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Abstract 

 

Broiler Performance in Different Rearing Systems 

 

Three experiments were conducted in this study: 

         The first experiment: conducted to detect the effect of different lighting systems and 

feed form under lighting systems on broiler performance: 3* 2 factorial experiment was 

carried out using 300 broiler chicks divided randomly into 3 groups, each one of them 

exposed to different lighting system (continuous, intermittent, and restricted lighting systems, 

respectively) and under each lighting system two feed forms (pelleted and mashed) were used 

for feeding broilers in two separated sub groups.  

       The second experiment: conducted to detect the effect of air speed on broiler 

performance 200 broiler chicks were used and divided randomly into two groups equal in 

size. The first group was exposed to air speed at 1-4 m/min and the second was exposed to air 

speed at 180 m/min at temperature of 25 -30 °C.  

       The third experiment: conducted to detect the effect of early thermal conditioning on 

performance and induction of thermotolerance, as 100 broiler birds were used and divided 

randomly into 4 groups equal in size the first not treated by any early thermal conditioning, 

2nd; 3rd; 4th exposed to early thermal conditioning at 1
st
- 2

nd
; 3

rd
- 4

th
 and 5

th
- 6

th
 days old 

respectively at 39±1 °C. By the age of 32 day old all groups were exposed to heat stress at 

38±1 °C for 10 hours.  

      The results of the experiments reviled that: intermittent lighting system increased the 

performance parameters, produced good quality carcasses, decreases leg disorders, and 

decreasing the stress on broiler. Pelleted ration increased the broiler performance, carcass 

quality especially under the intermittent lighting system. Moreover, the high air speed in 

horizontal manner increases the broiler performance in worm months. Early thermal 

conditioning of broiler chicks induced the thermotolerance in birds and increased their 

performance.  
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Introduction 

                

              The shortage of animal protein available will occur soon in the future, 

which will result in more economical and social retardation in the developing 

countries. So, malnutrition and deficiency diseases will become more obvious 

problems in the world. Improvement of the poultry industry is considered as 

one of the main solutions for such problems. This explains the great expansion 

of poultry production in last few decades, in order to overcome the animal 

protein shortage.  

               Broiler birds considered as one of the most important solution for 

shortage of animal protein in most of developing countries. Producers try to 

increase their efforts for increasing broilers production, and this can be 

achieved via increasing of broiler performance, as well as increasing of the 

numbers of broiler farms. 

               Improving the performance of broiler flocks is the main aim of both 

modern and developing countries, in order to increase their economical 

progress and maximize their total profit income. Rearing system is the main 

factor that affects broilers performance, that the rearing system achieves high 

welfare will increase broiler's performance (Sanotra et al., 2002).  

           The fast growth is considered as one of the main stressor on broilers, as 

it leads to metabolic and skeletal defects. The researches aimed to decrease 

stress and decrease culling rates as well as improve the broilers performance 

via using different artificial lighting systems. Lighting system modification is 

used as a tool for decreasing such problems and obtaining high production that 

many researches tried to decrease the photoperiod instead of continuous 

lighting. As the light plays a vital role on the bird's life as it affects 

reproduction, hunger senses, hormonal status, as well as birds physical activity 

(Morris, 1967).  
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               Feed form affects the performance, as pelleted ration improves the 

broilers growth gain as well as decreases the feed wastage (Mc Allister et al., 

2000). Moreover it can decrease the feed costs, which  forms about (60- 70%) 

of the total costs of broilers rearing operation (Banerjee, 1988). Furthermore, 

the maintenance of good and hygienic environment (air velocity, ambient 

temperature and relative humidity) inside the broiler houses has a major 

impact on the health and performance of broiler chickens. The increase of air 

velocity in the broiler houses is needed for removal of expired fuel air and air 

pollutants as well as removal of excessive heat, which will decrease the 

humidity and improves both health and performance of broilers especially in 

tropical and subtropical areas.  

              As the heat stress produces much economical losses especially at 

tropical and subtropical climatic zones, development of the thermotolerant 

broiler birds is one of the most important needs in poultry production. Young 

age thermal conditioning is considered as an important aid to induce the 

thermotolerance in broilers to maximize the profit and minimize the losses 

during hot episodes during worm months.  

 

  The Aim of Work:- 

             This study aimed to:-  

     ● Determine the effect of different lighting systems on performance 

parameters, some immunological and haematological parameters, carcass 

quality measures, and leg disorders, as well as corticosterone level in 

broilers. 

● Determine the effect of the physical form of diet under different lighting 

systems on performance parameters, some immunological and 

haematological parameters, carcass quality measures, as well as the 

interaction between the lighting system and physical form of diet.  
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● Determine the effect of air velocity as important microclimatic factor 

under high temperature in broiler houses on performance and some 

haematological parameters of the broiler chicks. 

● Determine the effect of the early thermal conditioning of broiler chicks 

on their performance parameters as well as on hormonal response 

(corticosterone level in blood) to assess the impact and time of heat stress 

on broiler performance and responses. 
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Review of Literature 

 

1) Lighting systems and Broiler Performance 

       Visible light was just a tiny portion of the total 

electromagnetic spectrum, which includes radio waves, microwaves, x 

rays, and gamma rays. It was exhibited the character of both 

electromagnetic and particle energy. 

   Light plays a major role on the bird’s performance as it governs 

reproduction and hormonal status in birds, sense of hunger as well as 

physical activity (Morris, 1967). Moreover, Continuous lighting 

increases the hunger of broilers as well as the feed gain, but it increased 

both metabolic and leg disorders, so that it increased the culling rate in 

the broiler farms. Furthermore, both metabolic and leg disorders could 

be lessened via other lighting systems which decrease the photoperiod 

(Classen and Riddell, 1989; Classen et al., 1991 and Renden et al., 

1991). 

 

1.1. Light Intensity, Colour, and Broiler Performance 

              Wave length has a high effect on broilers, as it can alter the 

behaviour of the birds, and affects the performance of the meat 

producing birds. Moreover, it is difficult to determine the effect of the 

wave length alone. The effect of light intensity usually tended to diffuse 

with the light wave length as the wave length of blue and green colour 

usually have positive effect on the performance of the broiler, but the 

two colours have low light intensities. It is difficult to detect the 

improvement in broiler performance was due to the light colour or due 

to the low light intensities. So that, it is preferred to decrease the light 
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intensity instead of change of light colour, as the later costs more money 

(Charles, 2003). 

             Colour of light affected greatly the broiler performance. As, the 

Broilers raised under green colour were gained more weight than 

broilers raised under blue colour (Foss et al., 1972). Also, the effect of 

light intensity was more obvious on broiler performance, as well as their 

behavioural parameters. Moreover, researches indicated that broiler’s 

performance was not improved when broiler chicks were raised under 

low light intensity (Newberry et al., 1985). Furthermore, other 

researches indicated that, increase of the performance parameters of 

broilers when they were raised under low light intensities during rearing 

period especially under 5 lux of light intensity. This improvement was 

mainly due to reduction of physical activity of the broilers leading to 

less energy expenditures (Chares et al., 1992). Also, low light intensity 

associated with less walking and standing, aggression behaviour, feather 

Pecking, and cannibalism (Buyse et al., 1996 a,b). So that, most of 

lighting programs beginning with the light intensity of 20 lux for the 

first week of life, in order to help young birds to see the food and water 

and then decreased to 5 lux in the second week of life and remained  for 

the rest of the  raising period (Charles, 2003). 

 

1.2. Lighting Systems Used for Broilers:- 

  

1.2.1. Continuous Lighting System 

         Continuous lighting system for broiler consists of 23: 24 hours of 

light and 1: zero hours of dark, in order to increase the feed consumption 

and maximize the body gain (Morris, 1967). 
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1.2.2. Intermittent Lighting System 

              Intermittent lighting system composed of alternative periods of 

light with dark. This alternating effect of light and dark hours resulted in 

continuous stimulation of the birds to eat. Birds under intermittent lighting 

system eat more when the light turned on (Ohtani and Tanaka, 1998). 

Moreover, Intermittent lighting system composed of one hour of light to 

three hours of dark on the daily basis (Rahimi et al., 2005). 

 

1.2.3. Restricted Lighting System 

             Restricted lighting system used in broiler rearing, and it aimed to 

decrease the rapid growth of broilers at early stage of life, in order to get 

the chance to the bone tissue to grow well and increasing of the light hours 

till reaches to 23 hours of light at the later stage in this system, in order to 

increase of the lean tissue growth upon strong bones. Moreover, the 

restricted lighting system decreased bone disorders, and metabolic diseases 

in broiler farms via using restricted lighting system. Leg disorders, as well 

as sudden death syndrome and other metabolic diseases in the broiler farms 

considered as higher economical losses. Furthermore these problems 

resulted in large amount of culled broilers as well as increasing of 

mortalities. This system had two forms, which showed in the fallowing 

tables: 

Table (1): Three shifts restricted lighting program. 

Age of the broiler birds (day) intensity Hours of light /dark 

0-4 

4-14 

14-35 

 

20 lux 

5 lux 

5 lux 

 

24L: 0D 

16L: 8D 

22L: 2D 
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Table (2): Six sifts restricted lighting program. 

 

 (Charles, 2003).  

 

1.3. Different lighting Systems and Broiler performance 

             Light is very important management factor, it affects the broilers 

performance and efficiency of production. Moreover, it governed the 

hormonal status of the birds. In addition, there was significant positive 

relationship between light and body weight (Clegg and Sanfford, 1951 

and Deaton et al., 1970). 

 

1.3.1. Continuous Lighting System and Broiler Performance 

             Continuous lighting system results in increasing of feed intake 

(Morris, 1967), but it increases the stress in broilers as well as the plasma 

corticosteroids (corticosterone), which was indicated stress in birds. Also, 

the increasing of the adrenal gland size and elevation of the plasma free 

fatty acids were detected in broilers, which exposed to continuous lighting 

system, which also indicated stress (Freeman et al., 1981). However, 

increase of photoperiod in broiler raising led to increase the susceptibility 

Age of the broiler birds (day)    intensity Hours of light /dark 

 

0-4 

4-8 

8-15 

15-22 

22-29 

29-35 

 

20 lux 

20 lux 

5 lux 

5 lux 

5 lux 

5 lux 

 

24L: 0D 

18L: 6D 

14L: 10D 

16L: 8D 

18L: 6D 

22L: 2D 
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of these birds to metabolic diseases. Also, continuous lighting decreased 

the walking ability of broiler due to rapid increase in body weight on 

juvenile bones. Moreover, continuous lighting had a negative effect on 

performance. Furthermore, it increased the level of incidence of tibial 

dyschondrioplasia and metabolic diseases, which increased the level of 

culling in the farms (SØrensen et al., 1999). 

           Continuous lighting system for broiler chicks resulted in more 

susceptible birds to metabolic diseases, leg disorders, which were lessened 

via the decreasing of the photoperiod (Classen and Riddle, 1989). 

Moreover, metabolic disorders usually accompanied with the continuous 

lighting system (Classen et al., 1991). While, eyes of the broilers affected 

highly by the continuous lighting, as it developed a pathological problems 

to the cornea of the eye. The broilers which was not exposed to continuous 

darkness for about four hours a day at least developed in them a pronounce 

flattened of the cornea and damage of the retina which could impair the 

vision in broilers, and that had a bad effects on performance of broiler (Li 

et al., 2000). 

            Continuous lighting system affected the behaviour of broilers. 

Broilers raised under continuous lighting system became more fearful than 

others which were raised under other systems of lighting (Sanotra et al., 

2002).  

 

1.3.2. Intermittent Lighting System and Broiler Performance 

            As a normal practice, broilers grown under 23 hours of Light per day 

their feed intake was greater, therefore the growth rate was optimized. 

Moreover, feed consumption and growth rate increased via altering lighting 

schedules by either reducing of light hours or developing of intermittent 

schedules (Wilson et al., 1984). Furthermore, increase in periods of darkness 

for broilers the decrease of energy needs for maintenance (Buyse et al., 1996 
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a,b), and also the mortality specifically sudden death syndrome was tended 

to be decreased by intermittent lighting system (Blair et al., 1993 and 

Gordon and Tucker, 1997). 

             Darkness or decreased photoperiod in lighting system not only 

decreased the incidence of leg abnormalities by reducing the hours of light 

each day (Classen and Riddell, 1989 and Renden et al., 1991), but also it 

improved feed utilization, which resulted in improvement of the performance 

of broiler chicks (Blair et al., 1993; Buys et al., 1998; Apeldoorn et al., 

1999a,b).  

            The term step-down and step-up lighting programs attained 

popularity because of reduced incidence of leg abnormalities, sudden death 

syndrome, and mortality, while maintaining the same market weight 

(Classen and Riddell, 1989). Broilers under different reduced lighting 

programs reduced their feed intake so it was termed lighting restriction 

programs of lighting rearing system for broiler chicks. Moreover, the effect 

of intermittent (step-up and step-down programs) and continuous lighting on 

performance of female broilers resulted in lower cumulative feed intake and 

improved feed conversion were observed in chickens under the intermittent 

lighting program (1L: 3D from 8 to 49 days) compared with those under a 

continuous lighting schedule (23.5L: 0.5D or 23L: 1D). Furthermore, 

compensatory growth was achieved in broilers grown under the intermittent 

lighting (step-down and 1L: 3D) program to 7 weeks of age (Buyse et al., 

1994), also body weight, conversion, growth gain, as well as feed efficiency 

improved in male broiler chickens at 41 days with a light schedule from day 

7 under 1L: 3D repeated six times daily (Buyse et al., 1996).  

          Broilers learned to eat during darkness (Morris, 1986). However, 

these results were indicated that good performance of broilers under 

intermittent and/or restricted lighting system for broiler raising that it had 

the advantages of a dark period, which have great beneficial results upon 
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the birds performance, also the use of intermittent lighting programs had 

the advantage of reducing electricity costs, incidence of leg abnormalities, 

sudden death syndrome, and improving feed efficiency with no reduction 

of weight at market age. Moreover, genotype, sex, feeder space, diet 

composition, and stocking density were the main aspects which could 

interact with the lighting program (Buyse et al. 1994). Furthermore, 

intermittent lighting rearing system led to improve of performance of 

broilers. As, the intermittent lighting system result in improvement of the 

feed conversion and body gain, as well as higher metabolizability of the 

diet and lower physical activity of broilers compared to broiler reared 

under continuous lighting system, also intermittent lighting program of 

broiler rearing gets low level of the metabolic disorders, which affected the 

broilers due to the stress of fast growth gain. Also, intermittent lighting 

program decreased incidence of leg disorders, ascites, and sudden death 

syndrome, as well as increased feed conversion, and decreased of the 

abdominal fat percent which improved the carcass quality as well as the 

improvement of the performance (Rahimi et al., 2005). 

              Feed efficiency tended to be higher under the intermittent lighting 

period than others broiler kept under the continuous lighting period 

(Dorminey and Nakaue, 1977; Cave, 1985 and Deaton et al., 1981). 

Broilers raised under intermittent lighting regime showed temporary growth 

just after changing of lighting system from continuous lighting system at the 

first 5 days: 1
st
 week of life to intermittent lighting at the rest of life period, 

and also anther catch up growth afterward in the intermittent lighting  to the 

continuous lighting system (Renden et al., 1991; Buyse et al., 1996a, b and 

Ohtani and Tanaka, 1997a, b). 

    Broilers under intermittent lighting system ate more vigorously at 

the beginning of the lighting period that broiler tended to eat quickly and eat 

more amount of feed, that it was due to the empty of the upper digestive tract 
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during the dark period. Also, broilers fed more under this system that the 

continuous turning on and/or off of the light were considered as continuous 

stimulus to broilers to eat. On other hand, broilers under continuous lighting 

showed awareness to eat (Ohtani and Tanaka, 1998). Moreover, feed 

consummation under intermittent lighting was higher than the continuous 

lighting (Ohtani and Lesson, 2000).  

Intermittent lighting system decreased the physical activity of broiler 

that mainly due to the darkness period in the intermittent lighting as well as 

improvement of feed efficiency, which improved performance of broiler 

chicks (Rahimi et al., 2005). Also, intermittent lighting system improved the 

feed conversion ratio (Buyse et al., 1994; Buyse et al., 1996a, b, and 

Rahimi et al., 2005), and also it decreased the abdominal fat % in broilers. 

So that, intermittent lighting system improved carcass quality and increased 

efficiency of production as well as performance (Buyse et al., 1996a, and 

Rahimi et al., 2005). While, intermittent lighting system resulted in decrease 

of body weight gain in broilers at first period of life, compared to continuous 

lighting system, however in the last stages of growth the intermittent lighting 

had higher growth rates as well as feed gain than the continuous lighting, 

which increased the performance of broiler chicks (Cave et al., 1985; Buyse 

et al., 1996a; Ohtani and Tanaka, 1997a, b and Rahimi et al., 2005). 

            Intermittent lighting led to reduction in the mortalities (Classen and 

Riddle, 1989). However, anther studies were indicated that there was no 

difference between the intermittent lighting and continuous lighting in the 

mortality that mortalities in both systems of lighting resembled the standard 

levels of mortalities (Malone et al., 1980; Renden et al., 1991; Buyse et al., 

1994, and Rahimi et al., 2005). Also, intermittent lighting system decreased 

room temperature about 3 ºC than the continuous lighting system, so it 

preferred in hot season especially in tropical zoon. And also, it was preferred 

to use the intermittent lighting system at the windowless poultry houses, in 
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addition to decrease of electricity costs and higher improvement of the 

performance of the broiler chicks (Rahimi et al., 2005). 

        There was significant interaction between body weight and lighting 

treatment (Buckland et al., 1971). Moreover, broilers raised under 

intermittent lighting system had lower body weight gain than those raised 

under other lighting system, if poor quality diet were used, and this due to 

shorter photoperiod in this system (Buckland et al., 1975). Furthermore, the 

feeding of the high energy diet failed to increase the body weight gain in 

broilers, which were raised under the intermittent lighting system (Cherry et 

al., 1978). 

          Photoperiod regime with alternative period of light and another period 

of dark led to increase of feed efficiency and body weight gain (Oju et al., 

1988). Also, it clearly that broilers exposed to a period of dark in their 

lighting system had a better performance than others of continuous lighting. 

Therefore, restricted and intermittent lighting systems had little stress and 

higher performance on broilers than continuous lighting system (induction of 

secretion of the pineal melatonin) (Reiter et al., 1991). intermittent lighting 

system resulted in partition of the caloric intake throughout light intermittent 

feeding (light feeding phase and dark phase). The partition of caloric intake 

resulted in increasing of the average daily gain and improvement of feed 

conversion (Beker et al., 2003). 

 

1.3.3. Restricted Lighting System and Broiler Performance 

              The plasma corticosteroid increased in broilers under the continuous 

lighting system than restricted lighting system (Buckland et al., 1974). 

Broilers reared under restricted photoperiod had low stress level than those 

raised under continuous lighting system, and also had low level of plasma 

corticosterone. Broilers reared under restricted lighting system suffered from 
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a little stress condition than others, and achieved good performance 

(Buckland et al., 1975).  

          Photoperiod regime for broiler chicks with a period of darkness led to 

improvement in growth, feed efficiency and body weight gain during the first 

period of the life, and also decreased abdominal fat and feeding costs 

(Rosety, 1980 and Plvink and Hurwitz, 1989). Moreover, livability, 

average body weight, feed efficiency, and percent of condemnation were 

enhanced in the broilers exposed to restricted photoperiod over broilers that 

exposed to continuous lighting as improvement in body weight and feed 

conversion resulted from decreasing of photoperiod. Furthermore, this 

improvement was due to combination of decreasing physical activity and 

better feed utilization (metabolizability) of the diet (Apeldoorn et al., 1999 

a,b). Also, there was no interaction between the photoperiod and nutrient 

density (Oyedeji and atteh, 2005).                 

             Restricted and/or intermittent lighting rearing systems for broiler had 

availability of a dark period, which led to secretion of the natural melatonin 

hormone. Moreover, melatonin hormone had scavenger role against the free 

radicals, so it decreased the effect of the free radicals getting from stress 

(Reiter et al., 1991). Furthermore, Free radicals produced inside broiler's 

bodies mainly due to stress of fast growth in recent genetic developing 

strains. These free radicals were the main factor responsible for metabolic 

diseases such as sudden death syndrome, Ascites, and also skeletal defects 

such as leg disorders (Bottje and wideman, 1995). In addition, effect of 

melatonin on regulation of bone growth of broiler as well as improvement of 

bone strength (Roth et al., 1999), and the promotion of growth (Rintamaki 

et al., 1984; Osei et al., 1989 and Zeman et al., 1999). 

         Broilers did not eat at the dark that birds depended on the sight to see 

their food (Guhi, 1953). Moreover, the broilers raised under restricted 

lighting system showed a reduction in feed consumption due to long dark 
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period (Buckland et al., 1971). Furthermore, restricted lighting system was 

led to increase secretion of melatonin. That, melatonin increased in its 

secretion in Scotophase (dark) and low secretion at photophase, which is 

satisfy by restricted lighting system and this melatonin resulted in 

improvement of feed conversion and feed efficiency, however feed 

consumption remain lower, but performance parameters still comparable to 

another broilers raised under another systems of lighting (Forbes and Injidi, 

1979). Also, restricted lighting system in broilers decreased the spiking 

mortalities (Davis, 1996).  

             Abdominal fat content in broilers raised under restricted lighting 

system reduced than any broiler birds raised under any lighting system. 

Therefore, restricted photoperiod improved carcass quality as well as 

decreasing of down-grad carcasses (Plavnik and Hurwitz, 1985). Also, 

reduction of photoperiod of broilers to 6 hours against 12 hours of light per 

day led to reduction of the abdominal fat, feed intake and sudden death 

syndrome with no effect on livability of the broilers. six hours of light per 

day used as a tool to decrease abdominal fat (Oyedeji and Atteh, 2005). 

However, restricted lighting system led to decrease of average daily gain and 

increased feed conversion rate, which impaired the performance of broilers 

in some cases (field observation Leonard W. Fussell in Canada).   
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1.4. Lighting System and Metabolic Disorders in Broiler:- 

              In the modem broiler industry economic losses due to ascites 

represent a major problem world wide. Condemnation of broilers due to 

ascites and Sudden death were of major concern because it accounted for 

approximately from 3.5% of total condemnations for 1986 to 19% for 1994 

(Olkowski et al., 1996). Moreover, both SDS and ascites in broilers tended 

to be from the consequence of the same metabolic condition, with SDS being 

the acute manifestation of the disorder, for young age, while ascites was the 

presentation of the chronic phase, and generally observed in older birds 

(Squires and Summers, 1993). Factors such as nutritional status, 

environmental condition, and diet ingredients were not easily correlated with 

predisposition to the incidence of SDS (Leeson et al., 1995). 

 

1.4.1. Ascites 

             Ascites descried as abnormal accumulation of fluid in the abdominal 

cavity (Beker et al., 1995, and Olkowski et al., 1998).  

 

1.4.1.1. Lighting System and Ascites in Broiler  

            Lighting especially intermittent and restricted lighting systems 

decreased the level of ascites in broilers due to limitation of feed intake 

(Arce et al., 1992). On the other hand, restricted lighting system of 12 hours/ 

day from 15-35 days of age resulted in significant reduction of occurrence of 

ascites in broilers (Tottori et al., 1997). Moreover, broilers reared under 

restricted lighting 8-21 days of age and fed 20% of ad libitum intake showed 

reduced mortality by 20%, while ad libitum fed birds showed an increased 

incidence of right cardiac hypertrophy at an earlier age than did feed- 

restricted birds (Gonzales et al., 1998). Furthermore, broilers under the 

restricted lighting systems were showed superior pulmonary ventilation, 
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which might reduce the occurrence of right ventricular heart failure, so it 

decreased the cases of ascites (Fedde et al., 1998).  

1.4.2. Sudden Death Syndrome 

      Sudden death syndrome (SDS), also known as "flip-over", is a 

metabolic disorder occurring mainly in fast growing chicks and with a higher 

prevalence in male than female broiler chickens. Birds found dead were 

commonly lying on their back with their feet upwards and the neck extended 

with no evidence of any disease. The pathogenesis of SDS is related to a 

lethal cardiac collapse (Olkowski and Classen, 1997).  

                   

1.4.2.1. Lighting System and Sudden Death Syndrome in Broiler 

Application of restricted lighting systems as a management technique 

for reduced growth rate because fast growth associated with incidence of 

metabolic and skeletal disorders such as SDS, ascites, and leg deformities 

had been investigated (Bowes et al., 1988, and Classen et al., 1991). 

Moreover, effect of continuous vs. increasing photoperiod lighting in broiler 

chickens was studied and reported that the implementation of increasing 

lighting pattern significantly reduced overall mortality as well as mortality 

from Sudden death syndrome (Blair et al., 1993). Furthermore, the reduction 

in the incidence of SDS was detected in broiler chickens with the application 

of increasing lighting program (OkSuk et al., 1998).  

           The broiler chickens raised under restricted lighting from 8 to 21 days 

of age reduced the mortality rate by 20%, where Sudden Death Syndrome 

and ascites were the main cause of mortality in birds fed ad libitum. 

However, it was suggested that SDS was related to high productivity, and 

reported that there were differences among strains of broilers for the 

occurrence of SDS. It was clear that application of restricted lighting regimes 

was an option for decreasing the broiler's growth rate during certain periods 

of growth, so reducing the incidence of mortality from SDS and other 
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metabolic disorders such as ascites and leg deformities (Gonzales et al., 

1998). 

 

1.4.3. Lighting System and Skeletal Disorders in Broiler  

 

1.4.3.1. Leg Disorders 

  Leg disorders caused poor feed conversion, culling and high mortality 

of birds (Rowland, 1989), and resulted in direct financial loss of $80 to $120 

million a year for producers. Moreover commercial broiler flocks had 1.1% 

mortality due to leg problems and that an additional 2.1% of the chickens were 

condemned or downgraded as a result of leg abnormalities (Morris, 1993). 

