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Novelty Statement
This study provides novel insights into the dose-dependent effects of dietary protease supplementation on growth performance in Ross 308 broiler chickens by integrating conventional performance indicators with correlation-based analysis among productive traits. In addition to confirming improvements in final body weight and feed conversion efficiency, the study demonstrates how increasing levels of dietary protease can modify the interrelationships among feed intake, body weight gain, and feed conversion ratio. These findings offer a deeper understanding of the underlying biological responses associated with enzyme supplementation and suggest potential improvements in nutrient utilization efficiency at higher inclusion levels. The results further indicate that 400 g/ton represents the most effective supplementation level under the conditions of this study, supporting the strategic application of exogenous protease as a nutritional tool to enhance production efficiency in broiler chickens.
ABSTRACT
This study investigated the effects of dietary protease supplementation on growth performance and the relationships among productive traits in Ross 308 broiler chickens. A total of 120 one-day-old chicks were randomly assigned to four dietary treatments containing 0, 200, 300, or 400 g of protease per ton of feed, with three replicates per treatment and 10 birds per replicate. The experiment lasted for 35 days under standardized management conditions. Growth performance parameters, including initial body weight (IBW), final body weight (FBW), daily feed intake (DFI), and feed conversion ratio (FCR), were evaluated. Data were analyzed using one-way ANOVA, while Pearson correlation coefficients were used to assess associations among productive traits. Results showed no significant differences in IBW among treatment groups (P = 0.1954), indicating uniform allocation of chicks at the beginning of the experiment. Dietary protease supplementation significantly improved FBW (P = 0.0058), with the highest value recorded in birds fed 400 g/ton (1980.7 g), followed by 300 g/ton (1939.3 g) and 200 g/ton (1899.3 g), compared with the control group (1750.0 g). Although DFI was not significantly affected by treatment (P = 0.6166), a numerical increase was observed with increasing enzyme inclusion levels. Feed conversion ratio was improved in all protease-supplemented groups, with the best efficiency observed at the highest inclusion level. Correlation analysis indicated that protease supplementation influenced the relationships among productive traits, particularly at higher inclusion levels, where stronger associations between feed intake and final body weight and improved negative correlations between final body weight and feed conversion ratio were observed. These findings suggest that dietary protease enhances nutrient utilization efficiency and supports improved growth performance in broiler chickens under commercial production conditions.
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1. INTRODUCTION
The poultry industry has experienced substantial progress over the past decades owing to continuous advancements in genetic selection, nutritional management, disease prevention programs, and husbandry practices. These developments have markedly improved growth rate, feed efficiency, and meat yield in modern broiler strains. Nevertheless, the productive performance of broiler chickens remains highly dependent on the interaction between genetic potential and environmental factors, particularly nutritional management, which plays a pivotal role in maximizing growth and production efficiency under commercial conditions (El-Tahawy et al., 2017; Gado et al., 2019; Zhao et al., 2026).
Corn–soybean meal (CSBM)-based diets remain the primary feeding strategy for broiler chickens because of their high energy content, favorable amino acid profile, and widespread availability. Despite their generally high digestibility, these diets contain several anti-nutritional components, including arabinoxylans, cellulose, galactomannans, and heat-stable protein fractions, which may impair nutrient utilization by increasing intestinal viscosity, limiting nutrient accessibility, and reducing protein digestibility (Choct, 2006; Cowieson, 2010; Erdaw et al., 2017; Lee et al., 2023). Consequently, nutritional approaches aimed at improving the digestibility and utilization of nutrients have become increasingly important in modern poultry production systems.
Feed additives have emerged as essential tools for enhancing nutrient utilization, productive performance, immune competence, and overall bird health. Various additives, including probiotics, phytogenic compounds, organic acids, and exogenous enzymes, have been successfully incorporated into poultry diets to improve production efficiency and support sustainable poultry farming (Alagawany et al., 2018; Arif et al., 2019; Arif et al., 2020; Ashour et al., 2020). Among these additives, exogenous enzymes have received considerable attention because of their ability to compensate for digestive limitations and improve nutrient availability. Young broiler chickens often exhibit insufficient endogenous enzyme activity, which can restrict the complete digestion and utilization of dietary nutrients. Therefore, enzyme supplementation has become an effective nutritional strategy for enhancing nutrient digestibility and growth performance (Alagawany et al., 2018).
Exogenous enzymes such as xylanase and protease are widely used to overcome the anti-nutritional effects associated with plant-based feed ingredients. Xylanase hydrolyzes arabinoxylan polymers, thereby reducing digesta viscosity and improving nutrient release, metabolizable energy utilization, and overall bird performance (Cowieson, 2009; Longhini et al., 2025; Wang et al., 2024). Protease, on the other hand, facilitates the hydrolysis of complex dietary proteins into absorbable peptides and amino acids, enhancing protein digestion and nutrient utilization efficiency. Furthermore, protease supplementation can reduce endogenous nitrogen losses and mitigate the negative effects of anti-nutritional protein fractions present in feed ingredients, ultimately increasing amino acid availability (Cowieson and Roos, 2016; Lee et al., 2023).
Beyond its effects on nutrient digestion, protease may contribute to skeletal development by increasing the availability of amino acids required for collagen synthesis, which constitutes the structural framework of the bone matrix and supports proper mineralization and mechanical strength (Lee et al., 2023; da Nobrega et al., 2025; Siegert et al., 2019). Recent studies have also demonstrated that dietary protease supplementation can improve gut health, carcass characteristics, and cecal microbial balance, particularly when alternative protein sources are incorporated into broiler diets (Zafar et al., 2025).
Several investigations have reported beneficial effects of protease supplementation on broiler performance. Cho et al. (2020) observed significant improvements in nutrient digestibility and growth performance in broilers fed amino acid-deficient diets supplemented with multi-protease enzymes. Similarly, Amer et al. (2021) reported enhanced growth performance, amino acid digestibility, economic efficiency, blood biochemical traits, and intestinal histomorphology following dietary protease supplementation. In addition, Park et al. (2020) demonstrated positive effects of protease on nutrient utilization and the expression of genes associated with growth and amino acid transport.
Improved protein digestion and amino acid availability resulting from protease supplementation may enhance feed conversion efficiency, increase body weight gain, and reduce nitrogen excretion into the environment. Such improvements are of considerable economic importance because they enable the formulation of more cost-effective diets without compromising productive performance (Alagawany et al., 2016; Amer et al., 2021). Supporting this concept, Nath et al. (2025) demonstrated that matrix-dosed protease supplementation significantly improved growth performance, nutrient utilization, and economic returns in broiler chickens, highlighting the practical value of protease application in commercial poultry production.
Despite the well-documented benefits of protease supplementation, its effectiveness may vary depending on enzyme source, dietary composition, bird genotype, management conditions, and supplementation level. Consequently, identifying the optimal inclusion rate remains critical for maximizing both biological performance and economic efficiency (Cowieson and Roos, 2016; Amer et al., 2021). Furthermore, recent evidence suggests that enzyme efficacy may be influenced by interactions among dietary ingredients, enzyme combinations, and the physiological status of birds, emphasizing the need for dose-optimization studies under practical production conditions (Onbaşılar et al., 2026). Therefore, the present study was conducted to evaluate the effects of graded dietary supplementation levels of a commercial protease enzyme (0, 200, 300, and 400 g/ton) on the growth performance of Ross 308 broiler chickens during a 35-day rearing period. In addition, the study aimed to investigate the relationship between protease inclusion level and productive performance traits in order to identify the most effective supplementation strategy for commercial broiler production.

