


Review Article

BIOFORTIFICATION OF VEGETABLE CROPS: A MECHANISM TO OPTIMIZE A HIDDEN HUNGER

Abstract:
[bookmark: _GoBack]	Hidden hunger, also known as micronutrient deficiency, affects approximately 2 billion individuals worldwide and is often disregarded or masked by hunger caused by energy shortages. This deficiency in important vitamins and minerals can have long-term, irreversible health effects, as well as socioeconomic consequences that can erode a person's well-being and development. Poor diet, sickness, decreased absorption, and higher micronutrient needs during particular life phases, such as pregnancy, lactation, and infancy, are among the reasons of hidden hunger, which can "invisibly" influence a population's health and development. Biofortification, a process of breeding nutrients into food crops that provides a relatively cost-effective, sustainable, and long-term means of delivering more micronutrients to rural populations in developing countries, is one such approach to combating the issue of micronutrient malnutrition. Vegetables are crucial pillars of proper nutrition because they contain phytochemicals, vitamins, antioxidants, and minerals. The current necessity for developing countries to tackle different health difficulties is biofortification of vegetables with vitamins and minerals. Currently, agronomic biofortification, conventional plant breeding and genetic modification of vegetable crops are three common approaches. These methods can significantly increase the level of minerals and vitamins in various vegetables. This paper reviews several publications that looked into biofortification with respect to the environment, sustainability, human nutrition, trends, future prospects around the world.
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1.Introduction:
	The increasing population poses a global danger to nutritional security, underscoring the need for practical and affordable solutions to be implemented in the global food system. It is estimated that over 2 billion individuals worldwide suffer from deficiencies in important micronutrients like zinc and iron. A worldwide issue of malnourishment is brought about by shortages in certain micronutrients, which impact human health by making vitamins and other micronutrients insufficiently available. Half of the world's population suffers from a distinct kind of dietary insufficiency, with emerging nations being the most affected (Ortiz-Monasterio et al., 2007). The hunger and malnutrition are biggest challenges due to the ever-increasing world population. A diet with insufficient quantity of one or more nutrients can lead to malnutrition. The World Health Organization defines malnutrition as deficiencies, excesses, or imbalances in the consumption of energy, protein, and other nutrients and it encompasses both undernutrition and overnutrition. Micronutrient deficiency of the population's Iron, zinc, iodine, and selenium account for 60%, 30%, and 15%, respectively (Gomathi et al., 2017).
	Furthermore, an additional 2 billion individuals worldwide suffer from a different kind of hunger called hidden hunger, which is brought on by inadequate daily dietary intake of vital micronutrients (Muthayya et al., 2013, Gillespie et al., 2016). Hidden Hunger is a type of undernutrition, results when intake and absorption of vitamins and minerals (such as zinc, iodine, and iron) are insufficient to support optimal health and development. Its effects can be devasting, resulting in poor health, low productivity, mental impairment, and even death. One solution is to use nutritional supplements, but these are not cheap. Adding necessary micronutrients to basic foods is one strategy to combat this hidden hunger. A number of agricultural techniques, including micronutrient fertilization, crop variety breeding for increased micronutrient status, transgenic production, and biofortification, can all help reduce hidden hunger. Many strategies are being tried to alleviate this hidden hunger. In addition to dietary diversity, food fortification, and supplementation, which are presently used to address micronutrient deficiencies in human diets, biofortification offers a sustainable solution to prevent micronutrient malnutrition (Ramesh et al., 2018). 
From an economic perspective, biofortification is a one-time investment that provides a long-term, sustainable, and cost-effective means of combating hidden hunger because, once the biofortified crops are developed, there are no further expenses associated with purchasing fortificants and incorporating them into the food supply during processing (Hirschi, 2009; Hefferon, 2016; Meenakshi et al., 2010). For those who are not receiving the micronutrients through other measures, biofortified foods may offer a reliable and secure source. Agriculture-based goods are the main source of nutrients for humans, particularly for those who reside in underdeveloped nations (Graham et al., 2001). Biofortification was developed as a result of advanced research to counteract nutritional inadequacies, even if conventional growing methods may only slightly increase the nutritious content of plant food.
2.Biofortification:
