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Climate change is caused by global warming, which is our most pressing
environmental concern. However, some of these modifications will have negative
effects on animal welfare and the quality and quantity of poultry products. We
examined the effects of different periods of thermal manipulation (TM) during
embryogenesis on the European production efficiency index (EPEI), intestinal
microbiota and morphology, and long bone characteristics of Ross (308) broilers
strain exposed to Chronic Heat Stress (CHS). Consequently, 608 fertile eggs were
utilized in a completely randomized design comprising four treatments and four
replicates. 7 to 16 days were spent incubating experimental groups with different
TM (for control (0 h), 6, 12, and 18 hours). Humidity and temperature were
maintained at 65% and 39.5°C. After hatching, male chicks were chosen, housed
under standard conditions, and then subjected to chronic heat stress (CHS) between
28 and 42 days later. Mortality in the TM-treated groups was significantly (P <
0.05) lower than in the control group during CHS, and mortality was lowest after
12 hours of treatment. The EPEI was greater in treated chickens at 12 and 18 hours
compared to untreated chickens (P < 0.015). The treatments have no effect on the
intestinal microbiota (P > 0.05). The tibial length (P < 0.05) and width (P < 0.048)
of birds given 12- and 18-hour treatments increased significantly. < TM caused
significant changes in the villus's height and area of the villus (P < 0.05). TM-
treated birds had higher villus height than control. It can be concluded that TM may
increase the height of villus and long bone characteristics and decrease the mortality
rate in broilers exposed to CHS due to adaptation and thermotolerance.

Highlights

e The study investigates the effects of thermal manipulation (TM) during embryogenesis on broiler chickens under

chronic heat stress (CHS).

e TM reduced mortality and increased production efficiency index (EPEI) of chickens exposed to CHS compared to

control.

e TM did not affect the intestinal microbiota but enhanced the intestinal morphology and long bone characteristics

of chickens.

e The paper demonstrates that TM is a potential strategy to improve the welfare and performance of broiler chickens

under global warming.

1. Introduction

16 and 25 °C for poultry species. Heat stress is one of the

The g|0ba| Warming phenomenon is a serious Cha”enge most cha_llenging environmental C.Onditions inﬂuenCing
facing poultry production in tropical and subtropical ~ commercial poultry. Feed consumption, growth rates, feed
regions. Heat stress begins when the ambient temperature  efficiencies, and survival abilities all decrease as
rises above the thermoneutral zone, which ranges between ~ €nvironmental temperature rises (Mashaly et al., 2004;
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Zaboli et al., 2019). The Broilers are very sensitive to heat
stress due to feathering and the absence of sweat glands
(Yahav et al., 2009). On the other hand, genetic selection
has improved the relative weight of breast muscle, body
weight gain, and feed efficiency. However, this is not
accompanied by an adequate increase in cardiovascular and
respiratory system function, which consequently causes the
birds to be incapable of regulating their body temperature
properly (Havenstein et al., 2003). Heat stress is common
in tropical and subtropical areas like Iran, where spring and
summer temperatures range from 35 °C to 45 °C.
According to Akbarian et al. (2013), global warming makes
the effects of heat stress worse.

Overall, the combined complications of intensive
genetic selection, global warming, and expanding poultry
production in the tropical climate caused economic losses.
Therefore, various techniques have been tested to
overcome this problem, such as nutritional and genetic
methods, but most are costly and have low efficiency.
Recently, thermal manipulation (TM) (postnatal and
prenatal) has been developed and proposed as a new
technique. It can improve performance and decrease
mortality by reducing metabolic rate, body temperature,
and thyroid activity (Loyau et al., 2015; Zaboli et al., 2016;
2022). Some studies (Yahav and Mcmurtry, 2001; De
Basilio et al., 2001; Zaboli et al., 2022; 2016) explain that
postnatal exposure of 3- or 5-day-old chicks (for 24 h at
37.5-38 °C) enables chickens to regulate body temperatures
efficiently during heat challenges later and can diminish the
mortality rate by about 50%. Furthermore, TM during
embryogenesis has been tested in many studies (Moraes et
al., 2004; Collin et al., 2007). The treatment combining
39.5 °C with 65% RH for 12 h/d between days E7 and E16
of embryogenesis appears to enhance the thermotolerance
of broiler chickens without negative effects (Loyau et al.,
2015; Zaboli et al.,2022; 2016).

