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ABSTRACT 

Two genotypes of  poultry (Ross 308 and Avian 48) in two housing systems 

(semi-closed and open system) in two different seasons (winter and summer) as 

Completely Randomized design for eight treatment groups were utilized to study 

immunity, haematology and biochemical traits. 

These results showed that Ross and Avian genotypes raised in open system in 

summer showed highest values of immunity, haematology and biochemical traits. 

The results indicate that heat stress by summer season, especially for birds raised 

in open system, which is lacking the control in heat stress, resulting in improving 

immunity, haematology and biochemical values.  

The present study findings are a good indicator of strain preferences under 

specific Egyptian conditions. Outcomes can be used by local farmers, as well as 

breeders who wish to further improve specific strains for different conditions. 

Conclusively, the present results showed that Ross 308 and Avian 48 

broilers raised under open system in summer performed better immunity and 

haematology than other groups under Egyptian subtropical conditions, while Ross 

308 and Avian 48 broilers raised under open system and semi-closed system in 

summer and winter, respectively, performed better biochemical than other groups. 

Therefore, it is recommended that Ross 308 and Avian 48 broilers should be raised 

under open system with stocking density of 10 birds/m
2
in summer. The study 

reveals significant differences in haematology and biochemical traits and immune 

responses between eight combinations, highlighting the importance of genetic and 

environmental factors in determining their immunological capabilities and 

suggesting future research to identify specific markers for enhanced immune 

function. 

Key words: Biochemical, Hematology, Immunity, Stocking density, Ross 308, 

Avian 48. 
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INTRODUCTION 
Broilers breeding is very important for smallholder in Egypt. In tropical and 

subtropical countries, blood parameters and immunity traits is affecting body 

phonology and consider more important than growth performance traits and 

carcass characteristics for broilers breeding. According to Olanrewaju et al.,(2009), 

exposure broilers to tropical and suboptimal environmental factors affects blood 

physiological variables like blood acid-base balance, electrolytes, and metabolites. 

Blood hematological and biochemical profiles reflect the body's physiological state 

(Khan et al.,2014) and blood hematological and biochemical composition is used 

to evaluate metabolic diseases in poultry (Ibrahim et al. 2018). Moreover, 

hematological and biochemical analyses can help prevent future health issues by 

monitoring treatment effectiveness, determining drug toxicity, and providing 

prognosis (Alimi et al., 2020). Furthermore, stress in poultry can alter metabolic 

metabolism which influence on serum biochemical composition by decrease or 

increase levels of cholesterol, glucose, and albumin. 

Many factors including genotype, housing system, stocking density and 

environmental factors such as climate, feeding and managements have direct 

or/and indirect effects on broilers economic traits. Pompeu et al. (2018) reported 

that environmental stressors such as stocking density, temperature, and humidity 

are among the most important factors affecting the performance of the broiler 

industry. Genetic and environmental factors influence chicken biochemical and 

hematological parameters in serum (Nse Abasi et al., 2014). Manzoor et al. (2003) 

has suggested that hematologic and biochemical parameters in broilers may be 

affected by genotype as well as by sex, feed, management and stress factors. 

Stocking density is well documented as a critical stressor in intensive poultry 

production because it is associated with an increase in stress hormones, which 

result in turbulences in hemato-biochemical parameters like Hb, heterophil-

lymphocyte ratio (H/L), glucose, cholesterol, total protein, total albumin and 

triglyceride levels (Onbasilaret al., 2008; Rambau et al., 2016). Immune response 

in grower chickens affected by environmental temperatures where cellular 

immunity that represented in white blood cells and heterophils/lymphocyte ratio 

were affected by heat stress (Mashaly et al., 2004). Cool temperature exhibited 

significant changes at five weeks of age in red blood cell counts, hemoglobin and 

hematocrit (Ipek and Sahan, 2006). On the other hand heat stress reduced antibody 

production in grower chickens (Zulkifi et al., 2000). Ali Olfati et al. (2018) 

reported that cold and heat stress decreased antibody titer, lymphocyte count and 

increased heterophils and heterophils/lymphocyte ratio. In general cold stress 

caused retardation in immune function (Zhao et al., 2014). 
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Birds have an additional mechanism to promote heat exchange between their 

body and the environment, which are the air sacs. Air sacs are very useful during 

panting, as they promote air circulation on surfaces contributing to increase gas 

exchanges with the air, and consequently, the evaporative loss of heat (Fedde, 

1998).Body temperature and metabolic activity are regulated by the thyroid 

hormones, Triiodothyronine (T3) and thyroxin (T4), and their balance.   

