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ABSTRACT: The aim of the study was to evaluate egg shell quality characteristics, mineral content in the egg 
shell, and serum mineral concentration during the egg formation process as influenced by oviposition time 
and ambient temperature at the beginning and end of the laying cycle in laying hens and broiler breeders. 
Egg shell quality deteriorated significantly at the higher temperature and was lower in broiler breeders than 
in laying hens. The Ca (P = 0.047) and P (P = 0.018) contents of the egg shell were significantly higher at the 
higher temperature. The highest (P = 0.028) shell Ca content (352 g/kg) was in eggs laid in the morning, but 
the highest P (P = 0.030; 1.43 g/kg) and Mg (P = 0.001; 3.88 g/kg) contents were in eggs laid in the afternoon. 
Broiler breeder egg shells contained significantly more P (P = 0.004) and Mg (P = 0.001) than did those from 
laying hens. Serum Ca and P levels remained constant throughout the day whereas serum Mg and Zn levels 
decreased, the rate of decrease in Zn content being the same in all treatments, but with the amounts being 
greater in laying hens than broiler breeders. The results demonstrate that shell quality characteristics are more 
severely affected by different factors implemented in this trial compared to the shell mineral composition and 
especially compared to the serum mineral content.
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INTRODUCTION

Hens lay eggs in sequences, the length of which 
varies over the age of the hen both within and 
between the various types of chicken (Johnston 
and Gous 2007). In commercial laying hens the 
sequences are long, while in broiler breeders they 
are mostly short, of 3–4 eggs (Gumulka and Kap-
kowska 1996). In both types, the laying pattern is 
similar: the first egg in the sequence is laid in the 
morning and the last is laid late in the afternoon. 
Ovulation times may be estimated from oviposition 
times. Internal ovulations take place at random, 
further disrupting oviposition sequences. All these 
events are influenced by the age of bird, the strain, 
level of nutrition, and other environmental factors 

(Johnston and Gous 2006, 2007). Lewis et al. (2004) 
reported that in commercial crossbred laying hens 
the mean oviposition time was by about 1 h ear-
lier in comparison with broiler breeders. Zakaria 
et al. (2005) reported that as a flock was ageing, 
the eggs were laid later in the day. Oviposition 
time may also be affected by heat stress which 
reduces reproductive performance of laying hens 
by interrupting egg production (Franco-Jimenez 
et al. 2007). In this case, the effect of heat stress 
is connected with the disruption of hormones 
responsible for ovulation (Novero et al. 1991).

Egg shell quality is an important economic factor 
for producers, being affected by time of oviposition 
(Pavlovski et al. 2000; Tumova and Ebeid 2005; 
Gumulka et al. 2010), age of hen (Silversides and 
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Scott 2001; Campo et al. 2007), genotype (Silver-
sides and Scott 2001; Tumova et al. 2007), and 
environmental temperature (Franco-Jimenez et 
al. 2007; Sahin et al. 2009; Ajakaiye et al. 2011). 
Most of these factors do not act independently: 
interactions are described between oviposition 
time and age (Campo et al. 2007; Tumova and 
Ledvinka 2009), between oviposition time and 
genotype (Tumova et al. 2007, 2009), and between 
genotype and temperature (Franco-Jimenez et al. 
2007). Egg shell quality may depend also on its 
trace mineral content: Waddell et al. (1991) found 
that eggshells from laying hens fed less than the 
recommended level of magnesium (400 mg Mg/
kg food) were thinner than those receiving suf-
ficient magnesium. In all cases, magnesium was 
incorporated into the developing shell only in 
regions of high organic content. They suggested 
that magnesium distribution would alter with age, 
and Cusack et al. (2003) confirmed this. However, 
heat stress increases mineral excretion (El Huseiny 
and Creger 1981) and decreases serum mineral 
content (Sahin et al. 2009). 

It seems clear that a combination of many factors 
may positively or negatively affect all aspects of egg 
quality. The objective of the study was to examine 
egg quality parameters with special attention being 
paid to egg shell characteristics, mineral content 
in the shell, and serum mineral concentration as 
influenced by oviposition time and ambient tem-
perature in laying hens and broiler breeders at the 
beginning and end of their laying cycle. 