Heat stress adversely impacts the intestinal epithelial
structures, such as alteration in the digestibility and
metabolism of various nutrients; disruption in the structure
and function of the intestinal epithelium (Burkholder et al,
2008); and alteration of the normal and protective
microbiota (Bailey et al, 2004). Burkholder et al (2008)
noted that heat stress significantly decreased the intestinal
bacterial populations of birds (Burkholder et al., 2008). In
addition, the TM improved intestinal morphology (Temim
et al., 2000; Uni et al., 2001). Bone weakness and skeletal
disorders associated with rapid growth in the new genotype
lead to economic losses and animal welfare issues (Kim et
al., 2011). Also, heat stress intensifies the disorders and
decreases long bone length and width (Bruno et al., 2007;
Zaboli et al., 2017). So, we hypothesized that TM might
improve long -bone-related traits and intestinal microbiota.

The profitable role of TM in broilers under acute heat
stress has already been described. However, little is known
about how TM affects performance under chronic heat
stress (CHS) and how it affects the long bone
characteristics, the shape of the intestine, and the
microbiota in Ross strain broilers.

Therefore, the present investigation aimed to evaluate
the effect of TM on performance, long bone traits, intestinal
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morphology, and microbiota of male broiler chickens
exposed to CHS from 28 to 42 days of age.

2. Materials and Methods
2.1. Experimental procedures

The experimental protocol was approved by the Tarbiat
Modares University Animal Care Protocol. Hence, 608
fertile eggs were used in a completely randomized design
of four treatments with four replicates. Experimental
groups with different TM (for control (0 h), 6, 12, and 18
hours) were incubated at 65% humidity and 39.5°C from 7
to 16 days of incubation for 0, 6, 12, and 18 hours. After
hatching, the male broiler was selected, housed in standard
conditions, and then exposed to CHS from day 28 to day
42 (Zaboli et al., 2016). To induce CHS, all groups in
experimental pens were exposed from 10:00 AM to 4:00
PM to 32-36 °C and 55% RH, with overnight temperatures
of 28 2°C and 46 5% RH. The average time it takes for the
ambient temperature to rise from 27 to 32 °C is about 30
minutes. To avoid potential incubator influences, all eggs
were incubated in the same incubator at 37.8 °C, 56% RH,
and were turned once per hour from EO to E7 (Zaboli et al.,
2022). At 7 days of incubation, infertile and embryo
mortalities were removed after candling. On day 19 of
incubation, all eggs were relocated to a hatcher with 37.8
°C and 56% RH.

Newly hatched chicks were recorded every hour.
Chicks with dry feathers, at almost 180 minutes after
hatching, were taken out of the incubator for evaluating and
sexing. Male broiler chickens of the same weight were
carefully chosen, and 12 male broiler chickens were
randomly distributed into the experimental cages. This
experiment was performed only on male birds because of
their better sensitivity to heat stress than females (Piestun
etal., 2008).

All Ross Management Guide recommendations were
used to feed all the chicks. Water and feed were provided
ad libitum under 23-hour lighting. The temperature was 32
°C in the first week and then decreased to 24 °C. At the end
of the experiment, the birds were euthanized by CO2
asphyxiation, and cervical dislocation was accomplished
for dissection and then sampled.

2.2. The European production efficiency index

The European Production Efficiency Index (EPEI) was
calculated using the equation as follows (Hajati et al.,
2015):

BW (kg) X survived percentage

EPET = PP x FCR

x 100

where PP is the production period length (days).