Furthermore, leg disorders occurred by incidence between 1 and 5% of the 

flock would be affected by the time they reach the slaughter plan. Severely 

affected birds must be culled during daily inspections. In birds that survive to 

slaughter, the weakened femur affected thigh muscle quality. Also, the contact 

dermatitis due to lameness has been shown to affect up to 20% of the flock 

(Gregory, 1998). 

 

1.4.3.2. Lighting System and Leg Disorders in Broiler 

             Intermittent lighting decreased the cases of leg disorders (Rahimi 

et al., 2005). It also improved the secretion of the melatonin hormone 

which helped in the removal of the free radicals from the body of the bird 

which plays a role in pathogenesis of tibial dyschondrioplasia which 

resulted in decreasing the leg disorder cases (Apledoorn et al., 1999a). 

       Modern broiler strain reared commercially was susceptible to leg 

problems such as lameness (Kestin et al., 1992), and foot Pad dermatitis 

(Ekstrand et al., 1998).  
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           The leg deformities and other  skeletal disorders led to many 

problems in broiler raising, therefore researches become to be more focused 

on this problem and detected that lighting systems were the main cause of 

leg disorders problem (Buckland et al., 1973; Buckland et al., 1974; 

Buckland, 1975; Simon, 1982;  Wilson et al., 1984; Simons and Haye, 

1985; Ketelaars et al., 1986; Simon, 1986; Classen and Riddell, 1989; 

Renden et al., 1991 and Renden et al., 1996 ). So that, it was important to 

modulate lighting systems, in order to prevent such cases especially at first 

three weeks of life to retard muscle and meat growth and get chance to 

better bone growth. Moreover, after good growth of bone was occurred 

improvements of meat and muscles growth take place, in order to decrease 

leg disorders (SǾrenson et al., 1999).  Using of light dark programs was 

decreased such cases compared to continuous lighting system as well as 

increased performance and efficiency of broilers production (Sanotra et 

al., 2002). 

            Consumption of feed containing analgesics drugs improved the 

performance of lame broiler birds (McGeown et al., 1999). Moreover, 

recent researches indicated that lameness in broiler birds affected their 

behavioural pattern, which in turn on the performance of broiler chicks 

(Vestergaard and Sanotra, 1999). Furthermore, the lame broiler birds 

were actively consumed the feed which contain analgesic drugs 

(coproprofen) to remove their pains (Danbury et al., 2000).  

             Broiler chicks nowadays raised under artificial lighting regime 

differed than natural light in their intensity and the color, also lighting 

regime considered as the main factor induced leg disorders and produced 

low performance in broiler birds (Lewis and Morris, 1998). While, leg 

problems considered, as a financial loss for the producer due to increase the 

culling in broiler farms as well as poor performance of these broilers in 

(Kristensen et al., 2000).  
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             Red color during rearing resulted in decreased of the cases of leg 

disorders (Prayiton et al., 1997). Moreover, the exposure to Ultra Violet 

rays decreased the leg disorders, as these rays formed vit D3 from the under 

skin cholesterol, so that Ultra Violet rays formed more hard bones 

(Mitchell et al., 1997). Furthermore, the relationship between vit D3, 

nutrition and photoperiodic regime highly affects the tibial bone strength 

that it could be affected the leg disorders cases in broilers (Edwards, 

2000).  

            Lighting system of rearing influenced the physical activities of 

broiler birds which led to more walking ability throughout stimulation of 

the physical activity of broiler birds via the light (Lewis and Morris, 

1998). Improvement of the litter quality- led to improvement of the bone 

formation (Bizeray et al., 2002). 

           There was no effect in the light alternative intensities between the 

sides of the house on the leg disorders or leg health in broiler chicks. 

However, later studies indicated that light intensities affected leg health in 

the broiler chicks (Newberry et al., 1985). While, light intensity, which 

alternative between 5: 40 lux did not affect leg health. Broiler lameness and 

leg health were affected by the photoperiodic regime, nutritional factors 

and genetic factors rather than light source or light intensity (Gordon and 

Tucker, 1997).  

 

1.5. Lighting System and Induction of Melatonin Secretion in 

Broilers 

            Lighting systems for rearing broilers varied in induction of secretion 

of melatonin hormone, that melatonin secreted at night time and/or dark 

period (Axelrod et al., 1969; Reiter, 1974; Cogburn et al., 1987; Binkley, 

1988 and Reiter, 1991). Lighting systems having a dark period increased 
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the secretion of melatonin which has a beneficial effect on the improvement 

of immunity in broiler (Belokylov et al., 1976; Dilman, 1977; Regelson 

and Pierpaoli, 1987 and Maestroni, 1998). Melatonin led to increase total 

leukocytic count (Abozahra et al., 1998). Melatonin plays a role in 

regulation of body temperature (Rozenboim et al., 1998), and plays a 

protective action against the gram negative septic shock (Bubenik et al., 

1998). 

              Melatonin administration to broiler chicks via oral dosing resulted 

in obvious hypophagia and sleep (His Hikawa et al., 1969 and Bermudez 

et al., 1983). Moreover, Melatonin depressed the feed intake and improved 

feed conversion in broilers (Bermudez et al., 1983; Forbes and Injidi, 

1979; Phetteplace and Nockels, 1985 and Clark and Classen, 1995). 

Also, melatonin had a beneficial effect to improve the growth of the broiler 

birds (Rintamaki et al., 1984; Osi et al., 1989, and Zeman et al., 1999) 

              Broiler chicks under intermittent lighting grew well than broiler 

grew under continuous lighting. Improvement of performance under the 

intermittent lighting resulted from low physical activity, high feed 

conversion, and secretion of the melatonin hormone. Moreover, intermittent 

lighting resulted in high secretion of melatonin in broilers rather than birds 

raised under continuous lighting system (Apeldoorn et al., 1999b).  

            Melatonin hormone produces sleeping in broiler chicks and a 

weakness (Neville, 1986).  Also, melatonin improved feed gain, feed 

conversion, and body weight due to low physical activity and improvement 

of feed efficiency during first three weeks of broiler's life. Moreover, 

improvement in performance of broilers under intermittent lighting system 

was due to secretion of melatonin (Classen and Riddle, 1989 and Classen 

et al., 1991). However, melatonin improved feed conversion and decreased 

feed consummation (Clark and Classen, 1995). Also, melatonin enhanced 
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bone growth and promoting the osteoblasts differentiation and 

mineralization of the bone matrix in the culture (Roth et al., 1999). 

            The free radicals were synthesized in broiler bodies with very 

higher levels due to faster growth rates, which were responsible for the 

metabolic diseases and skeletal disorders (Bottje and Wideman, 1995). 

Melatonin had scavenger role against the free radicals and removed it from 

the body, and also prevent their harmful action on the body (Reiter, 1993; 

Reiter, 1995, and Pablos et al., 1995). 

 

 

1.6. Lighting System and Broilers Blood Corticosterone  

 

         Continuous lighting system produced more stressful condition on 

broilers and increased broilers blood corticosterone level as well as adrenal 

gland size compared to birds reared under the restricted lighting system 

(Freeman et al., 1981). 
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2) Physical Form of Feed and Broiler Performance 

 

             Pelleting can be defined as agglomeration of small particles into 

large particles by means of a mechanical process in combination with 

moisture, heat and pressure (Falk, 1985). Moreover, mash feed obtained by 

grinding feed ingredients using a hammer mill into very fine particles. 

Whereas pelleted feed was a form of feed that has been grounded and then 

compressed into pellets, furthermore researches showed that pelleted feed 

improved feed efficiency, but it was not clear, whether there was a 

significant impact on profitability or not (McDonald, 1987). Pelleted feed 

was a modification of the mash feeding by forming what is called artificial 

grains (pellets) which is a form of a complete feed that it is compacted and 

extruded to about 32 mm in the diameters and 16 mm in long (Banerjee, 

1988). 

       

2.1. Feed Forms Manufacture Economics  

            Growth of broiler in the last decades in (1960), a commercial broiler 

chicken attained 2.2 kg at the marketing age by 12 week of age. Today's the 

broiler reaches the same marketing weight by 6 weeks of age. Moreover, 

this improvement resulted from improvement of genetics, nutrition, and 

productive performance of broilers (Havenstein et al., 1994).  

          Feed costs formed about 60-70% of the total costs of broiler 

production (Banerjee, 1988). Moreover, about 75% of the costs of 

production in raising or maintaining broilers are attributed to feed costs 

with three-fourths of this cost being allotted to maintenance needs and the 

remainder for productive purposes (Nyoupayou, 1990). Furthermore, 

pelleting was introduced into Europe about 1920 and into the USA. Feed 

industry in the late 1920 (Schoeff, 1994). However, the production costs 
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was similar between the pelleted and crumble feed (Kim, Hyoung Ho et 

al., 1994). 

            Valuing benefits and costs for pellets and mash feed was important 

because it was assisted in deciding on which resource was worth 

conserving and investing in analyzing the costs and benefits of each feed 

form they showed, that mashed form was the cheapest method of feeding 

compounded rations when considered in terms of price per ton (Hoffman, 

1963). However, pelleted diet led to decrease the general production costs 

of protein and meat (Garcia Pestana, 1975). While, feed costs represented 

the most significant cost in broiler production. The most production costs 

ranged from 60-70% as being feed costs, certainly the major portion of feed 

costs was for the ingredients used. However, the costs of feed processing 

represented a significant portion of feed costs and likely get the greatest 

opportunity for influencing broiler performance beyond nutritional 

adequacy (Behnke and Beyer, 2004). 

         Costs of the manufacturing of pellets and/or crumble feed were some 

what higher costs than formation of mashes. Also, not only the crumbled 

and pelleted feeds had higher economical out put than the mashed feed as 

economical point of view, but also the pelleted and/or crumbled feed 

decreased the feed wastage and increase the feed consumption, so they 

economically much better than the mashed feeds. In addition, pelleted 

and/or crumbled feeds were 10% higher in their costs of the manufacturing 

than mashed feed (Jahan et al., 2006). 

 

2.2. Feed Form and Broiler Body Weight Gain 

              Broilers fed crumble-pellet diets showed improved weight gain, feed 

intake, and feed conversion compared to birds fed mash (Calet, 1965).  Also, 

birds ate pelleted diet drank more water than those ate mashed feed (Moran, 

1989). Also, broilers fed pelted or crumble feed had heavier body weight 
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than broilers fed the mashed one (Reece et al., 1985; Bertechini et al., 1992; 

Deaton, 1992; Sinha et al., 1994 and Asha Rajni et al., 1998a, b).  

             Use of mashed feed at different stages of broiler’s growth employed 

as a method of limiting feed intake. Birds fed mash spent more time in 

consumption of their feed compared to birds fed pellets (Jensen et al., 1962 

and Savory, 1974). Therefore, broilers expended more energy in 

consumption process. So that, the improvement in growth rate due to feeding 

pellets was due to increasing bulk density of pellets, which increased nutrient 

intake and improved of broiler chick's performance (Andrews, 199l). Feed 

particle size also influences broiler growth and development and also 

improved the performance of broiler chicks (Reece et al., 1985, Havenstein 

et al., 1994 and Jones et al., 1995). 

Males were significantly increased in body weight and improved 

feed conversion when fed pelleted diets compared with others fed mash diets, 

however, this improvement in performance did not appear in females, which 

showed non significant difference neither in body weight nor feed conversion 

at 49 days of age. Also, mortality was higher in birds fed pelleted diets (Nir 

et al., 1995 and Jones et al., 1995). While, improvement in weight gain and 

feed conversion at six weeks of age were obtained in broilers fed pelleted 

diets compared to mashed diets. Moreover, the improvement in broiler 

performance with pelleted diets may be attributable to a greater digestibility 

of carbohydrates together with the increase of daily nutrient intake, which 

reflecting on performance of broilers (Hamilton and Proudfoot, 1995), so it 

was better to supply the nutrients for the broiler as pelleted ration, that it 

improved the feed utilization as well as the feed gain which enhance the 

performance (Nir et al., 1995).  

pelleted feed led to less feed wastages so decreased the costs of the 

feeding (Calet, 1965 and Savory, 1974), that's because chicks fed pelleted 

diets spent less time and energy in feeding, so they were less active than 
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mash-fed birds (Nir et al., 1994a), and so spend less energy for maintenance. 

While, the increase in mortalities due to change of feed texture might be 

linked to a reduction of the activity of broilers resulted from rapid eating and 

eating more in a little time (Nir et al., 1995). 

Pelleting of feed resulted in increase of weight gain of poultry 

(Moran, 1990). While, pelleted ration increased the feed efficiency in 

broiler chicks till six weeks of age (Asha Rajini et al., 1998a,b). However, 

there was no significant difference in the live weight gain between pelleted 

fed and mashed fed broiler (McAllister et al., 2000). Also, the crumble diet 

increased the feed gain and improved the feed conversion more than the 

pelleted feed. Also, the pelleted feed and/or the crumbled feed had much 

higher feed gain and improved feed conversion than mashed feed (Jahan et 

al., 2006). 

           Broilers fed pelleted diet gained more weight with a low feed 

consumed than other (patten, 1937). Broiler birds grew better when they 

ate pelleted diet and this due to the effect of the physical form of diet 

(Allred et al., 1957). However, feeding of pelleted feed to broilers not 

affect feed conversion, but it increased the feed consumption, therefore 

providing feed as large particles was favorable for consumption by broiler 

rather than small particles or mashed feed. Moreover, increase of pellets 

consumption than mashes attributed to the mashes need more work by the 

broiler for prehension, so more energy production by the broiler bodies, 

more energy generated in the house and broilers become to be more 

susceptible for the heat stress. And this, explained the improvement of body 

weight in broilers fed pelleted diet (Golobart and Moran, 2005). 

           Broilers fed pelleted ration under tropical condition had better feed 

conversion and body weight than others which fed the mashed feed 

(Abdelsamie et al., 1983). Also, these results were obtained from broilers 

without heat stress in condition of balanced protein diet feeding (Proudfoot 
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and Hulan, 1982; Proudfoot et al., 1982; Scheideler, 1992, and Nir et 

al., 1994a). Moreover, the improvement of growth and performance not 

only for rapid and easily consumption of pellets than mashes, but also less 

feed wastages and destroying of the pathogenic microbes. Furthermore, the 

lower microbial load was in feed the lower of microbial competitive in 

birds intestine, so reduced net availability of the metabolizable energy 

(Moran, 1989 and Behnke, 1994). 

 

2.3. The Feed Form and Broiler Feed Consumption 

             Pelleted feed consumed readily and easily than mash feed. 

Moreover, mash feed tended to stick to the inside of the chicken’s beak, 

resulted in a fall of food from the margin of the mouth (McDonald, 1987). 

Furthermore, feed intake increased as particle size increased resulted in 

increased growth of birds. Also, there was no significant difference in terms 

of growth and feed consumed between birds fed on mash and pellets during 

the first two weeks. However, when the chickens were two to three weeks 

of age, they tended to be selective in feeding by consuming 40 % more of 

hard textured feed than mash feed (Mutetwa, 2001). 

            Feed intake was stimulated by granulation of the feed. Birds fed on 

pellets consumed their feed in a shorter time than birds fed on mashes 

(Banerjee, 1987). Moreover, use of heat had a beneficial effect on the feed 

as it destroys the pathogenic microorganisms in the diet, also produces 

gelatinization of the starch (Reimer and Beggs, 1993). Furthermore, feed 

processing (extruded, milling, pelleting). Using each of these techniques 

depended on their facility and purpose of breeder for producing. In the 

recent decade, usage of poultry feed in the form of pellet have a lot of 

benefits such as decreasing ingredient segregation, less time and energy 

expended for prehension, destruction of pathogenic organisms, thermal 

modification of starch and protein, improved palatability, and these benefits 
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attract a lot of adherent (Behnke, 1994). While, birds had a keen sight 

sense, as birds preferred to eat pelleted feed than mashed feed (Scheidler, 

1991). 

             Mashed feed took long time in consumption than the pelleted feed 

by broilers (Jensen et al., 1962). Feed intake in broiler could be 10% 

higher with crumble or pelleted diet (Bolton and Blair, 1977). Broiler 

consumed crumble starter diet more than mashed ones (Choi et al., 1986). 

Pelleted feed resulted in 7% increase in revenue compared to mash feed 

(Banerjee, 1987). Also, pelleted feed increased broiler's weight gain, and 

consumed more rapidly and in large quantities (Calet, 1965; Choi et al., 

1986; Nir et al., 1994a, b and Nir et al., 1995). 

   Broilers fed crumble fallowed by pelleted diet were significantly 

heavier at the market age than those fed mashed feed (Combs, 1959). 

Broilers utilized pelleted diet more efficient than mashed ones 

(Havenstein, 1994 and Nir et al., 1995). While, broilers fed pelleted diet 

were consumed more diet, and also heavier body weight and had better feed 

conversion as well as increase in abdominal fat level and decrease the thigh 

percent (Salari et al., 2006). 

    Pelleted feed increased feed intake in broilers than mashed feed 

via increasing of the voluntary feed consumption (Moran, 1990; Bertchini 

et al., 1992 and Nir et al., 1995). 

 

2.4. Feed Form and Broiler Feed Conversion   

          Broilers fed crumble for starter, pellet for grower and finisher periods 

gave higher weight gain and better feed conversion ratio (FCR) than broilers 

fed mash for whole period of life (Combs, 1959; Calet, 1965, and 

Proudfoot and Hulan, 1982). Moreover, pelleting process of broiler’s ration 

increased performance as well as improved feed conversion of broilers and 
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this improvement was attributed to decrease of feed wastage, reduced 

selective feeding, decrease ingredients segregation, less time and energy 

expenditure for prehension, destruction of the pathogenic organisms, thermal 

modification of starch and protein, and improvement of the palatability 

(Behnke, 1994). Furthermore, broilers on crumble-pellet dietary regime 

significantly heavier at 42 days when compared with others fed either all-

mash, or fed ground crumble-pellet regimen. Also, feed conversion in the 

chickens fed crumble-pellet was significantly better than broilers fed ground 

crumble-pellet diet and/or all-mash diet (Van Biljon, 2005).  

           Broilers fed reground pellets were significantly decreased body 

weight and increased feed conversion than other fed whole pellets, however 

feeding of reground pellets did not affect early broiler performance 

(Hussar and Robblee, 1962). While, broilers fed whole pelleted diet had a 

5% better feed conversion, but regrinding pellets resulted in a lower feed 

conversion than pelleted diet (Hull et al., 1968). Moreover, best feed 

conversion was obtained with feeding broilers with higher protein profile 

with high energy diet in crumble form of feed (Reece et al., 1984). Broiler 

fed 75% of whole pelleted diet compared to broiler fed 25% of whole 

pelleted diet. Birds of 75% whole pelleted diet showed better feed 

conversion than birds fed 25% whole pelleted diet (Schidler, 1991). From 

another point of view, birds fed mashed diet showed better feed conversion 

than those fed pelleted diet (Mendes et al., 1995). 

 

2.5. Quality of Pellets and Broiler Performance 

            The better performance and net return in birds on pellet, emphasis 

the importance of feed mills to produce excellent quality pellets to help 

broiler producers to obtain maximum growth and feed conversion resulted 

in maximum income from their broilers. Moreover, physical form of pellets 
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had a stimulatory effect on the digestive tract and improved nutrient 

utilization of the pellet. Furthermore, improved feed conversion with pellet 

diet was due to increase of body weight (Engberg et al., 2002 and Clarke 

and Wiseman, 2005), but, from another point of view pelleted ration did 

not improve feed conversion or body weight (Canan Bolubaksi et al., 

2005). 

              The pelleted fines decreased broiler’s performance. Pelleted fines 

increased from 0% to 60% (on the pellets fines size scale) the performance 

of the broilers decreased (Proudfoot and Hulan, 1982). However, no 

difference in the performance was detected when higher quality diet was 

fed (Salmon, 1985). While, the performance of broiler decreased when fed 

reground pellets (Moran, 1989). Also, there was a large benefit of 

maintenance of higher quality pelleted diet to feed broilers: which resulted 

in higher performance of broilers regardless to the environment (Proudfoot 

and Hullan, 1982; Abdelsamie et al., 1983; Scheideler, 1992; Hamilton 

and Proudfoot, 1995; Munt et al., 1995; Nir et al., 1995 and Engberg et 

al., 2002). 

           Crumbles size as well as crumbles quality were affected the broiler 

performance at early age. That also, in a study to detect the effect of the 

coarse, medium size and small size crumbles was investigated as the small 

size crumble at -1.5 mm. medium size crumble at -0.4 to +1.5 mm. and 

large size crumble at 4.0 mm (on the pellets fines size scale). Feed 

conversion of each group of birds was estimated in this study that no 

difference in performance between the large size and medium size crumble 

but the two significantly differed from the small size crumble (Wilson, 

2001). Poor manufactured pellets usually led to decrease broiler's 

performance. Moreover, the increasing of degree of the fines of pellets in 

rations the decrease of performance of broilers and rate of gain of birds. 

Furthermore, the increasing of damage of pellets in ration resulted in 
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decreasing of the uniformity of birds (Blakely et al., 1963; Brewer and 

Ferket, 1989; Moran, 1989 and Wiabel et al., 1992). 

 

2.6. Feed Form and Broiler Survivability 

            Nutritional value affected greatly in the pelleted diet as vitamins 

content of the ration affected during pelleting (Hueser, 1955). Also, the 

grounded feeds had not the same nutrition of the non grounded one 

(Banerjee, 1998). Moreover, it was found that there was no significant 

difference in the mortalities among broilers feed pelleted diet and mashed 

diet (Deaton, 1992). Furthermore, incidence of sudden death syndrome and 

ascites was higher in broilers fed crumble-pelleted and/or grounded crumble-

pelleted ration than broilers fed mashed ration (Proudfoot and Hulan, 1982; 

Proudfoot et al., 1982; Hamilton and Proudfoot, 1995; Munt et al., 1995; 

Nir et al., 1995, and Golobart and Moran, 2005). 

 

2.7. Feed Form and Broiler Body Structure 

             The physical form of diet affects the digestive tract morphology 

(Arce, 1992), as pelleted diet increased gizzard weight (Nir and Ptichi, 

2001). 

              Anatomy of digestive tract was affected by feed particles size 

which could impact the nutrient absorption (Choi et al., 1986). That also, 

pelleted feed reduced the digestive tract weight (Choi et al., 1986 and Nir 

et al., 1994b), also the ileum and jejunum length increased in cases of mash 

diet fed broilers (Nir et al., 1994b). Broiler fed pelleted diet their lumen of 

the upper part of the intestine was deceased, however broilers were fed 

mashed diet showed reduction in gizzard weight and this may be due to 

lack of the physical effect of the pellets on the gizzard muscle (Salari et al., 

2006). 
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              The form of diet affected gizzard size and weight and this due to 

frequent contraction of the gizzard muscle (Roche, 1981). Coarse grounded 

wheat increased gizzard weight and decreased duodenum weight (Nir et 

al., 1994a). Also, feeding of Pelleted diet increased gizzard size compared 

to grounded pelleted diet (Forbes and Covasa, 1995 and Noirt et al., 

1998), also, the same effects appear when feeding the coarsely grounded 

maize (Dahlke et al., 2003). 

             Pelleted diet increased level of the abdominal fat%, which was due 

to storing of maintenance energy due to short time of feeding and saved the 

effort of feeding (Reddy et al., 1962 and Nir et al., 1994a). Pelleted ration 

increased the abdominal fat content in broiler, and also increased the 

sudden death syndrome as well as increasing of ascites syndrome (Golobet 

and Moran, 2005).  
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3) The Air Speed and Broiler Performance 

3.1. Air Speed and Body Heat of Broilers 

            Exposure of broilers to high air velocities improved growth rate via 

heat removal as birds approach market weight (Drury, 1966 and Lacy and 

Czarick, 1992). Heat stress conditions during summer production causes 

economic losses to the broiler industry by adversely affecting the growth 

rate and increasing the incidence of late mortality (Lacy and Czarick, 

1992). Also, The largest amount of heat in poultry houses contributed to 

heat production from the bird itself. Metabolic heat production increases as 

the bird progresses in body weight. Moreover, broilers subjecting to high 

air velocity did not affect total heat production but rather, shifted the heat 

loss from panting to pass throughout the skin via convection, conduction, 

and radiation (improved the efficiency of growth indirectly). Furthermore, 

improvement of growth was due to saving energy expenditure via panting 

to become a reserved for growth (Simmons et al., 1997). 

           Sensible heat loss was greater as air velocity increases when broilers 

exposed to high ambient temperatures (Mitchell, 1985 and Simmons et al., 

1997). Environmental temperature has been shown to influence the 

response to air velocity. Placed broilers in cages individually and 

determined 49 days body weight was suppressed when air velocity was 

increased from 120 to 180 m/min with a constant temperature of 35°C and 

60% RH (Yahov et al., 2001). On the other hand placed broilers in wind 

tunnels to evaluate the effects of air velocity with cyclic temperatures of 

25: 30: 25°C on broiler performance from 21 to 49 days of age. As, 

increasing air velocity from 120 to 180 m/min improved growth rate and 

feed conversion from 42 to 49 days of age (Simmons et al., 2003).  
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3.2. Increasing of Air Speeds and Broilers Body Weight Gain  

            Increasing air velocity from 120 to 180 m/min increased growth rate 

during 21
st
 to 28

th
 day of age, but the incidence of mortality did not 

affected. Moreover, increasing air velocity was also advantageous to broiler 

growth and feed consumption Subjecting broilers to the high rate of air 

velocity from 29
th

 to 35
th

 day of age improved body weight, body weight 

gain, and feed conversion. Broilers exposed to air velocity grew faster, 

consumed more feed, utilized nutrients more efficiently, and had less 

mortality. Furthermore, increasing air velocity from 120 to 180 m/min 

during 36
th

 to 42
nd

 day of age improved body weight, body weight gain, and 

feed consumption and decreased mortality, but feed conversion was 

unaffected. Generally subjected broilers to air velocity improved growth 

responses and lowered the incidence of mortality. While, increasing air 

velocity to 180 m/min led to heavier body weight and body weight gain in 

the final period of production, but no differences were observed for feed 

consumption, feed conversion, or the incidence of mortality (Dozier et al., 

2005). 