The word biofortification is originated from the Greek word "bios," which means "life," and the Latin word "fortificare," which means "make strong,". Simply, the biofortification is "to make life strong." It is defined as enhancing the nutritional quality of the plant's edible portion. It is the process of using conventional breeding methods, genetic modification, or agronomic techniques to increase the bioavailable concentrations of an element in the edible parts of plants. It offers a more economical, long-lasting, and sustainable way to add more micronutrients to food. Unlike fortification, which adds nutrients to meals after they are processed, biofortification concentrates on increasing the nutritional value of plant foods while the plants are still growing. By using this method, the number of severely malnourished individuals who need supplemental interventions for treatment will be reduced, and their nutritional condition will remain improved. It also offers a workable way to address undernourished rural communities that might not have easy access to commercially marketed supplements and foods that have been fortified (Jena et al., 2018). This facilitates the introduction of the micronutrient-dense characteristic into market-oriented and already-popular cultivars. The process of creating biofortified crops also increases the crops' capacity to grow on soils with low or unavailable mineral content (Borg et al., 2009). For those in underdeveloped nations who cannot afford high-quality food, a low-cost strategy is to breed plants to increase the bioavailability of micronutrients in the desired edible food. This strategy can therefore be used to mitigate micronutrient deficiency, which will guarantee improved health (Waters and Sankaran, 2011).
However, bio fortification offers two major advantages over other approaches: it is more affordable in the long run and can be applied to rural areas that are underserved. An initial investment in plant breeding delivers micronutrient-rich biofortified planting material for farmers to grow at almost zero marginal cost, in contrast to the ongoing financial outlays necessary for commercial fortification programs and supplementation. After produced, crops with enhanced nutrition can be assessed and tailored to different climates and regions, increasing the return on the initial investment. The combination of high nutrient density with high yields and profitability is essential for biofortification to be successful. Enough nutrients must also be retained during processing and cooking, and they must be sufficiently bioavailable. Additionally, farmers must adopt biofortified crops, which should be consumed by a sizable portion of the population suffering from micronutrient malnutrition (Jena et al., 2018). Three methods can be used to achieve biofortification: Agronomic biofortification, Conventional plant breeding and Genetic engineering, 
3.Agronomic Biofortification:
	The practice of improving crops' nutritional content through soil management and fertilization is known as agronomic biofortification. Though it is only a temporary solution, it provides the fastest, most cost-effective approach to manufacture nutrient-dense food in an efficient and timely manner. Iodine (soil application of iodide or iodate), Zinc (foliar treatment of ZnSO4), and Selenium (as selenate) are the micronutrients most suited for agronomic biofortification. Applying foliar or soil application of micronutrient-containing organic/inorganic fertilizers or biofertilizers increases the amount of micronutrients in the plant's edible parts. The success of agronomical biofortification is highly variable because of differences in mineral mobility, mineral accumulation among plant species, and soil composition in the specific geographic region of each crop (Ismail et al., 2007). The degree of mineral element mobility in the soil and in the plant determines the success of agronomic biofortification (White and Broadley 2005). A subset of nanotechnology applications in agriculture known as nano fertilizers (NFs) have the potential to completely transform current practices for increasing crop nutrient content and raising nutritional quality. NFs provide a viable means of enhancing the concentration and bioavailability of vital nutrients in food crops by utilizing the special qualities of nanoparticles; this approach is referred to as "nano fertilizer-assisted biofortification." Plants are able to absorb the particles with ease due to the NFs' small size and significant increase in surface area (Chandra et al., 2023).
3.1.Iron biofortification:
[bookmark: _Hlk151716149][bookmark: _Hlk151716286]	The primary role of iron (Fe) in human health is associated with the synthesis of haemoglobin and myoglobin. In addition to being necessary for numerous metabolic activities like electron transport, oxygen transport, and the synthesis of deoxyribonucleic acid (DNA), iron is also needed for the creation of energy (Abbaspour et al., 2014). Iron deficiency is a widespread problem, especially in developing nations, and it can have detrimental effects on health. Iron deficiency can lead to a number of health problems, including anaemia, fatigue, and immune system disfunction, particularly in developing countries where plant-based meals are the primary supply of iron. By raising the iron content of crops, biofortification can assist address this problem and enhance the iron intake in the edible part of the plant. Enhancing the uptake of iron by crops can be achieved by using fertilizers rich in iron and by managing the soil properly, which includes balancing the pH and nutrients. It is significant to note that the effectiveness of these techniques can change depending on the specific crop and growing conditions. Vegetarians should eat 1.8 times more iron than the recommended daily intake (RDA) compared to meat eaters (NIH, 2022) (Table 1).
Table 1: Agronomic biofortification of Iron
	Crop
	Treatment
	Reference

