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Abstract Authors

A sustainable method to enhance ti8heetal Das
nutritional makeup and the nutrient compositidraculty of Agriculture and Allied Sciences
of food crops is biofortification through planCV Raman Global University
breeding. The bulk of the world's populatioBhubaneswar, India.
relies on staple food crops, but most lack critical
micronutrients. In several breeding projec&mile Tripathy
during the past ten years, biofortification hdsaculty of Agriculture and Allied Sciences
gained relevance as a means of enhancing @éRaman Global University
nutritional makeup of pulse crops. Pulses aBthubaneswar, India.
legumes, particularly chickpeas, mungbeans,
soybeans, and peas, are members of S8ikasisMahapatra
Fabaceae family and are high in nutrients. MaRwgculty of Agriculture and Allied Sciences
diets rely heavily on pulses and legumes asC® Raman Global University
source of plant protein. Due to the presenceRliubaneswar, India.
several bioactive compounds—among whidibasismahapatra2002@gmail.com
phenolic acids, flavonoids, and tannins make up
the majority—pulses play a crucial role in
metabolic and physiological processes. Despite
being a good source of 15 vital minerals and
vitamins, pulses and legumes have a limited
bioavailability due to the presence of
antinutrient agents. Breeding-based
biofortification is a technique for improving the
nutritional content of pulses and legumes. The
key micronutrients that have been addressed
include iron, zinc, selenium, iodine,
carotenoids, and folates. The widely predicted
improvement in crop productivity and yield has
greatly increased with the extensive application
of new technologies in agriculture. However,
even an adequate amount of food cannot stop
issues like hidden hunger or malnutrition, which
are the root causes of many health issues around
the world. Besides the challenges biofortified
crops hold a bright future to address the
malnutrition challenge.
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. INTRODUCTION

Malnutrition is a critical issue that impacts &gl number of people in the majority
of African and Asian nations. Due to the significhealth issues it is associated with, it has
attracted interest from throughout the world. Twemillion newborns are born every year
with a low body weight. [1] Population increasepistiting more strain on natural resources
such as arable land, and this, combined with ther@mmental pressures brought on by
climate change, is adversely affecting plant growgroductivity, and nutritional value.
Additionally, the overuse of pesticides and fesdlis has a negative influence on the
ecosystem, leading soil and water quality to decliz -5]. All of these challenges are
reflected in human health, with malnutrition prabk becoming more severe, not only in
emerging economies but even in rich countries whad is plentiful but has low nutritional
value.[6] The chemical residues in products areofbmcg a growing source of worry for
consumers in industrialised nations, who are aallor more sustainable agriculture practises
that prioritise safer products with no chemicaldess. A quick response is required. In order
to ensure the production of foods with a high niatmial value and a small environmental
impact, society must find a sustainable way to eslsltoday's difficulties.

A promising approach to meet the requests previously outlined is biofortification.
The World Health Organisation (WHO) defines it dbe" process by which food crops'
nutritional value is improved through agricultupahctices, conventional plant breeding, or
modern biotechnology."[7] In this context, agronoaii practices try to increase the
solubilization and mobilization of nutrients in tkeil by applying fertilizer, hence promoting
mineral absorption [8]. In underdeveloped natiomere cereals and legumes are the primary
food sources, legumes are an excellent targetrfpraving the nutritional value of diets. The
combination of legumes and their naturally colodibacteria appears to be a potent one for a
sustainable and eco-friendly strategy to combatefifects of climate change on crops and
enhance plant nutrition. Legumes have a high mutiad value in addition to being crucial for
the environment [9].

