
The Effect of Early Age Feed Restriction on Subsequent Response to High
Environmental Temperatures in Female Broiler Chickens

I. Zulkifli,*,1 M. T. Che Norma,* D. A. Israf,† and A. R. Omar†

*Department of Animal Science and †Faculty of Veterinary Medicine, Universiti Putra Malaysia,
43400 UPM Serdang, Selangor, Malaysia

ABSTRACT This study was conducted to determine
whether early age feed restriction improves heat tolerance
in female broiler chickens. Chicks were brooded for 3 wk
and then maintained at 24 ± 1 C. On Day 0, chicks were
assigned to one of four feeding regimens; each regimen
was applied to four cages of chicks. The feeding regimens
were 1) ad libitum feeding (ALF); 2) 40% feed restriction
at 4, 5, and 6 d of age (F40); 3) 60% feed restriction at 4,
5, and 6 d of age (F60); and (4) 80% feed restriction at 4,
5, and 6 d of age (F80). From 35 to 41 d of age, all birds
were exposed to 38 ± 1 C for 2 h/d. Serum concentrations
of glucose were elevated by the heat challenge, but were
not affected by the feeding regimen. The heat treatment
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INTRODUCTION

Stress is often viewed as deleterious and is associated
with injury, pain, disease, or death. However, there is a
growing body of evidence showing that relatively mild
or brief periods of stressful experiences during the neo-
natal period may be beneficial in preparing the body
for a response to subsequent disruption of homeostasis
(Zulkifli and Siegel, 1995). Although one of the earliest
studies on the influences of early experience on adult
adrenocortical functions was in rats (Levine, 1962), its
implications in the context of veterinary science and ani-
mal agriculture have been of major interest. Gross (1983)
indicated that stresses that occur early in life, while many
systems of the chicks are still developing, may have
long-lasting impact and could possibly modify the ex-
pression of their genetic potential.

Early age thermal conditioning has been shown to
ameliorate the deleterious effects of heat stress in poultry
(Arjona et al., 1988, 1990; Yahav and Hurwitz, 1996; Ya-
hav and Plavnik, 1999). Zulkifli et al. (1994a,b) demon-
strated that chicks fasted early in life had smaller in-
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resulted in hypocholesteremia among ALF and F80
chicks, whereas the concentrations increased and re-
mained constant in the F60 and F40 birds, respectively.
Subjecting chicks to F60 improved growth and survivabil-
ity and reduced heterophil to lymphocyte ratios (H/L)
in response to the heat treatment as compared with the
ALF and F80 regimens. The survivability rate and H/L
of F40 chicks were similar to those attained by chicks on
other regimens. Newcastle disease antibody titer of ALF
birds declined with duration of heat treatment. It is con-
cluded that the F60 regimen is beneficial for alleviating,
at least in part, the detrimental effects of heat stress in
female broiler chickens.

creases in heterohil to lymphocyte ratios (H/L), im-
proved resistance to marble spleen disease infection, and
greater growth than those fed ad libitum in response to
thermal insults later in life. Conversely, although neona-
tal thermal conditioning improved heat tolerance in
broilers, subjecting them to concurrent feed restriction
as an additional treatment failed to enhance further the
ability to withstand high ambient temperatures (Yahav
and Plavnik, 1999). In view of this, there is a possibility
that the magnitude of stress perceived early in life may
affect the level of tolerance to a subsequent stressor.
To the best of our knowledge, the relationship between
severity of early age stressful experience and tolerance
to subsequent insults has not been documented.

