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The current study was carried out to investigate the effects of short-term thermal manipulation during late embryogenesis
on hatchability, chick quality, secondary sex ratio, and some blood biochemical parameters at hatch and after thermal challenge
at 60 days of age . A total number of 1200 suitable hatching eggs were taken from Mamoura strain laying hens, Eggs were
randomly divided into equal 4 treated groups( 300 eggs each) each treatment were replicated three times (100 eggs each). All
eggs were incubated at a constant temperature of 37.5°C and 55% relative humidity (RH) throughout the incubation period until
the end of 15 days, then the second, third and fourth groups were exposed to thermal manipulation (TM) treatment (39°C and
65% RH) during the 16" to 18" days of incubation for 2, 3 and 4 hours per day, respectively, while the first group used as a
control (without exposing to heat treatment). After hatching 225 one-day unsexed chicks from each treatment were taken( as
same treatments in the hatchery). Chicks of end treatment were divided into 3 equal replicates ( 75 chicks each) .and separated
reared for 60 days of age. After 60 days of hatch, challenge test (CT) was occurred by raising room temperature into 39 °C and
65% humidity for 2 hours . Results indicated that thermal manipulation (TM) during late embryogenesis had no significant effect
on hatchability traits and embryonic mortality percentages. Male ratio was significantly higher for chickens hatched from the
group exposed to TM (39. °C and 65% RH) for 4 h/d during the 16™ to 18™ days of incubation period. Chick length was
significantly(p<0.05) increased for the group exposed to TM for 4 h/d during late embryogenesis, while tibia length was
significantly lowered for the same group compared to all treated and control groups. Body weight and body weight gain were
significantly(p<0.05) higher for chicks hatched from the group exposed to TM for 3 and 4 h/d as compared t02,3h/TM treated
groups and the control group during the period from 30 to 60 days of age. There was no significant differences in body
temperature in all TM treated groups and control but chick body temperature at 2 months of age was higher than post hatched
chicks. Feed intake was not significantly affected by TM treatment but feed conversion was significantly improved in groups
exposed to TM for 3 and 4 h compared to the control and 2h TM treated groups during the period from 30 to 60 days of age .
Thermal manipulations during late embryogenesis resulted in significant (p<0.05) decreases in plasma total cholesterol and LDL
cholesterol than the control at hatch, while , at 60 days of age , the least plasma cholesterol, and HDL values were recorded for 4
h TM /d during late embryogenesis. In addit the lowest concentration of plasma LDL was exhibited by birds 2h TM /hr 60 days
age. T3 at hatch and 60 days of age ( after CT) and plasma T4 at hatch were significantly decreased due to TM for 4 h/d, While,
plasma Triglyceride was significantly decreased due to TM for 4 h/d at 60 days of age after CT. These results suggesting that TM
for 4 h/d during the 16™ to 18" day of incubation period improve hatching traits, chick quality and subsequent growth
performance as well as plasma parameters. It can be concluded that four hours thermal manipulation during 16 to 18 days of
incubation period was the best one to initiate improvement of thermo tolerance acquisition, better chick quality low embryonic
mortality, and enhanced productivity of chicks at older ages without deleterious effects on blood parameters.
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INTRODUCTION increased the incidence of malpositions and decreased
hatchability (French,1994) and( Romanoff ea al, 1972).
Yahav et al.( 2004) and Alkan,et al( 2013) demonstrated
that thermal anipulations during days 16 to 18 of
embryogenesis may reach a significant improvement of
thermotolerance acquisition,which probably related to a
reduction in body temperature and plasma thyroid
hormone concentrations, then assuming to reduce
metabolic rate. This research focused specifically on
thermal stimulation during incubation as temperature is
the major determinant of success or failure in hatchery
operations. Temperature directly influences hatchability
and also alters chick yield, chick quality, sex ratio and
post-hatch health and performance. Success or failure in
hatchery operations does not end on the day of hatch but
is determined by chick performance at the farm. First

In the Poultry industry, hatcheries are an
important segment that provides the basic material for a
production cycle. Improvements in commercial broiler
strains resulted in shortening their life cycle with the
incubation period unchanged. The most relevant factors
that influence success of the incubation process are
temperature, humidity, ventilation, turning and type of
incubation equipment used, Consequently broiler
chickens today spend about 30% of their life as
embryos. This not only highlights the importance of
environmental incubation factors, but also provides an
avenue to manipulate embryogenesis to enhance
hatchability and/or post-hatch performance.

