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ABSTRACT

The aim of this review is to convey updated knowledge, for better decision making in preventive
and therapeutic health care, as well as in agriculture and food industries. The association of omega
-3 polyunsaturated fatty acids (PUFA) with cardiovascular risk was suspected early in Eskimo
populations that are known to have a high consumption of fish and fish oil. However, their diet
contained almost no vegetable foods. Omega-3 polyunsaturated fatty acids have been studied
intensively as nutrients that protect against cardiovascular disease. Awareness of fatty acids
beneficial effects seems to have played a role in creating new products labeled high in omega-3.
Most of them use ALA (a-linolenic acid), derived from plants. Health effects of omega-3 fatty acids
come mostly from EPA (eicosapentaenoic acid) and DHA (docosa-hexaenoic acid). It is not an
efficient process for humans to synthesize EPA and DHA from ALA in contrast to laying hens. EPA

and DHA Omega-3 enrichment of eggs with ALA rich flaxseed oil is an effective way.
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Introduction

Adequate and balanced nutrition has a huge impact on
the physical health and wellbeing of humans. Protein,
carbohydrates and fats provide energy they are
required for growth, maintenance and the repair of
body tissues,. Vitamins and minerals are also necessary
for adequate and balanced nutrition.
Dietary bioactive compounds such as vitamins, minerals
also PUFA may be used to prevent, and treat diseases
and as well as to improve humans health. They may
confer some beneficial effects that cannot be obtained
from medicines, the need for conventional medications
can reduce or eliminate (Stice, 2019)

*Corresponding Author: Mehmet Keten
E-mail: mehmetketen@gmail.com

Linoleic acid (LA) and a-linolenic acid (ALA) are
considered essential fatty acids because they cannot
be synthesized by humans. Potential health benefits of
essential fatty acids (EFAs) reported by recent research
and has drawn attention of fatty acids roles ranging
from energy source and fuel storage, constituents of
membrane lipids, cellular signaling, regulatory effects
on molecules, regulation of inflammation (Narce and
Niot, 2019)

Omega-3-fatty acids. have been reported to play a
role in the prevention and treatment of many chronic
diseases which improve the human health in many
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aspects (Trautwein, 2001; Yashodhara et al,
2009).0bservation of low incidence of cardiovascular
diseases found in the Eskimo population, is
remarkable, given that their traditional diet depends
heavily on consumption of fish and fish oil almost no
vegetable (Das, 2000). It has been generally
recognized that Omega-3 PUFA fatty acids provide
important health benefits.

Scientific research focuses on omega-3,
supplements to improve human health Omega-3,
Eicosapentaenoic  acid (EPA,  20:5n-3) and

Docosahexaenoic acid (DHA, 22:6n-3) are mainly
associated with the reduction of cardiovascular
diseases. They help in preventing atherosclerosis,

diabetes mellitus, neurological disorders mental
health diseases, central nervous system, cancer,
obesity, immune functions and inflammation

(Trikalinos et al., 2012; Stark et al.,2016; De Carvalho
and Caramujo, 2018). Unfortunately, the “Western
pattern” diet rich in omega-6 and deficient in omega-
3. Conventional foods can provide better health
benefits, by manipulation of the diet contain omega-3,
to boost intake of long chain omega-3 food
enrichment is probably the best long-term solution
(Molendi-Coste et al.,2011).

PUFAs, nutrition and health

Lipids are among main components of food. Fat
absorption from mixed micelles occurs throughout the
small intestine, by pancreatic enzymes. Fatty acids
which must be hydrolyzed before absorption, and the
presence of bile salts in mixed micelles greatly
enhance the digestion of fatty acids and other fat
digestion products (Lichtenstein et al., 2012)

PUFAs are divided into three main classes:
omega-3 PUFA, omega-6 PUFA and omega-9 PUFA
(Valenzuela et al., 2009; Crupi, 2013). The structure of
each PUFA is characterised by an acyl chain with one
acid end (-COOH) and one methyl end (-CH3) The
structure has at least two double bonds, with “Omega
-x” (w-x, n-x) indicating that the first double bond is
found at the X carbon from the methyl end. This
means that first carbons double bond position is the
main differences among them. PUFA of the same
omega class may be converted into another same
class PUFA by unsaturation and elongation. PUFAs
play important role in maintaining homeostasic
conditions (Zarate et al., 2017)

