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SUMMARY

Two trials were conducted using 460 one-day old unsexed Arbor-Acres
broiler chicks. ‘The first trial was to study the effect of season and dietary
sodium chloride (NaCl). In summer season (33.5£3.5°C), birds wera randomly
distributed into two groups, one was fed on diet supplemented with 1.0 %
sodium chloride, and the other group was served as control. In winter
(25.5+3.5°C), birds were fed the control basal diet without salt supplement.

Body weight gain, feed intake, water consumption and carcass
characteristics were measured weekly from the fourth to the seventh wk of
age.

Body weight and feed consumption were lower but dressing percentage
was higher during summer than winter. ‘Feather as a percentage of body
weight was significantly lower in summer. High ambient temperature in
summer increased the water and ash but decreased protein contents of the
carcass specially at the 6” and 7" wk of age. Addition of dietary sodium
chloride during summer season improved body weight gain and carcass
quality, &

The second trial was carried in summer to study the effect of heat
acclimation. Birds were distributed into four groups and were treated as the
following: Control group (C), heat stressed group (HS), early heat acclimated
group (EHA) and biweekly heat stressed group (BWHS).

Early heat exposure to 38°C (at the first three days of age) did not affect
body weight. However, body weight of BWHS decreased significantly as
compared with other groups. Higher total body water (TBW%) was abserved
in birds of heat stressed groups.

Heat acclimation either early or biweekly to 38 °C had no significant effect
on carcass dressing%, it decreased the percentage of moisture and increased
the percentage of protein and fat.
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INTRODUCTION

Under Egyptian conditions, about 6 months is classified as hot-humid
climate, ambient temperature exceeds 30°C with more than 40 % relative
humidity. Consequently, heat stress is considered as one of the most
important factors affecting poultry industry.

High temperature decreases feed intake and weight gain, moreover it
increases mortality of broilers. Temperature of 25°C produces a small
reduction in the rate of growth in broiler older than 3 wk of age, however, at
30°C the effects are manifested (Arce et al., 1992).

To alleviate the effect of climatic heat stress , some managerial technigues
were used such as the control of the conditions under which the birds are
kept, and proper manipulation of their diet and/or by acclimation to heat stress
at early ages. Some compounds , such as sodium bicarbonate and sodium
chioride have been used to reduce the effect of heat stress (Smith and Teeter,
1983; Ahmed and Maghraby, 1995 and Gorman et al., 1997) .

Thermotolerance can be improved by acclimation (Hillman et af., 1985).
The weight gain lost during early life temperature conditioning can be regained
by compensatory growth. The mechanism of the conditioning induced
thermotolerance has not been elicited (Yahav and Hurwitz, 1996).

The objective of this study was to evaluate the effect of rearing season,
supplementary NaCl during hot season and heat acclimation at early ages on
productive performance and carcass quality of broilers at different ages .

MATERIALS AND METHODS

The present study was carried out in the Pouitry Research Farm, Animal
Production Department, Faculty of Agriculture, Cairo University.

Two trials were conducted using cne-day old Arbor-Acres broiler chicks. In
the first trial two experiments were carried out, the first one was in sumrmer
(July and August) and the second ene was in winter (December and January).
The average ambient temperature and relative humidity were 33.5+3.5°C and
46.5511.5% in summer versus 25.523.5°C and 54.4+4 5% in winter. In
summer experiment, two hundred chicks were randomly distributed into two
groups being fed a control diet (21% protein and 2800 keal ME/Kg diet) or the
same diet but supplemented with 1.0 % sodium chloride (NaCl. In winter
experiment , 200 birds were fed the control diet without salt supplement.

Individual body weight (BW), pen feed consumption (FC) and water
consumption (WC) were recorded weekly. Slaughter test (body weight |
feather and dressing %) was carried out. Chemical components cf carcass:
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moisture%, protein%, fat and ash% were determined according to the
methods of A.O.A.C. (1980) . Eight birds from each group during summer and
winter were taken for carcass measurements at 4, 5, 6 and 7 weeks of age.

