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ABSTRACT  

 

This study was conducted to determine the effect of age on blood biochemical profile of racing pigeons 

(Columba livia domestica) in Egypt. One hundred healthy racing pigeons of five different age groups (week old, 

2 week old, 3 week old, 4 week old as young age and 30 week old as adult age) were used in this experiment. 

Blood values of packed cell volume (PCV), hemoglobin (Hb), differential leukocyte count, total protein, 

albumin, globulin, total lipids, total cholesterol, triglycerides, uric acid, creatinine, enzyme activity, electrolytes, 

glucose, triiodothyronine (T3) and thyroxin (T4) were determined. The obtained results showed that all the 

biochemical variables changed with age. The adult birds had significantly (P ≤ 0.05) greater PCV, Hb, 

Basophils, Monocytes, Lymphocytes, total protein, albumin, globulin, uric acid, electrolytes, T3 and T4 than the 

young birds. Also, older pigeons had lower blood Eosinophils, heterophils, H/L ratio, total lipids, total 

cholesterol, triglycerides, AST, ALT, ALP, CK, creatinine and glucose than those of younger pigeons.               
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Introduction 

 

Both male and female pigeons (Columba livia) possess the ability to produce a complete nutrient substance, 

termed pigeon milk, for the nourishment of their young. Pigeons generally lay two eggs one day apart, which 

hatch 18 days after they are laid Levi (1951). Two days before the first egg hatches, pigeon milk begins to be 

produced in the crop of the parent birds. Pigeons are non-seasonal breeders. They are monogamous and exhibit 

biparental care in that both parents are participating in feeding of the young with their crop gland secretion 

known as (pigeon milk) (Shetty et al., 1991). Growth and reproduction in avian species are controlled by 

interaction of hormones with nutritional, environmental and genetic factors (Farner and Wingfield, 1980; Scanes 

et al., 1984). Normal values of blood chemistry were established in the most common farm animals to assess 

nutritional status and monitor health and disease (Payne et al., 1970). The reference values for a given blood 

components may be influenced by season, physiological status of the animal and other factors (Rowland et al., 

1975). The values of haematological indices in domestic and wild birds could be an important source of 

information with valuable diagnostic meaning. They could provide or support an objective assessment of the 

health status and could support the correct diagnosis in different pathological situations (Lashev et al., 2009). 

Clinical haematological is used extensively in avian medicine (Coles, 1986a). Serum biochemical profiling has 

been used in several species of domestic livestock to monitor herd health and to detect subclinical disease. 

Application of this technique to commercially raised poultry flocks has been limited by a lack of suitable 

reference ranges for most of the parameters being tested, although much work has been done on specific 

individual parameters. In addition, much of the information that is available is based on small sample numbers, 

limited parameters and often outdated analytical techniques. Nonspecific avian values are not adequate because 

hematological and biochemical status are reflection of many factors such as age, sex, breed, diet, management 

and stress level (Ross et al., 1978; Smith and Hattingh, 1979). Blood biochemistry is used to monitor 

progression of disease, before final evaluation including pathology of arteries and organs (Aguilera et al., 2002). 

The hematological and serum biochemical parameters provide valuable information on the immune status of 

animals (Kral and Suchy, 2000). Such information, apart from being useful for diagnostic and management 

purposes, could equally be incorporated into breeding programmers for the genetic improvement of pigeons. It 

is desirable to know the normal physiological values under local conditions for proper management, feeding, 

breeding, prevention and treatment of disease. Blood profiles can be used as a diagnostic tool to assess the 

health status of an individual and / or a flock (Tras et al., 2000). Haematological changes are routinely used to 

determine various influences of environmental, nutritional and / or pathological factors (Garacyk et al., 2003). 

Avian blood differs in cell characteristics from their mammalian counterparts (Smith et al., 2000). Several 

factors including physiological (Alodan and Mashaly, 1999), environmental conditions (Vecerek et al., 2002; 

Garacyk et al., 2003), dietary content (Kurtoglu et al., 2005), fasting (Lamosova et al., 2004), age (Seiser et al., 

2000), administration of drugs (Khan et al., 1994), anti-aflatoxin treatment (Oguz et al., 2002), and continuous 

supplementation of vitamins (Tras et al., 2000), affect the blood profile of healthy birds. Also, Swenson (1970) 
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observed that factors such as age, nutrition, health of animal, degree of physical activity, sex and environmental 

ronmental factors affect blood values of animals. To combat disease of clinical and subclinical forms of poultry, 

accurate and differential diagnosis of the disease at early stages of infection is necessary (Mushi et al., 1999). 

The fat profile often determined in both of humans and animals, includes the concentration of triglycerides, 

total cholesterol, and the HDL and LDL lipoprotein fractions in blood serum (Kasprzak and Hetmanski, 2004). 

Triglycerides are the main caloric reserve in the organism. Cholesterol is an important constituent of cell 

membranes modulating their fluidity; it also is a precursor of steroid hormones (Hames and Hooper, 2002). The 

excess of cholesterol as well as of triglycerides increase the danger of atherosclerosis (Hammad et al., 1998). 

HDL is a high-density lipoprotein fraction transporting cholesterol from the tissues to the liver, which is the 

only organ capable of removing considerable amounts of cholesterol from the body. Therefore, low level of the 

HDL fraction can be one of the reasons for coronary disease, in both mammals and birds (Chandler et al., 1979). 

In contrast to HDL, LDL- the low-density lipoprotein fraction – transports cholesterol into the cells, and 

therefore its high level can favour atherosclerosis. Blood examination is performed for several reasons as a 

screening procedure to assess general health (Jain, 1993). Glucose, cholesterol, calcium, total protein, alkaline 

phosphatase, uric acid, sodium, potassium and chloride levels are diagnostic values for diabetes mellitus, liver 

disease, hypoparathyroidism, chronic hepatopathy and liver disease, gout, kidney disease, chronic diarrhea and 

dehydration, respectively. On the other hand, haematological values are important to clinicopathological 

diagnosis such as traumatic injury, parasitism, organic disease, bacterial septicemia and nutritional deficiencies. 

Moreover, managing abnormalities in birds requires an understanding of how diseases change the biochemical 

function and electrolyte of the bodies. Because the clinical signs of illness in birds are frequently subtle, clinical 

chemistry is necessary to evaluate cellular changes (Ritchie et al., 1994). 

Since plasma enzymes are characterized by a very wide range of activity, the interpretation of variations of 

these enzymes is difficult. Nevertheless, these enzymes may be adversely affected by factors such as muscular 

injury, rupture of organs, nutritional status, physical activity, hemolysis, treatment, and conservation of plasma 

samples and their levels in blood can increase. Also, these enzymes can be an important diagnostic tool in 

veterinary medicine (Harr, 2002; Perelman 1999). AST activity currently is considered a very sensitive but 

nonspecific indicator of hepatocellular disease in avian species, and is frequently used with the muscle-specific 

enzyme creatine kinase to differentiate between liver and muscle damage. ALT activity differs in several tissues 

according to species. This enzyme is found in hepatocyte cytosol as well as in muscle and other tissues of birds. 

