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Biofortified potatoes are attracting attention as a potential tool against hidde 2 hunger, a form of
malnutrition caused by inadequate essential micronutrients. This UPS(C-1. ~u ed analysis explores crop
biofortification, nutrient bioavailability, ICAR potato varieties, agri. ‘il. ‘1a: challenges, public-health
implications and the scientific evidence needed before claim'. 7 1. ~> rovements in nutritional

outcomes.
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Executive Summary

Biofortification seeks to improve the nutritional characteristics of crops. Its potential role in reducing micronutrient deficiencies

has attracted interest in India.

A recent science discussion raised the question of whether nutritionally improved potato varieties could contribute to addressing

hidden hunger.

The central scientific issue is not simply whether a crop contains a desirable nutrient. Researchers must also establish whether

the nutrient remains available after cooking, can be absorbed by the body and improves real-world dietary outcomes.

For UPSC aspirants, this topic connects agricultural science, food security, public health, scientific evidence and inclusive

development.
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Hidden Hunger

Micronutrient deficiency despite potentially adequate calories

ICAR

Indian Council of Agricultural Research

GSIl+1

Nutrition, agriculture and science

UPSC Syllabus Relevance

GS Paper II: Health, nutrition, welfare programmes, vulnerable g )uf . na social-sector development.

GS Paper llI: Science and technology, agricultural resea, “, rood security, crop improvement and biotechnology.

Prelims: Biofortification, micronutrients, anthc ye. ine, utrient bioavailability, plant breeding and food fortification.
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Frequently Asked Questions

Why Are Biofortified Potatoes in the News?

A science article discussed whether nutritionally improved potatoes could help address micronutrient deficiencies in India.
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The topic is important because food security is not limited to ensuring adequate calories. Nutritional quality also matters.

A crop may be widely available and economically accessible, yet its contribution to health depends on nutrient composition,

consumption patterns and the broader dietary environment.

Scientific Caution

The existence of a potato variety with an improved nutritional trait does not establish that consuming it will prevent or cure a

particular micronutrient deficiency.

Such claims require evidence of nutrient content, bioavailability and meaningful dietary out-on. s.

What Is Hidden Hunger?

Hidden hunger refers to inadequate intake or absorption of e ential vitamins and minerals.

A person may consume sufficient food energy but s*'l . "k m’:ronutrients needed for normal physiological functioning.

Important Micronutrients

e Iron: Required for haemoglo .1 fo. 1@*’on and oxygen transport.

e Zinc: Supports normal immune “unction and numerous biological processes.
e Vitamin A: Impore 1ty © vision, immunity and ¢rowih.

e lodine: L 'sei. -~ for thyroid hormone production and development.

e Folec =: S pports cell division and normal development.

Different micronutrient deficieacies have different causes and health consequences.

No single food crop can be assumed to address every deficiency.

What Is Biofortification?

Biofortification is the process of improving nutritional traits in food crops through crop improvement approaches.

Depending on the programme, these may include conventional plant breeding, agronomic interventions or other approved techniques.

Conventional Breeding

Researchers select and cross plants with desirable traits and evaluate their offspring over successive generations.

Agronomic Biofortification

Appropriate nutrient management may be used to increase the concentration of certain nutrients in crops.
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Other Crop Improvement Methods

Additional techniques may be considered where permitted under applicable scientific and regulatory frameworks.

Core Concept

Biofortification aims to improve the nutritional characteristics of the crop itself.

It is distinct from adding nutrients to a food product during industrial processing.

Biofortified Potatoes: Scientific Promise and E'. . 1e e
Potatoes are widely consumed and can form part of diverse dietary patten

Improving a widely consumed crop may provide an opportunity tc -~ ease nutrient intake, provided the crop is adopted and the

relevant nutrients remain nutritionally useful.

The Example of Kufri Jamunia

The uploaded material identifies Kufri Ja. ur ~ as an ICAR-listed potatc variety associated with high anthocyanin content.
Anthocyanins are natural plant sigme. < mnat contribute red, puitle or blue coloration to some fruits and vegetables.

