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Diversification of plant-based food sources is necessary to improve global food and nutritional security. Pulses have enormous nutritional and health benefits in preventing malnutrition and chronic diseases while contributing positively to reducing environmental footprint. Pulses are rich in diverse nutritional and non-nutritional constituents which can be classified as bioactive compounds due to their biological effect. These bioactive compounds include but are not limited to proteins, dietary fibres, resistant starch, polyphenols, saponins, lectins, phytic acids, and enzyme inhibitors. While these compounds are of importance in ensuring food and nutritional security, some of the bioactive constituents have ambivalent properties. These properties include having antioxidant, anti-hypertensive and prebiotic effects. Others have a deleterious effect of decreasing the digestibility and/or bioavailability of essential nutrients and are therefore termed antinutritional factors/compounds. Various processing techniques exist to reduce the content of antinutritional factors found in pulses. Traditional processing of pulses comprises soaking, dehulling, milling, germination, fermentation, and boiling, while examples of emerging processing techniques include microwaving, extrusion, and micronization. These processing techniques can be tailored to purpose and pulse type to achieve desired results. Herein, the nutritional qualities and properties of bioactive compounds found in pulses in meeting the sustainable development goals are presented. It also discusses the effect of processing techniques on the nutritional and non-nutritional constituents in pulses as well as the health and environmental benefits of pulse-diet consumption. Major challenges linked to pulses that could limit their potential of being ideal crops in meeting the sustainable development goal 2 agenda are highlighted.
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INTRODUCTION

Maintaining and/or enhancing the nutritional quality of food to combat malnutrition and ensuring food security is always an important issue of interest to researchers, consumers, and policymakers. One of the ways to achieve the sustainable development agenda (goal 2: zero hunger, food security, eliminating malnutrition, and sustainable agriculture) by 2030 is to encourage the consumption and processing of pulses as consumer food products (Ferreira et al., 2021). Pulses are dry edible seeds of plants in the family of legumes (Fabaceae or Leguminosae). Numerous varieties of pulses exist globally, as recognised by FAO, and they include lentils, dry beans (navy beans, pinto beans, and kidney beans), broad beans (field beans and horse beans), field peas (yellow peas and green peas), lupins, chickpeas, bambara beans, pigeon peas, vetches, cowpeas, pulses nes (Mudryj et al., 2014; Ferreira et al., 2021). Among these, dry beans, chickpeas, dry/field peas, cowpeas, lentils, and broad beans were the most commonly grown produced pulse crops around the world. In 2019, global production of these pulse crops were as follows: 28.9, 14.25, 14.18, 8.90, 5.73, and 5.43 MT, respectively (Food and Agriculture Organisation (FAO), 2021a).

Pulses are ideal crops as they form an essential part of a modern agri-food system due to their enormous benefits in what is now so-called “pulse magic.” They have a high content of proteins, fibres, polyphenols, and micronutrients such as irons, zinc, and vitamins (Tosh et al., 2013; Brummer et al., 2015; Shi et al., 2017). They can be grown in drier areas due to the low water footprint, have high economic value, and contribute to food and nutritional security. Pulse crops can also fix atmospheric nitrogen in the soil through their root nodules to reduce the use of fertilisers. The degree of nitrogen fixation from pulses is estimated as follows: faba beans (90%), field peas (80%), lentils (80%), chickpeas (70%), and dry beans (50%) (Saskatchewan, 2021). When used in rotation with other crops, pulses provide residual nitrogen and improve the microbial population and diversity of soils (Saskatchewan, 2021).

Pulses have been a vital component of the human diet for ages (Leterme, 2002). In 2018, about 92.4 million tonnes of pulses were grown globally, representing an increase of about 63% from 1998 (Ben-Belhassen and Rawal, 2021). However, the global consumption of pulses remains low, especially, in western countries, where there is less familiarity with cooking them and less knowledge regarding their nutritional and health benefits (Robinson et al., 2019). Raw pulses for food processing come in various forms including whole seeds, split, dehulled, and flour. They can be processed into diverse food products such as beverages, soups, pasta, meat alternatives, baked goods, and canned pulses (Bhat et al., 2013; Argel et al., 2020; Saget et al., 2020). Consumption of pulses has many health benefits including prevention of cancer, lowering glycemic index, and protection against cardiovascular diseases (Ha et al., 2014; Ferreira et al., 2021). That aside, pulses such as faba beans, lupins, and field peas have relevance in the preparation of nutrient rich animal feed (Robinson et al., 2019; Parisi et al., 2020). Besides their food and feed applications, there are emerging applications for the use of pulse bioactives such as bioactive proteins, dietary fibre, resistant starch, polyphenols, and oligosaccharides extracted from pulses for nutraceuticals, functional foods, drug delivery, edible bioplastics, and biofuel production (Okagu et al., 2018; Acquah et al., 2020b; Tassoni et al., 2020).

Nonetheless, the nutritional value and health benefits of pulses may be less than optimal due to the use of inappropriate processing methods, the presence of antinutritional factors, and poor metabolic performance from consumers which could be due to conditions such as dysbiosis (Hernandez-Aguirre et al., 2020; Szczebyło et al., 2020). Better accessibility of nutrients can be achieved by processing pulses to inactivate bioactive compounds which can act as antinutritional factors (Granito et al., 2005; Hemalatha et al., 2007; Cardador-Martínez et al., 2012; Liu Y. et al., 2020). Bioactive compounds that act as antinutritional compounds in pulses chiefly include phytic acid, enzyme inhibitors, lectins, and polyphenols (Mbithi et al., 2001; Luo and Xie, 2013). Also, vicine and convicine are antinutritional compounds that can be specifically found in faba beans (Rizzello et al., 2016). Generally, pulses are cooked before being consumed by humans. Cooked pulses have a strong beany flavour which is usually unpleasant to consumers. The beany flavour in pulses emanates from the enzymatic activities of lipoxygenase and alcohol oxidoreductase (Baysal and Demirdöven, 2007; Jiang et al., 2016; Ma et al., 2016). Lipoxygenase catalyzes the oxidation of fatty acids (such as linoleic and linolenic acids) to form hydroperoxides (Baysal and Demirdöven, 2007). Hydroperoxides further react to form volatile and non-volatile off-flavour compounds in oxidation reactions induced by thermal or chemical treatments or catalysed by endogenous enzymes such as peroxygenase (Jiang et al., 2016; Ma et al., 2016). These endogenous enzymes can be inactivated when effectively processed to increase consumer acceptance. This review aims to discuss the nutritional attributes and health benefits of raw and processed pulses in ensuring global food and nutritional security. It also highlights the contribution of pulses in achieving a modern sustainable agricultural process with health benefits.



