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This study was carried out at the facilities of the Faculdade de Medicina Veterinária e Zootecnia of 
UNESP, Botucatu, Brazil, with the aim of evaluating bone quality of broiler breeders. Twenty-three 
Ross broiler breeder families were used. In the beginning of the study each family consisted of 13 
females and 1 male distributed in 23 pens of 5.0m² each, and at the end of the study the average 
number of females per pen was of 9.34. The management used was that recommended by the genetic 
company (Agroceres Ross, 2003). On the fourth week of rearing, 84 females removed for bone 
analyses of the right tibia and femur, using the technique of optical densitometry in radiographic 
images. These analyses were sequentially carried out in 4, 8, 12, 15, 20, 24, 30, 35, 42, 47, and 52 
week-old birds. After each radiographic collection, five birds were slaughtered, and the removed tibiae 
and femura were submitted to analyses to determine fat-free dry matter, bone strength, and Seedor 
index (Seedor, 1993). Eggs of the studied birds were collected with aid of nest traps in the same week 
of radiographic collections. Therefore, it was possible to establish correlations between bone quality 
and eggshell quality of these birds. There were correlations among bone quality characteristics, but no 
correlations were between bone quality and external egg quality. Hence, it was concluded there was no 
effect of egg production on bone quality, probably because there was no need to mobilize the studied 
bone minerals. 
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Introduction 
 

Breeder broiler calcium requirement is very high, particularly during the period of active eggshell 
formation. Calcium used for eggshell formation derives directly from the duodenum and jejunum, and 
indirectly from medullar bone through a bone resorption process (Kienholz et al., 1961; Landauer, 
1967; Wilson et al., 1980; Wilson, 1983; Luquetti et al., 2002; Julian, 2005). The proportion of 
calcium derived from these two sources varies according to the period of the day. During the night, 
when dietary calcium sources are not available, birds mobilize calcium from the bones, whereas 
during the day, most calcium comes from the diet. It is known that the higher the contribution of bone 
calcium for eggshell formation, the worst is eggshell quality. 

Medullar bone undergoes through periods of bone deposition and bone resorption. Bone resorption 
can be minimized when larger particles are fed, such as oyster meal, because these are digested more 
slowly during the night, extending calcium supply directly from the gastrointestinal tract. According to 
Julian (2005), the use of calcium in large particles (larger than 0.75mm) is good to maintain eggshell 
quality, as these particles are stored in the gizzards, ensuring the presence of calcium in the digestive 
tract during eggshell formation. 

However, the supplementation of calcium during the afternoon is controversial. Some authors 
carried out studies using different particle sizes, forms, and times of calcium particle availability. In 
some cases, no improvement in eggshell specific weight and resistance, or in hatchability and chick 
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viability were observed (Robinson et al., 1993; Reis et al., 1995; Zhang & Coon, 1997; Maggioni, 
1998).  

Phosphorus also has an important role in the normal bone system development of broiler breeders 
and of embryos, as well as in egg hatchability (Harms et al., 1964; Julian, 2005). Singsen et al. (1962) 
suggested that 0.4% available phosphorus is required for maximum hatchability of birds housed in 
cages. Later, Wilson et al. (1980) determined that broiler breeders required 0.31% phosphorus for 
normal hatchability. Current recommendations are of 0.35 - 0.45% available phosphorus, depending 
on the rearing stage of broiler breeders (Agroceres Ross, 2003). Excessive phosphorus consumption, 
resulting from a combination of dietary phosphorus and other sources, may cause poor eggshell 
quality, and indirectly worse hatchability (Wilson et al., 1980).  

Eggshell quality can be defined by specific weight and its relationship with shell porosity, as there 
is a positive correlation between eggshell quality and eggshell thickness, and a negative correlation 
with the concentration of pores (Peebles & Brake, 1987). Therefore, specific weight is an easy method 
to assess eggshell thickness, and it is widely used to determine its relation with hatchability in broiler 
breeders. Eggs of old breeders presenting good eggshell quality have the same hatchability as eggs 
from young breeders (North & Bell, 1990).  

