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SUMMARY 
 

 An experiment was conducted to determine the effects of heat stress and different 
cage densities on blood indices and Immune response. The hypothesis that, 
commercial layers, caged at lower densities, react less intensely, to heat stress, than 
would the hens caged at higher densities was also tested. A total of 936, Lohman 
Selected Leghorn (LSL) hens, fifty eight weeks old, were used in this experiment. 
These hens were originally housed, at eighteen weeks of age, as follows: 1- The first 
group (468 hens) was housed in a conventional open-sided house (Heat Stressed). 2-
The second group (468 hens) was housed in a conventional open-sided house with 
desert cooling systems (Control). Pullets were placed at 4, 5, 6, 7, 8 and 9 birds per 
cage in wire cages (60 cm wide by 50 cm deep and 40 cm height). At 58 weeks of age, 
the first group was exposed to high environmental temperatures, ranging from 40-
42OC and 65-70% relative humidity (five hours daily for seven consecutive days). 
After each daily heat exposure, the hens were exposed to the normal ambient 
temperature of the season (20-26 OC and 60-65% relative humidity). The control 
group was exposed to the ambient temperatures of the season, ranging from 20-26OC 
and 60-65% relative humidity. Data were collected during the period of heat stress 
exposure . 
 Results indicated that rectal temperature and Heterophil: Lymphocyte ratios (H:L 
ratios) of heat-stressed birds, increased significantly as compared to the control 
group, at the first and last days of heat stress. However, red blood cell count, packed 
cell volume, hemoglobin concentration, plasma total protein, globulin and serum 
potassium levels, of heat stressed birds, decreased significantly as compared to the 
control ones, when tested at both the first and last day of heat stress. Plasma albumin 
and serum calcium levels, of heat stressed birds, decreased significantly as compared 
to the control group, only at the first day of heat stress. Also, heat exposure reduced 
antibody titers against sheep red blood cell's (SRBC's) on 3, 5 and 7 days post 
immunization.         
 No significant detrimental effects, due to heat stress, on serum calcium and 
potassium levels, were observed, when hens were housed at the lowest cage density 
(4 hens/cage), at the first day of heat stress. At the last day of heat stress, plasma 
proteins, serum calcium and potassium levels, and H:L ratio, were also not affected, 
when hens were housed at the lowest cage density. Antibody titers against SRBC's, 
were significantly reduced due to heat stress, when hens were housed at 9 per cage, 
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on the 3rd day post immunization. On the 5th day post immunization, when 8 or 9 hens 
were housed per cage, antibody titers against SRBC's also, decreased significantly, 
due to heat stress.     
 Under heat stress conditions, hens caged at low densities (4 or 5 birds/cage) had 
significantly lower rectal temperatures, and higher serum calcium and potassium 
levels, when compared to hens at higher cage densities. Significantly higher antibody 
titers against SRBC's and lower H:L ratios were also observed when hens were 
caged at lower densities. It was concluded that, hens caged at low densities were less 
affected by heat stress than those at higher cage densities.      
 
Keywords: Laying hens, Heat stress, Cage densities, Physiological indicators, 
Immune response 

