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ABSTRACT

The aim of the study was to determine the effect of type of alternative housing system and layer genotype on the quality of table
eggs. The investigated eggs came from native Greenleg Partridge hens (Z-11) and Rhode Island Red hens (R-11) covered by the
gene-pool protection program, as well as from Hy-line Brown commercial hens from litter barn (LS), free range (FR), and organic
systems (OS). Eggs for the study were collected from the hens at 56 wk of age. Egg quality assessment was based on the following
values egg traits: weight, shape index, yolk, alboumen, and shell percentage in the whole egg; eggshell traits: color intensity, weight,
thickness, density, breaking strength, physical features of egg content: albumen height, value of Haugh units, yolk color; presence
of meat/blood spots and cholesterol, higher fatty acids, vitamin A and E in egg yolks. In the rearing systems under study, eggs
with the highest weight were laid by commercial hens, and the type of alternative rearing system had no significant effect on this
trait. Shell colour intensity depends on the breed of hen, whereas the rearing system has no significant effect on this trait. Hen
genotype and housing system had an effect on egg shell weight, thickness, and density. The housing system influences the content
of MUFA, PUFA, PUFAN-6 and PUFAN-3 as well as PUFA 6/3 in egg yolks. No effect of the housing system on egg yolk cholesterol
content was observed.
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INTRODUCTION

In accordance with Council Directive 1999/74/EC, table
eggs can be produced under the cage, litter, free-range, and
organic systems. Recent years have seen a growing interest
in eggs from alternative (litter, free-range, and organic)
systems to the cage system. Compulsory marking of egg
shells with codes and letters, which indicate the housing
system (Commission Regulation (EC) No 589/2008),
allows consumers to purchase eggs from the systems
they prefer.

Studies in the literature concerning the effect of housing
system on egg quality in different types of cages have
most often evaluated production in different cage types
(Holt etal., 2011; Samiullah and Chousalkar, 2014; Yilmaz
Dicmen et al.,2016) and compared eggs from the cage
and free-range systems (Wang et al., 2009; Terc¢i¢ et al.,
2012; Jones and Anderson, 2013; Englmaierova et al.,

2014; Yilmaz Dicmen et al.,2017). Few studies determined
whether eggs from alternative housing systems (litter,
free-range, organic) differ in egg shell traits, which are
important in commercial handling, and in nutritive value.
Because eggs in alternative housing systems are produced
using both commercial hybrids and native breeds, it is also
justified to determine the effect of hen’s genotype on the
quality of layer eggs. Ascertaining the impact of the type
of alternative breeding system and the layers genotype on
eggs quality could be of significance both for producers
in their decisions regarding selection of layers, suitable
for use in particular alternative breeding systems and the
consumers that purchase eggs from any rearing system.
Hence, the aim of the study was to compare the effect
of type of alternative housing system and layer genotype
on the egg quality features such as weight and nutritional
value (vitamins A and E, cholesterol), including the profile
of fatty acids in egg yolk.
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MATERIALS AND METHODS

Birds and management

The experiment conducted to achieve the aim of this study
involved in total 270 hens, including 90 hens of the native
breed Green leg Partridge (Z-11), 90 Rhode Island Red
(R-11) hens, included in a conservation program in Poland
and 90 commercial hybrids Hy-line Brown. At 16 weeks
of age, 30 hens of each breed and 30 commercial hybrids
were assigned to the following rearing systems: litter barn
(group LS), free-range (group FR) and organic (group OS).

The birds of group LS were housed in a poultry house
with windows (window area-to-floor area ratio was 1: 15)
in deep litter without access to a run (paddock). Indoor
stocking density was 6 hens/m?* Hens from group FR were
housed in a poultry house with windows (window area-to-
floor area ratio was 1: 15) in deep litter with free access to
grass-covered open-air run. Indoor stocking density was
6 hens/m?, while outdoor stocking density was one laying
hen per 4 m?. Group OS hens were housed according to
regulations pertinent to organic rearing, i.e. EC Directive
1804/1999 and Regulation of European Economic
Community (EEC) Council 2092/91. Hens of this group
were housed in a poultry house with windows (window
area-to-floor area ratio was 1: 15) in deep litter (6 hens/m?)
with free access to grass-covered open-air run with growing
trees, while outdoor stocking density was one laying hen per
5 m* The light schedule in the house was the same for all
groups and comprised 16 h light and 8 h dark (16L: 8D).
In autumn and winter when natural day was shorter than
16 h daylight was complemented with artificial light. In
each tested rearing system, bars were equipped with round
feeders, drinkers and nests. In groups FR and OS feeders
and drinkers were available also in the run.