The most biologically important fatty acids are
alpha linolenic acid, (ALA 18:3n-3) and linoleic acid
(18:2n-6). They are often reffered to as essential fatty
acids (EFAs). EFAs cannot be synthesised by humans
and other animals and have to be supplied through

the diet. EFAs, are required in certain ratio and must
be obtained from the diet to ensure good
development, growth and optimal health. Various
types of unsaturated and saturated fatty acids play
important roles in different biological processes like
the construction of biological structures such as cell
membranes (Kimura et al., 2019). Decreased growth
in infants and children, increased susceptibility to
infection, poor wound healing scaly dermatitis,
alopecia, thrombocytopenia, hyperlipidemia, altered
platelet aggregation are clinical signs of EFAs
deficiency (Jeppesen et all., 1998; Mogensen, 2017,
Szabina, 2019).

Omega-3 PUFA fatty acids, ALA, EPA and DHA provide
important health benefits. Health benefits are related
to EPA and DHA, rather than ALA (Trautwein, 2001).
EPA and DHA, have anti-oxidative, anti-inflammatory
and anti-apoptotic effects (Crupi, 2013). In many
studies it is documented that ALA’s biological role is to
serve as a substrate for synthesis of EPA and DHA
(Burdge, 2004). With a relatively low rate of ALA
conversion, these long-chain omega-3 PUFA, EPA and
DHA may be considered conditionally essential
nutrients.

Table 1. Most common omega-3 fatty acids names
and abbreviations

a-Linolenic acid ALA 18:3n-3
Eicosapentaenoic acid EPA 20:5n-3
Docosahexaenoic acid DHA 22:6n-3

EPA and DHA Omega-3 are highly pleiotropic agents,
They provide beneficial effects in inflammatory
conditions and are important for neurologic and
retinal development (Jordan, 2010). In addition they
can improve skin and coat health (Rees et al., 2001).
EPA is a precursor of many important chemicals in the
body, such as prostaglandin-3, thromboxane-3, and
leukotriene-5 eicosanoids, among other functions
contributes to platelet aggregation and regulation of
immune responses, most of sudden cardiac arrests
are caused by blood clotting and prostaglandins that
interfere with blood clotting. DHA is an important
component for the retina, skin, brain and may lower
markers of inflammation (Stice, 2019). Increased
consumption of EPA and DHA Omega-3 fatty acids are
helps in decreasing cholesterol and LDL (low-density
lipoproteins) in the blood. Studies of omega-
3 PUFA deficiency in rodents have revealed significant
impairment on learning and memory (Fedorova et all.,
2009).
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EPA and DHA Omega-3 are highly pleiotropic agents,
They provide beneficial effects in inflammatory
conditions and are important for neurologic and
retinal development (Jordan, 2010). In addition they
can improve skin and coat health (Rees et al., 2001).
EPA is a precursor of many important chemicals in the
body, such as prostaglandin-3, thromboxane-3, and
leukotriene-5 eicosanoids, among other functions
contributes to platelet aggregation and regulation of
immune responses, most of sudden cardiac arrests
are caused by blood clotting and prostaglandins that
interfere with blood clotting. DHA is an important
component for the retina, skin, brain and may lower
markers of inflammation (Stice, 2019). Increased
consumption of EPA and DHA Omega-3 fatty acids are
helps in decreasing cholesterol and LDL (low-density
lipoproteins) in the blood. Studies of omega-
3 PUFA deficiency in rodents have revealed significant
impairment on learning and memory (Fedorova et all.,
2009).

