
1. Introduction

The exposure to thermal stress in poultry causes uncontrolled 
free radicals and reactive oxygen species generation which 
result in oxidative damage and physiological disturbances in 
cellular functions in the body (Zhang et al. 2014; Emami et al. 
2020). Along with the compromised growth performance 
thermal stress causes excessive fat deposition and reduced 
bone mineralization in broiler chicken (Hosseini-Vashan et al. 
2016; Emami et al. 2021). Drastic reduction in availability of 
calcium and phosphorus has been reported in broiler chicken 
subjected to heat stress which negatively affects bone 
development (Sgavioli et al. 2016). For economic viability of 
poultry farming and bird welfare bone health is an important 
issue (Shim et al. 2012). Under heat stress, as a mechanism of 
heat dissipation, the increased respiratory rate causes 
respiratory alkalosis and high blood pH which reduces blood 
calcium level and in turn results in lower bone mineralization 

and bone strength. Furthermore, the exposure to heat stress 
results in elevated corticosterone which enhances the 
osteoclastic activity in the bones and lowers the mineral 
absorption in the body (Xu et al. 2018; Yan et al. 2019). 

Just like other animals, birds execute different internal 
defense mechanisms to overcome the negative effects of the 
heat stress. And, such internal defense mechanisms of the birds 
against the heat stress can be complemented by external 
environmental and nutritional interventions. The nutritional 
interventions include supplementation of vitamins, minerals, 
and antioxidants (Habibian et al. 2016; He et al. 2018). The 
antioxidant properties of selenium have improved the growth 
performance and physiological parameters of broiler chicken 
by reducing the effects of oxidative stress imposed by high 
environmental temperature (Choct et al. 2010; Habibian et al. 
2014). Selenium was shown to improve the biomechanical 
strength of bones with higher modulus of elasticity. On similar 
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Abstract 

A study on bone development under the influence of selenium and vitamin E 
supplementation was under taken in broiler chicken. Three levels of each selenium 
(0.15, 0.35, and 0.45 mg/kg diet) and vitamin E (50, 100, and 150 IU/ kg diet) were 
taken to formulate nine treatment groups in the form of broiler starter and finisher to 
evaluate the bone morphometry and bone mineralization of broiler chicken. The 
experiment was conducted in a high temperature humidity index (83.94) during the 
August-September period. The results revealed that bone morphometry parameters 
such as tibia bone proximal width, mid shaft width, distal width, and length were not 
influenced by dietary selenium and vitamin E supplementation. Similarly, the mean 
tibia bone weight (g), bone moisture (%), bone calcium (%), bone phosphorus (%), 
total ash (%), and bone Zn content (mg/kg) did not differ significantly due to selenium 
and vitamin E levels in the diet. Therefore, it can be concluded that the bone 
morphometry and bone mineralization in broiler chicken is not affected by different 
levels of selenium and vitamin E in the diet. 
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lines, vitamin E has shown significant antioxidant properties 
which scavenges free radicals and prevents the cells from 
oxidative damage (Traber and Atkinson 2007; Gao et al. 2010; 
Surai et al. 2019). On vitamin E supplementation improved 
growth performance and reduced oxidative stress have been 
reported in broiler chicken reared under high temperature 
conditions (Sahin et al. 2002; Attia et al. 2017). Vitamin E 
supplementation increases the rate of bone formation by 
protecting the osteoblasts from the oxidative damage of free 
radicals (Xu et al. 1995). However, excess vitamin E level 
exerts negative effect on the vitamin D3 utilisation (Aburto and 
Britton 1998). Therefore, to understand the synergistic effect of 
selenium and vitamin E this study was conducted to evaluate 
the effects of selenium and vitamin E supplementation on the 
bone morphometry and mineralization in broiler chicken. 
2. Materials and methods 
A experiment was conducted in a (3x3) factorial design in 
broiler chicken with three levels of selenium (0.15, 0.30, and 
0.45 mg/kg diet) and three levels of vitamin E (50, 100, and 
150 IU/kg diet) resulting in nine dietary treatments. A total of 
288 day-old chicks of uniform body weight were used for the 
experiment and each treatment was allocated four replicates of 
chicks with eight chicks in each replicate. The birds were 
reared in battery cages for a period of six weeks in which birds 
had free access to clean drinking water and feed. The birds 
were provided with starter and finisher diets during 0-3 weeks 
and 4-6 weeks of age, respectively (Table 1). The experiment 
was conducted under the conditions of relatively higher 
temperature humidity index (83.94 ± 0.36) during the August-
September period. 

