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Abstract: The objective of the current study was to evaluate the effect of feeding time restriction in alternate
day on performance and Heterophil to Lymphocyte (H/L) ratios as indices stress of broiler chickens. A total
180 seven day-old unsexed broiler chicks were randomly allocated to three treatments: chicks fed ad libitum
(P-0); chicks had free access to feed from 07:00 to 09:00, 12:00 to 13:00 and 17:00 to 18:00 (P-1) and from
07:00 to 09:00 and 17:00 to 18:00 (P-2). The feeding time restriction was given at 7, 9, 11, 13, 15, 17, 19 and
21 days of age and chicks was access feed ad libitum on alternate days (8, 10, 12, 14, 16, 18 and 20 days
of age). The chicks were fed ad libitum during 22 to 42 days of age. Body weight gain, feed intake and feed
conversion ratio in feed restricted broilers were lower (p<0.05) than ad libitum broilers during 7 to 21 days
of age. There were significantly increases heterophil and Heterophil/Lymphocyte (H/L) ratio. During
realimentation period from 22 to 42 days of age, there were no statistically significant differences between
feed restricted and ad libitum broilers on performance and differential leucocyte count. It was concluded that
although feeding time restriction led to induce stress during starter periods, but there were not influenced
on the performance and differential leucocyte cells of broilers during realimentation periods.
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INTRODUCTION
Continuous genetic selection and improvement in
nutrition have led to a very fast growth rate in modern
broiler chicken strains. The early-life fast growth rate is
accompanied by a number of problem, such as
incidence of metabolic disorders and incidence of
skeletal diseases (Julian, 1993; Olkowski et al., 2008).
For these reason, early-life fast growth rate of broiler has
been blamed for welfare concerns and then the broiler
industry has attempted to find the solutions to these
concerns. Thus numerous researches have been
conducted to find the appropriate ways of solutions such
as controlling feed intake by ways of controlling optimal
growth rate. In particular, feed restriction in broiler has
been commonly adopted to control body weight,
metabolic disorder and reduce mortality. Several
researches has shown that chickens subjected to feed
restriction for short periods during the early growth
phase show improvement of feed efficiency and reach
normal weight to that chickens fed ad libitum at market
weight (Zubair and Leeson, 1994; Tolkamp et al., 2005;
Zhan et al., 2007). A number of variations of feed
restriction including limiting the time of daily access to
feed (Khetani et al., 2009; Onbasilar et al., 2009;
Mohebodini et al., 2009) and skip-a-day feed removal
(Khajali et al., 2007; Benyi et al., 2009; Ghazanfari et al.,
2010), have been evaluated but results have been
conflicting (Navidshad et al., 2006; Cornejo et al., 2007;
Khetani et al., 2009; Ghazanfari et al., 2010). Such
inconsistencies may relate to different feeding strategies
applied which may affect the birds’ response.

Time feeding restriction is a feed restriction schedule
which chicks have daily free access to feed in specific
time. A number of variations on this ways have been
evaluated, ranging from the removal of feed for up to 8
hours a day, allowing birds to feed only once/hour and
feeding once every other day (Demir et al., 2004; El-Fiky
et al., 2008; Benyi et al., 2009, 2010; Boostani et al.,
2010; Saffar and Khajali, 2010). However, Mohebodini et
al. (2009) reported that although intermittent feeding
through free access to feed during four periods of 2
hours (06:00-08:00, 12:00-14:00, 18:00-20:00 and
00:00-02:00) from 7-21 days of age had lower on body
weight gain than control (436,3 vs 495,3 g), but had no
effect on weight gain during refeeding from 22 to 42 days
of age. That might be due to the lower intensity of early
feed restriction. However, Khetani et al. (2009)
concluded that feed restriction by limiting the time to eat
was not successful.
Duration of feed restriction to broiler chickens has now
become an important issue of animal welfare because
feed restriction can act as a stressor on the animal. The
main welfare problems of broiler are related to the
severe feed restriction method. 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 expression of their
genetic potential. Indicator that can be used to identify
symptoms of stress through changes in differential of
leucocyte with increasing heterophil and lymphocyte
ratios (Gross and Siegel, 1983, 1986; Maxwell, 1993). It
has been demonstrated that Heterophil to Lymphocyte
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(H/L) ratios in the blood are elevated in feed restricted 2001). Data were presented as mean±std. The
birds up to 16 weeks of age but that a certain amount of
adaptation occurs to feed restriction (Maxwell et al.,
1990, 1992; Hocking et al., 1993).
Meal feeding has been used and shown to be an
effective feed restriction program in broiler production.
The advantage of meal feeding compared to skip-a-day
feed restriction program is that it is less stressful
(Susbilla et al., 2003). Meal feeding through feeding time
restriction is an alternative of feed restriction that is mild
and easily applied. There is a little information available
concerning on growth performance and profile
Heterophil to Lymphocyte (H/L) ratios of broiler chickens
subjected feeding time restriction. Therefore, the aim of
this study was evaluate the effect of feeding time
restriction in alternate day on performance and profile
Heterophil to Lymphocyte (H/L) ratios as indices stress
of broiler chickens.