Therefore, this  study aimed to evaluate the effect of genotype, housing 

system and environmental condition on the immunity, hematology and 

biochemical parameters under Egyptian condition, as Ross 308 and Avian 48 

breeds were studied under two different housing system (semi-closed and open 

system) in two different environments (winter and summer). 
 

MATERIALS AND METHODS 
 

1. Ethics statement  

The ethical considerations for animal use and animal welfare that enforce 

good scientific quality and human treatment of animals were reviewed and 

approved by the Institutional Animal Care and Use Committee (ARC-IACUC) of 

Agricultural Research Center with approval number 2023/ARC-AHRI-63-23, 

Cairo, Egypt on September 27, 2023according to the Administration of Affairs 

Concerning Experimental Animals Regulations (Egypt, 1981). All efforts were 

made during blood collection and chicken slaughtering to minimize any 

discomfort. 
 

2. Animals management and diets 
The study was performed at a private poultry farm located in Ismailia 

governorate, North Eastern, Egypt. A total of 280 day-old Ross 308 and Avian 48 

chicks without naturalization were randomly selected and distributed to four 

groups (n=70). The birds were housed separately per strain and reared on deep 

litter in two types of farming system; semi-closed system with stoking density of 

14 birds/m
2
 and open system with stoking density of 10 birds/m

2
.The experiment 

was repeated twice in two different season, summer (July and August) and winter 

(January and February).Chicks were vaccinated against Newcastle, Gumboro and 

Infectious Bronchitis diseases, and no health problems were observed during the 

experiment. Minimum and maximum temperatures and humidity were recorded in 

day and night for each facility during both seasons. The temperature and humidity 

were ranged from 17-32 °C with an average of 24.5 °C and 33-60% with an 

average of 46.5%at day, respectively, and were ranged from 15-30 °C with an 

average of 22.5 °C and 43-65% with an average of 53.7% at night, respectively, in 
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winter. They were ranged from 24-36 °C with an average of 30 °C and 23-50% 

with an average of 36.5%at day, respectively, and were ranged from 17-32 °C with 

an average of 24.5 °C and 38-60% with an average of 48.7%at night, respectively, 

in summer. 

The birds were fed a commercial broiler starter diet contains 23% curd 

protein and 2950 k.cl for 15 days of age, grower diet contains 21% curd protein 

and 3150 k.cl for 28 days of age  and finisher diet contains 19% curd protein and 

3250 k.cl for 35 days of age and the diets were formulated according to the nutrient 

recommendations (NRC, 2007).The birds were allowed ad libitum access to the 

feed and water. Lighting was provided 24 hours a day by 40 W fluorescent tubes 

throughout the study period. 

3. Immunity, hematology and biochemical traits 
Ten birds from each group were selected for blood parameters. At age 14, 

21, 28 and 35 days, one blood samples were getting from wing vein to measure 

immunity parameters such as AbNDV, AbH5V and AbH9V at same ages using 

ELISA method. 

 At age 35 days, one blood samples were getting from wing vein the blood 

samples underwent centrifugation at 3500 rpm for 10 min at 4 ◦C, and the resulting 

plasma was preserved in a deep freezer at approximately -20 ◦C until it was ready 

for chemical analysis. Commercial kits based on a method developed by Gornall et 

al. (1949) were utilized to measure plasma protein fractions including total protein 

(TP), albumin (AL), globulin (GL), and albumin /globulin (A/G) ratio. 

Additionally, the total lipid profile including total cholesterol (Ch), triglycerides 

(TRI), low-density lipoproteins (LDL), and high-density lipoproteins (HDL) were 

measured. Liver enzymes such as aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT), as well as kidney function tests including creatinine (Cr) 

and uric acid (UA), were also measured using a colorimetric approach (Sirois, 

2014). Assessment of triiodothyronine (T3) and thyroxine (T4) hormones. The 

quantities of T3 and T4 in serum samples were determined by using 

radioimmunoassay (RIA) kits adhering to the manufacturer’s instructions, as 

outlined in the methods described by Renden et al. (1994). 

