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The world’s food demand is increasing rapidly due to fast population growth that has
posed a challenge to meeting the requirements of nutritionally balanced diets. Pulses
could play a major role in the human diet to combat these challenges and provide
nutritional and physiological benefits. Pulses such as chickpeas, green gram, peas,
horse gram, beans, lentils, black gram, etc., are rich sources of protein (190-2609g
kg~"), carbohydrates (600-630g kg~", dietary fibers, and bioactive compounds.
There are many health benefits of phytochemicals present in pulses, like flavonoids,
phenolics, tannins, phytates, saponins, lectins, oxalates, phytosterols peptides, and
enzyme inhibitors. Some of them have anti-inflammatory, anti-ulcerative, anti-microbial,
and anti-cancer effects. Along with these, pulses are also rich in vitamins and minerals.
In this review, we highlight the potential role of pulses in global food systems and diets,
their nutritional value, health benefits, and prospects for biofortification of major pulses.
The food composition databases with respect to pulses, effect of processing techniques,
and approaches for improvement of nutritional profile of pulses are elaborated.

Keywords: healthy diet, pulses, sustainable food systems, nutrition, food consumption, sustainable development
goals

INTRODUCTION

Amid continually changing diet patterns, food choices, modernization in food processing
technologies, perceptions, food taboos, cultural shifts, and a rise in people’s awareness, there is
a big challenge to supply nutritious food for an ever-increasing population (Kumar et al., 2014;
Changan et al,, 2017). The critical question is how to meet the demand for food that provides
a healthy and nutritious diet in the coming years without threatening the resources of the earth
(Langyan et al., 2022). An overview of the food system and diets across the populations is
given in Figure 1. In the past 25 years, the world’s population increased by two billion, and it
is expected to reach up to 8.5 billion by 2030 and 9.8 billion by 2050 (United Nations World
Population Division, 2017). Global efforts toward the Millennium Development Goals of the
United Nations helped reduce undernourished individuals from 23.3 to 12.9% of the world
population, but more than 800 million individuals were left malnourished throughout the world
(UNICEF and World Health Organization, 2017). The Sustainable Development 2030 Agenda
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has 17 Sustainable Development Goals (SDGs). The second goal
is to achieve Zero Hunger which will help end hunger and
poverty by 2030. Approximately 2.3 billion people are without
food or unable to regularly eat a nutritious, balanced diet.
Around 720-811 million people are chronically undernourished.
An additional 70-161 million people are estimated to be
facing hunger during the recent pandemic. About one-third
of women of childbearing age are anemic, while 22% of
children younger than 5 years are stunted (UNDP, 2022).
Approximately one-third of the world’s total population suffers
from various types of malnutrition like stunting (short-for-age),
undernourishment (the main hunger indicator), micronutrient
deficiencies, overweight, and obesity. The global population of
middle-class families has doubled to at least 13% of the total
population between 2001 and 2011, mainly in South Pacific and
Asian countries (Pew, 2017). A majority of people who depend
on plant-based foods often fail to meet the recommended daily
allowances (RDA) for essential micronutrients. The deficiency
of micronutrients may result in severe complications such as
intellectual impairment, poor growth, perinatal complications,
and a higher risk of mortality and morbidity, further leading
to chronic and infectious diseases such as malfunction of
thyroid, osteoporosis, colorectal cancer, osteomalacia, and

cardiovascular diseases. The deficiency of micronutrients and
the undernourishment of pregnant mothers affect about 50%
of the global population. It results in increased incidences of
intrauterine growth restriction, low birth weights, protein-energy
malnutrition, chronic energy deficiencies, and maternal and
neonatal mortality (Alae-Carew et al., 2019). A study conducted
across 187 countries between 1990 and 2010 underlines a shift
toward unhealthy and junk food items such as processed meat,
red meat, diets rich in trans-fat, saturated fat, sodium, and free
sugar, which may further increase the risk of diet-related non-
communicable diseases (Imamura et al., 2015). Therefore, there
is a need to diversify the global agriculture and food system to
nourish people and address hunger and hidden hunger (Langyan
etal., 2021a,b).

Food production systems also have environmental costs such
as deforestation, land degradation, biodiversity and habitat loss,
depletion of natural resources, and contamination of soil, air,
and water (IPBES, 2018). For instance, food systems emitted
approximately one-fourth of anthropogenic greenhouse gas
(GHG) and used about 70% of total fresh water in agricultural
production (UNICEF and World Health Organization, 2017).
In agriculture, pesticides, synthetic fertilizers, and different
hormones in animal husbandry led to terrestrial and marine
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FIGURE 1 | Food systems and diets (Source: Meybeck and Gitz, 2017).
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ecosystems pollution and contamination of ecosystems and food
products, resulting in severe health complications (Landrigan
et al., 2018). Different practices and increasing competition for
water, land, and energy affect the ability for sustainable and
healthy food production for future generations.

To combat the challenge of providing affordable, nutritious
diets at low environmental costs, pulses can play an important
role. Pulses and legumes such as soybean, chickpeas, alfalfa,
lentils, peanuts, peas, clover, beans, etc., are majorly used for
eating purposes as well as animal feed in many areas around
the globe. Along with their environmental, nutritional, and
agronomic benefits (Oliveira et al., 2019; Singh N. et al., 2021),
pulses have been used as plant-based solutions for persisting
problems in the food system, which occupy the attention of many
researchers, food technologists, and marketers. For instance,
legumes can enhance the organic matter of soil and could be used
in crop rotations (Considine et al., 2017) and also enhance the
production of the crop as well as profitability. For nutritionists,
pulses are considered healthy and high nutrient-like protein-rich
diet, that mainly decrease the risk of stroke and heart disease
(Margier et al., 2018; Mandal et al., 2020). The research in
environmental science shows that the quality of nitrogen fixation
by most of the pulses can lessen the emissions of greenhouse gases
by lowering mineral fertilizers' requirements (Lampkin et al.,
2015). The increase in human population and their activities
are causing an increase in greenhouse gas concentrations in
the atmosphere, which in turn has caused the warming of the
atmosphere and surface of the earth (Hall et al., 2017). The
increase in warming has increased the frequency and intensity
of adverse weather events, leading to long-term climate change.
Along with temperature, rainfall, and other extreme climatic
conditions, agriculture particularly the production of food may
also lead to a direct impact on climate change due to its
fragile connection with the environment (Cusworth et al., 2021).
The changes in rainfall patterns as well as temperatures affect
agricultural output and hence destroy food production systems.
Similarly, both droughts and floods are expected to enhance the
frequency and intensity of climatic situations that could also
lead to decreased production of crops. With respect to climate
change, the crop sector is one of the very exposed and sensible
areas due to less capacity to adapt, and therefore, assessing
the effect of climate change on the production of the crop
is mostly important. In the past five decades, the agricultural
production in the Global South and the erosion of indigenous
and traditional food crops have greatly impacted the global food
system (Akinola et al., 2020). When consumed in place of dairy
products and meat, pulses have the potential to decrease pressure
on resources and reduce agricultural land. More than 50% of
the daily requirements of proteins around the world now come
from pulses. The increase in diversity of diets linked to the
impact on the environment like climate change, and indigenous
foods, like local diverse pulses, helps in providing the option
of strategic food that improves nutritional quality, enhances
the diversity of diets, and adapts to climate change (Pitso and
Lebese, 2014). Unpredictable changes in climatic conditions
affect the production and security of food globally, especially
in developing countries. In intercropping system, pulse crops

can adapt to climate change and its effects and hence the best
method to enhance climate resilience in farming (Guntukula,
2020).

