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Abstract: Problem statement: Acute heat stress at marketing age especiallyaitelp chickens raised

in open houses with reduced means of heat exchiaags to economic losses. The objective of this
study was to determine beneficial effects of eadg thermal conditioning in reducing adverse eéfect
of acute heat stress and decrease logggmoach: Ninety one day-old broiler chicks were randomly
assigned to one of three treatments (n = 30): ¢bXrol (normally raised), (2) early age thermal
conditioning (exposed to temperature of 40+1°C 2drh at 5th day of age, then raised as control
chicks) and (3) chronic stress (exposed to 33+20@hfday one till 6 weeks of age). At 42nd day of
age, all chicks were subjected to acute heat stE89+2°C for 2 h. Blood samples were collected
from all groups before and after exposure to atwtat stresskResults: Blood pH increased in both
controls and thermally-conditioned chicks after @syre to acute heat stress coinciding with
significant decrease in blood carbon dioxide presg¢pCg) in controls only. Blood potassium level
decreased in controls, while in thermally-condiédnor chronically-stressed no significant changes
were observed. Blood sodium level showed a tremchtd decreased levels in controls while a trend
toward increased levels was observed in both thérroanditioned and chronically-stressed birds.
Importantly, significant reductions were observadatal erythrocyte count and hemoglobin level in
chronically-stressed birds as compared to otheupggobefore and after acute stress exposure.
Hetrophil/lymphocyte ratio increased in both colgrand thermally-conditioned chicks after acute
heat exposure, but not in chronically-stressedsbdnclusion: When exposed to acute heat stress at
marketing age, chicks subjected to early age thleomaditioning responded very similar to birds
adapted to chronic heat stress indicating a priwgeoble of early age thermal conditioning.
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INTRODUCTION difficulty keeping thermal homeostasis due to teyd
body mass and high rate of metabolism associatdd wi
Poultry production in tropical countries is affedt rapid growth (Borgest al., 2003). Low ability of heat
by many challenges especially during the hot humidoss of broiler chicks during the last two-weeks
summer season. Economic losses result from decreasicreases the impact and risk of exposure to edevat
productivity and increased mortality due to acusath environmental temperature.
stress. Among many factors, chick's age plays an Panting by poultry allows them to increase their
important role in its resistance to acute heasstreleat evaporative heat loss during heat stress. Thisased
loss from the surface of chicken to the environmentespiratory rate causes changes in the gas exclezene
increases from day one till four weeks of age dmht acid-base balance in the broilers which is dues$s bf
decrease during the last two weeks of the growtioge carbon dioxide from the respiratory system. Thecff
of broiler chicken (Cangart al., 2008). Heavier of these reactions is a high level of blood pH. réhis
broilers (approaching marketing age) are sensitive also relative loss of bicarbonate and hydrogen ions
high-temperature challenges. This sensitivity can b which creates a situation of respiratory alkalakising
explained by the fact that broilers have greateheat exposure (Borgest al., 2004). Potassium level
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reduction in heat-stressed birds increases inttdael day of age all chicks were subjected to acute ieass
accumulation of basic amino acids including gluami of 39+2°C for 2 h (Altaret al., 2000).With this acute
acid, which has been proposed to play an importdat heat exposure birds showed typical heat stress
in metabolic regulation of acid-base balance (Austi responses. These included increased  water
and Calvest, 1981). consumption, chicks moving away from other birds,
Heat exposure for 24 h at 5 days of age describelifting the litter to find a cool surface, liftingheir
as early age Thermal Conditioning (TC) has beerWings, resting to reduce energy and panting.
proposed as a technique to reinforce resistance of Sample collection and testingt 42nd day of age
broiler chickens to acute heat stress during thisfing ~ before and after exposure to acute heat stresbird®
period (Yahav and Hurwitz, 1996; Zham al., 1997; Wwere randomly picked up from each group. Blood
Arjona et al., 1988; Yahav and Plavnik, 1999). samples were collected from the wing vein diredityp
Exposure to heat stress in poultry can be descritsed @ heparinized (50 1U/mL) syringe. All bleedings wer
acute heat stress that refers to a short and symiteodd ~ completed within 45 s after the birds were caught.
of extremely high temperatures, whereas chronid¢ hed3lood samples were kept in ice bags and immediately
stress refers to extended periods of elevatedansferred to the laboratory. Blood sample wgesvn
temperatures There is lack of information on the directly from the syringes into a blood gas/elelyteo
mechanisms involved in response to acute heatsstre@nalyzer (Genn Premier 3000, Instrumentation
at marketing age with respect to broilers raisedenn laboratory, Lexington, MA, USA) for immediate
conditions of chronic heat-stress or thermally-analysis of partial pressure of €@pCQ,), partial
conditioned at an early age. Therefore the mairPressureof O, (pQ), pH, hematocrit (Hct) and
objective of this study was to evaluate changes irglectrolytegNa’, K*, C&).
some important blood parameters of broilers subject Heterophil/Lymphocyte ~ (H/L) ratio  was
to early age thermal conditioning as compared tgletermined according to Gross and Siegel (1983l
control non- stressed or chronically stressed ersil erythrocytic count (RBC count) was performed and

