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 BACKGROUND: Investigations have shown that heat stress is stressful to broiler 

chickens. Most of the major production problems and economic losses in the poultry 

sector all over the worldwide have been caused by heat stress. Higher growth rate, 
higher body temperature and lack of sweat gland of the broiler chicken may result in 

being very sensitive to heat stress. Any abrupt changes in the environmental 

temperature will affect the digestion and the absorption of the gastrointestinal tract of 

birds which in turn lead to loss or reduce of ingestive behavior. OBJECTIVE: The 

purpose of the present study aimed to evaluate new methods (using blue colored light 
and adding honey bee in the drinking water) in comparison to feed withdrawing as a 

trial to alleviate the negative effect of heat stress on broilers. RESULTS: The results 

revealed that, the feed intake of birds reared in blue light (BL) and honey bee groups 

was significantly increased; leading subsequently to the highest body weight (BW), 

body weight gain (WG) and the lowest feed conversion ratio (FCR) in these groups in 
comparison to feed withdrawing and control groups. The mortality rate was 

significantly decreased in heat stressed birds by blue light and honey bee. Regarding 
bird behavior, birds reared under BL recorded the lowest time spent in dust bathing 

(30±6.65sec), feather ruffling (0.28±0.14), ground pecking (1.89±0.46) behaviors and 

tonic immobility duration (69.95±3.11sec). On the other hand, Heterophil-Lymphocyte 
ratio (H/L) was decreased and triiodothyronine (T3), thyroxine (T4) and Newcastle 

antibody titer were increased in birds reared under blue light compared with other 

treated groups.. CONCLUSION: From the results obtained in the current study, it is 

strongly recommended to use the blue light and the honey bee in heat stressed broiler 
farms to improve the bird welfare and economically accelerate subsequent recovery of 

growth performance with minimum feed intake.   

 

INTRODUCTION 

 

Heat stress (HS) is a serious climate problem of tropical and subtropical regions of the world that has 

negative effects on health, welfare and production efficiency of broiler chicks. Chaiyabutre, (2004) defined HS 

as a disorder caused by high environmental temperature and relative humidity that reduces body heat loss 

resulting in the accumulation of heat in the body, followed by an increase in core body temperature of broiler 

chicks. 

http://www.ajbasweb.com/
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In Egypt, When broilers are exposed to extreme HS during summer season, it is associated with great 

economic losses (Pawar et al., 2016) due to increased mortality rate in poultry farms (AL-Khauzai et al., 2010), 

reducing feed intake as a response to decrease heat production from internal metabolism (Sohail et al., 2012; 

Jahejo et al., 2016), reducing body weight gain (Lin et al., 2006), suppression of the immune system 

(Quinterio–Filho et al., 2010), alteration of animal behavior (Mack et al., 2013) and causes leg problems (Post 

et al., 2003). Furthermore, Prieto and Campo (2010) reported that high temperature leads to increased tonic 

immobility duration and heterophils/lymphocytes (H/L) ratio (Felver-Gant et al.‚ 2012) and decrease the 

number of circulating antibodies besides, its adverse effect on the specific immune reaction of broilers resulted 

in immune suppression (Niu et al.‚ 2009). 

Improving the animal welfare and increasing its productivity can be done by good light management in the 

farm (Pan et al., 2015; Yang et al., 2016). In addition, the most of physiological, immunological and behavioral 

pathway modifications was occurred by using the suitable light color in the field of production (Mohamed et al., 

2014). For example, reducing the negative effect of the most of stressor was occurred by the calming effect of 

blue light when it has been used (Lewis and Morris, 2000) by modulating the response to the Newcastle disease 

virus vaccine, T lymphocyte proliferation in the peripheral blood and heterophil/lymphocyte (H/L) ratio 

(Mohamed et al., 2014).  

For these reasons, this study was carried out to investigate a new managemental trail to reduce the 

detrimental effects of HS on broilers behavior and performance. 