IMPROVING FOOD AND NUTRITIONAL SECURITY

According to the 2019 revision of the “United Nations Population Estimates and Projections,” the world population is expected to increase to 8.5 billion in 2030, 9.7 billion in 2050, and 11.2 billion by 2100 (United Nations (UN), 2021). An imminent challenge facing the world is the ability to resource the ever-increasing population with healthy diets from a sustainable agri-food system. On that note, “The 2030 Agenda for Sustainable Development” goal was accepted by all UN member states in 2015 with one of the key goals (Goal 2) centred on sustainable food production to end hunger (United Nations (UN), 2015). According to the EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems, more than 820 million people in the world currently lack adequate access to food with many more consuming low-quality diets resulting in undernutrition, micronutrient deficiencies, and heightening of diet-related diseases (Willett et al., 2019). Furthermore, the report concluded that there needs to be a decline in the global consumption of unhealthy foods including red meat and sugar by at least 50%. On the contrary, there needs to be an increase in the intake of fruits, vegetables, nuts, and legumes by twice the current amount by 2050 to achieve healthy diet standards (Willett et al., 2019).

Importantly, malnutrition is a condition endemic globally due to the intake of diets which do not provide the necessary quantity or balance of nutrients. It may come in three forms; (i) undernutrition, (ii) micronutrient deficiencies, and (iii) obesity and diet-related non-communicable diseases (World Health Organisation (WHO), 2020). According to a World Health Organisation report in 2020, malnutrition accounts for about 45% of mortalities in children under the age of 5 and is predominant in poor and developing countries. In addition, ~462 million adults are diagnosed to be underweight with about 1.9 billion having a body mass index ≥25, that is, they are either overweight or obese. In 2015, the global food protein demand was estimated at 202 million tonnes and is expected to increase to about 360–1,250 million tonnes by 2050 (Acquah et al., 2020a). The continuous growth in the world population, increasing levels of affluence, sociodemographic changes, urbanisation, and climate changes adversely impact the ability to meet current protein demands heightening the impact of malnutrition (Acquah et al., 2020a).

Notably, animal protein sources increase the carbon footprint in food production relative to plant proteins. A study conducted using the E3IOT environmentally extended input output database in Europe showed that healthier diets may have lower environmental impacts (Tukker et al., 2011). It is estimated that global agricultural and food consumption contributed about 25% of greenhouse gas emissions, with animal-based foods (particularly meat and dairy) contributing more than 50% of the total impact (Tukker et al., 2011; Tilman and Clark, 2014). Aside from their adverse environmental impacts, high consumption of red and processed meat is linked with chronic diseases and high mortality (Schwingshackl et al., 2017; Zheng et al., 2019). There is therefore a need to shift-toward high protein plant foods, which is a more sustainable and healthier source of protein.

Pulse crops, by virtue of being rich in proteins, dietary fibre, and micronutrients as well as having a nitrogen fixation-ability and having a low carbon footprint, are essential in achieving the sustainable development food goals set by the United Nations Food and Agriculture Organisation. However, there are challenges such as the strong “beany” flavour of pulses. Also, the global yield of pulses, 929 kg/ha, is very low and at about 25% of the total yield of cereals (Rawal and Navarro, 2019). There is therefore a need to diversify plant-based food sources in ensuring global food and nutritional security. There are also few pulse breeding studies and investments when compared to cereal and animal breeding.

Marinangeli et al. (2017) carried out a comprehensive review of 20 varieties of pulses, which included dry peas, lentils, chickpeas, and dry beans, to define a recommended dietary pulse serving size for adults. It was revealed that at present there is no universally accepted dietary guideline for pulse consumption as this is influenced by multiple factors such as the variation in dietary cultures, the dietary needs of a particular population, and infrastructure of food systems across countries and regions. Out of about 95 countries reported to have a dietary guideline by the FAO (Food and Agriculture Organisation (FAO), 2021b), pulses were included in the dietary guidelines of 16 of those countries (Marinangeli et al., 2017). On that note, the estimated average mass equivalents obtained for one-half cup (125 mL) of cooked pulses was 104.6 ± 22.8 g. Therefore, it was recommended that a minimum intake of 100 g of cooked pulses per day, or on days pulses are consumed, would provide the needed amount of macro- and micronutrients to the diet to address nutritional issues such as protein malnutrition, potassium intake, and iron, folate, and zinc insufficiency (Marinangeli et al., 2017).


Genetic Breeding

Genomic tools in crop breeding are useful for the study and development of agronomic traits of interest for the speciation and domestication of plants (Blair et al., 2007; Mba, 2013). For example, the significance of induced genetic mutations in crop breeding includes high throughput, safety, low cost, and a coherent method to generate inheritable outcomes in seeds (Mba, 2013). A typical setback in the commercial utilisation of pulses is their low yield and lack of variabilities for positive inheritable traits. For instance, cowpeas are self-pollinated crops resulting in the limited genetic base necessary to set crossbreeding programs that can yield improved features. To circumvent this challenge, Raina et al. (2020) used a systematic induced mutant breeding approach to generate mutant genotypes. This resulted in new, non-GMO cowpea seed cultivars with improved yielding capacity, resilience to environmental stress, and the expression of new polymorphic protein bands.

Also, pulses such as mung bean, cowpea, and pigeon pea are susceptible to parasitic invasion by insects resulting in crop failure (Bawa et al., 2017; Sodedji et al., 2020). With pulses such as cowpea and pigeon pea being some of the most consumed crops in developing countries (Merga and Haji, 2019; Majili et al., 2020), the impact of such invasions results in severe damage to food availability and quality of nutrition in very deprived areas. This can be controlled through the use of pesticides and the development of transgenic pulses with inheritable traits resistant to pest invasion (Sodedji et al., 2020). An induced genetic mutation has also been utilised in studies to produce nutritious pulses by lowering the amount of antinutritional compounds such as phytic acids and tannins while increasing the bioavailability of macronutrients and minerals (Blair et al., 2007). Lowering the ratio of phytic acids to mineral acid content through induced genetic mutation increases the content of freely available mineral acids. It is important therefore to emphasise that precaution should be taken in the manner in which such pulses are processed in a meal as there could be excessive leaching of minerals during soaking and cooking relative to conventional pulses, which could be counterproductive (Hummel et al., 2020).

