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in terms of their morphology (egg weight, egg shape, yolk and white content, eggshell thickness)
and biochemical traits (chemical composition, lysozyme content and activity, fatty acid profile as
well as contents of macro- and microelements). The experimental material comprised eggs obtained
from 1-year-old pheasants. Altogether 200 eggs were collected on April 7 and June 23 (100 eggs on
each date). As some eggs were destroyed before and during measurements, numbers of eggs taken
into account in the analysis of egg morphology traits were lower than numer of collected eggs.
Egg homogenates were used in other analyses, sample size for each date ranged from 12-24. In
conclusion, we stated that common pheasant eggs containing embryos of either sex did not differ in
terms of morphology, basic chemical composition and a majority of other investigated traits, but
eggs laid in April and June differed in terms of many studied traits (egg morphology, basic chemical
composition, lysozyme content, some elements and fatty acids). Differences mentioned above can be
explained by the egg laying date (female age), but environmental factors such as temperature and
photoperiod might also affect egg traits.

KEYWORDS: egg quality / Galliformes / maternal investment /
parental investment / Phasianidae

According to the sex allocation theory, parents should bias their investment in
sons and daughters when male and female offspring give different fitness returns
[Charnov 1982]. Indeed, there is evidence that bird females can control their offspring
sex ratio [e.g. Heinsohn et al. 1997], which can be dependent i.e. on habitat quality
[Prior et al. 2011] and mate quality [Pike and Petrie 2005]. It was suggested that bird
females can influence the segregation of sex chromosomes during meiosis, possibly
by manipulating hormone levels and other yolk traits [e.g. Rutkowska and Badyaev
2008]. It was reported that eggs with male and female embryos differed in terms of
size [Anderson et al. 1997, Cordero et al. 2001, Magrath et al. 2003], contents of yolk,
white, as well as lipids and non-lipids [Chin et al. 2012], concentration of hormones
[Petrie et al. 2001], antibodies [Saino et al. 2003] and carotenoids [Verboven et
al. 2005]. On the other hand, Rutkowska et al. [2014] conducted a meta-analysis
and stated that in general eggs containing male and female embryos do not differ
significantly in terms of size. Other authors published results of studies, where the
relation of embryo sex and other egg characteristics was absent. For example, Pilz
et al. [2005] found no differences in antibody concentrations in eggs with embryos
of different sex, while Rubolini et al. [2011] reported no evidence of sex specific
allocation of yolk components (carotenoids, vitamins and yolk hormones).

The ring-necked pheasant (also common pheasant) Phasianus colchicus is a
highly sexually dimorphic species. Sexual dimorphism may be observed as early as
in the 3rd week of life, with male chicks being heavier, having longer wings and
greater wingspan [Goérecki et al. 2012]. Adult males are not only heavier, but also
have brighter plumage and possess armaments and ornaments absent in females
[McGowan 1994]. The common pheasant is also a polygynous species [McGowan
1994], thus reproductive success variation is higher in males. Due to characteristics
mentioned above, the ring-necked pheasant seems to be an interesting species in
maternal sex allocation studies.

It is well known that the age of bird females can influence egg quality. In many
species the weight of eggs is usually greater and the egg shape changes (with eggs
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becoming more elongated) with the passage of the laying period [Amem and Al-
Daraji 2011, Kontecka et al. 2012]. In turn, Sahin et al. [2009] reported a relationship
between these characteristics and hatchability results. It was also observed that the egg
white quality (index, Haugh units) and eggshell traits (weight, thickness or strength)
deteriorate as the reproductive season progresses [Van den Brand et al. 2004, Akyurek
and Okur 2009]. Moreover, Reijrink et al. [2008] proved that egg albumen quality plays
a significant role in the embryogenetic process. However, a limited number of papers in
this field concern niche poultry species, such as the guinea fowl, Japanese quail or the
ostrich [Nowaczewski et al. 2010, Kontecka et al. 2011, Yamak et al. 2015]. Moreover,
they deal with a comparison of egg quality between successive reproduction seasons
[Krystianiak ef al. 2007, Esen et al. 2010], rather than different dates during one season.

