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Influence of Graded Levels of Sodium Butyrate Supplementation on Growth Performance, Economic Efficiency, and Carcass Traits of Turkey Poults under Heat Stress

Abstract
[bookmark: _Hlk213309157][bookmark: _Hlk213418723][bookmark: _Hlk213419401][bookmark: _Hlk213410375][bookmark: _Hlk214194744][bookmark: _Hlk213423594][bookmark: _Hlk214194807]Heat stress markedly impairs growth performance and carcass yield in turkeys, leading to substantial economic losses in hot climates. Nutritional strategies such as organic acid supplementation are increasingly explored to mitigate these adverse effects. We evaluated the impact of using sodium butyrate (SB) at rates of 0.01, 0.05, and 0.1% on performance traits, economics, and carcass traits in turkey poults under heat stress. We divided seventy-two straight-run CARI VIRAT turkey poults into four treatment groups (Three replicates and six turkey poults in each). The poults were wing banded, weighed individually, and distributed randomly on a uniform body weight basis in the treatment groups. Poults were reared for 56 days (8 weeks) and kept on a basal diet. The first group (T1) received a basal diet, while the other three groups received a basal diet with sodium butyrate (SB) at a rate of 0.01% (T2), 0.05% (T3) and 0.1% (T4). THI values ranged from 83.60 to 85.81 during the experiment due to temperature variations between 29.59°C and 32°C and relative humidity between 77.6 and 91.2%. Poults of T3 and T4 showed significantly higher (P=0.045) body weight than T1 poults at the 1st week of age, while T2, T3, and T4 poults had significantly higher body weight at 4th (P=0.015) and 8th (P=0.025) week of age. Poults of T3 and T4 showed significantly higher (P=0.049) body weight gain than T1 at 1st week of age, while T2, T3 and T4 poults had significantly higher body weight gain at 7th (P=0.025) and 8th (P=0.032) week of age compared to T1. No significant difference was found in feed intake, feed conversion ratio, and feed cost per kilogram of live weight gain of turkey poults. Poults of T3 showed significantly higher (P = 0.015) wings % and defeathered weight %  compared to T2 and T4, and were apparently higher than the control group. SB-fed groups showed improved body weight and body weight gain, with @0.1% SB showing significant effects during the 1st, 4th, 7th, and 8th weeks, while 0.05% SB improved wing and defeathered weight percentages in turkey poults reared during heat stress.
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1. Introduction
The use of antibiotics as growth-promoting ingredients in poultry feed has been common for decades. According to Marshall and Levy (2011), antibiotic-resistant microbes may develop as a result of the overuse and careless application of antibiotics. The European Union outlawed the use of antibiotics as growth enhancers in broiler chicken feed in 2006 for the same reasons. On the other hand, because of the imbalance in intestinal microbiota, the lack of growth promoters might lead to a number of problems along with enteritis (Huyghebaert et al., 2011). Antibiotics may be replaced with natural additions to solve this issue. This replacement becomes even more important under heat stress conditions, where intestinal integrity, immune response, and growth performance are further compromised. Organic short-chain fatty acids (SCFAs)-such as propionic, acetic, and butyric acids-are primarily produced in the lower intestinal tract through anaerobic microbial fermentation and serve as vital energy sources for colonocytes (Bedford and Gong, 2018). Among them, butyric acid is a key volatile SCFA with numerous applications in the animal feed industry. Under heat stress conditions, SCFAs are particularly beneficial as they help maintain gut integrity, reduce oxidative stress, and modulate inflammatory responses. Organic acids can improve birds’ performance due to their antimicrobial activity, which improves protein and energy digestibility by reducing microbial competition with the host for nutrients and endogenous nitrogen losses as well as by lowering the incidence of subclinical infections and secretion of immune mediators (Wang et al., 2010). Butyric acid is one of the most studied natural additives due to its antibacterial properties and the quantity of research done on it (Polycarpo et al., 2017). It plays a significant role in intestinal health. It is a four-carbon, medium-chain fatty acid that is utilized as an energy source for intestinal epithelial cell growth and development (Pryde et al., 2002). In the bird’s cecum, the primary location for microbial fermentation of unabsorbed starch, millimolar amounts of butyric acid are produced (Liu et al., 2017). 
