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4. RESULTS AND DISCUSSION 
 

4.1. Live body traits: 

4.1.1. Effect of strain and sex on body weight before SRBCs             

injection: 

Data presented in Table (1) showed the effect of strain 

and sex on body weight before SRBCs injection, means of body 

weight were ranged from 38.92 to 907.11g and 36.73 to 827.52 g 

at hatch to 4 weeks of age in ISA Hubbard and ROS 308 strains 

respectively. On the other hand, means of body weight in males 

were ranged from 38.58g to 891.15 g, but in females were 37.06g 

to 843.47 g at hatch and 4- wks of age.  

Results in (Table 2) showed that, the statistical difference 

between the two strains and sex effect were highly significant 

(P<0.001) in live body weight at different ages (from hatch to 4- 

wk of age); while, the interaction between strains and sex effect 

was highly significant (p≤ 0.001) in live body weight at 1
st
, 2

nd
, 

3
rd

 and 4
th

 weeks of age (Table 2). These results agree with 

Gavora (1993) who found that body weight in chickens is a 

typical quantitative trait affected by many genetic, as well as, 

environmental factors same investigators, Leitner et al. (1992); 

Pinard et al. (1993); and Parmentier et al. (1996) demonstrated 

the feasibility of selection based on body weight.  
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Table (1): Least - squares means and standard errors of 

strain and sex effects on live body weight at  

different ages. 

Effect live body weight (g) at 

Strain BW0 BW 1 BW 2 BW 3 BW 4 

 

  ISA 

Hubbard 

          

38.92 ± 0.11 

 

162.14 ± 0.60 

 

312.02 ± 1.62 

 

553.50 ± 2.83 

 

907.11 ± 3.15 

 

  Ross 308 

          

36.73 ± 0.11 

 

154.0 ± 0.60 

 

258.42 ± 1.63 

 

496.53 ± 2.83 

 

827.52 ± 3.18 

 

Sex  

 

 

   Male  

 

38.58 ± 0.12 

     

179.05± 0.60 

 

309.74 ± 1.63 

 

558.01 ± 2.83 

 

891.15 ± 3.17 

 

   Female 

          

37.06 ± 0.12 

 

137.11 ± 0.60 

 

260.70 ± 1.62 

 

492.01 ± 2.83 

 

843.47 ± 3.15 

 

Table (2):  F- value of least -squares analyses of factors 

affecting live body weight at different ages. 

 

 

S.O.V 

Body weight at 

BW 0 BW1 BW2 BW3 BW4 

d.f F- value d.f F- value d.f F- value d.f F- value d.f F-value 

 

Strains 

 

1 

*** 

176.7 

 

1 

*** 

89.7 

 

1 

*** 

514.1 

 

1 

*** 

195.5 

 

1 

*** 

314.3 

 

Sex 

 

1 

*** 

85.1 

 

1 

*** 

2393.7 

 

1 

*** 

434.10 

 

1 

*** 

266.62 

 

1 

*** 

113.2 

Strain X 

Sex 

 

1 

ns 

8.07 

 

1 

*** 

51.7 

 

1 

*** 

94.1 

 

1 

*** 

71.4 

 

1 

*** 

43.1 

Error 

M.S 

 3.17  86.37  650.14  1905.2  2345.62 

Error d.f. 489  479  475  467  462  

ns = non significantly,   *** p<0.001. 
+ BW0, BW1, BW2, BW3 and BW4 = body weight at 0, 1, 2, 3 
and 4 weeks of age, respectively. 
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4.1.2. Effect of strain and sex on live body weight after 

SRBCs injection 

As shown in (Table 3) chicks of ISA Hubbard had heavier 

body weight than Ross 308 strain at 5 to 7 weeks of age reaching 

the highest body weight at 7- wk being 1636.83g for Hubbard 

and 1529.40g for Ross. The difference between the two strains of 

chickens was highly (P≤0.001) significant (Table 5). 

Furthermore, body weight average of males of both ISA 

Hubbard and Ross 308 strains was heavier than female at 5, 6 

and 7 weeks of age, after injection with SRBCs (Table 3). In 

spite of, the difference between males and females in body 

weight was non-significant at 5 and 6-wk of age; it was highly 

significant (p≤0.001) only at 7- wk of age (Table 5). This may be 

due to the fast growing of males than females (Brake et al., 

1993). 

Results in (Table 4) showed that chicks had high antibody 

titers were low in body weight compared with low and control 

antibody levels at 5 week of age only. But the differences 

between both low line (LL) and control (CL) and high lines (HL) 

were not significant (P≤ 0.05) at different age (Table 4). These 

results disagree with the results reported by Parmentier et al., 

(1998) who found that the high immune response line chickens 

were significantly lower in body weight at 38 WK of age than the 

control and low line selected for antibody response to SRBCs. 

Obtained result showed that, there were no significant differences 

in interaction between strain x line, sex x line and strain x sex x 

line on body weight at 5 and 6 week of age. However, these 

interactions were significant (P≤ 0.05) at only 7- wk of age. 
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Table (3): Least square means and standard error of strain 

and sex effect on  live body. 

 

Effect 

Live body weight (g) at 

BW5  BW 6  BW 7 

Strain  

    

  

     ISA Hubbard 

 

1307.01 ± 4.0 

 

 

 

1506.8 ± 3.82 

 

 

 

1636.83 ± 7.21 

     Ross 308 1174.50 ± 3.44  1376.1 ± 3.90  1529.40 ± 6.16 

Sex                                                    

 

    

    Male 1243.13 ± 3.7  1444.88 ± 3.51  1599.02 ± 6.63 

    Female 1238.37 ± 3.8  1436.73 ± 3.52  1567.20 ± 6.78 

+ BW5, BW6 and BW7 = body weight at 5, 6 and 7 weeks of 

age, respectively. 

 

Table (4): Least square means and standard error of live 

body weight at different ages as affected by 

antibody titer levels (low, control and high). 
 

Ab- level+
 

Live body weight (g) at 

BW5 BW6 BW7 

Low 1235.49± 3.83  1438.63 ± 3.94  1579.34 ±  6.89  

Control 1243.45± 3.99  1442.12 ± 4.12  1583.78 ± 7.15  

High 1243.32± 5.69  1443.66 ± 5.88  1586.21± 10.20  

+ BW5, BW6 and BW7 = body weight at 5, 6 and 7 weeks of 

age, respectively. 

 + Low level (0: 3.3), control level (3.4: 9.3) and high level (≥ 

9.4).   
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Table (5): F- value of least- squares analysis of strain, sex and 

Ab-level affecting live body weight at different 

ages after  injection with SRBCS age. 

S.O.V 
BW5 BW6 BW7 

d.f F- value d.f F- value d.f F- value 

 

Strains 

 

1 

           *** 

630.19 

 

1 

         *** 

572.81 

 

1 

          *** 

128.18 

 

Sex 

 

1 

        ns 

0.82 

 

1 

      ns 

3.00 

 

1 

         *** 

11.25 

 

Ab- level 

 

2 

       ns 

1.24 

 

2 

       ns 

0.32 

 

2 

      ns 

0.19 

 

Strains X  Sex 

 

1 

       *** 

13.98 

 

 

1 

        *** 

15.06 

 

1 

         *** 

12.98 

 

Strains X Ab- level 

 

2 

      ns 

3.11 

 

2 

       ns 

2.33 

 

2 

        ns 

0.89 

 

Ab- level X sex 

 

2 

       ns 

1.16 

 

2 

        ns 

1.02 

 

2 

       * 

3.17 

 

Strains X Sex  X 

Ab- level 

 

2 

       ns 

0.31 

 

2 

ns 

0.59 

 

2 

       * 

2.82 

Error M.S  2674.37  2841.4  8628.26 

Error d.f. 450  446  412  

ns = non significantly,  * P ≤ 0.05  *** P ≤ 0.001. 

+ BW5, BW6 and BW7 = body weight at 5, 6 and 7 weeks of 

age, respectively. 
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4.2. Immunity traits 

4.2.1. Effect of strain and sex on titers of antibody after 

injection with SRBCS. 

The means of antibody (Ab) titers of ISA Hubbard was 

higher than ROS 308 strain at different ages (7, 14, and 21 days) 

post injection (Table 6). In genetically, the highest level of Ab- 

titers occurred at 7- day post- injection then declined gradually 

up to 21- days' post- injection in all chickens of both strains. The 

difference of Ab titer between the strains was highly (P<0.001)  

significant (Table 7).These results may be returned to sensitivity 

degree of strains against SRBCs injection and immune system 

activation which differs from strain to another, this was agree 

with results of Shadi (2006) on the same strains.  

On the other hand, the Ab titers of females were higher 

than males at 7, 14 and 21 days post injection (Table 6 and 

Fig.8) but the difference between them was not significant 

(Table 7). Similar results were observed by (Siegel and Gross 

(1980); Leitner et al. (1992) and Parmentier et al. (1996) in 

chickens. As well as, the present  results are in agreement with 

those of Salem (2006) on Norfa and White leghorn strains who's 

found that the females had higher Ab titers to SRBCs at 7-day 

post immunization than males, these differences were highly 

significant (P<0.01) in contrast with the significancy of Ab level  

obtained in the present study results.    
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Table (6): Least square means and standard error of 

antibody titer after injection with SRBCs at 

different age as affected by strain and sex effect. 
 

Effect  
                                     Age of chickens* 

       Ab-7 d Ab -14 d Ab -21 d 

Strain   

      ISA 

Hubbard 

6.91 ± 0.19 4.0 ± 0.12 2.19 ± 0.05 

Ross 308 5.66 ± 0.19 3.1 ± 0.12 1.79 ± 0.05 

Sex   

Male 6.06 ± 0.19 3.32 ± 0.12 1.89 ± 0.05 

Female 6.51 ± 0.19 3.76 ± 0.12 2.1 ± 0.05 

*d = day          Ab = antibody 
 

Table (7): F- values of least - squares analysis of factors 

affecting antibody titer after injection with 

SRBCs at different age. 

S.O.V 
Ab 7 d Ab 14 d Ab 21d 

d.f F- value d.f F- value d.f F- value 

  

Strains 

 

1 

         *** 

21.87 

 

1 

       *** 

26.07 

 

1 

        *** 

22.33 

 

Sex 

 

1 

       ns 

2.78 

 

1 

       ns 

6.09 

 

1 

      ns 

6.33 

 

Strains x sex 

 

1 

       ns 

0.03 

 

1 

        ns 

0.14 

 

1 

      ns 

0.91 

 Error M.S  8.27  3.63  0.78 

 Error d.f 459  459  459  

          ns = non significant *** = p<0.001. 



Results and Discussion  
 

-78- 

 

 

  Fig. (8) Effect of both strain and sex on Ab titers at 7, 14 

and 21-day post injection. 
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4.2.2. Phenotypic correlation between live body weight and 

antibody titers. 

