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Abstract: Bone problems are highly prevalent in laying hens. These problems affect the welfare, production and economic
losses. Bone development begins in the embryonic period, and if the skeletal system develops well at that time, the subsequent
production period can be affected positively. The present experiment aimed to investigate the effect of genotype on biomechanical
parameters and composition of bone in the laying hen embryos. For this purpose, 360 fertilized eggs were obtained from two brown
(Atak-S and Brown Nick) and two white (Atabey and Nick) layer breeders and incubated. Metatarsus, tibia and femur properties were
examined on the embryonic d 19 and 21. Results showed that genotype played an important role in determining the biomechanical
properties and mineral composition of the metatarsus, tibia and femur in the embryonic period. Examined bone characteristics improved
with embryonic age. The least mineralization was observed in the metatarsus bone. In conclusion, bone properties were infleunced
from the genotype. However, these differences were not related with laying hens being white or brown. The effect of the interaction
between genotype and embryonic age on the bone properties should be considered.
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Yumurtaci tavuk embriyolarinda genotipin kemik biyomekanik ézellikleri ve bilesimine etkileri

Ozet: Yumurtaci tavuklarda kemik sorunlari oldukga yaygindir. Bu sorunlar refahi, {iretimi ve ekonomik kayiplar1 etkiler. Kemik
gelisgimi embriyonik donemde bagladigindan bu doénemde iskelet sistemi iyi gelisirse, sonraki iiretim periyodu olumlu ydnde
etkilenebilir. Bu caligmada genotipin yumurtact tavuk embriyolarinda kemigin biyomekanik o6zellikleri ve bilesimine etkisini
incelemek amaglanmustir. Bu amagla iki kahverengi (Atak-S ve Kahverengi Nick) ve iki beyaz (Atabey ve Nick) yumurtaci
damizliklardan elde edilen 360 adet d61lii yumurta toplanmis ve inkiibe edilmistir. Embiyonik dénemin 19 ve 21. giinlerinde metatarsus,
tibia ve femur 6zellikleri incelenmistir. Sonuglar, embriyonik dénemde genotipin metatarsus, tibia ve femurun biyomekanik 6zellikleri
ve mineral bilesiminde 6nemli bir rol oynadigini goéstermistir. Embriyonik yasin artmasiyla incelenen kemik &zellikleri iyilesmistir. En
az minerilizasyon metatarsus kemiginde gézlenmistir. Sonug olarak, kemik 6zellikleri genotipten etkilenmistir. Fakat bu farkliliklar
beyaz veya kahverengi yumurtaci tavuk olmasiyla iliskili degildir. Genotip ve embriyonik yas arasindaki etkilesimin kemik 6zellikleri
iizerindeki etkisi dikkate alinmalidir.

Anahtar sozciikler: Embriyo, genotip, kemik, yumurtaci tavuk

Introduction
Laying hens have a skeleton to provide mobility
support, protection and store for essential minerals
especially calcium. Welfare, health and performance of
hen and economic implications are related to skeletal
development (10). The skeleton of birds is composed of a

mineral part (70%), organic part (20%) and water (10%).
Most of the bones’ mineral structure is composed of
calcium and phosphorus (10, 22). In modern table egg
production, companies use different brown and white
laying hybrids depending on breeding methods. There are
significant differences between white and brown laying
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hybrids in terms of body weight, feed consumption, egg
weight and egg production (14, 15). However, genetic
selection for higher production rate has come with
unintended consequences; in particular, bone problems,
depending on the rearing system, diet and hen’s age. By
the end of egg production the hens are susceptible to
osteoporosis (11, 23). Bone fractures caused by
osteoporosis are rated as serious welfare problems (18)
resulting in increased economic losses through increased
mortality and decreased eggshell quality. The skeletal
problems involve mainly leg problems (25).

