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Abstract: This investigation was carried out to study mechanical eggshell traits (weight, specific gravity,
eggshell thickness and eggshell breaking strength) and ultrastructural properties from layer breeder hens
at different ages (25, 47 and 61 weeks). The present results showed that the brown eggshell had
significantly higher specific gravity, shell thickness and breaking strength compared to white eggshell.
Concerning breeder flock age, it could be noticed that the age of hen significantly affected mechanical
eggshell traits, where specific gravity, shell thickness and breaking strength decreased significantly as the
breeder age was advance. With respect to eggshell ultrastructural properties, the brown eggshell had
significantly higher effective thickness (palisade %) compared to white ones. Opposite trend was observed
for relative cap thickness. With regard to layer breeder flock age effect, the results indicated that the effective
thickness (palisade %) was significantly decreased as the layer breeder flock age increased. Conversely,
the relative cap thickness was increased with age increased. With respect to confluence trait, the present
results observed that both brown and white eggs owned shells with similar values of confluence. Significant
difference observed between strains regarding fusion (early or late) trait. Type B's, type A's and alignment
traits in eggshell produced from older breeders was significantly higher that of younger breeders.
Key words: Eggshell traits, breeder hen age, older hens
attributed to reduced intestinal calcium uptake as well
as to increased egg size (Al-Batshan et al., 1994). The
increase in shell weight as hens’ age was not sufficient
to compensate for the increment of egg weight, so that
the ratio of shell weight to egg weight decreased
(Roberts and Blaney, 2000).
Ultrastructural studies have demonstrated that the
eggshell is comprised of there morphologically distinct
calcified layers (Solomon, 1991; Dennis et al., 1996;
Fraser et al., 1999). Bain (1991) suggested that the
organization of the palisade columns is a major
determinant of shell stiffness and therefore of shell
strength. Shell strength is directly related to shell
thickness (Khatkar et al., 1997) and the palisade layer
comprises approximately two-thirds of the eggshell
(Parsons, 1982). Therefore, it is likely that alterations in
the thickness of the palisade layer, independent of
structural reorganization of the palisade columns, could
affect shell strength. Recent Transmission Electron
Microscopy (TEM) studies (Dennis et al., 1996; Fraser et
al., 1999) have revealed columnar calcite crystals in a
vertically aligned matrix associated with the vertical
crystal layer. Therefore, the objectives of this research
were to investigate the effects of breeder hen age and
strain on mechanical and ultrastructural of eggshell in
laying hen breeder hens under prevailing Egyptian
conditions.

INTRODUCTION
The breeding programme for laying traits paid a
considerable interest to the shell quality. Economic
losses associated with the incidence of eggshell
defects are important when evaluating the profitability of
a layer operation (Bell, 1998; Flock, 1995; Seeland et al.,
1995). Low egg quality almost leads to a 5-8% loss in
production (Krshavarz, 1994). The frequency of defective
eggs may increase from 7-11% during the laying,
collecting and packing stages of egg production. Thus
shell quality is one of the major problems of egg
production. Maintaining quality eggshells throughout the
production cycle is desirable. Avian eggshell contains
organic (3.5%) and inorganic (95%, almost calcium
carbonate) fractions; it weighs about 5 g and contains
2.2 g calcium, which represents about 38% of its weight
(Nys et al., 1999). Many factors have been found to affect
eggshell quality, such as disease, nutritional status of
the flock, heat stress and age (Roberts, 2004). A
decrease in eggshell quality of older hens has been
reported by Elaroussi et al. (1994). Egg production rate
decreases and egg weight increases as age advances,
also egg composition change and shell thickness
decrease with production level and age of layer
(Summers and Leeson, 1983; Seeland et al., 1995;
Machal and Simeonovova, 2002). The decline in
eggshell quality as the hens’ age may in part be
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remove the remaining tightly bound membrane fibers,
each sample was then immersed overnight in 6%
sodium hypochlorite, 4.12% sodium chloride and 0.15%
sodium hydroxide. Thereafter the specimen was rinsed
with water and left to dry at room temperature. Following
these preparative treatments, two samples from each
egg were mounted in inner side uppermost and in
vertically manner on aluminum stubs, coated with gold
for 3 min in an Emscope Sputter Coater. These samples
were examined using JEOL JSM-T330A scanning
electron microscopy at 15 Kv. The incidence of ultra
structural variants at the level of the mammillary layer
was assessed according to the methodology and
terminology developed by the Poultry Research Unit,
University of Glasgow (Bain, 1990,1992; Solomon,
1991). The cross-sectional lengths of palisade and
mammillary layers were directly measured in µm using
scaling software provided with the SEM at a
magnification of x 200. The total thickness of each
specimen was measured as the distance from its
outermost surface to the point where the basal caps
inserted into the shell membranes. The thickness of
mammillary layer was also assessed, this being the
distance from the basal caps to the point at which the
palisade columns first fused. Subtraction of these two
measures provided a length of the palisade thickness or
effective thickness (Bain, 1990; Solomon, 1991).
Triplicate measures were performed in each case and
the mean values were used for the statistical analysis.