Results in Table (8) cleared that low and negative 

phenotypic correlations were obtained between antibody titers 

and live body weight at 7- wk of age. The negative phenotypic 

correlations may affect fitness sexes that can develop between 

the selected trait and correlated trait due to source in balance 

(Rendel, 1963). The negative phenotypic correlation between 

growth and antibody response to SRBCs has been demonstrated 

in several experimental lines of chickens (Marstellar et al., 

1980; Siegel et al., 1982 and Van der zijpp et al., 1988). This 

study stated that the genotypes with maximum body weight 

exhibit lower immunity.    

                           

Table (8): Phenotypic correlation between antibody titer and 

live body weight at different ages in broiler 

chickens after injection with SRBCs. 
 

Item 
Antibody titer Live body weight 

Ab 14-d Ab 21-d 5- wk 6- wk 7- wk 

Ab 7-d *** 

0.506 

*** 

0.496 

 

0.148 

 

0.160 

 

- 0.049 

Ab 14-d  *** 

0.669 

 

0.188 

 

0.188 

 

- 0.008 

Ab 21-d   0.196 0.193 - 0.041 

 *** = P ≤ 0.001.       
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4.2.3 Effect of strain, sex and level of antibody on 

immune cells after SRBCs injection. 

4.2.3.1. Number of immune cells 

Ross strains had higher for immune white blood cells 

(WBC), heterophiles cells and lymphocytes cells numbers more 

than ISA Hubbard strains, means were (21.82 X10
3
 /μL WBC, 

6.93 X10
3
 /μL heterophiles and 10.80 X10

3
 /μL lymphocytes) in 

Ross 308 strain, while it was (20.45 X10
3
 /μL WBC, 6.55 X10

3
 

/μL heterophiles and  9.25 X10
3
 /μL lymphocytes) in ISA 

Hubbard. On other said, ISA Hubbard strain had a higher red 

blood cells (3.28 X10
6
 /μL RBC) more than Ross (2.93 X10

6
 

/μL) after 49 days of chicks age (Table 9). The effect of strain on 

immune cells numbers was statistically significant for WBCs and 

lymphocytes cells but non- significantly for heterophiles and 

RBCs (Table10). 

These results were agreement of Talebi et al. ( 2005 ) who 

found that, Ross strain was higher in WBC, lymphocyte and 

heterophiles number than Cobb and Arbo Acers strain while 

Cobb and Arbo Acers higher in RBCs number than Ross strain. 

Results may be returned that, Ross broiler strains contrasted to 

some extent with those of the other genetically developed broiler 

strains such as Hubbard (Odunsi et al., 1999), indicating the 

differences between these genetically developed broiler lines as  

affected by genetic, age and environmental factor (Manzoor et 

al., 2003)..   

However, the males had higher immune cell (white blood 

cells (P≤0.001),  heterophiles and lymphocyte cells) numbers 

than females, means were (21.62 X10
3
 /μL WBC, 6.99 X10

3
 /μL 

heterophiles and 10.15 X10
3
 /μL lymphocytes  ) in males while it 

was (20.66 X10
3
 /μL WBC, 6.59 X10

3
 /μL heterophiles and 9.89 
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X10
3
 /μL lymphocytes) in females. On other hand, females had 

insignificant higher red blood cells than males; the means were 

(3.25 X10
6
 /μL RBC in females while it was (2.97 X10

6
 /μL in 

males). In both sexes; the statistical difference was not 

significant for all number cells traits, except with blood cells 

(Table 9 and 10). 

This results may be returned to females that have immune 

response higher than males because there negative correlation 

between body weight and immune response Marsteller et al. 

(1980); Siegel et al. (1982) and Van der zijpp et al. (1988). 

This study stated that the genotypes with maximum body weight 

exhibit lower immunity.     

The selected line for high antibody (Ab) titer was highly 

significant effect on the number of immune cells (WBC, 

lymphocytes and heterophiles cells) and RBC. This effect was 

higher as compared with control and low lines. The  means were 

(23.69 X10
3
 /μL WBC, 8.20 X10

3
 /μL heterophiles, 12.05 X10

3
 

/μL lymphocytes and 3.87 X10
6
 /μL  RBC) in high antibody line, 

while it was ((21.39 X10
3
 /μL WBC, 6.09 X10

3
 /μL heterophiles, 

10.01 X10
3
 /μL lymphocytes and 2.97 X10

6
 /μL RBC) in control 

line as the same ((18.36 X10
3
 /μL WBC, 5.93 X10

3
 /μL 

heterophiles, 8.11 X10
3
 /μL lymphocytes and 2.49  X10

6
 /μL 

RBC in low line) . The control line was the intermediated one for 

the entire aforementioned immune cell (Table 9). Statistically, 

effect of levels antibody titers for selected lines  was highly 

significant (P<0.001) on the number of immune cells for 

Hubbard and Ross chicks after 49 days age. (Table10). These 

results agree with Islam et al. (2004), they found that, age-

related hematologic profile in broiler strains observed in their 

study has been documented in different breeds of chickens.  
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4.2.3.2. Heterophiles / lymphocytes ration (H / L) 

Ross strains had (H/L) ratio than ISA Hubbard strains, 

means were (0.76) and (0.59) in ISA Hubbard and Ross 308 

strains, respectively  after 49 days of chicks age (Table 9). These 

results were similar to the results reported by Talebi et al. 

(2005). Who found that, Ross strain was higher in heterophiles 

/lymphocytes ratio than ISA Hubbard strain. Results may be due 

to that, Ross broiler strains contrasted to some extent with those 

of the other genetically developed broiler strains such as 

Hubbard. The effect of strain on heterophiles /lymphocytes ratio 

qwas highly significant  

(P≤ 0.001)  (Table10). 

Males of Ross and ISA Hubbard strain had higher in 

heterophiles /lymphocytes ratio than females, the means were 

(0.69) in males, while it was (0.65) in females (Table 9). These 

results may be returned to glandered genetically effect or 

environmental effect generally the experimental was done in 

summer (heat stress), Heterophils increase and lymphocytes 

decrease when are stressed, so that the ratio between them is an 

index of response to a stressor (Siegel, 1995). However the effect 

of sex on heterophiles /lymphocytes ratio was not significant 

(Table 10). 

The line for high antibody (Ab) titer was highly 

significant (p≤0.001) effect on heterophiles /lymphocytes ratio. 

This effect was high compared with control and low lines. The 

means were (0.99) in high antibody, (0.62) in control immune 

and it was (0.41) in low immune response (Tables 9 and 10). 

These results may be affected by genetic, and interaction 

between them.  
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Table (9): Least- squares means and standard error of strain, sex 

and Ab- level effects on number of immune cells at 49 

day of age.  

Effect 

Number of immune cells 
RBC 

(X 106/μL) WBC 

(X103 /μL) 

H 

(X 103/μL) 

L 

(X 103/μL) 

H / L 

ratio 

Strain  

ISA  Hubbard 20.45 ± 0.29  6.55 ± 0.23  9.25 ± 0.20  0.59 ±  0.37 3.28 ± 0.22  

   ROS 308 21.82 ±0.24  6.93 ± 0.19  10.80 ± 0.17  0.76 ±  0.031 2.93 ± 0.18  

Sex   

   Male  21.62 ± 0.25 6.99 ± 0.20 10.15 ± 0.17 0.69 ± 0.032 2.97 ± 0.19 

   Female  20.66 ± 0.24 6.59 ± 0.19 9.89  ± 0.19 0.65 ± 0.031 3.25 ±  0.18 

Ab-level   

   Low  18.36 ± 0.41c 5.93 ± 0.32 c 8.11 ± 0.29 c 0.41± 0.05c 2.49 ± 0.31 c 

   Control  21.39 ± 0.28b 6.09 ± 0.22 b 10.01 ± 0.20b 0.62 ± 0.04b 2.97 ± 0.21 b 

   High  23.69 ± 0.24a 8.20 ± 0.22 a 12.05 ± 0.20a 0.99 ± 0.04a 3.87 ± 0.21 a 

WBC= White blood cell, RBC = Red blood cells, H = heterophiles cells,  

L = lymphocytes, H /L = ratio of heterophiles / lymphocytes.   

Means with the same letters in each column are non- significantly 

different (p<0.05). 

Table (10): F- values of least - squares analysis of strain, sex and Ab- 

level effects on number of immune cells at 49 day of age.  

s.o.v 

Number of immune cells RBC 

WBC H L H /L ratio  

d.f F- value d.f F- value d.f F- value d.f F- value d.f F- value 

Strain 1 11.669** 1 1.462 1       *** 

29.14 

1     *** 

10.55 

 

1 

 

1.297 

Sex  1 7.809** 1 1.941 1 1.078 1 0.884 1 0.14 

 

Ab -level  

 

2 

      *** 

56.87   

 

2 

        **  

88.60 

 

2 

     *** 

68.24 

 

2 

*** 

50.53 

 

2 

      ** 

8.09  

Error M.S  1.140  0.73  0.58  0.019  0.662 

Error d.f 39  39  39  39  39  

WBC= White blood cells, RBC = Red blood cells, H = heterophiles 

cells, L = Lymphocytes, H /L = heterophiles / lymphocytes ration.   

*** P <0.001. 
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4.2.3.2. Immune cell percentage  

As shown in Table (11), the heterophiles cell percentage 

in ISA Hubbard strain was non- significantly higher than Ross 

strain at 49 days of age. The means were (32.15) in Hubbard 

strain while it was (31.17) in Ross 308. These results disagree 

with Talebi et al (2005). Reported that, age affects significantly 

(P<0.05) the haematological profiles of the broiler strains and 

was significantly increased (P<0.01). On other hand, the 

lymphocytes percentage was lower in Hubbard than Ross 308, 

the mean percentage were (45.50) in ISA Hubbard strain and 

(49.06) in Ross 308. Opposite trend was noticed for lymphocytes 

percentage with a significant difference in least-square means. 

These results agree with Talebi et al. (2005). Who reported that, 

with increasing of age, the lymphocytes parameters were 

significantly increased (P<0.01), and varied individually from 

one strain to other.  

The selected line for high antibody (Ab) titer was 

significantly affected on the immune cell percentages; 

heterophiles cells percentages were higher in high level (Ab) and 

low level (Ab) than control level (Ab). The means were 34.86, 

32.44 and 28.67 respectively. While lymphocytes percentage was 

higher in high level (Ab) and control level (Ab) than low level 

(Ab). The means were 50.69, 46.8 and 44.39 respectively (Table 

11). These results disagree with Talebi et al. (2005). Who found 

that, with increasing of age heterophiles and lymphocytes 

parameters had significant higher percentage (P<0.01).    
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  Table (11): Least- squares means and standard error of 

strain, sex and Ab- level effects on immune 

cells percentage at 49 day of age.  

