

Legumes are dicotyledons plants, which belong to Leguminosae or Fabaceae family, with edible
seeds developed in pods. By definition, it includes the fresh legumes, pulses and the seeds with
high fat content (e.g. soybeans and peanuts). Pulses, also known as grain legumes, refer only to
the dried seeds with virtually no fat, which excludes the fresh legumes, soybeans and peanuts.
Common bean (Phaseolus vulgaris L.), pea (Pisum sativum L.), faba beans (Vicia faba L.), chickpea
(Cicer arietinum L.), lentils (Lens culinaris L.) and grass pea (Lathyrus sativus L.) are examples of
legumes well-adapted to several regions of the world, from semi-arid, subtropical to temperate
areas.

The wild form of P. vulgaris is originally from Mesoamerica (which extends from northern
Mexico to Colombia). Since its expansion, two independent domestication centers were
formed in Mesoamerica and Andes (from southern Peru to northwestern Argentina) [3].

In Europe, particularly in Portugal [4], Spain, Italy and central-northern Europe, common
bean germplasm derives mostly from the Andean domestication center (67%) and in the
Eastern Europe, there is a higher predominance of the Mesoamerican type [3].

Despite the large genetic diversity in grain legume seeds held in gene banks, the genetic
resources are not intensively used in breeding programs. Preservation, characterization and
evaluation of the genetic variability, in what concerns agronomic performance and quality
traits, is a useful approach to ensure in situ conservation and future breeding programs to
cope with consumers” demands and environmental challenges [5].
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3. Legumes production and consumption

Diversifying agriculture, instead of adopting an intensive specialized production system, is
one of the goals to achieve a sustainable development. Grain legumes bring diversity, nutrient
supply and disease control to cropping systems. In opposition to the American continent,
Africa, Asia and Oceania, in the European Union, common bean production decreased drasti-
cally (-80.42%) between 1961 (817,000 tonnes) and 2013 (160,000 tonnes) [6]. During this period
of time, there was a shift in land use toward an intensive cereals production [6], which contrib-
uted to the Europeans’ dependence in imported grain legumes, compromising sustainability
of the actual food farming system. Parallel to the decrease in common bean production data
from FAOSTAT, relative to food balance, also indicate, in European Union (EU), a dramatic
decrease on its consumption from 1.5 kg/capita/ year (1961) to 0.78 kg/capita/year (2013) [6].

Several factors related to crop productivity, government policies and consumers’ preferences
can explain the reduced investment of European farmers in grain legumes production. The
promotion of breeding programs to increase genetic diversity and the development of more
attractive varieties adapted to the local growing conditions and to the consumers’ demands
(high quality varieties) must be pursued.

3.1. Food security

The Food and Agriculture Organization (FAO) of the United Nations declared 2016 as the
International year of Pulses focusing on hunger and malnutrition eradication [7]. According
to the second sustainable development goal of FAO, by 2030, countries should “end hunger”,
adopt sustainable agriculture systems and provide food security to all population [8]. Several
factors can affect food security worldwide: extreme weather events (e.g. droughts, floods
and hurricanes), conflicts with violence affecting rural areas and economic recessions with
increased unemployment [8]. Worrying data from FAO indicate that, in 2016, 815 million
people suffer from chronic food deprivation and around 698 million people from severe food
insecurity [8].

To avoid the financial pressure of malnutrition on health care systems and the economic
burden of the co-morbidities related with malnutrition, governments should support sustain-
able agriculture practices with inclusion of legumes in cropping systems and subsidies to
small farmers, especially in low- and middle-income countries dependent on agriculture [9].
Nutritional initiatives to eradicate malnutrition and protein deficiency should include public
awareness about inclusion of vegetable protein in daily diet [8].

4. Nutritional value

Legumes are within the food items with a high nutrient value (330 + 217 kcal/100 g) for a low
cost value (0.26 + 0.22 $/serving) [10].

Grain legumes are distinguished as a rich source of vegetable protein, soluble and insoluble
fiber, resistant starch, micronutrients (minerals and vitamins) and several bioactive com-
pounds [11]. When complemented with the cereals’ protein, grain legumes can be consumed
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as a sustainable alternative to animal protein. Despite of the American Cancer Society, the
Centers for Disease Control and Prevention and the US Dietary guidelines who classify beans
as vegetables, many consumers continue to associate grain legumes to starchy foods, like rice,
pasta and tubers [12]. The major differences between legumes and starchy food (cereals) are
related with macro- and micronutrients composition.

4.1. Macronutrients

The macronutrients should be provided by diet in large amounts to supply the energy and
the molecular units that sustain the basal metabolism, physical activity, growth, pregnancy
and lactation. The carbohydrates’ contribution to total food energy is higher in cereals than
in beans and there is an inverse situation for the protein contribution, with beans showing
higher protein content than cereals [13].

4.1.1. Protein

In legumes, proteins are stored in the parenchyma cells of cotyledons and are classified
according to their solubility in different solvents as albumins, water extractable, globulins,
extractable in salt solutions, prolamins, extractable in aqueous alcohol and glutelins extract-
able in weak acid/alkaline solutions. In common bean, globulins are the most predominant
fraction of storage proteins (54-79%), followed by albumins (12-30%), glutelins (20-30%) and
prolamins (2—4%). The most abundant globulin in common bean is the phaseolin (40-50% of
the total globulins) [14].

The structural units of the proteins known as amino acids can be classified as essential and
non-essential. The essential ones must be necessarily provided by diet. If some of the eight
essential amino acids is lacking, the missing one is named as a “limiting amino acid”. In
legumes, the limiting amino acids are sulfur-containing amino acids (methionine and cyste-
ine) and in cereals lysine is the limiting one. In order to increase the protein quality of legumes
and cereals, both food items must be combined in a daily diet to provide all the essential
amino acids and to prevent protein malnutrition [15].

The presence of anti-nutritional factors (trypsin inhibitors, phytic acid and tannins) in grain
legumes, detailed below in this chapter, and the processing method used before consumption
can influence protein digestibility and protein quality [16].

4.1.1.1. Legume proteins as potential allergens

As a rich protein source, legumes may cause allergenic reactions. More than 90% of the food
allergies are caused by proteins of vegetable and animal origin [17]. Genetic factors and expo-
sure to new allergenic food products, early in life, can explain the immune response of some
individuals to one or more food proteins [18].

In developed countries, more than 6% of the children and around 4% of the adults have food
allergies [19]. In developing countries and emerging economies (e.g. Brazil, China and India),
the prevalence of food allergies is misreported and under-diagnosed [20].

The food allergy induced by legumes is an IgE immune reaction, characterized by activa-
tion of Th2-type lymphocytes [21]. In sensitized individuals, mild (cutaneous rash, diarrhea,
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vomiting, abdominal pain, hypotension, arrhythmia, repetitive cough, tongue swelling,
angioedema, rhinitis and asthma) to severe threatening-life symptoms can occur. The most
severe reactions, rarely reported with pulses, include anaphylaxis and death [17].

Since legumes share common antigen determinants (epitopes) with other plants, the risk of an
allergenic reaction, in sensitized individuals, increases if cross-reactive foods were not elimi-
nated from diet/environment. For example, pea and common beans have cross-reactivity with
pollens of Olea europaea, Lolium perenne and Betula alba [22]. In kidney bean, the major aller-
gens were identified as defense proteins against biotic stress (lectin and a-amylase inhibitor),
storage proteins (phaseolin) and stress tolerant proteins (late embryogenesis abundant (LEA)
protein). These proteins also showed cross-reactivity with other legumes such as peanut and
pigeon pea [18].

To prevent the development of food allergies, the pediatric nutrition authorities recommend
exclusive breastfeeding until 6 months of age. Legumes and protein-rich foods (e.g. meat, egg,
milk and yoghurt) should be only introduced at the age of 6-8 months [23]. At the agriculture
level, promising strategies involving the breeding of crop varieties with reduced content of
allergenic proteins are being put into action. Nevertheless, the development of such crops
represents a challenge for farmers, who need to deal with compromised plant feasibility [24]
and does not represent the appropriate strategy for consumers with severe allergies, since
immune reactivity to legumes may occur, even with minimum quantity of allergens. In these
patients, the clinical approach to manage allergies should focus on the patients” awareness of
a list of food items that must be avoided, and on a personalized nutritional intervention with
indication of nutritive food alternatives.

4.1.2. Carbohydrates

Legume carbohydrates include starch, fiber and oligosaccharides.

4.1.2.1. Starch

Starch represents the main carbohydrate reserve (22-45% of total carbohydrates) in legume
seeds and is used by the plant as a source of glucose and energy [25]. Chemically, it is
composed by two types of polymers: the amylose and the amylopectin. Amylopectin is a
highly branched polymer characterized by a linear chain of glucose moieties linked by a-1,4-
glycosidic bonds with several smaller glucose chains at a-1,6 positions. Amylose is a long
unbranched linear chain of a-1,4-glucans. A comparative study of the starch structure of a
legume (e.g. chickpea) and a cereal (e.g. wheat) revealed the higher content of amylose in
chickpea’s starch [26]. Starches with high amylose content have low glycemic index and there-
fore can be more adequate to type 2 diabetes mellitus populations [27].

4.1.2.2. Dietary fiber

Dietary fiber include the total non-starch polysaccharide (NSP), divided into soluble and
insoluble NSP, resistant starch and fructooligosaccharides. Soluble fiber is defined as the fer-
mentable fiber with prebiotic action. The insoluble fiber is poorly fermented and has a bulking
function in colon [28]. Compared with cooked corn, cooked beans have higher content of
dietary fiber (2.4/100 g in corn against 6.3-10.4/100 g in cooked beans) [13].
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Besides total dietary fiber, legumes are also a rich source of resistant starch, which is defined
as a portion of starch that passes through the duodenum and jejunum without being digested
[28]. In colon, resistant starch is fermented, by the local microbiota, into several products,
including short-chain fatty acids (acetate, propionate and butyrate), which are responsible to
maintain gut integrity, improve intestinal microflora, reinforce immune system preventing
intestinal colonization by pathogens, improve blood lipid profile by reducing plasma triglyc-
erides and LDL cholesterol, control satiety by increasing the secretion of satiety hormones
and contribute to prevent several diseases from allergies and autoimmune diseases to bowel
cancer [29, 30]. Legumes show higher levels of resistant starch (e.g. 4.3% in kidney beans) than
cereals (e.g. 1.4% in rice) and tubers (e.g. 1.8% in potato) in a dry weight basis [31].