. PULSESAND LEGUMES

The Fabaceae family, which includes pulses andnbegy is rich in nutrients,
particularly chickpeas, mungbeans, soybeans, aad. pg many diets, pulses and legumes
provide a significant source of plant protein. Theywe a low Gl (glycemic index) and are a
great source of dietary fiber and complex carbse Buthe presence of humerous bioactive
chemicals, primarily phenolic acids, flavonoidsdaannins, pulses play a significant role in
metabolic and physiological processes [14]. Legusre type of plant that is described as a
"fruit" that contain dry grains and has the propgnt nitrogen in soil is fixed. In 2021,
approximately 88.97 million metric tonnes of pulsesre produced in world wide [11]. The
estimated production of pulses in 2021-22 as peDipartment of Agriculture and Farmers’
Welfare is 26.96 million tonnes [12]. In India 2022, 30.37 Mha area is under pulses with
an average yield of 888 kg/ha [13].

The Contribution of Pulses to the Achievement ef 8ustainable Development Goals
Due to the climate change phenomena, which inclglelsal warming and a rise in the
frequency of extreme weather events (heavy rairg dmought), the world is currently
experiencing significant agricultural losses imtsrof productivity and nutritious crop value.
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As a result, over two billion individuals experienmalnutrition issues as a result of food
shortages (acute hunger) or inadequate intakeucfatrmicronutrients (hidden hunger) [16].

Even though they are crucial for human nutritionl dealth, the production of food
legumes has only seen a slight annual increase9b6%4) fluctuating only between 40.78 and
70 million tonnes. Pulses per capita availabiliég been under extreme strain due to the slow
expansion in world pulses output, expanding popmratdiversifying end-uses, and people's
improved purchasing power [17]. In order to inseahe nutritious content of meals,
fortification of foods during processing looks te & promising method; nevertheless, not all
populations can use this tactic [20].

With a focus on the most underprivileged peoplefdotification looks to be a
workable strategy to increase the nutritional vadfieneals [18]. Legumes in particular are
superior to or on level with cereals in terms @tlsupplies of vitamins, minerals, and amino
acids [21]. They have a wide range of possiblethesmdvantages when added to the human
diet. Some specific chemicals in legumes, like Bl@dibers, antioxidants, flavonoids, etc.,
appear to be linked to a decreased risk of diapetediovascular disease, and some types of
cancer, among other conditions.[22] Legumes couiilbo the symbiotic N fixation process
in the environment, which lowers the requirememtrfitdrogen fertilizer, lowers agricultural
CO2 emissions, and improves soil quality [23]. dldiéion to providing the subsequent crops
with pest and disease resistance [24], the intmluof legumes in crop rotation systems can
cut greenhouse gas emissions by up to 25% [25].

1. NUTRIENT CONTENT OF MUNGBEAN, PEAS AND SOYABEAN

1. Mungbean : One of the most important pulse crops, mungbe¥igné radiata), are
produced 90% of the world's supply in Asia. Indien the greatest producer of
mungbeans, accounting for 50% of global productfolowed by China and Myanmar
[26].

* Protein: Mungbean is a high protenious food. Numerousag®proteins, including
globulin (60%) and albumin (25%) are found in mueghb [27]. It contains
significant amounts of the important amino acidermphalanine (1.44%), leucine
(1.85%), isoleucine (1.008%), valine (1.24%), togdtan (0.26%), arginine (1.672%),
methionine (0.286%), and lysine (1.66%). Histidif®e7%) and threonine (0.78%)
[28,29]. Mung bean protein has more in vitro digelty than soybean protein
(70%). (65%) [30].

» Carbohydrates: It has a high carbohydrate content of 55-65%. B&Eanungbeans
contain starch, which is a significant carbohydr#ttey can be used to make starchy
noodles [31]. The starch granule is oval, circutarbean-shaped, and it ranges in
diameter from 7 to 26 m [32]. It has significantoss-linkage properties. Less
common sugars including raffinose, stachyose, aedbascose are to blame for
flatulence in the diet. The oligosaccharides in ghean, however, can be easily
reduced by soaking, germination, and fermentatecabse they are soluble in water.
Compared to other legumes, mung bean carbohydaatesore easily digested and
less likely to induce flatulence [33].
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Lipids: Mungbean contains just 2.1-2.5% oil, the majooityvhich is composed of
linoleic acid (3.3-4.7 g/kg), palmitic acid (2.9-¢4kg), oleic acid (2.2-2.9 g/kg),
stearic acid (1.4-1.9 g/kg), and arachidic acid3.3 g/kg) [34].