Effect 
Immune cell percentage (%) 

Heterophiles cells Lymphocytes 

Strain  

      ISA Hubbard 32.15 ±1.21 45.50 ±1.09 

      ROS 308 31.71 ± 1.04 49.06 ± 0.93 

Sex 

       Male  31.90 ± 1.06 46.65 ± 0.95 

      Female 31.96 ± 1.03 47.94 ± 0.92 

Ab – level
+ 

      Low   32.44 ± 1.72 b 44.39 ± 1.56 c  

      Control  28.67 ± 1.18 c 46.82 ± 1.07 b 

      High   34.68 ± 1.18 a 50.69 ± 1.06 a 

Means with the same letters in each column are non- 

significantly different (p<0.05). 

+ Low and high immune response lines.                

Table (12):  F- value of least - squares analysis of strain, sex, 

and Ab- level effects on immune cells percentage 

at 49 days of age.  

S.O.V 

Immune cell percentage (%) 

Heterophiles cells % Lymphocytes % 

d.f F. value d.f F. value 

Strain 1 0.068 1 5.297
** 

Sex  1 0.002 1 0.967 

Ab - level  2 6.586
** 

2 6.529
** 

Error M.S  20.23  16.462 

Error d.f 35  35  

** p <0.05. 
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4.2.4. Anti-SRBC antibody titers 

One of the immunological defenses of chickens is the 

humeral immune response, which is mediated by serum 

antibodies secreted by B cells. Immune response to a natural non-

specific, non-pathogenic, multi-determinant and T-cell depended 

antigen like SRBCs provides an indication of natural immunity 

status. (Saxena et al., 1997).  

4.2.4.1. IgG anti-SRBCs antibody titer 

Least-square means (LSM ± SE) of strains, sex effect on 

chicken lines selected serum immune globulins at 49 days of age 

are given in (Tables 13 and 14).  

Ross 308 strain had significantly (P < 0.001) higher IgG 

anti-SRBCs antibody titer after 21 days post SRBCs injection 

compared to Hubbard one. 

 The means were (0.67) in Ross, while it was (0.48) in 

Hubbard strain (Table 13). These results are in agreement with 

those reported by Shadi (2006) at 14 days post primary SRBCs 

injection and contract with his results on the same strains at 14 

days post secondary SRBCs injection.  

In the present study, both Hubbard and Ross females had 

higher IgG at 49 days of chickens’ age. The means were (0.59) in 

females and (0.56) in males. But these differences were not 

significant (Table 14).  

There is no significant effect among control and lines for 

high, control and low Ab titer on IgG percentage, (Table 

13).This result disagree with finding of Martin et al. (1989), who 

measured the kinetics of IgG and IgM in primary and secondary 
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response of lines HA and LA. IgM and IgG were higher for HA 

than LA chicks, with immunological memory exhibited in LA 

chicks. 

4.2.4. 2. IgM anti-SRBCs antibody titer 

Concerning the effect of strain of chickens on serum IgM 

anti-SRBCs antibody titer. It was found that, inversely trend 

compared to IgG results, Hubbard strain was higher IgM 

percentage than Ross at 49 days of chicken (Table 13).  The 

means were (3.73) in ISA Hubbard strain and (1.71) in Ross 

strain. This result agreement of Martin et al. (1989) who 

measured the kinetics of IgG and IgM in primary and secondary 

response of lines (HA) and (LA). Total and IgG were higher for 

(HA) than (LA) chicks, with immunological memory exhibited in 

LA chicks. 

As shown IgG results in (Table 13), females of both 

strains were higher in IgM percentage than males. The means 

were 2.80 IgM in females, and 2.65 IgM in males,   but the 

different between them was not statistically significant (Tables 

13 and 14). These results may be returned to limit of immune 

response which linked to genetically component, performance of 

every one and interaction between genetic and environmental 

factors. These results agree with Sarker et al. (1999) 

successfully divergently selected for serum immunoglobulin M 

and G concentration, and the average realized heritabilities for M 

and G selected lines were 0.61 and 0.52, respectively. The high 

heritability estimate for gamma globulin suggests an additive 

genetic contribution for this trait. 
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Serum IgM did not affected significantly by the Ab- levels 

of different selected lines (low and high Ab titers) compared to 

control lines. This clearly observed from the statistical analysis in 

(Table14).  

The means of serum IgM in this study were higher (2.78) 

in high line and low line (2.74) than control (2.65). These results 

agree with Martin et al. (1989) measured the kinetics of IgG and 

IgM in primary and secondary response of lines HA and LA. lgM 

and IgG were higher for HA than LA chicks, with immunological 

memory exhibited in LA chicks.  On other hand, the body weight 

had highly significant effects (P<0.001) on serum IgM 

percentage at 49 days of chicken age. 

Results in Table (15) cleared that low and negative 

phenotypic correlations were obtained between antibody titers at 

7, 14 and 21- day post – injection  and immunoglobulin G, the 

values were ranged from (– 0.055), to (- 0.103). But the 

correlations between Ab – titers and IgM were positive being 

(0.328), (0.408) and (0.386)) at 7, 14 and 21 day post- injection, 

respectively. On other hand there were positive phenotypic 

correlations among antibody titers at 7, 14 and 21 – day post - 

injections. The negative phenotypic correlations may affect 

fitness sexes that can develop between the selected trait and 

correlated trait due to source in balance (Rendel, 1963). 
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Table (13): Least- squares mean and standard error of strain, 

sex and Ab-level effects on percentage of 

immune globulins at 49 days of age.  

Effect 
Immune globulins 

IgG IgM 

Strain  

      ISA Hubbard 0.48 ± 0.02  3.73 ± 0.03  

      ROS 308 0.67 ± 0.02  1.71 ± 0.03  

Sex  

      Male  0.56 ± 0.02 2.65 ± 0.03 

      Female  0.59 ± 0.02 2.80 ± 0.03 

Ab - level  

      Low  0.53 ± 0.03  2.74 ± 0.04  

      Control  0.59 ± 0.02  2.65 ± 0.03  

      High  0.59 ± 0.02  2.78 ± 0.03  

Means with the same letters in each column are non-Significantly 

difference (p<0.05). 
 

Table (14):  F- values of least – square analysis of strain, sex 

and Ab-level effects on percentage of immune 

globulins at 49 days of age.  

s.o.v 

Immune globulins 

IgG IgM 

d.f F . value d.f F.value 
Strain 1 18.39*** 1 1179.27*** 

Sex  1 0.61 1 7.10 
Ab- level  2 0.86 2 3.99 

Regression  1 2.08 1 21.21*** 
Error M.S  0.009  0.016 

Error d.f 39  39  

 *** P <0.001. 

Regression on live body weight. 



Results and Discussion  
 

-90- 

Table (15): Phenotypic correlation between antibody titer 

and Ab  classes at different ages  in the two 

strains of broiler chickens. 

Item Ig M Ab 7 d Ab 14 d Ab 21 d 

   IgG - 0.492 - 0.055 -0.049 - 0.103 

   Ig M  0.328 0.408 0.386 

  Ab7 d   0.654*** 0.322 

  Ab14 d    0.383 

 

4.2.5. Immune organs absolute and relative weight 

Measuring lymphoid organs weight and percentage is an 

easy and effective tool reflecting the body ability to provide 

lymphoid cells during the immune response (Heckert et al. 

2002). Primary and secondary lymphoid organs weights provide 

the site for maturation of lymphocytes. The spleen and bursa are 

the important immune organs involved the development and 

differentiation of T or B lymphocytes (Eerola, et al., 1987; 

Toivanen et al., 1987). 

4. 2.5.1. Bursa weight and percentage 

Data in Table (16) showed the least - squares means of 

strain, sex and Ab-level effects on immune organs weight for 

Hubbard and Ross chicks at 49 days of age. Ross chicks had 

heavier bursa weight (1.76 g) than Hubbard strain (1.50 g).  

Furthermore, Ross strain showed significantly heavier bursa 

relative weight (0.10%) more than Hubbard one (Table 18). 
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These results may be returned to genetically component for every 

strain or effect of body weight and dieses on size and weight of 

bursa. The result agrees with Ymamoto and Click (1982). They 

found that a chicken line selected for small bursa size had higher 

total and 2-mercaptoethanol-resistant (MER) antibody titers in 

the primary response to SRBCs and also had higher total 

antibody titers in the secondary responses compared to the 

counterparts in the line selected for large bursa size. 

Bursa weight and relative weight were heavier in Ross and 

Hubbard females than males. The means of bursa weight were 

(1.64 g in females while it was 1.62 g in males). These results 

may be returned titers of antibody as the higher antibody means 

that higher activation of bursa inversely when bursa small size 

and weight, (Tables 16 and 18) but without any statistical 

significant differences between the two sexes, (Tables 17 and 

19). These results agree with the results of Ubosi et al. (1985). 

They observed that a chicken line selected for high response to 

SRBCs had a larger size than the line selected for low response. 

On the other hand, both line of  low and high immune 

response levels gave bursa weight lower than control level (1.65 

g) at 49 days  of age, low Ab. level was the mediated one (1.64 

g), (Table 16). Nevertheless, the three Ab levels did not show 

any differences for bursa percentage (0.095%) as shown in 

(Table 18).  These results agree with Ubosi et al., (1985) who 

reported that, in the ninth generation, HA chicks had larger 

bursas than LA chicks, relative to body weight.  

The statistical analysis of LSM of bursa weight and 

percentage revealed that there is a highly significant (P< 0.001) 
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effect due to strain and body weight on both bursa weight and 

relative weight (Tables 17 and 19). 

4. 2.5.2. Spleen weight and relative weight 

Regarding the immune organs weight and percentage 

(Tables 16 and 18) revealed that Ross broiler chicks was 

significantly (P< 0.05) heavier spleen weight (1.64 g) and 

relative weight (0.09%) compared to Hubbard broiler chicks at 

49 days of age. Statistically, there was a highly significant 

(P<0.001) difference among the two strains due to spleen weight 

and relative weight, as shown in ANOVA (Tables 17 and 19). 

These results are in disagreement with Shadi (2006) who found 

an opposite results for the two Hubbard and Ross strains. 

Broiler females of the two strains showed heavier spleen 

weight and percentage compared to the males chicks, the means 

weight were (1.51 g) and relative weight (0.089%) in females 

while it was (1.50 g) and relative weight (0.085%) in males 

(Tables 16 and 18). These results agree with Zhang et al., 

(2006). They showed a clear association between non-MHC 

genes and changes in the size of lymphoid organs by using highly 

inbred parental and recombinant congenic chicken lines. On the 

other hand this difference was not significant (P< 0.01) for spleen 

weight and relative weight; (Tables 17 and 19). 