Birds of group LS and IR were fed ad /ibitum with a
concentrate layer feed (16.08% protein, 11 M]J), and
group OS hens (ad /ibitum) were given organic poultry feed
(16.0% protein, 11 M]). Layer feeds used in all groups did
not contain colour feed additives.

Sampling

To evaluate quality of eggs from different rearing systems,
30 eggs were randomly sampled from hens of every breed/
line and commercial hybrids housed in each system. Eggs
were sampled at 56 weeks of hen age. Eggs were evaluated
after 24 h of refrigerated storage at 8°C and 55% humidity.
Egg quality assessment was based on the following values:
egg traits: weight (g), shape index (%), yolk, albumen, and
shell percentage in the whole egg; eggshell traits: colour
intensity (%), weight (g), thickness (um), density (mg/cm?),
breaking strength (N), physical features of egg content:
albumen height (mm), value of Haugh units (HU), yolk
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colour (scores according to a 15-point DSM scale) and
presence of meat and blood spots.

Egg weight

Egg weight was determined by weighing each individual
egg with a digital laboratory balance Navigator model NOB
110 (Ohaus, Sweden) exact to 0.1 g.

Shape index

Shape index of eggs was determined as a ratio of short-
to-long axis which were measured using an electronic
caliper MITUTOYO Absolute Digmatic Caliper model
CD-15DCX (Japan) exact to 0.01 mm.

Relative weight of egg components

Percentage contents of egg morphological components
(albumen, yolk and shell) were calculated based on their
weights measured individually for each egg.

Egg shell traits and interior egg traits

Eggshell colour, weight, density and thickness, HU value,
yolk color according to DSM scale were measured using
electronic equipment for egg quality measurements
(EQM - Egg Quality Measurements, Technical Services
and Supplies, UK).

Eggshell strength

Eggshell strength (N) was measured using a multipurpose
testing system, model BT1-FR1.OTH.D14 with measuring
head 100N and software testXpert (Zwick/Roell
GmbH&Co.KG, Germany).

Biochemical analysis

Higher fatty acids in egg yolks were quantified as methyl
esters by gas chromatography. The samples were prepared
according to Folch et al. (1957) whereby the sample was
homogenized in chloroform: methanol in a 2:1 ratio, the
solvent was evaporated, and evaporation residue was
saponified (0.5 N NaOH in methanol) and esterified
(BF.in methanol). The fatty acid methyl esters were
extracted in hexane and analysed with a VARIAN 3400 gas
chromatograph, using a column filled with acid-modified
polyethylene glycol (e.g. ZEBRONZB-WAX 30m), an 8200
CX autosampler and data processing software.

A gas chromatographic validated method was used for
determination of cholesterol in egg yolks (Gasior and Pietras,
2013). The method involves KOH (60 g/100 ml) saponification
and hexane extraction of the cholesterol. Analysis was
performed in isothermal conditions (265°C) on Shimadzu GC
2010Plus gas chromatograph, on a column (30m, 1.D.=0.25mm,
df=0.25um) with 5% phenyl, 95% dimethylpolysiloxane phase,
at helium flow, 1.9 ml/min, and FID detector temperature,
300°C. Cholesterol standard 5-Cholesten-3a-ol, C_H, O, for
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chromatography (Sigma-Aldrich, USA,) and internal standard
5a-cholestane, C, H,, >97% (Sigma-Aldrich, USA) for
quantification was used).

Egg yolks were analysed for vitamin A and E content using
an accredited procedure based on Polish standards PN-EN.

Statistical analysis

Statistical analysis of the obtained results was performed
using Statistica 12 PL software package. The obtained results
were subjected to multi-factor ANOVA (housing system,
genotype), and main effects (S — effect of housing system,
G — effect of genotype,) and interactions between factors
(SXG) were determined. Differences were considered to be
significant when P<0.05 and highly significant when P<0.01.