when all the three groups were subjected to ace#® h Hemoglobin  (Hb) concentration was measured
stress at marketing age. calorimetrically, using a diagnostic kit accorditogthe

manufacturer instructions.

MATERIALS AND METHODS Statistical analysis: Results are expressed as means +

Experimental chicks: A total of ninety one-day old SEM for each group. Groups were tested for diffeesn
Hubbard chicks were assigned randomly to one efethr by performing the ANOVA and fisher's least protecte
treatment groups (n = 30). Control group was raisedignificance test using the Statview 4.53 software
under normal conditions without exposure to anyt hea(Abacus Concepts Inc., Berkeley, CA). Differences
stress. The second group was Subjected to chreat h were Considered Statistica”y Signiﬁcant at p<005
stress from day one through 42 days of age by expos
to environmental temperature of 33+2°C (Abu-Dieyeh,
2006). The third group was treated similar to control o
group except that the birds were thermally-conditit Blood pH and gases (Table 1) indicated that heat
at 5th day of age by exposure to elevated temperafu stress at marketing age led to &gmﬁcgptly mseﬁe_h
40+1°C for 24 h (Basilicet al., 2001). All chicks were blood pH of control and thermally-condltl_oned ch;pk
reared on deep litter at a stocking density of it@stn? as compared to before acute stress, while chrdyical

and kept under 23 h light -1 h darkness. Feed aaterw stressed chicks did not reveal significantly eledapH
were provided ad libitum values although there was a trend toward increased

values. Blood Cg level showed marked significant

Exposure to acute heat stressChicks were kept in difierences. In control chicks, there was a sigaff
controlled environmental chamber with dimensions off€duction in its level after exposure to acute Istss.
1.80x2.40x2.34 m. Chamber was provided with On the other hand, thermally-conditioned and
thermostatically-controlled electric heater and Kma chronically-stressed chicks showed only a littlenno
electric fan for the circulation of the air, twoles of 16  significant decrease in Blood &tevel as compared to
cm diameter were made to provide ventilation. Anél2 levels before exposure to acute stress.
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Table 1: Blood pH and gases concentration of ileresponseto  exposure to heat stress. However, in chronically-
acute heat stress at marketing age stressed chicks there was no significant differemate

Treatment PH pCOmm Hg) pQ : : :
only a trend toward increasing ratio as a result of
Control Before 7.30+0.03 60.27+6.04 52.43+3.22 y 9

After 7.40£0.00 45.23:27% 5070626  acute heatstress.
Thermally- Before 7.3620.04 45.23+2.7% 52.43+3.22
Conditioned After 7.45+0.70  41.47+0.9% 48.97+3.08 DISCUSSION
Chronically- Before 7.42+0.02 42.70+1.99 52.07+1.38

stressed After  7.50+0.863 41.37+3.29 49.67+2.67 . .
*. Treatment means with different superscripts afgnificantly With reference to changes in blood pH and blood

different (p<0.05) gases, it was clear that chronically-stressed shick
revealed no significant changes following acutethea
Table 2: Blood electrolyte concentration of brailén response to  stress at marketing age. This might be attributed t

acute heat stress at marketing age _ adaptation of these chicks as continued exposutieeof