They are studied for th ‘r biological properties, includino antioxidant activity.

What She e Mt Be Assumed?

e Purp. - .oration does not autornatically establish high iron concentration.
o Anthocyanins are not ect.ivalent to zinc.
o Laboratory antioxidant activity does not by itself demonstrate a clinical health benefit.

o A nutrient-rich crop does not guarantee improved nutritional status in every consumer.

Why Is Nutritional Evidence Essential?

1. Nutrient Composition

Researchers must measure the relevant nutrients in the edible portion of the crop.

2. Bioavailability

Bioavailability concerns the extent to which a nutrient can be absorbed and used by the body.

A high measured concentration does not necessarily mean that the entire quantity is biologically available.

3. Cooking and Processing

Preparation methods may affect nutrient retention.
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The nutritional value of the cooked food can therefore differ from laboratory measurements of the raw crop.

4. Agronomic Performance

A successful crop variety must perform adequately under relevant agricultural and climatic conditions.

5. Dietary Outcomes

Ultimately, the strongest public-health assessment examines whether the intervention improves nutritional outcomes in the intended

population.

UPSC Analytical Principle

Distinguish between a promising scientific innovation, a demonstrated nutriti- .. pro, .ty and a proven public-health outcome.

Biofortification vs Food Fortific .o,

Basis Biofortification ® Food Fortification
a

Approach Improves nu. “.oral traits in crops Adds nutrients to foods, usually during
processing

Stage Ci » .evelopment or cultivation Food production or processing

Example. Nutrient-enhancec! crop varieties Nutrients added to selected food products

Key \ "al'_nge  Seed adoniicn, agronomic performance and Processing standards, quality control and
nutrient Dioavailability consumer access

Public-Health Potential long-term dietary improvement Potential improvement in nutrient intake

Role through fortified foods

The two approaches can complement each other.

Neither eliminates the importance of dietary diversity, healthcare access or other nutrition interventions.

Potential Benefits of Biofortified Crops

Improving Nutritional Security

Where evidence supports meaningful nutrient delivery, biofortified crops may contribute to reducing dietary micronutrient gaps.

Using Existing Food Habits

Improving crops that people already consume may reduce the need for major changes in dietary behaviour.
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Supporting Agricultural Innovation

Research can encourage the development of crop varieties with desirable nutritional and agronomic characteristics.

Potential Rural Benefits

Farmers may benefit if improved varieties also offer acceptable yields, market demand and manageable production costs.

Complementing Nutrition Programmes

Evidence-based biofortification could complement other food and public-health interventions.

Challenges and Limitations

Inflated Claims: Nutrient improvements may be overstated without ade ‘1at. scientific evidence.
e Seed Availability: Farmers need reliable access to suitable plant g 1n. erial.

e Yield Variation: Crop performance may vary across aoro ' ..atic regions.

o Consumer Acceptance: Appearance, taste and 10 "a - aaracteristics can affect adoption.

e Post-Harvest Losses: Storage and handlii._ m. 7 iniluence food quality.

Cooking Losses: Some nutritiona' co1.  ou..ds may be affected by preparation.

Bioavailability: Measured r utrient  .itent does not establisih effective absorption.

Dietary Diversity: Cverdepenuence on a single crop may not address multiple nutritional deficiencies.

Pu'siic Rolicy Implications for India

Evidence-Based Nutrition Policy

Public programmes should prioritise interventions supported by credible scientific evaluation.

Agricultural Research

Crop improvement requires continued testing, institutional capacity and assessment of local agricultural conditions.

Food Security and Equity

An intervention should be assessed for affordability, accessibility and benefits to vulnerable populations.

Institutional Coordination

Agricultural research, food distribution, public health and nutrition education may require coordinated action.