	[bookmark: _Hlk151716334]Potato 
	Soil (Amino acid-based Fe complex) and foliar applied EDTA chelated Fe 
	 Kromann et al., 2017

	Red and green pigmented Lettuce
	Soilless culture: Fe at conc. 0.5, 1.0 and 2.0mM iron 
	Giordano et al., 2019

	Brassicaceae microgreens (Arugula, red cabbage, and red mustard)
	Soilless media: Fe conc. 0, 10, 20, 40mgL−1
	Gioia et al., 2019



3.2.Iodine biofortification:
[bookmark: _Hlk151716689][bookmark: _Hlk151717892]	Humans need iodine (I) for the synthesis of the thyroid gland-produced hormones thyroxine and triiodothyronine, which control growth and development in addition to sustaining the baseline metabolic rate (Zicker et al., 2012). Iodine deficiency can cause goiter, infertility, stunting, hypothyroidism, and intellectual incapacity, among other health issues. The consumption of iodine biofortified plant-based foods can enhance the nutritional status of those who eat them and aid a population's total iodine intake. Iodine added to salt is one of the most popular techniques to fortify iodine. This is referred as "iodized salt." Since iodized salt can increase blood pressure, a major risk factor for heart disease and stroke, it may not be a useful preventive measure against iodine deficiency in many populations. Agronomic biofortification is a potentially effective method of increasing the iodine content of crops. Since there is evidence that iodine biofortification can reduce the uptake of Cu by plants and needs to be carefully considered (Medrano-Macías et al., 2016). Tomato plants are able to withstand elevated iodine concentrations, which are retained in their fruits and vegetative tissues at levels that are more than adequate for human consumption and tomato is a crop that works well for iodine biofortification. The amount of iodine found in the fruit of plants treated with 5 mM iodide was more than sufficient to meet a 150 μg daily consumption need for humans (Landini et al., 2011). The recommended daily intake of iodine for adults is 150–290 μg, with a tolerable daily maximum of 1,100 μg (Patrick L, 2008; WHO, 2007) (Table 2).
Table 2: Agronomic biofortification of iodine
	Crop
	Treatment
	Reference

	Tomato
	Potassium iodide (KI), KIO3 +SA, KI+SA @ I-7.88μM and 7.24μM
	Smolen et al., 2015

	Cabbage and cowpea
	Potassium iodide @ 15 kg I /ha 
	Ojok et al., 2019

	Carrot
	Iodine dose at 0.5mg/L
	Dobosy et al., 2020

	Potato 
	KIO3 @ 2.0 kg iodine per hectare
	Smolen et al., 2020

	Leafy greens (Rapeseed and Amaranthus) 
	Soil and foliar Iodine application at different concentrations (0, 5, 10 kg/ha)
	Ligowe et al., 2021



3.3.Zinc biofortification:
[bookmark: _Hlk151808409]	Zinc (Zn) is an important mineral for human health because it plays a crucial role in the creation of proteins and nucleic acids and in maintaining the structure and function of several enzymes. It influences insulin secretion, glucose uptake, and cell differentiation (Roohani et al., 2013). In regions where zinc is deficit, biofortification can help address the problem and enhance the nutritional content of crops. In India, 36.5% of the country's agricultural land is zinc deficient, and growing crops on these soils lowers the amount of zinc in the edible parts of the crops (Shukla et al., 2018). There have been numerous reports of successful agronomic biofortifications of zinc in various crops (Table 3).
Table 3: Agronomic biofortification of zinc
	Crop
	Treatment
	Reference

	Brassicaceae microgreens (Arugula, red cabbage and red mustard)
	Soilless media: ZnSO4 (5–10mg/L)
	Gioia et al., 2019

