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ABSTRACT
[bookmark: _Toc215115348]This study evaluated the effects of dietary sodium bicarbonate (NaHCO₃) supplementation on the growth performance, carcass characteristics, and meat quality of broiler chickens during the finisher phase in the semi-arid environment. A total of 120 Ross 308 broiler chickens were randomly assigned to four dietary treatments in a Completely Randomized Design (CRD). The treatments comprised a basal diet supplemented with sodium bicarbonate at graded levels: 0 , 50, 100, and 150g/100kg as T1 (Control), T2, T3, and T4, respectively. Data were collected on growth parameters (weight gain, feed intake, FCR, mortality), carcass yield, and meat quality indices (pH, drip loss, and water-holding capacity). Results indicated that sodium bicarbonate supplementation significantly (p<0.05) improved final body weight, total weight gain FCR and mortality. Birds in the T4 group (150 g/100kg) had the highest final body weight and lowest FCR suggesting improved nutrient utilization under heat stress as a result of supplementing Sodium bicarbonate. While feed intake, and carcass characteristics (primal cuts and organ weights) were not significantly affected (p>0.05), meat quality analysis revealed a significant improvement (p<0.05) in Water Holding Capacity (WHC) for birds in the T2 group (0.5 g/kg). The study concludes that sodium bicarbonate is effective in mitigating the adverse effects of heat stress, with 1.5 g/kg recommended for optimizing growth performance.
Introduction
Poultry production plays a critical role in ensuring global food and nutritional security due to its efficiency in converting feed into high-quality animal protein. Among livestock species, chickens are the most widely produced and consumed source of meat because of their rapid growth rate, high feed conversion efficiency, short production cycle, and relatively low production costs. Global poultry meat production has continued to expand steadily over the past decades, increasing from about 133 million tonnes in 2020 to over 146 million tonnes in recent years (FAO, 2024). Similarly, global chicken meat production has remained above 100 million tonnes, reflecting the increasing global demand for affordable animal protein (USDA, 2024). This growth is driven largely by population expansion, urbanization, rising incomes, and changing dietary preferences toward animal-based protein sources (FAO 2018). With the global population projected to exceed 9 billion by 2050, poultry meat is expected to play a critical role in meeting future protein requirements due to its high production efficiency compared with other livestock species (FAO, 2018; Mottet & Tempio, 2017). Therefore, improving poultry productivity through enhanced nutrition, management, and health strategies remains a key priority for sustaining global food security.
In Nigeria, poultry production plays a significant role in food security, household nutrition, employment, and income generation, thereby contributing to economic development (Anosike et al., 2020; Sulaiman et al., 2023). It is especially vital for low-income and rural populations who rely on poultry for income generation and daily sustenance (FAO, 2013). Despite their contribution in animal protein supply, modern broiler chickens are physiologically vulnerable to thermal stress (Fathi & Mardani, 2024). These birds exhibit elevated metabolic rates, which result in higher endogenous heat production (Lara & Rostagno, 2013). The increase in respiratory effort leads to the loss of carbon dioxide, causing respiratory alkalosis, an elevation in blood pH that disrupts enzyme function, nutrient absorption, and cellular homeostasis (Brugaletta, 2022). 

[bookmark: _Toc215115349][bookmark: _Toc215115351][bookmark: _Toc215115372]In order to reduce the effect of heat stress, one of the most effective and economical ways adapted by the farmers in hot environments is through dietary modification, amongst which adjusting the dietary electrolyte balance (DEB), calculated as (Na⁺ + K⁺ – Cl⁻) in mEq/kg of feed (Ahmad & Sarwar 2006). It serves not only as an electrolyte supplement but also as a buffering agent that stabilizes blood pH under conditions of respiratory alkalosis (Mushtaq & Pasha 2013). Despite its established biochemical significance, the practical application of sodium bicarbonate in broiler diets under semi-arid conditions of Sokoto remains underexplored. Therefore, identifying the levels of Sodium bicarbonate to be incorporated in the diet of broiler finishers that support optimum production will ultimately help in reducing the heat associated challenges that hinders production of broiler birds in the region.
[bookmark: _Toc215115373]MATERIALS AND METHODS
Experimental Site