2.3. Intestinal Microbial Population

The contents of the ileum and cecum were used to look
at the total number of Lactobacillus, Coliforms, and aerobic
bacteria that were still alive. Therefore, 1 g of lleal and
Cecal contents of two birds in each replicate were
separately collected into the sterile tubes for serial dilution.
The culture medium for microbial enumeration was de
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Man, Rogosa, and Sharpe agar for Lactobacillus and Mac
Conkey agar for Coliforms. Plate count agar was used for
the total count of bacteria under aerobic conditions. The
bacterial numbers were expressed as log10 CFU per gram
of DM.

2.4, Intestinal Morphometric Parameters

The region from Meckel’s diverticulum to a point 40
mm proximal to the lleocecal junction was defined as an
intestinal ileum segment. Two birds in each replicate were
randomly selected for measuring after slaughter as
described by Burkhulder et al. (2008) with a little
modification (Burkhulder et al., 2008). In brief, two-
centimeter tissue samples were taken from the midpoint of
the aforementioned section, then rinsed with saline and
immersed in a phosphate-buffered formalin solution. Two
portions per sample were cut perpendicular to the
longitudinal axis of the intestine by microtome (Sakura
SRM 200, Tokyo, Japan) and embedded in paraffin wax.
Transverse sections were cut (3 um), stained with
hematoxylin-eosin, and analyzed under a light microscope
to determine morphometric indices, according to
Burkholder et al. (2008). The morphometric parameters (all
expressed in micrometer) measured included villus height
and area, crypt depth, and villus width at the top and base.
The ten longest and straightest villus and associated crypts
were measured from each segment. Measurements for the
villus height were taken from the tip of the villus to the
villus-crypt junction. The crypt depth was defined as the
depth of the invagination between adjacent villus, and the
villus width was measured at the top and bottom of the villi.
The mean of 10 measurements per sample was used as the

average value for further analysis.

2.5. Long Bone Measurement

Tibia, femur, and humerus were evaluated at 42 d of
age. Also, 12 birds per group were individually weighed,
and after slaughtering, the bones were removed and frozen.
For analysis, the bones were boiled in water, and the
adhered muscle was scraped off with scissors and blades.
After cleaning, the bones were defatted in ether for 24 h
and then dried in an oven with forced ventilation at 105 °C
for 75 h. After 12 h at room temperature, the bones were
weighed, and length and width (in the medial portion) were
measured with a caliper.

2.6. Statistical Analyses

Data were subjected to statistical analysis using SAS
(SAS Institute, 2002), and means were separated by
Duncan’s multiple range tests (P < 0.05). Mortality data
was subjected to chi-square (¥2) analysis. Statistical
significance is considered as (P < 0.05).

3. Resalts
3.1. European Production Efficiency Index (EPEI)

The performance data showed no difference between
the TM-treated groups and those with control (ho
published). EPEI was affected by treatments significantly
(P <0.05), and EPEI was higher in chickens treated for 6,
12, and 18 hours than in control. The lowest EPEI was
found in the control group. The treatments statistically
decreased mortality in the treated birds compared to the
control (P < 0.05). The lowest mortality was observed in 6
and 12 hour treated groups (Table 1).

Table 1. The effect of TM on mortality percent and EPEI of male broiler under CHS

Treatments Mortality (%) EPEI
1-28 days 28-42 days 1-42 days

18 7 7 13 3552

12 4 5 9 3502

6 4 5 9 3502

control 3 19 20 3200

SEM - - -- 72.1

p-value 0.562 0.067 0.056 0.015

ab Means within columns with different superscript letters are significantly different (P < 0.05). Treatments: In the control group, eggs were incubated at
37.8°C and 56% RH; other treatments (6, 12, and 18 hours) incubated at 65% humidity and 39.5°C from 7 to 16 days of incubation for 6, 12, and 18
hours a day. After hatching, housed in standard conditions, all treatments were subjected to CHS from day 28 to 42.

3.2. Intestinal Microbiota

The results concerning the effect of the TM on ileal and
cecal microbiota in the main parts of the digestive tract on
day 42 of the experimentation are given in Table 2.
statistical analysis showed that Total Anaerobes,
Lactobacilli, and coliforms were not significantly
influenced by treatment (P > 0.005).

