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ABSTRACT 

A trial was carried out to examine and evaluate the effects of early heat acclimation and different 
periods of feed restriction on growth performance, carcass characteristics, meat chemical composition and 
economic efficiency of broiler chicks reared under heat stress. Four hundred and eighty on week old Cobb500 
broiler were randomly divided into 8 treatments with 3 replicates in each with 20 broiler chicks in each 
replicate. The chicks in T1 were fed ad-libtum and served as control. Whereas, the birds in T2 were exposed to 
early heat acclimation at 7 day and other treatments (T3 to T8) were submitted to feed restriction program 
(fasting) for different periods i.e, chicks in T3, T4 and T5 were fasting for 4 hrs daily (for 1, 2 and 3 weeks, 
respectively). While, T6, T7 and T8 were fasting for 6 hrs daily (for 1, 2 and 3 weeks, respectively). After that 
all birds were fed ad-libtum up to the end of the experiment at 6 week of age. Birds were fed with starter and 
finisher diets, live body weight (LBW), body weight gain (BWG), feed intake (FI), feed conversion ratio (FCR) 
and dead birds were recorded every week. At the end of the experiment (42 day) slaughter test was performed 
and meat samples were stored until subsequent chemical analysis. Data were statistically analyzed to find out 
the effect of different treatment on growth of growing broiler chicks. The results showed that, feed restriction 
and early heat acclimation during the starter stage had a negative effect on LBW of chicks. However, at the end 
(6 week of age) T2, T3 and T4 get full catch up growth and T3 was significantly heavier in LBW and 
superpassed T1 which ate ad-libtum. Results of BWG take the same trend. Furthermore, feed restriction 
decreased significantly (P<0.05) total FI as FR duration increased, improve significantly FCR and reduced 
mortality % in FR groups (T3 to T8) in compare with T1 and T2 (which fed ad-lib.). In addition, feed restriction 
improved carcass weight, edible parts and reduced significantly abdominal fat as absolute weight and percent. 
Feed restriction application decreased significantly carcass E.E% and increase C.P and moisture % in compare 
with control. Moreover, FR decreased FI, feed cost, improve FCR, final BW and reduced morality which 
significantly increased net revenue, economic efficiency and relative economic efficiency (REE%) as compared 
with ad-libtum groups (T1 and T2). Finally, from these results it could be concluded and recommended that, 
short term of early feed restriction (for no more than two weeks) improve productive performance and economic 
efficiency of broiler chicks during hot seasons.   
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Introduction 

Broiler production in Egypt as well as in all hot regions suffers great losses every year due to the effect 
of heat stress. Heat stress is known to be one of the major problems facing broiler production in tropical and 
subtropical areas, (Yalcin, et al., 1997). Heat stress caused an increasing concern in poultry production due to 
the rapid development of poultry industry in hot climate countries and to the reduced performance of poultry 
during summer months in temperate countries (Bonnet, el al., 1997).  Furthermore, harsh environmental 
conditions result in an important economic loss for the poultry industry in tropical countries. Heat exposure 
impairs broilers performance, especially during growing and finishing periods, as their ability to dissipate heat 
decreases according to body growth. The primary consequence of heat exposure is reduction in feed intake 
(Geraert, et al., 1996), a physiological response in order to decrease metabolic heat production and to maintain 
body homeostasis (Koh and Macleod, 1999). However, heat exposure also impairs survival rate (Deaton, et al., 
1986), weight gain, and feed conversion ratio of broiler flocks (Geraert, et al., 1993, Aksit, et al., 2006), which 
have a direct impact on the profitability of this activity (Rosa, et al., 2007). Chronic heat stress occurs during the 
hot season when the maximum ambient temperature exceeds the upper critical temperature during day. The 
main effects of heat stress on broilers depends on its type where acute heat stress increase mortality rate, while 
the main effect of chronic heat stress is the reduction in productive performance of broilers (Khalifa, 1999; 
Khalifa, et al., 1999 ), negatively affect feed efficiency and carcass quality as well as health (Oskan, el al., 
2003). Moreover, chronic heat stress increases the time to reach market weight and increase mortality rate 
(Ozbey and Ozceilik, 2004), also, leading to lower efficiency and profitability of poultry meat production in hot 
climates (Geraert, et al., 1996). Fast growing broilers might have more difficulties to maintain body homeostasis 
under high environmental temperatures. To tackle with these problems (heat stress and fast growth problems) 
almost in many studies of feed restriction in broiler chickens have been impacted on feed efficiency and body 
fat deposition. Feed restriction in broilers can improve feed efficiency, reduce feed cost and mortality along with 
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the production of quality meat at cheaper rates (Zubair and Leeson, 1996; Navidshad, et al., 2006; Mahmud, 
et al., 2008). Moreover, feed restriction is becoming a common treatment employed to reduce the incidence of 
ascites in broilers under commercial conditions, which otherwise may lead to high mortality and make the 
enterprise unprofitable (Arce, et al., 1992; Acar, et al., 1995). Although early feed restriction reduces growth 
performance, compensatory growth in the refeeding period will be attained to accelerate organism growth to 
reach the weight of animals (Hornick et al., 2000; Pinheiro, et al., 2004; Zhan, et al., 2007).  

Feed restriction is practiced in broilers to induce compensatory growth, improve efficiency of feed 
utilization, and lower maintenance requirements in the grower and finisher phases (Teimouri, et al., 2005). 
The benefits of early feed restriction are the monetary savings obtained by improved feed conversion 
(Proudfoot, et al., 1983), reduced sudden death syndrome (Mollison, et al., 1984; Bhat & Banday, 2000), 
reduced death losses (Tottori, et al., 1997), reduced ascites (Arce, et al., 1992) and reduced skeletal disease 
(Robinson, et al., 1992). Also, Feed restriction during the periods of heat stress has become a common 
management practice in many broiler-producing areas (Koh and Macleod, 1999; Oskan, et al., 2003). 
Improved meat quality attracts more and more attention from consumers, and excessive fat deposition is one of 
the important factors of poor meat quality of broilers. Some studies have shown that feed restriction could 
decrease fat content and increase protein deposition in carcasses, thus resulting in the improved carcass 
composition (Jones and Farrell, 1992; Nielsen, et al., 2003). 

However, the optimum period of feed restriction has received little attention. The present study 
therefore, was planned to investigate the effect of different durations of feed restriction on productive 
performance, carcass quality and economic efficiency of broilers. Moreover, this study aimed to evaluate the 
validity of some managerial methods (early heat acclimation and different feed restriction durations) to alleviate 
the bad effects of chronic heat stress on morbidity and mortality of broilers. 

Material and Methods 
 
Site area, duration and the aim of the study: 

This present study was carried out at the Poultry Research Station, Animal Production Department, 
Faculty of Agriculture, Al-Azhar University, Nasr City, Cairo, Egypt. In order to evaluate the effect of different 
durations of feed restriction and early heat acclimation on growth performance, carcass characteristics, meat 
chemical composition and economic efficiency of broiler chicks reared under chronic heat stress during summer 
season (27- 40 oC).   
 