 

MATERIALS AND METHODS 

 

Birds and Experimental Design:  
Two hundred and forty; one-day-old Avian 48 broiler chicks were purchased from a commercial source and 

used in this experiment. The chicks were inspected for any deformities and health problems such as lameness, 

crooked legs and beaks, pasty vents and unhealed navels. One-day-old chicks (n＝240) were allocated randomly 

into equal four treatment groups (n＝60) and subdivided into three replicates, 20 birds per replicate. Each group 

was kept in a separate free-run, environmentally controlled room at a density of 10 chicks/m2 according to 

Firouzi et al. (2014). The birds in the first group were kept as a control group (C) without any treatment. The 

birds in the second group (H) were supplied with 20 ml honey bee for each one liter drinking water according to 

Abioja et al. (2012). In the present study, the honey bee was supplied once daily at 9 a.m. from day 22 till the 

end of day 28 (end of the heat stress days). The birds in the third group (FW) were treated by feed withdrawal, 

according to El-Moniary et al. (2010) from 10 a.m. till 5 p.m. from day 22 till the end of day 28 (end of the heat 

stress days). All birds in the previously mentioned three groups were reared under white light (WL). The birds 

in the fourth group (BL) were supplied with blue light using blue LED bulbs for all lighting periods according to 

Olanrewaju et al. (2006) from day 22 till the end of day 28 (end of the experimental heat stress days). 

The light lamps were placed 2.3m above the birds. Light intensity was equalized at the bird head level, so 

birds received the same light intensity. All birds were kept under an intensity of 40 lux and 24 h light length 

from 0 to 7 days of age. After 7 days of age, light intensity was reduced to 25 lux and the light-dark cycle was 

23 hours: 1 hour, respectively according to Rozenboim et al. (2004). 

Identical care and management were provided to all birds in the different treatments throughout the duration 

of the study according to Xie et al. (2008) and Kim et al. (2014). The broilers had free access to starter feed 

pellet (EL-Wadi Company, Cairo, Egypt) with 23% crude protein (CP) and 3,020 kcal ME/kg that was fed from 

day 1 to day 21. The ration was changed to finisher ration (EL-Wadi Company, Cairo, Egypt) with 19% crude 

protein (CP) and 2,900 kcal ME/kg that was fed from day 22 to the end of the experiment and a continuous 

water supply was provided for all birds along the experimental period. 

The room temperature was started from 33°C according to Gharib et al. (2005) on the first day to the 

seventh day of age and then the ambient temperature was reduced by 3°C each week until the end of 4rd week to 

reach 24°C. After that, all birds in each group were exposed experimentally to 33±2°C and relative humidity of 

70% for 5 hours per day from 11 a.m. until 4 p.m. for five successive days (from day 28 to day 32 of age). Then 

room temperature was readjusted again to the optimal identical care of room temperature (21±2°C) from day 33 

of age until the end of the experiment (42days).  

Newcastle disease vaccine (Pfizer Company, Egypt) was administrated at day 7 of age (Hitchner B1) in the 

drinking water and the second vaccine (LaSota) at day 18 of age. Gumboro disease vaccine was administrated in 

the drinking water according to AL-Khauzai et al. (2010) on day 14 of age.  

 

Ethical Approval: 
All experimental and animal management procedures were undertaken in accordance with the requirements 

of the Animal Care and Ethics Committee, Faculty of Veterinary Medicine, Kafrelsheikh University, Egypt. 
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Data Collection:  
Body weight (BW), body weight gain (BWG), feed intake (FI), water intake (WI), respiratory rate (RR), 

rectal temperature (RT) by using a digital thermometer according to Yahav and McMurty (2001) and room 

temperature were measured using an alcoholic thermometer on a room basis at 0, 7, 14, 21, 28, 35 and 42 days 

of age and feed conversion ratio (FCR) was determined for relevant time periods. Rooms were checked for dead 

birds twice daily and total mortality was calculated as a percentage of live birds at the start of each trial. 

Leg problems were examined every day. Tonic immobility (TI) inductions and duration was recorded 

according to Al-Aqil et al. (2009) every week with a selection of 3 chicks randomly taken from each group. 

