
Abstract
The purpose of this study was to examine the comparative differences of eggshell structure between geese and chickens during 
embryonic development by SEM. Goose eggs and chicken eggs were used for the study. Eggs of each species were divided into three 
groups: The eggs within first group were used subsequent to collection, those of second group were collected during the mid-point of 
incubation and those of third group were collected at the end of the incubation. The eggshells samples with dimensions of 0.5 cm2 were 
taken from the equatorial region of eggshells. After these samples were passed through routine process, they were examined via SEM 
for structural changes of eggshells and rate of elements. In the examination, there were not changes of eggshell structure between two 
species for days of the incubation. Eggshells thickness of each species and the rate of calcium, oxygen, nitrogen and carbon of eggshells 
were not statistically different among groups. It was concluded that structural changes of eggshell did not have significant effect on low 
yield for hatching of goose.
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Kaz (Anser anser) ve Tavuk (Gallus gallus domesticus) Yumurta 
Kabuğunun Embriyonik Gelişim Sırasında Taramalı Elektron 

Mikroskop ile Karşılaştırılması

Özet
Bu çalışmada, taramalı electron mikroskop kullanılarak embriyonik gelişim sırasında kaz ve tavukların yumurta kabuğundaki değişiklikleri 
karşılaştırmak amaçlanmıştır. Bu çalışmada kaz ve tavuk yumurtası kullanılmıştır. Her iki türe ait yumurtalar üç gruba ayrıldı. Birinci gruba 
ait yumurta kabukları kuluçkaya konulmadan, ikinci gruba ait yumurta kabukları kuluçka süresinin ortasında ve üçüncü gruba ait olanlar 
ise kuluçkanın son günü olan çıkım gününde toplandı. Her bir yumurta kabuğunun ekvator kısmından 0,5 cm2 ebatında örnekler alındı. 
Bu örnekler rutin prosedürlerden geçirildikten sonra taramalı elektron mikroskobunda yapısal değişiklikler ve element oranı bakımından 
incelendi. Elektron mikroskop incelemesinde, kaz ve tavuk türlerinin kuluçka günlerine bağlı olarak yumurta kabuğu katmanlarında 
belirgin bir değişikliğin olmadığı tespit edildi. Her iki türün kendi içinde kuluçka günlerine göre yumurta kalınlığında ve kabuklardaki 
elementlerin oranlarında istatistiksel olarak benzerlik olduğu görüldü. Yumurta kabuğunun embriyonik gelişim boyunca uğradığı yapısal 
değişikliklerin kaz kuluçka veriminin düşük olmasında önemli bir etkiye sahip olmadığı sonucuna varıldı.
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INTRODUCTION

Poultry lay and incubate their eggs in the nest 
which is made by them on the ground or in a tree in dry 

environments. Growth of the embryo is completed in the 
eggshell during the development process [1]. Poultry eggs 
have a specific structure and function which prevent the 
embryo from external infection, exchanges of heat and 
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physical condition, and provide what the embryo needs to  
develop. This complex structure both regulates exchanging 
water and metabolic gases, and provides calcium for the 
embryo [2]. It is required that poultry eggs are rotated during 
the development stages. Any mistakes during this process 
may cause of a decrease in oxygen uptake, delayed extra 
embryonic membranes, vascularization and embryonic 
development [3,4]. Generally, it is known that the yield of 
incubation rate of waterfowl is lower than that of chicken. 
High embryonic mortality rate is seen during incubation 
in geese [5]. The yield of incubation in geese was between 
22% and 29% in the Kars region [6]. Conversely, the yield of 
incubation in chickens is between 83% and 97% [7]. Studies 
on incubation technique include preheating before placing 
eggs in the incubator [8], disinfected eggshell with ultra-
violet pre and during incubation [9], and the effects of 
temperature and humidity [8,10]. Eggshell consists of some 
layers of calcium carbonate (CaCO3). Elements of CaCO3 

