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The effect of oviposition time and genotype on egg
quality characteristics in egg type hens

E. TOMOVA, L. Z1TA, M. HUBENY, M. SKRIVAN, Z. LEDVINKA

Department of Animal Husbandry, Czech University of Agriculture, Prague, Czech Republic

ABSTRACT: In an experiment with three strains of Dominant genotype the effect of oviposition on egg quality
characteristics was investigated. Laying hens of the Blue strain (group 1), Plymouth Rock (group 2) and their F1
cross (group 3) from 20 to 64 weeks of age were housed on litter (9 birds per m?). The collection time was at 6.00,
10.00 and 14.00 h. Eggs were gathered in a 28-day interval, every two days all produced eggs (720 eggs in total).
The time of oviposition was influenced by genotype. The highest number of eggs was collected in the Plymouth
Rock strain at 6.00 (53.5%) and the lowest in the Blue strain at 14.00 (11.1%). There were interactions between
the time of oviposition and genotype in egg weight. Eggs laid in the morning at 6.00 were significantly heavier
(60.5 g, 64.9 g and 62.1 g) in comparison with eggs laid in the afternoon (59.3 g, 62.4 g and 62.7 g). The heaviest
eggs were produced by the Plymouth Rock strain. Significant interactions were observed in eggshell weight when
the heaviest eggshell was in afternoon eggs (5.6 g, 5.8 and 5.9 g) and F1 genotype. The egg shape index was also
affected by the genotype and time of oviposition. Among the albumen quality characteristics only Haugh Units
were influenced by genotype and significantly higher numbers were determined in the Plymouth Rock strain
(85.0, 85.3 and 84.7). The genotype significantly affected also the yolk index which was the highest in F1 genotype

(45.4%, 45.4% and 44.5%).
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Egg quality comprises a number of aspects related
to the shell, albumen and yolk, and may be divided
into external and internal quality. The external quali-
ty characteristics are evaluated on the basis of egg-
shell, its cleanness, shape and texture. The internal
quality is based on the air cell size, albumen, yolk
quality and the presence of blood and meat spots.
All egg quality characteristics are affected by several
factors, including hen’s age, genotype, nutrition and
time of oviposition. The genotype influences main-
ly egg weight and eggshell characteristics. Skrivan
(1990), Tamov4 et al. (1993), Halaj and Grofik (1994)
described main differences in egg weight between
white and brown type hybrids. Egg weight also influ-
ences eggshell quality. The egg size and the eggshell
thickness are highly correlated. The range of the cor-
relation is 0.92—0.97 according to a genotype (Harms
et al., 1990). The heritability of eggshell weight is

0.64, eggshell thickness 0.34 and eggshell strength
0.24 (Zhang et al., 2005).

Egg weight and eggshell quality characteristics
vary according to the oviposition time. Numerous
studies indicated that eggs laid early in the morn-
ing were heavier than eggs laid during the later
periods of the day (Halaj, 1974; Pavlovski et al.,
2000; Ledvinka et al., 2002; Timova and Ebeid,
2005). Regarding the shell quality attributes, many
studies (Lee and Choi, 1985; Pavlovski et al., 2000;
Ledvinka et al., 2002; Timova and Ebeid, 2005)
showed that eggs had better shell quality if they
were laid in the afternoon than in the morning.
The time of oviposition also influences yolk weight
(Halaj, 1974) and albumen quality (Pavlovski et al.,
2000; Timova and Ebeid, 2005).

The strongest cue for oviposition time determi-
nation in laying hens is light (Lewis et al., 2001)
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when the circadian rhythm is in association with
the preovulatory surges of LH. Lewis et al. (1995)
revealed that the mean oviposition time for a brown
egg hybrid was 1.2 to 1.4 h earlier than that of a
white egg genotype. In the next paper Lewis et al.
(2004) recorded the time of oviposition in broiler
breeder hens under an 8-16 h photoperiod. The
mean oviposition time was delayed in a photope-
riod up 14 h but it was similar for a 14 h and 16 h
photoperiod. In comparison with modern egg type
genotypes, the time of lay was 1 h later than in
white-egg hens and 2.5 h later than in brown-egg
hybrids. According to Halaj (1982) the longer in-
tervals of egg formation resulted in an increase in
egg weight (r = 0.069), albumen weight (r = 0.059),
eggshell weight (r = 0.245), eggshell thickness
(r = 0.223), shell strength (r = 0.105) and in a de-
crease in yolk percentage (r = —0.058). Lillpers and
Wilhelmson (1993) stated that in three different
selection lines (line selected for egg number, line
selected for egg mass and line selected for feed con-
sumption) the mean oviposition time was different
and affected egg weight. Garces and Casey (2003)
studied the effect of oviposition time in dwarf and
naked neck laying hens. There was no effect of na-
ked neck gene on oviposition time but the gene was
associated with increased yolk weight and reduced
albumen height. The dw gene increased the mean
time of oviposition, reduced the weight of egg and
egg components as well as albumen height.

