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The twenty-first century has witnessed remarkable advances in medicine, agriculture, and
food production, yet micronutrient malnutrition, often referred to as "hidden hunger,"
continues to be one of the most significant public health challenges worldwide. Unlike
protein-energy malnutrition, hidden hunger is not always visible but silently affects
millions of people by impairing physical growth, cognitive development, immunity, and
overall quality of life. According to the World Health Organization (WHO), deficiencies
of essential micronutrients such as iron, iodine, vitamin A, vitamin D, zinc, and selenium
remain widespread, particularly among children, women of reproductive age, and the
elderly. These deficiencies contribute to anaemia, impaired immune function, poor
pregnancy outcomes, reduced work productivity, and an increased risk of chronic diseases.
Despite improvements in food availability, modern diets characterized by excessive
consumption of highly processed, calorie-dense but nutrient-poor foods have further
widened the gap between energy intake and nutrient adequacy.
Concept of Designer Eggs

Traditionally, governments and public health organizations have relied on dietary
diversification, nutritional supplementation, and food fortification to address micronutrient
deficiencies. Consequently, there is increasing interest in functional foods that can
naturally deliver essential nutrients as part of everyday diets. Among these, designer animal
products have emerged as an innovative strategy for improving human nutrition through
targeted nutritional interventions at the farm level. Eggs have been recognized as one of

nature's most nutritious foods. They provide an excellent source of high-quality protein,
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essential amino acids, vitamins, minerals, and healthy fats, making them a staple in the
diets of millions of people around the world. Modern consumers no longer seek food
merely to satisfy hunger; they increasingly prefer foods that contribute to better health and
help prevent lifestyle-related diseases. This growing interest in functional foods has led to
the emergence of designer egg--eggs whose nutritional composition is naturally enhanced
through the strategic feeding of laying hens.

The term "designer egg" often creates the misconception that these eggs are
genetically modified or produced through artificial means. In reality, designer eggs are
produced by modifying the diet of the laying hen. The nutrients supplied to hens directly
influence the nutritional composition of the eggs they produce. Poultry nutritionists have
long understood that the egg is one of the few animal-derived foods whose nutrient profile
can be effectively manipulated through dietary interventions. This remarkable
characteristic allows eggs to become vehicles for delivering health-promoting nutrients to
consumers in a safe, natural, and affordable manner.

Why eggs are ideal functional food?

Eggs are preferred because they are already widely consumed across different age
groups, socioeconomic classes, and cultural backgrounds, they provide an ideal vehicle for
improving nutrient intake without requiring major changes in dietary habits. Recent
advances in poultry nutrition have further expanded the potential of designer eggs.
Precision feeding, improved understanding of nutrient metabolism, and the use of novel
feed ingredients such as algal biomass and bioactive plant compounds now enable
nutritionists to produce eggs tailored to specific nutritional needs while maintaining bird
health, egg quality, and production efficiency. Contemporary research increasingly
recognizes eggs not merely as a source of high-quality protein but as an effective nutrient
delivery system capable of contributing to preventive healthcare and precision nutrition. In
a world where consumers are seeking foods that promote wellness rather than simply
satisfy hunger, designer eggs represent a practical convergence of animal nutrition, public
health, and sustainable agriculture.

Feeding the Hen to Enrich the Egg: Nutritional Strategies for Designer Egg
Production

The remarkable ability of a laying hen to transfer nutrients from her diet into the
developing egg provides nutritionists with a unique opportunity to naturally enhance the
nutritional quality of eggs. Unlike many other livestock products, the composition of an

egg is highly responsive to changes in the hen's diet. By carefully selecting feed ingredients
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and incorporating functional feed additives, poultry nutritionists can increase the
concentration of beneficial nutrients in the egg without affecting its safety or consumer
acceptability. This concept has transformed poultry nutrition from a discipline focused
solely on maximizing egg production into one that also contributes directly to human
health.

Designer Eggs: Feeding the Hen to Nourish the Human

By enriching a hen'’s diet with specific natural nutrients, we bio-accumulate powerful compounds
in eggs—creating a simple, everyday food with profound health benefits for people.