4.1.2.3. Fructooligosaccharides

Grain legumes are particularly rich in oligosaccharides such as raffinose, stachyose and ver-
bascose, which are likely to be fermented by colonic bacteria. As a consequence of bacterial
fermentation, rectal gas is produced, which may be responsible for abdominal discomfort,
bloating and flatulence. Since individual gas production is dependent on the individual
microflora composition and consumption habits, beans are not necessarily responsible for
increased flatulence [32].

Similarly to resistant starch, the colonic fermentation of oligosaccharides is also responsible
for the production of short-chain fatty acids, acetate, propionate and butyrate, related to sev-
eral health benefits [33]. To control the flatulence and reduce the content of oligosaccharides
in legumes, many populations, especially in Asia and Africa, consume fermented legumes as
an interesting nutritive food alternative [34].

4.1.3. Lipids

Lipids represent 2-21% of the macronutrients present in legumes [35]. The content in the
different fatty acids is quite variable among the different legume species. By increasing order
of the monounsaturated fatty acid (oleic acid) content, common bean has the low amount
(5.1-17.2%) followed by lentils (23.5-39.6%), faba beans (25.2-32.4%), peas (26.3-36%) and
chickpeas (31.4-34.8%) [36]. However, common beans are particularly rich in polyunsatu-
rated fatty acids (PUFAS), 48.4-68.7% of the lipid content, revealing an higher content of
linolenic acid (9,12,15-(Z,Z,Z)-octadecatrienoic acid or C18:3, n-3) than linoleic acid (9,12-(Z,Z2)-
octadecadienoic acid or C18:2, n-6), ratio n6/n3 between 0.5 and 0.9, which is an indication of
the common beans’ protective effect against degenerative diseases, such as cardiovascular
diseases and inflammatory diseases [36, 37].

4.2. Micronutrients

Contrarily to macronutrients, micronutrients are required, by human body, in small amounts
performing crucial physiological roles (e.g. metabolism, hormone and enzyme synthesis, immune
homeostasis and cell division). Legumes are particularly rich in B-complex vitamins, folate, vita-
min E and minerals such as iron, calcium, phosphorus, magnesium, potassium, zinc, copper and
selenium [38]. In low- and middle-income countries, highly dependent on legume proteins, the
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malnutrition by iron deficiency is one of the major worrying public health issues [8]. Although
the iron content of a vegetarian diet may be equal to the iron content of a mixed diet, in a non-
vegetarian diet, with red meat, the heme iron, mostly present in the form of hemoglobin and
myoglobin (10-12% of the total iron) [39] can be absorbed at a rate of 5-35% in the gut. However,
in a vegetarian diet (rich in legumes, vegetables and cereals) where the main form of iron is the
nonheme, the intestinal absorption decreases to 2-10% [40].

In countries where legumes are staple food products, consumption of biofortified legumes
with iron and other micronutrients, such as zinc, with sources of vitamin C can be a solution
for micronutrient malnutrition. The fortification of bean varieties with iron is currently a com-
mon practice in several countries, such as Rwanda, Uganda, Democratic Republic of Congo
and Brazil, in order to control women and childhood iron deficiencies [41].

5. Bioactive compounds

Additional to the nutritional value of legumes in human health, legumes are also a rich source
of several minor bioactive compounds (e.g. lectins, enzymatic inhibitors, saponins, phytates,
oligosaccharides, sterols and phenolic compounds), whose presence has been linked to sev-
eral nutraceutical properties [42].

5.1. Lectins

Lectins are proteins, globulins, accumulated in the cotyledons” vacuoles, with at least one
non-catalytic domain which bind reversibly to carbohydrates or glycoproteins [43].

Many lectins present in raw or under-cooked beans are resistant to acidic and enzymatic
proteolysis being absorbed into the blood stream of the animals. The affinity of some lectins
(phytohemagglutinin) to the red blood cells results in red blood cells agglutination and hemo-
lytic anemia [38]. The levels of lectins are not influenced by the soaking process and cooking
until getting soft beans (60 minutes) seems to be adequate to eliminate lectins’ hemaglutin-
nating activity [44].

In vitro studies with the phytohemagglutinin (PHA) of Phaseolus vulgaris in cancer cell lines,
such as SK-MEL-28, HT-144 and C32 human melanoma, showed the potential of Phaseolus
vulgaris’ lectin in inhibiting cancer cells [45]. In vivo studies with mice pre-treated with 0.2 g of
PHA/kg, before starting oral 5-fluorouracyl (FU) revealed higher survival of intestinal epithe-
lium functional cells than mice not pre-treated with lectin [46].

5.2. Phaseolin and small bioactive peptides

Phaseolin is a trimeric glycoprotein, highly resistant to in vitro and in vivo digestion, as a con-
sequence of the compact structure given by the high percentage of -strands, high glycosyl-
ation pattern and hydrophobicity. Heat treatment promotes structural changes in the tertiary
and quaternary structures of the protein, increasing susceptibility to enzymatic proteolysis
and digestibility [47]. Depending on the molecular weight of phaseolin subunits, phaseolin
can be classified as S (Sanilac), T (Tendergreen) and I (Inca) [48].
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The small peptides obtained from phaseolin hydrolysis have potential antioxidant and iron
chelating activities. After hydrolysis, the phaseolin chelating activity increases highly, from
18%, before hydrolysis, to more than 81% after the hydrolytic treatment [49].

Besides the antioxidant activity, the common bean’s bioactive peptides have also anti-hyper-
tensive, through angiotensin-converting enzyme (ACE) inhibition, hypoglycemic, through
a-amylase, a-glucosidase and dipeptidyl peptidase-IV (DPP-IV) inhibition and anti-carcino-
genic properties, through cell apoptosis induction [50, 51].

5.3. Protease inhibitors

Serine protease inhibitors are traditionally divided into two families: the Kunitz trypsin
inhibitors and the Bowman-Birk trypsin/chymotrypsin inhibitors. The Kunitz trypsin inhibi-
tor is predominantly found in soybeans and the Bowman-Birk family is widely present in
legume seeds. The Protease inhibitors of common bean (Phaseolus vulgaris) are included in the
Bowman-Birk family [52]. Similar to the lectins, protease inhibitors protect plant from insects
and predators and also protect the seed against fungi and microorganisms after harvesting,
extending seeds’ shelf life [53].

Protease inhibitors of raw or barely cooked legumes resist to the acidic pH of stomach and
to the proteolytic enzymes (pepsin) and reach to the duodenum, interfering with digestion
through irreversible inhibition of trypsin and chymotrypsin. Since, in duodenum, protease
levels are reduced, protein digestibility is compromised and the absorption of amino acids
decreases [54]. Despite the negative impact in serine proteases, the denaturated protease
inhibitors have several health-promoting benefits in human health, mostly as anti-inflam-
matory and anti-carcinogenic compounds in in vitro and in vivo models [55]. Until now the
molecular mechanism underlying Bowman-Birk inhibition in colorectal chemoprevention
remains unknown [56].

5.4. a-Amylase inhibitors

The a-amylase inhibitors are mostly found in the embryonic axes and cotyledons of the seed
as a defensive strategy against predators. These inhibitors prevent starch digestion by block-
ing the active site of the a-amylase enzyme [57]. The traditional cooking process at 100°C
during 10 minutes inactivates a-amylase inhibitors [57]. Several clinical studies with humans,
conducted to characterize the effect of a-amylase inhibitor from raw white beans in weight
loss and blood glucose levels, clearly showed the potential of a concentrated extract of white
bean, with 3000 a-amylase inhibiting units per gram (before meals with carbohydrates) in
reducing body weight, body mass index (BMI), fat mass, waist/hip circumferences, systolic/
diastolic blood pressure, triglycerides and post-prandial spikes in blood sugar, maintaining
the lean body mass [58, 59].

5.5. Phytosterols

Phytosterols include plant sterols and stanols. Plant sterols are the most predominant sterols
in plants, corresponding to unsaturated compounds with a double bond in the sterol ring.
[-sitosterol, campesterol and stigmasterol are examples of sterols. Stanols represent only 10%
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of the total dietary phytosterols and are distinguished from sterols based on the absence of
double bonds on the sterol ring (saturated molecules) [60].

Since humans cannot synthesize phytosterols, it must be achieved through the consumption
of cereals, legumes, vegetables, fruits and nuts. In legumes, the sterols content is quite variable
ranging from 134 mg/100 g, in kidney beans, to 242 mg/100 g, in peas [61]. Common bean
show high levels of stigmasterol, 86.2 mg/100 g and 41.4 mg/100 g, in butter and kidney beans,
respectively [61]. Dietary phytosterols intake normally ranges between 78 and 500 mg/day
[62]. Some negative effects have been related to phytosterols consumption up to 1 year and
include nausea, diarrhea or constipation. However, in vivo studies with rats associate phytos-
terols with several beneficial biological effects including anti-inflammatory and anticarcino-
genic effects [60]. Phytosterols have been extensively studied as compounds with the ability to
decrease cholesterol levels in the gut [42].

5.5.1. Phytates

Phytic acid is accumulated in plant seeds in the form of a salt associated with magnesium,
calcium and copper, during the maturation stage. It represents 60-90% of the total phospho-
rus in the seed [63]. The phytate content in legumes is higher than in cereal-based food items.
For instance, in cooked kidney beans it ranges from 8.3 to 13.4 mg/g dry weight (DW) while
in wheat bread, the levels are considerably low (3.2-7.3 mg/g DW) [64].

