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Abstract
The aim of this study was to evaluate the effect of different feed restriction regimens on performance, behavioral patterns, 
blood cortisol, and carcass parameters in Sasso broilers. Sixty healthy 1-day-old unsexed Sasso chicks were randomly 
assigned to three groups (20 chicks per group) and each group was divided into 4 replicates with 5 chicks each based on feed 
restriction program during the rearing period (60 days). The first group (G1) is control in which birds were fed ad libitum had 
free access to feed (no restriction). The second group (G2) was subjected to temporary feed restriction at the first 2 weeks as 
birds had access to feed for 12 h only after that they had free access to feed until the end of the experimental period. The third 
one (G3) was subjected to continuous feed restriction as birds had free access to feed for 12 h only throughout the rearing 
periods. During the study period, growth performance and behavioral patterns were estimated. At the end of the study, blood 
samples for cortisol testing were taken. Three birds from each group were slaughtered at the end of the study to see how the 
feed restriction affected carcass parameters. Feed restriction had a substantial impact (P ≤ 0.05) on final body weight and 
carcass parameters. Feed restriction elevated blood cortisol significantly (P = 0.004). Feed restriction showed a significant 
impact on some behaviors as feeding, stretching, preening, and aggression. Overall, different feed restriction programs had 
a wide effect on growth performance, behaviors, cortisol concentration, and carcass parameters of Sasso broilers.
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Introduction

In developing countries, the poultry industry offers major 
economic, social, and cultural benefits, as well as playing 
an important role in family nutrition. The contribution of 
poultry in the world’s total animal protein production is 
40%. Broilers, like any other species, have basic needs to 
stay healthy. To express normal behavior, proper broiler 
management is needed. Broilers should be able to freely fly, 
peck, scratch, flap their wings, groom their feathers, rest, 
and sleep (Dawkins 2003). Local breeds are closely linked 
to the environment and contribute to the maintenance of bio-
diversity and successful agricultural production, particularly 

in deprived areas, so using them as an alternative system in 
the poultry industry has significant advantages (Franco et al. 
2012). Fast-growing poultry with high feed conversion rates 
have had negative consequences for health, meat quality, 
and welfare (da Silva et al. 2017; Hartcher and Lum 2020), 
slower-growing broilers in comparison to fast-growing 
meat poultry hybrids are thought to suffer from less physi-
cal weaknesses and health issues (Bergmann et al. 2017).

Feed restriction (FR) is one of many factors that affect 
broiler welfare by inducing stress, which is manifested as 
an increase in plasma corticosterone (Hocking et al. 1996, 
1997; De Jong et al. 2002). Some quantitative or qualita-
tive approaches may be used to apply FR. Quantitative FR 
refers to reducing the amount of nutritious feed provided; 
qualitative feed restriction, on the other hand, is achieved 
by lowering the energy content in a given amount of feed 
(Sandilands et al. 2006). In this way, the amount of feed 
provided can be increased without increasing total energy 
(Savory et al. 1996; Nielsen et al. 2011). Birds may eat the 
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same amount of food despite being restricted at feeding time 
(Azis et al. 2019).

The benefits of feed restriction in broilers include avoid-
ing rapid growth and problems such as poor reproductive 
performance, lameness, ascites, and mortality (Mench 2002; 
Tolkamp et al. 2005), while the disadvantages include feel-
ing hungry and changes in normal chicken behaviors such 
as increased aggression, pecking the feeders, drinkers and 
litter, running, and over-drinking (Hocking et al. 1997). In 
fact, FR increases crop size and storage capacity (Svihus 
et al. 2013), as well as changing bird feeding habits, result-
ing in an increase in feed intake (FI) just before the feed 
deprivation phase begins (Shynkaruk et al. 2019). There 
have been few previous studies and reports on the effect of 
feed restriction especially period of restriction (restriction 
time) on Sasso broilers. Hence, this study was conducted 
to assess the effect of different feed restriction routines on 
growth performance, blood cortisol, carcass parameters, and 
a wide range of behaviors of Sasso broilers.