It is well established that there are genetic components
in response to heat stress in poultry (Smith and Oliver,
1971; Washburn, 1985; Gowe and Fairfull, 1995). Genetic
differences in elicitation of improved heat tolerance
through prior exposure to stress have been documented.
Although repeated handling did not increase heat resis-
tance in White Leghorns, the reverse has been observed

Abbreviation Key: ALF = ad libitum feeding; F40 = 40% feed restric-
tion at 4, 5, and 6 d of age; F60 = 60% feed restriction at 4, 5, and 6 d
of age; F80 = 80% feed restriction at 4, 5, and 6 d of age; FCR = feed
conversion ratio; H/L = heterophil to lymphocyte ratio, ND = Newcas-
tle disease.
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in broilers (Bowen and Washburn, 1984). Similarly, de-
spite the ability to induce enhanced thermotolerance in
normal White Plymouth Rocks by neonatal feed restric-
tion, the procedure had negligible impact on dwarf
chicks (Zulkifli et al., 1994a). Given that early age feed
restriction offers a feasible method in ameliorating heat
stress-related responses in White Rocks, additional stud-
ies are needed to evaluate the benefits of such a hus-
bandry procedure in commercial broiler chickens. The
objectives of this study were to evaluate the effect of
early age feed restriction on heat tolerance in female
commercial broiler chickens and evaluate the relation-
ship between magnitude of stress perceived early in life
and the level of tolerance to a subsequent stressor.

MATERIALS AND METHODS

Animals, Husbandry, Environmental
Temperature, and Traits Measured

One-hundred ninety-two female broiler chicks
(Shaver) were obtained from a local hatchery. Upon ar-
rival, the chicks were wing-banded, weighed, and as-
signed at random in groups of 12 to 16 cages of three-
tiered batteries with wire floors in an environmentally
controlled chamber (2.3 × 9.1 × 3.8 m). Floor space al-
lowed was 923 cm2 per bird. Ambient temperature on
Day 0 was set at 32 ± 1 C and then gradually decreased
until 24 ± 1 C was reached by Day 21. The chicks were
administered live Newcastle disease (ND) vaccine2 in-
traocularly on Days 7 and 21. Chicks were fed standard
broiler starter (crumble form; 21% CP and 2,950 kcal
ME/kg) and finisher (pellet form; 19% CP and 3,100 kcal
ME/kg) diets from Day 0 to 21 and Day 22 onward,
respectively. Water was available at all times, and light-
ing was continuous.

On Day 0, chicks were assigned to one of four feeding
regimens with four cages per group. The feeding regi-
mens were 1) ad libitum feeding (ALF); 2) 40% feed
restriction at 4, 5, and 6 d of age (F40); 3) 60% feed
restriction at 4, 5, and 6 d of age (F60); and 4) 80% feed re-
striction at 4, 5, and 6 d of age (F80). The feed restrictions
were 40, 60, and 80% of the previous day’s feed intake
of the ad libitum group. Prior to feeding, individual BW
were obtained on Days 0, 7, 14, 21, 28, 35, and 42. Weekly
feed consumption was recorded, and feed conversion
ratios (FCR) were determined.

The day following the feed restriction period, eight
chicks from each feeding regimen were chosen ran-
domly, and their blood (via wing vein) samples (0.3 mL)
were collected in tubes containing EDTA as anticoagu-
lant. Blood smears were prepared using May-Grünwald-

2Nobilis ND Clone 30, Intervet International, 58300 AA Boxmeer,
The Netherlands.

3Ultraspec� 300; Cobas-Mira, Roche Diagnostic System, CH4070 Ba-
sel, Switzerland.

4IDEXX Laboratory, Inc., Westbrook, ME 04029.

Giemsa stain; heterophil and lymphocyte were counted
to a total of 60 cells (Gross and Siegel, 1983). Four (one
bird per cage) birds per feeding regimen were killed by
cervical dislocation, and brain samples were collected
for an experiment conducted concurrently with this
study.