Monogastric animals, including poultry and humans are unable to metabolize phytic acid
as a consequence of the lack of the phytase degrading enzymes at gastrointestinal level [65].

The main anti-nutritional effects of phytates result from phytate capacity to chelate miner-
als such as calcium, zinc, copper and magnesium, reducing the minerals bioavailability on
diet [66]. Phytates can also establish non-specific complexes with proteins which are less
prone to digestion by proteolytic enzymes [67]. Processing strategies, such as soaking [68],
germination [69], fermentation [64] and the addition of phytases in animal feed [70] and as
food additives [71] promote dephosphorylation of phytate improving the nutritional value of
legumes. Due to phytate heat-stability, cooking process does not affect phytate content [72].
Despite the anti-nutritional effects, phytates have been related to anti-oxidant effects [73],
anti-carcinogenic activity [74], hypolipidemic [75] and hypoglicemic effects [76].

Regarding the impact of phytate in human health and the dose to ensure beneficial/negative
effects, more studies are required and should be a priority for new research lines.

5.6. Saponins

Chemically referred as triterpene and steroid glycosides, saponins are formed by one or more
carbohydrate units attached to a triterpenoid or steroidal aglycone (sapogenin) [77]. Saponins
are soluble in water and its content is reduced during soaking process [78]. The lowest saponin
content was obtained when beans were only soaked for 6 h [78]. Saponins can be responsible
for a bitter taste and astringency that compromises food intake.

Recognized as anti-nutritional compounds, saponins may reduce nutrients’ bioavailability
and decrease trypsin and chymotrypsin activity [79]. Despite of the anti-nutritional effects,
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saponins have been explored as hypocholesterolemic [80] and hypoglycemic compounds
[81]. Saponins have also been studied for their anticarcinogenic activity, considering in cell
based assays with hepatocellular carcinoma cells (HepG2), fibrosarcoma cells (HT1080),
cervical cancer cells (HeLa), promyelocytic leukemia cells (HL60) and breast cancer cells
(MDA-MB-453) [82].

5.7. Phenolic compounds

Phenolic compounds, in common bean, include a huge diversity of secondary metabolites
(phenolic acids such as hydroxybenzoic and hydroxycinnamic acids, flavonoids and stil-
benes) synthesized from the amino acids phenylalanine or tyrosine, in the phenylpropanoid
pathway. The C6-C1 skeleton of benzoic acids is generated by shortening of the hydroxycin-
namic acids, Figure 1. Flavonoids are characterized by a C6-C3-C6 general structure, formed
by two benzene rings (A and B) linked by a three carbon chain (a heterocyclic ring with an
oxygen, the C ring), Figure 1. Stilbenes have a general structure C6-C2-C6, Figure 1 [83].

Based on the chemical structure, flavonoids can be classified into six different classes, the
flavones, flavanones, flavonols, flavanols, anthocyanins and isoflavones [84]. In Table 1, the
major differences in the chemical structure of compounds included into the different flavo-
noids’ classes are summarized [84].

In dry beans such as common bean, the majority of phenolic compounds are classified as phe-
nolic acids and flavonoids (including proanthocyanidins). The anthocyanins, isoflavones, fla-
vanols and flavonols are mostly located in the seed coat. The cotyledons are particularly rich
in phenolic acids such as the hydroxycinnamic acids (e.g. ferulic and sinapic acids), mostly in
esterified and glycosylated forms [85].

The content of phenolic compounds is quite variable depending on the legumes species,
cultivar, seed’s coat color pattern, maturity, growing location, environmental characteristics,
storage conditions and processing techniques (e.g. boiling, germination and fermentation)
[86]. The dark-colored varieties have higher qualitative and quantitative diversity of pheno-
lic compounds, especially anthocyanins and proanthocyanidins, than lighter varieties [85].
Flavonols such as quercetin and kaempferol glycoside derivatives have been described in
black, pinto, dark red kidney, light red kidney and small red beans collected in the USA [87],
in Mexican black, mottled gray, caffeto and pale beans [88] and in the Italian yellow and black
seed coat beans [89]. Nonglycosylated isoflavones (daidzein and genistein) have been identi-
fied by LC-ESI-QTOFMS in Brazilian black varieties of common bean [90]. The phenolic acids
derived from benzoic and hydroxycinnamic acids have been studied in Mexican varieties of
common beans [88]. The ferulic, sinapic, vanillic and p-hydroxybenzoic acids were the most
abundant phenolic acids in the Mexican varieties, regardless of the seed coats’ color [88].

Stilbene compounds such as resveratrol glucoside was identified and quantified, by mass spec-
trometry, in germinated black beans [91]. The anti-nutritional impact of phenolic compounds
in human health is related to its inhibitory effect in the digestion enzymes (e.g. x-amylase and
pancreatic lipase) [92]. In legumes, particularly rich in tannins, phenolic compounds may also
interact with dietary proteins, promoting proteins’ precipitation or reducing protease (e.g.
pepsin, trypsin and chymotrypsin) accessibility to the hydrophobic sites on the proteins, [93]
which impairs protein digestibility.
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Figure 1. General structure of the most predominant phenolic compounds’ families in common bean (a) p-hydroxybenzoic
acids; (b) hydroxycinnamic acids; (c) flavonoids; (d) stilbenes.

Flavonoids class Chemical structure characteristics Examples

Flavones * Double bond C2-C3 (unsaturated C ring) Apigenin
* Ketone at C4 of the C ring

Flavanones (Dihydroflavones) * Saturated C ring Naringenin
e Ketone at C4 of the C ring

Flavonols * Double bond C2-C3 (unsaturated C ring) Quercetin
e Ketone at C4 of the C ring
* OH- group at C3 of the Cring

Flavanols (Flavan-3-ols or Catechins) ¢ Saturated C ring Catechin
* OH- group at C3 of the C ring Procyanidin Bl
* Ability to form polymers
Anthocyanins e Flavylium cations Cyanidin
* Majority in glycosidic form (sugars attached at ~ Cyanidin-3-glucoside
C3)
Isoflavones * Double bond C2-C3 (unsaturated C ring) Daidzein

* Ketone at C4 of the C ring
* Bring attached to C ring at C3

Table 1. Chemical structure of compounds included into the different flavonoids’ classes.

The negative impact of phenolic compounds in nutrients’ digestibility can be glimpsed as a
potential property of legumes to manage body weight and prevent obesity [93]. The health
benefits of phenolic compounds are dependent on phenolic compounds’ absorption and
metabolism, which is influenced by several factors related to phenolic compounds’ structure,
molecular size, solubility, concentration in food, degree of glycosylation, phenolic compounds
interaction and phenolic compounds matrix binding interaction, cell wall structure, as well
as, by individual factors such as enzyme activity, intestinal transit time, genetics, gender, age,
microflora composition and gastrointestinal pathologies [94]. The cluster of mentioned factors
indicates that the most concentrated compounds are not necessarily the most bioavailable, in
fact regardless of the abundance, most of the hydroxycinnamic acids are in the esterified form
which compromises hydroxycinnamic acids” intestinal absorption and bioavailability [95].

The health-promoting effects of common bean phenolic compounds include the anti-
oxidant [96], anti-inflammatory [97], anti-hyperglycemic [98], anti-hyperlipidemic [99] and
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anti-carcinogenic [100] activities. The molecular mechanisms responsible for such biological
activities need further study. Moreover, long-term clinical studies are required to establish
common beans bioactive compounds’ benefits on human body.

6. Innovative food products

New “ready-to-eat” food products with inclusion of legumes as ingredients have been flood-
ing the market. In the European Union, 3593 new products have been released between 2010
and 2014 [101].

In what regards common bean innovative food products, bean flour has been incorporated
mostly in bakery products and snacks. In Mexico, whole wheat bread has been supplemented
with 0.5% of freeze-dried black bean seed coat extract [102]. In Brazil, common bean flour
has been added to rice flour and sugar in a proportion of 30:70:5%, respectively, to produce
extruded breakfast flakes [103]. In Canada, a new bean snack, similar to pretzels, composed
by 34% of navy bean flour has been developed. In North America, common bean flour has
also been incorporated in other snacks such as potato chips and tortilla chips [104]. In Italy,
biscuits have been prepared with wheat, maize and common bean flour at different propor-
tions (26.7, 32.1, 50.0, 53.6 and 64.3% of bean flour). The biscuits prepared with a bean flour
percentage of 26.7 and 32.1% were accepted with a score similar to the traditional biscuit [105].

The improved quality of the new food products that include legumes as ingredients represent
anew market challenge and a concerted action between research community and food indus-
try with divulgation of the potential health benefits should be mandatory to increase legumes
consumption.

7. Conclusion(s)

The Fabaceae family includes a huge number of species that can bring diversity, nutrient sup-
ply and disease control to cropping systems. In Europe, beans production and consumption
decreased drastically in the last decades. Nutritionally different from starchy foods, legumes
have higher protein, amylose, fiber, folate and minerals contents. Therefore, the inclusion of
legumes in a daily diversified diet is one of the best nutritional strategies to prevent malnutri-
tion. Legumes are also a rich source of bioactive compounds (e.g. enzymatic inhibitors and
phenolic compounds). The content of such compounds in plants is quite variable depending
on the plant genotype and on the environmental and processing conditions. In fact, most of
the anti-nutritional effects can be inactivated toward preparation and processing techniques
(e.g. soaking, peeling, boiling, fermentation and germination). Recent research on the impact
of bioactive compounds on health showed their potential to exert biological actions as anti-
oxidant, anti-inflammatory, anti-hyperlipidemic, anti-hyperglycemic and anti-carcinogenic
compounds.