Another area in pulses in which genetic studies are becoming essential is in minimising the effect of seed coat postharvest darkening in dry beans, such as common beans, pinto beans and cranberry beans, faced by producers and consumers (Elsadr et al., 2011). This is due to the accumulation and ensuing oxidation of proanthocyanidin in their seed coat. Bassett et al. (2002) showed that the J gene was the genetic locus initiating the postharvest darkening in common beans while those with the recessive allele jj had no problems of postharvest darkening. On this note, Erfatpour and Pauls (2020) developed an R2R3-MYB gene-based marker obtained from “Wit-rood boontje” to aid bean breeders in the selection of non-darkening dry beans carrying the recessive jj genes in early generations as opposed to waiting to screen the phenotypic segregation. R2R3-MYB genes are known to regulate biosynthesis of proanthocyanidin (Erfatpour and Pauls, 2020).




BIOACTIVE COMPOUNDS

Bioactive compounds in food are molecules that have a biological effect (adverse and/or potential health benefits) on the body beyond basic nutrition. Both nutrients and antinutritional factors found in pulses can have positive bioactive properties. For instance, bioactive peptides from pulse proteins may have properties such as antioxidant, antihypertensive, and anticancer effects, polyphenols have been demonstrated to have antioxidant effects, while oligosaccharides and polysaccharides produce short chain fatty acids which elicit numerous physiological benefits including promoting intestinal health.

Antinutritional factors are bioactive compounds that are produced as secondary metabolites in plants as part of their defence mechanism against predators, competitor plants, and stressful environmental conditions (Singh et al., 2003; Abdel-Aal, 2016). However, these secondary metabolites tend to disrupt the bioavailability and utilisation of nutrients and minerals either on their own or via their metabolic products in humans and monogastric animals (Samtiya et al., 2020). This results in nutrient and mineral deficiency in consumers. Also, some antinutritional factors can be toxic (Habtamu Fekadu and Ratta, 2014). In the appropriate quantity, chemical structure, interactions with other food components, and metabolic performance of a consumer, these antinutritional factors could also have some bioactive properties with health benefits (Champ, 2002; Muzquiz et al., 2012). They are therefore preferably termed as “non-nutrients” by some nutritionists and food scientists. The ambivalent properties of common food bioactives are presented in Table 1. Antinutritional factors can be classified as either proteins or non-protein compounds based on their structure (Martín-Cabrejas et al., 2009). Notably, the proteinaceous antinutritional factors are resistant to endogenous digestive enzymes and the acidic pH in the stomach (Muzquiz et al., 2012; Bessada et al., 2019). They include lectins, enzyme inhibitors, and antifungal peptides, whereas non-protein antinutritional factors include alkaloids, phytic acid, tannins, and saponins (Martín-Cabrejas et al., 2009; Muzquiz et al., 2012; Bessada et al., 2019).


Table 1. Possible benefits and/or adverse effects of some bioactive compounds present in pulses.
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Dietary Fibre

The American Association of Cereal Chemists International (AACCI) defines dietary fibre as “the edible part of plants or analogous carbohydrates that resist digestion and absorption processes in the small intestine with partial or complete fermentation in the large intestine. Dietary fibre includes polysaccharides, oligosaccharides, lignin, and associated plant substances. Dietary fibres promote beneficial physiological effects including laxation, and/or blood cholesterol attenuation, and/or blood glucose attenuation” (American Association of Cereal Chemists (AACCFC), 2001). The polysaccharide components comprises of different macromolecules including cellulose and other β-glucans, hemicelluloses, resistant starch, pectins, mucilages, and gums in plants (Singh et al., 2017).

Dietary fibres can be classified as either soluble or insoluble fibre; both having various health benefits. For instance, soluble fibre slows the rate of absorption and increases excretion of lipids, bile acids and cholesterol in the human body resulting in an improvement in cardiovascular health and modulation of glycemic levels in the blood. Additionally, soluble fibre promotes intestinal health through fermentation and the production of short chain fatty acids. On the other hand, insoluble fibre enhances bowel motility, the growth of intestinal microflora and promotes gastrointestinal health (Tosh and Yada, 2010; Dahl et al., 2012). For those not habituated to consuming pulses, fermentation of oligosaccharides commonly found in pulses, raffinose, stachyose and verbascose, can lead to excess gas production and discomfort. However, the gut microbiota can quickly adapt to the presence of these oligosaccharides in the diet encouraging the growth of beneficial short chain fatty acids producing bacteria (Veenstra et al., 2010). Additionally, dietary fibres positively influence satiety in humans.

Generally, the dietary fibre content of pulses (either raw or cooked) is in the range of 13–35 g per 100 g of edible portion with the insoluble fibre constituting about 76–83% of the total fibre content (Rawal and Navarro, 2019). More so, the dietary fibre composition of pulses differs with species, cultivars, the type of processing method, and processing conditions applied (Tosh and Yada, 2010; Singh et al., 2017). Conspicuously, a vast number of physicochemical and functional properties such as water-binding capacity, bulk density, viscosity, gelling properties, and fermentability of pulse flours and ingredients are influenced by the fibre content and characteristics (Malcolmson and Han, 2019).

The Institute of Medicine recommends a dietary fibre intake of 20–38 g per day from food for adults (>18 years) and 14 g/1,000 kcal for all age groups (Abdullah et al., 2015b). Nonetheless, the average dietary fibre consumption currently falls short in most countries. For instance, the reported average intake for adult male and females, respectively, for some countries are as follows: Canada, 19.1 and 15.6 g per day (Abdullah et al., 2015a); United States of America, 19.6 and 15.9 g per day; Austria, 20 and 20 g per day; Germany, 25 and 23 g per day; Italy, 19.6 and 17.7; Japan, 18.8 and 18.0 g per day; UK, 14.7 and 12.8 (Stephen et al., 2017); and 20–25 g per day in Australia (Better Health Care (BHC), 2021). Due to the widespread low consumption of dietary fibre, it is recommended to increase the valorisation of pulse products which are simple to use or consume such as canned pulses and pulse snacks. Using cooked pulses, the dietary fibre requirement per day can be obtained by consuming about 100–200 g per day. It must be noted that a pulse-based product can be claimed to be a source of fibre when it is processed to have a fibre content ≥3 g per 100 g or a minimum of 1.5 g of fibre per 100 kcal (418 kJ) (Stephen et al., 2017).



