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      For centuries, humans have considered food only as an “energy” source for survival. Clarification of nutritional relevant components, as protein, fat, carbohydrates, minerals and vitamins, was determinant to understand metabolic needs, and to adjust consumption patterns. However, this oversimplified definition of food resulted in processed foods composed by mixtures of ingredients rich in these components, while diet is increasingly claimed as being responsible for the most common diseases of modern society: cardiovascular diseases, obesity, and cancer.




      When we look upon food from this simplified perspective, it is as if we are regarding food without its “soul”. Indeed, although being difficult to demonstrate causality between food and health, there is now appreciable epidemiologic evidence for the protective role of diets rich in fruits and vegetables, being the Mediterranean diet an interesting example. These foods have thousands of components without nutritional essentiality that have been neglected. The interest on these components has increased tremendously in the last two decades, seeking to identify the dietary bioactive components (i.e., those that have a measurable impact on human health), their amounts, and availability. Simultaneously, it is also becoming clear that each one of these components has different effects and potencies when ingested alone or when taking its part in the complex network of molecules present in whole foods. These are amazing days for food scientists because we are closer to understand these bioactive compounds, while the consumer is following closely scientific advances, being increasingly interested in the health properties of foods.




      The editors took an enormous and successful effort to assemble a huge variety of knowledge on different natural bioactive components in foods, bringing together experts working of different fields of food composition and health. Following a first volume on fruits, this second volume was written to provide readers with a comprehensive review of bioactive constituents in several legumes, nuts, seeds and cereals, from the most traditional ones, as rice or tomatoes, to emerging potentials in modern nutrition, as quinoa or coffee residues. This assembled knowledge allows the reader to get acquainted with the most promising bioactive compounds in different foods, understand the care needed to preserve their bioactivity during storage or processing, while revealing also the hidden bioactive potential of commonly rejected parts, as shells or seeds.




      Therefore, this book is designed for food scientists, nutritionists, pharmaceuticals, physicians, food industrials, as well as for health-conscious consumers.
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      Plants have been widely used as food and medicines, since they provide, not only essential nutrients required for human life, but also other bioactive compounds which play important roles in health promotion and disease prevention, commonly known as phytochemicals. Moreover, in the recent years, the impact of lifestyle and dietary choices for human health has increased the interest in fruits and vegetables, as well as in foods enriched with bioactive compounds and nutraceuticals. In fact, epidemiological studies have consistently shown that the Mediterranean diet, characterized by the daily consumption of fruits and vegetables, is strongly associated with reduced risk of developing a wide range of chronic diseases, such as cancer, diabetes, neurodegenerative and cardiovascular diseases.




      Phytochemicals are secondary metabolites present in fruits and vegetables in low concentrations that have been hypothesized to reduce the risk of several pathological conditions. There are thousands of dietary phytochemicals, namely flavonoids, phenolic acids, glucosinolates, terpenes, alkaloids, between many other classes of compounds, which present different bioactivities, such as antioxidant, antimutagenic, anticarcinogenic, antimicrobial, anti-inflammatory, hypocholesterolemic, hypoglycemic and other clinically relevant activities. The evidence suggests that the health benefits of fruits and vegetables consumption are attributed to the additive and synergistic interactions between these phytocomponents. Therefore, nutrients and bioactive compounds present in fruits and vegetables should be preferred instead of unnatural and expensive dietary supplements.




      In this ebook, we provide an overview about the different classes of phytochemicals commonly found in fruits and vegetables, highlighting their chemical structures, occurrence in fruits and vegetables, biological importance and mechanisms of action. Volume 2 is dedicated to the study of several legumes, nuts, seeds and cereals.
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      Abstract




      Legumes are a wide group of plants worldwide cultivated by the high nutritional quality of their seeds containing fibre, proteins, resistant starch, minerals and vitamins. The milk obtained from seeds of some legumes, mainly soybean, is used to obtain fermented products currently widely consumed as probiotics. Moreover, legumes are considered as nutraceuticals since they contain bioactive peptides (BAPs) and many phytochemicals endowed with useful biological activities. Legume BAPs have antioxidant, antihypertensive, hypocholesterolemic and antithrombotic activities. Flavonoids and particularly isoflavones have beneficial effects in different cancer types, have been related with lower cardiovascular risk and are protective against fatty liver disease, obesity, diabetes and other metabolic disorders.




