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Vegetables have long been celebrated as essential components of a healthy diet, supplying
vitamins, minerals, dietary fiber, and diverse phytochemicals. In recent years, however,
scientists and nutritionists have begun to look beyond traditional vegetable nutrition toward
an innovative concept known as biofortification. Biofortified vegetables are crops that have
been intentionally enhanced to contain higher concentrations of essential micronutrients such
as iron, zinc, iodine, selenium, and provitamin A. The need for biofortification arises from
the widespread problem of micronutrient malnutrition, often described as “hidden hunger.”
Unlike calorie deficiency, hidden hunger affects individuals who may consume sufficient
food but lack critical vitamins and minerals. This condition is particularly prevalent in
developing regions where diets rely heavily on a limited range of staple foods. Vegetables,
consumed regularly across cultures, offer an ideal platform for delivering improved nutrition
naturally and sustainably. Biofortification embeds nutrition within the crop itself, ensuring
that improved nutrient content reaches consumers through everyday diets. This strategy
aligns agriculture with public health, offering long-term nutritional benefits without requiring
changes in eating habits.

Hidden Hunger: The Global Micronutrient Crisis

Micronutrients play crucial roles in human health, including enzyme activation, immune
defence, cognitive development, and metabolic regulation. Deficiencies in iron, zinc, iodine,
vitamin A, and selenium are linked to anaemia, impaired growth, weakened immunity,
blindness, and increased disease susceptibility. These deficiencies persist even in regions
where food availability has improved, highlighting the limitations of calorie-focused food
security strategies. VVegetables are naturally rich in several micronutrients, yet their mineral
content often depends on soil health, crop variety, and agricultural practices. Biofortification
directly addresses these limitations by enhancing the nutritional quality of vegetables at the
production level, thereby reducing dependency on supplements and industrial fortification.

What Is Biofortification?

Biofortification is defined as the process of increasing the concentration and bioavailability of

essential nutrients in edible plant parts through agricultural and biological approaches. Unlike

food fortification, which adds nutrients during processing, biofortification ensures nutrients

are present naturally in the harvested crop.

Three major strategies are used:

1. Conventional breeding, which exploits natural genetic variation to develop nutrient-
dense varieties

2. Agronomic biofortification, which improves nutrient uptake through soil or foliar
fertilization
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3. Biotechnological approaches, which modify plant metabolic pathways to enhance
nutrient accumulation

Each approach has distinct advantages and limitations, but together they provide a

comprehensive toolkit for improving vegetable nutrition.

Scientific Basis of Biofortification

Agronomic Biofortification

Agronomic biofortification involves applying micronutrient fertilizers such as iron, zinc,
selenium, or iodine directly to soil or plant foliage. These nutrients are absorbed by plant
roots or leaves and transported to edible tissues. This approach is particularly effective for
leafy vegetables, where nutrients accumulate directly in consumable parts.

The success of agronomic biofortification depends on soil properties, nutrient formulation,
application method, and plant species. When managed carefully, this strategy can rapidly
improve nutrient content without altering crop genetics.

Conventional Breeding

Conventional breeding identifies vegetable varieties with naturally high nutrient levels and
crosses them with high-yielding or stress-tolerant cultivars. Over successive generations,
breeders select plants that combine productivity with enhanced nutritional quality.

This method is widely accepted by consumers and regulators, but it relies on existing genetic
variation and requires time to achieve stable results. Nonetheless, breeding remains a
cornerstone of sustainable biofortification.

Biotechnological Approaches

Modern biotechnology allows precise modification of nutrient-related pathways in plants.
Techniques such as transgenic expression and genome editing can increase micronutrient
synthesis, transport, or storage. For example, genes controlling carotenoid biosynthesis can
be enhanced to raise provitamin A levels in vegetables.

Although biotechnological biofortification offers great precision, regulatory constraints and
public perception challenges limit its adoption in some regions.

Vegetables as Vehicles for Biofortification

Leafy Vegetables

Spinach, kale, lettuce, and other leafy greens are excellent targets for iron, zinc, and calcium
biofortification. Their rapid growth and direct consumption allow nutrients to be delivered
efficiently to consumers. Biofortified leafy vegetables can play a vital role in combating
anaemia and immune deficiencies.