Table 2 Most common omega-6 fatty acids names
and abbreviations

Linoleic acid LA 18:2n-6

Arachidonic acid AA 20:4n-6

Arachidonic acid (AA) is Omega-6 fatty acid obtained
from food or by desaturation and chain elongation
from the plant rich essential fatty acid linoleic acid. It
is present in the phospholipids of cell membranes,
conferring it with fluidity and flexibility and selective
permeability to membranes (Brash, 2001). It is
abundant in the liver, brain and muscles. Additionally,
AA is involved in cellular signaling and is a key
inflammatory intermediate. Eicosanoid products, such
as Prostaglandin E2 (PGE2) and Leukotriene B4 (LTB4)
synthesized from arachidonic acid are more potent
mediators of thrombosis and inflammation. AA has a
fundamental role in vascular permeability, organelle
integrity, neuron functions and brain synaptic
plasticity (Tallima and El Ridi, 2018).

Oils are the main source of energy for the poultry
diets and have the highest caloric value among all
dietary nutrients. Also, oils are need for absorption of
fat-soluble vitamins. They increase diet palatability
and improve the utilization of the consumed energy.
Moreover, the rate of food passage through the
gastrointestinal tract can be reduced with subsequent
better absorption of all dietary nutrients.
(Poorghasemi et al., 2013).

Different oil sources are used as energy sources in the

laying hens diets, and these oil sources also affect the
lipid profile of eggs (Jia et al.,, 2008; Cherian, 2015;
Huang et al., 2018; Lee et al., 2019). Eggs can be
enriched with certain nutrients, and their omega-3
content can be improved by feed supplementation. It
has been reported that flaxseed is rich in ALA and
effective in omega-3 fatty acid enriched egg (Goyal et
al., 2014; Ehr et al.,, 2017). Hens convert ALA into
DHA, DHA content of the eggs increased from 28 to 90
mg/egg when Aymond and Van Elswyk (1995) fed 15%
of ground flaxseed to hens.

Current knowledge of metabolism and physiology
of EFAs indicates that some traditional ethnic lifestyles
develop healthier daily supplies. (Lands,
2016). Nowadays our diets are rich with omega-6 fatty
acids which are linked to high consumption of omega-
6 PUFA in the diet. It has been described to increase
the risk factor of health problems such as obesity,
type 2 diabetes and coronary artery diseases
(Richardson, 2006). Omega -6/ omega -3 ratio of the
diet is one of the major influencing factors for health
problems. When omega -6 PUFA intake is rather high
relative to n-3 PUFA, that suppresses the ALA
conversion rate (the competition for the desaturase
enzymes;) causing a decrease in ALA conversion
efficiency (Simopoulos, 2016).

Studies have been focused on improving foods
omega-3 from animal origin. Various supplementation
have been used to improve egg omega-3 fatty acid
concentration Moran et al. (2018) who reported
heterotrophic microalgae significantly increased egg
EPA and DHA concentrations, Ehr et al. (2017) used
flaxseed and flaxseed oil for omega-3 enrichment,
Eseceli and Kahraman (2013) observed Egg yolk
omega-3 levels were found higher in fish oil
supplemented group. Poultry products have become
the primary source of PUFAs and eggs are very
important source of animal protein in the human diet.
When the feedstuff is enriched with omega-3 fatty
acid, the omega-3 fatty acid content of the eggs
increases. (Barroeta, 2007; Glrbuz et al., 2012). Flax
seed oil (one of the richest sources of ALA) is a good
alternative source of omega fatty acid for poultry
diets, Approximately half of its total fatty acid
contents being ALA. It has been reported that control
group eggs contain 173 mg/50 g egg, total omega-3
fatty acid. By adding 15% dietary flaxseed, the fatty
acid content of eggs increases to between 358 mg and
458 mg/50 g. As flaxseed oil % is increased the total
omega-3 fatty acid concentration increased linearly
(Ehr et al., 2017)

91



Mehmet Keten, 2019/ Journal of Istanbul Veterinary Sciences. Volume 3, Issue 3, pp: 89-94

Dietary intervention with omega-3 is not only used for
improving the health and productivity of birds, but
also important for our health-consciousness. Because
the society prefers properly balanced diets to
minimize adverse health issues. It is possible to
improve egg composition to provide better protection
against Omega-3 PUFA deficiency related diseases/
disorders (Simopoulos, 2008).