Pulses are rich in vitamins and minerals and are considered
“poor people’s meat”. Compared to cereals, pulses such as
chickpeas, green gram, peas, horse gram, beans, lentils, and
black gram are a rich source of protein, complex carbohydrates,
dietary fibers, minerals, folates, and bioactive compounds (Singh
U.B. et al., 2021). Moreover, the availability of phytochemicals
such as flavonoids, phenolics, tannins, phytates, saponins,
lectins, oxalates, phytosterols, peptides, and enzyme inhibitors
have anti-inflammatory, anti-ulcerative, anti-microbial, and anti-
cancer effects. This review mainly focuses on nutritional value,
especially micronutrients, health benefits, and approaches for
biofortification of major pulses.

PULSES AND THEIR PRODUCTION

Pulses or legumes are plant foods from the Fabaceae family,
including crops like peas, beans, lentils, and chickpeas. Pulses
are annual leguminous crops. Common beans (Phaseolus vulgaris
L.), faba beans (Vicia faba L.), chickpeas (Cicer arietinum L.),
peas (Pisum sativum L.), mung beans (Vigna radiata L.), cowpeas,
and lentils (Lens culinaris Medik.) are among major pulses. In
2020, pulses were grown in a 93.2 million ha area with a total
production of 89.8 million t and an average yield of 963.9 kg/ha.
There is a wide diversity in pulses with a number of major
cultivated species around the world. For enumeration and trade-
related purposes, the Food and Agriculture Organization (FAO)
classifies the pulses into 11 major groups (Table 1). Each group
has different species of pulses that are often grown in diverse
geographies, specific agronomic requirements, and nutritional
properties. India (23.4 million t), Canada (8.2 million t), China
(4.8 million t), Myanmar (4 million t), and Nigeria (2.7 million
t) are the top five pulse-producing countries (Faostat, 2020). In
several countries, pulses contribute significantly to diet. India
(15.4 kg/year per capita), Kenya (17.0 kg/year per capita), and
Turkey (13.6 g/year per capita) are top consumers of pulses
(Alae-Carew et al., 2019).

NUTRITIONAL PROFILE OF MAJOR
PULSES

Pulses are an excellent source of key nutrients, including
carbohydrates (e.g., fiber and starch), vegetable protein, folate,
other vitamins, and minerals like potassium and iron with
health-promoting benefits. Pulses are a rich source of essential
micronutrients, such as iron, potassium, magnesium, zinc, and B
vitamins including folate, thiamin, and niacin (Figure 2). There
exists significant variation in general protein and carbohydrate
content in common pulses (Table 2). Generally, the approximate
nutritional values of pulses are crude protein (21-25%),
carbohydrates (60-65%), moisture (10%), and lipids (1-1.5%).
Daily mineral requirements can be satisfied by taking 100-200 g
pulses (lentil, cowpea, and chickpea), and daily iron requirements
can be met by consuming 100g of most dietary legumes.
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TABLE 1 | Area, production, and productivity of major pulses.

Broad pulses

Item Code (FAO)

Included commodity/species

Area harvested

Production

Yield (kg/ha)

commodity (million ha) (million tons)
group
Beans, dry 176 Phaseolus spp.: kidney, haricot bean (Ph. vulgaris); 34.80 27.55 791.5
lima, butter bean (Ph. lunatus),; adzuki bean (Ph.
angularis); mungo bean, golden, green gram (Ph.
aureus); black gram, urd (Ph. mungo); scarlet runner
bean (Ph. coccineus); rice bean (Ph. calcaratus);
moth bean (Ph. aconitifolius); tepary bean (Ph.
acutifolius)
Chick peas 191 Chickpea, Bengal gram, garbanzos (Cicer arietinum) 14.84 15.08 1,016.3
Peas, dry 187 Garden pea (Pisum sativum); field pea (P arvense) 7.19 14.64 2,036.4
Cow peas, dry 195 Cowpea, blackeye pea/bean (Vigna sinensis; 15.06 8.90 591.2
Dolichos sinensis)
Lentils 201 Lens esculenta; Ervum lens 5.01 6.54 1,304.9
Broad beans, 181 Vicia faba: horse-bean (var. equina); broad bean 2.67 5.67 2,1221
horse beans, dry (var. major); field bean (var. minor)
Pigeon peas 197 Pigeon pea, cajan pea, Congo bean (Cajanus cajan) 6.10 5.01 822.2
Pulses nes* 211 Including inter alia: lablab or hyacinth bean (Dolichos 5.92 4.44 750.3
spp.); jack or sword bean (Canavalia spp.); winged
bean (Psophocarpus tetragonolobus); guar bean
(Cyamopsis tetragonoloba); velvet bean
(Stizolobium spp.); yam bean (Pachyrrhizus erosus);
Lupins 210 Lupinus spp 0.89 1.05 1,177.4
Vetches 205 Spring/common vetch (Vicia sativa) 0.35 0.71 2,011.2
Bambara beans 203 Bambara groundnut, earth pea (Voandzeia 0.35 0.23 649.9

subterranea)

Source: https://www.fao.org/faostat/en/#data/QCL (accessed on 15 February 2022).
*Not specified elsewhere.

Additionally, beans are high in several forms of vitamin B such
as folic acid, pantothenate, and chickpeas, and beans are high
in carotene and vitamin K (Gowda et al., 2015). Chickpeas are
high in vitamins, including riboflavin, niacin, thiamin, folate,
and the precursor of vitamin A, but at the same time also
contain some anti-nutritional factors (Jukanti et al., 2012).
Furthermore, chickpeas are high in carbohydrates and protein
(Geervani, 1989). Chickpeas have several health benefits when
combined with other pulses. Cowpea is a good source of protein,
carbohydrate, insoluble and soluble fiber, and essential minerals
such as iron, zinc, manganese, phosphorus, and potassium.
Despite having a low lipid content, it has a high unsaturated fatty
acid profile (Frota et al., 2008). Pigeon pea seeds also include
various additional dietary elements like carbohydrates in the
cotyledons, protein in the embryo, and fiber in one-third of the
seed coat (Saxena et al., 2010). Anti-nutritional elements like
oligosaccharides, polyphenols, and enzyme inhibitors can also be
found in the pigeon pea seeds.

Starch and Complex Carbohydrates

Pulses are a good source of carbohydrates (Hoover and
Ratnayake, 2002; Tiwari and Shivhare, 2016). These have a lower
digestible starch content and a greater amylose concentration.
Pulses are a good source of dietary fiber since they contain both
soluble (which helps manage body weight, blood sugar levels,
and cholesterol) and insoluble (which helps lower cholesterol)

fiber. They also have a variety of complex carbohydrates in a
large amount, accounting for up to 70% of the seeds. Available
and unavailable carbohydrates are categorized based on their
nutritional and physiological activities. The increased amount
of unavailable carbohydrates such as dietary fibers, resistant
starch, and specific oligosaccharides will decrease the pulses’
glycemic percentage.