In fact, the basis of bone development takes place in
the incubation. Femur and tibia start developing at 3.5
days of incubation, however, calcification begins at 10%"
day of incubation (17). Around the 10* day of incubation,
calcium from the eggshell is transported to the embryo via
chorioallantoic membrane (9). Bone calcium content also
increases sharply from day 14 of incubation and starts to
plateau at day 19 of incubation (12). The last phase of
embryo development is marked by dramatic physiological
and metabolic changes (13). Only few studies are
available investigating the differences in bone
development in the embryonic period of the different layer
hybrids. Well-formed skeleton within the egg might
increase the chick’s healthiness in the layer period.
Therefore, the aim of this study was to examine the
differences regarding development and properties of leg
bones during the embryonic age in different brown and
white layer hybrids.

Material and Methods

The animal experimental protocol was approved by
the Ankara University Animal Care and Use Committee
(2015/5/102). When determining the sample to be used in
the study the Power of test (1-p) was 0.80 calculated by G.
Power statistical packet software. A total of 360 fertilized
eggs were obtained from Atak-S, Atabey, Brown Nick and
Nick layer breeders at 28 weeks of age. All eggs were
numbered and weighed. Eggs were loaded to the
incubator (Cimuka Incubator, Ankara, Turkey) set to
37.7°C and 53% RH with 45° rotation every hour. On d
18, the eggs were transferred to the hatcher (Cimuka
Incubator, Ankara, Turkey) set to 37.5°C and 70% RH.
Eggs were placed in individual boxes in the hatcher
allowing specific identification of each hatched chick on
d 21 (15).

At the beginning of 19 and 21 d of incubation, twelve
eggs from each genotype were randomly selected,
weighed and opened. Embryos were sacrificed by cervical
dislocation. Metatarsus, tibia and femur bones were
dissected and cleared of all soft tissues. Bones were stored
at-20 ° C until analysis and dissolved at room temperature
just before testing. Each bone was weighed using an
analytical scale to the nearest 0.01 mg. Length was

determined from the proximal end to distal end, and the
width at the medial diaphysis (1). Leg bones from each
embryo were subjected to the three-point bending test until
failure occurred. Test was performed on Instron 5944
testing frame (Instron, Norwood, MA, USA). Loading rate
was 5 mm/min. Span length was 10 mm for tibias. In
bending test, span length should be about 16 times the
thickness of the specimen generally. However, due to the
nonuniform structure of bone, length-to-width ratio of
16:1 cannot be achieved. Therefore, 10 mm is the
maximum span length which we can measure flexure of
the bone. Load was applied to the midpoint of the shaft.
Load vs displacement data was collected for each sample.
Stiffness values were calculated from the slope of linear
region of the load displacement curves. Breaking force
was determined from the load displacement curves as
well. Breaking force was defined as load at failure. Yield
load is the load where permanent deformation of the
system begins. Displacement at vyield load is the
displacement at which permanent deformation begins.

Dry matter and ash in the bones were determined
according to the AOAC (3) methods. For the
determination of mineral levels (Zn, Cu, Mn, Fe, Na, K,
Ca, P and Mg), bones were analyzed (5) using an ICP-OES
(Perkin Elmer Optima™ DV 2100 Model, Dual View,
Perkin Elmer Life and Analytical Sciences, Shelton, CT,
USA). The values of these minerals were shown as per kg
DM.

Statistical analyses: All of the experimental results
are presented as meantSEM. Two-way ANOVA was used
for all data in order to test for main and interactive effects
of genotype and embryonic age. If ANOVA revealed
significant effects, it was followed by Tukey test.
Statistical significance was accepted at P<0.05 (6).

Results

All geometrical and biomechanical parameters of
metatarsus measured were affected by genotype except
displacement at yield (Table 1). The major difference
among genotype groups was observed in Nick embryos.
Metatarsus of Nick embryos was found to be the heaviest
and the longest comparing with other genotypes
(P<0.001). Width, breaking force, stiffness and yield load
of metatarsus in the Nick and Brown Nick embryos
were found higher than those of the metatarsus in the
Atabey and Atak-S embryos. As the embryonic age
progressed, metatarsus properties were also increased
except displacement at yield (P<0.001). Two way
interactions between hybrid and embryonic age were
found in the weight, stiffness and yield load of metatarsus
(P<0.01). Because, the increases in the weight, stiffness
and yield load of metatarsus in Nick embryos were the
highest from embryonic d (E) 19 to E21 among the other
embryos.
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Table 1. Effect of genotype and embryonic age on geometrical and biomechanical parameters in the metatarsus

