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INTRODUCTION 

 

In Egypt, poultry industry suffered from heat stress conditions. Heat stress is one of the most important environmental stressors challenging poultry 

production worldwide. Negative effects of heat stress on laying hens range from reduced growth and egg production to decreased egg quality and safety. Many 
researchers have reported the damaging effects of heat stress during summer months on the productive performance; decreasing welfare and egg quality of laying 

hens (Nagwa, Ahmed et al., 2012; Song et al., 2012; Oguntunji and Alabi, 2010; Daghir, 2008; Altan et al., 2000; Etches, et al., 1995 and Prajapati and 

Ghodasara, 1992). Summer months often cause laying hens to produce thin and soft-shelled eggs and extreme losses in income from marketable eggs can occur 
(Koelkebeck et al., 1992). Mack et al. (2013); Ebeid et al. (2012) and Ajakaiye et al. (2011) reported heat stress caused 1% reduction in egg weight, decrease egg 

shell thickness and egg production. Also, exposure of hens to heat stress conditions caused decrease in feed intake, disturbances of hormones and blood 

constituents and depressed immune function (Asli et al., 2007; Mashaly et al., 2004; Zulkifi et al., 2000 and Bogin et al., 1996). On the other hand, Warriss et al. 
(2005) demonstrated that, heat stress conditions associated with a peak mortality occurring in laying hens. Abd-Ellah (1995) reported 28 % increase in mortality 

rate in laying hens reared in arid weather conditions of Egypt. 

Strategies to deal with heat stress conditions in poultry farms, including environmental management, nutritional manipulation, inclusion of feed additives in 

the diet and water. However, efficiency of most of the interventions was variable or inconsistent. More recently, two methods have been explored, including early-

life conditioning (i.e., perinatal heat acclimation) and genetic selection of breeds with increased capacity of coping with heat stress conditions (i.e., increased heat 

tolerance).  
There are many conventional processes used to alleviate the negative effects of heat stress on laying hens such as additive of vitamin C and sodium 

bicarbonate to the diet (Attia et al., 2009; Daghir, 2008; Yoruk et al., 2004; Sahin et al., 2003 and Altan et al., 2000). Vitamin C is a water-soluble vitamin with 

anti-oxidant activity, protecting animals under stress (Attia et al., 2009), body temperature regulation and boosting immunity (Khan et al., 2012; Daghir, 2008 and 

Abstract 
 

The present study was aimed to investigate the effects of early heat shock program (EHSP) during growth period and supplementation of 
sodium bicarbonate and/or vitamin C during production period on physiological responses and productive performance of Montazah 

hens under heat stress conditions during egg production period. One hundred and fifty (one - day old) of female Golden Montazah chicks 

were randomly divided into five equal treatments (30 chicks each). The 1st treatment (T1) served as control; the chicks of 2nd (T2), 3rd 
(T3), 4th (T4) and 5th (T5) treatments were exposed to EHSP during growth period (40.0±1.0 °C for 4 hours from 12:00-16:00 for 3 

successive days at 3 days, 4 weeks and 8 weeks of age). The 3rd treatment (T3) had 250 mg vitamin C/ kg diet during production period. 

The 4th treatment (T4) had 1.5 % sodium bicarbonate during production period. Finally, the 5 th treatment (T5) had 250 mg vitamin C/ kg 
diet + 1.5 % sodium bicarbonate during production period. After the end of heat shock exposure all treatments was reared under natural 

conditions. During first 90 days of egg production, all treatments reared under naturally hot conditions (summer months). The results 

showed that there were significant (P< 0.05) increase in the mean values of egg weight, egg number, egg mass, feed conversion and egg 
shell thickness in the hens of T2, T3, T4 and T5 as compared to the hens in T1 (control group). Mortality rate decreased (P< 0.05) in the 

hens of T2, T3, T4 and T5 compared to that in T1. Red blood cells count and packed cell volume were increased (P<0.05) in the hens of 

T2, T3 and T5 when compared to T1. Meanwhile, hemoglobin concentration was increased (P<0.05) in the hens of T5 as compared to 
T1 group. There were significantly increased in total protein and globulin in the hens of T5 as compared to the hens in T1. However,  

hens of T3, T4 and T5 showed increased (P<0.05) in total antioxidant capacity when compared to T1. On the other hand, hens of T2, T3, 