3.3. Intestinal Morphology

The results of intestinal morphology are listed in Table
3. There was a significant impact on villus height (P<0.05).
CHS significantly decreased villus height in the control
group, while the TM improved it. The villus area was
significantly affected among the groups due to the TM. The
lowest villus area was observed in the PRE and PO3
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groups, respectively. Villus width and crypt depth of the
ileum did not differ among groups (P>0.05).

3.4. Long -Bone Parameters

The results of tibia, femur, and humerus length, width,
and weight are shown in Table 4. Tibia length was affected
and improved significantly by treatments (P<0.05). Birds
experienced TM exhibiting higher value than the control
group. The 12 hours group also showed the highest value.
There was a significant improvement in tibia width in the
18 groups (P<0.05).

Furthermore, TM affected Femur length statistically.
The highest and lowest value was observed in 18 hours of
treatment and control, respectively. No changes were found
in the tibia, femur weight, and humerus parameters.
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Table 2. The effect of TM on lleal and Cecal microbial population (log10 cfu/g of DM) of male broiler under CHS
lleum Cecum
Treatments Lactobacillus Coliforms Aerobic bacteria Lactobacillus Coliforms Aerobic bacteria

18 90.7 7.022 60.9 21.10 10.13 70.10

12 88.7 6.99 71.9 31.10 10.14 74.10

6 90.7 7.05 81.9 35.10 10.10 76.10
Control 87.7 7.02 67.9 20.10 10.13 73.10
SEM 0.006 0.015 0.022 0.012 0.012 0.066
P-value 0.15 0.099 0.101 0.19 0.22 0.25

ab [Means within columns with different superscript letters are significantly different (P < 0.05). Treatments: In the control group, eggs were incubated at
37.8°C and 56% RH; other treatments (6, 12, and 18 hours) incubated at 65% humidity and 39.5°C from 7 to 16 days of incubation for 6, 12, and 18
hours a day receptivity. After hatching, housed in standard conditions, all treatments were subjected to CHS from day 28 to 42.

Table 3. The effect of TM on ileal morphology of male broiler under CHS

Villus height Villus area Villus width Crypt depth
Treatments (M) (uM?) (M) (M)
18 950.11+92 0.086+0.002¢ 95.60+8 120.25+2.3
12 946.41+69° 0.092+0.002° 95.93+8 122+3.9
6 956.92+72 0.096+0.0042 96.8+7 122.60+2.1
Control 916.11+11° 0.095+0.0032 97.65+6 122.44455
SEM 9.29 0.003 1.8 1.9

ab [Means within columns with different superscript letters are significantly different (P < 0.05). Treatments: In the control group, eggs were incubated at
37.8°C and 56% RH; other treatments (6, 12, and 18 hours) incubated at 65% humidity and 39.5°C from 7 to 16 days of incubation for 6, 12, and 18
hours a day receptivity. After hatching, housed in standard conditions, all treatments were subjected to CHS from day 28 to 42.

Table 4. The effect of TM on the long bone characteristics of male broiler under CHS

treatments
Variables 6 12 18 Control SEM p-value
Tibia
Length 100.2° 102.912 101.68%® 99.21°¢ 151 0.051
Width 10.98° 11.25° 11.782 10.95P 0.15 0.052
Weight 8.85 8.85 8.75 8.8 0.13 0.87
Femur
Length 72.01% 71.9% 73.82 70.59° 0.93 0.028
Width 7.61 7.61 7.43 7.51 0.096 0.059
Weight 7.3 7.25 7.15 7.25 0.054 0.054
Humerus
Length 67 66.5 68.05 67.22 0.69 0.21
Width 7.08 6.00 7.85 7.52 0.098 0.22
Weight 4.45 4.75 4.65 4.58 0.046 0.33

ab [Means within columns with different superscript letters are significantly different (P < 0.05). Treatments: In the control group, eggs were incubated at
37.8°C and 56% RH; other treatments (6, 12, and 18 hours) incubated at 65% humidity and 39.5°C from 7 to 16 days of incubation for 6, 12, and 18
hours a day receptivity. After hatching, housed in standard conditions, all treatments were subjected to CHS from day 28 to 42.

