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Abstract: The table egg is a product with high nutritive value and digestibility coefficient. Hen egg
is an important source of high biological value protein, rich in essential amino acids, vitamins (except
vitamin C), minerals and fatty acids. Supplementation of layer diet with increased amount of the health-
promoting bioactive components provide opportunity to produce modified table eggs as functional food
with benefits for the human health. Polyphenols, B-carotene, lycopene, polyunsaturated fatty acids
(PUFAS), phytoestrogens, minerals, vitamins and other components are used in the diet for producing func-
tional eggs which are more effective and possess more health-promoting, immunostimulating, therapeutic
and functional properties. This minireview describes the concepts of modified eggs with bioactive
components, their health benefits and nutritive values.
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XPAHJIMB NIOTEHIUJAJI HA JAJHATA MOAUPUIIUPAHHU
CO BUOAKTHUBHU COCTOJKH

A 1ncrtpacxk T KoHcyMHOTO jajie € MpoW3BOJ CO BHCOKA XpaHJIMBAa BPEIHOCT M BHUCOK KOE(UIMEHT Ha
cBapuBOCT. KOKOMIKMHOTO jajiie € BayKeH U3BOP Ha MPOTEHHH CO BHCOKA OMOJIOIIKA BPEIHOCT, OOTATO CO €CCHIINjaTHH
AMUHOKHUCEIIMHH, BUTAMUHU (OCBeH BHUTaMHUH 1[), MHHEpand M MacHM KHCEJIMHH. BHECYBameTo BO HMCXpaHara Ha
KOKOILIKUTE HECUJIKU 3rOJIEMEHH KOJMYNHHA OMOAaKTUBHU KOMITIOHEHTH KO IO IPOMOBHPAAT 3/IpaBjeTo, 1aBa MOYKHOCT
3a TIPOM3BOACTBO Ha MOAMGHIMPAHU KOHCYMHH jajiia Kako (hyHKIIMOHAJIHA XpaHa cO MPUIOOMBKY 3a 3[paBjeTo Ha
nyreto. [Tonmmdenonu, B-kaporeH, MKoneH, noinnHesacutenu MacHu kucennuu (PUFA), dutoectporenn, Munepain,
BUTaMHHH ¥ JAPYTH KOMIIOHEHTH C€ KOPHUCTAT BO MCXpaHaTa Ha KOKOIIKUTE 3a MPOM3BOJCTBO Ha IMOXPAHINBH jajla,
KOM MMaaT MOBeKe XPaHJINBH, HMyHOCTUMYJIATHBHY, TEPANICBTCKH M JPYTH KOPHCHH CBOjcTBA. OBOj KPaTOK MperJies
'Yl OTHIIIYBA KOHLIETITUTE 32 MPOU3BOJICTBO Ha jajiia MOJU(GHIUPaHU CO OHOAKTHBHY KOMIIOHEHTH, HUBHHOT IPU/IOHEC
3a 3[paBjeTo M XPaHIUBUTE BPEIHOCTH.

Kayunu 360poBu: jajiia; 3paBCTBEHO MPOMOTHBHU OMOAKTUBHH COCTOjKH

INTRODUCTION consume such compounds (Aanchal Walia et al.,

2019). They have enzymes that detoxify the body

Bioactive compounds are defined as compo- and strengthen the liver, strengthen red blood cells,
nents of food that have an impact on physiological enhance the immune system, protects from cardio-

or cellular activities in the humans or animals that vascular diseases. They create vital sources of nut-



18 N. Gjorgovska, S. Grigorova, D. Abadjieva, V. Levkov, D. Belichovska

rients which fight cancer cells, fight infections in the
body that lead to inflammation, which in turn leads
to fat storage. Bioactive compounds, according to
the author, provide a power boost to the thyroid and
adrenal glands, empower the genes that turn off fat
storage and promote fat burn, reduce premature
aging, trigger the body's internal mechanism to eat
less, yet have the feeling of being full etc. (Teodoro,
2019). Some of the bioactive food ingredients with
beneficial health properties are:

1) polyunsaturated fatty acids,

2) vitamins and minerals,

3) isoflavones and

4) carotenoids.