were based on different sources. Calcium is the most 
common element in the eggshell structure [11,12]. Carbon 
and oxygen in this compound are obtained from digestion 
material rather than stored in tissue [13]. It is shown 
clearly that eggshell of during embryonic development 
would be used to determine oxygen and carbon source 
of species [14]. There are limited studies about nitrogen 
in eggshells but it is known that nitrogen is found in 
eggshell [15]. Interaction between organic and inorganic 
compounds of eggshell has been revealed with regard to 
the structure and function. Eggshells include four layers 
in sequence from the inside of the eggshell mammillary 
layer, palisade layer, vertical crystal layer and cuticle [16]. 
The mammillary layer is a basic layer of calcium source 
to support the embryo by providing calcium during the 
embryonic development. Nearly 80% of calcium, which is 
needed by embryo during incubation, is provided by the 
eggshell. While the mammillary layer consists of a lot of 
structures which are similar to cones, the palisade layer is 
extended vertically on the mammillary layer. It is known 
that palisade layer organization is an important index in 
the strength and the hardness of eggshells [17]. The vertical 
layer is narrow and vertical, and extends from the palisade 
layer to the cuticle. Cuticle, which can be seen clearly from 
out of eggs, is the outermost layer of an eggshell [17,18]. 
The rate of egg defection changes between 7% and 11% 
during incubation, collecting and packing the eggs [12]. 
The eggshell quality is the most important problem in 
egg production [12,19] because low eggshell quality always 
causes yield losses of between 5% and 8% [20]. 

The purpose of this study was to reveal whether there is  
an important effect of eggshell structure in geese hatching 
by examining the comparative differences of eggshell 
structure between geese (a species of waterfowl); with a 
low yield for hatching, and chickens; with a high yield for 
hatching, during embryonic development by scanning 
electron microscopy (SEM).

MATERIAL and METHODS

This study was approved by Kafkas University, Local 
Ethics Commission of Experimental Animals (Decision no: 
KAU-HADYEK/2011-14). 

In this study, a total of 15 geese eggs and 15 chickens 
eggs were used; each egg belongs to a different goose 
and a different chicken, and all of the eggs were obtained 
from local farms in Kars. The eggs of each species were 
divided into three groups. Eggs within the first group 
were used subsequent to collection and therefore not 
placed in an incubator, those of the second group were 
collected during the mid-point of incubation (the 16th day 
of study for goose and the 11th day of study for chicken) 
and those of the third group were collected at the end of 
the incubation process (the 31st day for goose and the 21st 
day for chicken). The eggshells were soaked in distilled 
water and the shell membranes were removed and then 
peeled from the samples. Following the removal of the 
shell membrane remnant, each sample was immersed in 
6% of sodium hypochlorite, 4.12% of sodium chloride and 
0.15% of sodium hydroxide solution overnight [21]. Later, 
the eggshells were immersed and removed from distilled 
water and were left to dry for 24 h. The eggshells samples 
with dimensions of 0.5 cm2, were taken from the equatorial 
region of each eggshell. These samples were positioned 
on stubs and placed in the Coater, forming a platinum 
coating. These samples were examined via SEM (Zeiss/ 
Supra 55 FE-SEM) for structural changes of eggshells and 
the same samples were examined via BRUKER QUANTAX 
EDS (Energy Dispersive X-ray Spectroscopy) in SEM 
for determining the percentage of elements in eggshell.  
SEM images of all samples were obtained at 5kV, at 500X 
and 15.000X magnifications, and at 11 mm working 
distance. The thickness of the eggshell was measured 
by using ImageJ software (ImageJ 1.46r). To calculate  
the percentage of each element was used by following 
formula because of removing rate of platinum which is 
used for coating; 

Final Percentage of the Element = (Percentage of the 
Element X 100)/(100 - Percentage of the Platinum) 

All data of elements rate and eggshells thickness were 
statistically analyzed using SPSS 16.0 software (SPSS Inc., 
Chicago, Illinois, USA). One-way ANOVA was used for 
determining differences and P-value was < 0.05. 