The aim of the present study was to evaluate the
effect of oviposition time in three different geno-
types of egg type hens on egg quality character-
istics.

MATERIAL AND METHODS

An experiment was carried out with three strains
of Dominant genotype, from 20 to 64 weeks of age.
Ninety laying hens were split into three groups ac-
cording to the genotype: genotype one was a Blue
strain (B), genotype two was a strain selected from
Plymouth Rock (PR) and genotype three was the

Table 1. Egg percentage at oviposition time (%)

cross of the Blue (male) strain and female Plymouth
Rock (F1). Laying hens were housed in littered pens,
15 hens per pen and 2 pens in a group. The floor
space was 9 birds per m% The daily photoperiod
consisted of 16 h light and 8 h darkness. The lights
were turned on at 3:00 h and off at 19:00 h. Laying
hens were fed commercial feed mixtures N1 (with
17.8% crude protein, 11.6 M] of metabolizable en-
ergy) from 20 to 40 weeks of age and N2 (with 15.6%
crude protein, 11.6 MJ of metabolizable energy)
from 41 to 64 weeks of age. Feed and water were
supplied ad libitum.

In all groups, the number of eggs was recorded
daily at three collection times 6:00, 10:00 and 14:00.
Every four weeks, for two days, all laid eggs from
each pen at each oviposition time were used for
egg quality analyses (total 720 eggs). Eggs were
weighed, and the shell strength was determined
by the shell-breaking method with a QCA device
(TSS England). Albumen height and Haugh Units
were evaluated with a QCD device (TSS England).
The device measures Haugh Units by the method
of Haugh (1937). Using the individual weight of
each egg and the weight of its components, per-
cent yolk, percent albumen and percent shell were
determined. Eggshell weight was determined after
drying.

Data on egg quality were evaluated by two-way
analysis of variance, genotype and oviposition time
interactions using the GLM procedure of SAS (SAS,
2003).

RESULTS AND DISCUSSION

The number of eggs laid at each collection time
was influenced by genotype (Table 1), which co-
incides with findings of Lillpers and Wilhelmson
(1993), Garces and Casey (2003) or Lewis et al.
(2004), who described differences in the mean
oviposition time according to genotype. Plymouth
Rock hens laid more eggs early in the morning (un-
til 6:00) whereas in Blue strain and F1 genotypes the
time of oviposition at 6:00 and 10:00 was similar.

Time of oviposition

Genotype 6:00 10:00 14:00
Blue 45.1 43.7 11.1
Plymouth Rock 53.2 34.3 12.2
F1 43.3 43.5 13.3
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Table 2. The effect of oviposition time and genotype on egg weight and eggshell quality

Time of oviposition Significance
Characteristic Genotype time of ovi- genotype
6:00 10:00 14:00 genotype L . o
position oviposition
Blue 60.5 61.2 59.3
Egg weight .
©) PR 64.9 62.9 62.4 b NS
& F1 62.1 60.7 62.7
Blue 53 55 5.6
Eggshell weight
PR 5.7 5.6 5.8
(®)
F1 5.6 5.5 5.9
Blue 8.7 9.0 9.5
Shell y .
PR 8.8 8.9 9.3 o NS
(%)
F1 9.1 9.1 9.4
Blue 41.1 40.4 38.5
Shell strength
N) PR 39.4 39.4 344 NS NS
F1 38.1 39.2 355
Blue 0.339 0.333 0.353
Shell thickness » -
PR 0.354 0.351 0.380 b o NS
(mm)
F1 0.356 0.345 0.357
Blue 75.8 76.2 76.2
Egg shape index
%) PR 76.1 76.5 76.8 NS NS
()
F1 76.9 76.6 74.6

**P < 0.05; ***P < 0.001; NS = non significant

It seems that the time of oviposition in F1 geno-
type was probably more affected by the Blue strain,
which was in the male position. In all genotypes,
the majority of eggs was laid in the morning, till
10:00, and about 10% was produced till 14:00. In
our previous experiment (Timovd and Ebeid, 2005)
with hens on litter, eggs were laid proportionally
through the whole day.

Egg weight was influenced highly significantly
(P <0.001) by genotype (Table 2). The heaviest eggs
were from Plymouth Rock hens whereas the lightest
were from the Blue strain. The time of oviposition
did not significantly affect egg weight, which is in
agreement with our previous results (Tdmovda and
Ebeid, 2005). There were significant interactions
between the genotype and the time of oviposition.
The Blue strain laid the heaviest eggs at 10:00, the
Plymouth Rock at 6:00 and F1 at 14:00. The signifi-
cantly highest egg weight was recorded in Plymouth
Rock eggs laid at 6:00 and the lowest in the eggs of
Blue strain laid at 14:00.