The second trial was carried out in summer, 60 one-day old Arbor-Acres
chicks were assigned to 4 groups. In group one (control, C) birds were kept
under normal ambient temperature of summer. Birds in group 2 (heat stressed
group, HS) were exposed to a constant 38°C for 3 hours at 7 weeks of age.
Chicks in group 3 (early heat acclimated group, EHA) were exposed to a
constant temperature of 38°C allover the first three days of age and to 38°C
for 3 hours at 7 weeks of age. While chicks in group 4 {biweekly heat stressed
group, BWHS) were exposed to a constant temperature of 38°C allaver the

Jfirst 3 days of age and biweekly thereafter. Individual body weight was
recorded weekly. Nine birds from each group were taken at 7 weeks of age in
all groups (after heat exposure in groups 2, 3 and 4) for determination of total
body water (TBW), carcass dressing % and chemical compasition of carcass.
Total body water was determined using. antipyrine method as described by
Weiss (1958).

Data were subjected to standard statistical analysis of variance (One-way
ANOVA) according to SAS (1988) and Duncan's Muitiple Range Test
(P<0.05).

RESULTS AND DISCUSSION

1.Effect of season and dietary NaCl supplementation
Feed consumption '

Feed consumption in both seasons is presentad in Table 1 and Fig. 1. Itis
clear that feed consumption was lower in summer than in winter by about 36 -
43 % at all ages causing a reduction in body weight by about 23 - 37 % . Feed
consumption per bird increased with increasing age in both seasons.
However, feed consumption % to body weight decreased with advancing age.
Similar results were found by May and Lott (1992) who found that feed intake
as percentage of body weights decreased with increasing age at ambient
temperature of 24 and 35°C . Ross and Michie (1987) ; Marsden et al. {(1987)
and Wolfenson et al. (1987) reported that high environmental temperature (30-
33°C) reduced significantly feed intake compared with moderate temperature
(25°C). The reduced feed intake at high ambient temperature may be caused
by a direct effect on various regions of the brain acting in food intake control
mechanism. On the other hand, the blood flow and the motility of the intestine
decreased (Van-Handel-Hruska ef al. , 1977), which may result in an increase
of food passage time and delay in the thermogenic effect of food intake.

Addition of NaCl to the diet in summer slightly counteracted the reduction in
feed consumption which occurred during hot season at different ages (Table
1). Ahmed and Maghraby (1995) found in broiler that daily feed intake
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increased with increasing NaClin the diet {(6g/bird). Furthermore , Smith and
Teeter (1993) found that NaCl addition to drinking water of broilers kept under
heat stress increased daily feed intake by about 8g/bird.

Table 1. Feed and water consumption during different age stages in winter
and summer

Age (week) Winter Summer Summer + NaCl
g/day %o g/day % gl/day %
/bird of BW* {bird of B.W. [bird of B.W.
Feed consumption
4 79.57 7.30 48.23 7.00 54,43 7.05
5 105.62 7.20 54.09 6.11 67.03 8.15
B8 119.72 6.90 68.53 5.54 67.83 592
7 132.55 6.20 85.23 515 88.87 5.20
Water consumption
4 182.03 16.70 148.82  21.60 169.07 21.90
5 236.18 16.10 200.36 19.10  210.81 19.35
6 256.78 14.80 243.94 19.72 252.83 19.63
7 303.59 14.20 322.89 19.51 335.48 19.63

*8.W. Body Weight

Table 2. Body weight , total body solids and total body water of broilers in
winter and summer at different ages (mean=SE)

Age Body weight (g) Total body solids (g) Total body water (ml)
Winter Summer Summer Winter Summer Summer Winter Summer Summer

{week) + + +
1%NaCl 1%NaCl 1% NaCl
4 1000% 889% 7717 278%% 216™ 222%™ g12™ 473%™ 549
+SE 321 346 312 80 120 95 300 234 229
5 1467%% 1049%° 1090%° 514%° 2349 344 954 700% 746
+ SE 178 314 314 146 90 112 262 236 221
5 173550 12360 1275%° B94% 446%™ 434%™ 10417 790%™ 841%™
+ SE 214 419 622 8.4 188 210 140 235 413
7 91307 1655% 1709 938%° 648% 708" 1201™ 1007 1001™
+ SE 583 472 425 262 232 167 332 231 264

ABC Means in the same column within each trait bearing different superscripts are significantty
different {(p<0.05) .
385 pMeans in the
different (p=0.05) .

