
 253

Lucrări ştiinţifice Zootehnie şi Biotehnologii, vol. 42 (1) (2009), Timişoara. 
 

BIOCHEMICAL ASPECTS OF BOTH THE CORTICAL 
BONE AND THE MEDULLARY BONE IN HENS AT 
DIFFERENT STAGES OF THE EGG FORMATION  

 
ASPECTE BIOCHIMICE ALE OSULUI CORTICAL SI 

OSULUI MEDULAR LA GAINI IN DIFERITE STADII DE 
FORMARE ALE OULUI 

 
ALINA GHISE1, LUCIA OLARU1, HUŢU I.1, RODICA ZEHAN2,  

GHIŞE GH, LILIANA CĂRPINIŞAN1 

 
1Faculty of Veterinary Medicine, Timişoara, Romania,  

2Faculty of Agriculture, Timişoara, Romania 
 
 

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. They were divided into 4 
groups depending on the stages of the egg formation. When 53 weeks old, the hens 
were sacrificed and the bones of the inferior members (femur, tibiotarsus) were 
prevailed and thereafter prepared to determine the content of dry matter, crude ash 
and minerals (calcium, phosphorous, magnesium) both for samples of the whole 
bone and for the samples of the cortical and medullary bone. There were no 
significant differences in the content of dry matter of the cortical and medullary bone 
samples of the femur, tibia among the individuals (p>0.05) . The content in crude 
ash of the femur falls significantly (p = 0.042) in the hens slaughtered 10 to 12 hours 
after oviposition. In the cortical bone from the femur the values of calcium, 
magnesium and phosphorous were not modified irrespective of the egg position in 
the oviduct. In the medullary bone from the femur the content in calcium and 
phosphorous was correlated with  the egg formation stage; as for magnesium there 
were no significant differences during the  egg formation irrespective of the stage. 
As for the cortical bone of the tibia of the hens from the 4 groups there are no 
significant differences (p>0.05) regarding the content in calcium, magnesium and 
phosphorous. In the medullary bone the content in calcium, magnesium and 
phosphorous was modified significantly depending on the position of the egg in the 
oviduct, and on the egg formation stage respectively. 
Keywords: laying hens, cortical bone, medullary bone, calcium, phosphorus, 
magnezium 
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Introduction 
 

During the calcification process of the egg shell the medullary bone is an 
important source of calcium. The experiment followed the modifications of the 
mineral composition of the cortical and medullary bone from the femur and tibia in 
hens correlated with the different stages of the egg formation.  
 

Materials and Methods 
 

The experiment was carried out on a batch formed by 10 laying hens, ISA 
Brown hybrid, at the first laying cycle, 50 weeks old, hold single in cages and fed 
with combined granulated forage. 

The experiment lasted 3 weeks and during this time the hens were watched 
attentively to establish exactly the oviposition of each individual hen. Depending 
on it their slaughtering was set out so that the different stages of the egg formation 
could be observed. The hens were divided into 4 groups- I, II, III, IV, depending on 
the time elapsed from the last oviposition. (Table 1) 

Table 1 
The distribution in groups depending on the time elapsed from 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 

 
The hens were euthanased with T61 solution i.v.; the bones of the inferior 

members (femur, tibiotarsus) were prevailed and thereafter prepared to determine 
the content of dry matter, crude ash and minerals (calcium, phosphorous, 
magnesium). These determinations were carried out both for samples of the whole 
bone and for the samples of the cortical and medullary bones. The medullary bone 
was separated mechanically from the cortical bone after the femur and the tibia 
respectively have been sectioned longitudinally. 

The chemical analyses were carried out in the Nutrition Laboratory of the 
Timisoara Veterinary Faculty after the following methods: 

- dry matter and crude ash were determined with the usual methods 
- calcium and magnesium were determined by the atomic 

spectrophotometry,  
- -the phosphorous by the colorimetric method with ascorbic acid 
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Statistical method. The data have been processed statistically by means of the 
SPSS 16 method, using the descriptive test, the one way ANOVA test and the post-
hoc analysis through the Tukey test (b). 

 
Results and Discussion 

 
Table 2 show the content of dry matter of the cortical and medullary bone 

from the femur and tibia in hens, at different stages of the egg formation. 
Table 2  

Content of dry matter SU (%) of the cortical and medullary bones from the femur 
and tibia in hens. 

 
Interval de 

timp p.o. 
n 

FEMUR TIBIA 

Cortical bone Medullary bone Cortical bone Medullary bone 

30 min  2 81.58±7.10 68.87±29.79 73.36±8.37 55.61±8.29 

2-2.5 ore  2 78.79±14.24 67.06±21.38 80.87±0.49 59.8±0.909 

10-12 ore  3 86.84±2.62 73.8±6.610 82.48±14.43 60.06±2.45 

22-23 ore  3 77.7±10.323 60.39±24.45 74.20±11.90 62.35±9.11 

   p.o.=postovipoziţie; n=număr de indivizi 

 
The following aspects concerning the content of dry matter of the cortical 

and medullary bones from the femur and tibia in hens at different stages of the egg 
formation were established by means of the statistical processing of the data: 

- the unifactorial ANOVA test did not point out significant differences 
among the individuals (p>0.05) concerning the content of dry matter of the cortical 
and medullary bones from the femur and tibia;  

- the Tukey test did not point out differences among the individuals of the 4 
groups so that no correlation between ”the egg position in the oviduct” and the 
content of dry matter of the cortical and medullary bones from the femur and tibia 
could be established. 