Zfritr’;]e”t — fg'{‘;%mfz S'ng;)si'g‘m = :ggl‘ém‘? birds to high temperature promotes adaptive regmons
After  1.94+0.16 5.11:0.28 133.97+2.72 (Borges et al., 2003). Blood Cp levels showed

Thermally- Before 1.95:0.%6 5.20:0.03 133.97:272 Significant differences between groups. In control
conditioned After ~ 1.78:t0.04 520:0.08 136.80+1.47% chicks, there was a significant reduction in itgele
Cthm”'cda”y' BAefft(’fe 11-?;{%%% g-ggfg-éﬁj ig‘s‘-gfi-gg Exposure to acute heat stress in control chicksezhu
Sresse o — — — an increase in respiratory rate (panting) and teduh
*. Treatment means with different superscripts afgnificantly ducti in blood This findi L
different (p<0.05) reduction in blood pGo This finding is in agreement

with that reported by Raup and Bottje (1990); Maear
Table 3: Blood parameters in response to acutestessts of broilers ~ al. (2002) and Borgeet al. (2004). On the other hand,

at marketing age thermally-conditioned chicks behaved like the

Treatment RBCs CO%“ Hb (Q/dL)? Het (%) 5 H/L fa“g chronically-stressed reflecting the importance loick
Control Before 3.77+0. 11.10+0.3 28.33+0.3 0.19+0.0 g :

After 3.73+0.48° 10.56+0.44 32.33+0.88 0.40+0.02 Cond't'on'ng atan early_age to adapt the Wave_iregs
Thermally- Before 4.45:0.31 11.57+0.17 34.00+0.38 0.21+0.02 at marketing age. No differences were found in ahy
conditioned After 4.37+0.30 10.62+0.33 32.33+1.53 0.39+0.08 i .
Chronically- Before 2.96:0.32 8.86:0.57b 24.33+2.03 0.38:0.08 the treated groups in blood,@evels; however there
stressed  After 2.95:0.36 8.39+0.2f  23.0042.08 0.42+0.02 was a trend toward decreased level due to stress.
*Treatment means with different superscripts argnificantly Electrolytes and water balances in the body are
different (p<0.05) maintained within strict limits and under thermo-

_ ) neutrality birds theoretically have an optimal nmiz
No differences were found in any of the treatedipe0  glectrolyte balance. Sodium and potassium leveds ar
in blood Q levels; however there was a trend towardggsential for synthesis of tissue proteins, maanea of
decreased levels due to stress. intracellular and extra cellular homeostasis, eleat

Data in Table 2 indicates that there were differen potential of cell membranes, enzymatic reactions,
patterns in electrolyte levels in different groupsute  osmotic pressure and acid-base balance (Beegak,
heat stress at marketing age revealed no signtficarp003). Decreased potassium level in serum of cbntro
effect on both calcium and sodium levels in all thegroup after exposure to acute heat stress migliulee
three groups. However, potassium level wasto shift between muscle and extra cellular fluid,
significantly lower only in the control group after increased renal excretion, increase in potassiums io
exposure to acute heat stress. uptake of erythrocytes and/or skin (Smith and Treete