Materials and methods

The research procedures were carried out in accordance with 
the standards for the treatment and use of animals at Benha 
University’s College of Veterinary Medicine.

Birds and management

A total of 60 healthy unsexed 1-day-old Sasso chicks with 
an average body weight of 37 ± 2.12 g were purchased from 
a private farm in Kalyobiya province, Egypt. The chicks 
were housed in 3 symmetrical pens, each with a surface 
area of about 2  m2. The chicks were received at a house 
that had been previously prepared; the floor had been cov-
ered with a layer of wood shaving (10 cm) and the pens had 
been warmed to 33 °C, then gradually decreased to 30 °C, 
with relative humidity ranging from 50 to 70% during the 
experimental phase. Trough feeders and handbell drinkers 
were used to provide feed and water 24 h before the chicks 
arrived. From 1 to 21 days old, a starter diet (23% CP and 
2988 kcal/kg ME) was given, followed by a grower diet 
(21% CP and 3083 kcal/kg ME) from 22 to 42 days old, 
and finally a finisher diet (19% CP and 3200 kcal/kg ME) 
from 43 to 60 days old. The content of the diet is shown in 
Table 1.

Experimental design

The chicks were allocated randomly to three groups (20 
chicks each) and each group was divided into 4 replicates 
with 5 chicks each based on feed restriction program dur-
ing the rearing period (60 days), the chicks were identified 

using a permanent color marker. The first group (G1) had 
free access to feed for 24 h throughout the rearing period 
(no restriction). The second group (G2) was subjected to 
temporary feed restriction within the first 2 weeks of rear-
ing period in which birds had access to feed for 12 h only 
from 8.00 am to 8.00 pm then the feeders were removed 
from the pen until the next day. After 2 weeks, the birds had 
free access to feed for 24 h until the end of the experimental 
period. The third one (G3) was subjected to continuous feed 
restriction as birds were fed for 12 h only from 8.00 am to 
8.00 pm throughout the rearing period.

Growth performance parameters

The average body weight was recorded at the beginning of 
the study. To check the effect of treatments on birds’ body 
weight, birds were weighed every 2 weeks until the end of 
the study using a digital balance.

Behavioral observation

Behavioral patterns were recorded 3 times per week. Each 
group was observed for 1 day weekly, 3 times per day at 
8.00–9.00 am, 12.00–1.00 noon, and 5.00–6.00 pm. Each 
bird’s behavioral patterns frequency was observed by focal 
observation for 3 min with a total time of observation of 
9 min. All observations were carried out by one observer 
who was present at all measurement points in the experi-
ment. As feed restriction mainly affected the ingestive 
behavior and welfare-related behaviors. The most recorded 
behaviors were feeding, drinking, resting, stretching, preen-
ing, and aggression as shown in Table 2.

Blood sampling and hormonal analysis

To check the effect of feed restriction on blood hormones, 
at the end of the study, three birds from each group were 
selected at random for blood samples to test cortisol as a 
stress indicator. 3 mL of blood from each bird was collected 

Table 1  The content of diets

Nutrient Starter 
(1–21 days)

Grower 
(22–42 days)

Finisher 
(43–
60 days)

Metabolizable 
energy (kcal/kg)

2988 3083 3200

Crude protein% 23 21 19
Calcium% 1.1 1.2 1.2
Phosphorus% 0.45 0.5 0.5
Crude fat% 3.5 4 4
Lysine% 1.25 1.20 1.15
Methionine% 0.55 0.5 0.5
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from the wing vein between 9.00 and 10.00 am in a clean 
sterilized labeled tube and centrifuged at 3000  rpm for 
10 min. The serum was separated and kept at − 20 °C until 
analysis by ELISA using (Cortisol II, cobas®) kits.

Slaughtering and carcass parameters

At the end of the study, three birds from each group were 
randomly chosen, weighted, and slaughtered. The slaugh-
tered birds were immersed in hot water to facilitate feather 
removal; feathers were removed manually. The head, neck, 
legs, and wings were removed. The internal organs and fat 
were removed; the rest of the body was defined as carcass. 
Crop, gizzard, and intestine were evacuated. The carcass 
weight was recorded also internal organs (heart, lung, liver, 
spleen, crop, gizzard, and intestine) and fat weights were 
measured.