For this reason, ALT has poor diagnostic value in organopathies (Perelman 1999; Harr, 2002). 

Serum electrolytes play important role in physiological processes involved are attributed to age, breed or 

species, sex, management and location as reported by Olayemi et al., (2002a). Chloride is the main counter ion 

to sodium and the main role of both ions are to keep the osmotic value of blood fluid and cell stable (Prinzinger 

and Misovic, 2010). Plasma sodium level is maintained within narrow limits, despite wide fluctuation in dietary 

intake (Ritchie et al., (1994). Sodium is present mainly in the extracellular fluid and is primarily responsible for 

determining the volume of the extracellular fluids and its osmotic pressure. Intracellular sodium levels are kept 

low by a relatively impermeable cell membrane and a sodium pump, which removes sodium from the cell. The 

normal ranges of serum sodium in mature birds were ranged from 130 to 150 mmol/l (Sturkie, 1965). 

Serum biochemical parameters may provide valuable information for evaluation of health status of birds 

and reflect many metabolic alterations of organs and tissues (Rivetz, 1977). The haematological profile of an 

individual, to a large extent, reflects its general health. They could provide or support an objectives assessment 

of the health status and could reflect the correct diagnosis in different pathological states. So far, there is no 

available information on the effects of age on the physiological parameters of racing pigeons in Egypt. 

Therefore, the present study was undertaken to establish reference values for some blood chemical parameters in 

racing pigeons (Columba livia domestica) under Egyptian conditions. 

 

Materials and Methods  

 

Location, Experimental Birds and Management of the flock:  

 

This study was conducted at Poultry Experimental Station belonging to Animal Production Department, 

Faculty of Agriculture, Al-Azhar University, Cairo, Egypt. Most of experimental analyses of the study were 

done in the laboratories of Animal Health Research Institute, Agriculture Research Center, Ministry of 

Agriculture, El-Dokki, Giza, Egypt. A total number of 100 racing pigeons were used in the present study and 

were tested at age of 1week, 2weeks, 3weeks 4weeks as young period and 30weeks (as adult age) of age. Racing 

pigeons (Columba livia domestica), were maintained in an outdoor aviary and had free access to feed and water 

consumption (ad libitum). Experimental diet was formulated as pellets form to meet the requirements of the 

racing pigeon containing 16% crude protein and 2750 Kcal ME/Kg feed, according to (Mariey, 2013). The 

composition of experimental diet is shown in Table 1. All birds were reared under similar managerial and 

hygienic conditions. Temperature degree and humidity percentage were recorded daily throughout experiment 
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period (dry temperature 29.09 ± 0.27 
°
C, wet temperature 26.80 ± 0.29 

°
C and relative humidity of 84.10 ± 1.06 

%). A photoperiod of 14 L: 10 D was performed during experimental period. 

 
Table 1: Composition of experimental diet of racing pigeon. 

Ingredients Quantity (Kg) 

Ground yellow corn 8.5%  62.80 

Soybean meal 44% 17.00 

Corn gluten meal 60% 3.00 

Wheat bran 15.7% 12.91 

Dicalcium phosphate 1.50 

Limestone 2.09 

Vitamins and minerals premix1 0.30 

Sodium chloride (NaCl) 0.30 

DL-methionine 0.02 

L-lysine-HCl 0.08 

Total (Kg) 100 

Calculated analysis 2  

Crude protein% 16.00 

ME. cal/Kg feed 2765.77 

C/P ratio 172.86 

Calcium% 1.20 

Available Ph.% 0.40 

Lysine% 0.80 

Methionine% 0.30 

Methionine + Cystin% 0.60 
1Each 3Kg of vitamin and minerals mixture contain: Vit. A 10.000.000 IU, Vit. D3 2.000.000 IU, Vit. E 10.000 mg, Vit. K3 1.000 mg Vit. B1 
1.000 mg, Vit. B2 5.000 mg, Vit. B6 1.500 mg, Vit B12 10 mg, Niacin 20.000 mg, Pantothenic acid 10.000 mg, Folic acid 1.000 mg, Biotin 50 

mg, Choline chloride 500.000 mg, Copper 4.000 mg, Iodine 300 mg, Iron 30.000 mg, Manganese 60.000 mg, Zinc 50.000 mg, Cobalt 100 

mg and Selenium 100 mg. 
2 According to NRC (1994). 

  

Blood sampling:  

 

Blood samples were withdrawn from 100 clinically normal pigeons at 1 wk, 2wk, 3 wk, 4 wk and 30 wk of 

age 20 birds (10 males and 10 females) per age group were taken to sample blood. Birds were fasted overnight 

before bleeding via jugular vein in heparinzed tubes. Blood samples were centrifuged at 3000 rpm for 15 

minutes to obtain plasma. Plasma samples were then collected and kept frozen at (-20
°
C) until analyzed. 

 

Plasma Biochemical Parameters:  

 

Packed Cell Volume (PCV) was determined by centrifuging the capillary tubes and Hemoglobin (Hb) was 

determined by Cyanomethemoglobin method (Beutler, 1984). Differential white blood cells were determined 

according to the procedure outlined by Schalm et al., (1975). Plasma total protein was determined according to 

Weichselbaum (1946). Albumin was measured according to Doumas, (1971). The globulin values were obtained 

by subtracting the values of albumin from the corresponding values of total proteins. Albumin/ globulin (A/G 

ratio) values were obtained by dividing the values of albumin on the values of globulins. Plasma glucose was 

determined enzymaticly by commercial kit purchased from Bio-Merieux (Motcyl Etios Charbon Mierels Rains/ 

France). Total lipids, triglycerides and total cholesterol, were colorimetrically determined in plasma according 

to Zollner and Kirsch (1962). High density lipoprotein (HDL) was determined according to Siedel (1983). The 

plasma very low density lipoprotein cholesterol was estimated by employing the Friedewald formula (Plasma 

triglycerides/5) as stated by Friedewald et al., (1972). The plasma low density lipoprotein cholesterol was 

estimated using the Friedewald equation (Low density lipoprotein cholesterol = Total cholesterol – High density 

lipoprotein cholesterol – triglycerides/5) as stated by Friedewald et al., (1972). Plasma Alanine and aspartate 

amino transaminase (ALT and AST) activities were determined colorimeterically according to the method of 

Retiman and Francle (1957). Plasma alkaline phosphatase (ALP) was determined according to the modified 

methods of Kind and King (1954). Creatine kinase (CK) was determined photometrically at 340 wavelength 

absorbance with commercially available test kits (Sigma). Plasma uric acid was measured according to Arliss 

and Entvistle, (1981). Plasma creatinine was determined according to Husdan and Rapoport (1968).  