Proteins, Peptides, and Amino Acids

Generally, pulses contain about 17–40% of protein on a dry weight basis with high amounts of the essential amino acid lysine and low amounts of sulphur-containing amino acids cysteine, tryptophan, and methionine (Dahl et al., 2012; Malcolmson and Han, 2019). Globulins and albumins are the major proteins by proportion in pulses whereas prolamins and glutelins are minor components. The storage proteins in pulses are mainly made up of the 7S and/or 11S globulins and 2S albumins. The major storage proteins in peas and faba beans are the 7S and 11S globulins whereas for cowpea, French beans, kidney beans, and mung beans are 7S globulins (Kimura et al., 2008; Yin et al., 2011). Though uncommon, the storage proteins in pulses are recognised as food allergens. This includes the 11S globulin proteins (23 and 35–40 kDa), 2S albumin (10 and 12 kDa) in chickpea (Takács et al., 2014), 7S globulin proteins (47 kDa) in lentil (Sackesen et al., 2020), and 7S globulins (36 and 44 kDa), 11S globulins (63 kDa) in pea proteins (Sanchez-Monge et al., 2004). That notwithstanding, the potential allergenic effect of storage proteins is minimised significantly through efficient treatment processes which increases the in vivo digestibility of proteins into bioactive peptides and amino acids, as well as reducing their IgE-binding ability (Shriver and Yang, 2011).

Embedded in dietary proteins are bioactive peptides which can be generated using endogenous enzymes in the body or exogenous enzymes such as papain and alcalase. These bioactive peptides have been shown to have significant health benefits to the body and can be used for the development of functional foods (Udenigwe and Aluko, 2012; Gnasegaran et al., 2017). The amino acid distribution of pulses varies with type, processing method, and processing conditions. Notably, chickpea is rich in the amino acids leucine, isoleucine, and arginine; lentils, phenylalanine and serine; cowpea, methionine and threonine; and faba beans, arginine and leucine (Rahate et al., 2021). Pulses, when compared to most plants, tend to have higher nutritional security scores due to their high protein content, protein quality scores, slowly digestible starch content and high dietary fibre content in pulses. For instance, the protein content in pulses (examples are: peas, beans, lentils, and chickpeas, 22–26%; faba beans, 27–34%; and lupins, 33-47%) is about twice the quantity present in cereals (wheat, 9–15%; barley, 7–13%; and rice, 2–5%) and with better protein quality scores (Malcolmson and Han, 2019).




TRADITIONAL AND EMERGING PROCESSING EFFECTS ON PULSE NUTRITIONAL QUALITY

Before cooking, pulses can be processed through soaking, dehulling, germination, milling and fermentation. It must be noted that dehulling has minimal effect in reducing or eliminating antinutritive factors, with the exception of decreasing phenolic compound content, since such bioactive compounds are mostly located in the cotyledon (Shi et al., 2018). Cooking, which is also another form of processing pulse seeds, occurs in different ways such as but not limited to traditional pan boiling, microwave heating, grilling, infrared heating, and extrusion (Marconi et al., 2000). The aforementioned food processing techniques help to inactivate microorganisms and improve or maintain the nutritional quality, shelf-life, flavour, and texture of food (Krishnamurthy et al., 2008; Chandrasekaran et al., 2013). Milling pulses into flours increases the exposed surface area and breaks the cell walls within the seeds, which reduces the required cooking time and increases nutrient availability. It increases the potential to incorporate pulse ingredients into processed foods, like bread, pasta, falafel, bhaji and pakoras. However, it also exposes cell contents to enzyme activity which may result in increased beany flavour unless the flour is treated to inactivate enzymes. Also, the processing of pulses into products enhances the valorisation of “consumer rejectable” seeds into end products which can be sold as food/feed to minimise food wastage while transferring the nutritional attributes and beneficial bioactive compounds to consumers (Luo and Koksel, 2020; Portman et al., 2020).

Pulse processing techniques can be used in isolation or in combination to achieve such desired results. Parameters used during pulse processing must be tailored-to-purpose for each type of pulse to yield the right nutritional profile in products for consumers. For instance, whereas weaning foods are processed to have highly digestible contents to meet growth demands, snacks for adults living with obesity are recommended to have high slowly-digestible contents to reduce nutrient absorption (Asif et al., 2013). As such, this section discusses various traditional and emerging techniques used in the processing of pulses to enhance nutritional security.


Soaking

Soaking is generally a primary part of pulse processing to soften the seeds and reduce the cooking time. However, lentils and peas can be cooked without prior soaking. During the process of soaking, the content of small molecules such as phytate, tannins, trypsin inhibitor, oligosaccharides, saponins, and polyphenolic compounds in pulses can be significantly lowered to minimise potential adverse effects (Siddhuraju and Becker, 2005; Khattab and Arntfield, 2009; Martín-Cabrejas et al., 2009). As a result, the bioavailability of proteins and micronutrients is enhanced, but antioxidant and prebiotic potential may be lowered. Processing conditions to consider during soaking include duration, type of media/solution, temperature, and pH (Siddhuraju and Becker, 2005; Khattab and Arntfield, 2009; Martín-Cabrejas et al., 2009; Ertaş and Türker, 2014). The common media for the soaking of pulses is tap water at room temperature. The effectiveness of soaking in reducing antinutritional compounds varies with pulse seeds, the soaking conditions, and the chemical structure of the antinutritional compounds. In a study conducted by Martín-Cabrejas et al. (2009), it was observed that whereas phytic acid content was reduced by 38% in lentils and 33% in Castellano chickpea there was no significant change in white, pink-mottled cream beans and Sinaloa chickpea. Studies showing a decrease in phytic acid during soaking is as a result of the activation of the endogenous phytase and the diffusion of its product into the soaking medium (Khattab and Arntfield, 2009; Martín-Cabrejas et al., 2009). Ertaş and Türker (2014) also showed a decrease in phytic acid content in chickpea from 47.39 to 55.71% after increasing the soaking time from 2 to 12 h, and from 50.80 to 51.46% after increasing the pH of the soaking media from 4 to 8. In addition, the different media pH and duration of soaking had varied improvement in in vitro protein digestibility (IVPD), mineral availability, and total phenolic content (Ertaş and Türker, 2014). Oligosaccharide content can be reduced by up to 75% by soaking pulses overnight and discarding the soak water (Han and Baik, 2006).



