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Abstract 

The aim of this study was to determine the effect of the rearing system and the genotype of laying 

hens on the breaking strength of the tibia and femur. The experiment was conducted in a 2x2 

factorial design with two laying hen genotypes (commercial hybrid Isa Brown and New 

Hampshire dual-purpose breed) and two rearing systems (floor and organic). At the end of the 

one-year production cycle, six birds per group (24 hens in total) were randomly selected and 

slaughtered. To examine the quality of the bones, the femur and tibia were removed from each 

slaughtered laying hen. The breaking strength was measured by a three-point bending test with 

the IPNIS device. The results show that the rearing system had no significant effect on the breaking 

strength of the femur and tibia. On the other hand, genotype had a significant effect on femur and 

tibia breaking strength, such that the New Hampshire hens had better bone quality than Isa Brown 

hens. Importantly, there was a significant interaction between rearing system and genotype on 

tibia breaking strength - in the floor rearing system, the New Hampshire genotype had significantly 

higher breaking strength than the Isa Brown genotype, while the difference that occurred in the 

organic system between the genotypes studied was not statistically confirmed. 
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INTRODUCTION 

 

Osteoporosis and bone fractures, and poor bone quality in general, are a serious problem for the welfare 

of laying hens, with both genetics and the environment, such as the housing system, making a significant 

contribution to bone strength. Over the course of their lives, laying hens experience a progressive 

weakening of bone structure and an increasing risk of bone fractures (Johansson et al., 2023). 

Osteoporosis in laying hens is associated with the loss of minerals from the bones during the laying 

period, resulting in weaker bones and more frequent fractures (Bishop et al., 2010). When birds have 

bone-related problems, egg production decreases, feed intake increases and mortality increases (Riber 

et al., 2018). Mašić and Pavlovski (1994), studying the papers of some authors from the USA in the 

1960s, note that the incidence of bone fractures in laying hens removed from cages was so common that 

some slaughterhouses even refused to slaughter them, and some studies estimated the incidence of bone 

fractures in caged laying hens at 11-26% (Budgell & Silversides, 2004; Sandilands et al., 2005) and an 

additional 25% during removal from cages (Sandilands et al., 2005). The Farm Animal Welfare Council 

(2010) found in its research in Great Britain that around 250 000 laying hens die from osteoporosis each 

year. This estimate excludes mortality during depopulation and transport to the slaughterhouse. 

The causes of bone fractures are likely to be multifactorial and are influenced by age, diet, genetic 

predisposition, restricted movement, lack of exercise and other factors (Toscano et al., 2018). Fleming 

et al. (2006) found that environment has a secondary effect on bone status after genotype, and 
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Sandinlands et al. (2005) determined that over 70% of bone fractures in laying hens are influenced by 

the rearing system and genotype. Laying hens selected for egg production are more susceptible to 

osteoporosis due to a negative calcium balance, which is due to the high demand for calcium during 

eggshell formation (Kim et al., 2012). Bone quality is closely related to egg production and egg quality, 

with a negative correlation observed between egg production, eggshell thickness and bone breaking 

strength (Leyendecker et al., 2001; Kim et al., 2005). Elaroussi et al. (1994) found that hens absorb 28 

to 30 times more calcium via the eggshell during the production cycle than they have in their bodies. 

For this reason, Rayan et al. (2020) state that a major physiological challenge for modern laying hens is 

to produce large quantities of eggs while maintaining the strength of their skeleton. In this context, 