 
INTRODUCTION 
 
 Layers are susceptible to heat stress for several reasons. First, their metabolic heat 
production is high as a result of the high rate of egg production (Blem, 2000). 
Second, there is little heat dissipation by convection and radiation, because of the 
very effective insulation of the body surface by their feathers. Third, the hens lack 
sweat glands, and their respiratory water evaporation rate is not high enough to 
maintain normalthermia at high ambient temperatures (Etches et al., 1995 ; Dawson 
and Whittow, 2000).   
 Heat stress has adverse effects on chicken's mineral balance, and plasma 
electrolyte concentrations (Deyhim and Teeter, 1990; Belay and Teeter, 1993), 
alterations in immune function (Klasing and Benson, 1990 ; Belay and Teeter, 1994) 
and it impedes with disease resistance (Ferket and Qureshi, 1992). 
 In general, heat stress leads to decrease total red blood cell's, per unit volume of 
blood, which in turn decreases hemoglobin concentration and packed cell volume. 
That is due to the positive relation between red blood cell's, hemoglobin 
concentration and packed cell volume (Sturkie, 1986).  
A rise in body temperature, in response to high environmental temperature, was also 
reported by Cheng et al. (1990) and Wolfenson et al. (2001).  
 Evidence suggests that plasma protein levels may indicate the effect of heat stress 
on chickens (Kutlu and Forber, 1993 ; Berrong and Washburn, 1998). Ahmed et al. 
(1967) indicated that exposing hens to high ambient temperature leads to a decrease 
in protein synthesis. Exposure to heat stress significantly decrease serum or plasma 
calcium and phosphorus concentrations (Usayran et al., 2001). Ait-Boulahsen et al., 
(1989) reported a decrease in potassium concentration and an increase in sodium 
concentration due to heat stress. 
 Excessive environmental temperatures can alter the immune function through 
reducing antibody production (Brake, 1989 ; Siegel, 1989). Also, in vitro, phagocytic 
potential of chicken macrophages decreased during heat-stress conditions (Miller and 
Qureshi, 1991). Donker et al. (1990) demonstrated that heat stress treatment 
significantly lowered antibody titers against sheep red blood cells (SRBC's) on days 
3, 5, 7 and 10 after immunization.  
 The decrease in layer performance, as the cage density increases, could be the 
results of some physiological stresses. Many physiological variables have been 
assessed as indicators of high cage density stress. The stress, caused by high cage 
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densities, were reported to cause an increase in plasma corticosterone concentrations 
(Mashaly et al., 1984). This stress also increased the heterophil to lymphocyte ratios 
(Hester et al., 1996b; Gharib et al., 2005). Decreased red blood cells counts, serum 
calcium and phosphorus levels, and antibody titers against SRBC's were also reported 
by Gharib et al., (2005) due to high cage densities.  
 The objectives of this study were, to test the hypothesis that, commercial layers, 
caged at low densities, are less affected by heat stress, than the hens caged at higher 
densities. Also the effects of heat stress and different cage densities on some 
physiological indicators, and the immune response of layers were studied.  

 
MATERIALS AND METHODS 

 
The present study was carried out at the Poultry Research Center, Department of  

Animal Production, Faculty of Agriculture, Cairo University. 
 A total of 936, Lohman Selected Leghorn (LSL) hens, were used in this 
experiment. These hens, since eighteen weeks of age, were divided into two groups 
(468 hens each) as follows: the first group was placed in a conventional open-sided 
house, (House M). The second group was placed in a conventional open-sided house 
with desert cooling system (House CD). Birds of each group were divided into six 
subgroups. Birds were placed at 4 (C4), 5 (C5), 6 (C6), 7 (C7), 8 (C8) and 9 (C9) birds 
per cage, with two water nipples for each, in wire cages (60 cm wide by 50 cm deep 
and 40 cm height). The corresponding floor areas, per bird were 750, 600, 500, 428, 
375 and 333 Cm2, respectively. The corresponding feeding spaces were 15, 12, 10, 
8.6, 7.5 and 6.7 Cm, per bird, respectively. To mentain the assigned cage densities 
per group depletion, due to mortality, were replaced on the same day.  
 The birds, in production, received a commercial layer ration (17% C.P and 2800 
Kcal Me/Kg ) and water ad libitum. Seventeen hours of light were also provided 
daily.  
 At 58 weeks of age, the birds in M House were exposed to high environmental 
temperature (heat stressed), ranging from 40-42OC and 65-70% relative humidity 
(five hours daily for seven consecutive days). This was achieved by using electric fan 
heaters. After the five hours of heat stress, the birds were exposed to the normal 
ambient temperature of the season (20-26OC) and 60 - 65% relative humidity. The 
CD House group (control) was exposed to normal ambient temperature ranging from 
20-26OC and 60-65% relative humidity.  
 
Data Collected: 
A) Physiological Indicators: 
 Blood samples were collected from 10 hens (from 10 different cages), within cage 
density, within house, after four hours of exposing the birds to the high temperature, 
at the first and last days of the heat stress treatment. The blood samples (about 3 
ml/hen) were collected via the brachial vein and it was divided between heparinized 
and non heparinized test tubes. Plasma and serum were separated by centrifugation at 
3200 rpm for 20 minutes and 10 minutes, respectively. Plasma and serum samples 
were transferred to clean dry vials and kept in   a deep freezer at -20°C until used. 
A-1) Rectal Temperature: 
 At the first and last days of the heat stress period, 20 birds (two birds per cage), 
within cage density, within house, were used to measure rectal temperature, as an 
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indicator of body temperature. Rectal temperature was measured by inserting an 
electronic thermometer, into the cloacae, to the depth of 1 cm, for one minute.  
 