The available literature presents many results on the quality of ring-necked
pheasant eggs [Kuzniacka et al. 2005, Kozuszek et al. 2009 a and b, Nowaczewski et
al. 2011], but few studies focus on detailed biochemical characteristics of pheasant
eggs (basic composition, fatty acid profile or content of macro- and microelements; e.g.
Nowaczewski et al. 2013]. Moreover, to our best knowledge no data were published
on the effect of age of ring-neck pheasants on the biochemical characteristics of
their eggs. It needs to be stressed here that in our study farmed birds were used. It is
known that pheasant female in captivity lay as many as 60-70 eggs during one season
[Krystianiak et al. 2007], whereas in nature clutch size is between 10 and 20 eggs [e.g.
Robertson 1991].

The aim of our study was to investigate possible intersexual differences between
ring-necked pheasant eggs with male or female embryoes in terms of their physical
traits and some biochemical parameters. Additionally, the effect of egg laying date on
the above-mentioned traits was also investigated.

Material and methods
Birds and eggs

The experimental material comprised eggs obtained from 1-year-old pheasants
Phasianus colchicus kept outdoors in 25 aviaries (702 m? surface area per each)
belonging to the Polish Hunting Association — the Animal Breeding Center in Moszna,
Poland. Pheasants kept in the Center are reproduced to release their offspring into
the natural environment. The reproductive flock (females and males of similar age)
consisted of 2600 females and 325 males. The mating sex ratio (male to females) was
1:8 in each aviary. A total of 104 females and 13 males were housed in each aviary
(stock density was 6 m*/bird). During the reproductive period (April-June) birds were
kept under natural photoperiod. All birds were fed ad libitum with a complete diet
containing 11.30 MJ/kg metabolisable energy, 17% crude protein, 4% crude fiber,
0.8% lysine, 0.7% methionine, 3.5% calcium and 0.4% total phosphorus.

Altogether 200 eggs were collected on April 7 and June 23 (100 eggs on each date),
when hens were approximately 45 and 56 weeks old, respectively. The eggs were
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collected on both dates in a random manner from 25 aviaries. As pheasant eggshell
color was found to be related to other egg traits, e.g. biochemical composition and
microbiological contamination [Nowaczewski ef al. 2013], we used only eggs with
an olive eggshell colour. Such colouration is also typical of eggs in wild pheasants.

Aslam et al. [2013], who studied domestic chicken eggs in terms of their weight
and dimensions as well as yolk concentrations of hormones and glucose, claimed
that results of earlier studies could be influenced by fact that eggs were incubated for
several days, as it was necessary to obtain sufficient embryonic tissue for accurate
identification of embryo sex. They also wrote that their study “is the first to determine
a wide array of egg components [...] in relation to the sex of egg in unincubated egg”.
Consequently, unincubated eggs were also used in our study.

All eggs were weighted directly after collection and immediately transported to
the laboratory of the Department of Animal Genetics and Conservation, Institute of
Animal Sciences Warsaw University of Life Sciences — SGGW, where embryo sex
evaluation was conducted.

Physical traits of eggs

As some eggs were destroyed before and during measurements, numbers of
eggs taken into account in the analysis of egg morphology traits were lower than the
number of collected eggs. All measurements were made by the same person.

The following traits were recorded:

— eggshell weight (g) determined using a WPS 360C type balance,

— egg length and width were measured using slide calipers, accurate to 0.01 mm

— egg shape index (%) according to the formula: egg width (mm) x 100 / egg

length (mm)

— content (%) of the yolk, white and eggshell in the egg mass,

— eggshell thickness (um) together with shell membranes, measured in the

equatorial part and both ends of the egg using a micrometre screw.

Evaluation of embryo sex

The blastoderm was removed from the surface of the egg yolks (eggs several
hours after the oviposition without incubation) with a sterile wooden stick (toothpick)
and deposited in 1.5 ml Eppendorf type tubes in 70% ethanol. The remaining
white and yolk were used in the evaluation of biochemical traits. Each blastoderm
was thoroughly fragmented and placed in a 2 ml sample tube. Genomic DNA
was extracted from the blastoderm using a GeneMatrix Tissue & Bacterial DNA
Purification Kit (EURX). A primer set of P2 (5'-TCTGCATCGCTAAATCCTTT-3")
and P8 (5'-CTCCCAAGGATGAGRAAYTG-3") was used in this study [Griffiths
et al. 1998]. The primer set was designed to detect the intronic lenght difference
between CHD1W and CHD1Z. The final composition of 18.00 ul PCR mixture was
as follows: 10.00 pl JumpStart REDTaq ReadyMix (20 mM Tris-HCI at pH 8.3, 100
mM KCl, 4 mM MgCl2, 0.4 mM, 0.002% gelatine, 0.03 U/ul polymerase Tag DNA)
(Sigma-Aldrich); 0.1 ul (2 pmol) of each primer; 5.8 pl MiliQ water and 2.00 pl (25
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ng) genomic DNA as the template. An initial denaturing step at 95°C for 5 min was
followed by 42 cycles at 94°C for 30 sec, 48°C for 45 sec and 72°C for 45 sec, with
a final run at 72°C for 5 min completing the program. PCR products were separated
by 2% agarose gel NuSieve™ GTG™ Agarose in 1 x TBE for 60 min at 55 V and
visualised by staining with ethidium bromide. The amplified fragments were: 332 bp
CHDI1Z and 358bp CHD1W [Lee et al. 2010].