There are many studies showed that short-term

thermal manipulation during late embryogenesis had
improved hatching traits, body function and chick
quality parameters ( Collin et al.,2005) . The effects of
the duration of altering incubation temperature can be
divided according to short or long term. A short-term
increase of incubation temperature was found to activate
the heat loss mechanism in chick embryos( Holland et al
1997) , whereas a long-term temperature increase
affected the embryo morphology( Kaplan et al 1978) ,

week mortality, first week culled chicks, first week
body weight, feed intake, feed conversion and final
body weight are characteristics that are influenced by
incubation temperature (Lourens et al., 2005; Joseph et
al., 2006; Collin et al., 2007; and Tzschentke and Halle,
2009).

The optimum temperature for the chicken
embryo is 37.8 °C and it should not vary more than 0.3
°C (Wilson 1991). Because the developing embryo is
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poikilothermic, any changes in incubation temperature
may affect embryo size, organ growth, metabolic rate,
physiological development and hatching success
(Yalcin and Siegel 2003). It was previously reported
that embryos, exposed to high or low temperatures
during incubation, improved their capacity to adapt to
hot or cold environments, respectively, in the post hatch
phase. The timing of thermal manipulation (TM) has to
be linked to the development of the hypothalamus-
hypophysis-thyroid axis to change the heat production
threshold response, and to the development of the
hypothalamus-hypophysis-adrenal axis to avoid increase
in stress response (Minne and Decuypere 1984, Janke et
al. 2002, Yahav et al. 2004a, 2004b). In other words,
Thermal manipulation is applied during the period that
the thermoregulatory center in the brain develops and
matures (days 6 to 16 of incubation) to alter the
'setpoint’ of the systems controlling thermoregulation
(Piestun et al., 2008b). Temperatures used for thermal
manipulation during incubation are around 39.5°C and
are applied for 6 to 12 hours per day (Piestun et al.,
2008a;2009; Yahav et al., 2009; Yalgin et al., 2010).The
result of thermal manipulation during incubation is that
chickens are better able to cope with high temperatures
during the growing period (Piestun et al., 2008b),
therefore, benefits on performance. this study aimed to
investigate of short-term thermal manipulations during
late embryogenesis on hatching traits and chick’s ability
to cope with the thermal challenge (TC) at 2 months of
age and hatching traits and adaptain for Mamoura
developed strain of chickens.

MATERIALS AND METHODS

Incubation and hatchability traits:

The present study was carried out at El-Serw
Poultry Research Station, Animal Production Research
Institute, Agricultural Research Center, Egypt. A total
number of 1200 suitable hatching eggs of Mamoura
developed strain were taken and randomly divided into
four experimental groups( 300 eggs each ) with 3
replicates( 100 each) to investigate the effect of short-
term thermal manipulations during late embryogenesis
(16 to 18 day of incubation) on some hatching traits ,
sex ratio, body temperature, post- hatch performance
and some blood biochemical parameters after hatch and
after thermal challenge at 60 day of age for developed
chickens. The experimental egg groups were incubated
at 37.5 C and 55%RH from setting day up to the end of
the 15" day of incubation, then the first group was
exposed to the same temperature and humidity up to the
end of the 18" day while the second, third and fourth
groups were exposed to 39°C and 65% RH for 2, 3 and
4 hours, respectively at the 16™, 17" and 18" days of
incubation. All experimental egg groups were candled at
the 7™ day of incubation to determine fertile eggs, then
candled at the 16" day to determine the embryonic
mortality before thermal manipulation. Eggs all groups
were transferred to the hatcher under 37.5 C and
65%RH from the 19" day until completed hatching
process, hatching time was recorded and then hatched
and, un-hatched chicks as well as embryonic mortality

were recorded to calculate hatchability traits and pre and

post embryonic mortality were recorded and their

percentages were calculated .Hatched chicks were sexed
to calculate male and female percentages.

Chick Quality Measurements:.

o All hatched chicks were individually numbered to
and subjected to several quality measurements such
as body weight, (chick, shank, tibia and toe lengths)
according to (Tona et al., 2008).

e Productive performance traits: All hatched chicks
for each experimental group were separately reared to
60 days after hatch. Body weight and feed intake were
recorded and body weight gain and fed conversation
were calculated at 30 and 60 days of age according to
Willems et al. (2013).

e Challenge test: At 60 days of age after hatching,
chickens of all treatments were subjected to Thermal
challenge (TC) test by exposed to(39 C) for 2 hours.
body temperature was measured directly after TC for
three chicks from each group. T3, T4 hormones,
HDL, LDL, total cholesterol and triglycerides were
determine by using commercial kits

e Body temperature was measured for three hatched
chick from each treatment chick quality traits were
measured according to (Tona et al., 2008).

e Blood plasma constituents : Blood samples were
taken from three chicks from each treatment by
slaughtering post- hatch at 60 days directly after TC.
Plasma separated by centrifugation at 2000 r.e.p for 20
minutes at room temperature and then labeled and
stored in a deep freezer (-20°C) until chemical analysis

Statistical analysis

One way, analysis of variance was done using the

General Liner Model procedure (SAS,2004). The main

factor was the treatment (thermal manipulation).