In another side, the high and low immune response levels 

lines had not heavier spleen weight as compared to the control 

level, whose gave (1.51 g) higher than low and high levels lines 

(1.50 and 1.48 g., respectively). The low level was the mediated 

one (1.50g); (Table 16). On the other hand, the low levels had 

significantly (P< 0.05) higher spleen percentage (0.088%) as 
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compared to high and control Ab- levels. The latest two levels 

did not show any difference spleen percentage weight; (Table 

18)). The statistical analyses (Tables 17 and 19) did not show 

statistical significant differences due to sex and immune response 

level on spleen weight and percentage. But there was a highly 

significant (P< 0.001) effect for live body weight in the spleen 

weight and percentage. 

The spleen provides microenvironment, which is needed 

for antigens presentation and concentrating them in the white 

pulps, where T and B cell interactions, lead to the formation of 

antibodies (White et al., 1975 and Williams et al., 1991). In this 

respect (Ubosi et al., 1985), reported that the size of spleen of 

avian species may be influenced by genotype.  

 4. 2.5.3. Thymus weight and relative weight 

ISA Hubbard chicks gave thymus LSM heavier (P< 0.05) 

than Ross chicks, the means were (2.53 g) and relative weight 

(0.14%) in ISA Hubbard, while it was (2.06 g) and relative 

weight (0.12%) in Ross strain. In addition, the Hubbard chicks 

had significantly higher thymus relative weight compared to 

Ross ones; (Table 16 and (18). These results are in harmony 

with Shadi (2006). The statistically analysis of strain effect on 

thymus weight and percentage revealed a highly significant (P< 

0.001) effects due to strains on both thymus weight and relative 

weight; (Tables 17 and 19). 

Ross and ISA Hubbard male's chicks had lower thymus 

weight and percentage compared to females chicks. The means 

were (2.29 g) and relative weight (0.133%) in males, while it was 
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(2.30 g) and relative weight (0.136%); (Tables 16 and 18). But 

these differences were not significant; (Tables 17 and 19). 

The low immune response level chicks had significantly 

(P< 0.05) heavier thymus weight (2.34 g) and percentage 

(0.137%) compared to high immune response (2.26 g), 

percentage (0.135%), while control levels had (2.27 g),  with 

percentage weight (0.133%). High levels had lower thymus 

weight than control but not thymus relative weight (Tables 21 

and 23). 

The statistical analyses (Tables 17 and 19) showed that 

there were no significant differences due to sex and immunity 

levels on thymus weight and percentage. While, the live body 

weight showed a highly significant (P<0.001) effects on thymus 

absolute and relative weight. 

 It could conclude that Ross strain had significantly higher 

relative bursa and spleen weight compared to Hubbard which 

gave opposite results. Ubosi et al. (1985) reported that high 

antibody titer had smaller thymus and larger bursa weight than 

lower antibody titer, relative to body weight, but there were no 

differences in relative spleen weight. 
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Table (16): Least- squares means and standard error of 

strain, sex and Ab-level effects on immune 

organism's weight at 49 days of age.                   

 

Effect     

                Immune organisms weight   (g)                             

Bursa weight (g) Spleen weight (g) Thymus weight (g)  

Strain  

    ISA Hubbard  1.50 ± 0.02  1.35 ± 0.01  2.53 ± 0.03  

    ROSS 308  1.76± 0.02    1.64 ± 0.01  2.06 ± 0.03  

Sex  

    Male  1.62 ± 0.02 1.48 ± 0.01 2.29 ± 0.03 

    Female  1.64± 0.02  1.51 ± 0.01 2.30 ± 0.03 

Ab- level  

    Low  1.64 ± 0.03  1.50 ± 0.02  2.34 ± 0.54  

   Control  1.65 ± 0.02  1.51 ± 0.01  2.27 ± 2.27  

   High  1.60 ± 0.02  1.48 ± 0.01  2.26 ± 2.26  

 

Table (17):   F- values of least - squares analysis of strain, sex 

and Ab –level effects on immune  organisms 

weight at 49 days of  age. 

s .o .v 

Immune organisms weight (g) 

Bursa weight Spleen weight Thymus weight 

d.f F. value d.f F. value d.f F.value 

Strain  1 41.06*** 1 99.06*** 1 60.41*** 

Sex  1 0.13 1 0.85 1 0.01 

Ab- level  2 1.48 2 0.92 2 0.80 

Regression  1 125.49*** 1 112.41*** 1 80.22*** 

Error M.S  0.008  0.004  0.017 

Error d.f 39  39  39  

 ***  p<0.001. 

    Regression on live body weight.       
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Table (18):- Least- squares means and standard error of 

strain, sex and  Ab - level effects on immune 

organisms percentage at 49 days of age.   

Effect 
Immune organisms  percentage 

Bursa weight % Spleen weight % Thymus weight % 

Strain  

    ISA Hubbard  0.08 ± 0.001  0.08 ± 0.001  0.14 ± 0.002  

    ROSS 308  0.10± 0.001  0.09 ± 0.001  0.12 ± 0.002  

Sex   

    Male  0.094 ± 0.001 0.085 ± 0.001 0.133 ± 0.002 

    Female  0.096 ± 0.001 0.089 ± 0.001 0.136 ± 0.002 

Ab- level   

    Low  0.095 ± 0.002  0.088 ± 0.002  0.137 ± 0.003  

   Control  0.095 ± 0.001  0.086 ± 0.001  0.13 3± 0.002  

   High  0.095± 0.001   0.086 ± 0.001  0.135 ± 0.002  

 

Table (19):  F- values of least – squares analysis of strain, sex 

and Ab- level effects on immune organism's 

percentage at 49 days of age.  

*** p<0.001. 

s .o .v 

Immune organisms weight % 

Bursa weight % Spleen weight % Thymus weight 

d.f F. value d.f F. value d.f F.value 

Strain  1 28.52*** 1 32.68*** 1 58.34*** 

Sex  1 0.50 1 2.44 1 0.78 

Ab - level  2 0.02 2 0.43 2 0.60 

Live body 

weight 

1 16.90*** 1 2.20 1 6.59 

Error M.S  0.00004  0.00002  0.00006 

Error d.f 39  39  39  
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4.3. Carcass traits:- 

4.3.1. Inedible parts 

4.3.1.1. Effect of strains on blood weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that 

the Ross broiler chicks had heavier blood weight compared to 

ISA Hubbard strains. The mean was (141.85 g) in Ross strain, 

while it was (127 g) in ISA Hubbard strain (Table 20). On other 

sight, statistically, there were not significantly differences 

between the two strains. Also with respect to relative blood 

weight, data noticed that Ross broiler chicks were heavier blood 

percentage compared to ISA. The mean was (8.23%) in Ross 

strain while, it was (7.35 %) in ISA Hubbard strain (Table 21). 

These results may be returned to the effect of genetically 

components for every strains and difference in physiological 

traits. These results are in agreement with the result of Shadi 

2006, who found that the Ross broiler chicks had heavier blood 

weight as compared to ISA Hubbard strains and Ross broiler 

chicks had heavier blood percentage compared to ISA. 

4.3.1.2. Effect of sex on blood weight and percentage. 

Data presented in Tables (20, 21, 22 and 23) showed that 

the males had heavier blood weight compared to females. The 

mean was 140.86 g in males while, it was 127.99 g in females 

(Table 20). On other sight, statistically, there were not 

significantly differences between males and females in blood 

weight (Table 23). Also with respect to relative blood weight, 

noticed that males were heavier blood percentage compared to 

females, the mean was 8.23% in males while it was 7.35 % in 

females (Table 21). This result may be returned to the effect of 
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genetically components for every gender and difference in 

physiological traits. These results agree with finding of Shadi 

(2006), who found that, the males had heavier blood weight 

compared to females and males had heavier blood percentage 

compared to females. 

4.3.1.3. Effect of Ab - level on blood weight and percentage. 

Data presented in (Tables 22 and 23) showed that the low 

immune response line had were heavier blood weight compared 

to high and control immune birds. The mean was (136.15 g) in 

low immune response birds while, it was (134.16 g) in control 

immune and it was (132.98 g) in high immune line. On other 

side, statistically, there was no significantly difference between 

all level of immune response lines (Table 23). Also with respect 

to relative blood weight, it was noticed that high immune 

response line had heavier blood percentage compared to low and 

control immune response. The mean was (7.86%) in high 

immune response, while it was (7.78 %) in control immune and it 

was (7.72%) in low immune response line. But there were no 

significant differences among Ab- levels lines (Table 23). This 

result may be returned to the different of live body weight 

between lines and difference in physiological traits.  

4.3.1.2.1. Effect of strains on feather weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that 

the ISA Hubbard broiler chicks had heavier feather weight 

compared to Ross strains, the mean was (72.88 g) in ISA 

Hubbard strain, while it was (48.91 g) in Ross strain (Table 20). 

Also, statistically, there were highly significant (p<0.001) 

difference between strains (Table 23). Also with respect to 
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relative feather weight, it was noticed that, ISA Hubbard broiler 

chicks had heavier feather percentage compared to Ross, the 

mean was (4.24%) in ISA Hubbard strain, while it was (2.81 %) 

in Ross strain (Table 21). This result may be returned to the 

effect of genetically components for every strains and difference 

in growth rapidly. This results disagreement of Shadi (2006), 

who found that, the Ross broiler chicks were heavier in feather 

weight compared to Hubbard strains and Ross broiler chicks had 

heavier feather percentage compared to Hubbard.  

4.3.1. 2. 2. Effect of sex on feather weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that, 

the females had heavier feather weight compared to males, the 

mean was (62.06 g) in females, while it was (59.72 g) in males 

(Table 20). On other side, statistically, there was no significant 

difference between males and females (Table 23). Also with 

respect to relative feather weight, it was noticed that females had 

heavier feather percentage compared to males, the mean was 

(3.62%) in females, while it was (3.45 %) in males (Table 21). 

This result may be returned to genetically effect for every gender 

and difference in size of body. This result disagree with results of 

Shadi (2006), who found that, the males were heavier in feather 

weight compared to females and males were heavier feather 

percentage compared to females. 

4.3.1.2.3. Effect of Ab- levels on feather weight and 

percentage 

Data presented in Tables (22 and 23) showed that the low 

immune response  had heavier feather weight compared to high 

and control immune response line, the mean was (62.59 g) in low 
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immune response, while it was (60.64g) in high immune and it 

was (59.54 g) in control immune response line . On other side, 

statistically, there was no significantly difference between all 

levels of immune response levels (Table 23). Also with respect 

to relative feather weight, it was noticed that low immune 

response had higher feather percentage compared to high and 

control immune response line , the mean was (3.59%) in low 

immune response line, while it was (3.56 %) in high immune and 

it was (3.42%) in control immune response lines. This result may 

be returned to the different size of body weight and difference in 

covering of feather which returned to genetically effecting.  