Vitamins : The amount of vitamins in one hundred grams of raungbean is
ascorbic acid (4.9 mg), thiamin (0.62 mg), riboiftay0.23 mg), niacin (2.25 mg),
pantothenic acid (1.91 mg), vitamin B-6 (0.38 nfg)ate (616 mg), choline (98 mg),
beta-carotene (69 mg), vitamin A (115 IU), vitar&rfalpha-tocopherol) [35].

Minerals: The fact that it contains between 3.1 and 4 peroérdsh [36,37 ,38]

indicates that mungbean has a sizable amount cdrais 3.5-4.5 mg/100g, 129-169
mg/100g, 8.9-13.2 mg/100g, 363-415 mg/100g, 80-Mg/100g, and 1.3-2.1
mg/100g are the ranges for the minerals iron, msigne sodium, potassium,
calcium, and zinc, respectively [39].

2. Peas: The pea (Pisum sativum), which is grown for botimnan and animal consumption,
is one of the most significant crops ever produced5 million tonnes are produced
worldwide each year of dry and green peas.

Protein: A range of environmental and genetic factors mrfice the protein content
of peas, which ranges from 21.4% to 33.1%. it dastéhe majority of the protein.
The nutritional value of storage proteins or glahsiis determined by the amino acid
composition. Higher levels of arginine are presenit. Compared to soybeans and
lupin, the lupin has less glutamic acid, cysteimaline, and methionine. Despite
having a lower in vitro digestibility than soybeand other pulses due to the presence
of protease inhibitors, raw pea nevertheless Haettar in vitro digestibility [42].

Carbohydrates: In whole peas, the range of carbohydrate conteb6i7—74.0%, and
in the kernel, it is 62.7-78.7%. The two kinds ddogpse that make up starch are
amylose and amylopectin. Rough-cut peas comparedntooth peas' (44-46%)
reduced level of starch (28-38%) the wrinkle pdasyever, have a greater (60—
75.2%) amylose concentration. comparative to smpets (22—38%). Additionally,
discovered is that sucrose Content is greater inkéed peas than in smooth peas
[43]. A desire- The ratio of amylose to glucoseedily affects a starch's ability. the
reaction of postprandial hyper glycemia to amylaipefe4].

Lipids: Peas have a low lipid content of 0.8-6.2%. Thegmages of total lipids in
wrinkle seeds and round seeds are 4.5-5.3% an8.2%;-respectively. Re-evaluated
fatty acid composition of peas (g/100g total fadtyds) reported to be made up of
oleic acid, stearic acid, and palmitic acid (8.5589. (6.5-13.5g), linolenic acid
(14.3-23.39), and linoleic acid (38-709) [45].
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Vitamins. Ascorbic acid is one of the vitamins contained kgiin raw peas. Niacin

(22-297 mg), thiamin (4.2-6.2 mg), and riboflavih4-6.5 mg) Vitamin B-6 (1.2

mg), pyridoxine (10.5 mg), pantothenic acid (21.8)ymand (1.1mg), beta-carotene
(7.0g), biotin (8.3mg), and folic acid (0.7mg), amgoothers. Inositol (1.6 mg),

tocopherol (22—72 mg), and vitamin K (1.7 mg) [46].