PUFA’s effects are dependent on the ratio of
omega-3 and omega-6. There is a close interaction
between omega-3 and omega-6 fatty acids which is
about 1:10 in modern dietary habits but its
recommended ratio is 1:4 (Petrovic, and Arsic,
2016). Some studies offer even lower ratios. Products
labeled high in omega-3 use ALA that is derived from
plants, such as flaxseed, which may not have EPA and
DHA (Barringer et al., 2015).

To produce poultry products with health benefits
for the consumer, birds are fed with a diet
supplemented with omega-3 fatty acids. By doing so,
not only the cholesterol content of eggs is decreases
(Sihvo et al., 2014) but also the EPA and DHA omega-3
fatty acids content of eggs is increases. It has been
reported that the beneficial effects of omega-3 fatty
acids on health mostly comes from EPA and DHA. ALA
from flax and other vegetarian sources needs to be
converted to EPA and DHA (Crupi, 2013). If a-linolenic
acid (ALA; C18:3) is present in laying hens diets, EPA
and DHA can be synthesized from ALA during
metabolic processes (Ebeid et al., 2008; Yal¢cin and
Unal, 2010). ALA Omega-3 is better converted to EPA
and DHA by laying hens. However, the conversion of
ALA into EPA in humans is limited, and further
transformation to DHA is even lower caused by
competition for the enzymes A-6-desaturase which
also acts on linoleic acid (18:2n-6, LA); (Trautwein,
2001; Burdge, 2004). Therefore, most of these long
chain PUFAs must be obtained directly from the diet
(Brenna, 2002; Cherian, 2008;). It is a good strategy to
increase eggs omega-3 long chain polyunsaturated
fatty acids (LC-PUFA) with flaxseed, It provides an
excellent source of ALA, that makes up about 53% of
its total fatty acid contents (Surai and Sparks, 2001;

Huang et al., 2018;).

Omega-3 fatty acids from fish and fish oils can
protect against coronary heart disease (CHD), Fish and
fish products are good sources of Omega-3 but only
20% of the world population consumes 250 mg/d of
seafood. Countries like Japan, South Korea and
Scandinavia  traditionally reliant on fishing and
hunting tended to have moderate to high blood levels
of EPA+DHA. Also reported that in“Western pattern”
diets, adapted countries of North America (Canada
and USA), Central and South America (Guatemala and
Brazil) and Europe (Ireland, UK, Italy, Greece, Serbia
and Turkey) blood levels of EPA+DHA are very low
(Micha et al., 2010; Stark et al.,2016).

Conclusion

After Dr. Sinclair (1956), who proposed that deficiency
of fatty acids may be attributed to a CHD, evidence
regarding positive effects of omega-3 fatty acids in
Cardiovascular Health and Disease has been
accumulating. Previous studies shows that diet can
influence eggs fatty acid composition (Keum et
al.,2018; Fraeye et al., 2012). Eggs are very important
source of protein for human diet and without any
religious or cultural restriction they are consumed
worldwide. Omega-3 enrichment of eggs with flaxseed
oil may be a good strategy for most people to
consume sufficient quantities of EPA and DHA, omega-
3 that could reduce chronic disease and protect
against CHD, which is still the most common cause of
death in the western countries. Egg producers must
be aware that eggs enriched with value-added ALA,
EPA and DHA, not only researchers but also the public
are increasingly interested prevention of CHD. In
market, the choice of “omega-3 enriched eggs” by
consumers is very popular, omega-3 rich eggs
containing low levels of cholesterol are more valuable
than ordinary commercial eggs (Shakeel et al., 2010).
More attention is paid to the concentration of omega-
3 fatty acid in yolk. Information on the effect of
flaxseed oil on immune system is relatively limited and
needs to be investigated in future trials.

92



Mehmet Keten, 2019/ Journal of Istanbul Veterinary Sciences. Volume 3, Issue 3, pp: 89-94

References

Aymond, W. M., & Van Elswyk, M. E. (1995). Yolk
thiobarbituric acid reactive substances and n—3 fatty-
acids in response to whole and ground flaxseed.
Poultry Science, 74, 1388-1394.

