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Abstract 
The present study was conducted to investigate the effect of different thermal conditioning on the total 

erythrocyte count of Nandanam Broiler-3 and Naked Neck. A total of 180 birds (90 from each strain) 

were randomly assigned in to three treatments with three replicates. The first treatment (T1) served as a 

control group where birds reared under ambient temperature (AT), birds in second treatment (T2) were 

exposed to thermal conditioning at 37oC for 4 hours and third treatment (T3) were exposed to 39oC for 2 

hours from day old to 14 days and 29 to 42 days of age, apart from exposure period birds were reared at 

ambient temperature. At the end of 12th week all the treatment birds was challenged for thermal challenge 

at 38±1oC for 6 hours. The results indicated that the thermal conditioning had significantly (p<0.01) 

decreased erythrocyte count, irrespective of the strain. At thermal challenge the preconditioned birds had 

total erythrocyte count on par with control birds, whereas the sudden exposed group had decreased count. 

From the present study it was concluded that preconditioned/ thermal conditioned birds were able to 

maintain the erythrocyte count near to the control birds, which indicated thermal conditioning at an early 

age resulted in improved thermo-tolerance level.   
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1. Introduction 

Heat stress is a worldwide problem in poultry production, especially in broilers which cause 

huge economic losses due to decreased productivity and increased mortality. Panting in 

poultry is one of way to reduce the body temperature by evaporative heat loss mechanism 

during heat stress. This increased respiratory rate causes changes in the gas exchange and acid-

base balance in the broilers which is due to loss of carbon dioxide from the respiratory system. 

There is also relative loss of bicarbonate and hydrogen ions which creates respiratory alkalosis 

during heat exposure (Borges et al. 2004) [3]. Many parameters have been used to measure heat 

stress in chicken, such as body temperature, respiratory rate, packed cell volume, hemoglobin, 

total red blood cells, feed consumption, total white blood cells, heterophil, lymphocyte, 

heterophil-lymphocyte ratio, tissue damage, growth rate and feed conversion rate (Narkkong et 

al. 2011). Exposure of birds to higher temperature also leads to volatility of some of the 

biochemical compounds including erythropoietin hormone. High temperature exposure 

inhibits the production of erythrocyte in the bone marrow. Erythropoietin produced in the 

kidney, which triggers the production of pro-erythroblast from hematopoietic cells in the bone 

marrow. In addition to this, heat stress causes release of adreno-corticotropic hormone which 

further decreases the erythrocyte count. Hence, the total erythrocyte count was decreased in 

the heat stressed birds. Hence, the present study was conducted to improve the thermo 

tolerance of birds through thermal conditioning and to study the effect of thermal conditioning 

on total erythrocyte count. 

 

2. Materials and Methods 

The experiment was carried out at Poultry Research Station, Tamil Nadu Veterinary and 

Animal Sciences University, Chennai -600 051. Experimental birds were obtained from the 

Poultry Research Station Hatchery. For this experiment, were utilized Nandanam Broiler – 3 

(Broiler strain, developed by TANUVAS) and Naked Neck (Broiler strain).  
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2.1 Experiment  

A total of 180 chicks (90 from each strain) were individually 

weighed, wing banded and randomly assigned into three 

treatment groups with three replicates. Birds in treatment T1 

served as the control group which reared under ambient 

temperature for a period of 12 weeks. Birds in treatment T2 

were exposed to thermal stress at 37oC for 4 hours and birds 

in treatment T3 were exposed to thermal stress at 39oC for 2 

hours during 0-14 days of age and 29-42 days of age, 

respectively. Apart from the thermal exposure periods birds 

were reared under ambient temperature. At 12th week, control 

birds were divided into two groups (i.e) one as control and 

other one as sudden exposure and all the birds were 

challenged for thermal challenge at 38±1oC for 6 hours. 

During the heat exposure period ad libitum feed and water 

were provided.  

 

2.3 Collection of blood samples 

At the end of thermal conditioning and thermal challenge, 2 

ml of blood was collected in EDTA vacutainer tube. Blood 

was randomly collected from one male and one female of 

each replicate, totally six birds per treatment.  

 

2.4 Total Erythrocyte Count 

Total Erythrocytes were counted by using Nambiar’s diluting 

fluid as the method described by Bancroft and Marilyn, 2008. 

 

2.4.1 Preparation of working solution  

2.4.1.1 Preparation of Nambiar’s fluid 

2% Sodium Citrate solution   1 ml 

Gentian Violet 0.1 % in Ringer’s solution  2 ml 

Brilliant Cresyl Blue 0.1 % in Ringer’s solution 1 ml 

Neutral Formalin     3 drops 

 

2.4.1.2 Preparation of Ringer’s solution 

Sodium Chloride    0.7 gm 

Sodium Bicarbonate   0.03 gm 

Potassium Chloride   0.026 gm 

Calcium Chloride    0.003 gm 

Distilled water    100.0 ml 

 

2.4.2 Counting of erythrocytes 

Well mixed anti-coagulated blood was drawn up to the mark 

of 0.5 in the RBC pipette, followed by Nambiar’s fluid drawn 

up to 101 marks in the same pipette and mixed properly. 

Erythrocytes were counted in five middle squares and the 

total count was multiplied by 10,000 and the result expressed 

in millions / mm3. The results were analysed using mean and 

standard deviation and the level of significance was set at 

(p<0.05). 