Birds managements, experimental design and feeding practice: 

A total number of 480 broiler Cobb500 chicks one week old were used in the present study. Chicks were 
randomly distributed into eight experimental groups each in three replicates containing 20 birds each. The 
chicks were kept under uniform environmental conditions to avoid any mortality occurred during the first week 
of age. Averages of the initial live body weight for the 8 experimental groups were apparently uniform and the 
average weights among the experimental groups were about 170.0 gm to avoid any significant variation among 
groups at the beginning of experiment. The experiment was lasted for 5 weeks during summer period and birds 
were housed on floor pens and had free access to feed and water (ad-libitum). All experimental diets were 
isocaloric, isonitrogenous and were formulated to meet the requirements of the strain. Diet specifications and 
composition analysis are given in Table (1). All birds were reared under similar managerial and hygienic 
conditions. Temperature degree, humidity percentage and temperature humidity index (THI) were recorded 
daily through the experiment period and were ranged between 27.5 to 36.5oC, 55 to 78 % and 73.6 to 79.6, 
respectively as average. 
The birds were divided randomly as mentioned above to compose 8 experimental groups, namely as follows: 
T1: Control: birds were fed ad-libitum during the experimental period. 
T2: EHA: birds were exposure to early heat acclimation (40 - 42oC) for four hours (from 11 am to 3 pm) at the 

beginning of experiment. 
T3: FR4W1: birds were fasted for 4 h. (from 10 am to 2 pm) for one week only (from 8th to 14th days of age).  
T4: FR4W2: birds were fasted for 4 h. (from 10 am to 2 pm) for two weeks (from 8th to 21st days of age).  
T5: FR4W3: birds were fasted for 4 h. (from 10 am to 2 pm) for three weeks (from 8th to 28th days of age).  
T6: FR6W1: birds were fasted for 6 h. (from 10 am to 4 pm) for one week only (from 8th to 14th days of age).  
T7: FR6W2: birds were fasted for 6 h. (from 10 am to 4 pm) for two weeks (from 8th to 21st days of age).  
T8: FR6W3: birds were fasted for 6 h. (from 10 am to 4 pm) for three weeks (from 8th to 28th days of age).  
Main Data Collection 
Environnemental data: 

Dry and wet bulb ambient temperatures were recorded to the nearest 0.01°C inside the chicken house 
using Psychrometer. Temperatures were recorded daily every 6 hours at 9 am, 3 pm, 9 pm and 3 am during the 
experimental period. The temperature-humidity index was calculated according to Tao and Xin, (2003).  
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Table 1. Composition and chemical analysis of diets of the present study fed to broiler chicks (Cobb500) during the starter and finisher 

periods. 
Ingredients Diets 

Starter   (7-28 days) Finisher ( 29-42 days) 
Ground yellow corn (8.5%). 60.41 66.45 
Soybean meal (48.0%). 22.0 18.8 
Gluten meal (60%) 12.6 8.0 
Di-Calcium phosphate (CaHPO4). 2.0 0.1 
Calcium carbonate (Caco3) 1.29 2.2 
Sodium chloride (Nacl) 0.3 0.1 
Sun flower oil - 3.4 
Pre-mix* 0.3 0.25 
DL-Methionine 0.3 0.07 
L-Lysine(Hcl). 0.3 0.03 
Anti tox. 0.3 0.3 
Anti cocci. 0.3 0.3 
Total (Kg) 100 100 
Calculated diet composition: 
Crude protein (%). 23.09 19.01 
Metabolizable energy (Kcal.ME/Kg) 3007 3236 
Lysine (%). 1.30 0.87 
Methinine %. 0.86 0.58 
Methionine + Cystine(%) 0.90 0.92 
Calcium %. 1.0 0.93 
Available phosphorus (%). 0.48 0.41 
Analyzed: 
Crude protein%. 22.96 19.00 
Crude fat %. 2.79 6.24 
Crude fiber %. 4.51 3.82 
Price of diet       (LE/kg). 2.56 2.45 
**: Mineral premix for broiler: each 3 Kilo gram contain: Fe 3000mg,  Mn 600mg, Cu 4000mg, Zn 5000mg, I 300mg, Co l00mg, and Selenium 100mg.   
Mineral premix for laying, each 3 Kilo gram contain Fe 30000mg, Mn 6000mg, Cu 40000mg, Zn 50000mg, I 300mg, Co 100mg, and Selenium l00mg. 
***Vitamin premix for broiler: each 3 Kilogram contain: vit. A 1200000IU, vit. D 2000000IU, vit. E l00000IU, vit. Bi 100mg, vit. B2 5000mg, vit. B6 
1500mg, vit. B12 10mg, Pant. acid l0000mg, Folic acid l000mg, Biotin 50mg, and niacin 30000mg.  
 
Growth performance: 

During the growing period (1 - 6 weeks) data of live body weight (LBW), body weight gain (BWG), 
feed consumption (FC) and feed conversion ratio (FCR) were collected  in all treatments at 1,2,3,4,5 and 6 
weeks of age. Mortality rate was calculated during the experimental periods as absolute number and as a percent 
of total number of birds in each group. 

 
Carcass traits and meat quality: 
Slaughter test: 
 At the end of the experimental period (6 weeks), six birds were chosen randomly from each treatment 
(3 males and 3 females) to study the effect of different treatment (heat stress, EHA and different feed restriction 
periods) during chronic heat stress on slaughter test parameters of broiler chicks. These chosen birds were 
slaughtered and used for determination of carcass weight and carcass yield without feet, head and neck. The 
dressing percentage was calculated on the basis of live body weight.  
 
Meat chemical analysis: 

Meat samples were chemically analyzed at the end of the experiment for moisture, crude protein and 
ether extract according to (AOAC, 2000). Ash content was determined by incineration at 600 oC for 8 h. 
according to the person's chemical analysis of food (Quasem, et al., 2009). 

  
Histomorphological examination:  

During the slaughter test at the end of experiment, autopsy samples were taken from the small intestine 
(jejunum) of six birds within each treatment and fixed in 10% formalin saline for twenty four hours in order to 
determine the effect of feed restriction on histomorphological investigation. Washing was done in tap water then 
serial dilutions of alcohol (methyl, ethyl and absolute ethyl) were used for dehydration. Specimens were cleared 
in Xylene embedded in paraffin at 56oC degree in hot air oven for twenty four hours. Paraffin bees wax tissue 
blocks were prepared for sectioning at 5-10 microns thickness by slidge microtome. The obtained tissue sections 
were collected on glass slides, deparaffinized, then stained by hematoxy and eosin stains and mounted in 
Canada balsam. The examination was done through the light electric microscope (Bancroft and Gamble, 
2008).Morphometric determinations were done by using an image capture and analysis system (UTHSCSA 
Image Tool for windows version 3), ten villi and villus-associated crypts were measured for each sample; villi 
height, villi width, crypt depth and muscularis thickness were measured and villi number were counted in 
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jejunum sections. Villus height was measured from the basal region, which starts at the higher portion of the 
crypts, until villus tip, whereas crypt depth was measure from the base up to the crypt-villi transition region. 
Villus volume was calculated as a cylinder from villus height and width at half height, (Carrijo, et al., 2005: and 
Uni, et al., 1995).  

 
Economic efficiency: 

The economic efficiency of the product was calculated from the money output – money input analysis 
and represented as the total cost needed to obtain one-Kilogram body weight and net revenue per unit of total 
costs under local market price conditions in Egypt and estimated as the prices found at that time. Net revenue 
was calculated by subtracting total cost from total revenue. The relative economical returns were calculated 
relative to the control group. 