Genotype Embryonic  Weight Length Width Breaking force Stiffness  Yield load Displacement
age (9) (mm) (mm) (N) (N/mm) (N) atyield (mm)
White layer
Atabey 0.16° 19.95% 1.38° 4,730 5.68° 3.00° 0.87
Nick 0.222 20.722 1.552 6.30° 9.832 4.528 0.78
Brown layer
Atak-S 0.15° 18.67¢ 1.32b 4.82° 7.08° 2.72b 0.73
Brown Nick 0.19° 19.65° 1.542 5.90? 9.31° 4.072 0.81
E19 0.15 19.22 1.38 4.83 6.17 2.95 0.85
E21 0.21 20.28 1.52 6.04 9.78 421 0.75
Atabey E19 0.14 19.49 1.34 4.01 3.93 2.51 0.88
E21 0.19 20.41 1.42 5.46 7.42 3.48 0.86
Nick E19 0.18 20.26 1.48 5.27 6.78 3.08 0.83
E21 0.26 21.18 1.63 7.33 12.88 5.96 0.73
Atak-S E19 0.12 17.88 1.18 4.56 6.48 2.87 0.76
E21 0.18 19.45 1.45 5.08 7.68 2.58 0.71
Brown Nick E19 0.19 19.23 151 5.49 7.48 3.33 0.92
E21 0.20 20.06 1.58 6.31 11.15 4.81 0.70
SEM 0.003 0.108 0.020 0.105 0.222 0.132 0.031
P-value
Genotype <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.113
Embryonic age <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.430
Genotype X Embryonicage  0.003 0.628 0.313 0.061 0.004 0.001 0.652

abc Means within a column with different superscript letters differ.

The values of weight, length, breaking force and
stiffness of tibia were found to be the highest in the Nick
embryos (P<0.001) as in the metatarsus (Table 2). Width
of tibia values were found as 1.48, 1.55, 1.53 and 1.60 mm
in the Atabey, Nick, Atak-S and Brown Nick embryos,
respectively. Brown Nick had the widest tibia in the
embryonic period (P<0.01). Yield loads were 4.29, 5.14,
3.74 and 5.44 N for Atabey, Nick, Atak-S and Brown Nick
embryos, respectively; tibia of Nick and Brown Nick
embryos had higher yield load values than the other
examined embryos (P<0.001). Displacement at yield was
not found different in the genotype groups. Weight
(P<0.001), length (P<0.001), width (P<0.05), breaking
force (P<0.001), stiffness (P<0.001) and yield load
(P<0.001) increased with the increase in the embryonic
age from E19 to E21. But, displacement at yield did not
differ between embryonic age groups. Interaction was
found only for length and yield load of tibia (P<0.05).

Nick embryos had the heaviest (P<0.01) and the
longest (P<0.001) femur than the others in the examined
embryonic period (Table 3). Femur widths were found as
1.48, 1.57, 1.43 and 1.58 mm in the Atabey, Nick, Atak-S
and Brown Nick embryos, respectively. The lowest
breaking force value was found in the Atak-S embryos.
Stiffness values were 11.10, 14.38, 9.86 and 12.52 N/mm
in the Atabey, Nick, Atak-S and Brown Nick embryos,
respectively. The highest stiffness (P<0.001) and yield
load (P<0.05) of femur were found in the Nick embryos.
Displacement at yield did not differ among the genotype

groups. Examined geometrical and biomechanical
parameters of femur except of displacement at yield
increased from E19 to E21 (P<0.01). Increase in the femur
stiffness from E19 to E21 was lowest in the Atabey
embryos, and this situation caused the genotype and
embryonic age interaction.