Significance level was set at P<0.05. Mean values were

compared using Duncan's Multiple Range Test

(Duncan, 1955). The model used was:

Yij=p+Ti+teij

Where:

Yi j =any value from the overall, population, p =
the overall mean,

Ti = the effect of the i treatment (i=1, control &
2, thermal manipulation),

e ij = the random error

RESULTS AND DISCUSSION

Results of Table 1 showed that no significant
effect of thermal manipulations (TM) during late
embryogenesis on Fertility and hatchability percentages
(for both fertile and setting eggs) of Mamoura strain
chickens. Hatchability of fertile eggs was approximately
similar in all TM treatments and control group Also,
embryonic mortality (%) either pre or post-TM was not
significantly affected (Table 1).However, the lowest
embryonic mortality (EM) was recorded for the group
exposed to 2h TM , while the highest percent was
recorded for those exposed to 4h TM. Generally, the
group exposed to 2h TM (39°C and 65% RH during the
16™ to 18" days of incubation) with had recorded the
best value for hatchability(%) and the lowest value for
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EM(%) comparing to control and the other TM groups.
This finding is agreement with those obtained by Tona
et al, (2008); Badran et al. (2012) , Loyau et al. (2013);

Piestun et al. (2013); Tzschentke and Halle (2009) and
Halle and Tzshentke (2011).

Table 1: Effect of thermal manipulation during late embryogenesis on eggs hatching traits of Mamoura strain

chickens

Treatments Control Thermal manipulations (TM) time
Traits , % 2h 3h 4h
Fertility 93.83+0.44 93.91+0.44 94.74+0.01 93.81£2.03
Hatchability of set eggs 88.55+1.33 89.13+1.60 88.16+0.77 88.50+1.60
Hatchability of fertile eggs 94.37+1.27 94.91+1.27 93.06+0.81 94.34+2.02
EM post-TM 4.69+0.66 3.70£1.20 5.5630.66 5.19+0.33
EM Pre-TM 0.94+0.33 1.39+0.33 1.39+0.33 0.47+0.66
Total EM 5.63+1.27 5.05+1.27 6.94+0.81 5.66+2.02

EM = Embryonic mortality

Data in Table 2 showed that secondary sex ratio
was significantly ( p <0.05) affected by TM. Where the
highest male and the lowest female chickens
percentages were recorded for the group of eggs
exposed to 4 h TM comparing to other TM treatments
and control group, Meanwhile, the group of eggs
exposed to 2h TM had the lowest male and the highest
female chickens percentages. In addition, the eggs
exposed to 3h TM gave approximately equal
percentages of male and female chicks (51 and
49%,respectively ) . this results is in agreement with
Elmehdawi(2013) who found that low-intensity, short
duration thermal stimulation during late incubation
altered secondary sex ratio at Hatch and at 7 days in
favor of males The increase of male as a result of TM (
4h) may be due to male chicks were more responsive to
terminal manipulation during the late stage of
incubation when prolonged the exposure duration for 4
h/d (Bogdanova and Nager, 2008). Also, sex-specific

may also depend on the strain of chickens, breeder age
(Yalcin et al., 2005) and egg storage conditions (Khan
etal., 2014).

chick length was significantly(P<0.05) increased
for the groups exposed to 3 and 4 h/d TM (39. °C and
65% RH) during late embryogenesis as compared to
those of 2hTM and the control groups (Table 2) .
Generally, chick length is the distance between beak
and toe by stretching the chick and its better indicator
for final body weight than day-old chick weight
(Wolanski et al., 2004). Chick length is a useful tool to
measure embryonic development as a preictior of chick
growth potential (Khan et al., 2014). From table(2) it
could be observed that tibia length was significantly(p<
0.05) lower for chicks of 4 h TM treatment comparing
to all treated and control groups. On the other hand , as
show in the same table , each of hatching time, chick
weight and leg, shank and toe lengths were not
significantly affected by TM treatments

Table (2): Effect of thermal manipulations during late embryogenesis on hatching time, sex ratio and chick
quality measurements at hatch of Mamoura strain chickens.