Proteins

Protein deficiency is a widely prevalent problem worldwide with
negative consequences on health and the economy. Legumes
are considered the primary source of proteins besides providing
other essential macro and micronutrients (Khattab and Arntfield,
2009). Pulses are rich in storage proteins such as albumins,
globulins, and prolamins and seeds contain several comparatively
minor proteins, including protease and amylase inhibitors,
lectins, lipoxygenase, and others (Duranti, 2006). The nutritional
value of protein-rich foods depends on the quantity and quality
of protein. Protein with low content of any essential amino acids
is not fully utilized. Instead, it increases the metabolic burden
on the body. Protein content varies between pulses: peas contain
20% protein, whereas protein content in lupin is 40% (Vaz Patto
et al., 2015). All pulse protein present in cotyledon contains
higher quantities of protein since they cover a large portion, the
embryonic axis of the seed, and the seed coat. These seed proteins
can be classified into structural, storage, and biologically active
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Pea, Beans, Chickpea, Green Gram, Black Gram, Lentils, Horse Gram, etc. ]
High content of | High dietary fibre Gluten | Low amount of fat and Micronutrients like ‘ Phytochemicals and
protein free cholesterol vitamins and minerals secondary metabolites
Protein (Average %) Mai Dietary Micronutrients (Minerals
l’ulz Fibre  T#t/Cholesterol Gluten and Vitsmins) Phytochemicals
CO::,Q“ P;:,‘ Paas A Less NA NA No
“.];:‘“h Faba beans faba beans High High Low NA Yos
o Chickpeas High High NA Yes Yos
Lath . ‘
auv;us Ch|<7lt:us Pigeon peas NA High NA NA Yos
Green High NA NA Yes Yes
rams
4 Black grams High Less NA Yes Yes
Moth beans a'“;;p.“ Lentils Low NA NA Yes Yes
b Horsegrams  NA NA NA Yes NA
Green grams Mothbeans NA NA NA Yos NA
Horse grams 9%
% Lathyrus A Low NA NA NA
Lentils Black grams Rajmash High Low NA Yes NA
s 8% Cowpeas NA NA NA Yes NA

FIGURE 2 | General nutritional profile of different pulses (Source: Venkidasamy et al., 2019). NA, not reported.

proteins. The protein quality varies within different pulse species
in which lysine and limiting amino acids such as tryptophan,
methionine, and cysteine are high. So, with the combination of
pulse and cereal protein, an adequate supply of both lysine and
sulfur-containing amino acids can be accomplished in human
nutrition (Leinonen et al., 2019).

Isoflavones

Pulses generate isoflavones, which are natural plant secondary
metabolites. There is a variety of isoflavones, including genistein,
glycitein, daidzein, genistin, daidzin, protensin, biochanin A,
and formononetin, which protect against diseases such as
cardiovascular disease. Isoflavone quantity varies by legume
variety; however, soybeans have a lot of them, and they have a lot
of estrogenic activity (Oomah and Mazza, 2000). Soy isoflavones
are a type of isoflavone that can be purchased commercially.
However, the distribution of isoflavone content in pulses has only
been explored by a few studies. Bengal gram has the highest
isoflavone content of all the major pulses (Chibbar et al., 2010).
Green gram and black gram have higher isoflavone content.
Pulses’ isoflavone content rises after germination (Suneja et al,,
2011). The presence of isoflavones in legumes adds to their
low cholesterolaemic properties. Soy protein and isoflavones
enriched diet has been suggested for reducing blood cholesterol
levels (Oomah and Mazza, 2000).

Other Phytochemicals

Pulses contain lectins, enzyme inhibitors, oxalates,
oligosaccharides, phytic acids, and phenolic compounds,

among other natural bioactive chemicals. Pulses are available
in two forms: whole grains and split pulses. Pulses are high
in minerals, vitamins, omega-3 fatty acids, carotenoids, anti-
nutritional factors (ANFs), and proteins. Legumes and pulses
are now considered functional foods due to their favorable
nutritional characteristics (Oomah and Mazza, 2000). Plant
proteins (beans) have ANFs that affect their digestion. ANFs
such as phenolic compounds, trypsin, lectins, chymotrypsin,
and amylase inhibitors have a detrimental impact on protein
and carbohydrate digestion. In contrast, oxalic acids and phytic
acids have a negative impact on mineral absorption. Some ANFs
operate as allergens, over-stimulating the immune system, while
others interfere with vitamin absorption (Henchion et al., 2017).
Most of these thermo-sensitive compounds are eliminated by
thermal treatments (cooking), while others are removed by
washing. On the other hand, enzyme inhibitors and lectins
reduce protein digestion and nutritional absorption. Pulses
contain various small components that act as helpful nutrients
and ANFs. Phytic acids are found in increasing concentrations
in mature legume seeds. Furthermore, the chelating activity
of phytic acid can reduce the availability of essential minerals,
carbohydrates, and proteins.

Polyphenolic Compounds

The main polyphenolic chemicals in pulses include tannins,
flavonoids, and phenolic acids. Phenolic chemicals are abundant
in black grains such as black gram, lentils, and red kidney beans.
Pulses include antioxidant compounds such as tocopherols,
ascorbic acid, and isoflavonoids. Polyphenols may act as
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TABLE 2 | Protein and carbohydrate content in common pulses.

S. Crop Scientific Protein Carbohydrate Sugar Minerals (mg/100 g) Fiber Vitamins Fat References
No. name (g/100g) (9/1009) (9/1009) (g/100g) (g/100g)
Ca Fe Zn Na K C B9 A B1 B5
(mg) (mg) (V) (mg) (mg)
1 Chickpea Cicer 20.47 62.95 10.7 57 431 276 24 718 12.2 4.0 557 67 0.47 1.58 6.04 Wallace et al.,
arietinum 2016
L.

2 Pigeon Cajanus 22.4 48.19 NA 139 537 23 NA NA 7.25 NA 229 NA 0.74 156 2.74 Talari and

pea cajan L. Shakappa, 2018
3 Cowpea Vigna 23.53 60.03 NA 126 110 1.01 4 431 10.6 25 NA 817 0.11 NA 1.26 Zaheer et al., 2020

unguiculata

4 Mung Vigna 22.9 19.15 NA 81— 3.4- 1.2— 8.7-  363- 7 4.8 615 114 0.62 1.91 1.2 Kumar and

bean radiata L. 114 4.4 2.1 132 414 Pandey, 2020
5 Lentil Lens 25.8 60.1 2.0 56 7.5 4.8 6 955 30.5 4.4 479 39 0.9 2.1 1.1 Faris et al., 2013

culinaris
Medik

6. Vetches Vicia 28.3 43.5 NA 1.35 0.41 362 177 105 NA NA NA NA NA NA 1.5 Huang et al., 2017
7 Bambara Vigna 18.8 60.8 2.4 30.2 8.8 1.9 NA NA 10.3 NA NA NA NA NA 1.4 Olaleye et al.,

bean Subterranea 2013; Yao et al.,

2015

8. Faba Vicia faba 26.12 58.29 NA 103 6.7 3.14 13 1,062 25 1.4 423 53 <1 <1 1.53 Dhull et al., 2021

bean
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“preventive” antioxidants by chelating the catalytic transition
metals such as copper and iron, rendering them unavailable
for Fenton-type reactions; or they may act as “scavenger”
antioxidants, providing an electron to highly reactive free
radicals and quenching the radical’s reactivity by delocalizing
the unpaired electron on the phenolic ring. Dark, highly
pigmented kinds of pulses, such as red kidney beans (Phaseolus
vulgaris) and black gram (Phaseolus vulgaris), have the highest
polyphenolic content (Vigna mungo). The highest phenolic,
flavonoid, and condensed tannin content are found in lentils,
followed by red kidney and black beans (Singh and Basu, 2012).
Chickpea contains many polyphenolic chemicals, including
flavonols, flavone glycosides, and oligomeric and polymeric pro-
anthocyanidins. Sinapic acid was the most prevalent phenolic
acid, and catechin and epicatechin were the most prevalent
flavonoids out of all the phenolic compounds found. Until
recently, phenolic compounds were thought to be non-nutritive.
It was discovered that high levels of polyphenols, particularly
tannins, can have negative repercussions by inhibiting iron
absorption and blocking digestive enzymes in the gastrointestinal
tract (Singh and Basu, 2012).

