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- INTRODUCTION:

High environmental temperature affects greatly thegeneral health and productivity of poultry.
With the rapid development of the poultry industry worldwide, especially in developing countries,
importation of temperate-zone high performance stdks to hot regions is on the rise (Yalcin et al.,

a). The low resistance to heat stress is a big prem for those birds reared in tropic and sub-tropic
areas where heat stress occurs most frequently whemmbient temperatures are above the zone of
thermoneutrality ( to C) for domestic fowl (Sturkie, ). Heat stress may occur when
ambient temperature exceeds °C (Ahmed and Maghraby, ).

Acute heat stress occurs frequently during heat waas in tropical and subtropical regions when
ambient temperature rises dramatically within short period. Chronic heat stress occurs during the hot
season when the maximum ambient temperature exceette upper critical temperature during day. The
main effects of heat stress on broilers depends a@s type where acute heat stress increase mortalitate,
while the main effect of chronic heat stress is theeduction in productive performance of broilers
(Khalifa, ). Under heat stress, body temperature increase dseat storage increase due to the
unbalance between heat production and heat loss. €main defense mechanisms against heat stress are
the reduction in heat production is achieved by deeasing metabolic rate through the reduction in
thyroid hormones and feed intake, which affects theproductive performance of broilers. High
respiratory rate under heat stress may cause blooalkalosis due to PCO loss during heat stress. Also, it
may affect plasma osmolality and blood volume dueotthe increase in evaporative water loss. Also,
hyperthermia may affect plasma electrolytes throughts effect on the acid-base balance.

Consequently, the main effect of high ambient tempatures on broilers is the reduction in feed
consumption, growth rates and carcass traits, thel®y increasing the time needed to reach marketing
weight and leading to lower efficiency and profitaldity of poultry meat production in hot climates
(Geraert et al., ).

The main husbandry strategies for preventing heattsess are: the provision of suitable housing and
environmental modification, and to exploit biologi@l methods of reducing metabolic heat production.

To alleviate the effect of heat stress most of thgrevious studies attempt to supplement electrolytesuch as
NH CI, CaCl , KCO , NaCl and KCI in diet or drinking water to overcome the possible changes in plasma
osmolality. While, NaHCO and drinking carbonated water were tried to corred¢ the loss in Ro during
polypnea. Ascorbic acid, tranquilizers, fat supplerantation, acclimatization to heat stress in earlyges as well as
drinking cold water were also used to alleviate theffect of heat stress on broiler chicks. Most ohese methods
improved the productivity (growth rate), but a slight or no improvement occurred in survivability, except in
using heat acclimatization. Acclimatization to heastress had a significant effect on reducing mortél rate, but
its effect on productivity depends on the method ddicclimatization (Khalifa et al., ).

The present study aimed to evaluate the validity ofome managerial methods to alleviate the effect of
acute and chronic heat stress on morbidity and mogtlity of broilers.



- REVIEW OF LITERATURE:

- - Broiler performance:
- - - Body weight, weight gain and growth rate:
- - - - Effect of heat stress:

Hurwitz et al., ( ) reported that the growth rate of to weeks old broiler chickens was maximal at
thermoneutral zone ( to  C environmental temperature). Whiting et al., ( ) found that daily cyclic heat
stress period for hrs had negative significant effect (P< ) on broiler body weight at and weeks of age
Eberhart and Washbum ( ) reported that body weight and weight gain decread significantly when
weeks old broiler chicks reared in  C than in Cto weeks of age. Mckee et al.,, ( ) and Cooper and
Washbun, ( ) found that exposure of broilers to heat stress ( C) resulted in a decrease in weight gain
compared to those exposed to C. El-Tantawy et al., ( ) found that body weight of broilers was lower
during summer than in winter.

Ernst et al., ( ) found that at days of age, exposure to °C for hrs did not depress body weight,
but the long acute heat stress for hrs significantly reduced mean body weight of bird. Also, exposureto C
for one hour showed a significant reduction in mearbody weight at  days of age, which persisted until
days of age. Cahaner and Leenstra () added that growth reduction due to the high tempeture was largest
in the groups with the highest growth rate at favoable feed conversion.

Moreover, Dale and Fuller ( ) found that as pair fed, the chicks in the cool enronment gained
significantly (P< ) more weight than the hotter indicating that factas other than reduced feed intake
contributed to the growth depression associated withigh temperature.

- - - - Effect of ascorbic acid supplementation:

environmental and managerial conditions, there is no need to ascorbic acid
suppiementation and its inclusion in the diet has limited effects on weight gain and feed
efficiency. This may he due to that hirds produce ascorbic acid in their hody, therefore, if
they are not under stress, their requirements will he maintained and the addition of
ascorbic acid in the diet, especially in small amounts, will not produce any discernible
effect. Also, Stillhorn et al, ( ) found that addition of vitamin C to the diet had no
heneficial effect on the productive performance of broiler chicks maintained under heat
stress. Hussien ( ] reported that mg vitamin G/ky diet had no effect on hody weight
of chicks reared under hot climate.

However, Mckee and Harrison, ( ) found that ascorbic acid at ppm enhanced performance of
broiler chicks exposed to heat stress by improvingeight gain and feed intake. Njoku () and Al-Homidan
( ) found an improvement in growth performance of braler chicks reared in tropical environment or
exposed to high temperatures, when their diets weupplemented either with or mg vitamin C/kg diet.
Cier et al., ( ) found increase in growth rate of broilers rearedunder summer conditions and fed diets
containing : and ppm vitamin C/kg diet.

Attia et al., ( ) indicated that performance of the broiler chicksin terms of body weight at weeks of
age, were not significantly affected by the presercof ascorbic acid in the diet. This observation ggests that
under normal environmental and managerial conditiors, the inclusion of ascorbic acid in the diet of lmilers had
limited effects in weight gain and feed efficiency.

They added that at weeks of age, body weight gain increased signifitily in chicks fed diets
supplemented with ascorbic acid. The improving inie body weight, body weight gain and feed conveis
increased with increasing the dietary ascorbic acitevel. However, the supplementation of ascorbic atat
mg/kg diet seemed to be the optimum level owing tihe significant best performance (live body weightbody
weight gain and feed conversion).

Similar results were reported by Deaton etal.,, ( ), Bollengier-Lee etal. () and Puthponsiripern et
al., ( ) and Metwally ( ) who found that there was a significant effect (p< ) for vitamin C levels on
final body weight and weight changes. Birds fed cdrol diets (without vitamin C) under high environmental



temperature ( °C) exhibited lower final body weight and body weaht changes % than that fed diets
supplemented with mg/kg vitamin C.

In laying hens, Abou-Zeid et al ( ) found that water supplementation with vitamin C & mg/L
increased body weight and improved feed conversiorAbdel Galil and Abdel Samad ( ) reported that
supplementation diets during hot climate conditionwith vitamin C sustained hens to maintain its bodyweight
higher than control group.

- - - - Effect of sodium or potassium chloride supplemeiation:

Teeter and Smith ( ) found that supplementing drinking water with KCI increased live weight
gain and feed efficiency. Also, many authors founthat supplementation of diet or drinking water with NaCl
improved body weight gain (Smith, and Ahmed, ). El-Tantawy et al., ( ) reported that addition of

dietary sodium chloride during summer season improgd body weight gain and carcass quality of broilechicks.
Teeteret al, ( ) stated that adding or  NH Cl to diets increased body weight gain. Similar radts were
found by Damron et al. ( ) and Smith and Teeter ( ).

However, Smith ( ) reported that addition of KCI to drinking water did not alleviate the adverse
effect of heat stress on body weight gain and feednsumption inspire of the rise in water consumptio.

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation:

Including NaHCO in the diet of heat-stressed birds enhanced bodyeight gain (Teeter et al.,

). Similar results have been reported by Balnave ahOliva ( ); Balnave and Gorman ( )

and Ahmed and Maghraby ( ) who reported that adding NaHCO at levels ranged between to

to broiler chick diets significantly increased bog weight, weight gain, feed intake and feed effianrey

during heat stress. Ghazalah, et al.,, ( ) showed that using NaHCO improved significantly the
average values of body weight, weight gain, feedtake and feed conversion.

Balnave and Gorman ( ) attributed the improvement in feed intake to thebicarbonate ion which
produce cation-anion balance or dietary electrolytdalance, thereby the body weight and weight gaimcreased.