4. 3.1.3.1. Effect of strain on leg weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that 

the ISA Hubbard broiler chicks had heavier leg weight compared 

to Ross strains, the mean was (45.20 g) in ISA Hubbard strain, 

while it was (42.05 g) in Ross strain (Table 20). On other sight, 

statistically, there was no significantly difference between strains 

(Table 23). Also with respect to relative leg weight, it was 

noticed that ISA Hubbard broiler chicks had higher leg 

percentage compared to Ross, the mean was (2.57%) in ISA 

Hubbard strain while it was (2.43 %) in Ross strain (Table 21). 

This result may be returned to affecting of genetically 

components for every strain and difference in gene control of 

length and thickness of leg. This result is in agreement with 

Shadi (2006), who found that, the Hubbard broiler chicks had 

heavier leg weight compared to   Ross strains and Hubbard 

broiler chicks were heavier leg percentage compared to Ross. 

Also these results disagree with the results of Salah El - Dein 
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(2003) reported that, there were no significant differences 

between genotypes (Nana & nana) within line for leg weight. 

4.3.1.3.2. Effect of sex on leg weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that, 

the females had heavier leg weight compared to males, the mean 

was (44.58 g) in females, while it was (42.20 g) in males (Table 

20). On other side, statistically, there were no significantly 

difference between males and females (Table 23). Also, with 

respect to relative leg weight, it was noticed that males had 

higher leg percentage compared to females, the mean was 

(2.50%) in males, while it was (2.49 %) in females. These results 

may be returned to affecting of genetically effect for every 

gender and difference in live body weight as the males were 

bigger than females. These results agreement with Shadi (2006), 

who found that, the males were heavier leg weight compared to 

females and males had higher leg percentage compared to 

females 

4.3.1.3.3. Effect of Ab - level on leg weight and percentage 

Data presented in Tables (22 and 23) showed that the low 

immune response  had heavier leg weight compared to high and 

control immune response lines, the mean was (45.01 g) in low 

immune response lines, while it was (43.49 g) in high immune 

response lines  and it was (42.37 g) in control immune response 

lines (Table 22). On other side, statistically, there was no 

significantly difference between all levels of immune response 

lines (Table 23). Also with respect to relative leg weight, it was  

noticed that low immune response lines had higher feather 

percentage compared to high and control immune response lines, 
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the mean was (2.56%) in low immune response lines, while it 

was (2.46 %) in high immune and it was (2.47%) in control 

immune response lines (Table 22) . This result may be returned 

to the different in tail and diameter which affecting by 

genetically components and also different between strains. 

4. 3.1.4.1. Effect of strain on head weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that 

the ISA Hubbard broiler chicks had heavier head weight 

compared to Ross strains, the mean was (27.75 g) in ISA 

Hubbard strain, while it was (26.56 g) in Ross strain (Table 20). 

On other hand, statistically, there was no significantly difference 

between strains (Table 23). Also with respect to relative head 

weight, it was noticed that ISA Hubbard broiler chicks had 

higher head percentage compared to Ross, the mean was (1.62%) 

in ISA Hubbard strain, while it was (1.55 %) in Ross strain 

(Table 21). These results may be returned to affecting of 

genetically components for every strain and difference in gene 

control of size and weight of head. Similar results were observed 

by Shadi (2006) who found that, the Hubbard broiler chicks had 

higher head weight compared to Ross strains and Hubbard broiler 

chicks had higher head percentage compared to Ross. Whereas, 

these results disagree with Salah El- Dein (2003) who reported 

that, there were no significant differences between genotypes 

(Nana & nana) within line for head weight. 

4.3.1. 4.2.  Effect of sex on head weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that, 

the males had higher head weight compared to females, the mean 

was (27.37 g) in males while it was (26.95 g) in females (Table 
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20). On other sight, statistically, there were no significantly 

difference between males and females (Table 23). Also with 

respect to relative head weight, obtained results noticed that 

males had higher head percentage compared to females, the mean 

was (1.60%) in males, while it was (1.57 %) in females (Table 

21). These results may be returned to affecting of genetically 

effect for every gender and difference in live body weight as the 

males were heavier than females. These results are in accordance 

with Shadi (2006), who found that, the males were heavier head 

weight compared to females and males had higher head 

percentage compared to females. 

4.3.1. 4.3.  Effect of Ab- level on head weight and percentage 

Data presented in Tables (22 and 23) showed that the low 

immune response lines  had higher head weight compared to high 

and control immune response lines, the mean was (27.59 g) in 

low immune response lines, while it was (27.30 g) in control 

immune and it was (26.58 g) in high immune response lines. On 

other sight, statistically, there was no significantly difference 

between all levels of immune response (Table 23). Also with 

respect to relative head weight, it was noticed that low and 

control immune response lines had higher head percentage 

compared to high immune, the mean was (1.59%) in low immune 

while it was (1.59 %) in control immune and it was (1.57%) in 

high immune. This result may be due to the higher size of comb 

and wattles (head appendages). 

4. 3.1.5.1. Effect of strain on inedible weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that 

the ISA Hubbard broiler chicks had higher inedible weight 
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compared to Ross strain, the mean was (272.81 g) in ISA 

Hubbard strain, while it was (259.24 g) in Ross strain (Table 20). 

On other sight, statistically, there was significantly difference 

between strains (P≤0.05). Also with respect to relative inedible 

weight, the ISA Hubbard broiler chicks had higher inedible 

percentage compared to Ross, the mean was (15.88%) in ISA 

Hubbard strain while it was (15.06 %) in Ross strain (Table 21). 

These results may be returned to affecting of genetically 

components for every strain and difference in genes control 

inedible parts. These results are in agreement with Shadi (2006), 

who found that, the Hubbard broiler chicks had higher inedible 

weight compared to   Ross strains and Hubbard broiler chicks 

had higher inedible percentage compared to Ross. 

4.3.1.5.2. Effect of sex on inedible weight and percentage  

Data presented in Tables (20, 21, 22 and 23) showed that, 

the males were heavier inedible weight compared to females, the 

mean was (270.59 g) in males while it was (261.46 g) in females 

(Table 20). On other sight, statistically, there were no 

significantly difference between males and females (Table 23). 

Also with respect to relative inedible weight, it was noticed that 

males had higher inedible percentage compared to females, the 

mean was (15.80%) in males while it was (15.74%) in females 

(Table 21). These results may be returned to the effect of 

genetically components for every gender and difference in live 

body weight as the males were bigger than females. This result in 

accordance with Shadi (2006), who found that, the males had 

higher inedible weight compared to females and males were 

heavier inedible percentage compared to females. 
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4.3.1.5.3. Effect of Ab -level on inedible weight and 

percentage  

Data presented in Tables (22 and 23) showed that the low 

immune response chickens had  were heavier in  inedible weight 

compared to high and control immune response lines, the mean 

was (271.15 g) in low immune response lines, while, it was 

(263.26 g) in control immune and it was (263.67 g) in high 

immune response lines. On other sight, statistically, there was no 

significantly difference between all level immune response lines 

(Table 23). Also, with respect to relative inedible weight,  it was 

noticed that low and control immune response lines had higher 

inedible percentage compared to high immune, the mean was 

(15.62%) in low immune, while it was (15.24 %) in control 

immune and it was (15.55%) in high immune response lines. 

This result may be returned to different in size and body weight 

which defending at high immune response and inversely relation 

between body weight and immune response, the birds  have small 

body weight have high immune response and inversely big body 

weight have low immune response, these actually  due to 

increase or decrease inedible weight and percentage. 
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 Table (20): Least- squares means and standard errors of strain 

and sex effects on inedible meat parts at 49   days 

of age. 

Effect 
Inedible meat parts (g) 

Blood weight Feather weight Leg weight Head weight Inedible weight 

Strain  

 ISA Hubbard 127.00 ± 3.11  72.88 ± 1.20  45.20± 1.68   27.75 ± 0.46  272.81± 4.93   

 ROSS 3O8 141.85± 2.85  48.91 ± 1.10 42.05 ± 1.54  26.56 ± 0.42  2 59.24 ± 4.51 

Sex  

 Male 140.86 ± 2.87 59.72 ± 1.11  42.66 ± 1.55 27.37 ± 0.42 270.59 ± 4.55 

  Female 127.99± 3.03   62.06± 1.17   44.58 ± 1.64 26.95± 0.44  261.46 ± 4.81 

Inedible meat parts= Blood + Feather + Leg + Head 

Means with the same letters in each column are non- 

significantly difference p<0.05). 

 

Table (21): Least- squares means and standard errors of strain 

and sex effects on inedible meat parts percentage at 

49 days of age. 

Effect 
Inedible meat parts percentage (%) 

Blood weight% Feather weight % Leg weight% Head weight % Inedible weight % 

Strain  

    ISA 

    Hubbard 

7.35 ± 0.15  4.24 ± 0.045  2.57± 0.03   1.62 ± 0.02  15.88± 0.21   

    Ross 308 8.23 ± 0.14  2.81 ± 0.041  2.43± 0.03  1.55 ± 0.01  15.06± 0.19   

 Sex  

    Male 8.23± 0.14   3.45± 0.14  2.50± 0.03 1.60 ± 0.018  15.80± 0.197  

   Female 7.35 ± 0.15 3.60 ± 0.04 2.49± 0.03 1.57 ± 0.019 15.14± 0.209  

Inedible meat parts= Blood + Feather + Leg + Head. 
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Table (22): Least- squares means and standard errors of Ab- 

level effects on inedible meat parts weight, (g) and 

inedible meat parts percentage at 49 days of age. 

Effect 
Inedible meat parts (g) 

Blood weight Feather weight Leg weight Head weight Inedible weight 

Ab-level   

    Low  136.15 ± 4.29  62.59± 1.66   45.01 ± 2.32  27.59 ± 0.63  271.15± 6.79  

    Control  134.16 ± 2.68  59.45± 1.07   42.37 ± 1.45  27.30 ± 0.39  263.26 ± 4.24 

    High  132.98 ± 2.77  60.64± 1.07   43.49 ± 1.50  26.58 ± 0.40  263.67 ± 4.38 

Inedible meat parts percentage (%) 

 

Ab-level  

Blood weight  Feather weight  Leg weight  Head weight  Inedible weight  

 

    Low  7.72± 0.21   3.59 ± 0.06  2.56 ± 0.05  1.59 ± 0.01  15.62± 0.29  

   Control  7.78± 0.13   3.42 ± 0.03 2.47 ± 0.03  1.59 ± 0.01  15.24 ± 0.18 

   High  7.86± 0.14   3.56 ± 0.04 2.46 ± 0.03  1.57 ± 0.01  15.55 ± 0.19 

Inedible meat parts= Blood + Feather + Leg + Head. 
 