T4 and T5 showed significantly increased in glucose concentration as compared to the hens of T1. However, cholesterol concentration 
was decreased (P<0.05) in the hens of T3 and T5 compared to that in T1 and T2. Alanine transaminase, aspartic transaminase and 

creatinine concentrations were decrease (P<0.05) in the hens of T2, T3, T4 and T5 as compared to the hens in T1. Tri-iodothyronine (T3) 

hormone was increased (P<0.05) in the hens of T3 and T5 when compared to control group. There were no significant differences among 
T5, T4, T3 and T2 in T3 hormone. In opposite trend, corticosterone hormone was significantly decreased in the hens of T5 and T3 as 

compared to the hens of T1. In conclusion, applying early heat exposure program (EHEP) may enhance thermo-tolerance and acclimate 

birds to face severe heat stress during production period. So, it positively reflected in physiological responses and productive 
performance. In addition, supplement of acclimate laying hens during production period with vitamin C (250 mg/kg diet) and/or sodium 

bicarbonate (1.5 %) improved the immune responses of hens and can improve productive performance and egg shell thickness under 
heat stress conditions. However, the combined effect of EHEP in addition to sodium bicarbonate and/or vitamin C supplementation may 

produce positive synergistic interaction effects in the performance of heat –stressed birds.  
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Panda et al., 2008). Vitamin C has been demonstrated to be a powerful antioxidant that acts through formation of an ascorbate radical that destroys free radicals 
and inhibits other oxidation reactions (Strong, 2014 and Ibitoroko et al., 2011). Additionally, improvements in the average feed consumption, feed conversion, egg 

production, egg weight and egg shell thickness were observed with supplementation of vitamin C in drinking water or supplementation at 200–400 mg/ kg diet in 

laying hens (Strong, 2014; Daghir, 2008; Ciftçi et al., 2005 and Khan and Sardar, 2005). Moreover, vitamin C is known to decrease the use of corticosteroids 
released during stress (Sahin et al., 2003), thus playing an important role in response to stress. On the other hand, the acid-base balance of the birds is negatively 

affected by heat stress. Under heat stress, birds regulate heat loss by evaporation of water from their lungs. As a result of hyperventilation, levels of plasma CO2 

and HCO3 are reduced and respiratory alkalosis occurs. Ernst et al. (1975) reported that receiving laying hens with sodium bicarbonate (NaHCo3) 0.4 % produced 
significantly fewer rough-shelled eggs at high temperatures, improved the eggshell quality (Odom et al., 1985), increased egg production (Altan et al., 2000), 

decreased mortality rate and increased both of feed conversion and feed intake (Yörük et al., 2004).  

Nowadays, heat shock exposure during earlier age (growth period) is unconventional procedure to increase thermo-tolerance and acclimate birds to heat 
stress which led to minimize heat-related mortality, improve productive performance and feed conversion and enhance immunity responses (Emam, 2013; Morsy, 

2013; Nagwa, Ahmed et al., 2004 & 2012; El-Moniary et al., 2010; El-Badry et al., 2009; Star et al., 2009; Zulkifli et al., 2003 & 2009; Faisal et al., 2008; 

Mahmoud, Hanan, 2006; Rahimi, 2005; De Basilio et al., 2002; Yalcin et al., 2001; Yahav and Plavnik, 1999; Yahav et al., 1997; Yahav and Hurwitz, 1996; Davis 
et al., 1991 and Arjona et al., 1988). Emam (2013) reported that exposure of laying hens to heat shock program (40±1 °C for 4 h from 12:00-16:00 for 3 

consecutive days) at 3 days and 8 weeks of age or at 3 days, 8 and 16 weeks of age (growth period) alleviated the negative effects of heat stress on productive 

performance of laying hens during egg production period. Heat shock proteins (HSP) have been observed in every cell type and tissue, under both unstressed and 
stressed conditions. Environmental stresses induce HSP70. Members of HSP70 protein family act as chaperone, which assists in the folding, transport and 

assembly of protein in cytoplasm, mitochondria and endoplasmic reticulum or appears to play a critical role in protecting cells against the adverse effects of 

hyperthermia, helps newly synthesized proteins fold (Morimoto et al., 1990). Therefore, this work aimed at studying the effects of heat shock program during 
growth period and some feeding additives such as vitamin C (as a powerful antioxidant) and sodium bicarbonate (as an acid-base balance regulator) during 

production period on physiological responses and productive performance of Montazah hens under heat stress conditions of South Sinai during egg production 

period (first 90 days). 

