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ABSTRACT

Background. Eggs have been considered an important component of the human diet for centuries. There is
currently a wide assortment of eggs available to consumers, varying in terms of weight (from S to XL), hous-
ing system (0 to 3), diet, packaging, etc. Although the egg’s nutritional value is most important to consumers,
their perceptions are unfortunately generally based not on facts, but on popular opinion. Most commercial
lines of laying hens used in Poland are of foreign origin. However, some farms use commercial lines from
Polish breeding farms. Therefore, research was undertaken to determine selected characteristics of eggs ob-
tained from hens of different origins raised in an intensive system, i.e. industrial production of eggs.
Material and methods. The research material consisted of eggs from Hy-Line Brown and Messa 43 hens
from large-scale production. The eggs were obtained from hens at the ages of 35, 40 and 45 weeks. The analy-
sis included selected external and internal characteristics of eggs laid during the study period. The eggs were
evaluated immediately after laying, and the following quality parameters were determined: egg weight, shell
weight, shell thickness, white weight, yolk weight, and pH of white and yolk. Chemical analysis of dry mat-
ter, total protein, crude fat and crude ash content in the whites and yolks was performed. The cholesterol con-
tent and fatty acid profile in the yolk were analysed as well. A statistical analysis of the results was performed.
Results. The analyses revealed significant differences in the weight and morphological composition of eggs
depending on the genotype of the hens. Compared to eggs obtained from Hy-Line Brown hens, eggs from
Messa 43 hens had significantly lower shell thickness, greater weight between 35 and 45 weeks of age,
a larger proportion of shell, and a smaller proportion of albumen. Yolks and whites of eggs from Hy-Line
Brown hens contained significantly more dry matter and total protein than those of Messa43 chickens, while
the cholesterol content in the yolks of both groups was similar. The fatty acid profile of the egg yolk was
similar irrespective of the origin of the hens.

Conclusions. Significant differences in egg weight and the parameters of morphological components of eggs
were found between the experimental groups. Genotype did not influence cholesterol content or the fatty acid
profile in the yolk.
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INTRODUCTION

Eggs have been considered an important component  Gornowicz, 2006; Hocking et al., 2003; Silversides
of the human diet for centuries (Calik, 2011; Czajaand et al., 2006; Szablewski et al., 2013). In the last twenty
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years, however, conflicting opinions about the influ-
ence of eggs on human health have been observed, es-
pecially regarding their recommended quantity in the
diet (Kijowski et al., 2013; Mc Namara, 2010; Wezyk
and Gilewski, 2018). This was mainly due to fears
that the cholesterol and fat in egg yolk have a nega-
tive effect. Currently, however, eggs are not consid-
ered a food that should be restricted in the human diet,
but are regarded as functional food. According to Ki-
jowski et al. (2013), for the modern consumer eggs are
not only food, but a source of life-giving substances.
There is currently a wide range of eggs available to
consumers, varying in terms of weight (from S to XL),
housing system (0 to 3), diet, packaging, etc. While
the egg’s nutritional value is most important to con-
sumers, their perceptions are too often based not on
facts, but on popular opinion (Biesiada-Drzazga and
Janocha, 2009; Krawczyk, 2009; Krawczyk and Gor-
nowicz, 2010; Strojny et al., 1998). The majority of
eggs currently available on the market are from large-
scale production and are erroneously regarded as less
valuable. Egg quality is determined by several fac-
tors, e.g. lighting programme, rearing conditions and
microclimate, diet during the laying period, age and
health of hens, and storage conditions (Banaszewska
et al., 2018; Biesiada-Drzazga, 2009; Krawczyk and
Obrzut, 2016; Trziszka et al., 2011; Silversides and
Scott, 2001; Sokotowicz et al., 2012, Van den Brand et
al., 2004). However, significant differences in the pa-
rameters of the morphological components of eggs oc-
cur even in identical environmental conditions, which
is linked to the hen’s breed (Biesiada-Drzazga, 2009;
Dykiel et al., 2019; Hocking et al., 2003; Sosnowka-
-Czaja et al., 2014; Wlaz and Nowaczewski, 2018).
Most commercial lines of laying hens used in Poland
are of foreign origin. Some farms, however, use com-
mercial lines from Polish breeding farms. These in-
clude Messa 45, Messa P, and Rosa. The most popular
lines of foreign origin are Hy-Line Brown, Hy-Line
White W-36, Lohmann Brown Clasic, Lohmann
White, ISA Brown, and Tetra SL.