 
 Statistical analysis: 

Data were subjected to analysis of variance using SPSS software program package (SPSS, 2005, 
version 16.0).  All data were analyzed based on a completely randomized design using one way ANOVA. Data 
were presented as means±SE. When the treatment effect was significant at P≤0.05, Duncan,s multiple range test 
was applied to identify significant differences among groups, (Duncan, 1955). All statements of significance are 
based on testing at p≤0.05. All obtained data were analyzed by using the following Model: Yij= M + αi + ℮ij, 
Where, Yij = is the analyzed measurement (BW, BWG, FCR, …..etc), M = is the overall mean, αi = is the effect 
of treatment (i, =1…4) and ℮ij = random residual error term. 
 
Results and Discussion 

 
Meteorological data:  

According to the Cobb management guide (2008), the optimal temperature range to raise broilers 
between 22 and 42 days of age is between 18 and 24°C. Higher temperatures could cause heat stress in broilers, 
which might generate the stimulation of thermoregulation mechanisms that nearly always impair broiler 
performance, at least partially. It has been shown that black globe humidity indexes equal or higher than 83 
correspond to heat stress in 22 to 42-day-old broilers (Valerio, et al., 2003). Heat stress has been reported to 
affect various physiological or productive parameters of birds like increase in rectal temperature (Ching and 
Ching, 1992; Deyhim and Teeter, 1994; Salvador, et al., 1999) and increase in respiration rate (Arieli, et al., 
1980; Raup and Bottje, 1990; Inoue, et al., 1995). Measures such as running automatic feeders more frequently 
or physical shaking of feeders, slow walking in the flock, continuous lighting and use of high nutrient density 
rations have been used by the farmers (Wiernusz, 1998) to combat these physiological stresses in broilers. These 
practices are supposed to enhance feed intake during summer, which may increase heat production and thus 
mortality. Feed restriction has been reported as a measure to reduce the mortality during summer (Gonzales, et 
al., 1998). Therefore, the objective may change from more weight gain to the survival of birds during the period 
of heat stress. Therefore, means of ambient temperature, relative humidity and temperature humidity index 
during the experimental period in the present study well defined in Table (2).The obtained meteorological data 
such as ambient temperature, relative humidity and temperature humidity index (THI) during the experimental 
period are presented in Table (2). 
 Table 2.Averages of ambient temperature, relative humidity and THI during the experimental period: 

Where: RH % = Relative Humidity.      Mini. = Minimum value.         Max. = Maximum value 
THI = Temperature Humidity Index, (Tao and Xin, 2003). 
THI range     < 74  No stress       (Normal)                           75 – 78 Mild stress (Alert) 
79 – 83 Moderate stress (Danger)                                          >  84 Severe stress (Fatal) 

 

Data indicates that during the period of the experiment which was lasted from June to July, birds were under 
heat stress all over the day time. Ambient temperature (Max or Mean) exceeded the upper critical temperature of 
broiler as mentioned by Yahav, et al., (1997); Cooper and Washbuml, (1998). Meanwhile, the minimum 
ambient temperature was higher than the thermoneutral zone (comfort zone) of domestic fowls (Whittow, 2000). 
Furthermore, THI tended to be higher than normal range (74) during all day times at 8 am, 2 pm, 8 pm and 2 am 

Period 

Ambient temperature (oC) 

RH % 

Temperature Humidity Index 

Mini. Max. Mean 
THI 
at 8  
am 

THI 
at 2 
pm 

THI 
at 8 pm 

THI at 
2 

am 

Mini 
THI 

Max THI 
Mean 
THI 

Week 1 26.34 34.79 28.50 51.31 77.39 79.49 73.89 76.59 70.80 79.70 76.83 
Week 2 25.70 34.44 29.13 51.57 76.61 79.16 77.37 75.56 75.90 78.70 77.17 
Week 3 27.04 36.16 30.66 49.54 77.47 81.21 79.51 77.04 77.90 79.70 78.81 
Week 4 27.37 36.51 30.77 53.36 78.66 81.49 80.74 77.19 78.20 81.10 79.53 
Wee 5 26.54 35.36 27.54 54.97 77.83 81.89 73.60 77.39 70.80 79.40 76.60 
Week 6 27.03 36.14 30.54 55.46 79.11 81.09 79.96 78.44 77.80 83.00 79.67 
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from 1 to 6 week of age. However, data of THI indicates that birds were under moderate and severe heat stress 
when maximum THI exceeded 75 and 79 respectively as suggested by (Tao and Xin, 2003). High temperature 
(35°C) and cyclic temperature (25 - 35°C) has also been reported to have adverse effect on broiler performance 
(Plavnik and Yahav, 1998; Gu et al., 1999). It can, therefore, be envisaged that the temperature and relative 
humidity during the experimental period were high enough to alter the performance of the broilers. To alleviate 
the effects of heat stress, various feeding practices, like different feed restriction periods or early heat 
acclimation during the hot summer hours may be the best technique to be used. 

 
Body weight, body weight gain, feed intake and feed conversion ratio: 

Results of Table (3) show the initial body weight (BW), final BW, body weight gain (BWG), total feed 
intake (TFI) and feed conversion ratio (FCR) of broiler chicks as affected by different treatment (early heat 
acclimation and different feed restriction periods).The results of initial BW of broiler chicks indicated that there 
was no significant (P>0.05) difference for initial BW among the experimental groups. While, at the end of 
experiment (6 week of age), the group of T3 was significantly (P<0.05) heavier in live body weight (LBW) 
compared to all other groups followed by groups of T2 and T4. This observation could be due to that this group 
was fasted for a short time (4 hrs) in the first week of experiment. On the other hand, groups of T8, T7 and T6 
were significantly (P<0.05) lower in the LBW compared to the groups mentioned above. These results could be 
attribute to that these groups were fasted for longer time than others and surely were less feed intake than others. 

 
Table 3. Initial body weight, final body weight, body weight gain, total feed intake, feed conversion ratio and mortality % during the whole 

experimental period of broiler chicks as affected by different treatment, (M±SE):  
Treatment Initial BW Final BW BWG Total FI FCR Mortality % 

T1: Control 173.25a ±2.53 
2230.63bc±32.75 

2057.38bc±52.14 4078.00a±35.01 1.98a±0.03 6.67a±1.67 

T2: EHA 172.38a±2.28 
2268.37ab±25.64 

2095.98ab±53.38 4077.67a±14.43 1.95a±0.06 3.33b±1.67 

T3: FR4W1 172.50a±2.16 
2318.19a±30.34 

2145.69a±39.34 3889.67b±49.16 1.81b±0.04 1.67c±1.67 

T4: FR4W2 172.05a±2.40 
2243.02ab±28.21 

2070.96ab±40.64 3776.00c±19.16 1.82b±0.03 0.00c±0.00 

T5: FR4W3 172.82a±1.99 
2201.56bc±27.98 

2028.74bc±19.82 3678.33c±24.17 1.81b±0.01 0.00c±0.00 

T6: FR6W1 172.42a±2.04 
2188.78bc±25.87 

2016.36bc±26.74 3648.00d±33.13 1.81b±0.02 1.67c±1.67 

T7: FR6W2 172.62a±1.74 
2152.06cd±21.83 

1979.44cd±43.93 3607.33d±16.51 1.82b±0.04 0.00c±0.00 

T8: FR6W3 173.15a±2.65 
2094.27d±32.22 

1921.12d±37.88 3436.67e±12.72 1.79c±0.03 0.00c±0.00 

Where: (M±SE) = Mean ± Standard Error 
 a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 

