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Stress based on high temperature and humidity reduces the production performance of fast-growing broilers and causes high
mortality. Temperatures higher than optimum have been applied to broilers in the embryonic period in order to overcome thermal
stress. This study was conducted to investigate the effects of exposure to two long-term high-thermal environments on the
developmental stability of embryonic growth, hatchability and chick quality. For this purpose, 600 broiler eggs were incubated.
Treatments consisted of eggs incubated at 37.8°C at 55% relative humidity throughout (control), heated to 39.6°C at 60% relative
humidity for 6 h daily from 0 to 8th day, and heated to 39.6°C at 60% relative humidity for 6 h daily from the 10 to 18th day.
Embryo weights and lengths of face, wing, femur, tibia and metatarsus were measured daily between the 10th and 21st day of the
experiment. Daily relative asymmetry values of bilateral traits were estimated. The hatchability, the weight of the 1-day-old chicks
and chick quality were determined. In conclusion, no negative effects of the treatments of the long-term high-thermal environment
in the early and late stages of incubation for epigenetic adaptation were determined on the embryo morphology, development
stability and weight of the chick. Moreover, regressed hatchability of embryos that were exposed to a long-term high-thermal
environment was detected. Especially between the 10 and 18th day, the thermal manipulation considerably reduced the quality of
the chicks. Acclimation treatments of high temperature on the eggs from cross-breeding flocks should not be made long term;

instead, short-term treatments should be made by determining the stage that generates epigenetic adaptation.
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Implications

The current study was performed to determine the effects of
thermal manipulation on the developmental stability of the
embryo, hatchability and chick quality. Negative effects of
treatments of a long-term high-thermal environment in
incubation were not determined on the embryo character-
istics, but this treatment negatively affected both hatch-
ability and chick quality.

Introduction

As a result of the long-term genetic improvement studies,
the performance of broiler chickens has reached the current
position (Baéza et al, 2012; Shaddel Telli et al, 2012).
However, this development has led to an increase in
sensitivity of the broilers to environmental factors, and has
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led to the weakening of their adaptability to adverse
conditions (Uni and Yahav, 2010). The main environmental
factors that cause loss of productivity and high mortality
rates in poultry is heat stress, which is caused by high
environmental temperature and humidity (Terim Kapakin
et al., 2013). The feed consumption decreases in hirds that
are exposed to heat stress, and yield losses are experienced
accordingly (Yalcin et al., 1997). In order to fight against heat
stress, resistant genotypes should be developed through
breeding, or the ability to resist existing thermal stress in
poultry should be increased (Gowe and Fairfull, 2008). In
order to adapt the broilers to heat stress, temperature and
humidity over the optimum conditions are implemented in
the pre-hatch period (Decuypere and Bruggeman, 2007).
This application, which is also defined as an ‘epigenetic
adaptation’, is based on lifelong permanent changes caused
by various environmental manipulations on physiological
control systems of the organism (Decuypere and Bruggeman,
2007). The main purpose of the studies in this direction was
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to gain resistance to stress caused by high temperatures
and humidity to the hypothalamic—pituitary—thyroid and
hypothalamic—pituitary—adrenal axis during embryonic
development (Uni and Yahav, 2010).

It has been suggested that high temperature and humidity in
various frequencies and intensities increases the liveability
during the growing period of broilers, and decreases the
decline in performance caused by strain in the early or late
incubation periods (Yalcin et al,, 2005 and 2008; Piestun et al.,
2008; Tzschentke and Halle, 2009). Most of the conducted
studies are intended to demonstrate the effects of epigenetic
adaptation during growing periods. The number of studies on
the effects of the application is much less. However, the
changes that occurred in the embryo during the incubation
period, which is half of the growing time period (42 days),
should be demonstrated in a detailed and comprehensive way.

The development of the left and right halves of the
bilateral characteristics in animals is controlled by the same
genes, and the two halves are expected to be the same size;
in other words, they are expected to exhibit symmetry (Yang
et al, 1997; Yalcin et al, 2001). When the difference
between the measurements of the left and right half of
the bilateral body parts is equal to 0, the development is
considered to be perfect. The most important factor leading
to a difference between the right and the left parts is stress
(Maller et al., 1995). Yalcin and Siegel (2003) reported that
heat and cold stress during incubation negatively affects the
development of the embryo weight and balance. The
researchers, in the measurements they made, suggested that
the effects of heat stress on embryo development for some
days of the embryonic development (10, 18 and 21 days)
vary depending on time.