Plasma calcium was determined according to Gindler and King, (1972) and plasma phosphorus was 

determined according to Goldenberg and Fernandez, (1966). Plasma potassium and sodium were determined 

using flame photometer according to Oser, (1979). Chloride concentration of the plasma was determined by the 

method of Schales and Schales (1941). Plasma Triiodothyronine (T3) and Thyroxine (T4) concentrations were 

analyzed by Radioimmunoassay (RIA) method using RIA kits (Amersham International Ltd., Amersham, 

United Kingdom).  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=5926907
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Environmental Data:  

 

Dry and wet bulb ambient temperatures were recorded to the nearest 0.01°C inside the pigeon house using 

Psychrometer. Temperatures were recorded daily at 10 am. Relative humidity was obtained from Psychrometer 

chart according to (Esmay, 1978). Averages of dry and wet bulb temperatures and relative humidity were 29.09 

± 0.27 
°
C, 26.80 ± 0.29 

°
C and 84.10 ± 1.06 %, respectively. 

 

Statistical analysis:  

 

Data were subjected to analysis of variance using the General Linear Models procedure of SPSS software 

program package (SPSS, 2001, version 11.0). All percentages were first transformed to arcsine being analyzed 

to approximate normal distribution before ANOVA. Also, significant differences among means were 

determined by Duncan’s multiple range test (Duncan, 1955) at 5% level of significant. Data were analyzed by 

one way method using the following model. Yij = u + Ni + eij    Where Yij = the observed value, u = population 

means, Ni = the effect of treatment, eij = the standard error. 

 

Results and Discussion 

 

Effect of age on body weight and haematological measurements:  

 

The effects of age on body weight and haematological measurements of pigeons during the experimental 

period are shown in Table (2). Results of body weight at different ages showed that the changes in the body 

weight among the experimental period were significantly (P ≤ 0.05) increased as the age of racing pigeons 

advanced. The averages of body weight at 1, 2, 3, 4, 30 weeks of age of racing pigeons were recorded as 79.10, 

173.90, 233.55, 283.85 and 379.25g, respectively. The increment that occurred in the body weights at different 

age were logical and normal.  

The obtained results of PCV, Hb, basophils and lymphocytes show significant (P ≤ 0.05) decreased in 

young racing pigeons compared to adult pigeons. However, the values of above parameters increased as the age 

of racing pigeons advanced. Blood Eosinophils, Heterophils and H/L ratio values were significantly (P ≤ 0.05) 

higher in younger racing pigeons compared to adult pigeons.   

It was observed from the present findings that the packed cell volume (PCV) and hemoglobin values 

increased with the advancement of age, being lowest in the young pigeons and highest in the adults. The age-

related findings were substantiated by reports of Schmidt et al., (2007) for pheasants, Palomeque et al., (1991) 

for ostriches and Islam et al., (2004) for chickens. These results may be referred to the differences in avian 

species, the management procedure, and the physical and environmental conditions. The age related increase in 

these values might be due to the greater oxygen demand for activity. Moreover, Palomeque et al., (1991) 

reported that increased hemoglobin content per unit of blood volume may have been a reflection of the 

decreased volume of blood per unit body weight. Significantly lower values of PCV and Hb in young compared 

to adult birds may be due to iron deficiency in young birds causing anaemia. Otherwise, Higher PCV and Hb 

values in the adult pigeons are consistent with their greater flight ability (Gayathri and Hegde, 1994).  

The low percentage of lymphocytes in young pigeons can be related to their lower immune status (Pavlak et 

al., 2005). Also, the differences in the lymphocytes values may be attributed to the difference between species, 

intensity of season, diet and other environmental factors. Additionally, changes in the environment temperature 

and photoperiod are the most important factors affecting the hemoglobin and haematocrit values (Rewkiewiccz-

Dziarska, 1975). 

 
Table 2: Effect of age on live body weight and haematological parameters in racing pigeons. 

Variables 

Age 

Young  Adult  

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

Live body weight (g) 79.10e1±1.27 173.90d±1.86 233.55c±1.77 283.85b±6.85 379.25a±5.84 

PCV (%) 22.33e±0.23 28.11d±0.24 33.65c±0.29 36.73b±0.29 48.48a±0.82 

Hb (g/dl) 9.98d±0.08 10.24d±0.04 11.70c±0.11 12.16b±0.04 14.94a±0.18 

Eosinophils (%) 6.88b±0.09 7.20b±0.09 7.80a±0.22 6.98b±0.14 2.80c±0.04 

Basophils (%) 1.26c±0.19 1.80b±0.05 1.60bc±0.11 1.56bc±0.15 2.24a±0.06 

Monocytes (%) 3.90b±0.11 4.14b±0.09 4.06b±0.12 4.06b±0.09 2.10a±0.13 

Heterophils (%) 50.60a±0.51 48.40b±0.41 49.40ab±0.51 49.60ab±0.52 38.40c±0.41 

Lymphocytes (%) 37.20b±0.37 38.00b±0.32 37.00b±0.55 37.60b±0.51 53.60a±0.41 

H:L ratio 1.36a±0.03 1.27b±0.02 1.34ab±0.03 1.32ab±0.03 0.72c±0.01 
1Least squares means ± pooled standard error.  
a,b,c,d Means having different letter exponents among columns are significantly different (P≤0.05).  
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Results of table (2) are agree with the results obtained by Pavlak (2005) who found that significant lower 

values in young feral pigeons compared with adult individuals were observed for PCV and Hb. Also, Talebi et 

al., (2005) stated that the erythrocytic parameters differed significantly (P ≤ 0.05) between groups of age. With 

advancement of age, the haematological values such as PCV and Hb contents were significantly (P ≤ 0.05) 

increased. Levi, et al., (1989) reported that an age-related trend was apparent for PCV and Hb, with the lowest 

levels found in the youngest ostrich birds. 

These results are in agreement with those obtained by Talebi et al., (2005) who mentioned that the 

leukocytic components differed significantly (P ≤ 0.01) with groups of age. With advancing of age, absolute 

count of monocytes and basophiles were significantly (P ≤ 0.01) increased but absolute counts of heterophils 

and H / L ratio were significantly (P ≤ 0.01) decreased. Also, Kececl and Col (2011) reported that the adult 

pheasant had a greater lymphocyte percentage. Also, Pavlak (2005) informed that differential WBC in young 

pigeons showed a significantly (P ≤ 0.05) higher percentage of heterophils. But, these results are in 

disagreement with those obtained by Kececl and Col (2011) noticed that chicks had a higher monocytes 

percentage than the adults and young pheasants. Also, Pavlak (2005) found that differential WBC in young 

pigeons showed a smaller percentage of lymphocytes (P ≤ 0.01) than that found in the adult pigeons.  