As the laying period progresses, egg weight increases, eggshell becomes thinner, and internal 
quality worsens. There is also a high incidence of eggs with no shell. At a determined moment, the hen 
stops laying eggs. Eggshell quality decreases as egg production is reduced. These changes are 
associated with an increase in egg size and with a lower intestinal absorption of minerals by the birds 
(Qin & Klandorf, 1991; Leeson & Summers, 2000; Luquetti et al., 2002). Therefore, the bone system 
is used to supply the mineral needs of the body, ensuring the balance between calcium and phosphorus 
absorption and requirements. 

Bone tissue resistance results from calcium and phosphorus deposition as hydroxyapatite during 
the process of bone mineralization (Kälebo & Strid, 1988a; Field, 1999; Bruno, 2002).  

This study aimed at producing data on bone quality and eggshell quality during rearing and 
production periods of broiler breeders in order to assess the possibility of associating bone quality with 
eggshell quality. Modern low-cost techniques, such as optical densitometry in radiographic images, 
ash content, dry matter, bone strength, and Seedor index, were used.  
 

Materials and Methods 
 

A total number of 280 Ross 308 broiler breeder females, and 40 males were used. Birds were 
housed in the experimental facilities of FMVZ – UNESP/Botucatu, in a masonry house divided in 24 
pens of 5m² each, with an average density of 2.6 birds/m². The house was darkened with a cover with 
a light retention capacity of 80%, and special dark curtains (black-out curtains). Starting on the 18th 
week of rearing, birds were submitted to natural light and additional artificial light to provide 17 hours 
of light per day, and the cover was removed. 

Up to 3 weeks of age, birds were brooded using infrared brooding lights, and chick feeders were 
used. After this age, brooders were removed, and birds were fed using bell feeders and automatic 
trough feeders, with 15 cm feeder space per bird. At 10 days of age, all birds were debeaked using a 
standard debeaker. 

Birds were fed and had their weight controlled according to the genetic manual guidelines 
(Agroceres Ross, 2003). Feed was offered daily from week 1 to 6, and from weeks 18 to 52. Feeding 
followed a 5:2 (5 days with feed and 2 days fasting) during the period between 7 and 17 weeks of age. 
Afternoon calcium supplementation was not provided. 

During grower and developer periods, males were kept in pens separate from females. On week 
18, males were divided in 24 pens, with a density of 2.8 birds/m2, with a total number of 14 birds per 
pen. Twenty two pens housed males and females, whereas 2 pens housed replacement males. 

During the production period, nest traps were used, with a nest opening for 4.3 females. The 
collection of eggs used for eggshell quality analysis (egg weight, eggshell percentage, and specific 
weight) was carried out through nest traps, which allowed the identification of the hens and eggs. Nest 
traps were placed two days before and two days after collection of eggs for radiographic image. 
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Feed nutritional levels and rearing stages were determined according the genetic manual 
recommendations (Agroceres Ross, 2003). Limestone particle size was the same as that used for 
broiler (smaller than 0.75 mm). 

Bone mineral analysis was carried out using optical densitometry in radiographic images, and 
values were expressed in aluminum millimeters. Analyses started when birds completed 4 weeks of 
age, and were performed up to 52 weeks of age (4, 8, 12, 15, 20, 24, 30, 35, 42, 47, and 52 weeks of 
age). A number of 84 birds was chosen at random to compose the studied group. Birds were 
transported to the Veterinary Hospital of FMVZ, where they were submitted to x-ray examination 
using a portable x–ray apparatus, which was calibrated and applied a focus-film distance of 63 cm. A 
phantom aluminum scale was placed in the central area of the frame, in parallel and 3.0 cm distant 
from the studied region. This scale was used as densitometric reference. The phantom consists of 20 
degrees, with the first degree being 0.5 mm thick, followed by 0.5 mm variations up to the 20th degree. 
Each degree presented an area of 15 x 5 mm. The 47kVp X 2mAs used radiographic technique was 
applied to the samples collected on weeks 4, 8, and 12 weeks, and this technique was later changed to 
47kVp X 4m for the remaining samples. 