RESULTS

From the eggshells of the first and second group; 
mammillary layer, palisade layer, vertical layer and cuticle 
were seen normal view with the SEM. For each species, 
on the ends of the mammillary knobs in the eggshells 
of the third group were seen to be partially flattened. In 
the SEM examination of goose and chicken eggshells 
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were observed that the structure views of both species 
eggshells were similar to each other during embryonic 
development. The existence of pore canals in both goose  
and chicken eggshells drew attention to ultrastructural view 
in the cross section (Fig. 1). It was found that the pore canals 
extended between the inner and the outer surface of both 
goose and chicken eggshells. The spire calcite structures 
which taper to center of the pore canals in the palisade layer 
of geese eggshells were visible (Fig. 2). However, they were 
not seen in those of the chicken eggshells. In both species 
and in each group, the pore canals orifices on the inner 
surface of the eggshells were observed ultrastructural 
(Fig. 3) but those of outer the surface of the eggshells were 
usually coated by cuticle which is the outermost layer of the 
eggshell (Fig. 4). 

It was observed that palisade layer of the eggshells in 
both species contained many hollow vesicles disorderly 

in all groups (Fig. 1). It was found that at the mid-point of 
the incubation and at the end of the incubation process in 
both geese and chickens eggshell membrane was able to 
be peeled from eggshell easier than that of first group of 
them (Fig. 5). When examined with SEM, the inner surface  
of basal caps of mammillary layer was partially flattened in 
the eggshell at the end of the incubation process in both 
species. Apart from mammillary layer, the other layers of  
the eggshell were similar in appearance in all species from 
before incubation until the end (Fig. 6). After analysis, it was 
found that the ratio of calcium, carbon and oxygen was not 
significantly different in both the mammillary and palisade 
layers in terms of incubation days among all groups (Table  
1). It was found that the ratio of nitrogen in both mammillary 
and palisade layers of geese and chickens eggshells were 
at a level of approximately 5% when result of EDS analysis 
in the SEM was considered. In these eggshell layers of 
both species, there was not significantly difference when 

Fig 1. Cross-sectional SEM views of a goose (A) and a chicken (B) eggshells, before incubation. x500, Bar 10 µm

Şekil 1. Kuluçkaya konulmadan alınan kaz (A) ve tavuk (B) yumurtası kabuğu enine kesitinin SEM görünümü. x500, Bar 10 µm

Fig 2. A micrograph of the goose eggshell 
before incubation, a pore canal and some 
spire calcite structures which taper to 
center of pore canals. x15.000, Bar 1 µm

Şekil 2. Kuluçkaya konulmadan alınan 
kaz yumurtası kabuğundaki kanalın içine 
uzanan dikensi kalsiyum çıkıntıları mikro-
grafı. x15.000, Bar 1 µm
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nitrogen ratio was analysed statistically for incubation 
days (Table 1). Elemental analysis of the eggshell showed 
that the percentage of magnesium and sodium was less 
than 1% in both the mammillary and the palisade layers of 
both species for all groups. Furthermore, it was identified 
that the mammillary and the palisade layers of eggshells 
included calcium, oxygen, carbon, nitrogen and traces of 
magnesium and sodium in this study. It was calculated that 
the average thickness of chicken eggshell was 340.8±26.2 
µm and that of goose eggshell was 495.8±22.2 µm. It was 
found that the thickness of chicken eggshells was not 
statistically significantly different among chicken groups 
for incubation days and that of geese eggshells was not 

significantly different in terms of statistics among geese 
groups for incubation days (Table 2). 

DISCUSSION 
The purpose of this study was to examine and compare  

the differences in the structure of eggshells between 
geese; with low yield for hatching, and chickens; with high 
yield for hatching, during embryonic development by 
using SEM.

Parsons [22] reported that eggshells contained; shell 
membrane, mammillary layer, palisade layer, vertical crystal 

Fig 3. An SEM view of pore canals in inner 
surface of a chicken eggshell on the 11th day 
of incubation. x500, Bar 10 µm

Şekil 3. Kuluçkanın 11. gününde tavuk 
yumurta kabuğunun iç yüzünde gözenek 
kanallarının SEM görünümü. x500, Bar 10 
µm

Fig 4. An SEM view of the outer 
surface of a chicken eggshell on 
21st day of incubation. A few outer 
orifices of pore canals are seen in 
the micrograph. x500, Bar 10 µm

