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Abstract  
                

The role of selenium in ameliorating the impact of heat stress on growth, hormones, 
minerals and tibia measurements of broiler chickens
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The study was conducted to investigate the potent capacity of selenium to curtail the adverse 
effects of heat stress in broiler chickens. A total of 256, day old Cobb 500 broiler chicks were 
randomly allotted to four experimental treatments (0, 0.1, 0.2 and 0.3 mgSe/kg), with four 
replicates in a completely randomized design. Initial weight, daily feed intake, daily weight 
gain, final weight, feed conversion ratio, daily water intake, feed cost/kg gain, mortality, 
serum cortisol and thyroxine levels, calcium, phosphorus and ash levels in tibia bone and 
faeces and weight, length and robusticity index of tibia bone were determined. Results 
indicated that Initial weight, daily feed intake, daily weight gain, final weight, feed 
conversion ratio, daily water intake and mortality were similar (p>0.05) across the treatment 
groups and feed cost/kg gain was lower in broilers birds fed 0.3 mgSe/kg. Selenium 
supplementation at 0.1 and 0.2 mgSe/kg lowered (p<0.05) cortisol and increased (p>0.05) 
thyroxine level, respectively. Mineral deposition in tibia bone was similar (p>0.05), calcium 
excretion was higher (p<0.05) in the control group and higher phosphorus was observed in 
the faeces of broilers fed the control diet, 0.1 and 0.3 mgSe/kg. Tibia measurements were 
similar (p>0.05) in all treatments.
Keywords: Calcium, Phosphorus, hormone, Bone, Robusticity, broiler bird

Le rôle du sélénium dans l'amélioration de l'impact du stress thermique sur la 
croissance, les hormones, les minéraux et les mesures du 

tibia des poulets de chair

Résumé
L'étude a été menée pour étudier la puissante capacité du sélénium à réduire les effets 
néfastes du stress thermique chez les poulets de chair. Un total de 256 poussins de poulets 
Cobb 500 âgés d'un jour ont été attribués au hasard à quatre traitements expérimentaux (0, 
0,1, 0,2 et 0,3 mgSe / kg), avec quatre réplicats dans un plan complètement randomisé. Poids 
initial, apport alimentaire quotidien, gain de poids quotidien, poids final, taux de conversion 
alimentaire, apport quotidien en eau, coût de l'aliment / gain de kg, mortalité, taux de cortisol 
et de thyroxine sériques, taux de calcium, de phosphore et de cendres dans les os et les fèces 
du tibia et poids, la longueur et l'indice de robustesse de l'os du tibia ont été déterminés. Les 
résultats ont indiqué que le poids initial, l'apport alimentaire quotidien, le gain de poids 
quotidien, le poids final, le ratio de conversion alimentaire, l'apport quotidien en eau et la 
mortalité étaient similaires (p> 0,05) dans les groupes de traitement et le coût de 
l'alimentation / gain en kg était plus faible chez les poulets de chair nourris 0,3 mgSe / kg. Une 
supplémentation en sélénium à 0,1 et 0,2 mgSe / kg a abaissé (p <0,05) le cortisol et augmenté 
(p> 0,05) le taux de thyroxine, respectivement. Les dépôts de minéraux dans l'os du tibia 
étaient similaires (p> 0,05), l'excrétion de calcium était plus élevée (p <0,05) dans le groupe 
témoin et une plus grande quantité de phosphore a été observée dans les fèces des poulets de 
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chair nourris avec le régime témoin, 0,1 et 0,3 mgSe / kg. Les mesures du tibia étaient 
similaires (p> 0,05) dans tous les traitements.
Mots clés: calcium, phosphore, hormone, os, robustesse, poulets de chair

