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Abstract
In reproductive flocks of poultry it is very important to obtain a large number of eggs with nor-
mal structure, optimal morphological composition and interior quality. These elements have very 
significant influence on the biological value of the egg, which determines normal development 
of the embryo. The aim of the study was to analyse the physical characteristics, morphological 
composition and quality of individual components of the eggs of Cobb 500 broiler breeders during 
the first year of reproduction. The research material was hatching eggs (280 pcs), whose qual-
ity was assessed 7 times in the reproductive season at 5-week intervals. The eggs were examined 
when the hens were aged 26, 31, 36, 41, 46, 51 and 56 weeks (40 eggs for each age). The following 
characteristics were evaluated: egg weight (g); egg shape index (%); egg specific gravity (g/cm3); 
shell thickness (mm); average number of pores in the eggshell (pcs/0.25 cm2); yolk, white and shell 
weight (g) and their percentage in the egg mass; yolk index (%) and the number of Haugh units. 
The investigations proved that as the reproductive season of hens progressed, the weight of their 
eggs increased. Above all, this was due to the increase in the yolk weight, because its percentage in 
the egg weight rose with bird age, whereas the percentage of the white decreased. However, as the 
reproductive season progressed the quality of both the yolk and white deteriorated. No negative 
relationship between the age of hens and shell quality (weight, thickness) was observed. Only when 
the birds were aged 56 weeks, the shell thickness was found to be significantly smaller.
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In reproductive flocks of poultry it is very important to obtain a large number 
of eggs with normal structure, optimal morphological composition and interior 
quality. These elements have very significant influence on the biological value of 
the egg, which determines normal development of the embryo. As the hens’ age 
increases, the weight of their eggs is usually higher and the shape changes (the 
eggs become more elongated). On the other hand, Sahin et al. (2009) report the 
dependence between these characteristics and hatchability results. However, 
the white characteristics (index, Haugh units) and eggshell traits (weight, thick-
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ness or strength) deteriorate as the reproductive season progresses (Szczerbińska, 
1997; Van den Brand et al., 2004; Akyurek and Okur, 2009). A significant role 
of egg white quality in the embryogenetic process is also reported (Reijrink et 
al., 2008). Maintaining the normal white viscosity and elasticity may be neces-
sary for sufficient use of ovomucin by the developing embryo during incubation. 
However, studies show that as the laying season advances, some white character-
istics deteriorate (Nowaczewski et al., 2010). Coutts and Wilson (1990) observed 
successive reduction in the number of Haugh units in hen eggs, on average by  
1.5–2 pts per laying month. Similar results were obtained in Japanese quails (Now-
aczewski et al., 2010 a). In addition, the yolk index is also related to the strength of 
the vitelline membrane, which is an equally important component of the hatching 
egg (Reijrink et al., 2008).

The positive correlation between the number of hatchlings and shell thick-
ness and strength (Dohnal et al., 1986) can be explained by the fact that eggs with  
a thicker shell are less steam-permeable. This was proved by Arad and Marder 
(1982), Christensen (1983) and Bennett (1992), who obtained better hatchability in 
hens and turkeys from eggs with a thicker shell. On the other hand, Yilmaz and 
Bozkurt (2009) found significant deterioration in the shell characteristics as the 
age of laying hens increased. The authors observed lower shell thickness, strength 
and density in hens aged 80 weeks as compared with hens at the peak of lay (aged  
28 weeks). Furthermore, the influence of shell quality on hatchability results in Japa-
nese quails was proved by Khurshid et al. (2004). Some researchers also indicate 
that there is a relationship between hatchability results and egg specific gravity. For 
example, Dohnal et al. (1989) observed the existence of a significant positive cor-
relation between this characteristic and hatchability. As follows from the findings of 
Szczerbińska et al. (1996), the value of egg specific gravity decreased significantly 
with hen age.

Broiler breeders have a genetic inclination to higher feed consumption than lay-
ing hens, which often results in their excessive fatness. In consequence, the repro-
ductive indexes, especially the hatchability results, decrease. Therefore, it is impor-
tant to thoroughly investigate all components of this problem in those birds, together 
with a detailed analysis of egg quality, including the entire reproductive period. The 
literature provides the results of several studies concerning the influence of broiler 
breeder age on egg quality. However, usually the beginning and the end, and pos-
sibly the middle of the reproductive period are compared and there is no complex 
evaluation (Lapao et al., 1999; Tona et al., 2004; Cherian, 2008).

Therefore, the aim of the study was to analyse changes in egg structure, egg mor-
phological composition and quality of yolk, white and shell during the entire period 
of the first year of reproduction in broiler breeders.