Butyric acid and its salts, have demonstrated a beneficial impact on growth performance, egg production and egg quality because of their source, food composition and habitat (Elnesr et al., 2019; and Maty and Hassan, 2020). By lowering luminal pH, organic acids like butyric acid promote the growth of helpful bacteria (lactobacilli and Bifidobacteria), decrease dangerous bacteria such as Salmonella, Clostridium, and Escherichia coli, thereby improving gut health and nutrient absorption (Qaisrani et al., 2015; Maty and Hassan, 2020). The upper gastrointestinal tract (GIT) absorbs butyric acid quickly when it is not protected, indicating that protection is necessary to have a beneficial effect on the small intestine (Kaczmarek et al., 2016; Elnesr et al., 2020). The lower intestine has little availability of free butyric acid because it is quickly absorbed in the upper gastrointestinal tract. It is thought that butyrate works better if it is not rapidly absorbed in the upper tract. When butyric acid was administered in a coated form, like encapsulation, its effectiveness increased, indicating that the GIT benefited from this protection (Kaczmarek et al., 2016; Elnesr et al., 2020). 
Butyric acid is commonly used in its butyrate form (calcium or sodium salt), because it is odorless (Kaczmarek et al., 2016). Once sodium butyrate reaches the stomach, it releases the sodium ion, and due to the low pH, the butyrate is rapidly converted to the un-dissociated form, defined as the butyric acid (Elnesr et al., 2020). Due to its antimicrobial activity, which reduces the incidence of subclinical infections and immune mediator secretion, as well as microbial competition with the host for nutrients and endogenous nitrogen losses, this form is very effective in improving bird performance. Low stomach pH speeds up the conversion of pepsinogen to pepsin, improving the absorption of carbohydrates, proteins, and amino acids. It preserves intestinal villus structure in contrast to antibiotics. Increased villus height enhances absorptive surface area and feed efficiency (Adil et al., 2011). The intestinal epithelium, a single-cell layer that serves as the most significant barrier between the internal and exterior environments, contributes significantly to the digestion and absorption of nutrients and preserves the integrity of the gut. It limits the flow of luminal antigens and other harmful compounds into the bloodstream both transcellularly and paracellularly (Abdelqader et al., 2016). By boosting antioxidant defense and nutrient utilization, it may improve intestinal barrier integrity under heat stress, encouraging growth performance. Therefore, we experimentally assessed the effects of sodium butyrate (SB) as a functional feed supplement in turkey poults.
2. Materials and Methods
2.1 Animal, Experimental Design, and Diet
Seventy-two straight run turkey poults of CARI VIRAT were procured from ICAR Central Avian Research Institute, Izatnagar, Bareilly, and were reared for a subsequent feeding trial. They were divided into four treatment groups comprising three replicates and six poults in each replicate. Sodium butyrate was procured from SRL Pvt. Ltd. The poults were wing banded, weighed individually, and distributed randomly on a uniform body weight basis in the treatment groups. The poults were housed in a deep litter system. Water was offered ad lib. The experiment was conducted at the Poultry Farm of the Department of Poultry Science, U.P. Pandit Deen Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwa Vidyalaya Evam Go-Anusandhan Sansthan (DUVASU), Mathura, after due approval of the Institutional Animal Ethics Committee (IAEC/25/16), letter number: 154/IAEC/25, dated: 23 May 2025.
2.2 Growth Performance and Economics Parameters
Weekly performance metrics were documented. A digital electronic scale was used to measure body weight. Feed offered minus rejections per replicate was used to calculate feed intake. The final body weight less the initial body weight was used to calculate weight gain. The calculation of feed conversion ratio (FCR) involved dividing feed input by weight growth. This was followed by the calculation of the weekly feed cost per kilogram of live weight growth.
2.3 Carcass Quality Traits
At the time of slaughter, 2 male and 2 female birds from each group, i.e. a total of 16 birds, were taken after 8 weeks of age for studying various slaughter traits, viz. pre-slaughter fasting shrinkage in live weight (%), post-bleeding carcass weight (%), de-feathered weight (%), dressed weight (%), yield after evisceration loss or ready to cook yield (%). Further, the percentage yield of cut-of-parts (thighs, drumsticks, breast, back, neck, and wing) on eviscerated carcass yield was also determined. The birds were starved for 12 hours before slaughter. However, drinking water was provided ad- lib during the starvation period. The body weights were recorded after starvation. The birds were sacrificed by the improved Kosher method and bled for 1.5 to 2 minutes. The birds were dressed by cutting the head at the atlanto-occipital joint, the leg at the hock joint, and the oil gland located at the base of the tail, and were weighed. Evisceration was done by making a slit opening at the neck skin to remove the esophagus and trachea, vertical cut below the tip of the breast bone to remove viscera.