DIET MODIFICATION FOR LAYING HENS FINAL EFFECTS FOR HUMANS
Add natural nutrient sources to ENRICHED EGGS One simple egg. Multiple powerful benefits.

abalanced hen diet Nutrients naturally

bio-accumulate in eggs
G\ :'::Sne;i =" HEART & BRAIN HEALTH
fany acids p Omega-3s (DHA & EPA)
y support healthy heart
- function and brain
Marine Algae =) / development.
( w Source of DHA& °
\\ antioxidants
/@ Marigold Extract 4 ), STRONG BONES & IMMUNITY
Natural source L}
of Lutein&. [ '/ Vitamin D3 and Selenium
Zeaxanthin W’ support bone strength
- and a resilient immune
™\ VitaminD3  _/|
OO Metabolites
Q Supports bone,
immunity &

system.
o, HEALTHIERHENS VISION & CELL PROTECTION
/" 7™\ Organic Stronger immunity, ) @ @
! ( :
( Q& Selenium Yeast '/ better productivity, (¥) NATURALLY ENRICHED WITH: Lut_em_. Zeaxanthin and
Cg Enhances antioxidant natural welfare « Omega-3 (DHA, EPA) antioxidants help protect
s defense & immunity « Vitamin D3 eyes and cells from
+ Lutein & Zeaxanthin oxidative stress.

+ Selenium & Antioxidants
A SIMPLE SHIFT. Better nutrition Better health @ Stronger BETTER BY NATURE.
A GLOBAL IMPACT. for hens. for humans. communities. DESIGNED FOR LIFE.

Omega 3-enriched eggs:

Among the various designer eggs available today, omega-3 enriched eggs have
achieved the greatest commercial success. Modern diets are generally characterized by a
high ratio of omega-6 to omega-3 fatty acids, a dietary imbalance that has been associated
with an increased risk of cardiovascular diseases, chronic inflammation, and several
metabolic disorders. Enriching eggs with omega-3 fatty acids can be achieved by
supplementing the diets of laying hens with ingredients such as flaxseed, linseed oil, chia
seed, fish oil, or marine microalgae. While flaxseed is a rich source of a-linolenic acid
(ALA), fish oil and algal biomass provide the biologically active long-chain omega-3 fatty
acids, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Recent
studies have demonstrated that microalgae are especially promising because they enrich
eggs with DHA without imparting the undesirable fishy flavour sometimes associated with
fish oil supplementation. Moreover, algal production is considered environmentally
sustainable, making it an attractive feed ingredient for future poultry production systems
(Elkin & Harvatine, 2023).
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Vitamin enriched eggs:

Vitamin D has emerged as another important target due to the increasing prevalence
of vitamin D deficiency worldwide. Sedentary lifestyles, indoor occupations, urbanization,
and limited sunlight exposure have contributed to inadequate vitamin D status across many
populations. Through dietary supplementation with vitamin Ds or its metabolite 25-
hydroxyvitamin Ds, laying hens produce eggs containing significantly higher
concentrations of vitamin D. Since eggs are regularly consumed by people of all age
groups, vitamin D-enriched eggs represent an effective strategy for improving bone health,
calcium metabolism, immune function, and overall nutritional status without requiring
changes in dietary habits.

Vitamin E plays a dual role in designer egg production. Besides increasing the
vitamin E content of eggs, it acts as a powerful antioxidant within the hen's body and the
egg itself. This function becomes particularly important when diets are enriched with
polyunsaturated fatty acids, which are highly susceptible to oxidation. Adequate vitamin E
supplementation protects these valuable fatty acids from oxidative degradation, thereby
preserving egg quality, extending shelf life, and maintaining the nutritional value of omega-
3 enriched eggs. Recent research continues to emphasize the importance of balancing lipid
enrichment with antioxidant supplementation to ensure the stability of functional eggs
during storage.

Mineral enriched eggs:

Selenium is another nutrient that has attracted considerable attention in designer
egg production because of its essential role in antioxidant defence, immune function, and
thyroid hormone metabolism. Large areas of the world have selenium-deficient soils,
resulting in inadequate dietary intake among human populations. Organic selenium is more
efficiently absorbed and deposited into egg yolks than inorganic sources such as sodium
selenite. Selenium-enriched eggs therefore serve as an excellent dietary source of this
important trace mineral while simultaneously improving the antioxidant status and
productive performance of laying hens.

The enrichment of eggs with iodine has also gained importance as iodine deficiency
disorders remain a concern in many developing countries. Supplementing layer diets with
potassium iodide or calcium iodate effectively increases iodine deposition in eggs,
providing consumers with an additional natural source of this essential micronutrient.

Similarly, zinc, iron, and chromium have been explored as dietary supplements to enhance
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the mineral content of eggs. Organic mineral sources are generally preferred because of
their higher bioavailability, better absorption, and lower environmental excretion compared
with inorganic mineral salts.

Emerging functional feed additives

In addition to vitamins and minerals, naturally occurring plant pigments known as
carotenoids, particularly lutein and zeaxanthin, are increasingly incorporated into poultry
diets. These compounds are commonly obtained from marigold flowers, paprika, maize
gluten meal, spinach, or algae. Beyond imparting an attractive golden-yellow yolk colour
that appeals to consumers, lutein and zeaxanthin accumulate in the human retina and help
protect against oxidative damage associated with age-related macular degeneration and
cataracts. Thus, carotenoid-enriched eggs not only satisfy consumer preferences for yolk
appearance but also offer important health benefits.

