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THE EFFECT OF THE REARING SYSTEM AND GENOTYPE OF
LAYING HENS ON FATTY ACID COMPOSITION OF EGGS

Simeon Rakonjac!, Snezana Bogosavljevic-Boskovic!, Vladimir Doskovic!,
Milo$ Luki@, Zdenka Skrbié?, Veselin Petricevié?, Milun D. Petroviél

Abstract: This paper aimed to determine the effect of the rearing system and
genotype of laying hens on the fatty acid composition of eggs. Seven times
during the one-year production cycle, 15 eggs from all four experimental groups
were taken, and fatty acid composition was determined on pooled samples. Based
on the obtained results, it can be concluded that the highest content of SFA had
organic New Hampshire eggs, MUFA organic Isa Brown eggs and PUFA floor-
produced eggs. Regarding the ratio of n-6:n-3 PUFA, it can be noted that the
organic eggs had a lower ratio compared to the floor eggs, as well as the New
Hampshire breed compared to the Isa Brown hybrid.

Keywords: laying hens, floor system, organic system, breed, hybrid, fatty acid.
Introduction

Omega-3 fatty acids have a wide range of demonstrated health-related
benefits. These positive effects include: cardioprotective, anticancer, triglyceride
and blood pressure lowering, immune health enhancing and their roles in the
growth and maturation of the central nervous system (Cherian and Quezada,
2016), and also prevention of some psychiatric disorders, from stress to
depression and dementia (Bourre, 2005). Special attention is paid to the content
of omega-3 (n-3) and omega-6 (n-6) fatty acids, as well as their ratio, so
Simopoulos (2000) report that the ideal ratio of n-6 to n-3 is 10:1 and lower, and
Johansson (2010) 4:1 and lower. Samman et al. (2009) state that people
consuming n-3 fatty acids from the so-called "engineered eggs" reduce the risk
factors of heart diseases, and Johansson (2010) that the most common diseases
in western countries, such as cardiovascular problems, diabetes, cancer,
autoimmune diseases, are related to an inappropriate ratio of n-6:n-3
polyunsaturated fatty acids. During the long evolutionary history of Homo
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sapiens, an n-6:n-3 fatty acid ratio balance has existed, and it is believed that
many genetic changes happened partly because of it (Nyberg, 2017).

For this reason, this paper aimed to determine the effect of the rearing
system and genotype of laying hens on the fatty acid composition of eggs.

Materials and methods

The experiment was arranged in a 2 x 2 factorial design with two layer
genotypes (Isa Brown hybrid and New Hampshire breed) and two rearing
systems (floor and organic). 30 birds per group were housed at 18 weeks of age.

In both rearing systems, stocking density was 2.5 birds/m2. Organic layers
also had about 5 m? per bird of available outdoor area covered with grass and
bushes, which enabled them to supplement their diets using vegetation and small
creatures living outdoors.

Floor-reared laying hens were fed ad [ibitum a standard commercial diet. The
diet for organic hens was complete without synthetic amino acids, vitamins and
minerals and with more than 80% of organic components.

In order to examine the effect of the rearing system and genotype on the fatty
acid composition of eggs, seven times during the one-year production cycle (24,
32, 40, 48, 56, 64 and 72 weeks hen's age), 15 eggs from all four experimental
groups were collected, homogenized, and the fatty acid composition (pooled
samples) was determined by HPLC. The analysis of the obtained data was
performed based on calculated mean values using the computer program
Statistica (Stat Soft Inc Statistica for Windows. Version 7.0., 2006).

Results and discussion

Table 1 shows the content of the most important fractions of fatty acids and
their ratio.

The highest content of saturated fatty acids (SFA) in eggs during the
experimental period in five controls was recorded in the organic New
Hampshire group. Regarding the minimum content of SFA in eggs, in five of
seven controls it was recorded in the floor experimental groups, three in Isa
Brown (at 24, 56 and 72 weeks), and two in the New Hampshire group (in 40
and 64 weeks).
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Table 1. Fatty acid composition of eggs by experimental groups

Hen's age
Fatty
Treatment . 24 | 32 | 40 | 48 56 | 64 | 72
acid
Fatty acid content (%) of total fatty acids
SFA 3264 | 3294 | 33.10 | 34.11 | 3245 | 32.88 | 32.76
MUFA 4545 | 44.89 | 49.06 | 45.25 | 40.38 | 42.64 | 44.21
PUFA 20.25 | 2058 | 16.57 | 19.17 | 25.73 | 2296 | 21.71
Isa Brown
floor n-3 1.12 1.24 0.79 0.97 1.68 1.70 1.25
n-6 19.13 | 1933 | 15.78 | 1820 | 24.05 | 21.26 | 20.45
n-6/n-3 17.05 | 15.53 | 20.04 | 18.78 | 14.31 12.51 16.31
SFA 3406 | 3334 | 3299 | 33.74 | 3234 | 32.77 | 3290
MUFA 4226 | 42.89 | 4231 | 4654 | 4532 | 4232 | 41.52
New . PUFA 2213 | 2220 | 23.06 | 18.43 | 20.85 | 23.30 | 23.98
Hampshire
floor n-3 0.88 1.62 1.87 0.68 1.30 2.22 2.15
n-6 21.25 | 2058 | 21.19 | 17.75 | 1955 | 21.08 | 21.82
n-6/n-3 2414 | 1274 | 11.33 | 26.04 | 15.05 9.48 10.14
SFA 3497 | 3091 | 3348 | 32.86 | 36.29 | 32.84 | 32.89