In table 3 the content of crude ash of the femur and tibia in hens at different 
stages of the egg formation is presented.  

The content of crude ash of the femur and tibia decrease both in the femur 
and the tibia in hens from group III (G5, G6, G7), slaughtered at 10 to 12 hours after 
oviposition. 

This aspect is sustained by the statistical analysis of the data that points out 
by means of the one way ANOVA method significant differences of the content of 
crude ash of the femur (p = 0.042) but not of the tibia. 
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Table 3 

The content of crude ash (%) of the femur and tibia (cortical bone + medullary 
bone) in hens at different stages of the egg formation. 

 

Interval de timp n FEMUR TIBIA 

30 min p.o. 2 59.89±0.91 65.435±2.20 

2-2.5 ore p.o. 2 57.15±0.43 61.90±6.55 

10-12 ore p.o. 3 54.03±1.71 62.64±1.72 

22-23 ore p.o. 3 60.06±2.46 64.86±1.32 

p.o.=postovipoziţie; n=număr de indivizi 

 
The Tukey test shows that at the individuals of the group III (G5, G6, G7) the 

content of mineral substance of the femur is significantly lower than at the other 
groups. This result allows a correlation between the stage of the egg formation and 
the content of mineral substance of the femur: while the mineralization process of 
the egg shell is taking place (10-12 hours after oviposition) the content of the crude 
ash of the femur falls significantly as compared to the other three stages. These 
modifications have taken place in the tibia too. 

The values of the calcium, magnesium and phosphorous from the femur -
cortical bone and medullary bone – are presented in table 4. 

Table 4 
The mineral composition (calcium, magnesium, phosphorous) 

of the cortical bone and the medullary bone in the femur in hens (g / 100gSU). 
 

Interval de 

timp p.o. 

n CORTICAL BONE MEDULLARY BONE 

Ca Mg P Ca Mg P 

30 min. 2 7.78±0.38 0.34±0.02 10.31±0.29 7.43±0.69 0.395±0.02 9.07±0.54 

2-2.5 ore. 2 8.15±0.12 0.345±0.01 8.28±1.60 4.28±0.22 0.34±0.02 6.63±0.31 

10-12 ore 3 8.46±0.19 0.35±0.04 8.38±0.65 3.00±0.69 0.22±0.43 4.35±1.07 

22-23 ore  3 8.69±0.47 0.39±0.00 8.38±0.59 4.29±1.72 0.34±0.07 6.71±0.82 

p.o.=postovipoziţie; n=număr de indivizi 

 
The analysis of the data shows that in the cortical bone the calcium, 

magnesium and phosphorous values are not modified significantly regardless of the 
moment of the slaughtering. These aspects are also sustained by the results of the 
unifactorial variance that does not show significant differences for the three 
elements. This also shows that the cortical bone does not eliminate calcium for the 
eggshell formation. 

The content of calcium of the medullary bone is modified significantly 
during the egg formation. At the group of hens slaughtered 10 to 12 hours after the 
last oviposition, then when in the uterus the shell calcification takes place, the 
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calcium content of the medullary bone is reduced three times (2.42 g / 100gSU) 
comparatively to the hens slaughtered after 30 minutes from oviposition, when no 
egg in formation is in the oviduct. 

The relation between “the egg formation stage” and the content of calcium, 
phosphorous and magnesium of the medullary bone from the femur was examined 
by the unifactorial variance analysis (the one way ANOVA method). The results 
show a significant effect for calcium (F = 25.915; p = 0.001) and phosphorous (F = 
13.402; p = 0.005), but insignificant for magnesium (F = 1.395; p = 0.332). 

The post-hoc analysis of the Tukey test shows that in the hens of the groups 
II, III, and IV the content of calcium and that of phosphorous are significantly 
lower than at the group I (p = 0.001 for calcium, and p = 0.005 for phosphorous), 
but insignificant that of  magnesium (p = 0.332). 

The Tukey test shows significant differences in the content of phosphorous 
of the medullary bone of the femur at the groups I and III (p = 0.003) and the 
groups III and IV (p = 0.047), that is between the period of intense calcification of 
the egg shell (10-12 hours postoviposition) and 30 minutes and 22-23 hours 
respectively, postoviposition. 

These aspects underline the correlation between the egg formation stage and 
the content of calcium and phosphorous of the medullary bone from the femur. 

For magnesium no significant differences are registered during the egg 
formation regardless of the stage . 

In hens with corresponding calcium diet (3.5%) the cortical bone does not 
furnish the calcium necessary for the shell mineralization process. (4).  