Germination

Seed germination is an inexpensive and conventional bioprocessing technique common in food processing. Germination in pulses occurs when the dry seeds absorb moisture and break dormancy until the embryonic axis elongates (Xu et al., 2020). The break of dormancy is associated with the synthesis of phenolics and other bioactive compounds which elicits protective responses (Mbithi et al., 2001; Xu et al., 2020). Germination reduces antinutritional factors and the strong beany taste of pulses. There is also an improvement in protein and starch digestibility, amino acid content, bioavailability of trace minerals, total dietary fibres, and soluble sugars (Wu et al., 2012; Xu et al., 2018). Critical parameters essential for seed germination to take place are temperature, water, oxygen, and light (Rifna et al., 2019). Notably, the efficacy of a germination process is reliant on the type of pulse seed and processing conditions such as presence or absence of light, the quantity of water being added, and duration of germination (López-Amorós et al., 2006; Ma et al., 2018; Setia et al., 2019; Xu et al., 2019).

The effect of germination on pulses has shown some promising reports on bioactive compounds and functionality. López-Amorós et al. (2006) carried out a semi-pilot scale study to investigate the effect of germination on three pulse seeds, beans (Phaseolus vulgaris L. variety La Granja), peas (Pisum sativum L., variety Elsa), and lentils (Lens culinaris L., var. Castellana), under different conditions. Biochemical analysis showed that before germination, there was a significant decrease in total phenolic compounds, carbohydrates, and phytates in all three pulse seeds during the period of soaking. After germination, changes in the profile of phenolic compounds and antioxidant activity were observed and were influenced by the type of pulse seeds and processing conditions. The optimum germination conditions deduced from their study for the pulse seeds were predicated on the half-maximal inhibitory concentration (IC50) for antioxidant activity and were as follows: beans, 6 days of germination in the dark and peas, 4 days of germination in the presence of light. However, there was a negative effect of germination on lentils based on the antioxidant activity tested. Wu et al. (2012) also observed a 100-fold increase in the content of isoflavone (due to heightened levels of formononetin and biochanin A) and a wide range of diversity in isoflavanoids (25 isoflavanoids: 20 isoflavones, 2 isoflavanones, and 3 pterocarpan phytoalexins) to demonstrate the significant effect of germination on bioactive compounds in chickpeas (Cicer arietinum L., Turkey). Germination of the chickpeas was carried out in the dark for 4 days after 24 h of soaking at room temperature (Wu et al., 2012). Similarly, germination of Bambara bean (Vigna subterranean) flours at 24, 48, and 72 h duration caused a decline of bioactive compounds such as phytic acid, tannin, and trypsin inhibitor. This resulted in the improvement of protein content (from 26.1 to 28.79 g/100 g), insoluble dietary fibre components (from 10.41 to 11.45 g/100 g), total dietary fibre (from 13.29 to 15.03 g/100 g), and total phenolic content (from 1.15 to 2.03 μmolTE/g). There was also improvement in trace minerals (calcium, magnesium, potassium), most of the amino acids, digestible starch, and in vitro protein digestibility (Chinma et al., 2021). Goyoaga et al. (2008) studied the effect of germination on the content of pyrimidine glucosides vicine and convicine, as well as non-proteic amino acid levo-3,4-dihydroxy-phenylalanine (L-DOPA) in two varieties of faba beans, namely, Vicia faba L. vars. Alameda and Brocal. It was observed that germination decreased the content of vicine and convicine in the cotyledon with no change in L-DOPA content whereas in the embryo axis there was a decline in the content of vicine and an increase in the content of convicine. However, L-DOPA was found to significantly appear only in the embryo with the highest content detected after 6 days of germination. This phenomenon was observed in both varieties of faba beans. L-DOPA in faba beans has been reported to be effective in the treatment of Parkinson, hypertension, renal failure and liver cirrhosis diseases (Goyoaga et al., 2008).



Fermentation

Fermentation, which is also a conventional technique in food bioprocessing, is the chemical breakdown of a material using microorganisms. Fermentation activates endogenous enzymatic activity leading to hydrolytic reactions which cause a reduction in antinutritional factors, improvement in palatability and nutritional attributes of pulses. It also enhances the bioavailability of trace minerals through the formation of soluble organic acid complexes with the minerals. This phenomenon also prevents the development of any insoluble complexes between the minerals and phytate (Hemalatha et al., 2007). The key parameters to consider for optimal fermentation of pulses are microbial culture, enzyme activity, method of fermentation (solid state fermentation or liquid state fermentation), and environmental condition (Maleki and Razavi, 2020).

Natural fermentation was shown to result in partial or complete removal of α-Galactosides (raffinose family of oligosaccharides), tannins, phytic acid, lectin and trypsin inhibitor activity in pulses (Cuadrado et al., 2002; Granito et al., 2005). In faba beans, the amount of vicine and convicine was significantly reduced by >91% and condensed tannins in the protein fractions by >40% after fermentation with Lactobacillus plantarum (Coda et al., 2015; Rizzello et al., 2016). Additionally, fermentation of faba beans improved the content of essential amino acids, γ-aminobutyric acid (GABA), total phenolic compounds, and in vitro protein digestibility (Coda et al., 2015).

The use of probiotic microorganisms in the fermentation of milk and curds has gained popularity with lots of demonstrated health benefits. However, the translation of this concept to pulses in the development of functional foods is limited and still burgeoning. To achieve superior results in bioactive compounds and nutritional qualities, germination of pulses can be combined with fermentation under optimised conditions (Simsek et al., 2014; Lee et al., 2018; Ma et al., 2018; Maleki and Razavi, 2020). Ma et al. (2018) carried out varied bioprocessing studies on soaked yellow peas. It was observed that germination, followed by fermentation drastically reduced the starch content of yellow peas by 11.2–11.7%. Fermentation was done with the use of a mixed lactic acid bacteria culture (S. thermophiles, L. bulgaricus, and Lactobacillus acidophilus). The significant decrease in starch content. is due to the high amylolytic activity of Lactobacillus acidophilus in starch hydrolysis (Lee et al., 2001). Consequently, there was an improvement in protein content for both fermented yellow peas and germinated-cum-fermented yellow peas (Ma et al., 2018). Significant reduction in tannin content and trypsin inhibitor activity due to degradation from endogenous enzymes and lactic acid bacteria enzymes. Furthermore, there was an improvement in in vitro protein digestibility and starch hydrolysis for germinated, fermented, and germinated-cum-fermented yellow peas (Ma et al., 2018). The observed increase in in vitro protein digestibility and starch hydrolysis is due to the structural alteration of storage proteins, starch granules, and reduction of antinutritional factors activated by endogenous enzymes and lactic acid bacteria.