MATERIAL AND METHODS
The test material consisted of eggs from hens of the

commercial lines Hy-Line Brown and Messa 43 raised
in an intensive system. The hens were kept in a closed
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henhouse on litter (chopped rye straw). The stocking
density was 6 m>. The henhouse was equipped with
Big Deutchman feeders and drinkers. The nests were
two-tiered and placed along the long walls of the
building. There was one nest for every 5 hens. Eggs
were collected by hand twice a day. The chickens were
fed only a complete feed ration, 140-145 g per day
per hen. The nutritional value of the feed is presented
in Table 1.

Table 1. Nutritional value of hens’ diet

Ingredients Content in 1 kg of feed

Total protein, % 14.5-15.5

ME, MJ 11.7

Fat, % 4.0-5.0

Lysine 0.56
Methionine+cysteine 0.53
Methionine 0.29

Ca 3.0

P (available) 0.34

The eggs included in the study were obtained from
chickens at 35, 40 and 45 weeks of age. At each age,
30 eggs from each line of hens were assessed, for a to-
tal of 90 eggs from Hy-Line Brown hens and 90 eggs
from Messa 45 hens. Eggs were analysed no later than
24 hours after being laid.

The analysis included selected external and in-
ternal characteristics of eggs laid by hens during the
study period. The eggs were evaluated immediately
after laying. Their quality parameters included those
which required the egg to be broken and those that did
not. The following characteristics of the eggs and their
components were evaluated:

* egg weight — measured with an Ohaus electronic

scale to within 0.01
* length of long and short axes — measured with an

electronic calliper to within 0.01 (Stainless Hard-

ened 0—150 mm ); the egg shape index was calcu-
lated from the length and width

+ shell weight — measured with an Orhaus electronic
scale to within 0.01
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» shell thickness — measured at the equator a mi-
crometer (MMZb-C 0-25/0.01 mm DIN 863-1,
HELIOS.PREISSER, Germany)

* white weight — measured with an Orhaus electronic
scale to within 0.01

+ yolk weight — measured with an Orhaus electronic
scale to within 0.01

* pH of white and yolk — measured with a CP-401
pH-meter.

The data were used to calculate the percentage
share of each morphological component of the egg.
Chemical analysis of dry matter, total protein, crude
fat and crude ash content in the whites and yolks was
performed. Cholesterol content and the fatty acid pro-
file of the yolk were analysed as well. The following
methods were used:

* dry matter by the oven-dry method according to
PN-ISO 649:2002

» crude protein by Kjeldahl’s method according to
PN-EN ISO 8968-1:2014-03

+ crude fat by the Soxhlet method according to PN-
-ISO 1444:2000

» ash by combustion in a furnace at 550°C according
to PN-ISO 936:2000

+ fatty acid profile by gas chromatography GCMS-
-QP210 Ultra, SHIMADZU

* quantitative determination of cholesterol by a mod-
ification of the Liebermann-Burchard calorimetric
method (Strzezek and Wotos, 1997)

The influence of the genetic origin of the hens on the
content of elements was assessed by one-way analysis
of variance using the following mathematical model:

Yi=pntate

where:
Y; — value of trait tested,
p — mean for population,
a; — effect of i-th level of factor (genetic origin),
e; — sampling error.
The significance of differences between groups
was verified by Tukey’s test at P < 0.05.

RESULTS AND DISCUSSION
Mean values of egg weights and shape indexes are

presented in Table 2. Eggs from Messa 43 hens were
statistically heavier (P < 0.05) than those of Hy-Line
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Brown hens. Several studies have confirmed the in-
fluence of genotype on egg size (Biesiada-Drzazga,
2009; Biesiada-Drzazga and Janocha, 2009; Silver-
sides and Scott, 2001). However, results regarding the
influence of housing system and diet on this trait are
varied (Batkowska et al., 2019; Rossi, 2007; Sekero-
glu et al., 2008; Van den Brand et al., 2004). Egg size
is also determined by the age of the hen (Sokotowicz
et al., 2012). The size of eggs is commonly taken into
consideration by consumers, because it determines
their cost.

Shape index is important for classification of hatch-
ing eggs. While of less significance for table eggs, it is
still worth evaluating. Eggs with a shape index higher
than 74% are more often broken or cracked (Narushin,
2005; Popova-Ralcheva, 2009). Shape index is thus an
important trait not only in production, but in trade as
well.