Haematology parameters such as WBC, Heterophony, Lymphocyte, H/Lratio, 

Monocyte, Eosinophils, Basophils, Hb, RBC, PCV, MCV, MCH, MCHC and ESR 

values according to previously described methods (Campbell, 1988).  . 

 4. Statistical analysis 
The study were analyzed using General linear model (GLM) procedure of 

Statistical Analysis Software Model (SAS, 2009).The following statistical analysis 
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model as Completely Randomized design for eight treatment group according to 

Snedecor and Cochran (1982)were used for the analysis:  

Yij= μ + Ai + eij, 

Where Yij is the broiler’s performance of the l
th
 chick in the i

th
 combination of 

strain, housing system and breeding season; μ is the overall mean; Ai is the effect 

of the i
th 

combination of strain, housing system and breeding season (i=1 to 8), and 

eij is the effect of the random error associated with the l
th
 individual assumed to be 

normally distributed (0, Iσ
2
). 

Differences between mean values of strains and dietary treatments were 

obtained by Duncan’s Multiple Range Test (Duncan, 1955). Differences were 

considered statistically significant at P<0.05. The results were presented as least 

square means along with their standard errors (LSM±SE). 

 

RESULTS AND DISCUSSION 
 

1. Immunity Traits 

The effect of genotype, housing system (stocking density) and breeding 

season on the immunity parameters on 14, 21, 28 and  35 days of age were analysis 

using one way ANOVA. Our results showed that Ross and Avian raised under 

open system in summer reported heights values for immunity parameters. Ross 

raised under open system in summer showed highest values for AbNDV, AbH5V 

and AbH9V at 14 and 28 days, while Avian raised under open system in summer 

showed highest values for AbNDV, AbH5V and AbH9V at 21, 28 and 35days. We 

can concluded that Ross raised under open system have more immunity system 

than Avian till 14 days of age and Avian have more immunity system than Ross till 

the end of experiment. It should be noted that Ross and Avian raised under open 

system in winter should also high values of AbNDV, AbH5V and AbH9V at 28 

days (Table 1). 

The present results showed that Ross 308 and Avian 48 raised under open 

system with stocking density of 10 birds/m
2
 have major effects on most 

immunology, hematology and biochemical parameters. It means housing system 

and environmental conditions have influence more than genotype. For immunity 

parameters, Ross 308 and Avian 48 raised under open system with stocking density 

of 10 birds/m
2
 have major effects on AbNDV, AbH5V and AbH9V at 14, 21, 28 

and 35 days of age. While our study returned the cause of like results to housing 

system and environmental condition, many studies found the effect of genotypes 

on immunity parameters such as: Talebi, (2006) who reported that strains have the 

highest effect on antibody titers except for Bursa disease virus and bronchitis  
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Table 1: Mean ± standard deviation for the immunity parameters of Ross and 

Evian 48 strains under different stoking capacity and breeding seasons of 

Egyptian conditions at age 14, 21, 28 and 35 days. 