      Hydrophilic phytochemicals, such as ascorbic acid (vitamin C), phenolic acids and polyphenols, have been associated with a reduction of cancer risk and an enhancement of the immune system functionality. Lipophilic phytonutrients, such as carotenoids and tocopherols, may prevent the risk of cardiovascular diseases. In this chapter we revise the recent works focusing on legume bioactive compounds and human health prevention.
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      INTRODUCTION




      The term ‘legumes’ refers to a wide group of angiospermal plants worldwide distributed that are able to grow in diverse aquatic and terrestrial environments, under different edapho-climatic conditions. Legumes seeds (or pulses) constitute the main source of vegetal protein consumed in the world [1] as green or processed beans and as “milk”, such as soy milk [2]. The most consumed legume worldwide is Glycine max (soy, soybean) which contains the highest quality protein found to date in plants [3] followed by Arachis hypogaea (peanut) and Phaseolus vulgaris (common bean), whose seeds are highly appreciated for their quality proteins [4-6].




      In addition to the high nutritive quality of their proteins the comsumption of peas, beans and chickpea [7-10] has been related with health benefits. Some pulses such as Lens culinaris (lentil), Vicia faba (faba bean), Pisum sativum (pea) and Cicer arietinum (chickpea) are included in the Mediterranean diet, whose benefits for human health are well documented [8, 11-14]. Several reports showed that pulses are functional foods that combat obesity [15], reduce metabolic syndrome risk factors in overweight and obese adults [16] and prevent hypercholestero-lemia, hypertension, diabetes and cardiovascular and renal diseases [17-19].




      Also, fermented derivatives of legumes, mainly those from soybean milk, are traditionally used worldwide as probiotics after fermentation with lactic bacteria, bifidobacteria and/or yeasts [20, 21]. Nevertheless in the last decade other pulses are explored as novel probiotics, such as peanut [22], lupin [23], pigeon pea [24], bambara groundnut [25], mung bean [26]. Even the fermentation of mixed legume milks such as those of peanut and soybean are being investigated [27]. Legumes also contain polysaccharides considered as prebiotic, such as the raffinose family of oligosaccharides present in lupin and soybean seeds [23, 28]. In lentil the polysaccharides with prebiotic potential include those from raffinose-family oligosaccharides, sugar alcohols, fructooligosaccharides, and resistant starch, which varies with the variety and the location [29] and it has been reported that pectic oligosaccharides derived from chickpea (Cicer arietinum) have prebiotic and antioxidant activities [30].




      Legumes are part of the named nutraceutical products due to their benefits for human health mainly based on their bioactive compounds, including BAPs, phenolic compounds, carotenoids, tocopherols and fatty acids, among other phytochemicals [11, 31-37]. Most of legumes have been rarely studied to date, but the interest in the research about their benefits for human health is increasing and in the last years many reports about the nutritional characteristics, chemical composition and antioxidant potential of several underutilized legumes have been published [38-46].




      

        Bioactive Peptides (BAPs)




        The food proteins release peptides of variable size in the intestinal lumen, some of them resistant to further digestion, which in some cases share structural motifs along with endogenous peptides, for example endorphins or exorphins, known to modulate physiological functions [47-49]. BAPs from animal origin (milk, eggs, etc.) have been widely studied, but also from different legumes (soybean, pea, lentil, beans and chickpea) are used to obtain BAPs [50], being lunasin, from soybean, exploited as commercial source of BAPs [36].




        BAPs are peptides encrypted in intact molecules, which are released by different enzymes during gastrointestinal transit or by fermentation or ripening of foods [47, 51]. It has been reported that they have positive effects for the human health such as immunomodulating, antihypertensive, osteoprotective, antilipemic, opiate-like, anti-thrombotic, antioxidative, anticariogenic and antimicrobial [47, 48, 51]. Although these effects have been mainly studied in milk proteins, pulses are also a rich protein source in human diet being their consumption associated with the prevention of different chronic diseases [36].




        The most studied legume BAPs are those from soybean since soy milk and its fermented product are a good source of these peptides [52]. Lunasin, a heat stable soy-derived bioactive peptide with high bioavailability, is composed of 43 amino acid residues with a molecular weight of 5.5 kDa. Lunasin possesses anti-oxidative, anti-inflammatory and anticancerous properties having a role in the regulation of cholesterol biosynthesis [53]. Moreover, in a recent work it has been reported that legumin, the main seed protein of chickpea, was reported to be a source of antioxidant peptides with potential for developing new nutraceuticals and functional foods [54].




