


[bookmark: _Toc215018326]EVALUATION OF HEAT STRESS INDICATORS AND BIOMARKERS IN BROILER CHICKENS SUPPLEMENTED WITH VARYING AMOUNTS OF SODIUM BICARBONATE IN THE SEMI-ARID REGION OF SOKOTO, NIGERIA




ABSTRACT
This study evaluated the efficacy of graded levels of dietary sodium bicarbonate (NaHCO₃) in reducing heat stress in broiler chickens reared in the semi-arid climate. A total of 180-day-old Ross 308 broiler chicks were randomly allotted to four dietary treatments: T1 (0 g NaHCO₃/100 kg feed), T2 (50 g/100 kg), T3 (100 g/100 kg), and T4 (150 g/100 kg), in a completely randomized design. The study lasted 49 days, during which environmental data, respiratory rate, rectal temperature, and blood serum samples for oxidative stress markers were collected. The results confirmed a significantly thermal challenge environment, with THI values frequently within the moderate to severe categories. Analysis of physiological responses showed that sodium bicarbonate supplementation had no significant (P>0.05) effect on respiratory rate or rectal temperature, indicating that the environmental thermal load was the dominant factor driving these primary stress indicators. However, the analysis of oxidative stress biomarkers revealed highly significant (P<0.05) improvements in the values. The T3 and T4 groups showed significantly (P<0.05) increased superoxide dismutase activity, and the T4 group showed a significant boost in Glutathione Peroxidase (GSH-Px) activity compared to the control group. Total Antioxidant Capacity (TAC) was also significantly enhanced in the supplemented groups. It was concluded that while dietary sodium bicarbonate supplementation did not alter the respiratory rate and rectal temperature, it significantly affected the birds' endogenous antioxidant defence system at the cellular level. The highest inclusion level of 150 g/100 kg feed was the most effective. Therefore, it is recommended that broiler diets in semi-arid regions be supplemented with sodium bicarbonate at 150g per 100kg of feed to enhance resilience to heat stress by mitigating oxidative damage
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[bookmark: _Toc215018329]INTRODUCTION
 
