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Introduction 
Malnutrition remains a significant global 

challenge, particularly in developing countries where 
diets are heavily reliant on staple crops lacking 
essential micronutrients. Although vegetables are rich 
in many vitamins and minerals, their nutrient density 
can vary greatly due to genetic and environmental 
factors. Biofortification, the process of increasing 
nutrient content in food crops through biological 
means, has emerged as a sustainable and cost-
effective approach to combat hidden hunger. While 
biofortification in cereals has gained significant 
traction, vegetable crops are now receiving attention 
due to their daily consumption, short cultivation cycle 
and potential to deliver micronutrients efficiently. 

Vegetable crops like tomato, carrot, spinach, 
okra and amaranthus can be harnessed not only for 
their caloric value but also as carriers of essential 
micronutrients such as iron, zinc, vitamin A, folate and 
antioxidants. Integrating biofortification into vegetable 
breeding programs offers a dual benefit: improving 

human health and enhancing the market value of 
produce. This review outlines the concepts, 
importance, strategies and achievements of 
biofortification in vegetable crops. 
What is Biofortification? 

Biofortification refers to the process of 
enhancing the nutritional quality of food crops through 
agronomic practices, conventional breeding, or modern 
biotechnology. Unlike food fortification, which adds 
nutrients during food processing, biofortification aims 
to increase nutrient levels during plant growth, making 
the food inherently more nutritious. 

In vegetables, biofortification can enhance the 
concentration of vitamins (like A, C and folate), minerals 
(such as iron, zinc, calcium and selenium) and 
beneficial phytochemicals (including anthocyanins, 
lycopene and flavonoids). Biofortified vegetables offer a 
sustainable nutritional intervention, especially in 
regions with limited access to supplements or fortified 
foods. 

 

Table 1: Importance of Vitamins and Minerals in Human Health 
Nutrient Health Importance Deficiency Effects Vegetable Sources 
Iron (Fe) Oxygen transport, energy 

metabolism 
Anaemia, fatigue, impaired 
cognition 

Spinach, amaranthus, 
fenugreek 

Zinc (Zn) Enzyme function, immunity, wound 
healing 

Stunted growth, poor immune 
function 

Pumpkin, okra, peas 

Vitamin A Vision, immune function, cell 
growth 

Night blindness, increased 
infection risk 

Carrot, pumpkin, 
amaranth 

Vitamin C Antioxidant, collagen synthesis, 
iron absorption 

Scurvy, weakened immunity Bell pepper, broccoli, 
tomato 

Calcium (Ca) Bone and teeth development, nerve 
signalling 

Osteoporosis, poor muscle 
function 

Cabbage, kale, turnip 
greens 

Folate (B9) DNA synthesis, cell division Neural tube defects in infants, 
anemia 

Spinach, lettuce, 
beetroot leaves 

Selenium (Se) Antioxidant function, thyroid 
regulation 

Keshan disease, impaired 
immunity 

Garlic, onion (soil-
dependent) 

Iodine (I) Thyroid hormone production Goiter, developmental delays Depends on soil content 
Anthocyanins Antioxidant, anti-inflammatory 

properties 
Lower disease resistance Eggplant, red cabbage 

Lycopene Antioxidant, cardiovascular and 
cancer protection 

N/A (non-essential but 
beneficial) 

Tomato, watermelon 
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Methods of Biofortification 

Biofortification in vegetables can be achieved 
through three major approaches: 
1. Agronomic Biofortification 

This method involves application of 
micronutrient-rich fertilizers or soil amendments during 
crop growth. It is cost-effective and can be immediately 
implemented, but the effects may not be as stable or 
uniform as genetic approaches. 
Key strategies include 

• Foliar application of zinc or iron on leafy 
vegetables. 

• Soil amendment with selenium or iodine. 
• Use of chelated minerals for higher nutrient 

uptake. 
• Nano-fertilizers to enhance uptake efficiency. 

Advantages: 
• Immediate effect in one season 
• Can be integrated into existing agronomic 

practices 
Limitations 

• Nutrient accumulation may not reach edible 
parts 

• Less effective in poor soils 
• Requires regular application for sustained 

benefits 
2. Conventional Breeding Approaches 

This approach uses natural genetic variation 
among vegetable germplasm to breed varieties with 
higher micronutrient content. 
Steps involved 

• Screening existing varieties and landraces for 
high nutrient content. 

• Hybridization and selection for nutrient-rich 
traits. 

• Multi-location trials to ensure environmental 
stability. 

Examples 
• High-iron amaranthus lines 
• Lycopene-rich tomato hybrids 
• Carrots with higher β-carotene content 

Advantages 
• Low recurring cost once developed 

• Widely accepted in organic and conventional 
farming 

Limitations 
• Requires availability of donor lines with high 

nutrient traits 
• Traits may be influenced by environmental 

factors 
• Limited to traits with high heritability 

3. Genetic Engineering and Biotechnological 
Approaches 

Genetic modification or genome editing enables 
precise enhancement of nutrient pathways or 
suppression of anti-nutritional factors. 
Techniques include 

• Transgenic approaches to insert genes like PSY 
for β-carotene in tomato. 