             Broilers reared in individual cages at a constant temperature of 

35°C optimized 49
th

 days body weight at 90 m/min, whereas applying 180 

m/min depressed final BW that individual birds in cages instead of floor 

pens with multiple birds in each pen (Yahov et al., 2001). However, 

applying air velocity to birds in floor pens simulating commercial practice 

(40 to 50 birds/pen) should be more dramatic compared with one bird per 

cage because total heat production approximates 26 BTU/kg of body 

weight per hour (Czarick, 2002). Also, the more air speed the more growth 

of the broiler birds also, growth responses were obvious at each weekly 

interval from 21 to 49 day of age as air velocity increased from 120 to 180 
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m/min. Increasing air velocity to 180 m/min improved body weight gain 

from 21 to 49 day of age by 15.2% over broilers subjected to air velocity 

(Dozier et al., 2005). 

           This difference in broiler growth responded to air velocity between 

high and moderate temperatures probably relates to sensible and latent heat 

loss. Sensible heat loss increased with progressive increase of air velocity 

(Simmons et al., 1997). Moreover, a 4.4% increase in growth rate by 

increasing air velocity from 120 to 180 m/min from 21 to 49 day of age. 

Moreover, increasing air velocity to 180 m/min was only beneficial from 

42 to 49 day of age. And also, broilers exposed to moderate temperatures 

(25: 30: 25°C) that increasing air velocity 120 to 180 m/min led to 

improvements in body weight gain and feed conversion from 42 to 49 day 

of age (Simmons et al., 2003). 

            As the bird progresses in body weight, body mass increases relative 

to the surface area of the bird therefore, response to air velocity is more 

pronounced with heavier birds because sensible heat dissipation increases 

relative to latent heat dissipation. However, as temperature increases, latent 

heat represents a higher proportion of total heat production than sensible 

heat (Simmons et al., 1997). While, increasing air velocity from 120 to 180 

m/min under high cyclic temperatures may cause a proportion shift from 

latent to sensible heat loss. Increasing air velocity from 120 to 180 m/min 

under high cyclic temperatures resulted in a body weight gain that was 

more pronounced at lower body weight or earlier ages (Dozier et al., 2005). 

         As temperature increases without any change in air velocity, latent 

heat will increase. However, an increase in air velocity augments sensible 

heat loss with broilers reared at high environmental temperatures (Mitchell, 

1985). Moreover, latent heat loss (panting) expends more energy to remove 
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heat than sensible heat loss. As a result, less energy is available for growth 

because additional energy is partitioned toward maintenance via heat 

removal as evidence by poor feed conversion, decreased growth rate, and 

increased mortality. These results provide evidence that air velocity 

approximating 180 m/min is advantageous to broiler growth from 21 to 49 

days of age when broilers are exposed to high temperatures. The difference 

in body weight gain from 21 to 49 day of age was 287 g with broilers 

exposed to high cyclic temperatures (25: 35: 25°C) subjected to 180 vs. 120 

m/min, translating to an estimated increase of $0.03/bird based on a 

contract grower payment of $0.0227/kg of body weight (Dozier et al., 

2005). 

 

 

 

 

 

 

 

 

 



 36 

4) Early Thermal Conditioning and Induction of 

Thermotolerance in Broilers  

  

4.1. Temperature of Brooding and Early Broiler Performance 

             The thermoneutral temperature for broiler chicks during the first 

week of life should range between 33 ºC and 35 ºC and temperatures higher 

than this may induce hyperthermia and dehydration that will lead to a lower 

feed consumption. Chilled chicks (19.4 ºC) were observed to huddle 

together for warmth and did not eat nor did drink normally while, warm 

chicks (29.40 ºC) were more active and consumed feed normally (USDA, 

1955). Brooding described as the provision of a warm place for the young 

chicken. Brooding has long been known to be a critical management stage 

that may determine how fast the broiler chicken would grow (Osbaldiston 

and Sainsbury 1963). Therefore, chicks brooded at temperatures cooler 

than recommended during the first week of age resulted in depressed 1 to 7 

days body weight gain (Hutson et al., 1960; Harris et al., 1975; Renwick 

and Washburn, 1982; Renwick et al., 1985; Scott and Washburn, 1985; 

Noy and Sklan, 1999), decreased feed efficiency, and increased mortality 

(Hutson et al., 1960; Renwick and Washburn, 1982).  

             Chickens did not move or drink after exposure to cold brooding 

temperature during the first 3 days with an increase of hematocrit (packed 

cell volume) which would be indicative of dehydration, and lack of water 

consumption (Scott and Washburn, 1985). In addition, the total feed 

consumption for chicks brooded at 20 ºC (82.7 g) was 33.5 g less than that 

of chicks brooded at 35 ºC (116.2 g) and this might be due to a reduced 

heat loss. During the first week of brooding, the group of chickens that 

were brooded at 26.7 ºC lost 3.8% of their body weight while those 

brooded at 32.2 ºC gained 13.9%. However, the body weight gain of these 
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two groups was similar at 2 days and 3 days although the 26.70 ºC 

brooding group did not gain body weight quite as well as the 32.2 ºC group 

(Moraes et al., 2002).   

             During the first 5 days of brooding period, temperature should be 

around 32 ºC even though the thermoregulatory mechanism of the chickens 

developed very rapidly, in order to have competitive broiler production 

results. The most important management factor was to have the chicks 

move and eat during the first 2 days of the brooding period (Scott and 

Washburn, 1985). However, chickens exposed to high temperatures during 

the first 2 days of life suffered a body weight loss of about 12% and 

chickens that exposed to 37 ºC to 40 ºC exhibited a reduction in dry matter 

and protein of 18.5 and 7.1 g per chick during the first 2 weeks of age, 

respectively also body weight loss of neonatal chicks during a 24 hours 

period was dependent upon temperature as body weight loss increased from 

3.5 g/day at 30.8 ºC to 4.1 g/day at 35.1 ºC and up to 5.7 g/day at 38.8 ºC   

(Van der Hel et al., 1991). Fat and ash were also decreased by 8.7 and 2.6 

g per chick over the initial 2 week period, respectively (Van der Hel et al., 

1992).    

              Weight losses after heat stress at young age resulted from both 

yolk sac and from the remainder of the body (Hoogerbrugge and Ormel, 

1982).  

 

4.2. High Temperature and Late Broiler Performance 

Conditions of heat stress caused an increasing concern in poultry 

production due to the rapid development of poultry industry in hot climate 

countries and to the reducing of performance of poultry during summer 

months in temperate countries (Bonnet et al., 1997). Moreover, The 

expression of heat stress in poultry production can be described as ‘acute’ 
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or ‘chronic’; acute heat stress refers to short and sudden periods of 

extremely high temperature, where as chronic heat stress refers to extended 

periods of elevated temperature (Emery, 2004). Heat stress has detrimental 

effects on the performance of 4-8 weeks old broiler birds reared in the 

open-sided poultry houses principally through reducing feed intake, growth 

rate, negatively affect feed efficiency and carcass quality as well as health 

(Carmen et al., 1991; Yahav et al., 1996; Temim et al., 2000; Har et al., 

2000; Oskan et al., 2003). Furthermore, chronic heat stress increases the 

time to reach market weight and increase mortality rate (Howlider and 

Rose, 1989; Ozbey and Ozceilik, 2004). 

              It has been shown that feed intake of 4-8 weeks old broilers is 

significantly (P<0.005) reduced when environmental temperature rise 

above the thermoneutral ambient temperature (18- 21 ºC) (Yahav et al., 

1996). Also, the detrimental effects of high ambient temperature on feed 

intake, growth rate, and feed efficiency of broilers are well documented 

(Hacina et al., 1996; Mashsly et al., 2004 and Ozbey and Ozcelik, 2004).  

            Reduced feed intake was not the only factor responsible for slower 

growth rate of heat exposed birds, it was found that growth rate depression 

in broilers reared at hot environment (24-35 ºC) was 25%, while it was 16% 

for the broilers maintained at cool environment (13-24 ºC) and fed the same 

amount of feed consumed by heat exposed birds (Dale and Fuller, 1980). 

In addition, the effect of two ambient temperatures, hot (32 ºC) and normal 

(22 ºC) on the performance of ad libitum (AL) fed and pair-fed (PF) 

broilers. Growth rate of heat exposed broilers (32 ºC AL) and pair-fed birds 

(22 ºC PF) was significantly (p<0.05) depressed by 30% and 20%, 

respectively (Hacina et al., 1996). Reduction in feed intake of heat-

exposed broilers resulted in a decrease in daily intake of nutrients, in order 

to reduce metabolic heat production and maintain homothermy. However, 
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fewer nutrients are available to metabolize results in slower growth rate 

(Hacina et al., 1996 and Bonnet et al,. 1997). 

           Physiological responses of broilers attempting to dissipate heat and 

maintain body temperature include changes in respiration rate and plasma 

ions (Teeter et al., 1985 and Beers et al., 1989), blood metabolites such as 

glucose, uric acid, and muscle tissue damage measured by plasma creatine 

kinase activity (Arjona et al., 1990; Borges et al., 2003 and Moraes et al., 

2004), leukocyte cell numbers (Yalçin et al., 2004), levels of 

triiodotryronine (T3) and thyroxin (T4) hormones (Iqbal et al., 1990; 

Yahav and Hurwitz, 1996 and Yahav and McMurtry, 2001).  

            The effects of heat stress on behavioral, physiological, hormonal, 

and molecular changes had long term effects (Etches et al., 1995). 

Moreover, prenatal heat stress was also associated with relative asymmetry 

(Yalçin and Siegel, 2003). Furthermore, heat stress at young age resulted 

in developmental stability as measured by relative asymmetry (Yang et al., 

1997; Yalçin et al., 2001 and Yalçin et al., 2003). 

 

4.3. Early Thermal Conditioning and Induction of 

Thermotolerance  

          Before 5 days of age, there has been no relationship between 

thermoregulatory ability and body mass, feed intake, or insulation 

identified to explain such rapid homoeothermic development. However, 

chick quality problems and behavior were shown to be influenced by 

brooding conditions at placement. High incubation temperatures have been 

clearly shown to accelerate embryonic development and cause chicks to 

hatch earlier than normal (Romanoff, 1936), also there is the fact that 

chickens develop their thermoregulatory ability quite rapidly after hatching 

(Wekstein and Zolman, 1967), and potentially remain in the hatchers for 
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an extended period of time. The longer the chicks remained in the hatchers, 

the greater mortality, and the slower the growth rate that resulted (Wyatt et 

al., 1985). Moreover, the prenatal period was of particular importance in 

thermoregulation of poultry. It has been reported that the central nervous 

control mechanisms of thermoregulation were functionally active during 

the prenatal period in sensible phases (Tzschentke and Basta, 2000; 

Nichelmann et al., 2001, and Nichelmann and Tzschentke, 2002). 

              Chick's survivability affected when chicks exposure to high 

incubation temperatures consumed less feed and grew slower than normal 

and had a greater chance of dying, when compared to those exposed to 

lower incubation temperatures, after arrival at a farm and placement at 

normal thermal conditions (Ernst et al., 1984 and Henken et al., 1987). 

The development during the first week of life of a chick was important to 

their future performance because physiological processes such as cell 

hyperplasia and hypertrophy, maturation of the thermoregulatory and 

immunological systems, growth, and differentiation of the gastrointestinal 

tract will subsequently markedly influence body weight and feed 

conversion until market age. In contrast, lower temperatures would induce 

hypothermia and may lead to ascites in broilers (Moraes et al., 2002). 

             Chickens exposed to heat stress at an early post-hatch age, in fact 

led to chickens that were thermotolerant later in life (Arjona et al., 1988, 

and Yahav and Hurwitz, 1996). Rectal temperatures were lower in 

broilers that were thermal conditioning than other broilers under heat stress 

condition (Yahav and Hurwitz, 1996 and Yalçin et al., 1997). Moreover, 

with an increase of survivability and exposure to high ambient temperature 

was improved the performance of the broiler chicks for some extent (Altan 

et al., 2000). 

             There have been many studies that have shown high ambient 

temperature to have a negative effect on broiler production and efficiency 
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(Teeter et al., 1985 and Sandercock et al., 2001). However, acute 

exposure to extreme ambient temperatures demanded rapid and extensive 

responses by the chicken circulatory system. Thermal conditioning at 3 

days of life with an ambient temperature between 36 ºC and 37.5 ºC 

produced optimal conditions for improving performance and 

thermotolerance in broiler chickens. Also, thermal conditioning may be a 

useful tool for the simultaneous improvement of both thermotolerance and 

performance due to the resulting growth retardation that, was followed by 

an immediate compensatory growth period which, resulted in complete 

compensation for loss of body weight gain and higher ultimate body weight 

of the thermally conditioned chickens at 42 days of age (Yahav and 

McMurtry, 2001).  

           Prenatal and postnatal heat conditioning broiler which also, 

increased relative asymmetry of bilateral traits at 21 day, however by 49 

day of age there was compensation which was consistent with that 

previously developing in embryos (Yalçin and Siegel, 2003). However, 

heat conditioning resulted in less developmental instability at 42 day for 

broilers under heat stress (Yalçin et al., 2003). Moreover, differential effect 

of thermal conditioning depending on the age of the broiler breeders cannot 

as yet be understood in its biological mechanisms, as thermal conditioning 

by itself is based on hypothecs, Furthermore, basic research, including 

differential gene expression, could indicate on which mechanisms this 

conditioning was relying, why there was a sensitive period for it, and what 

the basis was for the parent age-related interaction. However, the higher 

plasma T3 concentrations may be linked with compensatory growth of 

thermal conditioning broilers during the finisher phase (Yalçin et al., 

2005). 
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4.4. Age of Breeder and Induction of Thermotolerance in 

Broiler  

                 The development of the thermotolerance in broilers was 

depended on the age of their breeder hens. Broilers from older parents were 

more sensitive to heat stress during the finisher period than those from 

younger parents (Weytjens et al., 1999). Moreover, prenatal and postnatal 

conditioning helped broilers to resist the heat stress. Age of parent played a 

major role in the ability of broiler's thermoregulation. Postnatal 

conditioning of broilers from older parents would allow birds to attain 

similar body weight to that of standard reared temperature broilers. 

Thermal conditioning of the neonatal chicks was eliminated or at least 

reduces the adverse effects of heat stress on broilers from younger parents 

(Yalçin et al., 2005). 

 

4.5. Brooding Temperature and Broiler Organ Development 

                Working with turkey poults and Leghorn chicks at normal 

brooding temperature observed the relative weight of the gizzard to remain 

relatively constant up to 8 days and the gastrointestinal tract to increase in 

mass very rapidly after hatching (Sell et al., 1991). Also, pancreas and 

small intestine/body weight ratio increased four fold and the liver/body 

weight (Nitsan, 1995). While, relative heart and lung weights were 

declined with chick age (ratio doubled during the first week of life) (Yang 

and Siegel, 1997). 

               Heart was the most sensitive and responsive organ to temperature 

(Deaton and Reece, 1968). Relative organ weights have been reported to 

be affected by adverse brooding temperatures liver, heart, and gizzard were 

all significantly smaller, on a relative basis, at 7 days of age when chicks 

were brooded at 35 ºC incubation temperature when compared to chicks 
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that were brooded at 20 ºC but not different from chicks brooded at 25 ºC 

(Moraes et al., 2002). 

           During the first week post-hatching chicks reared at 37.2 ºC 

temperature had significantly higher liver and heart to body weight ratio 

than chicks reared at 32.2 ºC temperature. This appeared to indicate a major 

change in the circulatory system (Deaton and Reece, 1968).  Liver weight 

was significantly smaller possibly due to decrease in metabolic needs 

(Plavnik and Yahav, 1998). Chicks reared at 20 ºC exhibited significantly 

higher relative liver weights at 7 days of age when compared to birds 

brooded at 25 ºC. Moreover, there was a great affection on the skeletal 

system of broiler chicks. However, this was different from tibia and femur 

growth, which the both of which were significantly larger when chicks 

were brooded at 25 ºC and 35 ºC, compared to 20 ºC which increased the 

performance of the broiler chicks and have a good effects on the efficiency 

of the production (Moraes et al., 2002). 

 

4.6. Thermotolerance and Corticosterone Hormone Level in 

Broilers  

The plasma Corticosterone level elevated in the heat stressed broilers, as 

broilers subjected to heat stress showed higher levels of corticosterone in their 

blood than others. The heat tolerant broiler birds via induction of thermo 

tolerance at young age by thermal conditioning shows less blood 

Corticosterone level than non thermal conditioning broiler chicks when they 

subjected to heat stress at 50 °C for one hour (Bowen et al., 1985). Moreover, 

the level of corticosterone hormone increased in the male broilers subjected to 

heat stress (Smoak et al., 1986). 
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Materials and Methods 

 

1) Experimental Birds 

            Six hundred, apparently healthy, one day old broiler chicks free 

from abnormalities and mal formations of (Cobb 500 strain) were obtained 

from Misr Arabia Co. for Poultry, Sadat city. 

 

2) Birds Husbandry and Management  

           This study was carried out at the rearing house of the faculty of Vet. 

Medicine, Menofia University, Sadat branch during the period from 

August- October 2006.  

 

2.1. House Hygiene:- 

            Cleaning and disinfection of the house carried out, firstly by 

washing by water and liquid soap for removal of all dirt from the house, 

then disinfected with phenols, and fumigated with formaldehyde gas, 

respectively. 

 

2.2. Management of The Birds:-  

             The litter used was wood shaves with depth of 5-8 cm in all 

experimental groups. The house divided into six main rooms and each 

room was ready for 100 broiler chicks to raise, and each room divided into 

two compartments with aid of a partitions (made from wood and blue 

colour plastic sheets and of 1.75 m height and 2.7 m width) that each 

compartment was ready for 50 broiler chicks to grow and raised. 

             Each compartment supplied with two drinkers of (4 litter) capacity 

and two round chick plats of 120 cm floor space for the first two weeks and 
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then replaced by plastic drinker of (8 litter) capacity and feeder of (13 kg) 

capacity. 

            Temperature and humidity was adjusted according to the ideal 

standard levels for broilers or according to the experiment need. The 

ventilation was carried by suction drawn fans and windows. Floor space in 

the experiments adjusted to 0.09 m
2
 for each bird till complete growth in all 

of experiments. 

 

2.3. Vaccination and Medication:- 

 

2.3.1. Medication:- 

         All birds in the experiments received the following medications: 

● Antibiotic Enrofloxacin as oral solution was given at the dose of 0.5 ml / 

litre in drinking water for first three successive days of brooding. 

●Vitamins of vit A, vit D3 and vit E as oral solution was given at the dose 

of 1 ml /litre in drinking water for the first two weeks of life.  

●Mineral mixture as oral solution was given at the dose of 1 ml /litre in 

drinking water for the first two weeks of life. 

  

2.3.2. Vaccination:- 

●Vaccination against Newcastle virus disease:- 

At 7
th 

day of brooding, birds were vaccinated with (Hitchiner B1) in 

drinking water. 

At 21
st
, 35

th
 days, birds were vaccinated with (colon 30) in drinking water. 

●Vaccination against infectious bursal disease:- 

At 14
th

, 24
th

 days, birds were vaccinated with (strain D 78 vaccine) in 

drinking water. 
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3) Feeding and Nutrition 

          Feeding of broilers in the experiments was carried out through three 

phase feeding program (starter- grower- finisher) and the ration was 

available in two forms pelleted and mashed. The starter ration was 

available in mashed form only that it was not available in Egypt as pelleted 

form.  

 

Table (3): Ration ingredients and chemical analysis used either pelleted or 

mashed. 

Finisher ration 

(25-36 days old) 

Grower ration 

(13-24 days old) 

Starter ration 

(1-12 days old) 

Ingredients 

Grounded yellow corn 

Soya bean meal 44% 

Corn gluten  60% 

Calcium dibasic phosphate 

Soya bean oil 

Common salt 

Lime stone 

Minerals and vitamins 

mixture 

D. L. methionin 

Ingredients 

Grounded yellow corn 

Soya bean meal 44% 

Corn gluten  60% 

Calcium dibasic phosphate 

Soya bean oil 

Common salt 

Lime stone 

Minerals and vitamins 

mixture 

D. L. methionin 

Ingredients 

Grounded yellow corn 

Soya bean meal 44% 

Corn gluten  60% 

Calcium dibasic phosphate 

Soya bean oil 

Common salt 

Lime stone 

Minerals and vitamins 

mixture 

D. L. methionin 

Chemical analysis Chemical analysis Chemical analysis 

 

Crud protein            18% 

Crud fibre                2.4% 

Crud fat                   3.4% 

ME/ KG             3000 k.cal 

 

 

Crud protein            20% 

Crud fibre                3.6% 

Crud fat                   4.4% 

ME/ KG             3000 k.cal 

 

 

Crud protein           22% 

Crud fibre               3.8% 

Crud fat                  5.4% 

ME/ KG             3000 k.cal 
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4) Experimental Designs:- 

             Three different experimental designs were carried out as follow: 

 

4.1. The First Experiment 

Effect of Lighting System and Feed Form on Performance of 

Broiler Chicks 

             In this experiment, 300 broiler chicks (Cobb 500) used in (3 

lighting systems x 2 feed forms) factorial experiment. Birds were divided 

into three main groups randomly either male or female and each group of 

100 broiler chicks exposed to continuous, intermittent, and restricted 

lighting system, respectively in three light proof rooms. Each group was 

subdivided into two subgroups (subgroup 1 and subgroup 2) randomly, so 

the subgroup 1 reared on pelleted feed and sub group 2 reared on mashed 

feed. The light intensity adjusted in the experiment by electrical lambs of 

(40 watt) at level of 20 cm from the floor with used of light photometer 

instrument. The automatic turning on and off of the light in order to adjust 

of the number of hours of light to dark hours in each group of lighting 

systems occurred by 24 hours switch apparatus (CIXIEITY YIDONG 

ELECTRONIC CO., LTD). The light/ dark ratio in each lighting system 

was described in tables (4), (5), and (6): 
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 Table (4): Continuous lighting system light / dark ratio  

Age of the broiler birds 

(day) 
intensity Hours of light /dark 

 

0- 4 

5- 35 

 

20-35 lux 

5-10 lux 

 

24 L: 0 D 

23 L: 1 D 

 

F.c.= 10 lux 

 

 

Table (5): Intermittent lighting system light / dark ratio  

 

 

Table (6): Restricted lighting rearing system light/dark ratio 

 

 

Age of the broiler birds 

(day) 
intensity Hours of light /dark 

0- 4 

5- 35 

20-35 lux 

5-10 lux 

 

24 L: 0 D 

1 hours of light fallowed 

by 3 hours of dark 

Age of the broiler birds 

(day) 
intensity Hours of light /dark 

 

0-4 

4-8 

8-15 

15-22 

22-29 

29-35 

 

20-35 lux 

20-35 lux 

5-10 lux 

5-10 lux 

5-10 lux 

5-10 lux 

 

24 L: 0 D 

18 L: 6 D 

14 L: 10 D 

16 L: 8 D 

18 L: 6 D 

22 L: 2 D 
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Table (7): Summary of the first experiment 

 

 

 

 

 

Groups 

 

Number 

of  birds 

 

Lighting 

system 

 

 

Subgroups 
Physical 

form of diet 

Group 1 100 

 

 

Continuous  

 

1 

 

 

Pelleted 

 

 

2 Mashed 

Group 2 100 

 

 

Intermittent  

 

 

 

 

1 

 

 

 

Pelleted 

 

2 
 

Mashed 

Group 3 100 

 

Restricted  

 

 

1 

 

 

Pelleted 

 

2 Mashed 



   50 

 

 

4.2. The second experiment 

Effect of Increased Air Velocity on Performance of Broilers at 

High Temperature 

 

        Two hundred one day old chicks of broiler chicks either males or 

females were used in this experiment, so the broiler birds were divided into 

two groups randomly. Each group composed of 100 broiler birds were 

raised in separated rooms. The first group was considered as control group 

and it was exposed to low air velocity (1-4 m/ minute) in horizontal 

manner. The second group as a treated group was exposed to high air 

velocity at (180 m/minute). Air velocity in this experiment was adjusted by 

electrical fans and thermo anemometer instrument for ideal adjustments, 

moreover the air speed was measured in each room at the centre and 

corners measured at (0.5 m) from the floor and average of these measures 

were detected and adjusted to the experiment need and temperature also 

was measured and adjusted between (25- 30 ºC) by the same instrument in 

all groups. All broilers in the experiment were raised under continuous 

lighting system and in naturally ventilated rooms. 
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4.3. The third experiment 

Effect of Exposure to Acute Heat Shock at Young Age on 

Performance of Broilers and Development of 

Thermotolerance 

         One hundred one day old broiler birds both males and females were 

divided into four groups randomly, so each group formed of 25 broiler 

birds. All groups were raised in one room under continuous lighting system 

and naturally ventilation system. The room was divided into four 

compartments via partition; each compartment was ready for a group of 

birds. Each compartment was supplied with equipment needed its floor 

space adjusted at 0.09 m
2
/ bird. Another heat stress room was used to 

expose the broiler birds to heat stress of (39ºc ± 1ºc) in the first week of 

age. The temperature was regulated in the heat stress room via electrical 

heaters and room thermometers. Each group was raised in a compartment 

of the room and each group have special treatment. The first group (control 

group) did not receive any heat stress treatment at their young age. The 

second group exposed to heat stress at the age of (1
st
 and 2

nd
 days of life) at 

temperature of (39ºc ± 1ºc). The third and the fourth groups of birds were 

admitted the heat stress room at 3
rd

: 4
th

 and 5
th

: 6
th 

days, respectively, so 

that each of the heat stressed groups was admitted to the heat stress room 

for two successive days at the first week of life, respectively. Anther 

exposure of the broilers in the experiment to shock of heat stress at age of 

32 days at a temperature of (38ºc ± 1ºc) for 10 hours and then, blood 

samples were collected immediately after heat stress.  
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5) Sampling:- 

             For the first experiment, blood samples were collected from 

broilers twice, at 17
th

 and 35
th

 days of age, while for the 2
nd

 and 3
rd

 

experiments, blood samples were collected once at 17
th

 and 32
nd

 days of 

age, respectively. 