2.4 Statistical Analysis
The data about various parameters were analysed statistically as per the standard procedure (Snedecor and Cochran, 1989), and differences between the treatment means were obtained by using Duncan’s multiple range test (Duncan, 1955).
Table 1: Experimental Design
	S. No.
	Treatment 
	Diet

	1
	T1
	Control, Basal diet

	2
	T2
	Basal diet + supplementation of 0.01% sodium butyrate

	3
	T3
	Basal diet + supplementation of 0.05% sodium butyrate

	4
	T4
	  Basal diet + supplementation of 0.1% sodium butyrate



Table 2: The Composition and Nutritional Value of  the Turkey Diet
	Feed Ingredients
	Starter (0-8 wks)

	Maize
	49.96

	De-oiled Rice Bran (DORB)
	4.5

	Soybean meal 
	20

	Rice Distillers Dried Grains with Solubles (RDDGS)
	5.55

	Guar K
	6

	Rapseed
	5

	Fish Meal
	5

	Oyster Shell
	0

	Marble Crumble
	0

	Limestone Powder
	1

	Dicalcium Phosphate
	1.2

	Salt
	0.2

	DL-Methionine
	0.16

	Lysine
	0.5

	Total mineral premix
	0.11

	Vitamin Premix
	0.4

	B. Complex
	0.01

	Choline Chloride
	0.08

	Toxin Binders
	0.05

	Vitamin E + se
	0.02

	Liv. 52
	0.025

	Gerifort
	0.025

	Enzyme
	0.025

	Sodium Bi Complex
	0.15

	Vitamin C
	0.015

	Coccidiostat 
	0.02




3. Results and Discussion
3.1 Body Weight  
Poultry birds are highly susceptible to heat stress due to their naturally elevated body temperature, dense plumage, and poor thermoregulatory capacity. Their heavy feather cover reduces effective heat dissipation, and the lack of sweat glands prevents evaporative cooling. Moreover, the relatively small non-feathered surface area further limits the loss of excess body heat through conduction, convection, and radiation (Rostagno, 2020). High temperatures have been shown to cause behavioural, physiological, and immunological reactions in broilers, which hurt feed conversion efficiency and growth performance (Sahin et al., 2010). There were no significant differences (P > 0.05) among the treatment groups in weekly body weight (g) at day-old age, indicating uniformity of poults at the start of the experiment. However, poults of T2, T3, and T4 showed significantly higher (P = 0.045, P = 0.015, and  P = 0.025) body weight at 1st, 4th, and 8th week of age compared to the control group, while no significant differences were observed during the remaining weeks of age (Table 3). At the 8th week of age, all sodium butyrate-fed groups recorded significantly higher body weight than the control group. The findings of the present study are consistent with those of Makowski et al. (2022), who found that turkeys fed diets supplemented with various types of butyric acid throughout the early growth stage had significantly higher body weight (P < 0.05). Butyric acid affects gene expression, protein synthesis, and ultimately growth performance and carcass yield of birds. Further, it affects the proliferation, maturation, and differentiation of mucosal cells (Sengupta et al., 2006). The results of the present study are in agreement with other studies where it was observed that feeding of sodium butyrate at graded or protected levels resulted in a significant increase in body weight (Kumar et al., 2023; Lan et al., 2020; Ogwuegbu et al., 2021; Kaczmarek et al., 2016; Vinus et al., 2017).
3.2 Weight Gain
[bookmark: _Hlk219901551]There were no significant differences (P < 0.05) among the treatment groups in average weekly body weight gain (g) of poults throughout the experimental period, except at 1st, 7th, and 8th week of age (Table 4). In the 1st week, poults of T3 and T4 showed significantly higher (P = 0.049) body weight gain compared to T1. Similarly, at the 7th and 8th week of age, all sodium butyrate-fed groups (T2, T3, and T4) recorded significantly higher (P < 0.05) body weight gain than poults of the T1 group, indicating a beneficial effect of graded levels of sodium butyrate, particularly during early and later growth phases. In contrast to the present findings, Makowski et al. (2022) and Gao et al. (2025) reported a significant increase in body weight gain in chickens supplemented with sodium butyrate compared to the control group. In addition, birds given 800 mg/kg buffer salt-protected sodium butyrate had a significantly higher (P < 0.001) average daily growth, as shown by Melaku et al. (2024). The ability of sodium butyrate to improve intestinal histomorphology and barrier integrity, modulate the cecal microbiota towards beneficial populations, and enhance antioxidative capacity may be responsible for these positive effects on body weight gain. These effects increase the efficiency of nutrient absorption and direct more dietary energy and amino acids towards growth rather than maintenance or immune responses (Melaku et al., 2024).
Table 3: Effect of feeding sodium butyrate at graded levels on average weekly body weight (g) of turkey poults from day-old to 8 weeks of age