On the contrary, Bottje and Harrison ( ) found that adding NaHCO to the grower diet for
cockerels which were reared under heat stress hadoreffect on growth rate. Also, Smith and Teeter ( )
observed that broiler performance was not influence by adding NH CI to broiler diet under heat stress.

- - - - Effect of fat supplementation:

Scaifeet al, ( ) reported that food and live weight were greatesfor diet supplemented with
beef tallow. Meanwhile, Attia et al., ( ) showed that added dietary oil did not significanly (P< )
affect body weight, body weight gain, feed intakeral feed conversion during the starting period (-
weeks).

On the other hand, they found that at weeks of age, body weight, body weight gain andefe
conversion for both the finishing (- weeks) and the whole experimental periods { weeks) improved
significantly (P< or P< ) for either chicks fed or  oil as compared to those fed oil.
The best broiler performance could be obtained by igpplementing oil up to of the diets. Similar
results were obtained by Volencia et al, () who found that no significant differences eitheiin body
weight or feed utilization at weeks of age among chicks fed the diets supplemedtwith vegetable oil.
However, Holsheimer and Ruesink () and El-Eraky and El-Sadawy ( ) reported that broiler fed
the high fat diet had significantly greater body weghts and lower feed conversion at weeks of age.

According to Krogdahl ( ) and Krogdahl and Sell ( ), Attia et al., ( ) suggested that the
insignificant effect of added dietary oil on body wight, body weight gain, feed intake and feed conkson
during starting period ( - weeks of age) may be due to the limited ability dhe chick to absorb the whole fat
amount, due to insufficient excretion of bile saltsand incomplete hydrolysis by the lipase enzyme. kKgdahl
( ) and Krogdahl and Sell ( ) concluded that younger chicks were unable to digélarge amounts of fats,
because of an inadequate enzyme and bile salt sea@va in the intestine.



Attia et al., ( ) added that it is worthy to note that there was nmeed to increase the supplemented oil
up to while the % oil gave the best performance. Also, Soliman ei., ( ) found that broilers received
oil during the finishing period had significantly better growth rate and feed conversion than thoseeceived
during hot summer season. On the contrary, Date ahFuller ( ) and Deaton et al, () found that the
chicks which received the high dietary fat gained mre weight than those fed the low dietary fat level

On the other hand, Bartov, ( ) found that tallow supplementation ( during to  days of
age winterand to  days of age in summer) depressed significantly bgdveight.

- - - - Effect of heat acclimation:

Van Der Hel et al., ( ) reported that heat acclimation to constant tempesture of to , to ,
to , to or to C for days after hatch decreased boy weight gain, feedtake and feed
conversionat and days. While, May, ( ) found that heat acclimation to C and RH for hr

at and days old depressed body weight, but a complete armhrtial compensation for lost weight was
achieved thereatfter.

Arjona et al., ( ) investigated the effect of early heats tress ( C) for hr) at days of age on body
weight at  days of age and after exposure to late heat stre§s C to Cfor hr)at and days of
age. They found that early heat stress significantldecreased body weight at days of age. While, at days of
age no significant differences were observed betweeontrol and both early and late stressed birds. Wéreas,
body weight gain improved significantly when birdswere exposed to early heat stress.

El-Tantawy et al., ( ) found that early heat exposure to °C (at the first three days of age) did
not affect body weigh. However, body weight of biwekly heat stress group decreased significantly as
compared to other heat stressed groups. However, idaheat acclimation did not affect body weight of
birds.

Moreover, Yahav and Hurwits ( ) stated that feed intake plays a significant rolen the
acclimation process to alleviate the effect of heastress at days old (moderate rise in body
temperature and significantly lower mortality rate).

- - - Feed intake, water intake and feed conversion:
- - - - Effect of heat stress:

Heninger et al., ( ) found that exposure to  C decreased feed intake of chicks { days of age)
from g/bird to g/bird and to g/bird when exposed to  C than birds reared under  C.
Deaton et al., ( ) reported that the temperature regimes tested (reang broiler from to weeks of age
under a constant  C temperature or in to C temperature) did not significantly (P< ) affect feed
utilization of broiler at weeks of age. Hurwitz et al.,, ( ) stated that birds normally decrease their feed
intake as environmental temperature increases, andhe reducing of feed intake lead to decrease heat
production.

Teeter et al., ( ) reported that when weeks old broiler chicks were exposed to chronicsat stress C
for days or exposed to acute heat stress at C for minutes, the feed consumption decreased by
compared with the control group reared at C. Arjona et al., ( ) observed that, at days of age, there was
a significant decrease of feed intake due to hedtess at days of age.

Samara et al. ( ) who reported that hens exposed to the high tempatures consumed significantly less
feed and more water compared with those maintainednder relatively lower temperatures. Abou EL-Soud ad
Younis ( ) found that feed intake and water intake were sigificantly affected by heat stress. Feed intake
was significantly lower under high ambient temperatire ( + |'C) compared to control ( "C), while, water
intake was significantly higher at the high ambienttemperature than at the normal one. Feed intake dxeased
when the birds were exposed to ‘C, compared with those exposed to ‘C and °C, which reflects the
linearity of the negative relationship between feeihtake and severity of heat stress and water intakincreased
when heat stress level increased.

(Yahav et al., and ) demonstrated that the growth rate of - to -week old declined
progressively at temperatures higher than C.



Hurwitz et al., ( ) found that feed efficiency (g gain/g feed intakefjor White Rock broilers (
weeks of age) increased with temperature to reach maximum at C and then decreased between
C and C. Also, Dale and Fuller ( ) found that heat stress depressed feed conversioatio in

all cases. Harris et al., () studied the effect of twelve temperature cyclesarying between three

minimum ( and C) and maximum ( : : and C) air temperatures ( to

weeks of age) on broiler performance and found naignificant effects on feed efficiency. Deaton et al

( ) reported that feed conversion of broilers from - weeks of age was essentially the same when

broilers reared under high cyclic temperature regine ( - C) as that for broilers reared at
C., but at weeks of age feed conversion was higher for braitereared under the high cyclic

temperature regime than those reared at C.

Cooper and Washbum (I ) noticed significant reduction in feed intake from to  days of age when
broiler chicks exposed to heat stress ( C). They added that, there was a significant increse in feed conversion
ratio through the first two weeks of age, however o significant difference between and  C was observed at
the third weeks of age. Feed conversion ratio of #nmoneuteral birds was better than that of heat stess birds at

to days of age. Furthermore, El-Tantawy et al., () found that body weight and feed consumption of
broilers were lower but dressing percentage was hinggr during summer than winter.

On the other hand, Cerniglia et al.,, () reported that feed efficiency was similar betweebirds reared
at Cand C (there was no significant difference between ea@nvironment).

- - - - Effect of ascorbic acid supplementation

Attia et al., ( ) indicated that body weight, body weight gain, fee intake and feed conversion at -
weeks of age were not significantly (P< ) affected by the addition of ascorbic acid in theliet. No significant

differences were observed in daily feed intake dung - and - weeks of age due to ascorbic acid
supplementation at any level compared to the conttoHowever, live body weight, body weight gain, andeed
conversion were improved significantly (P< or P< ) during - weeks of age for chicks fed diets

supplemented with ascorbic acid. They added thathe supplementation of ascorbic acid at mg/kg diet
seemed to be the optimum level according to the desgnificantly performance.

Bell and Marion ( ) and Metwally ( ) indicated that supplemental mg/kg diet of vitamin C
had a positive significant (P< ) effect on final body weight and feed conversionfdens.

- - - - Effect of potassium chloride supplementation:

Supplementation of diet or drinking water with NaCl increased water consumption, while feed
consumption decreased (Smith, , Ahmed, and El-Tantawy, ). Ait-Boulahsen et al ( )
stated that water intake increased with the concerdtion of KC .

Teeter and Smith ( ) found that supplementing drinking water with KCI increased live
weight gain and feed efficiency.

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation:

Supplementation of diet with NaHCO did not alleviate the adverse effect of heat streson
feed consumption or water consumption (Branton etla ).

Many authors observed that adding NaHCO at levels ranged between to to broiler chick diets
increased significantly feed intake and feed effiency during heat stress ( °C) (Bottje and Harrison, :
Fixter et al., ; Balnave and Oliva, ; Balnave and Gorman, and Ahmed and Maghraby, ).

Ghazalah, et al., ( ) suggested that the decrease in body temperatur@ panting rate by NaHCO
supplementation may be due to the increase in wateonsumption.