Statistical analysis of the obtained results was performed
using Statistica 12 PL software package. The effect of
housing system, breed and age of layers on the number of
eggs with meat and blood spots in egg content was verified
with Kruskal-Wallis non-parametric test, and the frequency
of meat and blood spots was expressed as percent. The
results for the effect of housing system and breed layers
on the other egg quality traits was subjected to two-factor
analysis of variance and determinations were made of the
major effects (S — effect of housing system, G — effect
of genotype) and of the effect of the interaction of
treatments (SXG). Significant differences between means
in the groups was estimated with Duncan’s multiple range
test. Differences were considered to be significant when
P<0.05 and highly significant when P<0.01.

RESULTS AND DISCUSSION

The present study showed that the housing system has no
effect on hen’s egg weight at 56 wk of age (Table 1). In
each housing system, commercial hens (Hy-line Brown)
produced heavier eggs than hens of the other breeds
(P<0.01). The results obtained correspond with the
findings of other authors who reported the types of
alternative housing system to have no effect on egg weight
(Kthn etal., 2014; Lordelo et al., 2017). The higher weight

of eggs from the commercial hens (Hy-line Brown) is
probably due to selection for increased laying performance
and egg weight in layer flocks, whereas Z-11 and R-11 hens
are kept, in line with the genetic resources conservation
program, in small populations not selected for productive
traits. The influence of genotype on the weight of eggs
from organic farms was also confirmed in studies by
Hammershoj and Steenfeldt (2015).

Hen’s genotype and housing system were found to have
an effect on the egg shape index (P<0.05). Barn eggs
were characterized by a higher shape index compared to
free-range and organic eggs. Also Dalle Zotte et al. (2013)
showed the effect of housing system on egg shape index,
but like in our study, they reported no differences in shape
index between free-range and organic eggs.

Our study showed no effect of the housing system on shell
colour intensity (P>0.05), which corroborates studies by
Lordelo etal. (2017), but this trait was significantly influenced
by genotype (P<0.05) (Table 2), as confirmed by the studies
of Krawczyk (2009) and Nedup and Phurba (2014).

The housing system had an influence on egg shell weight,
thickness, density and strength (P<0.05). Breed had
an effect on all analysed traits except for shell strength

(Table 2).

Scientific papers show inconsistent results regarding the
effect of the housing system on egg shell quality. Pavlovski
etal. (2001), like in our study, observed thicker shells in barn
eggs and thinner shells in free-range eggs. In studies on the
quality of organic as well as barn and cage eggs, Ferrante
etal. (2009) and Dalle Zotte et al. (2013) found an effect of
the rearing system on egg shell thickness. Kithn etal. (2014)
concluded that the housing system has no effect on the
shell weight and thickness of eggs from the litter floor and
free-range systems. Mertens et al. (20006), who investigated
the effect of the housing system (cages, aviaries, free range)
on egg quality, found shell strength to be the highest for
aviary eggs and the lowest for free-range eggs. However,
both Yilmaz Dicmen et al.(2017) and Hidalgo et al. (2008)

Table 1: Effect of housing system and hen’s genotype on egg weight and shape

ltem Housing system Genotype SEM Effect
Z-11 R-11 Hy-line Brown G S GxS
Egg weight (g) Litter floor 56.58% 60.38°8 @217 0.34 * NS NS
Free range 56.612A 59.67°48 60.98%8
Organic 57.423 60.9820A8 62.93°8
Shape index (%) Litter floor 75.242 76.86° 76.91° 0.24 * * NS
Free range 73.13%A 74.7420h8 76.10°8
Organic 73.15 75.52 74.97

G — Genotyp S — Housing system, * significant (P<0.05); NS non significant (P>0.05); a, b, ¢ — values in rows with different letters differ significantly (P<0.05);
A, B, C — values in rows with different letters differ significantly (P<0.01); x, y, z - values in columns with different letters differ significantly (P<0.05); X, Y,

Z — values in columns with different letters differ significantly (P<0.01)

Emir. J. Food Agric e Vol 30 e Issue 8 e 2018

697



Sokotowicz, et al.