Egg biochemical analysis

Analyses (for the 1st and 2nd egg collection dates) were carried out using egg
homogenates, with 3 eggs comprising 1 sample. As analyses were made in different
laboratories and because of technical and financial constrains, sample sizes were not
the same in every analysis.

Egg chemical composition. Contents of water, crude protein, crude fat and crude
ash were determined using chemical analyses of combined white and yolk. Different
methods were used to analyse each chemical component; water — the drier method at
105°C [PN-A-86509: 1994], protein — the Kjeldahl method (N x 6.25) [PN-A-04018:
1975/Az3: 2002], fat — the Soxhlet method [PN-A-86509: 1994] and ash by sample
combustion in a muffle furnace at 600°C (BS-A-86509: 1994).

Lysosyme: The quantity (%) of lysozyme in egg white was determined by
electrophoresis [Lesnierowski and Kijowski 1995], whereas the hydrolytic activity of
this enzyme (U/mL liquid protein) was analysed by spectrophotometry.

Fatty acid profile in yolk: Lipids were extracted from homogeneous yolk samples
using a mixture of methylene chloride and methanol. Fatty acid composition was
determined after methylation by gas chromatography (ISO/FDIS 17059). Methyl
esters of fatty acids (FAME) were prepared according to the AOCS Method Ce 1k-07.

Macro- and microelements. Concentrations of selected trace elements in eggs
(yolk and white combined) were analysed by atomic absorption spectrometry (FAAS)
using an Agilent Technologies AA Duo — AA280FS/AA280Z spectrometer (Agilent
Technologies, Mulgrave, Victoria, Australia) equipped with a Varian hollow-cathode
lamp (HCL). Calibration curves were plotted prior to analysis with four replicates per
each trace element concentration.

Statistical analysis

Means and the standard errors of the means (SEM) were calculated for each trait.
Two-way analysis of variance (ANOVA) was used; embryo sex and date of egg laying
were included (as fixed effects) to the models. These computations were performed
using the SAS® package [SAS 2011].

Results and discussion

Egg physical traits

In our study eggs containing male or female embryos did not differ significantly
in egg weight, length, shape index, share of egg components and eggshell thickness

185



M.T. Gorecki et al.

(p>0.05). Some authors reported dimorphism in the size of bird eggs dependent
on the embryo’s sex. Some researchers stated that females hatched from bigger
eggs [Cordero et al. 2001: spotless starling Sturnus unicolor; Magrath et al. 2003:
brown songlark Cincloramphus cruralis]. In turn, other researchers observed that
males hatched from bigger/heavier eggs [Mead et al. 1987: white-crowned sparrow
Zonotrichia leucophrys oriantha, Anderson et al. 1997: American kestrel Falco
sparverius, Cordero et al. 2000: house sparrow Passer domesticus, Martyka et al.
2010: European blackbird Turdus merula]. Results of studies on domestic chicken
eggs are ambiguous in terms of egg dimensions in relation to embryo sex, with no
inter-sexual differences observed in egg weight [Aslam et al. 2013, Yilmaz-Dikmen
and Dikmen 2013, Bergoug et al. 2015]. Rutkowska ef al. [2014], when conducting
a meta-analysis using data on 51 avian species reported that there is limited evidence
for significant differences between eggs with male or female embryos. Even some
older reports on egg size sexual dimorphism [Mead et al. 1987, Cordero et al. 2000]
were questioned by newer findings [Bonier et al. 2007, Wetzel et al. 2012]. We found
no significant differences in egg weight and dimensions in relation to embryo sex, thus
our results are in line with the general rule proposed by Rutkowska et al. [2014]. In
turn, Chin et al. [2012] observed that ring-billed gull Larus delawarensis eggs bearing
male and female embryos differed in their relative content of yolk and white; however,
we found no significant differences between eggs with male and female embryos of
pheasant in terms of contents of egg components and eggshell thickness.