	Treatment
	0 day
	1st week
	2nd week
	3rd week
	4th week
	5th week
	6th week
	7th week
	8th week

	T1
	43.54
	57.43a
	100.23
	161.71
	231.83a
	351.94
	499.25
	657.17
	830.33a

	T2
	43.38
	62.40ab
	106.27
	171.07
	252.74b
	374.00
	520.95
	696.76
	898.38b

	T3
	43.77
	63.94b
	110.02
	180.93
	269.01b
	390.83
	545.07
	722.80
	920.46b

	T4
	43.65
	65.44b
	112.89
	178.37
	261.67b
	388.08
	537.55
	713.48
	925.50b

	Pooled SEM
	0.10
	1.16
	2.06
	3.22
	4.99
	6.19
	7.28
	9.89
	13.98

	Significance Level
	NS
	P=0.045
	NS
	NS
	P=0.015
	NS
	NS
	NS
	P=0.025

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05),  SEM: Standard Error of Mean.



Table 4: Effect of feeding sodium butyrate at graded levels on average weekly body weight gain (g) of turkey poults during day-old to 8 weeks of age
	[bookmark: _Hlk212670192]Treatment
	[bookmark: OLE_LINK66]1st week
	2nd week
	3rd week
	4th week
	5th week
	6th week
	[bookmark: OLE_LINK67]7th week
	8th week

	T1
	13.89a
	42.80
	61.48
	70.12
	120.12
	147.31
	157.92a
	173.17a

	T2
	19.03ab
	43.87
	64.80
	81.67
	121.26
	146.95
	175.81b
	201.62b

	T3
	20.16b
	46.08
	70.92
	88.08
	121.82
	154.24
	177.73b
	197.67b

	T4
	21.79b
	47.46
	65.48
	83.30
	126.41
	149.46
	175.93b
	212.02b

	Pooled SEM
	1.15
	1.34
	1.44
	2.63
	2.61
	2.30
	2.98
	5.33

	Significance Level
	P=0.049
	NS
	NS
	NS
	NS
	NS
	P=0.025
	P=0.032

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05), SEM: Standard Error of Mean.