MATERIALS AND METHODS
Three hundred eggs (150 Brown and 150 White) were
obtained from three layer breeder flocks differed in stage
of laying season: early stage (25 wk), mid stage (47 wk)
and late stage (61 wk). Each stage containing fifty eggs
from each of the three laying stages either for Brown and
W-36 layer breeder flocks were randomly taken to
evaluate the effect of strain and breeder flock ages on
mechanical and ultrastructural properties of eggshell.
Eggshell mechanical traits: Eggs were individually
weighed to the nearest 0.01 g using an electronic digital
balance. Eggshell quality measurements were
conducted using 60 eggs (10 eggs from each laying
stage within strains). Length and width of egg were
individually recorded by using a digital caliper. Shape
index, then, was calculated by (width/length) x 100
according to (Carter, 1968). Specific gravity was
determined using the saline flotation method of Hempe
et al. (1988). Briefly, Eggs are immersed sequentially
into a series of saline solution of ascending SG. Salt
solutions were made in incremental concentration of
0.005 in the range from 1.065-1.100. The SG of any egg
is equal to SG of the SG of the solution in which it first
floats. Egg volume was estimated by measuring the
quantity of water dislodged in cm3 after immersing the
egg into known water volume. The egg surface in cm2
was calculated by dividing shell weight on weight of 1
cm2 area according to (Hamilton, 1978). The strength of
eggshell was determined according to Fathi and ElSahar (1996) using eggshell strength apparatus. The
shell percentage was calculated according to following
equation:

Shell percentage (%) =

Statistical analysis: Data were subjected to a two-way
analysis of variance with strain and breeder flock age
using the General Linear Model (GLM) procedure of SAS
User's Guide (2000) according to the following model:

Wet shell weight
x 100
Egg weight

Yij = µ + Si + Aj + (S*A)ij + eijk
Where:
µ
=
Si
=
Aj
=
(S*A)ij =

Overall means
Strain effect (i = 1, 2)
Breeder flock age effect (j = 1, 2, 3)
Interaction between strain and breeder flock
age
eijk
= Experimental error
When significant differences among breeder flock age
were found, means were separated using Duncan's
multiple range tests.

Shell thickness (mm) was measured at three different
points in the middle part of the egg (the equator) using
a dial gauge micrometer. Shell index (g/100 cm2) was
calculated according to following equation:
Shell weight (g)/Shell surface (cm2) x 100
(Sauveur, 1988).
Scanning Electron Microscopy (SEM) technique: 48
samples of eggshell were randomly taken from Hy-Line
Brown and W-36 layer breeder flocks at early and late
laying stage to investigate ultrastructural variations. The
specimens were prepared by cutting a piece (1 cm2) of
shell from equatorial region of each egg. The shell
membranes were carefully removed by first soaking in
water. The loosely adhering membranes were then
gently peeled from the edge of the sample inwards. To

RESULTS AND DISCUSSION
Egg weight and dimension: Data summarized in Table
1 showed that the effect of strain, breeder flock age and
their interaction on egg weight and dimension. The
brown breeder hens produced significantly heavier egg
weight compared to the white ones. Similar results were
obtained by Potts and Washburn (1983); Curtis et al.
(1985); Washburn (1990) and Badawe (2006). They
reported that the brown egg strains laid heavier eggs
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Table 1: Egg weight and egg dimension traits as affected by strain, breeder flock age and their interaction (Means±SE)
Breeder flock age (wk)
Prob.
-----------------------------------------------------------------------------------------------Trait
Strain
25
47
61
Overall
S
A
S*A
Egg weight (g)
Brown
51.34±0.48
58.86±0.58
60.19±0.73
56.80a
W-36
50.31±0.44
56.59±0.82
58.88±0.47
55.26b
Overall
50.83c
57.73b
59.54a
0.002
0.0001
NS
Egg shape index (%)
Brown
77.13±1.24
78.38±0.85
76.29±0.54
77.27
W-36
76.74±0.46
77.33±0.89
74.59±0.72
76.22
Overall
76.94ab
77.86a
75.44b
NS
0.01
NS
Egg volume (cm3)
Brown
49.20±1.21
55.70±0.63
57.30±1.15
54.07
W-36
46.00±0.79
58.10±1.03
53.70±1.33
52.60
Overall
47.60b
56.90a
55.50a
NS
0.001
0.01
Eggshell area (cm2)
Brown
68.76 ±2.75
79.98 ±2.40
86.09±1.69
78.27
W-36
71.06 ±1.31
86.35 ±1.23
76.66±2.63
78.02
Overall
69.91b
83.16a
81.37a
NS
0.001
0.001
Eggshell index (g/100 cm2)
Brown
8.15±0.23
8.25 ±0.28
7.10±0.18
7.83a
W-36
7.35±0.17
6.70 ±0.29
7.05±0.27
7.03b
Overall
7.75a
7.48ab
7.08b
0.002
0.02
0.01