A-2) Physiological properties  
    A-2-a) Total Red Blood Cells (RBC's):  
 Total RBC's was determined by a haemocytometer (Hartman and Leeseler, 1963). 
    A-2-b) Packed Cell Volume % (PCV):  
 PCV value was determined by the microhematocrit method of Hunsaker (1969). 
 A-2-c) Hemoglobin Concentration (HbC): 
 Hemoglobin concentration (g/100 mL blood) was determined by a 
hemoglobinometer (Pilaski, 1972).  
     A-3) Chemical Constituents: 
 The spectrophotometric technique (Henry, 1974) was used to determine, plasma 
total protein and albumen; serum calcium, and potassium. 
A-4) Heterophil : Lymphocyte Ratio (H:L ratio): 
 Blood samples were collected from the brachial vein of 10 birds (from 10 
different  cages), within cage density, whitin group, at the first and last days of heat 
stress exposure. H:L ratios were determined using the technique of Gross and Siegel 
(1983). A hundred leucocytes were counted, per slide, then they were differentiated, 
and the ratio of H:L was calculated. 
 
B) Immune Response  
   Antibody Measurement: 
 Sheep red blood cells (SRBC'S) were used as test antigens to quantitatively 
analyze specific antibody responses, as a measure of humoral immunocompetence. 
Ten hens, (from 10 different cages) within cage density, within house, were injected, 
at 58 weeks of age, intramuscularly, by 1 ml of 10% SRBC'S suspension prepared in 
0.9% physiological saline. The heat stressed and control hens were injected one hour 
after the initiation of heat stress at the first day of heat exposure . On 3, 5 and 7 days 
post immunization, blood samples were collected to determine the primary antibody 
responses. Antibody titers were determined using U-shaped micro titration plates 
with 96 wells (Van der Zijpp and Leenstra, 1980). Antibody titer values were 
expressed as log2 of the highest serum dilution giving total agglutination.  
 
Statistical Analysis:  
 Two way analysis of variance for the data was done using the SAS General 
Linear Model Procedure (SAS Institute, 2000). Mean values were compared using 
Duncan's Multiple Rang Test, (Duncan, 1955) when significant differences existed. 
The significance level was set at 5%. 
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RESULTS AND DISCUSSION 
  A-)  Physiological Indicators  
    A-1) Rectal Temperature: 
 Heat stress, in general and within each cage density, resulted in a significant 
increase in rectal temperature (Figs. 1 and 2). Birds exposed to heat stress had 
significantly higher rectal temperature, at the first and last days of heat stress, as 
compared to their corresponding controls. The rise in rectal temperatures, in response 
to high environmental temperature, was previously reported (Cheng et al., 1990; 
Servet et al., 1997; Wolfenson et al., 2001). They considered that rectal temperature 
is a good indicator of both heat stress and acclimation. However, the rise in rectal 
temperature, at the first day (44.68±0.07 vs 40.98±0.02°C) of heat exposure (Fig. 1), 
was higher than those at the last day (43.33±0.04vs 40.94±0.02°C) (Fig. 2) of heat 
stress for all cage densities. This indicated that, some acclimation took place. 
 

 
 