 

MATERIALS AND METHODS 
 
The present work was carried out in South Sinai Research Station, located at Ras Suder that belongs to the Desert Research Center, Ministry of Agriculture 

and Land Reclamation, Egypt. The experiment started in February 2015 up to August 2015. Laboratory work was carried out in the Laboratories Compound of 

Desert Research Center.  
One hundred and fifty (one - day old) of female Golden Montazah chicks were randomly divided into five equal treatments (30 chicks each). The 1st 

treatment (T1) served as control; the chicks of 2nd (T2), 3rd (T3), 4th (T4) and 5th (T5) treatments were exposed to early heat shock program (EHSP) during growth 

period (40.0±1.0 °C for 4 hours from 12:00-16:00 for 3 successive days at 3 days, 4 weeks and 8 weeks of age). The 3rd treatment (T3) had 250 mg vitamin C/ kg 
diet during production period. The 4th treatment (T4) had 1.5 % sodium bicarbonate during production period. Finally, the 5th treatment (T5) had 250 mg vitamin 

C/ kg diet + 1.5 % sodium bicarbonate during production period. After the end of heat shock exposure all treatments was reared under natural conditions. During 

first 90 days of egg production, all treatments reared under naturally hot conditions (summer months). 
Each treatment was housed on breeding wire cages until they reached 18 weeks old. Then, birds were transferred to production wire cages. Birds were 

provided with clean fresh water and fed ad-libitum on recommended standard diets for each age (from the first day to 10 weeks of age, 18 % crude protein (CP) 

and 2764 Kcal /Kg metabolizable energy (ME); from 11 to 20 weeks of age, 16 % CP and 2600 Kcal /Kg ME and from 21 weeks of age until the end of 
experiment (34 weeks of age), they fed diet with 18 % CP and 2764 Kcal /Kg ME according to NRC (1994). 

Birds were exposed to natural day- light and provided with artificial light to increase the day light length until reaching 14 h at 18 weeks of age. Then, the 

day light length period was increased 30 minutes every other week until fixed at 16 h daily from 30 weeks of age to the end of experiment. Birds were kept under 
the same managerial and hygienic conditions. Birds were examined against diseases and treated with antibiotics and vaccines to keep them healthy. 

Table (1) showed indoor climatic conditions (ambient temperature, AT, °C and relative humidity, RH, %) recorded during the experimental period using 

electronic digital thermo-hygrometer. The relationship between ambient temperature and relative humidity was termed as temperature-humidity index (THI) and 
calculated according to Marai et al. (2001). THI = db°C – [(0.31 – 0.31 × RH) × (db°C – 14.4)]. Where, db°C = dry bulb temperature in centigrade and RH = 

relative humidity %. The THI values were classified as absence of heat stress (<27.8), moderate heat stress (27.8-28.8), severe heat stress (28.9-29.9) and very 

severe heat stress (>30.0). 
Blood samples were withdrawn from the wing vein into tube containing EDTA (3 times during production period) for determination of red blood cells 

(RBC's), hemoglobin (Hb), packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular 
hemoglobin concentration (MCHC) by the coulter (HA-VET, Clinding – Belgium).  

Plasma was collected by using centrifugation for 15 minutes at 3000 rpm and it stored at –70 °C for determination of hormones (heat shock protein 70, tri-

iodothyronine and cortocosterone hormones) and blood metabolites (total protein, albumin, glucose, cholesterol, alanine and aspartic transaminase, creatinine and 
total antioxidant capacity). Blood metabolites were determined calorimetrically by using commercial kits. Concentrations of heat shock protein 70, tri-

iodothyronine and corticosterone hormones were determined by ELISA kit.  