 

Effect of age on plasma total protein, albumin and globulin: 

 

The total protein, albumin, globulin and A/G ratio values of the racing pigeons are given in Table (3). The 

results of above parameters were significantly (P ≤ 0.05) lower in young racing pigeons compared with adult 

racing pigeons. In other words, the total protein, albumin, globulin and A/G ratio values were significantly (P ≤ 

0.05) increased as the age of racing pigeons advanced. These findings may refer to the necessity of protein for 

growth and to make crop milk in adult pigeons. These results may be attributed to their greater demand for 

proteins and amino acid during growth for the young racing pigeons (Harr, 2002; Palomeque et al., 1991).  

In the present study it is believed that increasing plasma total protein may reflect that the rate of anabolism 

was higher than the rate of catabolism in pigeon bodies. In the process of protein anabolism and proteolysis, the 

serum protein level usually reflects the protein of metabolism and immunity function situation in vivo. Serum 

total protein contains albumin and globulin, both of which were shown to reflect the hepatic protein metabolic 

status in response to dietary treatments in broiler chicken (Li et al., 2007). The increased serum concentration of 

albumin and globulin may be indicative of enhanced immune system as the serum concentration of serum 

albumin proteins antioxidant status are regarded as the direct reference to the body immune function (Zhang et 

al., 2013). Ibrahim, et al., (2012) advertised that the adult turkeys had significantly greater albumin level than 

the poults while the globulin level was similar in the all of group ages. Also, Meluzzi et al., (1992) recorded that 

the total protein value was higher in older broiler chickens and the albumin value was similar in the all ages of 

groups. Olayemi et al., (2002b) announced that there were no significant differences between the young and 

adult pigeons in the total protein, albumin, globulin, albumin / globulin ratio, and creatine values of Nigerian 

ducks. 

 
Table 3: Effect of age on plasma concentrations of total protein, albumin, globulin, albumin/globulin ratio in racing pigeons. 

Variables 

Age 

Young  Adult  

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

Total protein (g/dl) 3.06d1±0.01 3.12d±0.02 3.24c±0.04 3.67b±0.03 3.81a±0.03 

Albumin (g/dl) 1.13e±0.02 1.22d±0.02 1.30c±0.03 1.51b±0.03 1.69a±0.03 

Globulin (g/dl) 1.93b±0.02 1.90b±0.03 1.94b±0.03 2.12a±0.03 2.16a±0.04 

Albumin/Globulin ratio 0.59c±0.01 0.64bc±0.02 0.67b±0.02 0.71b±0.03 0.79a±0.03 
1Least squares means ± pooled standard error.  
a,b,c,d,e Means having different letter exponents among columns are significantly different (P≤0.05).  

 

Effect of age on plasma lipids profile:  

 

Effect of age on plasma total lipids, total cholesterol, triglycerides, HDL, LDL and VLDL values of young 

and adult racing pigeons are presented in Table (4). Young racing pigeons had significantly (P ≤ 0.05) higher 

plasma total lipids, total cholesterol, triglycerides, LDL and VLDL values than the adult pigeons. Whereas, the 

adult pigeons had significantly (P ≤ 0.05) higher HDL than the young racing pigeons. In this investigation, the 

increment in plasma total cholesterol, total lipids and triglycerides concentrations in young racing pigeons 

compared to the adults may be returned to the energy reserves required for growth and maturation. Similar 

findings were observed by Palomeque et al., (1991) showed that high levels of cholesterol in juveniles when 

compared with adult. The aforementioned results disagree with those obtained by Meluzzi et al., (1992) who 

found that the triglycerides value was higher in older broiler chickens while the total cholesterol value was 

similar in the all ages of groups. Also, Cerolini et al., (1990) observed that plasma lipids showed the lowest 
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value at 18 wk of age, then increased sharply at 30 wk of age, and contained to increase until 67 wk of age in 

laying hens. Also, in Flamingos a higher level of triglyceride was found in the adults (Puerta et al., 1992). 

 
Table 4: Effect of age on plasma concentrations of total lipids, total cholesterol, triglycerides, HDL, LDL and VLDL in racing pigeons. 

Variables 

Age 

Young Adult 

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

Total lipids (mg/dl) 434.60bc1±8.85 444.00b±6.72 508.30a±9.44 502.60a±10.34 418.20c±2.10 

Total cholesterol (mg/dl) 156.10b±3.20 152.50b±4.58 171.60a±4.62 173.40a±4.19 146.90b±1.12 

Triglycerides (mg/dl) 111.80b±0.84 109.60b±0.58 139.40a±2.46 141.50a±2.50 104.40c±0.75 

HDL (mg/dl) 46.50c±1.43 46.70c±1.35 58.40b±0.87 58.50b±0.78 65.10a±1.42 

LDL (mg/dl) 87.24a±4.26 84.08a±4.81 85.32a±4.02 86.60a±4.44 60.92b±1.29 

VLDL (mg/dl) 22.36b±0.17 21.92b±0.12 27.88a±0.49 28.30a±0.50 20.88c±0.15 
1Least squares means ± pooled standard error.  
a,b,c,d Means having different letter exponents among columns are significantly different (P≤0.05).  
 

Effect of age on liver and kidney functions: 

 

The effect of age on plasma AST, ALT, ALP, CK, uric acid and creatinine of racing pigeons are illustrated 

in Table (5). Results show that the adult birds had significantly (P ≤ 0.05) lower AST, ALT, ALP and CK than 

the young racing pigeons. Those results indicate that AST, ALT, ALP and CK were significantly (P ≤ 0.05) 

declined with advanced in the age. On contrast, uric acid was significantly (P ≤ 0.05) decreased as the age 

advanced. Also, creatinine was significantly (P ≤ 0.05) increased through the first 4 weeks of age (young 

pigeon) and then significantly (P ≤ 0.05) decreased in older age. Olayemi et al., (2002b) declared that the young 

Nigerian ducks had significantly (P ≤ 0.01) higher AST and ALT than the adult. Furthermore, Meluzzi et al., 

(1992) detected that the AST value was higher in the older broiler chickens than the younger. Meluzzi et al., 

(1992) stated that the level of ALP declined as the age increased of broiler chickens, probably due to the 

decrease in osteoblastic activity of chickens with age. Additionally, Kudair and Al-Hussary (2010) revealed that 

serum ALP activity in broiler chickens was extremely high in first week then decreased gradually as age 

advanced. These changes correspond with the growth and may be attributed to differences in bone formation or 

to physical role in general metabolic activity (Riziv et al., 2008). Auchinaachie and Emestie (1934) proclaimed 

that ALP activity decreased with the advancing age in fowl whilst Rao et al., (1969) observed higher ALP 

activity in younger chicken than the adult. The increment in serum ALP may attribute to rapid growth and bone 

activity (Coles, 1986b). In the same time, Olayemi et al., (2002b) demonstrated that the plasma ALP was similar 

in the young and adult Nigerian ducks. On the other hand, Kudair and Al-Hussary (2010) cleared that serum 

ALT activity was not affected by age in broiler chickens. Regarding uric acid, Sturkie (1965) established that 

serum uric acid of the laying hens (0.76 mg/dl) was lower than in non-reproductive females (1.80 mg/dl). 