        The BAPs of P. vulgaris (common bean), that is worldwide cultivated and considered a nutraceutical food and a good source of protein, have been recently studied in several works. Common bean hydrolysates and peptides have been reported to perform mainly angiotensin I converting enzyme inhibition (ACEI), antioxidant capacity, and antimicrobial and tumor cell inhibition activities [6]. For example BAPs of this legume have ACEI [55] and potential to reduce parameters related to the risk of developing type-2 diabetes (T2D) in vitro [56]. As occurs in the case of lunasin from soybean, the precooking of P. vulgaris (common bean) seeds does not affect the potential bioactivities of protein hydrolysates with pepsin/pancreatin, which include antioxidant activity and inhibition of α-amylase, α-glucosidase, dipeptidyl peptidase-IV (DPP-IV) and angiotensin converting enzyme I (ACE) [57].




        In the last years the BAPs of other legumes are also being studied such as those from Psophocarpus tetragonolobus (winged bean) and Lupinus spp. (lupine) with high ACEI [58, 59], those from Lens culinaris (lentils) with antioxidant and ACEI activities [60], those from Parkia speciosa seeds (stinker bean) with antioxidative and antihypertensive activities [39], those from Vigna unguiculata (cowpea) with hypocholesterolemic activity [61], those from Mucunapruriens with ACEI, antioxidant and antithrombotic capacities [62] and those from Cicer arietinum (chickpea) with antioxidant activity [54, 63].




        Since BAPs are released from food proteins in the human gut, microorganisms can play a crucial role in this process. The human gut microbiome is very complex and depending on its composition, the type of released peptides and their bioactivities can vary. For example, in a recent study it was reported that whereas Bacillus subtilis released peptides from kidney beans (P. vulgaris) with antioxidant activity, Lactobacillus plantarum released peptides with potential antihypertensive activity due to their high γ-aminobutyric acid (GABA) content and ACEI activity [64]. Therefore, the microbial metabolism modulates the type of BAPs released from legume proteins and different fermentation types influence the activity of protein lysates such as those of lentils (Lens culinaris) since water-soluble fractions obtained by liquid state fermentation had higher free amino groups, GABA content, antioxidant and ACEI activities than those obtained by solid state fermentation [60].


      




      

        Isoflavones




        Isoflavones are a type of flavonoids present in legumes which together with phenolic acids and procyanidins constitute the major phenolic compounds [33, 65-67]. The benefits for human health of several phenolic compounds present in legume seeds have been analysed, nevertheless the most studied are the legume flavonoids, particularly soybean and red clover isoflavones, whose potential to protect against different diseases has been widely reported [68].




        The role of isoflavones, particularly those from soybean, and in less extention from red clover [69], to prevent different pathologies has been widely studied, particularly cancer, menopausial symptoms, obesity and different metabolic diseases, and it has been suggested that optimal intakes of soya protein and isoflavones are 15-20g/d and 50-90mg/d, respectively [70]. The bioavailability of isoflavones after their intake is modulated by the gut microbiota and therefore the health effects of dietary phytoestrogens are strongly determined by the intestinal microbiota of each individual [71-73]. Absorption of isoflavones probably occurs in the small intestine which contains bacteria able to hydrolyze conjugated isoflavones, releasing the bioactive aglycones for direct absorption or further metabolism and reconjugation [72-74]. The effectiveness of soy isoflavones may depend on their biotransformation into equol, a metabolite with higher estrogenic activity, which may enhance the therapeutical activity of isoflavones [75, 76] and can regulate the cancer cell viability and the protein synthesis initiation via c-Myc and eIF4G [77]. Some authors have suggested that changing the intestinal microbiota to increase the proportion of equol-producing microorganisms could be a possible strategy for reducing the risk of prostatic cancer [78]. The lactic bacteria can convert isoflavone glucosides into aglycones during soymilk fermentation [79-81] and the complete genomes of some equol-producing lactic bacteria have been recently sequenced [82]. Also it has been reported that strains of Bifidobacterium brevis and Bifidobacterium longum are able to convert diadzein to equol [83]. Therefore currently many studies focus on the possibility to prevent different cancer types throuth different probiotic foods consumption [84] that can be fortified with the addition of physiologically active ingredients [85].