Table 2: Effect of housing system and hen’s genotype on egg shell traits

ltem Housing system Genotype SEM Effect
Z-11 R-11 Hy-line Brown G S GxS
Shell colour (%) Litter floor 68.60% 45.15% 32.95°¢ 1.07 * NS NS
Free range 68.9024 46.07°8 34.47°C
Organic 68.9024 47.80°8 32.73°
Shell weight (g) Litter floor 6.062* %G.452A X7, 7208 0.07 * * *
Free range 6.142A VY7.24°8 v7.07°8
Organic 6.1134 Q/AOE Y7 5408
Shell thickness (um) Litter floor **351.60 *339.30 *351.93 2.68 * * *
Free range 85 NGE ¥¥303.43%® ¥¥320.70%8
Organic ¥Y325.60 **333.00 ¥¥318.00
Shell density (mg/cm?) Litter floor 80.38%A RGBT *100.14¢8 1.06 * * *
Free range 76.5924 ¥¥100.268 ERI0225888
Organic 81.64A ¥101.67%8 ¥Y90.49¢°4
Shell strength (N) Litter floor 31.85 32.67 *35.90 0.46 NS * NS
Free range 31.75 31.54 Y31.37
Organic 29.32 31.13 ¥Y30.73

G — Genotyp S — Housing system, * significant (P<0.05); NS non significant (P>0.05); a, b, ¢ — values in rows with different letters differ significantly (P<0.05);
A, B, C — values in rows with different letters differ significantly (P<0.01); x, y, z - values in columns with different letters differ significantly (P<0.05); X, Y,

Z — values in columns with different letters differ significantly (P<0.01)

showed no differences in shell strength between eggs from
different housing systems. Studies conducted by Samiullah
et al. (2017) did not indicate any differences either in shell
weight, thickness or the percentage of shell content of
eggs from hens held in barns or free-range. Similar lack
of differences in percentage of shell content of eggs from
litter floor, free-range and organic farming systems were
posted by Lordelo et al. (2017).

In our study, breed was found to have an effect on shell
weight and density in different housing systems, and eggs
with the highest weight and density were obtained in the
litter floor system from Hy-line Brown hens. The effect of
breed on shell strength was only confirmed for litter rearing,
in which eggs with the strongest shell were laid by Hy-line
Brown hens. Studies by other authors, concerning the effect
of breed on shell thickness, give varying results. Van den
Brand et al. (2004) and Zita et al. (2009) demonstrated no
effect of hen breed on shell thickness, while Hanusova et al.
(2015), who studied the quality of eggs from Oravka and
Rhode Island Red hens, concluded that the eggs differed
in shell thickness by 11.55 um. Tamova et al. (20106)
demonstrated the influence of genotype on shell weight
as well as on the shell thickness and its density in studies
carried out on eggs from both LLohmann and Czech hens.
Both Kiihn et al. (2014) and Hammershoj & Steenfeldt
(2015) also observed breed to have an influence on egg
shell traits.

Our study showed that the housing system had no effect
on albumen height (P>0.05), but it influenced Haugh units
(P<0.05) In all the housing systems, breed had an effect
on albumen height and Haugh units (Table 3). Samiullah
et al. (2017) showed Haugh units to be lower for barn
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eggs compared to free-range eggs. Lordelo et al. (2017)
demonstrated that the albumen from both barn and free-
range eggs were characterized by similar Haugh units,
but were lower than in egg albumen from organic farms.
Kigctikylmaz et al. (2012) reported that albumen height in
the eggs from white hens was not affected by the housing
system, whereas in eggs from organically raised brown
hens, albumen height and Haugh units were higher than
under the conventional system.

The housing system had an effect on yolk weight,
whereas the effect of hen genotype on this trait was not
significant (P>0.05) (Table 3). The highest yolk weight
in the barn system was characteristic of eggs from Hy-
line Brown hens. Also Rizzi and Marangon (2012) found
the effect of breed on yolk size, with hens of Italian
breeds producing heavier eggs than commercial hybrids,
and white-feathered hens laying eggs with greater yolk
compared to brown-feathered hens. Krawczyk (2009)
reported lower yolk weight in the eggs from native hens
compared to commercial hybrids. Van den Brand et al.
(2004) concluded that quality traits of free-range eggs
showed greater variation than quality traits of cage eggs
for most of the measured parameters, and observed that
it is more difficult to maintain the quality of free-range
eggs throughout the egg production period. This is also
confirmed by our study, in which most of the analysed
egg traits showed higher variation in the free-range and
organic systems compared to the litter floor system.

