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Abstract: Problem statement: Acute heat stress at marketing age especially in broiler chickens raised 
in open houses with reduced means of heat exchange leads to economic losses. The objective of this 
study was to determine beneficial effects of early age thermal conditioning in reducing adverse effects 
of acute heat stress and decrease losses. Approach: Ninety one day-old broiler chicks were randomly 
assigned to one of three treatments (n = 30): (1) control (normally raised), (2) early age thermal 
conditioning (exposed to temperature of 40±1°C for 24 h at 5th day of age, then raised as control 
chicks) and (3) chronic stress (exposed to 33±2°C from day one till 6 weeks of age). At 42nd day of 
age, all chicks were subjected to acute heat stress of 39±2°C for 2 h. Blood samples were collected 
from all groups before and after exposure to acute heat stress. Results: Blood pH increased in both 
controls and thermally-conditioned chicks after exposure to acute heat stress coinciding with 
significant decrease in blood carbon dioxide pressure (pCo2) in controls only. Blood potassium level 
decreased in controls, while in thermally-conditioned or chronically-stressed no significant changes 
were observed. Blood sodium level showed a trend toward decreased levels in controls while a trend 
toward increased levels was observed in both thermally-conditioned and chronically-stressed birds. 
Importantly, significant reductions were observed in total erythrocyte count and hemoglobin level in 
chronically-stressed birds as compared to other groups before and after acute stress exposure. 
Hetrophil/lymphocyte ratio increased in both controls and thermally-conditioned chicks after acute 
heat exposure, but not in chronically-stressed birds. Conclusion: When exposed to acute heat stress at 
marketing age, chicks subjected to early age thermal conditioning responded very similar to birds 
adapted to chronic heat stress indicating a protective role of early age thermal conditioning. 
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INTRODUCTION 

 
 Poultry production in tropical countries is affected 
by many challenges especially during the hot humid 
summer season. Economic losses result from decreased 
productivity and increased mortality due to acute heat 
stress. Among many factors, chick's age plays an 
important role in its resistance to acute heat stress. Heat 
loss from the surface of chicken to the environment 
increases from day one till four weeks of age and then 
decrease during the last two weeks of the growth period 
of broiler chicken (Cangar et al., 2008). Heavier 
broilers (approaching marketing age) are sensitive to 
high-temperature challenges. This sensitivity can be 
explained by the fact that broilers have greater 

difficulty keeping thermal homeostasis due to the large 
body mass and high rate of metabolism associated with 
rapid growth (Borges et al., 2003). Low ability of heat 
loss of broiler chicks during the last two-weeks 
increases the impact and risk of exposure to elevated 
environmental temperature. 
 Panting by poultry allows them to increase their 
evaporative heat loss during heat stress. This increased 
respiratory rate causes changes in the gas exchange and 
acid-base balance in the broilers which is due to loss of 
carbon dioxide from the respiratory system. The effect 
of these reactions is a high level of blood pH. There is 
also relative loss of bicarbonate and hydrogen ions 
which creates a situation of respiratory alkalosis during 
heat exposure (Borges et al., 2004). Potassium level 
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reduction in heat-stressed birds increases intracellular 
accumulation of basic amino acids including glutamic 
acid, which has been proposed to play an important role 
in metabolic regulation of acid-base balance (Austic 
and Calvest, 1981). 
 Heat exposure for 24 h at 5 days of age described 
as early age Thermal Conditioning (TC) has been 
proposed as a technique to reinforce resistance of 
broiler chickens to acute heat stress during the finishing 
period (Yahav and Hurwitz, 1996; Zhou et al., 1997; 
Arjona et al., 1988; Yahav and Plavnik, 1999). 
Exposure to heat stress in poultry can be described as 
acute heat stress that refers to a short and sudden period 
of extremely high temperatures, whereas chronic heat 
stress refers to extended periods of elevated 
temperatures. There is lack of information on the 
mechanisms involved in response to acute heat stress 
at marketing age with respect to broilers raised under 
conditions of chronic heat-stress or thermally-
conditioned at an early age. Therefore the main 
objective of this study was to evaluate changes in 
some important blood parameters of broilers subjected 
to early age thermal conditioning as compared to 
control non- stressed or chronically stressed broilers 
when all the three groups were subjected to acute heat 
stress at marketing age. 
 