The cortical bone participates in the furnishing of calcium for the shell 
mineralization, when the calcium contribution is not corresponding or at old hens, 
over 72 weeks, when the osteoresorption takes place both in the cortical and the 
medullary bone, leading finally to osteoporosis. (5).  

The chemical composition of both the cortical and medullary bone from 
the tibia is shown in table 5. 

Table 5 
 

The mineral composition (calcium, magnesium, phosphorous) 
of the cortical bone and the medullary bone in the tibia in hens (g / 100gSU). 

 
Interval de 

timp p.o. 

n CORTICAL BONE MEDULLARY BONE 

Ca Mg P Ca Mg P 

30 min  2 9.00±0.06 0.37±0.01 7.08±0.19 5.00±0.07 0.29±0.04 7.24±1.1 

2-2,5 ore  2 9.06±0.28 0.415±0.01 6.41±1.33 4.71±0.36 0.33±0.06 7.48±1.29 

10-12 ore  3 8.98±0.07 0.40±0.01 7.87±1.44 2.04±0.59 0.13±0.03 2.56±0.04 

22-23 ore. 3 8.64±0.53 0.40±0.03 7.90±1.36 3.26±0.55 0.24±0.07 5.66±1.89 

p.o.=postovipoziţie; n=număr de indivizi 

The analysis of the results points out for the tibia a significant fall of the 
calcium, phosphorous and magnesium content in the hens slaughtered 10 -12 hours 



 258

after oviposition in comparison with the values registered in hens slaughtered 30 
minutes after the laying of the eggs. In the cortical bone there are no significant 
differences (p>0.05) in the content of calcium, phosphorous and magnesium among 
the hens of the four groups (one way ANOVA method), fact that points out that the 
cortical bone of the tibia has no osteoresorption during the shell mineralization. 

The content in calcium, magnesium and phosphorous from the medullary 
bone modifies significantly depending on the egg position in the oviduct, and the 
stage of the egg formation respectively, 10 -12 hours postoviposition 
comparatively with the value registered 30 minutes postoviposition. 

The statistical processing of the data points out the significant effect of egg 
formation stage over the content of the medullary bone from the tibia: for calcium 
– p = 0.002, for magnesium - p = 0.034 and for phosphorous - p = 0.023. 

The post-hoc analysis, carried out through the Tukey test points out 
significant differences among the groups: 

- for calcium between the groups I and III (p = 0.002) and the groups I with 
IV (p = 0.032); 

- for phosphorous between the groups I and III (p = 0.038) and the groups I 
with IV ( p = 0.031); 

These results point out that in the groups slaughtered 30 minutes 
postoviposition the calcium and phosphorous content reduction of the medullary 
bone from the tibia is correlated with the intense eggshell mineralization process 
that takes place in the uterus. 

These results are similar to those obtained by Whitehead C.C. (2000) (3), 
Fleming R.H. (2000) (2), Beck, M.M. and Hansen, K.K (2004) (1) and demonstrate 
the participation of the medullary bone in the egg shell calcification process.  

The significant reduction of the calcium content in the medullary bone 
accompanied by the reduction of the phosphorous content when in the 
uterus the eggshell calcification processes take place indicate intense 
osteoresorption processes whose aim is to furnish calcium for the eggshell 
formation but also to maintain the calcemia that is accompanied by the 
growth of the phosphoremia, within normal limits . 
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Conclusions 
 

The dry matter content of both the cortical and medullary bones, femur and 
tibia, is not modified significantly (p>0.05) depending on the egg formation stage. 

The crude ash content of the femur is modified significantly (p=0.042) 
during the eggshell mineralization process. 

The content of crude ash of the tibia is not modified significantly (p>0.05) 
during the eggshell mineralization process. 

The calcium and phosphorous content of the cortical bone from the femur 
and the tibia is not modified significantly depending on the presence and the 
position of the egg in the oviduct. Thus it does not participate in the egg shell 
mineralization process as there is plenty of calcium in the diet. 

 
The calcium and phosphorous content of the medullary bone from the femur 

and tibia is modified significantly depending on the egg formation stage as it 
follows: 

Femur 
 for calcium at the group of hens slaughtered 10 – 12 hours from the first 

oviposition, then when within the uterus the shell calcification process takes 
place, the calcium content of the medullary bone is reduced three times (2.42 g / 
100gSU) in comparison with the hens slaughtered at 30 minutes after oviposition 
when in the oviduct there is no egg in formation  

 for phosphorous, the relation between “the stage of the egg formation” and 
the phosphorous content of the femur medullary bone points out a significant effect 
(p = 0.005) 

 for magnesium no significant differences during the egg formation are 
registered, regardless of the stage 

Tibia 
 for calcium exist significant differences between the calcium content of the 

tibia medullary bone 30 minutes postoviposition and 10-12 hours postoviposition 
(p = 0.002) and 30 minutes and 22-23 hours after oviposition (p = 0.032) 

 for phosphorous, the relation between “the egg formation stage” and the  
phosphorous content of the tibia medullary bone points out a significant effect (p = 
0.023) 

 for magnesium the relation between “the egg formation stage” and the 
magnesium content of the tibia medullary bone points out a significant effect (p = 
0.034) 
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