Obtaining high-quality chicks from breeder flocks is one of
the most important factors affecting economic benefit. Tona
et al. (2004) reported that chick quality affects the weight at
slaughter age by a rate of 6.29% to 8.05%. Chick quality is
under the influence of many genetic and environmental
factors; however, Boerjan (2004) reported that the most
important factor determining chick quality is the incubation
conditions. Halle and Tzschentke (2011) reported that the
high temperature applied during the last 4 days of incubation
causes low hatchability and low chick quality.

This study aimed to demonstrate the effects of long-term
high-temperature application applied in the early and late
periods to broiler chicken eggs in the incubation period. In
order to investigate the time-dependent change of embryo
development, embryo development and bilateral character-
istics were measured daily between the 10th and 21st day of
incubation. In addition, by determining the hatchability and
chick quality, the paper also aimed to reveal the effects of
high-temperature application.

Material and methods

The trial was conducted in accordance with the guidelines
of the Experimental Animal Ethics Committee in the
Department of Animal Science Research Laboratory of Namik
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Kemal University Faculty of Veterinary. Two incubators were
used with the capacity of 1000 chicken eggs in which turning
and ventilation were performed by temperature and humidity
regulation automatically for the incubation of eggs. During
the 18 days of inception, optimum incubation conditions
were provided in one of the machines (37.8°C and 55%
relative humidity), whereas in the other a high-thermal
environment (39.6°C and 60% relative humidity) was
created for 6 h/day (between 1000 and 1600 h). During the
hatching period (19th to the 21st day), all eggs were kept
in the same machine in which the optimum conditions
(37.5°C and 70% relative humidity) were applied (Yalgin and
Siegel, 2003).

In total, 600 hatching eggs of a standard fast-growing
broiler genotype (Ross 308) were obtained and used in the
experiment. The eggs were randomly divided into three
groups and were numbered before being put into the
machine. The optimal incubation conditions (37.8°C and
55% relative humidity) were provided for eggs in the control
(C) group, whereas a high-temperature environment was
applied to the other groups such as early embryonic period
(EEP, 0 to 8th day) and late embryonic period (LEP, 10 to
18th day), respectively. The eggs in the EEP and LEP groups
were taken with their trays to the No. 2 machine during the
high-temperature application period.

In all, 10 eggs from each group were broken every day
from the 10th to the 21st day of incubation, and the embryos
were removed and weighed at 0.001g sensitivity. The
right and left side lengths of face, wings, femur, tibia and
metatarsus, which are bilateral characteristics, were
measured with a digital calliper with 0.01 mm accuracy. In
addition, the relative asymmetry values were obtained by
proportioning the difference between the left and right side
measurement values to the mean [(ILeft — Rightl/[(Left +
Right)]/2) x 100] (Yalcin and Siegel, 2003). On the 21st day
of the incubation, the quality of the hatched chicks was
evaluated by two operators, and their hatching weights were
recorded. In determining the quality of the chicks, a protocol
formed by Tona et al. (2003) was used, and the criteria of
this protocol are presented in Table 1. In addition, the
hatchability (%) was calculated by dividing the number of
healthy chicks by the number of fertilised eggs.

The assumptions of parametric tests were tested for all
data other than the hatchability data showing binomial
distribution. A normal distribution was achieved by rank
transformation for the data of relative asymmetry and the
quality characteristics of chicks not showing a normal dis-
tribution (Aulchenko et al, 2007; Naring and Aksoy, 2014).
In order to test the differences between groups in terms of
the trait data measured daily during the 10th to 21st day of
incubation, the ‘analysis of repeated-measures’ technique
was used. In the analysis conducted using the MIXED
procedure of the SAS program (SAS Institute, 2009), it was
determined that the most compatible covariance structure
was the ‘(G matrix) unstructured’ and this variance—
covariance matrix was used in the analysis. In the analysis,
the linear, quadratic and cubic contrasts of the time variable
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Table 1 The protocol used to determine the quality of Broiler chicks obtained from control, early embryonic period and late embryonic period groups