After radiographic examination, five birds were randomly selected to be sacrificed, after which 
their legs were removed for bone strength, bone mineral composition, and Seedor index analysis. The 
removed legs were dissected, and the bone duly identified according to bird number, right or left leg, 
and collection number, after which they were frozen in a commercial freezer. Therefore, the first 
radiographic collection, at 4 weeks of age, used 84 birds; the second collection used 79 birds; and the 
third used 74, until the 11th collection, at 52 weeks of age, when there were 34 birds. 

Optical density readings in radiographic images (bone mineral density) were carried out using the 
software CROMOX® ATHENA 3.1, and all readings followed the same pattern. Radiographs were 
scanned, and the images were analyzed using a 10-mm high and 35-45 mm wide opening. A 0o 
inclination axis was used for tibia readings, whereas femur bone density readings, the reading axis 
followed the inclination of the bone diaphysis, which varied between –27° and 32°, based on an axis 
of 0° inclination. 

The Seedor index is the value obtained when the bone weight is divided by its length, as proposed 
by Seedor (1993). It is used as a bone density indicator – the higher the value, the denser the bone. 
This index does not have a measurement unit. In order to perform this evaluation, the longest length of 
the bone was measured using a pachymeter, and the weight was obtained using a semi-analytic digital 
scale, with 0.0001 g precision. 

Bone resistance analyses were carried out at the Rural Engineering Department of Faculdade de 
Ciências Agronômicas, UNESP, Botucatu campus. Bones were place in ethylic ether for 36 hours for 
fat removal. An assay apparatus EMIC DL 10000 was regulated to allow a 3cm diaphysis opening. 
This was the maximum spacing obtained for the smallest bone, and therefore maintained for the other 
studied bones. In order to compare the bone strength values (kgf), an opening needs to be maintained. 
The software records the strength needed to completely break the bone, expressing the results in 
kilograms-force. Specific software allows grouping of up to 10 specimens. 

Fat-free dry matter percentage was obtained by weighing the bones in a digital analytical scale, 
after which they are dried for 72 hours in an oven at 60°C, after which they are removed from the oven 
and placed on desiccators until reaching room temperature, taking care to avoid environmental 
moisture. The bones are again weighed, and bone fat-free dry matter is calculated (Bruno, 2002). 

Eggshell quality analyses carried out in the present study were specific weight, and eggshell 
percentage. These two parameters were analyzed according to the methodology previously described 
by Castelló et al. (1989). Eggs used in these analyses derived from broiler breeders belonging to the 
group in which bone quality analyses were carried out. 

Statistical analysis used the software SAEG (1998). Data were submitted to ANOVA, and means 
were compared by the test of Pearson at 5% significance level. 

 

Results and Discussion 
 
Bone mineral density results were obtained in vivo, whereas the remaining results were obtained 

from bones removed after the birds were sacrificed. Bone quality results, relative to bone mineral 
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density (BMD), fat-free dry matter (ffDM), ash percentage, calcium and phosphorus percentages, 
Seedor index, and bone resistance are shown in Table 1. 

There were differences (p<0.05) among the evaluated traits, which values increased as bird aged 
for all bone quality traits, except for ash percentage, which decreased as birds aged. 

Tibia BMD values were very similar to those found by Araújo et al. (2004), in layers during the 
second production cycle. One of the treatments used by these authors (low dietary sodium) promoted 
tibia bone density (8.1 mm Al) equivalent to the femur bone density found in the present study. These 
results show that the minerals present in the tibia and femur of the studied birds were not removed for 
eggshell formation, as there was deposition of these minerals in the bones. Bone density decreased 
only in femura after 47 weeks of age. 