than white egg ones. With respect to breeder flock age
effect, the present results showed that the egg weight
increased as layer's age was advanced. Baumgartner et
al. (2007) pointed out a significant effect of age on egg
weight in the Leghorn type hens. Also, Lukáš Zita et al.
(2008) found that egg weight increased with the layer’s
age. Concerning eggshell dimension traits, our results
showed that the brown layer breeder hens produced
eggs with higher shape index compared to the white
ones. Brand et al. (2004) found that the egg shape index
for brown Isa Waren Layers was 75.60% and this value
was higher than that of white eggs produced from White
Rock layers (74.10%). Monira et al. (2003) demonstrated
to a significant decrease in egg shape index with
advanced of breeder flock age. Gunlu et al. (2003) and
Brand et al. (2004) reported that shape index of the eggs
decreased with age because shape index is directly
proportional to egg width and it is inversely related to
egg length, which implies that with increasing age, the
rate at which eggs becomes longer is faster than rate of
being wider.
The brown eggshell had a higher volume compared to
white ones. With respect to age effect, the present
results showed that the egg volume significantly
increased as breeder flock age increased. This result
could be attributed to the egg weight dramatically
increased with age. The eggshell surface plays an
important role during the incubation period especially for
the breeds which had comparatively thin and high
porosity shells. The surface area of egg affected the
porosity of shell and hence the degree of evaporation
from the shell. No significant difference between strains
for eggshell area was detected. Inversely, the eggshell
area was significantly increases with advancing ages.
The last results could be attributed to the increase egg
size as the layer's age was advancing. The true eggshell
area was significantly affected by interaction between
strain and breeder flock age. The effect of age on true
eggshell area was more pronounced in brown eggs
rather than white eggs, whereas the true eggshell area

of brown eggs was increases with advancing age.
Similar direction did not observed in white eggs.
Results of applying eggshell index showed presence
highly significant difference between strains for eggshell
index trait. The brown eggs recorded significantly higher
eggshell index compared to the white eggs. Concerning
breeder flock age effect, it could be noticed that eggshell
index was significantly affected by breeder flock age,
whereas eggshell index significantly decreases as age
increased. Eggshell index was highly significantly
affected by interaction between strain and breeder flock
age. The pervious result could be attributed to the
eggshell index increased with advancing age in brown
strain. Opposite trend was noticed in white strain.
Mechanical eggshell traits: Eggshell quality traits as
affected by strain, layer breeder flock age and their
interaction are presented in Table 2. Specific gravity has
been recommended as an accurate indicator of shell
strength (Well's, 1968). Despite being an indirect
measure, it correlates well with direct methods but is
non-destructive and has the practical advantage of
speed and simplicity. Specific gravity considered as an
accurate predictor of shell thickness, much more
reliable for this purpose than percentage shell (Tyler and
Geake, 1961). Our results showed that brown strain
produced eggs associated with higher specific gravity
compared to white ones. That is meant that brown eggs
had a higher eggshell quality traits compared to white
eggs. Concerning breeder flock age effect, it could be
observed that the specific gravity decreases with
advancing breeder flock ages. Similar trend was noticed
by Izat et al. (1985) and Poggenpoel (1986). They
demonstrated that hen age significantly affected specific
gravity values of eggs, where specific gravity decreased
significantly with increasing in hen age. Also, Butcher et
al. (1991) reported that the egg specific gravity decrease
as breeder age was advance. Such phenomena
basically related to the increament on egg size were
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Table 2: Eggshell quality traits as affected by strain, breeder flock age and their interaction (Means±SE)
Breeder flock age (wk)
----------------------------------------------------------------Trait
Strain
25
47
61
Overall
Specific gravity
Brown
1.070±0.002
1.070±0.001
1.070±0.001
1.070a
W-36
1.070±0.001
1.070±0.002
1.065±0.001
1.060b
Overall
1.070a
1.070a
1.067b
Eggshell (g)
Brown
5.03±0.13
5.91±0.13
5.30±0.14
5.41a
W-36
4.73±0.09
5.23±0.21
4.87±0.14
4.94b
Overall
4.88b
5.57a
5.09b
Eggshell (%)
Brown
10.69±0.27
10.64±0.21
9.97±0.26
10.43
W-36
10.60±0.26
9.93±0.28
9.65±0.45
10.06
Overall
10.65a
10.29ab
9.81b
Shell thickness (mm)
Brown
0.35±0.01
0.34±0.01
0.32±0.01
0.337a
W-36
0.33±0.01
0.32±0.01
0.31±0.01
0.320b
Overall
0.340a
0.330ab
0.315b
Eggshell breaking strength
Brown
4.79±0.60
3.65±0.26
3.44±0.22
3.96
Kg/cm2
W-36
4.35±0.20
3.58±0.32
3.37±0.34
3.78
Overall
4.57a
3.62b
3.41b