Poultry production is a fast-growing agricultural sector in Nigeria, playing a critical role in meeting the protein needs of the population and supporting the livelihoods of farmers (FAO, 2019). Broiler chickens are especially important because of their short production cycle, high feed conversion efficiency, and market demand (Oguge et al., 2021). However, their production is challenged by environmental factors particularly in areas characterized by elevated temperatures and humidity (Mangan & Siwek, 2023), as result of which the thermoregulatory capacity of poultry is markedly diminished, thereby magnifying the deleterious effects of heat stress on their productive performance (Vandana et al., 2021). Studies have reported that heat stress in broilers leads to significant reductions in feed intake and growth, fat deposition and meat quality (Zaboli et al., 2018; Goo et al., 2019). 
This challenge is even more pronounced in semi-arid environments, which is characterized by high ambient temperatures and low humidity levels, heat stress presents a major challenge to broiler production, which occurs when the heat produced by the body exceeds the body's ability to dissipate it, leading to physiological and biochemical disturbances (Lin et al., 2006). According to Sa’adu et al., 2018 Broiler production in semi arid region is constrained by high ambient temperatures, which often exceed the thermoneutral zone of poultry. Such condition alters endocrine function, suppresses immune responses, and impairs growth performance (Quinteiro-Filho et al., 2012). Similarly, birds under heat stress exhibit increased respiration rate, elevated rectal temperature, oxidative stress, and altered electrolyte balance (He et al., 2018), which can be quantitatively measured using biomarkers such as corticosterone, malondialdehyde (MDA), heat shock proteins (especially HSP70), and blood electrolytes (Mashaly et al., 2004; Lara &Rostagno, 2013).
In order to maintain acid base balance and standard levels these biomarkers in poultry, nutritional strategies such as adding sodium bicarbonate (NaHCO₃) as a supplement are adapted because it acts as an alkalinizing agent, helping to maintain the acid-base balance, stabilize electrolyte levels, and support thermoregulation, despite its potential it’s effectiveness may vary based on the environmental conditions (Sayed & Downing, 2011). According to (Attia et al., 2009) Nutritional modifications, particularly electrolyte and buffer supplementation, are more practical and cost-effective but need to be properly evaluated for each ecological region. Currently, there is insufficient information on how different levels of sodium bicarbonate influence the physiological and biochemical stress responses of broilers in Sokoto semi-arid climates and therefore, identifying how sodium bicarbonate influences physiological responses in broilers under heat stress is of paramount importance as it may provide a research-based information on the effect of supplementing NaHCO3 in maintaining electrolytes balance in broiler birds raised during hot season of Sokoto.
Materials and methods
Study Area
This experiment was conducted at Aliyu Jodi Veterinary Clinic, Sokoto State, Nigeria. Sokoto State is located within the Sudan savanna ecological zone of Nigeria. It lies between latitude 4° and 6° 40′ N and longitude 11° and 13° 50′ E. The rainfall pattern in Sokoto State is highly erratic and unpredictable, with irregular onsets and cessations (Ojo, Ojo, & Adebayo, 2011). The annual rainfall ranged from 300 mm to 800 mm, which adversely affected the duration and effectiveness of the cropping season. The wet season typically spanned from June to September, while the dry season extended from October to May (Ojo, Ojo, & Adebayo, 2011). The mean annual temperature was about 34.5°C, with dry season temperatures often exceeding 40°C (Intergovernmental Panel on Climate Change [IPCC], 2007).
Experimental Design
A total of 180 (Ross308) broiler birds were used for the study, which were randomly allocated to four treatment groups in a completely randomized design (CRD). Each group consisted of 45 birds, replicated 3 times, with 15 birds per replicate. The four dietary treatments were as follows:
i. T1 (Control): Basal diet without sodium bicarbonate (0% NaHCO3)
ii. T2: Basal diet supplemented with 50g/100kg feeds sodium bicarbonate
iii. T3: Basal diet supplemented with 100g/100kg feeds sodium bicarbonate
iv. T4: Basal diet supplemented with 150g/100kg feeds sodium bicarbonate
[bookmark: preparation-of-the-experimental-pen][bookmark: _Toc215018362]Diets were formulated to be isocaloric and isonitrogenous, meeting the nutrient requirements for broiler chickens. 
Preparation of the Experimental Pen
Before the arrival of the chicks, the experimental pens were thoroughly cleaned, disinfected, and fumigated to eliminate any potential pathogens. fresh wood shavings were spread to a depth of approximately 2 cm. The pens were well ventilated and equipped with feeders (trays) and drinkers appropriate for the age of the birds. Brooding facilities such as heat lamps and charcoal pots were also made available to maintain optimal brooding temperature (32–34°C) during the first week.

Management of the Experimental Birds
The birds were raised under an intensive management system. They were housed in clean, well-ventilated pens with unrestricted access to clean drinking water and feed. Routine management practices including brooding, vaccination, debeaking, and health monitoring were strictly observed. The birds were vaccinated against common poultry diseases such as Newcastle and Gumboro diseases following a standard vaccination schedule of the Area. The environment was kept dry and hygienic throughout the experimental period to avoid stress and disease outbreaks.
[bookmark: experimental-design]TABLE 1: INGRIDIENTS AND CALCULATED NUTRIENTS COMPOSITION OF THE EXPERIMENTAL DIETS, AT STARTER PHASE.
	INGREDIENTS
	STARTER

	Maize
	56.00

	Soybean meal
	37.00

	Wheat Offal
	2.00

	Limestone
	2.00

	Methionine
	0.30

	Lysine
	0.10

	Salt
	0.30

	Choline chloride
	0.10

	Bone meal
	1.95

	Premix*
	0.25

	Total 
	100.00

	
	

	
	

	NUTRIENTS COMPOSITION
	

	Crude protein (%)
	20.19

	Metabolizable Energy (Kcal/kg)
	2,901.19

	Available Phosphorus (%)
	0.63

	Methionine
	0.59

	Lysine
	1.56

	Crude Fiber (%)
	4.26


*Vitamin A (10, 000,000 I.U), Vitamin D3 (2, 000,000I.U), Vitamin E (10,000 I.U), Vitamin K3 (2000 I.U), Thiamin B (1500 mgr), Riboflavin B3 (1400 mgr), Pyridoxine B4 (1500 mgr), Vitamin B12 (10 mgr), Niacin (15,000 mgr), Pantothenic Acid (5000 mgr), Folic Acid (300 mgr), Biotin (20mgr), Choline Chloride (200,000 gr), Cobalt (200 gr), Copper (5 gr), Iodine (1.2 gr), Iron (20 gr), Manganese (80 mgr), Selenium (200 gr), Zinc (50 gr), Antioxidant (125 mgr). Sodium bicarbonate was added at graded levels (0, 50, 100 and 150g/100Kg feed) across treatments.