same row within each trait bearing different superscripts are significantly

Water consumption

Table 1 and Fig. 1 present water consumption in both seasons at different
ages. The water consumption per bird increased with increasing age.
However, the opposite trend was observed with water consumption as
percentage from body weight (Table 1). Similar results were found by May
and Lott (1992) who found that at 24°C and 35°C, water consumption as
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Figure 1. Effect of season and salt supplement on body weight (g), feed and
water consumption as a percentage of body weight at different ages
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nercentage of body weight decreased with increasing age. Water intake % of
body weight was higher in summer than in winter (Fig. 1). Deyhim and
Teeter (1991) found in broiler that water consumption increased by about 91
mi/bird/day with increasing ambient temperature from 24°C to 35°C. Daghir
(1995) reported that drinking water played an important role in cooling broilers.

It was reported that as birds accumuiate heat in their tissues , several
responses to increase the dissipation of heat are invoked to reduce the heat
load. Water consumption increases when chickens are exposed to high
ambient temperature (Deyhim and Teeter, 1991 and May and Lott , 1992) and
survival in hot is dependent upon the consumption of large volume of water
(Fox, 1951). The immediate increase in water consumption meets the
immediate demands of evaporative cooling from respiratory surface and the
associated decrease in the feed consumption reduces the contribution of
metabolic heat to the total heat load that requires dispersion.

Addition of NaCl to the diet increased water intake per bird by about 12.0,
5.0, 3.5 and 3.8% at4, 5, 8 and 7 weeks of age, respectively. An increase in
water consumption was found by Ahmed and Maghraby (1995) , Deyhim and
Teeter (1991) and Smith and Teeter (1993) due to NaCl addition to the diet or
drinking water.

Body weight

Body weight increased significantly with increasing age in both seasons .
Growth rate during the brooding phase until the 4" week of age was
significantly higher (by about 37%) in winter than in summer (Table 2 and Fig.
1). These results are in agreement with Reece and Lott (1982). The addition of
1.0% NaCl to broiler ration during hot season caused an increase in growth
rate of about 12% at the 4 ™ week of age, while at 7" week of age the
increase was about 3.3% . Results were consistent with Ahmed and Maghraby
(1995) and Smith and Teeter (1993). They reported that during hot
environmental conditions body weight gain increased with NaCl addition fo the
diet and water. Apparently the higher body weight at 7 weeks of age in NaCl
supplemented group than the control one was mainly due te more body solids,
while total water was almost the same (Table 2). So, the addition of NaCl to
the diet did not influence the water content in birds but it slightly improved the
true body weight gain (Total body solids} .

The low growth rate which occurredin summer was due to high ambient
temperature (30-37°C) which has a direct effect on central nervous system
(CNS) to reduce feed consumption as shown in Table 1 and consequently
total body solids (TBS) as shown in Table 2. The lower body weight during the
brooding and growing pericds in summer than in winter is in accordance with
results found by Recce and Lott{1982) and Khalifa ef al. (1994). They found
that, birds reared during the growing period in winter (or low temperature)
gained more weight than those reared in summer.
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Dressing percentage
Dressing percentage in winter increased significantly from 4 to 5 weeks of
age , but it decreased after that up to 7 weeks of age (Table 3) . In summer,
dressing % increased, generally, with increasing age in birds fed diets with or
without NaCl addition. Dressing percentage was significantly higher in summer
than in winter at all ages, except at 5 weeks of age, it was lower in summer
than in winter. On the other hand, in winter , the reduction in dressing
percentage from 5 to 7 weeks of age may be due to the increase in visceral
tissues and its adjoining fat with age progress and to significant increase in
feather percentage during this age stage (from 5.1 to 9.8 %).

" Table 3. Feather and dressing percentages of body weight in winter and
summer at different ages (mean + SE)

Feather % . Dressing %

Age Winter  Summer Summer  Winter  Summer Summer
(week) +1% +1%

NaCl NaCi
4 7.9% 5.9" 5.5 509%® 2.7 6657
+ SE 0.2 0.4 0.7 1.6 15 0.5
5 5:4° 4,37 5.4 670  619% 7.4
+SE 0.40 0.3 04 1.1 1.5 0.5
6 7.482 5.05¢ 6.6™ 56.6%  635%  655%
+SE 0.3 0.2 0.3 0.7 1.8 0.5
7 9.8* 6.3 6.3 s78% 704 g™
+ SE 0.1 0.4 0.3 1.4 0.9 0.2

4B weans in the same column within each trait bearing different superseripts are significantly
different (P<0.05).
206 p1aans in the same row within each trait bearing different superscripis are significantly
different (P<0.05).