 

Table 1: Indoor ambient temperature (AT, 0 C), relative humidity (RH, %) and temperature-humidity index (THI) throughout experimental period 

Months Min. AT Max. AT Min. RH Max. RH Min. THI Max. THI 

January 9.3±0.54 18.1±0.38 34.2±1.24 58.3±2.30 10.3±0.54 17.6±0.82 

February 10.6±0.88 17.9±0.66 31.2±1.09 57.2±1.11 11.4±0.57 17.4±0.63 
March 12.2±0.50 21.1±0.55 33.1±1.53 53.6±0.99 12.7±0.53 20.1±0.33 

April 13.4±0.87 26.0±1.11 31.0±1.88 43.9±1.65 13.6±0.87 24.0±1.08 

May 19.4±0.63 30.2±0.44 27.2±2.11 46.5±1.32 18.3±0.52 27.6±0.38 
June 24.1±0.24 33.9±0.48 25.9±1.22 41.6±1.43 21.9±0.22 30.4±0.35 

July 23.8±0.81 35.6±0.78 25.3±1.98 42.1±2.10 21.6±0.55 31.8±0.66 

August 25.1±0.61 35.9±0.71 29.8±1.65 49.6±1.60 22.8±0.37 32.5±0.81 

 
All experimental chickens were used to evaluate the productive performance. Body weight was recorded at initial body weight (22 Weeks) and at end of 

experiment (34 weeks). Egg number and weight were recorded daily for 90 days during egg production period. Egg mass was calculated by multiplying average 

egg weight by egg number. Feed consumption was recorded and feed conversion was calculated weekly as follows: feed conversion=total feed intake/ total egg 
mass. 

Twenty eggs were randomly collected from each treatment to measure egg shell thickness in mm (average of the abroad, narrow ends and equator areas of 

egg). Mortality rate was recorded daily for each group from one day to end of the experiment.   
Data was analyzed by the least square analysis of variance using the General Linear Model Procedure (SAS, 2004). The model was as follows: 

Yij= µ + Ti + eij 

Yij= Any observations of ith bird within jth treatment 

µ = Overall mean. 

Ti = Effect of ith treatment, (i: 1-5).  
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eijk = Experimental error. 
Significant differences among means were tested using Duncan multiple range test (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

 

Productive performance: 

Table (2) showed that the final body weight and body weight changes for control and other groups were comparable. On the other hand, there were 
significant (P< 0.05) increases in the mean values of egg weight, egg number and egg mass in the hens of T2, T3 and T5 as compared to T1 (control group).  

Moreover, hens of T4 had significant increase in egg number and egg mass values by 14.18 and 19.78 %, respectively comparing to hens in T1. On the other 

hand, egg number and egg mass were increased (P<0.05) in the hens received vitamin C and sodium bicarbonate (T5) as compared to their counterparts of other 
groups. Daily feed intake decreased significantly in the hens of T1 by 10.93 and 9.12 % when compared to the hens of T2 and T5, respectively (Table 2). These 

results declared that the hens of T3, T4 and T5 (heat exposure program and additive vitamin C, bicarbonate sodium and combined vitamin C and bicarbonate 

sodium had significantly improved values of feed conversion by 14.64, 13.05 and 19.74 %, respectively as compared to the hens of T1 (control).  

 

Table 2: Effect of early heat exposure program (EHSP) and some nutritional additives on productive performance of laying hens under heat stress conditions  

Traits T1 T2 T3 T4 T5 ± SE 

IBW 1646.00 1645.37 1645.25 1646.85 1646.25 55.04 

FBW 1859.62 1940.75 1969.75 1940.57 1974.00 64.76 

BWC 213.62 295.37 324.50 293.71 327.75 54.55 

EW (g) 43.44b 47.71a 47.14a 45.59ab 48.00a 1.14 
EN  63.92c 72.00b 72.50b 72.99b 79.16a 0.49 

DFI (g) 96.63c 108.49a 100.94bc 100.22bc 106.33ab 2.33 

TFI (g) 8697.15c 9764.40a 9084.90bc 9019.95bc 9570.00ab 210.43 
EM (g) 2777.78c 3433.14b 3416.03b 3327.44b 3800.14a 78.46 

FC  3.14a 2.84ab 2.68b 2.73b 2.52b 0.10 

IBW= initial body weight; FBW= final body weight; BWC= body weight change; EW= egg weight;; EN= egg number; DFI= daily feed intake; TFI= total feed 
intake; EM= egg mass;; FC= feed conversion.  