Statistical analysis

The SPSS software version 22 was used to analyze the data. 
Growth performance, cortisol concentration, and carcass 
parameters data were analyzed using analysis of variance 
(Anova). There was no effect of day times on behaviors so 
this factor was ignored. The normality of the data distribu-
tion was evaluated by a Shapiro–Wilk test.

Behavioral data was analyzed using analysis of variance 
(Anova). Means and standard error means were used to 

present the data. P ≤ 0.05 was used to declare the data to 
be different.

Results

Growth performance

As expected, feed restriction significantly affected the body 
weight of broilers as group 3 in which birds were subjected 
to continuous restriction showed the lowest body weight dur-
ing the different weeks of the study. Temporary feed restric-
tion did not have any adverse effect on the body weight of 
birds in advanced age as birds showed the highest body 
weight from the 6th week until the end of the study followed 
by the control group and third group respectively (Table 3).

Behavioral patterns

Behavioral data as affected by feed restriction are shown 
in Table 4. The frequency of feeding behavior was higher 
in the continuous feed restriction group than in the other 
two groups (P = 0.001). In contrast, this group showed 
lower resting frequency than the second and control group 
respectively (P = 0.02). The high incidence of stretching 
was observed in group 2 followed by group 3 and control 

Table 2  Description of behavioral patterns

Behavior Description

Feeding Bird putting its beak inside the feeder, pecking, and 
ingestion of food after its provision

Drinking Bird touching the drinker with its beak and raising 
its head

Resting Lying or sitting down
Stretching Wing or leg stretch
Preening Bird is using its beak to clean its feather
Aggression Birds pecking each other

Table 3  Body weight of Sasso 
broilers as affected by feed 
restriction

Least square means (± SE) with different superscript letters in the same row are significantly different at 
P ≤ 0.05

Body weight (g) Feed restriction

G1 G2 G3 P value

BW0 39.50 ± 2.00 36.00 ± 2.00 35.00 ± 2.00 0.3
BW2 230.50 ± 12.04 206.00 ± 12.04 194.00 ± 12.04 0.1
BW4 781.00 ± 47.77a 706.00 ± 47.77ab 608.50 ± 47.77b 0.05
BW6 1335 ± 72.96a 1519 ± 72.96a 1048 ± 72.96b  < 0.001
BW8 2093 ± 151.15a 2138 ± 151.15a 1424 ± 151.15b 0.004

Table 4  Behavioral patterns frequency of Sasso broilers as affected 
by feed restriction

Least square means (± SE) with different superscript letters in the 
same row are significantly different at P ≤ 0.05

Behavior 
frequency

Feed restriction

G1 G2 G3 P value

Feeding 1.76 ± 0.08ab 1.63 ± 0.08b 1.94 ± 0.07a 0.001
Drinking 1.70 ± 0.07 1.60 ± 0.07 1.57 ± 0.07 0.4
Resting 1.40 ± 0.20a 1.60 ± 0.17a 1.00 ± 0.18b 0.02
Stretching 1.25 ± 0.12b 1.67 ± 0.10a 1.36 ± 0.13ab 0.002
Preening 1.55 ± 0.24b 2.10 ± 0.21ab 2.32 ± 0.21a 0.01
Aggression 1.00 ± 0.30c 2.33 ± 0.23a 1.37 ± 0.19bc  < 0.001
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one (P = 0.002), while birds in group 3 showed the high-
est incidence of preening. Feed restriction significantly 
affected aggression as the highest frequency of aggression 
was recorded in group 2 which was subjected to temporary 
feed restriction than the continuous feed restriction group 
while the lowest frequency was observed in the control 
group (P < 0.001). Feed restriction had no significant effect 
on the drinking behavior of broilers.

Cortisol concentration

Feed restriction affected significantly blood cortisol concen-
tration at the end of the trial as the average cortisol concen-
tration was 0.20 ± 0.01, 0.25 ± 0.01, and 0.29 ± 0.01 μg/dL 
for the first, second, and third group respectively (P = 0.004) 
(Table 5).