 
The reduction in LBW observed in this study may be due to the reduction in feed intake (Table 2) of 

those birds which were subjected to feed restriction for more hours and long time. So, these birds cannot make 
compensatory growth to achieve those restricted for short time and hours. Furthermore, severe physical feed 
restriction has led to reduce final boy weight in 42 day old rather than control birds. The reason for this situation 
are increasing severity of feed restrictions and decreasing of nutrients required for growth of chicks. The 
inability of the feed-restricted birds to recover from the earlier weight loss suggests that probably the duration of 
restriction (21 days) was too long and hence the period of realimentation (14 days) was not long enough to allow 
for complete recovery of body weight loss. In this study, the realimentation period was 14 days compared with 
periods of 33 or more days used in some previous studies. It is very interesting to notice that from the previous 
results, exposure birds of T2 to early heat acclimation at the 7th day of age positively affected their LBW and 
superpassed T1 at the end of the experiment. Also, feed restriction for 4hrs for no more than 2 weeks improved 
the final LBW at 6 week of age compared to the control group as shown in T3 and T4. Up on these results it can 
be said that applied feed restriction for long time (T8, T7 and T6) decreased LBW but it is resulted in these birds 
were less in total feed intake and feed conversion were also improved compared to control group as shown in 
Table (1) disregard to the LBW. Submitted broiler chicks to different feed restriction periods at early and mid-
ages of life negatively affect live body weight. The reduction in LBW during earlier stage of life could be 
attributed to feed restriction and its durations. Such changes may be reflecting to the lack of nutrients for cell 
synthesis in the feed absence (Pinchasov and Noy, 1993; Makled, et al., 2012). Also, it could reflect changes in 
the pattern of circulating hormones such as insulin and growth hormone, that may result from pulsate feed 
intake (Su, et al., 1999).  

On the other hand, the chronic heat stress significantly decreased protein digestion (Zuprizal, et al, 
1993), and also decreased the feed digestibility of the different components of the diet such as dry matter, 
protein, fats and starch (Bonnet, et al., 1997).  Furthermore, according to these results, it can be explained that 
the ability of the digestive tract to respond to changes in physiological needs has been demonstrated in birds 
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(Dykstra and Karasov, 1992; Biviano, et al., 1993), mainly with respect to nutrient absorption and organ 
structure. In fact, birds subjected to feed restriction increased intestinal absorption, and the gastrointestinal tract 
organs seemed to be spared the effect of restriction on weight that affects other organs and the body weight. 
These responses depend on animal age and on the duration of the restriction period (Casirola, et al., 1997; 
Ferraris, et al., 2001; Pinheiro, et al., 2004).The results of BWG displayed that T3 recorded significantly (P≤ 
0.05) the best in BWG compared to other groups. Whereas, there were no significant differences found between 
T1, T2, T3, T4, T5 and T6 in BWG. On contrast, group of T8 was significantly (P > 0.05) the lowest in BWG. 
Moreover, it is clear to know that the results of BWG took the same trend of final BW for all treatments. This 
depressed in growth by limiting feed times may be compensated for upon refeeding (McGovern, et al., 1999; 
Taylor, et al., 2002). The obtained results of TFI revealed that groups of T1 and T2 were significantly (P≤0.05) 
higher in the TFI as compared to the other groups.  Whereas, the rest of treatment groups showed also 
significantly (P≤0.05) gradually decrease in TFI compared to control group. In addition, the group of T8 was 
significantly the lowest in the TFI compared with all other groups in this study. Also, the feed consumption 
decreased with increasing feed restriction periods. Increasing of severity of feed restriction has led to reduce 
feed intake significantly (p<0.01). In this respect, Leeson, et al., (1992) reported   that   feed   consumption   is 
depressed in hot environment in order to reduce the metabolic rate and hens body heat load. There was a 1.5% 
reduction in appetite for each 1°C rise between 21 and 30°C and about 4.6% per degree rise between 32 and 
38°C in layers. High environmental temperature stimulates the peripheral thermal receptors to transmit 
suppressive nerve impulse to the appetite centre in the hypothalamus causing the decrease in feed consumption. 
Thus fewer substrates become available for enzymatic activities, hormone synthesis and heat production, which 
minimize thermal load (Leeson, et al., 1992; Al-Fataftah and Abu-Dieyeh, 2007). These results are in agreement 
with Camacho, et al., (2004) and Zhan, et al., (2007). Several researchers have observed a higher FI by control 
birds compared to restricted groups (Benyi, et al., 2010; Lanhui, et al., 2011) 

Regarding the FCR, the achieved results detected that treated broiler chicks with feed restriction for 
different periods led to improve FCR of all treated groups as compared with control or early heat acclimation 
(EHA) groups. The results observed that there was no significant difference between control group (T1) and 
EHA (T2) in FCR but T1 was numerically worst in FCR than T2. While, T1 and T2 were significantly (P<0.05) 
lower (worst) in FCR compared to all other FR groups. This could be due to the fact that birds exposed to high 
temperature divert part of their production energy to maintain internal thermal homeostasis and show some 
physiological response such as panting, (Giviez, et al., 1999 and Yahav, 2000). But the utilization of food was 
numerical better in EHA group than heat stressed group (T1). These results are in agreement with those obtained 
by Yahav and Hurwitz, (1996).  

On the other hand, there were no significant differences in FCR among groups of T3, T4, T5, T6, and 
T7.  Furthermore, group of T8 was significantly (P<0.05) the best (higher) group in FCR compared to all other 
groups. In general, the results of feed restriction of this study clearly indecate that birds subjected to different 
FR periods consumed less feed than birds exposed to EHA (T2) and ad-libtium birds (T1) then the feed 
consumption decreased with increasing feed restriction periods. Also, from these results it can be said that feed 
restriction obviously decreased total feed intake and body weight gain of feed restricted chicks during the 
experiment especially with severe or intensive feed restriction treatments. It is widely accepted that 
compensatory growth occurs so that chicks reach a normal weight particularly with those birds exposed to less 
intensive feed restriction.  

In addition, these results may be due to the fact that feed restriction improves feed efficiency in 
chickens which could be attributed to reduced overall maintenance requirements caused by a transient decrease 
in basal metabolic rate. Especially, when birds are subjected to early feed restriction they exhibit slow growth 
followed by a period of rapid growth and weight gain as they approach market weight to compensate for the 
delayed growth during early restriction period (Urdaneta-Rincon and Leeson; 2002; Gous and Cherry, 2004). 
This translates into reduced maintenance requirements and improved feed utilization potential by birds due to 
smaller body weights (Lippens, et al., 2000).  

Also, Abdel-Fattah, et al., (2003) and Novel, et al., (2009) indicated that feed restriction programs 
improve feed efficiency and allowing full body weight recovery has been attributed to a number of factors such 
as reduced of maintenance metabolizable energy requirements related to lower body weight and metabolic and 
digestive adaptation. Moreover, Su et al., (1999); Abdel-Fattah et al., (2003); Novel et al., (2009) showed a 
significant improvement was recorded in feed conversion rate with feed restriction compared with those of the 
full feeding (control). 