TABLE 2: INGRIDIENTS AND CALCULATED NUTRIENTS COMPOSITION OF THE EXPERIMENTAL DIETS, AT FINISHER PHASE.
	INGREDIENTS(KG)
	FINISHER

	Maize
	55.00

	Soybean meal
	34.00

	Wheat Offal
	5.50

	Limestone
	2.50

	Methionine
	0.25

	Lysine
	0.10

	Salt
	0.30

	Choline chloride
	0.10

	Bone meal
	2.00

	Premix *
	0.25

	total 
	100.00

	
	

	
	

	NUTRIENTS COMPOSITION
	

	Crude protein (%)
	19.40

	Metabolizable Energy (Kcal/kg)
	2,859.75

	Available Phosphorus (%)
	0.63

	Methionine
	0.53

	Lysine
	1.46

	Crude Fiber (%)
	4.33


[bookmark: data-collection][bookmark: _Toc215018366]* Vitamin A (10, 000,000 I.U), Vitamin D3 (2, 000,000I.U), Vitamin E (10,000 I.U), Vitamin K3 (2000 I.U), Thiamin B (1500 mgr), Riboflavin B3 (1400 mgr), Pyridoxine B4 (1500 mgr), Vitamin B12 (10 mgr), Niacin (15,000 mgr), Pantothenic Acid (5000 mgr), Folic Acid (300 mgr), Biotin (20mgr), Choline Chloride (200,000 gr), Cobalt (200 gr), Copper (5 gr), Iodine (1.2 gr), Iron (20 gr), Manganese (80 mgr), Selenium (200 gr), Zinc (50 gr), Antioxidant (125 mgr). Sodium bicarbonate was added at graded levels (0, 50, 100 and 150g/100Kg feed) across treatments.

Data Collection
[bookmark: humidity-and-temperature]Temperature and relative humidity were recorded two times a day: in the morning hours (between 6:00 am and 11:00 am), when ambient temperature was relatively low, and in the afternoon hours (between 12:00 pm and 3:00 pm), when it was usually high. Ambient temperature and relative humidity within the broiler pens were recorded using a digital thermo-hygrometer (Donkoh, 1989). The device was suspended at bird height within the pen to ensure accurate readings reflective of the birds’ microenvironment. The readings were used to calculate the Temperature-Humidity Index (THI).

The THI was computed using Tao and Xin (2003), , where the wet-bulb temperature  was estimated using the high-accuracy Stull (2011) empirical formula.

[bookmark: rectal-temperature-rt][bookmark: physiological-traits][bookmark: respiratory-rate-rr][bookmark: _Toc215018369][bookmark: adaptability-index]Rectal temperature was measured using a digital thermometer inserted into the cloaca of the bird for about 30 seconds as described by (De Basilio et al., 2003). Respiratory rate was determined by counting the number of abdominal movements per minute using a stopwatch. 