Strain Ross 308  Evian 48 

Traits WCS WOS SCS SOS  WCS WOS SCS SOS 

AbNDV14 
2.7

c
± 

0.105 

2.8
b
± 

0.11 

2.7
b
± 

0.11 

2.9
a
± 

0.11 

 2.4
e
± 

0.11 

2.7
b
± 

0.11 

2.5
d
± 

0.11 

2.8
b
± 

0.11 

AbNDV21 
2.9

d
± 

0.107 

3.0
b
± 

0.11 

2.9
c
± 

0.11 

3.1
b
± 

0.11 

 2.6
e
± 

0.11 

3.1
b
± 

0.12 

2.7
d
± 

0.12 

3.2
a
± 

0.10 

AbNDV28 
3.2

c
± 

0.105 

3.3
a
± 

0.11 

3.2
b
± 

0.11 

3.4
a
±0 

.11 

 2.9
e
± 

0.11 

3.3
a
± 

0.11 

3.0
d
± 

0.11 

3.4
a
± 

0.11 

AbNDV35 
5.1± 

0.105 

4.9
f
± 

0.11 

4.7
g
± 

0.11 

5.0
e
± 

0.11 

 5.1
d
± 

0.11 

5.4
b
± 

0.11 

5.2
c
± 

0.11 

5.5
a
± 

0.11 

AbH5V14 
2.2

c
± 

0.105 

2.3
b
± 

0.11 

2.2
b
± 

0.11 

2.4
a
± 

0.11 

 1.9
e
± 

0.11 

2.2
b
± 

0.11 

2.0
d
± 

0.11 

2.3
b
± 

0.11 

AbH5V21 
2.6

d
± 

0.107 

2.7
b
± 

0.11 

2.6
c
± 

0.11 

2.8
b
± 

0.11 

 2.3
e
± 

0.11 

2.8
b
± 

0.12 

2.4
d
± 

0.12 

2.9
a
± 

0.10 

AbH5V28 
3.0± 

0.105 

3.1
a
± 

0.11 

3.0
b
± 

0.11 

3.2
a
± 

0.11 

 2.7
e
± 

0.11 

3.1
a
± 

0.11 

2.8
d
± 

0.11 

3.2
a
± 

0.11 

AbH5V35 
4.1

h
± 

0.106 

4.4
f
± 

0.11 

4.2
g
± 

0.11 

4.5
e
± 

0.11 

 4.6
d
± 

0.11 

4.9
b
± 

0.11 

4.7
c
± 

0.11 

5.0
a
± 

0.11 

AbH9V14 
2.3

c
± 

0.105 

2.5
b
± 

0.11 

2.4
b
± 

0.11 

2.6
a
± 

0.11 

 2.1
e
± 

0.11 

2.4
b
± 

0.11 

2.2
d
± 

0.11 

2.5
b
± 

0.11 

AbH9V21 
2.7

d
± 

0.107 

2.9
b
± 

0.11 

2.8
c
± 

0.11 

3.0
b
± 

0.11 

 2.5
e
± 

0.11 

3.0
b
± 

0.12 

2.6
d
± 

0.12 

3.1
a
± 

0.10 

AbH9V28 
3.2

c
± 

0.105 

3.4
a
± 

0.11 

3.3
b
± 

0.11 

3.5
a
± 

0.11 

 3.0
e
± 

0.11 

3.4
a
± 

0.11 

3.1
d
± 

0.11 

3.5
a
± 

0.11 

AbH9V35 
4.3

h
± 

0.105 

4.6
f
± 

0.11 

4.4
g
± 

0.11 

4.7
e
± 

0.11 

 4.8
d
± 

0.11 

5.1
b
± 

0.11 

4.9
c
± 

0.11 

5.2
a
± 

0.11 
a,b 

Means within a row with different superscripts differ significantly (P ≤ 0.05). 

WCS= Winter close system, WOS= Winter open system, SCS = Summer close system, 

SOS = Summer close open system, Ab NDV = Antibodies of Newcastle diseases virus, Ab 

H5N1= Antibodies of avian influenza H5N1, Ab H5N1 =Antibodies of avian influenza 

H9N2. 

 

virus? Poultry farms are attacked by many major contagious endemic viral 

diseases, including Newcastle disease (ND), avian influenza (AI), and infectious 

bronchitis (IB),  which cause significant destructive economic effects and deaths in 

the poultry industry worldwide (Talebi et al., 2015). The theory suggests that 

higher body weight, often linked to higher body fat percentage, may weaken 
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immune function, as the tendency towards greater antibody response is not offset 

by the increase in body weight according by (Eid, 2010). 
 

2. Biochemical blood traits 

The present result showed that Ross and Avian raised on open and semi-

closed system in summer and winter, respectively, showed highest values of most 

biochemical parameters. Ross raised under open system in summer showed highest 

values of total protein, Albumin, Globulin, A/G ratio,AST (UL), ALT (UL), T3, 

T4 and Urea (mg/dl), while Avian raised under semi-closed system in winter 

showed highest values ofA/G ratio, Triglyceride, HDL, LDL, Creatinine, and Uric 

acid. In the same times, Globulin showed same values in Ross WOS, Uric acid 

showed same values in Ross WCS. Also Globulin showed same values in Avian 

SOS, A/G ratio showed same values in Avian WCS, WOS and SCS, and total 

cholesterol showed same values in Avian SCS (Table 2). 