- - - - Effect of fat supplementation

Attia et al., ( ) showed that added dietary oil did not significany (P< ) affect body weight, body
weight gain, feed intake and feed conversion duringhe starting period ( - weeks). On the other hand at
weeks of age, body weight, body weight gain and fke€onversion for both the finishing (- weeks) and the
whole experimental periods (- weeks) improved significantly (P< or P< ) for either chicks fed or

oil as compared to those fed oil.

- - - - Effect of heat acclimation



Heat acclimation to constant temperature of to , to to to or to C
for days after hatch decreased boy weight gain, feedtake and feed converS|on at and days
(Van Der Hel et al, ).

Meanwhile, Arjona et al., ( ) found that a significant improvement in feed efftiency was noticed
at  days of age due to early heat stress. Also, Yahaud Hurwitz ( ) reported that feed intake and
feed efficiency increased when the days old broiler chicks exposed to C for hrsat and - and

days for hrs. than the control at and weeks of age. However, the twice exposed group dit
reach the feed intake of the control group at and weeks of age.

- - - Mortality rate:
- - - - Effect of heat stress:

In domestic fowls, when temperatures exceeding C thermotolerance is overcome leading to
marked mortality (Sequibb and Wogan, ). Deaton et al. () reported that high temperature in
Summer increased significantly the heat prostratiorof broilers as compared to those exposed to normal
temperature.

Brown ( ) demonstrated that exposure of broiler chicks to fgh environmental temperature increased
mortality rate. Pardue et al. ( ) and Brown ( ) reported that as environmental temperature exceeadg
C mortality and morbidity of broiler chicks increase.

- - - - Effect of ascorbic acid supplementation:

Metwally ( ) indicated that supplemental mg/kg diet of vitamin C had a positive significant
(P< ) effect on final body weight, mortality rate and £ed conversion of Dandarawi hens.

- - - - Effect of potassium chloride supplementation:

Metwally ( ) Lower mortality rate was observed during the expgmental period under high
environmental temperature with birds that fed diets supplemented with the highest levels of vitamin (Birds
that received mg/kg vitamin C exhibited lower percentages of mdality ( ) compared to control birds
( ). Similar results were obtained by Attia ( ).

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation:

Bottje and Harrison ( ); Fixter et al. ( ); Balnave and Oliva ( ); Balnave and Gorman ( )
and Ahmed and Maghraby ( ) observed that adding NaHCO at levels ranged between  to to broiler
chick diets decreased mortality rate during heat sess ( °C).

In addition, supplementation of diet with NaHCO did not alleviate the adverse effect of heat
stress on mortality rate, while reduced mortality rate (Branton et al., ). Similar results were
found by Ahmad et al., ( ).

- - - - Effect of fat supplementation:

The beneficial effects of adding oil to broiler dies during heat stress were likely due to reduced la¢
production, since fat has a lower heat increment #n either protein or carbohydrate. In addition fat offers an
extra-caloric value by decreasing the rate of pasga of digests, thereby increasing the utilizationfautrients
(Rama Rao et al, ). Wilson et al, ( ) found that high environmental temperature causedn increase in
food passage time in White Peking ducks, dietary fatan therefore help in contracting this effect of tgh
temperature.

- - - - Effect of heat acclimation:

May ( ) found that acclimation to constant C for hr at - day old did not influence
resistance to later heat exposure measured by molity.

Yahav and Hurwits ( ) demonstrated that heat acclimation alleviated theffect of stress at
days old (moderate rise in body temperature and sigficantly lower mortality rate). Arjona et al. ( )
reported that exposing the birds to high environmetal temperature at early age ( C at days of
age) resulted in a significant decrease in mortalit when birds were exposed to a high environmental
temperature again laterin lifeat -  days of age.

- - - Carcass quality and slaughter tests:



- - - - Effect of heat stress:

El-Tantawy et al., ( ) found that broilers dressing percentage was highleduring summer than in
winter. However, feather as a percentage of body wght was significantly lower in summer. High ambiem
temperature in summer increased the water and ashub decreased protein contents of the carcass espaby at
the ™and ™ week of age. They explained that the higher moiste content in summer than in winter may be
due to lower carcass fat content in summer or highievater retention in summer as an adaptive mechanm for
hot climate. Similar results were found by Lyon ( ).

- - - - Effect of ascorbic acid supplementation

Attiaetal, ( ] did not find any significant effect on all traits of carcass studied due to
the suppiementation of ascorbic acid in broiler chicks. Abou-El-Ella and Ismail ( ) found
that carcass, giblets and yield were not significantly affected by the ascorbic acid
suppiementation in the diet under heat stress.



- - - - Effect of potassium chloride supplementation:

Supplementation of diet or drinking water with NaCl had no significant effect on carcass
characteristics (Smith, , Ahmed, and El-Tantawy, ).

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation:

Drinking carbonated water improved bone characterisics (Nitta, ) and alleviated the
reduction in Pco and the rise in pH during heat stress (Bottje andHarrison, ). However, it did not
improve the effect of heat stress on RR, BT or caass quality (Raup and Bottje, and Khalifa,

).

Ahmad et al., ( ) studied the effect of NaHCO on slaughter test. They found a significantly higér
carcass weight and dressing percentage in birds fetiets supplemented with NaHCO than the control.

- - - - Effect of fat supplementation

Attiaetal, ( ] did not find any significant effect on all traits of carcass studied due to
the suppiementation of oil in broiler chicks. These results are similar to those obtained hy
Soliman et al, ( ) who found that corn oil supplemented atlevelsof and had no
significant effect on carcass characteristics during summer season. Aiso, Abou-El-Ella and
Ismail ( ) found that carcass, giblets and yield were not significantly affected hy the
ascorbic acid supplementation in the diet under heat stress.

- - - - Effect of heat acclimation

Heat acclimation to constant temperatureof to , to , to , to or to C
for days after hatch decreased body components at and  days (Van Der Hel et al, ).

El-Tantawy et al, ( ) reported that early acclimation during chronic heat stress by cyclic
temperature for the consecutive days after hatch improved carcass quality. Heat atimation either
early or biweekly to  °C had no significant effect on carcass dressing %, decreased the percentage of
moisture and increased the percentage of protein afat.



- - Physiological responses:
- - - Rectal temperature:
- - - - Effect of heat stress:

Many authors reported that body temperature or rectl temperature of broilers increased significantly
under heat stress ( °C) or as ambient temperature increases (Ching anieh, ; May and Lott, ;
Teeter et al., ; Beker and Teeter, ; EI-Gendy and Washbum, ; Yahav and Hurwitz, ; Yahav
et al., ; and Cooper and Washbum, ). Moreover, Abou EL-Soud and Younis () found that rectal
temperature increased with the increase of the ambént temperature, however, this increase was highly
significant (p< ) only when the ambient temperature exceeded C.

Teeter et al. ( ) and May et al. ( ) suggested that body temperature is a good indiaat for
acclimation. They added that acclimated broiler hadlower body temperature than unacclimated birds wha
both exposed to high environmental temperature.

Lott ( ) studied the relation between feed to water ratiand body temperature. He reported that
acclimated broiler had significant lower ending retal temperature than the unacclimated group when tk birds
not receiving feed in both group and consumption war was and  ml/ bird, respectively. He suggested that
if feed is removed from the birds, water consumptio will initially decrease thereby causing an increse in body
temperature during the heat exposure.

Teeter et al., ( ) studied the relationship between the ambient tengrature, birds acclimation to
cycling temperature - - C, heat distress and feed consumption. They foundhat birds acclimated to heat
stress had lower (P< ) body temperature ( VS. C) during heat stress than their unacclimated
counterparts. In contrast body temperature of heastress acclimated birds was higher (P< ) when measured
at ¢ ambient temperature ( VS. C). They also reported that the heat stress acclinhian and feeding
level significantly (P< ) increased birds rectal temperature. They believedhat the interaction between
ambient temperature and feed consumption level suggts that their effected on body temperature was dlitive.

- - - - Effect of ascorbic acid supplementation:

Metwally ( ) showed that there were no significant effects duto vitamin C supplementation on
Dandarawi laying hen’s body temperature.

The insignificant differences in body temperature de to vitamin C supplementation are supported by th
findings of Pardue et al., ( ) who compared chicks supplemented with ppm vitamin C and
unsupplemented ckicks maintained at C or acutely exposed to °C. However, it has been stated by various
workers that vitamin C supplementation resulted in significantly lower body temperature at elevated
environmental temperature (Ahmed et al., and Lyle and Moreng, ).