 Rectal temperatures of heat stressed birds in the C6 to C9 cages were significantly 
higher than those in the C4 and C5 cages, at the first and last days of heat stress 
(Figs.1 and 2 ). At the first day of heat stress, birds in the C4 cages had significantly 
lower rectal temperatures than those in the C5 cages. However, there were no 
significant differences in rectal temperatures between these two cage densities, on the 
last day of heat stress. This would indicate that, under heat stress condition, it is 
advisable to give the laying hens more space.       
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    A-2) Physiological Properties: 
       A-2-a) Total Red Blood Cell Counts (RBC's): 
 Hens exposed to heat stress had significantly lower RBC's, by about 23.15 and 
16.87%, as compared to control hens, at the first and last days of heat stress, 
respectively (Figs. 3 and 4). The reduction in RBC's, in heat stressed birds, were also 
observed by Sahota et al. (1994) and Rautela et al. (1994). The observed significant 
effect of heat stress on RBC's count, within cage density, was not present, when hens 
were caged at 9 birds/cage, at the first day of heat stress (Fig. 3). At the last day of 
heat stress, the same trend was observed in the 8 and 9 birds per cage densities (Fig. 
4). These results may be due to more competition during drinking.    
 The reduction in RBC's, per unit volume of blood, may be due to hemodillution, 
due to increased water consumption during the heat stress period. Similar 
observations were reported by Sturkie (1986). He stated that the numbers of RBC's 
are dependent on both the numbers of new RBC's produced and the average life span 
of the old cells. Hence, heat stress may shorten the RBC's life span, resulting in a 
decrease total numbers of RBC's. 
 Results also indicated that, under heat stress, birds housed at low cage densities 
(C4 and C5) had lower RBC's than those housed at high cage densities (C8 and C9), at 
the first and last days of heat stress (Figs.  3 and 4). However, these differences were 
not statistically significant. The reduction in RBC's for hens in the C4 and C5 cages 
may be due to the increase in water consumption as compared to those in the C8 and 
C9 cages, due to less competition during drinking. Opposite results were observed, 
under the no heat stress conditions. These results indicated that, the effect of density 
on RBC's count was related to the ambient temperatures.  
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    A-2-b) Packed Cell Volume (PCV): 
 Results indicated that hens, under heat stress conditions, had significantly lower 
PCV, by about 14.76 and 11.91%, as compared to the control hens, at the first and 
last days of heat stress, respectively (Figs. 5 and 6). These results are in agreement 
with the finding of Rautela et al. (1994) and Yahav and Hurwitz (1996). They 
reported that, heat stressed birds had significantly lower PCV than non-heat stressed 
ones. 

 

Fig. (3): Effects of heat stress and cage denisty on red blood cells count at the 
first day of heat stress.
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 When birds were placed nine to a cage (at the first day of heat stress) or 8 and 9 to 
a cage (at the last day of heat stress) their PCV did not drop, due to the heat stress, as 
it happened with all other densities (Figs. 5 and 6). The PCV of the 8 and 9 birds per 
cage was reduced due to the cage density, thus it did not further dropped due to heat 
stress. 
    A-2-c) Hemoglobin Concentration (HbC): 
 The hemoglobin concentrations, in general, at the first and last days of heat stress, 
for heat stressed hens, were significantly lower as compared to non-heat stressed hens 
(Figs. 7 and 8). Similar results were obtained by Vo et al. (1978) and Rautela et al. 
(1994). They reported that high environmental temperature caused a decrease in Hb 
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concentration. At the last day of heat stress, when 7, 8 or 9 hens were caged together, 
the decline in HbC was not significant. 
 
 

  
 
 
 

 
 