Minerals: Peas contain many important minerals such as cal(@ud—1.4 g/kg DM),
potassium (7.6-12.6 g/kg DM), phosphorus (2.2-3k# M), Magnesium (1-2.5
g/kg DM), iron (22-500 mg/kg DM), zinc (20.5-67 rkg/DM), sodium (30-1500
mg/kg DM), copper (5-10 mg/kg DM) and manganes@B40 mg/kg DM). Most of
these minerals are present between the testa anletinel; the latter is richer in
calcium and potassium [47]. Because of high phytatatent in peas, the
bioavailability of Zn, Fe, and Ca are very low [48]

3. Soyabean: Soybean is recognized as one of the most impopargpective protein
sources for human nutrition under conditions ahelie change and population growth. In
2021-22 the total world soyabean production goe88®.524 million tonnes. With an
annual production volume of 117,208,380 tonnes,Uhded States of America is the
greatest soybean producer in the world. With 96,2B6 tonnes produced annually,
Brazil comes in second. More than 60% of globaldpation is produced jointly by the
United States of America and Brazil. India is rad¢d4 with 14,008,000 points [49-50].

Protein : Soybean has a protein level of between (36 and)§6Po0big in soybean
Numerous proteins, including globulin and otherrage proteins, the primary
globulin constituents are glycinin (11S) and -cgueglins (7S). Although soy protein
has few amino acids that include sulfur, contaihghe& amino acids necessary for
proper human body operation, including Leucine,ings methionine, cysteine,
phenylalanine, isoleucine, tyrosine, threoningytiophan, valine, and histidine [51].

Lipids and Carbohydrates: About 17-20% of the dry weight of the soybeans are
made up of oil. Linoleic and linolenic acids, whiate found in abundance in soybean
oil, make it appropriate for human consumption Ps¢cording to estimates, the fatty
acid composition of soybean oil consists of théofeing: palmitic acid (10.5-25%),
stearic acid (2.7-30%), oleic acid (20.8-85%), lemo acid (58.6%), and linolenic
acid (5-17%). About 33% of the carbs in soybeamsfier, which makes up the
majority of those carbs. The two main soluble chsllvates, accounting for (4-6%)of
the total, are raffinose and stachyose. Dry maiase ranges from 1.4% to 4.1%. The
four main types of insoluble carbohydrates arechtacellulose, hemicellulose, and
pectin are present in the soybean [52].

Vitamins. Soyabean contains many type of vitamins such asdhble and fat
insoluable. The quantity and the range of tocoglsan soybean is 10.9-28.5, 150—-
190, and on a dry matter basis, they are, respygti24.5-72.5 g/g [53].

Minerals: It has 5% ash in it. Significant minerals found soybeans include
potassium, the elements sodium, chloride, phosghamagnesium, calcium, and
sulfur are present in from 0.2% and 2.1%, while kbeels of silicon, iron, zinc,
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magnesium, copper, cobalt, cadmium, lead, arsanigt,chromium are between 0.01—
145 ppm [54- 55].

V. APPROACHESFOR IMPROVEMENT OF NUTRITIONAL PROFILE

To improve the nutritional profile of crops and dmsh micronutrient insufficiency,
many methods including dietary diversification, dosupplements, food fortification, and
biofortification are applied.

1. Dietary diversification: It is a strategy that entails consuming a wideewarof foods,
particularly varied plant-based meals includingtfuvegetables, and healthy grains. In
order to increase the amount and bioavailability nmtronutrients in food, dietary
diversification also employs household-level tactincluding food preparation that
involves soaking, fermentation, and germination].[36is best to consume less foods
high in anti-nutrients, which prevent the absonptad minerals, while consuming more
fruits and vegetables high in promoter compound®ods high in ascorbic acid (a
promoter of iron absorption) should be ingested,ifistance, to boost iron absorption
[57-58].

2. Food Fortification: Fortification is the process of enhancing foodigritional value by
including vital micronutrients, such as vitaminsdaminerals. The World Food
Programme (WFP) has several food aid programme#ate that use grains and pulses
that have been partially pre-cooked, milled, andiffed with micronutrients overcome
nutrient deficits and offer health advantages Witle danger.