MATERIAL AND METHODS

Design of the experiment. In total, 96 birds were 
used in the experiment which lasted 7 weeks. Birds 
were placed into four environmental chambers 
with controlled temperature. In two chambers 
the temperature was maintained at 20°C and in 
the other two, at 28°C. In each chamber 24 birds 
were housed in individual cages, 12 of which were 
Lohmann Brown laying hens, six being 22 weeks 
of age, and the other six being 83 weeks old at 
the beginning of the experiment. The remaining 
12 birds in each chamber were Cobb 500 broiler 
breeder hens, six of which were 36 weeks old, and 
the other six 64 weeks of age at the beginning of 
the experiment. The lighting regime used consisted 
of 14 h light and 10 h darkness, with lights being 
turned on at 05:00 h and off at 19:00 h. Laying hens 
were given a commercial laying feed ad libitum 

(174 g/kg crude protein (CP), 11.65 MJ metaboliz-
able energy (ME), 32.6 g/kg Ca, 4.8 g/kg P, 2.3 g/kg 
Mg, and 168 ppm Zn). Broiler breeders received 
160 g of a high protein broiler breeder feed daily 
(174 g/kg CP, 11.31 MJ ME, 32.8 g/kg Ca, 5.0 g/kg P,  
2.3 g/kg Mg, and 180 ppm Zn).

Blood and egg sampling. The objective here 
was to measure mineral contents in the serum 
from each hen during the shell formation process 
and then to analyze the egg that was subsequently 
laid. In order to collect blood samples during the 
time of shell formation, the time of oviposition 
had to be predicted. This was done by collecting 
eggs and recording the egg production at 2-hour 
intervals for three days prior to blood sampling so 
that the ovulation sequence of each bird could be 
determined. Hens were divided into three groups 
according to their expected oviposition times, 
namely: morning (those laying before 07:30 h), 
midday (those laying from 07:30 till 11:30 h), and 
afternoon (hens laying from 11:30 till 15:30 h), and 
blood samples were collected from three hens of 
each strain from each chamber and from each group 
at 7:30 h, 11:30 h, and 15:30 h. Over a period of 
3 weeks, blood samples were taken from 12 birds 
per strain, age, temperature, and oviposition time, 
being 288 samples in total. Selected birds were 
bled from a wing vein with a frequency of no less 
than once a week. 

Eggs for shell quality measurements were col-
lected on the day of blood collection from the 
birds sampled. 

Blood and egg analyses. Biochemical parameters 
analyzed in serum were calcium, phosphorus, 
magnesium, and zinc. Minerals were determined 
photometrically by a Libra S 22 spectrophotometer 
(Biochrom Ltd., Cambridge, UK) using stand-
ard commercial kits (Randox Laboratories Ltd., 
Crumlin, UK).

Eggs were weighed individually on the day of 
collection. Egg shell strength was measured us-
ing a tensometer (Loadtech Loadcells (Pty) Ltd., 
Centurion, South Africa). The shell weight was 
determined by a method described by Skrivan et 
al. (2013). Shell thickness was evaluated by taking 
the mean of three measurements in the equa-
torial region using a micrometer (Mitutoyo UK 
Ltd., Andover, UK). After completing the physical 
measurements, shells were analyzed for calcium, 
phosphorus, magnesium, and zinc content. Calcium 
and phosphorus were determined by a method 
described by Englmaierova et al. (2013). AOAC 
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(2005) procedures were used to determine CP, 
magnesium, and zinc in feed mixtures and egg 
shells. Mineral elements were analyzed using a 
Varian ICP spectrophotometer (Varian, Inc., Palo 
Alto, USA).

Statistical analysis. Data collected during the 
experiment were analyzed using the general analysis 
of variance in GenStat (Version 12.0, 2009) software 
with four-way interactions between age, temperature, 
time of oviposition, and hen type. The change in the 
serum mineral content over the three collection 
periods during the day to the factors investigated in 
the trial was measured using simple linear regression 
(GenStat software), the groups being age, oviposition 
time, strain, and temperature.