For biochemical parameters, Ross raised in SOS and Avian Raised in WCS 

showed highest values for biochemical parameters. Our results may be due to the 

interaction between genotype, housing system and environmental conditions. Total 

protein is affected by albumin and total globulin. In total protein in the study was 

ranged between 5.2 to 6.8 mg/dl. Previous studies have reported broiler blood 

protein levels of approximately 40 mg/dl (Filipović et al., 2007; Turkyilmaz et al., 

2011). Carsia et al.(2000) reported that chickens consume blood serum proteins 

and triglycerides as part of the process of gluconeogenesis, which increases their 

blood-glucose levels, and that blood total protein and triglyceride levels decrease as 

a result. Albumin values increase due to thyroid and adrenal gland hypo function, 

indicating a healthy digestive system. Globulins carry hormones, lipids, metals, and 

antibodies. High levels may indicate chronic infections and a fatty liver. The A/G 

ratio is a key indicator of disease states. Cholesterol levels in our study ranged 

between 174 to 193 mg/dl. Cholesterol levels in chickens have been reported to 

range between 125–200 mg/dl (Karagul et al.,2000). Total cholesterol is essential 

for cell membranes, nerve fibers, and sex hormones. Increased cholesterol levels 

can be attributed to a high carbohydrate or fat diet, which is lowered by 

methionine. Elevated A/G ratio, protein, and cholesterol may indicate excessive 

protein consumption. Decreased protein, cholesterol, and SGPT may indicate fatty 

liver congestion, while increased protein may be affected by dehydration. 

Triglycerides are fats used for energy and fuel in the body. High levels 

indicate excessive carbohydrate intake and hype-lipidism. Methionine can lower 

LDL levels. High-density lipoprotein (HDL) is cholesterol carried by alpha 

lipoproteins and indicates a healthy metabolic system. However, high HDL levels 

may be influenced by nutrition, with diets high in refined carbohydrates, lack of  
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Table 2: Mean ± standard deviation for the biochemical parameters of Ross 308 and 

Evian 48 strains under different stoking capacity and breeding seasons of 

Egyptian conditions at age 35 days. 

Strain Ross 308  Evian 48 

Traits WCS WOS SCS SOS  WCS WOS SCS SOS 

T pro 
5.3

d
± 

0.26 

6.3
b
± 

0.26 

5.8
c
± 

0.26 

6.8
a
± 

0.26 

 5.2
d
± 

0.21 

5.8
c
± 

0.26 

5.3
d
± 

0.26 

6.3
b
± 

0.26 

Albumin 
3.0

e
± 

0.11 

3.9
b
± 

0.21 

3.5
d
± 

0.16 

4.4
a
± 

0.26 

 3.5
d
± 

0.16 

3.8
bc
± 

0.11 

3.5
d
± 

0.11 

3.7
c
± 

0.11 

globulin 
2.3

ab
± 

0.37 

2.4
a
± 

0.47 

2.3
ab
± 

0.42 

2.4
a
± 

0.53 

 1.8
c
± 

0.37 

2.0
bc
± 

0.37 

1.8
c
± 

0.37 

2.6
a
± 

0.37 

A/ G ratio 
1.4

c
± 

0.27 

1.7
abc

± 

0.44 

1.6
bc
± 

0.35 

1.9
ab
± 

0.53 

 2.1
a
± 

0.53 

2.0
a
± 

0.44 

2.1
a
± 

0.50 

1.5
c
± 

0.26 

T.cholesterol 
184.0

d
± 

1.05 

179.0
f
± 

1.05 

186.0
c
± 

1.05 

174.0
g
± 

1.05 

 
191.0

b
± 

1.05 

186.0
c
± 

1.05 

193.0
a
± 

1.05 

181.0
e

± 

1.05 

Triglyceride 
133.0

c
± 

1.05 

123.0
f
± 

1.05 

131.0
d
± 

1.05 

111.0
h
± 

1.05 

 
138.0

a
± 

1.05 

128.0
e
± 

1.05 

136.0
b
± 

1.05 

116.0
g

± 

1.05 

HDL 
35.0

c
± 

1.05 

31.0
f
± 

1.05 

33.0
e
± 

1.05 

27.0
h
± 

1.05 

 38.0
a
± 

1.05 

34.0
d
± 

1.05 

36.0
b
± 

1.05 

30.0
g
± 

1.05 

LDL 
29.0

b
± 

1.05 

25.0
d
± 

1.05 

27.0
c
± 

1.05 

23.0
e
± 

1.05 

 31.0
a
± 

1.05 

27.0
c
± 

1.05 

29.0
b
± 

1.05 

25.0
d
± 

1.05 

AST (UL) 
24.7

e
± 

0.67 

28.5
b
± 

0.53 

26.7
d
± 

0.67 

29.5
a
± 

0.53 

 22.7
f
± 

0.67 

26.5
d
± 

0.53 

24.7
e
±0.