FOOD COMPOSITION DATABASES ON
PULSES

The nutritional composition data of pulses are meager in food
composition tables (FCTs) and food composition databases
(FCDBs). Despite many FCT/FCDB developed by different
countries to a certain extent, detailed and analytical data for
vitamins, minerals, and amino acids are lacking in the published
literature (FAO, 2016). Moreover, food description is very
generic, and it is dominated by major crops which neglect the
minor legumes. These factors restricted the ultimate use of
data and imprecisions of nutrient intake estimations through
pulses consumption. The aim of developing some recent FCDBs
was to make available a complete nutrient profile for different
species as a tool to accelerate consumption and awareness of
pulses for facilitating countries on agriculture projects, programs,
and policies.

Pulses FAO/INFOODS User Database for

Pulses

The objectives of uPulses suggest the development of a database
with representative compositional data on a global, regional, or
national level. However, it needs to be recognized that uPulses
can only represent available data of a certain quality, rather
than “truly representative” compositional states of the foods
presented—especially when considering that data availability per
species varied significantly for different factors affecting the
nutrient composition. The lack of analytical and secondary data
is the major limitation of uPulses which did not represent the
existing biodiversity of pulses. Only 16 out of the 23 pulse
species were considered and investigated in uPulses. The uPulses
database contains a total of 16 species of pulses, for which at
least one food entry is presented. In total, uPulses holds 177
food entries: 61 food entries for raw pulses and 116 food entries

for cooked pulses. Pulses were selected for the data collection
according to the FAO classification (1994); however, only those
with sufficient data of sound quality were included in uPulses.

Pulses DM FAO/INFOODS Database for

Pulses on Dry Matter Basis

The FAO/INFOODS Global Database for Pulses on Dry Matter
Basis Version 1.0 (PulsesDM1.0) was developed to provide
a complete nutrient profile for different species based on
average values presented in the FAO/INFOODS Global Food
Composition Database for Pulses version 1.0, also called uPulses
(Food and Agriculture Organization of the United Nations,
2017). The PulsesDM database contains a total of 16 species of
pulses, for which at least one food entry is presented. PulsesDM
holds 177 food entries: 61 food entries for raw pulses and 116
food entries for cooked pulses.

Bio Food Comp

Food biodiversity, defined as the diversity of plants, animals, and
other organisms used for food, covering the genetic resources
within species, between species, and provided by ecosystems
(FAO, 2010), is receiving increasing attention globally (Toledo
and Burlingame, 2006; Burlingame et al., 2009; Stadlmayr et al.,
2011). It is also recognized that data on food composition
and consumption are scarce regarding biodiversity, i.e., foods
reported below species level (i.e., variety/cultivar/breed level)
or for wild and underutilized foods. Furthermore, these foods
are rarely present in food composition tables and databases. To
improve the evidence base of the importance of biodiversity to
nutrition, Nutritional Indicators for Biodiversity—one on food
composition (FAO, 2008) and one on food consumption (FAO,
2010)—were developed. The indicator on food composition
counts the number of foods for which at least one value for
a nutrient or bioactive component is available, and the food is
described sufficiently to identify the genus, species, subspecies,
and variety/cultivar/breed. Additionally, as there was no
compositional data available on foods counting for biodiversity,
FAO, in collaboration with INFOODS has developed the
FAO/INFOODS Food Composition Database for Biodiversity
(BioFoodComp). The current version 3.0 holds 7,953 entries,
including pulses.

AnFood 2.0 FAO/INFOODS Analytical Food

Composition Database

The current version of the FAO/INFOODS Analytical Food
Composition Database is AnFooD2.0, which is an updated
version of AnFooD1.0 and AnFooD1.1 published in 2012 and
2016, respectively. AnFooD2.0 comprises compositional data for
1,940 foods (including pulses) and 364 components collected
and compiled mainly by FAO interns and consultants. AnFooD
holds data on different edible parts of the same plant/animal
food, different maturity stages, raw and processed food (cooked,
preserved), and recipes (composite foods). Foods in AnFooD are
categorized into one of the 12 food groups, and each food entry
has been assigned a unique food code (= food item ID).
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TAC Database

The total antioxidant capacity (TAC) database, contains sweets
(7), dried fruits (5), pulses (5), nuts (6), cereal products (18),
and spices (11), which was examined with the help of three
assays. Additionally, it has bound antioxidant compounds that
are present in food rich in fibers, such as legumes, nuts, and
cereals. Also, among nuts and pulses, lentils, broad beans, and
walnuts have TAC elevated levels, while peanuts, pine nuts, and
chickpeas have lower antioxidant capacity. This database has
been utilized for examining the dietary antioxidant function
helpful in disease prevention (Venkidasamy et al., 2019).

IMPACTS OF PROCESSING ON THE
NUTRITIONAL PROFILE

Pulses are generally processed before they are utilized for edible
purposes. Hence, different processing techniques such as soaking,
dehusking, germination, roasting, and cooking have an effect on
nutrition, intake quality, digestibility, and health benefits. For
example, the anti-nutritional factors (ANFs) in chickpeas are
diminished or removed in different cooking methods. ANFs such
as tannins, phytates, proteolytic enzyme inhibitors, and trypsin
inhibitor activity are reduced or removed during the processing
such as soaking, germination, blanching, and boiling of pulses. It
also increases mineral (zinc and iron) bioavailability and protein
digestibility. Dry beans contain some oligosaccharides such as
stachyose and raffinose that produce flatulence. By cooking
(121°C, 15 psi) for 30 min or soaking (0.5% NaHCOj3 solution)
for 18 h, these oligosaccharides are effectively reduced.

Similarly, soaking of Lathyrus sativus seeds in boiled
water, tamarind, or alkaline solutions effectively eliminates
neurotoxin  B-N-Oxalyl-L-a,  B-diaminopropionic  Acid
(BODAP). However, processing approaches’ duration and
time need to be standardized (FAO, 2016). Germination is
one of the simple methods for enhancing pulses’ palatability,
digestibility, and nutritional quality. Additionally, germination
also increases vitamin (A and C) content, the availability of
carbohydrates and protein, and reduces the ANFs in pulses.
Water absorption efficiency is also enhanced in black gram, lentil,
and chickpea when thermally treated in a pressure cooker. This
process declines the absorption of fat and foaming potential.
The extrusion cooking approach is used to reduce raffinose
(oligosaccharide) content and increase the dietary fiber content
(Rachwa-Rosiak et al., 2015).

Moreover, different processing approaches have also been
used for enhancing the low glycemic-resistant starch in plant-
based foods. The resistant starch (RS) and slow digestible starch
(SDS) content in whole pulse flours (black bean, chickpea, broad
bean, and lentil) could be increased using different approaches
such as annealing hydrothermal treatments and heat moisture
treatment (Chavez-Murillo et al., 2018). The fractions of RS and
SDS were enhanced with hydrothermal treatments and helped
in the improvement of protein degradation in vitro. Therefore,
the physical linkage between proteins and starch is enhanced
at the molecular level by thermal treatments linked with a
more significant number of resistant starch fractions (Magrini

et al., 2018). Molecular interaction between starch and protein
could be essential for the regulation of digestion of protein and
starch. Furthermore, it helps in improving the nutraceutical and
functional values.