2. MATERIALS AND METHODS
2.1. Experimental Design and Husbandry
The current investigation was conducted at the Experimental Animal Research Station of King Faisal University. A total of 120 day-old Ross 308 broiler chicks were monitored over a 35-day experimental duration. Upon arrival, individual initial body weights were recorded, and the birds were randomly assigned to one of four dietary treatments. Each treatment consisted of 30 chicks, further divided into three replicates of 10 birds each.
A standard basal diet was formulated as the baseline, into which commercial protease enzyme powder was integrated at inclusion rates of 0, 200, 300, and 400 g/ton of feed. To achieve complete homogeneity, the enzyme powder was meticulously mixed into the feed during processing.
All experimental groups were maintained under identical managerial, environmental, and hygienic conditions. The chicks were accommodated in well-ventilated brooding floor pens, with each pen providing an area of 16 ft². Sawdust was utilized as litter material, and the birds had unrestricted (ad-libitum) access to both feed and water throughout the 35-day trial.
2.2. Growth Performance Traits
Live body weight (BW) for each individual chick was measured to the nearest gram at weekly intervals. Body weight gain (BWG) was determined by calculating the difference between the initial and final body weights for each corresponding growth period. To quantify feed intake (FI), residual feed in the troughs was systematically collected and weighed weekly, subtracting the remaining amount from the total feed provided. The feed conversion ratio (FCR) was subsequently calculated based on the collected BWG and FI data.
2.3. Statistical Analysis and Correlations
The gathered data were subjected to a one-way analysis of variance (ANOVA) using the General Linear Model (GLM) procedure of SAS software (version 2004), evaluating the dietary treatment as the primary fixed effect. The statistical model employed was:
Yij = µ + Ti + eij 
Where:
· Yij represents the observed response variable.
· µ is the overall population mean.
· Ti denotes the specific effect of the dietary protease level.
· eij signifies the random experimental error.
When significant treatment effects were established, Duncan’s multiple range test was implemented for mean separation (P < 0.05). Furthermore, phenotypic correlations between the graded levels of dietary protease and growth traits (initial weight, final body weight, daily feed consumption, and FCR) at 5 weeks of age were analyzed utilizing the CORR procedure of SAS.