Table 2. Means (%) and standard deviation (Sd) of selected
egg traits

Line
Traits Hy-Line Brown Messa 43

means +Sd means £Sd
Egg weight, g 62.4°+3.51 63.82+4.03
Egg length, mm 55.32+3.01 54.7°£2.05
Egg width, mm 449 £2.03 45.0 £1.87
Shape index 1.23 +£0.11 1.21£0.32
Shape index, % 81.2 £2.99 8224221

Means in groups marked with different letters differ significant-
ly:a,b— P <0.05.

Irrespective of the breed of hen, among the mor-
phological components the share of white was the
highest and that of the shell was the lowest, which is
in agreement with other studies (Banaszewska et al.,
2018; Biesiada-Drzazga and Janocha, 2009; Hrncar
et al., 2016; Roberts, 2004). The analysis of param-
eters of morphological components revealed statisti-
cal differences depending on the hen’s genotype (Ta-
ble 3). In a study by Kopacz and Drazbo (2018), eggs
from Lohmann Brown hens at the peak of laying per-
formance had a 25.0% share of yolk, 65.7% of white,
and 9.38% share of shell. In comparison, the eggs
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Table 3. Means (X) and standard deviation (Sd) of the pro-
portion of morphological components of eggs

Table 4. Means (i) and standard deviation (Sd) of white and
yolk pH and shell thickness

Line Line
Component Hy-Line Brown Messa 43 Parameter Hy-Line Brown Messa 43
means £Sd means +Sd means +£Sd means +Sd
Shell 11.56°+0.92 12.55*+1.02 pH of white 8.73:£0.14 8.21°+0.07
White 59.53*44.03 58.39°+3.21 pH of yolk 5.41 +£0.11 5.51+0.20
Yolk 28.86 +2.17 29.04 +£2.09 Shell thickness, mm  0.345°+0.01 0.311°+0.21

Means in groups marked with different letters differ significant-
ly: a,b—P <0.05.

tested in the present study had a higher share of yolk
and shell. A slightly higher proportion of yolk than in
the study by Kopacz and Drazbo (2018) was noted by
Krawczyk and Obrzut (2016) in hens covered by the
Gene-pool Protection Programme. The results of the
present study and others have confirmed the influence
of genotype on the parameters of the morphological
components of eggs (Biesiada-Drzazga and Janocha,
2009; Millet et al., 2006; Odabasi et al., 2007; Olawu-
mi, 2011; Suk and Park, 2001; Tdmowa et al., 2007).

Several physical and chemical processes begin af-
ter an egg is laid. Measurement of yolk and white pH
provides information about these processes and thus
about the egg’s freshness. After the egg is laid, the pH
of the albumen is about 8, while yolk pH is about 6
(Silversides and Budgell, 2004). The pH of the yolk
and white depends on storage conditions, e.g. humid-
ity and temperature. In the present study, the pH of the
white was statistically higher (P < 0.05) in the eggs of
Hy-Line Brown hens than Messa 43, while the yolk
pH was similar in both experimental groups (Table 4).
Eggs of higher weight collected from Messa 43 hens
had statistically thinner shells in comparison with Hy-
-Line Brown hens (Table 3). The shell thickness was
in the recommended range of 0.25-0.45 mm. Biesia-
da-Drzazga and Janocha (2009) report similar results
for Hy-Line Brown, but Hrnéar et al. (2016) noted
thicker shells and determined that this parameter was
influenced by the hen’s genotype. It should be noted
that shell thickness depends on genetic and environ-
mental factors, mainly diet (Biesiada-Drzazga et al.,
2014; Czaja and Gornowicz, 2006; Roberts, 2004; Van
Den Brand et al., 2004).
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Means in groups marked with different letters differ significant-
ly: a,b— P <0.05.

In the present study, no differences were noted in
the chemical composition of the yolk, including cho-
lesterol content, between Hy-Line Brown and Messa
43 hens (Table 5). According to Dziadek et al. (2003),
the content of dry matter in the yolk of laying hens
is 54.89-59.64%, which is higher than in our study.
Similar results to those of Dziadek et al. (2003) are
reported by Biesiada-Drzazga et al. (2014) for Green-
legged Partridge hens. The yolks had similar total

Table 5. Means (¥) and standard deviation (Sd) of the chem-
ical composition of the yolk and white

Line
Parameter Hy-Line Brown Messa 43

means +Sd means £Sd
Yolk
Dry matter 44.70 £3.02 43.8 £12.17
Total protein 15.74 +0.95 14.99 +0.37
Crude fat 1.68 £0.03 1.72 £0.20
Crude ash 27.02 +2.71 26.94 £1.83
Cholesterol, mg/g yolk 14.58 £0.25 14.93 £1.02
White
Dry matter 12.31#+0.75 11.33°+1.04
Total protein 11.632£1.21 10.53°+1.02
Crude ash 0.62 £0.01 0.70 +0.03

Means in groups marked with different letters differ significant-
ly:a,b— P <0.05.
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protein and crude fat content, so the hen’s genotype
did not affect the chemical composition of the egg
yolk in laying hens. On the other hand, analysis of the
chemical composition of eggs showed a significantly
higher content of dry matter and total protein in the
white of eggs laid by Hy-Line Brown hens compared
to Messa 45.