        It has been suggested that through regulation of multiple pathways the isoflavone genistein is a potent inhibitor of angiogenesis, which is considered as a key step in cancer growth, invasion, and metastasis [86], and it decreases the stem-like cell population in breast cancer through Hedgehog pathway [87]. In addition to genistein, daidzein and resveratrol have also anticarcinogenic effects [88]. Since genistein is similar to estradiol-17beta molecules [88] isoflavones having an effect similar than the estrogens with the advantage of avoiding the risks linked to the estrogen treatments [89]. Since these treatments can alleviate “hot flush” in menopausial women [90, 91], it was assumed that soybean and red clover isoflavones have similar effects, but different studies reported contradictory results. Some authors concluded that isoflavones cannot be recommended for the relief of hot flushes [92], whereas others found reductions on hot flashes and co-occurring symptoms during the menopause [93-95]. Since the estrogen treatments also protect bones of postmenopausal women from osteoporosis reducing the fracture risk [96], the protection provided by isoflavonoids has also been analysed [97, 98]. A positive effect of isoflavone on bone mineral density was suggested after the revision of several studies [99], but other studies pointed out that the comsumption of soybean isoflavones had no added benefit in preventing bone loss [100].




        The cancers related with estrogenic activity have been the most analysed as occurs with breast cancer [69, 84] with controversial results [101, 102]. Whereas some authors have been found positive effects [103], others found different responses in women from Asia and other countries after soybean isoflavone intake [104] and others observed a non statistically significant association between the intake of dietary isoflavones and breast cancer risk, although their results suggested possible ethnic/racial differences [105]. Some studies suggested a reduction of endometrial cancer risk in women after isoflavones intake [106, 107], whereas others do not found evidence of a protective association between soy food or isoflavone intake and endometrial cancer risk [108]. Nevertheless, a recent study in animal models showed that soybean isoflavones attenuate the expression of genes related to endometrial cancer risk [37] and some authors have found that soy and isoflavone intake are associated with a reduced ovarian cancer risk in Chinese women who consumed 120 g/day of soy foods [109]. Also a lower risk of prostate cancer was associated the consumption of soy foods [110, 111] and the higher breast and prostate cancer risk in Western countries than in Eastern ones has been attributed to a lower intake of soybean products [89]. Recently it has been reported that the isoflavone genistein inhibits human prostate cancer cell detachment, invasion, and metastasis [112].




        The effects of isoflavones in other cancer types was studied as well since it has been reported that genistein inhibits human colorectal cancer growth [113] and it is able to induce apoptosis in colon cancer human lines [114, 115]. Several studies suggested that consumption of soy foods may reduce the colorectal cancer risk in women, but not in men [116-118]. Other studies related the soybean and isoflavone intake with a lower colorectal cancer risk in men and posmenopausal women, but not in premenopausal women [119] and other studies do not found effect of soybean intake in this type of cancer [120]. Given the contradictory results obtained in several studies Kocic et al. [121] pointed out that more studies are necessary to make public health recommendations. However, the results of a recent study can help to the interpretation of the previous results since they showed that isoflavones soy intake as a food group is only associated with a small reduction in colorectal cancer risk, but dietary isoflavone intakes suggested a stronger inverse association with this cancer [122].




        In addition to these diseases, isoflavone intake has been related with lower cardiovascular risk [123-125] and some recent studies suggested that isoflavones reduce cholesterol, triglycerides and/or uric acid contents in serum [126-128], are protective against fatty liver disease [129] and type 2 diabetes [130, 131] and even they have been proposed to be part of anti-aging strategies [132].


      




      

        Other Phenolic Compounds




        Phenolic compounds have a hydroxyl group (-OH) bonded directly to an aromatic hydrocarbon group showing high antioxidant activity [133, 134] which can be enhanced after fermentation with lactic bacteria [135]. Soybean seeds contain phenolic compounds in addition to isoflavones [136, 137], nevertheless, as expected, dark color (bronze, red and black) legume seeds, such as lentils, coloured beans, and black soybeans had significantly higher phenolic content and antioxidant capacity than those of pale colour (white, yellow and green) legumes, such as yellow soybeans and yellow and green peas [138]. Anthocyanins are natural pigments located in some legume seed coats [66] whose interest is increasing as safe food colorants with health-promoting properties [139] based on their antioxidant potential [140]. Anthocyanin consumption has been related with several benefits for human health, such as prevention of cardiovascular risk, cancer, obesity or diabetes [141] and they have anti-inflamatory activity [142]. Although there are no specific studies about the benefits of legume anthocyanins for human health, the antioxidant potential of these compounds has been explored in some legume seeds [138, 143, 144] and the usefulness as natural stain of these compounds has been investigated in some legume seeds, such as adzuki bean (Vigna angularis) [145].