 
Mortality rate: 

The results of mortality rate % of birds as affected by experimental treatments are presented in table (1) 
and demonstrated that a number of birds died during the growing period differ significantly (P<0.05) between 
groups. Control group (T1) recorded the highest value of mortality 6.67 % followed by EHA group (T2) which 
listed 3.33% mortality. While, FR groups recorded lower mortality rate % without any significant differences 
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among them. In spite of, both T3 and T6 which listed a 1.67% as mortality rate comparing with other FR groups 
(T4, T5, T6, T7 and T8) which recorded 0 % of mortality. These results demonstrated that T4, T5, T7 and T8 
had 100% livability compared with all other groups including control one.The acquired results of mortality rate 
may be referred to the fact that feed restriction reduced mortality as it slows down fast growth. This could be 
attributed to the development of a more compact body that impedes disease infection (Tumova, 1993).  These 
results are agreement with those recorded by Tottori, et al., (1997) who stated that broiler performance with 
restricted feeding was better than those of full feeding as a result of improvements in viability. Quantitative feed 
restriction significantly (P≤0.05) lowered mortality rate and better livability of broiler chicks compared with ad- 
libitum group.These results can be interpreted by that high mortality of broilers in hot environments might be 
due to inefficient evaporative cooling which lead to accumulation of heat inside the body. This accumulation of 
heat caused continues increase in the body temperature until it reached the lethal level, where birds die from 
heat prostration or exhaustion. This heat prostration death might be due to cardiovascular failure or adrenal 
cortical insufficiency or imbalance of ions (sodium, chloride, potassium, calcium, phosphate, sulfate and 
magnesium) in the blood ((Deaton, el al., 1984; Al-Fataftah and Abu-Dieyeh, 2007).  

In explanation of these results it might be due to the reduction of mortality rate indicates that feed 
restriction reduces the effect of heat stress on broiler performance. Survivability was associated with lower feed 
consumption and body weight which was associated with lower metabolic heat production throughout the 
experimental period, which reduces the susceptibility or sensibility to heat stress. The increase in heat tolerance 
might be due to a decrease in heat production as a result of decreased feed consumption (Li, et al., 1992; 
Wiernusz and Teeter, 1996; Abu-Dieyeh, 2006b). It's well known that fasting inhibited hypotension and 
elevations in cytokine concentrations, reducing the mortality rate (Kobayashi, et al., 2007). Moreover, fasting 
inhibited the elevation of coagulation parameters.  Also, Lien, et al. (2008) indicated that metabolic and total 
mortality of broiler decreased, when restricted compared with birds fed ad- libitum.  

Carcass traits and meat quality:   
Absolute and relative weight of carcass characteristics: 
 The results of the effect early heat acclimation and different feed restriction periods on carcass 
characteristics of broiler chicks are given in Table (4). Results show the absolute weight (g) and relative to live 
body weight (%) of carcass traits at the end of experimental period. Concerning the carcass traits, the results in 
Table (4) indicated that there was a significant difference (P<0.05) observed in absolute weight of all carcass 
traits in all treatments. The results of the LBW in Table (4) show that T3 and T6 were recorded highest LBW 
but not significant with all treated group include control one except T8.  Group of T8 had significantly (P<0.05) 
the lowest LBW compared to all other groups of study. Same trend was noticed with the results of the carcass 
weight, where group of T3 registered the highest carcass weight compared to all other groups and there was no 
significant differences were noticed among T1 till T7. However, T8 was significantly (P<0.05) lower in the 
carcass weight compared to all other groups in this study. This indicates that early feed restriction tended to 
increase the yield of muscle during the refeeding period (Zhan et al., 2007).Giblets weight was significantly 
(P<0.05) higher in T1 compared with T8 but there were no significant differences between groups T2 until T7. 
Control group was significantly (P<0.05) higher in gizzard weight while groups T4 and T7 were significantly 
(P<0.05) lower in the same traits.  Liver and heart weights was take same trends in the weight where T1 was 
recorded a significantly (P<0.05) higher in liver and heart weights while T8 was significantly (P<0.05) lower in 
the same traits compared to control group. Also, it is observed that liver and heart weights reduced as the period 
of FR increased. This reduction in liver weight of FR groups may be referred to that liver was less in fat content 
compared with other groups. The reduction noticed in gizzard, liver and heart weights could be attributed to 
decreased metabolic function due to decreased feed intake (Onwurah and Okejim, 2012). Also, these findings 
agree with those reported by Palo, et al., (1995) who found that restricted feeding affect the relative weight of 
liver. 
 
Table 4. Live body weight, absolute and relative body parts and organs of broiler chicks as affected by different treatment, (M±SE):   

Treatment 
LBW 

g 
Carcass 

(g) 
Carcass 

(%) 
Gizzard 

% 
Liver 

% 
Heart 

% 
Giblets 

% 
Edi. parts 

% 
Abd. fat 

g 
Abd. fat 

% 

T1: Control 2240.0ab±41.31 1538.1ab±30.66 68.69ab±0.93 1.58a±0.10 2.41a±0.22 0.41a±0.01 4.37a±0.27 73.05a±0.84 46.3a±1.99 2.05a±0.13 
T2: EHA 2285.0ab±59.54 1563.0ab±35.12 68.44ab±0.54 1.37ab±0.08 2.15ab±0.10 0.40a±0.01 3.87ab±0.07 72.31a±0.55 42.6ab±2.43 1.82ab±0.09 

T3: FR4W1 2363.3a±55.40 1621.0a±37.00 68.60ab±0.27 1.37ab±0.06 2.16ab±0.09 0.39ab±0.03 3.92ab±0.15 72.52a±0.31 37.6bc±2.33 1.54bc±0.12 

T4: FR4W2 2285.0ab±42.37 1566.8ab±29.96 68.58ab±0.33 1.30b±0.04 2.25a±0.14 0.38ab±0.02 3.88ab±0.12 72.46a±0.35 35.8c±1.54 1.55bc±0.11 

T5: FR4W3 2241.6ab±48.63 1564.3ab±39.05 69.76a±0.52 1.41ab±0.09 1.95b±0.09 0.35b±0.02 3.77b±0.04 73.54a±0.49 34.0cd±1.81 1.37c±0.08 

T6: FR6W1 2297.5a±62.71 1555.3ab±36.81 67.73b±0.67 1.37ab±0.07 2.40a±0.14 0.37ab±0.02 4.17ab±0.21 71.91a±0.62 33.1cd±2.41 1.47bc±0.08 

T7: FR6W2 2221.6ab±34.15 1533.3ab±31.87 68.98ab±0.40 1.30b±0.07 2.26a±0.14 0.37ab±0.02 3.94ab±0.20 72.92a±0.43 33.3cd±1.65 1.42bc±0.09 

T8: FR6W3 2135.8c±38.48 1468.3b±23.84 68.77ab±0.39 1.44ab±0.12 2.15ab±0.12 0.34b±0.03 3.97ab±0.17 72.73a±0.41 28.8d±2.30 1.26c±0.10 

 
Regarding the edible parts, the T3 was the highest in the weight of edible parts but not differ 

significantly with other groups except T8 which showed the lowest edible parts. The significant (P<0.05) 
difference was noted between group of T3 and T8 only in this traits. These results indicated that increased 
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severe FR led to decrease in the edible part weights as noticed in T7 and T8 while light or mild FR increased the 
edible part weights as shown in groups of T3, T4, T5 and T6.  Inedible part weights noted to be higher in T3, 
T6, T2 and T4 and lower in T7, T5 and T8. These findings might be due to that LBW of these groups were 
heavier than the other.  