 There were no significant differences in HbC between all cage densities, within 
the heat stressed or the control groups, (Figs. 7 and 8). In general, heat stress causes a 
decrease in total RBC's, which in turn caused a decreased HbC and PCV. This is due 
to the positive relationships between RBC's, HbC and PCV (Sturkie, 1986). 
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       A-3) Blood Chemical Constituents: 
      A-3-a) Plasma Protein, Albumin and Globulin Levels: 
 Plasma total proteins has been used as an indicator of the effect of heat stress on 
chickens (Kutlu and Forber, 1993; Berrong and Washburn, 1998). Regardless of cage 
density, in most cages, hens subjected to heat stress had significantly decreased 
plasma total protein, albumin and globulin levels, as compared to control hens, at the 
first day of heat stress (Figs. 9, 11 and 13). At the last day of heat stress, plasma total 
protein and globulin levels, for heat stressed hens, were significantly lower than those 
of the control ones (Figs. 10 and 14). These results are in agreement with the findings 
of Makind and Fatunmbi (1985) and Faltas et al. (1987). They reported that, blood 
protein concentration decreased significantly, when birds were exposed to heat stress. 
This decline in blood protein levels, in heat-stressed birds, may be due to reduced 
protein synthesis. This observation is in agreement with Ahmed et al. (1967). They 
indicated that exposing birds to high ambient temperature leads to a decrease in 
protein synthesis. 
 Within cage density, hens housed from 4 to 7 per cage did not show a significant 
decrease in albumin levels, at the first day of heat stress     (Fig. 11), or total protein 
levels, on the last day of heat exposure (Fig. 10). On the last day of heat stress, the 
observed significant effects of heat stress, on albumin levels, were only present when 
9 hens were caged together (Fig. 12).     
 Results also indicated that, there were no significant differences in plasma total 
protein, albumin and globulin levels due to the cage density (Figs. 9 to 14). The only 
significant differences were observed, when hens housed nine to a cage, without 
exposing them to heat stress, had significantly higher albumin level than the other 
hens, at the last day of treatment (Fig. 12).    
 The results of the current study indicated that heat stressed birds, housed at lower 
cage densities had a less decline in their blood protein levels. 
    A-3-b) Serum Calcium Levels: 
 Subjecting laying hens to high environmental temperatures significantly 
decreased their serum calcium levels at the first day of heat stress (Fig. 15). However, 
after 7 days of exposing the birds to the heat stress, there were no significant 
differences in the serum calcium levels between the heat stressed and the control hens 
(Fig. 16). These results are in agreement with the findings of Arad et al. (1993) and 
Usayran et al. (2001). They reported that, high environmental temperatures 
significantly decreased the serum or plasma calcium concentrations. The significant 
decrease in serum calcium, at higher temperatures, could be a consequence of the 
significant decrease in feed intake (Usayran et al., 2001). Also, Odom et al. (1986) 
found that, under heat stress conditions, free calcium, in the hen's blood, decreased 
during the development of respiratory alkalosis, that resulted from thermal panting. 
 The decline in serum calcium levels, due to heat stress, at the first day of heat 
stress, were significant only in the higher cage densities (C8 and C9) (Fig. 15). Hens 
housed at the highest cage density (C9) had significantly lower serum calcium levels 
than  any of the other cage densities,  either at  the first day or at the  last day of  heat  
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stress (Figs. 15 and 16). This is probably due to the heat stress and the high cage 
density, since both the heat stressed and the crowded hens had significantly lower 
serum calcium levels. This may be due to the decreased feed intake. Gharib et al. 
(2005) reported that decreasing cage floor space per bird, from 750 to 333 cm2 
significantly decreased feed consumption and serum calcium levels.    
   A-3-c) Serum Potassium Levels: 
 Hens exposed to heat stress had significantly lower serum potassium levels, as 
compared to control hens, at the first and last days of heat stress (Figs. 17 and 18). 
These results are in agreement with Ait-Boulahsen et al. (1989). They reported that 
elevation of body temperatures to 44.5-45.0OC, by exposing chickens to 40 - 42OC 
ambient temperatures is associated with decreased plasma potassium. They also 
stated that, a substantial shift in the plasma concentration of the major ions 
(potassium, is one of them) can cause serious disturbance to cells since these ions and 
the plasma proteins play a major role in establishing the osmotic balance between 
plasma and fluids bathing the cells. The concentrations of the major ions are also 
important in determining the pH of the body fluids.  
 Within cage density, at both the first and last days of heat stress, the results 
indicated that, hens housed at the lowest cage density (C4) did not show the 
detrimental effect of heat stress on serum potassium level (Figs. 17 and 18) as it did 
with other densities. 
 Heat stressed hens housed at the highest cage density (C9) had significantly lower 
serum potassium levels, at the first and last days of heat exposure, than those housed 
at the lowest cage density (C4) (Figs. 17and 18). This is associated with the higher 
rectal temperatures of hens at the higher cage densities (Figs. 1and 2). No previously 
reported studies included the influence of cage density, on serum potassium levels, 
under high environmental temperatures. 
  Blood chemical constituents  data  indicated  that  hens  caged  at  low  densities 
(4 or 5 birds/cage) responded less intensely to heat stress than hens at higher cage 
densities. Specifically, hens housed at 4 or 5  hens/cage showed increased resistance 
to heat exposure. This was indicated by a less decline in plasma proteins, and higher 
serum calcium, and potassium levels, as result of heat stress, when compared to hens 
caged at higher densities. 
    A-4) Heterophil:Lymphocyte (H:L) Ratio: 
 Hens exposed to heat stress had significantly higher H:L ratio as compared to 
controls, at the first and last days of heat stress (Figs. 19 and 20). The increase in H:L 
ratio in heat stressed birds were also observed by McFarlane et al. (1989) and Hester 
et al. (1996b). At the last day of heat stress, within cage density, H:L ratio was not 
affected by heat stress, when hens were caged at the lowest density (C4) (Fig. 20).   
 Under heat stress conditions, hens housed at higher cage densities (C8 and C9) had 
significantly higher H:L ratio than those housed at the lowest cage density (C4), at the 
first and last days of heat exposure (Figs. 19 and 20). These results indicates that, 
under heat stress conditions, lymphopenia was more pronounced in the higher cage 
densities birds than in the lower densities. Hester et al. (1996b) reported that hens 
kept in single-bird cages (1085 cm2 per bird) had lower H:L ratios (34.4%) than those 
kept in multiple-bird cages (42.6%) at 362 cm2 per bird. The increased in H:L ratio 
for hens, at high cage densities, under heat stress conditions, could indicate that the 
birds are more affected by social competition than those at low cage densities.  
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Fig. (20): Effects of heat stress and cage density on heterophil: limphocyte ratio at the last
day of heat stress.
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 On the other hand, there were no significant differences, in H:L ratios between 
cage densities, under the no heat stress conditions. 
 Our results indicated that H:L ratio is a sensitive indicator of heat stress in the 
fowl. The increased H:L ratios were apparent, at the first and last days of heat stress. 
This support the idea that leukocyte changes, in response to environmental stress, are 
stabile and enduring. Our observations, support the finding of James et al. (1989). 
   