Eggs are an inexpensive food with high nutri-
tive value, providing 18 vitamins and minerals, with
composition which can be affected by several fac-
tors such as hen diet, age and strain, as well as envi-
ronmental factors (Miranda et al., 2015). Poly-
phenols, B-carotene, lycopene, PUFA, phytoestro-
gens, minerals, vitamins and other components are
used in the diet for producing functional eggs which
are more effective and possess more health-promo-
ting, immunostimulating, therapeutic and functional
properties. This minireview describes the concepts
of modified eggs with bioactive components, their
health benefits and nutritive values.

ENRICHED EGGS WITH PUFA

Special interest for the dietologists are the ali-
mentary products rich in Q-3 polyunsaturated fatty

acids (PUFAs), first of all a-linolenic (ALA,
C18:3), eicosapentaenoic (EPA, C20:5) and docosa-
hexaenoic (DHA, C22:6) acids, which are necessary
for the brain development, the eye function, prophy-
laxis of cardiovascular diseases, etc. (Swanson et
al., 2012). In most countries in the world, including
North Macedonia, Q-3 fatty acids are deficient in
the nutrition. Overall, minimum recommendation is
250-500 mg combined EPA and DHA each day for
healthy adults (Mozaffarian and Wu, 2012). How-
ever, higher amounts are often recommended for
cerain health conditions. Laying hens have a limited
ability to convert a-linolenic acid (ALA) into eicos-
apentaenoic acid (EPA) and docosahexaenoic acid
(DHA) in their organism, and it is recommended
these fatty acids to be taken through feed, because
in that way the enrichment of eggs with Q-3 PUFA
was more effective (Kralik et al., 2007; Skrti¢ et al.,
2007, 2008). Gjorgovska et al. (2018) reported that
the best results for increasing the DHA in yolk are
reached with supplementation the laying hen’s diet
with 2.5 % marine alga Schizohitrium sp. (Figure 1).
But a dilemma arises: “Why it is better to eat eggs,
rather than fish?”, because the mackerel, herring,
sardines are good source of Q-3 fatty acids. Accor-
ding to the investigation of Pandey et al. (2005) the
eggs are cheaper food than fish ($2.77 — $3.52/12
eggs or ~ $0.60 for two eggs), and the exposure of
fish to methylmercury and other contaminants as a
result of water pollution, could increase their con-
tent in fish meat, so the fish may come the source of
these contaminants further in the food chain.
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Fig. 1. DHA content in yolk, mg

Maced. J. Anim. Sci., 10 (1-2), 17-21 (2020)



Nutritional potential of the modified eggs with bioactive components 19

ENRICHED EGGS WITH MINERALS
AND VITAMINS

Vitamins and minerals enrichment becomes
very important because of antioxidative properties
of some of them and essential physiological charac-
teristics important for humans. One of the most im-
portant vitamins is vitamin E because it improves
the functionality of the table eggs and their impor-
tant nutritive value (Meluzzi et al., 2000). Selenium
(Se) is recognized as an essential dietary nutrient for
almost more than 40 years. It is required for main-
tenance of health, growth and physiological functi-

ons (Rayman, 2000). At the beginning Se has been
added to the laying hens’ diet via inorganic sources
as sodium selenite, but later it has been shown that
organic selenium is more bioavailable (Utterback et
al., 2005; Gjorgovska et al., 2012). In Table 1 there
are represented results for multi-enriched eggs with
selenium, vitamin E and DHA and EPA fatty acids
(Gjorgovska and Filev, 2011).

The amount of selenium and vitamin E con-
tained in one multi-enriched egg is able to satisfy
10% and 35% of the daily human requirements esti-
mated at 45 pg/day for Se and 12 mg/day for vita-
min E.