Future research lines should focus on the characterization of legume genetic diversity, devel-
opment of reliable and quick screening assays of quality-related traits to improve varieties in
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legume breeding programs, update of legume consumption in each country and bioavailabil-
ity studies (including assays regarding the effective doses of bioactive compounds respon-
sible for significant biological actions in clinical studies).
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Abstract

In this chapter, several characteristics of cowpea (Vigna unguiculata), including nutritional
and nutraceutical properties, and economic and social aspects of production were anal-
ysed with the objective to demonstrate that cowpea is a culture suitable for inclusion in
food security programs. Cowpea is rich in diverse nutrients, highlighting high levels of
protein. Cowpea also is rich in nutraceuticals compounds such as dietary fibre, antioxi-
dants and polyunsaturated fatty acids and polyphenols. Widely cultivated and consumed
cowpea is the very important legume for the nutrition and health of millions of people in
many countries. In addition to being nutritious and safe, cowpea has high relative produc-
tivity, production stability and high tolerance to environmental stresses such as drought.
Cowpea also has economic viability, low environmental impact and contributes to the
conservation of natural resources and the sustainability of production systems. Cowpea
is a safe food, always available in most regions, low priced compared to other sources of
protein. Based on the analyses performed, it is possible to infer that cowpea is a strategic
culture for the promotion of food security and health of populations on all continents.

Keywords: diseases prevention, nutraceuticals, nutrition, phytochemicals,
Vigna unguiculata

1. Introduction

At the historic reunion of 1996 in Rome, in World Food Summit of Food and Agriculture
Organization of the United Nations (FAO), food security is met when “all people, at all times
have physical and economic access to sufficient, safe and nutritious food that meets their
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dietary needs and food preferences for an active and healthy life”. Due to its central role in
human development, food security is recognized as a universal human right [1].

Promoting food security is a complex mission with political, economic, environmental,
social and cultural dimensions. For food security to be achieved, the population should have
unrestricted access to a healthy and nutritious diet, which depends on adequate economic
resources and food available in the country, region and communities in which people are
located. The national availability of food for human consumption is a function of the balance
between food grown in the country, import and export of food, reduction of waste and des-
tination of food [2]. At the cultural and sociopolitical level, countries must provide incentives
for advancing locally based and culturally relevant ethnic foods. The critical knowledge and
creativity gained from long-term accumulated traditional knowledge can inform contempo-
rary food science and nutritional and health science to advance more sustainable strategies
based on experiences of diverse ecologies and cultures around the world [3].

The health is directly related with the balanced nutrition. Hippocrates “the father of medi-
cine”, over two millennia ago, mentioned about 400 medicinal plants and uttered the maxim,
“let food be your medicine and let medicine be your food” [4]. Nutraceutical is the hybrid of
‘nutrition” and ‘pharmaceutical’. Nutraceuticals, in broad, are food or part of food playing a
significant role in modifying and maintaining normal physiological function that maintains
healthy human beings [5]. Grain legumes contain numerous phytochemicals useful for their
nutritional or nutraceutical properties [6].

During the last decade, legumes have emerged as an interesting and balanced source of nutri-
ents, being currently widely cultivated and consumed in different parts of the world [7, 8].
Legumes are consumed worldwide as an alternative source of proteins, since they are rich in
amino acids like lysine and tryptophan and they are much cheaper than animal proteins [5].
Legumes are an excellent source of many essential nutrients, including vitamins, minerals,
fibres, antioxidants and other bioactive compounds [9-11], including enzyme inhibitors, lec-
tins, phytates, oligosaccharides and phenolic compounds that play metabolic roles in humans
consuming these foods frequently [12].

The health organizations around the world recommend consuming legumes as part of a
healthy diet, particularly because they have an important role in the control and prevention of
chronic non-communicable diseases (NCDs) such as diabetes, cardiovascular diseases and can-
cer [13-15]. The legumes also favour the control of body weight, since they give greater satiety,
prevent the accumulation of fat at the abdominal level and regulate blood sugar levels [15-17].

Cowpea (Vigna unguiculata [L.] Walp) is grain legume originated in the African continent
with large economic and social importance in the developing world. Cowpea is a food of
major importance for millions of people, especially in less developed countries of the tropics,
being the major source of protein and carbohydrate dietary of the large part of the world
population. Cowpea is not only rich in nutrients, but also nutraceuticals such as dietary fibre,
antioxidants and polyunsaturated fatty acids (PUFA) and polyphenols [18-21].
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Widely consumed in many countries, with excellent nutritional and nutraceutical properties
and several agronomic, environmental and economic advantages, contributing to food secu-
rity and maintenance of environment [22, 23]; cowpea is a strategic culture for the promotion
of food security and health of populations on all continents.

2. Production and food security

2.1. Aspects of production

Cowpea is one of the key food sources in the arid, semi-arid and tropical parts of Asia, Oceania,
southern Europe, Africa, southern United States and Central and South America [24]. Cowpea
is grown as a main legume crop in Africa (Egypt, Nigeria), South America (Colombia, Brazil),
the USA, Mexico, Asia (China, Pakistan and Japan) and in South and Southeast Europe (Spain,
Italy, Portugal, Greece and Cyprus) [25]. It is truly a multifunctional crop, providing food for
man and livestock and serving as a valuable and dependable revenue-generating commodity
for farmers and grain traders [24, 26-27].

According to the data from the Food and Agriculture Organization (FAO) (http://www.
fao.org), approximately 5.8 million tons of dry cowpea cereal is produced annually with a
minimum of 11 million hectares planted all over the world [27], an average productivity of
527 kg ha™. However, due to the low productivity in regions that grow cowpea for subsis-
tence, with low technological level and use of traditional genotypes, this productivity is below
the potential of the crop that is 6000 kg ha™ [28].

Recent studies to evaluate the “adaptability and stability” and the productive performance of
different genotypes (e.g. cultivar, lineage and hybrid) in different environmental conditions
has allowed to obtain dry grain yields close and/or higher than 3000 kg ha™ for various geno-
types [29, 30]. In addition to the positioning of genotypes suitable to crop environments, simple
adjustments in production systems such as determination of planting time, spacing and plant
density, are capable of promoting large productivity increases. Therefore, increased produc-
tivity and economic viability of cowpea is possible in all growing regions, using appropriate
genotypes and improvements in production systems, reducing dependence on external inputs.

Cowpea is an essential component of sustainable cropping systems in the sub-humid trop-
ics and, generally, dry regions across the globe. Cowpea is particularly important as a
rotation crop with cereals. Cowpea can enhance the fertility of the soil with respect to
nitrogen and phosphate, thereby benefiting subsequent cereal crops [23, 24]. Cowpea
has great realization capacity of “biological nitrogen fixation (BNF)”. BNF converts the
atmospheric dinitrogen (N2) into usable nitrogen (N) by plants. BNF occurs in specialized
plant structure called nodules formed by the symbiosis between roots and diazotrophic
bacteria, which confer to leguminous crops the ability to satisfy their own and other plants’
N-source demand [31, 32].
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Cowpea is able to fix N in an amount greater than 100 kg ha™, replacing nitrogen fertiliza-
tion [33], contributes to the low production cost of this culture [34]. BNF has contributed to
the increase in cowpea yield, which along with other technological strategies has led to the
expansion of the culture to news agricultural frontiers, competing as off-season culture with
traditional commodities, such as corn [35]. Besides the fixation of N, the inclusion of cowpea
in the rotation crop systems favours the accumulation of organic matter and greater fixation
of carbon. This accumulation of organic matter contributes to the improvement of soil fertility
and physical characteristics such as water infiltration and retention capacity, soil conservation
and sustainability of production systems.

2.2. A strategic culture for food security

Increasing demands for nutritious, safe and healthy food because of a growing population
and the pledge to maintain biodiversity and other resources pose a major challenge to agri-
culture that is already threatened by changing climate [36]. The access to healthy diet depends
on the availability of nutritious foods at prices compatible with the purchasing power of
populations [2]. Therefore, for a crop to be included in food safety programs, in addition to
being nutritious and safe, it must have high relative productivity, production stability and
high tolerance to environmental stresses (e.g. drought, salt soil, high temperature). They must
also have economic viability, low environmental impact and contribute to the conservation of
natural resources and the sustainability of production systems.

Cowpea is one of the most important edible grain legumes in underdeveloped and devel-
oping countries contributing to food security and maintenance of environment for millions
of small-scale farmers and of the local populations [22, 37-38]. In developed countries,
cowpea is also considered as a healthy alternative to soya bean as consumers look to more
traditional food sources that are low in fat and high in fibre and that have other health
benefits [39].

The availability of food is directly related to the agricultural production policies of each
nation, which defines the agricultural crops that will receive investments in research, devel-
opment of production technologies, financing, as well as the destination of production. This
is especially relevant in case of ethnically and culturally relevant legumes, such as cowpea,
where food support and subsidies in many countries favour a restricted choice of cereal crops
over balanced co-production of legumes [40].

The research investment combined with the wide genetic diversity allowed us to obtain high-
yield productive cowpea genotypes, early maturity and with plant architecture favourable
to the mechanized harvest. These genotypes have greater resistance to the adverse environ-
mental conditions to the cultivar (e.g. dry and temperature variation) and the attack of pests
and diseases. In the last decade, cowpeas have ceased to be a subsistence crop, cultivated
largely by family farmers and have aroused the interest of large farmers. With this, the rela-
tive increase in cowpea production in the first decade of the twenty-first century surpassed
all other pulses’ [41]. Cowpea is truly a multifunctional crop strategic for food security.

' Pulses are defined by the FAO as “limited to crops harvested solely for dry grain, thereby. Pulses exclude vegetable
crops such as green peas and green beans, crops which are used primarily such oil crops (e.g. soybeans) and leguminous
forage crops, such as alfalfa [42].



Cowpea: A Strategic Legume Species for Food Security and Health
http://dx.doi.org/10.5772/intechopen.79006

3. Nutritional properties

Cowpea plays a critical role in the lives of millions of people in the developing world, provid-
ing them a major source of dietary protein that nutritionally complements low-protein cereal
and tuber crop staples [39]. With recognised nutritional value, cowpea can be consumed such
as mature beans (i.e. dried grain), green beans or green pods. The cowpea leaves also can be
consumed as food. Grains, pods and leaves of the cowpea are processed and used as food
ingredient by the food industry [43—46].