B) Immune Response: 
 Antibody Titers against SRBC's: 
 Hens exposed to heat stress had significantly lower antibody titers against SRBC's 
on days 3, 5 and 7 post immunization as compared to the controls (Figs. 21, 22 and 
23). Similar results were obtained by Donker et al. (1990); Hester et al. (1996a) and 
Atta (2002). They reported that, heat exposure significantly reduces the antibody 
titers against SRBC's. Also, Thaxton and Siegel (1970, 1972, 1973), Subba Rao and 
Glick (1970, 1977) and Regnier et al. (1980) reported suppressive actions of heat 
stress on the humoral immune responses for chickens. 
 The observed significant suppression effects of heat stress on antibody titers 
against SRBC's, within cage density, were only present when hens were housed at 9 
hens to a cage, on day 3 post immunization (Fig. 21). On days 5 and 7 post 
immunization, this significant suppression effect was observed, within all cage 
densities, except, when 5 hens were placed in a cage, on day 5 post immunization 
(Fig. 21 and 22) 
 Birds housed at higher cage densities (C8 and C9), under heat stress or control 
conditions, produced significantly less antibody titers against SRBC's than those 
housed at the lowest cage density (C4), on day 5 post immunization (Fig. 22). This is 
in agreement with the findings of Hester et al. (1996a). They reported that birds 
housed in multiple-bird cages (362 Cm2 floor area/bird) had significantly lower 
antibody titers against SRBC's than those in single-bird cages (1085 Cm2

 floor area / 
bird), when birds were subjected to high environmental temperature (38OC).  
 Under stress conditions, due to physical stressor (Siegel, 1987) or high density 
(Mashaly et al., 1984), more corticosteroids were found to be bound in the thymus 
cells of chicken. The immunosuppression observed in our study, due to the heat stress 
or high cage density, could be partially mediated by corticosteroid-binding in the 
lymphoid cells. 
 On the other hand, under heat stress conditions there were no significant effects 
due to cage density, on antibody titers against SRBC's,  7 days post immunization 
(Fig. 23). The HI titers ranged from 3.0 to 4.4   (log 2). The higher titers were 
observed when hens were caged at lower densities. 
 The changes observed in the antibody titers against SRBC's and in the H:L ratios, 
due to heat stress and cage density, provided evidence of improved hens adaptation, 
at lower cage densities, to high environmental temperatures. 
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CONCLUSION 
  
 Our results indicated that, hens caged at low densities resist heat stress more than 
hens caged at high densities. The physiological indicators and immune response of 
hens, at different cage densities, that were subjected to heat stress, provided proofs 
that hens at low cage densities (750 or 600 cm2/bird) were more resistance to heat 
stress. Hens housed at low cage densities (750 or 600 cm2/bird) had lower rectal 
temperature, less decline in blood proteins levels and higher serum calcium and 
potassium levels, when compared to hens at higher densities (428, 375 or 333 
cm2/bird). In additional, heat stressed hens, at low cage densities, had higher immune 
response against SRBC's and lower H:L ratios, than those at higher densities.  
 Housing hens at lower  cage densities alleviated the detrimental effects of heat 
stress on plasma proteins, serum calcium and potassium levels. Also, antibody titers 
against SRBC's and H:L ratios were not affected by heat stress, when hens were 
caged at lower densities.  
 It could be concluted that, housing commercial layers at an area of at least 600 
cm2/bird, is an effective method to alleviate the effects of heat stress, when 
conventional open-sided houses are used, in hot climate countries . 
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تحت ظروف الإجهاد  لتسكين على آثافات مختلفة وستجابـة دجـاج إنتاج البيض التجاري لإ
 المؤشرات الفسيولوجية والاستجابة المناعية-١. الحراري

