
Ann. Anim. Sci., Vol. 25, No. 4 (2025) 1277–1295	 DOI: 10.2478/aoas-2025-0002

SUPER EGGS PRODUCTION – THE INFLUENCE OF FEED MODIFICATION ON DESIGNER EGG 
COMPOSITION – A REVIEW*

Magdalena Zielińska-Dawidziak♦, Piotr Klimowicz, Aneta Tomczak

Department of Food Biochemistry and Analysis, Faculty of Food Science and Nutrition, Poznan University of Life Sciences, Mazowiecka 48, 
60-623 Poznań, Poland

♦Corresponding author: magdalena.zielinska-dawidziak@up.poznan.pl

Abstract
Chicken eggs are considered a superfood due to their rich nutritional value, including amino acids, essential fats, vitamins, and minerals, 
while also being affordable and versatile in cooking. Designer eggs, enhanced further through nutrient improvements, become “super 
eggs.” Recent studies highlight feed modification, which is more complex than feed supplementation, as the most effective method for 
enriching eggs; apart from supplementation also includes the use of blends of seeds and grains, post-extraction meals, natural extracts, 
and oils. This review explores trends in modifying egg nutrient content by adjusting the chicken’s diet to improve fatty acids, vitamins, 
proteins, minerals, antioxidants, and pigments important for human health. It is challenging to achieve a sufficiently significant level of 
modification and produce eggs that can be marked as a source of a given nutrient (polyunsaturated fatty acids, vitamins) or as having  
a reduced content of undesirable ingredients (such as cholesterol). Important aspects of egg modulation include feed costs, consumer ac-
ceptance of the product, and sustainability. Although there has been extensive research into egg fortification over the years, most studies 
have focused on single nutrients, and there is limited research on the bioavailability of nutrients from these designer eggs. 
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Eggs are widely regarded as one of the most per-
fect food products. Their consumption is notably lower 
in countries where access to animal products is limited, 
such as many African nations, or where dietary restric-
tions exist due to religious beliefs, as seen in India. In 
contrast, egg consumption is highest in Mexico (Réhault-
Godbert et al., 2019). The nutritional value of eggs pri-
marily comes from the content of valuable proteins, as 
well as from fat-soluble vitamins and B vitamins, some 
trace elements, and fatty acids found in the yolk. The 
Food and Agriculture Organization (FAO) and the World 
Health Organization (WHO) recognize hen egg proteins 
as the international standard (FAO, 2013; Leser, 2013). 
The quality of eggs is influenced by various factors, in-
cluding genetics, the physiology of the hens, environ-
mental conditions, and the quality of their feed (Wang et 
al., 2017; Goto et al., 2021; Hejdysz et al., 2024). 

A typical hen egg consists of 58–63% of albumen, 
27.5–31% of yolk, and 9.5–11% of shell, and membranes. 
At the molecular level, the main components of the egg 
as a whole are water (65.5–75%), proteins (11.8–12%), 
lipids (11–12%), and minerals, which are most concen-

trated in the shell (Lesnierowski and Stangierski, 2018; 
Réhault-Godbert et al., 2019).

The composition of egg white (albumen) and yolk 
varies significantly. Egg white consists mainly of water 
and is almost fat-free. In turn, the yolk consists of triglyc-
erides (65%), phospholipids (28–30%), and cholesterol 
(4–5%), which constitute as much as 1/3 of the yolk’s 
mass. The content of protein is higher in egg yolk, which 
is also about twice as rich in minerals, mainly potassium, 
sodium, calcium, magnesium, iron, zinc, selenium, and 
iodine (Lesnierowski and Stangierski, 2017; Réhault-
Godbert et al., 2019). The chemical composition, detail-
ing the components of egg white and yolk, is presented 
in Table 1 (Lesnierowski and Stangierski, 2018; Réhault-
Godbert et al., 2019). Moreover, eggs have important 
economic value and due to their low cost, they are an 
important product for the consumer. Currently, eggs are 
also considered to be a source of interesting bioactive 
substances, acting as anti-bacterial, anti-carcinogenic, 
and immunostimulatory agents, including IgY, lysozyme, 
lecithin, avidin, and bioactive peptides (Lesnierowski 
and Stangierski, 2017; Zhang et al., 2021).
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Table 1. Hen egg composition (Lesnierowski and Stangierski, 2017; 
Réhault-Godbert et al., 2019)

Egg white (%) Egg yolk (%)

Water ~87 48–50

Proteins ~11 16–17.5

Lipids 0.02 32–34

Carbohydrates ~1 1

Minerals ~1 1–2

This review aims to collect, analyze, and evaluate 
scientific studies on feed modification to change the nu-
tritional composition of eggs. Specifically, the review 
covers research on improving the content of fatty acids, 
proteins, vitamins, minerals, and antioxidants, pigments, 
as well as reducing unfavorable components such as cho-
lesterol. 