Treatments

Thermal manipulations (TM) time

Traits Control 2h 3h 4h
Hatching time( h) 499+6.94 507+4.05 506+3.79 497+3.06
Sex ratio, %

Male 4441.16" 37+0.58°¢ 49+1.73° 58+1.16°
Female 56+1.16™ 63+0.58% 51+1.73° 4241.16°¢
Chick measurements

Chick weight (g) 35.61+0.32 35.07+0.17 35.24+0.32 35.92+0.35
Chick length (cm) 16.33%0.03 15.87°+0.18 16.97°+0.07 17.90%0.12
Leg length (cm) 4.18+0.04 4.29+0.02 4.21£0.12 4.13+0.09
Shank length (cm) 2.09+0.06 2.21+0.08 2.30+0.10 2.27+0.03
Toe length(cm) 2.09+0.05 2.09+0.08 1.91+0.02 1.87+0.09
Tibia length (cm) 2.25%+0.08 2.32%+0.04 2.23%+0.03 1.99°+0.07

a,b.. Means with different superscripts between treatments, within the same row are significantly different (P< 0.05).

Table 3 shows the effect of thermal manipulation
(TM) during late embryogenesis on chick growth
performance. It's clear that Body weight (BW) was
significantly decreased for TM treated groups than the
control group at 30 days of age. On the other hand ,at 60
days  of chick age body  weight was
significantly(p<0.05) increased by TM (4h) over than
the control and the rest of TM treatments.However
Exposing to 4 h/d TM during late embryogenesis

increased BW over than the control group by 9.56% at
60 days of age. Body weight gain (BWG) for the
chickens of TM treated groups was significantly
(p<0.05) decreased than the control group during the
period of 0-30 day of age, but it was significantly
increased during the second period (30-60 day of age)
for TM treatments . However, the highest BWG was
recorded for 4h/d TM treatment followed by those of 3
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h/d TM and then those of 2 hr/dTM treated chicks
during the period from 30 to 60 days of age.

Table (3) illustrates that there were no significant
differences in feed intake (FI) between TM treated
groups each others and the control group, either during
the period from 0 to 30 days or the period from 30 to 60
days of age . On the other hand, feed conversion ratio
(FCR) was significantly(p<0.05) attenuated for the
groups exposed to TM than the control group at the
period of 0-30 day of age, however, it was
significantly(p<0.05) improved for the groups exposed

to TM (3 and 4 h/d) comparing to the control group.
Body temperature was not significantly affected by TM
treatments, where there were no appreciable difference
between TM treatments each others and control group
during both studied periods 0-30 and 30-60 days of age
( Table3). The results of chick performance are partcally
agreement with those of Tzschentke and Halle, (2009)
and Halle and Tzshentke, (2011) who found that using
thermal stimulation for 2 h/d at days 18,19,20 and 21 of
incubation improved body weight and feed conversion

Table (3): Effect of thermal manipulation during late embryogenesis on chick growth traits performance at
30 and 60 days after hatch and body temperature at hatch and 60 days of age of Mamoura strain

chickens

Treatments Control Thermal manipulations (TM) time

Age (days) 2h 3h 4h
Body weight (g)

30 days 260.7* £1.2 253316 252.2°+1.0 255.4°+1.1

60 days 851.1°+23.1 857.0°+32.0 909.5"+11.2 932.5%+13.4

Daily body weight gain (g)
0-30 days 7.5%40.1 7.3°+0.1 7.2°+0.1 7.3°+0.1
30-60 dysa 19.7° +0.7 20.1°£1.0 21.9"+0.4 22.6°+0.5
Daily feed intake (g/bird/day)
0-30 days 25.6+0.1 25.940.2 25.1 0.1 25.4+0.2
30-60 days 83.1+1.1 85.6+0.3 82.9+1.0 85.1+1.4
Feed conversion ratio ( g feed/ g body gain)

0-30 days 3.41°+0.01 3.56"+0.01 3.48°+0.01 3.47° +0.01

30-60 dysa 4.2440.21 4.28%23 3.78%+0.02 3.78%+0.14
Body temperature

At hatch 39.13+0.06 39.4+0.17 39+0.06 39.13+0.18

At 60 day 42.13%0.09 41.97+0.08 41.9140.09 41.97+0.13

a,b,c.. Means with different superscripts between treatments, within the same row are significantly different (P< 0.05).