- - - - Effect of potassium chloride supplementation:

Supplementation of diet or drinking water with NaCl improved body weight gain, increased water
consumption, while feed consumption decreased anadly temperature increased (Smith, , Ahmed,
and El-Tantawy, ).

Addition of KCI to drinking water did not alleviate the adverse effect of heat stress on body
temperature inspire of the rise in water consumptia (Smith, ).

Ait-Boulahsen et al ( ) stated that during heat stress, KC -birds had lower hyperthermic (body
temperature) and pH values and higher Ca and K concentrations than controls. They concludedhat the
beneficial effect of KC may in part be attributed to the accompanying Cl.The results showed that
KC solution reduced heat stress-related responses amudicated a relationship among supplemental KC,
blood Ca , and body temperature.

Nagwa Ahmaed et al., () found that during hot weather, NaCl supplementatbn to the basal
diet of broilers caused a slight reduction in rectetemperature.

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation:

Bottje and Harrison ( ); Fixter et al. ( ); Balnave and Oliva ( ); Balnave and Gorman ( )
and Ahmed and Maghraby ( ) observed that adding NaHCO at levels ranged between  to to broiler
chick diets significantly decreased body temperatuw during heat stress ( °C).

Similar results were reported by Teeter and Smith ( ); and Osman ( ) who found that adding
either NaHCO or NH CI to broiler chick diets or drinking water under heat stress significantly decreased body
temperature and panting rate values compared to cdrol group (without supplementation).

Ghazalah, et al., ( ) showed that the average values of body temperatey rectal temperature and



panting rate were nearly similar and without significant differences due to NaHCO supplementation.
Meanwhile, body temperature, rectal temperature andpanting rate were slightly decreased, not signifamtly, at
NaHCO comparedto NaHCO supplementation.

Ahmad et al. ( ) indicated that NaHCO and NH CI significantly (p < ) reduced the internal
body temperature of heat stressed broilers than tree of other electrolyte supplements or control grqu This
effect was more pronouncedg < ) during the hottest times of the day.

- - - - Effect of fat supplementation:

Rama Rao et al, ( ) concluded that the beneficial effects of addingiloto diets were likely due to
reduced heat production, since fat has a lower he@atcrement than either protein or carbohydrate.

- - - - Effect of heat acclimation

Teeter et al. ( ) and May et al. ( ) suggested that body temperature is a good indiaat for
acclimation. They added that acclimated broiler hadlower body temperature than unacclimated birds wha
both exposed to high environmental temperature. Bols previously exposed to heat stress had lower body
temperature during heat stress than their unaccliméon counterparts ( VS. O).

Yahav and Huwits ( ) demonstrated that heat acclimation alleviated theeffect of heat stress at
days old (moderate rise in body temperature and sigficantly lower mortality rate). Heat acclimation to cyclic
temperature ( to C) fortwo -hr cycles at -day old alleviated the rise in body temperature dting heat
stress, but feed intake plays a significant role ithe acclimation process.

May and Lot ( ) stated that during heat stress, heat acclimatedrbilers had lower body temperature
than unacclimated birds.

- - - Respiration rate:
- - - - Effect of heat stress:

Many investigators reported that respiration rate is the greatest one of numerous thermoregulatory
mechanisms used to help maintain body temperatureithin the normal limits during heat stress (Kicka, ;
Macleod and Jewitt, and Beker and Teeter, ).

Kamar and Khalifa, ( ) stated that respiration rate increased greatlyn hot environment to raise heat
loss by evaporative cooling (it was inwarmvs. breath / minute and in hot environment).

Brees et al. () studied the effect of heat stress on respiratiorate of weeks-old broiler chicks and
found that heat treatment for hr increased respiration rate to vS.  breath per minute in the optimum
temperature. Similar results were found by Wiemusz ad Teeter ( ). Belay and Teeter ( ) exposed
broiler chicks at day of age to C for hrs and found that the respiration rate increasedo VS.
breaths per minute in the control group. Also, Khaifa et al., ( ) reported that respiration rate was
significantly higher in summer than winter at all ages.

El-Gendy and Washbum ( ) reported that exposure to acute heat stress ( C for  min.) resulted in
a significant increase in respiration rate. Similarresults have been obtained by Yahav and Hurwitz, ( );
Yahav et al., ( ); and Cooper and Washbum, () when broilers exposed to acute heat stress from —
°C.

- - - - Effect of potassium chloride supplementation:

Khalifa et al. ( ) and Nagwa Ahmaed et al., () found that NaCl supplementation to the
basal diet of broilers during hot weather, caused alight reduction (not significant) in respiration rate.

Bottje and Harrison ( ) found that addition of CaC to broiler diets decreased blood pH during heat
stress, while a significant reduction in Pcooccurred.

- - - - Effect of sodium bicarbonate (NaHCO ) supplementation

Bottje and Harrison ( ); Fixter et al. ( ); Balnave and Oliva ( ); Balnave and Gorman ( )
and Ahmed and Maghraby ( ) observed that adding NaHCO at levels ranged between to to broiler
chick diets significantly decreased blood pH and p#ing rate during heat stress ( °C). Also, Teeter and Smith
( ) and Osman ( ) found that adding either NaHCO or NH ClI to broiler chick diets or drinking water
under heat stress significantly decreased body terepature and panting rate values compared to controgroup
(without supplementation).

Ghazalah, et al., ( ) showed that the average values of body temperatey rectal temperature and
panting rate were nearly similar and without signiicant differences due to NaHCOsupplementation.



Ahmad et al. ( ) stated that at high temperature, birds increaseheir respiration rate in an attempt to
increase the rate of evaporative cooling. Such hypeentilation increases carbon dioxide loss and as eesult
respiratory alkalosis develops. They concluded thatinder heat stress electrolyte/acid—base balance &n
important variable for the maintenance of productivity and survivability of broiler birds.

- MATERIALS AND METHODS:

The present study was conducted in the Poultry Expamental Station, Faculty of Agriculture, Al-Azhar
University, Cairo, Egypt.

A total number of one day old Arbor Acres chicks were used to studyhe effect of vitamin C,
potassium chloride, sodium bicarbonate, fat suppleentation and early heat acclimation on performanceand
some physiological parameters of the broilers undechronic (during hot summer season - C) and acute
(exposure to  °C until of the control group died) heat stress. The studwas carried out during June and
July.

Broiler chicks were reared in floor pens and fed dasal diet containing CP and kcal ME/kg diet
during the first days of age. Thereatfter, chicks were selected weighed and randomly distrilied into
groups each contain  chicks in replicates ( chicks each). The average body weight for chicksas nearly
similar (about gm).

Two diets were used in this study (Table,). The first one is the standard diet (NRC, ) and the second
one is fat supplemented diet (% fat). In each diet the starter was fed during tle period for to  days of age
and the finisher was fed during the period from to  days of age.

The experimental design of the six groups was aslifmws:
Group ,diet + vitamin C gm/kg feed
Group ,diet Potassium chloride gm/kg feed
Group ,diet + Sodium bicarbonate gm/kg feed
Group , diet + Heat acclimation (exposure to °C for hrs atthe "™ weeks of age for two successive days)
Group , diet (control)
Group ,diet ( fat supplemented diet).

All rations were calculated to cover broiler recomnendations for all nutrients according to the
recommendations of NRC ( ). The birds were exposed to hrs photo period. Feed and water were
provided ad-lib.

Two experiments were carried out to study the effémf chronic and acute heat stress on some producé
and physiological parameters of broilers.

Effect of chronic heat stress during summer (firsexperiment):

The First experiment was designed to investigate ¢h effect of chronic heat stress (high ambient
temperature during summer season - C). The performance and carcass quality parameterarere measured
weekly on each replicate. Physiological parametersere measure weekly on birds selected randomly from
each group.



Table ( ): Composition of the experimental diets.

Diet Diet
Ingredient Starter Finisher Starter Finisher

Concentrate*
Corn yellow

Soybean Meal ¢/

Dicalcium phosphate
D.L Methionine
Soy oil

wheat bran

Calculated Analysis
Crude protein %

ME (Kcal/kg feed)
Lysine %
Methionine %
Methionine + cystine
Calcium %

Av. Phosphorus %

Broiler Concentrate contains*
Crude protein, Crude fiber, ether extract, calaium, available Phosphorus,
methionine methionine and cyctime, Lysine, Kcal/kg metabolizable energy.