Similar results were observed in the laying hens by Ibrahim, et al., (2012) who indicated that the alkaline 

phosphates (ALP) level was significantly higher in the poults than the adults of laying hens. But the results of 

AST, ALT and creatinine are in disagreement with those obtained by Ibrahim, et al., (2012) who pronounced 

that the adult turkeys had significantly (P ≤ 0.05) higher levels of AST, ALT and creatinine than the poults.  

In the present study, plasma uric acid levels of the racing pigeons at 3, 4 and 30 weeks of age were 

significantly (P ≤ 0.05) higher than those of the racing pigeons at 1 and 2 weeks old (P ≤ 0.05). These higher 

values were possibly due to high protein content in the feed. In this concern starvation decreased the levels of 

uric acid in plasma and increases the ammonia levels, In addition serum uric acid level change with water 

consumption and impaired renal function (Kececl and Col, 2011). Creatinine level is normally low in birds 

(Harr, 2002). Creatinine is an important indictor of protein metabolism and renal integrity. Derived from the 

breakdown of phosphocreatinine in muscle, creatinine increases with high levels of activity, such as flying and 

is influenced by diet. Uric acid is the main products of the nitrogen metabolism of birds. Uric acid is the major 

nitrogenous waste product of birds (Harr, 2002; Perelman 1999). Since avian species are uricotelic, it was 

reported that urea nitrogen is not a useful test of renal function in birds Palomeque et al., (1991).  

 
Table 5: Effect of age on plasma concentrations of AST, ALT, ALP, CK, uric acid and creatinine in racing pigeons. 

Variables 

Age 

Young  Adult  

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

AST (IU/L) 80.10a1±1.44 79.60a±1.70 68.30b±1.00 69.10b±1.10 48.70c±1.65 

ALT (IU/L) 26.20a±0.66 26.20a±0.70 23.60b±0.45 23.30b±0.67 18.30c±0.47 

ALP (IU/L) 83.60a±0.69 67.00b±0.95 69.00b±1.09 67.90b±1.75 66.80b±1.38 

CK (IU/L) 286.70a±1.15 287.80a±1.24 276.40b±0.64 274.50b±1.42 264.60c±1.69 

Uric acid (mg/dl) 7.57b±0.14 7.81b±0.20 9.61a±0.18 9.66a±0.20 9.78a±0.09 

Creatinine(mg/dl) 0.24b±0.01 0.25b±0.01 0.35a±0.01 0.34a±0.01 0.30c±0.01 
1Least squares means ± pooled standard error.  
a,b,c,d Means having different letter exponents among columns are significantly different (P≤0.05).  
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Effect of age on plasma minerals profile: 

 

The effect of age on plasma minerals in racing pigeon are shown in Table (6). The concentrations of plasma 

calcium, phosphorus, sodium, potassium and chloride of adult racing pigeons were significantly (P ≤ 0.05) 

higher than those of young racing pigeons. However, plasma calcium and phosphorus levels were significantly 

(P ≤ 0.05) increased gradually in the young period of racing pigeon. In contrast to the levels of plasma sodium 

and potassium were significantly (P ≤ 0.05) decrease in the young racing pigeon. While, plasma chloride had 

constant level during the young period then increased significantly (P ≤ 0.05) in adult age. Cerolini et al., (1990) 

observed that plasma calcium level in laying hens increased significantly from 18 to 30 wk of age. The increase 

in plasma calcium level may correspond to the beginning of the shell formation process as far as egg production 

was concerned. Ovulating hens have significantly higher calcium levels than non-reproductive females (Ritchie 

et al., 1994). These findings are in agreement with Kunjarathitiyapung et al., (1987) who compared the levels of 

serum calcium between the laying hens (18.10 mg/dl) and the broilers (6.25 mg/dl). Meluzzi et al., (1992) 

expressed that the Phosphorus value was higher in the older broiler chickens. Ibrahim, et al., (2012) found that 

the adult turkeys had significantly (P ≤ 0.05) greater potassium, sodium and chloride than the poults. 

These results are similar and agree to those found in laying hens published by Cerolini et al., (1990) but are 

in disagreement with those obtained by Olayemi et al., (2002b) mentioned that the plasma Na, K, Cl, Ca and 

inorganic phosphate were similar in the young and adult Nigerian ducks. 

 
Table 6: Effect of age on plasma concentrations of calcium, phosphorus, sodium, potassium and chloride in racing pigeons. 

Variables 

Age 

Young Adult 

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

Calcium (mg/dl) 8.99c1±0.14 8.86c±0.45 9.63b±0.06 9.70b±0.05 10.15a±0.07 

Phosphorus (mg/dl) 4.51c±0.07 4.46c±0.08 4.83b±0.03 4.86b±0.03 5.12a±0.04 

Sodium (mmol/L) 136.50b±0.58 136.00b±0.75 135.30b±0.73 135.70b±0.58 143.10a±0.64 

Potassium (mmol/L) 5.14b±0.16 4.76b±0.12 4.87b±0.12 4.83b±0.15 6.17a±0.10 

Chloride (mmol/L) 103.30b±0.50 104.02b±0.59 104.30b±0.60 104.10b±0.57 108.50a±0.34 
1Least squares means ± pooled standard error.  
a,b,c,d Means having different letter exponents among columns are significantly different (P≤0.05).  

  

Effect of age on plasma glucose, triiodothyronine (T3) and thyroxin (T4): 

 

The results of plasma glucose, T3 and T4 concentrations are offered in Table (7). Young racing pigeons had 

significantly (P ≤ 0.05) higher plasma glucose values than adult birds. Also, results of table (7) reveal that 

plasma glucose was declined gradually or linear from a week old till 30 weeks of age which mean that the adult 

pigeons had significantly (P ≤ 0.05) lower plasma glucose than the young. The obtained results may reflect that 

the young pigeons (squabs) are still depend on their parents in the feeding and their activities are lower 

compared to the adult pigeons that are self feeding, have more activities and look after their offspring and this 

may be the reason that young pigeons had higher glucose than the adult. 

It is well known that birds preserve higher plasma glucose concentration than other vertebrates of similar 

body mass. Glucose is the fuel of energy metabolism (Prinzinger and Misovic, 2010). These results are in 

agreement with findings of Ritchie et al., (1994) showed that serum glucose of juvenile was lower than that of 

mature chickens. Whereas, Cerolini et al., (1990) discovered that plasma glucose reached the maximum level at 

30 wk of age corresponding to the egg production peak then it decreased with the age. 

Regarding to Plasma T3 and T4, The results of table (7) revealed that both of plasma T3 and T4 

concentrations were significantly (P ≤ 0.05) increased as the age of racing pigeons advanced. These results 

displayed that the younger pigeons had lower T3 and T4 compared to the older pigeons. Also, these results 

explained that when the metabolism rate increased the secretion of T3 and T4 hormones increased to meet the 

requirements of pigeons in T3 and T4 to metabolize their feed which is need for growth and development. 