Introduction
As global warming is consistently 
increasing, the environmental temperature 
will continue to rise (Richter et al., 2010). 
Seasonal variations in ambient temperature 
is an important stressor that affects broiler 
production in many regions of the world, 
and huge losses on capital of investment 
may accrue due to reduced production 
performance, depressed immunity and 
mortality (Melesse et al., 2011). The hot-
dry season, characterized by high 
atmospheric temperature (AT) and high 
relative humidity (RH), in the Northern 
Guinea Savannah zone has been shown to 
be thermally stressful to poultry (Sinkalu et 
al., 2015). Heat stress causes an increase in 
free radicals and reactive oxygen species 
(ROS) which can lead to oxidative damage 
(Zhang et al., 2014). Heat stress can 
negatively affect bone development and 
drastically reduce available calcium and 
phosphorus in broiler chickens (Sgavioli et 
al., 2016; Persia et al., 2003). Heat stress 
disrupts the productive performance, 
physiological and behavioural attributes of 
chickens, hence antioxidants are required in 
micro quantities to counter the deleterious 
effect of reactive oxygen species (ROS) 
during heat stress (Abdulrashid et al., 
2010). Selenium (Se) is an antioxidant that 
protects the body cells against damage 
caused by free radicals and oxidative stress 
(Abdel-Azeem, 2010).The enzyme 
glutathione peroxidase protects cells and 
cell membranes from oxidation, and Se is an 
important part of its structure (Oliveira et 
al., 2014).Selenium plays vital roles in 
animal health and productivity (Zhou and 
Wang, 2011). The use of antioxidant 
minerals such as selenium in broiler diets 
can minimize the effects of stress caused by 

high temperatures due to the impact of free-
radical and consequently improve the 
growth performance and physiological 
characteristics of birds (Choct et al., 2010; 
Habibian et al., 2014). The objective of this 
study was to determine the effect of 
Selenium during heat stress on growth, 
hormones, bone and faecal minerals and 
tibia measurements of broiler chickens.

Materials and methods
The experiment was conducted at Ahmadu 
Bello University, Samaru, Zaria. Two 
hundred and fifty six, one day old Cobb 500 
broiler chicks were randomly allotted to 
four experimental treatments (0, 0.1, 0.2 
and 0.3 mgSe/kg), with four replicates each 
in a Completely Randomized Design. A 
maize/soybean meal based broiler starter 
and finisher diets was formulated according 
to NRC (1994) nutrient requirement. Feed 
and water was provided ad libitum. All 
standard routine management practices 
were strictly adhered to. 
Initial weight was taken at the beginning of 
the experiment, while feed intake and 
weight gain were taken weekly using a 
digital precision weighing balance 
(Satorius ENTRIS). Water was measured 
and offered daily to the birds, left over was 
also recorded at the end of each day, 
specified amount of water was poured into 
an open container and placed at intervals 
along the passage within the building and 
evaporation losses was accounted for daily 
by measuring the quantity of water left in 
the container and subtracted from the initial 
quantity measured using a calibrated 
measuring cylinder.  The ort  and 
evaporation loss was then subtracted from 
the quantity of water offered to the birds to 
determine the amount of water consumed 
daily. Mortality records were taken as they 
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occurred.
Hormonal assay 
Thyroxine was determined according to the 
procedure by Chopra et al. (1971) while 
cortisol this was determined according to 
the procedure by (Foster and Dunn 1974).
Determination of tibia geometric 
properties
During carcass analysis at day 50, the left 
tibia of two birds per replicate was 
removed. Tibia was labeled and immersed 
in boiling water (100°C) for 15 minutes 
according to the procedure described by 
Applegate and Lilburn, (2002), in order to 
completely remove the tissue. Length of 
each bone was measured using a meter rule, 
and the distance from proximal to distal 
extremities of each tibia was taken as the 
tibia length. The bone weight was obtained 
using a digital precision weighing balance 
( S a t o r i u s  E N T R I S ) .  T h e  b o n e  
weight/length index was computed by 
dividing the tibia weight by its length 
(Seedor et al., 1991), while the Robusticity 
index was determined using the formula 
described by Reisenfeld (1972). 
Robusticity Index = Bone length