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 

production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-c Means with different superscripts within row are significantly different (P<0.05) 

 

On the other hand, hens of T2 showed insignificantly improved in feed conversion by 9.55 % as compared to the hens in T1. The reduction of productive 
performance of hens in T1 (control) could be attributed to negative effects of heat stress which is associated with compromised performance and productivity 

through a decline in feed intake, nutrient utilization, egg production and quality, feed conversion and reduced antioxidant status and subsequently, increased 

oxidative stress (Khan et al., 2012 and Yousef, 1985). Furthermore, exposure of hens to severe heat stress (Table 1) led to decrease feed intake and consequently 

endocrine system, acid–base imbalance and organs functions. These adverse effects influence the process of egg formation at levels ovary and reproductive tract as 

well as process of ovulation and oviposition (Oguntunji and Alabi 2010 and Rozenboim et al., 2007).  

Improvement of hens performance traits of treatments 2, 3, 4 and 5 might be attributed to heat exposure program during growth rate (Emam, 2013; Franco-
Jimenez et al., 2007 and Nagwa, Ahmed et al., 2004). Heat exposure program (at 3-5 days of age, 4 and 8 weeks of age) might enhance thermo-tolerance of laying 

hens that would face severe heat stress in advanced or later ages (Yahav and McMurtry, 2001). These results agree with the results of Morsy (2013); Nagwa, 

Ahmed et al., 2004 & 2012; El-Moniary et al. (2010); Zulkifli et al., 2003 & 2009; De Basilio et al., 2002 & 2003; Faisal et al. (2008); El-Badry et al. (2009); Star 
et al. (2009) and Mahmoud, Hanan (2006), they used heat shock exposure programs to acclimate birds to heat stress and enhance some physiological responses of 

birds.  

Indeed, early heat exposure program may increase HSP70 expression (Figure 1) in T2, T3, T4 and T5 and might suggesting that the proteins involved in the 
stress caused by heat shock exposure in the hens. Additionally, heat shock proteins play important role in protecting stressed cells and reversing disorders caused 

by stress (Emam, 2013; Barbe et al., 1988 and Li and Werb, 1982) and hence it reflected on improvement of productive performance of laying hens. 

On the other hand, providing 250 mg vitamin C/ kg diet (T3) or 1.5 % sodium bicarbonate (T4) and its combination together (T5) led to more improvement 
in productive performance through increasing heat tolerance, immunity responses, antioxidant status and influencing mineral metabolism of hens by biochemical 

mechanism to regulation of acid–base balance (Kurtoglu et al., 2002). Vitamin C increases the use of corticosteroids released during heat stress. Additionally, it 

has been reported that heat stress increases the mineral and vitamin mobilization from tissues and their excretion (Siegel, 1995), so vitamin C and sodium 
bicarbonate requirement may exacerbate during heat stress conditions (Ipek et al., 2007 and Sahin et al., 2002).  

Providing vitamin C and/or sodium bicarbonate decreased (P< 0.05) mortality rate in the hens of T2, T3, T4 and T5 treatments by 33.4, 100, 33.4 and 100 %, 

respectively compared to that in T1 (Figure 2) which might be due to enhance thermo-tolerance. Moreover, vitamin C and/or sodium bicarbonate positively effect 
on enhancing immunity and regulate blood acid-base balance and plasma electrolyte concentrations of these hens. On the other hand, increasing mortality rate in 

control hens (T1) might be attributed to inability of stressed hens to regulate body temperature under heat stress conditions (Yahavet al., 1997, Arjona et al., 1988 

and Keshavarz and McDougald, 1981). 
Egg shell thickness was improved (P<0.05) in the hens of T3, T4 and T5 by 13.56, 18.59 and 24.62 %, respectively as compared to the hens in T1 (Figure 3). 