At the end of the feeding trial eight birds from each 
treatment group (2 bird/ replicate) were taken at random and 
slaughtered after 12 hours of fasting with ad lib drinking water 
for harvesting the tibia bones of the carcasses. The associated 
connective tissue was thoroughly and carefully separated from 
the bones and all the bones were properly labelled for 
identification of treatment group. The bones were dipped in 
boiling water for five minutes for removing the remaining pin 
and soft tissue. The morphometry on the bone were carried 
according to Collins and Moran (1999). The length, mid-shaft 
width, proximal epiphysis and distal epiphysis width of the 
tibia bone were measured with vernier calipers. Same bones 
were further used for the study of bone mineralization. Each 
tibia bone was defatted by dipping in petroleum spirit (boiling 
point 60-80 ºC) for 16 hours using the Soxhlet apparatus 
followed by drying. The bone weight (fresh and dried) was 
taken followed by ashing in muffle furnace for estimation of 
bone ash, bone calcium, bone phosphorus, and bone zinc. The 
data pertaining to bone morphology and mineralization were 
analyzed by two way ANOVA using the General linear model 
of SPSS-20. 

3. Results 

3.1 Bone morphometry  

The mean values of different bone morphometry traits 
influenced by feeding different levels of selenium and vitamin 
E are given in Table 2. No significant dietary effects were 
observed on tibia bone proximal width, mid shaft width, distal 
width, and length. 

3.2 Bone Mineralization 

The effect of different selenium and vitamin E levels on tibia 
bone mineralization is given Table 3. No significant dietary 
effects were observe don the tibia bone weight, moisture, ash, 
calcium, phosphorus, and Zn contents. 
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Table 1 Broiler starter and finisher diet ingredients and 
nutrient composition

Ingredients (%) Starter (0-21 days) Finisher (22-42 days)

Maize 53.57 61.65

Soya bean meal 42.0 34.0

Oil 1.0 1.3

Lime stone 0.92 1.1

Di-calcium phosphate 1.73 1.285

Salt 0.30 0.3

DL-Methionine 0.165 0.05

TM-Premix1 0.10 0.10

Vit-Premix2 0.15 0.15

B complex 0.015 0.015

Choline chloride 0.05 0.05

Total 100 100

Analyzed values

Crude protein (%) 23.22 20.40

Calcium (%) 1.02 0.95

Total  P (%) 0.72 0.66

Selenium (mg/kg)* 0.15 0.13

Calculated values
Metabolizable energy 
(kcal/kg) 2905 3006

Available phosphorus 
(%) 0.45 0.36

Lysine (%) 1.25 1.06

Methionine (%) 0.53 0.38

Threonine (%) 0.99 0.87
1Trace mineral premix supplied mg/kg diet: Mg300, Mn 60, I0.4, Fe 80, 
Cu 8, Zn 40, Se*-variable 
2Vitamin mixture provided mg/kg diet: Choline chloride 500, Niacin12, 
Pyridoxine hydrochloride 1.6, vitamin A 82500IU, Vitamin D32000IU, 
Vitamin B1 0.8, Vitamin B2 6, Vitamin B128, Vitamin K 1, Vitamin E*-
variable 
*Values variable in test diet
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4. Discussion 
Thermal stress is a challenging environmental factor in poultry 
production, particularly in tropical areas, with serious 
economic implications, such as growth performance, egg 
production, health of birds, metabolism of birds, and 
behavioural activities of birds. The skeletal disorders, tibial 
dyschondroplasia, under heat stress is another major problem 
in poultry industry which results in excess condemnation of 
poultry carcasses (Swiątkiewicz and Arczewska-Wlosek 2012). 
Imbalance of thyroid hormones have been implicated in the 

pathogenesis of tibial dyschondroplasia in chicken under heat 
or oxidative stress. The reduction in the plasma levels of T3 
and corresponding increase of T4 levels have been reported in 
broiler chicken under high temperature conditions and 
oxidative stress which negatively affect the bone tissue 
metabolism and the consequent bone strength (Williams 2009; 
Lara and Rostagno 2013; Boostani et al. 2015). Another 
negative aspect of heat stress is the dysregulation of calcium 
and phosphorus metabolism which are major determinants of 
bone mineralization and bone strength. Heat stress have been 
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Table 2 Bone morphometry of broiler chicken under the influence of selenium and vitamin E supplementation

