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Abstract

The aim of this research was to determine the ef-
fects of thermal manipulations early and late em-
bryogenesis on growth of tibia and femur bones of
broilers. For control group eggs 37.5 °C and 55 %
humidity were applied on the incubation during
19 days. Incubation temperature was increased to
41 °C and humidity to 65 % for 3 hours on the 8th
-10th days of incubation during early embryogen-
esis. Similarly, incubation temperature was in-
creased to 41 °C and humidity to 65 % for 3 hours
on the 16t-18th days of incubation during late em-
bryogenesis. Average tibia bone lengths were de-
termined as 97.57 mm, 99.08 mm and 100.25 mm
for control, early and late embryonic groups, re-
spectively, and significant difference were deter-
mined between the average values. Also, male
broilers (100.27 mm) have higher tibia bone
length than females (97.66 mm). The differences
between the groups in point of femur bone length
was significant, and the highest femur bone length
was in the late embryonic group (70.79 mm), the
lowest femur bone length in the control (68.93

mm) group.
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Etlik piliclerde embriyonun erken ve gec¢ geli-
sim donemlerinde yapilan yiiksek is1l uygula-
manin tibia ve femur kemiginin biiyiimesine
etkileri

0z

Bu ¢alismada embriyo gelisiminin erken ve ge¢ do-
nemlerindeki ytksek 1sil uygulamanin tibia ve fe-
mur kemiklerinin gelisimine olan etkilerinin belir-
lenmesi hedeflenmistir. Bunun i¢in, kontrol gru-
bundaki yumurtalara 37.5 °C sicaklik ve % 55 nem
19. giine kadar uygulanmistir. Kulugkanin erken
(8-10. giinler) ve ge¢ embriyonik (16-18. giinler)
donemlerinde ise giinliik 3 saat siireyle yumurta-
lara 41°C sicaklik ve % 65 nem uygulanmasi yapil-
mistir. Tibia kemik uzunlugu kontrol, erken ve geg
embriyonik gruplarinda sirasiyla 97.57 mm, 99.08
mm and 100.25 mm olarak 6l¢iilmiis olup gruplar
arasindaki farklilik énemli bulunmustur. Tibia ke-
migi erkeklerde (100.27 mm) disilerden (97.66
mm) daha uzun olarak belirlenmistir. Femur ke-
migi uzunlugu bakimindan gruplar arasindaki
farklihlk 6nemli bulunmus olup femur kemigi
uzunlugu en fazla ge¢ embryonik (70.79 mm) gru-
bunda, en diisiik ise kontrol grubunda (68.93 mm)
Olgiilmiistiir.

Anahtar kelimeler: Etlik pilig, 1s1l uygulama, bii-
yime, tibia-femur kemigi
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Introduction

Chicken meat is an important and cheap source of an-
imal protein for human due to its low fat content, nu-
tritive value and high protein level. Today, a signifi-
cant increase has been achieved in the production of
poultry meat (Warriss, 2010). Increasing the ratio of
breast meat, decreasing abdominal fat ratio, improve-
ment of the product quality and product diversity
have played an important role in the poultry meat
production. In addition to genetic breeding studies,
epigenetic adaptation during incubation is used to try
to reduce heat stress by high temperature and humid-
ity manipulations in embryonic period in poultry (Ya-
hav, 2004; Yalcin et al. 2005; Narinc et al. 2016). In
recent years, applying high temperature and humid-
ity studies has increased in the incubation stage. High
temperature and humidity practices in incubation
phase increased the resistance of the poultry chickens
to heat stress. During the application of heat stress,
the temperature threshold of the body changes for
heat production and heat dissipation, so the heat
stress tolerance of the poultry chickens increases (Ya-
hav, 2000; Nichelmann, 2004). Thermal application
studies are basically divided according to incubation
stage and postnatal periods. The pre-incubation pe-
riod is very important period in tems of balancing sys-
tems for body temperature. Temperature and humid-
ity of the incubator can cause in the physiological re-
sponses of the poultry to high temperature and hu-
midity. Control of early development of the ther-
moregulatory system during incubation by changes in
incubation temperature could be a tool to adapt
chicks to higher post-hatch ambient temperatures
(Tzschentke, 2007). Higher cyclic incubation temper-
atures during specific periods of embryogenesis im-
proved the thermotolerance of broilers and reduced
the reverse effects of short- or long-term heat stress
on broilers (Yalcin et al. 2005; Piestun et al. 2008).
The growth rate of the muscle of broilers has dis-
played an important improvement than body weight
improvement (Lilburn, 1994). Developments in the
rate of growth of chickens caused many unexpected
results, such as an increase in carcass fatness and
skeletal diseases (Sullivan, 1994). Besides, genetic se-
lection for fast growth, gender and environmental
temperature can affect the skeletal development of
poultry (Leterrier and Constantin 1999; Rose et al.