The cowpea seeds are eaten boiled, parched, fried, roasted, mixed with sauce or stewed and
consumed directly. Its seeds provide important vitamins, phytonutrients including antioxi-
dants besides carbohydrates, minerals and trace elements. Cowpea due to its nutrients and
functional benefits has also gained industrial importance for being used as a potential ingre-
dient in food formulations [47].

Regarding the need for consumption, nutrients in the human diet can be classified as macro-
nutrients (primary contributors to energy intake, which include total carbohydrate, total fat,
protein and alcohol), micronutrients (minerals, vitamins and dietary fibre), and to include
other food components such as bioactive compounds [48].

The consumption of cowpea supplies most of the macro and micronutrients of the diet.
Chemical composition and nutritional properties of cowpeas vary considerably according to
cultivar. For effective utilization of newly developed cowpea cultivars for human nutrition,
the removal or reduction of antinutrients and evaluation of their nutritional properties are
necessary [49].

3.1. Macronutrients
3.1.1. Protein

The nutritional profile of cowpea grain is similar to that of other pulses with a relatively low
fat content and total protein content that is two- to fourfold higher than cereal and tuber crops
[39]. Under the Harvest Plus initiative funded by the Bill & Melinda Gates Foundation and
others, a systematic breeding program to develop improved cowpea varieties with enhanced
levels of protein and micronutrient contents was initiated in 2003. Approximately, 2000 geno-
types (e.g. cultivars and breeding lines) have been evaluated revealing significant genetic vari-
ability in seed protein contents, with values ranging from 21 to 30.7% [39]. The nutritional
ranking of 30 Brazilian genotypes of cowpea revel protein contents ranging from 17.4 to 28.3%.
[50]. For improved cowpea breeding lines, the protein content can be bigger than 30% [51, 52].

Similar to other pulses, the storage proteins in cowpea seeds are rich in the amino acids lysine and
tryptophan when compared to cereal grains, but low in methionine and cysteine when compared
to animal proteins [39]. Cowpea possess some undesirable properties that are common to other
legume seeds, such as methionine and cysteine deficiency as well as considerable contents of
antinutritional factors like protease inhibitors, lectins, phytic acid, tannins, among others [49, 53].

A protein has a good amino profile when it presents all the essential amino acids (i.e. those that
cannot be synthesised by the body and therefore must be obtained by the diet) in significant
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quantity [54]. Genetic and agronomic factors may influence the amino acid profile of cowpea
[55]. Analyses carried out by Frota et al. [56] and Vasconcelos et al. [57] have shown that cow-
pea presented cysteine and methionine as limiting amino acids, whereas the other essential
amino acids met the recommendations of the amino acid standard of the FAO/WHO [58] for
children (2-5 years). However, other authors have found values of all the essential amino
acids below the recommendation in some cowpea cultivars [59, 60].

Given its nutritional value as well as the reduced environmental impact of the production
systems, intense research efforts must be redirected to the evaluation of nutrients and antinu-
trients of cowpea, its digestibility and development of processing alternatives that may allow
the production of foods with lower impact on human health as well as its potential contri-
bution to human nutrition [7]. Conventional processing methods, such as soaking, boiling,
germination and fermentation, are widely used to decrease the content of these undesirable
components, which results in enhanced acceptability and nutritional quality in addition to
optimal utilisation of this legume as human food [61].

Cowpea protein isolate is an alternative for incorporation into food products [56]. Protein isola-
tion is an alternative for the minimisation of antinutritional factors, improved digestibility and
bioavailability of leguminous amino acids [62]. A mixed food of legumes and cereals, particu-
larly in developing countries, can compensate deficiencies or a low level of lysine and sulphur
amino acids, in cereals and grain legumes, respectively [63]. The utilization of a nutritional qual-
ity index will allow pinpointing the genotypes that gather the largest number of desirable nutri-
tional attributes and then assist in the planning of new crosses in the breeding program [50].

3.1.2. Carbohydrate

Cowpea is one of the main sources of calories for a large segment of world population [18, 57].
Cowpea seeds contain approximately 53-66% carbohydrate, most of which is found in the form
of starch, has high amylose content and C-type starch crystallinity [64—66].

Legumes, such as cowpea, contain a considerable amount of resistant starch (i.e. starch that
resists to digestion by amylase in the small intestine and progresses to the large intestine for fer-
mentation by the gut bacteria) and also have a higher ratio of slow-digestible to rapid-digestible
starch, compared to other carbohydrate foods. Resistant starch is associated with reduced gly-
cemic response, which can be beneficial to insulin-resistant individuals and those with diabetes
[67-69]. Carbohydrates that are digested slowly also result in a low glycemic index (GI) [70].
The consumption of low GI foods could prevent the emergence of several diseases, such as
obesity, diabetes, cardiovascular diseases and even certain cancers [71]. Other important con-
stituents in cowpea seeds are the a-galactosides, with a recognized prebiotic function [72].

3.1.3. Lipids

Recently, cowpea has been stressed on a low fat content, comparatively to other legumes
(chickpea, split pea, lentil, green gram and lupine), which makes it, according to nutritional
guidelines, a legume with potential application in weight restriction diets [7]. The content
and profile of lipids in cowpea seeds, such as other nutrients, vary among genotypes and
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are also influenced by environmental conditions during cultivation. According to Brazilian
Agricultural Research Corporation (EMBRAPA), the content of lipids in cowpea seeds, on
average, is 2% [73]. The nutritional ranking of 30 Brazilian genotypes of cowpea revel lipids
contents range from 1.0 to 1.6% [50]. Frota et al. [74], found lipid content of 2.2% in seed
cowpea BRS-Milénio, a cultivar obtained by genetic improvement, and its fatty acids profile
was 29.4% saturated and 70.7% unsaturated. Igbal et al. [13], on the other hand, obtained
approximately double the lipid content (4.8 g 100 g™) in relation to the cultivar BRS-Milénio
analysed in the study performed by Frota et al. [74].

The triglycerides are the most abundant lipids in the cowpea seeds, corresponding to
41.2% of the total fat. The cowpea seeds lipid profile includes still 25.1% of phospho-
lipids, 10.6% of monoglycerides, 7.9% of free fatty acids, 7.8% of diglycerides, 5.5% of
sterols and 2.6% of hydrocarbons + sterol esters [75, 76]. Of the total fatty acids, most of it
(40.1-78.3%) consists of polyunsaturated fatty acids. Ranging from 20.5 to 67.1%, the pal-
mitic acid is the most abundant fatty acid. The content of linoleic acid can be ranging from
20.8 to 40.3% and of the linolenic acid ranges from 9.6 to 30.9%. In smaller proportion
(2.9-14.0%), the stearic acids complete the profile of fatty acids of the cowpea seeds [7].

3.2. Micronutrients

Micronutrients are organic or inorganic compounds present in small amounts and are not
used for energy, but are nonetheless needed for good health. Nonessential micronutrients
encompass a vast group of unique organic phytochemicals that are not strictly required in the
diet, but when present at sufficient levels are linked to the promotion of good health. Essential
micronutrients in the human diet include 17 minerals and 13 vitamins required at minimum
levels to alleviate nutritional disorders (See [77]).

3.2.1. Vitamin

Cowpea is rich in vitamin A and C and also has appreciable amount of thiamin, riboflavin, nia-
cin, vitamin B6 and pantothenic acid as well as small amount of foliate [78]. Vitamins are indis-
pensable to the maintenance of various functions of physiological importance such as muscle
contractility, nerve function, blood coagulation, digestive processes and acid-base balance [79].

The major vitamins present in cowpea are those belonging to the B complex, being reported
in the following decreasing order: niacin (7.0-40.0 x 10° g kg™) > panthothenic acid (17.0-
22.0x10° g kg™) > thiamine (2.0-17.0 x 102 g kg™) > pyridoxine (2.0-4.0 x 10 g kg™') > folic acid
(1.0-4.0 x 10 g kg™) > riboflavin (1.0-3.0 x 107 g kg™) > biotin(0.2-0.3 x 10 g kg™!) > cobala-
min (traces). Cowpea appears to be a particularly good source of vitamin C, with levels in seeds
ranging from 52.0 to 554.0 x 10 g kg™'. Carotenoids, precursors of vitamin A, are also present in
cowpea contributing to the antioxidant compounds provided by this legume. Lastly, from the
various vitamin E vitamers present in cowpea, é-tocopherol has been observed with the high-
est concentration (15.1-109.7 x 102 g kg™), followed by y-tocopherol (4.3-92.3 x 10-3 g kg™),
and y-tocotrienol (0.7-3.4 x 107 g kg™). The vitamin E composition of cowpea seems to differ
significantly from that of most legumes, where y-tocopherol dominates (reviewed by [7]).

53



54

Legume Seed Nutraceutical Research

3.2.2. Minerals

An appropriate intake of micro minerals is necessary for the human organism to meet its met-
abolic needs, and hence avoid a wide range of associated health problems [80, 81]. Cowpea
is rich in potassium with good amount of calcium, magnesium and phosphorus. It also has
small amount of iron, sodium, zinc, copper, manganese and selenium [78].

The mineral composition of 30 newly developed Brazilian cowpea genotypes obtained by
conventional plant breeding reveals the following contents of minerals in the seeds: iron
61-81 ppm; zinc 27-44 ppm; sodium 84-177 ppm; potassium 9570-12,510 ppm; calcium
290-440 ppm; magnesium 1310-1160 ppm; manganese 17-29 ppm; copper 20-22 ppm [50].