4. Discussion
4.1. European Production Efficiency Index (EPEI)
Results showed that treated groups exhibited higher
EPELI. Despite no significant difference in mortality from 0
to 28, 28 t0 42, and 0 to 42 days of age. However, mortality
was decreased statistically in treated chicks compared to
control. Some studies also reported that treated birds
performed better (Piestun et al., 2011,2009, 2008).
Moreover, decreased mortality in TM-treated chicks agreed
with Yahav and Hurwitz (1996) and Zaboli et al. (2016)
findings. Thermotolerance is a physiological response in
TM-treated birds. Tzschentke and Basta (2002) reported
that exposure to a warmer prenatal incubation temperature
resulted in an elevated neuronal hypothalamic warm
sensitivity through an increased proportion of cold-
sensitive neurons and a reduced proportion of warm-
sensitive neurons in comparison with the control group
(Tzschentke et al., 2002). So, a significant increase in EPEI
and a lower mortality rate could indicate the greater
resistance of TM-treated chicks to CHS due to the
epigenetic temperature adaptation. Furthermore, this trial
might reduce metabolic rate, thyroid hormone, and body
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temperature (Zaboli et al., 2016). Probably these changes
positively affect EPELI.

4.2. Intestinal microbiota

In the gastrointestinal tract (GIT), the microbiota plays
amajor role in elevating nutrient absorption and amplifying
the immune system, so the microbiota affects both the
growth and health of the chicken (Choi et al., 2015). We
hypothesized that TM could improve performance and
intestinal morphology (Uni et al., 2001) and thereby
positively change microflora in chickens exposed to CHS.
Uni et al. and Temmim et al. (2000) reported that the birds
treated by the TM pattern exhibited better brush border
characteristics than the control (Uni et al., 2001; Temim et
al., 2000). Bailey et al. noted that heat stress could alter the
normal microbiota in the GIT (Bailey et al., 2004). Thus, it
reinforced our hypotheses that TM could improve
microflora. On the contrary, our results showed no
significant changes in the lleal and Cecal microbial
populations. The mortality of sensitive birds can explain in
the control group, and CHS for two weeks may create
adaptation in the control group.
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4.3. Intestinal morphology

Intestinal morphology condition could be considered as
a proper response for TM experiments. The small intestine
is the main site of the digestive system that is affected by
environmental conditions. Moreover, it gives information
about the health and performance of birds. The most
important part of the brush border is the enterocytes located
on top of the villus and is responsible for observation and
disability (Yahav et al., 2007). Burkholder et al. (2008)
showed that heat stress for 24 hours did not affect the villus
height. They suggested that the short duration of the
stressor, and the resistance of the ileum to structural
change, could be possible responses to remain unchanged.
We can conclude that improved villus height in treated
birds caused increased performance during CHS. TM could
induce thermotolerance and prevent the adverse effects of
CHS on intestinal morphology. Likewise, Uni et al. (2001)
reported an improvement in the enterocyte proliferation
and the activity of brush border enzymes 48 hours after
thermal conditioning. Meanwhile, TM reduces body
temperature, and as a result, the treated bird could help the
improvement of intestinal morphology (Zhu et al., 2002;
Piestun et al., 2009).