Table 1
Enriched eggs with minerals and vitamins (multi-enriched eggs)
Se 0,46 mg/kg
Vitamin E 100 mg/kg Vitamin E 200 mg/kg
DHA and EPA 792 mg/kg 1180 mg/kg 792 mg/kg 1180 mg/kg
Se content in one yolk, pug 414 3.58 3.48 4.02
Vitamin E content in one yolk, mg 2.59 191 4.55 4.01
DHA and EPA content in one yolk, mg 144 169 139 170

ENRICHED EGGS WITH ISOFLAVONES

Isoflavones have been shown to act as phyto-
estrogens, to have antioxidant properties and to have
a myriad of potential health benefits, and they may
also protect the body against breast cancer, heart di-
sease and osteoporosis. These positive results enco-
urage further studies to evaluate the effects of diffe-
rent supplementation levels and strategies for sup-
plementation and enriched the eggs with phytoes-

500,0

trogens. Feeding laying hens with high concentrati-
ons of isoflavones supplemented to feed affected the
concentration of genistein and daidzein in the yolk
(Gjorgovska and Filev, 2013).

The authors emphasized that in one average
yolk, at the end of the experiment, the isoflavone
concentration was in the range of 388.4 to 462.0 g,
(Figure 2) making it a good source of oestrogenlike
compounds.
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Fig. 2. Isoflavones (genistein and daidzein) content in one average eggs
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Soybean is a good source of oestrogenlike
compounds (genistein and daidzein), but currently
in USA which is country leader for soy production,
93 percent of the corn and soy is genetically modi-
fied in some way (Fernandez-Cornejo et al., 2014).
So, these enriched eggs with daidzein and genistein
may become a product that is beneficial for meno-
pausal women, and to avoid the usage GMO soy-
bean in nutrition.

Consumption of an omelets meal for lunch
could increase satiety to a greater extent than a car-
bohydrate meal and may facilitate reduction of
energy consumption between meals (Pombo-Rod-
rigues et al., 2011). Overweight premenopausal wo-
men who comply with a low-carbohydrate/high-
protein diet, self-report less hunger, but similar cog-
nitive eating restraint, over a 6-week dieting period,
compared with women who follow a high-carbohy-
drate/low-fat diet (Nickols-Richardson et al., 2005).

ENRICHED EGGS WITH CAROTENOIDS

Carotenoids are important dietary nutrients
with health-promoting effects. They represent gro-
up of lipid soluble bioactive compounds present in
wide variety of food sources. They are particularly
abundant in yellow-orange fruits (carrots, tomatoes,
pumpkins, peppers) and, although masked by chlo-
rophylls, in dark green leafy vegetables (Xavier and
Pérez-Galvez, 2016). Rosehip (Rosa canina L., fam.
Rosaceae) fruits are one of an important source of 3
carotene (the yellow/orange pigment, which is a
precursor of vitamin A) and lycopene (the red pig-
ment); pectin; flavonoids (campferol, quercetin,
rutin); potassium, calcium, phosphorus salts (Béhm
etal., 2003). The effect of dietary rosehip seed (RS)
supplementation into layer diets at different levels
was reported by Kaya et al. (2019). Laying hens
were fed with basal diet + 10% ground rosehip seeds
(K1) and basal diet + 15% ground rosehip seeds
(K2) for 12 weeks and results showed that rosehip
seed supplementation into layer diets may be bene-
ficial to improve egg quality traits especially such
as shell thickness and to decrease damaged egg
ratio. Sktivan et al. (2015) reported that marigold
flower extract in the diet of hens did increase the
yolk colour darkness and carotenoid content of the
yolk. But further investigations are needed to clarify
the use of various plant sources of carotenoids in
layer diets and its effects on performance, egg
quality and serum parameters, and opportunities for
modified eggs enriched with zeaxantin and lutein.

FINAL REMARKS

The table egg is a product with high nutritive
value and digestibility coefficient.

The eggs are ideal products for nutritional
modification.

Supplementation of layer diet with increased
amount of the health-promoting bioactive compo-
nents provide opportunity to produce modified table
eggs as functional food with benefits for the human
health.

These eggs are good source of bioactive com-
ponents with low price of cost.

Feeding those eggs to animal models or hum-
ans confirmed their functional properties, e.g. anti-
obesity, antiatherogenic and anticarcinogenic effe-
cts etc.

New marketing strategies should highlight
eggs as an exceptional source of highly bioavailable
lutein and zeaxanthin emphasizing their importance
in human health.

The importance of eggs as a source of essential
nutrients for human nutrition and health has been in
creasingly valued and recent research on the enri-
chment of eggs reinforce its benefits in the reduction
of health problems and consequent influence on
longevity of consumers.
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