            Blood samples were taken from shank vein and were divided into 

two portions, one for the haematological parameters and the second portion 

was centrifuged at 3000 rpm for 10 minutes and serum was preserved at -20 

ºC till examination. 

 

6) Measurements 

 

6.1. Performance Parameters (Growth Performance):-  

           Body weight of all birds in the experiment was measured weekly 

and the weekly feed consumption was calculated to compute the fallowing: 

 

6.1.1. Weekly Body Weight Development:-  

          All broiler birds in all experiments were weighed individually at the 

start of the experiments, then at weekly intervals afterward in order to 

determine weekly body weight. The live weight change was taken as a 

criterion of the effect of treatments in each experiment and as a measure for 

growth (Crampton and Lioyd, 1959).  

 

6.1.2. Weekly Body Weight Gain:- 

         Weekly body weight gain of broilers (expressed in grams) in each 

group or subgroup in the experiments was calculated weekly by the 

difference between two successive body weights.  
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  6.1.3. Weekly relative growth gain:- 

             The relative growth gain was determined according to (Cited in 

Reham, 2006). 

            {Body weight (g) – body weight in the previous week (g)} 

RGG =   ---------------------------------------------------------------------- * 100 

              0.5{body weight (g) + body weight in previous week (g)} 

        

6.1.4. Weekly Feed Intake:- 

          It was determined by calculating the feed consumption (g) per week 

for each subgroup and/or group of birds by the offered diets were 

calculated each day, then at the end of the week. The weekly feed intake 

was calculated by difference between the weight of offered feed and the 

remained feed. 

 

6.1.5. Feed Conversion Ratio (FCR):- 

             Feed conversion was determined by dividing weekly feed intake 

(g) by weekly body gain (g) during the same week (Abd El-wahed, 1998). 

 

                   Weekly feed intake (g)  

FCR =     ------------------------------------ 

         Weekly body gain (g) 

 

6.1.6. Feed Efficiency:- 

         The efficiency of the feed utilized/ kilogram gain in the weight was 

determined by dividing the body gain by the amount of the feed intake 

during the same period (Fromageot et al., 1985). 

                Body weight per week (g) 

Feed efficiency = ------------------------------------------------ 

       Amount of the feed intake per week (g) 
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6.2. Haematological Parameters  

          The haematological parameters were carried out for the 1
st
 and 2

nd
 

experiments as follow: 

 

6.2.1. Determination of Packed Cell Volume (PCV):- 

             PCV was determined by the microclimatic method according to 

(Schalm et al., 1975). 

 

6.2.2. Determination of Haemoglobin:- 

             The haemoglobin was measured by the cyanomethemoglobin 

method (Pilaski, 1972) using reagent obtained from (Diamond Diagnostics 

co.), Egypt. 

 

6.2.3. Determination of Serum Proteins:- 

 

6.2.3.1. Determination of Total Serum Protein:- 

           Total serum protein estimated using kits obtained from (Diamond 

Diagnostic Co.) according to Henry (1964) using spectrophotometer 

(turner 690) at wave length 546 nm. The results were calculated according 

to the fallowing equation: 

                                                            Absorbance of sample 

       Total protein concentration (g/dl) = ------------------------------   x 6 

                                                            Absorbance of standard 

Where 6 =concentration of protein in the standard. 

 

6.2.3.2. Determination of Serum Albumin:- 

            Serum albumin was estimated by using kits obtained from 

(Diamond diagnostic co.) according to Doumas et al. (1971) by 
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spectrophotometer (turner 690) at wave length of 623 nm. Results were 

calculated through the fallowing equation: 

                                                         Absorbance of the sample  

        Albumin concentration (g/dl) = ------------------------------------ x 4  

                                                         Absorbance of the standard 

Where 4 = concentration of albumin in the standard 

 

6.2.3.3. Determination of Serum Globulin:- 

 Serum globulin measured by subtracting the concentration of 

serum albumin from the concentration of the total serum protein. 

 

6.3. Determination of Some Immunological Parameters:-  

           Some immunological parameters were estimated in blood samples 

collected from broiler chicks in the 1
st
 experiment. 

 

6.3.1. Determination of The Serum Globulin (Previously Explained):- 

 

6.3.2. Determination of The Phagocytic Activity:-  

           The phagocytic activity detected according to Kawahara et al. 

(1991) via the fallowing procedure: 

One ml of blood sample was inculcated with 50 μg of Candida albicans in a 

sterile test tube and shacked in a shacking water bath at 23- 25 ºc for 3: 5 

hours. Blood film was done and stained with Giemsa stain and examined 

microscopically.  

Calculation:  

                Phagocytic activity percent = proportion of the phagocytic 

macrophages which contained intracellular yeast in random count of 300 

macrophages (percent of phagocytic cells). 
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                                      Number of the yeast cell phagocytized                  

   Phagocytic index =   -------------------------------------------------- 

                                           Number of phagocytic cells 

 

6.4. Determination of Corticosterone:- 

         Serum corticosterone levels were determined with a radioimmunoassay 

according to the procedure of Satterlee et al. (1980), with using kits (RIA 

1364; DRG, Marburg, Germany), and the analysis were performed essentially 

as described in the manufacturer’s manuals. Radioimmunoassay Coat-A-Count 

kits were modified and used to determine plasma corticosterone 

concentrations. Polypropylene test tubes (1275 mm), which had the antibody 

for hormone assay immobilized to the wall of each tube, iodinated hormone 

tracer, and calibrators (standards) were provided in RIA kit to test 

corticosterone assay recovery, a stock solution of corticosterone was serially 

diluted to equal the standard concentrations (range of 0.78 to 50 ng/ ml), and 

these were added to 1 ml of filtered chicken plasma samples. The percentage 

recovery ranged from a low of 85% for the 0.78 ng/ ml sample to a high of 

102% for the 50 ng/ ml sample. Filtered chicken plasma was also used to 

determine assay parallelism. A stock solution of corticosterone was serially 

diluted to each standard concentration, and these were added (spiked) to 1 ml 

filtered chicken plasma samples, the logit-log plot of percentage bound vs. 

corticosterone concentration was compared with the standard curve. The 

slopes and standard errors of the standard curve and spiked, filtered plasma 

curve were0.7700.0167 and 0.795±0.0185), respectively. 

 

6.5. Determination of Carcass Characteristics:-  

            At the end of the 1
st
 experiment, five broiler birds were taken 

from each subgroup either male or female randomly representing the 
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average body weight of their subgroup. Birds were slaughtered for 

detection of the carcass quality measures according to (Leeson et al., 

1982), for the following measures: 

 

 6.5.1. Visceral Weight (g):- 

          Weights of all visceral organs were detected immediately after 

evisceration. 

 

6.5.2 Visceral / live body weight ratio:- 

          V/BW = Visceral weight / Live body weight 

 

6.5.3 Carcass / visceral ratio:-  

          The carcasses after removal of head, feet, feathers, and internal 

organs were weighted and considered as body carcass weight. 

       C/v = Carcass weight / Visceral weight 

 

6.5.4. Carcass / live body weight ratio  :- 

           C/BW = Carcass weight / live body weight 

 

6.5.5. Dressing Percentage (g):- 

           The dressing percentage was calculated as fallowing: 

Dressing %= Dressed carcass weight / Live body weight x 100                                            

 

6.5.6. Gizzard Weight (g):-  

          Weight of the gizzard muscle was detected alone after careful 

removing of all fatty tissue, which surrounded it. 
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6.5.7. Abdominal Fat (g):- 

         Fat surrounding the gizzard and extending with the ischium and 

surrounding the bursa of fabricus, cloaca and adjacent to abdominal 

muscles, which represent the visible abdominal fat was collected and 

weighed (Deschepper and Groote, 1995). The absolute weight and 

relative weight (to live body weight) of visible abdominal fat were 

calculated. 

    

6.5.8. Bone Carcass Ratio:- 

             After evisceration and removal of non edible parts, bones 

were removed carefully and weighed (g). The muscles were also 

weighed (g). The weight of bone was detected and divided by the 

weight of the muscles for each bird, in order to estimate the 

bone/carcass ratio. 

 

6.5.9 Meat bone ratio:- 

          M/b= bone weight (g)/meat weight (g). 

 

6.5.10 meat live body weight ratio:- 

          M/BW = meat weight (g) / live body weight (g). 

 

6.5.11 Bone live body weight ratio:- 

         B/m= bone weight (g)/ live body weight (g). 

 

6.6. Detection of the Ascites Syndrome:-  

          Ascites syndrome was determined in broiler birds subjected 

to the 1
st
 experiment during post mortum examination. 
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6.7. Detection of Sudden Death Syndrome:-  

                The Sudden death syndrome was determined in broiler birds 

subjected to the 1
st
 experiment during post mortum examination. 

 

6.8. Detection of Numbers of Birds with Leg Disorders:-  

            Leg and foot conditions were evaluated in the 1
st
 experiment for 

both the incidence and severity of twisted legs, crooked toes, infected and 

calloused hocks and foot pads. Broilers were scored on score from 0 to 4 

for all conditions. A score of 0 indicates no defects; 1, a slight to moderate 

defects on one foot or leg; 2, a slight to moderate defects on both feet or 

legs; 3, a severe defect on one foot or leg and a slight defect on the another 

feet or  leg; 4, a severe defect on both feet and legs. (William et al., 1991).    

 

7) Statistical Analysis:- 

           All data were analyzed by using SPSS program via the fallowing testes 

according to (Foster, 1999).  

 

7.1. Independent T-Test  

             It was used for detection of the effect of the air speed on the broiler 

performance, and blood parameters according to (Tandon et al., 1989).  

 

7.2. One Way ANOVA Test 

               It was used for determination of the effect of the early thermal 

conditioning on the performance parameters and blood corticosterone level in 

broilers according to (Fisher et al., 1993) 
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7.3. Multivariate, General Linear Model (GLM) for Analysis of 

Variance (ANOVA):- 

            This statistical model was constructed to determine the effect different 

lighting systems and different feed forms under different lighting systems, and 

the interaction between the lighting system and physical form of diet on 

performance parameters, immunity, haematological parameters, and carcass 

quality measures (Maxwell et al., 1990). 

 

7.4. Duncan
'
s Multiple Range Test (DMRT) 

              It was done to test the significant differences between the lighting 

systems and different feed forms and their interaction. 

 

7.5. Chi-square Test 

            It was performed to detect the effect of the lighting systems on ascites, 

sudden death syndrome, and leg disorders in broilers according to (Hill, 1979). 
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Results and Discussion 

 

         Broiler performance is the one of the most important subject in the 

animal wealth in both modern and developing countries. The problems of how 

much the broiler cost, and how much does it gain?; are becoming the most 

important formula in the broiler industry. 

        In concurrent work, broilers performance under some rearing system was 

studied, in order to achieve high performance and gains from broilers rearing 

operations through out three main experiments:- 

   

 

1) Effect of Different Lighting Systems and Physical 

Form of Diet on The Broiler Performance 

 

        Lighting system was studied together with the effect of the physical form 

of diet under each lighting system on the broiler performance, some 

immunological and hematological parameters in addition to the skeletal and 

metabolic defects appeared in the broilers under each lighting system.    
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Table (8): Effect of lighting systems and physical forms of diet on broiler's weekly body weight development (g) 

a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 

Lighting system 
Physical form of 

diet 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 180.50± 2.22 413.36± 5.55
c
 895.39± 11.26

a
 1372.30± 19.20

 a
 1842.90± 29.93

 a
 

Mashed 186.84± 2.22
 
 435.98± 5.55

ab
 884.36± 11.38

b
 

1357.94± 19.40
 a
 

 
1842.35± 30.24

 a
 

Average 183.67± 1.57
 A

 424.67± 3.92
 A

 874.87± 8.00
 A

 1365.12± 13.65
 A

 1842.63± 21.28
 B

 

Intermittent 

lighting system 

Pelleted 181.75± 2.22
 
 424.20± 5.60

bc
 879.64± 11.38

bc
 1377.76± 19.82

 a
 1891.39± 30.89

 a
 

Mashed 180.60± 2.22
 
 441.89± 5.55

a
 847.90± 11.26

d
 1368.43± 19.01

 a
 1886.96± 29.63

 a
 

Average 181.18± 1.57
 A

 433.05± 3.94
 A

 863.77± 8.00
 A

 1373.09± 13.73
 A

 1889.17± 21.40
 A

 

Restricted lighting 

system 

Pelleted 181.72± 2.22
 
 421.23± 5.60

bc
 763.44± 11.38

c
 1276.72± 19.20

 a
 1771.27± 29.93

 a
 

Mashed 180.71± 2.22
 
 422.26± 5.55

bc
 838.65± 11.26

a
 1321.57± 19.01

 a
 1779.83± 29.63

 a
 

Average 181.21± 1.57
A
 421.75± 3.94

A
 801.05± 8.00

B
 1299.15± 13.51

B
 1775.55± 21.06

C
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Figure (1): Effect of lighting systems on broiler's weekly body weight 

development 

 

 

 

Figure (2): Effect of physical forms of diet under different lighting 

systems on broiler's weekly body weight development 
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1.1. Weekly Body Weight Development:-  

            Table (8); figures (1 and 2) showed that the body weight was not 

significantly differed among different lighting systems in the first two 

weeks of life, but at the third week, both continuous (874.87± 8 g) and 

intermittent (863.77± 8 g) lighting systems increased significantly the body 

weight development than restricted lighting system (801.05± 8 g) and this 

remained for the fourth week. However, the intermittent lighting system 

increased the body weight than continuous lighting system, but this 

increase was not significant at (p<0.05), but at the fifth week the 

intermittent lighting system increased significantly the body weight 

development (1889.17± 21.4 g) than both continuous (1842.63± 21.28 g) 

and restricted (1775.55± 21.06 g) lighting systems. These results were in 

agreement with those of (Buyse et al., 1994; Buyse et al., 1996 a, b; 

Ohtani and Tanaka, 1998; Ohtani and Lesson, 2000, and Rahimi et al., 

2005). They reported that intermittent lighting system increased body 

weight of broiler birds than the continuous lighting system. These results 

may be attributed to the intermittent lighting system decreased maintenance 

energy in broilers (Buyse et al., 1996a,b), and increasing of the feed intake 

(Ohtani  and Tanaka, 1998), as well as intermittent lighting system 

improved the broiler’s feed utilization (Rahmi et al., 2005). 

           The intermittent lighting system induced the secretion of the natural 

melatonin which may be had high effect on improvement of both body 

weight and gain in broilers under the intermittent lighting system (Classen 

and Riddle, 1989; Classen et al., 1991; Reiter et al., 1991, and 

Apeldoorn et al., 1999b). 

          Continuous lighting system increased significantly body weight 

development than restricted lighting system in the third, fourth and fifth 

week of age. These results may be attributed to increase of the photoperiod 

resulted in increasing of the hunger effect on the bird and also it could be 
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due to the positive relationships between light period and body weight 

(Clegg and Sanfford, 1951). This was in agreement with (Deaton and 

Reece, 1970), who reported that the continuous lighting system was 

stimulated the hunger and increased broiler’s body weight and gain. 

However, Apeldoorn et al. (1999 a,b) disagreed with these results that he 

reported that the restricted lighting system increased the body weight, as 

well as improved the performance parameters in broilers than the 

continuous lighting system. The foregoing results could be attributed to 

that broilers under restricted lighting rearing program showed reduction in 

the feed consumption due to long dark period which decreased there body 

weight than those were raised under continuous lighting ( Leonard, 2002). 

           Average body weight development showed no significant deference 

between different lighting systems during the first two weeks of life of 

broiler birds under the experiment, this could be attributed to all lighting 

systems beginning at the first week with the same number of lighting hours 

then they were differed from each other at the end of the first week, and 

also the growth rate at first two week remain some what low.   

           The physical form of the diet affected significantly the broilers body 

weight development at the 2
nd

 and 3
rd

 weeks of life only. During the 2
nd

 

week, feeding mashed ration significantly increased the weekly body 

weight development (435.98± 5.55 and 441.89± 5.55 g) under continuous 

and intermittent lighting systems, respectively than pelleted ration. On the 

contrary, during the 3
rd

 week of life feeding pelleted ration resulted in 

increased of broilers weekly body weight development than feeding 

mashed ration under continuous lighting and intermittent lighting systems. 

The body weight of broilers fed pelleted ration was (895.39± 11.26 and 

879.64± 11.38 g), while it was (884.36± 11.38 and 847.90± 11.26 g) for 

continuous and intermittent lighting systems, respectively. Afterward, the 
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feed physical form possessed no significant effect at (p<0.05) on the body 

weight development of broilers. 

       These observations may be referred to that during the 2
nd

 week of life 

under continuous and intermittent lighting systems birds were at the 

beginning to accustom themselves on the easily ingested pelleted ration, 

then during the 3
rd

 week, the intake of pelleted ration was increased. These 

results were in agreement with those of (Nir et al., 1994a; Golobart and 

Moran, 2005, and Jahan et al., 2006). They reported that the pelleted diet 

increased broilers body weight especially at early age, on other hand 

McAllister et al. (2000) reported that there was no difference between 

pelleted and mashed diet in the body weight development and this explain 

the absence of difference between pelleted and mashed diet at the fourth 

and fifth week. 

      Nir et al. (1994a, b) and Nir et al. (1995) reported that pelleted ration 

increased the broiler body weight via decreasing feed wastage as it is easy 

to eat and birds prefer to eat the large objects than small objects. 
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Table (9): Effect of lighting systems and physical forms of diet on broiler's weekly body weight gain (g) 

 

a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 

Lighting system 
Physical form of 

diet 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 132.50±  2.22 232.86± 3.45
c
 452.03± 6.04

a
 511.11± 8.52

a
 470.59± 11.12

a
 

Mashed 138.84± 2.22 249.13± 3.45
b
 449.72± 6.10

a
 476.56± 8.61

b
 484.42± 11.23

a
 

Average 135.67± 1.57
A
 241.00± 2.44

B
 450.88± 4.29

A
 493.83± 6.06

B
 477.51± 7.90

B
 

Intermittent 

lighting system 

Pelleted 133.75± 2.22 243.03± 3.49
bc

 455.44± 6.10
a
 508.32± 8.79

a
 513.63± 11.47

a
 

Mashed 132.60± 2.22 261.29± 3.45
a
 406.01± 6.04

b
 520.53± 8.43

a
 518.53± 11.00

a
 

Average 133.18± 1.57
 A

 252.16± 2.46
A
 430.73± 4.29

B
 514.42± 6.09

A
 516.08± 7.95

A
 

Restricted lighting 

system 

Pelleted 133.72± 2.22 240.21± 3.49
bc

 342.21± 6.10
c
 513.28± 8.52

a
 494.54± 11.12

a
 

Mashed 132.71± 2.22 241.55± 3.45
bc

 416.39± 6.04
b
 482.92± 8.43

b
 479.78± 11.23

a
 

Average 133.21± 1.57
A
 240.88± 2.46

B
 379.30± 4.29

C
 498.10± 5.99A

B
 487.16± 7.90

B
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Figure (3): Effect of lighting systems on broiler's weekly body weight gain 
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Figure (4): Effect of physical forms of diet under different lighting system 

on broiler's weekly body weight gain 
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1.2. Weekly Body Weight Gain:- 

            Table (9) and figures (3 and 4) showed that during the first week of 

life, there was no significant difference in weekly body weight gain (g) in 

relation to the lighting system. Furthermore, during the 2
nd

, 4
th

 and 5
th

 

weeks of life, the average weekly body gain of birds reared under the 

intermittent lighting system (252.16± 2.46; 512.42± 6.09 and 516± 7.95 g, 

respectively) was higher than that of birds reared under continuous lighting 

system (241.0± 2.44; 493.83± 6.06 and 477.51± 7.90 g, respectively), and 

birds reared under the restricted lighting system (240.88± 2.46; 498.10± 

5.99 and 487.16± 7.90, respectively). 

        From the outgoing results, it was clear that during the first week of 

broiler life, lighting system had a little effect on the weekly body weight 

gain and afterwards application of intermittent lighting system produced 

beneficial effect on the weekly body gain than application of continuous 

and restricted lighting systems. This was in agreement with the finding of 

(Buyse et al., 1994, and Buyse et al., 1996a, b), and could be attributed to 

that the intermittent lighting system decrease of the energy needed for 

maintenance and improving of the feed intake (Buyse et al., 1996a, b, and 

Ohtani and Tanaka, 1998), also the intermittent lighting systems decrease 

the broilers physical activity, so it results in increasing of the broilers body 

gain (Rahimi et al., 2005).  

       There was significant difference in weekly body weight gain of birds 

reared under the three different lighting systems with regard to the physical 

form of diet. During the 2
nd

 week of broiler life, the weekly body weight 

gain of birds reared under continuous lighting and fed mashed ration 

(249.84± 3.13 g) was higher than those fed pelleted ration (232.86± 3.45 

g). The same trend was observed in birds reared under the intermittent 

lighting (261.29± 3.45 and 243.03± 3.49 g), however there was no 
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significant difference between mashed and pelleted ration in broilers reared 

under restricted lighting (241.55± 3.45 and 240.21± 3.49 g).  

         There was no significant difference in weekly body gain between 

birds fed pelleted and mashed ration and reared under continuous lighting 

during the 3
rd

 and the 5
th

 week of life. Moreover, by the 3
rd

 week     

Pelleted ration (455.44± 6.10 g) significantly increased the body gain than 

the mashed diet (406.01± 6.04 g) in Broilers reared under the intermittent 

lighting system, however under the restricted lighting system mashed ration 

(416.39± 6.04 g) significantly increased body gain than pelleted ration 

(342.21± 6.10 g)  

               In the fourth week, the pelleted ration significantly increased the 

body weight gain (511.11± 8.52 g) than the mashed ration (476.56± 8.61 g) 

under continuous lighting system, and these results were obtained also 

from the restricted lighting also (pelleted 513.28± 8.52 g) to (mashed 

482.92± 8.43 g), but there was no significant difference between pelleted 

and mashed ration under the intermittent lighting system in the body gain at 

(p<0.05). In the fifth week, there was no significant difference between 

different feed forms under different lighting systems in the body weight 

gain at (p<0.05). In general pelleted ration increased the body weight gain 

under continuous and intermittent lighting systems in the third and fourth 

weeks, and restricted lighting system at the fourth week. These results were 

in agreement with (Reece et al., 1985; Bertechini et al., 1992; Deaton, 

1992; Sinha et al., 1994, and Asha Rajini et al., 1998a, b), whom 

reported that the pelleted ration increased the body weight gain. The 

pelleted ration increased the body weight gain in broilers through 

improving feed consumption and increasing the feed efficiency as well as 

low energy or effort exerted during eating, as pelleted ration was ingested 

very rabidly and easy than mashed one (Nir et al., 1994a; Golobart and 

Moran, 2005, and Jahan et al., 2006). 
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Table (10): Effect of lighting systems and physical forms of diet on broiler's relative growth gain 
 

 

a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 

Lighting system 
Physical form of 

diet 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 115.34± 0.84 78.47± 0.38
c
 70.68± 0.36

a
 45.73± 0.24

c
 31.79± 0.17

b
 

mashed 117.84± 0.84 79.69± 0.38
b
 68.42± 0.36

b
 42.50± 0.24

e
 29.77± 0.17

d
 

Average 116.59± 0.60
A
 79.08± 0.27

C
 69.55± 0.25

A
 44.12± 0.17

C
 30.78± 0.12

C
 

Intermittent 

lighting system 

Pelleted 116.12± 0.84 80.22± 0.38
b
 69.81± 0.36

a
 45.11± 0.25

cd
 31.04± 0.17

c
 

Mashed 115.69± 0.84 83.94± 0.38
a
 62.85± 0.36

d
 46.80± 0.24

b
 31.89± 0.17

d
 

Average 115.91± 0.60
A
 82.08± 0.27

A
 66.33± 0.25

B
 45.96± 0.17

B
 31.47± 0.12

B
 

Restricted lighting 

system 

Pelleted 116.08± 0.84 79.69± 0.38
b
 57.71± 0.36

e
 50.41± 0.24

a
 33.78± 0.17

a
 

Mashed 115.68± 0.84 80.06± 0.38
b
 66.01± 0.36

c
 44.59± 0.24

d
 31.00± 0.17

c
 

Average 115.88± 0.60
A
 79.88± 0.27

B
 61.86± 0.25

C
 47.50± 0.17

A
 32.39± 0.12

A
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Figure (5): Effect of lighting systems on broiler's weekly relative growth 

gain 
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Figure (6): Effect of physical forms of diet under different lighting system 

on broiler's weekly relative growth gain 
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1.3. Weekly Relative Growth Gain:- 

         Table (10) and figures (5 and 6) showed that the lighting system had no 

effect on the average relative growth gain of broilers at the first week. The 

difference between the lighting systems beginning at the 2
nd

 week of broiler 

life, that averages of relative growth gain were (79.08 ± 0.27; 82.08± 0.27 and 

79.88± 0.27) for the continuous, intermittent and restricted lighting systems, 

respectively during the 2
nd

 week of life. The higher average relative growth 

gain value was attained under intermittent lighting. During the 3
rd

 week, the 

averages of relative growth gain were (69.55± 0.25; 66.33± 0.25 and 61.86± 

0.25) for the continuous, intermittent and restricted lighting systems, 

respectively with the higher average growth gain attained in broilers reared 

under continuous lighting, while the intermittent lighting system remain 

significantly increased the relative growth gain than restricted lighting system. 