[bookmark: _Toc215115374]This study was carried out at the Livestock Teaching and Research farm of the department of Animal Science Usmanu Danfodiyo University, Sokoto, located at Aliyu Jodi Veterinary Clinic, located in Sokoto, Sokoto State, Nigeria (11° 30′ - 13° 50′ N, 4°00′ - 6°00′ E). The study area lies within the dry Savanna zone, which experiences high ambient temperatures, especially between March and May, with daily temperatures often rising above 40°C and April having the highest mean daily maximum of 41°C and a record high of 44.8°C (Abaje et al., 2015). Mean annual temperature is approximately 34–35°C, with dry season temperatures often exceeding 40°C. Relative humidity is low during the dry season but increases significantly during the rainy season, which peaks between July and September. Annual rainfall ranges from about 300 to 800 mm and is highly seasonal (Ikpe et al., 2021; Hamisu & Budah, 2024) 

Experimental Design
[bookmark: _Toc215115375]​A total of 120-day-old broiler chicks, of Ross 308 strain were randomly assigned to four dietary treatment groups in a completely randomized design (CRD). Each treatment consists of three replicates, with 10 birds per replicate making 30 birds per treatment. A basal diet was formulated to meet the Nutrient Requirements of Poultry (SON, 2018) with 19%CP and 2850 M.E Kcal/kg. Sodium bicarbonate (NaHCO₃) was supplemented at graded levels of 0g (control), 50g/100kg, 100g/100kg and 150g/100kg for T1, T2, T3 and T4 respectively. The nutrient composition of the feeds is presented in table 1 below.






Table 1. Gross and Nutrient Composition of the Finisher Feeds

	INGREDIENTS(KG)
	FINISHER

	Maize
	55.00

	SBM
	34.00

	Wheat Offal
	5.50

	Limestone 
	2.50

	Methionine 
	0.25

	Lysine
	0.10

	Salt
	0.30

	Choline chloride
	0.10

	Bonemeal
	2.00

	Vitamins Mineral Premix*
	0.25

	Total
	100

	NUTRIENTS COMPOSITION

	Energy (MEKcal/Kg)
	2859.75 

	Protein
	19.40%

	Lysine
	1.46%

	Methionine 
	0.53%

	Calcium
	1.45%

	P(av.)
	0.63%

	Fibre
	4.33%

	Ether Extract 
	3.92%


*Vitamin A (10,000,000 IU), Vitamin D5 (2,000,000 IU), Vitamin E (10,000 IU), Vitamin K3 (2,000 IU), Thiamin B (1,500 mgr). Riboflavin B3 (1,400 mgr), Pyridoxine B4 (1,500 mgr), Vitamin B12 (10 mgr), Niacin (15,000 mgr), Panthotenic Acid (5,000), Folic Acid (300 mgr), Biotin (20 mgr), 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).
Experimental Birds and Management
The birds were housed in a conventional tropical pen under standard management practices, including provision of feed and clean water ad libitum was observed as recommended by Oluyemi and Roberts (2000). Routine medication and vaccination were administered as recommended for the area, Standard hygiene practices for both experimental pens and environment was observed throughout the experimental period.
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Data Collection
The Feed intake was recorded daily by subtracting the quantity of feed left over from the quantity given the previous day and then calculating the feed intake per bird by dividing by the number of birds in replicate, Body Weight Gain was determined by weighing all the birds in replicate and then subtracting from the initial weight. The records of feed intake and weight gain Feed conversion ratio (FCR). Which was calculated as the ratio of feed intake to body weight gain; FCR =  where FI = Feed Intake and WG = Weight Gain, Mortality was recorded and expressed as percentage of the total number of birds stocked.