3.3 Feed Intake, Feed Conversion Ratio and feed cost per kilogram of live weight gain
[bookmark: _Hlk220153652]There were no significant differences (P > 0.05) in weekly feed intake among the treatment groups during the experimental period (Table 5). The findings of the present study are in agreement with Makowski et al. (2022), who reported that although different forms of butyric acid significantly (P ≤ 0.01) improved body weight and feed intake at 8 weeks, no significant effect on feed intake was observed at later stages. It has also been reported that, as compared to propionic acid, butyric acid did not decrease the feed intake in broiler chicken ( Hu and Guo, 2007).
There were no significant differences (P > 0.05) in feed conversion ratio and feed cost per kilogram of live weight gain during the entire experimental period (Tables 6 and 7). These findings are consistent with Wu et al. (2018), who reported no significant improvement (P > 0.05) in FCR in broilers supplemented with sodium butyrate at 200–1000 mg/kg. Similarly, Bortoluzzi et al. (2017) observed no significant effect on FCR with 0.1% sodium butyrate under reduced dietary energy and amino acid levels. Lan et al. (2020) also reported no significant differences in FCR with sodium butyrate supplementation at 300, 600 and 1200 mg/kg under heat stress conditions, possibly because although sodium butyrate protected intestinal integrity by reducing oxidative damage (reduced ROS/MDA, improved antioxidant enzymes like SOD/GSH-Px) and inflammation, the high metabolic demand induced by heat stress limited its impact on feed efficiency.


Table 5: Effect of feeding sodium butyrate at graded levels on average weekly feed consumption (g) of turkey poults during day old to 8 weeks of age
	[bookmark: _Hlk212671738]Treatment
	1st week
	2nd week
	3rd week
	4th week
	5th week
	6th week
	7th week
	8th week

	
	
	
	
	
	
	
	
	

	T1
	18.69
	66.31
	123.08
	176.93
	240.17
	331.14
	375.25
	468.00

	T2
	28.09
	73.03
	127.21
	177.05
	238.19
	312.57
	380.00
	514.10

	T3
	24.16
	61.82
	129.44
	189.53
	266.46
	348.01
	413.24
	539.79

	T4
	30.13
	74.55
	115.81
	173.44
	269.71
	333.48
	386.21
	531.07

	Pooled SEM
	1.85
	3.43
	3.47
	5.09
	6.43
	7.38
	7.93
	14.61

	Significance Level
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05), SEM: Standard Error of Mean.




Table 6: Effect of feeding of sodium butyrate at graded levels on the weekly feed conversion ratio of turkey poults from day-old to 8 weeks of age
	[bookmark: _Hlk212717796]Treatment
	1st week
	2nd week
	3rd week
	4th week
	5th week
	6th week
	7th week
	8th week

	T1
	1.35
	1.55
	2.00
	2.53
	2.00
	2.25
	2.38
	2.71

	T2
	1.46
	1.66
	1.96
	2.18
	1.97
	2.13
	2.16
	2.56

	T3
	1.20
	1.35
	1.83
	2.15
	2.19
	2.26
	2.33
	2.74

	T4
	1.39
	1.56
	1.77
	2.08
	2.14
	2.23
	2.19
	2.51

	Pooled SEM
	0.05
	0.06
	0.05
	0.07
	0.05
	0.04
	0.04
	0.07

	Significance Level
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05), SEM: Standard Error of Mean.







Table 7: Effect of feeding sodium butyrate at graded levels on weekly feed cost per kilograms live weight gain (in rupees) of turkey poults from day old to 8 weeks of age
	[bookmark: _Hlk213004551]Treatment
	1st week
	2nd week
	3rd week
	4th week
	5th week
	6th week
	7th week
	8th week

	T1
	70.37
	80.79
	104.17
	131.37
	104.07
	117.08
	123.70
	140.93

	T2
	75.75
	86.28
	101.80
	113.27
	102.62
	110.78
	112.54
	132.92

	T3
	62.40
	69.84
	95.09
	111.80
	114.05
	117.35
	120.95
	142.33

	T4
	72.28
	81.10
	91.99
	108.00
	111.18
	115.95
	113.97
	130.36

	Pooled SEM
	2.81
	2.95
	2.44
	3.62
	2.59
	2.11
	2.29
	3.74

	Significance Level
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	NS: Not Significant (P>0.05), SEM: Standard Error of Mean.