The oviposition time plays a very important role
in determining eggshell quality. All eggshell quality
characteristics, eggshell weight, shell percentage,
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eggshell strength and eggshell thickness (Table 2),
were significantly better in afternoon eggs in com-
parison with eggs laid in the morning. These results
correspond with studies of Lee and Choi (1985),
Novo et al. (1997), Pavlovski et al. (2000), Ledvinka
etal. (2002), Timovd and Ebeid (2005), who reported
alinear relationship of eggshell quality with the time
of oviposition. The effect of genotype on eggshell
quality was also confirmed. Eggshell weight, strength
and thickness were higher in eggs of the Plymouth
Rock than in the Blue strain or F1. A significant in-
teraction (P < 0.05) between the genotype and time
of oviposition was found only in eggshell weight.

Significant interactions (P < 0.05) were also
observed in the egg shape index (Table 2), which
increased with the time of oviposition while the
highest values were indicated in the afternoon ex-
cept F1 genotype. A significant effect of oviposi-
tion on the egg shape index was found out in eggs
produced in cages but the highest numbers were
at 10:00 whereas on litter the egg shape index was
not influenced (Timova and Ebeid, 2005).

The albumen is a major indicator of the overall
internal egg quality. There were no interactions be-
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Table 3. The effect of oviposition time and genotype on albumen and yolk quality
Time of oviposition Significance
Characteristic Genotype time of ovi- genotype
6:00 10:00 14:00 genotype . o
position oviposition
Blue 36.7 37.2 35.9
Albumen weight
(2 PR 36.2 38.4 37.8 NS NS NS
g
F1 37.3 36.4 38.2
Blue 60.4 60.6 60.4
Albumen
%) PR 60.5 6.9 60.5 NS NS NS
(]
F1 59.8 59.7 60.7
Blue 9.5 9.8 9.5
Albumen index
PR 8.8 9.9 9.7 NS NS NS
(%)
F1 9.3 9.8 9.0
Blue 85.0 85.3 84.7
Haugh units PR 81.2 82.6 85.3 * NS NS
F1 82.7 84.7 81.2
Blue 17.4 17.3 16.6
Yolk weight
(@) PR 17.8 17.7 17.4 NS NS NS
g
F1 17.9 17.6 17.4
Blue 28.8 28.4 26.1
Yolk
%) PR 29.8 28.2 27.9 NS NS NS
0
F1 29.1 29.2 27.9
Blue 42.7 43.9 41.5
Yolk index .
%) PR 45.5 44.5 43.8 ra NS NS
(9
F1 45.4 45.4 44.5

**P < 0.05; ***P < 0.001; NS = non significant

tween the time of oviposition and genotype in albu-
men weight, albumen percentage, albumen index
and Haugh Units (Table 3). Haugh Units are used
as the main albumen quality characteristic, and in
contrast with our previous experiments (Tamova
and Ebeid, 2005) this characteristic was not in-
fluenced by the time of oviposition where we had
found significantly higher values of Haugh Units in
afternoon eggs in comparison with morning eggs.
Only in eggs laid by Plymouth Rock, Haugh Units
were insignificantly higher in afternoon eggs in
comparison with morning eggs. In the Blue strain
and F1 the Haugh Units were not influenced by
the time of oviposition. Neither did Ledvinka et al.
(2002) record the effect of oviposition on Haugh
Units in meat type hens. On the other hand,
Pavlovski et al. (2000) documented that eggs laid
in the afternoon showed a lower number of Haugh
Units. It seems that there are many factors which
influence albumen quality linked to the time of ovi-
position. Haugh Units were significantly affected

by genotype. The highest values were determined
in the Blue strain.

Yolk quality is mainly related to yolk weight and
yolk index. Yolk index was highly significantly high-
er in F1 genotype in comparison with the Blue or
Plymouth Rock strains but there were no differ-
ences in the oviposition time or interactions. Yolk
weight and/or yolk percentage slightly decreased
with the time of oviposition in all genotypes, which
corresponds with the findings of Halaj (1974) and
Tamovda and Ebeid (2005), who reported that eggs
laid in the morning had a slightly higher ratio of
yolk than eggs laid in the afternoon.

To sum up the results of the experiment, the time
of oviposition seems to depend on genotype. There
may be a different time of oviposition in the geno-
type which afterwards influences egg quality charac-
teristics, mainly egg weight and egg shell parameters.
Interactions between the genotype and the time of
oviposition show this relationship that could be in
other egg quality characteristics as well.
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