Methods
The review is a result of systematic analyses and 

evaluation of 127 scientific publications regarding the in-
fluence of feed modification on egg nutrient composi-
tion. The selected literature included articles published 
in peer-reviewed journals. Main studies were conducted 
within the last 20 years unless they had a significant im-
pact on the knowledge about egg composition. The litera-
ture was searched in databases such as PubMed, Scopus, 
Web of Science and Google Scholar, Taylor & Francis, 
Wiley, and MDPI, with an application of the following 
keywords: designer eggs, egg fortification, feed modifi-
cation, functional eggs, eggs composition, layer hen feed 
modification, egg lipid modification, egg protein modifi-
cation, egg antioxidant modification, egg pigment modi-
fication, modification of vitamins/minerals in eggs. Each 
theme was studied and discussed in detail, comparing the 
results of different studies.

Modification of lipid composition of eggs 
Due to the lipid content in egg white (Table 1), its 

importance in this egg part is practically ignored. Even 
though albumen lipids are present in trace amounts, they 
constitute a complex mixture of triglyceride, diglyceride, 
free fatty acid, cholesterol ester and cholesterol in ace-
tone-soluble materials, and phosphatidylcholine (PC), 
lysophosphatidylcholine (LPC), phosphatidylethanola-
mine (PE), sphingomyelin (SPM) and unknown material 
with choline base in acetone-insoluble materials. Most of 
them are bound with proteins (Sato et al., 1973). 

Lipids are the richest nutritional component of egg 
yolk (Table 1). 702 lipids have been identified in egg 
yolk, including triglycerides, phosphatidylcholines, 
phosphatidylethanolamines, lysophosphatidylcholines, 
diglycerides, and others (He et al., 2023). Currently, 
every conscious consumer knows that it is not only the 
total fat amount supplied by a given food product that is 
important but also the fat composition. Most studies on 
egg designing are focused on lipid (fatty acids) composi-
tion in yolk. The total content of fat in egg yolk cannot be 

changed (Singh et al., 2012), but it has been proven that 
the fatty acid profile of chicken eggs can be significantly 
influenced by hens’ diet supplementation, even resulting 
in the production of fortified eggs classified as functional 
food in the prevention of cardiovascular diseases. The 
lipid content in the diet of laying hens generally ranges 
from 5% to 7.5% and to achieve the recommended level 
of at least 5%, feed is usually supplemented by the ad-
dition 2–3% of oil (usually rape, soybean or corn) or fat 
(Lohmann, 2020).

The most beneficial for human health is an increase in 
egg content of polyunsaturated fatty acids (PUFA), main-
ly ω-3 fatty acids. These acids are essential for the proper 
development of the nervous system and protect against 
the development of metabolic syndrome and cancer 
(Karageorgou et al., 2023). To obtain the goal, the diet of 
laying hens was supplemented with additives such as fish 
oil (rich in long-chain eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA)), many raw materials and 
by-products of oil industry such as linseed and linseed oil 
(rich in α-linolenic acid), rapeseed or its oil, algae oil and 
other PUFA sources (Basmacıoğlu et al., 2003; Kopacz et 
al., 2021; Kralik et al., 2021; Saleh et al., 2019). 

This type of egg modification is approved by consum-
ers and is industrially used. Some effects of these actions 
are presented in Table 2. However, the issues that need to 
be taken into account here are costs, sustainability, and 
product acceptance. 

The addition of oil to the hen diet should be prudently 
controlled, because a small amount may not affect egg 
quality. At the same time, excessively high doses can 
negatively impact both egg quality (mainly flavor, and 
egg weight) and production performance. Beneficial for 
humans seems to be the addition of e.g. 5% rapeseed oil 
(increases the ω-3 fatty acids content of yolk, including 
DHA), 1.5–4.5% of sesame oil (increases the UFAs (un-
saturated fatty acids) content) 1–3% of palm oil (reduces 
triglyceride content and increases MUFAs (monounsatu-
rated fatty acids) content, linseed oil in doses lower than 
5% (increases the oleic acid, linolenic acid, EPA, and 
DHA content), <1.5% of fish oil (increases deposition of 
DHA and EPA), and <2.5% of microalgae oil (increases 
the ratio of n-3/n-6 PUFAs) (Gao et al., 2021). 

The modification of the fat composition of yolk 
strongly depends on the fat sources in the diet. The goal 
is to reduce the content of saturated fatty acids, increase 
the content of ω-3 fatty acids, and decrease the ∑ ω-6 
PUFA/∑ ω-3 PUFA ratio. An observed increase in  
∑ ω-3 PUFA is related not only to the increasing con-
tent of ALA (alpha-linolenic acid) but also to both EPA 
and DHA (Table 2). This is the consequence of in vivo 
metabolism, with ALA serving as a precursor for the syn-
thesis of EPA and DHA through the desaturation-chain 
elongation pathway within the liver (Calder, 2012). The 
conversion of ALA to EPA competitively inhibits the 
conversion of linoleic acid (C18:2n-6) to arachidon-
ic acid (C20:4n-6) due to the exploitation of the same 
enzyme (Δ6-desaturase) to polyunsaturated 20-carbon 
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derivatives (Jia et al., 2008) in the first step of con- 
versions.