Between Day 35 and 41, all chicks (at the same time)
were subjected to 2-h episodes of heat stress at 38 ± 1 C
each day in the environmentally controlled chamber to
evaluate their ability to withstand high ambient temper-
atures. The increase from 24 ± 1 C to this temperature
occurred over an approximately 1.5-h period. Relative
humidity was not controlled but remained below 60%.
Prior to heat exposure (Day 35), eight chicks per feeding
regimen were randomly chosen and bled (2.0 mL) for
heterophil and lymphocyte counts, serum concentra-
tions of glucose, cholesterol, and ND antibody titers.
Feed was not removed prior to collection of blood sam-
ples because the procedure may influence birds’ subse-
quent response to heat stress (Zulkifli and Fauzi, 1996).
Blood samples for total glucose and cholesterol, and
antibody titers were serum separated and stored at −20
C. Analyses for total glucose and cholesterol were con-
ducted on an automated spectrophotometer3 using a
standard diagnostic kit. Serum samples for ND antibod-
ies were analyzed using ELISA kit.4 Four (one bird per
cage) birds per feeding regimen were killed as described
previously. Similar procedures were repeated following
4 d (Day 38) and 7 d (Day 41) of heat treatment. Mortality
from Days 35 to 41, during the heat exposure, was re-
corded daily.

Statistical Analyses

Data were subjected to analysis of variance using the
General Linear Models procedure of SAS� (SAS Institute
Inc., 1991). Prior to analyses, BW and antibody titers
were transformed to common logarithms. Body weight,
feed intake, and FCR data were analyzed with feeding
regimen as the main effect. Feeding regimen, stage of
heat treatment, and their interactions were considered
as the main effects for the analyses of H/L and serum
concentrations of glucose, cholesterol, and ND antibody
response data. When interactions between main effects
were significant, comparisons were made within each
experimental variable. Means were subjected to Dun-
can’s multiple range test. Data on survivability rate were
analyzed by the chi-square test. The level of significance
was reported at P ≤ 0.05.

RESULTS

Data on BW, feed intake, and FCR are presented in
Table 1. The effect of early feed restriction on BW was
evident by Day 7; BW of F80, F60, and F40 chicks were
approximately 83, 72, and 63% of those fed ALF, respec-
tively (Table 1). On Day 14, although F80, F60 and F40
birds had similar BW, they weighed less than their ALF
counterparts. Except for F40, the F80 and F60 birds at-
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TABLE 1. The effect of feeding regimen1 on BW, feed consumption,
and feed conversion ratio (FCR) of broiler chickens

Feeding regimen
Pooled

Parameter ALF F80 F60 F40 SEM

BW (g per bird)
Day 0 45 46 45 46 0.29
Day 7 170a 141b 123c 107d 0.92
Day 14 372a 364b 347b 334b 2.42
Day 21 717a 718a 698a 664b 6.05
Day 28 1,168a 1,173a 1,150ab 1,114b 8.04
Day 35 1,553 1,542 1,548 1,538 10.37
Day 42 1,852b 1,847b 1,921a 1,828b 11.55

Feed consumption (g per bird)
Days 0–6 146a 121b 104c 84d 2.0
Days 7–13 328 337 335 319 4.0
Days 14–20 572a 548ab 563a 526b 4.4
Days 21–27 807 769 806 734 10.6
Days 28–34 834 811 863 817 10.4
Days 35–41 924 888 945 895 11.3
Total 3,611a 3,474ab 3,615a 3,374b 35.3

FCR (feed/gain)
Days 0–6 1.17c 1.27bc 1.33ab 1.38a 0.03
Days 7–13 1.62 1.51 1.50 1.41 0.03
Days 14–20 1.66 1.55 1.60 1.59 0.01
Days 21–27 1.79 1.69 1.78 1.63 0.02
Days 28–34 2.17 2.20 2.17 2.21 0.03
Days 35–41 3.09 2.91 2.53 3.09 0.12
Overall 2.00 1.93 1.93 1.89 0.08

a–dMeans within a row-subgroup with no common letters differ significantly (P ≤ 0.05).
1All chicks were fed ad libitum (ALF) from hatch to Day 3. On Days 4, 5, and 6, some chicks were subjected

to F80, F60, and F40: F80 = 80% feed restriction, F60 = 60% feed restriction, and F40 = 40% feed restriction.

tained complete compensatory growth attributed to fast-
ing by Day 21 with (AL = F80 = F60) > F40. Prior to heat
treatment (Day 35), BW was not affected by feeding
regimen. Following the daily 2 h of heat challenge for 7
d, F60 birds had greater BW than those on other regi-
mens. No significant differences were noted in the BW
of AL, F80, and F40 birds on Day 42.