Treatment Tibia bone morphometry

Selenium (mg/kg) Vitamin E (IU/kg) Proximal width (mm) Mid shaft width (mm) Distal width (mm) Length (mm)

0.15
50 10.05 7.51 7.96 90.63
100 10.09 8.03 7.30 94.18
150 9.99 7.51 7.13 95.43

0.30
50 10.11 7.61 7.95 94.09
100 10.11 7.78 7.90 95.05
150 9.88 7.59 7.55 93.73

0.45
50 10.13 7.73 7.80 95.15
100 10.55 7.14 7.46 93.49
150 10.28 7.21 7.70 92.99

Pooled SEM 0.109 0.080 0.069 0.426
Probability

Selenium NS NS NS NS
Vitamin E NS NS NS NS
Interaction NS NS NS NS

NS: Non-significant

Table 3 Bone mineralization of broiler chicken under the influence of selenium and vitamin E supplementation

Treatment Tibia bone morphometry

Selenium (mg/kg)
Vitamin E 

(IU/kg)
Fresh bone 
weight (g) Moisture (%) Calcium (%)

Phosphorus 
(%) Total ash (%) Zinc (ppm)

0.15
50 50 4.54 49.31 22.32 7.80 40.80
100 100 4.43 51.10 24.35 7.43 38.35
150 150 4.56 50.10 22.33 7.24 39.77

0.30
50 50 4.51 49.66 23.87 7.94 38.76
100 100 4.47 50.64 24.29 6.71 42.57
150 150 4.46 51.08 24.62 7.51 41.65

0.45
50 50 4.34 50.17 24.26 7.35 40.22
100 100 4.58 50.69 24.14 7.56 38.66
150 150 4.60 50.44 25.20 8.22 39.54

Pooled SEM 0.042 0.393 0.298 0.218 0.972 1.006
Probability

Selenium NS NS NS NS NS NS
Vitamin E NS NS NS NS NS NS
Interaction NS NS NS NS NS NS

NS: Non-significant
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shown to negatively affect the calcium and phosphorus levels 
in bones which hasten the development of tibial 
dyschondroplasia in chicken (Hosseini-Vashan et al. 2016). 

However, in this study none of the bone morphometry and 
bone mineralization parameters were affected by 
supplementation of different levels of selenium and vitamin E 
in the diet of broiler chicken. On similar lines, the selenium 
supplementation was reported to have no influence on the 
calcium, phosphorus, and ash content of tibia bones (Ndubuisi 
et al. 2021), however, on contrary these authors reported 
increased bone weight and length in broiler chicken. Similarly, 
selenium supplementation had no effect on the tibia bone 
weight but resulted in higher bone calcium percentage which 
indicates improved bone mineralization in response to 
selenium supplementation (Attia et al. 2010). The selenium 
supplementation improved calcium deposition in tibia of layer 
hens (Attia et al. 2010) and enhanced cartilage integrity 
(Medeiros 2016). The selenium deficiency has been reported to 
cause growth retardation and modified bone metabolism which 
negatively affects the bone health (Zeng et al. 2013). With 
respect to vitamin E supplementation, the heat stress induced 
reduction of bone mineral content and bone mineral density 
was reversed by vitamin E/selenium supplementation (Calik et 
al. 2022). The vitamin E has been found protecting the bone 
forming cells, osteoblasts, from oxidative damage of free 
radicals which results in accretion of new bone mass by these 
cells (Xu et al. 1995). However, it is noteworthy to mention 
that the differences in results with respect to earlier studies 
may be because of differences in experimental conditions or 
because the levels of selenium as well as vitamin E in the basal 
diet are sufficient for development bone. 

5. Conclusions  
In this study it was concluded that the bone morphometry and 
bone mineralization in broiler chicken is not affected by 
different levels of selenium and vitamin E in the diet which 
may be because of the fact that the levels present in the basal 
diet are sufficient to support the normal bone development in 
broiler chicken. 
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