In the case of olive pulp application, however, even 
if the content of PUFA was increased, the content of 
acids from the group of ω-6 increased significantly 
and it should be explained by the high supply of ω-6 
acids from this additional feed ingredient (Dedousi et 
al., 2022). Due to the confirmed effects of CLA (conju-
gated linoleic acid) which works as an anti-cancer agent 
and reduces metabolic syndrome compounds, syn-
thetic CLA was used as a feed component. The enrich-
ment was dose-dependent, with the maximum content 
(plateau) achieved after 5% supplementation of feed 
(Shang, 2004). Moreover, an increase in CLA content 
caused a simultaneous increase in saturated fatty acids 
content and a decrease in MUFAs and other PUFAs 
content (Qi et al., 2011).

It may be interesting to mention the application of 
some surprising agro-industrial by-products. For exam-
ple, as a source of ω-3 PUFAs, non-fermented and fer-
mented peony seed dregs were used as an alternative 
feed component. Peony seeds are a source of oil widely 
consumed in China as a functional food. The addition of 
peony seed dregs (5%) and fermented dregs into the feed 
doubled the content of ω-3 PUFA and reduced the ratio 
of ω-6, it reduced the amount of ω-3 fatty acids by about 
30% (Wan et al., 2022). Sergin et al. (2022) conducted 
research which even included using animal by-products 
of the meat industry (beef suet and liver) for supplement-
ing hen diets 

However, the idea of sustainable development and 
using by-products as a component of the diet is not the 
only way of hen feed modification aimed at improv-
ing eggs’ lipid composition. Different legumes (usually 
peas, beans, lupines, and peanuts) are introduced to the 
feed due to the planned restrictions on the use of geneti-
cally modified raw materials in animal nutrition. They 
replace soy as a source of protein, but at the same time, 
they deliver lipids to the hen diet. Application of lupine 
meal (Timová et al., 2020) or a mixture of lupine and pea 
(Kowalska et al., 2021) as a protein source in the feed has 
also changed the fatty acid profile of egg yolk (Table 2).

It is not easy to modify the yolk fatty acids composi-
tion to obtain the threshold of 300 mg/egg of ω-3 PUFA, 
i.e. the level required for eggs to be labeled as the ω-3 
PUFA sources (Branch, 2023). Usually, this required the 
use of feed supplementation higher than 5% by flaxseed 
or fish oil (Wang et al., 2017). Such a big increase in the 
content of ω-3 sources in the feed may cause difficulties 
in balancing feed composition properly. Moreover, a de-
crease in the transfer efficiency of the desired ω-3 fatty 
acids from feed to egg yolk is observed after exceeding 
certain additive values (Nain et al., 2012), which may 
significantly influence the cost of the modified product. 
Additionally, supplementing feed with fish oil, which is 
the best dietary source of DHA, may cause undesirable 
off-flavors of enriched eggs (Gonzalez-Esquerra and 
Leeson, 2000). Many sources of lipids are introduced 

into feed but the usage of some materials, even rapeseed 
oil delivers more ω-6 than ω-3 fatty acids (Zhang et al., 
2023). It should also be remembered that the fatty acids 
profile may vary during storage (depending on time and 
conditions), and this applies mainly to PUFA (Drabik et 
al., 2021). This profile depends also on the hen’s age and 
time of supplementation. Moreover, the enrichment of 
the content of unsaturated fatty acids in eggs may de-
crease their shelf-life and sensory attractiveness (Vlaicu 
et al., 2022).

The nutritional quality of eggs may also be improved  
by reducing the content of undesirable lipid substances 
that are considered hazardous to human health. Infor-
mation about high cholesterol content in eggs (on aver-
age 195–230 mg) (Ceylan et al., 2011) strongly reduced 
their consumption. Currently, it is suggested that dietary 
cholesterol does not increase the concentration of un-
favorable cholesterol fractions in the blood (Sunwoo 
and Gujral, 2015), but ways to decrease the cholesterol 
content in eggs are still being sought. Reduction of cho-
lesterol content in eggs is difficult and does not exceed 
~10%, with the application of different nutrients, non-
nutritive factors, natural products, and pharmacological 
agents (Elkin, 2006). Thus, the cholesterol content in 
eggs is still high and examples of feed modifications 
that were aimed at lowering cholesterol in eggs are 
presented in Table 3. There is no unambiguous data on 
the relationship between yolk/egg mass and cholesterol 
content in it – some authors indicate a positive, others a 
negative correlation or no effect. The influence of breed 
and age of the laying hen is clearly emphasized (Dik-
men and Sahan, 2007; Calik, 2016; Yenilmez and Atay, 
2023). 

Maximizing egg protein benefits
In yolk, low-density and high-density lipoproteins are 

present (68% and 16%, respectively), livetins with other 
soluble protein (10%) and phosvitins (4%) (Réhault-
Godbert et al., 2019). 80% of yolk proteins consist of 
apovitellenin-1, apolipoprotein B, vitellogenins, serum 
albumin and immunoglobulins, ovalbumin, ovotransfer-
rin, and the protein form non-soluble protein aggregates 
and a clear yellow fluid or plasma. 

In gel-like albumen, on the other hand, 150 separate 
proteins are recognized. Among them, fibrous structural 
proteins (ovomucins), glycoproteins (ovalbumin – which 
consists of 50% of white protein; protease inhibitors), an-
tibacterial proteins (lysozyme), and peptides are present 
(Réhault-Godbert et al., 2019). 