Table (23): F- values of least- squares analyses of  strain, sex, Ab- 

level effects on  inedible  meat parts weight, (g) at 

49 days of age. 

 

S.O.V 

Inedible meat parts weight, (g) 

Blood weight Feather weight Leg weight Head weight Inedible weight 

d. f F- value d. f F- value d. f F- value d. f F- value d. f F- value 

  

Strain 

 

1 

 

9.66 

 

1 

       *** 

167.99 

 

1 

 

1.48 

 

1 

 

2.84 

 

1 

      * 

3.21 

Sex 1 7.49 1 1.65 1 0.57 1 0.36 1 1.50 

Ab-level 2 0.19 2 1.17 2 0.43 2 1.26 2 0,48 

 

Regression+  

 

1 

       ***  

172.47 

 

1 

       *** 

161.46 

 

1 

       *** 

47.27 

 

1 

       *** 

239.25 

 

1 

       *** 

230.14 

Error. M.S  111.2  16.64  32.59  2.42  278.72 

Error. d. f 39  39  39  39  39  

***  p<0.001. 

+Regressions on live body weight 
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Table (24): F- values of least- squares analyses strain, sex, Ab-

level effects on inedible meat parts percentage at 

49 days of age. 

 

S.O.V 

Inedible meat parts percentage (%) 

Blood weight Feather weight Leg weight Head weight Inedible eight 

d. f F-value d. f F- value d.f F-value d.f F-value d. f F- value 

  

Strain 

 

1 

** 

13.29 

 

1 

*** 

415.44 

 

1 

 

5.76 

 

1 

 

5.59 

 

1 

 

6.24 

 

Sex 

1 ** 

13.40 

1 4.53 1 0.06 1 0.73 1 4.10 

Ab-level 2 0.16 2 4.00 2 1.31 2 0.58 2 0.88 

 

Regression+  

 

1 

*** 

84.09 

 

1 

*** 

109.29 

 

1 

*** 

85.32 

 

1 

*** 

122.75 

 

1 

*** 

132.14 

Error. M.S  0.28  0.023  0.016  0.004  0.52 

Error. d. f 39  39  39  39  39  

*** p<0.001. 

+Regressions on live body weight. 
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4.3.2. Edible meat parts 

Data in Table (25) showed the least square means of 

strain and sex effects on edible meat parts weight at 49 days of 

chicken's age. 

4.3.2.1. Dressing weight and percentage 

Ross strain was significantly (P<0.05) heavier dressing 

weight than Hubbard one. The means were (1157.21 g) in Ross, 

while it was (1092.34 g) in ISA Hubbard (Table 25). 

Furthermore, the Ross broiler showed dressing percentage higher 

than Hubbard with value of (68.40%) and (67.97%), respectively; 

(Table 28). Also, males of both strains had heavier in dressing 

weight and percentage compared to the females, (Tables 25 and 

28). 

On the other hand, the high Ab- level immune response 

chick was the lowest dressing weight compared to low and 

control Ab- levels. The low Ab-level was the mediated one with 

LSM value 1132.78 gm., (Table 26). While control Ab- level 

showed the lowest dressing percentage compared too high and 

low Ab-level which gave 68.28 and 68.46% respectively (Table 

26). 

Statistically, there were no significant effects for strain, 

sex and Ab- levels on both dressing weight and percentage, 

(Tables 27 and 29). These results are in agreement with Shadi 

(2006) results who have found that the Ross broiler had higher 

dressing weight and percentage than Hubbard and arbor acres 

strains. 
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4.3.2. 2. Heart weight and percentage 

There was a slight increase in heart weight of Ross strain 

(5.81g) than Hubbard (5.65gm) at 49 days of chick's age. 

Inversely, ISA Hubbard broiler was significantly higher in heart 

percentage than Ross one the value were 3.1 and 1.75%, 

respectively. (Tables 25 and 28). The difference between the 

two strains statistically was not significant, (Tables 27 and 29). 

These results agree with Shadi (2006) who's showed that there 

was a not significant difference between Ross and Hubbard in 

both heart weight and percentage. 

On another side, males of Ross and Hubbard broiler had 

higher heart weight and percentage than females' broiler, as 

shown in (Tables 25 and 28). The values were 5.93 and 5.54 g, 

respectively. 

The high immune response Ab - level chicks had higher 

5.87g heart weight compared to control and low Ab- levels. The 

low Ab- level was the mediated one. Nevertheless, the low Ab- 

levels showed the highest (4.33%) percentage comparing to 

control and high levels. There was no significant difference 

notice between the last two levels in heart percentages; (Table, 

26). 

Statistical analysis showed that there was no significant 

effect for sex and Ab-levels on heart weight and percentage. 

While the body weight showed highly (P< 0.01) significant effect 

on heart weight (Table, 27) but not on heart percentage (Table, 

29). 
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4.3.2. 3. Liver weight and percentage 

The liver weight of Hubbard strain was significantly 

heavier than Ross one the value were 25.17 and 22.78 g., 

respectively. Concerning relative liver weight, it could speculate 

that Hubbard strain was significantly higher liver percentage 

compared to Ross strain, (Tables 25 and 28). The percentages 

were 1.49 and 1.35%, respectively.  

Moreover, the liver weight of the two strain females had 

higher than males one. The means were (24.20 g) in females, 

while it was (23.76 g) in males. The same trend was observed for 

liver percentages as shown in (Tables 25 and 28). 

The high Ab-level was heavier (24.40g) in liver weight 

followed by low Ab- level and the control was the lowest one the 

values were 24.13 and 23.40 g., respectively., as shown in (Table 

26). In addition, the high Ab- level was higher liver percentage 

compared to low and control levels, (Table 26). The percentages 

were 1.44, 1.39 and 1.43%, respectively.  

Statistically there was a highly significant effect due to 

strain and live body weight on liver weight, but this effect was 

just for strain on liver percentage. On the other hand, liver weight 

and percentage did not affected by sex and immune response 

level; (Tables 27 and (29). Results of strain effects on liver 

weight and percentage are in agreement with Shadi (2006). 

4.3.2. 4. Gizzard weight and percentage 

Ross strain showed gizzard weight significantly (P<0.001) 

higher than Hubbard one at 49 day broiler age, the means 

were19.06 g in Ross, while it was 16.23 g in Hubbard. Also, the 

above mentioned strain was higher gizzard percentage than 
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Hubbard, the values were1.137 % in Ross, and 0.966 % in ISA 

Hubbard; (Tables 25 and 28). These differences between Ross 

and Hubbard strains in gizzard weight and relative weight are 

statistically highly (P< 0.01) significant, as shown in (Tables 27 

and 29).  

There was no noticeable difference between males and 

females of Ross and Hubbard strain in gizzard weight and 

percentage, the means were 17.82 g in males, while it was 17.48 

g in females, as the percentage were 1.063% in males while it 

was 1.039% in females; (Tables 25 and 28). But, the high 

immune response Ab-levels chicks was significantly (P< 0.05) 

higher gizzard weight and relatively gizzard percentage 

compared to low and control Ab-levels.  The value were 18 g  in 

high Ab- level, while it was 17.27 and 17.67 g in low and control 

Ab- levels, as a simile the percentage values were 1.07% in high 

Ab – level, while it was 1.02 and 1.05 in low and control Ab- 

level,  the percentage of  control level was the mediated one; 

(Table 26). 

The analysis of variance in (Tables 27 & 29) showed that 

there is no statistical significant difference due to sex and Ab-

level effects on gizzard weight and percentage. 

4.3.2. 5. Giblets weight and percentage 

The Ross broiler was significantly (P< 0.05) heavier 

giblets weight more than Hubbard strain at 49 days of chicks’ 

age. The same trend was observed for giblets relative weight, as 

shown in (Tables 26 & 27). These results disagree with Shadi 

(2006) who has reported that ISA Hubbard broiler chicks was 

heavier giblets weight and percentage than Ross one. 
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There was no difference noted between the two strains, 

females and males and Ab-level. But low Ab- level a broiler 

chickens was not significantly lower in giblets weight when 

compared to the high Ab-level, while it was higher giblets than 

control Ab- level. There were no significantly differences 

between the Ab- levels in giblets percentage; (Table 26). 

ANOVA (Tables 27 and 29) revealed none significant 

effects due to sex and immune levels on giblet absolute weight 

and percentage. While the body weight showed highly significant 

(P< 0.01) effect on giblets weight and without significances on 

the relative weight. 

4.3.2. 6. Edible weight and percentage 

The edible meat parts of Ross broiler were not 

significantly heavier than Hubbard broiler chicks. Concerning 

edible meat parts weight, the Ross broilers had higher relative 

edible meat parts weight than Hubbard ones, as shown in (Tables 

25 and 28). But, the differences were not significant. Absolute 

edible meat obtained in this study results are in agreement with 

Shadi (2006), but the relative weight results. 
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Table (25): Least- squares means and standard errors of strain 

and sex  effects on edible meat parts weight at 49 

days of age. 

Effect 
Edible meat parts (g) 

Dr. W (g) H. W  (g) L. W (g) G. W (g) Gi. W (g) Ed. W (g) 

Strain  

  ISA 

Hubbard 
1092.34 ± 47.91 5.65± 0.15 25.17 ± 0.26 16.23± 0.206 47.07± 0.48 1195.13 ± 3.92 

  ROSS 

   3O8 
1157.21 ± 43. 84 5.81 ± 0.14 22.78 ± 0.24 19.06 ± 0.188 47.66± 0.44 1201.54 ± 0.58 

Sex 

  Males 
1142.59 ± 44.18 5.93± 0.14 23.76± 0.24 17.82± 019 47.51± 0.44 1199.34± 3.61 

Females  
1106.96 ± 46.68 5.54 ±0.15 24.20 ± 0.25 17.48± 0.20 47.22 ± 0.46 1197.31± 3.82 

Dr.W, dressing weight, H.W, heart weight, L.W, liver weight, G.W, 

gizzard weight, GI.W, giblet weight, Ed.W, edible weight .Giblets = 

heart +liver + gizzard  Edible meat parts = dressing + giblets   

Table (26):  Least- squares means and standard errors of Ab-level 

effects  on edible meat parts weight, (g)and edible 

meat parts percentage at 49 days of age. 