Carcass 
[bookmark: _Toc215115379]At the end of the experimental period (seven weeks), three birds per treatment were randomly selected from each treatment group (one per replicate) for carcass evaluation, the selected birds were fasted for 12 hours prior to slaughter, with water provided ad libitum throughout the fasting period with the aim to reduce the amount of feed and faecal matter in the digestive tract and minimise the risk of microbial contamination of the carcass during evisceration, the birds were humanely slaughtered using halal-compliant procedures, dressed and eviscerated after which, the eviscerated carcass weight, excluding the head, shanks, and internal organs, weights of primal cuts (breast, thigh, drumstick, back and wing), weights of edible organs (liver, gizzard, and heart) were measured.
Laboratory Analysis
Meat pH
The pH of the breast muscle (Pectoralis major) was measured within 45 minutes post-mortem (pH₁) and at 24 hours post-mortem (pH₂₄), measurements were taken using a portable pH meter equipped with a penetration electrode, calibrated with standard buffer solutions (pH 4.0 and 7.0) before use.
Water Holding Capacity (WHC)
The WHC of breast muscle was determined using the compression method as described by (Grau & Hamm1953). Approximately 5 grams of breast muscle was pressed between two filter papers under a constant pressure of 2 kg for 5 minutes, the WHC was calculated as the percentage of water retained in the muscle after pressing, reflecting the meat’s ability to retain moisture post-slaughter.

Drip Loss
[bookmark: _Toc215115380]A standardized cylindrical core was cut from the fresh meat of each replicate, ensuring the cut was parallel to the muscle fibres, the core was weighed to get the Initial Weight (W1), then placed on the suspended grid inside a sealed EZ-Drip Loss container, this container was stored at a constant refrigerated temperature (4°C) for 24 hours, allowing liquid to drip and collect below the grid, afterwards, the meat core was removed, its surface gently blot dry, and weighed  again to get the Final Weight (W2). The drip loss was then calculated as the percentage of weight lost:    Where W1 = Initial Weight; W2 = Final Weight. As described by (Honikel, 1998)

Data Analysis
Data collected was subjected to Analysis of Variance (ANOVA) using Stat view statistical package to determine significant differences among treatment means. Where significance was observed (p < 0.05), Least Significant difference (LSD) was used to separate the means.
[bookmark: _Toc215115383]RESULTS AND DISCUSSIONS
Growth Performance of Broiler Finishers Fed Graded Levels of Sodium Bicarbonate during hot season of semi-arid environment
The growth performance of broiler finisher fed a diet supplemented with graded level of sodium bicarbonate is presented in table2. Significant difference (P<0.05) was observed across all the treatment groups in terms of Final weight, weight gain, feed conversion ratio and mortality.

Table 2. Growth performance of broiler finishers supplemented with graded levels of Sodium bicarbonate 

	Parameter
	T1 (0 g/100kg)
	T2 (50g/100kg)
	T3 (100 g/100kg)
	T4 (150g/100kg)
	SEM
	p-value

	IW (g)
	656.67 
	640.00 
	653.33 
	676.67 
	5.412
	0.091

	FW (g)
	1566.67ab
	1690.00ab
	1463.33b
	1740.00a
	41.908
	0.044

	WG (g)
	900.00b
	1050.00a
	810.00b
	1063.33a
	41.166
	0.051

	TFI (g)
	2250.00
	2520.00 
	2273.33
	2510.00
	58.060
	0.185

	FCR
	2.50b
	2.43b
	2.87a
	2.33b
	.0899
	0.161

	Mortality (%)
	21.67b
	30.67a 
	12.33c
	27.00a
	3.352

	0.250


IW = Initial Weight; FW = Final Weight; WG = Weight Gain; TFI = Total Feed Intake; FCR = Feed Conversion Ratio