	Lettuce 
	Different Zn doses (0,5, 10, 20, 30mg kg-1)
	Almeida et al., 2020

	Broccoli 
	0.25% ZnSO4. 7 H2O @ 15mL per pot
	Rivera-Martin et al., 2020




3.4.Selenium biofortification:
[bookmark: _Hlk151809814][bookmark: _Hlk151886426][bookmark: _Hlk151886715]	A necessary trace mineral, selenium (Se) is a component of selenoproteins like glutathione peroxidase, which have a major role in enzymatic processes. Selenium (Se) is primarily linked to immune function and cancer prevention in human metabolism. It is important for brain function, mood, thyroid health, and cardiovascular disease (Rayman, 2012). Se is not necessary for plants (Boldrin et al., 2012; Ramos et al., 2011), however when given in small amounts, it helps certain plant species by boosting the activity of several enzyme systems. In certain plants, selenium alone or in combination with iodine has been shown to improve quality and concentration. Adhikari (2012) used foliar application of a solution of 77Se (IV) that was enriched to 99.7% to study the selenium content in three onion varieties: Summit, Hytec, and Red Baron and discovered that the Red Baron variety had the highest selenium content when 50 mg of selenium was applied. With increasing Se fertilization, the concentration of Se increases for all varieties. Many vegetable crops have had success with selenium biofortification employing either Na selenite or Na selenate. Additionally, Se having antioxidant and antisenescence properties that prolong shelf life during postharvest storage (Puccinelli et al., 2017). However, due to the high toxicity of selenium, particularly when present in the form of selenate, agricultural workers and product safety need to be given careful consideration (Table 4).
Table 4: Agronomic biofortification of selenium
	Crop
	Treatment
	Reference

	Tomato 
	Selenium dose at 10mgL-1
	Narvaez et al., 2018

	Carrot 
	KI+Na2SeO3 & KIO3+Na2SeO3
	Smolen et al., 2016

	Turnip
	Selenite at 50 to 100mgL-1
	Li X et al., 2018

	Radish 
	 Selenate and selenite @ 20μmolL-1
	Woch et al.,2019

	Broccoli 
	Sodium selenate (50μM)
	Bachiega et al., 2016

	Cabbage 
	8mg kg-1 and 16mg kg-1 Se yeast
	Bachiega et al., 2021

	Lettuce 
	Selenate at 40μmolL-1
	Ríos et al., 2008



4.Conventional Plant Breeding:
	Traditional plant breeding can increase the nutritional value of crops by carefully combining many plant varieties for selected specific qualities. The last forty years have seen traditional breeding place a greater emphasis on resistance breeding and yield traits than on nutritional factors. As a result, the nutritional status of the existing varieties has diminished. Important vitamins, antioxidants, and minerals have been fortified in traditional plant breeding as a result of recent advancements. Plants with desired properties, like a higher micronutrient content, are chosen, and they are then crossed with other plants to generate a hybrid with improved traits. Eventually, this procedure is repeated and screening is done for progeny for desired characteristics. Conventional breeding techniques enhance nutritional efficiency by optimizing the concentration of β-carotene, carotenoids, amino acids, amylase, carbohydrates, and other minerals by appropriate selection of breeding material (Gregorio et al., 2000). It is an ecological and economical process of crop development for nutraceuticals values of the food. It has proven possible to develop nutraceutical properties in vegetables and tuber crops by utilizing popular conventional breeding techniques like selection, introduction, and hybridization. Using conventional breeding techniques, a number of resistent sources of nutraceuticals have been found and incorporated into well-known cultivars.
	A crop is considered biofortified through breeding when it naturally contains certain amounts of micronutrients like iron, zinc, and vitamin A. This indicates that genetic variety is available in a form that may be used. Examples of biofortified vegetables are iron-rich beans, iodine-rich cassava and sweet potatoes and vitamin A-rich sweet potatoes. Since it is safe and does not raise the same safety issues as genetic engineering, this approach is widely accepted. To produce a crop with a higher nutrient content, conventional breeding, however, can be a labor - intensive and slow process that takes many years.
4.1.Breeding Criteria for biofortification of vegetables:
· Crop yield must be maintained.
· The human health should be significantly impacted by the enriched micronutrient.
· The characteristic need to remain consistent throughout generations and many biological regions.
· Human testing is necessary to determine the bioavailability of micronutrients in enhanced lines.
· Taste and quality of cooking must be inspected.
· [bookmark: _Hlk151978802]Farmers need to adopt the variety broadly (Welch and Graham, 2004).
Table 5: Biofortified vegetable varieties developed through conventional breeding
	Crop 
	Variety 
	Trait 
	Country
	Year 
	Reference 