Williams and Njoya (1998) find out that plasma T3 and T4 concentrations were high at 14 wk then were decline 

at 36 weeks of age in Lohman Brown chickens. 

The thyroid gland is an endocrine organ found in all vertebrates. The thyroid hormones are primarily 

involved in energy production by increasing the metabolic rate and influencing the growth and development of 

organisms. This increase in energy production is to the greatest extent manifested as heat production (Stojevic et 

al., 2000). Investigations by Bobek et al., (1976) and Klandorf et al., (1981) suggested that T3 is the main 

thyroid hormone regulating oxygen consumption, particularly in young chickens also, T3 in chickens is a 

metabolically more active substance than the T4. The major hormone product of thyroid gland is the thyroxine 

(T4) which is considered to be a prohormone of the more biologically active 3 5 3'-triiodothyronine (T3) (He et 

al., 2000). Both of T3 and T4 are playing important roles in regulating metabolism and thermogenesis in 

chickens (Tao et al., 2006). The selective peripheral conversion of T4 to T3 or reverse T3 (r-T3) is believed to 

play an important role in thermoregulation of domestic fowl (Rudas and Pethes, 1984). 
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Up on the obtained results from this study, it can be concluded that these results may be useful as a 

complementary diagnostic tool in clinical evaluations of racing pigeons, and could contribute to physiological 

knowledge on some baseline values of haematological and biochemical parameters in young and adult racing 

pigeons. 

 
Table 7: Effect of age on plasma concentrations of glucose, triiodothyronine and thyroxine in racing pigeons. 

Variables 

Age 

Young  Adult  

1-week-old 2-week-old 3-week-old 4-week-old (30-week-old) 

Glucose (mg/dl) 208.40a1±1.19 207.00a±1.25 196.60b±0.67 194.40b±0.70 185.80c±1.21 

Triiodothyronine (ng/ml)  1.51d±0.06 1.63d±0.04 1.87c±0.03 2.13b±0.03 2.46a±0.08 

Thyroxine (ng/ml) 5.02e±0.41 6.58d±0.39 7.87c±0.36 9.24b±0.13 11.20a±0.28 
1Least squares means ± pooled standard error.  
a,b,c,d Means having different letter exponents among columns are significantly different (P≤0.05).  
 

References 

 

Aguilera, C.M., M.C. Ramirez-Tortosa, M.D. Mesa, C.L. Ramirez-Tortosa and A. Gil, 2002. Sunflower, virgin-

olive and fish oils differentially affect the progression of aortic lesions in rabbits with experimental 

atherosclerosis. Atherosclerosis, 162: 335-344. 

Alodan, A.M. and M.M. Mashaly, 1999. Effect of induced molting in laying hens on production and immune 

parameters. Poult. Sci., 78: 171-177.  

Arliss, J.O. and W.M. Entvistle, 1981. Enzymatic determination of uric acid. Clin. Chem. Acta., 118:301-309. 

Auchinaachie, D. M. and A. G. R. Emestie, 1934. The significant of phosphatase in the adult fowl. Biochem. J., 

28: 1933. 

Beutler, E., 1984. Red cell metabolism: A Manual of Biochemical Methods, 3
rd

 ed. Grune & Stratton, INC. 

USA. 

Bobek, S., M. Jastrzebski and M. Pietras, 1976. Age-related changes in oxygen consumption and plasma thyroid 

hormone concentration in young chicken. Gen. Comp. Endocrinol., 31: 169-174. 

Cerolini, S., A. Baldi and L. G. Cavalchini, 1990. Blood and plasma biochemical variables in laying hens of 

different strains and ages. Arch. Gef., 54: 190-194.  

Chandler, R.F., S.N. Hooper and H.A. Ismail, 1979. Antihypercholesterolemic studies with steols: Comparison 

of rats and chicks as animal model. Can. J. Pharm. Sci., 14: 15-20.  

Coles, E.H., 1986a. Avian hematology and blood chemistry. In: Veterinary Clinical pathology Philadelphia: 

W.B. Saunders Company. 

Coles, E.H., 1986b. Veterinary clinical pathology 4
th

 ed. W. B. Sounders Co. Hongkong., Pp: 279-297. 

Doumas, B.T., 1971. Colorimetric determination of serum albumin. Clin. Chem. Acta., 31: 400-403. 

Duncan, D. B., 1955. Multiple range and multiple F test. Biometrics, 11:1-42. 

Esmay, M.L., 1978. Principles of animal environment. AVI. Publishing company. INC. Connecticut., 58, 175. 

Farner, D.S. and J.C. Wingfield, 1980. Reproductive endocrinology of birds. Annu. Rev. Physiol., 42, 455-470. 

Friedewald, W. T., R.I. Levy and D.S. Fredrickson, 1972. Estimation of the concentration of low-density 

lipoprotein cholesterol in plasma without use of the preparative ultracentrifuge. Clin. Chem., 18: 499-502. 

Garacyk, S., A. Pliszczackrol, B. Kotonski, J. Wilczek and Z. Chmrelak, 2003. Examination of haematological 

and metabolic changes mechanism of acute stress in turkey. Electronic J. Polish Agric. Un. Vet. Med., 6: 1-

10. 

Gayathri, K.L. and S.N. Hegde, 1994. Sexual differences in blood values of the pigeon, Columba livia. Comp. 

Biochem Physiol., 109B: 219-224. 

Gindler, E. M. and J. D. King, 1972. Rapid colorimetric determination of calcium with methyl thymol blue. Clin 

Chem., 58: 379-382. 

Goldenberg, H. and A. Fernandez, 1966. Simplified method for the estimation of inorganic phosphorus in body 

fluids. Clin. Chem., 12: 871-882. 

Hames B.D. and N.M., Hooper, 2002. Biochemia PWN Warszawa. 

Hammad, S.M., H.S. Siegel, and H.L. Marks, 1998. Total cholesterol, total triglycerides, and cholesterol 

distribution among lipoproteins as predictor of atherosclerosis in selected lines of Japanese quail. Comp. 

Biochem. Physiol., 119A: 485-492. 

Harr, K. E., 2002. Clinical chemistry of companion avian species: A Review. Vet. Clin. Pathol., 31: 140-151. 

He, J., A. Ohtsuka and K. Hayashi, 2000. Selenium influence growth via thyroid hormone status in broiler 

chickens. Br. J. Nutr., 84: 727-732. 

Husdan, H. and A. Rapoport, 1968. Estimation of creatinine by the Jaffe reaction. Acomparison of three 

methods. Clin. Chem., 14: 222-238. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Fernandez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=5926907
http://www.clinchem.org/search?author1=Harry+Husdan&sortspec=date&submit=Submit
http://www.clinchem.org/search?author1=Abraham+Rapoport&sortspec=date&submit=Submit


536 
   Middle East  j. Appl. Sci., 4(3): 528-538, 2014 

Ibrahim, A.A., J. Aliyu, M.I. Abdu and A.M. Hassan, 2012. Effects of age and sex on serum biochemistry 

values of turkeys (Melagris gallopvo) reared in the semi-arid environment of Nigeria. Worl. Appl. Sci. j., 

16: 433-436.  