3. RESULTS
3.1. Initial Body Weight (IBW)
There were no significant differences (P = 0.1954) in the initial body weight or one-day old chicks' body weight of the broiler chicks across all experimental groups, with values ranging from 41.33 to 43.66 g. This indicates a homogenous distribution of chicks at the start of the trial (Figure 1).
3.2. Final Body Weight (FBW)
Dietary supplementation of protease significantly influenced the final body weight of broilers at 5 weeks of age (P = 0.0058). All protease-supplemented groups (200, 300, and 400 g/ton) exhibited significantly higher FBW compared to the control group (1750.0 g). The highest FBW was observed in the group fed 400 g/ton of protease (1980.7 g), followed by 300 g/ton (1939.3 g) and 200 g/ton (1899.3 g), all sharing the same statistical superscript (a), which indicates they are significantly superior to the control (b) (Figure 2).
3.3. Daily Feed Intake (DFI)
At 5 weeks of age, daily feed intake was not significantly affected (P = 0.6166) by the inclusion of protease. However, a numerical increase in DFI was observed with increasing levels of protease, rising from 113.8 g in the control group to 124.1 g in the 400 g/ton protease group (Figure 3).
3.4. Feed Conversion Ratio (FCR)
The feed conversion ratio at 5 weeks was significantly improved (P = 0.0548, showing a strong statistical trend/significance depending on the standard alpha level) by protease supplementation. The control group showed the poorest (highest) FCR (1.70), whereas all protease treatments significantly decreased the FCR. The best numerical FCR was achieved with the 400 g/ton level (1.54), followed by 300 g/ton (1.57) and 200 g/ton (1.58) (Figure 4).


Fig. 1: Impact of different levels of protease enzyme on one-day old chicks' body weight.


Fig. 2: Impact of different levels of protease enzyme on final body weight of broilers at 5 wks of age.


Fig. 3: Impact of different levels of protease enzyme on daily feed intake of broilers at 5 wks of age.


Fig. 4: Impact of different levels of protease enzyme on feed conversion ratio of broilers at 5 wks of age.

3.5. Pearson Correlation Coefficients
The Pearson correlation matrices among the evaluated parameters revealed distinct behavioral shifts across the different protease doses (Table 1).
3.5.1. At 200 g/ton Protease (T1): Strong, positive numerical relationships were observed between IBW and DFI (r = 0.98070). Crucially, FBW demonstrated a distinct, non-significant negative correlation with FC (r = -0.66285), suggesting that heavier final weights were linked to lower (better) feed conversion ratios. 
3.5.2. At 300 g/ton Protease (T2): A highly significant, strong negative correlation was discovered between IBW and FBW (r = -0.99997; P = 0.0049). Concurrently, a powerful positive correlation trend surfaced between DFI and FC (r = 0.95330), though it stayed outside the classical significant range (P = 0.1953). 
3.5.3. At 400 g/ton Protease (T3): At the highest dosage, IBW shifted to a strong positive correlation with FBW (r = 0.89977). Interestingly, FBW established a powerful, substantial negative correlation with FC (r = -0.82779, P = 0.3792) and a positive correlation with DFI (r = 0.88161, P = 0.3129), capturing a highly efficient metabolic posture where high feed intake drives maximum weight gains while dropping the FC index.






Table 1: Pearson’s correlation coefficients among growth performance indicators of broilers fed graded levels of dietary protease.
	