MATERIALS AND METHODS 
 
Experimental chicks: A total of ninety one-day old 
Hubbard chicks were assigned randomly to one of three 
treatment groups (n = 30). Control group was raised 
under normal conditions without exposure to any heat 
stress. The second group was subjected to chronic heat 
stress from day one through 42 days of age by exposure 
to environmental temperature of 33±2°C (Abu-Dieyeh, 
2006). The third group was treated similar to control 
group except that the birds were thermally-conditioned 
at 5th day of age by exposure to elevated temperature of 
40±1°C for 24 h (Basilio et al., 2001). All chicks were 
reared on deep litter at a stocking density of 10 birds/m2 
and kept under 23 h light -1 h darkness. Feed and water 
were provided ad libitum.  
 
Exposure to acute heat stress: Chicks were kept in 
controlled environmental chamber with dimensions of 
1.80×2.40×2.34 m. Chamber was provided with 
thermostatically-controlled electric heater and small 
electric fan for the circulation of the air, two holes of 16 
cm diameter were made to provide ventilation. At 42nd 

day of age all chicks were subjected to acute heat stress 
of 39±2°C for 2 h (Altan et al., 2000). With this acute 
heat exposure birds showed typical heat stress 
responses. These included increased water 
consumption, chicks moving away from other birds, 
lifting the litter to find a cool surface, lifting their 
wings, resting to reduce energy and panting. 
 Sample collection and testing: At 42nd day of age 
before and after exposure to acute heat stress, 10 birds 
were randomly picked up from each group. Blood 
samples were collected from the wing vein directly into 

a heparinized (50 IU/mL) syringe. All bleedings were 

completed within 45 s after the birds were caught. 
Blood samples were kept in ice bags and immediately 
transferred to the laboratory. Blood sample was drawn 
directly from the syringes into a blood gas/electrolyte 

analyzer (Genn Premier 3000, Instrumentation 
laboratory, Lexington, MA, USA) for immediate 

analysis of partial pressure of CO2 (pCO2), partial 
pressure of O2 (pO2), pH, hematocrit (Hct) and 
electrolytes (Na+, K+, Ca2 ). 
  Heterophil/Lymphocyte (H/L) ratio was 
determined according to Gross and Siegel (1983). Total 
erythrocytic count (RBC count) was performed and 
Hemoglobin (Hb) concentration was measured 
calorimetrically, using a diagnostic kit according to the 
manufacturer instructions.  
 
Statistical analysis: Results are expressed as means ± 
SEM for each group. Groups were tested for differences 
by performing the ANOVA and fisher's least protected 
significance test using the Statview 4.53 software 
(Abacus Concepts Inc., Berkeley, CA). Differences 
were considered statistically significant at p<0.05. 
 

RESULTS 
 
 Blood pH and gases (Table 1) indicated that heat 
stress at marketing age led to significantly increased 
blood pH of control and thermally-conditioned chicks 
as compared to before acute stress, while chronically 
stressed chicks did not reveal significantly elevated pH 
values although there was a trend toward increased 
values. Blood Co2 level showed marked significant 
differences. In control chicks, there was a significant 
reduction in its level after exposure to acute heat stress. 
On the other hand, thermally-conditioned and 
chronically-stressed chicks showed only a little non 
significant decrease in Blood Co2 level as compared to 
levels before exposure to acute stress.  
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Table 1: Blood pH and gases concentration of broilers in response to 
acute heat stress at marketing age 

Treatment   PH pCO2 (mm Hg) pO2 
Control Before 7.30±0.03c 60.27±6.04a 52.43±3.22a 
 After 7.40±0.02b 45.23±2.71b 50.70±6.26a 
Thermally- Before 7.36±0.04c 45.23±2.71b 52.43±3.22a 
Conditioned After 7.45±0.20ab 41.47±0.97b 48.97±3.03a 
Chronically- Before 7.42±0.02ab 42.70±1.99b 52.07±1.36a 
stressed After 7.50±0.03a 41.37±3.29b 49.67±2.67a 
*: Treatment means with different superscripts are significantly 
different (p<0.05) 
 
Table 2: Blood electrolyte concentration of broilers in response to 

acute heat stress at marketing age 
Treatment   Calcium Potassium Sodium 
Control Before 1.89±0.12a 5.65±0.19a 135.30±6.7a 
 After 1.94±0.16a 5.11±0.25b 133.97±2.72a 
Thermally- Before 1.95±0.16a 5.20±0.05 b 133.97±2.72a 
conditioned After 1.78±0.04a 5.20±0.05 b 136.80±1.474a 
Chronically- Before 1.79±0.12a 5.48±0.14b 134.57±2.46a 
stressed After 1.87±0.06a 5.27±0.06 b 135.67±1.67a 
*: Treatment means with different superscripts are significantly 
different (p<0.05) 
 