Material and methods

The experimental material was hatching eggs of Cobb 500 broiler breeders. The 
birds were kept on bedding in a windowless house with a 15-hour daylight. The 
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hens began to lay eggs when they were aged 24 weeks and their mean body weight 
was about 2 kg. The reproductive period continued until the hens reached 60 weeks 
of age. During the reproduction the hens were fed with complete diets DJR 1 (from 
22 to 40 weeks of age) and DJR 2 (from 40 weeks of age until the end of investiga-
tion). The former diet contained 2750 kcal of metabolizable energy, 16.5% of crude 
protein and 2.8% of calcium per kilogram, whereas the latter contained 2730 kcal, 
16.0% and 3.0%, respectively.

The quality of randomly selected hatching eggs was assessed 7 times during the 
reproductive season at five-week intervals. The eggs were tested when the hens were 
aged 26, 31, 36, 41, 46, 51 and 56 weeks. Forty eggs in each week were selected for 
the analysis.

The following physical traits of the eggs were evaluated: 
– weight (g), with an accuracy of 0.01 g,
– shape index (%), calculated from the egg width to length ratio,
– specific gravity (g/cm3), using a set for the density determination of solids and 

liquids.
Besides, the following morphological traits and egg quality characteristics were 

measured:
– shell weight (g), with an accuracy of 0.01 g, and its percentage, 
– shell thickness (mm), with an accuracy of 0.001 mm by means of a micrometer 

screw gauge, 
– number of pores (per 0.25 cm2 eggshell surface), according to the method de-

veloped by Tyler (1953). The equator of the eggshell was chosen for analysis, 
– yolk weight (g), with an accuracy of 0.01 g and its percentage,
– yolk index (%), which was calculated according to the formula:  

Yolk index = yolk height (mm)/yolk width (mm) × 100,
– white weight (g), calculated by subtraction of the yolk and shell weight from 

the egg weight, followed by determination of the percentage of egg white.
Haugh units were calculated according to the formula (Williams, 1992):

JH = 100 log (H + 7.7 – 1.7 W0.37),

where:
H – thick white height,
W – egg weight.

Changes in the values of egg quality traits in relation to broiler breeder age were 
presented in the form of regression equations and were used to plot trait linear trend-
cycles. In order to clarify the effect of hen age on the values ​​of the analysed traits, 
linear trends were determined by first degree regression method according to the 
following model:

y = b0 + b1×1
where:
y – the phenotypic value of the analysed characteristics, 
b0, b1 – partial regression coefficients,
x1 – the age of hen.
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In order to determine the influence of bird age on the qualitative characteristics 
of eggs a one-way analysis of variance (ANOVA) was used. The significance of dif-
ferences in the mean values of egg characteristics between individual measurement 
times was verified by Fisher’s test. The statistical analysis was made by means of 
statistical package SAS® v. 9.1.

results

As the hens aged, the weight of their eggs increased significantly, on average 
by 2.5 g per 5 weeks preceding consecutive measurements (Figure 1). As far as the 
egg shape and egg specific gravity are concerned (Figure 2 and 3), significant reduc-
tions in the values of those characteristics were observed as the reproductive period 
progressed. The directional factor of the regression equation (b) for those values was 
–0.5 and –0.002, respectively.

Figure 1. Trend-cycle of egg weight in broiler breeders depending on weeks of age

Figure 2. Trend-cycle of egg shape in broiler breeders depending on weeks of age
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In consecutive weeks of hens’ age the weights of yolk and white increased sig-
nificantly by 1.3 and 1.1 g, respectively (Figures 4 and 7). When measuring the 
other yolk characteristics (Figures 5 and 6), as the reproductive period advanced 
a significant increase in the percentage of this morphological element in egg weight 
was observed with a simultaneous significant (P≤0.05) deterioration of yolk quality, 
as shown by the index. The directional factor value for this characteristic was –1.0. 
The significantly negative trend-cycle of the white percentage (Figure 8) indicates 
a decrease in the value of this trait with advancing reproductive period. Apart from 
that the significant and negative trend-cycle concerning the white quality (the 
number of Haugh units) also indicates deterioration of this characteristic with hen age 
(Figure 9).

Figure 3. Trend-cycle of egg specific gravity in broiler breeders depending on weeks of age

Figure 4. Trend-cycle of yolk weight in broiler breeder eggs depending on weeks of age

As far as the traits describing the shell and its quality are concerned (Figures 
10–13), the percentage (Figure 11) of this morphological element in the egg mass 
was proved to have significantly lower values with increasing hen age (b = –0.2). 
On the other hand, the shell weight was higher in the 56th than in the 26th week and 
the difference was 0.58 g (Figure 10). However, the trend-cycle was not statisti-
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cally significant. Also, no statistically significant reduction in the eggshell thickness 
was observed as hen age increased, although this characteristic exhibited a negative 
trend-cycle (Figure 12). The analysis of the results concerning the number of pores 
in the shell (Figure 13) of the eggs laid in individual periods, the birds’ lives did not 
reveal a statistically significant trend-cycle, where the directional factor was –0.16.