Neither the housing system nor the hen genotype had an
effect on the incidence of blood spots in the eggs (P>0.05)
(Table 3.) Similar results were obtained by Lordelo et al.
(2017). whereas studies of Hidalgo et al. (2008) showed
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Table 3: Effect of housing system and hen’s genotype on interior egg traits

ltem Housing system Genotype SEM Effekt
Z-11 R-11 Hy-line Brown G S GxS
Albumen height(mm) OlLitter floor 7.272 7.49% 8.04° 0.09 * NS NS
Free range 6.97%A 7.113A 8.07°8
Organic 7.74 7.08 7.99
Haugh units (HU) Litter floor X79.433A8 76.70% *84.80°8 0.71 * * *
Free range 75,333 75178 %90.63°8
Organic ¥yY88.873A 77.29%° ¥88.2924
Yolk weight (g) Litter floor 17.6624 18.38°18 ERISI982E 0.10 NS * NS
Free range 17.062 17.80° ¥¥18.00°
Organic 17.91 17.63 W17.41
Blood spots (%) Litter floor 51002 25.00% 36.67° 3.16 NS NS NS
Free range *%0.00%" 23.338 33.33%8
Organic ¥Y40.00 13.33 26.67
Meat spots (%) Litter floor 0.002* 010G 30.00°8 2.91 * NS NS
Free range 0.00%A 33:33%8 20.0020"8
Organic 10.002 20.00% 46.67°
Yolk colour (DSM) Litter floor 25 2 S 2 (B3 0.11 NS * *
Free range AORTGEE ¥Y9.102A ¥Y8.430%8
Organic #10.80 =027 210188

G — Genotyp S — Housing system, * significant (P<0.05); NS non significant (P>0.05); a, b, ¢ — values in rows with different letters differ significantly (P<0.05);
A, B, C — values in rows with different letters differ significantly (P<0.01); x, y, z - values in columns with different letters differ significantly (P<0.05); X, Y,

Z — values in columns with different letters differ significantly (P<0.01)

a lower incidence of meat spots in eggs from free-range
system compared with litter and organic systems.

The housing system had an effect on the yolk colour
(P<0.05). Our study showed that egg yolk colour in hens
of the studied breeds was more intense under the organic
and free-range systems compared to the litter floor
system. The more intensive yolk colour during the egg
production period can be associated with access of hens
to an outdoor run, in which the layers could ingest grass
and herbs during the spring period (June). Horsted et al.
(2006) and Hammershoj & Johansen (20106) proved that
plants eaten by hens on free range have a positive effect on
yolk colour. Also Karadas et al. (2005) demonstrated that
eggs from free-range hens have a higher yolk carotenoid
content compared to the hens without outdoor access. In
our study, yolk colour intensity of organic eggs was higher
than for barn eggs. A study on the yolk colour of eggs
from different housing systems, sold in Spain and Portugal,
showed that alternative housing system eggs were paler and
with more varied colour (Martinez-Alesén and Hamelin,
2014). Also in the study by Terc¢i¢ et al. (2012), organically
raised hens produced eggs with paler yolk colour than
caged hens fed standard diet. Our different results, namely
the more intensive yolk colour of free-range and organic
eggs compared to barn eggs is probably due to the fact
that in our study, hens in all housing systems received feed
without pigments. In our study, eggs from organic hens
were characterized by more intensive yolk colour, which
may result from the free range in the organic farm being
greater and more abundantin forage. Van Ruth etal. (2011)
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observed a different carotenoid profile for organic eggs
compared to free-range and barn eggs, concluding that
this is probably due to the use of synthetic carotenoids in
the organic system.

Higher vitamin A and E content of eggs was characteristic
of organic and free-range eggs compared to barn eggs
(Table 4). According to Leeson (2007), for many vitamins
there is a linear relationship between their content in feed
and in egg yolk. In our study, eggs from free-range and
organic hens had a higher vitamin A than eggs from the
hens without outdoor access, which allows a conclusion
that free-range hens ingested the carotenoids that had a
beneficial effect on the vitamin A content of egg yolks.
Thus, in the hen’s body, part of B-carotene is transformed
into vitamin A (Hencken, 1992). Meluzzi et al. (2000) report
that increased alpha-tocopherol content of feed increases
its content in yolk, whereas Boltkbast et al. (2007) showed
that vitamin E concentration increases linearly with its
increasing level in the feed. The existence of a dependency
between vitamin E content of feeds and in eggs was also
demonstrated by Zang etal. (2011). Skrivan & Englmaierova
(2014), demonstrated higher contents of vitamins A and E
in eggs from hens held with outdoor access.