On weeks 24 and 30, fat-free dry matter, Seedor index, and bone strength were higher, probably 
because birds are preparing themselves to start egg production, which happened at 27 weeks of age in 
the present study. Under the influence of ovarian hormones, the body prepares itself to start 
production, when the mineral requirements, particularly calcium requirements, increase (Mahmoud et 
al.,1996; Agroceres Ross, 2000; Lesson & Summers, 2000; Luquetti et al., 2002). The values found 
for the Seedor index in the present study are lower as compared to broiler values. In studies carried out 
by Bruno (2002), the values varied between 17.03 and 87.46 for tibiae, and 15.95 and 70.24 for 
femura. This author also found increasing values of this index as birds aged. 

The behavior of bone strength values found here are similar to those of broiler between 42 and 53 
days of age. Some authors report bone strength values between 9.24 and 19.61 kgf for tibiae and 9.51 
and 20.3 kgf for femura (Lott et al., 1980; Orban et al., 1993; Bruno, 2002). 

Table 2 shows the results of the correlations between bone quality traits and eggshell quality traits 
of the studied birds. Bone quality traits, except for bone strength, presented high correlation with the 
same characteristics in other bones. In addition, there was high correlation among all bone quality 
characteristics, except for tibia bone strength, which was correlated only with tibia and femur bone 
mineral density. Bone ash values had an atypical behavior, with negative correlation with bone 
mineral density, Seedor index, and fat-free dry matter. 

Egg quality characteristics were correlated with few bone quality traits, with egg weight showing 
the most frequent, but weak correlation. 

These data suggest that birds do not have to resort to the calcium present in the tibia and femur for 
eggshell formation. This is explained by the fact that bone calcium is used for eggshell formation 
when dietary calcium is not available (Maggioni, 1998; Agroceres Ross, 2003; Julian, 2005), which 
apparently did not happen in the present study, despite the use of small-particle limestone and the lack 
of afternoon supplementation of calcium. 

Under the conditions of the present study, it is possible to conclude that the studied birds presented 
denser and stronger bones as they aged. Bone mineral density increased as these minerals were not 
mobilized for eggshell formation, and therefore, egg production had little influence on bone quality. 
 
Table 1. Mean values of bone mineral density (BMD), fat-free dry matter (ffDM), Seedor index, and bone strength (BS) 
 

Age  Characteristic 
(weeks) BMD (mm  Al) ffDM (%) Seedor index BS (kgf) 

 tibia femur tibia femur tibia femur tibia femur 
4 1.37e   1.34g 52.09cd 50.60bc    3.72c   4.06d   6.89d   8.89d 
8 2.20cde   2.55efg 56.67bcd 59.95abc    5.30c   5.87cd   8.62cd 11.24cd 

12 2.42cde   3.28ef 47.54d 45.36c    5.96c   5.55d   9.79cd 14.09cd 
15 1.88de   2.10fg 55.77bcd 55.90abc     6.34bc   6.34cd 10.40bcd 15.01bcd 
20 2.12cde   3.32ef 52.82cd 47.25bc   6.21c   6.60bcd 11.92bc 17.06abcd 
24 2.87bcde   3.81e 71.44a 70.07a 10.09a 10.44a 20.44ab 20.30ab 
30 2.94bcde   7.81cd 66.68ab 60.66abc 10.94a 10.75a 21.21ab 27.49ab 
35 4.51ab 12.49a 59.71abc 57.94abc    9.37ab   9.77ab 17.08b 28.48a 
42 3.55abc 11.21ab 67.95ab 62.91ab 10.51a 11.88a 17.61b 24.03ab 
47 3.86abc   6.11d 63.69abc 61.05abc 11.86a 11.89a 28.54a 28.83a 
52 5.03a   9.75bc 68.52a 64.35a 11.68a 12.43a 20.04ab 23.66abc 

 
Means followed by different letters in the same row indicate significant difference (p<0.05) by the test of Tukey.   
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Table 2. Correlations among tibia and femur bone density and eggshell quality of broiler breeders.  
 

 ffDM  
(tibia) 

Seedor 
(tibia) 

Str 
(tibia) 

BMD 
(tibia)

ffDM 
(femur)

Seedor 
(femur)

Str 
(femur)

BMD 
(femur)

Egg 
Weig. 