The protein level in feed for laying hens should range 
between 15 and 20% and it is not possible to provide 
this level only with cereal ingredients (Alagawany and 
Mahrose, 2014; Wasielewska, 2021); soybean and can-
ola meal are the most common source of protein in the 
hen diet (Iji et al., 2017). There are few studies on pos-
sible modifications of the protein composition of chicken 
eggs, even if eggs are considered a source of model pro-
tein (Leser, 2013). 
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The addition of rosehip meal (1.5–3%) mixed with 
flaxseed meal influences the nutritional value of eggs, 
due to the increased content of essential amino acids at 
the expense of non-essential amino acids, the increased 
content of sulfur and aromatic amino acids, and those 
with antioxidant potential. This feed alteration did not 
change the content of crude protein in yolk (Vlaicu et 
al., 2022). Mori et al. (2020) suggested that both breed 
and feed affect the amino acids composition of egg yolk, 
especially fermented feed influenced cysteine content in 
yolk. However, in the studies of Kawamura et al. (2023) 
it was noted that the composition of egg amino acids 
(both in yolk and albumen) is dependent on the combined 
effect of feed (crude protein content in the diet) and hous-
ing system. 

Research was also carried out on the possible influence of 
feed alteration on the activity of biologically active egg white 
proteins: lysozyme, cystatin, and serine protease inhibitors. 

The addition of mineral-humine preparations, components 
rich in ω-3 PUFA, and antioxidants (hibiscus, vitamins A+E) 
decreased cystatin, antitrypsin and antichymotrypsin inhibi-
tory, and lysozyme activity. Only in fresh eggs obtained after 
feeding with the addition of rapeseed meal, the activity of 
cystatin was significantly increased (Kopeć et al., 2005). The 
activity of lysozyme in albumen decreased when soy protein 
in the feed was partially (10%) replaced with lupine protein, 
although the use of lupine protein as a source of protein in the 
concentration of 25% increased both lysozyme concentration 
and activity (Kowalska et al., 2020). 

Eggs are also recognized as a good source of IgY 
(immunoglobulin Y) which acts as an anti-rotavirus and 
anti-bacterial agent. The amount of IgY may be further 
increased not only by hen immunization but by dietary 
modification by supplementation with ω-3 fatty acids, 
antioxidants, as well as some herbs such as basil leaves 
(Pulla and Sai Prasanna, 2019).

Table 3. Influence of diet modification on egg cholesterol content

Diet modification/addition Influence on cholesterol 
content Unit The duration of 

experiment References

Oils

1.5% fish oil –1.15/–6.67 mg/g yolk / mg/egg 28 days Basmacioğlu et al., 2003

4.32% flax seed +0.22/+13.78

1.5% fish oil + 4.32% flax seed –0.2/+5.65

8.64% flax seed –0.92/–3.42

Rubber seed oil 1%
Rubber seed oil 2%
Rubber seed oil 4%
Rubber seed oil 6%

–1.25 
–2.3 

 –1.27 
–1.33 

mg/g 8 weeks Wen et al., 2019

Linseed oil 2.5%
Soybean oil 2.5%

–0.75 
+0.10 

mg/g egg yolk 4 weeks Batkowska et al., 2021

Meals

9% pumpkin seed meal –0.211/–0.027 g in 100 g dried yolk/g in 
100 g egg

6 weeks Vlaicu and Panaite, 2022

6% linseed meal and 2% dried kapia pepper –0.17 g/100 g dried yolk 4 weeks Panaite et al., 2021

6% linseed meal and 2% dried sea buckthorn 
pomace
6% linseed meal and 2% dried carrot

–0.21 

–0.22 

Seeds

Hemp seed 10%
Hemp seed 20%
Hemp seed 30%

+1.686 
–0.293
–2.455 

mg/g yolk 84 days Taaifi et al., 2023

10% extruded flaxseed –0.12/+6.08 mg/g yolk/mg/egg 23 weeks Mattioli et al., 2017

Black cumin (Nigella sativa) seeds 20 g/kg –0.29 mg/g yolk 13 weeks Szczerbińska et al., 
2021 aBlack cumin (Nigella sativa) seeds 50 g/kg –0.54 

By-products

20% raw rapeseed cake +0.4 % total FA 12 weeks Kopacz et al., 2021

20% hydrobarothermally-treated rapeseed 
cake

–4 

20% fermented rapeseed cake +0.8 

Alternatives

1% green tea powder –22.8 mg/egg 12 weeks Chen et al., 2021
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It has also been observed that diet composition may 
influence eggs’ amino acid composition (Tomczak et al., 
2024; Yu et al., 2024).

Currently, there are emerging reports related to the 
possible transfer of allergenic protein fragments from 
feed to eggs and poultry meat, which may significantly 
affect the nutritional value of those products (Tomczak et 
al., 2021; Saelens et al., 2023).