Thermal Treatments

Thermal treatment in this discussion includes boiling (traditional cooking), pressure cooking, roasting, hydrothermal cooking, and slow cooking. Boiling is the most common thermal processing approach to cook pulses before consumption (Xu and Chang, 2008). Thermal treatment of pulses inactivates or removes heat-labile antinutritional factors such as tannins, enzyme inhibitors and phenolics to enhance the nutritional value of pulses (Kalogeropoulos et al., 2010; Yeo and Shahidi, 2017). Although lectins and phytates are thermally stable, their activity can be lowered after heat treatments at high temperatures, ≥95°C (Pusztai and Grant, 1998; Gupta et al., 2015; Shi et al., 2018). Additionally, vicine and convicine present in faba beans were reduced by about 6.06 and 22.53% after being roasted, and 18.86 and 22.53% after being boiled, respectively (Cardador-Martínez et al., 2012). Thermal treatments of pulses can result in structural changes such as protein denaturation as well as starch gelatinisation and retrogradation. This phenomenon consequently influences the functionality and applications of the treated pulse. Some key parameters to consider during thermal treatments of pulses comprise the method of cooking or heat application, type of pulse, cooking duration, and heating solution (such as water, salt, sugar) (Liu Y. et al., 2020).

Pulses respond differently to the removal of antinutritional factors when subjected to heat treatments (Kalogeropoulos et al., 2010; Shi et al., 2018). Kalogeropoulos et al. (2010) studied the effect of pan boiling on bioactive compounds in broad beans, chickpeas, yellow split peas, green split peas, lentils (small and large), pinto beans, black-eyed beans, white lupines, and five white bean varieties (small, medium, large, giant, elephant), in the form in which they are commonly consumed, in a Mediterranean diet. Therein, it was observed that the phytochemical content in the boiled pulses decreased in the pattern: lentils >chickpeas >pinto beans >lupines >white beans varieties, broad beans, and split peas. Similarly, faba beans and lentils were noted to have better phenolic antioxidant activities than green peas after heat treatment in a study conducted by Liu Y. et al. (2020). This presupposes a similar trend in functionality is derived when consumed. Thus, further in vivo studies are necessary to elucidate the functional effect of eating different boiled pulses. Canning of pulses involves cooking at elevated pressures and higher temperatures than boiling in an open pot, which results in increased hydration of the seeds (Fabbri et al., 2016) and higher levels of resistant starch (Güzel and Sayar, 2012). The short preparation time makes them very convenient compared to dried pulses.



Extrusion Cooking

Extrusion cooking is a thermo-mechanical approach used in the processing of foods. The process involves high temperature, pressure, mechanical shear, and moisture within a short time interval in a tube resulting in molecular transformation into a unique plasticised food material (Qi et al., 2020). The benefits of extrusion cooking of pulses include starch gelatinisation, enhanced soluble dietary fibre content, maintenance of natural food colours and flavours. More so, there has been reported a reduction in lectin, tannins, phytic acids, enzyme inhibitors (trypsin, chemotrypsin, and α-amylase inhibitors), and lipid oxidation (Alonso et al., 1998; Singh et al., 2007). Extrusion cooking provides an avenue for a continuous multi-operational unit which is energy efficient and has a high-quality output relative to other thermal/hydrothermal treatment processes (Adeleye et al., 2020).

Extrusion cooking has been used in the processing of pulses into ready-to-eat foods, confectionery products, precooked weaning meals, dry pet foods, etc. In the quest to valorise food waste generated during bread production, Luo and Koksel (2020) blended yellow pea flour and bread crumbs followed with low moisture extrusion cooking. The extrudate generated had high water binding capacity and water solubility indicating the degradation of starch during extrusion cooking. Qi et al. (2020) observed increasing extruding temperatures from 50 to 90°C resulted in improved in vitro starch digestibility and in vitro protein digestibility of pea flour. On the contrary, there was a decline in slowly digestible starch (SDS) content from 22.70% at 50°C to 16.02% at 90°C. A high content of slowly digestible starch in diets is crucial in the slow release of glucose into the blood and prevention of obesity (Brummer et al., 2015). Notably, high extrusion temperatures could lead to Maillard reactions (non-enzymatic browning) involving free amino groups of protein and carbonyl groups of reducing sugars (Saldanha do Carmo et al., 2019). This results in the reduction of bioavailable amino acids and poor protein digestibility. The occurrence of Maillard reaction during pulse extrusion cooking is of concern when the processed pulse is to be used for weaning or as the only item in a specialised diet or feed. Nevertheless, Maillard reactions produce a typical brownish colour, crispiness, and sensory qualities which is usually desirable by consumers of ready-to-eat snacks (Wani and Kumar, 2016). The parameters for extrusion should be optimised depending on the pulse type and product to decrease the content of antinutritional factors while delivering the necessary nutritional values to the targeted consumer.



Microwave Heating

Microwave heating is a relatively new food processing technique and has a plethora of domestic and commercial applications including drying, cooking, thawing, pasteurisation, and preservation (Chizoba Ekezie et al., 2017). Microwaves are electromagnetic waves with operating frequencies between 300 and 300 GHz. It is worth noting that domestic microwave devices typically operate at a frequency of 2.45 GHz whereas industrial microwave systems operate at frequencies of 915 MHz and 2.45 GHz (Chandrasekaran et al., 2013). Key operating parameters for microwave heating technology are power level and exposure time. The benefits of microwave heating include high heating rates, a drastic decrease in cooking time, safe handling, ease of operation, and low maintenance (Dalmoro et al., 2018). Nevertheless, during microwave heating, there could be an uneven distribution of temperature due to the geometry of food, volume, and heat distribution (Vadivambal and Jayas, 2010). Compared to conventional heating techniques, microwave heating has a lesser effect on degrading the nutritional attributes of pulse foods due to the shorter cooking time (Marconi et al., 2000).