The cowpea seed analysis of 87 lines originated from a set of crosses involving 3 accessions
of the IITA (‘IT97K-1042-3", 'IT99K-216-48-1" and ‘IT97K-499") and accessions adapted for
cultivation in the Brazilian semi-arid tropical areas (‘BRS Tapaihum’, ‘BRS Pujante’ and
‘Canapu’), reveals high variation in minerals values: calcium 420-6260 ppm; iron 42.0-
137.0 ppm; zinc 38.0-55.5 ppm; potassium 21,000-27,000 ppm; sodium 29.2-88.0 ppm [80].
In the analysis of approximately 2000 cowpea genotypes under the Harvest Plus initiative
[39], the typical calcium, iron, zinc and potassium values showed large variations among
genotypes (e.g. calcium ranging from 545 to 1300 ppm and zinc ranging from 23 to 48 ppm).
These analyses reveal that cowpea have high levels of these micronutrients in comparison
with other cultures, and that the variation in the levels of these micronutrients favours the
genetic improvement of the species and the obtaining of more nutritious genotypes [39, 80].

4. Nutraceuticals compounds

Nutraceuticals, in broad, are food or part of food playing a significant role in modifying and
maintaining normal physiological function that maintains healthy human beings [5]. The
food sources used as nutraceuticals are all natural and can be categorized as dietary fibre,
probiotics, prebiotics, polyunsaturated fatty acids, antioxidant vitamins, polyphenols and
other different types of herbal/natural foods [5, 82, 83].

4.1. Dietary fibre

Dietary fibre has been shown to have important health implications in the prevention of
risks of chronic diseases such as cancer, CVD and diabetes mellitus [84]. Dietary fibre can be
soluble or insoluble depending upon solubility in water. Cowpea has high level of dietary
fibre, mainly of insoluble fibre. Water-soluble fibre can form viscous solutions. The insoluble
fibre (i.e. lignin, cellulose and hemicellulose) has high water-holding capacity and acts on
the regulation of the defecation process [12, 13], while that the soluble fibre can contribute
for reducing the postprandial blood glucose and insulin levels, and serum cholesterol [85].

In cowpea flours, (i.e. dehulled, ground and defatted cotyledons) the total dietary fibre (calcu-
lated as % of dry matter) is 14.1+ 0.3, being 1.0 + 0.0% of soluble fibre and 13 + 0.2 of insoluble fibre
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[86]. The dietary fibre composition of 30 newly developed Brazilian cowpea genotypes showed
great genetic variability among the genotypes, with values ranging from 19.5 to 35.6 g 100 g™ [50].

4.2, Probiotics

Probiotics can be defined as live microbial feed supplements that beneficially affect the host
animal by improving its intestinal microbial balance [87]. Food cultures that have such ben-
eficial effects on human health have been termed “probiotic” [88].

Probiotics are associated with fermented foods, latter having a long tradition of acceptability
in communities where they are produced, safe use and the established as well as postulated
claims of health benefits [89, 90]. The probiotic potential of fermented foods, such as cowpea,
sorghum and peanut plant seed extracts have been reported [91].

4.3. Prebiotics

Prebiotics are non-digestible food ingredients that selectively stimulating the growth and/or
activity of one or a limited number of beneficial bacteria in the colon [92, 93]. The prebiotics
resist hydrolysis by digestive enzymes and/or are not absorbed in the upper part of the gas-
trointestinal tract and pass into the large bowel and promote the growth of Bifidobacterium and
Lactobacillus, contributing for the right balance of intestinal bacterial flora and the immune
system. The growth of Bifidobacterium and Lactobacillus to dominate pathogenic organisms
and thus invigorate human health is facilitated by certain oligosaccharides [94, 95]. Cowpea
seeds are rich in a-galactosides (raffinose, stachyose and verbascose) [7, 96], also known as the
raffinose family oligosaccharides (RFOs) [99].

The a-galactosides are beneficial compounds when ingested in amounts up to 3 g day™
However, when consumed in high doses the a-galactosides can cause flatulence and interfer-
ence with the absorption of other nutrients during the digestive process [97]. As RFO act as sub-
strate for intestinal bacteria, they are also considered as prebiotics [98]. The Galactosyl-cyclitols,
present in legume seeds, are considered as important phytochemicals related to disease preven-
tion [99].

4.4. Polyunsaturated fatty acids

Polyunsaturated fatty acids (PUFAs) are also called “essential fatty acids” as these are crucial
to the body’s function and are introduced externally through the diet [100]. PUFAs have
two subdivisions: omega-3- (n-3) fatty acids and omega-6-(n-6) fatty acids. In cowpea, the
bulk of fatty acids consist of polyunsaturated fatty acids that range from 40.1 to 78.3% of
total (reviewed by [7]). This high level of unsaturated fatty acids is a nutritionally desirable
feature [101].

Studies suggest that PUFAs have therapeutic effects in cardiovascular and hypolipidemic dis-
eases. Emerging research evidence shows the benefits of omega-3-oils in other areas of health
including premature infant health, asthma, bipolar and depressive disorders, dysmenorrhea
and diabetes (reviewed by [5]).
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4.5. Antioxidant vitamin

Cowpea appears to be a particularly good source of vitamin C, with levels in seeds and pods
ranging from 52.0 to 554.0 x 10 g kg™ [7]. Carotenoids, precursors of vitamin A, are also pres-
ent in cowpea contributing to the antioxidant compounds provided by this legume. Among
the carotenoids present in cowpea seeds, lutein makes up over 70.0%.Other carotenoids pres-
ent in cowpea are f-carotene, y-carotene and cryptoxanthin [7, 102].

From the various vitamin E vitamers present in cowpea, 6-tocopherol has been observed with
the highest concentration, followed by y-tocopherol -tocotrienol (0.7-3.4 x 10 g kg™ [7]. The
vitamin E composition of cowpea seems to differ significantly from that of most legumes,
where y-tocopherol dominates [103, 104].

4.6. Phenolic compounds

Cowpea is a good source of dietary phenolics mainly phenolic acids, flavonoids and antho-
cyanins and proanthocyanidins. These compounds are reportedly responsible for the antioxi-
dant and other health promoting properties of cowpea [105].

Phenolic compounds (tannins, flavonoids and phenolic acids) are secondary metabolites in
plants and are present in some plant foods [106, 107]. Phenolic compounds are responsible for
various beneficial effects in a multitude of diseases [108]. Phenolic compounds have antioxi-
dant properties and ability to modulate the activity of various enzymes. These phenolics are
also potent inhibitors of a-amylase and a-glucosidase, the two important enzymes involved in
the regulation of glucose homeostasis [109].

5. Conclusion

In the current scenario of population growth, the demand for nutritious and functional, safe,
and healthy food poses a major challenge for producers, which in times of climate change are
enjoined to conserve natural resources, and for the governments of nations in need invest in
the production of crops that can be included in food security programs and contribute to the
health of populations.

With excellent nutritional and nutraceutical properties and several agronomic, environmen-
tal and economic advantages, cowpea is able of contribute to food security, maintenance of
environment and promotion health for populations. This is possible due to the great genetic
variability of the cowpea and the numerous researches to develop new genotypes more pro-
ductive, biofortified, adapted to different environments and production systems. Cowpea is a
much studied culture, which has its composition known, with great value for the food industry.

The use of cowpea as functional food has encouraged the industry and farmers to produce
this legume. Considering the great demand worldwide for consumption, the excellent nutri-
tional and nutraceutical properties, the availability of production technology and the wide
possibility of choice of genotypes for production, cowpea is undoubtedly a strategic legume
specie for food security and health.
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Abstract

Prosopis cineraria (L.) Druce is considered as one of the highly valued plants in the native
system of medicine for many arid and dry areas in the world. Ancient literature for
Arabian Gulf and Indian desert illustrated the important of the plant in treated vari-
ous ailments like asthma, dysentery, leucoderma, leprosy, dyspepsia, earache, etc. The
present chapter review the using of P. cineraria as unconventional legumes that not
well known as a rich and sustainable source of protein for many people in the world. It
emphasis on its broad food and nonfood applications, nutritional values and health ben-
efits. As well as looking at the phytochemical constituent’s content that has been identi-
fied in the various parts of the plant as alkaloid, steroids, alcohol and alkane. The present
paper describes the morphological trait of P. cineraria and identifies the environmental
conditions required for its natural distribution. Historically, this plant has drag attention
for its various uses therefore, it has been considered as the National Tree of the United
Arab Emirates in the Arabian Gulf.

Keywords: Prosopis cineraria, Leguminosae, nutritional value, pharmacological
properties, usage, phytochemicals

1. Introduction

The continuous world population growth, inadequate protein sources, exorbitant cost of
animal protein are considered the main reasons for malnutrition and undernourishment
among people living in many developing countries around the world. To meet the increasing
demand of protein, alternative strategies and unconventional sources of protein for human
and animal nutrition have been considered recently.
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Trees of Prosopis genus, which belongs to the Leguminosae family, are one of the most impor-
tant source of proteins in arid and semi-arid regions. Its capability to stand heat and tolerate
drought, salt, and alkalinity make Prosopis cultivated and distributed in many areas around
the world especially India, America, GCC, and MENA [1]. According to the recent studies,
the species Prosopis cineraria has significant contribution in the farm economy and rural area
development. Undoubtedly, it shares with other Prosopis species numerous characteristics,
uses and effects, i.e., chemical composition, types of phytochemical components, and health
effects. Prosopis cineraria has been valued by different communities and cultures for the versa-
tility of all its parts and named as “the Wonder Tree” or “King of Desert” [2] or “the Golden
Tree of Indian deserts” [3]. The tree parts including leaves, pods, seeds and barks has been
used in many ways as food, i.e., flour, drink, vegetable, and gum. Leaves and pods are used
for ruminant and animal feed. Prosopis cineraria extensively used in traditional medicine to
cure many diseases such as ailments like leprosy, dysentery, asthma, leucoderma, dyspep-
sia and earache [4-6]. Barks are used for non-nutritional purposes, i.e., wood, tanning, fuel,
firewood and charcoal. The Prosopis cineraria has many chemical constituents as alkaloid,
steroids, alcohol and alkane.