 

Effect  

Edible meat parts (g) 

Dr.W (g) H.W  (g) L.W  (g) G. W (g) Gi. W (g) Ed. W (g) 

Ab-level   

   Low  1132.78 ± 65.97  5.72 ± 0.21  24.13±  0.36  17.27±  0.28  47.14±  o.66 1204.58± 5.40   

   Control  1148.80 ± 41.21  5.61 ± 0.13  23.40 ± 0.22  17.67 ± 0.17  46.69 ± 0.41  1192.31± 3.3   

   High  1092.74 ± 42.56  5.87 ± 0.14  24.40 ± 0.23  18.00 ± 0.18  48.28 ± 0.42  1198.10± 3.48   

Edible meat parts percentage 

 

Ab-level  

D. W % H.W% L.W% G. W % Gi. W % E.W % 

 

   Low  68.46±  0.32  0.33 ± 1.39  1.43 ± 0.02  1.02 ±  0.01  2.80 ± 0.04  71.26± 0.33    

  Control  67.82 ± 0.20  0.60 ± 1.49  1.39 ± 0.01  1.05 ± 0.01  2.78 ± 0.02   70.61± 0.20  

  High  68.28 ± 0.21  0.47 ± 1.54  1.44 ± 0.01  1.07 ± 0.01  2.86 ± 0.02  71.13± 0.21  

Dr.W, dressing weight, H.W, heart weight, L.W, liver weight, G.W, 

gizzard weight, GI.W, giblet weight, Ed.W, edible weight .Giblets = 

heart +liver + gizzard  Edible meat parts = dressing + giblets   
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Table (27):  F- values of least- square analysis of  strains, sex, 

Ab- level and live body weight effects on edible 

meat parts weight, (g) at 49 day of age. 

S.O.V 

Edible meat parts weight (g) 

Dr. W (g) H.W (g) L.W (g) G. W (g) Gi. W (g) Ed. W (g) 

d.f F- value d.f F-value d.f F-value d. f F-value d. f F-value d.f F- value 

 

Strain 

 

1 

 

0.78 

 

1 

 

0.41 

 

1 

     *** 

34.76 

 

1 

      *** 

80.29 

 

1 

 

0.66 

 

1 

 

1.14 

Sex 1 0.24 1 2.68 1 1.21 1 1.15 1 0.16 1 0.12 

Ab-level 2 0.47 2 0.87 2 4.85 2 2.42 2 3.77 2 1.80 

 

Regressions  

 

1 

         ** 

13.62 

 

1 

     *** 

21.89 

 

1 

     *** 

73.54 

 

1 

      *** 

109.29 

 

1 

     *** 

115.46 

 

1 

       *** 

2000.61 

Error. M.S  26235.88  0.28  0.80  0.48  2.64  175.78 

Error. d. f 39  39  39  39  39  39  

 Dr.W, dressing weight, H.W, heart weight, L.W, liver weight, G.W, 

gizzard weight, GI.W, giblet weight, Ed.W, edible weight .Giblets = 

heart +liver + gizzard  Edible meat parts = dressing + giblets   

*** p<0.001 

Regressions on live body weight 
 

Table (28): Least- squares means and standard errors of 

strain and sex  effects  on edible meat  parts 

percentage at 49 days of age. 

Effect 

Edible meat parts percentage 

Dr. W % H.W % L.W % G.W % Gi. W % Ed. w % 

Strains  

  ISA 

  Hubbard 

 

67.97± 0.23    

 

0.52 ± 1.73   

 

1.49 ± 0.01  

 

0.966 ±0.01  

 

2.799 ± 0.02  

 

70.78± 0.24   

  ROSS 

   3O8 

 

68.40± 0.21   

 

0.50 ± 1.59    

 

1.35 ± 0.01  

 

1.137 ±0.01  

 

2.833 ± 0.02  

 

71.22± 0.22   

Sex   

   Male   

68.24± 0.21  

 

0.52 ± 1.60 

 

1.41± 0.01 

 

1.063 ±0.01 

 

2.82 ± 0.02 

 

71.07± 0.22    

   Female   

68.13 ± 0.23 

 

0.50 ± 169   

 

1.43± 0.01  

 

1.039± 0.01 

 

2.80 ± 0.02 

 

70.93± 0.23 

Dr.W, dressing weight, H.W, heart weight, L.W, liver weight, G.W, 

gizzard weight, GI.W, giblet weight, Ed.W, edible weight .Giblets = 

heart +liver + gizzard  Edible meat parts = dressing + giblets   
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Table (29):  F- values of least – squares analyses of strain, 

sex, Ab-level  and lives body weight effects on 

edible meat parts weight percentage at 49 days 

of age. 
 

 

 

S.O.V 

                                     Edible meat parts percentage  

Dr. W % H. W % L.W % G. W % Gi. W % Ed. W % 

d.f F- valu d.f F-value d.f F-value d.f F-.value d.f F-value d.f F.value 

 

strains 

 

1 

 

0.246 

 

1 

 

0.95 

 

1 

  *** 

28.97 

 

1 

*** 

85.89 

 

1 

 

0.55 

 

1 

 

1.46 

Sex 1 0.10 1 3.66 1 0.94 1 1.80 1 0.22 1 0.16 

Ab-level 2 1.76 2 0.95 2 3.49 2 2.22 2 2.88 2 2.01 

Regression+   

1 

   *** 

104.19 

 

1 

 

  2.70 

 

1 

 

 1.09 

 

1 

 

0.99 

 

1 

 

0.00 

 

 1         

*** 

100. 8 

Error. M.S  198.37  34.57  0.003   0.001    0.66 

Error. d. f 39  39  39  39  39  39  

Dr.W, dressing weight, H.W, heart weight, L.W, liver weight, 

G.W, gizzard weight, GI.W, giblet weight, Ed.W, edible weight 

.Giblets = heart +liver + gizzard  Edible meat parts = dressing + 

giblets   

*** P<0.001. 

           +Regressions on live body weight    

 

          

 



Results and Discussion  
 

-117- 

4.4. Blood component  

4.4.1. Total plasma protein  

Results  in Table (30) presents the mean values of strain, 

sex and levels of Ab titer affected  on total plasma proteins at 49 

days of chicken age. It was notice that Hubbard strain had higher 

plasma total proteins than Ross. The values were 5.90 and 3.53 

mg /d, respectively. It was found that (Albumins, Globulins and 

A/G ratio) were higher in Ross than Hubbard strain. Statistically, 

there is a highly significant (p≤0.001) difference between ISA 

Hubbard and Ross strains in total plasma proteins with (Table 

31). These results are in disagreement with those of Salem 

(2006) in Norfa and Wight Leghorn chickens, who's found that 

the statistical differences of total plasma proteins between strains 

were not significant.  

The females of both strains were higher in albumin and 

Albumin / globulin ratio values than males, but the males have 

the higher values of the other total plasma proteins and globulins 

the values were 4.73 and 4.70 mg/dI for plasma proteins, 

respectively. Sex effects on plasma proteins were statistically 

non-significant in this age, (Table 31). 

The low levels of Ab titer (Table 30) line had the higher 

plasma total proteins value (4.92 mg /dI) compared to the control 

(4.46 mg /dI) and high lines of Ab titer (4.76 mg/dI), these are 

disagree with Parmentier et al. (1994), Hanlon et al. (1997) and 

Kucharska et al, 1999) who's reported that the high immune 

response line had higher values of most haematological 

parameters including the total plasma proteins as compared to the 

low immune response line. 
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 On another side, the high levels of Ab titer line gave the 

highest value of plasma albumins (1.50 mg/dI) followed by 

control (1.44mg /dI) and low levels (1.41 mg /dI). The least-

square means value were not significantly different Ab-levels. 

Results of plasma globulins showed that the high and low levels 

were lower than control.  

The effect of control and selected lines for high and low 

Ab titer on A/G ratio presented in (Table 30). It noted that the 

low levels had lower value compared with control and high 

levels. The values were 0.84, 0.87 and 0.87%, respectively.  

From (Table 31) it is clearly shown that both of sex and 

selected lines for Ab titers have non-significant statistical effects 

on the total plasma proteins. The results of sex effect are in 

harmony with obtained of Salem (2006) on Norfa and WL 

strains. While the selected lines in this study are disagree with 

those. The same outher, who reported that the differences among 

Ab- titers lines were highly significant. However, the live body 

weight has highly significant effect on this parameter except A/G 

ratio which did not affected by regression on live body weight. 

4.4.2. Plasma total lipids:  

 Plasma total lipids (PTL) mean values were higher in 

Hubbard strain than Ross one at 49 days of age. The value were 

1742.03 and 1686.36 mg / dI, respectively, while the cholesterol 

gave an opposite results, Table (32). These differences between 

strains in PTL and cholesterol are not significant (Table, 33); 

results of cholesterol are in agreement with those of Salem 

(2006) in Norfa and WL strains. 
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Broilers sex had not- significant effect on plasma total 

lipids, but significant on cholesterol. The males of both strains 

gave higher mean values cholesterol (122.62 mg / dI) than 

females (119.93 mg /dI). These results may be returned to the 

estrogenic hormones of female and its effects on lipids and 

cholesterol levels.  

Control levels of antibody titers gave the lowest mean 

values for both of plasma total lipids (1694.90 mg /dI) and 

cholesterol (120.42 mg /dI) than low and high one which gave 

the higher values (1724.26 for PTL and 122.06 for cholesterol). 

The low Ab- level had intermediate values.  
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Table (30): Least- squares means and standard errors of 

strain, sex and Ab-level effects on total plasma 

proteins at 49 days of age.          

 

 

Effect  

                      Total plasma proteins (mg/dI) 

 Total protein 

(mg/dI) 

Albumins  

(mg/dI) 

Globulins 

(mg/dI) 

     A/G  

strain  

    ISA 

    Hubbard 

5.90 ± 0.08  1.39 ± 0.03  1.63 ± 0.03  0.84 ± 0.018  

    ROS 308 3.53 ± 0.08  1.51 ± 0.03  1.71 ± 0.03  0.88± 0.017   

Sex  

   Male  4.73 ± 0.08 1.41 ± 0.03 1.68 ±  0.03 0.84 ± 0.01 

   Female  4.70 ± 0.08   1.50 ± 0.03 1.66 ± 0.03 0.88 ± 0.01 

Ab -level  

   Low  4.92 ± 0.11  1.41 ± 0.04  1.66 ± 0.05  0.84 ± 0.02  

  Control  4.46 ± 0.07  1.44 ± 0.03  1.68 ± 0.03  087 ± 0.01  

  High  4.76 ± 0.07  1.50 ± 0.02  1.67 ± 0.03  0.87 ± 0.01  

      

Table (31):  F- values of least – squares analysis of strain, sex 

and Ab- level effects on plasma total proteins at 

49 days of age.  