One quality trait that has generated considerable interest
among consumers is the cholesterol content of egg yolk.
In our study, we found no effect of rearing system on the
yolk cholesterol content of eggs from the experimental
hens (P>0.05) (Table 4). The literature did not conclusively
confirm the relationship between housing system and the
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Table 4: Effect of housing system and genotype on vitamin A and E and cholesterol content in egg yolks

ltem Housing system Genotype SEM Effect
Z-11 R-11 Hy-line Brown G S GxS
Vitamin A (ug/g) Litter floor *5.06 5.34 *5.14 0.14 NS * NS
Free range Y6.86 6.16 v6.01
Organic BB 6.322A ¥5.67°8
Vitamin E (ug/g) Litter floor *62.37 66.37 *68.52 2.00 NS * NS
Free range %75.63 79.32 74.41
Organic v84.05 84.53 ¥79.39
Cholesterol (mg/g) Litter floor 14.24 14.67 14.24 0.05 NS NS NS
Free range 14.24 14.55 14.38
Organic 14.22 14.92 14.68

G — Genotyp S — Housing system, * significant (P < 0.05); NS non significant (P > 0.05); a, b, ¢ — values in rows with different letters differ
significantly (P < 0.05); A, B, C — values in rows with different letters differ significantly (P < 0.01); x, y, z - values in columns with different letters differ
significantly (P < 0.05); X, Y, Z — values in columns with different letters differ significantly (P < 0.01)

egg yolk cholesterol content in hens. Kigtkyilmaz et al.
(2012) reported no effect of the housing system on egg
yolk cholesterol content. Similarly, Dong et al. (2017) did not
demonstrate differences in cholesterol content in the yolk of
eggs from both free-range with or without outdoor access.
In our study, the differences in egg yolk cholesterol levels
between the studied breeds were not significant (Table 4.).
Our results fail to confirm an earlier report (Krawczyk et al.,
2011) in which egg yolk cholesterol content was significantly
lower in the native Greenleg Partridge hens compared to
the hens of other breeds. Rizzi and Chiericato (2010) and
Rizzi and Marangon (2012), who investigated eggs from
Hy-line Brown, Hy-line White and two local breeds of hens
(Ermelluinata di Rovigo and Robusta Maculata) also showed
that genotype has an effect on the cholesterol level. In both
studies, the cholesterol level was higher in the yolks of eggs
from local breeds of hens than from commercial hybrids.
Wang et al. (2009) noted that Araucana hens lay eggs with
lower cholesterol content compared to commercial layers.
In turn, Millet et al. (2006) and Gultemirian et al. (2009)
found higher cholesterol content in the yolk of eggs from
Araucana hens compared to eggs from the commercial Isa
Brown and Lohmann hens.

The fatty acid profile of egg yolks was characterized by a
relatively low (38.7-40.9%) proportion of saturated fatty
acids (SFA), which was paralleled by a high (45.5-52.6%)
proportion of mono- (MUFA) and polyunsaturated fatty
acids (8.7-16.5%) (PUFA) (Table 5). The housing system
had no effect on the proportion of SFA and unsaturated
fatty acids (UFA) in the egg yolks (P>0.05). For MUFA and
PUFA, the impact of the rearing system was statistically
significant (P<0.05). The highest level of MUFA and the
lowest level of PUFA were characteristic of egg yolks from
free-range hens (P<0.05). The percentage of PUFA n-6
was highest in egg yolks from the litter system (P<0.05).