However, in both fourth and fifth weeks of age the restricted lighting system 

was significantly increased the relative growth gain (47.50± 0.17; 32.39± 0.12) 

than both intermittent (45.96± 0.17; 31.47± 0.12 ) and continuous (44.12± 

0.17; 30.78± 0.12) lighting systems, moreover the intermittent lighting was 

significantly increasing the relative growth gain than the continuous lighting 

system under this period. It was clear that the restricted lighting system 

increased significantly the relative growth gain than both intermittent and 

continuous lighting systems and the intermittent lighting was significantly 

increased the relative growth gain than continuous lighting in the fourth and 

fifth week of age at (p<0.05). These results were in agreement with (Rosety, 

1980; Plvink and Hurwitz, 1989, and Apeldoorn et al., 1999a,b), and this 

may attributed to improvement of the performance parameters under restricted 

lighting system were still comparable to the continuous lighting systems, 

however it decreased the feed consumption and increased feed conversion due 

to long dark phase (Forbes and Injidi, 1979). This improvement of the 

relative growth gain in the restricted lighting system can be attributed to the 
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energy saving due to long dark phase, low physical activity and little stress 

affected the broilers under this system, as well as the dark phase led induction 

of the secretion of natural melatonin which resulted in increasing the gain and 

body weight (Reiter et al., 1991). 

          Average relative growth gain of birds reared under continuous lighting 

possessed significant differences between birds fed pelleted and mashed ration 

during 2
nd

, 3
rd

, 4
th

 and 5
th

 weeks of life. Generally feeding pelleted ration 

produced better relative growth gain in birds reared under continuous lighting. 

Under intermittent lighting the relative growth gain of broilers during 2
nd

, 3
rd

, 

4
th

 and 5
th

 weeks of age showed little difference with regard to pelleted and 

mashed ration feeding. Concerning the effect of restricted lighting system on 

the relative growth gain of broilers fed pelleted and mashed ration, mashed 

feed gave higher values during the 2
nd

 and 3
rd

 weeks of age (80.06± 0.38 and 

66.01± 0.36 g, respectively) than those given by feeding pelleted ration 

(79.69± 0.38 and 57.71± 0.36 g, respectively). Furthermore, during the 4
th

 and 

5
th

 weeks of age pelleted ration gave the higher values (50.41± 0.24 and 

33.78± 0.17 g, respectively). At the end of fifth week , the average relative 

growth gain of birds reared under restricted lighting (32.39± 0.12 g) was 

higher than those of birds reared under intermittent lighting (31.47± 0.12 g) 

and continuous lighting (30.78± 0.12 g). These results were in agreement with 

those of (Reece et al., 1985; Bertechini et al., 1992; Deaton, 1992; Sinha et 

al., 1994; Asha Rajini et al., 1998a, b). They reported that pelleted ration 

increased feed intake and body gain as well as feed conversion ratio, while it 

decreased the feed wastage compared to the mashed ration and this may be 

attributed to the same causes of improvement of the body weight gain.  
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Table (11): Effect of lighting systems and physical forms of diet on broiler's weekly Feed conversion ratio 

Lighting system 
Physical form of 

diet 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 1.32± 0.02 1.89± 0.04
a
 1.57± 0.02

cd
 1.46± 0.03

c
 2.15± 0.06

a
 

mashed 1.20± 0.02 1.87± 0.04
a
 1.52± 0.02

d
 1.64± 0.03

a
 2.20± 0.06

a
 

Average 1.26± 0.02
A
 1.88± 0.03

A
 1.54± 0.02

C
 1.55± 0.02

A
 2.18± 0.04

A
 

Intermittent 

lighting system 

Pelleted 1.26± 0.02 1.83± 0.04
a
 1.51± 0.02

d
 1.53± 0.03

bc
 2.27± 0.06

a
 

Mashed 1.22± 0.02 1.68± 0.04
a
 1.72± 0.02

b
 1.55± 0.03

b
 2.06± 0.06

a
 

Average 1.24± 0.02
A
 1.75± 0.03

B
 1.61± 0.02

B
 1.54± 0.02

A
 2.16± 0.04

A
 

Restricted lighting 

system 

Pelleted 1.31± 0.02 1.81± 0.04
a
 1.99± 0.02

a
 1.51± 0.03

bc
 2.20± 0.06

a
 

Mashed 1.27± 0.02 1.82± 0.04
a
 1.61± 0.02

c
 1.58± 0.03

ab
 2.14± 0.06

a
 

Average 1.29± 0.02
A
 1.81± 0.03

AB
 1.80± 0.02

A
 1.54± 0.02

A
 2.17± 0.04

A
 

 

a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 
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Figure (7): Effect of lighting systems on broiler's weekly feed conversion 

ratio
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Figure (8): Effect of physical forms of diet under different lighting system on 

broiler's weekly feed conversion ratio 
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1.4. Weekly Feed Conversion Ratio:- 

           The feed conversion ratio is the performance parameter, which 

concerned with how many kilograms of ration were fed by the bird to increase 

its body weight by one kilogram. This explained that the birds which had low 

feed conversion ratio had higher performance.  

            From table (11) and figures (7 and 8) the weekly feed conversion ratio 

was calculated in relation to the lighting systems and physical form of diet. 

There was no significant difference between the average values of weekly feed 

conversion ratio of birds reared under the three lighting systems at the 1
st
 

weeks of life. 

          At the 2
nd

 week feed conversion ratio reached the higher value in birds 

reared under continuous lighting system (1.88± 0.03) fallowed by those kept 

under restricted and intermittent lighting (1.81± 0.03 and 1.75± 0.03, 

respectively). At the 3rd week the higher weekly feed conversion was noticed 

in broilers reared under restricted lighting (1.80± 0.02) fallowed by those 

reared under intermittent and continuous lighting systems (1.61± 0.02 and 

1.54± 0.02), respectively. In general the intermittent lighting system was 

significantly improved the feed conversion ratio. These results were in 

agreement with (Buyse et al., 1994; Buyse et al., 1996a, b, and Rahimi et al., 

2005). They concluded that the intermittent lighting system improved the 

broiler feed conversion ratio. Moreover, these results could be attributed to the 

decreasing of the physical activity and partition of the caloric intake which 

resulted in increased of average daily gain and improved the feed conversion 

due to continuous turning off and on of the light (Beker et al., 2003).     

           The physical form of broiler feed had no influence on the feed 

conversion ratio during the 2
nd

 week of age, but in the third week the pelleted 

diet was significantly decreased the feed conversion ratio (1.51± 0.02) than the 

mashed diet (1.72± 0.02) under the intermittent lighting system, however 

pelleted ration under restricted lighting system significantly increased the feed 
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conversion ratio (1.99± 0.02) than all feed forms under all lighting treatments. 

Moreover, there was no significant difference between the different feed forms 

under the continuous lighting system at (p<0.05). In the fourth week, Pelleted 

diet was significantly decreased the feed conversion ratio (1.46± 0.03 and 

1.53± 0.03) than mashed diet (1.64± 0.03 and 1.55± 0.03) under both 

continuous and intermittent lighting systems, respectively. Furthermore, the 

Pelleted ration was not significantly different from each other under different 

lighting regimes at (p<0.05). Pelleted ration also was not significantly different 

from the mashed ration under the intermittent lighting system, In the fifth 

week there was no significant difference among different feed forms under 

different lighting regimes at (p<0.05). Generally Pelleted ration under 

intermittent and continuous lighting systems was significantly decreased feed 

conversion ratio; also it improved productive parameters than other feed forms 

under different lighting systems. These results were in agreement with those of 

(Jahan et al., 2006), who noted that pelleted ration decreased feed conversion, 

and this may be attributed to low bacterial competition in the pelleted diet 

(Moran, 1989, and Behnke, 1994). Moreover, the increase of the digestibility 

of starch and carbohydrates as well as the increase of daily feed intake in 

broilers fed pelleted diet than others could be improved the feed conversion 

ratio (Andrews, 199l, and Hamilton and Proudfoot, 1995). 
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Table (12): Effect of lighting systems and physical forms of diet on broiler's weekly Feed efficiency ratio 

 

 
a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 

Lighting system 
Physical form of 

diet 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 0.78± 0.01 0.53± 0.01
c
 0.64± 0.01

bc
 0.69± 0.01

a
 0.48± 0.01

ab
 

mashed 0.85± 0.01 0.56± 0.01
b
 0.66± 0.01

ab
 0.62± 0.01

c
 0.47± 0.01

ab
 

Average 0.81± 0.01
A
 0.55± 0.01

B
 0.65± 0.01

A
 0.66± 0.01

A
 0.47± 0.01

A
 

Intermittent 

lighting system 

Pelleted 0.80± 0.01 0.55± 0.01
bc

 0.67± 0.01
a
 0.66± 0.01

ab
 0.45± 0.01

b
 

Mashed 0.83± 0.01 0.60± 0.01
a
 0.59± 0.01

d
 0.66± 0.01

ab
 0.50± 0.01

a
 

Average 0.82± 0.01
A
 0.58± 0.01

A
 0.63± 0.01

B
 0.66± 0.01

A
 0.48± 0.01

A
 

Restricted lighting 

system 

Pelleted 0.78± 0.01 0.56± 0.01
b
 0.51± 0.01

e
 0.67± 0.01

ab
 0.47± 0.01

ab
 

Mashed 0.80± 0.01 0.56± 0.01
b
 0.63± 0.01

c
 0.64± 0.01

bc
 0.48± 0.01

ab
 

Average 0.79± 0.01
A
 0.56± 0.01

B
 0.57± 0.01

C
 0.65± 0.01

A
 0.47± 0.01

A
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Figure (9): Effect of lighting systems on broiler's weekly feed efficiency 

ratio. 
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Figure (10): Effect of physical forms of diet under different lighting 

system on broiler's weekly feed efficiency ratio. 
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1.5. Weekly Feed Efficiency Ratio:- 

           Table (12), figures (9 and 10) demonstrated that there were no 

significant differences in weekly feed efficiency ratio of broilers kept under 

continuous, intermittent and restricted lighting systems during 1
st
, 4

th
, and 

5
th

 weeks of their life. During the second week of age intermittent lighting 

improved feed efficiency ratio (0.58± 0.01) significantly rather than 

continuous lighting (0.55± 0.01) and restricted lighting (0.56± 0.01). on the 

other hand, broilers reared under continuous lighting during the 3
rd

 week of 

age possessed the highest feed efficiency ratio (0.65± 0.01) fallowed by 

birds reared under intermittent (0.63± 0.01) and those kept under restricted 

lighting (0.57± 0.01). Generally, the foregoing results revealed that 

intermittent lighting system was the best for increasing feed efficiency ratio 

than the other two systems. These results agreed with those of (Buyse et 

al., 1994; Buyse et al., 1996a, b; Rahimi et al., 2005). This improvement 

in the feed efficiency could be attributed to the decreasing of physical 

activity of broilers under intermittent lighting during dark phases in this 

system (Rahimi et al., 2005).  

         During the 2
nd

 week of age, the broiler fed mashed diet gave better 

feed efficiency when exposed to continuous and intermittent lighting 

(0.56± 0.01 and 0.60± 0.01, respectively) than those fed pelleted ration 

(0.53± 0.01 and 0.55± 0.01) and exposed to continuous and intermittent 

lighting, respectively. During  the 4
th

 week, broilers exposed to continuous 

and restricted lighting and fed mashed ration had higher feed efficiency 

(0.66± 0.01 and 0.63± 0.01, respectively) than those fed pelleted ration 

(0.64± 0.01 and 0.51 ± 0.01, respectively). On the other hand birds exposed 

to intermittent lighting and fed pelleted ration possessed higher feed 

efficiency ratio (0.67± 0.01) than those fed mashed diet. At the 4
th

 week, 

birds exposed to continuous and restricted lighting and fed pelleted ration 
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had higher feed efficiency ratio (0.69± 0.01 and 0.67± 0.01, respectively) 

than those fed mashed diet. 

         During the 5
th

 week of age, there were no differences in feed 

efficiency ratio between those fed pelleted or mashed ration and exposed to 

continuous or restricted lighting systems. Broilers exposed to the 

intermittent lighting showed higher feed efficiency ratio (0.50± 0.01) when 

fed mashed diet which was significantly different from those fed pelleted 

diet (0.45± 0.01). From the forgoing results the pelleted ration was 

significantly increased the feed efficiency ratio under both continuous and 

intermittent lighting systems and these results were agreed with (Nir et al., 

1995, and Asha Rajini et al., 1998a, b). 

              These results could be attributed to that broilers fed pelleted had 

less feed wastage (Calt, 1965 and savory, 1974), also a greater 

digestibility of carbohydrates together with the increase of daily nutrient 

intake in the pelleted ration, which reflected on improvement of the 

performance of broilers (Hamilton and Proudfoot, 1995), moreover 

broilers spent less time and energy in eating pellets, so less energy for 

maintenance used (Nir et al., 1994, 1995). 
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Table (13): Effect of lighting systems and physical forms of diet on some blood parameters of broilers 

Age Lighting system 

Physical form 

of diet 

Hemoglobin 

(g/dl) 
PCV 

Total blood 

protein (g/dl) 
Albumin (g/dl) Globulin (g/dl) 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE 

17 days old 

chicks 

Continuous 

lighting system 

Pelleted 13.64± 2.64
a
 33.20± .66

a
 2.74± 0.18

a
 0.72± 0.09

bc
 2.03± 0.21

a
 

mashed 12.02± 2.64
a
 32.60± 0.66

ab
 2.29± 0.18

a
 0.97± 0.09

ab
 1.32± 0.21

a
 

Average 12.83± 1.86
A
 32.90± 0.46

A
 2.51± 0.13

A
 0.84± 0.06

AB
 1.67± 0.15

A
 

Intermittent 

lighting system 

Pelleted 10.49± 2.64
a
 30.90± 0.66

bc
 2.23± 0.18

a
 1.05± 0.09

a
 1.18± 0.21

a
 

mashed 10.04± 2.64
a
 28.60± 0.66

d
 2.17± 0.18

a
 0.97± 0.09

ab
 1.20± 0.21

a
 

Average 10.27± 1.86
A
 29.75± 0.46

B
 2.20± 0.13

A
 1.01± 0.06

A
 1.19± 0.15

B
 

Restricted 

lighting system 

Pelleted 13.79± 2.64
a
 31.40± 0.66

ab
 2.63± 0.18

a
 0.97± 0.09

ab
 1.66± 0.21

a
 

Mashed 11.72± 2.64
a
 29.00± 0.66

cd
 2.29± 0.18

a
 0.63± 0.09

c
 1.65± 0.21

a
 

Average 12.76± 1.86
A
 30.20± 0.46

B
 2.46± 0.13

A
 0.80± 0.06

B
 1.66± 0.15

A
 

36 days old 

chicks 

Continuous 

lighting system 

Pelleted 9.72± 2.16
a
 32.40± 2.03

a
 2.00± 0.18

a
 1.01± 0.07

ab
 0.99± 0.21

a
 

Mashed 10.11± 2.16
 a
 29.00± 2.03

a
 2.40± 0.18

 a
 1.22± 0.07

a
 1.18± 0.21

a
 

Average 10.41± 1.52
A
 30.70± 1.44

A
 2.20± 0.13

A
 1.12± 0.05

A
 1.08± 0.15

A
 

Intermittent 

lighting system 

Pelleted 9.28± 2.16
a
 32.00± 2.03

a
 2.29± 0.18

a
 1.09± 0.07

ab
 1.19± 0.21

 a
 

Mashed 9.13± 2.16
a
 34.00± 2.03

a
 2.57± 0.18

a
 1.05± 0.07

ab
 1.52± 0.21

a
 

Average 9.20± 1.52
A
 33.00± 1.44

A
 2.43± 0.13

A
 1.07± 0.05

A
 1.35± 0.15

A
 

Restricted 

lighting system 

Pelleted 11.69± 2.16
a
 33.00± 2.03

a
 2.57± 0.18

a
 1.14± 0.07

ab
 1.43± 0.21

a
 

Mashed 11.99± 2.16
a
 32.20± 2.03

a
 2.34± 0.18

a
 0.93± 0.07

b
 1.42± 0.21

a
 

Average 11.84± 1.52
A
 32.60± 1.44

A
 2.46± 0.13

A
 1.03± 0.05

A
 1.43± 0.15

A
 

 

a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 
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1.6. Blood Parameters:-  

       

1.6.1. Hemoglobin and Total Blood Protein 

       Table (13) showed that hemoglobin concentration and total blood 

protein of broilers did not affected significantly by different lighting 

systems as well as the physical form of diet whether tested at 17
th
 or 36

th
 

days of age. These results agreed with those of (Branton et al., 1997; 

Seiser et al., 2000, and Burnham et al., 2003). They reported that the 

recent genetically developed broilers under the intensive husbandry 

systems were not significantly differed form each other in the blood 

parameters. Seiser et al. (2000) reported that the hemoglobin values were 

not significantly differed among broilers under different rearing systems 

and this may be due to the young age of broiler birds, that the rearing 

period was about 6 the week of life only. 

 

1.6.2. PCV 

            Concerning PCV of 17 days old chicks, there were significant 

differences between birds exposed to continuous lighting (30.90± 0.66) and 

those exposed to intermittent (29.75± 0.46) and restricted lighting (30.20± 

0.46). On the other hand, there ware no significant differences in PCV 

between broilers tested at 36 days old chicks. It was evident that broilers 

fed pelleted diet had higher PCV (33.20± 0.66; 30.90± 0.66 and 31.40± 

0.66, respectively) than those fed mashed diet (32.60± 0.66; 28.60± 0.66 

and 29.00± 0.66, respectively) when exposed to continuous, intermittent 

and restricted lighting systems and examined at the 17
th

 day of age. The 

increasing in PCV under the continuous lighting system at 17 days old 

chicks could be attributed to the increasing of the secretion of cytotoxins in 

the cells which had powerful stimulation effect on the bone marrow 

proliferation (Lissoni et al., 1993). 
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            The results could be also attributed to that the continuous lighting 

system was decreased the level of the natural melatonin secretion than 

intermittent and restricted lighting systems which have strong scavenger 

role against the cytotoxins (Reiter et al., 1991), moreover the melatonin 

hormone decreased the PCV (Durotoye and Rodyway, 1996).     

             

1.6.3. Blood Albumin 

            At 17 days old chicks, there were significant differences in albumin 

concentration between the birds reared under continuous lighting (0.84± 

0.06 g/dl) and those reared under intermittent (1.01± 0.06 g/dl) and 

restricted lighting (0.80± 0.06 g/dl). 

           At 17 and 36 days old chicks, albumin concentration in blood was 

higher in chicks exposed to intermittent and restricted lighting rather than 

intermittent lighting and fed pelleted diet, while albumin was significantly 

higher in birds exposed to continuous lighting and fed mashed diet. The 

induction of these results is not clear and may be of little significance. 

Moreover, at 36 day old there was no significant difference between the 

different lighting systems in albumin values and these results agreed with 

(Branton et al., 1997; Seiser et al., 2000, and Burnham et al., 2003). The 

increase in albumin in broilers were raised under intermittent lighting 

system at 17 days old could be attributed to increasing the health 

parameters under the intermittent lighting system at this stage of life 

(Burnham et al., 2003). 

 

1.6.4. Blood Globulin  

            Globulins are of a great importance blood parameter in poultry that 

it is conjugated with other proteins, hormones, drugs and toxic materials in 

blood, in addition to the gamma globulin with its immune functions. The 

globulin concentrations in blood of 17 days old chicks in the experiment 
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revealed that the higher concentrations were recorded in broilers exposed to 

continuous and restricted lighting (1.67± 0.15 and 1.66± 0.21 g/dl, 

respectively) than those exposed to intermittent lighting (1.19± 0.15 g/dl). 

On other hand, there was no significant difference in the average globulin 

concentration of 35 days old chicks with respect to the lighting system. 

However, the different physical forms of diet under different lighting 

systems were not significantly differed from each other in globulin value 

under different lighting system at both 17 and 36 day of life at (p<0.05). 

The forgoing results were in disagreed with those of (Seiser et al., 2000), 

as he reported that there was no difference between different lighting 

systems in the immune functions in broilers birds due to its young age. The 

foregoing results could be attributed to the high stress resulted from the fast 

growth gain in the broilers reared under the intermittent lighting system 

which result in decreasing the humeral immune function at the first 17 day 

of life, as the recent developed broilers strains are lower in their immune 

function and blood parameters than non genetically developed one due to 

the stress of fast growth (Sturki, 1986; Mushi et al., 1999, and 

Ihenkwumer and Herbet, 2003). 
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Table (14): Effect of lighting systems and physical forms of diet on broiler's 

Phagocytic activity and phagocytic index 

 

Lighting system 
Physical form of 

diet 

Phagocytic activity Phagocytic index 

Mean± SE. Mean± SE. 

Continuous lighting 

system 

Pelleted 93.00± 20.82
a
 1.27± 0.10

a
 

Mashed 187.00± 20.82
a
 1.06± 0.10

a
 

Average 140.00± 14.72
A
 1.16± 0.07

A
 

 

Intermittent 

lighting system 

Pelleted 144.00± 20.82
a
 1.05± 0.10

a
 

Mashed 141.00± 20.82
a
 1.05± 0.10

a
 

Average 142.50± 14.72
A
 1.05± 0.07

A
 

Restricted lighting 

system 

Pelleted 170.00± 20.82
a
 1.21± 0.10

a
 

Mashed 196.00± 20.82
a
 1.11± 0.10

a
 

Average 183.00± 14.72
A
 1.16± 0.07

A
 

 

a-b: means within the same column between different physical forms of diet having the 

different litter are significantly different at (p<0.05). 

A-B: means within the same column among different lighting systems having the different 

litter are significantly different at (p<0.05). 

 

 

 

1.7. Phagocytic Activity and Phagocytic Index:- 
 

             Table (14) illustrated, that neither different lighting systems nor 

different physical forms of diet under different lighting systems were 

significantly affected phagocytic activity and phagocytic index at (p<0.05). 

These results were in agreement with those of (Shaniko, 2003; Islam et al., 

2004, and Talebi et al., 2005), as they reported that there was no significant 

difference between different lighting systems and other intensive rearing 

systems in the broilers cellelular immunity.  
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Table (15): Effect of lighting systems and physical forms of diet on broiler's carcass quality measures 

Lighting system 
Physical form 

of diet 

Visceral weight 

(g) 

Viscera/ live 

body weight 

ratio 

Carcass / 

visceral ratio 

Carcass/ live 

body weight 

ratio 

Dressing 

percentage 

Gizzard weight 

(g) 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 279.20± 15.10
b
 0.14± 0.01

b
 5.16± 0.19

a
 0.70± 0.01

a
 69.81± 0.66

a
 47.58± 4.00

ab
 

Mashed 314.64± 15.10
ab

 0.15± 0.01
a
 4.69± 0.19

ab
 0.69± 0.01

a
 68.87± 0.66

a
 41.80± 4.00

ab
 

Average 296.92± 10.68
A
 0.14± 0.00

A
 4.93± 0.14

A
 0.69± 0.00

A
 69.34± 0.46

A
 44.69± 2.83

A
 

 

Intermittent 

lighting system 

Pelleted 308.06± 15.10
ab

 0.14± 0.01
b
 4.82± 0.19

ab
 0.69± 0.01

a
 69.32± 0.66

a
 50.44± 4.00

ab
 

Mashed 334.80± 15.10
a
 0.16± 0.01

a
 4.29± 0.19

b
 0.68± 0.01

a
 67.66± 0.66

a
 38.80± 4.00

b
 

Average 321.43± 10.68
A
 0.15± 0.00

A
 4.55± 0.14A

B
 0.68± 0.00

AB
 68.49± 0.46

AB
 44.62± 2.83

A
 

Restricted 

lighting system 

Pelleted 274.60± 16.88
b
 0.15± 0.01

ab
 4.62± 0.22

ab
 0.68± 0.01

a
 67.70± 0.73

a
 53.73± 4.47

a
 

Mashed 323.20± 15.10
ab

 0.16± 0.01
a
 4.34± 0.19

b
 0.68± 0.01

a
 67.63± 0.66

a
 50.60± 4.00

ab
 

Average 298.90± 11.32
A
 0.15± 0.00

A
 4.48± 0.14

B
 0.68± 0.00

B
 67.66± 0.49

B
 52.16± 3.00

A
 

 

  a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

  A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 
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Figure (11): Effect of lighting systems on broiler's carcass quality 

measures (dressing percentage and gizzard weight) 
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Figure (12): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (dressing percentage and 

gizzard weight)  
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Figure (13): Effect of lighting systems on broiler's carcass quality 

measures (visceral / live body weight and carcass live body weight) 
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Figure (14): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (visceral / live body weight 

and carcass live body weight) 
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Figure (15): Effect of lighting systems on broiler's carcass quality 

measures (carcass visceral ratio) 
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Figure (16): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (carcass visceral ratio) 
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Figure (17): Effect of lighting systems on broiler's carcass quality 

measures (visceral weight) 
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Figure (18): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (visceral weight) 
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1.8. Carcass Quality Measures:-  

 

1.8.1. Absolute and Relative Visceral Weight  

          From table (15) and figures (13; 14; 17 and 18), it was clear that the 

lighting system produced no effect on visceral weight and visceral/ live 

body weight ratio of broilers under experiment. On the other hand, it was of 

interest to notice that broilers fed mashed ration possessed higher visceral/ 

live body weight ratio (314.64± 15.1; 334.80± 15.10 and 323.20± 15.10 g) 

when reared under continuous, intermittent and restricted lighting, 

respectively than other fed pelleted ration. In general the pelleted ration 

was significantly decreased the relative visceral weight than the mashed 

ration under both intermittent and restricted lighting system. That these 

results were in agreement with (Choi et al., 1986, and Nir et al., 1994b), 

and this could be attributed to that the mashed ration increased the ileum 

and jejunum length, weight and width (Nir et al., 1994b). 