more quickly than the shell weight and also the increase
in egg size relatively higher than calcium deposition in
the eggshell (Curtis et al., 1985). Peebles and Brake
(1987) and Bennett (1992) conformed that the quality of
eggshells as measured by specific gravity tends to
decline with age.
In view of the fact that brown eggs had significantly
heavier shell weight compared to the white eggs. With
regard to breeder age, we can observed that the shell
weight increased with advancing age considerably. Shell
percentage can be use to estimate the eggshell quality
(Mertens et al., 2006). The present result showed that
the shell percentage was significantly affected by
breeder strain, whereas the brown eggs were
significantly higher shell percentage compared to the
white ones. According to Curtis et al. (1986) and Scott
and Silversides (2000) the brown-egg strains produce
eggs with greater percentage of eggshell compare to
white-egg strain. Likewise, Silversides and Scott (2001)
noticed that the shell, as a percentage of egg weight,
decreased more for ISA-White eggs with increasing age
of the hen than it did for ISA-Brown eggs. With respect to
breeder age effect, the shell percentage decreases with
advancing of hen ages. The brown eggs recorded
significantly higher shell thickness compared to the
white ones. Also, shell thickness was significantly
affected by breeder flock age, whereas the shell
thickness decreases with advancing of hen's ages.
Such effect was more pronounced for the brown
compared to white breeder strain. Roland (1976),
Peebles and Brake (1987) demonstrated that young
hens produce eggs with thicker shells and longer pores
than older hens i.e. the eggshell generally thins with
age. Also, Roland (1979) reported that the shell quality
at the end of the lay season is directly related to shell
quality at the beginning of lay, the reduction in eggshell
thickness as the hen ages been associated with an
increase in egg size without a concurrent increase in
calcium carbonate deposition.

Prob.
---------------------------------S
A
S*A

0.001

0.003

NS

0.001

0.001

NS

0.001

0.001

NS

0.001

0.001

NS

NS

0.003

NS

Eggshell strength one of the most important egg quality
traits to be considered in a poultry breeding program is
shell strength. Eggshell breaking strength of the brown
eggs was higher than those of white ones, but the
difference did not statistically significant. On the other
hand, eggshell breaking strength was highly significantly
affected by breeder flock age, whereas the eggshell
breaking strength decreases with advancing of hen's
ages. Several reasons have been presented to explain
this change in shell strength with age. It has been
proposed that the amount of calcium absorb, retains
and the skeletal Ca available for shell calcification
decrease with age. Roland et al. (1978) and Ousterhout
(1981) observed that egg weight increased at a faster
rate than shell weight resulting in a decrease in the
amount of shell to cover the egg. In addition, when
stressed with inadequate calcium, old hens were able
to maintain shell strength as well as young hens, the
increasing egg size with progressing age without a
concomitant increase in shell weight as an important
contributing factor to the decreasing shell strength with
age.
Eggshell ultrastructure properties: Ultrastructural
studies have demonstrated that the eggshell is
comprised of three morphologically distinct calcified
layers. The mammillary and palisade layers comprise at
least 85% of the total cross-sectional length of the
eggshell (Ruiz et al., 1998). Data presented in Table 3
showed that the effect of strain, breeder flock age and
their interaction on total, palisade and cap thickness of
eggshell. The present results indicated that the total
thickness of brown eggshell was significantly higher
than those of white eggshell. Similar trend was
observed for palisade thickness (absolute and %),
whereas the brown eggshell was significantly higher
absolute and relative palisade thickness compared to
white eggshell. Bain (1991) suggested that the
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Table 3: Absolute and relative thickness of individual egg layer as affected by strain, breeder flock age and their interactions (Means±SE)
Breeder flock age (wk)
Prob.
-------------------------------------------------------------------------------------------Trait
Strain
25
61
Overall
S
A
S*A
Total thickness (µm)
Brown
286.33±9.82
272.8.21±8.21
279.44a
W-36
270.92±8.14
257.33±6.14
264.13b
Overall
278.63a
264.94b
0.001
0.001
NS
Palisade thickness (µm)
Brown
232.73±4.22
213.04±5.12
222.89
W-36
212.59±4.58
200.36±6.11
206.48
Overall
222.66
206.70
0.01
0.01
0.02
Cap thickness (µm)
Brown
53.60±1.20
59.50±2.15
56.55
W-36
58.33±2.12
56.97±2.10
57.65
Overall
55.97b
58.23a
0.001
0.001
0.01
Palisade (%)
Brown
81.28±0.74
78.17±0.66
79.73
W-36
78.47±0.85
77.86±0.54
78.17
Overall
79.88
78.02
0.001
NS
0.05
Cap (%)
Brown
18.72±0.75
21.83±0.81
20.28
W-36
21.53±0.77
22.14±0.54
21.84
Overall
20.13
21.99
0.001
0.01
0.04