Monitoring and Accountability

Programmes should measure real outcomes rather than relying exclusively on production targets or laboratory findings.
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Way Forward: A Scientific and Inclusive Strategy

Conduct independent trials across relevant agro-climatic zones.
Measure nutrient content and bioavailability using appropriate methods.
Evaluate nutrient retention after common cooking methods.

Assess effects on real dietary and nutritional outcomes.

Develop reliable seed supply systems.

Study farmer economics, crop yields and market acceptance.

Promote dietary diversity alongside biofortification.

Integrate nutrition education with food-security efforts.

Use phased pilot programmes before wider expansion.

Publish evaluation results and revise interventions when evidence . ~ .esiit.

UPSC Prelims Pract: ‘¢ Nuestions

Question 1

What is the prim~ry hjertive of biofortification?
(a) Addi~g .. ** nts only during food pracessing
(b) ~or7 ving nutritional traits in crops

(c) Replacing all foods with a single crop

(d) Eliminating the need for dietary diversity

Correct Answer: (b)

Biofortification seeks to enhance nutritional characteristics of crops.

Question 2

Consider the following statements:

1. Hidden hunger may occur even when calorie intake is apparently adequate.

2. A crop's measured nutrient content always equals the quantity absorbed by the human body.

Which of the statements given above is/are correct?

(a) 1 only
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(b) 2 only

(c) Both 1 and 2

(d) Neither 1 nor 2

Correct Answer: (a)

Statement 1 is correct. Hidden hunger concerns micronutrient deficiencies.

Statement 2 is incorrect because bioavailability affects nutrient absorption.

Question 3

Anthocyanins are best described as:
(a) Natural plant pigments

(b) A form of dietary zinc

(c) A synthetic fertiliser

(d) A type of plant virus

Correct Answer: (a)

Anthocyanins ar. nlant pigments associated with red, purple and blue coloration in some plant tissues.

QU 3stion 4

Which of the following is rost important before claiming that a biofortified crop reduces micronutrient deficiency in a population?
(a) Colour of the crop alone

(b) Laboratory nutrient content alone

(c) Evidence of nutrient availability and nutritional outcomes

(d) Number of advertisements promoting the crop

Correct Answer: (c)

Public-health claims require evidence extending beyond appearance or nutrient concentration alone.
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UPSC Mains Practice Question

Question: Assess the potential and limitations of crop biofortification in tackling micronutrient malnutrition in India. (250 words)

Suggested Answer Framework

Introduction: Define hidden hunger and crop biofortification.

Potential Benefits: Discuss nutrient improvement, agricultural innovation and possible public ~eai. ge.ns.
Scientific Limitations: Examine nutrient bioavailability, cooking losses and the neec r. -wuy Outcome evidence.
Implementation Challenges: Discuss seed access, agronomic performanc ¢ st anu consumer acceptance.
Way Forward: Recommend independent trials, nutrition monitorin~ fair. er upport and dietary diversity.

Conclusion: Biofortification can be a complementary ni ition suuegy, but scientific evidence and inclusive implementation

must guide its adoption.

Frequently Asker. Ou~.tions

What is hidden i 'ng r?

Hidden F 'ny. * fers to inadequate intake ur absorption of essential micronutrients, even where calorie intake appears sufficient.

What are biofortified catatoes?

They are potato varieties developed or managed to improve specified nutritional characteristics.

Is biofortification the same as food fortification?

No. Biofortification improves nutritional traits in crops, whereas conventional food fortification adds nutrients during food

processing.

What is Kufri Jamunia?

It is a potato variety identified in the supplied material as having high anthocyanin content.

Can purple potatoes automatically cure anaemia?

No. Purple pigmentation does not establish an effective treatment for iron deficiency or anaemia.
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Why is bioavailability important?

It helps determine how much of a nutrient can actually be absorbed and used by the body.

Which UPSC papers cover this topic?

GS Paper Il covers health and nutrition. GS Paper Il covers agriculture, science and food security. The basic scientific concepts

are also relevant to Prelims.
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