• CRISPR/Cas9 editing to knock out anti-nutrient 
synthesis genes. 

• RNA interference (RNAi) to reduce phytate 
content, improving mineral bioavailability. 

Success stories 
• Golden tomato with enhanced provitamin A. 
• High-folate tomato via overexpression of GTP 

cyclohydrolase. 
• Iron-biofortified lettuce using ferritin gene 

expression. 
Advantages 

• High precision and rapid trait integration 
• Can stack multiple nutrient traits 
• Enables biofortification of traits absent in the 

gene pool 
Limitations 

• Regulatory restrictions on GM crops in many 
countries 

• Consumer acceptance challenges 
• High development and approval costs 

Achievements in Vegetable Biofortification 
• Several successes in vegetable biofortification 

demonstrate its feasibility: 
• Carrot varieties with up to 100% higher β-

carotene have been released through 
conventional breeding. 
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• Tomatoes with doubled lycopene and 
provitamin A levels developed through both 
breeding and genetic engineering. 

• Amaranthus and spinach lines with enhanced 
iron and calcium contents are under 
multilocational trials in India. 

• Brinjal (eggplant) varieties developed with 
increased anthocyanin and vitamin E content, 
enhancing antioxidant potential. 

• Biofortified okra lines rich in folate and vitamin C 
have been identified and included in breeding 
programs. 

• Onion and garlic varieties with increased 
selenium accumulation via soil application in 
selenium-deficient regions have shown 
promising results. 
Additionally, advanced techniques such as 

marker-assisted selection (MAS) and genome-wide 
association studies (GWAS) are being increasingly used 
to accelerate breeding of nutrient-rich vegetable 
cultivars. 

 

Table 2: List of biofortified vegetable varieties released in India 
Crop Variety developed Nutritional Character 
Tomato Pusa Cherry Tomato 1 Lycopene content rich cherry tomato variety. 
Potato Kufri Neelkanth Dark purple black tubers rich in antioxidants (anthocyanins > 

100µg/100g fresh wt. and carotenoids~200 µg/100g fresh wt.) 
Sweet potato Bhu Krishna Purple fleshed and rich in anthocyanin content (85-90 mg/ 

100 g). Released by CTCRI, Thiruvananthapuram, Kerala in 
2017. 

Bhu Kanti Orange fleshed and rich in ß-carotene content (6.5 mg/ 100 g). 
Bhu Sona Orange fleshed and rich in ß-carotene content (14 mg/ 100 g). 

Greater Yam Sree Neelima Rich in anthocyanin (15mg/ 100g) content. 
Carrot Pusa Rudhira Red carrot known for its long, red roots with a self-colored 

core containing high levels of beta-carotene and other 
vitamins. 

Pusa Meghali Orange carrot. High Vitamin A content. 
Pusa Kulfi Yellow carrot. Pusa Kulfi is a pale mustard-colored carrot 

variety developed by the Indian Agricultural Research 
Institute (IARI). 

Pusa Asita Black carrot developed in India known for its long, dark 
purple-black with a self-colored core and is prized for its 
juiciness, sweetness and suitability for juice concentrate and 
natural food colorant production. 

Radish Pusa Jamuni Purple fleshed radish variety rich in anthocyanin and 
ascorbate content. 

Pusa Gulabi Pink fleshed radish variety rich in total carotenoids and 
anthocyanin content. 

Cauliflower Pusa Beta Kesari 1 Rich in ß-carotene (8.0-10.0 ppm) content. First biofortified 
cauliflower variety of India. 

Amaranthus Co 6  Red amaranthus variety released from TNAU, Coimbatore 
characterized by high anthocyanin (0.653 mg/100g), low 
nitrate (25.3 mg) and oxalate (1.2 g) content. 

PLR 2 White amaranthus variety released from TNAU, Coimbatore 
rich in ß-carotenoids (8 mg/ 100g). 
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Fig. 1. Biofortified vegetables developed by Indian 
institutes 

Conclusion 
Biofortification of vegetable crops offers a 

sustainable, cost-effective and long-term solution to 
address micronutrient malnutrition, especially in low-
income populations. Vegetables, being integral to daily 
diets and quick to cultivate, are ideal vehicles for 
delivering essential micronutrients. Agronomic 
interventions offer immediate relief, breeding ensures 

long-term stability and biotechnological approaches 
provide precision solutions. 

To expand the impact of biofortified vegetables, 
it is essential to integrate research, farmer training, 
consumer awareness and supportive policies. 
Encouraging the development and adoption of nutrient-
dense vegetable cultivars, especially under national 
nutrition schemes and public health initiatives, will be 
pivotal. Future efforts should also focus on improving 
nutrient bioavailability, reducing anti-nutritional factors 
and developing multi-nutrient rich cultivars to ensure a 
healthier and well-nourished global population. 
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