A comparison of physical traits of eggs laid in April and June is presented in Table
1. Our analysis of variability in egg physical characteristics revealed no influence of
egg laying date on egg weight. On the other hand, such a relationship is well known in
other poultry species. For example, Timova and Ledvinka [2009] and Kontecka et al.
[2012] reported that egg weight increased with the passage of the reproductive period.
However, the results were sometimes ambiguous. Similarly as in our research, Lee
et al. [2016] did not confirm the effect of hens’ age on egg weight. In turn, Giinli ez

Table 1. Physical traits of pheasant eggs laid in April and June

Trait April June p value
mean SEM mean SEM

Egg weight (g) 32.73 (n=90%) 0.234  33.35(n=99) 0.290 >0.1
Egg length (mm) 45.64 (n=90) 0.154  46.35(n=99) 0.191 0.003
Egg width (mm) 36.09 (n=90) 0.093  36.16 (n=99) 0.111 >0.1
Egg shape index (%) 79.13 (n=90) 0.253  78.10 (n=99)  0.298 0.004
White content (%) 56.57 (n=89) 0.237  58.73 (n=99)  0.251 0.002
Yolk content (%) 33.46 (n=89) 0.226  32.38 (n=99) 0.251 <0.0001
Eggshell content (%) 9.96 (n=89)  0.899 8.97 (n=98) 0.813 <0.0001
Eggshell thickness - blunt end (pm) 298.10 (n=84) 3.424 271.37(n=99) 2.631 <0.0001
Eggshell thickness - equatorial part (um) 295.69 (n=84) 2.915 277.54 (n=99) 2.511 <0.0001
Eggshell thickness - sharp end (um) 324.04 (n=84) 3.730 280.78 (n=99) 3.278 <0.0001
Average eggshell thickness (pm) 305.94 (n=84) 2.635 276.56 (n=99) 2.340 <0.0001

*As some eggs were destroyed before and during measurements, numbers of eggs taken into account in
analysis of egg morphology traits were lower than the number of collected eggs.
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al. [2018], when examining on a weekly basis eggs of pheasant from 41 to 50 weeks
of age, observed statistically significant differences only by comparing two above
mentioned extreme terms (30.22 vs. 32.19 g, respectively). A significant increase
in egg weight with the passage of the reproductive season in pheasants was also
confirmed by Ugar and Sarica [2018].

Our investigations showed that eggs laid in June were significantly longer (by
about 0.71 mm) than those produced in April; consequently, their shape index was
lower. A similar relationship was observed in broiler breeders [Kontecka et al. 2010].
On the other hand, Adamski [2008] proved a reverse tendency in Hubbard Flex
hens. Similar results in pheasants were obtained by Lee ef al. [2016]. The authors
observed an increase of this parameter (the eggs became more oval) with the passage
of reproductive season. Nowaczewski et al. [2010], as well as Wilkanowska and
Kokoszynski [2012] reported that there were no significant differences in the egg
shape index between eggs laid in different weeks of Japanese quail age. As different
authors reported contradictory results in galliforms it is very difficult to explain
potential influence of birds’ age/egg laying date on egg shape.

We stated that values of yolk and eggshell content in egg mass decreased as
reproductive season advanced. In turn, eggs laid in June contained significantly more
white, by about 2.2 percentage points. We observed that all measures of eggshell
thickness were significantly lower in June. Giinlii ef a/. [2018] also noted a significant
decrease of the eggshell thickness with the age of birds.

Basic chemical composition and lysozyme

In our study eggs containing male or female embryos did not differ significantly
in terms of basic chemical composition and lysozyme level (p>0.05). We do not know
any papers investigating potential differences in traits mentioned above between
male- and female-bearing eggs. Some authors reported difference in immunoglobulins
content in relation to embryo sex [Saino ef al. 2003: barn swallow Hirundo rustica,
Martyka et al. 2011: zebra finch Taeniopygia guttata]. Contrary to these statements
Pilz et al. [2005] did not found differences in antibodies concentration in eggs with
embryos of different sex. Our results are in line of those by Pilz ef al. [2005], we did
not observe inter-sexual differences in lysozyme content and activity. However, we
investigated lysozyme level, not antibodies mentioned by Saino et al. [2003], Pilz et
al. [2005] and Martyka et al. [2011], thus results should be compared with caution, as
different substances involved in protection against pathogens were analyzed.