Criteria Application details and thresholds Point

Activity Assessing a chick as active and inactive according to how quickly it returned to its feet after laying on its back. The 6
thresholding values are as follows: active: 6; inactive: 0

Appearance Assessment by the chick’s appearance. If the feathers covering the body are dry and clean, the chick’s appearance is 10

considered as normal, while classified depending on whether wet or wet and dirty. The thresholding values are as

follows: normal: 10; wet: 8; wet and dirty: 0
Yolk absorption

Chick assessment by the absorption of the yolk. The height of the abdomen of the chick put on its back on the hand palm 12

and feeling the yolk sac when touched is considered. The thresholding values are as follows: low and soft abdomen, fully
absorbed yolk: 12; hard and high abdomen, not fully absorbed yolk: 0
Eyes The eyes of the chicks standing on their legs are observed: if the eyes are open and bright, it is considered normal not bright: 16

8 ; closed and not bright: 0

Legs The upright posture of a chick standing on the legs and its articular, and the infections in the feet and legs are evaluated. An 16
upstanding, with healthy articular and at the same time with no redness and infections in feet, legs and articulars is
considered as normal. The thresholding values are as follows: normal leg and foot: 16; infection in a leg: 8; infection in

two legs: 0
Navel area

The evaluation of feathering and skin colour in the navel area of the chick. If the navel area is fully feathered and the skin 12

colour on this area has the same colour as the other parts, then the chick is considered as normal. The thresholding
values are as follows: fully feathered, a navel skin with the same colour as the other parts and clean: 12; not fully
feathered, different coloured navel: 8; featherless navel and different skin colour: 0

Remaining
membrane

Remaining yolk

Evaluation by the presence of any membrane remaining observed in the navel area of the chick. If there is no membrane 12
remaining, then the chick is considered normal. The thresholding values are as follows: no membrane: 12; small
membrane: 8; big membrane: 4; too big membrane: 0

Evaluation by the presence of a yolk sac in the navel of the chick. If there is no yolk sac remaining, then the chick is 16

considered normal. The thresholding values are as follows: no yolk remaining: 16; small remaining: 12; large remaining:

8; very large remaining: 0
Total

100

Tona et al. (2004).

were included in the model (Khosravinia, 2015). The same
statistical method was also used for comparing the
relative asymmetry values of bilateral characteristics in the
experimental groups. A generalised linear mixed-effects
model with the logit function was used in the statistical
analysis of the binomial data of hatchability observed in the
experimental groups, and the differences between the
groups were analysed by the Tukey—Kramer method, which is
a multiple comparison test appropriate for this method.
These analyses were performed by the GLIMMIX procedure
of the SAS program (SAS Institute, 2009). The variance
analysis method was used to demonstrate the difference
between the groups in terms of chick quality, and Duncan's
multiple comparison test was applied. In addition, the GLM
procedure of the SAS program was used in the analyses (SAS
Institute, 2009).

Results

The time-dependent changes for the means of live weights
and lengths of the face, wings, femur, tibia and metatarsus
of the embryos according to the C, EEP and LEP experimental
groups are shown in Figure 1. The statistical analysis
performed for these traits is presented in Table 2. According
to the results of the analysis performed by statistical analysis
of repeated measurements, there was no significant
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difference between the groups in terms of any traits
(P> 0.01). According to the results, although the linear effect
of the incubation development days was found significant for
all traits (P < 0.01), the cubic effect of time was determined
to be significant in terms of the live weight and face length
(P<0.01). The interaction effects of the experimental
group x quadratic time for live weight, wing length and tibia
length were found to be statistically significant (P<0.01).
The interactions of the experimental group x cubic time for
the face length and the experimental group x linear time for
the metatarsus were found to be significant, whereas for the
femur length, both the effects of the interaction for the
experimental group x linear time and the experimental
group X cubic time were significant (P<0.01).