4. Biofortification: The method of "biofortification” involves agronomiadjustments,
genetic engineering, and traditional plant breedingnhance the dietary profile of plant-
based foods (Figure 1).

Agronomic Approach

= Foliar Fertilisation
# Alineral Fertiliser
+ Plani Growth promoting organisms

. \ ,-:t: / |
H g
o BIOFORTIFICATION
3
Genetic Engineering ‘ j \ Plant breeding

Transgenic methods

Figure 1: Different Methods used for Biofortification
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V. AGRONOMIC APPROACHES

Through the use of agronomic methods, biofortifaratcan be accomplished through
foliar fertilisation [60], the application of min@rfertilisers to the soil, and the introduction of
beneficial microbes into the soil.

1. Foliar fertilisation: Application of fertilisers directly to leaves is ¢&wwn as foliar
fertilisation. It might be successful when mineeééments are not instantly available in
the soil or are not easily transported to edildsues [60,61]. Micronutrients Fe, Zn, and
Se were added as foliar fertilisers to pulse crapdiofortify them. Application in
multiple trials led to enhanced levels of these romatrients in the harvested Fe
concentration in cowpea seeds was found to be h{@®e-33%). [63]. After applying Fe
to the leaves of mungbeans, [64] scientists hawadothat the Fe concentration had
increased (46%). In a similar manner, foliar apgilmn of Fe and Zn considerably raised
the content of these minerals along with proteinsé@eds of cowpeas and chickpeas
[65,66].

2. Mineral Fertiliser : Mineral fertilisers are inorganic substances thatease the mineral
guantity in the soil and, consequently, the quadityhe plants. Mineral fertilisers must
be applied with increased mineral solubility andomty [67]. Plants can be strengthened
with minerals using this technique, but not witlgamic substances like vitamins, which
the plant itself makes. For Se, this approach wasessfully used. I, and Zn, as these
elements are easily mobile in the soil as welhaspiant tissue. [68].

Regular fertilisation is usually necessary for bitification, although this could
be bad for the environment's health and could redbe amount of other minerals that
are available. Furthermore, the soil type in aipaldr region, variations in mineral
mobility, and the Successful mineral chelation rabp be hampered by the potential for
antinutrient molecules to restrict mineral bioaahility putting this strategy into practise
[69, 70].

3. Plant growth promoting Organisms. Beneficial soil microorganisms like rhizobia,
mycorrhizal fungi, actinomycetes, and diazotrophécteria are symbiotically linked to
plant roots and provide plants with a variety ohéfes, including the availability and
production of plant growth hormones and the proamotof nutrient mineralization.
Although they occur naturally in the soil, inocudet or agricultural management
methods can increase their numbers. To boost thgbailability of micronutrients, a
variety of plant growth-promoting (PGP) soil micrganisms, such as Enterobacter,
Bacillus, and Pseudomonas, can be utilised. Thesenastly utilised as seed inoculants
and promote plant growth by producing growth horesynantibiotics, chitinases,
siderophores, and inducing systemic resistanceraneralization [71].

Increased amounts of Fe, Se, and Zn have beenrseamerous experiments
using microorganism inoculants via mycorrhizal cectirons [72,73 ].
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In comparison to control (uninoculated) plantsckpeas with PGP actinobacteria
inoculation had higher seed mineral concentratior@duding Fe (10-39%) and Zn (14—
30%) [74]. Similar to this, the nutritional profilef chickpea grains was enhanced by
arbuscular mycorrhizal fungi field inoculation ising Fe and Zn concentration as well
as yield and protein content [75]. Application d&P rhizobacteria with Fe compound
(FeSO4) in soil enhanced iron concentration inlgheas (up to 80%) when compared to
a control, according to Khalid et al. [76]. Thegalspeculated that microbes may play a
part in the extra uptake of Fe from soil when sap@nted with Fe.