Barringer, T., Harris, W., Fleming, J., & Kris-Etherton,
P. (2015). N-3 Fatty acids: Role in treating
dyslipidemias and preventing cardiovascular disease.
In: A. Garg (Ed) Dyslipidemias. Contemporary
Endocrinology. Totowa, NJ: Humana Press.

Barringer, T. A., Harris, W. S., Fleming, J. A., & Kris-
Etherton, P. M. (2015). N-3 Fatty acids: Role in
treating dyslipidemias and preventing cardiovascular
disease. Dyslipidemias, 355-370.

Barroeta, A. C. (2007). Nutritive value of poultry meat:
Relationship between vitamin E and PUFA. World
Poultry Science Journal, 63, 277-284.

Brash, A. R. (2001). Arachidonic acid as a bioactive
molecule. Journal of Clinical Investigation, 107(11),
1339-1345.

Brenna, J. T. (2002). Efficiency of conversion of alpha-
linolenic acid to long chain n-3 fatty acids in man.
Current opinion in clinical nutrition & metabolic
mare, 5(2), 127-132.

Burdge, G. (2004). Alpha-linolenic acid metabolism in
men and women: Nutritional and biological

implications. Current opinion in clinical nutrition &
metabolic mare, 7, 137-144.

Cherian, G. (2008). Egg quality and yolk
polyunsaturated fatty acid status in relation to broiler
breeder hen age and dietary n-3 oils. Poultry Science,
87, 1131-1137.

Cherian, G. (2015). Nutrition and metabolism in
poultry: Role of lipids in early diet. Journal of animal
science and biotechnology, 6(1), 28. eCollection
2015.

Crupi, R., Marino, A., & Cuzzocrea, S. (2013). n-3
Fatty acids: role in Neurogenesis and neuroplasticity.
Current medicinal chemistry, 20(24), 2953-2963.

Das, U. N. (2000). Beneficial effect(s) of n-3 fatty acids
in cardiovascular diseases: but, why and how?
Prostaglandins leukot essent fatty acids,63(6), 351-
362.

De Carvalho, C. C. C. R.,, & Caramujo, M. J.
(2018). The various roles of fatty acids. Molecules,
23(10). pii: E2583

Ebeid, T., Eid, Y., Saleh, A., & Abd El-Hamid, H.
(2008). Ovarian follicular development, lipid
peroxidation, antioxidative status and immune
response in laying hens fed fish oil-supplemented
diets to produce n-3-enriched eggs. Animal, 2, 84-91.

Ehr, 1. J., Persia, M. E., & Bobeck, E. A.
(2017). Comparative omega-3 fatty acid enrichment
of egg yolks from first-cycle laying hens fed flaxseed
oil or ground flaxseed. Poultry Science, 96(6), 1791-
1799

Eseceli, H., & Kahraman, R. (2013). Aygicek ve balik
yag1 katilan yumurta tavugu Rasyonlarima E ve C
vitamini ilavesinin yumurta saris1 yag asitleri
kompozisyonu ile malondialdehit diizeyine etkisi.
Istanbul Universitesi Veteriner Fakiiltesi Dergisi, 30
(2), 19-35.

Fedorova, 1., Hussein, N., Baumann, M. H, Di Martino,
C., Salem, N., Jr. (2009) An n-3 fatty acid deficiency
impairs rat spatial learning in the barnes maze.
Behavioral neuroscience.123(1),196-205.

Fraeye, 1., Bruneel, C., Lemahieu, C., Buyse, J.,
Muylaert, K., & Foubert, I. (2012), Dietary
enrichment of eggs with omega-3 fatty acids: A
review. Food Research International, 48, 961-969.

Goyal, A., Sharma, V., Upadhyay, N., Gill, S., & Sihag,
M. (2014). Flax and flaxseed oil: an ancient medicine
& modern functional food. Journal of food science
and technology, 51(9), 1633-1653.

Giirbiiz, E., Balevi, T., Coskun, B., Citil, O. B. (2012).
Effect of adding linseed and selenium to diets of layer
hen’s on performance, egg fatty acid composition and
selenium content Kafkas Universitesi Veteteriner
Fakiiltesi Dergisi, 18(3), 487-496.