	The present study did not find the same economic benefits from supplementing with sodium butyrate as the earlier studies. Despite earlier research by Kamel and Mohamed (2016), Naveenkumar et al. (2017), and Makowski et al. (2022) showing increased net profit and cost efficiency as a result of greater feed usage and growth performance, these benefits were not apparent in the current experiment. The possible economic benefit of supplementing with sodium butyrate was probably limited by the lack of notable variations in FCR during the entire study period. The lack of improvement in biological performance may have precluded the supplemented groups from compensating the extra feed cost, as feed efficiency and additive cost directly affect feed cost per kilogram of live weight growth.
3.4 Carcass quality traits and cut-up parts
There were no significant differences in the shrinkage (%), percent post bleeding weight (%), dressing weight (%), and ready to cook yield (%) of turkey poults after 8 weeks of age (Table 8). These findings are in agreement with Makowski et al. (2022), who reported no significant effect (P>0.05) of sodium butyrate, butyric acid glycerides or coated sodium butyrate on dressing percentage of turkeys at 6 weeks of age, and Huerta et al. (2024), who observed no changes in carcass traits with microencapsulated sodium butyrate at 150 and 300 mg/kg in broilers. Similar observations were also reported by Lan et al. (2020) with sodium butyrate supplementation at 300-1200 mg/kg, indicating that sodium butyrate does not markedly influence overall carcass yield under normal rearing conditions.
There was a significant increase (P = 0.033) in defeathered weight in poults of the T3 group compared to other treatment groups. This finding is partially consistent with Makowski et al. (2022), who reported improvements in carcass traits and increased breast muscle content with coated sodium butyrate at later growth stages.
Similarly, there were no significant differences in the breast, back, neck, thigh, and drumstick percent of poults fed sodium butyrate except for the wing (Table 9). However, wing percent was significantly higher (P = 0.043) in poults of the T3 group, which is supported by Ogwuegbu et al. (2021), who observed increased weights of retail cuts, including wings. This improvement may be attributed to enhanced feed digestibility, improved intestinal blood flow, and increased villus height, resulting in superior nutrient absorption and availability for muscle and tissue development (Dalȯlio et al., 2015; Chamba et al., 2014).

Table 8: Effect of feeding sodium butyrate at graded levels on carcass quality traits of turkey poults after 8 weeks of age (% live weight)
	Treatment
	Shrinkage %
	Post-bleeding carcass weight %
	Defeathered weight %
	Dressing %
	Ready to cook yield %

	T1
	7.83
	96.64
	82.99ab
	74.21
	59.94

	T2
	9.71
	96.66
	81.86a
	73.06
	59.64

	T3
	7.27
	96.45
	83.45b
	74.57
	59.56

	T4
	7.86
	96.42
	81.77a
	73.70
	61.00

	Pooled SEM
	0.44
	0.10
	0.26
	0.26
	0.33

	Significance Level
	NS
	NS
	P=0.033
	NS
	NS

	[bookmark: _Hlk219902663]Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05), SEM: Standard Error of Mean.






Table 9: Effect of feeding sodium butyrate at graded levels on the yield of cut-up-parts of turkey poults after 8 weeks of age (% ready to cook yield)
	Treatment
	Breast %
	Back %
	Wings %
	Neck %
	Thighs %
	Drumsticks %

	T1
	16.89
	12.64
	8.43ab
	3.14
	9.72
	9.14

	T2
	16.77
	12.28
	8.12a
	3.45
	9.44
	9.60

	T3
	17.15
	11.93
	8.67b
	3.24
	9.46
	9.11

	T4
	17.82
	12.48
	8.47ab
	3.35
	9.65
	9.24

	Pooled SEM
	0.25
	0.18
	0.07
	0.09
	0.10
	0.09

	Significance Level
	NS
	NS
	P=0.043
	NS
	NS
	NS

	Means bearing different superscripts within a column differ significantly (P<0.05), NS: Not Significant (P>0.05), SEM: Standard Error of Mean.




4. Conclusion
The study may be concluded that feeding sodium butyrate (0.1%) resulted in significantly higher body weight and body weight gain throughout the experiment compared to the control group, while sodium butyrate-fed groups showed improved selective carcass traits like wing and defeathered weight % without affecting overall carcass yield in turkey poults reared under heat stress.
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