      

 S. O.V 

                                 Total plasma proteins  (mg/ dI) 

 Total protein 

      ( mg/dI) 

Albumins  

    (mg/dI) 

Globulins 

     ( mg/dI) 

 A / G  

d.f F- value d.f F- value d.f F- value d.f F-v alue 

Strain 1 296.31*** 1 5.05 1 1.78 1 1.29 

Sex 1 0.05 1 3.12 1 0.04 1 2.08 

Ab-level 2 5.71 2 1.44 2 0.04 2 0.63 

Regression+   1 80.71*** 1 12.60*** 1 15.26*** 1 0.53 

Error M.S  0.088  0.012  0.133  0.062 

Error d.f  39  39  39  39  

      A/G= Albumin / globulin. Regressions on live body weight. 

     *** p<0.001.   
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The analysis of variance of strain, sex, Ab titer and live 

body weight clearly shown that these various titers have not 

significant effects on plasma total lipids. Whereas, sex and 

regressions on live body weight has highly significant effect (P 

≤0.001) on plasma cholesterol, both of strain and lines for Ab 

titer did not have significant difference (Table, 33). These results 

agree with the results reported by Khedr (2005) in turkey and 

Salem (2006) in Norfa and WL chickens. They studied the 

relation between immune response and the total plasma 

cholesterol and reported that the statistical differences among 

high, control and low line for Ab response to SRBCs in total 

plasma cholesterol were not significant. 
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Table (32): Least- squares means and standard error of 

strain, sex and Ab-level effects on    plasma total 

lipids at 49 days of age. 

 

Effect 

                    Plasma total lipids (mg/dI) 

Plasma total lipids (mg/dI)  cholesterols  (mg/dI) 

Strains  

        ISA Hubbard 1742.03 ± 13.97  121.27 ± 0.43   

        ROS 308 1686.63 ± 12.72   121.29 ± 0.39  

Sex   

        Male  1721.67 ± 12.84 122.62 ± 0.39 

        Female  1707.00 ± 13.08 119.93 ± 0.40 

Ab-level   

        Low  1723.84 ± 18.28   121.36 ± 0.56  

       Control  1694.90 ± 12.54  120.42± 0.38  

       High  1724.26 ± 12.33   122.06 ± 0.38  

 

Table (33):  F- values of least – squares analysis of strain, sex 

and Ab-level effects on plasma total lipids at 49 

days of age. 

            

 S.O.V 

Plasma total lipids 

Plasma total lipids cholesterol 

d.f F-value d.f F-value 

Strains 1 6.50 1 0.00 

Sex  1 0.50 1 17.46*** 

Ab- level  2 1.56 2 0.0177 

Regression+ 1 58.36 1 241.22*** 

Error M.S  2201.47  2.11 

Error d.f 39  39  

*** p<0.001 +Regressions on live body weight 
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4.4.3. GOT and GPT  

Least-square means results of liver function revealed that 

ISA Hubbard was lower in GOT (35.70 U/L) than Ross strain 

(36.23U/L) at 49 days of age. While GPT gave opposite trend for 

both strains (0.53 and 0.51U/L), respectively (Table 34); but 

statistically the differences between the two strains were not 

significant for both GOT and GPT results as shown in (Table 

35). 

Sex factor which correlated to SRBCs injection presented 

an effect on liver function, it showed that the females of both 

Hubbard and Ross chicks gave a higher GOT (36.13 ± 0.21) and 

lower GPT (0.53 ± 0.005) as compared to males chicks which 

gave (35.70 U/L GOT and 0.51 U/L GPT) (Table, 34). This 

effect was not significant from the statistical view; these results 

agree with those of Salem (2006) results in Norfa and WL 

strains.  

Moreover, results in (Table 34) clearly shown that the low 

immune response line had the lowest means of GOT (35.76 U/L), 

whereas the means of GOT in both control (36.03 U/L) and high 

(36.10 U/L) immune response lines were almost similar. But 

these differences are not significant. These results are in 

agreement with those of Khedr (2005). Who reported that the 

differences in the concentration of both GOT and GPT among 

the immune response selected lines were not significant in 

turkey. On the other hand these results had opposite trend to the 

results of Salem (2006) who found that the high immune 

response line had the lowest GOT means less than control and 
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low lines in .both Norfa and white leghorn (WL) strains with 

highly significant (P< 0.01) difference among lines. 

The increase in serum transaminases activities of both 

GOT and GPT is related to amino acids imbalance which 

initiates proteins catabolism, Rosen et al. (1958). In addition, 

Parmentier et al. (1994), Hanlon et al. (1997) and Kucharska 

et al. (1999) reported that the high immune response line for 

immunized SRBCs had higher values of most hematological 

parameters including the plasma proteins , but the activity of both 

GOT and GPT was not significantly increased as compared to 

low lines. 

Conversely, GPT results had an opposite trend to GOT; 

the low immune response line had higher GPT mean values 

compared to control and high immune response lines. These 

results are in agreement with those of Salem (2006) in Norfa and  

Wight Leghorn (WL) strains. 

In case of live body weight effect on liver functions the 

results revealed that both of GOT and GPT affected significantly 

(P < 0.001) by body weight as shown in (Table 35). 
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Table (34): Least- squares means and standard errors of 

strain, sex and Ab-level effects on liver functions 

at 49 days of age. 

Effect 
Liver functions (U/L) 

GOT (U/L) GPT (U/L) 

Strain  

        ISA Hubbard 35.70 ± 0.22  0.53 ± 0.006  

        ROS 308 36.23 ± 0.20  0.51 ± 0.005  

Sex  

         Male  35.80 ± 0.21 0.51 ± 0.005 

         Female  36.13± 0.21 0.53 ± 0.005 

Ab-level  

       Low  35.76 ± 0.30  0.54 ± 0.008  

      Control  36.03 ± 0.20  0.52 ± 0.005  

      High  36.10 ± 0.20  0.52 ± 0.005  

                

Table (35):  F- values of least- squares analysis of variance 

strain, sex and Ab- level effects   on liver 

functions at 49 days of age.  

   

S.O.V 

Liver functions 

GOT GPT 

d.f F- value d.f F- value 

Strain 1 2.17 1 4.21 

Sex  1 0.95 1 2.021 

Ab-level  2 0.41 2 0.02 

Regression+  1 92.55*** 1 63.94*** 

Error M.S  0.59  0.0004 

Error d.f 39  39  

*** P <0.001.  

+Regression  on live body weight 
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4.5. Parameters of selection . 

The estimate of actual selection differential and average of 

selected parents in case selection intensity is 10, 20, 40 and 50% 

at 7- wk of age in both ISA- Hubbard and Ross 308 strains are 

given in (Tables 36 and 37). 

The selection differential, in both strains, decreased 

gradually from 1.7550 with selection intensity (s) equal 10% to 

0.7969 with selection intensity equal 50%. Also, the selection 

differential in actual units (g) in ISA Hubbard recorded the 

highest units (150) with selection intensity equal to 10%, then 

decreased with increasing selection intensity to reach 68.3 at 

50% selection intensity. Similar results were recorded in Ross 

308 strain which recorded 87.2 at 10% selection intensity to 

reach 39.6 at 50% selection intensity.                                                                                                            

Also, the ISA Hubbard had higher average of body weight 

in selected parents than the Ross 308, the average of body weight 

in selected parents expected to reach 1786.8 g. In ISA Hubbard 

strain, where it expected to reach 1616.6 g for Ross 308 at 10% 

selection intensity. These values expected to reach 1705.10 and 

1569.00 g at 50% selection intensity in both ISA Hubbard and 

Ross 308, respectively. 

It is showed that the expected  response values due to 

selection were increased in units (45 g / generation) in ISA 

Hubbard when the value of heritability is high (0.30), but 

decreased to reach 15 g / generation when the heritability low 

(0.10) at 10% selected intensity (Table 36). The same trend 

observed in Ross 308 strain, the response values were 26.2 g / 



Results and Discussion  
 

-127- 

generation and 8.7g / generation at heritability is equal 0.30 and 

0.10, respectively (Table 37). 

Another point of view, the expected response due to 

selection was increased when selection intensity for selected 

parents is low -10% (high selection deferential) and the gradually 

decreased with higher selection intensity (50%) in both strains 

(Table 37).                                                                      
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Table:  (36) Estimates of actual selection differential and average of the 

selected  parents in case selection intensity of 10%, 20%, 

30%, 40%, 50   at 7- wk in ISA Hubbard strain.  

Response 
 

Average of selected 

parents (g) 

= p- + i 

 

 

Selection differential 

in actual units(g) 

Xi =i- бx 

 

Selection 

differential 

i- 

Selection 

intensity 

percentage 

(s) 

R3 R2 R1 

0.3 0.2 0.1 

45 30 15 1636.8 + 150 = 1786.8 1.7750 x 85.72 = 150 1.7550 10% 

36 24 12 1636.8 + 120 = 1756.8 1.3998 x 85.72 = 120 1.3998 20% 

29.8 19.8 9.9 1636.8 + 99.3 = 1736.1 1.1590 x 85.72 = 99.3 1.1590 30% 

24.8 16.5 8.3 1636.8 + 82.8 = 1719.6 0.9659 x 85.72 = 82.8 0.9659 40% 

20.5 13.6 6.8 1636.8 + 68.3 = 1705.1 0.7969 x 85.72 = 68.3 0.7969 50% 

Average body weight in wk- 7 for parents of Isa Hubbard = 1636.8(g). 
Stander deviation – (Sd) = 6x = 85.72.  
R= response ( g) due to selection per generation . R = h

2 
× xi – h

2 =
 heritability 

– (0.1, 0.2 and 0.3) = guessed values of heritability 
 

 Table (37): Estimates of actual selection differential and average of the 

selected parents in case selection intensity of 10%, 20%, 

30%, 40% and 50% at 7- wk in Ross 308 strain. 

Response 
Average of selected 

parents (g) 

= p- + i 

 

Selection 

differentia

l in actual 

units (g) 

Xi = i- 6x 

 

Selection 

differential 

i- 

Selection 

intensity 

(s) 

R3 R2 R1 

0.3 0.2 0.1 

26.2 17.4 8.7 
1529.4 + 87.2 = 

1616.6  

1.7750 x 

49.7 = 87.2  
1.7550 10% 

20.9 13.9 6.9 1529.4 + 69.6 = 1599     
1.3998 x 

49.7 = 69.6  
1.3998 20% 

17.3 11.5 5.7 1529.4 + 57.61= 1587    

1.1590 x 

49.7 = 

57.61 

1.1590 30% 

14.4 9.6 4.8 
1529.4 + 48.0  = 

1577.4  

0.9659 x 

49.7 = 48.0 
0.9659 40% 

11.9 7.9 3.9 1529.4 + 39.6  = 1569     
0.7969 x 

49.7 = 39.6 
0.7969 50% 

Average body weight in wk- 7 for parents of Ross = 1529.4(g).    
Stander deviation (Sd) = бx = 49.7. 
 R= response (g) due to selection per generation. R = h

2 
× xi – h

2 =
 heritability 

– (0.1, 0.2 and 0.3) = guessed values of heritability.    