HEALTH BENEFITS OF PULSES

The availability of a large number of proteins, bioactive
compounds as well as dietary fibers in pulses gives various
potential health benefits to humans like the prevention of many
diseases. For example, chickpeas provide beneficial effects along
with other cereals against type 2 diabetes (T2D), cardiovascular
diseases (CVD), and many digestive problems. Also, in previous
reports, it has been documented that the starch of fermented
pulses provided potential anti-carcinogenic activity.

Anti-cancer Activity

Secondary metabolites derived from plants have anti-cancerous
activities in different cancer types (Baskar et al., 2016). Previous
reports have documented potential anti-carcinogenic activity
derived from compounds present in pulses. For instance, the
presence of lycopene (carotenoid) in chickpea grain helps in
decreasing the risk of prostate cancer. Also, it has been found
that a diet rich in carotenoids helps in reducing the risk of
many cancers such as lung cancer, due to carotenoids’ antioxidant
activity (Mittal et al., 2009). In vitro studies reported that the
presence of isoflavone biochanin A in chickpea suppresses the
growth of cells in stomach cancer and also reduces the growth of
tumor in mouse xenograft studies. A diet rich in saponin helps
in suppressing azoxymethane-induced preneoplastic lesions in
colon cancer.

Anti-diabetic Activity

Throughout the world, diabetes is considered a common
metabolic disease caused by insulin deficiency. Various secondary
metabolites of plants were shown to have anti-diabetic properties
(Baskar et al., 2016). For example, pulses possess elevated levels of
amylases and resistant starch (Pittaway et al., 2007). The presence
of resistant starch decreases glucose availability by digesting in
the small intestine. Dietary foods having low glycemic index (GI)
help in increasing the regulation of blood glucose levels, LDL-
cholesterol, and risk of thrombosis in patients with diabetes.
The foods having low-end digestion rate result in low calories
which help in improving bowel health as well as reducing the
lipid and post-prandial serum glucose levels (Jenkins et al., 2012).
Lower GI is also a critical factor that is needed to reduce the
occurrence and severe causes of T2D (Osorio-Diaz et al., 2008).
The sensitivity of insulin and glucose tolerance also increases
with the uptake of a good amount of resistant starch, which has
been involved in the protection of diabetes, cancer, and CVDs.

Protection Against Cardiovascular Disease
and Obesity

Pulses are a rich source of dietary fibers, which play an important
role in reducing total plasma cholesterol concentration. The
fiber-rich diets have hypocholesterolemic activity because of the
suppression of the synthesis of fatty acids by butyrate, acetate,
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and propionate (Crujeiras et al., 2007). Previous studies reported
that the inhibition mechanism of propionate on fatty acid and
cholesterol biosynthesis leads to suppression of utilization of
acetate (acetyl-CoA). Generally, the food rich in dietary fibers
helps in maintaining lower body mass index (BMI) as well as
serves as an aid to attain faster satiety. Consuming foods with
low GI leads to enhancing cholecystokinin (a hunger suppressant
and gastrointestinal peptide) production and further enhancing
satiety. Most of the pulses are rich sources of dietary fibers
as well as have a low GI, which might be helpful in obesity
reduction and weight loss. Dietary fiber-rich food enhances
bowel health through an increasing number of defecations, softer
texture of stool, and ease in defecation. Pulses contain 50-60% of
polyunsaturated fatty acids like oleic acid (OA) and linoleic acid
(LA). Consumption of LA leads to positive effects on hemostatic
factors, the sensitivity of insulin as well as serum lipids that helps
in decreasing the risk of coronary heart disease (CHD). The p-
carotene (carotenoid) present in pulses has shown to be inversely
correlated with CVD. With the increasing uptake of folic acid, the
homocysteine concentration present in the serum responsible for
CHD is reduced by 13.4-51.7% (Jukanti et al., 2012). B-Sitosterol
present in pulses helps in reducing serum cholesterol, thereby
decreasing the risk of CHD. Also, the presence of B-sitosterol
helps in lowering blood pressure.

Protection Against Other Diseases

Different types of sterols, tocopherols, and tocotrienols
are present in pulses which show various activities such
as antimicrobial, anti-tumor, and anti-
inflammatory along with suppressive effects on cholesterol
(Jukanti et al., 2012). Zeaxanthin and lutein present in chickpea
play a major role in age-related macular degeneration and
also there is an enhancement of natural killer-cell activity by
carotenoids. Different growth and developmental processes
such as vision, cell division/differentiation, and growth of bones
are regulated by vitamin A, a derivative of B-carotene. The
carotenoids in pulses also serve as potential compounds utilized
in traditional medicine (tonics, stimulants, and aphrodisiacs).
Also, they have been utilized for removing parasitic worms from
the human body, as a thirst suppressor, appetizers as well as
reducing stomach burning sensations (Jukanti et al., 2012).

anti-ulcerative,

Antimicrobial Potential of Pulses and Their
Derived Products

The resistivity of microbe’s selection against traditional
antimicrobials needs the production of alternative antimicrobial
compounds. For example, phytochemicals have antimicrobial
activity against different types of microbes. Natural ingredients
in food products help in the protection against pathogens
in food (Lindgren et al,, 2018; Pina-Pérez and Pérez, 2018).
Polyphenols such as quinine, phenolic acids, lignans, tannins,
flavonoids, and stilbenes are naturally occurring secondary
metabolites of plants that function as antioxidants, anti-cancer,
antimicrobial, and anti-inflammatory agents. Polyphenols cause
deficiency of essential micronutrients (such as zinc and iron), cell
membrane permeabilization, cytoplasmic membrane disruption,
and microbial metabolism inhibition that led to the death of

microorganisms. Pulses usually contain proteinase inhibitors
that are considered antimicrobial components. The hull extract
of pigeon peas contains a high amount of flavonoid and phenolic
content that slows down high antimicrobial activity against
Bacillus cereus (Daglia, 2012). Proteins isolated and purified
from chickpea, soybean, and broad bean undergo esterification
using methanol, and furthermore, these methylated proteins
show antibacterial activity against Staphylococcus aureus, Bacillus
subtilis, Pseudomonas aeruginosa, and Escherichia coli (Daglia,
2012). Lectins also show antimicrobial as well as anti-cancer
activity with microbial cell wall disruption, and by interaction
with components of cell wall like teichoic acids and teichuronic,
lipopolysaccharides, and peptidoglycans. The aerial parts,
extraction of seeds, and fruit skin of chickpeas show antifungal
(Candida albicans) and antibacterial (Klebsiella pneumoniae, E.
coli, and Enterococcus faecalis) activity (Al-Snafi, 2016).