Şekil 4. Kuluçkanın 21.gününde 
tavuk yumurta kabuğunun dış 
yüzünün SEM görünümü. Mikro-
grafta bir kaç gözenek kanalının  
girişleri görülmektedir. x500, Bar 
10 µm
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layer and cuticle. According to Abdel-Salam et al.[23], embryo 
consumes calcium and other elements from the mammillary 
layer during embryonic development in the incubation 
period. Ruiz and Lunam [18] reported that the eggshell quality 
was not significantly decreased during the hatching period. 
In the present study, we have identified that the basal caps  
of the mammillary layer on the last days of incubation were 
partially flattened. Besides that, it was observed that in all 
layers of eggshell during incubation there were not any 
major differences between goose and chicken eggshells. 
Simons and Wiertz [24] reported that in the outer orifice of the 
pore canal that traversed the eggshell was filled with cuticle 
material. In this study, it was drawn to attention that there 
were pore canals which extended between the mammillary 
layer and cuticle in both species. It was observed that 
the inner orifice of the pore canal was open, however the 
outer orifice was filed with cuticle material in all groups as 

mentioned earlier. Carnarius et al.[25] mentioned that the 
palisade layer was the most important layer for the eggshell 
in terms of strength. Although the spire calcite structures, 
taper to the center of the pore canals in the palisade layer, 
were observed in geese eggshell, they were not seen in 
those of chicken eggshell. These structures within the 
pore canal were seen in samples before incubation, so we 
considered that they were a feature of goose species and 
related to the strength of the eggshell and they were not 
related to the incubation period. Bönner et al.[26] reported 
that the thickness of average of goose eggshell was 530 
µm, Gualhanone et al.[27] stated that the thickness of 
average of chicken eggshell was 370 µm and Yamak et 
al.[28] informed that the thickness of average of chicken 
eggshell was 380 µm. In this study, there was a big difference 
between the thickness of average of goose eggshells 
and that of chicken so we compared the thickness of an 
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Fig 5. SEM views of cross-section of a goose (A) on the 16th day and a chicken (B) eggshell on the 11th day of incubation. x500, Bar 10 µm

Şekil 5. Kuluçkanın 16.gününde ki kaz (A) ve 11.gününde ki tavuk (B) yumurta kabuğunun enine kesitinin SEM görü-nümü. x500, 
Bar 10 µm

Fig 6. An SEM view of a goose eggshell at 
the end of incubation. It is seen that the 
inner surface of mammillary layer was 
partially flattened (arrows). x500, Bar 20 µm

Şekil 6. Kuluçkanın sonunda kaz yumurta 
kabuğunun SEM görünümü. Mammillari 
katmanının kısmen düzleştiği (oklar) görül-
mektedir. x500, Bar 20 µm
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average eggshell statistically among the groups within 
each species. The average thickness of goose eggshells 
was found to be 495 µm and that of chicken eggshells 
was found to be 340 µm when they were calculated by 
adding the three groups of each species. It was found that 
the thicknesses of goose and chicken eggshells were not 
significantly different among the groups of each species 
for incubation days. Turkyilmaz et al.[29] reported that 
eggshell thickness did not have a significant effect on 
the incubation period. Nys and Gautron [30] and Marie et 
al.[31] mentioned that approximately 95% of eggshell was  
made from CaCO3 and the rest of eggshell was made from 
organic material which consisted of eggshell membrane. 
Nakano et al.[15] identified that there was less nitrogen ratio  
in eggshell than other elements. It was considered that the 
ratios of calcium, oxygen and carbon in EDS analysis were 
higher than those of other elements in an eggshell due 
to the fact that they take place in the CaCO3 compound 
in eggshells. In addition, it was observed that the ratio of 
nitrogen in the mammillary and the palisade layer of geese 
and chickens eggshells were at a level of approximately 

5%, and there was not statistically significant difference in 
each layer between species during the incubation period  
in terms of nitrogen ratio. 

We concluded that when the indication of SEM results 
of goose eggshells were compared with those of chicken 
eggshells, the structural changes of an eggshell in SEM, 
identified elemental distribution in eggshells, and the 
thickness of eggshells did not have a clear significant 
effect on low yield for the hatching of goose eggs during 
embryonic development.
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