However, hens of T5 showed significant increase in shell thickness by 9.73 and 14.54 % as compared to T3 and T2, respectively. Eggshell quality becomes as 

important as egg production in flocks where incidence of cracked eggs is high. Decreased shell thickness in the hens exposed to heat stress conditions (T1) might 
be resulted from the increment in respiration rate under heat stress conditions where respiratory alkalosis occurs. Under such circumstances, carbon dioxide from 

the blood and bicarbonate from the blood and body fluids were losses (Nobakht et al., 2006). This loss of carbon dioxide is accentuated by the need for blood 

bicarbonate to buffer the hydrogen ions produced during egg shell formation (Makled and Charles, 1987). Any reduction in bicarbonate concentration in the lumen 
of the shell gland adversely affects eggshell thickness (Balnave et al., 1989). Hence, it is possible that at high temperature, hens have a nutritional requirement for 

bicarbonate. 
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Fig. 1: Effect of early heat exposure program (EHSP) and some nutritional additives on heat shock protein 70 expression (HSP70) of laying hens under heat stress 

conditions 

 

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 

production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-b Means with different superscripts among treatments are significantly different (P<0.05). 

 

 
 

Fig. 2: Effect of early heat exposure program (EHSP) and some nutritional additives on mortality rate of laying hens under heat stress conditions 

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 
production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 

a-b Means with different superscripts among treatments are significantly different (P<0.05). 

 

 
Fig. 3: Effect of early heat exposure program (EHSP) and some nutritional additives on shell thickness of laying hens under heat stress conditions 

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 

production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-c Means with different superscripts among treatments are significantly different (P<0.05).  
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It is worthy to note that, the increment in egg shell thickness for T3, T4 and T5 suggested that acclimation of laying hens to high temperatures prevents 
perturbation in the maintenance of several physiological processes such as thermoregulation and acid-base balance (Arad and Marder, 1982&1983 and Arad et 

al.,1981). Furthermore, a beneficial effect of vitamin C on shell thickness in the hens reared under heat stress conditions by stimulates 1.25 dihydrox-chole-

calciferol and increases calcium mobilization from bone which important in egg shell formation thus egg quality (Demir et al., 1995; Orban et al., 1993; Dorr 
Boushy et al., 1988 and Balloun, 1976). On the other hand, use of sodium bicarbonate might aid in promoting better egg shell calcification by adjustment of acid - 

base balance, especially in heat stress conditions (Ghorbani and Fayazi, 2009; Makled, and El-Gammal, 1997; Balnave and Muheereza, 1997; Emery et al., 1990 

and Makled and Charles, 1987).  
 

Hematological parameters: 

Red blood cells count (RBC's) and packed cell volume (PCV) were increased (P<0.05) in order of the hens of T2 (29.03 and 20.55 %), T3 (31.33 and 24.46 
%) and T5 (36.86 and 18.20 %) when compared to T1. Meanwhile, hemoglobin (Hb) concentration was increased (P<0.05) in the hens of T5 by 31.20 % as 

compared to T1 group. However, MCV was decreased (P<0.05) in the hens of T5 by 11.85 % compared with control group (Table 3). Enhance in the 

thermoregulation and immunity responses in acclimate hens may increase RBC's counts and Hb concentration. These results agreed with those of Nagwa, Ahmed 
et al. (2012) and Yahav et al. (1997), they reported that hematological concentrations decreased under heat stress and increased in acclimated chicken compared 

with un-acclimated birds. Emam (2013); Morsy (2013) and Oladele et al. (2001) reported that exposure of hens to heat stress conditions might impair the synthesis 

of blood cells in hens. In addition, increase the values of RBC's, PCV and hemoglobin levels in the hens of T3 and T5 might be attributed to the effect of vitamin C 
in protecting the membrane integrity of the erythrocytes (Majekodunmi et al., 2013; Adenkola et al., 2010 and Candan et al., 2002). However, increase Hb 

concentration could also be attributed to the role of vitamin C in increasing the absorption of iron from digestive system (Harper et al., 1979). Hence, positive 

enhancing in hematological parameters may be an indicative of the important role of sodium bicarbonate and/or vitamin C in alleviating heat stress in hens. There 
are insignificant effects of treatments MCH and MCHC. 