Biomarker Analysis
[bookmark: _Toc13063373]Blood sample collection
At the end of the feeding trial (7 weeks) blood samples were collected at early hours 7:00am-8:00am prior to morning feeding, the samples were collected from 3 birds in each replicate. The blood samples collected were used to determine physiological and biochemical biomarkers associated with heat stress in broiler birds. the blood was obtained from the wing web vein of the selected birds, using sterile syringe 10ml and 21-gauge needle then, immediately poured in plain tubes (for serum separation). The samples were transported to the laboratory in ice containers for analysis. 
Serum was separated by centrifugation at 3000 rpm for 10 minutes and stored at –20°C until further analysis. The following biomarkers were determined:
1. Cortisol (CORT): measured as a hormonal indicator of stress. Blood samples (10 mL) was collected in heparinized vacuum tubes from the jugular vein immediately before the slaughter to determine plasma cortisol concentrations. Hormone concentration was determined by a competitive enzyme immunoassay kit for cortisol determination (Radim, Pomezia, Italy).
2. Malondialdehyde (MDA): assessed as a marker of lipid peroxidation and oxidative stress. The changes in malondialdehyde (MDA) levels in serum samples was measured spectrophotometrically
3. Heat Shock Protein 70 (HSP70): measured as a molecular chaperone induced by heat stress.
4. [bookmark: _Toc215018370][bookmark: data-analysis]Blood Electrolytes (Na⁺, K⁺, Cl⁻, HCO₃⁻): evaluated to assess electrolyte balance under heat stress conditions.
Data Analysis
[bookmark: _Toc215018372]Data for Temperature humidity index (THI) was analyzed using descriptive statistics, while that of physiological stress responds and stress biomarkers were subjected to analysis of variance (ANOVA) using SPSS. Where significant differences (p < 0.05) were observed among treatment means, Duncan’s Multiple Range Test (DMRT) was used to separate and compare the means (Steel & Torrie, 1980).
[bookmark: _Toc215018373]RESULTS AND DISCUSSION 
Heat Stress Conditions During the Experimental Period
Daily temperature-humidity index (THI) is presented in Figure 1. The calculated THI values were classified as Thermoneutral (THI ≤ 27.8), Moderate Heat Stress (27.9 ≤ THI ≤ 29.9), and Severe Heat Stress (THI ≥ 30.0) (Lallo et al., 2018).
 [image: unnamed]
Figure 1: Daily mean THI for Starter and Finisher phases

The environmental conditions indicate a notable thermal challenge, particularly during the earlier stages of the experiment. According to the Lallo et al. (2018) adapted classification, approximately 45% of the experimental period the birds were exposed to Moderate or Severe heat stress categories. The fluctuation in daily THI values, with the maximum recorded THI reaching 33.48 (Day 6) reveals a distinct contrast in the thermal environment between the two experimental phases. The Starter Phase (28 days) bore the brunt of the thermal challenge, recording 12 days of Moderate stress and 9 days of Severe stress, with only 7 days classified as Thermoneutral. In contrast, the Finisher Phase (21 days) was largely characterized by Thermoneutral conditions (20 days), with only 1 day reaching the Moderate stress threshold, this however due to the fact that at this phase the rain fall was already established thereby lowering environmental temperature.
These findings confirm that the broilers were subjected to a significant heat stress condition, specifically during the Starter Phase prior to the unset of rainy in the semi-arid environment of Sokoto. The recorded THI values aligned with established standard by literature that identifies the comfort threshold at or below 27.8 (Lallo et al., 2018). Sustained THI values above this limit are usually associated with elevated respiratory rate and rectal temperature, and overall declines in growth performance (Oluwagbenga & Fraley, 2023). Furthermore, an elevated THI above thermoneutral, impairs the bird's capacity for sensible heat loss, forcing a greater reliance on evaporative cooling through panting, which causes physiological shift and increases the risk of respiratory alkalosis and typically compromises nutrient intake and utilization (Oluwagbenga & Fraley, 2023).The thermal environment observed, characterized by peaks of high THI during the early growth period prior to the unset of rainfall, represents a constraint to broiler production in semi-arid regions (Apalowo et al., 2024). 
[bookmark: _Toc215018374]Physiological Stress Responses
The effects of supplementing varying levels of sodium bicarbonate in broiler diets on key physiological stress responses are presented in Table 3.
Table 3: Effect of Graded Levels of Sodium Bicarbonate on Physiological Stress Responses of Broiler Chickens
	Parameter
	T1 (0g)
	T2 (50g)
	T3 (100g)
	T4 (150g)
	Ref. value
	SEM
	P-value