RESULTS 

In only one case (temperature × oviposition time 
influencing the Mg content of the shell) a statisti-
cally significant interaction between two factors 
that influenced the physical or chemical composi-
tion of the egg shell was detected. Otherwise there 
were insignificant 2-, 3- or 4-way interactions in 
any of the variables measured on the egg shell in 
this experiment, hence only the main effects are 
displayed in Tables 1 and 2, together with the 
P-values for each of the main effects and interac-
tions. Egg shell quality measurements are given 
in Table 1. These include shell weight, which was 
lower (P = 0.027) in eggs produced at 28°C than 

Table 1. Main effects of strain, age, temperature, and oviposition time on eggshell quality with P-values for main ef-
fects and interactions

Factor Treatment Shell weight (g) Shell thickness (mm) Shell strength (kg/cm2)

Strain
layer 7.05 0.31a 3.74a

breeder 7.40 0.30b 3.13b

SEM 0.19 0.006 0.14

Age
young 6.76b 0.31 3.60a

old 7.74a 0.31 3.33b

SEM 0.19 0.006 0.14

Oviposition time

07:30 7.32 0.30 3.55
11:30 7.11 0.30 3.38
15:30 7.19 0.32 3.46
SEM 0.24 0.007 0.18

Temperature (°C)
20 7.45a 0.32a 3.61a

28 6.96b 0.30b 3.32b

SEM 0.19 0.006 0.14
Strain 0.103 0.005 0.001
Age 0.001 0.873 0.031
Oviposition 0.769 0.487 0.163
Temperature 0.027 0.002 0.020
Temperature × age 0.166 0.652 0.775
Temperature × oviposition 0.358 0.486 0.940
Age × oviposition 0.750 0.404 0.645
Temperature × strain 0.345 0.387 0.707
Age × strain 0.372 0.302 0.208
Oviposition × strain 0.882 0.481 0.097
Temperature × age × oviposition 0.234 0.987 0.304
Temperature × age × strain 0.879 0.407 0.568
Temperature × oviposition × strain 0.760 0.976 0.763
Age × oviposition × strain 0.626 0.509 0.192
Age × oviposition × temperature × strain 0.951 0.807 0.837

a,bstatistically significant differences (P ≤ 0.05) within columns are indicated by different superscripts
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at 20°C, and which increased (P = 0.001) with hen 
age. At the higher temperature, shell thickness 
decreased (P = 0.002) compared to that at 20°C 
and the eggs laid by the commercial layers had 
thicker (P = 0.005) shells than those from broiler 
breeders. Egg shell strength (P = 0.020) declined 
at the higher temperature and with advancing age 
(P = 0.031) and was lower in broiler breeders (P = 
0.001) than in commercial layers. 

Of the minerals measured in the egg shell, only 
Zn content was unaffected by the evaluated factors 
(Table 2). Calcium content was higher (P = 0.047) 
in shells of eggs laid at the higher temperature and 
was the highest in eggs laid in the morning (P = 
0.028). Similarly, shell P content was higher (P = 

0.018) in eggs laid at 28°C but unlike Ca, it was 
higher (P = 0.030) in eggs laid in the afternoon. 
Phosphorus content was also affected by hen type, 
with lower (P = 0.004) amounts being deposited in 
shells from laying hens than from broiler breed-
ers. Advancing age increased (P = 0.025) the Mg 
content of the shell as did the time of oviposition, 
with the highest (P = 0.001) content being in the 
shells of eggs laid in the afternoon while the lowest 
Mg content was in the shells of eggs laid at midday. 
The Mg content was lower (P = 0.001) in shells of 
eggs laid by commercial layers than in those from 
broiler breeders. A significant two-way interaction 
(P = 0.008) was measured between temperature 
and oviposition time: Mg content was lower in 

Table 2. Main effects of strain, age, oviposition time, and temperature on shell calcium, phosphorus, magnesium, and 
zinc contents, with P-values for main effects and interactions

Factor Treatment Ca (g/kg) P (g/kg) Mg (g/kg) Zn (ppm)

Strain
layer 344 1.17b 3.32b 4.82
breeder 350 1.36a 3.98a 4.23
SEM 0.32 0.007 0.008 0.355