organization of the palisade columns is a major
determinant of shell stiffness and therefore of shell
strength. Shell strength is directly related to shell
thickness (Bain, 1991; Khatkar et al., 1997) and the
palisade layer comprises approximately two-thirds of the
eggshell (Parsons, 1982). Therefore, it is likely that
alterations in the thickness of the palisade layer,
independent of structural reorganization of the palisade
columns, could affect shell strength. In contrast, the
brown eggshell was significantly thinner absolute and
relative cap thickness compared to white eggshell.
Therefore, a reduction in the cross-sectional length of
these layers may increase eggshell porosity resulting in
excess water loss during incubation. With respect to
breeder age effect, it could be noticed that all eggshell
layer were significantly reduced as the age of breeder
was advanced. Increased erosion of the calcium reserve
assembly region of the mammillary layer as the breeder
hen ages (Nascimento et al., 1992) could potentate
separation of the mammillary layer and shell
membranes.
Solomon (1991) and Bain (2005) described twelve
structural variations in the mammillary layer of weak and
poor quality eggshells. Data from Table 4 clarified the
various constructions present in the interior surface of
eggshell after removing shell membranes viz it being in
mammillary layer which can affecting on eggshell
stiffness. Our results showed that the depression, cubic,
aragonite, caps and changed membrane did not
significantly affected by strain, breeder flock age and
their interaction. With respect to confluence trait, the
present results observed that both brown and white
eggs owned shells with similar values of confluence.
Figure 1 presented the confluence figures for white
strain at earlier age (25 wk), where white eggs owned
good mammillary cap confluence and extensive
confluent caps that proved good conjunction with shell
membranes and consequently increases eggshell.

Solomon (1999) found good shell ultrastructural
beneficial high confluence reflects good attachment with
membranes and caps. Concerning fusion trait,
significant differences observed between strains
regarding fusion (early or late). Where, white eggshell
have superior value than brown eggshell (Fig. 2). Also,
the eggs produced from older breeders have owned
fusion value higher than that of other produced from
younger breeders. Thus where fusion is late, crack
propagation through the shell wall and thereafter
outwards from the load point will occur more rapidly.
Bain (1990) stated that the decline in fracture toughness
can be explained in terms of an increase in late fusion
of adjacent mammillary columns (and the types of
abnormality which accompany this).
No significant differences between brown and white
strain as for type B's structure. Inversely, the Type B's
trait was significantly affected by breeder flock age,
where Type B's in eggshell produced from older
breeders was significantly higher than that of younger
hens. Figure 3 showed extensive type B's in brown
eggshell at late ages (61 wk), that's reduced the
eggshell quality as a harmful figure disjoined adjacent
columns adhesion. Nascimento et al. (1992) stated that
the aberrant crystal forms of type B’s provide no
meaningful contribution to the palisade layer and like the
poor cap modifications, which do not offer any
anchorage point. In accordance to erosion trait, our
results showed that the erosion trait value of white strain
was significantly higher than that of brown ones. Also,
the older breeders produced eggs have owned higher
erosion trait than that other produced from younger
breeders.
Type A's not significantly differed between strains.
However, the type A's was significantly increased with
advancing age. Figure 4 showed the Type A's of basal
mammillary cones in brown eggshell produced from
older hens (61 wk). Type A’s appears to be associated
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Table 4: Ultrastructural variants of eggshell mammillae as affected by strain, breeder flock age and their interaction
Strain
Prob.
--------------------------Pooled
----------------------------------------------Trait
Age (wk)
Brown
White
SEM
Overall
S
A
S*A
Confluence
25
4.40
4.21
0.23
4.31
61
2.12
2.31
0.14
2.22
Overall
3.26
3.26
0.01
NS
NS
Fusion
25
1.33
2.40
0.20
1.88
61
3.15
4.22
0.45
3.69
Overall
2.24
3.31
0.01
0.01
0.02
Type B's
25
1.00
1.00
0.00
1.00
61
4.45
4.64
0.51
4.55
Overall
2.73
2.82
NS
0.01
NS
Depression
25
1.00
1.00
0.00
1.00
61
1.00
1.00
0.00
1.00
Overall
1.00
1.00
NS
NS
NS
Erosion
25
1.00
1.00
0.00
1.00
61
2.31
3.15
0.17
2.73
Overall
1.66
2.08
0.01
0.001
0.05
Cubic
25
1.00
1.00
0.00
1.00
61
1.00
1.00
0.00
1.00
Overall
1.00
1.00
NS
NS
NS
Aragonite
25
1.00
1.00
0.00
1.00
61
1.00
1.00
0.00
1.00
Overall
1.00
1.00
NS
NS
NS
Caps
25
1.00
1.00
0.00
1.00
61
1.00
1.00
0.00
1.00
Overall
1.00
1.00
NS
NS
NS
Type A's
25
1.00
1.00
0.00
1.00
61
4.20
3.18
0.94
3.69
Overall
2.60
2.09
NS
0.001
0.02
Changed membrane
25
1.00
1.00
0.00
1.00
61
1.00
1.00
0.00
1.00
Overall
1.00
1.00
NS
NS
NS
Cuffing
25
4.30
2.54
0.81
3.42
61
1.00
1.00
0.00
1.00
Overall
2.65
1.77
0.01
0.01
NS
Alignment
25
1.00
1.00
0.00
1.00
61
3.15
4.21
0.66
3.68
Overall
2.08
2.61
0.02
0.001
0.02
Total scores
25
19.03
18.15
1.42
18.59
61
25.38
27.71
2.17
26.55
Overall
22.21
22.93
NS
0.001
NS