Broiler behavior was recorded by using digital cameras fixed in each small pen in the experimental rooms. For 

each group, behavior was recorded weekly for a 24 h period. Individual birds (small pen) involved in feeding (at 

feeder), drinking (under the drinker), resting, dust-bathing, preening, wing-flapping, ground pecking and 

feather- ruffling) were counted for every 10 min interval during the 24 h observation period. Three birds were 

randomly selected from each room every week till 42 days of age for blood sample collection using decapitation 

technique. Serum samples were analyzed for triiodothyronine (T3) and thyroxine (T4) at day 14 of age and 

Newcastle antibody titer at day 28 of age AL-Khauzai et al. (2010) estimation using a Radioimmunoassay (RIA) 

kit (Labor Diagnostika Nord GmbH & Co.). 

 

Statistical Analysis:  
Data were reported as means ± SEM and analyzed by one-way ANOVA using Graph Pad prism 5. The 

significance of difference among the different groups was evaluated by Tukey’s post hoc multiple comparison 

test. The significance level was set at P < 0.05. 

 

RESULTS AND DISCUSSION 

 

Broiler Performance:  
Results in table 1 revealed that, there was a significant (P < 0.05) difference in the final BW and BWG of 

heat stressed broilers reared in C group and treated groups. As, the highest final BW and BWG was recorded in 

broilers reared in the BL group (2580, 2538gm) followed by H group (2490, 2448g) and FW group (2394, 

2352g) compared to control one (2075 and 2033g, respectively). These results may be attributed to BL plays a 

role in alleviating stress response in broilers due to a reduction in the level of serum Interleukin-1-beta (Xie et 

al., 2008; Mohamed et al., 2014; Abdo et al., 2017). As well as, Honeybee is a natural substance that contains 

phytochemicals such as vitamin C, thiamine, riboflavin, pyridoxine, pantothenic acid, nicotinic acid, phenolic 

compounds and some enzymes like glucose, oxidase and catalase. Moreover, birds subjected to feed withdrawal 

alleviate the detrimental influence of high ambient temperature and improve body weight in broilers 

(Abu-Dieyeh, 2006). These findings are in agreement with that conducted by Mohamed et al. (2014), 

Rozenboim et al. (1999 and 2004) who approved that growth rate in broilers kept under BL color become higher 

than those reared under WL. 

Total FI was significantly (P < 0.05) improved by keeping the broilers under BL (5086 g), H group (4809 g) 

and FW group (4662 g) in comparison to C group (4466 g) (Table 1). This may be due to the birds suffering 

from HS try to reduce heat load within the body by reducing FI. As, the increase in digestion is associated with 

increased heat production in the body (Daghir, 2008). In addition, the BL color has been found to improve 

broiler performance (Cao et al., 2008; Abdo et al., 2017) and adding honeybee to the drinking water provided 

broilers with high heat tolerance and act as anti-oxidant mediator (Abioja et al., 2011).  

The mortality rate was increased in birds of C group (13.33 %) which reared under the effect of HS in 

comparison to other treated groups; (3.33 %) for the H, (5 %) for BL, and (8.33 %) for FW as shown in table 1. 

These results are coincided with that recorded by Ozbey and Ozceilik (2004) who founded that HS increased the 

time for broilers to reach market weight and increased mortality. 

Concerning FCR (table 1), it was calculated on the basis of the amount of feed consumed to produce unit 

live weight gain. As shown in table 1, the highest and uneconomic FCR was recorded in C group (1: 2.19). 

While, the lowest and economic FCR was calculated in the H group (1: 1.96) followed by FW group (1: 1.98) 

and BL group (1: 2.00). These results are in agreement with previous study conducted by May et al. (2000) who 

mentioned that under high ambient temperature the growth rate in broilers was reduced due to reduced FI and 

expended some feed energy in panting and subsequently the FCR was increased. On the other hand, the highest 

amount of water intake was increased in C group compared to treated groups. This result may be attributed to 

heat stressed birds consumed more amount of water to maintain thermoregulatory balance and replace water loss 

via the evaporative cooling method .  
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Table 1: Means ± SE of the performance of heat stressed broilers which kept under different treatments. 