Cube root of boneweight

To determine bone ash, the bones were 
oven-dried at 100°C for 24 hours and then 
burnt to ash in a muffle furnace at 600°C for 
6 hours according to the procedure 
described by A.O.A.C. (1990). The 
percentage ash was then determined 
relative to dry weight of the tibia. Calcium 
and Phosphorus in bone and faeces was also 
analyzed after digestion of the bone and 
faeces and then read in a spectrophotometer 
(A.O.A.C. 1990). 
Data analysis
Data obtained from this experiment were 
statistically analyzed using General Linear 

Model Procedure of Statistical Analysis 
System software package while significant 
difference among means were compared 
using the Tukey Procedure (SAS, 2002).

Result and discussion
The THI in the morning averaged 26.85% 
and 35.65% at afternoon. The results 
obtained indicated that THI in the 
afternoons was higher than THI in the 
mornings which revealed the absence of 
heat stress in the morning and the presence 
of severe heat stress in the afternoon 
(Ndubuisi et al., 2020). The growth 
performance of broiler chickens fed diets 
supplemented with different levels of 
selenium from day 1-49 of the study (Table 
1) showed that daily feed intake, daily 
weight gain, final weight, feed conversion 
ratio, daily water intake and mortality were 
similar (p>0.05) across all the treatment 
groups. Broilers fed 0.3 mg selenium 
supplemented diet had the least feed cost 
per kg gain. The similarity observed in 
growth performance of broiler chickens 
throughout the experimental period could 
be due to the ability of broiler chickens to 
adapt and maintain regular homeostasis 
during prolonged stress. The result obtained 
in this study is in agreement with the report 
o f  G u o s h u n  e t  a l .  ( 2 0 1 3 )  a n d  
Bakhshalinejad et al. (2018). Stress 
weakens the immune system of animals, 
making them porous to diseases. Chronic 
respiratory disease, Newcastle disease and 
severe heat stress was reported during post 
mortem examination and may be 
responsible for the high mortality rate 
especially in the 0.3 selenium supplemented 
group which may be due to the increased 
level of selenium, although diets are shown 
to be safe for poultry when they contain 0.15 
- 4.0 mg/kg selenium (NRC, 1994). 
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Table 1: Effect of selenium supplementation on performance of broiler chickens (day 1-49)  
 
Parameters  

Dietary levels  of Selenium (mg/kg diet)   
0  0.1  0.2  0.3  SEM  P value  

Initial weight (g/bird)
 

41.41
 
39.69

 
43.44

 
39.54

 
1.13

 
0.0982

 Daily feed intake (g/b/d) 
 

82.13
 
80.08

 
86.90

 
80.08

 
2.26

 
0.1646

 Daily weight gain (g/b/d) 
 

44.600
 

44.123
 

45.990
 

44.428
 

0.960
 

0.5434
 Final weight (g/bird) 

 
2226.80

 
2201.75

 
2296.89

 
2216.46

 
46.81

 
0.5108

 Feed conversion ratio (g)

 

1.84

 

1.82

 

1.89

 

1.80

 

0.03

 

0.2437

 Daily water intake (ml/b/d)

 

257.93

 

261.92

 

267.64

 

269.33

 

6.90

 

0.6401

 
Feed cost/kg gain (N/kg)

 

219.91

 

217.43

 

226.63

 

216.68

 

-

 

-

 
Mortality (%) 

 

14.06

 

12.50

 

10.94

 

20.31

 

4.96

 

0.5777

 
 