Similar trends were obtained by Ferry and Avigdor (1992) . They found that
in 6 weeks old broilers dressing carcass % increased from 64.4 to 64.4 and
65.9 % with increasing of ambient temperature from 15 to 20 and 32°C,
respectively. Moreover, it has been hypothesized that the reduced feather
cover may be of advantage in thermoregulation at high ambient temperatures
(Eberhart and Washburn, 1993) by increasing sensible heat loss (Yahav et al.,
1998).

The addition of 1.0 % NaCl to the diet improved carcass dressing % in
summer. The significant increase in dressing % with NaCl supplementation
may be due to the significant increase in carcass fat content at 4 and 5 weeks
of age andfor to the significant increase in protein content of carcass at 7
weeks of age (Fig. 2) .
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Feather percentage

Feather percentage decreased significantly from 4 to 5 weeks of age in
winter and summer due to the vast increase of body weight in both seasons.
This percentage increased significantly thereafter up to 7 weeks of age due to
slower growth rate (Table 3). Feather % of birds fed NaCl diet was not
affected by advancing age. Feather % was significantly higher in winter than
summer at all ages (Tabie 3) . This increase in plumage during cold season is
an adaptive mechanism for low temperature by increasing insulation. Similar
trend was found by Dawoud (1991). Table (3) reveals that NaCl addition to
diet caused an increase in feather % in summer, being significant at 6 weeks
of age, however, it was lower than that in winter .

Carcass quality

Carcass moisture % significantly decreased in winter until the 67 week of
age with slight increase thereafter (Fig. 2). This reduction may be due to the
significant increase in carcass fat content with increasing age (Fig. 2). Sturkie
(1965) suggested that the reduction in body water with increasing age may be
attributed to a reflection of increasing body fat. Similar trend was found in
summer with or without addition of NaCl (Fig. 2). Moisture percentage of
carcass was higher in summer than winter after 5 weeks of age. This result
may be due to the higher carcass fat content with-advancing age in winter
than in summer (Fig. 2) or due to higher water retention in summer as
adaptive mechanism for hot climate (Table 2). Similar results were found by
Lyon (1983) and Dawoud (1991). Addition of NaCl in summer caused a
significant reduction in moisture % (8.3%) associated with significant increase
in fat % (35.6%) at older ages.

Fat percentage of carcass, significantly-increased with age in both seasons
(Fig. 2). The increase was more pronounced in winter than in summer. Similar
trend was found by Dawoud (1991). The significant higher fat % in broilers
reared in summer than winter at 4 weeks of age (7% versus 5.7%) reflects
increased metabolic heat production for body temperature maintenance in low
temperature (winter). Therefore, the ME required per kcal of carcass was
increased with lower temperature as stated by Olson et a/(1972) and
Chwalibog and Eggum (1889) .They added that maximum fat synthesis
occurred at an environmental temperature of 32°C. However, the resuit of
Sonaiya (1989) indicated that energy per gram of dry tissue increased with
decreasing ambient temperature_and the energy -gained value for birds
reared at 22°C was higher than 32°C.

Protein percentage significantly increased in winter with age up to 6 weeks,
then it significantly decreased at 7 weeks of age (Fig. 2). In summer, no
significant changes were occurred in protein percentage with age. Addition of
NaCl had similar trend to that found in winter. Protein % of carcass, was
higher in summer than winter at 4 and 5 weeks of age, then it was lower in
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summer than winter. These results are in agreement with resuits obtained at 6
weeks of age by Dawoud (1991). Daghir (1895) reported that at 9 weeks of
age body protein content was significantly decreased with high ambient
temperature. Protein percentage of carcass at 7 weeks of age was
significantly higher in NaCl group than in both control summer and winter
groups (22.3 versus 20.9 and 21% respectively).
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Fig. 2. Effect of season and salt supplement on chemical composition of

broiler carcass



150 El-Tantawy et al.

Ash % decreased significantly in winter with age progress. However , in
summer it was significantly higher at 6 and 7 weeks of age than at4 and 5
weeks of age (Fig. 2). The trend of ash with age in birds supplied with 1.0 %
NaCl during summer was similar to that of control group in sumrmer and
reverse to that obtained in winter. Ash % was significantly higher in winter
than summer at 4 and 5 weeks of age. An opposite trend was obtained at 6
and 7 weeks of age (Fig. 2).Similar results were found by Dawoud (1991)
with broiler at 8 weeks of age. Daghir (1995) reported that higher sodium and
potassium contents were found in carcass of heat -stressed birds. The values
of ash % in carcass of birds fed NaCl were between values obtained in
summer and winter {Fig. 2). .