APPROACHES FOR IMPROVEMENT OF
THE NUTRITIONAL PROFILE OF PULSES
THROUGH BIOFORTIFICATION

Although pulses are a rich source of multiple nutrients, the
nutritional profile of pulses could be improved further through
biofortification, especially with respect to micronutrients. The
creation of micronutrient-rich staple food crops could be a cost-
effective and long-term way to boost micronutrient consumption
and enhance overall human health. The process of enhancing
the density of nutrients in a crop is known as biofortification.
It is a practical, emerging, and cost-effective technology that
employs a variety of strategies, including classical breeding,
population mapping, and genetic selection, to produce improved
pulse crop lines. In comparison to rice, wheat, and maize,
minimal efforts have been made for the biofortification of
pulses and legumes. To combat chronic diseases connected to
micronutrient deficiencies around the world, biofortification of
diverse pulses such as lentils, field pea, and chickpea with highly
bioavailable iron, zinc, selenium, and iodine is urgently needed.
The modern agricultural system focused mainly on boosting
grain yield and crop productivity up until now with secondary
consideration to specific issues of human health. Agriculture
is now shifting toward growing nutrient-dense food crops in
adequate amounts to increase food nutritional quality (Singh
et al., 2015; Sellamuthu and Malathi, 2021). Because the edible
sections are denser in bioavailable micronutrients, minerals,
and vitamins, biofortified pulses have a significant potential to
battle hidden hunger and ensure food security. As a result,
biofortification will emerge as a less-expensive agricultural-
based solution for meeting nutritional needs. Regular use of
biofortified staple crops will result in measurable improvements
in human health and nutrition. This will facilitate fighting against
“hidden hunger” or “micronutrient malnutrition” and provide
food security, particularly in poor and developing countries
(Garg et al, 2018). There could be several approaches for
biofortification and improvement of the nutritional profile of
pulses (Figure 3).
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FIGURE 3 | Approaches of biofortification for improvement of nutritional profile.
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To boost the mineral concentration in edible tissues, agronomic
solutions rely on the administration of mineral fertilizers (White
and Broadley, 2009). Mineral fertilizers have been used to
promote the health of plants in soil for hundreds of years, but
within certain boundaries, the same method can be used to
increase mineral accumulation in grains for nutritional purposes
(Gomez-Galena et al., 2010). This method is used to increase
the amount of Se, I, and Zn which have good mobility in
the soil as well as in the plant. Foliar-fertilization strategies
may be considered more sustainable and economically viable
strategies for micronutrient enrichment of the grains (Cakmak,
2008; Prasad and Narayanan, 2014). Foliar fertilization is the
application of fertilizers directly to the leaves. It could be
successful when mineral elements are not available immediately
in the soil or not readily translocated to edible tissues. Pulse crops
have biofortified with micronutrients, Fe, Zn, and Se, through
foliar application in various studies that resulted in increased
levels of these micronutrients in the harvested grain. Marquez-
Quiroz et al. reported an increased concentration of Fe (29-32%)
in seeds of cowpeas (Sellamuthu and Malathi, 2021). Ali et al.
reported increased Fe concentration (46%) in mungbean upon
foliar application of Fe. Similarly, foliar application of Fe and
Zn significantly increased the concentration of these minerals
along with protein in seeds of cowpeas and chickpeas. Foliar

fertilization with urea is reported to improve yield attributes,
yield, and chlorophyll content of chickpea (Dhaliwal et al., 2022).

Plant Growth Promoting Microorganisms

Various plant growth-promoting (PGP) soil bacteria, including
Enterobacter, Bacillus, and Pseudomonas, can be used to boost
micronutrient phytoavailability. These are mostly employed as
seed inoculants, and they promote plant growth by producing
growth hormones, antibiotics, chitinases, and siderophores,
as well as inducing systemic resistance and mineralization.
Numerous studies have shown enhanced concentrations of Fe,
Se, and Zn using microorganism inoculants and mycorrhizal
associations in pulses (Singh U.B. et al,, 2021). Furthermore,
colonization of Pseudomonas sp., Brevibacterium sp., Bacillus
sp., Enterobacter sp., and Acinetobacter sp. in legume roots
and nodules has been found to improve nitrogen fixation,
plant growth, and grain yield in legumes such as chickpeas,
soybeans, and peas (Kushwaha et al., 2021). In comparison to
control (uninoculated) plants, inoculation of PGP actinobacteria
increased the concentration of seed minerals such as Fe (10-38%)
and Zn (13-30%) in chickpea. Similarly, field inoculation with
arbuscular mycorrhizal fungi increased the nutritional profile
of chickpea grains by boosting Fe and Zn content, as well as
yield and protein content. Khalid et al. found that combining
PGP rhizobacteria with Fe compound (FeSOy) in soil raised iron
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concentration in chickpeas by up to 81% when compared to the
control, and suggested that microorganisms may play a role in
the extra uptake of Fe from the soil when Fe is supplemented.

Plant Breeding

Plant breeding can raise nutritional levels in pulses to the
levels needed to improve human nutrition while preserving
yield and farmer-favored agronomic features (Dhaliwal et al.,
2022). Screening germplasm for accessible genetic diversity,
pre-breeding parental genotypes, generating and evaluating
micronutrient dense germplasm, conducting genetic studies,
and designing molecular markers to reduce costs and speed
up the breeding process are all part of the crop development
process. Traditional plant breeding methods can help not just big
populations, but also people who live in rural areas with limited
access to commercially available fortified foods. This method
necessitates a one-time investment in plant breeding, but it may
be produced and propagated by farmers at essentially no marginal
cost over time. Recurring costs are modest, and germplasm can
be obtained from anywhere in the world (Shahzad et al., 2021).

Genetic Engineering

In pulse crops, genetic engineering methods could be used
to improve various nutritional profiles. When desired trait
variation is not naturally available in germplasm, a certain
micronutrient is not normally present in crops, and/or alterations
cannot be obtained by conventional breeding, biofortification
through genetic engineering offers an alternate strategy (Jha
and Warkentin, 2020). The recent availability of fully sequenced
genomes in a variety of crops bolstered this strategy. Along
with boosting the concentration of micronutrients, this strategy
can also be used to target the removal of anti-nutrients or the
addition of promoters to improve micronutrient bioavailability.
Genes involved in diverse metabolic processes in plants, as well
as bacteria and other species, could be deployed. Transgenic crop
development takes a significant initial investment, but it could be
a long-term strategy with the potential to reach vast populations,
particularly in underdeveloped nations (Dhaliwal et al., 2022).
In pulse crops, the genetic engineering method has been used
to improve other nutritional profiles. For example, expression of
methionine-rich storage albumin from the Brazil nut increased
the concentration of the essential amino acid methionine in
transgenic common bean plants by up to 23%, and expression
of a sunflower seed albumin gene increased the concentration of
methionine in transgenic lupins by up to 94%.

BIOFORTIFICATION OF SPECIFIC
NUTRIENTS IN PULSE CROPS AND THEIR
STATUS

Iron

Iron (Fe), one of the essential micronutrients for living
organisms, plays a major role in various metabolic processes
such as deoxyribose nucleic acid (DNA) synthesis and electron
transport in the body. Fe is vital for synthesizing oxygen
transport proteins (like myoglobin and hemoglobin), and
enzymes participate in oxidation/reduction and electron transfer

(Abbaspour et al., 2014). In hemoglobin, it acts as an oxygen
transporter from the lungs to different body tissues. According
to the Food and Nutrition Board of the Institute of Medicine,
National Academy of Sciences, the Fe RDA is 18 mg/day
(women) and 8 mg/day (men) (https://ods.od.nih.gov/Health_
Information/Dietary_Reference_Intakes.aspx). Iron deficiency
is considered the most dominant among all deficiencies of
micronutrients and majorly leads to anemia, affecting about two
billion individuals throughout the world (Benoist et al., 2008).
The number of complications such as dizziness, loss of energy,
and poor pregnancy results like premature births, babies with
lower weight at the time of delivery, delay in development and
growth of infants, and poor cognitive skills can be caused by
deficiency of iron (Bailey et al., 2015).