Beginning on Day 7, except for the period from Days
14 to 20, in which F40 chicks consumed less feed than
ALF and F60 chicks, feeding regimen had no significant
effect on weekly feed intake. The total feed intake (from
Day 0 to 41) was lower for F40 chicks than for ALF and
F60 chicks. There was no significant difference between
the latter two groups. The total feed intake of the F80
chicks was similar to those on other regimens. From
Days 0 to 6, although ALF and F80 birds had similar
FCR, the former were more feed efficient than were F60
and F40 birds. Feed conversion ratios during the heat
treatment were not affected by feeding regimen. No sig-
nificant differences were observed among the four feed-
ing regimens in the overall FCR.

The mean percentages of survivability during the heat
treatment are shown in Figure 1. The heat challenge
resulted in high mortality among the ALF (17%) and
F80 (10%) birds but not among those fed F60 (0%) and
F40 (5%).

Irrespective of the 4- to 6-d of age feeding regimen, the
heat treatment elevated serum concentrations of glucose,
and the highest values were noted following 4 d of heat
exposure (Table 2). The parameter was not affected by
feeding regimen. A significant feeding regimen by stage

of heat treatment interaction was observed for serum
total cholesterol (Table 3). Four days of heat treatment
resulted in hypocholesteremia among ALF and F80
chicks, whereas the concentrations increased and re-
mained constant in the F60 and F40 chicks, respectively.

Interaction of feeding regimen by stage of heat expo-
sure was significant for ND antibody titers (Table 4).
Except for ALF chicks, the antibody titers of the F80,

FIGURE 1. The effect of early feeding regimen on survivability rate
of broiler chickens during heat treatment (Days 35 to 41). a,bMeans with
no common letters differ significantly (P ≤ 0.05). ALF = Ad libitum
feeding; F 80 = 80% feed restriction; F 60 = 60% feed restriction; F 40 =
40% feed restriction.
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TABLE 2. The effect of stage of heat treatment1 and early feeding
regimen2 on serum glucose concentrations of broiler chickens

Variable Glucose (Mmol/L)

Stage of heat treatment
Prior to heat 10.47c

4 d of heat treatment 14.88a

7 d of heat treatment 13.05b

Feeding regimen
ALF 13.45
F80 12.45
F60 12.53
F40 12.52

Pooled SEM 0.23

a–cMeans within a column-subgroup with no common letters differ
significantly (P ≤ 0.05).

1From Days 35 to 41, all chicks were exposed to 38 ± 1 C temperatures
for 2 h/d.

2All chicks were fed ad libitum (ALF) from hatch to Day 3. On Days
4, 5, and 6, some chicks were subjected to F80, F60, and F40: F80 = 80%
feed restriction, F60 = 60% feed restriction, and F40 = 40% feed restriction.

F60, and F40 birds remained constant throughout the 7-
d period of heating, which resulted in the interaction
for the trait. Within the ALF group, ND antibody titers
were similar and lower following 4 and 7 d of heat
exposure, respectively, as compared with values at-
tained prior to the onset of heat challenge.