It can be concluded that the increase in body weight with age in winter was
due to an increase in body solids which in turn was due te the increase in fat
and protein, while ash decreased. In summer, the percentage increase in
weight was due to increase in fat %, while protein % was almost stable with an
increase in ash%. The addition of 1.0%NaCl in summer (hot season) improved
carcass quality (high protein % and fat % in carcass ). This addition enhanced
protein, fat deposition and an increase in ash contents with age.

2.Effect of heat acclimation

Body weight of biweekly heat stressed group (BWHS) decreased
significantly as compared to the control group or other heat stressed groups
(HS and EHA)(Table 4). It was lower than that of C, HS and EHA by about
8.9%, 17.9% and 13.3%, respectively. However, early heat exposure did not
affect body weight of birds which in good agreement with May (1995) who
reported that early heat exposure in broilers (5 or 6 days-old exposed to
36.1°C for 24 hr.) did not affect body weight gain.

Table 4 . Effect of heat stress on body composition and carcass dressing %
of broilers (mean * SE)

Traits C HS EHA BWHS
Body weight (g) 1500 ¢ 1663" 1575° 1366 °
+ SE 40.1 33.7 433 37.3
Total body solids (%) 45.0% 42.2° 41.6° 41.6°
+ SE 0.4 0.2 0.5 0.4
Total body water (%) 55.0° 57.8% 58.4" 58.4%
+ SE 0.4 0.2 0.5 0.4
Carcass dressing (%) 62.6" 62.6° 610" 62.3%
+ SE 1.2 g 2.3 0.4

C:Control Group, HS:Heat Stressed Group, EHA:Early Heat Acclimated Group,
BWHS:Biweekly Heat Stressed Group.

ABCD pMaans in the same row bearing different superscripts are significantly different
{P<0.05).
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Early exposure to high environmental temperature conforms a measure of
resistance fo subsequent exposure to high temperature. This has been
reported as acclimation when subsequent exposure closely follows prior
exposure (Reece et al, 1872 and May et al., 1987). Neonatal prior exposure
that precedes the subsequent exposure by many weeks has also been
reported as effective (Arjona et al,, 1988 and 1990). The mechanism whereby
neonatal prior exposure improves resistance during subsequent exposure has
not been clearly defined.

Total body solids % was significantly higher in C than that in the other three
groups (Table 4). This lower TBS% in heat stressed groups was due to higher
TBW% which is in adaptive mechanism against water loss through
evaporative coolin during heat stress. Meanwhile in case of BWHS this is also
due to lower growth rate (body weight is significantly lower than C).

Heat acclimation either early or biweekly to 38 °C had no significant effect
on carcass dressing %, however, it decreased the percentage of moisture and
increased the percentage of protein and fat (Fig. 3) to be at levels near that
found in winter results (Fig. 2, Trial 1). Decreased growth rate and enhanced
fatness in biweekly heat acclimated hirds seem rather contradictory. Ain Baziz
et al. (1996) reported that a reduction of basal metabolic rate and physical
activity under heat exposure might spare energy stored as fat, conversely in
mammals high ambient femperature seems to decrease carcass fat. In
broilers, effect of heat exposure on fat deposition needs further investigations.

100% + -
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Fig. 3. Effect of heat stress on carcass composition of broiler at 7 weeks of
age
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It can be concluded that early heat acclimation can be one of the best
methods to alleviate the effect of heat stress on performance of broilers during
last few weeks (2-3 weeks) before marketing age. While, biweekly heat stress
had an adverse effect on performance, Shafie et a. (1979) and Yahav and
Hurwitz (1996) supported this conclusion, that the technique of temperature
conditioning takes advantage of thermoregulation mechanism of immature
chicks during the first week of life.
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