 

3. Results and Discussion 

The results of our present study revealed that the total 

erythrocyte count was significantly (p<0.01) decreased in 

both 37 oC and 39 oC thermal conditioned birds and the mean 

(±S.E.) red blood cells count (×106) of chicken strains 

influenced by thermal conditioning was presented in Table: 1. 

 

Table 1: Effect of different thermal conditioning on total erythrocyte count (x106) in Nandanam Broiler-3 and Naked Neck. 
 

Thermal conditioning Strains 
RBC (106) 

T1-AT T2-37 oC T3-39 oC F value Sig 

0-14 days 
NB-3 2.95aB ± 0.01 2.85bA ± 0.02 2.82cA ± 0.01 73.471 ** 

NN 2.98aA ± 0.01 2.86bA ± 0.01 2.82cA ± 0.01 102.662 ** 

29-42 days 
NB-3 3.16aA ± 0.01 3.02bA ± 0.01 2.99bA ± 0.02 33.31 ** 

NN 3.18aA ± 0.00 3.03bA ± 0.01 3.02bA ± 0.01 26.55 ** 

NB-3=Nandanam Broiler -3, NN=Naked Neck, AT=Ambient temperature 

a, b, c Means with different superscript within same rows are significant differences. 
A, B Means with different superscript within same columns are significant differences. 

**=Highly significant (P<0.01) 

 

The result of our present study showed that heat stress affects 

the red blood cell count in broiler stains under heat stress. 

This was in accordance with the report of Aengwanich (2007) 
[1] which stated that when broilers were maintained at a high 

environmental temperature, their mean corpuscular volume 

increased. The phenomenon can be explained as follows: 

High ambient temperature is considered as one of the potent 

climatic stressor which causes impaired antioxidant status in 

poultry. This is characterized by an elevated reactive oxygen 

species and lipid per-oxidation in serum and tissue. When 

their accumulation exceeds the cellular antioxidant capacity in 

tissue/body fluids, they may lead to damage in biological 

macromolecules which leads to cellular injury and 

dysfunctions (Maini et al. 2007) [7]. Exposure of RBCs to free 

radicals may lead to a number of membrane changes, 

including lipid peroxidation, reduction in deformability, 

changes in cell morphology and haemolysis (Zou et al. 2001) [8]. 

The result of our present study with respect to decreased RBC 

count were in agreement with Hassan and Reddy, 2012 who 

reported that thermal conditioning results in significantly 

decreased RBC count when compared to control group. This 

may be due to the impact of acute/chronic heat stress on iron 

(Fe) availability in birds and thus affects the hematopoietic 

process. Similar to our findings with respect to decreased 

RBC count in NB3 broiler were also in agreement with Gogoi 

(2016) [4] who also found that there was a significantly 

decreased RBC count in the heat stressed CARIBRO-Vishal 

broiler birds when compared with the control birds. Whereas, 

the present findings were in disagreement with the result of 

Morsy (2013) [6] who observed an increased RBC count in the 

birds subjected to heat stress (8 and 16th week at 40 oC for 4 

hours) when compared with unexposed birds. It was inferred 

that the sudden exposure of unconditioned birds to higher 

temperature leads to destruction and decreased production of 

RBC this might be due to significant effect of heat stress on 

erythropoiesis. 

It was observed that, thermal challenge (38 oC for 6 hours at 

84th day), the sudden exposure of unconditioned birds had 

significant (P<0.01) drops in erythrocyte count, whereas the 

preconditioned birds had a comparable erythrocyte count with 

that of unexposed control birds and the results were furnished 

in Table 2. 
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Table 2: The mean (±S.E.) Red blood cells count (×106) of chicken strains influenced by thermal challenge. 
 

Thermal conditioning Strains 
RBC (106) 

T1-AT T1-38oC T2-38oC T3-38oC F value Sig 

84th day 
NB-3 3.30aA ± 0.01 3.15bA ± 0.01 3.27aA ± 0.01 3.25aA ± 0.02 5.93 ** 

NN 3.31aA ± 0.01 3.16bA ± 0.01 3.28aA ± 0.01 3.27aA ± 0.01 40.94 ** 

NB-3=Nandanam Broiler -3, NN=Naked Neck, AT=Ambient temperature 

a, b Means with different superscript within same rows are significant differences. 
A, B Means with different superscript within same columns are significant differences. 

**=Highly significant (P<0.01) 

 

The present study indicates that the birds had significantly 

decreased erythrocyte count during thermal conditioning. This 

decrease in total number of RBCs may be due to the 

inhibition effect of heat stress on the life span of the present 

RBCs as well as the production of new RBCs from the bone 

marrow. Heat stress leads to a decrease in RBCs numbers, the 

mean corpuscular haemoglobin concentration and live span of 

red blood cells. This leads to decreased haemoglobin 

concentration in blood due to the positive relation between the 

RBCs number and haemoglobin concentration in blood. 

However, during the thermal challenge preconditioned birds 

had a maintained the erythrocyte count adjacent to the 

ambient temperature reared birds, whereas sudden exposed 

unconditioned birds showed drastic reduction of erythrocyte 

count. This phenomena shows that pre-exposed/ thermal 

conditioned birds acclimatized to the thermal stress at later 

stage of life. Therefore, it is difficult to use these parameters 

for interpretation of heat stress in chickens. However, this 

study clearly showed that high environmental temperature 

affects the red blood cell count, which was one free cell in the 

circulation. 

 

4. Conclusion 
From the present study, erythrocyte counts were helps to 

assess the heat/ thermal stress in birds at the farm level. The 

thermal conditioning in early stages will results in the 

acclimatization of thermal stress at later part of the life.  
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