	
	Delvia 
	Vitamin A
	Zimbabwe
	2021
	

Harvest plus. Biofortified crops released. (2022)

	Sweet potato
	Kokota, Chumfwa, Olympia 
	Vitamin A
	Zambia
	2014
	

	
	Gerald, Joweria 
	Vitamin A
	Uganda
	2013
	

	Cassava 
	Slicass 12
	Vitamin A
	Sierra Leone
	2014
	

	
	UMUCASS 44 
	Vitamin A
	Nigeria
	2014
	

	Cowpea
	Pant Lobia-7  
	Iron
	India
	2019
	

	
	BRS Araca
	Iron 
	Brazil
	2009
	



4.2.Genetic engineering: 
	Genetic engineering provides a viable alternative for boosting the concentration and bioavailability of micronutrients in the edible crop tissues when there is insufficient variation among genotypes for the desired character/trait within the species or when the crop itself is unsuitable for conventional plant breeding (due to lack of sexuality) (Prasad et al., 2015). Through the transfer of desirable traits from one organism to another, genetic engineering techniques can create new cultivars from an infinite pool of genes, increasing the value of the original population. Recent advances in genetic engineering techniques have also made it feasible to incorporate characters that conventional breeding is unable to produce (Chaudhary et al., 2019; Rana et al., 2019). One of the primary worries is the so-called "gene flow" environmental issue, which refers to the risk of foreign genes spreading to non-target species (Winkler, 2011). Vegetable crops are genetically modified to confer desired traits like higher nutritional status, reduced bitterness, delayed ripening, seedless fruit, enhanced sweetness, and decreased anti-nutritional elements (Tripathy et al., 2020). 
	Enhancing the expression of genes already existing that are involved in nutrient production or introducing additional genes that give the plants more vitamins or minerals are two ways to improve the nutritional quality of crops. Through the use of transgenic techniques, genes that enhance the concentration and bioavailability of micronutrients as well as those that block antinutritional factors (ANFs) in crops that limit nutrient utilization can be incorporated simultaneously (Garg et al., 2018). Transgenic technology offers a sensible way to increase the concentration and bioavailability of micronutrients (Rehan et al., 2020), particularly in cases when several plant species have diverse genetic bases. Furthermore, food quality can be enhanced by biotechnology through extending its shelf life, improving its flavor, lowering its allergenicity, and creating food elements that are good for you, including functional proteins, fibers, and lipids. By adding these substances to food products, their nutritional content can be increased, improving their overall health and benefit to customers. When food is scarce or expensive, this can help make food more accessible and inexpensive for customers. Although it is a controversial topic and requires more research to properly grasp its potential effects and risks, it is a promising strategy for increasing the nutritional value of crops (Table 6).
Table 6: Genes involved in micronutrient enrichment
	Crop 
	Genes involved
	Micro nutrient 
	Reference 

	Tomato 
	SINCED1
	Vitamin A, pectin and lycopene
	Sun et al., 2012; Thakur et al., 2022

	
	Delila, Rosea1, SIANT1 
	Anthocyanin
	Cermak et al., 2015; Maligeppagol et al., 2013

	
	HMT, S3H, SAMT 
	Iodine
	Halka et al., 2019

	Potato 
	GBSS
	Starch quality
	Andersson et al., 2017

	
	AmA1, tar-1, Boxla, BoxIIa & BoxaIIa-2
	Protein
	Gomathi et al., 2017

	
	nptII
	Amylopectin component of starch
	Tilocca et al., 2014

	Cauliflower 
	Or gene
	β-carotene
	Kalia et al., 2016

	Cassava 
	Erwinia crtB phytoene-synthase gene, & Arbidoopsis 1-deoxyxylulose-5- phosphate synthase
	β-carotene
	Telengech et al., 2015

	
	EFA1 gene
	Fe
	Sharma et al. 2017

	
	ASP 1, Zeolin
	Protein
	Sayre et al., 2011

	Sweet potato 
	IbMYB1, npt II
	Anthocyanin, carotenoids and antioxidants
	Park et al., 2015