4.4. Long Bone Parameters

performance improvements in poultry production are
associated with skeletal disorders and are the major
negative factor affecting poultry production. Furthermore,
heat stress intensifies skeletal problems (Yalgin et al.,
1996). Burno et al. (2007) reported that heat stress caused
a decrease in both the tibia and humerus length and width.
As a result, alterations in development caused by pre- and
post-hatch treatment affected bone development. Small
differences in incubation temperature applied throughout
incubation have been shown to influence the growth of the
long bone in the birds (Brookes et al., 1972). Raising the
temperature of the eggs by 1°C, from 37.5 to 38.5°C,
during ED 4 to 7 could increase the length of tibia and
tarsus bones in Leghorns (Hammond et al., 2007).
Moreover, our result showed that TM could lead to the
development and improvement of a long bone, but the
mechanisms are unclear (Maltby et al., 2006; Brookes et
al., 1972; Zaboli et al., 2017). Otherwise, the results from
this trial showed that TM decreased mortality and
improved performance and also decreased the metabolic
rate and body temperature (Zaboli et al., 2016). These
changes may help improve long bone development (Collin
etal., 2012). So that the negative impact of CHS is reduced.

5. Conclusion

In summary, the application of TM during the
development and maturation of the thermal regulation
system of the male broilers may induce positive effects on
the intestinal morphology, long bone development, and
EPEI, thus preventing the negative effects of CHS on
broiler chickens in the first week of CHS to reduce
mortality and improve EPEI. Overall, TM can affect
intestinal  microbiota and improve long bone
characteristics. ~ Notwithstanding,  the  underlying
mechanisms of TM's long-lasting effect on broiler
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chickens' physiological responses remain to be elucidated
in the future.

Reference

Akbarian, A., Golian, A., Gilani, A., Kermanshahi, H.,
Zhaleh, S., Akhavan, A., De Smet, S., & Michiels, J.
(2013). Effect of feeding citrus peel extracts on growth
performance, serum components, and intestinal
morphology of broilers exposed to high ambient
temperature during the finisher phase. Livestock
Science, 157(2-3), 490-497. doi:
10.1016/j.livsci.2013.08.010

Bailey, M. T., Lubach, G. R., & Coe, C. L. (2004). Prenatal
stress alters bacterial colonization of the gut in infant
monkeys. Journal of Pediatric Gastroenterology and
Nutrition, 38(4), 414-421.

Brookes, M., & May, K. U. (1972). The influence of
temperature on bone growth in the chick. Journal of
Anatomy, 111(Pt 3), 351-352.

Bruno, L. D. G., Luquetti, B. C., Furlan, R. L., & Macari,
M. (2007). Influence of early qualitative feed restriction
and environmental temperature on long bone
development of broiler chickens. Journal of Thermal
Biology, 32(6), 349-354.

Burkholder, K. M., Thompson, K. L., Einstein, M. E.,
Applegate, T. J., & Patterson, J. A. (2008). Influence of
stressors on normal intestinal microbiota, intestinal
morphology, and susceptibility to Salmonella
enteritidis colonization in broilers. Poultry Science,
87(9), 1734-1741. doi:
https://doi.org/10.3382/ps.2008-00107

Choi, K. Y., Lee, T. K., & Sul, W. J. (2015). Metagenomic
analysis of chicken gut microbiota for improving
metabolism and health of chickens — A review. Asian-
Australasian Journal of Animal Sciences, 28(9), 1217—
1225. doi: 10.5713/ajas.15.0026

Collin, A., Berri, C., Tesseraud, S., Rodon, F. R., Skiba-
Cassy, S., Crochet, S., Duclos, M. J., Rideau, N., Tona,
K., Buyse, J., Bruggeman, V. (2007). Effects of thermal
manipulation during early and late embryogenesis on
thermotolerance and breast muscle characteristics in
broiler chickens. Poultry Science, 86, 795-800. doi:
10.1093/ps/86.5.795

Collin, A., Loyau, T., Bedrani, L., Berri, C., Metayer-
Coustard, S., Praud, C., Duclos, M. J., Tesseraud, S.,
Rideau, N., Hennequet-Antier, C., Everaert, N. (2012).
Adaptive response of chickens to hot environments
induced by changing incubation temperature. In XXIV
World’s Poultry Congress. Bahia, Brazil; p. 1-7.