Shell % Sp. 
Weight. 

ffDM (tibia) 1.00           
Seedor (tibia) 0.83 1.00          

Str (tibia) - - 1.00         
BMD (tibia) 0.32 0.53 0.44 1.00        

ffDM (femur) 0.88 0.73 - 0.27 1.00       
Seedor (femur) 0.83 0.95 - 0.49 0.79 1.00      

Str (femur) 0.52 0.65 - 0.47 0.46 0.62 1.00     
BMD (femur) 0.35 0.58 0.43 0.67 0.23 0.50 0.44 1.00    
Egg Weight 0.38 0.33 - - 0.24 0.20 -0.31 - 1.00   

Shell % - - - -0.15 0.23 - - - -0.45 1.00  
Sp. Weight. 0.21 - - - 0.18 - - - 0.27 0.69 1.00 

 
Pearson correlations at 5% significance. ffDM = fat-free dry matter percentage; Seedor = Seedor index; Str = bone strength; 
BMD = bone mineral density; Shell % = eggshell percentage; Sp. Weight = specific weight. Non-significant correlations are 
not shown, and are expressed as “–“. 
 
References 

 
AGROCERES ROSS. 2000. Manual de Manejo de Matrizes. Agroceres Ross Melhoramento Genético 
de Aves S.A., 76p.  
AGROCERES ROSS. 2003.Manual de Manejo de Matrizes. Agroceres Ross Melhoramento Genético 
de Aves S.A. 81p.  
ARAÚJO, C.S.S., BARALDI-ARTONI, S.M., ARAÚJO, L.F., JUNQUEIRA, O.M., LAURENTIZ, 
A.C. and BETIOLI, M.M.L. 2004. Densidade óssea em poedeiras comerciais no 2º ciclo de produção. 
In: Conferência Apinco de Ciência e Tecnologia Avícolas. Santos, SP. Brasil. Suplemento da Revista 
Brasileira de Ciência Avícola, Prêmio Lamas; p. 139. 
BRUNO, L.D.G. 2002. Desenvolvimento ósseo em frangos de corte: Influência da restrição alimentar 
e da temperatura ambiente. Jaboticabal: UNESP, 72p. Tese (Doutorado). Faculdade de Ciências 
Agrárias e Veterinárias, Universidade Estadual de Paulista. 
CASTELLÓ, J.A.C., PONTES, M.P. and GONZÁLEZ, F.F. 1989. Producción de huevos. 1 ed. 
Barcelona, España. Real Escuela de Avicultura. 367p. 
FIELD, R.A. 1999. Ash and calcium as measures of bone in meat and bone mistures. Meat Science; 
55: 255-264. 
HARMS, R.H., AMMERMAN, C.B. and WALDROUP PW. 1964. The effect of supplement 
phosphorus in the breeder diet upon hatchability of eggs and bone composition of chicks. Poultry 
Science; 43: 209-212. 
JULIAN, R.J. 2005. Patologias ósseas em aves. In: Conferência Apinco 2005 de Ciência e Tecnologia 
Avícolas. Brasil. Anais; 2:107-122. 
KÄLEBO, P. and STRID, K.G. 1988a. Bone mass determination from microradiographs by computer-
assisted videodensitometry. Acta Radiologica; 29: 4:465-472. 
KIENHOLZ, E.W., TURK, D.E., SUNDE, M.L. and HOEKSTRA, W.G. 1961. Effects of zinc 
deficiency in the diets of hens. Journal Nutrition; 75: 211-221. 
LANDAUER W. 1967. The hatchability of chicken eggs as influenced by environment and heredity. 
Monograph 1. Storrs Agricultural Experiment Station, Storrs, CT. 
LEESON, S. and SUMMERS, J.D. 2000. Broiler breeder production. 1ed. Guelph, Canada. 329p. 
University Boocks. 
LOTT, B.D., REECE, F.N. and DROTT, J.H. 1980. Effect of preconditioning on bone breaking 
strenght. Poultry Science; 59(4):724-25. 
LUQUETTI, B.C., BRUNO, L.D.G, GIACHETO, P.F., FURLAN, R.L., GONZALES, E. and 
MACARI, M. 2002. Influência da idade da matriz sobre características da casca e parâmetros 
sanguíneos e cardíacos de pintos neonatos. Revista Brasileira de Ciência Avícola. Suplemento. 4:5. 