Hematological data (Table 3) revealed that chicksl987; Ait-Boulahseret al., 1989).Our finding agrees
exposed to chronic heat stress had significantlyvith that of Cheveille (1979) who reported deprésse
(p<0.05) decreased number of circulating RBCs, Hiblood potassium level in heat stressed poultry.il&im
concentration and Hct % as compared to both cantrolto the results observed in the case of blood gases,
and thermally-conditioned chicks. Hct showed aelectrolyte level responses of thermally-conditne
different pattern as there was a significantly éased chicks were similar to chronically-stressed chicks
level in control chicks after exposure to acutetheawhich are adapted to heat stress. Blood calcium
stress while there was decrease in thermallyincreased in controls after acute heat stress but
conditoned and chronically-stressed chicks adglecreased in both thermally-conditioned and
compared to before acute stress levels. Our resulhronically-stressed chicks. Chirg al. (1992) also
(Table 3) indicated that H/L ratio significantly reported increased blood calcium levels in broilers
increased in both controls and thermally-conditibne subjected to heat stress. Blood sodium showed a
chicks after acute heat stress as compared to éoefodifferent pattern, it was decreased in controleredtute
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heat stress but was slightly increased in bothmidly-  Heterophils are phagocytic cells designed to detéerd
conditioned and chronically-stressed chicks. Prgvio organism against infections by bacteria, viruses, o
studies have shown that blood sodium level is &dfibc foreign particles, while lymphocytes play an imaort
by heat stress. Results of this study showing rediuc role in immunity, particularly for the productionf o
Na" level in controls after acute heat stress is inantibodies. One of the physiological responses of
accordance with those reported by Deylatral. (1990) exposure to stress is the release of glucocorsg¢oid
and Belay and Teeter (1993). This could be atteibut causing dissolution of lymphocytes leading to
mainly to hemo-dilution which causes a loweringNaf  lymphopenia. On the other hand there is an incregase
concentration Widemanet al. (1994) concluded that hetrophil release by the bone marrow, thus incnegsi
acute heat acclimated broilers exposed to 35°C hatheir number in circulation, but their phagocytinda
significantly lower Glomerular Filtration Rate (G|ER bactericidal activities are usually very low (Swens
filtered load of sodium and tubular sodium re-and Reece, 1996). Our results indicated that tps t
absorption rates than the control birds. These gd®mn of stress response was significantly high (incrdase
in kidney function are considered to play a role inH:L ratio) in control birds, lowest in chronically-
minimizing urinary fluid and solute loss when heatexposed chicks followed by those thermally-
acclimated broilers consume large quantities okwtt  conditioned at an early age. Our findings for cohtr
support evaporative cooling. birds are in accordance with those reported by iflulk
Generally, during acute heat stress in poultryand Siegel (1995); Borgas (1997); McFarlane and
variable changes in urinary electrolyte excreti@mveh Curtis (1989); McFarlanet al. (1989) and Hesteet
been reported. The study of Belay and Teeter (1993l., (1996).0Our data on H: L ratio clearly showed that
showed that exposing chicks to acute heat strés€Cf3 early age thermal conditioning was beneficial foe t
for 4 h increases water loss by 64% compared tootha birds to withstand adverse effects of acute heatst
birds housed at 24°C. Water loss was mainly duento at marketing age.
increase in urine production and free water cleprin
independent of water consumption. Also, an increamen CONCLUSION
of total urinary excretion of K P, Na', Mg™ and
Ca™ excretion has been reported in the heat stressed aAcyte heat stress at marketing age has a

broilers. The excretion rout for this effect haseive detrimental effect and leads to respiratory alkialds
suggested to vary with the specific mineral andtheachicks raised in thermo-neutral conditions. The
stress severity (Belagt al. 1992). symptoms of stress observed following exposure to
The hematological data indicated decreasegcute heat were much less in both thermally-cabti
number of circulating RBCs, Hb concentration and HC and  chronically-stressed chickens. While beneficial
% due to chronic exposure to heat stress. Thisleay effects of early age thermal conditioning have been
due to the impact of chronic stress on iron (Fe) inshown before, our study demonstrated some of the
broilers and the hematopoietic process (Jamadar angechanisms involved in this adaptive response tibeac
Jalnapurkar, 1995). Hemoglobin concentration waseat stress. Further studies are needed to umutérsta
reduced in all experimental chicks after exposwe tother mechanisms involved as well as the beneficial

acute stress at 42nd day of age. This result is iRffects of cyclic conditioning of birds at earlyeag
accordance with findings of Yahat al. (1997). The
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