MATERIALS AND METHODS
Chickens and experimental design: A total of 180 seven
days old unsexed commercial broiler chicks strain
Lohmann were randomly allotted to 18 cages (100 x 100
x 60 cm) with wire floor. The 18 cages of experimental
unit were divided into 3 treatments with 6 replicate cages
of 10 chicks each per cage. The cages were located in
a conventional open-sided house with natural cyclic
temperatures (minimum, 20°C; maximum, 34°C). A
Completely Randomized Design (CRD) was used to
evaluate 3 different treatments, included: chicks fed ad
libitum as control (P-0); chicks had free access to feed
from 07:00 to 09:00, 12:00 to 13:00 and 17:00 to 18:00
(P-1) and from 07:00 to 09:00 and 17:00 to 18:00 (P-2).
The feeding time restriction was given at age 7, 9, 11,
13, 15, 17, 19 and 21 days and chicks had access to
feed ad libitum on alternate days at age 8, 10, 12, 14, 16,
18 and 20 days. The chicks were fed ad libitum
(realimentation period) during 22 to 42 days of age. All
chicks were fed standard broiler starter crumble (21%
CP) and finisher pellet (19% CP) diets from 1 to 21 and
22 to 42 days, respectively. Water was available at all
times. The chicks were reared under continuous
lighting.

Blood sampling: At 21 and 42 days of age, direct blood
smears were taken from 2 chicks by a wing vein of each
unit cage. The smears were stained using May-
Grunwald-Giemsa stain and heterophils and
lymphocytes were counted to a total of 60 cells (Gross
and Siegel, 1983).

Variables measure and statistical analysis: Variables
measured included feed intake, body weight and
differential leucocyte cells (heterophil and lymphocyte).
All data were analyzed based on a completely
randomized  design  using  SAS software (SAS Institute,

significant differences between treatment means were
determined by Duncan’s multiple range test. All
statements of significance are based on testing at
p<0.05.

RESULTS AND DISCUSSION
Growth performance: The response of performance of
broilers to early feeding time restriction is presented in
Table 1. Body weight gain, feed intake and feed
conversion ratio in feed restricted broilers were
significantly lower (p<0.05) than ad libitum broilers
during 7 to 21 days of age. These finding indicated that
feed restriction during the starter period resulted in
decrease of feed intake and subsequently in reduce of
body weight gain. Feed restricted broilers in P-1 and P-2
had about 6.50 and 10.93% less body weight and also,
consumed 15.54 and 19.98% less feed, respectively.
The reduction in body weight was obviously due to
reduced feed intake as feed intake was partially or
completely ceased. However, these study indicate that
the feeding time restriction could improve feed efficiency.
Improvements in feed utilization have also been reported
that fed intermittently had better feed efficiency than
those given fed ad libitum (Svihus et al., 2010). During
realimentation period from 22 to 42 days of age, there
were no statistically significant differences between
feed-restricted and ad libitum broilers when body
weight, weight gain, feed intake and feed conversion
ratio were determined at 42 days of age. Although feed
restriction was applied on the hatching day, near full
recovery was attained. That might be due to the lower
intensity of early feed restriction. The restricted broilers
were able to adapt quite quickly to feeding time
restriction, as indicated by the similar body weight gain
as ad libitum fed birds after an adaptation period and no
significant reduction in body weight at the termination of
the experiment. Feed intake in the compensatory growth
period (22-42 days) did not differ between the ad libitum
and feed restricted groups. This implies that catch-up
growth occurred by improved feed efficiency in birds
experienced feed restriction. In other words, catch-up
growth was not achieved by enhanced feed
consumption. The reductions in body weight as affected
by the feed restriction programs overcame by the end of
experiment indicating a successful catch-up growth
occurred. Saffar and Khajali (2010) reported that meal
feeding for a week by allowing birds to feed in two 4 h
intervals was reduced about 20.8% in body weigh
relative to the full-fed control but retarded growth caught
up to 42 days of age. Khetani et al. (2009) studied the
effect of limited time feeding on growth performance of
broiler chickens and found that body weight at 42 days of
age, weight gain, feed intake and feed conversion ratio
were not affected by treatment. These results are similar
with previous reports (Zhan et al., 2007; Mohebodini et
al., 2009).
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Table 1: Mean (±std) body weight gain, feed intake and feed conversion ratio in broiler chicken subjected to feeding time restriction
Treatments
-----------------------------------------------------------------------------------------------------------------------

Performance P-0 P-1 P-2
Body weight (g/chick)
7 d 124.35±1.02 123.99±1.12 123.59±0.95
21 d 702.93±59.97 657.25±35.16 626.13±11.36a ab b