De Basilio, V., Vilarino, M., Yahav, S., & Picard, M.
(2001). Early age thermal conditioning and a dual
feeding program for male broilers challenged by heat

stress.  Poultry  Science, 80, 29-36. doi:
10.1093/ps/80.1.29
Hajati, H., Hassanabadi, A., Golian, A., Nassiri-

Moghaddam, H., Nassiri, M. R. (2015). The effect of
grape seed extract and vitamin C feed supplementation
on some blood parameters and HSP70 gene expression
of broiler chickens suffering from chronic heat stress.


https://doi.org/10.1016/j.livsci.2013.08.010
https://doi.org/10.3382/ps.2008-00107
https://doi.org/10.5713%2Fajas.15.0026
https://doi.org/10.1093/ps/86.5.795
https://doi.org/10.1093/ps/86.5.795
https://doi.org/10.1093/ps/80.1.29

Zaboli & Dong

Italian Journal of Animal Science, 14(3), 3273. doi:
10.4081/ijas.2014.3273

Hammond, C. L., Simbi, B. H., & Stickland, N. C. (2007).
In ovo temperature manipulation influences embryonic
motility and growth of limb tissues in the chick (Gallus
gallus). Journal of Experimental Biology, 210(15),
2667-75.

Havenstein, G. B., Ferket, P. R., Scheideler, S. E., &
Qureshi, M. A. (2003). Carcass composition and yield
of 1957 versus 2001 broilers when fed representative
1957 and 2001 broiler diets. Poultry Science, 82(10),
1509-1518. doi: 10.1016/j.jpsychires.2017.11.014

Kim, G. B., Seo, Y. M., Kim, C. H., & Paik, I. K. (2011).
Effect of dietary prebiotic supplementation on the
performance, intestinal microflora, and immune
response of broilers. Poultry Science, 90(1), 75-82.
doi: 10.3382/ps.2010-00732

Loyau, T., Bedrani, L., Berri, C., Metayer-Coustard, S.,
Praud, C., Coustham, V., Mignhon-Grasteau, S., Duclos,
M. J., Tesseraud, S., Rideau, N., Hennequet-Antier, C.
(2015). Cyclic variations in incubation conditions
induce adaptive responses to later heat exposure in
chickens: a review. Animal, 9(1), 76-85. doi:
10.1016/j.copsyc.2015.09.005

Maltby, V., Somaiya, A., French, N. A., & Stickland, N. C.
(2004). In ovo temperature manipulation influences
post-hatch muscle growth in the turkey. British Poultry
Science, 45(4), 491-498.

Mashaly, M. M., Hendricks, G. L., Kalama, M. A. (2004).
Effect of heat stress on production parameters and
immune responses of commercial laying hens. Poultry
Science, 83, 889-894. doi: 10.1093/ps/83.6.889

Moraes, V. M. B., Malheiros, R. D., Bruggeman, V.,
Collin, A., Tona, K., Van As, P., Onagbesan, O. M.,
Buyse, J., Decuypere, E., & Macari, M. (2004). The
effect of timing of thermal conditioning during
incubation on embryo physiological parameters and its
relationship to thermotolerance in adult broiler
chickens. Journal of Thermal Biology, 29(1), 55-61.
doi: 10.1016/j.jtherbio.2003.10.006

Piestun, Y., Halevy, O., Shinder, D., Ruzal, M., Druyan, S.,
& Yahav, S. (2011). Thermal manipulations during
broiler ~ embryogenesis improves post-hatch
performance under hot conditions. Journal of Thermal
Biology, 36(7), 469-474. doi:
10.1016/j.jtherbio.2011.08.003

Piestun, Y., Halevy, O., & Yahav, S. (2009). Thermal
manipulations of broiler embryos the effect on
thermoregulation and development during
embryogenesis. Poultry Science, 88, 2677-2688. doi:
10.3382/ps.2009-00231

Piestun, Y., Shinder, D., Ruzal, M., Halevy, O., Brake, J.,
& Yahav, S. (2008). Thermal manipulations during
broiler embryogenesis: effect on the acquisition of
thermotolerance. Poultry Science, 87(8), 1516-1525.
doi: 10.3382/ps.2008-00030

Temim, S., Chagneau, A. M., Peresson, R., & Tesseraud,
S. (2000). Chronic heat exposure alters protein turnover
of three different skeletal muscles in finishing broiler

150

chickens fed 20 or 25% protein diets. Journal of
Nutrition, 130(4), 813-8109.