Islam, M.S., N.S. Lucky, M.R. Islam, A. Ahad, B.R. Das, M.M. Rahman, and M.S.I. Siddiui, 2004. 

Haematological parameters of fayoumi, assail and local chickens reared in Sylhet region in Bangladesh. Int. 

J. Poult. Sci., 3: 144-147.  

Jain, N.C., 1993. Essential of Vetrinary Heamatology, Lea & Febiger, Philadelphia. 

Kasprzak, M. and T. Hetmanski, 2004. Plasma fat parameters in the feral pigeon (Columba livia f. urbana) 

during its postembryonic development. Zoologica Poloniae, 49: 229-235. 

Kececl, K. and R. Col, 2011. Haematological and biochemical values of the blood of Pheasants (Phasianus 

colchicus) of different ages. Turk. J. Vet. Anim. Sci., 35: 149-156.  

Khan, M.Z., J. Szarek, A. Koncicki and A. Kranodebska Depta, 1994. Oral administration monensin and lead to 

broiler chicks: effect on haematological and biochemical parameters. Acta. Vet. Hung., 42: 11-20. 

Kind, P. and E. King, 1954. Colorimetric determination of alkaline phosphatase. J. of Clin. Path., 7: 322-326. 

Klandorf, H., P. J. Sharp and W.S. Newcomer 1981. The influence of feeding patterns on daily variation in 

concentrations of plasma thyroid hormones in the hen. IRC Med. Sci., 9: 82. 

Kral, I., and P. Suchy, 2000. Haematological studies in adolescent breeding cocks. Acta. Vet. Bmo., 69: 189-

194.  

Kudair, I. M., and N. A. J. Al-Hussary, 2010. Effect of vaccination on some biochemical parameters in broiler 

chickens. Iraq. J. Vet. Sci., 24: 59-64. 

Kunjarathitiyapung, C. and P. Ruenosuphaphichat, 1987. Studies on the mineral elements in serum of laying 

hens and laying ducks, Kasetsar Veterinarians., 8: 58-63. 

Kurtoglu F., V. Kurtoglu, I. Celik, T. Kececi and M. Nizamlioglu, 2005. Effect of dietary boron 

supplementation on some biochemical parameters, peripheral blood lymphocytes, splenic plasma cells and 

bone characteristics of broiler chicks given diets with adequate or inadequate cholecalferol (Vitamin D3) 

content. Br. Poult. Sci., 46:87-96. 

Lamosova, D., M. Malabova and M. Zeman, 2004. Effects of short-term fasting on selected physiological 

functions in adult male and female Japanese quail. Acta. Vet. Brno., 73: 9-16. 

Lashev, L., H. Hubenov, Y. Nikolov, V. Lasheva and R. Mihailov, 2009. Comparison of some haematological 

parameters between three bird species from the Columbidae family – short communication. Vet. Arhiv., 79: 

409-414. 

Levi, A., B. Perelman, T. Waner, M. van Grevenbroek, C. van Creveld and R. Yagil, 1989. Haematological 

parameters of the ostrich (Struthio camelus). Avian, Path., 18: 321-327. 

Levi, W.M. 1951. The Pigeon. 3
rd

 ed. R. L. Bryan Company. 

Li, X. J., X. S. Piao,  S. W. Kim,  P. Liu,  L. Wang, Y. B. Shen,  S. C. Jung and H. S. Lee, 2007. Effects of 

Chito-oligosaccharide supplementation on performance, nutrient digestibility, and serum composition in 

broiler chickens. Poult. Sci., 86: 1107–1114. 

Mariey, Y. A., 2013. Nutritional and management studies on the pigeon (Effect of dietary yeast supplementation 

on productive and reproductive performance of pigeon). Egypt. Poult. Sci., 33: 349-356. 

Meluzzi, A., G. Primiceri, R. Giordai, and G. Fabris, 1992. Determination of blood constituents reference values 

in broilers. Poult. Sci., 71: 337– 345. 

Mushi, E.Z., M.G. Binta, R.G. Chabo and R.T. Ndebele, 1999. Haematological studies on apparently healthy 

Tswana indigenous chickens Gallus domesticus around Gaborone, Botswana. INFPD Newsl., 9: 83-88. 

National Research Council (NRC), 1994. Nutrient Requirements of Poultry. 9
th

 ed. National  Academy Press, 

Washington, DC. 

Oguz, H.T., Y.O. Kececi, F. Birdane and V. Kurtoglu, 2002. Effect of clinoptilolite on blood biochemical and 

haematological aflotoxicosis. Res. Vet. Sci., 69: 89-93. 

Olayemi, F. O., J. O. Oyewale and Omolewa O. F., 2002b. Plasma chemistry values in the young and adult 

Nigerian duck (Anas platyrhynchos). Isr. Vet. Med. Ass., 57(4). 

Olayemi, F.O., R.O.A. Arowolo, A.B. Saba and S.A. Famakinde, 2002a. Effect of sex on the blood profiles of 

the Nigerian local ducks. Bull. Anim. Hlth. Prod. Afri., 50: 67-71. 

Oser, B. L., 1979. Hawks Physiological Chemistry. 14
th

 ed. Mc Graw, Hill Book Com. New Delhi, India. 

Palomeque, J., D. Pinto and G. Viscor, 1991. Hematologic and blood chemistry values of the Masai ostrich 

(Struthio camelus). J. Wildl. Dis., 27: 34-40.  

Pavlak, M., K. Vlahovic and J. Jercic 2005. Age, sexual and seasonal differences of haematological values and 

antibody status to Chlamydophila sp. In feral and racing pigeons (Columba livia forma domestica) from an 

urban environment (Zagreb, Croatia). Eur. J. Wildl. Res., 51: 271-276.  

Payne, J.M., S.M. Dew, R. Manston and M. Faulks, 1970. The use of a metabolic profile test in dairy herds. Vet. 

Reo., 87: 150-158.  



537 
   Middle East  j. Appl. Sci., 4(3): 528-538, 2014 

Perelman, B., 1999. Health Management and Veterinary Procedures. In: The Ostrich; Biology, Production 

Health. CABI Publishing, New York., 321-346. 

Prinzinger R., and A. Misovic, 2010. Age-correlation of blood values in rock pigeons (Columba livia). Comp. 

Biochem. Physiol., Part A 156: 351-356.  

Puerta, M. L., A. L. Garci del Campo, M. Abelenda, A. Fernandez, V. Huecas and M. P. Nava, 1992. 

Hematological trends in flamingos (Phoenicopterus rubber). Comp. Biochem. Physiol., 102A: 683-686. 

Rao, G. R., H. C. Sammanna and K. T. K. Nambiar, 1969. Serum alkaline phosphatase level in domestic fowl. 