The time-dependant changes for the means of the relative
asymmetry calculated for the bilateral traits are shown in
Figure 2. The statistical analysis performed for these traits is
presented in Table 2. There was no difference between
treatment groups in terms of relative asymmetry values
(P>0.01). In addition, the linear and quadratic effects of
the time variable for all bilateral features were found to be
statistically significant (P<0.01). A decreasing trend was
observed between the 10th and 21st day in terms of the
means of relative asymmetry for each trait according to
the groups. In terms of the means of relative asymmetry,
the effects of experimental group x linear time were found to
be significant for the wing and tibia traits, whereas the
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Figure 1 Time—dependent changes for means of embryo weight and lengths of face, wing, femur, tibia and metatarsus according to the control, early

embryonic period and late embryonic period groups.

interaction effects of experimental group x quadratic time were
found to be significant for the face and metatarsus (P<0.01).

[t was determined that the interaction of

experimental

group X cubic time have statistically significant effect on the
time-dependent change in the means of relative asymmetry of
only the femur among the bilateral traits (P < 0.01).
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Table 2 The results of statistical analyses according to experimental groups, time and interactions for measured values and relative asymmetry values

of traits in chick embryos

Measured values

Fixed effects Weight Face Wing Femur Tibia Metatarsus
P-value
Experimental group (G) 0.1904 0.5592 0.3838 0.9800 0.1260 0.3350
Time (2)
Linear (Z) 0.0001* 0.0001* 0.0001* 0.0001* 0.0001* 0.0001*
Quadratic (Z x Z) 0.0001* 0.0003* 0.0017* 0.1530 0.0228 0.0001*
Cubic (ZxZx ) 0.0001* 0.0001* 0.0487 0.5249 0.2451 0.0593
Interactions
GxZ 0.0663 0.8776 0.1079 0.0099* 0.4533 0.0061*
GxIxZ 0.0041* 0.1393 0.0082* 0.0286 0.0024* 0.0948
GxIxIxZ 0.2900 0.0014* 0.2080 0.0002* 0.0457 0.1596
Relative asymmetry values
Face Wing Femur Tibia Metatarsus
P-value
Experimental group (G) 0.2692 0.0157 0.3522 0.0640 0.2548
Time (Z)
Linear (Z) 0.0001* 0.0001* 0.0001* 0.0001* 0.0001*
Quadratic (Z x 2) 0.0002* 0.0006* 0.0002* 0.0085* 0.0001*
Cubic (ZxZx ) 0.0276 0.0466 0.0912 0.4432 0.0064*
Interactions
GxZ 0.0465 0.0004* 0.1778 0.0031* 0.7258
GxIxZ 0.0048* 0.0194 0.5357 0.5822 0.0054*
GxIxIxI 0.1360 0.1085 0.0004* 0.6916 0.5709
*P<0.01.

In this study, the hatchability in the C, EEP and LEP
experimental groups was found to be 90.32%, 89.26% and
88.47%, respectively (Table 3). The difference between the
groups in terms of hatchability was determined to be
statistically significant (P< 0.01). According to the multiple
comparison test, it was found that the lowest hatchability
was observed where the high-temperature environment was
applied between the 10 and 18th day, whereas the highest
mean hatchability was observed in the C group (P<0.01).
The live weight mean of 1-day-old chicks in the experimental
group are given in Table 3. There was no statistically
significant difference between groups for live weight of
chicks in the C, EEP and LEP groups (P>0.01). The
findings concerning the evaluation of the C, EEP and LEP
experimental groups in terms of chick quality are presented
in Table 3. The best results in terms of chick quality criteria
were observed in the C group, whereas the worst results
were observed in the LEP group (P<0.01).