Age
young 346 1.30 3.55b 4.30
old 347 1.20 3.68a 4.84
SEM 0.32 0.007 0.008 0.423

Oviposition time

07:30 352a 1.20b 3.56b 4.88
11:30 344b 1.21b 3.51c 4.08
15:30 342b 1.43a 3.88a 4.69
SEM 0.40 0.009 0.009 0.448

Temperature (°C)
20 343b 1.18b 3.55 4.65
28 351a 1.34a 3.67 4.46
SEM 0.32 0.007 0.008 0.352

Strain 0.282 0.004 0.001 0.104
Age 0.662 0.351 0.025 0.357
Oviposition 0.028 0.030 0.001 0.098
Temperature 0.047 0.018 0.109 0.525
Temperature × age 0.532 0.686 0.229 0.566
Temperature × oviposition 0.091 0.959 0.008 0.132
Age × oviposition 0.549 0.897 0.857 0.625
Temperature × strain 0.337 0.358 0.114 0.731
Age × strain 0.091 0.764 0.083 0.163
Oviposition × strain 0.833 0.293 0.158 0.292
Temperature × age × oviposition 0.300 0.788 0.184 0.750
Temperature × age × strain 0.778 0.510 0.322 0.458
Temperature × oviposition × strain 0.129 0.907 0.495 0.858
Age × oviposition × strain 0.440 0.985 0.469 0.304
Age × oviposition × temperature × strain 0.919 0.535 0.617 0.709

a,bstatistically significant differences (P ≤ 0.05) within columns are indicated by different superscripts
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shells of eggs laid at 20°C with the lowest value 
in eggs laid at midday, whereas at 28°C the low-
est Mg content was in eggs laid in the afternoon.

The factors investigated in this trial had only 
minor effects on serum mineral contents during 
the time of shell formation (Table 3) as meas-
ured at three times during the day. Serum Ca 
content remained constant throughout the day, 
being unaffected by all factors other than strain: 
laying hens had higher serum Ca contents than 
broiler breeders (4.37 vs 3.98 mmol/l). Serum P 
concentrations also remained constant throughout 
the day, with overall mean contents differing only 
with age: in this case, higher serum P contents oc-
curred in older hens (1.98 vs 1.76 mmol/l). Serum 
Mg content decreased (–0.045 ± 0.020 mmol/l at 
each sampling after the early morning sampling) 
with the slope remaining the same for all factors, 
although the constant term differed significantly 
between the strains. Mean serum Mg content 
was higher in laying hens than in broiler breed-
ers (1.57 vs 1.37 mmol/l). In the case of serum Zn 
contents, significant differences in mean content 
were evident between strains (laying hens having 
a mean content of 94.3 ppm and broiler breeders 
of 73.7 ppm) and between oviposition times (89.7, 
81.3, and 80.5 µmol/l for the three times, respec-
tively) but in all cases the change in content over 
time remained the same (–6.11 ± 2.22 µmol/l for 
each sampling).

DISCUSSION

Egg shell parameters are mainly related to ambi-
ent temperature, and heat stress caused all shell 
characteristics to deteriorate. Poorer egg shell 
quality in birds under heat stress may be related 
to the lower feed consumption observed (Tumova 
and Gous 2012a) resulting in a lack of minerals 
for egg shell formation and acid-base imbalance. 
Reduced shell weight in eggs at higher ambient 
temperatures has been reported by Roberts (2004), 
Franco-Jimenez et al. (2007), and Ogutunji and 
Alabi (2010) who also reported lower egg shell 
thickness and strength at high temperatures. Age 
is the other main factor which negatively affects 
shell quality. In this experiment shell weight in-
creased and shell strength declined with age. These 
two characteristics are negatively correlated and 
relate to egg size and shell surface area (Tumova 
and Ledvinka 2009). There were also significant 
differences in egg shell thickness and strength 

between laying hens and broiler breeders. This 
result was presumably the result of contrasting 
egg sizes in layers and broiler breeders which 
corresponds with our previous findings in laying 
hens where we detected correlations between egg 
size and thickness (r = 0.85) and between shell 
thickness and strength (r = 0.47) (Tumova and 
Ledvinka 2009). 