Fig. 1: Good confluence and rounded caps in eggshell
of White strain at early age (25 wk)

Fig. 2: Late fusion and Type A's in eggshell of white
strain at late age (61 wk)

only with the basal cap crystals of the mammillae as
indicated by little or no evidence of contact with the
membrane fibers (Bain, 1990). There was significant
difference for cuffing material between strains. Figure 5
displayed a cuffing form noticed in brown eggshell. This
material had a useful job with increasing the cohesion
and merging the calcified columns, thus increases
eggshell strength. Cuffing appears as secondary

crystallization between the cones and is believed to be
formed at some point after the mammillary knobs have
begun to fuse (Bain, 1990). Concerning breeder flock
age effect, it could be noticed that the older hens
produced eggs were significantly lower in cuffing trait
compared to other produced from younger hens. The
presented results showed that alignment comes out to
be significantly differed between strains, where white
144

Int. J. Poult. Sci., 9 (2): 139-147, 2010

REFERENCES
Al-Batshan, H.A., S.E. Sceideler, B.L. Black, J.D. Garlich
and K.E. Anderson, 1994. Duodenal calcium
uptake, femur ash and eggshell quality decline with
age and increase following molt. Poult. Sci., 73:
1590-1596.
Badawe, M.I., 2006. Modeling of prediction of residual
feed consumption in egg-type strains of chicken.
M.Sc. Thesis, Fac. of Agric. Ain Shams Univ., Egypt.
Bain, M., 1991. A reinterpretation of eggshell strength. In:
Egg and Eggshell Quality, Solomon, S.E. (Ed.). UK,
Wolfe Publishing, 9: 131-141.
Bain, M.M., 1990. Eggshell strength: A mechanical/
ultrastructural evaluation. Ph.D. Thesis, Glasgow
Univ., UK.
Bain, M.M., 1992. Eggshell strength: A relationship
between the mechanism of failure and
ultrastructure organization of the mammillary layer.
Br. Poult. Sci., 33: 303-319.
Bain, M.M., 2005. Recent advances in the assessment
of eggshell quality and their future application.
World’s Poult. Sci. J., 61: 268-277.
Baumgartner, J., J. Benková and D. Peškovicová, 2007.
Effect of line, age and individuality on yolk
cholesterol content and some other egg quality
traits in Leghorn type yolk cholesterol selected
hens. XVIII European Symposium on the quality of
poultry meat and XII European Symposium on the
quality of eggs and egg products, September 2-5.
Prague, pp: 35-36.
Bell, G., 1998. Eggshell quality-its impact on production,
processing and marketing economics. In:
Biotechnology in the Feed Industry. Proceedings of
Alltech’s 14th Annual Symposium, pp: 447-466.
Bennett, C.D., 1992. The influence of shell thickness on
hatchability in commercial broiler breeder flocks. J.
Applied Poult. Res., 1: 61-65.
Brand, H.V.D., H.K. Parameter and B. Kemp, 2004.
Effects of housing system cout door vs cages and
age of laying hens on egg characteristics. Br. Poult.
Sci., 45: 745-752.
Butcher, G., R. Miles and A. Nilipour, 1991. La calidad
del cas caron del huevo. Industria Avicola, 38: 9-10.
Carter, T.C., 1968. The hen egg. A mathematical model
with three parameters. Br. Poult. Sci., 9: 165-171.
Curtis, P.A., F.A. Gardner and D.B. Mellor, 1986. A
comparison of selected quality and compositional
characteristics of brown and white shell eggs. III.
Composition and nutritional characteristics. Poult.
Sci., 65: 501-507.
Curtis, P.A., F.A. Gardner and D.B. Mellor, 1985. A
comparison of selected quality and compositional
characteristics of brown and white eggshells; I.
shell quality. Poult. Sci., 64: 297-301.