Figure 5. Trend-cycle of yolk content in broiler breeder eggs depending on weeks of age

Figure 6. Trend-cycle of yolk index in broiler breeder eggs depending on weeks of age

Figure 7. Trend-cycle of white weight in broiler breeder eggs depending on weeks of age
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Figure 8. Trend-cycle of white content in broiler breeder eggs depending on weeks of age

Figure 9. Trend-cycle of Haugh units in broiler breeder eggs depending on weeks of age

Figure 10. Trend-cycle of eggshell weight in broiler breeder eggs depending on weeks of age
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Figure 11. Trend-cycle of eggshell content in broiler breeder eggs depending on weeks of age

Figure 12. Trend-cycle of eggshell thickness in broiler breeder eggs depending on weeks of age

Figure 13. Trend-cycle of number of pores in broiler breeder eggs depending on weeks of age
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Discussion

Our research proved that the weight of eggs increased with hen age. However, 
this fact was due to the increasing weight of the yolk rather than white, whose pro-
portion in the egg mass decreased. Tona et al. (2004) observed that the weight of 
eggs laid by Cobb hens aged 35 and 45 weeks was 66.44 g and 70.56 g, respectively, 
and it was higher than in our experiment. On the other hand, Amem and Al-Daraji 
(2011) also made an experiment on Cobb 500 broiler breeders and proved that the 
weight of eggs laid by birds aged 51 and 56 weeks was smaller than our results. At 
both times the difference was about 6.6 g. However, similarly to our experiment, 
the authors observed a successive increase in egg weight (P≤0.05) as the hens grew 
older. In Hubbard Flex hens Adamski (2008) found similar tendencies expressed 
with the trend-cycle. He observed that the mean weight of eggs increased by about 
2.5 g within each three-week interval between consecutive egg quality tests.

As the age of the population of broiler breeders under investigation increased, 
the egg shape index decreased significantly, i.e. the eggs became more elongated. 
Adamski (2008) proved a reverse tendency in Hubbard Flex hens. Over 39 weeks 
of laying the author observed a positive trend-cycle of this characteristic, where the 
directional factor was 0.16. On the other hand, some researchers do not provide une-
quivocal results concerning changes in the egg shape during the reproductive season 
of other poultry species (González, 1995). However, the egg weight seems to be of 
key importance, because as it increases, the shape index decreases, i.e. eggs become 
more elongated (Nowaczewski et al., 2010 b; Kontecka et al., 2011). This fact is also 
confirmed by the observations of negative coefficients of correlation between those 
characteristics (Kul and Seker, 2004; Nowaczewski et al., 2008).

The egg specific gravity may be a good indicator of the shell quality. The value 
of this trait was proved to decrease along with the decrease in the shell thickness 
(Dohnal et al., 1988; Szczerbińska, 1997). It is related to bird age. Amem and Al-
Daraji (2011) point to a similar dependence in the eggs of broiler breeders. When the 
hens were aged 54, 58 and 62 weeks, the values of those characteristics were 1.081 
and 375, 1.077 and 344, and 1.060 g/cm3 and 320 μm, respectively. Although in our 
research we found a successive and significant reduction in the egg specific gravity 
as the reproductive period progressed, we did not observe significant changes in the 
shell thickness. An exception to the rule was the 56th week when the hens laid eggs 
with the thinnest shells and lowest specific gravity. These results are confirmed by 
the findings of Pirsaraei et al. (2011), who compared egg specific gravity in Ross 308 
hens aged 22, 34, 48 and 58 weeks. The authors did not observe statistically signifi-
cant differences and the value of this trait ranged between 1.065 and 1.075 g/cm3. 
Probably this fact significantly influences the achievement of good and comparable 
results of hatchability by those hens during the entire reproductive period. Abuda-
bos (2010) proved that Cobb 500 broiler breeders were characterized by a similar  
egg weight loss at selected periods of incubation (days 7, 14 and 19) when the eggs 
were laid by birds aged 26 and 44 weeks. The author compared younger and older 
birds and did not prove the influence of their age on hatchability from fertilized 
eggs.
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Pirsaraei et al. (2011) found that eggs from older broiler breeders (aged 58 weeks) 
were characterized by higher yolk weight and lower white weight, by 1.25 g on av-
erage as compared with birds in the initial period of egg laying (22 weeks of age). 
Adamski (2008) obtained slightly different results in broiler breeders. For both of the 
mentioned characteristics he observed a positive trend-cycle, where the directional 
factor of linear regression was 0.65 and 1.27, respectively. The reduction in the yolk 
index value with advancing reproduction may indicate deterioration of its quality. 
The results of studies on broiler breeders made by Amem and Al-Daraji (2011) also 
provide unequivocal results. The authors found a higher yolk height value (best yolk 
quality) in birds aged 58 weeks, as compared with the age of 54 and 62 weeks.