	R/R (Br/mnt)
	50.35
	50.32
	50.16
	52.43
	45 – 60 
	1.68
	0.742

	RT (°C)
	41.33
	41.30
	41.29
	41.38
	41.0– 42.5
	0.095
	0.899


R/T = Rectal temperature, R/R Respiratory Rate. Means in the same column are not significantly different (P > 0.05). SEM = Standard Error of the Mean.
The statistical analysis revealed no significant differences (P > 0.05) in either the mean respiratory rate (RR) or rectal temperature (RT) among the four treatment groups. This indicates that sodium bicarbonate supplementation, did not significantly alter these primary physiological indicators of heat stress. The respiratory rates were uniformly high across all treatments, confirming sustained panting, an adaptive measure of thermoregulation under heat stress in poultry (Teeter & Belay, 1996; Wasti et al., 2020). The non-significant treatment effect on RR is consistent with the findings of Wasti et al. (2020), who concluded that the panting reflex is a direct, hypothalamic-mediated reaction to ambient temperature and is not easily modified by nutritional interventions once the environmental heat load is high. Therefore, the prevailing environmental thermal load in semi-arid environment is the predominant factor driving the respiratory response. However, this result contradicts other studies that have reported a reduction in panting rate when using high doses of combined electrolyte and antioxidant supplements (Wasti et al., 2020), suggesting that, the environmental stress through which the birds were exposed in the present study was likely too severe for NaHCO3 alone to lower the respiratory rate, perhaps a combined effect of multiple anti stress supplement.
[bookmark: _Toc215018375]Similarly, there was no significant difference (P > 0.05) in rectal temperature (RT) across treatments. The maintenance of RT within the normal range indicates that the birds’ mechanisms were successful in preventing severe hyperthermia. This lack of effect of dietary treatment on RT is in line with research by Naseem et al. (2005), that reported NaHCO3 supplementation did not lower the core body temperature of broilers but was crucial in reducing negative metabolic consequences. Conversely, this result is contrary to reports where NaHCO3 or other salts were shown to reduce RT (De Basilio et al., 2003), which could likely be attributed to the difference in heat stress exposure by the broiler birds in the two separate studies.
Effect of Graded Levels of Sodium Bicarbonate on Stress Biomarkers
The effects of supplementing broiler diets with varying levels of sodium bicarbonate on oxidative stress biomarkers of broiler birds reared during hot season of semi arid environment are presented in Tables 4.  The results indicate that the inclusion of NaHCO₃ had a significant (p < 0.05) effect on serum Superoxide Dismutase (SOD), Glutathione Peroxidase (GSH-Px), and Total Antioxidant Capacity (TAC). However, Cortisol was not affected significantly (p>0.05) by the supplementation of NaHCO3 across the treatments.
Table 4: Effect of Graded Levels of Sodium Bicarbonate on Oxidative and Hormonal Stress Biomarkers on Broiler Birds Reared in Dry Hot Season of Semi-Arid Environment
	Parameter
	T1 (0g)
	T2 (50g)
	T3 (100g)
	T4 (150g)
	SEM
	P-value
	Ref. Range