Increasing vitamin content
The content of vitamins in the diet of laying hens, 

whether derived from natural dietary components but much 
more often as concentrated supplements (Alagawany et al., 
2020), directly affects the vitamin composition of eggs. 
This effect applies to both water-soluble and fat-soluble 
vitamins. Genetics and hen age are suggested as other fac-
tors influencing the vitamin content (Naber, 1993; Ko et al., 
2021; Hejdysz et al., 2024). The time required for hens to 
respond to changes in vitamin content in their diet varies 
depending on the specific vitamin; for instance, response to 
vitamin A supplementation is slow (8–12 weeks), while the 
response to vitamin B2 is rapid at a similar level of adminis-
tration (Schiavone and Barroeta, 2011). Transfer efficiency 
is the highest for vitamin A, and high for pantothenic acid, 
riboflavin, biotin, and vitamin B12 as well; it is medium for 
vitamin E and D3 and low for thiamine, vitamin K1, folacin, 
niacin, and pyridoxine (Naber, 1993; Leeson and Caston, 
2003; Schiavone and Barroeta, 2011). Since the most com-
mon modifications of egg nutrients concern fatty acids that 
occur in an egg after administration of various sources of 
lipids, the same studies also quite often control changes in 
the content of fat-soluble vitamins. 

Vitamin E is an important antioxidant. A standard egg 
contains 1.9 mg of vitamin E/100 g and during the time of 
the egg enrichment this amount increases even more than 
5-fold (Schiavone and Barroeta, 2011), providing even up 
to 80% of RDA (Recommended Dietary Allowance) per 
100 g of egg. An increase in its content was noted when 
non-industrial hemp seeds (Taaifi et al., 2023) or palm oil 
were added to feed (Areerob et al., 2018). The vitamin con-
centration in the egg increased when hens grazed on grass 
rather than clover, and it was proved that the breeding sys-
tem is also important (Karsten et al., 2010). Some research 
studied the combined effect of soy oil replacement in feed 
with a mixture of fish, linseed, and canola oil and supple-
mentation of vitamin E (Kralik et al., 2023). However, in 
most studies on increasing the content of vitamins in eggs, 
vitamin preparations, not natural sources, were used (Park 
et al., 2005). Since vitamin supplementation did not af-
fect hen weight or egg production (Park et al., 2005), even  
a high oversupply of vitamins was tested. Many studies con-
firmed linear relationships between concentration in fresh 
eggs and dietary concentration of alpha-tocopherol, up to 
doses of 20 g/kg feed. In higher doses, transfer efficiency 
diminishes. However, the data concerning the effectiveness 
of alpha-tocopherol are not compatible – for the same lev-
els in the diet, the levels observed in eggs are different (Ta- 
ble 4). This results from many factors; apart from analyti-

cal problems, they also stem from interactions with other 
nutrients during absorption, e.g. interaction with vitamin A. 
It was also observed that at the time of egg forming, when 
a higher content of unsaturated fatty acids is present in the 
feed, the deposition of vitamin E decreases, due to its high 
utilization as a fatty acids antioxidant. The imbalance be-
tween the vitamin E and PUFA content was observed after 
adding up to 2.8% of fish oil, which increased the ω-3 PUFA 
content of yolks, leading simultaneously to increased levels 
of cytotoxic aldehydic lipid peroxidation products, such as 
malondialdehyde (MDA) (Grune et al., 2001).

Vitamin A is responsible for good vision, the immune 
system, reproduction, and growth and development (Schi-
avone and Barroeta, 2011). The main natural sources of this 
vitamin in the hen diet are carotenoids of corn, algae meal, 
and dehydrated alfalfa meal (Khan et al., 2023). Due to the 
efficient transfer of vitamin A from the diet into an egg, the 
production of eggs labeled as “rich in vitamin A” is possible 
(Naber, 1993; Schiavone and Barroeta, 2011). Its standard 
content in a chicken egg is 227 µg/100 g and after supple-
mentation in the diet, its content increases by about 50%, 
which means that 100 g of egg provides ~40% RDA (Schi-
avone and Barroeta, 2011) (Table 4).

One of the functions of vitamin D in the human body is 
to regulate calcium and phosphorus metabolism. In hens, 
it additionally influences egg formation. The linear re-
lationship between the content of vitamin D3 in feed and 
egg (Barnkob et al., 2020), and its deposition in the yolk 
is around 2.2 times more efficient than that of D2 (Mattila 
et al., 2004). Some authors suggest that supplementation of 
25(OH)D3 is more efficient in poultry nutrition than the ba-
sic form of vitamin D3 in egg (Świątkiewicz et al., 2016), 
and it is effectively transferred from hen diet to yolk, but it is 
still questionable if it is beneficial in case of bioavailability 
of the vitamin by human (Mattila et al., 2011). 

Since egg is one of the few sources of this vitamin in 
the human diet (contains 1.8 µg/100 g of standard egg), 
and at the same time its deficiency is commonly reported, 
attempts have been made to increase the content of this 
vitamin. Eggs, the consumption of which provided more 
than 50% of the RDI after eating one piece, were success-
fully produced (Browning and Cowieson, 2014; Clark et 
al., 2021). The content of vitamin D in eggs remains quite 
stable over 8 days – 3 weeks supplementation period (Mat-
tila et al., 2004; Yao et al., 2013) (Table 4). Interestingly, 
exposing laying hens and even liquid yolk to UVB radia-
tion is a method used to stimulate the natural synthesis of 
vitamin D in eggs (Barnkob et al., 2020). 