The H/L response to feed restriction (Day 7) is shown
in Figure 2. Following the feed restriction period, the
H/L of F60 and F40 birds were higher than those of
ALF and F80 birds. There was no significant difference
between the former two groups. Although H/L were
not affected by the early age feeding regimen prior to
heat exposure (Day 35), ALF, F80, F60, and F40 birds
responded differently following 4 and 7 d of heating,
resulting in significant feeding regimen by stage of heat
treatment interactions for the parameter (Table 5). Al-
though the heat challenge augmented H/L response, the
F60 birds had smaller increases compared with their
ALF and F80 counterparts. The H/L of F40 birds were

TABLE 3. Mean serum cholesterol concentration (Mmol/L) where
stage of heat treatment1 by early feeding regimen2 interactions

were significant

Stage of heat treatment

4 d of 7 d of
Feeding regimen Prior to heat heat treatment heat treatment

ALF 6.30a,x 5.32y 4.26z

F80 6.04a,x 5.19y 3.96z

F60 4.95b,y 5.86x 4.01z

F40 5.42ab,x 4.80x 3.62y

a,bMeans within a column-subgroup with no common letters differ
significantly (P ≤ 0.05).

x–zMeans within a row-subgroup with no common letters differ sig-
nificantly (P ≤ 0.05).

1From Days 35 to 41, all chicks were exposed to 38 ± 1 C temperatures
for 2 h/d.

2All chicks were fed ad libitum (ALF) from hatch to Day 3. On Days
4, 5, and 6, some chicks were subjected to F80, F60, and F40: F80 = 80%
feed restriction, F60 = 60% feed restriction, and F40 = 40% feed restriction.
Pooled SEM = 0.08.

FIGURE 2. The effect of early feeding regimen on heterophil to
lymphocyte ratio of broiler chickens one day following feed restriction
(Day 7). a,bMeans with no common letters differ significantly (P ≤ 0.05).
ALF = Ad libitum feeding; F 80 = 80% feed restriction; F 60 = 60% feed
restriction; F 40 = 40% feed restriction.

similar to those of birds in other groups throughout the
heating period.

DISCUSSION

The noted elevation in H/L in response to feed restric-
tion is not unexpected. It is well documented that fasting
may elicit physiological stress response (Gross and
Siegel, 1986; Katanbaf et al., 1989; Zulkifli et al., 1993,
1994a,b, 1995). It is interesting to note that on the day
following feed restriction, F60 and F40 birds had similar
H/L. These findings may appear unexpected in view of
the assumption that the perceived magnitude of stress
attributed to F40 is higher than F60. Indisputable expla-
nations for this apparent contradiction cannot be offered.
First, the sensitivity of H/L as a biological index of stress
is inadequate to detect the difference in the magnitude

TABLE 4. Mean Newcastle disease antibody titers1 where stage of
heat treatment2 by early feeding regimen3 interactions

were significant

Stage of heat treatment

4 d of 7 d of
Feeding regimen Prior to heat heat treatment heat treatment

ALF 3,149a 2,318a,b 1,177b

F80 2,834 1,640 1,647
F60 2,814 2,703 2,573
F40 2,622 2,019 1,957

a,bMeans within a row-subgroup with no common letters differ sig-
nificantly (P ≤ 0.05).

1Antibody titers were measured by ELISA.
2From Days 35 to 41, all chicks were exposed to 38 ± 1 C temperatures

for 2 h/d.
3All chicks were fed ad libitum (ALF) from hatch to Day 3. On Day

4, 5, and 6, some chicks were subjected to F80, F60, and F40: F80 = 80%
feed restriction, F60 = 60% feed restriction, and F40 = 40% feed restriction.
Pooled SEM = 177.66.
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TABLE 5. Mean heterophil to lymphocyte ratios where stage of
heat treatment1 by early feeding regimen2 interactions

were significant

Stage of heat treatment

4 d of 7 d of
Feeding regimen Prior to heat heat treatment heat treatment

ALF 0.35y 0.66a,x 0.76a,x

F80 0.38z 0.64a,y 0.73a,x

F60 0.35y 0.55b,x 0.57b,x

F40 0.34y 0.61ab,x 0.66ab,x

a,bMeans within a column-subgroup with no common letters differ
significantly (P ≤ 0.05).

x–zMeans within a row-subgroup with no common letters differ sig-
nificantly (P ≤ 0.05).