Figure 1and 2 shows the cortisol and 
thyroxine levels of broiler chicks fed 
varying levels of selenium supplemented 
diets during 28 days of the study. Cortisol 
was higher (p<0.05) in broilers fed the 
control diet (10.40) and 0.3 mgSe/kg 
(12.20) but broilers fed 0.1 mgSe/kg (5.00) 
had the least (p<0.05) cortisol level. 
Broilers fed 0.2 and 0.3 mgSe/kg 
supplemented diet had higher (p>0.05) 
thyroxine level (41.68) while the least 
(35.05) was recorded in broilers fed the 
control diet. Glucocorticoids (cortisol, 
c o r t i c o s t e r o n e ,  d e x a m e t h a s o n e ,  
prednisolone) are released from the adrenal 
cortex in response to stress, which affects 
metabolic pathways, immune function, and 
endocrine systems (Fan et al., 2009; 
Shokraneh et al., 2019). The decreased 
level of cortisol in broilers fed 0.1 and 0.2 
mg supplemented diet is an indication that 
these levels were adequate for the 
antioxidant role of selenium against ROS 
and pro-oxidants during heat stress. Fan et 
al. (2009) reported a decrease in 
corticosterone level in broilers fed diet 
supplemented with 0.1 and 0.4 mg of 
sodium selenite compared to the control. 
The high level of cortisol in broilers fed 0.3 
mgSe/kg diet might be due to a pro-oxidant 

effect of selenium caused by chemical 
interaction. Antioxidants or polyphenols 
can act as pro-oxidants under certain 
conditions, such as the presence of metal 
ions, the concentration of antioxidant in 
matrix environment and its redox potential 
(Sotler et al., 2019).
Thyroid hormone plays a significant role on 
metabolism and growth (Fan et al., 2009; 
Shokraneh et al., 2019). Preter (2000) 
revealed that selenium deficiency can lead 
to a decrease in triiodothyronine (T3) 
synthesis and this may be due to the fact that 
selenium is an important auxiliary factor for 
the key enzyme of 5- deiodinase. The 
iodothyroxine deiodinase enzymes convert 
the pro-hormone thyroxine (T4) to the 
active form triiodothyronine (T3) (Selim et 
al., 2015). T3 is the main hormone that 
regulates growth by controlling the body's 
energy and protein anabolism (Preter, 
2000). The higher thyroxine level observed 
in selenium supplemented groups is an 
indication that selenium protected the 
thyroid gland from ROS (Ujang, 2008). The 
result of thyroid hormone observed in this 
study is consistent with El-Samra et al. 
(2014) and Fan et al. (2009) but in contrast 
to Shokraneh et al. (2019).
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Table 2 shows the calcium, phosphorus and 
ash contents of bone and faeces of broiler 
chickens fed varying levels of selenium 
supplemented diet during the study. 
Calcium, Phosphorus and ash content of the 
tibia bones of the various groups ranged 
from 30.83 – 33.75, 10.04 – 10.42 and 0.37 
– 0.46 respectively and were similar 
(p>0.05). Calcium and Phosphorus 

Fig. 1: Effect of varying levels of selenium on cortisol level of starter broiler chickens (day 28)

Fig. 2: Effect of varying levels of selenium on thyroxine level of starter broiler chicks (day 28)

excreted in the faeces ranged from 16.67 – 
22.50 and 0.89 – 1.12 respectively. Broilers 
fed the control diet had higher (p<0.05) 
faecal calcium deposition, while higher 
(p<0.05) faecal Phosphorus was observed 
in chickens fed the control diet, 0.1 and 0.3 
mgSe/kg diet respectively. Phosphorus is 
the second most abundant mineral in the 
body with immense importance in poultry 
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Table 2: Effect of selenium supplementation  on calcium, phosphorus a nd ash content in bone and 
faeces of broiler chickens  

 Dietary levels of Selenium (mg/kg diet)    
Parameters (%)

 
0

 
0.1

 
0.2

 
0.3

 
SEM

 
P value

 Bone 
 Calcium  

 
33.67

 
33.75

 
30.83

 
33.75

 
2.84

 
0.8443

 Phosphorus 

 
10.42

 
10.04

 
10.32

 
10.27

 
0.18

 
0.4995

 Ash

 

0.46

 

0.42

 

0.37

 

0.39

 

0.03

 

0.1327

 Faeces

 Calcium  

 

22.50b

 

18.75a

 

17.92a

 

16.67a

 

1.34

 

0.0483

 
Phosphorus 

 

1.06b

 

1.12b

 

0.89a

 

1.07b

 