Carcass parameters

Compared to control and temporary feed restriction groups, 
the third group in which birds were subjected to continuous 
feed restriction showed the lowest slaughter, carcass, organs, 
and fat weight (Table 6).

Discussion

Growth performance

It was clear that there was a significant effect of continuous 
feed restriction in the body weight of birds as birds which 

subjected to feed restriction throughout the study period 
showed the lowest body weight unlike birds which subjected 
to early feed restriction for 2 weeks recorded the highest 
final body weight. The negative effect of continuous feed 
restriction on body weight may be attributed to the reduc-
tion of feed intake when feed supply was limited during the 
restricted time. The current result agrees with (Azis et al. 
2019) who recorded the same effect of feed restriction on 
Lohmann broilers as broilers that had a free access to feed 
for 12 h daily for 35 days showed the lowest body weight 
comparing to other groups. Cobb broilers body weight was 
reduced as a result of feed restriction both in terms of quan-
tity and time (Butzen et al. 2013). In the same line to the 
current findings, meal-time feeding restriction for 45 days 
in Ross-308 chicks resulted in lower final body weight than 
the control group fed ad libitum (Konca et al. 2008). In con-
trast, birds subjected to feed restriction in the age between 
4 and 11 days showed the lowest final body weight (Acar 
et al. 1995).

Behavioral patterns

The frequency of feeding behavior was higher in the con-
tinuous feed-restricted group than the other two groups. 
This may be attributed to feed-restricted birds which 
learn to adjust their feeding habits by increasing feed 
intake frequency because of feed restriction adaptation. 
Broilers will be able to forecast when a feed deficit will 
occur (Fondevila et al. 2020). The same findings of feed 
restriction effect of feeding behaviors of broilers were 
observed by (Aranibar et al. 2020; Trocino et al. 2020; 
Yan et al. 2021). The control group had the highest inci-
dence of drinking behavior, followed by the temporary 
feed-restricted group, and then the continuous feed limited 
group, albeit this difference was not significant because the 
water was always available to all three groups. Unlike Yan 
et al. (2021) who recorded a higher frequency of drink-
ing behavior in feed-restricted birds (P < 0.05). Resting or 
lying down was affected significantly by feed restriction as 
the lowest frequency of lying was recorded in continuously 

Table 5  Effect of feed restriction on blood Cortisol of Sasso broilers

Least square means (± SE) with different superscript letters in the 
same row are significantly different at P ≤ 0.05

Hormone Feed restriction

G1 G2 G3 P value

Cortisol (μg/dL) 0.20 ± 0.01b 0.25 ± 0.01ab 0.29 ± 0.01a 0.004

Table 6  Effect of feed 
restriction on carcass 
parameters of Sasso broilers

Least square means (± SE) with different superscript letters in the same row are significantly different at 
P ≤ 0.05

Carcass parameters Feed restriction

G1 G2 G3 P value

Slaughter weight (g) 2503 ± 167.05a 2593 ± 167.05a 1437 ± 167.05b 0.005
Carcass weight (g) 2253 ± 167.05a 2343 ± 167.05a 1187 ± 167.05b 0.005
Organ’s weight (heart, lung, liver, 

spleen, crop, gizzard, and intestine) 
(g)