Shell strength is one of the most important exter-
nal quality parameters of an egg, usually dependent 
on egg shell proportion and thickness. Differences 
in egg shell physical parameters are dependent, 
among other factors, on the rate and extent of 
mineral deposition in the egg shell. Shell calcium 
content was higher in eggs from hens kept at the 
higher temperature, this result corroborating with 
that of Cusack et al. (2003) who explained this by 
demonstrating that calcium carbonate precipitation 
is more rapid at higher temperatures. It is possi-
ble that the higher calcium deposition rate at the 
high temperature caused larger crystals to form 
resulting in poorer egg shell strength: Ahmed et 
al. (2005) stated that material with smaller crystal 
size is more solid and is therefore consistent with 
stronger shells. This assumption may be supported 
by the shell index measurement which incorporates 
crystal size and shell density. In this experiment, 
the shell index was lower in eggs laid at the higher 
temperature (9.9 at 20°C vs 9.5 at 28°C) (Tumova 
and Gous 2012b). Time of oviposition was the 
second main factor affecting shell Ca content with 
the highest shell Ca content measured in eggs laid 
in the morning. This situation may be explained 
by the dynamic model of Ca flow (Kebreab et al. 
2009) which shows higher rates of Ca deposition 
during the dark period. The effect of temperature 
on the shell P content was similar to that with Ca, 
the P content being significantly higher in eggs 
laid at the higher temperature. It can be assumed 
that the shell P content is closely related to the 
Ca content, as described by Kebreab et al. (2009). 

The shell P content was the highest in eggs laid 
in the afternoon which is in agreement with Hester 
(1986) who also determined a higher P content in 
the afternoon eggs. Dennis et al. (1996), Cucsak et 
al. (2003), Ogawa et al. (2004) assume that P pos-
sibly continues to be deposited until calcification 
is terminated. We could think of no explanation 
for the difference in the shell P content in eggs 
from broiler breeders and laying hens.

Shell Mg content was unaffected by ambient 
temperature but it was significantly higher in 
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eggs from older hens as reported by Waddell et al. 
(1991), who suggested that magnesium distribu-
tion would also alter with increasing bird age, by 
Cusack et al. (2003), who revealed a greater increase 
in magnesium content in the outer region of egg 
shells from older birds, and by Yair and Uni (2011), 
who assumed that layer age-related changes occur in 
shell mineral composition. This higher Mg content 
in older hens is the more interesting because there 
were no differences in egg shell thickness between 
young and old birds. Ogawa et al. (2004) described 
a linear increase in the shell Mg content throughout 
the period during which the egg remained in the 
uterus which corresponds with the significantly 
higher shell Mg content in eggs laid in the afternoon. 
These observations support the role played by Mg 
in birds of prolonging the time of the egg forming 
in the shell gland which results in thicker shells. As 
with the shell P content, the shell Mg content was 
higher in broiler breeders than in laying hens. How-
ever, in spite of this, the shells of broiler breeders 
were weaker than those of laying hens, but there are 
many factors other than Mg content that influence 
shell strength. Afternoon eggs contained more Mg 
compared to eggs laid earlier which corresponds 
with Hester (1986). The author suggested that eggs 
laid in the afternoon are more efficient in absorbing 
and utilizing minerals. None of the evaluated fac-
tors affected shell Zn content, which was very low 
in all eggs. Skrivan et al. (2005) revealed that shell 
Zn content was marginally influenced by diet and 
that the retention of dietary Zn in egg shell was in 
the range of 0.28–0.67%. 

Serum Ca content remained constant throughout 
the day (Table 3), these results being in accordance 
with Clunies et al. (1993) who reported constant plas-
ma-Ca concentrations 1–6, 6–12, 12–18 or 18–24 h 
post oviposition. Similarly, Gunaratne and Boorman 
(1996) could measure no significant trends in plasma 
Ca during the day. The serum Ca content was the 
same at both ages which is in contrast with Brackpool 
et al. (1996), Suchy et al. (2004), Gyenis et al. (2006), 
and Pavlik et al. (2009) who demonstrated a gradual 
decrease in plasma Ca with age. However, differences 
in serum Ca between laying hens and broiler breeders 
were the same as reported by Suchy et al. (2004) who 
described highly significantly lower plasma Ca levels 
in broiler breeders than in egg type hens. Serum P 
content also remained constant throughout the day 
(Table 3) irrespective of treatment, although older 
birds had higher serum P contents than younger 
hens. Higher plasma P levels have been reported by 