 

Table 3: Effect of early heat exposure program (EHSP) and some nutritional additives on hematological parameters of laying hens under heat stress conditions  

Traits T1 T2 T3 T4 T5 ± SE 

RBC's (× 106/mm3) 2.17b 2.80a 2.85a 2.69ab 2.97a 0.18 

Hb (g/dl) 9.07b 11.15ab 11.62ab 10.77ab 11.90a 0.82 

PCV (%) 23.79d 28.68b 29.61a 26.66c 28.12b 0.22 
MCV (fl) 109.62a 103.72ab 104.99ab 101.44ab 96.63b 3.35 

MCH (pg) 41.63 39.64 40.69 40.00 39.79 0.85 

MCHC (%) 38.05 39.10 39.26 40.58 42.16 2.75 

RBC's = red blood cells; Hb = hemoglobin; PCV= packed cell volume; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC 

= mean corpuscular hemoglobin concentration. 

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 
production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-d Means with different superscripts within row are significantly different (P<0.05) 

 

Biochemical parameters: 

Table (4) showed that there were significant increases in total protein and globulin in the hens of T5 by 42.85 and 68.71 %, respectively as compared to the 

hens in T1. However, hens of T3, T4 and T5 showed increased (P<0.05) in total antioxidant capacity (TAC) when compared to T1.  
On the other hand, hens of T2, T3, T4 and T5 had higher (P<0.05) values of glucose concentration by 19.04, 25.81, 22.60 and 30.24 %, respectively as 

compared to the hens of T1. These results may be attributed to the enhancing of immune responses and source of antibodies production (Emam, 2013; Morsy, 

2013; El-Kaiaty and Hassan, 2004 and Mashaly et al., 2004) and/or may be related to the important role of vitamin C in the metabolism of amino acids and protein 
synthesis via enhancing the protein synthesis enzymes (Morsy, 2007; Abdel-Hamid and El-Adawy, 1999 and Amici and Merendino, 1996). Furthermore, increased 

glucose concentration may be explained that hens of T2, T3, T4 and T5 use fat to obtain their needs, these sources are characterized by lower heat increment which 

led to reduce heat production under heat stress conditions (Nagwa, Ahmed et al., 2012 and Deaton et al., 1984). Meanwhile, cholesterol concentration was 
decreased (P<0.05) in the hens of T3 and T5 compared to that in T1 (by 26.08 and 26.25 %, respectively) and T2 (by 18.74 and 18.93 %, respectively). This 

decrease may be due to vitamin C considered as anti-stress and powerful antioxidant and acting as a potential inhibitor of cholesterol synthesis by stimulate 

cholesterol conversion to bile acids and increase its faecal excretion (Morsy, 2013 and Sahin et al., 2003). 

 

Table 4: Effect of early heat exposure program (EHSP) and some nutritional additives on some biochemical parameters of laying hens under heat stress conditions  

Traits T1 T2 T3 T4 T5 ± SE 

Total protein (g/dl) 3.99b 4.80ab 5.29ab 4.62ab 5.70a 0.53 
Albumin (g/dl) 2.36 2.92 2.95 2.50 2.95 0.28 

Globulin (g/dl) 1.63b 1.88b 2.34ab 2.12ab 2.75a 0.28 

Glucose (mg/dl) 178.20c 212.13b 224.20ab 218.48ab 232.10a 6.49 
Cholesterol (mg/dl) 133.55a 133.86a 98.71b 115.14ab 108.51b 10.01 

ALT (i.u./l) 13.11a 10.43b 9.37b 10.77b 9.80b 0.77 

AST (i.u./l) 28.58a 25.26b 22.71b 18.96c 19.61c 1.09 
Creatinine (mg/dl) 0.54a 0.24b 0.28b 0.26b 0.28b 0.06 

TAC (mM/L) 0.94c 1.43bc 2.24a 1.81ab 2.31a 0.23 

ALT = alanine transaminase; AST = aspartic transaminase.  
T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 

production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-c Means with different superscripts within row are significantly different (P<0.05) 

 

Alanine transaminase (ALT), aspartic transaminase (AST) and creatinine concentrations were decrease (P<0.05) in the hens of T2 (by 20.44, 11.61 and 55.55 