The current studies have confirmed the influence of
housing systems on the content of fatty-acids, PUFA n-6
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and PUFA, n-3 in egg yolks. Studies by Lordelo et al. (2017)
also demonstrated that the content of PUFA n-6 fatty-acids
in from free-range and organic systems was lower than in
eggs from litter floor system. Outdoor access, both in the
free-range and in the organic systems had a beneficial effect
on the proportion of nutritionally important unsaturated
fatty acids as well as the PUFA n-6/n-3 ratio. The higher
UFA content of free-range and organic eggs can be
associated with the outdoor access, because the factors
increasing the proportion of PUFA n-3 in egg yolk include
forage, fresh vegetables and invertebrates Campos et al.
(2016). The results obtained correspond with the findings
of other authors. Anderson (2011), who analysed the
quality of eggs from hens of the same breed that received
the same diet and were raised in free-range and barn
systems, concluded that barn eggs contained more PUFA
and MUFA. Sim¢ic¢ et al. (2011) also indicated the existence
of correlation between the farming system and the profile
of fatty acids in the yolk of eggs from the autochthonous
Styrian (Slovenia). Hidalgo et al. (2008) showed no
differences in the composition of fatty acids between
cage, free-range, barn, and organic eggs. In the study by
Tercic et al. (2012), organic eggs compared to cage eggs
were characterized by a higher content of n-3 fatty acids,
including alpha-linolenic (18:3, n-3) and docosapentaenoic
acids (22:5, n-3). In the same study, the n-6/n-3 fatty acids
ratio was more favourable in eggs from the organic system
(5.93:1) compared to the cage system (9.55:1). In the study
by Hidalgo et al. (2013), eggs from organic hens had a lower
MUFA and a higher PUFA content, which they believe
reflects a different fatty acid profile of the feed ingested
on free range in the form of PUFA-rich grasses. Krawczyk
et al. (2011) showed a beneficial effect of outdoor access
on increasing the proportion of UFA in the yolk of eggs
from Greenleg Partridge and Yellowleg Partridge hens.
The optimal n-6/n-3 fatty acids ratio ranges from 4to 10
(Simopoulos, 2000). In our study, this n-6/n-3 ratio was
observed in free-range and organic eggs, which points to
the positive effect of outdoor access on this trait.
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Table 5: Effect of housing system and genotype on SFA and UFA percentage in egg yolks

Item Housing system Genotype SEM Effect
Z-11 R-11 Hy-line Brown G S GxS
SFA Litter floor 39.38 ¥40.07 *40.87 0.21 NS NS *
Free range 40.422 *38.902 v38.71°
Organic 39.31% v40.582 v38.98°
UFA Litter floor 60.63 %59.95 *58.93 0.21 NS NS *
Free range 59.582 *61.10° v61.29°
Organic 60.69%° v59.422 v61.02°
MUFA Litter floor XY46.60 45.57 XX47.23 0.42 * * NS
Free range X48.862 48.662 52 59°
Organic XY45.713A 47.25248 X49.49°%8
PUFA Litter floor X16.043A X16.5434 B2 0.45 * * *
Free range vY10.728° 11,182 Y8.70°
Organic 14,9834 ¥Y11.90%8 11.53%8
PUFA n-6 Litter floor X12.773A *13.09%A *10.46°8 0.36 * * NS
Free range Y8.782 vY9.622 '6.58°
Organic 12,222 ¥X¥10.82% ).eE
PUFA n-3 Litter floor *X1.0424 *1.06°4 RIS 0.07 * * *
Free range Y1, 7424 ¥X{.34°08 RIRE S8
Organic 21 SpeE *xY0.8908 74| B
PUFA n-6/3 Litter floor X12.26 X12.38 292,11 0.58 * * *
Free range vY5.06%4 N 2 ¥Y3.49°
Organic 26.20%" X12.31%8 27 .26°/

G — Genotype S — Housing system, * significant (P<0.05); NS non significant (P>0.05); a, b, ¢ — values in rows with different letters differ significantly (P<0.05);
A, B, C —values in rows with different letters differ significantly (P<0.01); x, y, z - values in columns with different letters differ significantly (P<0.05); X, Y,
Z —values in columns with different letters differ significantly (P<0.01); SFA — saturated fatty acids; UFA - unsaturated fatty acids; MUFA — monounsaturated

fatty acids; PUFA — polyunsaturated fatty acids

CONCLUSIONS

The research findings on the impact of types of alternative
breeding and the hen’s genotype on eggs quality features
may be of significant importance for both producers
and consumers. Eggs with the highest weight were laid
by commercial hens, and the type of alternative housing
system had no significant effect on this trait. Shell colour
intensity depends on the breed of hen, whereas the
housing system has no significant effect on this trait. No
effect of the housing system and genotype on egg yolk
cholesterol content was observed. Eggs from hens held in
free-range as well as ecological breeding are characterized
by a mote favourable, for humans, ratio of PUFA 6/3,
higher vitamins A and E content, and also have more
intensive yolk colour, which meets the expectations of
consumers, that are willing to pay more for eggs from
free-range or ecological farms, assuming that such systems
do not only improve the welfare of hens but also leads to
improved quality of the eggs.
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