Huang, S., Baurhoo, B., & Mustafa, A. (2018). Effects
of extruded flaxseed on layer performance, nutrient
retention and yolk fatty acid composition. British
poultry science, 59(4), 463-469.

Jeppesen, P. B., Hoy, C. E., & Mortensen, P. B. (1998).
Essential fatty acid deficiency in patients receiving
home parenteral nutrition. American journal of
clinical nutrition, 68(1), 126-133.

Jia, W., Slominki, B. A., Guenter, W., Humpjreys, A.,
& Jones, O. (2008). The effect of enzyme
supplementation on egg production parameters and
omega-3 fatty acid deposition in laying hens fed
flaxseed and canola seed. Poultry Science, 87, 2005-
2014.

Jordan, R. G. (2010). Prenatal omega-3 fatty acids:
Review and recommendations. Journal of midwifery
& women's health, 55, 520-528.

Keum, M. C., An, B. K., Shin, K. H., & Lee, K. W.
(2018). Influence of dietary fat sources and
conjugated fatty acid on egg quality, yolk cholesterol,
and yolk fatty acid composition of laying hens.
Revista brasileira de zootecnia, 47, ¢20170303.

Kimura, I., Ichimura, A., Ohue-Kitano, R., & Igarashi,
M. (2019). Free fatty acid receptors in health and
disease. Physiological reviews, 100, 171-210.

Lands, B. (2016). Fatty acids: Essential fatty acids. In
C. B. F. Paul, & T, Fidel. (Ed). Encyclopedia of
Food and Health, (pp: 615-622). Nev york, US:
Elsevier Science & Technology.

Lee, S. A., Whenham, N., & Bedford, M. R. (2019).
Review on docosahexaenoic acid in poultry and
swine nutrition: Consequence of enriched animal

93



Mehmet Keten, 2019/ Journal of Istanbul Veterinary Sciences. Volume 3, Issue 3, pp: 89-94

References

products on performance and health characteristics.
Animal Nutrution 5,11-21.

Lichtenstein, A., Jones, P. J. (2012). Lipids: Absorption
and transport. In: J.W. J. Erdman, I. A. Macdonald,
S.H., Zeisel (Ed). Present knowledge in nutrition,
10th ed, (pp: 118-131). US: .ILSI, Wiley-Blackwell.

Micha, R., Khatibzadeh, S., Shi, P., Fahimi, S., Lim, S.,
Andrews, K. G., Engell, R. E., Powles, J., Ezzati, M.,
& Mozaffarian, D. (2014). Global, regional, and
national consumption levels of dietary fats and oils in
1990 and 2010: a systematic analysis including 266
country-specific nutrition surveys. British medical
journal. 348, g2272

Mogensen, K. M. (2017). Essential fatty acid
deficiency. Practical gastroenterology, 37-44.

Molendi-Coste, O., Legry, V., & Leclercq, I. A. (2011).
Why and how meet n—3 PUFA Dietary
Recommendations? Gastroenterology research and
practice, 1-11

Moran, C. A., Morlacchini, M., Keegan, J. D., &
Fusconi, G. (2018). Increasing the omega-3 content
of hen’s eggs through dietary supplementation with
aurantiochytrium limacinum microalgae: Effect of
inclusion rate on the temporal pattern of
docosahexaenoic acid enrichment, efficiency of
transfer, and egg characteristics. Journal of applied
poultry research, 28(2), 329-338.

Narce, M., & Niot, . (2019). Fatty acids and
lipopolysaccharides from health to disease.
Biochimie, 159, 1-2

Petrovic, S., & Arsic, A. (2016). Fatty acids. In C. B. F.
Paul, & T, Fidel. (Ed). Encyclopedia of food and
health, (pp: 623-631). Nev york, US: Elsevier
Science & Technology.

Poorghasemi, M., Seidavi, A., Qotbi, A. A., Laudadio,
V., Tufarelli, V. (2013) Influence of dietary fat
source on growth performance responses and carcass
traits of broiler chicks. Asian-Australasian journal of
animal sciences, 26(5), 705-710.