Mineral levels of metatarsus, tibia and femur are
presented in Table 4, 5 and 6. Fe, Zn, Na and Ca levels in
the metatarsus; ash, Fe, Zn, Na and Ca levels in the tibia,
and ash, Fe, Zn, Na and Ca levels in the femur were
affected by the genotype (P<0.05). All examined minerals
in the metatarsus, tibia and femur except Mg in the
metatarsus and tibia increased with embryonic age
(P<0.05). The highest Fe content in the metatarsus, tibia
and femur was found in the Nick and Brown Nick embryos
(P<0.001). The highest Ca level was found as 223.49
(P<0.01), 272.85 (P<0.001) and 276.34 g/kg DM
(P<0.001) in the metatarsus, tibia and femur bones,
respectively in the Brown Nick embryos.

In metatarsus, interaction effects between genotype
and embryonic age were observed for Fe and Na
concentrations. This was due to the higher increment in Fe
level in the Brown Nick embryos and lower increase in Na
level in the Atabey embryos from E19 to E21. In the tibia
bone, increase in the ash, Cu, Fe and P concentrations
from E19 to E21 varied by genotype and this resulted in
interaction. Same trend was also observed for ash, Cu, Fe,
Na and P levels in the femur from E19 to E21.
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Table 2. Effect of genotype and embryonic age on geometrical and biomechanical parameters in the tibia

Genotype Embryonic  Weight Length Width Breaking force Stiffness Yield load Displacement

age (9) (mm) (mm) (N) (N/mm) (N) at yield (mm)
White layer
Atabey 0.23% 27.06° 1.48° 7.03° 16.160° 4.29° 0.45
Nick 0.272 28.532 1.55% 7.718 20.522 5.142 0.42
Brown layer
Atak-S 0.21° 26.28° 1.53% 6.22¢ 14.80° 3.74° 0.63
Brown Nick 0.26% 27.06° 1.602 7.50% 18.27% 5.442 0.44
E19 0.20 26.20 151 6.36 14.42 4.03 0.45
E21 0.28 28.27 1.57 7.87 20.32 5.27 0.52
Atabey E19 0.18 25.81 1.44 6.06 13.77 3.80 0.40
E21 0.28 28.30 1.53 8.00 18.55 4.77 0.50
Nick E19 0.23 28.02 1.54 6.74 15.18 3.73 0.48
E21 0.31 29.04 1.55 8.68 25.33 6.54 0.36
Atak-S E19 0.17 24.78 1.48 5.62 13.24 3.65 0.49
E21 0.26 27.79 1.58 6.82 16.35 3.83 0.78
Brown Nick E19 0.22 26.19 1.58 7.02 15.50 4.94 0.42
E21 0.29 27.93 1.62 7.98 21.04 5.94 0.46
SEM 0.004 0.127 0.012 0.092 0.491 0.125 0.051
P-value
Genotype <0.001 <0.001 0.007 <0.001 0.001 <0.001 0.410
Embryonic age <0.001 <0.001 0.012 <0.001 <0.001 <0.001 0.453
Genotype X Embryonicage  0.471 0.036 0.467 0.137 0.079 0.003 0.549

abc Means within a column with different superscript letters differ.

Table 3. Effect of genotype and embryonic age on geometrical and biomechanical parameters in the femur

Genotype Embryonic  Weight Length Width Breaking force Stiffness Yield load Displacement