67 

27.5
c
± 

0.53 

ALT (UL) 
20.7

e
± 

0.67 

24.5
b
± 

0.53 

22.7
d
± 

0.67 

25.5
a
± 

0.53 

 18.7
f
± 

0.67 

22.5
d
± 

0.53 

20.7
e
± 

0.67 

23.5
c
± 

0.53 

T3 
1.5

d
± 

0.05 

1.64
b
± 

0.05 

1.5
e
± 

0.05 

1.8
a
± 

0.03 

 1.3
g
± 

0.05 

1.4
e
± 

0.05 

1.3
f
± 

0.05 

1.6
c
± 

0.03 

T4 
2.45

e
± 

0.05 

2.7
c
± 

0.11 

2.6
d
± 

0.05 

3.2
a
± 

0.11 

 2.4
f
± 

0.05 

2.7
c
± 

0.05 

2.5
de
± 

0.00 

2.9
b
± 

0.05 

Creatinine 
1.05

c
± 

0.05 

0.8
g
± 

0.00 

0.95
e
± 

0.05 

0.7
h
± 

0.00 

 1.2
a
± 

0.00 

1.0
d
± 

0.00 

1.15
b
± 

0.05 

0.9
f
± 

0.00 

Uric acid 
3.5

a
± 

0.53 

1.8
ef
± 

0.26 

2.5
bc
± 

0.53 

1.5
f
± 

0.00 

 3.3
a
± 

0.26 

2.3
cd
± 

0.26 

2.8
b
± 

0.26 

2.0
de
± 

0.00 

Urea (mg/dl) 
13.7

f
± 

0.67 

16.5
c
± 

0.53 

15.6
d
± 

0.52 

18.5
a
± 

0.53 

 12.7
g
± 

0.67 

15.5
d
± 

0.53 

14.6
e
± 

0.52 

17.5
b
± 

0.53 
a,b

  Means within a row with different superscripts differ significantly (P ≤ 0.05).  

WCS= Winter close system, WOS= Winter open system, SCS = Summer close system, SOS = 

Summer close open system, T pro = Total protein. Cholesterol = Total cholesterol. T3 

=Triiodothyronine, T4 = thyroxin. 
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exercise, and genetic predisposition lowering it. Both TG and HDL levels 

are crucial for maintaining a healthy metabolic system. Uric acid levels can be 

increased or decreased due to conditions like gout, infections, high protein diets, 

and kidney disease. Urease levels can increase due to excessive protein intake, 

kidney damage, and decreased pancreatic enzyme production. Creatinine levels can 

be increased or decreased due to low protein intake, liver disease, and kidney 

damage. T3 is the main physiological thyroid hormone regulating oxygen 

consumption and daily active activities, particularly in young chickens (Bobek et 

al., 1977), and is metabolically more active than T4 (Klandorf et al., 1981). T3 

hormone is closely associated with feeding and is also a key factor influencing 

conversion of T4 to T3 (McNabb, 2000), and that a higher T3 level is associated 

with increased protein deposition. Rotava et al. (2008)reported that 

aminotransferase (AST) is a major indicator of liver and muscle damage, with 

increased AST resulting in cell damage.  Nobakht et al. (2016) found higher AST 

levels in 24L treatment due to physiological stress-induced cell damage, as 

previously studied (Campo et al., 2002; Onbasılar et al., 2007).  Hoffmann and 

Solter (2008), an increase in AST on its own may be a sign of hepatocellular 

injury. Transaminases (ALT) and (AST) levels can be increased or decreased due 

to liver disease, hepatitis, or may indicate a B-6 deficiency. 
 