Data in Table 4 showed that plasma T3
concentration was significantly(p<0.05) decreased for all
groups exposed to TM during late embryogenesis (16-18
days of incubation) than the control group either at hatch
or at 60 days of age. Similar result was obtained for
plasma T4 concentration at hatch, while there were no
significantly differences in plasma T4 levels between TM
treatments each others and control group at 60 days of
age. Similar the finding were obtained by Tona et al.
(2008) and Loyau et al. (2013) in broiler chicks. Also, Uni

and Yahav (2003) decided that body temperature coupled
with lower plasma concentration of thyroid hormones
reflects the positive effect of thermal manipulation on
thermoregulation which resulted in reduced metabolic
rate. On the other hand, plasma triglyceride concentration
was significantly(p<0.05) decreased after thermal
challenge test at 60 day of age, for incubation TM
treatments comparing to control group ,while it was not
significantly affected at hatch by incubation TM treatment
during late embryogenesis period.

Table (4): Effect of thermal manipulations during late embryogenesis on plasma T3, T4 and triglyceride at
hatch and after thermal challenge (TC) at 60 day of age for Mamoura strain chickens.

Treatments

Thermal manipulations (TM) time

Age (days) Control 2 hr 3 hr 4 hr
Triiodothyronine T3(ng/ml)
At hatch 2.20* +0.12 1.58°+0.01 1.47° £0.03 1.47° +0.11
At 60 day 2.13%+0.09 1.64% +0.05 1.76° £0.09 1.42°+0.06
Tetraiodothyronine-Thyroxine T4(ng/ml)
At hatch 9.77*+0.12 8.57°+0.20 8.54° +0.15 7.94° £0.08
At 60 day 9.534+0.35 9.11£0.17 8.73+0.38 8.27+0.23
Triglyceride (mg/dl)
At hatch 105.13+1.27 105.37+1.42 104.57+2.25 105.37+0.58
At 60 day 120.03% £0.55 115.70°+0.80 112.50°+1.30 105.70° +1.59

a,b,c.. Means with different superscripts between treatments, within the same row are significantly different (P< 0.05).

Results of Table( 5) indicates that plasma total
cholesterol and LDL cholesterol values were significantly
(p<0.05) decreased at hatch for all TM treated groups than

the control group, while HDL cholesterol values was not
significantly affected during that period. On the other
hand, at 60 days plasma total cholesterol was
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significantly(p<0.05) decreased for the groups exposed to
TM for 2 and 4 h/d than the control and 3h/d treatments
group. while both groups exposed to TC (3 and 4 h/d )had
a significant lower HDL cholesterol than that of 2hr/d
treatment and control group at 60 days of age. However,

the group exposed to TM for 2 h/d had recorded the
lowest LDL cholesterol value. These results are in
agreement with those obtained by Yahav et al. (2004) who
noted that TM at 39.5°C for 3 h during E16 to E18 of
incubation improved chick’s thermotolerance acquisition.

Table (5): Means of plasma cholesterol, HDL and LDL of Mamoura chickens as affected by the thermal
manipulations during late embryogenesis and thermal challenge(TC) at 60 days of age .

Treatments

Thermal manipulations (TM) time

Age(days) Control 2h 3h 4h
Total cholesterol (mg/dl)

At hatch 190.33% £0.88 178.33°+1.76 179.30° +0.55 175.3°+1.98

At 60 day 190.33% +0.55 183.80° £1.25 189.60% +1.08 180.80° +£0.81
HDL cholesterol (mg/dl)

At hatch 86.67+1.20 84.34+0.88 82.3342.40 82.32+1.45

At 60 day 89.90* +1.19 91.03* +1.20 85.10°+1.12 83.40° +£1.55
LDL cholesterol (mg/dl)

At hatch 82.63*+0.89 72.93°42.18 76.07° +1.85 71.87° £1.02

At 60 day 76.43° +1.02 69.63°+1.18 82% +1.82 76.26 £1.62

a,b,c.. Means with different superscripts between treatments, within the same row are significantly different (P< 0.05).

CONCLUSION

Thus, it could be concluded that, four hours
thermal manipulation during 16 to 18 days of incubation
was the best one to initiate improvement of thermo
tolerance acquisition, better chick quality low embryonic
mortality, and enhanced productivity of chicks at older
ages without deleterious effects on blood parameters.

REFERENCES

Alkan, S., Karsli, T., Karabag, K., Galic, A. and
Balcioglu, M. S. (2013). The effects of thermal
manipulation during early and late
embryogenesis on hatchability, hatching weight
and body weight in Japanese quails (Coturnix
coturnix japonica). Archiv Tierzucht 56: 78, 789-
796.

Badran,A.M.;A.,Eman M. Abou-Eita and Stino, F.
K.(2012).Epigenetic ~ thermal adaptaion of
chickens during late embryonic development
Egypt.poult.Sci.Vol(23) (IV):( 675-689).