	
	Crtl, CrtB, CrtY, LCYe
	β -Carotene
	Mir et al., 2020



5.Biofortified vegetables varieties: 
5.1.Brinjal: Pusa Safed Baingan-1
[bookmark: _Hlk152058330]	IARI released this enhanced, nutrient-dense cultivar in 2018. Its antioxidant activity is strong (3.48 mg 100 g-1) and its total phenol content is high (31.21 mg 100 g-1). It is the first white-colored, oval-fruited variety of brinjal that can be grown in the north plains during the kharif season. The Division of Vegetable Science, ICAR-IARI, Pusa, New Delhi, developed it by selecting a single plant from native material that was gathered from a farmer's field in West Garo Hills, Meghalaya (Kumar et al., 2021). 
5.2.Potato: Kufri Neelkanth
	It yields ovoid, homogeneous, purple-colored tubers with shallow eyes, yellow flesh, good storability, and a medium dry matter content of 18% along with excellent flavor. It has more antioxidants than other native red-skinned varieties. This type of main season table potatoes is medium-maturing, yields a large amount of tubers, resists late blight in the field, has good keeping and culinary quality, and grows well in the plains of North India. This is a clonal selection derived from the cross between MS/89-1095 × CP3290, created at CPRI, Shimla (Luthra et al., 2020).
5.3.Cauliflower: Pusa Betakesari-1
	It is the first-ever indigenously bred biofortified variety through marker-assisted backcrossing, was released by IARI, New Delhi in 2015–16. It matures ready for harvesting in December and January, placing it in the mid-late maturity group of Indian cauliflower. With a semi-self-blanching growing habit, its curds are compact, orange in color, and incredibly appealing. This is an effort to address the malnutrition issue associated with beta carotene insufficiency in India (Parulekar et al., 2019).
5.4.Carrot: Pusa Meghali
	It is a tropical variety whose flesh is orange in colour. It can be sown early and takes 100–120 days to reach maturity. Pusa Kesar and Nantes crossed to produce this variety with the highest beta carotene content (11,571 IU/100g) created at IARI, New Delhi. A root's average yield is 25–30 t ha-1. 