age (9) (mm) (mm) (N) (N/mm) (N) at yield (mm)
White layer
Atabey 0.15° 19.22° 1.48 6.492 11.10° 4,54 0.72
Nick 0.182 20.40° 1.57® 7.312 14.382 4.90? 0.68
Brown layer
Atak-S 0.13° 18.44° 1.43¢ 5.34b 9.86° 3.32° 0.62
Brown Nick 0.15° 19.18° 1.582 6.48% 12,52 4.36% 0.74
E19 0.14 18.75 1.47 5.61 9.21 331 0.70
E21 0.17 19.87 1.55 7.21 14.72 5.25 0.68
Atabey E19 0.13 18.87 1.44 5.91 10.53 3.71 0.65
E21 0.17 19.57 151 7.06 11.66 5.37 0.80
Nick E19 0.16 19.82 1.49 6.49 10.61 4.20 0.75
E21 0.20 20.97 1.65 8.14 18.14 5.50 0.60
Atak-S E19 0.12 17.65 1.42 453 6.78 2.08 0.69
E21 0.15 19.23 1.44 6.16 12.93 4.56 0.55
Brown Nick E19 0.14 18.67 1.54 5.50 8.90 3.23 0.71
E21 0.16 19.69 1.61 7.46 16.14 5.50 0.77
SEM 0.004 0.114 0.013 0.113 0.363 0.186 0.029
P-value
Genotype 0.002 <0.001 <0.001 <0.001 <0.001 0.024 0.491
Embryonic age 0.001 <0.001 0.002 <0.001 <0.001 <0.001 0.749
Genotype X Embryonic age 0.698 0.630 0.249 0.671 0.015 0.692 0.212

abc Means within a column with different superscript letters differ.
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Table 4. Effect of genotype and embryonic age on metatarsus composition
Genotype Embryonic  Ash Cu Fe Mn Zn Na Ca P Mg K
age (9/100g (mg/kg (mg/kg  (mg/kg  (mg/kg  (9/kg  (g/kg (9/kg  (g/kg  (9/kg
DM) DM) DM) DM) DM) DM) DM) DM) DM) DM)
White layer
Atabey 40.87 0.33 163.23¢ 0.49 221.872 271> 206,51 10643 2.78 2.67
Nick 42.89 0.36 218.422 0.52 201592 3.36® 210.86% 105.01 3.35 2.83
Brown layer
Atak-S 43.88 0.43 201.66P 0.54 181.63* 3722 201.40° 106.88 2.76 2.65
Brown Nick 41.78 0.46 256.29? 0.58 207.59%  3.40% 223.49* 11321 3.23 2.45
E19 40.21 0.33 165.53 0.45 147.19 271 198.70 95.89 2.95 2.14
E21 4451 0.46 254.27 0.61 259.15 3.88 222.44 11987  3.37 3.16
Atabey E19 39.60 0.22 141.13 0.41 151.77 2.65 192.52 94.03 2.72 2.16
E21 42.15 0.45 185.32 0.56 291.95 2.77 22049 11883 2.84 3.18
Nick E19 39.60 0.29 165.06 0.41 145.75 2.57 199.69 92.13 3.25 2.33
E21 46.18 0.43 271.78 0.64 257.43 4.15 216.33 117.88  3.45 3.34
Atak-S E19 42.36 0.39 166.29 0.45 134.61 3.08 186.48 99.06 3.07 2.30
E21 45.40 0.46 237.03 0.63 228.66 4.35 216.33 11470 3.45 3.00
Brown Nick E19 39.27 0.41 189.65 0.55 156.63 2.55 216.10 98.34 2.76 1.77
E21 44.29 0.50 322.92 0.61 258.54 4.25 230.89 128.09 3.69 3.13
SEM 0.426  0.017 4.675 0.036 4.996 0.102 2.306 1311 0116 0.112
P-value
Genotype 0.074  0.087 <0.001 0.837 0.041 0.008 0.006 0.124 0319 0.692
Embryonic age <0.001 <0.001 <0.001 0.034 <0.001 <0.001 <0.001 <0.001 0.075 <0.001
Genotype X Embryonicage 0.340  0.328 0.006 0.883 0.390 0.036 0.637 0.253 0599 0.774
abc Means within a column with different superscript letters differ.
Table 5. Effect of genotype and embryonic age on tibia composition
Genotype Embryonic  Ash Cu Fe Mn Zn Na Ca P Mg K
age (9/100g (mg/kg  (mg/kg  (mg/kg (mg/kg  (g/kg  (g/kg (9/kg  (g9/kg  (g/kg
DM) DM) DM) DM) DM) DM) DM) DM) DM) DM)
White layer
Atabey 50.03  0.58 215.84°¢ 0.64 265.508 3.16° 244.15> 12066  3.12 3.03
Nick 52.412 0.54 280.13? 0.60 244.14°  4.08% 246.41° 11596 3.72 3.14
Brown layer
Atak-S 51.34%  0.63 256.27° 0.65 221.32° 440 247.27° 11445 352 2.95
Brown Nick 48.17¢ 0.63 307.122 0.77 271778 3.82% 272.85% 121.49 351 2.69
E19 48.74 0.52 205.44 0.54 185.67 3.19 23237 10338 3.25 2.36
E21 52.24 0.67 324.23 0.79 315.69 454 27297 13290 3.69 3.54
Atabey E19 49.78 0.39 178.36 0.53 180.79 2.99 22519  101.15 2.99 2.47
E21 50.29 0.76 253.31 0.76 350.21 3.34 263.11  140.17 3.24 3.59
Nick E19 51.37 0.46 209.81 0.45 182.76 3.29 22210 10335  3.62 2.53
E21 53.45 0.61 350.44 0.75 305.52 4.87 270.72 12858  3.82 3.76
Atak-S E19 48.56 0.62 208.65 0.56 160.65 3.54 22492  104.22 3.33 2.48
E21 54.12 0.65 303.89 0.73 282.00 5.26 269.61 12468 3.72 3.46
Brown Nick E19 45.23 0.61 224.95 0.63 218.49 2.93 257.27 10480 3.06 1.98
E21 51.12 0.66 389.28 0.91 325.05 4.70 288.43 138.18 3.96 3.39
SEM 0.327  0.021 4.364 0.054 5.148 0.123 1.915 1.211 0.123 0.122
P-value
Genotype <0.001 0.291 <0.001 0.721 0.002 0.006  <0.001 0.106  0.393 0.589
Embryonic age <0.001 0.001 <0.001 0.028 <0.001 <0.001 <0.001 <0.001 0.082 <0.001
Genotype X Embryonicage 0.009  0.021 0.002 0.976 0.167 0.144 0.392 0.038  0.734 0.920