Fig. 3: Type B's (poorly constructed mammillary layer) in
eggshell of Brown strain at late age (61 wk)

Fig. 4: Type A's in eggshell of Brown strain at late age
(61 wk)

Fig. 5: Cuffing (adhesive calcium carbonate) among
columns in strong eggshell of brown strain at
early age (25 wk)

Fig. 6: Extensive alignments in Brown strain at late age
(61 wk)
strain had the higher alignment value than brown ones.
Also, the eggs produced from older hens had higher
alignment value compared to other produced from
younger hens (Fig. 6). Fathi (2001) and El-Safty (2004)
reported that if an egg subjected to mechanical trauma
then the crack line will tend to follow the path of least
resistance (alignment) and ordered mammillae provide
such a pathway.

145

Int. J. Poult. Sci., 9 (2): 139-147, 2010
Dennis, J.M., S.Q. Xiao, M. Agarwal, D.J. Fink, A.H. Heuer
and A.I. Caplan, 1996. Microstructure of matrix and
mineral components of eggshells from White
Leghorn Chickens (Gallus gallus). J. Morphol., 228:
287-306.
Elaroussi, M.A., L.R. Forte, S.L. Eber and H.V. Biellier,
1994. Calcium homeostasis the laying hen. 1. Age
and dietary calcium effects. Poult. Sci., 73: 25901595.
El-Safty, S.A., 2004. Stepwise regression analysis for
ultrastructural measurements of eggshell quality in
two local breeds of chicken. Egypt. Poult. Sci., 24:
189-203.
Fathi, M.M. and E.A. El-Sahar, 1996. Determining the
strength of eggshell by using an appropriate
apparatus and an equation to calculate egg surface
depending on its dimensions. Egypt. Poult. Sci., 16:
285-303.
Fathi, M.M., 2001. Ultrastructural evaluation of eggshell
quality produced from two different genetic groups
of chicken. Egypt. Poult. Sci., 21: 263-276.
Flock, D.K., 1995. Neue Akzente für die
Legehennenzucht:
rückläufige
Leistungssteigerungen zwingen zum Überdenken der
Zuchtziele. Arch. Tierz., 38: 479-488.
Fraser, A.C., M.M. Bain and S.E. Solomon, 1999.
Transmission electron microscopy of the vertical
crystal layer and cuticle of the eggshell of the
domestic fowl. Br. Poult. Sci., 40: 626-631.
Gunlu, A., K. Kiriki, O. Cetin and M. Carip, 2003. Some
external and internal quality characteristics of
patridge (A. graeca) eggs. Food Agri. Environ., 1:
197-199.
Hamilton, R.M.G., 1978. Observations on the changes in
physical characteristics that influence eggshell
quality in ten strains of white leghorns. Poult. Sci.,
57: 1192-1197.
Hempe, J.M., R.C. Lauxen and J.E. Savage, 1988. Rapid
determination of egg weight and specific gravity
using a computerized data collection system. Poult.
Sci., 67: 902-907.
Izat, A.L., F.A. Gardner and D.B. Mellor, 1985. The effect
of age of bird and season of the year on egg quality.
II. Haugh units and compositional attributes. Poult.
Sci., 65: 726-728.
Khatkar, M.S., J.S. Sandhu, G.S. Brah and M.L.
Chaudhary, 1997. Estimation of egg shell breaking
strength from egg characteristics in layer chickens.
In. J. Poult. Sci., 32: 111-113.
Krshavarz, K., 1994. Laying hens respond differently to
high dietary levels of phosphorus in monobasic and
dibasic calcium phosphate. Poult. Sci., 73: 687-703.
Lukáš Zita, N., E. Tùmová and L. Štolc, 2008. Effects of
Genotype, Age and Their Interaction on Egg Quality
in Brown-Egg Laying Hens. Acta Vet. Brno., 78: 8591.