3. Haematology traits 

The results in Table 3 also, showed high values for Ross and Avian SOS in 

all haematology parameters. Ross 308 raised under open system in summer 

showed highly significant values of WBC, Heterophony, Lymphocyte, H/L ratio, 

Monocyte, and Eosinophils parameters, while Avian 48 raised under open system 

in summer showed highly significant values of H/L ratio and Basophils parameters.  

Data in Table 3 showed that Ross 308 and Avian 48 raised in SOS have 

highly significant values than other groups, the results indicated that housing 

system and environmental conditions effect hematological parameters than 

genotype. Low levels of Red Blood Cells may indicate a decrease in B-12, B-6, 

and toxicity. While increase of may indicate a Respiratory distress, cystic fibrosis 

and adrenal hyper functions. Increase of WBC indicated to active infections. While 

decreased of WBC may be causes by chronic viral or bacterial infections.  

Lymphocytes, elevated in acute and chronic infections. Decreased in viral infection 

and immune deficiency. While increase of lymphocytes may indicate active 

infections, chronic viral or bacterial infection. Our results in line with Sabri et al. 

(2022), who reported that Cobb and Hubbard strains did not significantly impact 
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broiler blood picture. While, Gbayiet al. (2023) found that native white turkeys had 

higher concentrations of white blood cells and red blood cells compared to native  

Table 3: Mean ± standard deviation for the heamatology parameters of Ross and 

Evian 48 strains under different stoking capacity and breeding seasons of 

Egyptian conditions at age 35 days. 

Strain Ross 308  Evian 48 

Traits WCS WOS SCS SOS  WCS WOS SCS SOS 

WBC 
20.2

d
± 

0.69 

21.8
b
± 

0.11 

21.1
c
± 

0.37 

22.6
a
± 

0.26 

 20.2
d
± 

0.37 

21.6
b
± 

0.37 

20.8
c
± 

0.37 

21.6
b
± 

0.37 

Heterophony 
4.1

g
± 

0.11 

5.4
c
± 

0.21 

4.6
e
± 

0.11 

5.9
a
± 

0.21 

 4.4
f
± 

0.11 

5.1
d
± 

0.16 

4.7
e
± 

0.05 

5.6
b
± 

0.11 

Lymphocyte 
11.3

f
± 

0.11 

12.7
b
± 

0.16 

12.0
c
± 

0.11 

13.2
a
± 

0.11 

 10.9
g
± 

0.11 

11.9
d
± 

0.05 

11.5
e
± 

0.16 

12.6
b
± 

0.16 

H/Lratio 
0.37

e
± 

0.01 

0.43
b
± 

0.01 

0.39
d
± 

0.01 

0.45
a
± 

0.01 

 0.41
c
± 

0.01 

0.43
b
± 

0.01 

0.41
c
± 

0.00 

0.44
a
± 

0.01 

Monocyte 
0.71

g
± 

0.01 

0.98
c
± 

0.01 

0.81
e
± 

0.02 

1.1
a
± 

0.01 

 0.62
h
± 

0.02 

0.91
d
± 

0.02 

0.77
f
± 

0.07 

1.04
b
± 

0.01 

Eosinophils 
0.77

g
± 

0.02 

1.15
b
± 

0.05 

0.95
d
± 

0.05 

1.25
a
± 

0.05 

 0.67
h
± 

0.02 

0.9
e
± 

0.00 

0.85
f
± 

0.05 

1.05
c
± 

0.05 

Basophils 
1.6

e
± 

0.03 

2.0
c
± 

0.05 

1.7
d
± 

0.02 

2.1
b
± 

0.02 

 1.8
d
± 

0.02 

2.1
b
± 

0.02 

2.0
c
± 

0.03 

2.3
a
± 

0.03 
a,b

 Means within a row with different superscripts differ significantly (P ≤ 0.05).  

WCS= Winter close system, WOS= Winter open system, SCS = Summer close 

system, SOS = Summer close open system, WBC= White blood cell, H/L 
Heterophony to Lymphocyte ration. 

 

black turkeys. Karl and Suchy (2000) suggest that blood parameters like WBC and 

RBC can provide insights into the immune system, cell respiration, and bird feed 

consumption. Dramani et al. (2022) confirmed that the strain significantly affected 

the H/L index, heterophils, and lymphocyte counts of guinea fowl. Nitish  et al. 