It is very interesting to know that abdominal fat weights were significantly (P<0.05) reduced as the FR 
periods increased. Group of T1 had significantly (P<0.05) higher absolute weight of abdominal fat compared 
with all other groups except EHA group. The abdominal fats could be reduced by restricting the quantity of diet 
offered to broiler chicks.  These results may be due to the effects of feed restriction on fat deposition and a 
corresponding metabolic shift in nutrient partitioning (Fontana, et al., 1993). Another explanation of these 
results might be due to that fat mobilization for energy supply, and abdominal fat might be mobilized more 
easily during a fasting period (Nielsen, et al., 2003; Zhan, et al., 2007). In this area of study, it can show that the 
lower fat deposition in broilers reared at high environmental temperature is due decrease in lipoprotein lipase 
enzyme activity in the birds adipose tissue. This enzyme is responsible for fatty acids release from lipoproteins 
and incorporation in adipocytes and feed restriction reduced abdominal fat deposition (Faria, et al., 2005; 
Oyedeji and Atteh, 2005; Ghazanfari, et al., 2010).These results may encourage the researchers and poultry 
breeders to produce chicken less in fat for older people and heart patients. This point needs more investigations 
specially the results of EE in meat, liver and total lipids in blood (data not shown) have motion in the same 
direction. Upon this side of results, it can concluded that T1 (ad-libtium group) recorded the highest values of 
absolute weight of giblets, gizzard, liver, heart and abdominal fat. It is worthy to note that feed restriction 
system decrease significantly absolute weight of abdominal fat and liver fat in comparison with control group 
(T1, ad-libtium feeding). Furthermore, feed restricted groups which achieved full catch up growth (T3) recorded 
high values of absolute weight of live body weight, carcass and edible parts.   

Results expressed in Table (4) represent the relative weight (%) of carcass traits in different treated 
groups of broiler chicken. The results offer that there were significant differences observed among the 
experimental groups for all traits in relative weight of live body weight, carcass, giblets, gizzard, liver, heart and 
abdominal fat. It is appeared that T1 recorded the significant (P<0.05) higher values in giblets, gizzard, liver, 
heart and abdominal fat compared with birds exposed to feed restriction (T3 to T8) and early heat acclimation 
(EHA) group (T2). Furthermore, the abdominal fat percentage indicated that there was a progressive (P<0.05) 
decrease for abdominal fat % deposited in the body due to using feed restriction system. So, it is noted that 
broilers undergoing a period of feed restriction showed reduced carcass fat at the end of experiment. In the 
present study (Table 4) abdominal fat percent of restricted birds at 42 of age was significantly (p<0.05) lower 
than of control birds. On the other side, there was no significant difference observed in the relative weight of 
edible parts between all treatments.  

These results mean that feed restriction induced a significant decrease in absolute and relative weight 
of abdominal fat than ad-libtium birds (control and early heat acclimated group). These results might be due to 
that early feed restriction may reduce adipocyte hyperplasia (Hassanabadi and Moghaddam, 2006). Cherry, et 
al., (1984) concluded that although hyperplasia proceeds during periods of nutrient restriction, the adipocytes 
remain smaller. Similarly Rosebrough, et al., (1986) observed reductions in both liver size and lipogenrsis in 12 
day-old birds subjected to feed restriction from 6 to 12 days. The significantly lower relative weights of the 
giblets, gizzard, liver, heart and abdominal fat of broilers could be attributed to the stress responses of the birds. 
In general, regression of some organs (e.g., the liver) is recognized as an important response of chickens to 
chronic stress (Ozkan, et al., 2006).The insignificant effect of feed restriction on dressing % could be attributed 
to the similarity of live body weight among different treatments. (Saleh, 1992) found that, there was a strong 
relationship between live body weight and carcass weight (r=0.98) and between carcass weight and dressing 
percentage (r=0.33). The present results are in agreement with those found by El-Sagheer and Makled, (2005a). 
They showed that no significant differences in carcass weight and dressing percentage among all restricted 
groups compared with control groups. Also, these findings agree with those reported by Palo, et al., (1995), 
Saleh, et al., (1996) and Nematallah, et al., (2003) who indicated that restricted feeding did not affect the 
carcass characteristics and the relative weights of different organs, except that of the relative weight of liver. 
Attia, et al. (1995a), Saleh, et al. (1996) and El-Fiky, et al., (2008) who found that liver percentage was affected 
by feed restriction. The significantly higher deposition of abdominal fat in control birds over those of FR groups 
was to be expected and agree with an earlier observation reported by Nielsen, et al., (2003), Zhan, et al., (2007).  

Carcass chemical compositions:  
 Results of chemical composition of carcass including moisture, dry matter, crude protein (C.P), ether 
extract (E.E) and ash are illustrated in Table (5).  As presented in Table (5) the results indicate that moisture, dry 
matter, C.P and E.E contents in carcass were significantly affected by exposing birds to different treatment of 
FR. Whereas, moisture % tended to be higher in feed restricted groups (T3, T4, T5, T6, T7 and T8) followed by 
EHA group (T2) as compared with the control group (T1) which recorded the lowest value of moisture % 
(66.79) and higher value of the dry matter % while group of T4 recorded the highest value in moisture % and 
lower value in the dry matter %. The increase in moisture percent in carcass of treated group may reflect the 
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ability of these carcasses on holding water (water holding capacity) which is one of the very important 
measurements for meat quality. So, increment in moisture % may play an important role and help in food 
industry processes. In this context, it is interesting to note that water loss reduces the meat nutritional value 
because some nutrients may be lost in the exudates, resulting in a meat less tender and worst in flavor (Pelicano, 
et al., 2003).Concerning C.P content as % in carcass the analysis of variance indicated that there was a 
progressive increase in the C.P in broiler meat due to exposure birds to feed restriction. Whereas, T8 which 
submitted to severe FR recorded significantly (P<0.05) the highest value of C.P (21.20%) followed by T7, T6, 
T5, T4 and T3 in comparison with control birds (18.78%). It seems that the increase in carcass crude protein 
percentage in feed restricted groups and EHA groups was due to the decreasing of lipogenesis and increasing 
protein synthesis in treatments under feed restrictions (Sahraei and Hadloo, 2012). In this point of the present 
study, it can be said that the rate of protein accretion is always a balance between breakdown and synthesis. The 
reduction in protein accretion under conditions of chronic heat stress may be due to the rate of protein synthesis 
is more greatly affected than the rate of protein breakdown (Temin, et al., 1999; 2000a; 2000b). Protein 
synthesis was reduced more in the breast muscle (-35%) than in the leg muscles (-20%); this may be related to 
the more glycolytic metabolism of the breast muscle and the more oxidative metabolism of the leg muscles 
(Temin, et al., 1999). It has been suggested that energy for protein synthesis at the molecular level may be 
limited at high temperatures; glucose supplementation has been shown to improve growth rate at high ambient 
temperatures (Hayashi, et al., 2001). 
 
 Table 5. Meat chemical composition of broiler chicks as affected by different treatment, (M±SE): 

Treatment Moisture Crud protein % Ether extract% Ash % 

T1: Control 66.79b±0.66 18.78c±0.52 10.90a±0.88 1.46a±0.09 

T2: EHA 67.82ab±0.60 19.50ab±0.60 9.72a±0.67 1.54a±0.08 
T3: FR4W1 68.12ab±0.75 19.76ab±0.64 8.57ab±1.01 1.55a±0.10 
T4: FR4W2 69.47a±0.30 20.05ab±0.49 7.76b±0.67 1.55a±0.05 
T5: FR4W3 68.55ab±0.88 20.72a±0.46 7.57c±0.94 1.56a±0.08 
T6: FR6W1 67.88ab±0.82 20.49a±0.52 8.40b±0.92 1.71a±0.12 
T7: FR6W2 67.64ab±0.81 21.10a±0.76 8.18b±0.69 1.63a±0.12 
T8: FR6W3 68.00ab±0.37 21.20a±0.50 7.49c±0.49 1.75a±0.07 

Where: (M±SE) = Mean ± Standard Error 
 a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 

 
Results of EE% exhibited that T1 had significantly (P<0.05) higher group in E.E content followed by 

descending order in T2 then FR groups (T3 to T8) which recorded the significantly (P<0.05) lower values of 
E.E contents. These findings may be due to that feed restricted and EHA groups caused a significant reduction 
in carcass fat weights as shown in Table (4). Thus, reflect the lower E.E % observed in EHA and FR groups 
compared to control group as presented in Table (5). On the other side, there was no significant (P>0.05) 
difference in ash % of carcass between different groups. But it seemed to be lower in control group T1 followed 
by T2 then FR groups (T3 to T8). These results indicated that feed restriction caused significant decrease in 
ether extract (body fat content) which reflect an increase in other body chemical composition as percentage of 
body weight (specially C.P protein content).  