A comparison of basic chemical composition and lysozyme level of eggs laid
in April and June is presented in Table 2. Those did not differ significantly in terms
of crude protein content. Eggs laid in June contained less crude fat and crude ash
and more water than eggs produced earlier (in April). The differences (amounting to
3.24%; 0.30% and 3.50%, respectively) were statistically significant. An increased
water content in pheasant eggs at the later part of the reproductive season (June)
was probably related to a reduction of crude fat and crude ash. However, the content
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Table 2. Basic chemical composition and lysozyme level of pheasant eggs laid in April and June

. April (n=20)* June (n=20)

Trait mean SEM mean SEM p value
Water (%) 71.061 0.189 74.528 0.327 <0.0001
Crude protein (%) 12.401 0.074 12.534 0.116 >0.1
Crude fat (%) 14.775 0.217 11.526 0.312 <0.0001
Crude ash (%) 1.262 0.074 0.962 0.059 0.0028
Lysozyme content in liquid white (%) 2.744 0.071 3.123 0.045 <0.0001
Lysozyme activity (U/mL) 58259.70 1528.00 66294.00 978.579 <0.0001

*Egg homogenates were used where 3 eggs accounted for 1 sample.

of crude protein remained unchanged and was very similar at both analysed dates.
The values of the analysed traits were similar to those reported in pheasants by
Nowaczewski et al. [2013]. Ahn et al. [1997] showed no effect of laying hens’ age on
lipid and crude protein contents in egg yolk. In turn, Pambuwa and Tanganyika [2017]
recorded an increase in the share of crude fat (from 4.57 to 5.05%) and crude protein
(from 20.5 to 21.96%) in eggs with the passage of the egg laying period in hens (20
vs 28 weeks of life).

We estimated a statistically significantly higher (p<0.0001) content and activity
of lysozyme in eggs obtained from older pheasant females (June). Similar results
were found in laying hens [Lewko and Gornowicz 2013] and pheasants [Kozuszek
et al. 2009a]. The above-mentioned authors observed that the content and activity
of lysozyme in egg white increased with birds’ age, reaching its maximum at the
end of the laying cycle. This may indicate greater mobilisation of the female
organism to produce eggs that are better protected against pathogens at the end of the
reproduction period. During that time the thickness of the eggshell usually decreases,
which was confirmed in our study. Such a situation facilitates penetration of harmful
microorganisms into the eggs. The validity of this thesis may be confirmed partially
by other results also obtained in pheasants [Nowaczewski et al. 2013]. Those authors
found greater lysozyme content and higher activity of this enzyme in eggs with white
and blue eggshells. On the other hand, these eggshells are characterised by poorer
quality, i.e. lower thickness and a higher number of pores [Kozuszek et al. 2009a].
Thus, it seems that such eggs contain a higher antimicrobial (lysozyme) level to
compensate for their inferior protection against pathogens, connected with eggshell
traits making eggs more vulnerable to microbial infection.

Fatty acids

Contents of only two out of nine analysed fatty acids were related to embryo sex.
Eggs with male embryos contained less C16:0 fatty acid than eggs with female ones.
The means and standard errors were: 38.528+0.392% for eggs with male embryos and
40.054+0.268% in yolk for eggs with female embryos (p<0.0001). The opposite was
true in terms of C18:0 fatty acid. Eggs with male embryos contained significantly more
of this fatty acid (11.601+1.27%) than eggs with female embryos (8.934+0.633%,
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p=0.008). There are papers investigating a possible relation of embryo sex with
carotenoids in eggs of birds [Saino et al. 2003, Verboven et al. 2005, Badyaev et al.
2006], but to our best knowledge no articles deal with a potential relation of avian
embryo sex and fatty acid composition.