	SOD (U/ml)
	120.33c
	122.67c
	138.33b
	139.67a
	1.67
	<0.0001
	20-200

	GSH-Px (U/ml)
	187.67b
	187.00b
	188.33b
	212.67a
	6.93
	0.034
	10-300

	TAC (mmol/L)
	2.67b
	3.83a
	3.30ab
	3.23ab
	0.29
	0.023
	0.2-4.0

	Cortisol (ng/ml)
	21.33
	23.33
	24.67
	25.00
	2.29
	0.676
	0.3-20


Means in the same row with different superscripts are significantly different (P < 0.05). SOD=Superoxide Dismutase, GSH-Px=Glutathione Peroxidase, TAC=Total Antioxidant Capacity. Reference ranges from: Hassan (2018); Nemec (2000); Abraham (2024).
Even though, the SOD values across all treatment groups fell within the reference range of 20–200 U/mL for broiler chickens (Hassan, 2019). The highly significant, (P<0.05) dose-dependent increase in SOD activity represents one of the most important findings of this study. Superoxide Dismutase being the first line of defence in the antioxidant system, catalysing the conversion of superoxide radicals to hydrogen peroxide (Ighodaro & Akinloye, 2018). The significant (p<0.05) concentration of SOD activity in the T3 and T4 groups demonstrates sodium bicarbonate's capacity to support the primary antioxidant defence mechanism under heat stress conditions. These results strongly support the findings of Akbarian et al. (2016), who emphasized the crucial role of enhanced antioxidant enzyme systems in mitigating heat stress-induced oxidative damage in poultry. The gradual increase in SOD from T3 to T4 suggests that the higher supplementation level provided additional benefit in activating this antioxidant enzyme, offering superior protection against oxidative stress.
Furthermore, all measured GSH-Px values fell within the reference range of 10–300 U/mL for broilers. However, the highest supplementation level (T4) indicates that sodium bicarbonate's effect on the antioxidant system extends beyond SOD activation to include the glutathione pathway. GSH-Px plays a crucial role in detoxifying hydrogen peroxide and lipid peroxides, thereby protecting cellular membranes from oxidative damage (Lubos et al., 2011). This finding corroborates the work by Lin et al. (2006), who demonstrated that dietary interventions that support redox balance can enhance glutathione-dependent antioxidant pathways in heat-stressed birds. The fact that GSH-Px activity increased significantly only at the 150g level, unlike SOD which showed improvement at both 100g and 150g levels, suggests different threshold requirements for activating various components of the antioxidant defence system. This differential response highlights the complexity of the antioxidant network and the importance of optimal inclusion levels for comprehensive oxidative stress protection.
[bookmark: _Toc215018376]Total Antioxidant Capacity (TAC) was equally significantly (P<0.05) affected by sodium bicarbonate supplementation, yet all TAC values remained within the physiological range of 0.2–4.0 mmol/L for broiler birds (Nemec, et al., 2000). The significant improvement in (TAC) in the T2 group indicates that even moderate levels of sodium bicarbonate supplementation can enhance the overall antioxidant status of heat-stressed broilers. TAC being the cumulative action of all antioxidants in the biological system, including enzymes, proteins, and low molecular weight antioxidants (Ghiselli et al., 2000). The finding that TAC was most improved at the 50g level, while specific enzymes like SOD and GSH-Px showed greater enhancement at higher levels, suggests that different components of the antioxidant system may respond optimally to different supplementation levels. This observation aligns with research by Sahin et al. (2002), who reported that various antioxidant parameters might exhibit different response patterns to nutritional interventions. The results indicate that sodium bicarbonate supplementation produces a complex, antioxidant defence system in heat-stressed broilers.
[bookmark: _Toc215018379]But Serum cortisol concentration was not significantly (P>0.05) different across the treatment groups. The corticosterone values recorded were above the physiological range (0.3–20 ng/mL) for broiler chickens, indicating a heightened stress response (Abraham, 2024). The non-significant effect on cortisol levels, despite clear evidence of physiological stress from other parameters (such as reduced lymphocytes), presents an interesting aspect of the stress response. Cortisol being a primary glucocorticoid hormone that typically increases during acute stress but may exhibit variable patterns during chronic stress exposure (Sapolsky et al., 2000). The relatively stable cortisol levels across treatments despite the clear heat stress conditions suggest possible hypothalamic-pituitary-adrenal axis adaptation or feedback regulation under chronic stress (De Kloet et al., 2005). This finding is consistent with reports by Quinteiro-Filho et al. (2010), who observed that chronic heat stress can lead to complex adjustments in the neuroendocrine stress response in poultry. The results indicate that while sodium bicarbonate supplementation significantly influenced antioxidant status and some metabolic parameters, it did not substantially alter the neuroendocrine stress response as measured by circulating cortisol levels under these chronic heat stress conditions.
Conclusion 
[bookmark: _Toc215018380]The findings revealed that the birds were exposed to a significant thermal challenge (severe and moderate) few weeks to the commencement of the rainfall in the semi arid environment and gradually improve to (thermoneutral) as the rainfall fully established. Analysis of physiological responses indicated that sodium bicarbonate supplementation did not significantly alter respiratory rate or rectal temperature. However, the analysis of oxidative stress biomarkers yielded significant results showing an increase in Superoxide Dismutase (SOD), Glutathione Peroxidase (GSH-Px) activities, and Total Antioxidant Capacity (TAC). It was concluded that dietary supplementation of broiler chickens with sodium bicarbonate only did not significantly (P<0.05) affect the primary physiological stress indicators of respiratory rate and rectal temperature in broilers under the prevailing severe heat stress. But, the antioxidant defence system, demonstrated by increase in Superoxide Dismutase (SOD) and Glutathione Peroxidase (GSH-Px) activities.
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Figure 4.1: Daily Mean THI Across the 49 Experimental Days (Lallo et al. 2018 Adapted)
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