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espite significant advances in global agricultural production, malnutrition and

micronutrient deficiencies remain major public health concerns, especially in
developing countries such as India. A large segment of the population suffers from “hidden
hunger,” caused by insufficient intake of essential micronutrients like iron, zinc, and
vitamins. Since staple crops constitute the primary source of daily nutrition, improving their
nutritional quality through plant breeding is a sustainable and long-term strategy to combat
malnutrition. Breeding for nutritional quality aims to enhance the content, quality, and
bioavailability of nutrients in crops without adversely affecting yield and adaptability.
Important nutritional traits include protein quantity and quality, oil composition, vitamin and
mineral content, and the reduction of anti-nutritional factors. Genetic variability for these
traits is obtained from diverse sources such as germplasm collections, mutants, wild relatives,
and transgenic materials. Both conventional and modern breeding approaches play vital roles
in nutritional improvement. Traditional methods like selection, hybridization, and recurrent
selection have led to successes such as Quality Protein Maize. Modern biotechnological tools
including marker-assisted selection, genomic selection, genetic engineering, and gene editing
have further accelerated progress, exemplified by Golden Rice and high-zinc wheat. Despite
challenges related to yield trade-offs, bioavailability, and regulatory issues, nutritional
breeding remains a powerful tool for improving food security and public health.

Keywords: Nutritional quality, Biofortification, Quality Protein Maize, Golden Rice,
Marker-assisted selection.

Breeding for nutritional quality

Breeding for nutritional quality refers to the process of developing crop varieties or livestock
breeds with improved nutrient content to enhance human health and food security. This
approach is especially important in regions where diets lack essential vitamins and minerals.

Key Components of Nutritional Quality
Proteins content

Proteins quality

Proteins digestibility

Oil content

Oil quality

Vitamin content

Mineral content

Absence of antinutritional factors

[_] Challenge
(] Opportunity!
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Key Nutritional Targets in Crops
++ Higher protein content
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+« Improved amino acid balance

% Increased vitamins (A, B, C)

» Enhance minerals (iron, zinc, calcium)
Better healthy fats (omega-3 fatty acids)
» Reduced anti-nutritional factors
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Methods used in breeding for nutritional quality

Conventional breeding

0,

% Selection and hybridization of naturally nutrient-rich varieties.

« Example: quality protein maize (QPM) developed through traditional breeding.

Mutation breeding

s Use of radiation or chemicals to create beneficial mutations.

Molecular breeding

¢ Marker-assisted selection (MAS) to identify genes linked to nutrients.

Genetic Engineering/ biofortification

¢ Direct insertion of genes to enhance nutrient content.
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Generation of large F2 population

Extraction of DNA from tissue of each individual
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Genotyping using polymorphic primers
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Marker-assisted selection (MAS)

Biofortification

FAGURE 3 Differences between conventional breeding and GM

Conventional breeding

Virus resistant

s+ Example: golden rice- genetically engineered to produce beta-carotene (pro-vitamin A).

Genetic modification

High yteld crop Virus resistant
plant plant
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Virus resistant and high Virus resistant and high
yleld crop yleld crop

High yleld crop

Biofortification is the process of improving the nutritional quality of food crops through
agronomic practices, conventional plant breeding, or modern biotechnology. (WHO 2023)

Contrast with: Fortification (adding nutrients
during  processing) and  Supplementation
(providing nutrients in pill/form).
Organization like  harvest
biofortified crops such as:

+¢ Iron-rich beans

¢ Zinc-rich wheat

« Vitamin A sweet potato

plus  promote
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Breeding livestock for nutritional quality

Focus areas include:

¢ Increased milk protein and fat quality

% Eggs enriched with omega-3

+»+ Leaner meat with healthier fat composition

Example: selective breeding of dairy cattle for higher casein content improves milk
nutritional value.

Example
Crop / Trait Improved Method / Gene Example / Nutritional
Example P Used Organization Benefit
Quality T Lysine & i .
Protein Tryptophan Of(?r?\lfl:nfi fg;e/ QPM varieties In:lzrlcilvesré);&t:e;:
Maize (Better protein breeding (CIMMYT, India) d mah’}lll’l trition
(QPM) quality)
Irqn & ch- 1 Iron & Zinc Biofortification =~ IR68144 (IRRI) Reduces fron &
rich Rice content zinc deficiency
High p- 1 Provitamin A Conventional Orange-fleshed Prevents vitamin
carotene (B-carotene) breeding sweet potato A deficiency
Sweet Potato (Africa, Asia)
High p- L Genetic Pusa Vivek QPM9 Improves vision,
carotene 1 Provitamin A enhancement Improved (India) prevents vitamin
Maize P A deficiency
High Iron . . . CIAT & Harvest Reduces iron
Beans f Iron content Biofortification Plus (Colombia) deficiency anemia
. . Zinc Shakti (ICAR )
High Zinc 1 Zinc content Biofortification & Harvest Plus, Preveqts #Ine
Wheat India) deficiency

Objective of breeding for nutritional quality

Genetic manipulation of biosynthetic pathways for key components.
Improving physical appearance (colour, shape, size).

Prolonging shelf life by enhancing texture.

Enhancing palatability (flavour, cooking quality).

Improving nutrient content (e.g., carotenoids, protein, better fatty acids).
Reducing anti-quality factors (toxins, antinutritional compounds).

hallenges
Maintaining high yield while improving nutrients
Consumer acceptance (especially GM crops)
Cost and time required for breeding

% Nutrient stability during storage and cooking
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Conclusion

Breeding for nutritional quality is a sustainable and long-term strategy to address global
malnutrition. Through conventional breeding, biotechnology and biofortification programs,
crops and livestock can be enhanced to provide better health benefits without changing
dietary habits significantly.
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