In our study the egg laying date influenced contents of only two fatty acids (Table
3). Eggs laid in June were characterised by a significantly higher content of C16:0
fatty acid and a lower level of C24:0 fatty acid than eggs obtained in April. Neither
sex of embryo nor egg laying date influenced contents of SFA, MUFA and PUFA. Our
results are in line with those published by Lesi¢ et al. [2017]. Those authors assessed
the effect of laying hens’ age on the fatty acid profile of their eggs. They observed very
irregular and ambiguous changes in the levels of n-3 and n-6 PUFA in eggs laid from
the 21st to the 55th week of life. It seems, however, that nutrition (components of diet)
will play a greater role in the formation of yolk lipids than the age of birds. This thesis
was confirmed by e.g. Keum et al. [2018].

Table 3. Fatty acid composition (%) of pheasant eggs laid in April and June

April (n=12)* June (n=12)

Fatty acid mean SEM mean SEM p value
C14:0 1.009 0.807 1.037 0.057 >0.1
C16:0 38.777 0.521 39.806 0.104 0.007
Cl6:1 6.284 0.251 6.394 0.245 >0.1
C18:0 10.900 1.341 9.635 0.598 >0.1
C18:1 28.228 1.383 28.431 1.026 >0.1
C18:2 13.352 0.686 13.173 0.849 >0.1
C18:3 0.692 0.035 0.723 0.033  >0.088
C20:4 0.186 0.032 0.140 0.022  >0.1
C24:0 0.073 0.022 0.020 0.010 0.036
SFA 50.759 1.341 50.498 0.544 >0.1
MUFA 34,511 1.528 34.825 1.238  >0.1
PUFA 14.730 0.620 14.678 0.821 >0.1

*Egg homogenates were used where 3 eggs accounted for 1 sample.

Macro- and microelements

Eggs with male embryos had significantly lower mean levels of copper (0.916+0.257
mg/L internal egg content) than those with female embryos (1.019+0.452 mg/L;
p=0.0495). Eggs containing embryos of both sexes differed in terms of sodium content at
p=0.053. In turn, eggs with male embryos contained less sodium (1636.86+8.915 mg/L)
than those with female embryos (1665.43+11.497 mg/L). No significant differences
were found in this study in contents of other elements in relation to embryo sex. To the
best of our knowledge no studies have been published dealing with a potential relation
of avian embryo sex and contents of individual chemical elements.

Hen age had no influence on contents of selenium, potassium, calcium,
magnesium and sodium in pheasant eggs (Tab. 4). On the other hand, eggs laid in
June were characterised by significantly higher levels of copper and manganese,
but lower contents of zinc and iron than eggs obtained in April. Nowaczewski et al.
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Table 4. Macro- and microelements (mg/L internal egg content) of
pheasant eggs laid in April and June

April (n=23)* June (n=24)

Element mean SEM mean SEM p value
Se 0.299  0.029 0.366  0.024 >0.0835
K 1011.90 9.242  1009.21 7.290 >0.1
Cu 0912  0.027 1.016  0.043 0.0476
Ca 349.761 11.068  362.587 5334 >0.1
Mg 147907  3.269 148.022 3933 >0.1
Na 1657.22 12.263  1644.73 8.765 >0.1
Zn 31.060  0.670 28.420  0.830 0.019
Fe 52.033 0.970 44.015  1.198  <0.0001
Mn 0.738  0.250 0.910  0.022  <0.0001

*Egg homogenates were used where 3 eggs accounted for 1 sample.

[2013] reported slightly lower values of all the above-mentioned elements in eggs of
pheasants kept both in cages and aviaries.

In summary, our analyses did not confirm any relationship between sex of embryos
and the physical traits and quality (biochemical composition) of ring-necked pheasant
eggs. Therefore, the phenomenon of sex related investment in offspring, which occurs
in many species of wild birds, was not observed in our study. This could be due to the
fact that eggs studied by us were laid by females living in captivity and the common
pheasant is a bird kept for many generations under specified, optimal environmental
conditions with constant access to a complete diet (mixture) covering its living and
production requirements. Such a situation could minimise differences which might be
observed in natural conditions. It is possible that females in captivity had less need
to invest (e.g. deposit nutrients) in a differentiated way depending on the sex of the
embryo. It may be one of the reasons why only very few differences were found in the
composition of pheasant eggs containing male and female embryos.

On the other hand, the effect of the egg laying date on the physical and biochemical
characteristics of eggs was demonstrated. Eggs used in our study were laid by birds
kept in outdoor aviaries, thus differences between eggs laid in April and June could
be connected not only with differences of birds’ age, but also with environmental
(weather) factors such as temperature, photoperiod, etc.
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