Ambient temperature and relative humidity were recaded daily at noon ( p.m.). Table () shows the
mean ambient temperature and relative humidity durng the experimental period (- weeks of age). Data
indicated that ambient temperature ranged between and C and relative humidity was between
and

The following parameters were measured in the firsexperiment:
- Broiler performance:
- - Average live body weight:-

Chicks were individually weighed every week througout the experimental period from to  days of
age. Individual live body weights were totaled andlivided by the number of chicks to obtain the averge live
body weight (LBW)

- - Average live body weight gain:-

The average live body weight gain was calculatedylsubtracting the individual initial live weight of the
final one on the same period. Individual live weighgains were totaled and divided by the number offdcks to
obtain the average live body weight gain (BWG)

- - Feed intake (FI):

The weight of pen feeding was recorded at weeklptervals. Chicks in each replicate were provided
with a certain amount of feed every week. The resichls were obtained at the end of the same week atite
amount of feed consumed was calculated by differeas. The following equation was applied to obtain #
average amount of feed consumption.

feed intake (gm/bird/period) =
Amount of feed consumed for each replicate
Number of chicks consumed feed

- - Feed conversion (FC):

Feed conversion (feed required to produce a unit agfain) was calculated for each age interval by diding
the average feed consumption per chicks per week layerage body weight gain per chick per week.

- - Mortality rate:-

Mortality rate was calculated during the different experimental periods as absolute number and as a
percent of total number of birds in each group. Inthe second experiment, mortality rate was calculate after
exposure to heat stress.

- - Water intake (WI):

The amount of pen water intake was recorded at wé&b intervals. Chicks in each replicate were
provided with a certain amount of water every weekThe residuals were obtained at the end of the sameeek
and the amount of water consumed was calculated ljifferences.

- Carcass quality and slaughter test:-

At the end of the first experiment ( weeks age), birds ( males and females) from each group
were randomly chosen for slaughter test. Before dlgghter, the birds were starved for  hr. then, weighed
slaughtered and allowed to bleed freely for about minutes. The carcass quality was measured as abstd
weight or as percentage of body or carcass weighthe weight of heart, gizzard, liver, abdominal fat,dressing
and edible parts were obtained on an accurate balae ( gm). Chemical components of the carcass
(moisture%, protein%, fat% and ash%) were determined according to the methods of AO.A.C. ().

- Physiological parameters:
Rectal temperature and respiration rate were recored weekly at noon ( p.m.).

- - Rectal temperature (RT):-

Rectal temperature (RT), as an expression of bodgmperature, was measured in weekly intervals in the
first experiment and before and after exposure to &at stress in the second one. The RT was measuresing a



digital thermometer with a -cm insertion probe and was recorded when the readg was stable for second as
described by Deeb and Cahaner, ().

- - Respiration rate (RR):
Respiration rate was measured by counting abdominahovement per minute.
Heat stress experiment (experiment):

At the end of growing period ( th week),  birds from each group were selected randomly andédgpt in
floor pens for one week before the start of the exgsiment. Ambient temperature increased gradually (vithin
hours) from normal range ( )to  °C using electric heaters. Heat stress remaineddm until of the
control group died from heat stress. Rectal tempetare, and respiration rate were determined before ad after
the end of the experiment. Mortality rate in each goup was calculated at the end of the experiment.

Rectal temperature, as an expression of body tempegiure (RT), and respiration rate (RR) were measured
on each bird before and after the end of exposureotheat stress. The RT was measured using a digital
thermometer with a -cm insertion probe and was recorded when the readg was stable for seconds (Deeb
and Cahaner, ). Respiration rate was measured by counting the almmen movement per minute.

Statistical analysis:

Data were subjected to one way ANOVA using GLM (SAS3nstitute, ), with group as main effect
according to the model

Y=u+group +e

where Y is the dependent variable (BWWG, FC, FE, RT or RR), u is the grand mean, and & the
random residual error term.

Mean comparison for variables having a significanf-test were done using Duncan's multiple range test
(Duncan, ).

- RESULTS AND DISCUSSION:

- - Meteorological data:

Table () indicates that during the experimental period, bids were under sever heat stress during day
time when maximum temperature and THI exceeded thaipper critical temperature of broilers (> °C) as
mentioned by Yahav et al., () and Cooper and Washbum, () and Abou EL-Soud and Younis ().
Meanwhile, the minimum ambient temperature was higlkr than the thermoneutral zone of domestic fowls
(Sturkie, ).



Table ( ): Mean ambient temperature, relative humidity andTHI during the experimental period.

Period

Ta = ambient temperature (°C)

RH% = Relative humidity (%)

THI = Temperature humidity index (thorn, ).
Min. = Minimum value.

Max. = Maximum value.



- - Effect of chronic heat stress (experiment):
- - - Broiler performance:
- - - - Body weight, weight gain and growth rate:
The average initial and final body weights of broir chicks in different treatments are shown in Talké ().

Statistical analysis revealed that initial body waght did not differ significantly between groups. Havever,
final body weight and weight gain (total gain or d@ly gain) tended to be higher in the fat supplemerd group
(G ) than all other groups being significant with vitamin C supplemented group (G). Also, no significant
differences in final body weight or weight gain wee found between the control group (G) and all treated
groups. These results indicate that treatments hado significant effect on final body weight and bodyweight
gain except the significantly higher values in fasupplemented group than in ascorbic acid supplemeetl group.

The effect of ascorbic acid on broiler body weighand body weight gain under heat stress is contradiag.
Hussien ( ) reported that mg vitamin C/kg diet had no effect on body weighof chicks reared under hot
climate. However, Mckee and Harrison, () and Al-Homidan ( ) found that ascorbic acid enhanced
performance of broiler chicks exposed to heat stresby improving weight gain and growth rate. Also,
Puthponsiripern et al., ( ) and Metwally ( ) reported that there was a significant effect (p< ) for
vitamin C levels on final body weight and weight canges of broilers.

The lower final body weight and weight gain in vitanin C supplemented group in the present study may
be explained by the insufficient amount of ascorbi@cid used under the sever heat stress conditionsirthg
experimental period. Attia et al., ( ) stated that under heat stress, the supplementatioof ascorbic acid at

mg/kg diet seemed to be the optimum level owing tihe significant best performance (live body weight
body weight gain and feed conversion). However, de lower than that used in the present study ( mg/kg
vitamin C) enhanced final body weight and body weigt changes % of broilers under high environmental
temperature ( °C)  (Puthponsiripern et al., and Metwally, ). Table () shows that maximum
ambient temperature ranged between and  °C with high relative humidity (> ) during the experimental
period which indicate that in the present study bids were under sever heat stress which may need heghdose
of vitamin C to alleviate its effect.

The insignificant effect of KCI and NaHCO treatments on final hody weight disagrees with
the previous results. Teeter and Smith ( ] found that supplementing drinking water with

KCl increased live weight gain and feed efficiency. Balnave and Oliva ( ), Balnave
and Gorman ( ), Ahmed and Maghraby ( ) and Ghazalah, et al,, ( ] reported that

adding NaHCO at levels ranged hetween o to broiler chick diets significantly
increased bhody weight, weight gain, feed intake and feed efficiency during heat stress.
However, the present results are in agreement with Smith ( ) and Smith and Teeter

adverse effect of heat stress on hody weight gain and feed consumption. Smith and Teeter
| ) ohserved that broiler performance was not influenced hy adding NH Cl to broiler

diet under heat stress. It is worthy to note that the disagreement hetween the present
result and the previous ones may be due to the effect of sever heat stress occurred during
the present experiment.

The insignificant effect of early heat acclimatioron final body weight and weight gain is in agreemeirwith
results reported by Arjona et al., ( ); Van Der Hel et al., ( ) and El-Tantawy et al., ( ). On the other
hand, Tollba ( ) found that average live body weight and body welg gain of broiler chicks exposedto C
at the age of days old were decreased significantly by heat expare.

Two factors are influencing the effect of early adomation on broiler performance under heat
stress. The first one is the method of early accliation and the second one is feed intake. El-Tantawst
al., ( ) found that early heat exposure to °C (at the first three days of age) did not affecbody
weigh. However, body weight of heat acclimated birgl by biweekly heat stress decreased significantly.
Yahav and Hurwits ( ) stated that feed intake plays a significant rolén the acclimation process to
alleviate the effect of heat stress at days old.