Root and Tuber Vegetables

Carrots, sweet potatoes, radish, and beetroot have been extensively studied for provitamin A
and mineral enhancement. Orange-fleshed root vegetables rich in beta-carotene have shown
strong potential in addressing vitamin A deficiency, particularly among children and pregnant
women.

Fruit Vegetables

Tomato, pepper, brinjal, and cucurbits can be enriched with minerals and antioxidants
through agronomic and breeding approaches. Maintaining taste, texture, and market appeal is
essential for consumer acceptance in these crops.

Table-1. Biofortified Vegetable varieties and its traits

1 Cauliflower Pusa Beta Kesari-1 High B-carotene (provitamin A)

2 Potato Kufri Manik High anthocyanin & antioxidants

3 Potato Kufri Neelkanth High anthocyanin & antioxidants

4 Sweet Potato Bhu Sona High provitamin A (B-carotene)

5 Sweet Potato Bhu Krishna High anthocyanin

6 Greater Yam Sree Neelima High anthocyanin, protein & zinc
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Bhu Krishna
(Sweet potato)

Bhu Sona (Sweet
potato)

Sree Neelima
(Greater Yam)

Pusa Beta Kesari
(Cauliflower)

Pusa Ashita (Black
carrot)

MS/8-1565 (Kufri
Neelkanth) Potato

Pusa Kulfi (yellow carrot)

Pusa Rudhira (red
carrot)

Pusa Meghali

(orange carrot)

Fig-1. Biofortified varieties in vegetables developed in India

Health and Agricultural Benefits

Biofortified vegetables offer multiple advantages beyond improved nutrition:

e Improved public health outcomes through regular dietary intake

o Reduced dependence on supplements and fortified foods

o Enhanced crop resilience, as some nutrients also improve stress tolerance

« Cost-effective nutrition intervention, particularly for rural populations

By integrating nutrition into agriculture, biofortification strengthens food systems and
supports sustainable development goals.

Challenges and Limitations

Despite its promise, biofortification faces several challenges:

« Nutrient bioavailability may be affected by antinutritional factors

o Consumer perception of color or taste changes may influence acceptance

« Environmental risks such as nutrient toxicity must be carefully managed

e Regulatory barriers can delay the release of biofortified varieties

Addressing these challenges requires interdisciplinary collaboration among plant scientists,
nutritionists, policymakers, and extension agencies.

Conclusion

Biofortified vegetables represent a quiet but powerful transformation in the way food systems
address human nutrition. By enriching commonly consumed vegetables with essential
micronutrients, biofortification moves nutrition upstream into the field rather than the clinic.
This approach directly tackles “hidden hunger” by ensuring that vitamins and minerals are
delivered through familiar diets without requiring major changes in food habits. As
vegetables are consumed regularly across age groups and cultures, their biofortification offers
a practical and inclusive pathway to improve population health, particularly among
vulnerable communities. Beyond nutritional enhancement, biofortification strengthens the
link between sustainable agriculture and public health. Many biofortified varieties are
developed alongside traits such as improved yield stability, stress tolerance, and efficient
nutrient use, making them well suited to climate-challenged environments. Agronomic
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biofortification further allows farmers to adapt nutrient management practices based on local
soil and crop needs. Together, these strategies help create resilient farming systems that not
only produce more food, but also better food—supporting long-term nutritional security
while minimizing environmental impact. Looking ahead, the success of biofortified
vegetables will depend on integrated efforts involving research, policy support, farmer
participation, and consumer awareness. Advances in plant breeding, genomics, and precision
agriculture will continue to expand the range of vegetables that can be biofortified
effectively. At the same time, education and extension programs are essential to build trust
and acceptance among producers and consumers alike. As part of a broader nutrition-
sensitive agricultural framework, biofortified vegetables hold immense potential to shape
healthier diets, reduce micronutrient deficiencies, and contribute meaningfully to global food
and nutrition security.
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