Discussion

Yalcin and Siegel (2003), who applied high temperature to
two experimental groups for 6 h daily between the 0 to 8th
and 10 to 18th day of incubation, reported that the embryo
weights of the C group measured at the 10 and 18th day
were higher than that of the experimental groups.
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The researchers determined that these differences disappear
in the 21st day measurements. Badran et al. (2012) reported
that the weights of the embryos, to which were applied
40°C for 4h daily between the 14 and 17th day of
incubation, were lower than that on the 14th day. The
researchers reported that these differences disappear in the
following days and that on the 21st day, the mean of embryo
weight of the group in which thermal manipulation was
applied was higher than the C group. Elsayed et al. (2009),
who obtained similar results, suggested that the hatching
weights of embryos treated with high temperatures were
higher. In this study, the repeated-measures analysis
technique was used for testing the differences in terms of
embryo weights of the C, EEP and LEP groups between the
10th and 21st day of incubation, and the analyses were
performed considering all time points. In the analysis, the
interaction of the experimental group and quadratic time
(group x time x time) was determined to have a significant
effect, whereas there was no significant difference between
the groups (P<0.01). As can be seen in Figure 1, some
fluctuating differences occurred between experimental
groups at some time points in terms of the means of the
embryo weights. In this study, the embryo weights of the C,
EEP and LEP groups measured on day 21 (41.26, 40.61 and
42.22 g, respectively) were found compatible with the
embryo weights (41.69 and 42.82 g) determined on day 21 in
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Figure 2 Time-dependent changes for means of relative asymmetry in
bilateral traits (lengths of face, wing, femur, tibia and metatarsus) of
chick embryos according to the control, early embryonic period and late
embryonic period groups.

the groups that were temperature treated by Yalcin and
Siegel (2003), whereas they were found to be higher than
the mean (35.57 g) reported by Badran et al. (2012).

There was no difference between C, EEP and LEP groups in
terms of time-dependent changes of the face, wings, femur,
tibia and metatarsus length means of the embryos (Table 2).
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However, as observed in the embryo weights, some of the
effects of the experimental group x time interaction were
also found to be significant for these traits. As can be seen
from Figure 1, this indicates the presence of a significant
difference for these traits related in terms of the experimental
groups in some time points but afterwards indicates an
inverse difference or the disappearance of this difference.
A similar situation has been observed in various research
results. Yalcin and Siegel (2003) reported that there was no
difference on the 10th day of incubation between the wing
and femur lengths of the C group and the groups treated
with high temperature. As a result of the measurements
made on day 18, the researchers reported that the mean of
the C group was higher in terms of the wing and femur
lengths, but that there was no difference between groups for
the measurements on day 21. In addition, it was reported by
Badran et al. (2012) that the tibia length of the embryos
treated with high temperature was higher than the C group
only in the measurements of day 14, and that there was no
statistical difference between the groups in the measure-
ments of the 14, 15, 17th and 21st day.

Yalcin and Siegel (2003), who studied the effects of the
high-thermal environment applied in the hatch to the embryo
development balance, evaluated the means of relative
asymmetry for face, wing, metatarsus, tibia and femur
lengths. In the measurements of the 10th day of incubation,
the researchers reported that there was a difference between
the experimental groups in terms of asymmetry means for
wing, tibia and metatarsus traits but that the asymmetry
differences observed in the groups for the wing and
metatarsus disappeared on the 18th day. On the 21st day of
incubation, it was reported that there was again a difference
found hetween the groups in terms of the metatarsus relative
asymmetry means (Yalgin and Siegel, 2003). In this study,
there was no difference between the C, EEP and LEP groups
in terms of time-dependent changes in the means of relative
asymmetry calculated for bilateral characteristics (Table 2).
As seen in Figure 2, the relative asymmetry means for face,
wing, femur, tibia and metatarsus in the experimental groups
had fluctuating trends depending on time. In the statistical
analysis, some of the effects of the experimental group and
time interaction explain this variability (Table 2). The relative
asymmetry means for face, wing, femur, tibia and metatarsus
determined by Yalcin and Siegel (2003) were similar to the
means measured in this study, and, likewise with advancing
age, it is stated that there was a decrease in the relative
asymmetry values. The researchers suggested that
this decrease occurred as a result of a compensating
development.

In this study, the hatchability means in the long-term high-
temperature, environment-treated groups in the early and
late periods (89.26% and 88.47%, respectively) were found
to be lower than the C group (90.32%) (P < 0.01). It has been
known that high-temperature applications in poultry
embryos can cause low hatchability (Yahav et al, 2004a).
However, some researchers (Collin et al,, 2005; Yahav and
Tzschentke, 2006; Halle and Tzschentke, 2011) suggested
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Table 3 Results of hatchability, chick weight and chick quality according to control, early embryonic period (EEP) and late embryonic period

(LEP) groups

Criteria Control EEP' LEP? SE P
Hatchability (%) 90.32% 89.26° 88.47°¢ 0.94 0.008*
Chick weight (g) 46.05 46.70 46.59 0.63 0.936
100-point chick rate (%) 65.91° 41.46° 28.33¢ 0.18 0.001*
Mean points of all chicks (%) 98.64° 97.32° 95.52¢ 1.05 0.001*
Mean points of the chicks with <100 points (%) 96.00° 95.42° 93.74° 1.16 0.001*

2byalues within a row with different superscript letters differ significantly at P< 0.01.