It is very interesting to notice that using different feed restriction programs with broiler chicks was 
successful method to increase the C.P % and decrease the E.E contents in carcass which related to human health. 
These findings may be attributed to that; the major fuels of muscle are glucose, fatty acids, and ketone bodies 
(Kokta, et al., 2004). Fatty acids in muscle are derived from plasma free fatty acid circulating triglyceride and 
endogenously stored i.m. triglyceride (Cortright, et al., 1997). Also, fatty acids tended to be transferred from 
abdomen to intramuscle, causing increased levels of i.m. lipid deposition. This became a major energy provider 
for muscle during the feed-restricted period (Zhan, et al., 2007). The results are consistent with Lamosova et al.( 
2004) who indicated that short term fasting affected mainly lipid metabolism. Food deprivation causes an 
increased lipolysis simultaneously with lowered lipogenesis during the first 48 hrs of fasting. Also Hassanabadi 
and Nassiri, (2006) found that carcass fat content reduced in restricted birds compared with those fed ad-libtium.   

Regarding to ash % in broiler carcass as affected by heat stress, EHA and DFR methods, the obtained 
results show no significant effects of these treatments observed on the ash % of carcass. Nevertheless, there was 
a numerical increase in ash % of FR groups as the FR period increased even with EHA group. The increases 
were more clear in groups T6, T7 and T8 but differences were not significant. The increments occurred in ash% 
of FR groups may refer to increased bone mineral density in these groups however the mechanism is not clear to 
understand and there are no reports in the literature to explain this situation. But, it is likely that there are other 
factors could be affect ash% of carcass. In general, feed restriction increased ash content of meat. During feed 
restriction, broilers consume less protein than the control as feed intake was less in FR groups compared to 
control group. Lower protein consumption may improve mineral metabolism. This hypothesis was based on the 
finding of Hulan, et al., (1980) who found that lower protein consumption would reduce leg abnormality. From 



976 
Middle East J. Appl. Sci.., 4(4): 967-982, 2014 

 
the findings of Robinson, et al., (1992) also showed that lowering growth at early age would allow the bone to 
grow faster at optimum rate.  
 
Histomorphological examination of jejunum:  

Effects of early heat acclimation and different feed restriction periods on histomorphological 
parameters examination such as villi numbers, villi height, villi width, villi space, crypt depth, villi height: crypt 
depth ratio (VH: CD) and muscular layer are given in Table (6). Results of villi numbers showed no significant 
differences observed between all groups. However, it is noticed that all treated groups were numerically higher 
in villi numbers compared to control group. The obtained results of villi height showed significantly (P<0.05) 
increased trend in treated groups as feed restriction period increased. Furthermore, group T8 recorded 
significantly (P<0.05) higher in villi height compared with control and other groups.On contrary, results of villi 
width were significantly (P<0.05) reduced as FR period increased compared to control group.  Results of villi 
space reveled that groups of T5 and T8 showed higher villi space compared to other groups while T3 and T2 
had significantly lower villi space compared to control group. The trend of villi space in this study tends to be 
unclear. Crypt depth in this experiment was significantly (P<0.05) increased as FR period increased compared 
with control group. Both of control and EHA groups recorded significantly (P<0.05) the lowest value of crypt 
depth compared to other groups. Concerning to the results of VH: CD ratio, both of T4 and T8 had significantly 
(P<0.05) lower in VH: CD ratio compared to control and other groups and there were no significant differences 
found between other groups in the same traits. 

  
Table 6.  Histomorphological examination of intestine of broiler chicks as affected by different treatment 

      Parameter  
Treatment 

No. of villi 
Villi height 

(μm) 
Villi width 

(μm) 
Villi space 

(mm2) 
Crypt depth 

(μm) 
VH:CD 

ratio 
Muscular 
layer (μm) 

T1: Control 51.4 a±1.69 355.2 f±10.6 44.6 a±1.4 16.03 ab±0.80 49.0c±1.7 7.43 a±0.26 55.2 d±1.63 

T2: EHA 54.8 a±2.08 363.2 de±4.3 42.4 ab±1.8 15.36 bc±0.64 50.1c±1.6 7.48 a±0.25 55.6 d±1.21 
T3: FR4W1 56.0 a±2.45 366.4 de±5.5 38.1 c±1.4 13.90 c±0.50 53.8 b±1.7 7.11 a±0.34 60.0 c±1.40 
T4: FR4W2 56.6 a±2.64 375.3 cd±4.4 41.9 abc±1.2 15.76 ab±0.53 54.6 b±1.6 6.94 b±0.15 64.1 bc±1.37 

T5: FR4W3 53.2 a±1.02 406.7ab±5.3 42.9 ab±1.4 17.41 a±0.55 54.2 b±1.2 7.62 a±0.18 61.9 c±2.64 

T6: FR6W1 53.4 a±1.36 391.7 bc±3.9 40.8 abc±1.0 15.96 ab±0.42 52.4 bc±1.2 7.61 a±0.20 53.6 d±1.04 
T7: FR6W2 55.4 a±1.21 417.6 a±7.2 39.4 bc±1.2 16.63 ab±0.69 61.3 a±2.4 7.12 a±0.28 67.5 b±1.24 
T8: FR6W3 54.4 a±1.25 420.5 a±3.7 41.7 abc±1.0 17.57 a±0.48 61.8 a±1.5 6.79 b±0.14 73.0 a±1.56 

 
On the other hand, muscular layer was significantly (P<0.05) increased (thick) as FR period increased 

except T6 compared to control group. Group of T1, T2 and T6 showed significantly (P<0.05) lower (thin) 
muscular layer compared to other groups.  These results indicate that the thin layers of circular muscular layer 
may lead to be easier to transport of feed elements (nutrients absorption) from intestinal tract to blood stream 
than thick layers which were appeared in the heavier body weights of treated groups than the other. Thick layers 
of circular muscular observed in broiler chicks had less feed intake and less body weight.These results may 
reflect that feed restriction improved the rate of metabolism for the treated groups' more than untreated one via 
the increase the villi height. This increment in villi height may cause increase nutrients absorption due to 
increase of intestinal surface area for absorption (Ribeiro, et al., 2007). The histomorphological changes in the 
intestine of broiler chicks reported in the present study provide new information regarding the potential for 
using different FR with broiler diets. Increasing the villi height suggests an increased surface area capable of 
greater absorption of available nutrients (Caspary, 1992; Ribeiro, et al., 2007). The villi crypt is considered as 
the villi factory and deeper crypts indicate fast tissue turnover to permit renewal of the villi as needed in 
response to normal sloughing or inflammation from pathogens or their toxins and high demands for tissue 
(Yason, et al., 1987; Anonymous, 1999). The intestinal epithelial cells originating in the crypt migrate along the 
villi surface upward to the villi tip and are extruded into the intestinal lumen within 48 to 96 h (Imondi and Bird, 
1966; Potten, 1998). A shortening of the villi and deeper crypts may lead to poor nutrient absorption, increased 
secretion in the gastrointestinal tract, and lower performance (Xu, et al., 2003).In contrast, increases in the villi 
height and villi height:crypt depth ratio are directly correlated with increased epithelial cell turnover (Fan, et al., 
1997), and longer villi are associated with activated cell mitosis (Samanya and Yamauchi, 2002). In this context 
Dibner, et al., (1996), Geyra, et al., (2001) reported that feed nutrients are essential for mucosa metabolism. 
Since water restriction leads to a feed restriction, a decrease nutrient supply to the intestine is expected. Villi 
height is associated with a larger absorptive surface due to the higher number of enterocytes capable of 
absorbing nutrients (Geyra, et al., 2001). 