abc Means within a column with different superscript letters differ.
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Table 6. Effect of genotype and embryonic age on femur composition

Genotype Embryonic  Ash Cu Fe Mn Zn Na Ca P Mg K
age (9/100 (mg/kg  (mg/kg  (mg/kg (mg/kg  (9/kg  (9/kg  (g/kg  (g/kg  (g/kg
gDM) DM) DM) DM) DM) DM) DM) DM) DM) DM)
White layer
Atabey 50.822  0.62 219.22° 0.68 268.60° 3.31° 24915 12432  3.39 3.28
Nick 50.87¢  0.55 279.918 0.63 246.10°  4.11*  249.98°> 11775  3.94 3.29
Brown layer
Atak-S 52.30°  0.66 256.86° 0.66 226.28" 4522 249.40° 11699  3.86 3.13
Brown Nick 48.89°  0.66 311.672 0.78 273.200 4.14* 276.34° 12418 3.71 2.88
E19 48.57 0.54 209.13 0.59 188.95 3.46 23772 106.31 341 2.64
E21 52.86 0.71 324.70 0.79 318.14 4.57 27472 13531 4,01 3.65
Atabey E19 50.77 0.43 186.78 0.55 185.75 3.32 23355 106.15  3.07 2.87
E21 50.86 0.81 251.66 0.81 351.46 3.30 264.76 14249 361 3.68
Nick E19 47.37 0.46 208.57 0.51 183.44 3.20 226.13 10518 3.83 2.76
E21 54.37 0.65 351.25 0.76 308.75 5.01 273.83 13032  4.05 3.83
Atak-S E19 50.00 0.64 210.80 0.63 166.20 3.97 22735 10741 359 2.78
E21 54.59 0.69 302.91 0.69 286.36 3.30 27144 12656  4.12 3.49
Brown Nick E19 46.14 0.64 230.36 0.66 220.40 3.36 263.85 10650  3.16 2.14
E21 51.63 0.68 392.98 0.90 326.00 491 288.84 14186  4.26 3.61
SEM 0.313  0.022 4.375 0.052 5.199 0.099 1.790 1265 0.117 0.115
P-value
Genotype 0.002  0.278 <0.001 0.758 0.005 <0.001 <0.001 0.065 0.298 0.550
Embryonic age <0.001 <0.001  <0.001 0.054  <0.001 <0.001 <0.001 <0.001 0.013 <0.001
Genotype X Embryonicage 0.002  0.021 <0.001 0.882 0.216 0.011 0.091 0.047  0.603 0.644

abMeans within a column with different superscript letters differ.