0.05

 

0.0421

 
ab

 

Means with different superscript on the same row differ significantly (p<0.05)

 
 
Table 3: Effect of selenium supplementation on tibia measurements of broiler chickens

 
 
 

Tibia Measurements

 

Dietary levels of Selenium (mg/kg diet)

  

0

 

0.1

 

0.2

 

0.3

 

SEM

 

P value

 
Tibia Weight (g)

 

4.63

 

4.76

 

5.14

 

4.84

 

0.22

 

0.4396

 

Tibia Length (cm)

 

7.13

 

7.08

 

7.38

 

7.20

 

0.12

 

0.3354

 

Tibia Weight/Length Index (g/cm)

 

0.65

 

0.67

 

0.70

 

0.67

 

0.02

 

0.6402

 

Robusticity Index (cm/g1/3)

 

4.64

 

4.47

 

4.35

 

4.47

 

0.16

 

0.6641

 
 

diets for efficient growth and development 
(Shahid et al., 2018). Although, Calcium, 
Phosphorus and Ash content of tibia bones 
of broiler chickens in the different groups 
were similar, the higher excretion of 
calcium in the faeces of broilers fed the 
control diet and Phosphorus in the faeces of 
broilers fed the control diet, 0.1 and 0.3 
mgSe/kg feed respectively could be due to 
the impact of heat stress which led to 
decreased binding of minerals to protein for 
proper intestinal absorption and utilization 
(Shahid et al., 2018).
Sahin et al. (2009) further stated that heat 
stress also increases mineral excretion and 
decreases serum and liver concentration of 
minerals. This agrees with the report of 
Persia et al. (2003) who indicated that there 
is a reduction in the available calcium and 
phosphorus utilization during chronic heat 
stress due to reduced growth. Persia et al. 
(2003) also stated that reduction in feed 

intake during heat stress in poultry 
compromises the nutrient intake hence 
decreases the mineral uptake as well as its 
subsequent utilisation.
The tibia measurements of broiler chickens 
f ed  va ry ing  l eve l s  o f  s e l en ium 
supplemented diets are presented in Table 3. 
Tibia weight, length, weight/length and 
robusticity index among chickens in all 
treatment groups were similar (p>0.05). In 
general, the result increased (p>0.05) with 
increase in selenium supplementation up to 
0.2 mg with a decline at 0.3 mg selenium 
supplementation. Zeng et al. (2013) 
reported that insufficient Se intake can lead 
to retarded growth and modification of bone 
metabolism; the involvement of Se in bone 
health has mainly been its preventive 
function against oxidative stress and 
inflammation, boost of immune system and 
i ts  involvement in cell  division,  
proliferation and apoptosis. 

The increase in bone weight and length 
observed in the selenium treated groups is 
an indication of selenium's involvement in 
growth. This agrees with Moreno-Reyes et 

al. (2009) who reported that selenium 
deficiency impaired bone metabolism and 
osteopenia in rats. The decrease observed in 
tibia development of broilers fed diet 
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supplemented with 0.3 mg of selenium 
could be due to the increased cortisol level 
recorded in this group, and may had led to 
increased ROS activity which may had 
affected bone metabolism.
The decrease in robusticity index reveals 
that selenium is involve in bone turgidity. 
Robusticity index is an indication of bone 
strength, and a low robusticity index 
obtained in birds fed the Selenium diets 
indicates a strong bone structure. The 
similar results obtained in this study agrees 
with the work of Ademu (2018) who 
observed non-significant values for 
robusticity index in broilers fed betaine 
supplemented diet. Lameness was also 
observed in broilers fed the control diet 
which reveals that heat stress could had 
impeded bone metabolism. 

Conclusion
The supplementation of selenium 0.1 and 
0.2 mg/kg in the diets of broiler chickens 
during heat stress alleviated the deleterious 
effect of heat stress through improved 
thyroxine level and reduced cortisol level. It 
also enhanced mineral retention by 
reducing its losses through faeces and 
improved bone strength.
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