VI. TRANSGENIC METHODS

This techniqgue has been used to generate bio&mttiBoybean (Glycine max),
common beans (Phaseolus vulgaris), lupines (Lupamggistifolius), and many other pulse
crops. This approach could need a significantahitivestment, but if a transgenic variety is
created and commercialized, it becomes a more depén and sustainable method.
Regarding important micronutrients like iron, ziremnd folate, this approach is still in
development for pulses. Several limitations in geiwotechnologies have been overcome by
the introduction of modern technologies like CRISBRS9, ZFN (zinc finger nucleases),
and To improve the nutritional profile of pulsesALOENSs (transcription activator like
effector nucleases) have been used to circumvemuraber of genomic technology
limitations. Additionally, desired bacterial pathygacan be added using these gene editing
tools to benefit metabolic engineering.

The capacity to apply this approach for multigera@dgfer, micronutrient enrichment,
and the removal of antinutrients from edible tissieemade possible by the availability of
fully sequenced genomes of pulse crops. Despitéattidhat single gene modifications have
no impact of target micronutrients in the plants][7

VII. GENETIC ENGINEERING

When any desirable micronutrients does not exisiralty , then modification can
achieved by the process of genetic engineeringutyng the desirable genes. The recent
availability of fully sequenced genomes in numercugps encouraged this strategy. This
strategy can simultaneously target the removalntihatrients or the addition of promoters
that can increase the bioavailability of microrents, in addition to boosting the
concentration of micronutrients [12]. This meth@®d genes from bacteria and other species
in addition to those connected to several metalpaitbways used by plants [45].

Transgenic crop development demands a significatiali expenditure, however this
could require a substantial investment during theal stage and this is the best method to
target the large populations especially in develgmiountries. Similar to this, cowpeas were
successfully modified using CRISPR/Cas9-mediatatbge editing technology to stop the
activation of the SNF gene. These results pave pdwh for the use of gene editing
technologies for numerous features of interestgumes.
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VIIl. PLANT BREEDING

The most widely used form of biofortification isrough traditional plant breeding. It
provides a viable, economical substitute for agnoice and transgenic-based techniques. For
conventional breeding to be successful, the traiht@rest must have sufficient genotypic
variation . However, the low genetic diversity haouin the gene pool must occasionally be
taken into account in breeding techniques. In otftances, this can be avoided by crossing
to distant cousins, which gradually introducesdharacteristic into the commercial cultivars.
A different method is to use mutagenesis to add features directly into commercial
cultivars.

IX.CHALLENGESIN BIOFORTIFICATION OF PULSES

Due to the adoption of all the aforementioned soh#, the process of pulse
biofortification has been effective in many regiphsit there are still certain obstacles to
overcome. Plants include antinutrients that areurally occurring, which decreases the
ability of micronutrients to be absorbed. Phyticdawsas found, according to Biel et al. This
lowers the iron and zinc bioavailability in puls@sd legumes. Other Saponins, lathyrogens,
protease inhibitors, and alpha-blockers are thébituns that are present. The presence of
polyphenols as well as amylase inhibitors in legsiflack bean seed coat's ability to absorb
iron is hampered.

Another obstacle to bio-fortification is the limitgyenetic diversity of the plant gene
pool and the lengthier period needed for reseanth aultivation. Due to poor marketing
tactics and the low acceptance of transgenic pulbegproduction of pulses has been viewed
as a cashless crop, and many farmers have migatatier crops. Yield and the nutritional
composition of harvested pulses are also impacgtdudtic and abiotic stress.

The nutritional profile is further impacted by ptstrvesting procedures since many
micronutrients are removed during milling and pulg. Collaboration between plant
breeders, nutritionists, genetic engineers, andketiag specialists is crucial to solving these
issues.Both conventional and genetic engineeringhads call for the expansion of
germplasm conservation for better characterisaimhscreening of pulses varieties. A single
locus multinutrient characteristic aids in the daéive enhancement of pulses [45].