42 d 1807.11±99.97 1783.52±62.22 1765.22±72.65
Body weight gain (g/chick)
7 to 21 d 578.58±59.65 533.25±34.87 507.04±16.16a ab b

22 to 42 d 1104.18±83.78 1126.27±75.98 1134.59±72.25
7 to 42 d 1682.76±108.74 1659.53±69.38 1641.63±79.52
Feed intake (g/chick)
7 to 21 d 938.41±18.74 792.61±36.10 750.94±24.75a b c

22 to 42 d 2445.59±141.81 2387.52±95.88 2519.35±218.76
7 to 42 d 3383.94±160.91 3180.18±136.69 3270.30±249.11
Feed conversion ratio (g:g)
7 to 21 d 1.62±0.20 1.49±0.12 1.48±0.15a b b

22 to 42 d 2.22±0.15 2.12±0.08 2.22±0.11
7 to 42 d 2.01±0.08 1.92±0.07 1.99±0.09

Mean within a row with no common superscripts differ at p<0.05. Chicks fed ad libitum (P-0); chicks had free access to feed from 07:00a,b

to 09:00, 12:00 to 13:00 and 17:00 to 18:00 (P-1); from 07:00 to 09:00 and 17:00 to 18:00 (P-2)  at age 7, 9, 11, 13, 15, 17, 19 and 21
days and had access feed ad libitum on alternate day at  8, 10, 12, 14, 16, 18 and 20 days of age

Table 2: Mean (±std) of heterophil, lymphocyte cells and Heterophil:Lymphocyte (H/L) ratio in broiler chicken subjected to feeding time
restriction

Treatments
-----------------------------------------------------------------------------------------------------------------------

Differential counts P-0 P-1 P-2
Heterophil (%)
21 d 27.33±1.91 44.17±2.11 53.83±3.34c b a

42 d 27.30±1.97 25.83±2.54 24.17±2.41
Lymphocyte (%)
21 d 55.17±2.41 39.00±2.52 29.50±1.71a b c

42 d 57.83±3.34 57.67±2.49 59.67±4.78
H/L ratio
21 d 0.51±0.05 1.14±0.12 1.85±0.17c b a

42 d 0.47±0.05 0.45±0.06 0.43±0.05
Mean within a row with no common superscripts differ at p<0.05. Chicks fed ad libitum (P-0); chicks had free access to feed from 07:00a,b,c

to 09:00, 12:00 to 13:00 and 17:00 to 18:00 (P-1); from 07:00 to 09:00 and 17:00 to 18:00 (P-2)  at age 7, 9, 11, 13, 15, 17, 19 and 21
days and had access feed ad libitum on alternate day at  8, 10, 12, 14, 16, 18 and 20 days of age

Differential leucocytes: Variations in the mean 10 and 14 days from 6 days of age. Heterophil cells as
differential counts of heterophil and lymphocyte at 21 a non-specific immunological defense provider and
and 42 days of age of the broilers subjected to early emergence of heterophil cells into the circulation comes
feeding time restriction are presented in Table 2. There as a consequent event to any stressful condition
were significant (p<0.05) difference between treatments (Maxwell and Robertson, 1998). These findings are in
in mean heterophil, lymphocyte and H/L ratio during feed agreement with Mahmoud and Yaseen (2005) who
restriction. Broiler chickens had free access to feed reported that broiler has a tendency to lower the
during 3 or 4 hours/day (P-2 and P-1) maintained higher physiological response to feed withdrawal subjected to
heterophil cells, lower lymphocyte cells and higher H/L six hours (10:00-16:00) three time a week until 22 days
ratio during feed restriction than broilers fed ad libitum of age. However, there were no significant differences in
(P-0). It was indicated that the early feeding time mean heterophil, lymphocyte and H/L ratio at the end
restriction applied in this study show any significant realimentation period. This finding is in accordance with
stress condition in the broilers. The present study Bratte (2011) who reported that there were no significant
confirms earlier evidence that feed restriction can induce differences between the full fed and feed restricted
stress physiologically. As measured by H/L ratio, stress groups in mean lymphocyte (40.36%) and neutrophil
responses to the feed restriction occurred at the end of (23.21%) counts at 56 days of age. Furthermore, it was
the restriction period. Maxwell et al. (1991) observed concluded that skip-a-day feed withdrawal for as much
similar changes in differential count indices in seven- as 6 days during the starter period did not induce stress
week-old broilers subjected to early feed restriction for 6, reactions in broilers at 56 days of age.
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Conclusion: The results of this study showed that Gross, W.B. and P.B. Siegel, 1983. Evaluation
although feeding time restriction can induce stress
during starter periods, but any influence was not
observed on the performance and differential leucocyte
cells of broilers during realimentation periods.
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