In humans, vitamin K is responsible for the synthesis 
of factors involved in blood clotting, but it also partici-
pates in bone formation processes. In hens, it also takes 
part in eggshell formation. A standard egg is not a good 
source of this vitamin, delivering ~12% of RDA/100 g 
of eggs. Few experiments on vitamin fortification were 
done, but only in some experiments, the product which 
delivered more than 100% of RDA in 100 g was obtained, 
as it is presented in Table 4 (Suzuki and Okamoto, 1997; 
Leeson and Caston, 2003).
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In the case of water-soluble vitamins, vitamin C is 
not present in eggs, whereas others (B-group vitamins) 
are found both in albumen and yolk. Vitamins B1, B5, B7, 
and B9 are concentrated in the yolk, while B12, in approxi-
mately equal amounts, is found in both the yolk and egg 
white (Schiavone and Barroeta, 2011).

A few attempts have been made to increase the con-
tent of homocysteine cofactors, folic acid, and cobalamin 
(Table 4). The amount of folacin in eggs (51.2 µg/100 g 
of the standard egg; 25% RDA) may be increased 2–3 
times after hens’ dietary supplementation, the deposition 
is based on a saturation model (Schiavone and Barroeta, 
2011). The synergistic effect of vitamin C concentration 
in feed was observed on folate content in eggs (Gu et al., 
2022). In the case of cobalamin, which is important for 
methylation processes in organisms (it acts as a regula-
tor of erythrocyte production, a cofactor of homocysteine 
metabolism), some authors suggest fast and efficient 
transport of cobalamin from feed to eggs (from 2.1 up to 
4.8 µg/100 g of egg) (Naber, 1993), while others did not 
observe any changes (Bunchasak and Kachana, 2009). 
However, when a premix of vitamins was used, an almost 
fourfold increase was noted (Leeson and Caston, 2003). 
Studies on feed enrichment with an additional amount 
of thiamine, riboflavin, pyridoxine, biotin, niacin, and 
pantothenic acid were presented by Leeson and Caston 
(2003) (Table 4); however, due to the rare studies on their 
insufficiency in humans (Onishi and Ishida, 2021), the 
interest in increasing their amount in eggs is small. 

Improving antioxidant activity and content
Food that is rich in antioxidants neutralizes free radi-

cals produced in the body. When increasing the content 
of antioxidants in eggs, the overarching goal is to prevent 
the oxidation of valuable egg components, mainly unsat-
urated fatty acids, during storage. It may be expected that 
the following compounds are responsible for the antioxi-
dative activity of eggs: amino acids (mainly aromatic), 
proteins (ovalbumin, ovotransferrin, phosvitin, and some 
enzymes), phospholipids, phenolic compounds, vitamins 
(vitamin E), pigments (carotenoids), and some minerals 
(selenium and iodine). The total antioxidant activity of 
eggs could increase in both yolk and albumen through 
modification of poultry feed composition. 

To increase the antioxidant content in eggs, waste 
products of the food industry were usually suggested as 
a feed component. This effect was observed after adding 
rosehip meal (Vlaicu et al., 2022), pumpkin meal (Vla-
icu et al., 2022), green tea powder (Chen et al., 2021), 
grapeseed meal, sea buckthorn meal (Vlaicu et al., 2021), 
but also after adding alfalfa and flax freeze-dried sprouts 
(Mattioli et al., 2023). An increased content of antioxi-
dants was often related to an increased content of PUFA 
(Gaffney et al., 2015; Vlaicu et al., 2022). 

In some experiments, feeds were enriched with sup-
plements which affected antioxidant activity. In the re-
search by Al-Shammari et al. (2024), antioxidant activity 
in quail eggs increased after supplementing the feed with 

commercial preparation of creatine monohydrate and L-
carnitine which were added to reduce stress induced by 
2.5 ppm lead acetate. 

The application of supplements containing selenium 
increased the activity of GPX (glutathione peroxidase), 
and the antioxidant profile of eggs (Pan et al., 2011; Mu-
hammad et al., 2021). Moreover, a confirmed increased 
content of secoisolariciresinol and lignan metabolites 
with antioxidant and hormonal activity (enterodiol and 
enterolactone) was noted in eggs obtained after feeding 
hens with flaxseeds and flax sprouts addition (Mattioli et 
al., 2017, 2023).

The trend of application of plant by-products rich in 
polyphenols in the diet formulation is noted. However, 
despite consumer acceptance of such modification and  
a proven increase in antioxidant activity in the products, 
the problem is the lack of equalization of the content of 
these compounds in these by-products. The bioavailabil-
ity of these ingredients for humans is also questionable, 
although they significantly affect the quality of the prod-
uct (Vlaicu et al., 2023). 

Modification of the content of some other antioxi-
dants (such as e.g. selenium, amino acids, vitamins, and 
dyes) is discussed in the remaining parts of the article.