Indian Veterinary J., 46:300. 

Retiman, S. and S. Francle, 1957. Colorimeteric method for determination of serum transaminase activity. 

Amer. J. of Clin. Path., 28: 65-68. 

Rewkiewiccz-Dziarska, A., 1975. Seasonal changes in hemoglobin and erythrocyte indices in Microtus arvalis. 

Bull Acad Polon Sci., 23: 481-486. 

Ritchie, B.W., J.G. Harrison and R.L. Harrison, 1994. Avian Medicine, Winger's Publishing, Inc, Florida. 

Rivetz, B., E. Begin, K. Hornstein and M. Nerdinger, 1977. Biochemical changes in fowl serum during infection 

with strains of Newcastle disease virus of different virulence. Changes in serum proteins, uni acid, lipids 

and electrolytes. Res. Vet. Sci., 22: 285-291. 

Riziv, F., A.D. Anjum, A. Khan, M. Mohsan, and M. Shaszad, 2008. Pathological and serum biochemical 

effects of salinomycin. Pak. Vet. J., 28: 71-75. 

Ross, J.G., G. Christie, W.C. Halliday and R.M. Jones, 1978. Hematolgical and blood chemistry comparison 

values for clinical pathology in poultry. Vet. Rec., 102: 29-31. 

Rowland, G.J., R. Manston, R. M. Pocock and S. M. Dew, 1975. Relationship between stage of lactation and 

pregnancy and blood composition in a herd of dairy cows and the influence of seasonal changes in 

management on these relationships. J. Dairy Res., 42: 349-362. 

Rudas, P. and G. Pethes, 1984. The importance of peripheral thyroid hormone deiodination in adaptation to 

ambient temperature in the chicken. (Gallus domesticus). Comp. Biochem. Physiol., 77A: 567-571.  

Scanes, C.G., S. Harvey, J.A. Marsh, and D.B. King, 1984. Hormones and growth in poultry. Poult. Sci., 63, 

2062 – 2074. 

Schales, O. and S.S. Schales, 1941. A simple and accurate method for the determination of chloride in biological 

fluids. J. Biol. Chem. 140: 879-884. 

Schalm, D.W., N.C. Jain, and E.J. Caroll, 1975. Veterinary Hematology. 3
rd

 ed. Lea and Febiger, PA.USA.  

Schmidt, E.M.S., A.C. Paulillo, R.L. Dittrich, E. Santin, P.C.L. da Silva, O. Beltrame and de Oliveira, 2007. 

The effect of age on hematolgical and serum biochemical values on juvenile ring-necked pheasants 

(Phasianus colchicus). Int. J. Poult. Sci., 6: 459-461. 

Seiser, P.E., L.K. Duffy, A. D. McGuire, D.D. Roby, G.H. Golet and M.A. Ltizow, 2000. Comparison of pigeon 

guillemot: Blood parameters from oiled and onoiled areas of Alaska eight years after the Exxon Valdez oil 

spill. Mar. Bull., 40: 152-164. 

Shetty, S., R.T. Jacob, K.B. Shenoy and S.N. Hegde, 1991. Patterns of breeding behaviour in domestic pigeons. 

Bird Behav., 9: 14-16. 

Siedel, J., 1983. Test combination of cholesterol. Clin. Chem., 29: 1075. 

Smith E.M., J. Hattingh, 1979. The liability of some hematological parameters in chickens and ducks. S. Afr. J. 

Anim. Sci., 9: 11-15. 

Smith, M.F., H.N. West and R.D. Jones, 2000. The cardiovascular system. Pp. 141-223 in Avian physiology. 

G.C. Wittow, Ed., 5
th

 Ed., Academic Press, San Diego.   

SPSS for Windows S, Chicago, IL SPSS®. Computer Software 11.00, 2001. SPSS Inc., Headquarters. Wacker   

Drive, Chicago, Illinois 60606, USA., pp: 233. 

Stojevic, Z., S. Milinkovic-Tur, K. Curcija, (2000). Changes in thyroid hormones concentration in chicken 

blood plasma during fattening. Veterinarski Arhiv., 70: 31-37. 

Sturkie, P.D., 1965. Avian Physiology, Comstock Publishing Association, New York. PP: 6-7. 

Swenson, M.J., 1970. Physiological properties, cellular and chemical constituents of blood. Pp. 75-83 in Dukes 

physiology of Domestic Animals. 8
th

 Ed., Comstock publishing Associates, Cornell University Press, 

Ithaca, London. 

Talebi, A., S. Asri-Rezaei, R. Rozeh-Chai and R. Sahraei, 2005. Comparative studies on haematological of 

broiler strains (Ross, Cobb, Arbor-acres and Arian). International J. Poult. Sci., 8: 573-579. 

Tao, X., Z.Y. Zhang, H. Dong, H. Zhang and H. Xin, 2006. Responses of thyroid hormones of market-size 

broilers to thermoneutral constant and warm cyclic temperature. Poult. Sci,. 85: 1520-1528. 

Tras, B., F. Inal, A.L. Bas, V. Altunok, M. Elmas and E. Yazar, 2000. Effects of continuous supplementation on 

ascorbic acid, aspirin, vitamin E and selenium on some haematological parameters and serum superoxide 

dismustase level in broiler chickens. Br. Poult. Sci., 41: 664-666. 



538 
   Middle East  j. Appl. Sci., 4(3): 528-538, 2014 

Vecerek, V., E. Strakova, P. Suchy and E. Volslacrova, 2002. Influence of high environmental temperature on 

production and haematological and biochemical indexes in broiler chickens. Czech. J. Anim. Sci., 47 (5): 

176-182. 

Weichselbaum, T.E., 1946. An accurate and rapid method for the determination of protein in small amount of 

blood serum. Amer. J. Clin. Path., 10: 40-49. 

 

Williams, J. and J. Njoya, 1998. Plasma concentrations of thyroid hormones in growing pullets and laying hens 

reared under tow tropical climates and fed on diets with different energy concentrations. Brit. Poult. Sci., 

39: 579-582. 

Zhang, G. G., Z. B. Yang., Y. Wang and W. R. Yang, 2013. Effects of Astragalus membranaceus root processed 

to different particle sizes on growth performance, antioxidant status, and serum metabolites of broiler 

chickens). Poult. Sci., 92: 178-183.  

Zollner, N. and K. Kirsch, 1962. Total lipid reagent colorimetric method. Z. fur diets Geesampple Exp. Med. 

135: 535– 545. 

 

 

          

    

                   

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=23243245
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20ZB%5BAuthor%5D&cauthor=true&cauthor_uid=23243245
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20ZB%5BAuthor%5D&cauthor=true&cauthor_uid=23243245
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20ZB%5BAuthor%5D&cauthor=true&cauthor_uid=23243245
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20WR%5BAuthor%5D&cauthor=true&cauthor_uid=23243245
http://www.ncbi.nlm.nih.gov/pubmed/23243245