Suchy et al. (2004) in laying hens at the end of the 
laying cycle but these results are in contrast to those 
of Eren et al. (2004) and Pavlik et al. (2009) where 
plasma P content was higher at the beginning of the 
laying cycle. Gunaratne and Boorman (1996) and 
Boorman and Gunaratne (2001) reported a negative 
relationship between plasma P level and egg shell 
weight in the early eggs in the sequence, but we did 
not take into account the sequence number of eggs 
in our trial. 

Serum Mg levels decreased at the same rate during 
the day (–0.045, Table 3) irrespective of treatment, 
but the content was higher in younger hens. Pavlik 
et al. (2009) described plasma Mg levels increasing 
till 47 weeks of age and subsequently decreasing to 
75 weeks of age, our results corroborating with this 
report. Serum Zn contents also decreased during the 
day irrespective of treatment (Table 3) but in this 
case the levels were significantly different between 
strains. Broiler breeders had lower Zn levels com-
pared to laying hens (73.7 vs 94.3 µmol/l) and the 
Zn content decreased with oviposition time (89.7, 
81.3, and 80.5 µmol/l, respectively) but this could 
be due to the confounding effect with the time of 
collection. Nys et al. (2001) pointed out that Zn is 
a component of the carbonic anhydrase enzyme 
which is crucial for supplying carbonate ions during 
the egg shell formation. Inhibition of this enzyme 
results in a lowered bicarbonate ion secretion and, 
consequently, a greatly reduced egg shell weight. 

In conclusion, these results demonstrate that shell 
quality characteristics are more severely affected 
by the different factors implemented in this trial 
compared to shell mineral composition and espe-
cially compared to serum mineral content. The data 
collected also confirmed the relationships between 
shell quality, shell mineral composition, and serum 
mineral concentration. It appears that time of ovi-
position plays an important role not only in egg 
quality, which is widely described in literature, but 
also in shell mineral composition. 

Acknowledgement. The authors would like to 
thank Marianne Hundley for help with egg shell 
quality analyses and Susan van Malsen for mineral 
analyses.

REFERENCES 

Ahmed A.M., Rodriguez-Navarro A.B., Vidal M.L., Gautron 
J., Garcia-Ruiz J.M., Nys Y. (2005): Changes in eggshell 
mechanical properties, crystallographic texture and in 



442

Original Paper Czech J. Anim. Sci., 59, 2014 (9): 435–443

matrix proteins induced by moult in hens. British Poultry 
Science, 46, 268–279.

Ajakaiye J.J., Cuesta-Mazorra M., Garcia-Diaz J.R. (2011): 
Vitamins C and E can alleviate adverse effects of heat 
stress on live weight and some egg quality profiles of layer 
hens. Pakistan Veterinary Journal, 31, 45–49.

AOAC (2005): Official Methods of Analysis of AOAC Inter-
national. 18th Ed. AOAC International, Gaithersburg, USA. 

Boorman K.N., Gunaratne S.P. (2001): Dietary phosphorus 
supply, egg-shell deposition and plasma inorganic phos-
phorus in laying hens. British Poultry Science, 42, 81–91.

Brackpool C.E., Roberts J.R., Balnave D. (1996): Blood elec-
trolyte status over the daily laying cycle and the effect of 
saline drinking water on the availability of calcium in the 
blood for eggshell formation in the laying hen. Journal of 
Animal Physiology and Animal Nutrition, 75, 214–225.

Campo J.L., Gil M.G., Davila S.G. (2007): Differences among 
white-, tinted-, and brown-egg laying hens for incidence 
of eggs laid on the floor and for oviposition time. Archiv 
für Geflügelkunde, 71, 105–109.

Clunies M., Etches R.J., Leeson S. (1993): Blood, intestinal 
and skeletal calcium dynamics during egg formation. 
Canadian Journal of Animal Science, 73, 517–532.

Cusack M., Fraser A.C., Stachel T. (2003): Magnesium and 
phosphorus distribution in the avian eggshell. Compara-
tive Biochemistry and Physiology, Part B, 134, 63–69.