Hocking et al. (2003) concluded that this trait can be strongly influenced by egg production intensity 

indirectly via genotype. They proved this by comparing autochthonous breeds and commercial hybrids 

and found that at the end of the laying period, commercial hybrids with a higher laying intensity had a 

significantly lower bone fracture strength, so that there was also a more intensive mobilization of 

calcium from the bones for the formation of the eggshell. Alternative rearing systems not only improve 

animal welfare, but also have a positive effect on bone strength (Regmi et al., 2015). Rearing systems that 

allow more movement promote bone development, while systems that restrict movement lead to bone loss 

as the bone adapts to the load (Rodriguez-Navarro et al., 2018). On the other hand, systems that encourage 

movement may also increase the risk of fracture, for example due to an accidental fall from height or a 

collision (Hester et al., 2013). Freire et al. (2003) conclude that bone strength is better when more space is 

available to the individual, and Michel and Huonnic (2003) that the ability to fly during production time 

reduces the risk of fracture. Leyendecker et al. (2005) found that increased space, the presence of perches 

and sand for bathing increased the strength of the humerus, probably because behaviors such as wing 

stretching, flying and bathing in sand have a positive effect on the mechanical properties of the bones. 

 

MATERIAL AND METHODS 

 

The experiment was conducted in a 2x2 factorial design with two laying hen genotypes (commercial 

hybrid Isa Brown and New Hampshire dual-purpose breed) and two rearing systems (floor and organic). 

30 birds were housed per group. 

The stocking density in the floor rearing system was 2.5 birds/m2. The feeding program was designed 

according to the requirements of laying hens in conventional rearing (Table 1). 

The organic groups had the same stocking density as the floor groups in the barns, but each hen had 

about 5 m2 of outdoor pasture. The feeding program was designed according to organic farming 

regulations, without the addition of synthetic amino acids, vitamins and minerals and using mainly 

organically produced components (Table 1). Feed and drinking water were available ad libitum.  

Table 1. Chemical composition of complete feed mixtures for the feeding of laying hens 

Chemical composition Floor system Organic system 

Dry matter 88.38 89.82 

Crude protein  16.79 16.82 

Fat 5.15 4.31 

Cellulose 4.82 4.29 

Ash 12.52 12.68 

BEM 49.10 51.90 

Ca 3.72 3.43 

Total P  0.71 0.81 

Na 0.17 0.18 

Lysine  0.79 0.80 

Methionine + cysteine  0.68 0.48 

Methabolizable energy  11.5 МЈ 11.3 MJ 
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At the end of the one-year production cycle, six birds per group (24 laying hens in total) were randomly 

selected. After a fasting period of 12 hours, the selected hens were slaughtered. 

To examine the quality of the bones, the femur and tibia were removed from each slaughtered laying 

hen. The breaking force was measured by a three-point bending test using the IPNIS device, with the 

distance between the supports being 40 mm (Mašić & Pavlovski, 1994).  

Bones quality data were analyzed by ANOVA and LSD test (Stat Soft Inc Statistica for Windows. 

Version 7.0., 2006). 

 

RESULTS AND DISCUSSION 

 

The quality of the bones of laying hens is an important parameter for assessing the welfare of reared 

hens. Apart from this, possible bone fractures can also affect the quality of the carcass and pose a major 

problem for the processing industry. 

Table 2. Bone breaking strength of laying hens 

 Femur (N) Tibia (N) 

Rearing system 

Floor 50.65±20.81 51.44±24.40 

Organic 47.00±14.37 45.66±14.08 

Genotype 

Isa Brown 36.36b±9.38 36.06b±13.07 

New Hampshire 61.30a±14.82 61.05a±17.32 

Rearing system х Genotype 

Floor 
Isa Brown 35.91b±11.27 32.44c±11.67 

New Hampshire 65.39a±17.44 70.44a±17.52 

Organic 
Isa Brown 36.80b±8.13 39.67bc±14.44 

New Hampshire 57.21a±11.77 51.66b±11.89 

ANOVA 

Rearing system ns ns 

Genotype * * 

Rearing system х Genotype ns * 

a-b Values within column with no common superscript are significantly different (p<0.05). 

*p<0.05, ns - not significant. 