%, respectively), T3 (by 28.52, 20.53 and 48.14 %, respectively), T4 (by 17.84, 33.65 and 51.85 %, respectively) and T5 (by 25.24, 31.38 and 48.14 %, 
respectively) as compared to the hens in T1 (control). The increase of liver and kidney enzymes in the heat stressed hens (T1) might indicate that hens were not 

capable to defeat the heat stress conditions and hence led to adverse effect on liver and kidney function (Faisal et al., 2008). However, using early heat shock 

program and providing sodium bicarbonate and/or vitamin C might cause the reductions in the severity of histopathological degeneration in liver and kidney which 
may occur resulting from exposure of birds to severe heat stress (Okolie and Ivoanya, 2003).  

 

Tri-iodothyronine and corticosterone hormones:  
Tri-iodothyronine (T3) hormone was increased (P<0.05) in the hens of T3 and T5 by 41.57 and 58.42 %, respectively when compared to control group (T1). 

There were no significant differences among T5, T4, T3 and T2 in T3 hormone (Table 5). T3 hormone plays an important role in regulating metabolism and 

thermogenesis in chickens (Tao et al., 2006). Concentration of T3 hormone is highly correlated to decreased feed intake and exposure of hens to high ambient 
temperature (Yahav et al. 1995). So, exposure of hens to heat stress conditions caused decreased T3 level to decrease heat production and sustain homoeothermic 
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(Attia et al., 2016 and Uni et al., 2001). These results were in agreement with those of Nagwa, Ahmed et al. (2012); Moraes et al. (2003) and Yahav (2000). 
However, increased T3 hormone in the hens of T5 may be explained as vitamin C might play a role for maintaining metabolic rate and/or reducing the effects of 

stress. 

 

Table 5: Effect of early heat exposure program (EHSP) and some nutritional additives on tri-iodothyronone (T3) and corticosterone (Cor) hormones of laying hens 

under heat stress conditions  

Traits T1 T2 T3 T4 T5 ± SE 

T3 (ng/ml) 1.78b 2.32ab 2.52a 2.27ab 2.82a 0.34 
Cor (ng/ml) 32.20a 26.48ab 20.43b 28.86ab 21.77b 4.10 

T1= control; T2= EHSP; T3= EHSP + additive 250 mg vitamin C / kg diet during production period; T4= EHSP + additive 1.5 % sodium bicarbonate during 

production period; T5= EHSP +additive 250 mg vitamin C/ kg diet +1.5 % sodium bicarbonate during production period. 
a-b Means with different superscripts within row are significantly different (P<0.05) 

 

In an opposite trend, corticosterone (Cor) hormone was significantly decreased in the hens of T5 and T3 by 32.39 and 36.55 %, respectively as compared to 

the hens of T1. At heat stress conditions, corticosteroid secretion increases as a response to stress (Brown and Nestor, 1973). The Cor hormone considered a more 
effective biological indicator of acute stress response (Siegel, 1995). The lower Cor hormone level in the group of heat shock exposure program suggested that the 

birds success to habituate to the heat stress (Morsy, 2013; Nagwa, Ahmed et al., 2012 and Star et al., 2009). On the other hand, vitamin C can eliminate the 

adverse influences of heat stress via decreased corticosterone secretion (Attia et al., 2016; Metwally 2003 and Kutlu and Forbes, 1993).  

 

Conclusion: 

Applying early heat exposure program (EHEP) of birds (40±1 °C for 4 h from 12:00 - 16:00 for 3 follows days at 3 days, 4 and 8 weeks of age) may enhance 
thermo-tolerance and acclimate birds to face severe heat stress during production period. So, it positively reflected in physiological responses and productive 

performance. In addition, supplement of acclimate laying hens during production period with vitamin C (250 mg/kg diet) and/or sodium bicarbonate (1.5 %) 
improved the immune responses of hens and can improve productive performance and egg shell thickness under heat stress conditions. However, the combined 

effect of EHEP in addition to sodium bicarbonate and/or vitamin C supplementation may produce positive synergistic interaction effects in the performance of 

heat-stressed birds.  
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