Discussion and Conclusion

For poultry, skeletal system is one of the most
important development systems in the embryonic period.
Genetic selection as a tool to obtain higher production has
undesirable effects on the skeletal system resulting in
major problems such as osteoporosis, fracture, paralysis
and death (24). The better bone development in the
embryonic period results in less bone problems during the
production period. In the present study, clear differences
were observed for geometrical and biomechanical
parameters of leg bones obtained from different genotypes
in the embryonic period. It is well documented that
commercial brown hybrid layers represent the heavy
weight type with stronger bones than the light weight type
such as white layers (7). However, results in this study
showed that this idea does not apply to the embryonic
period. Because, almost all geometrical and
biomechanical parameters of leg bones were found to be
highest in the Nick embryos and second highest level was
found in the Brown Nick embryos. Nick embryos had
heavier and longer metatarsus and femur along with longer
tibia.

Bone biomechanical parameters such as breaking
force, stiffness, yield load and displacement at yield load
are commonly used to determine the bone quality.

Breaking force is the amount of force required to cause a
fracture (8). Stiffness is the resistance to elastic
deformation and yield load is the flexibility limit point (8,
20). When excessive load is applied than the yield load,
permanent deformation occurs in the bones impeding their
proper functioning. This means that high breaking force,
stiffness and yield load values are important for strong
bones in the embryonic period. Metatarsus and tibia of
Nick and Brown Nick embryos had the highest breaking
force, stiffness and yield load. These results showed that
the effect of being brown or white layer hens on examined
bone parameters was not statistically significant in the
embryonic period. However, genotype is an important
parameter for development in the skeletal system in the
embryonic period.

For all leg bones, neither genotype nor embryonic
age had any significant effect on the displacement values
at yield loads. Increased mechanical strength was
observed in all genotypes with advancement in embryonic
age. Age dependent increase in stiffness and yield load
was greatest in metatarsus of Nick embryos, while lowest
increase in the stiffness was observed in the femur of
Atabey embryos. This means that Nick group had the
greatest increment in the mechanical strength of bone with
advancement in embryonic age. The embryonic age
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efficiently improved the breaking force, stiffness and yield
load in the tibia as compared to the other leg bones.

During embryonic period, minerals for bone
development are acquired from the eggshell, albumen and
yolk. The strength of the bones depends on their mineral
density. In this study, differences were noted in the storage
of minerals in different leg bones. The mineral
accumulation in the bones of embryos did not differ being
they were white or brown laying hens. The effects of the
levels of Zn, Mn and Cu on bone development and bone
strength have been illustrated in some studies (4, 19). Zn
deficiency decreases bone collagen turnover and is
accompanied by leg deformities (21, 26). In the present
study it was observed that leg bones of Atak-S embryos
had the lowest Zn content. However, Mn and Cu levels of
leg bones were not found to be different among the
genotype groups. Onbasgilar et al. (16) reported higher Zn
content in the femur of embryos from hybrid type layers
as compared to the pure breeds.

Angel (2) reported that tibia is one of the most
mineralized bones in the skeleton in the production period.
Results in this study showed that tibia and femur were
more mineralized bones than metatarsus in the embryonic
period. Mineral accumulation in the bones increased from
E19 to E21. Only, Mg level in the metatarsus and tibia
were not found statistically different from E19 to E21.

In conclusion, genotype is a factor determining bone
development during embryonic period. Bone properties
were affected by the genotype but these differences were
not related with laying hens being white or brown. The
effect of the genotype should be considered in the
interaction between embryonic ages. Interaction between
genotype and embryonic age should be considered.
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