The final body weight was significantly influenced (p<0.05) by the dietary inclusion of sodium bicarbonate at finisher level, suggesting the impact of sodium bicarbonate in mitigating heat stress that resulted in higher live weight for those given highest inclusion level (150g/100kg of feed) which could possibly be attributed to the role of sodium bicarbonate in acid-base balance and metabolic function (Ahmad et al., 2006). While the highest level (treatment 4) is well below the toxic threshold, the relatively lower performance (P<0.05) at 100g g/100kg (treatment 3) could probably indicates sub-optimal electrolyte balance that imposes a metabolic stress, Moura et al., (2024).  The lack of significant differences in feed intake among treatments may suggest that sodium bicarbonate primarily improves performance under heat stress through maintenance of acid–base balance and internal homeostasis rather than by stimulating appetite (Ahmad & Sarwar, 2006). Moreover, FCR was significantly affected (p<0.05) by dietary treatments, Treatment 4 was observed to have significantly (P<0.05) lower and better FCR compare to treatment 3, yet it did not differ significantly (P>0.05) with treatments 1 and 2  this non-linear response emphasizes the precision required in electrolyte supplementation, as noted by Tanveer et al., et al. (2009), who found that both deficient and excessive electrolyte balances can impair feed efficiency. Or perhaps be due to some experimental complications experience as there was a confirmed incidence of Salmonellosis. The finding that sodium bicarbonate improved FCR without significantly increasing feed intake points to enhanced nutrient utilization rather than simply greater consumption (Ahmed et al., 2006; Araujo, et al., 2022), this further aligns with the work of Borges et al. (2003), who found that appropriate dietary electrolyte balance improved FCR in heat-stressed broilers by optimizing metabolic processes. 

Mortality was observed to have differed significantly (p<0.05) across all the treatments. Even though the percentage mortality was very high across the treatment which could be attributed the bacterial infection (salmonellosis) as confirmed by postmortem and isolation of the parasite from the tissues. Therefore, the mortality patter experience could not be easily attributed to the sodium bicarbonate supplementation rather the infections that was probably the reason why there was nonlinear pattern in terms of mortality where treatment 3 having 100g/100kg of feed was observed to have significantly lowest mortality compared to all the treatments, while treatments 2 and 4 did not differ significantly (p>0.05). surprisingly, control group has significantly (p<0.05) lower than treatment 4 that has highest inclusion level of sodium bicarbonate. Okuneye et al., 2016 reported up to 36% mortality as a result of salmonella out break during their studies in the use of probiotics in broiler birds.
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Carcass Characteristics and Organ Weights of Broiler Finishers Fed Graded Levels of Sodium Bicarbonate During Hot Season of Semi-arid Environment

The effects of dietary sodium bicarbonate supplementation on the carcass characteristics and organ weights of broiler chickens raised during the hot season of semi-arid environment is presented in Table 3

Table 3: The effects of dietary sodium bicarbonate supplementation on the carcass characteristics and organ weights of broiler chickens raised during the hot season of semi-arid environment