Rees, C. A., Bauer, J. E., Burkholder, W. J., Kennis, R.
A., Dunbar, B. L., & Bigley, C. E. (2001). Effects of
dietary flax seed and sunflower seed supplementation
on normal canine serum polyunsaturated fatty acids
and skin and hair coat condition scores. Veterinary
Dermatology, 12(2), 111-117.

Richardson, A. J. (2006). Omega-3 fatty acids in
ADHD and related neurodevelopmental disorders.
International review of psychiatry, 18(2), 155-172.

Salvig, J. D., & Lamont, R. F. (2011). Evidence
regarding an effect of marine n-3 fatty acids on
preterm birth: a systematic review and metaanalysis.

Acta obstetricia et gynecologica Scandinavica, 90(8),
825-838.

Shakeel Ahmad, Ahsan Ul Haq, Yousaf Muhammad,
Nawaz Haq(2010) Effect of feeding canola oil and
vitamin a on the fatty acid profile of egg yolks in
laying hens. Pakistan journal of nutrition, 9(2). 191-

194.

Sihvo, H. K., Immonen, K., & Puolanne, E. (2014),
Myodegeneration with fibrosis and regeneration in
the pectoralis major muscle of broilers. Veterinary
Pathology, 51, 619-623.

Simopoulos, A. (2016). An increase in the omega-6/
omega-3 fatty acid ratio increases the risk for obesity.
Nutrients, 8(3), 128.

Simopoulos, A. P. (2008). The importance of the
omega-6/omega-3 fatty acid ratio in cardiovascular
disease and other chronic diseases. Experimental
biology and medicine, 233(6), 674-688.

Sinclair, H. M. (1956). Deficiency of essential fatty
acids and atherosclerosis, etcetera. Lancet, 1, 381-383.

Stark, K. D., Van Elswyk, M. E., Higgins, M. R,
Weatherford, C. A., Salem, N. (2016). Global survey
of the omega-3 fatty acids, docosahexaenoic acid and
eicosapentaenoic acid in the blood stream of healthy
adults. Progress in lipid research, 63, 132-152.

Stice, S. A. (2019). Omega Fatty Acids. (Springer
Nature Switzerland AG) Nutraceuticals in veterinary
medicine, 175-185.

Surai, P. F., & Sparks, N. H. C., (2001). Designer eggs:
from improvement of egg composition to functional
food. Trends in food science & technology, 12, 7-16.

Tallima, H., & EI Ridi, R. (2018). Arachidonic acid:
Physiological roles and potential health benefits-A
review. Journal of advanced research, 11, 33-41.

Trautwein, E. A. (2001). N—3 fatty acids-Physiological
and technical aspects for their use in food. Furopean
Journal of lipid science and technology, 103, 45-55.

Trikalinos, T. A., Lee, J, Moorthy, D., Yu, W. W., Lau,
J., Lichtenstein, A. H. (2012). AHRQ technical
reviews and summaries effects of eicosapentanoic
acid and docosahexanoic acid on mortality Across
nutritional research series, Vol 4. Rockville (MD),
US: Agency for healthcare research and quality.

Valenzuela, R., Bascufian, K., Valenzuela, A,
Chamorro, R. (2009). Acidos grasos omega 3,
enfermedades psiquidtricas y neurodegenerativas:
un nuevo enfoque preventivo y terapéutico.
Revista chilena de nutricion, 36(4), 1120-1128.

Yalcin, H., & Unal, M. K. (2010). The enrichment of
hen eggs with n-3 fatty acids. Journal of medicinal
food, 13, 610-614.

Yashodhara, B. M., Umakanth, S., Pappachan, J. M.,
Bhat, S. K., Kamath, R., & Choo, B. H. (2009).
Omega-3 fatty acids: A comprehensive review of
their role in health and disease. Postgraduate medical
Jjournal, 85, 84-90.

Zarate, R., el Jaber-Vazdekis, N., Tejera, N., Pérez, J.
A., & Rodriguez, C. (2017). Significance of long
chain polyunsaturated fatty acids in human health.
Clinical and translational medicine, 6(1), 23.

94