1996; Leeson and Caston, 1993). Yalcin et al. (1995)
determined that chicken reared at high temperatures
tibia and humerus weight decreased, but the length
was not affected. Bruno et al (2000) observed that
broiler chickens reared under heat stress conditions
indicated a reduction in both the length and width of
the tibia, femur and humerus. Also, Eriksen et al.
(2003) studied the influence of temperature on bone
growth in the chick. Their results indicated that the
total skeletal calcium and the true bone length of sev-
eral long bones vary linearly with the temperature of
the chick embryo by as much as 20% per degree cen-
tigrade.

The objective of the research was to evaluate the ef-
fects of high thermal manipulations early (EEs-10
days) and late (LEis-1s8 days) embryogenesis on
growth of tibia and femur bones of broilers.

Material and Method

This study was conducted in summer season between
June and July months during 6 weeks of age. Eggs used
in this study were obtained from commercial firms.
Eggs were stored for one day at 16-18 °C and 70-75 %
humidity conditions. Eggs were randomly divided
into 3 groups. For control group eggs 37,5 °C and 55
% humidity were applied on the incubation during 19
days. Then, incubation temperature was increased to
41 °C and humidity to 65 % for 3 hours on the 8th-10th
days of incubation during early embryogenesis. Simi-
larly, incubation temperature was increased to 41°C
and humidity to 65 % for 3 hours on the 16t-18th days
of incubation during late embryogenesis. (Bruzual et
al. 2000). The eggs were turned through 270° auto-
matically every hour. At the 18th day of incubation,
the eggs were transferred to 37.5°C and 55 % humid-
ity conditions. trays. Hatched chicks were wing-
banded and individually weighed at hatching. The
chicks were fed with a diet consisting of 12.50 M] kg1
metabolic energy and 210 g crude protein kg! ad libi-
tum and unlimited water was supplied during the ex-
periment. At the end of the experiment at random
from each group of 10 males and 10 females broilers
selected, and the femoral and tibial lengths and
widths were measured in these animals. Much of the
adhering tissue was removed from each bone with
scissors and blades. The length and width of each
bone was measured with dijital caliper (mm * 0,01)
(Applegate and Lilburn, 2002; Birgul et al. 2011).
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Statistical methods

Following model was used for statistical analyses:

Yijk = |+ 8i +Cj + eijk (N

where Yik represents the observation values, p was
the overall mean, gi is the effect of the i-th manipula-
tion, ¢jis the effect of the j-th gender and ejx is the er-
ror term, ~N (0, 02e).

Findings and Discussion

Temperature and relative humidity values in terms of
weeks were presented in Table 1. The effects of ther-
mal manipulations and gender on length and width of
tibia and femur bones were given in Table 2 and 3.
Temperature and relative humidity values were
ranged between 29.79- 32.46 °C and % 42.73-74.82,
respectively.

Table 1. Weekly temperature (°C) and relative humidity (%) values

Week Temperature+SE?! Relative humidity+SE?!
1 30.54+0.17 65.90+3.53
2 30.93+0.18 73.11+4.31
3 30.22+0.18 74.82+3.52
4 31.74+0.22 70.85+4.52
5 32.46+0.28 42.73+3.48
6 29.79+0.27 56.8+4.56

1Standard error

As seen in Table 2, the length of tibia was 97.57 mm
in the control, 99.08 mm in the early embryogenesis
and 100.25 mm in late embryogenesis groups, respec-
tively. Average length of tibia of early and late embry-
ogenesis was significantly longer than those of con-
trol group (P<0.05). For all that, significant difference
between the genders was found, and tibia length was
significantly longer in males (100.27+0.62mm) than
females (97.66+0.62mm). Also, there was significant
difference among the groups in terms of tibia widths,
and tibia width (9.84mm) in the late embryogenesis
group was higher than those of control (9.26mm) and
early embryogenesis (9.31mm) groups. As presented
in Table 3, difference among the groups in terms of
lengths of femur was found significant (P<0.05), and
highest length of femur value was determined in late
embryogenesis group (70.79mm). In contrast, the
lowest length of femur value was found in control
group (68.93mm). Also, there was determined signif-
icant difference between the genders, and length of
femur of males was higher than that of females. How-
ever, difference among the groups in respect to
widths of femur was not significant, in contrast, males
have higher value (10.34mm) than those of females
(9.16mm).

Kocabagli (2001) reported that lengths of tibia bone
vary between 89.4-92.2mm. Also, Barreiro et
al.(2011) found that lengths of tibia bone were
32.5mm, 54.36mm and 80.68mm in 8th, 22th agnd 42th
days of age, respectively. Yalcin et al.(1995) stated