        Proanthocyanidins, also known as condensed tannins, constitute another class of phenolic substances having a positive role in human health particularly in prevention of cardiovascular and cancer diseases [146, 149]. Several legume seeds contain proanthocyanidins [67, 150] and extracts of lentils, red kidney beans, black soybeans and black beans were reported to be more effective in inhibiting LDL oxidation than yellow soybeans in vitro conditions [138]. Within proanthocyanidins the most important group are procyanidins composed exclusively of the monomeric flavan-3-ol-constituents epicatechin and catechin [67] that play important roles in human health [151, 152]. Different types of procyanidins have been found, for example, in lentil seeds [153, 154], adzuki bean seeds [145, 155].


      




      

        Carotenoids, Tocopherols and Fatty Acids




        Legumes are a good source of antioxidants [66, 156] and their seeds contain carotenoids, tocopherols and fatty acids that are essential nutrients for humans, comprising vitamin precursors, antioxidants and essential omega-3 fatty acids [157]. The ten most economically important grain legumes, Arachis (peanut), Cicer (chickpea), Glycine (soybean), Lathyrus (vetch), Lens (lentil), Lupinus (lupin), Phaseolus (bean), Pisum (pea), Vicia (faba bean) and Vigna (cowpea) have different contents of carotenoids and tocopherols, being lutein the predominant carotenoid in all of them, followed by zeaxanthin and β-carotene [157]. Several studies showed that mainly soybean but also chickpea are rich in β-carotene [8, 157]. Carotenoids are natural plant pigments precursors of vitamin A that play a role in prevention of cancer, coronary diseases, age-related macular degeneration, cataract, and deficiency in carotenoids can cause blindness [158-161].




        Tocopherols constitute a class of phytochemicals most of which having vitamin E activity. From all tocopherols, γ-tocopherol is the most abundant isoform in legumes such as soybean, chickpea, lentil, pea, common bean, broad bean and three lupin species [32, 157, 162], although in some cowpeas, peanuts, black-eyed and pinto beans, δ-tocopherol and α-tocopherol were the main isoforms [32, 157]. As was observed for carotenoids, soybean has the highest content in tocopherol among the ten legumes analysed by Fernández-Marín et al. [155]. Tocopherols plays crucial roles in anti-inflammatory processes [163, 164] and deficiency of this vitamin results in a range of disorders, including neuromuscular problems [165] and coronary diseases [162, 166]. Although the contribution of γ-tocopherol to the total vitamin E activity is only one tenth of that of α-tocopherol, it has specific functions in the detoxification of nitrogen dioxide and other reactive nitrogen species. Some epidemiological studies suggested that γ-tocopherol may protect against cardiovascular diseases, because its plasma levels are inversely associated with increased morbidity and mortality [66].




        Some legume seeds have great importance by their oil content, such as soybean and peanut and several studies focused on the fatty acid composition of several legume seeds [157, 167]. Some unsaturated fatty acids such as linoleic and oleic acids have been found in several legumes including soybean, chickpea, lentil, peanut and different types of beans and lupine [8, 32, 157, 167]. Linoleic acid is an essential omega-6 poly-unsaturated fatty acid that can improve insulin resistance reducing the incidence of diabetes being also associated the presence of higher levels of this fatty acid in blood with lower blood pressures [168]. Generally, a high intake of unsaturated fatty acids relative to saturated fatty acids prevents coronary disease [169] and omega-3 polyunsaturated fatty acids have anti-inflammatory action, and for this reason could be useful as an adjuvant in the treatment of some cancers [170].


      


    




    

      CONCLUDING REMARKS




      All currently available studies showed the positive role of legumes in human health as functional foods or nutraceuticals due to their content in proteins, polysaccharides, vitamins, minerals, BAPs, flavonoids, carotenoids, tocopherols or fatty acids. Since some of these studies have been performed in vitro or in animal models further studies in humans are needed also extending the range of legumes analyzed since most of the edible legumes are not explored yet.
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