(1999) discovered that low immunoglobulin M (LIM) lines showed greater 

differences between high immunoglobulin G (HIG) and low immunoglobulin G 

(LIG) lines due to differential selection for serum immunoglobulin M and G levels, 

suggesting studying hemato-biochemical characteristics could help understand bird 

responses.The thymus's role in immunity is to create a particular milieu that is 

necessary for T-cell differentiation, which is necessary for cell-mediated immunity 

and immune response modulation (Owen, 1977).  

Ross 308 raised under open system in summer showed highly significant 

values of Hb, RBC,MCV, and MCH parameters, while Avian 48 raised under open 
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system in summer showed highly significant values of PCV, MCHC and ESR 

parameters (Table 4). 
 

 

Table 4:Mean± standard deviation for the heamatology parameters of Ross and 

Evian 48 strains under different stoking capacity and breeding seasons of 

Egyptian conditions. 

Strain Ross 308  Evian 48 

Traits WCS WOS SCS SOS  WCS WOS SCS SOS 

Hb 
12.6

d
± 

0.16 

13.3
b
± 

0.11 

12.9
c
± 

0.11 

13.6
a
± 

0.21 

 12.3
e
± 

0.16 

12.7
d
± 

0.21 

12.6
d
± 

0.16 

13.0
c
± 

0.26 

RBC 
2.4

e
± 

0.05 

2.7
b
± 

0.05 

2.6
cd

± 

0.05 

2.8
a
± 

0.11 

 2.4
e
± 

0.05 

2.5
d
± 

0.11 

2.4
e
± 

0.11 

2.6
bc

± 

0.11 

PCV 
29.6

h
± 

0.11 

30.5
f
± 

0.11 

30.2
g
± 

0.05 

30.8
e
± 

0.11 

 31.3
d
± 

0.11 

32.0
b
± 

0.05 

31.8
c
± 

0.16 

32.4
a
± 

0.16 

MCV 
120.6

d
± 

0.11 

122.8
b
± 

0.16 

122.0
c
± 

0.58 

123.6
a
± 

0.11 

 115.6
h
± 

0.11 

117.6
f
± 

0.42 

116.8
g
± 

0.16 

119.9
e
± 

0.11 

MCH 
50.8

e
± 

0.16 

52.6
b
± 

0.16 

52.1
c
± 

0.69 

53.3
a
± 

0.21 

 49.9
f
± 

0.11 

51.2
d
± 

0..35 

50.6
e
± 

0.16 

52.0
c
± 

0.11 

MCHC 
40.7

f
± 

0.16 

41.8
c
± 

0.11 

41.3
e
± 

0.21 

42.4
b
± 

0.11 

 41.5
d
± 

0.11 

42.3
b
± 

0.11 

41.9
c
± 

0.11 

42.8
a
± 

0.16 

ESR 
4.12

e
± 

0.01 

4.18
bc

± 

0.01 

4.14
d
± 

0.01 

4.185
b
± 

0.03 

 4.15
cd

± 

0.01 

4.2
b
± 

0.01 

4.17
bcd

± 

0.02 

4.33
a
± 

0.08 
a,b 

Means within a row with different superscripts differ significantly (P ≤ 0.05). 

WCS= Winter close system, WOS= Winter open system, SCS = Summer close system, 

SOS =Summer close open system,, Hb = hemoglobin, RBC = Red blood cell, PCV= 

Packed cell volume, MCV =Mean corpuscular volume, MCH = Mean corpuscular 

hemoglobin,MCHC = Mean corpuscular hemoglobin concentration, ESR = Erythrocyte 

sedimentation rate. 
 

Conclusively, the presentresults showed that Ross 308 and Avian 48 broilers 

raised under open system in summer performed better immunity and haematology 

than other groups under Egyptian subtropical conditions, while Ross 308 and 

Avian 48 broilers raised under open system and semi-closed system in summer and 

winter, respectively, performed better biochemical than other groups. Therefore, it 

is recommended that Ross 308 and Avian 48 broilers should be raised under open 

system with stocking density of 10 birds/m
2
in summer. The study reveals 

significant differences in haematology and biochemical traits and immune 

responses between eight combinations, highlighting the importance of genetic and 

environmental factors in determining their immunological capabilities and 
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suggesting future research to identify specific markers for enhanced immune 

function. 
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