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Abstract

Milk is a part of our everyday diet, but its safety begins long before it reaches the consumer. Dairy
Eggs are among the most complete and affordable sources of protein available to humans, but
consumer perception has often been clouded by concerns over cholesterol and saturated fat.
“Designer eggs” are nutritionally modified eggs, produced by manipulating the diet, genetics, or
rearing environment of laying hens so that the resulting egg carries enhanced or additional health-
promoting compounds while its undesirable components are minimised. Enrichment strategies
include the addition of herbal feed supplements, omega-3 fatty acid sources, minerals such as
selenium and iodine, vitamin E, carotenoid pigments and, more recently, pharmaceutical
antibodies. Emerging molecular approaches such as facilitated diffusion, active transport and
nanocarrier-mediated delivery are further expanding the possibilities of directing specific
bioactive molecules into the egg. This article summarises the concept, history, production
strategies and health significance of designer eggs, and highlights their potential as a functional
food for combating nutrient deficiencies and lifestyle-related disorders.
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Introduction

The hen’s egg has long been regarded as nature’s original functional food, offering a near-
complete package of proteins, vitamins, minerals and lipids in a single, inexpensive unit
(Roberfroid, 2002). Despite this nutritional completeness, eggs have often been viewed with
suspicion because of their cholesterol content, and ‘“cholesterol phobia” has contributed to a
decline in per-capita egg consumption in several parts of the world. At the same time, changing
lifestyles and rising rates of micronutrient deficiency and cardiovascular disease have renewed

scientific interest in foods that can deliver health benefits beyond basic nutrition. This has given
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rise to the concept of the designer egg — an egg whose nutrient profile has been deliberately
modified through the hen’s diet, genetics or rearing environment so that vitamins, minerals,
omega-3 fatty acids, antioxidants and even pharmaceutical compounds are enhanced, while

cholesterol and other undesirable constituents are reduced (Sparks, 2006; Singh et al., 2012).

The idea that the fatty acid composition of the egg could be altered through dietary manipulation
was first documented by Cruickshank as early as 1938. Building on this foundation, Professor J.
S. Sim developed the first well-known “designer egg” in the late 1980s, enriched with omega-3
fatty acids and antioxidants (Sim, 1998). Since then, egg enrichment has diversified into several

distinct categories, each addressing a different aspect of human nutrition and health.

Concept And Factors Governing Egg Enrichment

The basic principle behind designer egg production rests on the fact that many nutrients
consumed by the hen are transferred, at least in part, into the egg yolk and albumen. By altering
feed composition, formulation, or by adopting genetic and biotechnological interventions, this
natural transfer pathway can be exploited to enrich the egg with specific beneficial compounds
(Singh et al., 2012). However, before any nutrient is chosen for enrichment, several factors must
be considered: the efficiency with which the nutrient is transferred from feed to egg, the
availability of suitable commercial sources, the possible toxic effects of over-supplementation, the
recommended dietary allowance and prevailing shortages of that nutrient in the human diet,
possible interactions with other feed components, and the stability of the nutrient during storage

and cooking.

Historically, key milestones have shaped this field. In the late 1980s, Sim developed eggs
enriched with omega-3 fatty acids and antioxidants (Sim, 1998); subsequently, eggs enriched with
folic acid and iron, and later with lutein, were also reported, and in India, Narahari (2005)
developed herbal-enriched designer eggs (HEDE) containing natural phytosterols such as

stigmasterol and beta-sitosterol, which are considered cardiac-friendly.

Types of Designer Eggs
1. Herbal-Enriched Eggs

Herbal enrichment involves supplementing the layer diet with plant materials such as
garlic, fenugreek, basil leaves, turmeric, spirulina and marigold petals. These herbs contribute
bioactive compounds such as allicin, phytosterols, flavonoids and carotenoid pigments, which are
transferred into the egg and impart cardio-protective, antioxidant, antimicrobial and

immunomodulatory properties. Feeding trials in human volunteers who consumed herbal-enriched
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eggs reported a significant reduction in serum triglycerides, an increase in beneficial HDL

cholesterol, and improved immune status (Narahari, 2005).

Herbal Source Active Principle Health Benefit
Garlic, Onion Allicin, allylic sulfide Lowers LDL cholesterol;
anticarcinogenic
Spirulina, Marigold petals Carotenoid pigments Antioxidant, anticarcinogenic
Basil leaves (Tulsi) Eugenol, eugenic acid Immunomodulator
Fenugreek, legumes Phytosterols Raises HDL, lowers blood sugar
Turmeric powder Flavonoid compounds Antimicrobial, antioxidant

2. Omega-3 Fatty Acid-Enriched Eggs

The total fat content of the egg yolk cannot easily be altered through feeding, but the
composition of fatty acids within that fat can be changed considerably by varying the type of oil
or oilseed included in the hen’s diet. Sources rich in omega-3 fatty acids, such as flaxseed, linseed
oil, fish oil, algae and rapeseed/canola oil, are commonly used for this purpose. Since long-chain
omega-3 fatty acids cannot be synthesised by the human body and must be obtained through diet,
omega-3 enriched eggs offer a practical vehicle for improving intake of these essential fatty acids
(Fraeye et al., 2012). Alfalfa and flax sprout supplementation of the layer diet has similarly been
shown to enrich the egg with bioactive compounds while simultaneously lowering yolk cholesterol
(Mattioli et al., 2016).