In many studies, large variation in iron concentration has been
observed in common beans, peas, lentils, chickpeas, and mung
beans (Blair et al., 2009, 2011). It has been observed that cultivars
of peas (17), lentils (18), chickpeas (8), and common beans (10),
grown in many places have an iron concentration of 47.7-58.1,
75.6-100, 48.6-55.6, and 57.7-80.7 mg kg~ !, respectively (Ray
et al., 2014). According to RDA, the serving 100g of any of
these pulses can provide about 50% iron. Diapari et al. observed
various accessions of chickpea having a high concentration
of iron (52-60mg kg~!), which has been used to develop
cultivars with more amount of iron concentration (Diapari
et al., 2014). In mung bean lines that were commonly found
in South Asian regions, there was a significant variation in the
concentration of iron (35-87 mg kg~ !). Recently, Dissanayaka
et al. found significant variation due to environmental conditions
in 177 accessions of pea using a genome-wide association study
(GWAS) at Rosthern Saskatchewan and Saskatoon (Canada) and
Fargo, North Dakota (USA) (Dissanayaka et al., 2020). They
also reported an effect of location and genotypes having higher
iron concentration at Rosthern in comparison to Saskatoon in
peas. The genotype effect was also significant in chickpeas and
lentils (Vandemark et al., 2018). The concentration of iron was
also showing significant variations by location and variety. For
instance, DellaValle et al. (2013) in lentils and Ariza-Nieto et al.
(2007) in common beans, found that there was variation in iron
concentration in the same place, while Moraghan et al. (2002)
found higher iron concentration in seeds grown in acidic soil in
comparison to calcareous soil. Diapari et al. (2014) found that
genetic factors led to iron concentration variations in peas grown
at different places. A number of SNP markers are linked with
differences in the iron concentration found in lentils, chickpeas,
and peas that are utilized in marker-assisted selection. For
example, Diapari et al. (2014, 2015) found a linkage of nine SNPs
with an iron concentration in 94 accessions of peas, whereas two
SNPs on chromosome 4 and one each on chromosomes 1 and 6
were found in chickpeas.

Zinc

Zinc (Zn) is another important nutrient essential for humans,
which is required for different biological functions. It is
involved in functions like wound healing improvement, growth
and proliferation of cells in membrane signaling systems
(MacDonald, 2000), protection from oxidative damage by
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reactive oxygen species (Prasad et al., 2004), and preventing
pancreatic and prostate cancer (Costello and Franklin, 2017).
The RDA for zinc is 8 mg/day for women and 11 mg/day
for men (https://ods.od.nih.gov/Health_Information/Dietary_
Reference_Intakes.aspx). Zinc deficiency may lead to various
consequences such as reoccurrence of infections, immune system
weakening, mental illness, and retardation of fertility and growth.
It also plays a key role in the division of cells and thus significantly
affecting women during pregnancy.

Like iron, the concentration of zinc also shows a wide range
of variations in chickpeas, lentils, common beans, and peas. It
has been observed that significant variation in the concentration
of zinc was found in 94 different accessions of chickpea grown
in Saskatchewan, Canada (Diapari et al., 2014). In this study,
three accessions of kabuli type such as ILC 2555, FLIP85-1C,
and CDC Verano (43-48 mg kg~!) and two accessions of desi
type FLIP84-48C and FLIP97-677C (41 and 42mg kg~!) have
been identified having the highest concentration of zinc. It has
also been observed that there were significant variations in the
concentration of zinc in chickpeas (21.1-28.3 mg kg '), common
beans (24.8-33.3 mg kg™1), lentils (36.7-50.6 mg kg~ 1), and peas
(27.4-34mg kg~!) grown at different locations in Saskatchewan
Significant variation for zinc concentration has been found
and reported in common beans core collection (>2,400), three
populations of common bean, accessions of lentil (>1,600), 20
lines of mung bean, a panel of 94 and 177 pea accessions
in two studies and two pea populations, PR-07 and PR-02. A
number of SNP markers and QTLs have been identified for the
concentration of zinc in chickpeas, peas, lentils, and common
beans. For instance, in three populations of common beans,
authors identified QTLs for zinc concentration (Blair et al., 2011).
Also, in chickpeas, five SNPs were identified for the concentration
of zinc, which were found on chromosome numbers 1, 4, and
7 (Diapari et al., 2014). Khazaei et al. (2017) identified 12 SNPs
in lentils for zinc concentration in 138 accessions grown at two
different places in Saskatchewan, Canada.

Selenium

Selenium (Se) is an important micronutrient majorly involved
in the development and protection of the human body from
oxidative stress, infections, and cancer progression (Zeng and
Combs, 2008). The RDA for selenium is common for both men
and women (i.e., 55 pg/day) (https://ods.od.nih.gov/Health_
Information/Dietary_Reference_Intakes.aspx). Se deficiency is
linked with several diseases such as Keshin-Beck, Keshan, and
myxedematous cretinism in humans (Coppinger and Diamond,
2001).

During the harvesting of pulses, the weather conditions and
soil quality (like water availability, texture, pH, and aeration)
play major roles in the concentration of selenium. Diapari
et al. (2015) reported that selenium concentration variations
were primarily due to the environment, and less due to the
genotype in peas. As compared to Rosthern, the concentration
of selenium was more at location Saskatoon, and the difference
of Se concentration has not been significant among 94 genotypes.
Lentils produced in the Brown and Dark Brown soil of Western
Canada have more selenium concentration (425-672 g kg™!),

whereas the selenium concentration is lower in Nepal (180
ng kg~!), Southern Australia (148 pg kg~!), Turkey (47 pg
kg™!), Morocco (28 pg kg!), Northwestern USA (26 g
kg™!), and Syria (22 pg kg™!) compared to soil of Western
Canada. In different places of Saskatchewan, large variations
in the concentration of selenium were found in lentils (990-
1,637 g kg~!), common beans (381-500 pg kg~!), chickpeas
(629-864 g kg™!), and peas (405-554 pg kg™!). According
to RDA, 100 g dry weight of pulses provide 100% of the RDA.
Nair et al. reported significant variation in the concentration of
selenium, i.e., 210-910 pg kg™ ! in lines of mung bean produced
in two environments in Hyderabad, India. Also, the evaluation
of breeding lines of 80 pea plants obtained from the Czech
Republic, United States, Serbia, and Australia had low selenium
concentration, whereas when grown in Saskatoon, these peas
breading lines have higher selenium concentration (Nair et al,,
2015).

lodine

Iodine (I) is considered an essential constituent of hormones
regulating the thyroid, triiodothyronine (T3), and thyroxine
(T4), which plays a key role in normal metabolism, development,
and growth. RDI for iodine is also common for men
and women (ie., 150 pg/day) (https://ods.od.nih.gov/Health_
Information/Dietary_Reference_Intakes.aspx). Iodine deficiency
causes goiter, hypothyroidism, developmental delay, cretinism,
reduced fertility, and increased infant mortality and prenatal
death (Eastman and Zimmermann, 2018). At the time of
pregnancy, iodine deficiency led to the offspring’s cognitive
impairment, which is critical for brain development (Silva de
Morais et al., 2020). In human populations, iodine deficiency
varied from other micronutrients due to its predominance in
developing and developed countries. The reason is the lower
concentration of iodine found in agricultural soils and cereal-
based crops (Gonzali et al., 2017).

A number of studies have reported different approaches such
as foliar fertilization and salt application in irrigation water
and soil to biofortified crops using iodine, but there is less
information available. The consumption of pulses having lower
iodine concentration leads to a deficiency of iodine in human
beings (Cakmak et al., 2017). A large number of studies have been
focused on the biofortification of vegetables compared to pulse
grains due to the easy translocation of most of the iodine to xylem
in leafy vegetables (Medrano-Macias et al., 2016).