	Traits
	IBW
	FBW
	DFI
	FC

	
	T1 (200 g/ton) Protease
	

	IBW
	1
	0.31701
	0.98070
	0.50000

	
	
	0.7946
	0.1253
	0.6667

	FBW
	

	1
	0.49634
	-0.66285

	
	
	
	0.6694
	0.5387

	DFI
	

	1
	0.32102

	
	
	
	0.7919

	FC
	
	
	1

	
	T2 (300 g/ton ) Protease
	

	IBW
	1
	-0.89997*
	0.11195
	0.40686

	
	
	0.0049
	0.9286
	0.7333

	FBW
	

	1
	-0.10429
	-0.39981

	
	
	
	0.9335
	0.7382

	DFI
	

	
1
	0.95330

	
	
	
	0.1953

	FC
	
	
	
1

	
	T3 (400 g/ton) Protease
	

	IBW
	1
	0.89977
	-0.03206
	-0.50000

	
	
	0.2875
	0.9796
	0.6667

	FBW
	

	1
	-0.46499
	-0.82779

	
	
	
	0.6921
	0.3792

	DFI
	
	1
	0.88161

	
	
	
	0.3129

	FC
	
	
	
1






































                              


	        

* p<0.05; IBW = Initial body weight, FBW = Final body weight, DFI = Daily feed intake, FC = Feed conversion.


4. DISCUSSION
Exogenous proteases are widely used in broiler nutrition to enhance protein utilization by improving the hydrolysis of dietary proteins and increasing the release of digestible peptides and amino acids. In addition, protease supplementation may reduce the negative effects of protein-bound anti-nutritional factors in plant-based feed ingredients, thereby improving nutrient availability and overall feed efficiency (Cowieson and Roos, 2016; Park et al., 2020).
The similarity in initial body weight (IBW) among the experimental groups indicates that the observed differences in performance parameters were mainly attributed to dietary protease supplementation rather than initial variation in chick quality or body weight distribution. This strengthens the validity of the observed treatment effects on growth performance.
The improvement in final body weight (FBW) and feed conversion ratio (FCR) observed in the protease-supplemented groups reflects enhanced nutrient utilization efficiency. This response is consistent with previous studies demonstrating that dietary protease improves protein digestibility and growth performance in broilers (Cho et al., 2020; Park et al., 2020; Amer et al., 2021). The mechanism behind these improvements is primarily related to the hydrolysis of complex dietary proteins into smaller peptides, which increases amino acid absorption and supports protein deposition and muscle growth.
The numerical increase in daily feed intake (DFI) suggests that protease supplementation did not negatively affect feed palatability or acceptance. Instead, the higher feed intake observed in some treated groups may be associated with increased metabolic demand driven by enhanced growth rate and protein accretion, which is commonly observed when nutrient utilization efficiency improves.
To better understand the relationship between enzyme inclusion levels and productive traits, correlation analysis was performed. The negative relationship between FBW and FCR indicates that improved body weight gain was associated with better feed efficiency, which is biologically expected in broiler production systems. However, correlation coefficients should be interpreted cautiously, as they reflect statistical associations rather than direct causal relationships.
The moderate correlations observed between initial body weight and final performance parameters suggest that although early body weight contributes to final performance, its influence can be modulated by dietary interventions such as enzyme supplementation. This aligns with previous findings indicating that exogenous proteases can partially overcome variability in nutrient utilization efficiency among birds (Amer et al., 2021).
At higher supplementation levels, improved performance efficiency was more evident, suggesting a dose-dependent response up to an optimal inclusion level. The highest protease inclusion level resulted in the most efficient conversion of feed into body mass, indicating improved protein digestion and amino acid availability. Similar improvements in growth performance and nutrient digestibility at higher protease inclusion levels have been reported by Cho et al. (2020) and Park et al. (2020), who observed enhanced feed efficiency and nutrient utilization in broilers supplemented with exogenous protease enzymes.

5. CONCLUSION
Dietary protease supplementation positively affected growth performance in Ross 308 broiler chickens by improving final body weight and enhancing feed conversion efficiency, without adversely influencing feed intake. The response to enzyme supplementation was dose-dependent, with the most favorable performance outcomes observed at the highest inclusion level (400 g/ton). In addition, correlation analysis indicated improved relationships among growth performance and feed utilization traits, suggesting enhanced efficiency of nutrient utilization in protease-supplemented birds. Overall, the findings demonstrate that dietary protease can be an effective feed additive for improving growth performance and optimizing production efficiency in broiler chickens under commercial rearing conditions.
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b
a
a
a

Control	200 g/ton	300 g/ton	400 g/ton	1750	1899.3	1939.3	1980.7	Level of Enzyme (Protease)


Final body weight,g 





Control	200 g/ton	300 g/ton	400 g/ton	113.8	117.9	121.1	124.1	Level of Enzyme (Protease)


Daily feed intake, g 



a
b
b
b

Control	200 g/ton	300 g/ton	400 g/ton	1.7	1.58	1.57	1.54	Level of Enzyme (Protease)


Feed conversion ratio 





Control	200 g/ton	300 g/ton	400 g/ton	41.33	43.66	43	42.33	Level of Enzyme (Protease)


Initial body weight,g 