3. Low-Cholesterol Designer Eggs

Given widespread consumer concern over dietary cholesterol, considerable research has
focused on reducing the cholesterol content of the egg yolk. This can be approached by altering
the total amount of cholesterol per egg, the size of the yolk, or the overall lipid profile of the yolk.
Dietary strategies including supplementation with copper, chromium, probiotics and herbal
additives such as garlic have all been reported to lower yolk and serum cholesterol in laying hens.
Modification of yolk lipids through altered fatty acid profiles has similarly been shown to reduce

the cholesterol-raising potential of the egg (Jiang & Sim, 1994).

4. Mineral-Enriched Designer Eggs

Trace minerals such as iodine and selenium are essential for human health, and their
deficiency can lead to specific disorders. Supplementing the hen’s diet with organic or inorganic
sources of these minerals — for instance, selenium-enriched yeast in place of inorganic sodium

selenite — has been shown to substantially raise the selenium content of the egg, and organic
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selenium supplementation has additionally been linked to a longer duration of egg freshness
(Surai, 2000). Similarly, iodine supplementation of the layer diet increases the iodine content of

the yolk and albumen, helping to address a nutrient that is often in short supply in modern diets.

5. Vitamin E-Enriched Eggs

Feeding hens diets high in vitamin E increases the concentration of alpha-tocopherol
deposited in the yolk, without compromising the omega-3 fatty acid content of enriched eggs
(Leeson & Caston, 2003). Such eggs provide consumers with a natural dietary source of this

important antioxidant vitamin.

6. Pigment-Fortified and Pharmaceutical Eggs

Dietary carotenoids, particularly the xanthophylls lutein and zeaxanthin, are supplied
through feed ingredients such as maize gluten meal, alfalfa meal and marigold petal meal to
intensify yolk colour while providing antioxidant protection to the consumer. At a more advanced
level, pharmaceutical or immunomodulating designer eggs are produced by immunising laying
hens against a specific antigen; the resulting antibodies (IgY) are concentrated in the yolk and can

potentially support immunocompromised patients.

Emerging Molecular Approaches For Targeted Enrichment

Beyond conventional feed-based enrichment, biotechnological approaches are being
explored to direct specific compounds into the egg more precisely. These include facilitated
diffusion, in which membrane transporters are enhanced to let a compound cross the egg
membrane more readily (Gunther et al., 2018); active transport, using ATP-binding cassette
transporters to pump compounds in against a concentration gradient (Szyf & Kemmer, 2022);
modulation of membrane fluidity, by altering the lipid composition of the egg membrane (Lopes
et al., 2014); and nanocarrier-mediated delivery, in which the compound is encapsulated in
liposomes or nanoparticles that cross the membrane through endocytosis-like mechanisms
(Banerjee et al., 2012). Together, these approaches represent the next frontier in precisely

engineering the egg’s nutrient profile.

Nutritional comparison: Table Egg versus Designer Egg

Studies comparing conventional table eggs with designer eggs have documented
substantial increases in several bioactive nutrients following enrichment, as summarised in Table
1 (Surai, 2000).
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Nutrient (per egg) Table Egg Designer Egg
DHA (mg) 32.41+1.11 208.61 + 8.44
Vitamin A (mg) 0.01 +0.01 0.12 +0.01
Alpha-tocopherol (mg) 0.72 £0.06 19.33+1.02
Lutein (mg) 0.12+0.01 1.91+0.14
Selenium (mQ) 4.22 +£0.48 32.44 +£3.16

Table 1. Nutritional comparison between conventional table eggs and designer eggs (values
expressed as mean + SE per egg).

Conclusion

Designer eggs offer a practical route to improving population-level intake of nutrients that
are frequently deficient in modern diets, such as omega-3 fatty acids, selenium, iodine and vitamin
E, while simultaneously addressing consumer concerns about cholesterol. Because eggs are
inexpensive, widely consumed and require no change in cooking habits, nutrient-modified eggs
represent an efficient food-based strategy for public health intervention. From herbal and omega-
3 enrichment to mineral, vitamin and pigment fortification, and now emerging molecular delivery
technologies, the egg is being reshaped to meet contemporary human health needs while retaining
its natural appeal, affordability and convenience. Continued research into safe and efficient
enrichment strategies, along with consumer awareness, will be essential to realise the full potential
of designer eggs as a mainstream functional food for combating nutrient deficiencies and lifestyle-

related diseases.
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