The enhancement of final body weight and weight gaiin fat supplemented group is in agreement
with Scaife et al, ( ), Soliman et al., ( ) and Attia et al., ( ). The beneficial effects on growth



and feed conversion of adding oil to diets were ldy due to reduced heat production, since fat has a
lower heat increment than either protein or carbohylrate. In addition fat offers an extra-caloric value by
decreasing the rate of passage of digests, thereimgreasing the utilization of nutrients (Rama Rao eal,

).

- - - - Feed intake, water intake and feed conversion:

Table () reveals that feed intake was significantly highein fat supplemented group than in all other
groups. Supplementation with vitamin C and NaHCO increased significantly feed intake to be higheran that
in the control group. Meanwhile, KCI supplementation did not affect significantly feed intake althoughit was
insignificantly higher than the control group. Heat acclimation did not affect feed intake as comparedo the
control group while it was significantly lower thanall other treatments except KCI supplementation.

As a result, feed conversion was significantly higer in fat ascorbic acid supplemented groups thamithe
control, KCI| and heat acclimated groups. Adding NaKCO to diet had no significant effect on feed conversn
although it was slightly higher than the control, KClI and heat acclimated groups. Feed conversion wadmost
similar in KCIl and early heat acclimation group tothe control group.

The significant increase in feed conversion by fasupplementation indicates that the increase in fele
intake was higher than that in weight gain. While ingroup (vitamin C group) it was due to higher feed intake
and lower weight gain than the control group.

Although adding NaHCO had no significant effect on feed conversion, itehded to be higher than the
control group due to insignificantly higher feed inake.

The present results are contradicting with the preious results regarding the effect of supplementatio
with ascorbic acid and KCI. Attia et al., ( ) who indicated that live body weight, body weighgain, and feed
conversion were improved significantly (P< or P< ) during - weeks of age for chicks fed diets
supplemented with ascorbic acid. Teeter and Smith () found that supplementing drinking water with
KCl increased live weight gain and feed efficiency.

The effect of adding NaHCO is in agreement withBalnave and Gorman ( ) and Ahmed and
Maghraby, who reported that adding NaHCO to broiler chick diets increased significantly feedintake
and feed efficiency during heat stress ( °C). However, the effect was insignificant in the rgsent study may be
due to difference in severity of heat stress or tadaptability of different broiler strains. Table ( ) reveals that
respiration rate did not differ significantly between NaHCO and control groups indicating that heat stress did
not cause a significant increase in respiration r& and consequently did not affect acid base balancBalnave
and Gorman ( ) attributed the improvement in feed intake to thebicarbonate ion which produce cation-
anion balance or dietary electrolyte balance, thetey the body weight and weight gain increased.

The results of fat supplementation are in agreemenwith Attia et al., ( ) who showed that at weeks
of age, body weight, body weight gain and feed coession for both the finishing ( - weeks) and the whole
experimental periods (- weeks) improved significantly (P< or P< ) for either chicks fed or oil
as compared to those fed oil.

The low feed intake, weight gain and fed conversiom heat acclimated group are in accordance
with results reported by Van Der Hel et al, ( ). They reported that heat acclimation to constant
temperature for days after hatch decreased boy weight gain, feexdtake and feed conversion at and

days (Van Der Hel et al, ). Meanwhile, Arjona et al., ( ) and Yahav and Hurwitz ( )
found a significant improvement in feed efficiencydue to early heat stress.

The above results indicate that the reduction in fed intake during heat stress could be alleviated by
adding oil, vitamin C or NaHCO to the broiler diets. Meanwhile, heat acclimationdid not prevent the
reduction in feed intake during heat stress. Teeteet al., ( ) reported that when weeks old broiler chicks
were exposed to chronic heat stress C for days or exposed to acute heat stress at C for minutes, the
feed consumption decreased by  compared with the control group reared at C. On other hand, the
reduction in feed intake during heat stress may ban adaptive mechanism to tolerate heat stress bydacing heat
production. Hurwitz et al., ( ) stated that birds normally decrease their feed itake as environmental
temperature increases, and the reducing of feed iake lead to decrease heat production.

Heat stress increased significantly water consumpin to compensate the effect of increasing evaporaé
cooling on water loss. Samara et al. () reported that hens exposed to the high temperatels consumed
significantly less feed and more water compared witthose maintained under relatively lower temperatues.

The average water consumed during the experimentaderiod in different groups is illustrated in
Table ( ). Water consumption (during the whole period or asnl/bird/day) was significantly higher in fat
supplemented group than all other groups except NaBlO group. Meanwhile, it was significantly lower
in heat acclimated group than in all other groupsmdicating that heat acclimation decreased signifiaatly
the need for drinking water during heat stress. Adihg KCI and NaHCO to the diet increased



significantly water intake than that in the control group. Similar results were reported by Ait-Boulalsen
et al ( ) who stated that water intake increased with theancentration of KC .

Supplementation of diet or drinking water with NaCl increased water consumption (Smith, :
Ahmed, and El-Tantawy, ). Ait-Boulahsen et al ( ) stated that water intake increased with
the concentration of KC . Meanwhile, supplementation of diet with NaHCO did not alleviate the
adverse effect of heat stress on feed consumptionwater consumption (Branton et al., ). However,
Ghazalah, et al., () suggested that the decrease in body temperatur@@ panting rate by NaHCO
supplementation may be due to the increase in wateonsumption.

- - - -Mortality rate:

Number of birds died during the experiment did notdiffer significantly between groups (Fig. ). It ranged
between ( bird/treatment) to ( birds/treatment).

- - - - Carcass quality and slaughter tests:
----- Carcass characteristics:

Table () indicates that in comparison with the control graip, all treatments had no significant effect on
gizzard, spleen and heat as weight or as percentagé body weight, while liver was significantly higler in
NaHCO supplemented group than in the control one.

As a result total giblets weight was significantlyhigher in NaHCO supplemented group than in the
control group, while no significant differences wee found between other treatments and the control gup. As
percentage of body weight, giblets % did not differsignificantly between groups (Table, ). All other carcass
characteristics were not affected significantly byreatments.

Similar results have been found by Attia et al., () for vitamin C supplementation; Smith ( ),
Ahmed ( ) and El-Tantawy, ( ) for NaCl or KCI supplementation; Attia et al., ( ) and Soliman et al,
( ) for fat supplementation and El-Tantawy et al, ( ) for heat acclimation. However, Ahmad et al.,
( ) found a significantly higher carcass weight and iiéssing percentage in birds fed diets supplementaudth
NaHCO than the control.

The above results indicate that early heat acclimain did not affect adversely carcass
characteristics. Van Der Hel et al, ( ) reported that heat acclimation to constant tempeature of
to , to , to , to or to Cfor days afterhatch decreased body components at
and  days. While, El-Tantawyet al, ( ) reported that early acclimation during chronic heat stress
by cyclic temperature for the consecutive days after hatch improved carcass quality. Heat adimation
either early or biweekly to  °C had no significant effect on carcass dressing %Consequently, it could
be observed that the adverse effect of early heat@imation on carcass characteristics depends on¢h
method used for early heat acclimation. The improvwaent in carcass characteristics by adding NaHCO
may be due to the improvement in feed intake to théicarbonate ion which produce cation-anion
balance or dietary electrolyte balance, thereby th&ody weight and weight gain increased (Balhave and
Gorman, ).



----- Carcass chemical analysis:

Carcass chemical analysis is summarized in Table ) All treatments had no significant effect on
percentage of moisture in carcass. However, it teed to be lower in group (NaHCO ) than in the other
groups. A reversed significant trend could be obseed in carcass fat % where it tended to be highenigroup
than in other groups.

Fat supplementation caused a significantly higher qotein % in carcass than the control and NaHCO
groups. Also, protein % was insignificantly higherin heat acclimated group than in the control, vitann C
supplemented and KCI supplemented groups.

Ash percentage in carcass tended to be higher in @qup  (fat supplemented), group (NaHCO
supplemented) and group (heat acclimated) than in the control, group (vitamin C supplemented) and group

(KCI supplemented).

The above results indicate that adding NaHCO decreased protein % and increased fat % in carcass
causing a reduction in moisture %. This may be dudo the effect of NaHCO on cation-anion balance and
dietary electrolyte balance (Balnave and Gorman, ). Also, high ash% in this group may be due to theffect
of HCO on bone synthesis during heat stress.

(t is worth noting that fat supplementation did not incrense fat in carcass but it enhanced carcass quality by increasing proteinf. Rama Rao et al. (3553) demonstrated
that the beneficial effects on growth and feed conversion of adding oil to diets were likely due to veduced heat production, since fat has a lower heat increment than either
protein or carbohydrate. n addition fat offers an extra-caloric value by decreasing the vate of passage of digests, thereby increasing the utilization of nutrients.