Machal, L. and J. Simeonovova, 2002. The relationship
of shortening and strength of eggshell to some egg
quality indicators and egg production in hens of
different initial laying lines. Arch. Tierz., 45: 287-296.
Mertens, K., F. Bamelis, B. Kemps, B. Kamers, E.
Verhoelst, B. De Ketelaere, M. Bain, E. Decuypere
and J. De Baerdemaeker, 2006. Monitoring of
eggshell breakage and eggshell strength in
different production of chains of consumption eggs.
Poult. Sci., 85: 1670-1677.
Monira, K.N., M. Salahuddin and G. Miah, 2003. Effect of
breed and holding period on egg quality characters
of chicken. Int. J. Poult. Sci., 2: 261-263.
Nascimento, V.P., S. Cranstoun and S.E. Solomon,
1992. Relationship between shell structure and
movement of Salmonella enteritidis across the
eggshell wall. Br. Poult. Sci., 33: 37-48.
Nys, Y., M. Hincke, J.L. Arias, J.M. Garcia-Ruiz and S.E.
Solomon, 1999. Avian eggshell mineralization.
Poult. Avian Biol. Rev., 10: 142-166.
Ousterhout, L.E., 1981. The effects of phased feeding
protein and calcium on egg weight and shell quality
with four strains of white leghorn hens. Poult. Sci.,
60: 1036-1042.
Parsons, A.H., 1982. Structure of the eggshell. Poult.
Sci., 61: 2013-2021.
Peebles, E.D. and J. Brake, 1987. Eggshell quality and
hatchability in broiler breeders eggs. Poult. Sci., 66:
596-604.
Poggenpoel, D.G., 1986. Correlated response in shell
and albumen quality with selection for increase egg
production. Poult. Sci., 65: 1633-1641.
Potts, P.L. and K.W. Washburn, 1983. The relationship
of age, methods of measuring and strain on
variation in shell strength. Poult. Sci., 62: 239-246.
Roberts, J.R., 2004. Factors affecting egg internal quality
and eggshell quality in laying hens. J. Poult. Sci., 41:
161-177.
Roberts, J.R. and C.N. Blaney, 2000. Eggshell
ultrastructure and shell quality. Relationship of
ultrastructure to eggshell quality and strength.
World’s Poult. Sci. Rev. Conference Montreal
Canada.
Roland, D.A. Sr., 1976. Recent developments in
eggshell quality. Feedstuffs, 48: 31-32, 41.
Roland, D.A. Sr., 1979. Factors influencing shell quality
of aging hens. Poult. Sci., 58: 774-777.
Roland, D.A. Sr., C.E. Putman and R.L. Hilburn, 1978.
The relationship of age on ability of hens to
maintain eggshell calcification when stressed with
inadequate dietary calcium. Poult. Sci., 57: 16161621.
Ruiz, J., P. Groves, P. Glatz, J. Meldrum and C. Lunam,
1998. Ultrastructural analysis of eggshell laminae.
Proceedings of the Australian Poultry Science
Symposium, Sydney, pp: 200.
146

Int. J. Poult. Sci., 9 (2): 139-147, 2010
SAS institute, 2000. SAS/STAT User's Guide statistics
Ver. 8.2; SAS institute Inc., Cary, NC.
Sauveur, B., 1988. Reproduction des volailles et
production d'aufs (Paris, INRA Editions).
Scott, T.A. and F.G. Silversides, 2000. The effect of
storage and strain of hen on egg quality. Poult. Sci.,
79: 1725-1729.
Seeland, G., R. Hubner and B. Roder, 1995.
Beziehungen zwischen der Legeleistung und
Eiqualitätsmerkmalen von Legehennen. Arch. Tierz.,
38: 489-501.
Silversides, F.G. and T.A. Scott, 2001. Effect of storage
and layer age on quality of eggs from two lines of
hens. Poult. Sci., 80: 1240-1245.
Solomon, S.E., 1991. Egg and eggshell quality, Wolfe
Pub. Ltd. London.

Solomon, S.E., 1999. An eggs ist ein ei, es un huevo, est
un oeuf. Br. Poult. Sci., 40: 05-11.
Summers, J.D. and S. Leeson, 1983. Factors
influencing early egg size. Poult. Sci., 62: 11551159.
Tyler, G. and F.H. Geake, 1961. Studies on eggshells.
XV. Critical appraisal of various methods of
assessing shell thickness. J. Sci. Food Agric., 12:
181-189.
Washburn, K.W., 1990. Genetic Variation in Egg
Composition. In: Poultry Breeding and Genetics,
Crawford, R.D. (Ed.). Elsevier Scientific Publishers,
New York, pp: 781-798.
Well's, R.J., 1968. The measurement of certain egg
quality: A study of the hens. Ed. by T.C. Carter Pub.
Oliver and Boyd Edinburgh, pp: 220-226, 235-236.

147