Increasing the content of minerals
Most minerals that are important for human health 

are deposited in yolk, whereas their concentrations in the 
albumen are limited. The consumed part of an egg is rich 
in calcium, potassium, and phosphorus, but also other 
essential elements, including iron, zinc, copper, magne-
sium, manganese, and selenium (Réhault-Godbert et al., 
2019). Egg shells have a much higher ash content, and 
feed modifications are often carried out to improve the 
quality of the shell (usually its thickness and strength). In 
the case of shell quality, the importance of calcium and 
phosphorus is well known. During the mineralization of 
eggshell layers, amorphous calcium carbonate deposited 
in the outer shell membrane is transformed into calcite 
crystals, which is inhibited by the phosphorus. Simulta-
neously a calcium and phosphorus-rich hydroxyapatite 
[Ca10(PO4)6(OH)2] crystal layer, internal to the cuticle, 
is formed (Sinclair-Black et al., 2023). It is also proven, 
although not fully clarified, that dietary supplementation 
of Zn, Cu, and Mn improves the eggshell structure. Mn 
enhances uronic acid and glycosaminoglycans synthesis, 
which promotes eggshell calcification (Xiao et al., 2014), 
while Zn increases the expression of carbonic anhydrase 
and osteopontin and increases the activity of carbonic an-
hydrase, thus influencing the eggshell structure (Zhang, 
2013). In designed, nutraceutical food, egg shells are also 
sources of elements that are important for humans (Kob-
us-Cisowska et al., 2020; Arnold et al., 2021). However, 
the presented review is focused on the modification of 
egg yolk and white – traditionally consumed egg parts.

The most common sources of minerals in the laying 
hen diet are inorganic sources (European Commission, 
2013). The concentration of some elements in the edible 
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part may be quite easily increased by the hen diet. The 
goal of many studies was to increase selenium content 
in eggs. Selenium is a constituent of selenoproteins, the 
best-known antioxidant and catalyst for the production 
of active thyroid hormone (Rayman, 2000). The average 
hen egg contains about 5 µg Se/egg and higher Se con-
tent ensures egg freshness, due to its antioxidative ac-
tivity (Schiavone and Barroeta, 2011). Due to the high 
selenium toxicity, its dietary recommendations for sele-
nium consumption range between 0.05–0.08 mg Se/kg 
diet (Dale, 1994), and usually its sources in the diet are 
sodium selenite or selenate, and selenomethionine (from 
natural sources, such as soy meal or oil seeds) (Surai et 
al., 2007). Adding 0.5% selenium-enriched Chlorella 
vulgaris, when selenium is bound in the form of seleni-
um amino acids, increases the content of this element in 
eggs by 100–152% (Jiru et al., 2021). Adding organic se-
lenium (Kralik et al., 2023) was a little bit less effective, 
but they still observed enrichment of its content in eggs 
by 1.81 times. A threefold increase in the content of sele-
nium occurred after the application of selenium-enriched 
probiotics yeast (Pan et al., 2011). Fast transfer of nano-
Se into eggs was confirmed by Radwan et al. (2015), who 
noted a fourfold increase in the concentration of nano-
selenium in egg white, and a fivefold increase in egg yolk 
when adding 0.4 mg/kg to the diet.

Bennett and Cheng (2010) confirmed that egg Se con-
tent increased linearly as dietary levels of Se increased, 
up to the content of 5.1 µg/g of Se in the diet, and did not 
affect egg production and the laying hen welfare. An egg, 
fortified with selenium, after the diet supplementation 
with 0.3–0.5 mg/kg of organic selenium sources, delivers 
20–40 µg of Se (Surai et al., 2007; Fisinin et al., 2009). 
Then, single pieces deliver up to 70% of human Se RDA, 
thus becoming a functional food.

Another micronutrient that is essential for humans, 
and whose content may be increased by feeds, is iodine. 
This element is responsible for the proper functioning 
and morphology of the thyroid gland. Usually, an egg 
contains 4–10 mg of iodine, mainly in the yolk (Schi-
avone and Barroeta, 2011). Dobrzański et al. (2020) stud-
ied the possible fortification of iodine in eggs and noted 
more than a 50% increase in its content after feeding an 
experimental group with feeds containing 300 mg/kg of 
iodine and increased content of selenium and vitamin E. 
The content of iodine in boiled egg after supplementing 
feeds with 13 mg/kg was ~1.17 µg/g of yolk and ~0.11 
µg/g of albumen. However, the feeding cost which was 
comparable to the control group was incurred when sup-
plementation was with 9.25 mg/kg, and then the iodine 
content was respectively ~0.71 µg/g of yolk and 0.08 
µg/g of white.

Iron is another essential element for human health 
and its inadequate supply in the diet is the cause of the 
most common type of malnutrition in the world, affect-
ing especially women and children. It causes delays in 
children’s development and behavioral problems (Schi-
avone and Barroeta, 2011). Egg yolk is a good source 

of iron, and transferring iron from the diet into an egg 
was confirmed. Usually, iron is delivered to the diet in an 
inorganic form (e.g. FeSO4) (Cao et al., 2023). The addi-
tion of iron complexed with amino acids influenced egg 
quality and laying rate (Cao et al., 2023). The addition 
of Fe-methionine (100 mg/kg) caused a 14% increase in 
its content after just ten days of supplementation (Park 
et al., 2005) while Fe-Lys-Glu was not so efficient (7% 
increase in the iron content of yolk after 12-week supple-
mentation by addition of 60 mg of preparation per 1 kg 
of the feed) (Cao et al., 2023). On the other hand, enrich-
ment of soy meal with some elements (Zn, Cu, Fe, Cr) 
proved iron (an increase by 274%), zinc (an increase by 
32.3%), and copper (a 47.3% increase) accumulation in 
albumen (Witkowska et al., 2019). 