- - - Physiological parameters:
- - - - Rectal temperature:

Table () shows that at the start of the experiment ( weeks age) there were no significant differencen i
rectal temperature between groups. However after week from treatment, RT was significantly higher n
vitamin C supplemented group than in all other groys except KCI supplemented group. Meanwhile, NaHCO
supplementation and heat acclimation decreased Rhsignificantly. These differences in RT after week from
the start of treatment disappeared as the experimdrcontinued so that there were no significant diffeences in
RT between groups at, , ,and weeks of age.

The significant increase in RT after vitamin C suppementation is contradicting with previous resultsand
cannot be explained. However, this effect was tempary and disappeared after weeks from the start of the
treatment. Pardue et al., ( ) and Metwally ( ) showed that there were no significant effects dut®
vitamin C supplementation on body temperature. Howeer, it has been stated by many workers that vitanm C
supplementation resulted in significantly lower bog temperature at elevated environmental temperature
(Ahmed et al., and Lyle and Moreng, ).

The reduction in RT by heat acclimation and NaHCO supplementation are in agreement with previous
results. Teeter et al., () found that birds acclimated to heat stress had leer (P< ) body temperature
( VS. C) during heat stress than their unacclimated courdrparts. Balnave and Gorman (), Ahmed
and Maghraby ( ) and Osman ( ) observed that adding NaHCO to broiler chick diets or drinking
water under heat stress significantly decreased bgdemperature. While, and Ghazalah, et al., ( ) showed
that the effect was insignificant. Ahmad et al. ( ) added that the effect of NaHCO in reduceding the
internal body temperature of heat stressed broilersvas more pronouncedf < ) during the hottest times
of the day.

- - - - Respiration rate:

Table () reveals that during the experimental period, altbugh respiration rate was sometimes
significantly different between groups these diffeences were not biologically significant (the diffence between
minimum and maximum means of respiration rate withn each age ranged between to g respiratory/minute).
As a result, it could be concluded that on basis @daptive physiology treatments did not affect regpation rate
during the experimental period. Scanty literaturesare available regarding the effect of electrolyte @ditives, fat
supplementation or heat acclimation on respiratiorrate

Khalifa et al. ( ) and Nagwa Ahmaed et al., () found that NaCl supplementation to the
basal diet of broilers during hot weather, caused a&light reduction (not significant) in respiration rate
which is in agreement with the present results.



Regarding the effect of NaHCO supplementation, similar results were obtained byshazalah, etal., ( )
who showed that the average values of body tempetae, rectal temperature and panting rate were neas
similar and without significant differences due toNaHCO supplementation. While many authors found that
NaHCO supplementation during heat stress decreased si@ieantly respiration rate (Balnave and Oliva, ;
Balnave and Gorman, ; Ahmed and Maghraby, and Osman, ).

- - Effect of acute heat stress (experiment):
- - - Rectal temperature:

During exposure to heat stress ( °C) rectal temperature increased significantly inall groups (Table, ).
Immediately after the end of the experiment, rectatemperature decreased significantly by about °C but was
still significantly higher than the pre-experimentd level.

Before heat stress RT did not differ significantlybetween groups. However, during heat stress RT was
significantly higher in group (KCI) and group (NaHCO ) than in the control group. Group (vitamin C)
and heat acclimated groups had intermediate valuesf RT so that they were not significantly differentthan all
other groups. Fat supplementation had no significaneffect on RT as compared with the control group bt it
decreased RT significantly than group (KCI).

After heat stress, RT was significantly higher in leat acclimated, fat supplemented and control groups
than in vitamin C, KCl and NaHCO supplemented groups. Ahmed et al. () and Lyle and Moreng ( )
stated that vitamin C supplementation resulted in mgnificantly lower body temperature at elevated
environmental temperature. Regarding the effect oKCL, Ait-Boulahsen et al ( ) stated that during heat
stress, KC -birds had lower hyperthermic (body temperature) ard pH values and higher Ca and K
concentrations than controls. They concluded thatite beneficial effect of KC may in part be attributed to
the accompanying Cl. Meanwhile, the effect of NaHCOon body temperature during heat stressed was stuel

by Ahmad et al. ( ). They indicated that NaHCO significantly (p < ) reduced the internal body
temperature of heat stressed broilers than those aifther electrolyte supplements or control group. Tis effect
was more pronounced [ < ) during the hottest times of the day.

- - - Respiration rate (RR):

Table () indicates that respiration rate had similar trendto that found in RT where RR increased
significantly in all groups during heat stress thendeclined significantly after the end of heat stres but still
higher significantly than the pre-heat stress levsl EI-Gendy and Washbum () reported that exposure to
acute heat stress ( C for min.) resulted in a significant increase in resp@tion rate. Similar results have
been obtained by Yahav and Hurwitz, (  ); Yahav et al., ( ); and Cooper and Washbum, () when
broilers exposed to acute heat stress from —  °C.

Before heat stress, RR did not differ significanyf between groups. However, during heat stress RR wa
significantly higher in group (vitamin C) and group (KCI) than in group (fat supplementation) and control
groups. Heat acclimation and NaHCO supplementation groups had higher RR than fat suplementation group
but did not differ significantly than the other groups. It is of interest to note that fat supplementton had the
lowest RR during heat stress.

After heat stress, RR was significantly higher irthe heat acclimated and control groups than in albther
groups, followed by groups (KCl) and (NaHCO ) then group (vitamin C) and group (fat supplemented).

The above results indicate that fat supplementatiommad minimized the increase in RR during heat stres
while heat acclimation had similar RR to the contrd group. Meanwhile fat supplementation decreased RRfter
heat stress, it did not affect RT. Vitamin C supplenentation caused a significant reduction in RT andRR after
the end of heat stress which also occurred by addirKCl and NaHCO to the diet but to a lesser extent. Teeter
and Smith ( ) and Osman ( ) found that adding either NaHCO or NH CI to broiler chick diets or
drinking water under heat stress significantly deceased body temperature and panting rate values coraped to
control group (without supplementation).

- - - Mortality rate:

Fig. ( ) indicates that after heat stress when % of the control group died, no mortality occurredin heat
acclimated and fat supplemented groups. Meanwhile, mortality occurred in groups and (vitamin C and

KCI supplementation) and of the NaHCO group died after heat stress. Pardue et al. () and Brown
( ) reported that as environmental temperature exceadg C mortality and morbidity of broiler chicks
increase.

The low mortality rate in heat acclimated group isin accordance with the Khalifa et al. ( ). They
stated that acclimatization to heat stress had agmificant effect on reducing mortality rate, but its effect on
productivity depends on the method of acclimatizatn.

The above results reveal that fat supplementationral heat acclimation prevented the death from heat
stress although the significant increase in RR anBT. It could be concluded that fat supplementatiordecreased
mortality rate during heat stress by because of lovheat increment of fat which decreased heat produin and



subsequently minimized the increase in RR during e stress. Meanwhile, heat acclimation decreased mtality
rate during heat stress through the effect of prodaing heat shock protein which minimized the effecof heat
stress on the cellular level.

Using NaHCO , KCI and vitamin C supplementation did not preventmortality during acute heat stress,
while they decreased the effect of heat stress ofiRRnd RT.

The hypothesis of using NaCHO and KCI to alleviate the effect of heat stress badg on the fact that
panting by poultry allows them to increase their eaporative heat loss during heat stress. This incread
respiratory rate causes changes in the gas exchanged acid-base balance within the poultry which islue to the
loss of carbon dioxide from the respiratory systemThe effect of these reactions is a high level ofdod pH.
There is also a relative loss of bicarbonate ionsnd hydrogen ions which creates a situation of resgtory
alkalosis. Supplementing birds with bicarbonate (H©® -) for the reduction of blood HCO - concentration have
been utilized during heat stress.

During heat exposure, a decrease in plasma potassiuand increase in plasma chloride concentration has
been reported. These variations in electrolytes, wth alter acid-base balance, also influence the nadiolism of
amino acid including glutamic acid. Potassium redumon causes increase intracellular accumulation obasic
amino acid as well as glutamic acid have been proped to be an important role in metabolic regulatiorof acid-
base balance (Austic and Calvert, ). However, many methods were designed to look ahe effects of
correcting this acid-base imbalance. Dietary maniplations have been carried out which may enable thieird to
cope more completely with acute or chronic heat s#iss.
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Fig. ( ): Mean body weight in different treatments duringthe follow-up period (growth curve).
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- SUMMARY AND CONCLUSIONS:

The present study was conducted to compare differérmethods to alleviate the negative effect of heat
stress on broiler performance.