The mean number of Haugh units obtained in our experiment was about 10.2 
points higher than that observed by Amem and Al-Daraji (2011) for the same broiler 
breeders (Cobb 500) of the same age. However, a significant reduction in the value 
of this trait with bird age was observed (b = –1.6). Tona et al. (2004) and Lapao et 
al. (1999) proved similar tendencies. They observed successive deterioration of the 
white quality as the reproductive season of hens progressed.

The literature does not provide many results of studies with age-dependent analy-
ses of changes in the number of pores in the eggshell of broiler breeders. The results 
obtained in our research are not unequivocal and do not point to the dependence 
between this characteristic and bird age. The number of pores was proved to be the 
lowest in the shell of eggs laid at the beginning (26 weeks of age) and at the end 
(46–56 weeks of age) of the laying period. On the other hand, Peebles and Brake 
(1987) observed a successive decrease in the value of this characteristic until broiler 
breeders reached 60 weeks of age. Szczerbińska (1997) noted a decreasing number 
of pores in the shell of eggs laid by laying hens (Rhode Island Red) only when they 
were aged between 32 and 44 weeks. According to Tullett (1984), a reduced number 
of pores in the shell and, as a consequence, limited loss of water from the egg, is  
a method used by laying hens to adjust to unfavourable climatic conditions. There-
fore, it seems that the environmental conditions (temperature and humidity) rather 
than bird age will strongly influence the number of pores in the eggshell.

The present research proved that as the reproductive season of broiler breeders 
progressed, the weight of their eggs increased. This fact was mainly due to the in-
creasing yolk weight, because its percentage in the egg mass increased with bird age, 
whereas the percentage of the white decreased. However, the quality of both the yolk 
and white deteriorated as the reproductive season advanced. No negative correlation 
between hen age and shell quality was observed, because its thickness was proved to 
be significantly lower only when the birds were aged 56 weeks.
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Analiza zmian jakości jaja kur mięsnych w czasie pierwszego okresu reprodukcji 

streszczenie

W stadach reprodukcyjnych drobiu bardzo ważne jest uzyskanie dużej liczby jaj o prawidłowej 
budowie, optymalnym składzie morfologicznym i jakości treści. Elementy te wpływają bowiem bar- 
dzo istotnie na wartość biologiczną jaja, która determinuje z kolei prawidłowy rozwój w nim zarodka. 
Celem pracy była analiza zmian cech fizycznych, składu morfologicznego oraz jakości poszczególnych 
składników jaj kur mięsnych Cobb 500 w pierwszym roku użytkowania reprodukcyjnego. Materiał do 
badań stanowiły jaja wylęgowe (280 szt.), których ocenę jakości przeprowadzono 7 razy w sezonie 
reprodukcyjnym, w odstępach 5 tygodniowych. Terminy badania jaj przypadały na 26., 31., 36., 41., 
46., 51. i 56. tydzień życia kur. Jednorazowo do badań wybrano 40 jaj. Oceniono następujące cechy 
jaj: masę (g); indeks kształtu (%); masę właściwą (g/cm3); grubość skorupy (mm); średnią liczbę porów  
w skorupie (szt./0,25 cm2); masę żółtka, białka i skorupy (g) oraz ich procentowy udział w masie jaja;  
indeks żółtka (%) a także liczbę jednostek Haugha. Przeprowadzone badania wykazały, iż w miarę 
upływu sezonu reprodukcyjnego kur mięsnych zwiększała się masa znoszonych jaj, co było przede 
wszystkim wynikiem zwiększającej się masy żółtka, bowiem procentowy jego udział w masie jaja 
zwiększał się wraz z wiekiem ptaków, a białka malał. Przy czym jednocześnie jakość żółtka jak i białka, 
w miarę upływu sezonu reprodukcyjnego, pogarszała się. Nie zaobserwowano negatywnej zależności 
między wiekiem kur a jakością skorupy (masą, grubością), jedynie istotnie mniejszą grubość stwier- 
dzono dopiero w 56. tygodniu życia ptaków.  
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