 Treatment 

 Control group Honey group Feed Withdrawal Blue light P-value 

Initial body weight (g) 42±1 42±1 42±1 42±1  

Final body weight (g) 2075±0.58a 2490±0.58c 2394±2.08b 2580±2.03d 0.0001 

*** 

Body weight gain (g) 2033±7.74a 2448±7.77c 2352±5.95b 2538±10.61d 
0.0001 

*** 

Total feed intake (g) 4466±0.41a 4809±0.43c 4662±0.41b 5086±0.42d 0.0001 
*** 

FCR 1:2.20 1:1.96 1:1.98 1:2.01  

Drinking water (ml) 
10347.89 

 

11097.8 
 

  10832.01 
 

12123.79 
  

Mortality % 13.33 % 3.33 % 8.33 % 5 %  

*Means which superscript with different small letter (a,b,c,…..) differ significantly at (P< 0.05) 

 

Broilers Behavior:  
Results in table (2) showed that, there is a relationship between dust bathing behavior and HS. As, birds in 

C group spent a long period of dust bathing behavior compared to those in treated groups. This result is in 

agreement with Chaibutr (2004) who found that dust bathing was increased in birds that kept under the HS 

condition to increase the conductive loss from the body to cooler litter. On the other hand, birds in the BL group 

recorded the lowest time spent in dust bathing (30±6.65), feather ruffling (0.28±0.14) and ground pecking 

(1.89±0.46) behaviors. This may be due to the calm effect of blue color, which reduces the birds' activity 

(Rozenboim, 2004 and Mohamed et al., 2014). While, the FW group showed an increase in ground pecking 

behavior, which considered a positive trial to find, feed through foraging behavior (Liew et al., 2003). 

Preening and wing flapping behaviors were reduced among birds reared in C group compared to those kept 

in treated groups. This may be attributed to using BL, honeybee and FW are considered comfortable for birds. 

These results are in agreement with that recorded by Pereira (2007) who reported that at normal environmental 

temperatures, birds expressed more preening, feather ruffling and foraging behavior.  

 In addition, leg problem percent was higher in C (6.66 %) and BL (3.3 %) groups than H (1.66 %) and FW 

group (1.66 %) as shown in table 2. These results are in agreement with results observed by Mack et al. (2013) 

who found that under heat stress conditions birds decreased their activities, such as walking resulted in an 

increasing in leg problems. Moreover, Maria et al. (2004) reported that locomotor activities of birds 

significantly decreased due to exposure to thermal stress. These findings may be attributed to high ambient 

temperature leads to excretion of some minerals like Ca, Fe and Zn that affect tibia width and strength of birds 

(Vakili, 2010). Corticosteroid hormone (the main stress hormone in chickens) is released under the effect of 

high ambient temperature recruitment of osteoblasts and causing bone to weaken by preventing normal bone 

formation. 

There was a relationship between resting behavior and heat stress as it increased in C (115.10±9.65) and BL 

(119.30±9.12) groups (table 2). This may be due to the birds, which exposed to HS conditions spent less time 

feeding and wing flapping and they spent more time in drinking, panting and resting (Mack et al. 2013). In 

addition, the calm effect of blue color increased resting behavior in broilers (Mohamed et al., 2014).  

 

Tonic Immobility (TI):  
There was a significant relationship between TI duration and heat stress. As, the highest TI duration 

(94.35±4.42) was recorded in the control group while the lowest duration (69.95±3.11) was recorded in BL 

group (table 2). These results may be due to the calm effect of blue light color on birds (Mohamed et al., 2014). 

These results are in agreement with the study conducted by Prieto and Campo (2010) who reported that high 

ambient temperatures increased tonic immobility time in broilers and contrary to that recorded by Aksit et al. 

(2006) who found that tonic immobility duration was not affected by heat stress in broilers.  Blue light group 

showed the lowest duration.  
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Table 2: Means ± SE of some behaviors of heat stressed broilers kept under different treatments. 