 

1.8.2. Carcass Visceral Ratio 

          The same table, figures (15 and 16) showed that there were 

significant differences in carcass visceral ratio in relation to the light 

system. The higher ratio was recorded in broilers reared under continuous 

lighting (4.93± 0.14) than those reared under intermittent (4.55± 0.14) and 

restricted lighting (4.48± 0.14). This result could be attributed to the 

increase of the body weight in broilers reared under continuous lighting 

system and visceral weight was significantly smaller than the intermittent 

lighting system, moreover the restricted lighting system decreased the body 

weight and the visceral weight was the same as the continuous and 

intermittent lighting systems (previously discussed in the visceral live body 

weight ratio). Furthermore, the different forms of the diet were not 

significantly differed from each other under each lighting system with 
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exception the pelleted ration under the continuous lighting system which 

significantly increased the carcass visceral ratio (5.16± 0.19) than mashed 

ration under both intermittent (4.29± 0.19) and restricted (4.34± 0.19) 

lighting systems, however it was not significantly differed form the mashed 

ration under the same lighting system and pelleted ration under different 

lighting system at (p<0.05). These results may be attributed to that the 

pelleted ration increased the body weight and body weight gain than 

mashed ration as well as it decreased the relative visceral weight (Choi et 

al., 1986, and Nir et al., 1994b), so it increased the carcass visceral ratio 

than mashed ration under both intermittent and restricted lighting systems. 

 

1.8.3. Carcass Live Body Weight Ratio and Dressing Percentage     

           Table (15) and figures (11; 12; 13 and 14 ) demonstrated that there 

were significant differences in carcass/ live body weight ratio and dressing 

percentage of broilers reared under continuous lighting (0.69± 0.00 and 

69.34± 0.46, respectively) and those reared under intermittent (0.68± 0.00 

and 68.49± 0.46, respectively) or restricted lighting (0.68± 0.00 and 67.66± 

0.49, respectively). On other hand, the physical form of diet had no 

influence on the previous parameters under various lighting systems. 

 

1.8.4. Gizzard Weight  

            From table (15) and figures (11 and 12), it was evident that lighting 

system not affect the gizzard weight of the tested broilers. Under 

continuous, intermittent and restricted lighting systems, also the gizzard 

weight was increased in broilers fed pelleted ration from those fed mashed 

ration under all lighting systems, but this increase was not significant, these 

results were disagreed with those of (Roche, 1981; Forbes and Covasa, 

1995; Noirt et al., 1998, and Salari et al., 2006) as they reported that the 

pelleted ration increased the gizzard weight due to the physical effect 
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(stimulation of the contraction) of pelleted ration on the gizzard muscles. 

The forgoing results may be attributed to the experiment was carried out 

for five weeks only which may be not enough for appearing of the effect of 

pelleted ration.  
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Table (16): Effect of lighting systems and physical forms of diet on broiler's carcass quality measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

   

     a-b: means within  the same column between different physical forms of diet having the different litter are significantly different at (p< 0.05). 

     A-B: means within the same column among different lighting systems having the different litter are significantly different at (p< 0.05). 

 

Lighting system 
Physical form 

of diet 

Abdominal fat 

(g) 

Abdominal fat/ 

live body 

weight ratio 

Bone/ carcass 

ratio 
Meat/ bone ratio 

Meat/ live body 

weight 

Bone/ live body 

weight ratio 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

Continuous 

lighting system 

Pelleted 36.62± 3.24
a
 0.02± 0.00

a
 0.23± 0.01

b
 3.20± 0.19

a
 0.51± 0.01

a
 0.16± 0.01

d
 

Mashed 39.04± 3.24
a
 0.02± 0.00

a
 0.27± 0.01

a
 2.50± 0.19

b
 0.48± 0.01

a
 0.19± 0.01

a
 

Average 37.83± 2.29
A
 0.02± 0.00

A
 0.25± 0.01

B
 2.85± 0.14

AB
 0.50± 0.01

B
 0.18± 0.00

AB
 

 

Intermittent 

lighting system 

Pelleted 36.00± 3.24
a
 0.02± 0.00

a
 0.24± 0.01

b
 2.99± 0.19

ab
 0.51± 0.01

a
 0.17± 0.01

c
 

Mashed 41.60± 3.24
a
 0.02± 0.00

a
 0.21± 0.01

c
 3.49± 0.19

a
 0.55± 0.01

a
 0.16± 0.01

d
 

Average 38.80± 2.29
A
 0.02± 0.00

A
 0.23± 0.01

B
 3.24± 0.14

A
 0.53± 0.01

A
 0.17± 0.00

B
 

Restricted 

lighting system 

Pelleted 24.53± 3.62
a
 0.01± 0.00

a
 0.27± 0.01

a
 2.54± 0.19

b
 0.47± 0.01

a
 0.18± 0.01

b
 

Mashed 30.74± 3.24
a
 0.02± 0.00

a
 0.28± 0.01

a
 2.37± 0.19

b
 0.45± 0.01

a
 0.19± 0.01

a
 

Average 27.63± 2.43
B
 0.01± 0.00

B
 0.27± 0.01

A
 2.46± 0.14

B
 0.46± 0.01

B
 0.19± 0.00

A
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Figure (19): Effect of lighting systems on broiler's carcass quality 

measures (bone carcass; meat/ live body weight and bone/ live body 

weight) 
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Figure (20): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (bone carcass; meat/ live body 

weight and bone/ live body weight) 
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Figure (21): Effect of lighting systems on broiler's carcass quality 

measures (abdominal fat/ live body weight) 
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Figure (22): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (abdominal fat/ live body 

weight) 
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Figure (23): Effect of lighting systems on broiler's carcass quality 

measures (abdominal fat weight) 
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Figure (24): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (abdominal fat weight) 
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Figure (25): Effect of lighting systems on broiler's carcass quality 

measures (meat/ bone ratio) 
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Figure (26): Effect of physical forms of diet under different lighting 

system on broiler's carcass quality measures (meat/ bone ratio) 
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1.8.5. Absolute and Relative Abdominal Fat Values  

           Table (16) and figures (21; 22; 23 and 24) revealed that broilers 

reared under restricted lighting possessed the lower absolute and relative 

values of abdominal fat (27.63± 2.43 and 0.01± 0.00, respectively), than 

those reared under continuous and intermittent lighting. The physical form 

of diet had no effect on the previous parameters. These results are in 

agreement with (Rosety, 1980, and Plvink and Hurwitz, 1989). They 

reported that the restricted lighting system decreased the abdominal fat, and 

this may be attributed to low body weight in the restricted lighting system 

than the intermittent and continuous lighting systems and low feed 

consumption under this system due to long dark phase (Buckland et al., 

1971).  

 

1.8.6. Bone Carcass Ratio 

          Concerning bone carcass ratio, table (16) and figures (19 and 20) 

showed that broilers reared under restricted lighting had the higher 

significant bone carcass ratio (0.27± 0.01), followed by those reared under 

continuous lighting system (0.25± 0.01) and intermittent lighting system 

(0.23± 0.01). This may be referred to the fact that keeping birds under 

restricted lighting increase bone growth and decrease the meat tissue 

growth at first period of life in order to build good skeleton. Roth et al. 

(1999) indicated that restricted lighting induce melatonin secretion which 

stimulate bone cells to proliferate and produce good strong bone, therefore 

bone carcass ratio remain higher than both continuous and intermittent 

lighting systems. 

         There was significant difference between the different forms of the 

diet under different lighting systems in the bone carcass ratio, as the 

mashed ration under the continuous lighting system was significantly 

increased the bone carcass ratio (0.27± 0.01) than the pelleted one under 
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the same lighting system (0.23± 0.01) and the pelleted (0.24± 0.01) and 

mashed ration (0.21± 0.01) under the intermittent lighting system and it 

was not significantly differed from both pelleted and mashed ration under 

the restricted lighting system.. These results were in agreement with those 

of (Golobart and Moran, 2005). They reported that the mashed ration 

decreased the bone carcass ratio than pelleted ration. These results could be 

attributed to the increasing of the body weight and carcasses in pelleted 

ration fed broilers on the same bone weight. Jahan et al. (2006) indicated 

that the bone carcass ratio is lowered in the pelleted fed broilers than 

mashed fed broilers and this may be attributed to increasing of the body 

weight and carcass in pelleted ration fed broilers on the same bone weight.  

  

1.8.7. Meat Bone Ratio 

               Table (16) and figures (25 and 26) demonstrated, that intermittent 

lighting system was significantly increase the meat bone ratio (3.24± 0.14) 

than the restricted lighting system (2.46± 0.14) and it was not significant 

different from continuous lighting system (2.85± 0.14) in meat bone ratio 

at (p<0.05). The restricted lighting system was not significantly differed in 

meat bone ratio than the continuous lighting system at (p<0.05), and this 

could be attributed to the increase of both body gain and weight in broilers 

reared under intermittent lighting system on the same bone structure as like 

the continuous lighting system than restricted lighting system (Rahimi et 

al., 2005), also the restricted lighting system was decreased the meat tissue 

in order to build good strong bone, so the weight of the bone increases 

(Roth et al., 1999), which resulted in decrease the meat bone ratio than 

both continuous and intermittent lighting systems.  

             There was no significant difference between pelleted and mashed 

ration in the bone meat ratio under both intermittent and restricted lighting 

systems, however the mashed ration under the intermittent lighting system 
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was significantly increased the meat bone ratio (3.49± 0.19) overall feed 

forms under different lighting system except the pelleted ration under the 

same light treatment (2.99± 0.19), and pelleted ration under the continuous 

lighting system (3.20± 0.19). This could be attributed to the increase of the 

broilers body weight, gain and conversion when the broilers were fed 

pelleted ration (Nir et al., 1995). So, the intermittent lighting system 

increased the meat tissue over the bone tissue and the mashed ration under 

intermittent lighting system was significantly increase the gain and feed 

efficiency and body weight (previously explained in weight results). 

Moreover, the restricted lighting induced the formation of the bone tissue 

throughout stimulation of osteoblasts and osteoclasts proliferation 

throughout induction of natural melatonin resulted in increased of the bone 

structure (Roth et al., 1999), so it decreased the meat bone ratio. 

 

1.8.8. Meat Live Body Weight Ratio  

             Table (16) and figures (19 and 20) illustrated, that the intermittent 

lighting system was significantly increased the broilers meat live body 

weight ratio (0.53± 0.01 ) than both restricted (0.46± 0.01) and continuous 

(0.50± 0.01) lighting systems, however there was no difference between 

restricted and continuous lighting systems in the meat live body weight 

value at (p<0.05). These results may be attributed to the same causes 

previously explained in meat bone ratio discussion. Moreover, there was no 

significant difference between different forms of diet under different 

lighting systems in meat live body weight ratio at (p<0.05).  

 

1.8.9. Bone Live Body Weight Ratio 

             Table (16) and figures (19 and 20) demonstrated, that the restricted 

lighting system was significantly increased the bone live body weight ratio 

(0.19± 0.00) than intermittent lighting system (0.17± 0.00), however it was 
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not significantly differed from continuous lighting system (0.18± 0.00) this 

results were in agreement with (Roth et al., 1999), as he reported that the 

restricted lighting system increased the bone tissue growth due to induction 

of secretion of melatonin. The results may be also attributed to the increase 

of the body weight in the intermittent lighting than both continuous and 

restricted lighting systems (previously explained in weight results 

discussion), so the bone live body weight ratio tended to be decreased. On 

other hand, the increasing of the bone growth in the restricted lighting 

system than the intermittent lighting system (previously explained in the 

bone carcass ratio discussion) tended to increase the bone live body weight 

ratio. 

            There was significant difference between the different feed forms 

under different lighting systems in the bone live body weight ratio that the 

pelleted ration was significantly decreased the bone live body weight ratio 

than the mashed ration under all lighting treatments except the pelleted 

ration under the intermittent lighting system which significantly increased 

the bone live body weight ratio (0.17± 0.01) than the mashed one under the 

same lighting treatment (0.16± 0.01). These results could be attributed to 

the pelleted ration increased the live body weight and the gain than the 

mashed one over the same bone weight (Oju et al., 1988). 
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Table (17): Effect of lighting systems on broiler's ascites syndrome 

 

Lighting 

system 
N=293 

+ ve - ve 

No 

 

% 

 

No 

 

% 

 

Continuous 

lighting system 
97 0 0 97 100 

Intermittent 

lighting system 
97 1 1.03 96 98.97 

Restricted 

lighting system 
99 0 0 99 100 

Chi – square  value χ
2 

= 2.06                                                                                        p< 0.05                                                                           

 

 

 

Table (18): Effect of lighting systems on broiler's sudden death syndrome 

 

 

Lighting system N= 299 

+ ve - ve 

No 

 

% 

 

No 

 

% 

 

Continuous 

lighting system 
100 3 3 97 97 

Intermittent 

lighting system 
100 3 3 97 97 

Restricted 

lighting system 
99 0 0 99 100 

Chi – square  value χ
2 

= 3.03                                                                                         p< 0.05                                                                                                                                                                                                                            
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1.9. Ascites and Sudden Death Syndrome:- 

             Tables (17 and 18) showed that neither ascites nor sudden death 

syndrome were significantly differed among different lighting systems (Chi – 

square value χ2 
= ascites 2.06 and sudden death 3.03) at (p<0.05). These results 

were disagreed with (OkSuk et al., 1998), as he reported that the restricted 

lighting system decreased the ascites and sudden death syndrome in broilers. 

           Mortalities due to sudden death syndrome were the same for both 

continuous and intermittent lighting systems and these results were in 

agreement with (Malone et al., 1980; Renden et al., 1991; Buyse et al., 1994, 

and Rahimi et al., 2005), and disagreed with (Classen and Riddle, 1989; 

Blair et al., 1993, and Gordon and Tucker, 1997), as they reported that the 

intermittent lighting system decreased the mortalities than the continuous 

lighting system. The forgoing results may be attributed to the higher and faster 

growth gain of broilers under the continuous and intermittent lighting systems 

which responsible for stress of growth on broilers. The faster broiler growth 

resulted in increase of meat tissues and heart and other internal organs remain 

immature (OkSuk et al., 1998).   
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Table (19): Effect of lighting systems on severity of leg disorders in broilers 

Lighting system N= 293 

0 1 2 3 4 

No  % No  % No  % No  % No  % 

Continuous lighting 

system 
97 86 88.65 4 4.12 1 1.03 3 3.09 3 3.09 

Intermittent lighting 

system 
97 96 98.97 1 1.03 0 0 0 0 0 0 

Restricted lighting 

system 
99 98 98.99 1 1.01 0 0 0 0 0 0 

Chi – square  value χ
2 

=   17.92*                                                                                                                                                       p< 0.05 

 

 

 

The leg disorder score according to (William et al., 1991)    
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Table (20): Effect of lighting systems on broiler's leg disorders 

 

 

Figure (27): Effect of lighting system on broiler's leg disorders. 
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Continuous 

lighting 
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97 11 11.34 86 88.65 

Intermittent 

lighting 

system 

97 1 1.03 96 98.96 

Restricted 

lighting 

system 

99 1 1.01 98 98.99 

Chi – square  value  χ
2 

= 16.29 * * *                                                                                p< 0.001                                                                                                          
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1.10. Leg Disorders Incidence and Severity:- 

            Table (19) and figure (27) demonstrated that the incidence of leg 

disorders varied among broilers under different lighting systems. The effect of 

lighting system was evident as indicated by chi squire test (χ
2= 16.29***) at 

(p<0.001). It was clearly that the continuous lighting system increased 

significantly the incidence of leg disorders than did intermittent and restricted 

lighting systems. Out of 97, 97 and 99 broilers exposed to continuous, 

intermittent and restricted lighting, 11 (11.34%); 1 (1.03%) and 1 (1.01%), 

respectively suffered from leg disorders. Moreover, the continuous lighting 

system increase the severity of the leg disorders than the intermittent and 

restricted lighting systems as indicated in table (20) Chi–square value (χ
2= 

17.92 *) at (p<0.05), as the continuous lighting system exhibited from 97 

broiler birds 86 –ve (88.65%), 4 birds affected by grade 1 (4.12%), 1 bird 

affected by grade 2 (1.03%), 3 birds affected by grade 3 (3.09%), and 3 birds 

affected by grade 4 (3.09%), however intermittent lighting system exhibited 

only one bird affect by the grade 1 (1.03%) and 96 bird were –ve (98.97%) 

from 97 bird, and also the restricted lighting system exhibited  only one bird 

affected by grade 1 (1.01%) and 98 bird were –ve (98.99%) from 99 bird, from 

the forgoing data it was clearly that continuous lighting system increased both 

leg disorders incidence and severity than intermittent and restricted lighting 

systems. These results were in agreement with the finding of (Lewis and 

Morris, 1998; Apledoorn et al., 1999a, and Rahimi et al., 2005), as they 

reported that intermittent and restricted lighting decreased the leg disorders. 

            These results could be attributed to that lighting system increased the 

peroxides formation in the broilers tissues which has negative effect on the leg 

health under the continuous lighting system (Apledoorn et al., 1999a), 

moreover the restricted lighting system was decreased the leg disorders that it 

helped the growth of healthy bony tissue, moreover the intermittent and the 

restricted lighting systems induced the secretion of natural melatonin 
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(Apeldoorn et al., 1999b), which had powerful scavenger role in removal of 

the peroxides from the tissues, which considered as the main factor produced 

the leg weakness (Pablos et al., 1995; SØrenson et al., 1999, and Sanotra et 

al., 2002). Furthermore, the restricted lighting system was significantly 

decreased the body weight than the continuous lighting system so it decreased 

the leg disorders, as the heavy broiler birds mainly suffered from different 

degree of the lameness (Kestin et al., 1992, and Orth and Cook, 1994), also 

restricted lighting system decreased the meat tissue growth at the first period 

of life in order to increase the bony tissue growth and then increased the meat 

tissue growth latterly upon good strong bones (SØrenson et al., 1999),so it 

decreased the leg disorders incidence and also severity.  
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Table (21): Blood Corticosterone level of broiler's at 17 and 35 days of age 

under different lighting systems (ng/ ml) 

 

 

Means within the same column and bearing different superscripts are significantly different 

at (p< 0.05). 

ng/ ml : nanogram for each ml of  blood. 

 

 

 

1.11. The Blood Corticosterone hormone level:-  

             

Table (21) and figure (28) showed the concentration of blood corticosterone in 

broilers at 17 and 35 days of age under various lighting systems. At the age of 

17 days, birds reared under continuous lighting had the higher conc. of blood 

corticosterone (7.40± 1.69 ng/ ml), followed by those reared under intermittent 

and restricted lighting system, respectively (7.05± 2.00 and 5.40± 2.44 ng/ ml). 

There was a significant difference in corticosterone concentration between 

broilers reared under continuous and intermittent lighting system and those 

kept under restricted lighting system. At the age of 35 days of age, also 

broilers kept under continuous lighting had higher concentration (7.80± 1.43
 

ng/ ml) than those kept under intermittent and restricted lighting (6.06± 3.46 

and 7.18± 2.59 ng/ ml, respectively). There were significant differences 

Age 
Number of 

samples 
Lighting system 

Corticosterone level(ng/ 

ml) 

Mean± SE. 

17 day old 

5 
Continuous lighting 

system 
7.40± 1.69

a
 

5 
Intermittent lighting 

system 
7.05± 2.00

a
 

5 
Restricted lighting 

system 
5.40± 2.44

b
 

36 day old 

5 
Continuous lighting 

system 
7.80± 1.43

a
 

5 
Intermittent lighting 

system 
6.06± 3.46

b
 

5 
Restricted lighting 

system 
7.18± 2.59

ab
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between all of them which revealed that continuous exposure of broilers to 

light at this age impose stress which is manifested by elevation of blood 

corticosterone concentrations. These results agreed with those of Buckland et 

al. (1976), who reported that the continuous lighting system increased blood 

corticosterone than restricted lighting system due to high stress of light on the 

birds. These results may be referred to that continuous lighting increase the 

fearfulness of broilers than any lighting system (Sanotra et al., 2002). It is 

claimed that the restricted lighting system calms broilers at first due to the 

period of complete darkness (6- 10 hours daily) and broilers reared under this 

system suffered from minimum stress comparing to other lighting systems 

especially during the first 2- 3 weeks of life (Buckland et al., 1976). By the 

time the lighting hours tend to increase till reach 22 hours to 2 hours of dark 

which resemble the continuous lighting. 
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2) Effect of The Air Speed on Broiler's Performance 

Table (22): Effect of air velocity on the broiler's weekly body weight development (g) 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 

 

Figure (28): Effect of air velocity on the broiler's weekly body weight development 
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Air speed group 
First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ minute 1 183.67± 1.82 424.67± 4.55 874.78± 8.36 1365.56± 13.40 1855.70± 20.04 

180 m/minute 2 184.91± 2.06 420.42± 3.66 882.88± 10.51 1497.57± 15.83
 
* 1950.30± 18.82

 
* 

Weight(g)

w 
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2.1. Weekly Body Weight Development:- 

          Table (22) and figure (29) explained the effect of air speed inside the 

broiler house along the rearing period on the weekly body weight. During the 

1
st
 week of age, there was no difference in average body weight development 

(183.67± 1.82 and 184.91± 2.06 g) between broilers exposed to air speed of 

(1- 4 m/ min. and 180 m/ min., respectively. During the 2
nd

 week of age, 

means of body weight development in both broiler groups were (424.67± 4.55 

and 420.42± 3.66 g, respectively) starting from the 3
rd

 week of age, broilers 

exposed to 180m/ min. possessed higher body weight than those exposed to air 

speed of 1-4 m/ min. The body weights of broilers exposed to air speed 180 m/ 

min. during the 3
rd

, 4
th

 and 5
th

 weeks of age were (882.88± 10.51; 1497± 15.83 

and 1950.30± 18.82 g, respectively) comparing to (882.88± 8.36; 1365.56± 

13.40 and 1855.70± 20.04 g, respectively) for those exposed to (1-4m/ min.). 

There were significant differences in body weight between both groups during 

4
th

 and 5
th

 weeks of age at (p<0.05). These results were in agreement with 

those of (Drury, 1966, and Lacy and Czarick, 1992) they reported that the 

increasing of air speed in broiler's houses at temperature degree 25- 30 °C 

resulted in corresponding increased in the body weight, and disagreed with 

(Yahov et al., 2001), who reported that the increasing of air speed in broiler 

houses did not affect broiler's body weight and/or gain. The results could be 

attributed to that exposure of broilers to high air velocities improved growth 

rate via accelerated the heat removal at large weight as birds approach to 

market weight (Drury, 1966, and Lacy and Czarick, 1992). Heat stress 

conditions during summer production cause economic losses to the broiler's 

industry by adversely affecting the growth rate and increasing the incidence of 

late mortality (Lacy and Czarick, 1992), so that the increasing of the air 

velocity in the high air speed group resulted in shifting of the heat loss from 

panting to pass throughout the skin via convection, conduction, and radiation, 
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which improved the efficiency of growth indirectly throughout saving of the 

energy expenditure via panting, and so the energy became reserved only for 

growth (Simmons et al., 1997). 
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Table (23): Effect of air velocity on the broiler's weekly body weight gain (g) 

 

 

Air speed group 
First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ minute 1 135.67± 1.82 241.00± 2.86 450.89± 4.26 492.78± 5.84 502.17± 8.32
 
* 

180 m/minute 2 136.91± 2.06 236.62± 2.25 462.46± 7.62 616.50± 10.07
 
* 456.20±11.16 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 

 

. 

Table (24): Effect of air velocity on the broiler's weekly relative growth gain 

 

Air speed group 
First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ minute 1 116.59± 0.69 79.08± 0.41 69.56± 0.37 44.00± 0.23 31.15± 0.25
 
* 

180 m/minute 2 117.01± 0.65 78.33± 0.32 70.41± 0.88 52.02± 0.88
 
* 26.54± 0.62 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 
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Figure (29): Effect of air velocity on the broiler's weekly body weight gain 
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Figure (30): Effect of air velocity on the broiler's weekly relative growth gain 
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2.2. Weekly Body Weight Gain and Relative Growth Gain:- 

          Tables (23 and 24) and figures (30 and 31) illustrated, that there was 

significant difference between the high air velocity group and the low air 

velocity control group at both fourth and fifth weeks of age in body weight 

gain and relative growth gain at (p<0.05). Generally the increasing of the air 

speed was significantly increased both body gain and relative growth gain. 