During the studies on eggshell quality (Mabe et al., 
2003) a small increase in some other minerals (Zn, Mn, 
and Cu) in edible parts of eggs was also confirmed. As 
a good source for the transfer of microelements [Cu(II), 
Zn(II), Co(II), Mn(II), Cr(III)] into an egg, enriched mac-
roalgae (Enteromorpha prolifera and Cladophora sp.) 
were studied (Michalak et al., 2011). However, the trans-
fer of elements is complicated, and during egg forma-
tion, an increase in the concentration of some elements 
may occur at the same time as the reduction of others 
(Dobrzański et al., 2020).

Pigment application to improve egg color
Consumers often expect the color of eggs to be sta-

ble (i.e. yellow-orange yolks, and transparent albumen), 
while in fact, it may be changed easily by the diet com-
position. Though egg color does not reflect the nutritional 
value of eggs, it must be remembered that carotenoids 
which give yolk the color influence human health, acting 
as antioxidants, which are important for the eyesight and 
circulatory system. The content of carotenoids increases 
when hens are raised in pastures, with access to fresh 
grass (Sergin et al., 2022). Moreover, laying hens react 
quite quickly to the presence of these dyes in feeds. Stud-
ies were done with the application of those pigments both 
as chemical preparations, as well as components of the 
plant or other raw materials. To increase the content of 
carotenoids in the yolk, the following sources of carot-
enoids in feed were used: commercial corn hybrids (Kl-
jak et al., 2021) and corn, additionally fortified in those 
compounds (Liu et al., 2012; Moreno et al., 2016), mari-
gold flower extract (Alay and Karadas, 2017; Grčević et 
al., 2019), stevia (Stevia rebaudiana) (Pirgozliev et al., 
2022), rosehip (Rosa canina L.) leaves (Vlaicu et al., 
2024), microalgae preparation (increase in lutein and 
canthaxanthin in eggs by 48% and 18%, respectively was 
noted) (Jiru et al., 2021), various colored carrot (Dau-
cus carota) (Hammershøj et al., 2010), stems and leaves 
of broccoli (Hu et al., 2011), pepper extract (Alay and 
Karadas, 2017; Lai et al., 1996), tomato powder (Ak-
demir et al., 2012), alfalfa, lutein enriched food materials 
(Pitargue et al., 2019), as well as such exotic sources as 
golden snail (Pomacea canaliculata) eggs (Nusantoro et 
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al., 2020). Pure lutein (Pitargue et al., 2019; Kralik et al., 
2020), astaxanthin (Dansou et al., 2021) or canthaxanthin 
(Alay and Karadas, 2017) preparations have also been 
applied successfully (Table 5).

Conclusions
Nowadays, there is a growing awareness in society 

which is looking for functional foods and at the same 
time, foods that are cheap and produced in accordance 
with the principles of sustainable development. Eggs, 
classified as superfoods, may become a functional food, 
remaining part of the traditional human diet with low ca-
loricity. Designer eggs are easily accepted by consumers, 
and their production is often based on the modification of 
laying hen feed. 

It must be remembered that feed modification may 
lead to an undesirable effect, affecting both hen health 
and egg quality. This is why the modulation must be per-
formed while maintaining appropriate proportions in the 
nutrients provided to animals and not to deliver compo-
nents that are toxic to them. Currently, as we strive to use 
raw materials as efficiently as possible, we still should 
remember that some industrial by-products, incorporated 
into the hen diet, impair the quality of eggs and mortality 
of animals (e.g. coffee husk which is rich in fiber but also 
in alkaloid – caffeine) (Teixeira et al., 2020). Moreover, 
designer eggs cannot show any defects, such as changes 
in shape, undesirable color, odor or taste, as was men-
tioned above e.g. in the case of lipids modification.

Since the influence of interactions between individual 
feed ingredients on their deposition in eggs is still not 
fully understood, eggs are usually enriched with a single 
nutrient (group of nutrients) without examination of the 
impact on other groups of nutrients. Clinical studies on 
the bioavailability of nutrients are needed to monitor the 
bioavailability of nutrients from designer eggs (Vlaicu et 
al., 2023).

List of abbreviations
DHA – docosahexaenoic acid
DPA – docosapentaenoic acid 
EPA – eicosapentaenoic acid 
FA – fatty acids
FAME – total fatty acid methyl esters
IgY – immunoglobulin Y
LPC – lysophosphatidylcholine
MDA – malondialdehyde 
MUFA – monounsaturated fatty acids
PC – phosphatidylcholine
PUFA – polyunsaturated fatty acids
RDA – Recommended Dietary Allowance
UFA – unsaturated fatty acids
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