Dennis J.E., Xiao S.Q., Agarwal M., Fink D.J., Heuer A.H., 
Caplan A.I. (1996): Microstructure of the matrix and min-
eral components of eggshells from white leghorn chickens 
(Gallus gallus). Journal of Morphology, 228, 287–306.

El Husseiny O., Creger C.R. (1981): Effect of ambient tem-
perature on mineral retention and balance of the broiler 
chicks. Poultry Science, 60 (Suppl. 1), 651. 

Englmaierova M., Skrivan M., Bubancova I. (2013): A com-
parison of lutein, spray-dried Chlorella, and synthetic 
carotenoids effects on yolk colour, oxidative stability, and 
reproduction performance of laying hens. Czech Journal 
of Animal Science, 58, 412–419.

Eren M., Uyanik F., Kucukersan S. (2004): The influence of 
dietary boron supplementation on egg quality and serum 
calcium, inorganic phosphorus, magnesium levels and 
alkaline activity in laying hens. Research of Veterinary 
Science, 76, 205–210.

Franco-Jimenez D.J., Scheideler S.E., Kittok R.J., Brown-
Brandl T.M., Robeson L.R., Taira H., Beck M.M. (2007): 
Differential effects of heat stress in three strains of laying 
hens. Journal of Applied Poultry Research, 16, 628–634.

Gumulka M., Kapkowska E. (1996): Oviposition rhythm 
in broiler breeders. Roczniki Naukowe Zootechniki, 24, 
99–110. (in Polish)

Gumulka M., Kapkowska E., Maj D. (2010): Laying pattern 
parameters in broiler breeder hens and intrasequence 

changes in egg composition. Czech Journal of Animal 
Science, 55, 428–435.

Gunaratne S.P., Boorman K.N. (1996): Egg-shell deposition 
and blood plasma inorganic phosphorus concentration 
in individual laying hens. British Poultry Science, 37, 
213–222.

Gyenis J., Suto Z., Romvari R., Horn P. (2006): Tracking 
the development of serum biochemical parameters in 
two laying hen strains – a comparative study. Archiv für 
Tierzucht, 49, 593–606. 

Hester P.Y. (1986): Shell mineral content of morning versus 
afternoon eggs. Poultry Science, 65, 1821–1823. 

Johnston S.A., Gous R.M. (2006): Modelling egg production 
in laying hens. In: Gous R.M., Morris T.R., Fisher C. (eds): 
Mechanistic Modelling in Pig and Poultry Production. 
CAB International, Wallingford, UK, 188–208. 

Johnston S.A., Gous R.M. (2007): Extent of variation within 
a laying flock: attainment of sexual maturity, double-
yolked and soft-shelled eggs, sequence lengths and con-
sistency of lay. British Poultry Science, 48, 609–616.

Kebreab E., France J., Kwakkel R.P., Leeson S., Darmani 
Kuhi H., Dijkstra J. (2009): Development and evaluation 
of a dynamic model of calcium and phosphorus flows in 
layers. Poultry Science, 88, 680–689.

Lewis P.D., Backhouse D., Gous R.M. (2004): Photoperiod 
and oviposition time in broiler breeders. British Poultry 
Science, 45, 561–564.

Novero M.P., Beck M.M., Gleaves E.W., Johnson A.I., Des-
hazer J.A. (1991): Plasma progesterone, luteinizing hor-
mone concentrations and granulose cell responsiveness 
in heat-stressed hens. Poultry Science, 70, 2335–2339.

Nys Y., Gautron J., McKee M.D., Garcia-Ruiz J.M., Hincke 
M. (2001): Biochemical and functional characterization of 
eggshell matrix proteins. World’s Poultry Science Journal, 
57, 401–403. 

Ogawa H., Uchara M., Kuwayama T., Kawashima M., Tanaka 
K. (2004): Changes in calcium, magnesium and phospho-
rus contents of eggshell during stay in oviduct uterus in 
the guineafowl and the chicken. Journal of Poultry Sci-
ence, 41, 236–240.

Oguntunji A.O., Alabi O.M. (2010): Influence of high en-
vironmental temperature on egg production and shell 
quality: a review. World’s Poultry Science Journal, 66, 
739–751.