Carotenoids

Carotenoids, the natural pigments produced by plants and
mainly found in foods derived from plants, are not directly
synthesized by humans and animals. These act as essential
antioxidants in the human body and play a major role in
different physiological activities. A large number of carotenoids
have been discovered and reported. For example, zeaxanthin and
lutein help prevent age-related macular degeneration (Fraser and
Bramley, 2004). Also, lutein helps reduce the risk of cataracts
and prevent cardiovascular diseases (Alves-Rodrigues and Shao,
2004). Similarly, vitamin A plays a crucial role in normal
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vision, cell division, and the growth of bones in humans. B-
Cryptoxanthin helps stimulate osteoblastic bone formation and
inhibits osteoclastic bone resorption, thereby playing a significant
role in building bones. Carotenoids also have the properties
of fighting against cancer, and cellular organelles are protected
from oxidative damage by quenching of reactive oxygen species
generated during different metabolic processes. Carotenoids are
also considered promoters of iron absorption as these help in
the improvement of iron bioavailability in the human body from
plant-based foods (Yamaguchi and Uchiyama, 2004).

A large number of studies have reported on the content
of carotenoids in pulses (Ashok Kumar et al., 2014, 2015). p-
Cryptoxanthin, zeaxanthin, and lutein are found in chickpeas,
while lutein, B-carotene, and violaxanthin are found in field peas.
One study identified a high concentration of xanthophyll (9-20
mg/100 g), canthoxanthine (21-68 mg/100 g), and beta-carotene
(166-431 1g/100g) in 10 genotypes of chickpea produced in
Minot, North Dakota (Thavarajah, 2012). (Ashok Kumar et al.,
2014, 2015) evaluated carotenoids content in different cultivars
(eight chickpeas and 12 peas) produced in different places in
Saskatchewan, Canada, with the help of high-performance liquid
chromatography utilizing a diode array detector. It has been
found that carotenoids concentration was higher in cotyledons,
followed by embryonal axis and pericarp (seed coat), where lutein
was majorly found (11.45 pg g~ '), followed by violaxanthin
(0.52 pg g_l), B-carotene (0.47 pg g_l), and zeaxanthin (0.16
g g~ 1). In kabuli type cultivars of chickpea, the concentration
of carotenoid was mostly found in cotyledons, followed by
embryonal axis and pericarp (seed coat), while in desi type
cultivars of chickpea, the highest carotenoid concentration was
in seed coat followed by cotyledon and then embryonal axis.
Similarly, Ashok Kumar et al. found differences in carotenoid
concentration in different cultivars of chickpea (121) and pea
(94) grown at different places in Saskatchewan, Canada. Among
all carotenoids found, lutein was majorly present in peas and
chickpeas (Ashok Kumar et al, 2014, 2015). Furthermore,
lutein showed positive correlations with the concentration of
zeaxanthin in chickpeas and the concentration of chlorophyll
in peas.

Folates

Folates (B9 vitamins) are considered cofactors in many metabolic
activities like biosynthesis and metabolism of nucleotides and
amino acids in the human body and hence needed for the
growth and development of the human body (Scott et al., 2000).
In plants, folates are essential in the biosyntheses of alkaloids,
chlorophyll, and lignin. Therefore, to fulfill the requirement of
folates, humans directly or indirectly depend on plant and/or
animal-based food. Folate’s deficiency leads to a greater risk of
many chronic diseases such as neural tube defects, Alzheimer’s
disease, impaired cognitive function, cardiovascular diseases,
and various types of cancers. Diets rich in folates are highly
recommended to women during pregnancy to decrease the risk
of neural tube defects in infants. Less intake of folate during
pregnancy enhances the risk of pre-term delivery and retarding
the growth of the fetus inside the woman’s uterus. Hence, folates
are essential for the reproductive health of humans.

A large number of approaches such as liquid chromatography
(LC) coupled with fluorescence detection (FD) (Sen Gupta
et al, 2013), microbiological assays (Fajardo et al, 2017),
and mass spectrometry (MS) detection (Jha et al, 2020)
have been utilized for quantification of folates from difference
pulses. In previous studies, researchers found large variations
in pulse folates. For instance, Han and Tyler (2003) used a
microbiological assay and identified folates in green cotyledon
peas (24.9-64.8 1g/100g) and yellow cotyledon peas (23.7-
55.6 1g/100g) grown at different places in Saskatchewan,
Canada. One study reported the concentration of folate in
vegetable peas (59 1g/100g) consumed in Finland with the
help of LC-MS (Vahteristo et al., 1997). Similarly, Rychlik et al.
(2007) identified folate concentration variability in different
pulses like peas (10-20 wg/100g), chickpeas (275 ng/100g),
green lentils (110-154 pg/100g), and white beans (106-164
ng/100 g) by utilizing LC-MS approach. With the help of ultra-
performance LC (UPLC), researchers quantified six folate mono-
glutamates in four pulses such as chickpeas (351-589 pg/100 g),
lentils (136-182 j1g/100 g), common beans (165-232 ug/100 g),
and pea (23-30 1Lg/100 g). 5-Methyltetrahydrofolate (5-MTHF),
tetrahydrofolate (THF), and 5-formyltetrahydrofolate (5-FTHF)
were mostly found in chickpeas, lentils, peas, and common beans
(Fernandez-Orozco et al., 2013).

CONCLUSION AND FUTURE OUTLOOK

The rapid growth of the world’s population and increasing food
demands create challenges in supplying nutrition-rich diets.
Food sustainability concerns the production of foods to meet
the dietary requirements and future availability, which is one of
the sustainable development goals (SDGs). Pulses are considered
the dominant and plant-based primary protein sources in human
diets that combat these challenges and provide nutritional and
physiological benefits. Additionally, pulses play an important role
in issues related to the improvement of malnutrition of protein
in different underdeveloped and developing countries. Pulses
such as chickpeas, green gram, peas, horse gram, beans, lentils,
and black gram are the richest protein sources, carbohydrates,
dietary fibers, and bioactive compounds. There are many
health benefits due to the availability of phytochemicals such
as flavonoids, phenolics, tannins, phytates, saponins, lectins,
oxalates, phytosterols peptides, and enzyme inhibitors that
have anti-inflammatory, anti-ulcerative, anti-microbial, and anti-
cancer effects. Pulses are very essential dietary food for managing
weight and obesity, help in stabilizing the sugar level of blood,
and enhance the level of quality insulin by decreasing spikes and
improving insulin resistance.

There are significant research gaps with respect to pulses in
all aspects, including genetics to nutritional research. As pulses
are mainly grown and consumed in the developing world, there
is a need to intensify research efforts on pulses in these countries
with global collaborations. One of the glaring aspects is the lack of
analytical compositional data with respect to pulse-based foods.
This hampers the overall assessment of pulses in the nutritional
matrix and designs programs and goals tailored around the
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incorporation of pulses in the diet. Regular publication of
updated versions of food composition databases with diverse
pulses is urgently needed. There is a need for coverage of all food
groups and inclusion of more data per food group, especially
on micronutrients. Sharing of pulses-specific data by researchers
and closer collaboration with scientific journals shall help to
make FAO/INFOODS Analytical Food Composition Database a
vibrant and dynamic database.

The genetic yield potential of pulses is lesser as compared
to cereals, making pulse crops less remunerative for farmers
and less affordable to consumers. The green revolution was
a cereal-based revolution, with minimal impact on the pulses
sector. Therefore, there is a need to break the yield barrier
in pulses. The green revolution in cereals was based on
knowledge of plant developmental biology mutants for plant
height traits. Developmental biology research with various pulses
as model systems is extremely sparse. Further, photosynthesis
research, canopy enhancement for solar radiation capture,
source-sink relationship research, etc., is required in greater
intensity to address the fundamental problem of low genetic
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