Table 3: Blood parameters in response to acute heat stress of broilers 

at marketing age 
Treatment   RBCs count Hb (g/dL) Hct (%) H/L ratio 
Control Before 3.77±0.65ab 11.10±0.37a 28.33±0.33b 0.19±0.03b 
 After 3.73±0.48ab 10.56±0.44a 32.33±0.89a 0.40±0.02a 
Thermally- Before 4.45±0.31a 11.57±0.17a 34.00±0.33a 0.21±0.02b 
conditioned After 4.37±0.30a 10.62±0.33a 32.33±1.53a 0.39±0.05a 
Chronically- Before 2.96±0.32 b 8.86±0.57b 24.33±2.03b 0.38±0.05a 
stressed After 2.95±0.36 b 8.39±0.21b 23.00±2.09b 0.42±0.02a 
*Treatment means with different superscripts are significantly 
different (p<0.05) 
 
No differences were found in any of the treated groups 
in blood O2 levels; however there was a trend toward 
decreased levels due to stress.  
 Data in Table 2 indicates that there were different 
patterns in electrolyte levels in different groups. Acute 
heat stress at marketing age revealed no significant 
effect on both calcium and sodium levels in all the 
three groups. However, potassium level was 
significantly lower only in the control group after 
exposure to acute heat stress. 
 Hematological data (Table 3) revealed that chicks 
exposed to chronic heat stress had significantly 
(p<0.05) decreased number of circulating RBCs, Hb 
concentration and Hct % as compared to both controls 
and thermally-conditioned chicks. Hct showed a 
different pattern as there was a significantly increased 
level in control chicks after exposure to acute heat 
stress while there was decrease in thermally-
conditioned and chronically-stressed chicks as 
compared to before acute stress levels. Our results 
(Table 3) indicated that H/L ratio significantly 
increased in both controls and thermally-conditioned 
chicks after acute heat stress as compared to before 

exposure to heat stress. However, in chronically-
stressed chicks there was no significant difference but 
only a trend toward increasing ratio as a result of 
acute heat stress. 
 