that high temperatures reduced tibia bone weight,
however, did not affect the length of tibia bones.
Againin another study, effects of genotype, age of par-
ent and gender on morphological characteristics and
composition of tibia bone were investigated. Tibia
lengths of male and females broilers at 32 and 48 days
of age were changed between 88.56-98-50 mm and
between 115-118 mm changed, respectively. In con-
trast, tibia widths of male and females broilers at 32
and 48 days of age were changed between 6.20-6-50
mm and between 8.44-9.07 mm (Yalcin et al. 2001).
In a study by Quarantelli et al. (2007), lengths of fe-
mur bone at 21, 41 and 61 days of age as 51.40-
54.57mm, 75.50-79.87mm and 90.50-97.37mm, but
lengths of tibia bone as 72.47-96.0mm, 107.5-
114.5mm and 132.43-140.83 mm were determines,
respectively. High ambient temperature reduced
growth of femur and tibia bones of broilers, but did
not affect bone fracture resistance, and lengths of fe-
mur and tibia bone of broilers grown in low ambient
temperature (15°C) was significantly lower than
those of grown in optimum ambient temperature
(24°C), however there was no significant difference
between the ambient temperature groups in point of
width of femur and tibia bones (Bruno et al.(2000,
2007). Shim and Pesti (2011) stated that application
of different temperatures during incubation had no
significant affect on length of the tibia bone for broil-
ers. Curek (2010) reported that there was no signifi-
cant difference between the low and rapidly growing
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broilers in respect to lengths of tibia, and tibia lengths
were determined 107.19mm for slow growing and
106.44mm for rapid growing broilers. In the same
study, there was significant difference between the
winter (107.90mm) and spring (109.97mm) seasons
in terms of lengths of tibia bones. Thermally treated
eggs of broilers during late embryogenesis (EL14-17
days), incubation temperature was increased to 41 °C
for 4 hours by Badran et al. (2012). The authors con-
cluded that this process provides epigenetic adapta-
tions necessary to deal with the high temperature,
and thermally treated group has higher tibia length

than that of control group. In another study, length
and width of tibia femur bone of broilers from hatch-
ing to at 43 days of age were measured weekly. Signif-
icant difference was found between the male and fe-
males in point of length of tibia bone at 15 and 35 days
of age, and similarly, significant difference was deter-
mined between male and females in respect to length
of femur bone at 43 days of age. In addition, signifi-
cant difference was found between male and females
in point of width of tibia and femur bones at 28 and
43 days of age in the same study (Applegate and Lil-
burn, 2002).

Table 2. Effect of thermal manipulation and gender on length and width of tibia bone (mm)

Length of tibia (mm)

Width of tibia (mm)

Groups Left" Right" Average+SE Left" Right” Average*SE
Control 98.23+0.65 96.90+1.00 97.57+0.76b 9.32+0.17b 9.21+0.19 9.26+0.16P
EE1 99.25+0.65 98.90+1.00 99.08+0.762 9.13+0.17b 9.49+0.19 9.31+0.16P
LE2 100.15+0.65 100.34+1.00 100.25+0.762 9.83+0.17a 9.86+0.19 9.84+0.162
Gender

Male 100.69+0.53a 99.83+0.82 100.27+0.62a 9.97+0.14a 10.05+0.152 10.01+0.132
Female 97.73+0.53b 97.59+0.82 97.66+0.62b 8.88+0.14b 8.99+0.15b 8.93+0.13b

1Early embryogenesis, 2Late embryogenesis; * mean+SE, a,b Means in column, with different letters differ significantly at (P<0.05)

Table 3. Effect of thermal manipulation and gender on length and width of femur bone (mm)

Length of tibia (mm)

Width of tibia (mm)

Groups Left” Right AveragexSE Left" Right” Average+SE
Control 68.96+0.56 68.90+0.57 68.93+0.55b 9.80+0.16 9.71+0.15 9.76+0.15

EE! 69.17+0.56 69.40+0.57 69.28+0.552b 9.64+0.16 9.49+0.15 9.57+0.15

LE2 70.74+0.56 70.83+0.57 70.79+0.552 9.86+0.16 9.99+0.15 9.93£0.15

Gender

Male 70.65+0.454 70.89+0.462 70.78+0.452 10.34+0.13a 10.33£0.12a 10.34+0.12a
Female 68.59+0.45P 68.53+0.46P 68.56+0.45b 9.19+£0.13b 9.13+0.12b 9.16+0.12b

1Early embryogenesis, 2Late embryogenesis; * mean+SE, a,b Means in column, with different letters differ significantly at (P<0.05)

Conclusion

It was concluded that raising the incubation tempera-
ture for a short period (3 hours/day) at the early or
late part of embryonic development ( day 8 to 10 and
day 16 to 18 day of incubation) induced beneficial
thermal epigenetic physiological changes. This epige-
netic thermal adaptation could be employed for cop-
ing with post-hatch heat stress. The highest value for
length of tibia bone was in late embryogenesis period,
whereas lowest width of tibia bone was obtained in
this group. In terms of length of femur bone, there was
significant difference between the control and late

embryogenesis groups, but no significant differences
were detected between the groups in terms of width
of femur bones. Obtained results in this study and the
findings of the literature show some differences in
terms of length and width of tibia and femur bones.
Applied different temperature and humidity values
and also applying different times have influenced dif-
ferently obtained results. Consensus could not be
reached exactly studies on this subject. Therefore,
more research is needed to determine the effects of
application of temperature and humidity on the de-
velopment of skeletal and bone during incubation
stage.
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