The yolk of a medium-sized egg contains about
200-215 mg of cholesterol, and according to Kijowski
et al. (2013), breeding and biological methods can be
used to reduce its content by as much as 30%. Similar
cholesterol content was noted in all analysed yolks.
The yolk of eggs from Hy-Line Brown hens contained
262.6 mg of cholesterol, compared to 276.6 mg for
Messa 43 hens. Sokotowicz et al. (2012) found similar
cholesterol content in egg yolks from Green-legged
Partridge hens, irrespective of their age. Cywa-Benko
and Krawczyk (2004) found the average cholesterol
content in 1 g of egg yolk from 19-45 week Leghorn
H22 hens to be 15.37 mg. The authors also found
that cholesterol content in egg yolk decreases with
the hen’s age. Research by Batkowska et al. (2019)
showed that the hen housing system affects choles-
terol content in egg yolks. The American Heart As-
sociation (AHA) recommends maximum cholesterol
intake of 300 mg in the human diet, irrespective of
it source (Kijowski et al., 2013). The results of the
present study showed no significant influence of the
hen’s genotype on cholesterol content in egg yolks.
According to Sim¢ic¢ et al. (2009), cholesterol content
in egg yolk is generally constant and does not change
with the hen’s age.

Eggs are a source of SFA and UFA, whose ratio
should be 2:1 (Kijowski et al., 2013). In the present
study, the genotype of the hen did not influence the fat-
ty acid profile of the yolk (Table 6). The proportion of
SFA in the yolks was 39.74-40.40%, while that of UFA
was 59.22-58.69%. Among unsaturated fatty acids,
the highest share was noted for C18:1 (40.17-41.12%)
and C18:2 (10.95-11.02%), which was in agreement
with results obtained by Hidalgo et al. (2008), Kiruba-
karan et al. (2011) and Sokotowicz et al. (2012). The
highest share of SFA in the present study was noted for
C16:0, which was also in agreement with the results
of the studies cited above. The results of the present
study show that in hens of the same age fed the same
diet, their genotype did not affect the fatty acid profile
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Table 6. Means (X) and standard deviation (Sd) of the pro-
portions of fatty acids in egg yolks

Line
Fatty acids Hy-Line Brown Messa 43
means +Sd means +Sd
Saturated
C12:0 0.04 £0.01 0.10+0.01
C14:0 0.54 £0.05 0.41 £0.02
C15:0 0.02 £0.01 0.09 £0.02
Cl16:0 30.98 +3.14 31.65+3.98
C17:0 0.04 £0.01 0.01 +£0.01
C18:0 8.12 +£1.00 8.14 £0.97
SFA 39.74 +4.86 40.40 +4.99
Unsaturated
Cl4:1 0.02 +0.01 0.07 £0.01
Cle:l 4.28 +£0.76 436 +0.21
C18:1 41.12 +4.03 40.70 £5.02
C18:2 10.95 +1.76 11.02 £1.04
C18:3 0.93 +0.02 0.45 +0.09
C20:4 1.94 £0.30 1.87 +£0.76
C20:5 0.04 +£0.01 0.02 +£0.01
UFA 59.22 +4.08 58.69 £5.02
Monounsaturated 45.40 £3.02 45.06 +4.32
Polyunsaturated 13.88 £2.12 13.63 £2.15
Other fatty acids 0.98 +0.04 0.91 +£0.07

in the yolk. The origin of hens was not found to affect
the proportions of monounsaturated and polyunsatu-
rated fatty acids in egg yolk.

CONCLUSIONS

Genotype significantly affected egg weight, and param-
eters of morphological components between flocks.

Eggs from Messa 43 hens had lower shell thick-
ness, higher egg weight between 35 and 45 week of
age, a higher percentage share of shell, and a lower
percentage share of white.
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Egg yolks and whites from Hy-Line Brown hens
had higher dry matter and total protein content in com-
parison with Messa 43 hens, but cholesterol content in
the yolks of eggs from both flocks was similar.

The fatty acid profile of the egg yolks was similar
irrespective of the origin of the hens.
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