Despite its fabulous importance in local culture, there is minimal aware by the developed
communities about P. cineraria as unconventional legumes. Therefore, authors present a
comprehensive chapter about this important tree from all aspects including traditional uses,
biological and phytochemical investigation.

2. Botany

The genus Prosopis L. belongs to Leguminosae family, subfamily Mimosoideae and accom-
modates 44 species of which 40 are native to North and South Americas, three originate in
Asia, and one comes from Africa [7-9]. Trees of Prosopis L. are widespread in Western Asia,
Africa and arid and semi-arid regions in the Americas and Australia.

The species P. cineraria is native to dry and arid regions of Arabia and India [10]. Its main
population is center on the Thar Desert of India and Pakistan, with less dense populations
occur in the Arabian Peninsula, Iran, and Afghanistan [11]. It is considered the national tree
of the United Arab Emirates [12]. P. cineraria is known as Ghaf in Arabic, Khejri in Indian, and
Jand in Pakistan.

P. cineraria is an evergreen, thorny tree, 10-25 m in high. The stem is commonly straight, un-
branched for several meters with a gray roughish, exfoliated bark (Figure 1). The branches
are slender, drooped giving the canopy a rounded appearance with short triangular spines
(36 mm long) between leaves nodes. At the time of no grazing the lower branches can reach
to the ground. Leaves are gray-green, alternate usually divided into two pinnae, each pinna
has 7-14 pairs of oblong, oblique, apex leaflets. The mid-rib nearer the upper edge, is sessile.

Flowers are small, yellow or creamy white, nearly sessile in slender pedunculated axil-
lary spikes 5-13 cm long. Pods are yellow to reddish brown with cylindrical shape and
slightly curved; 10-20 cm long and 0.5-0.8 cm thick. Seeds 10-25, oblong or rhomboidal,
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Figure 1. The tree of Prosopis cineraria, flower, leave and pods.

brown, smooth, with a moderately hard taste [13, 14]. The tap root of P. cineraria penetrates
vertically up to 20 m but can reach water at an extraordinary depth of 53 m or more [15].
Flowering and fruiting period is varied between locations and weather condition and gen-
erally from February to May after the new flush of leaves. The pods are mature almost after
2 months.

3. Environmental conditions

P. cineraria is a xerophytic plant that is well adapted to dry and arid environment. Under the
conditions of drought, the tree produces more flowers and fruits [16]. In areas of its natural
distribution, the annual rainfall ranges between 100 up to 500 mm annually, whereas the
optimum density is confined to areas receiving 350-400 mm [17]. The climate is characterized
by extremes summer temperature varies from about 40-48°C [18]. It can tolerate frost and
withstand low temperature less than 10°C in the winter season.

The tree grows on a variety of soils. It is seen at its best on alluvial soils consisting of various
mixtures of sand and clay [19]. In arid areas, the growth is better in dune lows than in sandy
plains. Good drainage is very essential. P. cineraria can grow under highly saline and alkaline
soils. However, it relatively salt tolerant at seed germination whereas seedling emergence was
found to be reduced to 50% in soil with a salinity of 7.6 dS m™ and a further increase in salt
concentration was detrimental to seed germination [20].

4. Socio economic and ecological importance

P. cineraria is a multipurpose tree that holds an important role in the rural economy in
many arid regions, particularly in the Arabian Gulf and the northwest arid region of Indian
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sub-continent. Historically, the Bedouin and Indian uses all its part in their traditional life-
style [21-23]. It is used as a folk remedy for various diseases and conditions [24].

The unripe pods are used for making curry and pickle. The green pods are consumed as
vegetables. The flour of mature pods is used for cookies preparation and other local dishes.
The leaves and dry pods are annually harvested for cattle and sheep feed, where an adult tree
produce 2-5 kg/year dry pods. A resin occurring naturally on the tree, known as mesquite
gum, is also occasionally eaten by people [25].

P. cineraria as a leguminous tree has importance in improving soil fertility through fixing
atmospheric nitrogen. Litter fall production for P. cineraria and decomposition rate are con-
sidered the highest comparing with other arid trees, and that build up soil organic matter
contents under its canopy, increase soluble calcium and available phosphorus and decrease
soil pH [26, 27]. Therefore, farmers tend to grow field crops under its canopy to boost the
growth and productivity of their crops.

The rounded shape crown provides the shade and shelter for animals and wildlife during
hot season. It is widely used for sand dune stabilization program because of it is deep mass
root system which enable plant not to compete with others for moisture and nutrients [28].
It provides good quality resources of wood for basic construction and fuel for people in the
desert regions.

P. cineraria is one of major bee foraging plant in the Arabian Gulf [29], it supports honey bees
with long and abundant flowering and honey produced is of a good quality.

5. Nutritional value

Numerous people around the world, especially in Africa and Asia, are suffering from protein
deficiency due to lack of protein-rich food. P. cineraria have 16.5-18.25% protein content com-
pared with 25.47% in Acacia nilotica and 38.89% in Acacia senegal [30]. On other hand, legumes
contain 18-35% protein [31], and cereals contain 10-15% protein [32]. Therefore, Prosopis
seeds are considered a potential and cheap source of protein for industrial use, especially
in developing Afro—Asian countries and can be an alternate protein source for solving the
protein-energy-malnutrition problem. The protein content, P. cineraria contains reasonable
amount of ash (5.34%), and fiber (20.93%) [33-35]. Chemical composition of pods is varied
between individual trees that it influenced by a wide range of environmental factors. The
P. cineraria pods have low moisture content (8.55%) that may be advantageous in increasing
of the pods shelf-life, 18% protein, 1.89% oil, 5.34% ash and 20.93% fiber [34]. The P. cineraria
seed contains 10.6% oil, 28.6% of the oil are saturated fatty esters, 68.3% are unsaturated fatty
esters, and 3.1% are methyl hydroxy fatty ester. Moreover, the seed oil is rich in oleic acid
(31.3%) along with linoleic acid (32.1%). Oil and seeds of P. cineraria show an absence of keto,
cyclopropenoid, and epoxy fatty acids or any evidence for the presence of trans-unsaturation
or the presence of conjugation. In addition, the tree leaves have a good source of macro miner-
als as calcium (2.43%), phosphorus (0.16%) and potassium (0.41%). So, it can be used as good
food during the mineral deficient periods [36].
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6. Usage

Besides the ecological value of P. cineraria tree, there are significant utilizations centered on
its use for human food, animal feeds, medical purposes and many other applications. The
multipurpose and added value usages of P. cineraria tree; barks, pods, and leaves; will be
discussed with regards to its health benefits and nutraceutical effects as follow:

6.1. Human nutrition/food application

P. cineraria tree are extensively used as human food in many area especially arid land region
and semi-desert as Arizona, India, California, South America and northwestern Mexico.
There are diverse uses of the P. cineraria tree parts; dried and undried pods, green and dry
leaves, and seeds; in human food. It is interesting to note that studies did not refer to the
presence of cyanogenic or toxic compounds in Prosopis parts as seeds or pods till now [37-39].
The P. cineraria food applications include:

6.1.1. Vegetables

Leguminous Prosopis trees play a great role in feeding human in dry area to prevent protein
and mineral deficiency especially during famine period. In these area, people used to eat
unripe green pods of P. cineraria that selling in their market as vegetables and children eat its
ripe fruits [2, 33, 40, 41]. In addition, green and unripe pods are also used in the preparation
of pickles and curries [3].

6.1.2. Flour

The Prosopis pods consist of three parts, mesocarp (56% of the pod) that grind to produce
flour, endocarp (35%) that discard as waste alongside seeds (9%). People used the flour to
make bread, cake, chapatti by mixing with wheat flour and sweets [40]. The Prosopis flour con-
tains a high level of proteins (62%), dietary fiber (25%) and low content of total carbohydrate
and fat in addition to dominant amounts of free polyphenol and carotenoids compounds as
shown in Table 1 [42]. Prosopis flour is gluten-free, and a premium source of calcium, potas-
sium, magnesium, zinc, and iron, in addition to amino acids such as lysine that is low in
other cereals [11, 43]. Prosopis flour has a unique combination taste that has been variously
described as; sweet or slightly nutty, with a sweet chocolate or coffee flavor, with a pleasant
hint of caramel or molasses, with a hint of cinnamon as it contains many volatile components,
i.e., y-nonalactone, 5,6-dihydro-6-propyl-2H-pyran-2-one, 2,6-dimethylpyrazine, and methyl
salicylate [44]. Therefore, only 10 to 25% flour is generally used in combination with other
flours because above than 25%, the taste becomes too strong for most palate. While, the desir-
able degree of browning for different bakery products was obtained using different adding
concentration, i.e., biscuits (5%), breads (10%), pancakes (15%) and chapatti (50%).

The dried pods are used to make flour after collecting pods directly from the tree or from
pods that have recently fallen to the ground. Sometimes they store the dried pods to provide
food year round. The flour particle size is varied depending on the grinding processing,
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Compounds Prosopis flour Plain white wheat flour
Energy (kcal/100 g) 361 338

Carbohydrate (g/100 g) 69.2 722

Total sugars (g/100 g) 13.0 1.5

Fiber (g/100 g) 47.8 32

Protein (g/100 g) 16.2 9.4

Fat content (g/100 g) 2.12 1.3

Saturated fatty acids (g/100 g) 0.6 0.2

Table 1. Nutritional values of Prosopis flour compared with plain white wheat flour.

e.g., pounded using pestle and mortar produces coarse powder, while using stone grinding
produces a fine powder.

The Prosopis flour assist the diabetic patient through helping maintain a healthy insulin sys-
tem in those people not affected by blood sugar troubles because of two reasons: firstly, the
Prosopis flour requires a longer time to be digested compared with other grains, i.e., it needs
4 to 6 hours compared to 1 to 2 hours needs for wheat flour to be digest. This help to sustains
constant blood sugar over time and prevents hunger. Secondly, the pods contain fructose,
which the body can process without insulin [45].