These results were in agreement with (Simmons et al., 2003, and Dozier et 

al., 2005), as they reported that the increasing of air speed resulted in 

increasing of body weight gain and relative growth gain. 
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Table (25): Effect of air velocity on the broiler's weekly Feed conversion ratio 

 

 

Air speed group 
First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ minute 1 1.26± 0.02 1.88± 0.05 1.54± 0.01 1.54± 0.02
 
* 2.06± 0.04 

180 m/minute 2 1.27± 0.02 1.96± 0.02 1.82± 0.19 1.37± 0.02 2.33± 0.06
 
* 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 

 

 

Table (26): Effect of air velocity on the broiler's weekly Feed efficiency ratio 

 
 

Air speed group 
First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ minute 1 0.81± 0.01 0.55± 0.01 0.65± 0.01 0.66± 0.01 0.49± 0.01
 
* 

180 m/minute 2 0.80± 0.01 0.51± 0.00 0.64± 0.01 0.74± 0.01
 
* 0.46± 0.01 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 



  120 

Figure (31): Effect of air velocity on the broiler's weekly Feed conversion 

ratio 
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Figure (32): Effect of air velocity on the broiler's weekly Feed efficiency ratio 
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2.3. Weekly Feed Conversion and Feed Efficiency:-  

            Tables (25 and 26) and figures (32 and 33) showed that both feed 

conversion and feed efficiency were significantly different at the fourth and 

fifth week of the age only. Feed conversion in the fourth week of age was 

significantly increased in the low air speed control group (1.54± 0.02) than the 

high air speed group (1.37± 0.02) at (p<0.05), however in the fifth week the 

control group (group 1) had significantly decreased the feed conversion ratio 

(2.06 ± 0.04) than the high air speed group (2.33± 0.06). The foregoing results 

may be attributed to that the rapid increase in broiler weight under high air 

speed at the 4
th

 week of age resulted in increasing of feed conversion at the 

following week. The increase of the both weight and age of the broiler birds 

resulted in increase of their feed conversion ratio (Leeson, 1988).   

           Feed efficiency also was significantly different among the high air 

speed treated group and low air speed control group, as in the high air speed 

group feed efficiency significantly increased in the fourth week (0.74± 0.01) 

and decreased at the fifth week (0.46± 0.01) than the low air speed control 

group (0.66± 0.01 and 0.49± 0.01) at fourth and fifth weeks, respectively. In 

general both feed conversion and feed efficiency were not significantly 

different between the low and high air speed groups allover the different 

weeks. These results of both feed efficiency and feed conversion were in 

agreement with (Dozier et al., 2005), who reported that there was no 

difference between the effect of low and high air speeds on both feed 

conversion and feed efficiency of broliers.    

 

 

 

 

 

 

 

 



  122 

Table (27): Effect of air velocity on some blood parameters of the broilers  

 

Air speed group 

Hemoglobin 

(g/dl) 
PCV 

Total blood 

protein(g/dl) 

Albumin 

(g/dl) 

Globulin 

(g/dl) 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1- 4 m/ 

minute 
1 11.73± 1.41 28.50± 0.48 2.77± 0.53 0.78± 0.05 1.99± 0.52 

180 m/ 

minute 
2 12.76± 1.48 30.20± 0.63 2.46± 0.15 0.80± 0.07 1.66± 0.13 

Means within the same column and bearing different superscripts are significantly different 

at (p< 0.05). 

Group 1 was the low rate of ventilation control groups. 

Group 2 was the high rate of ventilation group at 180m/ minute. 

 

 

2.4. Blood Parameters:- 

          Table (27) explained the effect of air speed on the blood parameters of 

the examined broilers at the 17
th

 day of age. The mean hemoglobin 

concentrations were (11.73± 1.41 and 12.76± 1.48 g/dl) in the 1
st
 and 2

nd
 

groups of broilers, respectively. The mean values of PCV were (28.50± 0.48 

and 30.20± 0.63) in both broiler's groups, respectively. Moreover, total 

proteins were (2.77± 0.53 and 2.46± 0.15 g/dl) in both groups, respectively. 

Albumin concentrations were (0.78± 0.05 and 0.80± 0.07 g/dl) in both groups, 

respectively. Concerning of the mean value of globulin were (1.99± 0.52 and 

1.66± 0.13 g/dl) in both groups, respectively. From the foregoing results, it 

was clear that air speed had no effect on blood parameters of the examined 

broilers. The normal blood parameters in broilers at the age from 14- 21 day 

old were (12± 0.33 gm/ dl; 28.14± 1.07; 2.47± 0.15 gm/ dl; 0.7± 0.02 gm/ dl; 

1.86± 0.29 gm/ dl) for hemoglobin, PCV, total protein, albumin, globulin, 

respectively (Talebi et al., 2005). The foregoing results were in agreement 

with those of (Branton et al., 1997; Seiser et al., 2000; Burnham et al., 

2003), they reported that the ventilation systems and the different intensive 

rearing system did not affect broiler's blood parameters. 
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3) Induction of Thermotolerance in Broiler Via Early Thermal Conditioning 

 

 

 

Table (28): Effect of early thermal conditioning on broiler's weekly body weight development (g) 
 

 

 

 

              

 

 

              

 

 

 

 

 

 

 

 

              

 

              Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

              Group 1 is the control group not exposed to thermal conditioning at young age. 

              Groups 2; 3; 4 are thermal conditioning at young age at 1
st
- 2

nd
; 3

rd
-4

th
; 5

th
-6

th
 days, respectively. 

 

 

group 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1 171.88± 2.66
b
 391.18± 5.99

a
 776.59± 13.25

a
 1273.90± 36.03

a
 1658.41± 47.53

a
 

2 181.58± 3.03
a
 403.21± 10.22

a
 779.91± 16.86

a
 1258.60± 29.12

a
 1760.96± 38.36

a
 

3 174.91± 2.94
ab

 399.04± 8.36
a
 742.58± 18.58

a
 1245.43± 26.71

a
 1648.89± 53.18

a
 

4 178.14± 3.16
ab

 416.50± 8.32
a
 770.37± 15.20

a
 1303.19± 33.22

a
 1734.05± 43.02

a
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 Figure (33): Effect of early thermal conditioning on broiler's weekly body weight development 
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Group 1= control; Groups 2; 3; 4 are thermal conditioning at young age at 1st- 2nd; 3rd- 4th; 5th- 6th days, respectively 
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3.1. Weekly Body Weight Development:-  

             Table (28) and figure (33) demonstrated the effect of early thermal 

conditioning of broiler chicks during the 1
st
 week of age at 39± 1°C on weekly 

body weight development. It was clear that there were significant differences 

with respect to body weight gain between the four test groups during the 1
st
 

week of life only. It is of interest to notice that the 2
nd

 group of broiler chicks 

(those exposed to heat conditioning at 39± 1°C during the 1
st
 and 2

nd
 days of 

life) possessed relatively higher weekly body weight development in the first 

week of life than broilers of other groups including the control one. The 

foregoing results were agreed with those of (Yahav and McMurtry, 2001), as 

they reported that the exposure of broiler chicks to early thermal conditioning 

in the first 2 days resulted in decreasing of their weight and chicks appeared to 

be dehydrated, but after exposure the chicks showed rapid growth afterward, 

moreover the early thermal conditioning was not affect or may be increased 

the performance parameters of broilers birds, furthermore the results may be 

attributed to that during the early thermal conditioning the feed intake and feed 

conversion were decreased but afterward the thermal conditioning broilers 

were rapidly restored it's weight in the same week or in the fallowing one.  

 

 

 

 

 

 



  126 

 

 

 

 

 

Table (29): Effect of early thermal conditioning on broiler's Body weight gain (g) 
 

 

group 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1 123.88± 13.28
b
 219.30± 31.29

a
 385.41± 71.60

a
 498.66± 219.57

a
 440.46± 201.23

a
 

2 133.58± 15.14
a
 221.63± 50.29

a
 376.70± 109.95

a
 450.77± 129.88

a
 502.36± 178.35

a
 

3 126.91± 14.71
ab

 224.14± 45.87
a
 339.78± 101.42

a
 501.20± 120.83

a
 414.81± 256.72

a
 

4 130.14± 15.81
ab

 238.36± 48.28
a
 353.88± 83.61

a
 537.00± 166.67

a
 434.64± 272.83

a
 

 

Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

Group 1 is the control group not exposed to thermal conditioning at young age. 

Groups 2; 3; 4 are thermal conditioning at young age at 1
st
- 2

nd
; 3

rd
-4

th
; 5

th
-6

th
 days, respectively. 
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Table (30): Effect of early thermal conditioning on broiler's relative growth gain (g) 
 

 

group 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1 112.38± 1.03
b
 77.73± 1.72

a
 65.75± 2.05

a
 47.62± 3.80

a
 30.05± 2.71

a
 

2 116.01± 1.14
a
 75.12± 2.48

a
 63.34± 3.52

a
 43.42± 2.94

a
 33.21± 2.90

a
 

3 113.49± 1.19
ab

 77.61± 2.48
a
 58.74± 3.04

a
 50.51± 2.49

a
 27.92± 3.39

a
 

4 114.71± 1.17
ab

 79.73± 2.54
a
 59.41± 2.43

a
 51.46± 3.12

a
 28.46± 3.75

a
 

 

             Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

            Group 1 is the control group not exposed to thermal conditioning at young age. 

            Groups 2; 3; 4 are thermal conditioning at young age at 1
st
- 2

nd
; 3

rd
-4

th
; 5

th
-6

th
 days, respectively. 
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Figure (34): Effect of early thermal conditioning on broiler's Body weight gain 
 

1 2 3 4
0

100

200

300

400

500

600

First week

Second week

Third week

Fourth week

Fifth week

 
 

 

  

 

 

Figure (35): Effect of early thermal conditioning on broiler's relative growth 

gain 
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Group 1= control; Groups 2; 3; 4 are thermal conditioning at young age at 1st- 2nd; 3rd- 4th; 5th- 6thdays, respectively 
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3.2. Weekly Body Weight Gain and Relative Growth Gain:- 

            Table (29 and 30) and figures (34 and 35) illustrated, that there was 

significant difference between the second thermal conditioning group  and 

the first non thermal conditioning control group at (p<0.05) in the first 

week of life, as the second thermal conditioning group was significantly 

increased both the body weight gain and the relative growth gain values 

(133.58± 15.14 g and 116.01± 1.14, respectively) than the non thermal 

conditioning control group (123.88± 13.28 g and 112.38± 1.03, 

respectively), however it was not significantly differed from the other 

thermal conditioning groups, but in the second, third, fourth, fifth weeks of 

age there was no significant difference between thermal conditioning 

groups and control group. In general there was no significant difference 

between the thermal conditioning broilers and non thermal conditioning 

one, these results of body weight gain and relative growth gain were in 

agreement with those of (Van der Hel et al., 1991, and Yahav and 

McMurtry, 2001), as they reported that there were no differences between 

thermal conditioning and non thermal conditioning broilers in the 

performance parameters, these results could be attributed to the weight loss 

due to decreasing of feed intake in broilers after exposure to early thermal 

conditioning (Teeter et al., 1985, and Sandercock et al., 2001), followed 

by rapid restoration in their body weight and gain, increasing the feed 

efficiency and decreasing the feed conversion in the same week of age or at 

the second week of age (Yahav and McMurtry, 2001). 
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Table (31): Effect of early thermal conditioning on broiler's feed conversion ratio 

 

 

group 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1 1.24± 0.03
a
 1.96± 0.06

a
 1.71± 0.07

a
 1.92± 0.18

a
 2.71± 0.37

a
 

2 1.12± 0.03
b
 2.00± 0.13

a
 1.95± 0.26

a
 2.18± 0.15

a
 2.16± 0.24

a
 

3 1.18± 0.03
ab

 1.92± 0.09
a
 2.08± 0.17

a
 1.64± 0.10

a
 2.65± 0.58

a
 

4 1.11± 0.03
b
 1.88± 0.08

a
 2.22± 0.11

a
 1.89± 0.21

a
 2.59± 0.30

a
 

 

             Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

             Group 1 is the control group not exposed to thermal conditioning at young age. 

             Groups 2; 3; 4 are thermal conditioning at young age at 1
st
- 2

nd
; 3

rd
-4

th
; 5

th
-6

th
 days, respectively. 
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Table (32): Effect of early thermal conditioning on broiler's feed efficiency ratio 

 

 

group 

First week Second week Third week Fourth week Fifth week 

Mean± SE. Mean± SE. Mean± SE. Mean± SE. Mean± SE. 

1 0.81± 0.02
b
 0.52± 0.01

a
 0.61± 0.02

a
 0.61± 0.05

a
 0.50± 0.05

a
 

2 0.90± 0.02
a
 0.54± 0.02

a
 0.60± 0.04

a
 0.49± 0.04

a
 0.53± 0.05

a
 

3 0.86± 0.02
ab

 0.55± 0.02
a
 0.54± 0.03

a
 0.65± 0.03

a
 0.62± 0.08

a
 

4 0.92± 0.02
a
 0.56± 0.02

a
 0.48± 0.02

a
 0.61± 0.04

a
 0.49± 0.05

a
 

 

              Means within the same column and bearing different superscripts are significantly different at (p< 0.05). 

             Group 1 is the control group not exposed to thermal conditioning at young age. 

             Groups 2; 3; 4 are thermal conditioning at young age at 1
st
- 2

nd
; 3

rd
-4

th
; 5

th
-6

th
 days, respectively. 
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Figure (36): Effect of early thermal conditioning on broiler's feed conversion 
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Figure (37): Effect of early thermal conditioning on broiler's feed efficiency 
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Group 1= control; Groups 2; 3; 4 are thermal conditioning at young age at 1st- 2nd; 3rd- 4th; 5th- 6thdays, respectively 

Group 1= control; Groups 2; 3; 4 are thermal conditioning at young age at 1st- 2nd; 3rd- 4th; 5th- 6th days, respectively 
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3.3. Weekly Feed Conversion and Feed Efficiency Ratio:- 

             Table (31) and figure (36) showed the effect of early thermal 

conditioning of broiler chicks on their feed conversion ratio. During the 1
st
 

week of life, there were significant differences between the four examined 

groups at (p< 0.05). On the other hand, no significant differences in the feed 

conversion ratio were observed between the four groups of broilers during 2
nd

, 

3
rd

, 4
th

 and 5
th

 weeks of life. 

           In the same manner, showed in table (32) and figure (37) the feed 

efficiency of broiler chicks was significantly differed among the four groups 

during the 1
st
 week of life at (p< 0.05). Also, no significant differences were 

detected among the four groups of broilers concerning their feed efficiency 

during 2
nd

, 3
rd

, 4
th

 and 5
th

 weeks of their life. 

         The foregoing results explained that feed conversion and feed efficiency 

ratio are not affected significantly by early exposure to heat stress and broilers 

may adapt themselves to overcome the effect of early exposure to heat stress. 

These results were in agreement with those of (Yahav and McMurtry, 2001), 

they reported that the early thermal conditioning did not affect the 

performance parameters of broilers. The results could be attributed to the 

decreasing of feed intake in broilers during thermal conditioning restored 

rapidly afterward and their performance parameters were comparable to non 

thermal conditioning broilers (Yalçin et al., 2005).  
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Table (33): Effect of early thermal conditioning on broiler's blood 

Corticosterone level (ng/ ml) after exposed to acute heat stress at 32 days old 
  

 

Group Number of samples 

Corticosterone level 

Mean± SE. 

1 5 15.49± 3.84
a
 

2 5 10.57± 5.71
c
 

3 5 12.12± 6.80
b
 

4 5 12.17± 5.47
b
 

 

 

Means within the same column and bearing different superscripts are significantly different 

at (p< 0.05). 

 

Figure (38): Effect of early thermal conditioning on broiler's blood 

corticosterone level (ng/ ml) after exposed to acute heat stress at 32 days old 
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Group 1= control; Groups 2; 3; 4 are thermal conditioning at young age at 1st- 2nd; 3rd- 4th; 5th- 6th days, respectively 
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3.4) Effects of Early Thermal Conditioning on Broiler's 

Corticosterone Hormone Level After Exposure to Acute Heat 

Stress at Age of 32 Day Old 

            Corticosterone hormone is one of the most important stress parameters 

in poultry that it considered as the main stress hormone (Puvadolpirod and 

Thaxton, 2000a, b, c, d), as the increase of the plasma corticosterone together 

with adrenocorticotrophic hormone level have been reported as indicator for 

the acute heat stress in poultry (Beuving and Vonder, 1978; Gross and 

Siegel, 1983; Craig and Craig, 1985, and Davis and Siopes, 1985). 

Corticosterone hormone affected the blood parameters of broilers that it 

increased the Heterophil/ lymphocyte ratio which appeared via the chronic 

effect of heat stress (Gross and Siegel, 1983). 

             Normal blood corticosterone level in commercial broilers ranged from 

(5.61± 11 to 5.81± 0.14 ng/ ml) via using EIA measuring method, but 

in the heat stressed broilers the corticosterone value ranged from (10.2± 0.15- 

18.06± 0.21) (Thaxton et al., 2005). 

          Table (33) and figure (38) showed the effect of early thermal 

conditioning on broiler's blood corticosterone level after their exposure to 

acute heat stress of 10 hours at 32
nd

 day of life. 

            There were significant differences between the control group (15.49± 

3.84 ng/ ml) and the 2
nd

, 3
rd

 and 4
th

 groups (10.57± 5.71; 12.12± 6.80 and 

12.17± 5.47ng/ ml, respectively). It was clear that exposure to acute heat stress 

lowered the hormone levels in the early thermally conditioned broilers groups, 

which indicated that such birds were relatively adapted to heat stress than 

those were not thermally stressed in their early stage of life. These results were 

in agreement with those of (Bowen et al., 1985). 
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           The results could be attributed to that early thermal conditioned broiler 

groups suffered from low heat stress during the acute episodes of heat stress 

than the non thermal conditioned broilers. So, it was indicated that thermal 

conditioned broiler chicks during the 1
st
 week of life could be considered as a 

tool for induction of thermotolerance in broilers reared under tropical and 

subtropical conditions (Arjona et al., 1988; Yahav and Hurwitz, 1996; 

Tzschentke and Basta, 2000; Nichelmann et al., 2001, and Nichelmann 

and Tzschentke, 2002). 
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Summary 

          The aim of the present study was to investigate: 

1. Effect of lighting systems and physical form of diet under different lighting 

systems on the performance, hematological, immunity parameters, 

metabolic, leg disorders, and carcass quality measures as well as 

corticosterone hormone level in broiler chicks. 

2. Effect of air speed on broilers performance and hematological parameters. 

3. Effect of early thermal conditioning on broiler performance, corticosterone 

hormone level as well as induction of thermotolerance. 

             For these proposes, 600 Cobb broiler chicks of one day old were used. 

The chicks were divided in three different experiments, in order to detect the 

different effect of each treatment on the selected parameters as follow: 

1)The First Experiment: Effect of different lighting systems and physical form 

of diet under different lighting systems on broilers performance, as for this 

proposes, 300 broiler chicks were used and the chicks were divided into three 

main groups each group exposed to different lighting system (continuous, 

intermittent, restricted lighting systems, respectively). Each group was 

subdivided into two subgroups as the first was fed pelleted ration and the 

second was fed on mashed ration. 

2) The Second Experiment: Effect of air speed on broiler performance, as for 

this propose 200 broiler chicks were used and the chicks were divided 

randomly into two groups equal in size as follow: 

The first group was exposed to low air speed at 1-4m/ minute and considered 

as control group, and the second was exposed to high air speed at 180m/ 

minute and considered as treated group at temperature degree 25- 30 °C. 

3) The Third Experiment: Effect of the early thermal conditioning on broiler 

performance and induction of thermotolerance in broilers, as for this propose 
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100 broiler chicks were used and the chicks were divided into four groups as 

follow: 

The first group was not exposed to thermal conditioning at young age and kept 

as control group, and the second, third, fourth groups were exposed for 

thermal conditioning for 1
st
- 2

nd
; 3

rd
- 4

th
; 5

th
- 6

th
 days of life respectively at 

39± 1°C, then all groups were exposed to second acute heat stress at 38± 

1°C for 10 hours and after that the blood samples were collected for 

further measures. 

Sampling and Measures  

●Weekly body weight, gain, relative growth gain, feed conversion, feed 

efficiency ratios and feed intake were estimated in the three experiments in 

order to determine the best performance under different treatments in each 

experiment. 

●Whole blood samples (heparinized) and Serum samples were used for 

determination of hemoglobin (Hb) concentration, packed cell volume (PCV), 

total proteins, albumin, and globulin, in order to determine the hematological 

parameters in the first and the second experiments.  

●Fresh blood samples were collected for determination of the both phagocytic 

activity and phagocytic index, in order to determine the cellular immunity in 

the first experiment. 

●Serum samples were used for determination of the corticosterone hormone 

level in both the first and the third experiments. 

●In the first experiment ten birds from each group, as five birds from each 

subgroup were chosen randomly and slaughtered, in order to determine the 

visceral weight, visceral life body weight ratio, carcass visceral ratio, carcass 

life body weight ratio, dressing percentage, gizzard weight, abdominal fat 

percent, abdominal fat life body weight ratio, bone carcass ratio, meat bone 

ratio, meat life body weight ratio, and bone life body weight ratio.  
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The Results of This Present Study Revealed The Fallowing: 

1) First Experiment: Effect of Different Lighting Systems and Physical 

Form of Diet on Broilers Performance. 

1.1. Performance Parameters: 

            The intermittent lighting system was significantly improved the broiler 

performance parameters than the continuous and the restricted lighting system 

throughout the increasing of the body weight, body weight gain, feed 

efficiency, and improvement of the feed conversion ratio as well as it was still 

intermediate in its value between the restricted and continuous lighting system 

in the value of relative growth gain. Moreover, the continuous lighting system 

was significantly improved the broilers performance than the restricted 

lighting system; however the restricted lighting system was significantly 

improved the relative growth gain than the intermittent and continuous lighting 

systems, as the continuous lighting decreased the relative growth gain than 

both intermittent and restricted lighting system. 

            There was no significant difference between the pelleted and mashed 

ration under different lighting system in the body weight, however pelleted 

ration was significantly increased the body weight gain, and relative growth 

gain than mashed ration under different lighting regime. 

            The pelleted ration was significantly decreased the feed conversion 

ratio than the mashed diet under the continuous and the intermittent lighting 

systems; however it was significantly increased the feed conversion ratio than 

mashed ration under the restricted lighting system. Moreover there was no 

significant difference between different feed forms under different lighting 

systems in the feed efficiency ratio with exception of the mashed ration under 

the intermittent lighting system which increased the feed efficiency than all 

feed forms under different lighting regimes. 
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1.2. Some Hematological Parameters: 

            There was no significant difference between the different lighting 

regimes in the hematological parameters except PCV, albumin and globulin at 

age of 17 days old, as the continuous lighting system increased the PCV than 

other lighting systems. Moreover the intermittent lighting system increased the 

albumin value and decreased the globulin value than other lighting systems at 

age of 17 days old. Furthermore, there was no significant difference among 

different feed forms under different lighting systems in the blood parameters. 

1.3. Some Immunological Parameters:  

           There was no significant difference between the effect of different 

lighting systems and different feed forms under different lighting systems in 

the phagocytic activity, phagocytic index (cellular immunity) as well as the 

globulin value (rough estimation of humeral immunity) with exception the 

intermittent lighting system was significantly decreased the globulin value at 

the age of 17 days old. 

1.4. Carcass Quality Measures: 

          There was no significant difference between the different lighting 

systems in absolute and relative visceral weight as well as the gizzard weight. 

The restricted lighting system was significantly decreased the absolute and 

relative abdominal fat value, carcass/ life body weight ratio, and dressing 

percentage, however it was significantly increased the bone/ life body weight 

and bone/ carcass ratio as well as it decreased the meat bone ratio than other 

lighting systems, so the restricted lighting system improved the skeletal 

parameters of the broilers chicks. 

          The continuous lighting system was significantly increased the carcass 

visceral ratio than both intermittent and restricted lighting systems. Moreover,   

the intermittent lighting system increased the meat/ life body weight ratio than 

continuous and restricted lighting systems. 
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          There was no significant difference between the different feed forms 

under different lighting systems in carcass/ life body weight ratio, dressing 

percentage, absolute and relative weights of abdominal fat, and meat / life 

body weight values. 

           Pelleted ration was significantly decreased the visceral weight than the 

mashed ration under the intermittent lighting systems, however there was no 

significant difference between the different feed forms under the other lighting 

systems. Moreover, the pelleted ration was significantly decreased the visceral/ 

life body weight ratio than the mashed ration under different lighting systems 

with exception of the pelleted ration under the restricted lighting system which 

was not significantly differed from the mashed ration under the same lighting 

system. Furthermore, pelleted ration was increased the gizzard weight, but this 

increase was not significant at (P<0.05) with exception of the pelleted ration 

under the restricted lighting systems was significantly increase the gizzard 

weight than the mashed ration under intermittent lighting system. 

            Pelleted ration was significantly decreased the bone/ carcass ratio than 

mashed ration under the continuous lighting system, but it increased the bone/ 

carcass ratio than mashed ration under the intermittent lighting system; 

however it not significantly differed from the mashed ration under the 

restricted lighting systems. Moreover, pelleted ration under continuous 

lighting system was significantly increased the carcass/ visceral ratio than 

mashed ration under both restricted and intermittent lighting systems, 

furthermore it was not significantly differed from either pelleted ration under 

other lighting systems or the mashed ration under the same lighting system.  

           The pelleted ration was significantly increased the meat/ bone ratio than 

mashed ration under the continuous lighting system, moreover it was not 

differed from the mashed ration under both the intermittent and restricted 

lighting systems. Furthermore, the mashed ration under intermittent lighting 
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system was significantly increased the meat/ bone ratio than mashed ration 

under other lighting systems. 

          The mashed ration was significantly increased the bone/ life body 

weight ratio than the pelleted ration under both continuous and restricted 

lighting systems, however it decreased the bone life body weight ratio than the 

pelleted ration under the intermittent lighting systems. Moreover the pelleted 

ration under the restricted lighting system was significantly increased the 

bone/ life body weight ratio than pelleted ration under the continuous lighting 

system. 

1.5. Metabolic Disorders: 

          There was no difference among different lighting systems in incidence 

of metabolic diseases (ascites and sudden death syndrome). 

1.6. Leg Disorders: 

            The continuous lighting systems was increased the leg disorders among 

broilers than intermittent and restricted lighting systems. 

1.7. Corticosterone Hormone Level: 

             The continuous lighting systems increased the stress on broilers that it 

increased the level of the corticosterone than restricted lighting system at the 

age of 17 day old, and it increased the level of corticosterone than the 

intermittent lighting system at the age of 36 days old.  

