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Abstract 
10 hybrid ISA Brown hens, 50 weeks old, hold single in cages and fed with combined granulated forage, were 
monitored for a period of 3 weeks to establish the body weight, the egg laying time, the laying interval and the length 
of clutches for each hen. During this time the eggs were harvested and the eggs weight, eggshells weight, the 
calcium, phosphorus and magnesium eggshell content were determined. When 53 weeks old, the hens were divided 
into 4 groups depending on the time elapsed from the last oviposition for each hen and they were slaughtered. The 
eggs in different stages of development were sampled and the egg weight, the eggshell weight, the calcium, 
phosphorus and magnesium eggshell content were determined. Depending on the egg stage formation: at 10-12 hours 
postoviposition the eggshell mean weight was 2.15 g, i.e. 40.49%, the mean calcium content of the eggshells was 
0.37 g calcium, representing 18.97% of the calcium content of the whole eggshell. At 22-23 hours after oviposition 
the eggshell weight was 6.13 g, representing 98.39% of the completely formed eggshell, the calcium content of the 
eggshells was 2.23 g (mean value), which represents 97.38% of the whole egg mineral shell. 

Keywords: laying hen, eggshell, calcium, phosphorus, magnesium 
 
 
 
1. Introduction 
 
The eggshell is a bioceramic structure whose 
properties reflect the major functions in the 
reproduction and perpetuation of the species: 
development of bird embryos under the conditions 
of mechanical protection, protection against 
infections, providing gas exchange and primary 
source of calcium and other minerals for skeletal 
development - the shell provides about 60% of the 
calcium required for the embryo development. 
Another important aspect concerning the shell 
quality is the commercial aspect, which produces 
major economic losses caused by the production 
of soft shell eggs, thin eggshells, low breakage 
resistance eggshells [1]. 
 
2. Materials and methods 
 
10 hybrid ISA Brown hens, 50 weeks old, hold  
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single in cages and fed with combined granulated 
forage, were monitored for a period of 3 weeks to 
establish the body weight, the egg laying time, the 
laying interval and the length of clutches for each 
hen. During this time the eggs were harvested and 
the eggs weight, eggshells weight, the calcium, 
phosphorus and magnesium eggshell content were 
determined. When 53 weeks old, the hens were 
divided into 4 groups (table 1) depending on the 
time elapsed from the last oviposition for each hen 
and they were slaughtered.  
The eggs in different stages of development were 
sampled and the egg weight, the eggshell weight, 
the calcium, phosphorus and magnesium eggshell 
content were determined. 
The chemical analyses were carried out in the 
Nutrition Laboratory of the Timisoara Veterinary 
Medicine Faculty according to the following 
methods: 

- calcium and magnesium by the atomic 
spectrophotometry 

- the phosphorous by the colorimetric method 
with ascorbic acid.  
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The average and standard deviation and the 
percentage were used to express experimental 

data.

 
Table 1.The slaughtering time of the hens depended on the moment of the last oviposition 

Group No. of hens Shlaughtering Egg position in the oviduct 

I 
2  

(G1, G2) 
at 30 minutes postoviposition no egg in the oviduct 

II 
2  

(G3, G4) 
at an interval of 2-2.5 hours 
postoviposition 

egg in the magnum 

III 
3  

(G5, G6, G7) 
at an interval of 10-12  hours 
postoviposition 

egg in the uterus with formed shell membranes, 
with a fine stratum of calcium carbonate  

IV 
3 

(G8, G9, 
G10) 

at an interval of 22-23 hours 
postoviposition 

egg with completely formed  but 
nonpigmentated shell 

 
3. Results and discussion 
 
During the 3 weeks of monitoring, it was found 
out that the clutch was on average at 6.6 days, 
followed by a resting day. It was found out that 
the first egg of the clutch was laid early in the  
morning (between 6 and 8 am), and during the 
clutch the laying time approached noon;  the 

interval between ovipositions was in average 25 
hours. 
In Table 2 are presented the body weight, the 
percentage of lay, the mean laying interval and the 
mean length of the clutch. 
During the 3 weeks of monitoring, the mean egg 
weight was 61.03±5.74g, the mean eggshell weight 
was 5.85±0.74 g, representing 9.59% of the egg 
weight (figure 1).

 
 
Table 2. The body weight, the percentage of lay, the length between oviposition and the lenght of clutches in laying 

hens (mean values). 

Hen 
Body weight 

(g) 
Laying percentage 

(%) 
Laying interval 

(hours) 
Clutch length 

(days) 

Average 1793 72.4 25 6.6 

 

 
Figure 1. The mean values of eggs weight and eggshells weight  harvested from the 10 hens,  

 during the 3 weeks of monitoring. 
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Knowing the length of the clutch and the laying 
interval for each hen, the slaughterig time was 
estimated depending on the laying time (Table 
1). 
At the laying hens slaughtered at 30 minutes 
after oviposition there was no egg in formation 

in the oviduct, meaning that the ovulation has not 
occurred. 
Data from specialized literature show that follicular 
dehiscence occurs at 10-90 minutes [2] or 5-70 
minutes [3] from the previous egg expulsion. 

 
Table 3. The mean content of calcium, phosphorus and magnesium in eggshells,  during the  

3 weeks of monitoring. 