MUFA 48.60 | 50.12 | 50.05 | 48.80 | 40.53 | 43.09 | 44.79
IsaBrown | PUFA 1449 | 18.09 | 1456 | 16.88 | 21.08 | 22.37 | 2041

organic n-3 1.01 1.09 0.71 1.02 1.81 1.70 1.71
n-6 13.48 | 17.00 | 13.86 | 15.86 | 19.27 | 20.67 18.70
n-6/n-3 1336 | 15.60 | 19.65 | 1559 | 10.66 | 12.17 10.94
SFA 3426 | 36.11 | 3494 | 3436 | 34.11 | 33.52 34.08
MUFA 4527 | 4299 | 4290 | 4634 | 4244 | 43.04 | 43.38

New PUFA 18.29 | 18.98 | 2055 | 1737 | 21.59 | 2157 | 20.95

Hampshire

organic n-3 1.41 1.41 1.77 1.38 1.51 1.86 1.59
n-6 16.88 | 17.57 | 1877 | 1598 | 20.08 | 19.71 19.35

n-6/n-3 1194 | 1248 | 1059 | 11.56 | 13.28 | 10.60 | 12.17

SFA - Saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA - polyunsaturated fatty acids;
n-3 - omega-3 fatty acids; n-6 - omega-6 fatty acids.

Regarding the content of monounsaturated fatty acids (MUFA) in eggs, in
six out of seven controls, the highest content of this fraction was recorded in the
organic Isa Brown group. On the other hand, the lowest MUFA content in eggs
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was recorded in the floor experimental groups, at 24, 32, 40, 64 and 72 weeks in
New Hampshire, and 48 and 56 weeks in Isa Brown.

The highest content of polyunsaturated fatty acids (PUFA) in eggs was
recorded in the floor experimental groups - in the 24, 32, 40, 64 and 72 weeks in
the New Hampshire breed, and the 48 and 56 weeks in the Isa Brown hybrid.
The lowest content of PUFA in eggs was recorded in six controls in the organic
groups, in 24, 32, 40, 48 and 72 weeks in the Isa Brown and the 64 weeks in the
New Hampshire.

The results on the ratio of SFA, MUFA and PUFA from our research are in
accordance with the results reported by Cerolini et al. (2005), who also
determined a significantly higher SFA content in eggs in floor compared to
organic layers, so the PUFA:SFA ratio in floor produced eggs was 0.92 and in
organic eggs only 0.66. And Samman et al. (2009) found a higher SFA content in
organic eggs (34.6%) compared to conventional eggs (33.8%), while MUFA and
PUFA levels did not differ significantly. On the other hand, Nyberg (2017)
found no significant effect of the rearing system on the SFA content in eggs,
while there was a significant effect on the content of MUFA and PUFA.
Pavlovski et al. (2011), Sim¢i¢ et al. (2011) and Ter¢i¢ et al. (2012) did not find a
significant effect of the rearing system on the SFA:MUFA:PUFA ratio in eggs.

Regarding the ratio of n-6:n-3 PUFA, it can be noted that the organic
experimental groups had a lower ratio compared to the floor experimental
groups. The same can be said for the New Hampshire genotype compared to
the Isa Brown hybrid. The lower n-6:n-3 ratio in eggs was recorded in the first
four controls in organic New Hampshire layers, in the 56th week in the organic
Isa Brown hens, and in the 64 and 72 weeks in the floor New Hampshire layers.
The higher ratio of n-6:n-3 fatty acids in eggs was found in six out of seven
controls in the floor experimental groups, in the Issa Brown at 40, 64 and 72
weeks, while in New Hampshire at 24, 48 and 56 weeks.

The lower n-6:n-3 fatty acids ratio in the organic compared to floor eggs in
our research is in agreement with the results of numerous authors who found
that access to and feeding on the outlet leads to an increase in the content of n-3,
and a decrease in the content of n-6 fatty acids. Thus, Pavlovski et al. (2011)
found that the ratio of n-6:n-3 was significantly different - 8.64:13.25, and more
favourable in free range compared to cage-produced eggs. A more favourable
fatty acid composition of eggs in the rearing system with outlet was also
established by Simci¢ et al. (2011), who determined the lower n-6:n-3 ratio in
free-range (6.27) compared to cage-reared hens (10.37) on the Styrian breed.
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Similar results were reported by Terci¢ et al. (2012) on Prelux-G, while Mugnai
et al. (2013) found a 4.75 n-6:n-3 ratio in organic and 8.88 in cage Ancona layers.

The most favourable ratio of n-6:n-3 fatty acids in the last two controls in
floor New Hampshire layers in our experiment is not unexpected, because in
that period the organic hens did not have available plants on the outlet, so there
was no possibility that their eggs be enriched with an additional level of n-3
fatty acids. This was confirmed by Kucukyilmaz et al. (2012), who found a
significantly higher n-6:n-3 ratio in the organic eggs of both investigated
hybrids. This ratio was 12.53 in caged Lohmann LSL while organic eggs of the
same hybrid had 14.28. Even more drastic differences were found in ATAK-S
eggs - conventional 11.95 and organic 15.56. These results clearly show that the
genotype significantly affects the n-6:n-3 ratio, which is in agreement with the
results of our research, where the eggs of New Hampshire layers had a
significantly better fatty acid composition than the eggs of the Isa Brown
hybrid. A better n-6:n-3 ratio in the eggs of pure breed compared to hybrid was
determined in research by Pavlovski et al. (2011), comparing Banat Naked Neck
(5.81) and Hy-Line Brown hybrid (8.64) in a free range system.

Conclusion

Based on the obtained results, it can be concluded that the highest content of
SFA had organic New Hampshire eggs, MUFA organic Isa Brown eggs and
PUFA the floor produced eggs. Regarding the ratio of n-6:n-3 PUFA, it can be
noted that the organic eggs had a lower ratio compared to the floor eggs, as
well as the New Hampshire breed compared to the Isa Brown hybrid.
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