Recent advances in poultry nutrition have extended the concept of designer eggs
beyond simple nutrient enrichment. Functional feed additives such as probiotics,
prebiotics, synbiotics, postbiotics, phytogenic compounds, organic acids, and enzymes are
increasingly incorporated into layer diets to improve gut health, nutrient digestibility, and
metabolic efficiency. A healthier intestinal environment enhances nutrient absorption and
facilitates the transfer of valuable nutrients into eggs. Although these additives may not
always increase the concentration of a specific nutrient in the egg, they contribute indirectly
by improving feed utilization, supporting the immune system, and maintaining consistent
egg quality throughout the laying cycle.

Next generation designer eggs:

The emergence of precision nutrition has further revolutionized designer egg
production. Advances in nutrient requirement modelling, precision amino acid
formulation, digital feed management, and artificial intelligence-based feed optimization
now allow nutritionists to formulate diets that maximize nutrient deposition while
minimizing feed costs and environmental losses. Such technologies ensure that each
nutrient is supplied in the appropriate quantity and ratio according to the physiological
needs of the bird, thereby improving both production efficiency and the nutritional quality
of eggs. Precision feeding also reduces nitrogen and phosphorus excretion, making
designer egg production more environmentally sustainable.

Researchers are also investigating several novel feed ingredients that could shape
the future of designer eggs. Microalgae remain one of the most promising alternatives

because they are rich in omega-3 fatty acids, natural pigments, antioxidants, vitamins, and
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bioactive compounds. Similarly, insect-derived proteins, fermented feed ingredients, yeast

products, medicinal herbs, and plant polyphenols are being explored for their potential to

improve egg quality while reducing dependence on conventional feed resources. These

emerging ingredients support the concept of sustainable poultry nutrition by utilizing

renewable resources and promoting circular agricultural systems.

Major advantages:

1. Provides an affordable and convenient vehicle for delivering essential nutrients
such as omega-3 fatty acids, vitamin D, selenium and iodine.

2. Helps address micronutrient deficiencies and supports public health,
particularly among children, pregnant women and the elderly.

3. Creates premium market opportunities, increasing farm profitability through
value-added egg production.

4. Can be produced through dietary manipulation without major changes to
existing poultry production systems.

5. Improves sustainability by enhancing feed efficiency, reducing nutrient wastage
and lowering the environmental footprint.

Challenges

1. High cost of specialized feed ingredients increases production costs and the
retail price of designer eggs.

2. Limited consumer awareness and misconceptions about the nutritional benefits
of designer eggs reduce market acceptance.

3. Lack of standardized regulations, certification and quality assurance for nutrient
claims.

4. Nutrient stability, especially of omega-3 fatty acids, requires proper packaging,
antioxidant protection and cold-chain management.

5. Limited availability of specialized feed additives and additional monitoring

requirements increase production complexity.

Future outlooks

1. Growing health awareness, urbanization and higher disposable incomes are
expected to increase demand for functional eggs.

2. Precision nutrition and Al-based feed formulation will improve the efficiency
and accuracy of nutrient enrichment.

3. Advances in nutrigenomics and metabolomics will enable the development of
eggs tailored for specific health needs.
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4. Stronger regulatory frameworks and quality certification will enhance
consumer confidence and market growth.
5. Integration into public nutrition programmes and expansion of organized retail
will accelerate the adoption of designer eggs in India.

Conclusion

The concept of designer eggs exemplifies how innovations in poultry nutrition can
extend beyond improving production efficiency to directly enhancing human health. By
strategically manipulating the diets of laying hens, it is possible to naturally enrich eggs
with essential fatty acids, vitamins, minerals, antioxidants and other bioactive compounds
that are frequently lacking in modern diets. For a country like India, where micronutrient
deficiencies coexist with an increasing burden of lifestyle-related disorders, designer eggs
offer a unique opportunity to bridge the gap between agriculture and public health.
Although challenges related to production costs, consumer awareness, quality assurance
and regulatory policies remain, continued advances in precision nutrition, sustainable feed
ingredients and functional feed additives are expected to overcome many of these barriers.
Thus, the future of poultry nutrition extends well beyond maximizing egg production. By
strategically manipulating the hen's diet, nutritionists can transform an ordinary egg into a
functional food that addresses some of the most common micronutrient deficiencies
affecting modern populations. Designer eggs therefore exemplify the philosophy of
"feeding the hen to nourish the human," demonstrating how innovations in poultry nutrition
can contribute simultaneously to improved public health, enhanced consumer well-being,

and greater value addition for the poultry industry.
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