Experimental design

A total number of one day old Arbor Acres chicks were used to studyhe effect of vitamin C,
potassium chloride, sodium bicarbonate, fat suppleentation and early heat acclimation on performancend
some physiological parameters of the broilers undechronic (during hot summer season - C) and acute

(exposure to  °C until of the control group died) heat stress. The studwas carried out during June and
July.

Broiler chicks were reared in floor pens and fed dasal diet containing CP and kcal ME/Kkg diet
during the first days of age. Thereatfter, chicks were selected weighed and randomly distrilied into

groups each contain  chicks in replicates (  chicks each). The average body weight for chicksas nearly
similar (about gm).
The experimental design of the six groups was aslifmws:
Group , control diet + vitamin C gm/kg feed
Group , control + Potassium chloride gm/kg feed
Group , control + Sodium bicarbonate gm/kg feed
Group , control + Heat acclimation (exposure to °C for hrs atthe " weeks of age for two successive days)



Group , control diet.
Group , fat supplemented diet.

Effect of chronic heat stress during summer (firsexperiment):

The First experiment was designed to investigate ¢h effect of chronic heat stress (high ambient
temperature during summer season - C). The performance and carcass quality parameteragrere measured
weekly on each replicate. Physiological parametersere measure weekly on birds selected randomly from
each group.

The following parameters were measured weekly t:
- Broiler performance:

Average live body weight:-

Average live body weight gain:-

Feed intake (FI):

Feed conversion (FC):

Mortality rate:-

Water intake (WI):

Carcass quality and slaughter test:-

At the end of the first experiment ( weeks age), birds ( males and females) from each group were
randomly chosen for slaughter test. The carcass qliy was measured as absolute weight or as percemga of
body or carcass weight. The weight of heart, gizzdr liver, dressing and edible parts were obtainedroan
accurate balance ( gm). Chemical components of the carcass (moistureprotein%, fat% and ash%) were
determined.

- Physiological parameters:
Rectal temperature and respiration rate were recoreéd weekly at noon ( p.m.).
Heat stress experiment (experiment):

At the end of growing period (™ week),  birds from each group were selected randomly anddpt in
floor pens for one week before the start of the exgsiment. Ambient temperature increased gradually (vithin
hours) from normal range (  )to  °C using electric heaters. Heat stress remaineddm until of the
control group died from heat stress. Rectal tempettare, and respiration rate were determined before ad after
the end of the experiment. Mortality rate in each goup was calculated at the end of the experiment.

Results indicated that:
First experiment:

» There was no significant effect for treatments on st of broiler performance measurements. However,
Fat supplementation increased insignificantly bodyweight gain and significantly feed consumption
causing an increase in feed conversion (significamtith group , and ).

« Fat supplementation increased water consumption asompared with vitamin C, KCI, heat acclimation
and control groups. Also, NaHCO supplementation increased significantly water consnption as
compared with control and heat acclimated groups.

* Mortality rate during experimental period did not d iffer significantly between groups.

» There was no significant effect of treatments on laat weight, spleen weight and gizzard weight, while
NaHCO supplementation increased significantly liver weibt.

« Treatments had no significant effect on carcass wght, dressing percentage or edible parts weight and
percentage, while NaHCO supplementation increased significantly giblets wght and percentage.

« There were no significant effects for treatments orcarcass moisture, fat and ash percentage, while
NaHCO decreased significantly carcass protein percentage

« After week from starting the experiment, NaHCO supplementation and heat acclimation decreased
significantly rectal temperature as compared with wamin C supplementation while no significant
differences were found between other groups. Howewnethis effect disappeared during the following
weeks.

» The differences in respiration rate within each agare physiologically insignificant although some ofhem
were statistically significant.

Second experiment:
» Exposure to heat stress ( C for hrs) caused the following:



« Significant increase in rectal temperature and respation rate in all groups during heat stress, folbwed by
a significant decrease after the end of the heatrsss but values were still significantly higher tha those
before exposure to heat stress.

» There were no significant differences between growgpin rectal temperature and respiration rate before
exposure to heat stress.

» Supplementation with NaHCO increased significantly rectal temperature and regiration rate during
heat stress as compared with the control and heatealimated groups.

» Supplementation with vitamin C, KCl and NaHCO decreased significantly rectal temperature after bat
stress as compared with the control, heat acclimateand fat supplementation groups. Meanwhile, fat,
vitamin C, KCl and NaHCO supplementation decreased significantly respiratio rate after heat stress as
compared with the control and heat acclimated grous.

* Heat stress increased mortality rate in vitamin CKCIl, NaHCO supplemented groups and the control
group while it did not cause any death for chicksn the heat acclimated and fat supplemented groups.

It could be concluded that fat supplementation and early heat acclimation adviated the effect of heat
stress on increasing mortality rate in broiler chiks. These two methods for heat stress alleviationdinot cause
any significant effect on carcass quality or carcaschemical analysis and could be used successfutyalleviate
the effect of chronic and acute heat stress in brier farms. However, due to low cost and easily haidg of early
heat acclimation it would be preferred than fat suplementation.

Recommendations:
. Acclimation to heat will be the best method to allate mortality under heat stress, may be through
the production of heat shock proteins.
. Mortality rate must be considered in all studies conerning methods of heat stress alleviation.
. Further studies are required to investigate physiagical mechanism controlling blood volume and
plasma osmolality under chronic and acute heat stss, as the role of heat shock protein and immunity
in the alleviation of the effect of heat stress ibroilers.
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Table ( ): Effect of treatments on broiler performance from — weeks of age.

| | Group | Group | Group | Group | Group | Group |

Initial weight,
week age (9)
Final weight,
weeks age (g)
Tota gain
(9)
Total feed consumed (Q)

Daily gain (g/bird/day)

Feed consumed (g/bird/day)

Feed conversion (g/Q)

Total water consumed (ml)

water consumed (ml/bird/day)

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ()

Similar letters within each column are not significantly differ at p=

Table ( ): Effect of treatments on giblets of broiler chicks ( week age).

| | Grop | Group | Group | Group | Group | Group |

Live body weight
(9)

Liver weight

(9)

Liver %

Gizzard weight (g)

Gizzard %

Spleen weight (g)

Spleen %

Heart weight (g)

Heart %

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control

Group =NaHCO Group = Fat supplemented ( )

Similar letters within each column are not significantly differ at p=



Table ( ): Effect of treatments on carcass characteristics of broiler chické week age).

| | Group Group Group Group Group Group

Live body weight
(9)
Giblets weight

(9
Giblets %

Carcass weight (Q)

Dressing %

Edible parts weight (g)

Edible parts %

Giblets weight = gizzard weight + liver weight + heart weight + spleen weight
Dressing % = carcass weight/ live body weight*
Edible parts weight = carcass weight + giblets weight

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ()

Similar letters within each column are not significantly differ at p=
Table ( ): Effect of treatments on carcass chemical analysis of broiler chicks week age).

| | Group Group | Group Group

Moisture %

Protein %

Fat %

Ash %

Group =Vit.C Group = Heat acclimated

Group =KClI Group = Control

Group =NaHCO Group = Fat supplemented ( )

Similar letters within each column are not significantly differ at p=

Table ( ): Effect of treatments on rectal temperature of broiler chicks from — weeks of age.

Age | | Group | Group | Group | Group | Group | Group |

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ( )

Similar letters within each column are not significantly differ at p=



Table ( ): Effect of treatments on respiration rate of broiler chicks from — weeks of age.

Age | | Group | Group | Group | Group | Group | Group |
ab ab

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ()

Similar letters within each column are not significantly differ at p=

Table ( ): Effect of treatments on rectal temperature of broiler chicks bebre and after heat stress.

] ] Group Group Group Group Group Group

Before heat stress

During heat stress

After heat stress

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ()

Similar letters within each column are not significantly differ at p=
Table ( ): Effect of treatments on respiration rate of broiler chicks before ad after heat stress.

| | Group Group Group

Before heat stress

During heat stress

After heat stress

Group =Vit.C Group = Heat acclimated
Group =KClI Group = Control
Group =NaHCO Group = Fat supplemented ( )

Similar letters within each column are not significantly differ at p=
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