 
 

 فريد آمال - عبد العزيز على عطا االله - محمد عبد الرحمن المناوي -حسن بيومي على غريب 
 رمزي إستينو

 
 

 مصر - جيزة - جامعة القاهرة - آلية الزراعة -قسم الإنتاج الحيواني 
 
 

أجريت هذه الدراسة بهدف اختبار النظرية الفرضية بأن إسكان الدجاج البياض على آثافات منخفضة 
استخدم في هذه . يساعد على مقاومة تأثير الإجهاد الحراري على المؤشرات الفسيولوجية والاستجابة المناعية

(  أسبوع ١٨عند عمر . أسبوع ٥٨ على عمر LSL دجاجة بياض لجهورن ابيض من سلالة ٩٣٦الدراسة عدد 
 -:تم تقسيم الطيور عشوائياً إلى مجموعتين آما يلي) قبل إجراء التجربة

 .تم إسكانها في عنبر تقليدي مفتوح الجوانب: المجموعة الأولى -
مجموعة (تم إسكانها في عنبر تقليدي مفتوح الجوانب مزود بأجهزة تبريد صحراوي : المجموعة الثانية -

 ).المقارنة
 سم ٤٠×٥٠×٦٠قفص أبعاده /  طائر٩، ٨، ٧، ٦، ٥، ٤ل آل عنبر تم تقسيم الطيور إلى آثافات داخ

 . طائر على التوالي  / ٢ سم٣٣٣  و ٣٧٥ ، ٤٢٨ ، ٥٠٠ ، ٦٠٠ ، ٧٥٠بمساحات أرضية 
 درجة مئوي ٤٢ -٤٠ أسبوع تم تعريض المجموعة الأولى لدرجات حرارة عالية بين ٥٨عند عمر  

مجموعة (أما المجموعة الثانية .  أيام متتالية ٧ ساعات يوميا ولمدة ٥لفترة % ٧٠ - ٦٥ورطوبة نسبية 
رطوبة % ٦٥ - ٦٠م و °٢٦ -٢٠( تعرضت لدرجات حرارة الجو العادية فى وقت إجراء التجربة )  المقارنة
 ).نسبية

 : تم تجميع البيانات خلال فترة الإجهاد الحراري وآانت النتائج آالتالي 
تعرض الطيور لظروف الإجهاد الحراري أدى إلى انخفاض عدد آرات الدم الحمراء والهيماتوآريت ونسبة  -

 . الهيموجلوبين في الدم معنويا بالمقارنة بمجموعة المقارنة 
الطيور التي تعرضت لظروف الإجهاد الحراري انخفض بها آلا من نسبة البروتينات والبوتاسيوم  -

 .خاصةً عند تسكين الطيور على آثافات عالية. وياوالكالسيوم في الدم معن
تعرض الطيور لظروف الإجهاد الحراري وآثافات التسكين العالية أدى إلى انخفاض مستوى الأجسام  -

المناعية ضد آرات دم الغنم الحمراء آما أدى إلى زيادة درجة حرارة الجسم ونسبة آرات الدم البيضاء 
 .ا المتعادلة إلى الليمفاوية معنوي

تحت ظروف الإجهاد الحراري أدى إلى ) قفص /  دجاجة ٥ أو ٤( إسكان الطيور على آثافات منخفضة  -
تحسين مقاومة الطيور لظروف الإجهاد الحراري من خلال أن درجة حرارة الجسم آانت أقل ومقدار 

 . انخفاض بروتينات الدم آانت أقل عند مقارنتها بمجاميع الكثافة العالية 
لنتائج أن الدجاجات المسكنة على آثافات منخفضة آانت أآثر مقاومة لظروف الإجهاد الحراري يتضح من ا -

 . عنها في الكثافات العالية 
 