Bogdanova, M.I. and R.G. Nager (2008). Sex-specific
costs of hatching last: an experimental study on
herring gulls (Larus argentatus). Behavioral
Ecology and Sociobiology, 62: 1533-1541.

Collin A, Picard M and Yahav S (2005). The effect of
duration of thermal manipulation during broiler
chick embryogenesis on body weight and body
temperature of post-hatched chicks. Anim. Res.,
54,105-111.

Collin A, Berri C, Tesseraud S, Requena Rodon FE,
Skiba-Cassy S, Crochet S, Duclos MJ, Rideau N,
Tona K, Buyse J, Bruggeman V, Decuypere E,
Picard M and Yahav S (2007). Effects of thermal
manipulation during early and late
embryogenesis on thermotolerance and breast
muscle characteristics in broiler chickens. Poult.
Sci. 86, 795-800

Duncan, D. B. (1955). Multiple range and multiple F
tests. Biometrics, 11:1-42.

149

Elmehdawi, Ab,B.S. (2013). The effects of altering
incubation temperature on broiler chick
hatchability, chick quality, sex ratio, and
subsequent performance under field conditions.
PhD. dissertation. University of Clemson.

French N.A. (1994). Effect of incubation temperature on
the gross pathology of turkey embryos, Brit.
Poultry Sci. 35 ,363-371.

Halle, 1. and Tzschentke, B. (2011) Influence of
temperature manipulation during the last 4 days
of incubation on hatching results, post-hatching
performance and adaptability to warm growing
conditions in broiler chickens. Poultry Science
48:97- 105.

Holland S., Nichelmann M.,and Hochel J.( 1997)
Development in heat loss echanisms in avian
embryos, Verh. Dtsch. Zool. Ges. 90 -105.

Kaplan S., Kolesari G.L. and Bahr J.P. (1978)
Temperature dynamics of the fertile chicken
eggs, Am. J. Physiol. 234 ,183-187.

Khan, M. J. A., S. H. Khan, A. Bukhsh and M. Amin.
(2014). The effect of storage time on egg quality
and hatchability characteristics of Rhode Island
Red (RIR) hens. Vet. arhiv 84, 291-303.

Janke O, Tzschentke B, Hochel J. and a Nichelman M
(2002) Metabolic responses of chicken and
muscovy duck embryos to high incubation
temperatures. Comp Biochem Physiol A Mol
Integr Physiol 131, 741-750

Joseph, N. S., Lourens, A. and Morau, E. T. (2006) The
effect of suboptimal egg shell temperature during
incubation on broiler chick quality, live,
performance and thermotolerance and breast
muscle characteristics in broiler chickens. Poultry
Science, 86: 795--11800

Lourens, A., van den Brand, Meijerhof, R., and Kemp,
B. (2005) Effect of eggshell temperature during
incubation on embryo development, hatchability,
and posthatch development. Poultry Science, 84:
914-920.



Inas I. Ismail et al.

Loyau TI1, Berri C, Bedrani L, Métayer-Coustard S,
Praud C, Duclos MJ, Tesseraud S, Rideau N,
Everaert N, Yahav S, Mignon-Grasteau S.and
Collin A.(2013). Thermal manipulation of the
embryo modifies the physiology and body
composition of broiler chickens reared in floor
pens without affecting breast meat processing
quality. J Anim Sci. 91(8):3674-85

Minne B. and Decuypere E (1984) Effects of late
prenatal temperatures on some thermoregulatory
aspects in young chickens. Arch Exp
Veterinarmed .38, 374-383

Piestun Y, Shinder D, Ruzal M, Halevy O, Brake J.and
Yahav S.(2008a) Thermal manipulations during
broiler embryogenesis: Effect on the acquisition
of thermotolerance. Poultry Science. 87:1516-
1524.

Piestun Y, Shinder D, Ruzal M, Halevy O. and Yahav
S. (2008b). The effect of thermal manipulations
during the development of the thyroid and
adrenal axes on in-hatch and post-hatch
thermoregulation. Journal of Thermal Biology.
33:413-418.

PiestunY.,Harel,M.,Barak,M.,Yahav,S.&Halevy,0.(200
9)Thermal manipulations in late-term  chick
embryo have immediate and longer term effects
on myoblast proliferation and skeletal muscle
hypertrophy. Journal of Applied Physiology, 106:
233-240.

Piestun, Y., Druyan, S., Brake, J., and Yahav,S. (2013).
Thermal treatments prior to and during the
beginning of incubation affect phenotypic
characteristics of broiler chickens posthatching.
Poultry Science,92:882-889.