DISCUSSION 
 
 With reference to changes in blood pH and blood 
gases, it was clear that chronically-stressed chicks 
revealed no significant changes following acute heat 
stress at marketing age. This might be attributed to 
adaptation of these chicks as continued exposure of the 
birds to high temperature promotes adaptive responses 
(Borges et al., 2003). Blood Co2 levels showed 
significant differences between groups. In control 
chicks, there was a significant reduction in its level. 
Exposure to acute heat stress in control chicks caused 
an increase in respiratory rate (panting) and resulted in 
reduction in blood pCo2. This finding is in agreement 
with that reported by Raup and Bottje (1990); Macari et 
al. (2002) and Borges et al. (2004). On the other hand, 
thermally-conditioned chicks behaved like the 
chronically-stressed reflecting the importance of chick 
conditioning at an early age to adapt the waves of stress 
at marketing age. No differences were found in any of 
the treated groups in blood O2 levels; however there 
was a trend toward decreased level due to stress.  
 Electrolytes and water balances in the body are 
maintained within strict limits and under thermo-
neutrality birds theoretically have an optimal internal 
electrolyte balance. Sodium and potassium levels are 
essential for synthesis of tissue proteins, maintenance of 
intracellular and extra cellular homeostasis, electrical 
potential of cell membranes, enzymatic reactions, 
osmotic pressure and acid-base balance (Borges et al., 
2003). Decreased potassium level in serum of control 
group after exposure to acute heat stress might be due 
to shift between muscle and extra cellular fluid, 
increased renal excretion, increase in potassium ions 
uptake of erythrocytes and/or skin (Smith and Teeter, 
1987; Ait-Boulahsen et al., 1989). Our finding agrees 
with that of Cheveille (1979) who reported depressed 
blood potassium level in heat stressed poultry. Similar 
to the results observed in the case of blood gases, 
electrolyte level responses of thermally-conditioned 
chicks were similar to chronically-stressed chicks 
which are adapted to heat stress. Blood calcium 
increased in controls after acute heat stress but 
decreased in both thermally-conditioned and 
chronically-stressed chicks. Ching et al. (1992) also 
reported increased blood calcium levels in broilers 
subjected to heat stress. Blood sodium showed a 
different pattern, it was decreased in controls after acute 
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heat stress but was slightly increased in both thermally-
conditioned and chronically-stressed chicks. Previous 
studies have shown that blood sodium level is affected 
by heat stress. Results of this study showing reduced 
Na+ level in controls after acute heat stress is in 
accordance with those reported by Deyhim et al. (1990) 
and Belay and Teeter (1993). This could be attributed 
mainly to hemo-dilution which causes a lowering of Na 
concentration. Wideman et al. (1994) concluded that 
acute heat acclimated broilers exposed to 35°C had 
significantly lower Glomerular Filtration Rate (GFR), 
filtered load of sodium and tubular sodium re-
absorption rates than the control birds. These changes 
in kidney function are considered to play a role in 
minimizing urinary fluid and solute loss when heat 
acclimated broilers consume large quantities of water to 
support evaporative cooling.  
 Generally, during acute heat stress in poultry, 
variable changes in urinary electrolyte excretion have 
been reported. The study of Belay and Teeter (1993) 
showed that exposing chicks to acute heat stress (35°C) 
for 4 h increases water loss by 64% compared to that of 
birds housed at 24°C. Water loss was mainly due to an 
increase in urine production and free water clearing 
independent of water consumption. Also, an increment 
of total urinary excretion of K-, P-, Na+, Mg++ and 
Ca++ excretion has been reported in the heat stressed 
broilers. The excretion rout for this effect has been 
suggested to vary with the specific mineral and heat 
stress severity (Belay et al. 1992). 
 The hematological data indicated decreased 
number of circulating RBCs, Hb concentration and Hct 
% due to chronic exposure to heat stress. This may be 
due to the impact of chronic stress on iron (Fe) in 
broilers and the hematopoietic process (Jamadar and 
Jalnapurkar, 1995). Hemoglobin concentration was 
reduced in all experimental chicks after exposure to 
acute stress at 42nd day of age. This result is in 
accordance with findings of Yahav et al. (1997). The 
Hct showed differential pattern, in control chicks there 
was an increased level after exposure to acute heat 
stress. On the other hand, there was a decreased in Hct 
in thermally- conditioned and chronically-stressed 
chicks. Increased Hct in controls could be attributed to 
increased water loss due to panting and the birds were 
not able to adapt. In the case of thermally-conditioned 
or chronically-stressed birds, there was an adaptation 
response in the form of hemo-dilution to compensate 
water loss and an increase in the bird's ability to lose 
heat to the environment through water loss by 
evaporation without compromising plasma volume. 
Most of this evaporative water loss comes from the 
extra cellular component (Darre and Harrison, 1987). 

Heterophils are phagocytic cells designed to defend the 
organism against infections by bacteria, viruses, or 
foreign particles, while lymphocytes play an important 
role in immunity, particularly for the production of 
antibodies. One of the physiological responses of 
exposure to stress is the release of glucocorticoids, 
causing dissolution of lymphocytes leading to 
lymphopenia. On the other hand there is an increase in 
hetrophil release by the bone marrow, thus increasing 
their number in circulation, but their phagocytic and 
bactericidal activities are usually very low (Swenson 
and Reece, 1996). Our results indicated that this type 
of stress response was significantly high (increased 
H:L ratio) in control birds, lowest in chronically-
exposed chicks followed by those thermally-
conditioned at an early age. Our findings for control 
birds are in accordance with those reported by Zulkifli 
and Siegel (1995); Borgas (1997); McFarlane and 
Curtis (1989); McFarlane et al. (1989) and Hester et 
al., (1996). Our data on H: L ratio clearly showed that 
early age thermal conditioning was beneficial for the 
birds to withstand adverse effects of acute heat-stress 
at marketing age.  
 

CONCLUSION  
 
 Acute heat stress at marketing age has a 
detrimental effect and leads to respiratory alkalosis in 
chicks raised in thermo-neutral conditions. The 
symptoms of stress observed following exposure to 
acute heat were much less in both thermally-conditioned 
and chronically-stressed chickens. While beneficial 
effects of early age thermal conditioning have been 
shown before, our study demonstrated some of the 
mechanisms involved in this adaptive response to acute 
heat stress. Further studies are needed to understand 
other mechanisms involved as well as the beneficial 
effects of cyclic conditioning of birds at early age. 
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