1From Days 35 to 41, all chicks were exposed 38 ± 1 C temperatures
for 2 h/d.

2All chicks were fed ad libitum (ALF) from hatch to Day 3. On Days
4, 5, and 6, some chicks were subjected to F80, F60, and F40: F80 = 80%
feed restriction, F60 = 60% feed restriction, and F40 = 40% feed restriction.
Pooled SEM = 0.01.

of stress attributed to F60 and F40. However, this argu-
ment is weakened by the numerous reports that H/L is
a reliable indicator of stress in avian species (Gross and
Siegel, 1983; Maxwell, 1993). Second, and more likely,
following 3 d of 40% feed restriction (i.e., the time of
blood sampling for H/L), waning of the birds’ response
might have occurred. Evidence is accumulating to show
that chickens readily habituate to fasts of moderate dura-
tion (Freeman et al., 1981; Gross and Siegel, 1986; Zulkifli
et al., 1993).

The rise in total serum glucose in response to heat
treatment is consistent with earlier studies (Kutlu and
Forbes, 1993). These results are suggestive of elevated
plasma concentrations of glucocorticoids that may in-
crease catabolism of protein and fatty tissue through
gluconeogenesis (Freeman, 1971). The observed hyper-
glycemia attributed to heat stress in the present study,
however, is in disagreement with studies in mammalian
species (Alnaimy et al., 1992). The authors attributed the
decline in blood glucose concentration during heat stress
to a decrease in concentration of thyroxine, which is
closely associated with energy metabolism during heat
exposure. Consistent with the report by Zulkifli et al.
(1999), serum concentration of cholesterol declined in
response to heat stress. Increase in total body water or
decrease in acetate concentration, which is the primary
precursor for the synthesis of cholesterol (Alnaimy et
al., 1992), may account for the phenomenon.

Collectively, the data presented here suggest that the
F60 chicks were more tolerant to high ambient tempera-
tures as juveniles than were ALF, F80, and F40 chicks.
Heat-induced growth retardation, mortality, and eleva-
tion of H/L were all reduced by subjecting chicks to
60% feed restriction at 4, 5, and 6 d of age. Results of
this experiment concur with earlier findings concerning
the possibility of evoking enhanced thermotolerance by
mild feed restriction early in life (Zulkifli et al., 1994a,b).
One of the objectives of our study was to evaluate
whether the magnitude of stress perceived early in life

influences the level of tolerance to a subsequent stressor.
Although the F80 birds were feed restricted at 4, 5 and
6 d of age, there is little indication that thermotolerance
can be markedly improved by such practice. In compari-
son with their F60 counterparts, the F80 birds had sig-
nificantly higher increases in H/L, mortality rate, and
weight loss in response to heat challenge. It is interesting
to note that, although numerically higher, the H/L and
mortality rate of the heat-stressed F40 birds were not
significantly different from those of F60 birds. However,
the lack of significant differences in those parameters
among the ALF, F80, and F40 birds suggests that a more
severe feed restriction (as compared with F60) did not
enhance heat tolerance further. Hence, it appears that
the magnitude of physiological stress response experi-
enced by the chicks during the neonatal stimulation may
have a profound influence on ability to withstand high
ambient temperatures later in life. It is, therefore, con-
cluded that the alleviation of effects of heat stress on
growth, survivability, and leukocytic count through F60
is more profound than those through F80 and F40.