Romanoff A.L.(1972). Pathogenesis of the avian
embryo, John Wiley and Sons, New-York,
London, Sydney, Toronto.

SAS Institute (2004). SAS/STAT User's Guide. Version
9.1. SAS Inst. Inc., Cary, USA.

Tona, K., Onagbesan, O., Bruggeman, V., Collin, A.,
Berri, C., Duclos, M. J., Tesseraud, S., Buyse, J.,
Decuypere, E., and Yahav, S. (2008). Effects of
heat conditioning at d 16 to 18 of incubation or
during early broiler rearing on embryo
physiology, post-hatch growth perfor- mance and
heat tolerance. Arch.Gefliigelk., 72 (2). S. 75-83.

Tzschentke,B. and Halle,I. (2009). Influence of
temperature stimulation during the last 4 days of
incubation on secondary sex ratio and later
performance in male and female broiler chicks.
British Poultry Science, 50: 634-640

Tzschentke, B. and 1. Halle (2010). Temperature
training during the last days of incubation: a new
method to improve poultry performance.
Lohmann Information. Vol. 45 (1), 27-33.

Willems, O. W., Stephen P Miller, S. P. and Wood, p j
(2013). Assessment of residual body weight gain
and residual intake and body weight gain as feed
efficiency traits in the turkey (Meleagris
gallopavo). Genetics Selection Evolution, 45:26

Wilson HR (1991) Physiological requirements of the
developing embryo: temperature and turning. In:
Tullet SG (ed.) Avian Incubation. London.
Butterworth-Heinemann, 145-156.

Wolanski, N. J. ,Luiten, E.J., Meijerhof, R. and

Vereijken, A.,L.,J.(2004)Yolk utilization and
chick length as parameters for embryo
development. Avian and Poultry Biology

Reviews,15: 233-234.

Yahav S., Collin A., Shinder D. and Picard M. 2004.
Thermal manipulations during broiler chicks
embryogenesis — the effect of timing and
temperature, Poultry Sci. ,83: 1959—-1963.

Yahav S, Collin A, Shinder D, Picard M. (2004a)
Thermal manipulations during broiler chick
embryogenesis:  Effects of timing and
temperature. Poultry Science. 83:1959-1963.

Yahav S, Rath RS. and Shinder D.(2004b). The effect of
thermal manipulations during embryogenesis of
broiler  chicks (Gallus  domesticus) on
hatchability, body weight and thermoregulation
after hatch. Journal of Thermal Biology .29:245-
250.

Yahav, S. (2009). Alleviating heat stress in domestic
fowl-Different strategies. World's Poult. Sci., J.
65:719-732.

Yalcin S.and Siegel PB (2003) .Exposure to cold or
heat during incubation on developmental
stability of broiler embryos. Poult Sci 82, 1388-
1392

Yalcin, S., S. Ozkan, M. Cabuk, J. Buys, E. Decuypere
and P.B. Siegel (2005): Pre- and postnatal
conditioning induced thermotolerance on body
weight, physiological responses and relative
asymmetry of broilers originating from young
and old breeder flocks. Poultry Science, 84: 967-
976.

Yalcin,S.,Babacanoglu,E.,Guler,H.C.&Aksit,M.(2010).
Effect of incubation temperature On hatching
and carcass performance of broilers. World’s
Poultry Science Journal, 66:87-93.

150



J. Animal and Poultry Prod.., Mansoura Univ., Vol. 7 (4), April , 2016

BB oSSl p1aT g ulil) cilia o alial) el gall 5 5 JMA Ja¥) b b 4 i jal) dallaall 0
5 ganal) add

Y . Vw2 o Lt N . [ R \ .

Saad) )8l a9 (3855 daal AR Gl g 0l () (B el S e aad] ) Gul)