 Treatment 

Control group Honey group Feed Withdrawal Blue light P-value 

Dust bathing 
(sec) 113±2.26 80.40±4.89 83.±5.13 30±6.65 0.0001 

*** 

Rest time 

(sec) 
115.10±9.65 105.10±7.91 104.70±7.53 119.30±9.12 0.049 

* 

Leg problem % 6 % 1.7 % 0 % 3.3 %  

Wing flapping  
(time) 2.75±1.35 6.33±1.23 5.92±1.20 5.17±0.73 

0.42 
ns 

Preening 

(sec) 
13.44±1.97 15.33±0.98 17.33±1.19 15.50±1.14 0.24 

ns 

Ground pecking 

(time) 4.89±0.75b 5.56±0.69c 7.67±0.54d 1.89±0.46a 0.0001 

*** 

Feather ruffling  

(time) 1.56c±0.22a 0.89±0.25b 2.00±0.23d 0.28±0.14a 0.0001 
*** 

TI (sec) 94.35± 4.42 73.85± 3.87 81.85± 4.02 69.95± 3.11 
0.001 

** 

*Means which superscript with different small letter (a,b,c,…..) differ significantly at (P< 0.05) 

 

Heterophil-Lymphocyte (H/L) ratio:  
In the present study, H/L ratio was higher in the control group than other treated groups (table 3). These 

findings are incompatible with previous studies by Felver-Gant et al. (2012) who founded that H/L ratio in 

broilers was increased under the effect of high ambient temperature due to the decreased number of 

lymphocytes and the increased number of heterophil.  

 

T3 and T4:  
Bird's body temperature and metabolic activity are regulated by thyroid hormones, triiodothyronine (T3) and 

thyroxine (T4). Results in table (3) revealed that, the control group had the lowest T3 & T4 concentration, but the 

highest concentration of T3 & T4 was recorded in BL group. These results are in constant with a study by Yahav 

and Plavnik (1999) who demonstrated that a significant decline in the major metabolic hormone 

(triiodothyronine) during exposure to thermal challenge. Furthermore, Mack et al. (2013) found that high 

ambient temperature altered the activity of neuroendocrine in poultry. These findings are in agreement with that 

recorded by Yahav (1999) who reported that blue light stimulate circulating thyroid hormones {triiodothyronin 

(T3) and thyroxine (T4)} which are considered growth promotors and played an important role in the growth in 

broilers. 

Newcastle Antibody Titer:  
Heat stress has a negative effect on the immune system of broilers. As shown in table (3), the lowest 

Newcastle antibody titer was recorded in the control group and the highest titer was recorded in the blue light 

group.  

 
Table 3: Means ± SE of some blood parameters of heat stressed broilers kept under different treatments. 

   Treatment   

 Control group Honey group Feed Withdrawal Blue light P-value 

H/L Ratio 0.50±0.006 0.54±0.006 0.51±0.006 0.52±0.006 0.001 

T3 (ng/ml) 1.05±0.041 1.15±0.041 1.10±0.041 1.15±0.041 0.001 

T4 (ng/ml) 1.01±0.034 1.23±0.034 1.03±0.034 1.06±0.034 0.001 

Newcastle antibody 

titer (ng/dl) 
0.89 2.1 0.95 3.04 

 

 

 Estimating the core body temperature could be a useful index of the degree of heat stress experienced by 

the bird. It was noticed that birds in control group recorded the highest core body temperature and respiratory 

rate in comparison to other treated groups as shown in table (4). These results may be attributed to 

cardio-respiratory rate in birds was increased under the effect of heat stress as a physiological response for 

maintaining the equilibrium of body temperature through evaporative heat loss (Abdo et al., 2017; Chaiyabutre, 

2004). In addition, respiratory alkalosis in broilers was a sequence of heat stress which occurred due to fast 

panting and increase Co2 expelled from the lung resulted in decreased carbonate and bicarbonate level in blood 

and increased pH of the blood (Singleton, 2004). 

From these results it could be concluded that, blue light and honeybee can be used as managemental 
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practices to alleviate the negative effect of heat stress in broiler farms during summer season. 

 
Table 4: Means ± SE of some physiological data of heat stressed broilers kept under different treatments. 

  Treatment    

 Control group Honey group Feed Withdrawal Blue light p-value 

Core body 
temperature(◦C) 

42.32±0.10 42.08±0.05 42.05±0.07 42.00±0.07 
0.76 
ns 

Respiratory rate/minute 60.94±4.49 56.78±3.48 56.89±3.46 54.72±3.35 
0.93 
ns 
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