 
Table 2 shows the bone breaking strength of the femur and tibia of the laying hens studied. The rearing 

system had no significant influence on the values of these parameters (p>0.05). Similar results were 

obtained by Fu et al. (2022), who found no significant difference in the femur breaking strength of the 

aviary and cage-reared laying hens (270.43 N : 263.27 N, p>0.05), and Mašić and Pavlovski (1994), 

who found no difference in the breaking strength of the femur (26.32 kg : 32.12 kg) and tibia (28.72 kg 

: 31.00 kg) between floor and free-range laying hens. On the other hand, Qiaoxian et al. (2020) 

determined a significant effect of the rearing system on tibia breaking strength between caged and floor 

reared Taihang hens (p<0.05), while the differences in this parameter were not significant for femur 

breaking strength (p>0.05). Similar results that the effect of the rearing system of laying hens had a 

significant effect on the femur and not on the tibia were also reported by Ross (2021). Slightly different 

results were published by Lolli et al. (2013), who determined significant differences (p<0.05) in bone 

breaking strength in the Hy-Line Brown hybrid: for the tibiotarsus (floor 146 N, organic 171 N) and 

humerus (floor 182 N, organic 211 N) and Sharma et al. (2022) for tibia breaking strength between free-

range hens (26.47 KgF) and conventional cage-reared hens (25.05 KgF). Dedousi et. al. (2022) 

determined a significant effect of the rearing system on the strength of the keel bones. 
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In both bones examined, the genotype had a significant effect on the breaking strength, so that the New 

Hampshire hens had a higher breaking strength than the Isa Brown hybrids (p<0.05), which is a 

consequence of the greater robustness of the bones of the New Hampshire hens compared to the Isa 

Brown genotype and the lower laying intensity of the dual-purpose breed compared to the hybrid. 

Johansson et al. (2023) also established a positive relationship between body weight and tibia breaking 

strength, explaining about 10% of the variance in tibia breaking strength by body weight. Results 

consistent with these were also published by Hocking et al. (2003) who, when comparing autochthonous 

breeds and commercial hybrids, determined significantly lower breaking strength in commercial hybrids 

at the end of the production period, which they explained by the greater egg production of these birds, 

so that there was also greater mobilization of calcium from the bones to form the eggshell. A significant 

effect of the genotype on the breaking strength of the tibia and femur was determined by Kraus et al. 

(2022) on three genotypes - Czech golden spotted, White Leghorn and Dominant Partridge D300 hens 

- and by Sözcü et al. (2023) on four genotypes: Lohmann Brown, Lohmann White, Atak-S and Atabey 

in free range rearing system. A significant effect of genotype on tibia breaking strength was also found 

by Rayan et al. (2020), Ross (2021) and Sharma et al. (2022). 

It is important to note that there was a significant interaction of the investigated factors in the breaking 

strength of the tibia (p<0.05). In fact, in the floor rearing system New Hampshire genotype had a 

significantly higher breaking strength compared to the Isa Brown laying hens (p<0.05), while the 

difference that occurred in the organic system between the genotypes studied was not statistically 

confirmed (p>0.05). The correlation between laying intensity and bone breaking strength can be 

explained by the interaction between rearing system and genotype that occurred in the study of tibia 

braking strength. Namely, New Hampshire floor hens had a significantly lower laying intensity than 

organic hens (data not shown), which contributed to a weaker mobilization of calcium from the bones 

and therefore a significantly stronger bone strength compared to organic hens. 

 

CONCLUSION 

 

From the results obtained, it can be concluded that the rearing system had no significant effect on the 

femur and tibia breaking strength. On the other hand, the genotype had a significant effect on femur and 

tibia breaking strength, so that the New Hampshire hens had better bone quality than Isa Brown hens. 

Importantly, there was a significant interaction between rearing system and genotype on the tibia 

breaking strength - in floor rearing system New Hampshire genotype had significantly higher breaking 

strength than the Isa Brown genotype, while the difference that occurred in the organic system between 

the genotypes studied was not statistically confirmed. 
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