4030 igadl e -

uad (8 Arala 481 3l 45 Y

el el lia e Haliad) el saill 5538 A Jal¥l syl 4y all dallaall il Al jal 4 jaill 38y jal
O il AnTlm iy VY o LR 3 G o gemall et A coSUST ) La 30U bl (ymmy 5 dmsiadl 4guaill 5 caSUSY
Dl pySa ¥ (Al e sane JS aradi iy (Aldbae JSTaimn Fov ) 4 gluiie maalae wo )l ) Ll sdie Lgamdi o 0 ) genal) Al )
A By s )0 Baal dpui dysh ) %000 52 TV 0o )l ja da ) e aginand 5 udanall ( agraia s o (B8 [ Aaan V0t )
Aa ) e panll Gt a8 (J5,5S) (A5Y) de ganall -V U il Sle A )l all dalladd) ol ) o5 Cppianill e VT 4 )
VUl psall (b Gl U5 3 A e pmnall ¥, il VA sl i (R A s 5 900 20 V) (Tial) a5 515
O e %10 i A5k 5 5 6078 0 )5 dn 5l Lua (i s oal (il mg x5 o5 i (558 5 ASla I il pandl (5
il el Ge VT ) a sl (B () J5 o3 A de gesall Y i) aas (setter) Aha¥) il saa gl () 3 ey
ol 5 o) (e %710 i dsh ) 5229 oyl e s jal sy Glelu ¥oad ) (g a3 a3 Cus (A1 & Sl )
e (A (il sandl G VT I sl (A Gand) J8 a3 dnal Hll de sanall -2 (g jaill 22 (setter) dbal) Guzaaill saa gl 58
s sl )58 pranll 2 s O (e %710 i dysha ) 5% ol a A jal e g Cle b Vol anll (g o o5 S (5 )3 G i
Auidysh )% 3)a Aa o Guiall I () paes J85 23 YA sl Ale8 a2y -0 (g gl 2m (setter) Adial) Guaadl)
¥ ) Aelae JS s ge (alomiie agiy 55 Alebae S o 0 S YYO 220 3 o5 KU (b amy 5 g il 558 Algd s 9
2ie g sl sl g alBV elaV) luld 3AY 1 je b ael o SUSH Ay 51 et 88 5 SIS VO 3 S JS0 & gl &l Sa
Alabaal (m yai o (J 5 )38) (Y e ganall CiSUS L LS Ale 3 ) o da )l ) AUl CuSUSH (g oS g 1o e
il amy LGl 6 pal a8 s | el 80 20 Y9 51 da ) againy pai &3 a1l 430 5 460 de ganall CuSUS - 4y ) a
e Ui 4l all Cidlebaal 558 o1 LS il anl S 25 Ve sae e CaSIH (5 51l el ol 2ny 5 5
A ) a5 a8 Gl (5 )l gyl g V) e g gl g il i (0 IS
R_ULJJEOY“\ a)\ﬁujdéc&b\.c\_mt\)\ BA.AJ‘)AL\A”@M‘ M\@&J\)ﬂ\ua‘)ﬂ\ﬁhaﬂg)b“}mﬁhy‘uc J}Sﬂ\
0670 A Ay sh ¥ 5,0 pa Ao 0 J i yrall dlebeall € oIS Jpda 213 3) Can L gine CuSUSY 03 g i) - 9410 Ay
b lel £ Jdm yaall el 45 jlie el 7)Y o2 4 jall alalaall 3 J sl culS Ll ackie sk Lty Clels a ) ol
sz prall adalaall aad) 35 (8 03 30 Jana 5 ) (35 (0SS Lysina 3l ) - L gine CSUSH 80 g Cldin Ay i ol G
aS Lysine il ol Lty Olabaall 4y J o iS4l a gy T e ie Cilelas £ 30a %710 A A5k ) 579 o)) ja da
MA@l cleba £F J i jeall CoSUSH I3l Jysnt 86 liS 3 (5 gina (et aaa (S0 A 5l ald) Albaalls @llgionall) 3211
o) el pal day o GuBll) aay o) s aaall 3 ) ja A 3 Lysine Sl Al - el Geas TeTe ey Vo — Gl (el )
lalaall J5 yiud STDL 5 (ASH Js i SIS T3 TE J (Sgap e S Lginag (addil - o Te jee die (g )l all
- 38N el J3A J sy SHDL 328 535 4800 Gl pdad) e IS L gina il ol ety | il amy Al 5 (551 gl Gl ol
iy palall 5 T3 (3asb (oo IS 58 5l (5 sma il Cram 38 o QUSI 5l yall (gl o) yal dmgg s o ee e Ll
524l Uyl s Alalaall o SV il s Gua el £ 5080 & yiall 8 Ly ) s Alalaall iaal) oSBT IS (g il oS 5 45000
O (A Al (alas | jeall 12 die Uy ginaT4 (ysasn 0S5 il ol (o (8 La O BLDL S 55 J8) ¢l 3 (el
ool e B8l JMA Lua o g il dSle (8 00710 A dasha ) 500 ¥ o)) ja da ol el o)l Bl caadiall Gapd) (i =
s B8 e JIE 5 CuSESH 03 a5 49 )| jall 4l o CuSUST o a8 Juadl Biny o 8l (e e Gl Ja jde ualud)
el La 3k Glaia e 5801 5 g3 o 1aY) ¥ ara (e Cpueal

151