'0 to 10th day.
210 to 18th day.
*P<0.01.

that this situation can vary depending on the degree of
temperature, the application time and the period. Yahav
et al. (2004a), who applied 39.5°C and 65% relative
humidity on the 16 to 18th day of incubation, reported
that the hatchability was 97.88% and this rate was 5.39%
higher than the C group. The researchers suggested that a
short-term high-temperature environment application has
a positive effect on hatchability. As defined in this study,
there are also numerous studies reporting that a long-term
high-temperature environment has a negative effect on
hatchability (Moraes et al, 2004; Piestun et al, 2008
and 2009).

In this study, there was no statistically significant
difference between experimental groups in terms of the
chick weight means of the C, EEP and LEP groups. This result
was consistent with the results of both long-term high-
temperature, environment-treated studies (Piestun et al,
2008; Aksit et al., 2010; Yalcin et al,, 2010) and short-term
high-temperature, environment-treated studies (Moraes
et al., 2004; Yahav et al,, 2004a and 2004b; Collin et al.,
2007). By contrast, there are few studies suggesting that the
high temperature applied during incubation has an effect on
the hatching weight in broilers. Hulet et al. (2007) and Yalcin
et al. (2007) suggested that the heat application increases
the hatching weight, whereas Leksrisompong et al. (2009)
and Molenaar et al. (2011) suggested that it decreases
the hatching weight.

Halle and Tzschentke (2011) suggested that low hatch-
ability also causes low chick quality. The results of this study
support the opinion of Halle and Tzschentke (2011). In this
study, the rates of the chicks in the C, EEP and LEP groups
having 100 points in terms of quality were found to be
65.91%, 41.46% and 28.33%, respectively, and the
statistical analysis results show parallelism with hatchability.
According to the chick quality, the lowest means were
obtained from the LEP group both in terms of the means of
the ones not taken 100 points and in terms of the means of
the quality score of all the chicks. There is only one study in
the literature investigating the effect of high-temperature
application on chick quality in the embryonic period (Halle
and Tzschentke, 2011). In this study, a short term (4 days,
24 and 2 h) and low temperature (+1°C) were applied, and
no difference was found between the groups in terms of
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the means of chick quality score. Therefore, it was concluded
that a short-term high-temperature environment does not
affect chick quality. Although low temperature decreases the
development in embryos, high temperature accelerates their
growth (Yalcin and Siegel, 2003). Igbal et al. (1990), who
applied 39°C for 6 h daily between the 11 and 20th day of
incubation, suggested that normal hatching time decreased
by ~10h. The shortening of the incubation time of the high-
temperature group caused the egg to lose more water than
usual during its embryonic development. Too much water
loss during the developmental period causes air gap expan-
sion, embryo squeezing and weakness, the chicks to have
different colour, and their feathers to be sticky and dry (Sozcii
and ipek, 2013). In this study, although >5% relative
humidity was provided for the EEP and LEP embryos
(Yalcin and Siegel, 2003) in order to reduce the effect of
high temperatures on embryo dehydration, their hatching
occurred earlier than the C group, and chick quality was
adversely affected.

Consequently, it was determined that the long-term high-
temperature environment applications in the early and late
periods of incubation for the purpose of epigenetic adaptation
had no adverse effects on embryo morphology, development
balance and chick weight. In addition, it was determined that
the hatchability of the embryos exposed to a long-term
high-temperature environment decreased both in the early and
late periods. Especially, the thermal manipulation performed
between the 10 and 18th day of incubation was determined to
considerably reduce chick quality. It is recommended to not
perform high-temperature adaptation applications long term
for eggs obtained from breeder flocks, and instead to perform
short-term applications especially by determining the period
ensuring an epigenetic adaptation.
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