X. CURRENT STATUS OF BIOFORTIFICATION IN PULSES

Prof. M.S. Swaminathan, a great agriculturalist &sibnary, has previously stated
that nutritional security should be discussed ex$tef food security. He has also emphasised
the importance of including all essential microrerits in every person's diet as opposed to
diets that are high in calories and protein. Asslt, the idea of biofortification supported
the need for a tool to combat malnutrition in therent situation.

Breeding-led biofortified crops have, among otheetmds of biofortification,
improved crop nutrition profiles over time. Withgard to biofortified crops developed
through breeding, cereals account for 58.1% oftttal, followed by legumes at13.3%,
vegetables at 19.8%, and fruits at 9%. In additoothis, an agronomic approach was used to
distribute cereals at a rate of 69.5%, legumesrateaof 14.5%, oilseeds at a rate of 3.2%,
vegetables at a rate of 11.3%, and fruits at acfale6%.
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By 2030, it is intended to provide more than onkidni people with access to
biofortified crops and the varieties of those crgpsthey can benefit from them in terms of
nutrition and agronomy. Among the 12 biofortifietbjgs, cowpea (Fe and Zn), lentils (Fe
and Zn), and common beans (Fe) are frequently aott consumed as biofortified crops
under the category of pulses [1]. On October 18202 in honour of the Food and
Agriculture Organization's (FAO) 75th anniversatg Indian Prime Minister dedicated one
variety of lentil called “Pusa Ageti Masoor”.

X1l. FUTURE PROSPECTS

Government policies governing food security vargnirone nation to the next in
order to secure the lives of those in need by givirem access to food grains. Despite this,
nutritional security is now being discussed morantliood security because it promotes a
healthy lifestyle among the populace and serveswasapon against malnutrition. In order to
address that, the following strategies should h@emented in the future:

The implementation and strengthening of a fastktiaeeding programme for the
creation of nutritionally dense varieties in ac@mrde with the agro-climatic conditions and
dietary preferences of residents of particularssead or regions.

Due to the presence of phytic acid, research shaoldcentrate more on the
bioavailability of micronutrients in pulses, patarly Fe and Zn.

Consumption of biofortified crops would be encowagby the advancement of
technological infrastructures and market chainmfgrowers to consumers.

It would be very helpful to the breeder to identsiych landraces or wild/primitive
cultivars that have good micronutrient contentsrigler to create new varieties.

The creation of novel plant species that are inbhgedeffective at absorbing,
transporting, and accumulating micronutrients itbkedplant parts. Identification of target
genes or pathways that promote the synthesis abmitrients and improve the efficiency of
their conversion in pulse crops is also importarstiibution of these developed varieties to
farmers for commercialization.

A separate MSP should be implemented by the gowvemtsnfor the bio-fortified
crops. By taking this action, farmers would be midkely to grow biofortified crops and
make a greater profit from them

XIl. CONCLUSION

One in three people worldwide lacks micronutrientéjch are crucial for human
growth and development. The most affordable andy-lasting method of addressing
micronutrient deficiencies is thought to be biofozation through plant breeding.
deficiencies. This strategy is widely accepted basl the potential to reach individuals living
in Remote rural areas with little access to comm#ycmarketed fortified foods. Further,
Farmers can multiply seeds over years for pratyicadthing with a one-time investment.
Marginal price. With the introduction of numerousofbrtified products, significant
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advancements have been made recently. Crop vari¢ghiat are assisting the target
populations in overcoming micronutrient deficierscid better nutritional profile for pulse
crops will lead to a significant increase in congtion because they are a significant source
of protein and energy. The last ten years have ae&e in biofortification efforts to enhance
the nutritional profile of pulse crops. But if tluse of biofortified foods is to be effectively
maximised, there are a number of issues that neustdmlved.
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