350.33 ± 25.58a 346.66 ± 25.58a 190.33 ± 25.58b 0.007

Fat weight (g) 325.33 ± 21.18a 358.60 ± 21.18a 130.33 ± 21.18b 0.001
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feed-restricted birds as they consumed more time in feed-
ing and exploration activity; hence, the frequency of rest-
ing was low. The current findings are in the same line 
with the observations of Trocino et al. (2020) and Yan 
et al. (2021). Comfort behaviors like stretching and preen-
ing were affected by feed restriction as the highest inci-
dence of stretching were observed in temporarily restricted 
birds followed by continuously restricted birds then the 
control birds; meanwhile, the continuously restricted 
birds showed the highest frequency of preening; these 
results propose that birds adapted to the feeding routine 
with time. The results agree with Aranibar et al. (2020). 
In contrast, Trocino et al. (2020) reported the reduction 
in comfort behaviors of birds as affected by feed restric-
tion. A previous study by Yan et al. (2021) showed that 
there was no effect of feed restriction on the comforting 
activity of birds (P > 0.05). Birds which restricted for 
2 weeks showed a higher frequency of aggression than 
continuously restricted birds and birds fed ad  libitum, 
respectively. This result may be attributed to the fighting 
actions that occurred around the feeders in the restricted 
groups because of overcrowding; these findings are con-
trary to Trocino et al. (2020) who stated that when birds 
were restricted, they did not show any aggressive behavior 
between each other.

Cortisol concentration

At the end of the study, it was clear that cortisol concen-
tration was significantly affected by feed restriction. The 
increase of blood cortisol in feed-restricted birds may be 
attributed to the persistent feeling of stress due to feed 
shortage. However, this result was preliminary as the num-
ber of samples was small and, in the future, work these 
findings will be confirmed by using a wide range of sam-
ples. One of the stress factors that affect plasma biochemi-
cal parameters is dietary restriction. Stress and welfare 
status of birds can be evaluated by many indicators; cor-
ticosterone is one of them. Previous work on quantitative 
feed restriction in birds revealed the same results as the 
current work concerning feed restriction time. Corticos-
terone in feces of feed-restricted birds was higher than 
ad libitum birds (13.6 vs. 12.2 ng/g) (Trocino et al. 2020); 
the same effect of feed restriction was reported by Yan 
et al. (2021). Quantitative feed restriction causes symp-
toms of stress, such as elevated plasma corticosterone lev-
els in broiler chickens (Hocking et al. 1996; Savory et al. 
1996; Rajman et al. 2006). The current study revealed that 
as the feed restriction time increased cortisol level elevated 
in the blood. The current result agrees with Sherif and 
Mansour (2019) who found that with restricted feed intake 
of Cobb-500 broilers at levels of 20, 25, 30, 35, and 40%, 

the corticosterone concentration increased compared to 
birds fed on basal diet. Unlike the current result, ad libitum 
fed birds showed a higher plasma corticosterone concen-
tration than early-age feed-restricted birds as reported by 
Al-Aqil et al. (2009).

Carcass parameters

The findings of the current study clearly indicate that con-
tinuous feed restriction routine affected significantly car-
cass parameters included slaughter, carcass, organs, and fat 
weight. Sasso broilers subjected to continuous feed restric-
tion showed the lowest carcass parameters comparing to 
other treatments; this finding of carcass parameters is cor-
related with the effect of continuous feed restriction on the 
final body weight of birds. As a result of feed restriction, the 
fat content was reduced due to fat mobilization for energy 
supply and by increasing the duration of feed restriction, the 
fat content of the carcass decreased (Omosebi et al. 2014). 
In the same line with the present study, Saleh et al. (2005) 
discovered that feed restriction decreased the carcass percent 
of broilers significantly. Furthermore, feed-restricted broilers 
had much lower heart weight than those on a normal diet 
(Onbaşılar et al. 2009). Lower carcass fat content due to feed 
restriction was previously reported by Cabel and Waldroup 
(1990), unlike the current result, carcass composition did not 
change as affected by feed restriction (Summers et al. 1990; 
Jones and Farrell 1992; Bortoluzzi et al. 2013).

Conclusion

It is concluded that continuous feed restriction throughout 
the rearing period decreased the bodyweight of Sasso broil-
ers with a chronic stress effect. Also, continuous feed restric-
tion had an adverse effect on carcass parameters. Temporary 
feed restriction for 2 weeks at early life is recommended as 
it does not have any adverse effect on final body weight, 
resting, comfort behavior, and carcass parameters of grow-
ing Sasso broilers plus it saves the rearing cost of birds. In 
future work, more blood samples and more birds will be 
slaughtered; also, some health parameters like pododerma-
titis and hock burn will be estimated to confirm the effect of 
feed restriction on Sasso broilers.
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