Tzschentke, B., & Basta, D. (2002). Early development of
neuronal hypothalamic thermosensitivity in birds:
influence of epigenetic temperature adaptation.
Comparative Biochemistry and Physiology Part A:
Molecular & Integrative Physiology, 131(4), 825-832.
doi: 10.1016/S1095-6433(02)00020-X

Uni, Z., Gal-Garber, O., Geyra, A., Sklan, D., & Yahav, S.
(2001). Changes in growth and function of chick small
intestine epithelium due to early thermal conditioning.
Poultry Science, 80(4), 438-445. doi:
10.1093/ps/80.4.438

Yahav, S. (2007). Thermal manipulation during the
perinatal period - does it improve thermotolerance and
performance of broiler chickens? In Proceedings of the
19th Australian Poultry Science Symposium (pp. 1-8).
Sydney, New South Wales, Australia.

Yahav, S. (2009). Alleviating heat stress in domestic fowl:
different strategies. World's Poultry Science Journal,
65, 719-732.

Yahav, S., & Hurwitz, S. (1996). Induction of
thermotolerance in male broiler chickens by
temperature conditioning at an early age. Poultry
Science, 75(3), 402-406. doi: 10.3382/ps.0750402

Yahav, S., & McMurtry, J. P. (2001). Thermotolerance
acquisition in broiler chickens by temperature
conditioning early in life--the effect of timing and
ambient temperature. Poultry Science, 80(12), 1662—
1666. doi: 10.1093/ps/80.12.1662

Yalcin, S., Ozkan, S., Settar, P., & Tolon, B. (1996).
Influence of ambient temperature and genotype on bone
parameters and incidence of leg disorders of male and
female broilers. In Proceedings of the World’s Poultry
Congress (pp. 577-580).

Zaboli, G., Rahimi, S., Shariatmadari, F., Torshizi, M. A.
K., Baghbanzadeh, A., & Mehri, M. (2017). Thermal
manipulation during pre and post-hatch on
thermotolerance of male broiler chickens exposed to
chronic heat stress. Poultry Science, 96(2), 478-485.
doi: 10.3382/ps/pew344

Zaboli, G., Rahimi, S., Shariatmadari, F., Torshizi, M. A.
K., Baghbanzadeh, A., & Kameli, M. (2017). Thermal
manipulation during pre and post hatch on long bone
development of male broiler chickens exposed to stress
(Oral). In International Poultry Scientific Forum (p. 16).
Georgia World Congress Center, Atlanta, Georgia.

Zaboli, G., Xi, H., Xi, F., etal. (2019). How can heat stress
affect chicken meat quality? a review. Poultry Science,
98(3), 1551-1556. doi: 10.3382/ps/pey399

Zaboli, G., & Kamel, M. (2022). The effect of thermal
manipulation during embryogenesis on
thermotolerance, hatchability and blood parameters of
broilers. Animal Production, 24, 97-107. doi:
10.1111/hex.12487

Zhu, X. Y., Zhong, T., Pandya, Y., & Joerger, R. D. (2002).
16S rRNA-based analysis of microbiota from the
cecum of broiler chickens. Applied and Environmental
Microbiology, 68(1), 124-137. doi:
10.1080/02626667.2018.1560449


https://doi.org/10.4081/ijas.2014.3273
https://doi.org/10.1016/j.jtherbio.2003.10.006
https://doi.org/10.1016/j.jtherbio.2011.08.003
https://doi.org/10.3382/ps.2009-00231
https://doi.org/10.3382/ps.2008-00030
https://doi.org/10.1016/S1095-6433(02)00020-X
https://doi.org/10.1093/ps/80.4.438
https://doi.org/10.3382/ps/pew344
https://doi.org/10.3382/ps/pey399