6.1.3. Syrup and drinks

In many places, the Prosopis species are used to make fermented, non-fermented beverages,
and syrup [46-50]. Nutritious syrup is produced by boiling the clean green pods in water after
breaking them into small pieces. Beans should be simmered for 2 hours with continuous add-
ing a small amount of water to avoid burning. Followed by mashing the pods to release more
of the sweet pulp with simmering for further few minutes. The juice then sieved through
strain and kept in clean containers to be used directly as a drink. Or more sugar can be added
to the juice and boil to produce unique flavor syrup [51].

6.1.4. Gum

In addition to the previous uses, amber colored gum is produced from the P. cineraria tree. This
gum has similar properties to the gum produced from acacia tree [40]. Its exudate gum is lig-
uid, water soluble and slowly hardening. Moreover, this genus is not the only source of gum. A
galactomannan types interesting gum that called vinal gum is produced from P. ruscifolia [52].

6.2. Animal nutrition

P. cineraria is an important feed species under traditional livestock production systems in the
arid regions. Leaves and pods are highly palatable, nutritious and eaten readily by camels,
cattle, sheep and goats.
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The leaves contained 12.1% crude protein, 20.1% crude fiber, 3.2% ether extract and 12.2%
ash [53]. The ripened pods contained 91% dry matter, 13.5% crude protein, 14.3% crude fiber,
1.3% ether extract and 5.2% ash [54]. Feeding P. cineraria to sheep did not cause overt health
problems such as diarrhea or impaction. Though, it is not advisable to use leaves as a sole
feed for animal as it contain 8-10% tannins [55]. Increasing Prosopis tannin in the diet reduce
animal intake, digestibility of nutrients and body weight gain in sheep [54, 56] and goats [57].
In general goat showed superior efficiency in utilizing P. cineraria leaves than that in sheep
[58]. However, feeding Prosopis tannin at 23 and 45 g/kg dry matter in the ration of lambs
and kids can achieve maximum microbial protein synthesis under intensive feeding system.
Beyond this level, Prosopis tannins will have anti-nutritional effects [59].

6.3. Health benefits

Despite the economic importance of Prosopis spp. as food, plants have been used in tradi-
tional medicine to treat various human ailments since ancient history. Prosopis spp. is one of
these plants that possess many medicinal properties and used to cure many diseases. Studies
showed that leaves and seeds were largely used to treat many diseases such as diarrhea,
inflammation, measles, diabetes and prostate disorders [4, 5].

The pods of P. cineraria contain alkaloids (good anesthetic and spasmolytic activity), Saponin
(boost immunity system of the body, lowering the cholesterol level in the body and reduc-
ing the risk of intestinal cancer), and tannins (produce anthelmintic activity). In addition
to the mineral content as zinc (relevant to the nutritional aspect as zinc supplementation in
diabetes mellitus have antioxidant effect), magnesium (important for proper functioning of
every organ like heart, muscle, and kidney), iron (used in anemia, tuberculosis and growth
disorder), calcium and phosphorous (useful for the bone, teeth, and ligament related dis-
order) [17, 60].

Moreover, studies show that the alkaloid mixture of P. cineraria in a dose of 1 mg/kg decreased
the blood pressure and immediate mortality of dogs. In contrast, extensive damage to the
liver, spleen, kidney, lung, and heart was observed on histological examination of mice given
the same alkaloid mixture [61].

6.3.1. Antimicrobial activity

Studies show that the methanolic extract of Prosopis pods has antimicrobial activity against
Candida albicans [62]. And the aqueous and methanolic extracts of stem bark have moderate
antibacterial activity at a dose of 250 pg/ml. In addition to the previous effects, the methanolic
extract shows significant action on all pathogens. This antibacterial activity of Prosopis spp. is
due to the presence of flavonoids and tannins [63].

6.3.2. Antihyperglycemic (antidiabetic) and antioxidant activities

Many researchers illustrated that the bark extract of the P. cineraria have abundant activity
in lowering blood sugar level by 27.3%, in addition, to significant decrease in body weight
(29.6%) in diabetic rats when a dose of 300 mg/Kg mice body weight are given orally in daily
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base for 45 days [6, 64] explained the effect of the Prosopis extracts is due to activate the surviv-
ing of the 3 cells of the islets of langerhans and producing an insulinogenic effect.

6.3.3. Antihypercholesterolemic activity

The 70% hydroalcoholic bark extract dose of 500 mg/Kg BW of albino male New Zealand
white rabbits reduced significantly the serum total cholesterol by 88%, LDL-C by 95%, tri-
glyceride by 59%, VLDL-C by 60% and ischemic indices compared to hypercholesterolemic
control [64-66].

6.3.4. Antitumor activities

A study on P. cineraria illustrated that a dose of 200 and 400 mg/Kg BW of hydroalcoholic
extract of leaves and bark have a significant antitumor activity against Ehrlich ascites carci-
noma tumor model. In addition, the methanolic extract of the P. cineraria leaves shows signifi-
cant radical scavenging activity. This effect is due to the inhibition of cell proliferation even
through inducing the cell death and/or extending the time for cell proliferation [67].

6.3.5. Antidepressant effect

Studies show that aqueous extract of the P. cineraria leaves have a significant antidepressant
effect on mice and a similar effect of the antidepressant drugs. This is due to the presence
of some phytochemicals as saponins, flavonoids, glycosides, alkaloids, and phenolic com-
pounds in these extracts [5].

6.3.6. Toxicity studies

Toxicity effect of 50% Hydroalcoholic extracts of Prosopis (at dose ranged between 50 and
2000 mg/Kg BW) through oral route of rats did not show any significant effects in breathing,
behavior, sensory nervous system responses, cutaneous effects or had any mortality recorded
within 24 h after treatments [6]. Further studies are required to determine the toxicity effects
of the Prosopis extracts that might show adverse effects when consumed because it contains
piperidine alkaloids [68].

6.4. Other uses

These are not the only uses of the P. cineraria tree. The good bark considered a good source of
woods that can be used to make tool handles, boat frames, posts, and houses. While the poor
or bad quality bark can be used as timber [40]. In India; especially in the Punjab region; the
purplish brown bark used as fuel, firewood and used to produce high-quality charcoal. Leaf
galls of P. cineraria tree can be used also for tanning. While, leaves can be used as a source
of compost on the agricultural field and flowers are considered a good source for honey bee
forage. The produced honey is light yellow with pleasant taste and slight aroma and generally
of good quality [69].
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7. Phytochemicals
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There are few studies on the chemistry and bioactive compounds of Prosopis species have
been published recently. Studies referred to the secondary metabolites compounds in plants
that are considered bioactive compounds and has diverse antinutritional and nutraceutical
features. Therefore, it can be potential as a source of bioactive products and used in func-
tional products. Refs. [61, 84-86] mentioned that Prosopis spp. tree generally contains various
phytochemical compounds as tannins, 5-hydroxytryptamine, isorhamnetin-3-diglucoside,
L-arabinose, quercetin, apigenin, and tryptamine. Studies conducted on phytochemical com-
pounds of P. cineraria showed that each part of the plant contains different types of these
compounds (Tables 2 and 3).

Plant part Chemical constituent present Medicinal effect

Flowers Patuletin glycoside patulitrin, luteolin and  -Flowers are known as an anti-diabetic agent.
rutin sitosterol, and spicigerine. -Flowers can be mixed with sugar when administered orally
Flavone derivatives Prosogerin A and prevent miscarriage.

Prosogerin B -It contains Patulitrin3, 5, 6, 3, 4-pentamethoxy-7-hydroxy
flavone which has significant activity against Lewis lung
carcinoma in vivo.

References: [70, 71]

Leaves -Alkaloid: spicigerine -Leaf paste of P. cineraria is applied on boils and blisters,
Steroids: campesterol, cholesterol, including mouth ulcers in livestock and leaf infusion on
sitosterol, stigmasterol, actacosanol open sores on the skin
-Alcohol: octacosanal, triacontane-1-ol -Smoke of the leaves is considered good for eye troubles and
Tricosan-1-o], infections.

-Alkane: hentriacontane, Diisopropyl-10,11- References: (72, 77-80]

dihydroxyicosane-1,20-dioate

References: [6, 72-76]

Seeds Prosogerin C, Prosogerin D, Prosogerin E,
gallic acid, patuletin, patulitrin, luteolin,
and rutin

Pods 3-benzyl-2-hydroxy-urs-12-en-28-oic -Dry pods help in preventing protein calorie malnutrition
acid, maslinic acid-3 glucoside, linoleic and iron calcium deficiency in blood.
acid, pros.ophylhne, ?,5 —oxyb1§-1,3— . References: [3, 64]
benzenediol, 3,4,5-trihydroxycinnamic
acid 2-hydroxyethyl ester and
5,3'4’trihydroxyflavanone 7-glycoside

Barks Hexacosan-25-on-1-0l, a new keto alcohol -Bark used in the treatment of asthma, bronchitis, dysentery,

along with ombuin and a triterpenoid
glycoside.vitamin K1, n-octacosyl acetate,
the long-chain aliphatic acid.

Presence of glucose, rhamnose, sucrose
and starch

leucoderma, leprosy, muscle tremors and piles.
-Different extracts of stem bark possessed a weak
antibacterial activity.

References: [81-83]

Table 2. Phytochemical constituents of the Prosopis cineraria.
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8. Conclusions

P. cineraria is a naturalized constituent of many natural and cultivated ecosystems in the world.
Its value, however, lies not only in its ability to thrive under adverse conditions, but also it pro-
vide wide range of useful product. In this unifying review, it was shown the morphological trait,
ecological and economical importance in addition to the nutritional value and health benefits.

The authors tried to drag the attention toward this significant tree as alternative type for the
traditional legumes and possibility to use it as a source of protein in free-gluten products and
functional foods which can be added value in food product development.

Future efforts are required to be focus on integrated management of P. cineraria in their natu-
ral ecosystem and implement environmental conservation strategies for achieving sustain-
able uses and maintain its benefits to livelihood and coming generation.
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