Pulses can be pre-treated for pest disinfestation and reduction in lipase activity, which causes strong beany flavour, using microwave technology prior to cooking (Jiang et al., 2016; Dalmoro et al., 2018). For effective use of microwave irradiation to pre-treat pulses, Dalmoro et al. (2018) assayed the dielectric properties of milled pulses viz beans (Phaseolus vulgaris L., variety Bingo), chickpeas (Cicer arietinum L., variety Cicerale), and lentils (Lens esculenta, variety Colliano) to arrive at a diameter of 11 cm and a thickness of 4 cm. This ensured uniform penetrative volumetric heating. By so doing, the content of tannins and polyphenols were also significantly reduced in all three pulses during pre-treatment to increase the bioavailability of dietary proteins and minerals. Microwave technology has been used for the cooking of pulses which also reduced the antinutritional compounds (tannin, enzyme inhibitors) while increasing total starch, in vitro protein and starch digestibility (Ma et al., 2017). Microwave cooking of common bean and chickpea improved rapidly digestible starch (RDS) content by 53 and 36%, while lowering slowly digestible starch (SDS) content by 30 and 28%, respectively (Marconi et al., 2000). Hefnawy (2011) also showed a reduction in antinutritional compounds in lentils after being cooked with a microwave. Lentils were placed in tap water (1:10 w/v) followed by cooking on a high-power level for 15 min. Consequently, galacto-oligosaccharides and reducing sugars were significantly reduced in the drained lentils. Trypsin inhibitor activity, tannin, and phytic acid content were also reduced by 93.29, 34.38, and 39.17%, respectively, illustrating the effectiveness of microwave cooking on pulses.



Infrared Heating

Infrared heating, also known as micronization, is an emerging technology being used in food processing with limited applications in pulse processing (Ogundele and Kayitesi, 2019). It is based on the use of electromagnetic radiation with frequencies operating between the visible (0.38–0.78 μm) and microwaves (1–1,000 mm). More so, infrareds can be classified into 3 regions depending on the spectra ranges, that is, near-infrared (0.75–1.4 μm), mid-infrared (1.4–3 μm), and far-infrared (3–1,000 μm). Infrared heating appliances for food processing typically operate with frequencies between 1.8 and 3.4 μm (Fasina et al., 2001). The use of infrared heating has many benefits over conventional heating under similar conditions. This includes efficient heating with temperatures between 750 and 930°C, shorter cooking time, more homogenous heating, lower energy cost, and minimal loss in food quality (Rastogi, 2012; Ogundele and Kayitesi, 2019). However, infrared heating has low penetration power and could cause swelling and fracture in pulses when subjected to longer heating times (Krishnamurthy et al., 2008). For bulk food products, it is recommended to use infrared heating in combination with techniques such as dehulling and microwave heating to ensure penetration of heat into the food (Krishnamurthy et al., 2008). The efficacy of infrared heating is reliant on parameters such as heating duration, surface temperature, moisture content, and geometry of pulse seeds or products (Ogundele and Kayitesi, 2019).

Infrared heating technology has been used in varied food processing applications such as dehydration, dry blanching, disinfestation, and inactivation of endogenous enzymes (Galindo et al., 2005; Sharma et al., 2005; Jeevitha et al., 2013). To effectively control the extent of starch gelatinization and protein denaturation, the moisture content of pulses should be tempered to levels below 41% prior to infrared heating (Liu S. et al., 2020). Arntfield et al. (2001) tempered the moisture content in lentils to 33% followed by infrared heating to internal temperatures of 138 and 170°C. At 170°C, micronized lentils had a darker colour and harder texture which could be unappealing to consumers. Relative to raw lentils, micronized lentils had a higher percentage of gelatinized starch and pectic materials with a decline in protein solubility, neutral detergent fibre, and phytic acid. Fasina et al. (2001) reduced the content of oligosaccharides and trypsin inhibitor in kidney beans, green peas, black beans, lentils, and pinto beans, without altering the protein and starch content using infrared heating at 140°C. The amount of gelatinized starch resulting from infrared heating was <10% due to the low moisture content (<10%) in the seeds. Infrared heating significantly increases the solubility of pectin from pulses in water (Ndungu et al., 2012; Ogundele and Emmambux, 2018). This could be due to the structural changes in cell wall materials and degradation of pectin polymers in pulses which also contributed to the reduction in cooking time (Ogundele and Emmambux, 2018).




CLINICAL AND ENVIRONMENTAL SIGNIFICANCE OF PULSE CONSUMPTION

In this section, the health benefits derived from the consumption of pulses as shown in clinical trials are discussed. Additionally, the estimated environmental benefits of pulse consumption are also presented. Figure 1 shows the benefits of pulse consumption. In Western society, older adults have increased incidence of poor lipid profiles, are highly susceptible to cardiovascular diseases, and would benefit from carefully crafted diets. Abeysekara et al. (2012) demonstrated in a clinical trial that feeding older adults (≥50 years) with pulse-based diets such as snacks, salads, soups, and meals prepared using beans, chickpeas, lentils, and peas reduced the risk factors such as total cholesterol by 8.3% and low density lipoprotein (LDL)-cholesterol by 7.9% compared to regular diets of participants. A reduction of total cholesterol by 8.3% contributes to a decline in the risk of cardiovascular heart disease by about 17–25%. A similar pattern was observed in obese individuals with an average age of about 36 years who were served with lentils, chickpeas, peas, and faba beans related meals (Crujeiras et al., 2007). Cooked lentils, chickpeas, peas, and beans are rich in Mg, phenolic compounds (phenolic acids, flavonoids, and anthocyanins), proteins, and dietary fibre and have been proven in clinical trials to have the potential to reduce inflammatory markers and cardiovascular risk factors such as hyperglycemia, dyslipidemia, and insulin resistance (Hosseinpour-Niazi et al., 2015).


[image: Figure 1]
FIGURE 1. Benefits of pulse consumption on health and the environment.


Alizadeh et al. (2014) tested the effects of a hypocaloric diet enriched in cooked pulses (white, red and wax beans, chickpeas, cowpea, lentils, and split peas) in premenopausal women with central obesity. The results showed beneficial effects of cooked pulses on systolic blood pressure, metabolic features, and hepatic function. Furthermore, consumption of diets rich in dietary fibres from pulse-based foods has a positive effect on the diversity and metabolic activity of the human microbiota to improve intestinal health. This was demonstrated through the consumption of diets supplemented with chickpea or its main oligosaccharide, raffinose, by healthy adults in a randomised crossover intervention study (Fernando et al., 2010). Fermented dietary fibres also serve as precursors for the production of luminal butyrate which has anti-inflammatory and antineoplastic properties and could be essential in the prevention of cancer (Hartman et al., 2010).