Pavlik A., Lichovnikova M., Jelinek P. (2009): Blood plasma 
mineral profile and qualitative indicators of the eggshell 
in laying hens in different housing systems. Acta Veteri-
naria Brno, 78, 419–429.

Pavlovski Z., Vitorovic D., Skrbic Z., Vracar S. (2000): In-
fluence of limestone particle size in diets for hens and 
oviposition time on eggshell quality. Acta Veterinaria 
Beograd, 50, 37–42. 



443

Czech J. Anim. Sci., 59, 2014 (9): 435–443 Original Paper

Roberts J.R. (2004): Factors affecting egg internal quality 
and egg shell quality in laying hens. Journal of Poultry 
Science, 41, 161–177. 

Sahin K., Sahin N., Kucuk O., Hayirli A., Prasad A.S. (2009): 
Role of dietary zinc in heat stressed poultry: A review. 
Poultry Science, 88, 2176–2183.

Silversides F.G., Scott T.A. (2001):  Effect of storage and 
layer age on quality of eggs from two lines of hens. Poultry 
Science, 80, 1240–1245.

Skrivan M., Skrivanova V., Marounek M. (2005): Effects of 
dietary zinc, iron and copper in layer feed on distribution 
of these elements in eggs, liver, excreta, soil and herbage. 
Poultry Science, 84, 1570–1575.

Skrivan M., Marounek M., Englmaierova M., Skrivanova 
V. (2013): Influence of dietary vitamin C and selenium, 
alone and in combination, on the performance of laying 
hens and quality of eggs. Czech Journal of Animal Sci-
ence, 58, 91–97.

Suchy P., Strakova E., Jarka B., Thiemel J., Vecerek V. (2004): 
Differences between metabolic profiles of egg-type and 
meat-type hybrid hens. Czech Journal of Animal Science, 
49, 323–328.

Tumova E., Ebeid T. (2005): Effect of time of oviposition on 
egg quality characteristics in cages and in a litter housing 
system. Czech Journal of Animal Science, 50, 129–134.

Tumova E., Gous R.M. (2012a): Interaction of hen produc-
tion type, age and temperature on laying pattern and egg 
quality. Poultry Science, 91, 1269–1275.

Tumova E., Gous R.M. (2012b): Interaction between ovipo-
sition time, age, and environmental temperature and egg 
quality traits in laying hens and broiler breeders. Czech 
Journal of Animal Science, 57, 541–549.

Tumova E., Ledvinka Z. (2009): The effect of time of oviposi-
tion and age on egg weight, egg components weight and 
eggshell quality. Archiv für Geflügelkunde, 73, 110–115.

Tumova E., Zita L., Hubeny M., Skrivan M., Ledvinka Z. 
(2007): The effect of oviposition time and genotype on 
egg quality characteristics in egg type hens. Czech Journal 
of Animal Science, 52, 26–30.

Tumova E., Skrivan M., Englmaierova M., Zita L. (2009): 
The effect of genotype, housing system and egg collec-
tion time on egg quality in egg type hens. Czech Journal 
of Animal Science, 54, 17–23.

Waddel A.I., Board R.G., Scott V.D., Tullett S.G. (1991): Role 
of magnesium in egg shell formation in the domestic hen. 
British Poultry Science, 32, 853–864. 

Yair N., Uni Z. (2011): Content and uptake of minerals in 
the yolk of broiler embryos during incubation and effect 
of nutrient enrichment. Poultry Science, 90, 1523–1531.

Zakaria A.H., Plumstead P.W., Romero-Sanchez H., Leks- 
risompong N., Osborne J., Brake J. (2005): Oviposition 
pattern, egg weight, fertility and hatchability of young 
and old broiler breeders. Poultry Science, 84, 1505–1509.

Received: 2013–12–19
Accepted after corrections: 2014–03–07

Corresponding Author

Prof. Ing. Eva Tůmová, CSc., Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural 
Resources, Department of Animal Husbandry, Kamýcká 129, 165 21 Prague 6-Suchdol, Czech Republic
Phone: +420 224 383 048, e-mail: tumova@af.czu.cz 