 

2) For Second Experiment: Effects of Air Speed on Broiler Performance. 

2.1. Performance Parameters: 

               The increasing of the air speed to 180m/ minute was significantly 

improved the performance parameters in broiler chicks that this improvement 

was attributed to: increasing in the body weight, body weight gain, feed 

efficiency ratio, however the increasing of the feed conversion ratio.  

 

 



 

 

143 

2.2. Some Hematological Parameters: 

           There was no significant difference in the blood parameters among 

broilers exposed to different air speed. 

  

3)  For Third Experiment: Effects of Early Thermal Conditioning on 

Broiler Performance and Induction of Thermotolerance in Broilers. 

3.1. Performance Parameters: 

           Early thermal conditioning was significantly increased the broilers 

performance parameters in the early age (first week), but this improvement 

was no longer continue to the rest of the broilers life, as there was no 

significant different between thermal conditioning and non thermal 

conditioning broilers in different weeks of life except the first week of life.  

3.2. Corticosterone Hormone Level and Induction of Thermotolerance: 

             The thermal conditioning in broilers were significantly decreased the 

corticosterone level at acute heat stress episodes which indicated that the 

thermal conditioning broiler chicks were tolerant to the heat stress than non 

thermal conditioning broilers. 
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Conclusion 

1. The intermittent lighting system can be used for improvement of 

broilers performance parameters and decreasing of stress rather than the 

continuous and restricted lighting systems, as well as it can be 

considered as the best lighting system to induce good quality carcasses, 

as it increased the meat life body weight ratio, so it increased the net 

meat weight produce from broiler birds. 

2. The restricted and intermittent lighting systems can be considered as 

ideal solution for the leg disorder problems among broilers farms and 

decreasing of the culling rate, as well as decreasing the electrical costs 

in the broiler farms. 

3. The restricted lighting system can be considered as a tool for decreasing 

the abdominal fat, as well as it improved the broilers skeletal 

parameters, as it formed strong bones. 

4. The pelleted ration improved the broilers performance parameters, 

especially under the intermittent lighting system. 

5. The pelleted ration under both intermittent and continuous lighting  

systems improved the carcass quality measures, as it decreased the 

visceral/ life body weight ratio, as well as increasing the carcass/ life 

body weight ratio 

6. The increasing of the air speed in broiler houses considered as a good 

tool for improvement of the performance parameters of broilers in worm 

months.  

7. Early broiler thermal conditioning can be used for induction of the 

thermotolerance against the acute heat stress episodes in broiler farms, 

as well as it improves the early broilers performance. 
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الملخص العربي 
 

: استيدفت ىذه الدراسة إلقاء الضوء عمى األتي
تأثير كل من نظم اإلضاءة المختمفة والشكل الفيزيائي لمعميقة تحت نظم اإلضاءة المختمفة عمى - 1

مؤشرات األداء ، الدم ، المناعة ، عيوب التمثيل الجسدي واألرجل وأيضا مستوي ىرمون 
. الكورتيكوسيترون في الدم في دجاج التسمين

. تأثير سرعة اليواء عمى مؤشرات األداء والدم في دجاج التسمين- 2
تأثير المعاممة الحرارية المبكرة عمى مؤشرات األداء ومستوي ىرمون الكوتيكوستيرون في الدم - 3

. واستحثاث المقاومة الحرارية في دجاج التسمين
 عمرىا يوم واحد وقسمت عمى ثالث تجارب رئيسية  كتكوت تسمين600وليذه اإلغراض تم استعمال 

. لقياس تأثير كل معاممة عمى القياسات السابق ذكرىا
 تأثير نظم اإلضاءة المختمفة والشكل الفيزيائي لمعميقة تحت نظم اإلضاءة :التجربة األولي -1

  عشوائيا كتكوت  قسمت300حيث استعمل ليذا الغرض : المختمفة عمى أداء دجاج التسمين
عمى ثالث مجموعات متساويات كل مجموعة قسمت مرة أخري إلى مجموعتين فرعيتين 

حيث إن كل مجموعة تم تعريضيا إلى نظام إضاءة مختمف وكل مجموعة فرعية تم , متساويتين
تغذيتيا عميقة مختمفة الشكل حيث إن المجموعة األولي ، والثانية والثالثة تم تربيتيم تحت نظام 

اإلضاءة المستمر ، نظام اإلضاءة المتقطع ونظام اإلضاءة المحدود عمى الترتيب وكل 
مجموعة قسمت إلى مجموعتين فرعيتين األولي منيا غذيت عمى عميقة محببة والثانية غذيت 

.  عمي عميقة ناعمة
 كتكوت تسمين 200 تأثير سرعة اليواء عمي أداء دجاج التسمين حيث استعمل :التجربة الثانية -2

المجموعة األولي عرضت لسرعة ىواء . ليذا الغرض قسمت عشوائيا إلي مجموعتين متساويتين
واعتبرت ىي المجموعة الضابطة والمجموعة الثانية عرضت  (دقيقة/ م4-1)منخفضة عمي

 . (دقيقة/ م180)لسرعة ىواء عالية 
 تأثير المعاممة الحرارية المبكرة عمي أداء دجاج التسمين واستحثاث المقاومة :التجربة الثالثة- 3

 كتكوت من كتاكيت التسمين قسمت 100الحرارية لدي دجاج التسمين وليذا الغرض استخدم 
. عشوائيا إلي أربع مجموعات متساوية العدد

    المجموعة األولي لم تعرض إلي معاممة حرارية مبكرة واعتبرت ىي المجموعة الضابطة أما 
 اليوم األول إلي اليوم فيلة حرارية مبكرة مالمجموعة الثانية والثالثة والرابعة عرضت إلي معا

الثاني؛ اليوم الثالث إلي اليوم الرابع؛ اليوم الخامس إلي اليوم السادس عمي الترتيب عمي درجة 
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تم تعريض كل الطيور في التجربة مرة أخرى إلي درجة حرارة .  درجة سيميزية 1±39حرارة 
 ساعات وتم سحب عينات الدم 10 يوم ولمدة 32 درجة سيميزية عند عمر           38±1

لتحديد مدي مقاومة الطائر لمحرارة بعد التعرض مباشرة  
العينات والقياسات 

 التحويل الغذائي ومعدل ل الجسمي، النمو الجسمي النسبي، معدوالتطور األسبوعي لموزن، النم 
  الكفاءة الغذائية

  في التجربة األولى و الثانية تم سحب عينات الدم عشوائيا من وريد القصبة في عمرين وىي
 التجربة األولي والثانية و بعد ذلك فصل منيا البالزما استعمل الدم في قياس  يوم في36و17

 phagocytic activity and phagocytic index كال من  وقياس, PCV نالييموجموبي
 . وكورتيكوستيرون الدم (ين والجموبيولينمالدم االلبيو)واستعممت البالزما لقياسي بروتين 

  درجات من كل 5 دجاجات من كل مجموعة بحيث يكون 10أخذت :في نياية التجربة األولي 
 ؛(النسبيو قالمطل)مجموعة فرعية ذبحت واستخدمت في قياس جودة الذبيحة؛ وزن األحشاء 

؛ نسبة (المطمق والنسبي) وزن دىون البطن ؛( والنسبيقالمطل) وزن الذبيحة وزن القونصة؛
.  الذبيحة إلي األحشاء؛ نسبة المحم إلي العظم؛ نسبة المحم إلي الوزن الحي لمطائر

 صابات األرجل في التجربة األولي . تم تسجيل الطيور المصابة بأمراض التمثيل الجسمي وا 
 

: ولقد أوضحت ىذه الدراسة األتي
.  علي أداء دجاج التسمينللعليقة تأثير نظم اإلضاءة المختلفة والشكل الفيزيائي : للتجربة األولي 

بالنسبة لمؤشرات األداء  
إن نظام اإلضاءة المتقطع يحسن أداء دجاج التسمين عن باقي أنظمة اإلضاءة التي استعممت في 

الكفاءة الغذائية و معدل التحويل عند باقي , النمو النسبي, النمو, التجربة حيث انو يزيد وزن الطائر
األنظمة مما يؤدي إلي تحسين األداء في دجاج التسمين  

وأيضا بالنسبة إلي نظام اإلضاءة المستمر فإنو يحسن أداء دجاج التسمين عن نظام اإلضاءة المحدود 
العميقة المحببة تزيد معدالت األداء تحت نظام اإلضاءة المتقطع ونظام اإلضاءة المستمر في العميقة 
الناعمة عمى الرغم أنيا ال تؤثر عمى الوزن إال أنيا تزيد النمو الجسمي النسبي ، سرعة النمو و تقمل 
معدل التحويل الغذائي إما بالنسبة لمعميقة المحببة تحت نظام اإلضاءة المحدود زودت معدل التحويل 

. الغذائي عن العميقة الناعمة
وكانت العميقة الناعمة تحت نظام اإلضاءة المتقطعة ىي أعمى قيمة في الكفاءة الغذائية عن أي شكل 
عميقة تحت أي نظام إضاءة وكان ال يوجد أي فروق معنوية بين شكمي العميقة تحت كل اإلضاءة في 

 .الكفاءة الغذائية
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 بالنسبة لمؤشرات الدم

ال يوجد فروق في مؤشرات الدم بين نظم اإلضاءة المختمفة لدجاج التسمين إال في االلمبيومين و 
 يوم حيث إن نظام اإلضاءة المتقطع يزيد االلبيومين ويقل الجموبيولين عند 17الجموبيوين عن عمر 

.  يوم عن نظام اإلضاءة المستمر17عمر 
بالنسبة لمؤشرات المناعة  

لم يتواجد أي فروق معنوية بين نظم اإلضاءة المختمفة او الشكل الفيزيائي لمعميقة تحت نظم اإلضاءة 
المختمفة في المناعة الخموية أو المناعة الجسمية اال نظام اإلضاءة المتقطع حيث انو يقمل نسبة 

.  يوم17الجموبيولين في الدم في عمر 
بالنسبة لقياسات جودة الذبيحة  

،  (المطمق و النسبي)لم يتواجد أي فرق معنوي بين نظم اإلضاءة المختمفة في وزن األحشاء - 
. وزن القونضة وأيضا نسبة التصافي

نظام اإلضاءة المحدود أدي إلي نقص في وزن دىون البطن المطمق والنسبي؛ نسبة وزن  -
الذبيحة إلي الوزن الحي لمطائر؛ نسبة المحم لمعظم وأيضا يزيد من نسبة العظم إلي الوزن 

الحي؛ نسبة الوزن العظم إلي وزن الذبيحة ولذلك يتضح أن نظام اإلضاءة المحدود يؤدي إلي 
. تقوية الجياز الدعامي لمطائر

. نظام اإلضاءة المستمر زود نسبة وزن الذبيحة إلى وزن األحشاء عن أنظمة اإلضاءة األخرى  -
أما نظام اإلضاءة المتقطعة فأن لو تأثير معنوي عمى زيادة نسبة المحم إلي الوزن الحي لمطائر 

 .عن بقية أنظمة اإلضاءة

لم يتواجد أي فرق معنوي بين شكمي العميقة الناعمة والمحبب تحت مختمف أنظمة اإلضاءة  -
لدجاج التسمين عمى وزن الذبيحة إلى الوزن الحي لمطائر ونسبة التصافي ، وزن دىون البطن 

 .المطمق والنسبي، نسبة المحم إلي الوزن الحي لمطائر

إن الشكل المحبب لمعميقة يقمل وزن األحشاء عن الشكل الناعم لمعميقة تحت نظام اإلضاءة  -
المتقطعة عمى الرغم من أنو ال يوجد أي فرق معنوي بين شكمي العميقة تحت نظم اإلضاءة 

االخري وأيضا استعمال الشكل المحبب لمعميقة في تغذية دجاج التسمين يؤدي إلى تقميل نسبة 
وزن األحشاء إلى الوزن الحي لمطائر تحت مختمف نظم اإلضاءة عدا نظام اإلضاءة المحدود 

فال يوجد فرق معنوي بينيم مما يؤدي إلى زيادة جودة المنتج النيائي من المحم باستعمال 
 .العميقة المحببة في تغذية دجاج التسمين

وأيضا استعمال العميقة المحببة في دجاج التسمين يعمل عمى زيادة وزن القونصة عن العميقة  -
 إال أن العميقة المحببة (P<0.05)الناعمة عمى الرغم من أن ىذه الزيادة لم تكن معنوية عند
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تحت نظام اإلضاءة المحدود فإنيا تزيد وزن القونصة بشكل معنوي عمى العميقة الناعمة تحت 
 . نظام اإلضاءة المتقطع

لم يتواجد فروق معنوية بين شكمي العميقة المحببة والناعم . نسبة وزن العظم الي وزن الذبيحة -
في نسبة العظم إلى وزن الذبيحة تحت نظام اإلضاءة المحدود أما تحت نظام اإلضاءة المتقطع 

فان العميقة المحببة تؤدي إلى زيادة نسبة العظم إلي وزن الذبيحة عن العميقة الناعمة وأيضا 
استعمال العميقة المحببة قمل نسبة العظم إلى وزن الذبيحة عن العميقة الناعمة تحت نظام 

 .اإلضاءة المستمر

العميقة المحببة تحت نظام اإلضاءة المستمر زودت وزن الذبيحة إلي وزن األحشاء بشكل  -
معنوي عن العميقة الناعمة تحت كل من نظامي اإلضاءة المتقطع والمحدود عمى الرغم من 

أنيا لم تختمف عن العميقة الناعمة تحت نفس نظام اإلضاءة أو العميقة المحببة تحت أي نظام 
 .إضاءة آخر

إن العميقة المحببة زودت نسبة العظم إلى المحم عن العميقة الناعمة تحت نظام اإلضاءة  -
المستمر لكنيا لم تختمف عن العميقة الناعمة تحت كال من نظامي اإلضاءة المتقطع والمحدود 
عمى الرغم من أن العميقة الناعمة تحت نظام اإلضاءة المتقطع ذودت نسبة العظم إلى المحم 

 . عن باقي العالئق الناعمة تحت نظم اإلضاءة المختمفة

العميقة  الناعمة زودت نسبة العظم إلى الوزن الحي عن العميقة المحببة تحت كل من نظامي  -
االضاءة المستمر المحدود عمى الرغم من أنيا تقمل نسبة العظم لموزن الحي عن العميقة 

المحببة تحت نظام اإلضاءة المتقطع وكانت العميقة المحببة تحت نظام اإلضاءة المحدود 
 .زودت نسبة العظم لموزن الحي عن العميقة الناعمة

 بالنسبة لعيوب التمثيل الجسدي

لم يوجد تأثير معنوي لمختمف نظم اإلضاءة عمى معدل حدوث المشكالت في التمثيل الجسمي  -
 .في دجاج التسمين (االستسقاء وظاىرة الموت المفاجئ )

 بالنسبة لعيوب األرجل 

إن نظام اإلضاءة المستمر زود نسبة عيوب األرجل في دجاج التسمين عن كال من نظامي  -
 .اإلضاءة المتقطع والمحدود

 

 بالنسبة ليرمون اللورتيكوسيترون 

إن نظام اإلضاءة المستمر أدي إلى زيادة نسبة الكورتيكوستيرون في الدم عن نظام اإلضاءة   - 
 يوم مما يعني زيادة معدالت 36 يوم وعن نظام اإلضاءة المتقطع في عمر 17المحدود في عمر 

. الضغوط النفسية عمى دجاج التسمين
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 تأثير سرعة اليواء علي أداء دجاج التسمين  للتجربة الثانية
 بالنسبة لمؤشرات األداء

زيادة سرعة اليواء عمى دجاج التسمين يؤدي إلى زيادة في مؤشرات األداء وىذه الزيادة في األداء   - 
تغذي إلى زيادة وزن الجسم ، نمو الجسم ، الكفاءة الغذائية عمى الرغم من زيادة معدل التحويل 

 .الغذائي

 بالنسبة لمؤشرات الدم

لم يتواجد أي فروق معنوية بين دجاج التسمين تحت مختمف سرعات اليواء في التجربة في مؤشرات   - 
. الدم

 
تأثير المعاملة الحرارية المبكرة لدجاج التسمين على أداء دجاج التسمين وعلى : للتجربة الثالثة 

. استحثاث المقاومة الحرارية لديو
بالنسبة لمؤشرات األداء 

أدت المعاممة الحرارية المبكرة لدجاج التسمين إلي تحسين أداء دجاج التسمين في األسبوع األول   - 
فقط ولكن لم يستمر ىذا التحسن في بقية أسابيع التربية حيث لم يكن ىنالك فرق معنوي بين الطيور 

. المعالجة حراريا و التي لم تعامل في باقي أسابيع التربية
بالنسبة ليرمون اللورتيكوستيرون واستحثاث المقاومة الحرارية  

أدت المعاممة الحرارية لمطيور عمى خفض مستوي ىرمون الكورتيكوستيرون في الدم بعد تعريض   - 
 يوم مما يعني أن العاممة الحرارية المبكرة لدجاج التسمين 32الطيور إلى إجياد حراري حاد عمى عمر

. تجعمو أكثر قدرة عمى تحمل الظروف المناخية المتقمبة واالرتفاع الحاد في درجات الحرارة الجوية
 

 
 
 
 
 

الخالصة 
نستخمص من ىذه الرسالة أن نظام اإلضاءة المتقطع يمكن استخدامو لتحسين أداء وجودة  -1

. الذبيحة وتقميل معدل الضغوط النفسية عند دجاج التسمين
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استعمال نظامي اإلضاءة المتقطع والمحدود لو تأثير عمى خفض معدالت عيوب األرجل عند  -2
 .دجاج التسمين وأيضا يخفض تكاليف استخدام الكيرباء

استخدام نظام اإلضاءة المحدود يقمل وزن دىون البطن ويحسن الجياز الدعامي في دجاج  -3
 التسمين 

استخدام العميقة المحببة لمدواجن تعمل عمى تحسين أداء الدواجن خصوصا تحت نظام  -4
 .اإلضاءة المتقطع

استخدام العميقة المحببة لمدواجن تحت نظامي اإلضاءة المتقطع والمستمر تعمل عمى تحسين  -5
جودة الذبيحة عن طريق تقميل نسبة وزن األحشاء إلى الوزن الحي وزيادة نسبة وزن الذبيحة 

 .إلى الوزن الحي 

زيادة سرعة اليواء في أماكن التربية أدي إلى زيادة معدالت األداء في دجاج التسمين في  -6
 .األشير الحارة

المعاممة الحرارية المبكرة يمكن استخداميا لتحسين أداء دجاج التسمين وتنشيط المقاومة  -7
 .الحرارية ضد تقمبات درجات الحرارة الجوية المفاجئة في األعمار الكبيرة
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 انًسرخهص انعرتً
 

  دجاج انرسًٍٍ ذحد َظى رعاٌح يخرهفحأداء

رسانح يقذيح يٍ 

 أحًذ داوود إسًاعٍم أحًذ يصطفى/  ب .ط
 

 ذحد إشراف

 

 تٍويًأحًذ دمحم . د.أ

 انجٍطشيكهٍخ انطت – أصزبر صحخ انحٍىاٌ و انذواجٍ و سئٍش قضى انصحخ واأليشاض انًشزشكخ 

جبيعخ انًُىفٍخ – 

دمحم عاطف هالل . د

جبيعخ انًُىفٍخ – انجٍطشي كهٍخ انطت ــ  و انذواجٍَزبج انحٍىاٌإيذسس   

 : تضمنت ىذه الدراسة على ثالث تجارب رئيسية وىى

حيث استعمل ليذا : تأثير نظم اإلضاءة المختمفة والشكل الفيزيائي لمعميقة تحت نظم اإلضاءة المختمفة عمى أداء دجاج التسمين: التجربة األولي
حيث ,  عمى ثالث مجموعات متساويات كل مجموعة قسمت مرة أخري إلى مجموعتين فرعيتين متساويتين عشوائيا كتكوت قسمت300الغرض 

إن كل مجموعة تم تعريضيا إلى نظام إضاءة مختمف وكل مجموعة فرعية تم تغذيتيا عميقة مختمفة الشكل حيث إن المجموعة األولي، الثانية 
والثالثة تم تربيتيم تحت نظام اإلضاءة المستمر، المتقطع و المحدود عمى الترتيب وكل مجموعة قسمت إلى مجموعتين فرعيتين األولي منيا 

.  غذيت عمى عميقة محببة والثانية غذيت عمي عميقة ناعمة
 كتكوت تسمين ليذا الغرض قسمت عشوائيا إلي مجموعتين 200تأثير سرعة اليواء عمي أداء دجاج التسمين حيث استعمل : التجربة الثانية

دقيقة واعتبرت ىي المجموعة الضابطة والمجموعة الثانية عرضت / م4-1المجموعة األولي عرضت إلي سرعة ىواء منخفضة عمي . متساويتين
  . سيميزية30 إلى 25 و كانت الحرارة الجوية من دقيقة/ م180إلي سرعة ىواء عالية عمي 

 كتكوت 100تأثير المعادلة الحرارية المبكرة عمي أداء دجاج التسمين واستحثاث المقاومة الحرارية لديو وليذا الغرض استخدم : التجربة الثالثة
المجموعة األولي لم تعرض إلي معاممة حرارية مبكرة واعتبرت ىي . من كتاكيت التسمين قسمت عشوائيا إلي أربع مجموعات متساوية العدد

 اليوم األول إلي اليوم الثاني؛ اليوم الثالث إلي فيلة حرارية مبكرة مالثالثة والرابعة عرضت إلي معا, المجموعة الضابطة أما المجموعة الثانية
تم تعريض كل الطيور في التجربة مرة أخرى .  درجة سيميزية1±39اليوم الرابع ؛ اليوم الخامس إلي اليوم السادس عمي الترتيب عمي درجة حرارة 

 ساعات وتم سحب عينات الدم لتحديد مدي مقاومة الطائر لمحرارة بعد 10 يوم ولمدة 32 درجة سيميزية عند عمر 1±38إلي درجة حرارة 
. التعرض مباشرة

استعمال . جودة الذبيحة و يقمل الضغط النفسي عند طيور التسمين, أن نضام اإلضاءة المتقطع يحسن معدالت األداء: أوضحت ىذه التجارب
أيضا أوضحت الرسالة أن سرعة اليواء العالية عند . العميقة المحببة يزيد معدالت األداء و جودة الذبيحة خصوصا تحت نظام اإلضاءة المتقطع 

 أيب انًعبيهخ انحشاسٌخ انًجكشح نذجبج انزضًٍٍ فإَهب رزٌذ قذسح دجبج انزضًٍٍ عهى دقيقة تحسن أداء دجاج التسمين في األشير الحارة/ م180

 . أَهب رحضٍ أداء دجبج انزضًٍٍ خصىصب فً انفزشاد األونى يٍ انعًشحرحًم انزقهجبد انجىٌخ انًفبجئخ ثبإلضبف
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قرار نجُح انحكى و انًُاقشح 

 

قبيذ نجُخ انحكى و انًُبقشخ ثفحص هزِ انشصبنخ ووجذد أَهب فً يجبل انزخصص وكزجذ ثهغخ 

. عهًٍخ صهًٍخ

 

نــــــــــــــــزنـك 

أحًذ داوود إصًبعٍم أحًذ يصطفى نهحصىل عهى دسجخ . / ة. ط. قشسد انهجُخ رششٍح انضٍذ

(.  انحٍواٌ و انذواجٍ إَراج)انًبجضزٍش فً انعهىو انطجٍخ انجٍطشٌخ رخصص 

 

 

سثٍع انضٍذ صبنح حضٍٍ                                            . د.أ- 1

  أصزبر صحخ انحٍىاٌ و انذواجٍ و سئٍش قضى انصحخ و انشعبٌخ و األيشاض 

. انًشزشكخ ــ كهٍخ انطت انجٍطشي ــ جبيعخ قُبح انضىٌش

 

دمحم دمحم ششف   . د.أ- 2

   أصزبر إَزبج انذواجٍ و سئٍش قضى سعبٌخ انحٍىاٌ و رًٍُخ انثشوح انحٍىاٍَخ ــ كهٍخ 

انطت انجٍطشي ــ جبيعخ اإلصكُذسٌخ 

 

ثٍىيً  أحًذ دمحم . د.أ- 3

كهٍخ –  انًشزشكخ واأليشاضأصزبر صحخ انحٍىاٌ و انذواجٍ و سئٍش قضى انصحخ 

جبيعخ انًُىفٍخ  – انجٍطشيانطت 

  

 12/9/2007رحشٌشا فً 
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 جايعح انًُوفٍح

فرع يذٌُح انساداخ  – انثٍطريٌح انطة لك

 قسى انرعاٌح و ذًٍُح انثروج انحٍواٍَح

 

 

 دجاج انرسًٍٍ ذحد َظى رعاٌح يخرهفح أداء
 

رسانح يقذيح يٍ 
 

أحًذ داوود إسًاعٍم أحًذ يصطفى / ب .ط
 

 جايعح انًُوفٍح ــانثٍطري كهٍح انطة – تكانورٌوس انعهوو انطثٍح انثٍطرٌح 

(2002 )

 

نهحصول عهى 

 انعهوو انطثٍح انثٍطرٌح فًدرجح انًاجسرٍر 

 (انحٍواٌ و انذواجٍ إَراج)ذخصص 
 

 

ذحد إشراف 
 

 تٍويًأحًذ دمحم . د.أ

كهٍخ – أصزبر صحخ انحٍىاٌ و انذواجٍ و سئٍش قضى انصحخ واأليشاض انًشزشكخ 

جبيعخ انًُىفٍخ  – انجٍطشيانطت 

 

دمحم عاطف هالل . د

جبيعخ انًُىفٍخ  – انجٍطشي كهٍخ انطت ــ  و انذواجٍَزبج انحٍىاٌإيذسس 

 

  

2007 
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