	Parameter (g)
	T1 
	T2 
	T3 
	T4 
	SEM
	p-alue

	Breast Weight 
	452.00 
	437.33
	416.67
	382.33
	31.253
	0.906

	Thigh Weight 
	186.67 
	160.67 
	158.33
	157.67
	10.246
	0.756

	Drumstick Weight 
	154.33 
	143.00
	119.33
	139.33
	9.806
	0.709

	Wing Weight
	123.00 
	123.67
	120.67
	119.00
	5.341
	0.993

	Back Weight 
	123.33 
	110.00
	125.67
	122.67
	7.562
	0.915

	Neck Weight 
	63.00 
	67.33
	69.33 
	69.00 
	3.877
	0.954

	Head Weight 
	52.00 
	47.67
	43.67 
	51.67
	2.060
	0.494

	Legs Weight 
	60.00 
	62.67 
	48.33
	63.00
	2.847
	0.308

	Viscera 
	95.33 
	82.33
	84.67
	82.33
	3.886
	0.655

	Liver Weight
	45.00
	43.67
	38.33
	39.33
	2.914
	0.861

	Heart Weight
	9.33
	10.67
	8.00
	9.00
	.653
	0.609

	Gizzard Weight
	55.33
	59.67
	57.67
	55.33
	2.174
	0.907



[bookmark: _Toc215115385]There was no significant difference (P>0.05) across all the treatments in terms of the measured primal cuts and visceral organs. The results indicate that although there was a significant improvement in live weight and weight gain of broiler birds, this improvement did not significantly (P<0.05) influence primal cuts and the relative weights of internal organs. This suggests that while sodium bicarbonate supplementation enhanced overall growth performance, it did not alter carcass composition or organ development, instead, it primarily supports overall physiological functioning, allowing birds to grow more efficiently without altering carcass structure. Since carcass traits are often strongly controlled by genetic factors and long-term nutritional strategies, short-term dietary supplementation may increase weight gain without changing carcass composition. However, this contradicts the findings by Mushtaq & Pasha 2013, who reported improved breast yield with NaHCO₃ supplementation. The discrepancy may be attributed to differences in the strains used for the different studies and the environment in which the two separate studies were conducted. 

Meat Quality Parameters of Broiler Finishers Fed Graded Levels of Sodium Bicarbonate during hot season of semi-arid environment

The effects of dietary sodium bicarbonate supplementation on meat quality parameters of broiler chickens are presented in Table 4. 

Table 4. Effect of Dietary Sodium Bicarbonate on Meat Quality Parameters of Broiler Chickens

	Parameter
	T1
	T2 
	T3 
	T4
	p-value

	pH
	5.85 
	6.06
	5.86
	6.09
	0.832

	Drip Loss (%)
	1.87
	1.40
	1.53
	2.10
	0.299

	WHC (%)
	11.07b
	13.20a
	11.50ab
	10.93b
	0.021


WHC = Water Holding Capacity
Both the pH and drip loss did not differ significantly (p>0.05) among the treatment groups. Yet, some numerical variation exists with increase in the level of sodium bicarbonate. This trend is physiologically important because a higher post-mortem pH is a key factor in improving water-holding capacity and reducing drip loss, as the relationship between higher ultimate pH and lower drip loss is well-established (Sun & Wang 2024). The additional bicarbonate ions from dietary supplementation likely provide enhanced buffering capacity in muscle tissue, helping to moderate the rate of pH decline post-mortem. This potential mechanism aligns with the known physiological role of sodium bicarbonate in live birds, where it helps maintain acid-base balance in the blood (Ahmad et al., 2006). 
On the contrary, water holding capacity was significantly different (p<0.05) across the different treatment groups.  The significant improvement in WHC at the 0.5 g/kg level could indicate enhanced water retention reduces cooking losses and improves juiciness and tenderness (Huff-Lonergan & Lonergan 2007), which could be as a result of buffering action of bicarbonate ions helps maintain a higher muscle pH, which shifts the muscle environment further from the isoelectric point of the major myofibrillar proteins (Sun & Wang 2024). 
However, the beneficial effect was non-linear and disappeared at higher supplementation levels, with treatment 4 showing the lowest WHC. This indicates that excessive sodium bicarbonate even though buffer, yet it may disrupt cellular osmoregulation or electrolyte balance, counteracting the positive pH buffering effect (Ahmad et al., 2009). 

It could therefore be concluded from this study that Sodium Bicarbonate improves the performance and carcass quality of finisher broiler birds reared during hot season of semi-arid environment. The use of sodium bicarbonate at 1.5 g/kg of feed is recommended for improving the final weight gain and FCR of broiler chickens during the finisher phase in semi-arid environment.
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