 
Economic efficiency   

The impact of early heat acclimation and different feed restriction periods on the economic efficiency 
of broiler chicks in this study are displayed in Table (7). Regarding to the economic point of view, it is clearly 
that using quantitative feed restriction was useful method to decrease feed intake significantly during the 
growing period. As a result of that feed cost during growing period decrease significantly (Table 7). Where, T1 
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and T2 had the highest FI and cost of feed followed by descending values from T3 to T8 which submitted to 
different FR periods. Thus it can be emphasized that feed restriction was efficient method to reduce costs of the 
feeding in broiler and subsequently decrease the total cost which take the same trend of FI. By subtracting total 
revenue from total cost to get net revenue, the results found that net revenue and economic efficiency were 
significantly different between treated groups. Where, feed restricted group T3 offered the highest economic 
efficiency values compared with other groups followed by T4, T5, T6, T7, T8 and T2 compared with the control 
group, respectively.  

In addition, in case of comparing relative economic efficiency (%) for feed restriction groups (T3 to 
T8) with control group (T1), results of relative economical efficiency (REE) % indicate that T3 was the best 
treatment (133.84) followed by T6, T4, T5, T7 and T8 and T2 (early heat acclimation recorded the lowest 
(107.56) in comparison with control groups. Also, the results indicate that all feed restriction groups from T3 to 
T8 gave better REE than the control. This improvement in REE could be due to the reduce in the total feed 
costs.  The total cost of diet / bird was decreased significantly (P<0.05) with increasing feed deprivation (ad 
libitum vs. fasting 4 or 6 hours/day). These results agree with Attia, et al., (1991) who reported that early feed 
restriction had been credited with improved feed efficiency in broilers. 

Net revenue/bird was significantly influenced as a result of the positive effect of feed restriction on the 
total cost of feed/bird. These results could be attributed to the significant effect of feed restriction on LBW of 
birds due to reduce the total feed cost performed to broiler chicks. In addition to, usage of these methods of 
regime were associated with no mortalities. These results are agreement with those recorded by Tottori, et al. 
(1997), who stated that economic performance with restriction feeding was better than that with full feeding as a 
result of improvements in viability and feed conversion rates. Also, El-Sagheer and Makled, (2005 a, b) found 
that, all restricted groups of broiler chicks (3, 6, or 9 hours fasting/day from 2 to 7 weeks of age) had better net 
revenue/bird and economical efficiency compared with ad libitum control group. Similarly, Novel, et al., (2009) 
suggested that feed restriction may offer some economic advantage over ad-libitum feeding regimen. 

Finally, it can be concluded that these results may reflect better economic efficiency for broiler chicks 
that exposed to FR methods than those exposed to EHA or ad-libtium feeding method. Also, these interesting 
results are useful and can be applied in broiler farms to reduce the total cost and increase the profit of broiler 
breeders. 
 
Table 7. Economic efficiency of broiler chicks as affected by different treatment, (M±SE):  

                         
                       Treatment 
  Item 
 

T1:  Control T2: EHA T3:   FR4W1 T4:   FR4W2 T5:   FR4W3 T6:   FR6W1 T7:   FR6W2 T8:   FR6W3 

Total  feed intake (g) 4078.0a±35.0 4077.6a±14.4 3889.6b±49.1 3776.0c±19.1 3678.3c±24.1 3648.0d±33.1 3607.3d±16.5 3436.67c±12.7 
Price of feed/Kg (L.E) 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75 
Cost  of   feed intake  (L.E) 15.29a±0.13 15.29a±0.05 14.58b±0.18 14.16c±0.07 13.79d±0.09 13.68d±0.12 13.52d±0.06 12.88c±0.04 
Fixed Cost (Chick + management) (L.E) 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
Total cost (L.E)  20.29a±0.13 20.29a±0.05 19.59b±0.18 19.16c±0.07 18.79d±0.09 18.68d±0.12 18.53d±0.06 17.89e±0.05 
Body weight( kg) 2.23ab±0.05 2.27ab±0.05 2.31a±0.04 2.25ab±0.02 2.20abc±0.03 2.19abc±0.04 2.15bc±0.04 2.09c±0.02 
Price of meat/kg (L.E) 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 
Total price of market meat (L.E) 26.76ab±0.62 27.24ab±0.64 27.78a±0.48 26.94ab±0.51 26.41abc±0.23 26.27abc±0.31 25.82bc±0.45 25.13c±0.54 
Net revenue (L.E) 6.47b±0.49 6.95ab±0.69 8.19a±0.51 7.78ab±0.42 7.62ab±0.15 7.59ab±0.26 7.30ab±0.53 7.24ab±0.41 
Economic  efficiency 0.32c±0.02 0.34bc±0.03 0.43a±0.02 0.41ab±0.02 0.41ab±0.01 0.41ab±0.01 0.40ab±0.02 0.39ab±0.01 
Relative E.E   % 100.00c 107.56bc 133.84a 127.46ab 127.17ab 127.60ab 125.87ab 123.27ab 

Where: (M±SE) = Mean ± Standard Error 

 a,b,c and d = Means within the same row  with different superscripts are significantly different (P<0.05). 

 

Conclusion and Recommendations  

Early feed restriction is usually practiced to reduce feed intake and improve feed conversion ratio of 
broiler chicken, reduce abdominal fat and reduce production cost. In our study, results showed that, exposed 
broiler chicks to different periods of feed restriction and early heat acclimation during the starter stage had a 
negative effect on LBW of chicks at early ages. But at the end (6 weeks of age) T2, T3 and T4 get full catch up 
growth and T3 was significantly heavier in LBW and superpassed T1 which ate ad-libtum. Results of BWG take 
the same trend. Further, feed restriction decreased significantly (P<0.05) total FI as FR duration increased, 
improve significantly FCR and reduced mortality % in FR groups in compare with control group (which fed ad-
lib.). In addition, feed restriction improved carcass weight, edible parts and reduced significantly abdominal fat 
weight and percent. Feed restriction application decreased significantly carcass E.E% and increase C.P and 
moisture % in compare with T1. Moreover, FR decreased FI, feed cost, improve FCR, final BW and reduced 
morality which significantly increased net revenue, economic efficiency and relative economic efficiency 
(REE%) in compare with ad-libtum groups (T1 and T2).  It is clear that physical feed restriction programs by 
time can be used as management tools to reduce the mortality rate and improve productive performance and 
economic efficiency of broiler Cobb500 without damaging in the final performance. Finally, from these results it 
could be concluded and recommended that, short term of early feed restriction improve productive performance, 
livability, carcass quality and economic efficiency of broiler chicks during hot seasons.   
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