Hen 

Calcium Phosphorus Magnesium 

(g) 
(% of 

eggshell 
weight) 

(g) 
(% of 

eggshell 
weight) 

(g) 
(% of 

eggshell 
weight) 

Average  2.14±0.20 36.60±0.57 0.02±0.00 0.33±0.02 0.021±0.00 0.36±0.02 

 
At 2-2.5 hours postoviposition, the oocite 
surrounded by a dense albumen layer  was 
present in the magnum: the weight of the egg 
was 28.56 g at G3 and  it was 29.27 g at G4. The 
egg weight mean value at this time was 28.92 g 
and represents 46% of the average weight of the 
eggs collected from hens G3 and G4 during the 
monitoring period (figure 2). 
After 10-12 hours from oviposition, in the hens 
uterus (G5, G6, G7) was found an egg with 
eggshell membranes formed. The calcification 
process is preceded by the hydration of the 
albumen (the fluid albumen formation) when its 
water content is doubled [4, 5, 6]. On the surface 
of the eggs collected from these three chickens a 
thin layer of mineral shell was observed. 
The egg shell formation is a highly complex 
process, one of the fastest processes of 
biomineralisation ever  known, running as a 
series of events in space and time in different 
segments of the oviduct [1]. 
The deposition of calcite crystals is carried out in 
the uterine fluid, an acellular environment rich in 
calcium ions and bicarbonate ions, which are not 
synthesized in the uterus, but are imported from 
the blood. The concentration of these compounds 
in the uterine environment is different depending 
on the stage of shell formation. 
NYS [7], in 2004, has defined three stages of egg 
shell formation: initiation (five to ten hours post-
ovulation in hen), linear deposition (10 to 20 h 
post-ovulation) and finally arrest of shell 
calcification. 
The researches carried out by Fernandez and col. 
[8], on the process of hen eggshell 
mineralization, show that: 

-at 4.75 hours postoviposition the egg 
with eggshell membranes formed was found in 
the distal third of the isthmus;  

-at 5.5 hours postoviposition the egg with 
eggshell mammillary knobs was found in the red 
isthmus;  

-at 18 hours postoviposition the egg with 
complete eggshell palisade layer was found in the 
uterus. 
Considering the position of the egg in the oviduct 
(uterus), the time elapsed from the last oviposition 
to the slaughtering (10-12 hours) and the 
appearance of the eggshell, related to research 
findings carried out by NYS and col. [5, 6] and 
Fernandez and col. [8], we can say that the 
mammillary layer has been deposited and at 12 
hours postoviposition has began the process of 
palisade layer deposition of the mineral shell. This 
process will finish with the crystal vertical layer 
deposition [6]. 
The mean calcium content of the eggshells was 0.37 
g calcium. This amount represents 18.97% of the 
calcium content of the whole eggshell, harvested 
during the monitoring period (3 weeks). 
The average phosphorus content of the eggshell 
collected from the hens belonging to the 3th group 
was 0.004 g, representing 26.67% of the whole 
eggshell phosphorus content. For magnesium, the 
eggshell average content was 0.0044 g, representing 
24.04% of the whole magnesium content of the 
eggshell 
The egg mean weight of the eggs collected from 
hens slaughtered 10-12 hours postoviposition was 
51.83 g, representing 93.39% of the whole egg 
mean weight. The eggshell mean weight at the same 
group was 2.15 g, i.e. 40.49% (figure 2). 
At the hens slaughtered 22-23 hours 
postoviposition, eggs with complete, but 
unpigmented shell were found in the uterus. 
Data from specialized literature show that the 
eggshell mineralization is accomplished 1.5 hours 
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before oviposition, when the eggshell 
pigmentation process is initiated [5, 6]. 
The mean weight of the eggs collected at 
slaughtering time from the 4th group of the  hens 
was 64.15 g, representing 98.31% of the egg 
weight collected during the monitoring period at 
the same group. 
The eggshell weight at hens slaughtered at 22-23 
hours after oviposition was 6.13 g, representing 
98.39% of the completely formed eggshell 
collected from hens of this group (figure 2). 

Knowing the laying interval per hen (Table 1) it 
was established that the calcification process is 
almost finished. This aspect is proved by the 
calcium content of the eggshells collected from 
hens at slaughtering time - 2.23 g (mean value) , 
which represents 97.38% of the whole egg mineral 
shell. 
The average phosphorus content was 0.02 g, i.e. 
95.24% of the whole egg. 
The magnesium content was 0.02 g, representing 
91.48% of the whole egg (figure 2). 

 

Figure 2. The eggs weight, the eggshells weight  and the content of calcium, phosphorous and magnesium of the 
eggshells from eggs collected from the oviduct of the hens slaughtered in various stages of the egg formation, against 

the parameters of the eggs laid during the monitoring period of time. 
 
4. Conclusions 
 
Depending on the egg stage formation: 

- at 10-12 hours postoviposition the 
eggshell mean weight was 2.15 g, i.e. 40.49%, 
the mean calcium content of the eggshells was 
0.37 g calcium, representing 18.97% of the 
calcium content of the whole eggshell 

- at 22-23 hours after oviposition the 
eggshell weight was 6.13 g, representing 98.39% 
of the completely formed eggshell, the calcium 
content of the eggshells was 2.23 g (mean 
value), which represents 97.38% of the whole 
egg mineral shell. 
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