 

 

6

  

MAHMOUD, K.Z., BECH, M.M., SCHEIDELER, S.E., FORMAN, M.F.,  ANDERSON, K.P. AND 
KADCHMAN, S.D. 1996. Acute high environmental temperature and calcium-estrogen relationship in 
the hen. Poultry Science; 75: 1555-1562. 
MAGGIONI, R. 1998. Efeito do fracionamento de cálcio dietético sobre o desempenho produtivo e a 
qualidade da casca do ovo de poedeiras semi-pesadas durante o verão. Dissertação (Mestrado) – 
FAEM-UFPEL, 89 p. 
NORTH, M.O. and BELL, D.B. 1990. Commercial chicken production manual. 4th ed. Van Nostrand 
Reinhold, New York, NY.  
ORBAN, J.I., ROLAND, S.R. and BRYANT, M.M. 1983. Factors influencing bone mineral content, 
density, breaking streng, and ash as response criteria for assessing bone quality in chickens. Poultry 
Sciennce; 72(3):437-56. 
PEEBLES, E.D. and BRAKE, J. 1987. Eggshell quality and hatchability in broiler breeder eggs. 
Poultry Science; 66: 594-604. 
QIN, X. and KLANDORF, H. 1991. Effect of dietary boron supplementation on egg production, shell 
quality, and  calcium metabolism in  aged broiler  breeder hens. Poultry Science; 70: 10: 2131-2138. 
SAEG  (Sistema  para  análise  estatística  e  genéticas). 2003.  Manual  de utilização  do programa 
SAEG.  Viçosa: UFV. 59p. 
REIS, L.H. and FEIO, P. 1995. Extra dietary calcium supplement and broiler breeders. Jounal Appleid 
of Poultry Reserch; 4: 276-282. 
ROBINSON, F.E., WILSON, J.L., YU, M.W., FASENKO, G.M. and HARDIN RT. 1993. The 
Relationship Between Body Weight and Reproductive Efficiency in Meat-Type Chickens. Poultry 
Science; 72: 912-922. 
SEEDOR, J.G. 1993. The biophosphanate alendronate (MK-217) inhibit bone loss due to ovariectomy 
in rats. Journal of Bone and Mineral Research; 4: 265- 270.  
SINGSEN, E.P., SPANDORF, A.H., MATTERSON, L.D., SERAFIN, J.A. and TLUSTOHOWICS, 
J.J. 1962. Phosphorus in the nutrition of the adult hen. 1. Minimum phosphorus requirements. Poultry 
Science; 41: 1401-1414. 
WILSON, H.R., MILLER, E.R., HARMS, R.H. and DAMRON BL. 1980. Hatchability of chicken 
eggs by dietary phosphorus and calcium. Poultry Science; 59: 1284-1289. 
WILSON, H.R., INGRAM, D.R. and HARMS RH. 1983. Restricted feeding of broiler breeders. 
Poultry Science; 62: 1133-1141. 
ZHANG, B. and COON, C.N. 1997. The relationship of calcium intake, source, size, solubility in 
Vitro and in vivo, and gizzard limestone retention in laying hens. Poultry Science; 76: 1702-1706. 
 