Sykes and Fataftah (1986) expressed doubts concern-
ing the practicality of acclimating in advance by
exposing chicks to controlled increases in environmental
temperatures. Zulkifli et al. (1994a) indicated that sub-
jecting chicks to early age feed restriction is more realistic
under practical situations than is thermal precondi-
tioning, such as rearing in open-sided houses where ma-
nipulation of house temperature is a problem. Yahav
and Plavnik (1999), however, reported that feed restric-
tion from 7 to 14 d was less effective than prestressing
with heat in improving heat tolerance in broiler chickens.
The discrepancies between these studies could stem
from the differences in the protocol of early age fasting.
The feed restriction practiced by Yahav and Plavnik
(1999) included limiting energy intake to support 50% of
normal growth rate, whereas, in the experiment reported
here, birds were subjected to 60% feed restriction based
on ad libitum intake, which may be less severe. Our data
suggest that the severity of the early age fasting may
have profound impact on the magnitude of improve-
ment in heat tolerance later in life. Another obvious
variation in the experimental design of Yahav and Plav-
nik (1999) and ours is the age of the chicks during the
onset of fasting. It has been shown that there is a possible
sensitive period for optimal neonatal stimulation, lead-
ing to improved tolerance to stress (Sapolsky, 1992; Zul-
kifli et al., 1994a,b).

The precise physiological mechanisms underpinning
the thermoregulating effects of neonatal stimulation
have yet to be determined. Some research investigating
early age thermal conditioning leading to enhanced ther-
motolerance worked on the premise that the phenome-
non is associated with a reduction in plasma triiodothy-
ronine concentration, hemodynamic changes, increases
in sensible heat loss, and efficient control of body water
economy (Yahav and Hurwitz, 1996; Yahav and Plavnik,
1999). Zulkifli et al. (1994b, 1995) indicated that neonatal
stimulation of the stress response with a mild stressor
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without concurrent increases in the synthesis and libera-
tion of corticosteroid might not aid an animal in re-
sponding to subsequent environmental insult. The au-
thors concluded that corticosterone plays a role in simul-
taneously inducing persistent modifications of the
adrenocortical function and habituation. Another possi-
ble explanation for the phenomenon is the formation
of stress-elicited or heat shock proteins that may have
considerable influence on resistance to both thermal and
non-thermal stressors (Etches et al., 1995). However, al-
though Wang and Edens (1998) indicated that early age
heat conditioning resulted in enhanced heat shock pro-
tein expression in response to subsequent thermal chal-
lenge, Yahav et al. (1997) reported otherwise. It is uncer-
tain whether or not neonatal fasting, leading to the acqui-
sition of improved heat tolerance, is elicited by these
physiological and cellular alterations. The actual under-
lying mechanisms responsible for the fasting-elicited
thermotolerance await clarification.

Although the contention concerning the physiological
and biochemical modifications involved in early age feed
restriction and thermoregulation remain unresolved, the
study reported here strengthens the notion that an ani-
mal does not always have to be preconditioned to the
same stressor for adaptation to take place (Siegel, 1995;
Zulkifli and Siegel, 1995). The phenomenon could be
partly explained by nonspecific stress responses and ac-
climation (Siegel, 1995). In his review, Siegel (1995) pre-
sented a body of evidence suggesting that acclimation
may have a profound impact on ameliorating nonspe-
cific stress reactions.

It is well documented that environmental fluctuations
leave an individual vulnerable to neuroendocrine alter-
ations, thereby hindering immunity and disease defense
(Thaxton, 1978; Kelley, 1985; Zulkifli, 1995). Zulkifli et
al. (1994a) reported that early age fasting had a negligible
effect on antibody response to sheep erythrocyte in heat-
stressed White Rocks compared with those fed ad libi-
tum. In the present study, the ND antibody values of
ALF birds declined with the number of days on heat
treatment, but this was not true for F80, F60, and F40
birds. Although there was a marked numerical differ-
ence in the ND antibody titers between ALF (n = 1,177)
and F60 (n = 2,573) chicks, statistical analysis revealed no
significant difference. These findings suggest that bird to
bird variations within group were sufficient to preclude
statistical significance.

In conclusion, under the conditions of these experi-
ment, F60 appears to be beneficial in improving growth
and survivability of female broiler chickens exposed to
heat stress later in life.
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