5.5.Radish: Pusa Gulabi
	It is the first cultivar of pink-fleshed radish introduced by IARI, New Delhi in 2013. It is cylindrical in shape and has medium sized roots. It grows particularly well in the summer heat and has a high level of ascorbic acid, anthocyanins, and total carotenoids.
5.6.Pusa Jamuni:
	It is released in 2012 IARI, New Delhi with purple flesh that is rich in nutrients and high in ascorbic acid and anthocyanins.
5.7.Cowpea: Pant Lobia-1 and Pant Lobia-2	
	Two early-maturing, high-iron and zinc fortified cultivars, Pant Lobia-1 (82 ppm Fe and 40 ppm Zn) and Pant Lobia-2 (100 ppm Fe and 37 ppm Zn), were created by traditional plant breeding and released in 2008 and 2010 at GBPUAT, Pant nagar, India (Boukaret al., 2011).
5.8.Cassava: Sree Visakham
	It was created at CTCRI, Thiruvananthapuram, as a cross between a local cultivar and a Madagascar variety. With high content of carotene (466 IU per 100g). Fresh tubers have a 25–27% starch content. The average yield is 35–38 t/ha, and the maturity period is 10 months (Anonymous, 2013) www.ctcri.org.
5.9.Sweet potato: Bhu Krishna	
[bookmark: _Hlk152062236]	It is developed by CTCRI, Thiruvananthapuram in 2017 through pure line selection. It has high anthocyanin (90.0 mg/100g), Starch (19.5%), Total sugar of 1.9–2.2% and dry matter of 24.0–25.5%. It is tolerant to high salinity (Yadav et al., 2017).
[bookmark: _Hlk152065525]6.Trends in malnutrition and hidden hunger:
[bookmark: _Hlk152065538][bookmark: _Hlk152143418][bookmark: _Hlk152143721][bookmark: _Hlk152143738][bookmark: _Hlk152143757]	In developing and developed nations, hunger, poverty, and malnutrition are interconnected problems. The majority of individuals who experience chronic malnutrition are caught in a vicious cycle wherein they are unable to obtain regular, nourishing meals, which makes it difficult for them to lead active, healthy lives; they are also unable to obtain proper healthcare, which makes it difficult for them to produce or purchase the essential nutritious food. Poverty, malnutrition, and hunger are closely related and linked. The term "poverty trap" refers to this situation, whereby the poor become trapped in poverty due to their hunger (Singh et al., 2016). The goal of the second Sustainable Development Goal is to end extreme hunger and malnutrition while advancing sustainable agriculture and food security (Olson et al., 2021). The high incidence of hidden hunger in developing nations has been linked to a number of factors, including low incomes (Wakee et al., 2018) that prevent them from having access to adequate diets, an over-reliance on staple foods with low micronutrient contents, a shift in diets from traditional, less-processed to highly processed foods (Beenish et al., 2018), poor food quality, unfavourable political systems, and poor economic status (Grebmer et al., 2017). 
[bookmark: _Hlk152144526]While hidden hunger is less common in wealthy nations than in impoverished ones, most developed nations have shortages in iron and zinc (Beenish et al., 2018). Studies conducted in the United States, Canada, Great Britain, and other industrialized nations revealed that a particular proportion of the population did not meet the RDA for micronutrients like iron, iodine, vitamin D, and E (Cashman et al., 2018). This was linked to modifications in the food habits of those developed nations, which had a significant impact on the consumption of balanced diets and raised the incidence of hidden hunger in those nations. More people than the typical percentage of the world's population have suffered as a result of these deficiencies (Wakeel et al., 2018). Globally, an estimated two billion people have experienced hidden hunger (Godecke et al., 2018). The economy is impacted by the reduced production caused by hidden hunger among the affected people (Wakee et al., 2018). The necessity to develop appropriate strategies for managing hidden hunger and malnutrition is well explained by these detrimental impacts.
[bookmark: _Hlk152146189]	It is crucial to note that, even after biofortified varieties are developed, addressing different sociopolitical and economic issues will be necessary to encourage their production and ultimately, their consumption by customers in order to effectively battle hidden hunger through biofortification. An integrated approach is needed for future activities; in addition to politicians and citizens, farmers, food product developers, dietitians, and educators must be involved. These parties have the power to alter the dietary patterns of the population and encourage more people to consume the targeted PBFs (Buturi et al., 2021).
7.Future prospects:
	Biofortification features a variety of exciting research areas with considerable future promise. It is becoming a more essential subject of study as the world's population continues to rise and the demand for nutrient-rich food rises. Scientists are striving to create new crop kinds rich in important vitamins and minerals including iron, zinc, and vitamin A and will witness an increase in the number of nutrient-rich crop varieties, which will aid in addressing global malnutrition and improving public health. Another area of biofortification research involves improving plant uptake and absorption of essential nutrients and also includes the use of fertilizers and other agricultural measures that increase the availability of nutrients in the soil and improve plant absorption. Some of the prospective advantages of biofortification includes : Expanding the range of biofortified crops, To make biofortification more cost-effective and sustainable, scientists are researching on strategies to boost the nutrient content of crops while using fewer resources, educating the public about the benefits of biofortified crops and dispelling any myths or worries about their safety or nutritional worth, increase the nutrient value of locally grown crops, which can help to address vitamin and mineral deficiencies, improve the nutritional status of populations who rely on these crops as a major source of energy and nutrients, and contribute to food security by increasing the availability of nutritious foods, Women and children are frequently the most vulnerable to malnutrition, and biofortification can assist to bridge the gender gap in access to healthy foods. Overall, the future of biofortification are very promising.

8.Conclusions: 
	Hunger and malnutrition are serious issues that must be addressed as soon as possible. Biofortification is a viable method of reaching malnourished populations in relatively rural locations by distributing naturally fortified foods to people who have limited access to commercially promoted fortified foods, which are more easily available in urban areas. Biofortified crops may also have higher yields in some situations, which can help to enhance food security and farmer income. Micronutrient deficiency may be addressed through plant breeding, transgenics, and mineral fertilizer treatments.  Because it depends on current agricultural infrastructure and techniques, it can be a cost-effective and sustainable method of improving nutrition. It is also crucial to note that, even after the development of biofortified cultivars, it will be necessary to address numerous sociopolitical and economic problems in order to encourage their cultivation and, ultimately, their consumption by customers. However, several obstacles must be overcome in order to effectively implement biofortification programs, including a lack of biofortified varieties, high production costs, a lack of awareness and understanding, a lack of distribution and access, and political and regulatory barriers. In order to prevent a variety of health problems, the development, manufacturing, and consumption of biofortified vegetables must be promoted. Thus, with careful planning, execution, and implementation, biofortified food crops have the potential to greatly enhance the lives and health of millions of poor people in India while needing little investment in research.
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