Ha et al. (2014) carried out a systematic review and meta-analysis of randomised controlled trials to elucidate the impact of dietary pulse consumption on established therapeutic lipid targets, namely, low-density lipoprotein (LDL) cholesterol, non-high-density lipoprotein (non-HDL) cholesterol and apolipoprotein B, to reduce the risk of cardiovascular diseases. Notably, there was no significant effect of pulse consumption on non-high-density lipoprotein (non-HDL) cholesterol and apolipoprotein B. It was deduced that consuming 130 g/d (~1 serving per day) of pulses could reduce the level of LDL cholesterol by about 5% from the baseline.

Aside from the fact that pulses provide a promising alternative of formulating energy and nutrient rich diets necessary for the prevention of malnutrition and diet-related non-communicable diseases, pulses also contribute positively to environmental sustainability. For instance, Saget et al. (2020) performed a life cycle assessment, from cradle to fork, based on 16 impact categories for pasta oven cooked by using flours from either durum wheat or chickpea mixed with water. It was observed that there was a reduction in environmental footprint per servings for chickpea-based pasta in at least 10 of the impact categories investigated relative to the use of a cereal durum wheat. Also, when the evaluation was done on a nutritional density basis, chickpea demonstrated superior environmental benefits in 15 of the impact categories investigated. It must also be noted that cereal grains, which are usually used for the preparation of commonly eaten processed foods such as pasta, bread, and other bakery products, have a low content of essential amino acids lysine and threonine. The nutritional quality of bakery products produced from cereal grains could be improved by supplementing the formulation with pulses (Wood, 2009). To further enhance modern day agri-food systems to ensure environmental sustainability and nutritional security, studies investigating the processing of pulses for partial replacement of meats are emerging as shown in Table 2. Notably, aside from their nutritional attributes, the introduction of pulses into meat-based products at optimum ratios could improve the functionality (such as water holding capacity, gelation, emulsification, texture, and gelation) of mixed ingredients (Purohit et al., 2016). A reduction in the percentage of meat components in food products results in a decrease in greenhouse gas emissions. Another versatile benefit of most pulses in food processing is their potential use as a natural colouring agent due to the existence of pigments (such as chlorophyllunripe pea seeds; carotenoids—red lentils; and lutein and β-carotene—grass pea seeds) in the seed coats and cotyledons (Teterycz et al., 2020).


Table 2. Processing of pulses to formulate sustainable pulse-based meat products.
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FUTURE PERSPECTIVE AND CONCLUSION

Food and nutritional security are fundamental to the well-being of any individual. A current challenge facing the world today is changing our diet to a healthier and environmentally sustainable dietary pattern. Pulses have enormous nutritional and health benefits in preventing malnutrition and chronic diseases while contributing positively to reducing environmental footprint. The health benefits of pulses have been linked to the existence of their bioactive molecules such as proteins, dietary fibres, and polyphenols with either nutritional or non-nutritional properties. Under conditions such as elevated concentrations, non-performance of the metabolic system of consumers, and interactions of bioactive compounds with food constituents, some of these bioactives with health benefits may have ambivalent properties to act as beneficial or antinutritional compounds. These antinutritional compounds could have adverse implications including toxicity, reducing protein digestibility and nutrient bioavailability, triggering allergenic and/or allergic-like reactions (such as favism), and causing negative physiological effects (such as bloating of stomach and abdominal pains). However, the type and quantity of nutritional and antinutritional food bioactives depend on the type of raw pulse seed. The bioavailability of nutrients can be increased by treating pulses to reduce/eliminate the antinutritional compounds.

Major limitations to the consumption and commercialisation of pulses include the strong beany taste, incomplete proteins, long processing time, lack of standardised techniques, and potential adverse effects from some bioactive constituents. The advancement in technology has resulted in the use of techniques such as genetic breeding to enhance the variability of pulse crops having low antinutritional compounds and high yield which can be inherited. Despite the potential benefits of enhanced genetic breeding programs, the net effect of such outcomes could be detrimental, as the antinutritional compounds are primarily produced as secondary metabolites and are essential to the survival of the pulse grain in the field. Besides, the benefits of bioactives present in pulses could be simply made to outweigh their potential adverse effects as antinutritional compounds when pulses are adequately processed prior to consumption. Processing before consumption helps to derive maximum nutritional and health benefits from the pulse seeds.

The lack of standardisation available to assess the nature of most clinical studies conducted using pulses and the effectiveness of different processing techniques in reducing antinutritional compounds in pulses is a major bottleneck. This makes it difficult to compare outcomes from different studies. For instance, the type of processing method and conditions used to prepare the pulse or pulse product is non-existent in clinical studies in the extant literature. A clear disconnect between the processing and chemistry in the laboratory or industry and the nutrition-related clinical studies in humans. Notably, the processing technologies have different molecular impacts on pulse nutrients and antinutritional compounds which would influence the outcome of the study.

Also, specific studies investigating the link between the nutritional quality of pulses with food and nutritional insecurity in malnourished regions/countries are lacking in the extant literature. This is necessary to help inform the formulation of good food guidelines tailored-for-purpose to achieve food and nutritional security. For instance, the quality and quantity of nutrients, such as proteins, varies with pulses and will inform the required quantity per serving for each specific pulse needed to achieve equivalent impacts. More studies are also needed on the life cycle assessment on pulse-based products to deepen understanding of their environmental footprint benefits per (i) serving of pulse-based diets, and (ii) unit of nutrition serving.

Proteins sourced from pulses are classified as being incomplete proteins as they do not contain sufficient quantities of all the essential amino acids required in humans relative to animal sources of proteins. However, animal sources of proteins are a less sustainable approach in modern agri-food approaches requiring large acres of land and the generation of methane gases. Complete proteins from pulse-based meals can be obtained by consuming pulses in a well-balanced diet with other crops such as cereals. The beany taste of pulses can be minimised through simple processing techniques such as soaking, germination, and fermentation. The common process for most pulses involves soaking and cooking via boiling. Whiles this process is simple, it takes a longer time to complete before consumption which is contrary to the current habits of consumers (Szczebyło et al., 2020). On the other hand, processed pulses which are commercially available including canned pulses, pulse meat alternatives, pulse protein concentrates, pulse dietary fibres, pulse flours, and pulse snacks are convenient and easy to be incorporated into different diets according to the consumer's preference.

Overall, pulses by virtue of their nutritional, health, and environmental benefits are ideal crops essential in meeting the sustainable development goals. Diverse processing techniques exist to reduce the percentage of antinutritional factors found in pulses, increase the bioavailability of macro- and micro-nutrients, and increase the varieties of pulse-based products for consumers. The processing techniques can be tailored to purpose and pulse type to achieve desired results.
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