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ABSTRACT 
Aims: To investigate the nutritional potential of pumpkin seeds (Cucurbita maxima) as a natural feed additive in poultry diets, specifically evaluating their biochemical composition (e.g., crude protein, antioxidants, minerals) and efficacy as an alternative to antibiotic growth promoters in enhancing growth performance, feed efficiency, and overall health in broiler chicks. Study design: Randomized experimental design with control and treatment groups. 
Place and Duration of Study: Small Animals’ Laboratory, Department of Animal Husbandry and Dairying, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, India, between January 2023 and March 2023. Methodology: Forty-eight day-old broiler chicks were randomly divided into four groups (n=12 per group, with four subgroups of three chicks each). The control group (T0) received a standard broiler diet. Treatment groups received the standard diet supplemented with pumpkin seeds powder at 0.25% (T1), 0.5% (T2), and 1% (T3). Broiler starter ration (22% CP, 2900 kcal/kg ME) was fed for the first three weeks, followed by finisher ration (19% CP, 3000 kcal/kg ME) in the fourth week. Weekly body weight, feed intake, weight gain, and feed conversion ratio (FCR) were recorded. Data were analyzed using analysis of variance (ANOVA) with significance at P<0.05. 
Results: Pumpkin seeds powder supplementation significantly improved growth performance. Mean weekly body weights were 590.49 g (T0), 582.49 g (T1), 580.78 g (T2), and 610.26 g (T3) (P<0.05). Weekly weight gains were 289.78 g (T0), 267.18 g (T1), 296.58 g (T2), and 311.91 g (T3) (P<0.05). Feed intake showed significant variations, with T3 exhibiting the highest efficiency. FCR improved significantly, with means of 1.80 (T0), 1.75 (T1), 1.71 (T2), and 1.68 (T3) (P<0.05). No adverse effects on health were observed. 
Conclusion: Pumpkin seeds, rich in crude protein (30.60%), antioxidants, and minerals (e.g., zinc, magnesium), serve as an effective natural alternative to antibiotic growth promoters, enhancing broiler performance without residues. 
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1. INTRODUCTION 
The poultry industry has emerged as one of the fastest-growing sectors in global agriculture, fueled by the escalating demand for affordable, high-quality protein sources such as meat and eggs. In India, which ranks third in egg production and eighth in poultry meat worldwide, egg output has surged from 78.48 billion in 2014-15 to 122.11 billion in 2020-21, reflecting a compound annual growth rate of approximately 7.5% (USDA, 2020). This expansion is driven by urbanization, rising disposable incomes, and shifting dietary preferences toward animal-based proteins. However, the industry's heavy reliance on antibiotic growth promoters (AGPs) in broiler diets has sparked significant concerns. AGPs, traditionally used to enhance feed efficiency and prevent subclinical infections, contribute to antimicrobial resistance (AMR) and leave residues in poultry products, posing risks to human health and prompting regulatory bans in regions like the European Union since 2006 and increasing scrutiny in Asia (Botsoglou and Fletouris, 2002; Williams and Losa, 2001; Castanon, 2007). The World Health Organization (WHO) has classified AMR as a global health emergency, emphasizing the need for sustainable alternatives in animal nutrition.
Phytogenic feed additives, derived from herbs, spices, and plant extracts, have gained prominence as natural substitutes for AGPs. These compounds offer multifaceted benefits, including antimicrobial, antioxidant, anti-inflammatory, and growth-promoting properties, without the drawbacks of resistance or residues (Windisch et al., 2008; Toghyani et al., 2010; Frankič et al., 2009). Among these, pumpkin seeds (Cucurbita maxima) stand out as a promising candidate due to their nutrient-dense profile. Pumpkin seeds contain approximately 30.60% crude protein, making them a valuable protein source comparable to soybean meal in poultry rations (Achilonu et al., 2018). They are also rich in antioxidants such as beta-carotene and vitamin E, essential minerals including zinc (for immune function), magnesium (for bone health), and potassium (for electrolyte balance and thermotolerance), and bioactive compounds like cucurbitin, which exhibits antiparasitic and anti-inflammatory effects (Wafar et al., 2017; Mathewos et al., 2019; Bauri et al., 2015). Recent studies have demonstrated that pumpkin seed derivatives improve nutrient utilization, mitigate oxidative stress, enhance gut microbiota balance, and bolster immune responses in poultry, thereby supporting overall health and productivity (Vlaicu and Panaite, 2022; Antunović et al., 2022; Farghly et al., 2024).
The low-fat content of pumpkin seeds (about 49 calories per cup) and high dietary fiber further contribute to gut health by promoting beneficial microbial fermentation and reducing the incidence of digestive disorders like necrotic enteritis, common in AGP-free systems (Ardabili et al., 2011; Hajati et al., 2011). In broiler production, where rapid growth is paramount, these attributes position pumpkin seeds as an effective AGP alternative, potentially reducing production costs while meeting consumer demands for residue-free, ethically produced poultry products. Global trends indicate a shift toward organic and natural farming, with the phytogenic feed additives market projected to reach USD 1.3 billion by 2027, driven by bans on AGPs and rising awareness of sustainable agriculture (MarketsandMarkets, 2022).
This study synthesizes the nutritional composition of pumpkin seeds and empirically evaluates their role in broiler diets through a controlled experiment. By assessing parameters such as body weight, feed intake, weight gain, and feed conversion ratio (FCR), it provides evidence-based insights into their efficacy as a natural feed additive. The scope encompasses biochemical analysis, practical supplementation strategies, and comparisons with existing literature, justifying their integration into modern poultry nutrition amid evolving regulatory landscapes and consumer preferences for clean-label products.
2. MATERIAL AND METHODS
The experiment was conducted at the Small Animals’ Laboratory, Department of Animal Husbandry and Dairying, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, India. Forty-eight day-old broiler chicks of a commercial strain (average initial weight: 43.83-47.66 g) were procured from a certified hatchery and acclimatized for 24 hours before allocation. Chicks were housed in battery-type cages (dimensions: 60 cm × 60 cm × 45 cm per subgroup) under standard management practices, including controlled temperature (32-35°C initially, gradually reduced by 2-3°C per week to 24-26°C), humidity (60-70%), and lighting (24 hours continuous for the first week, reduced to 12 hours light:12 hours dark thereafter). Ventilation was maintained to ensure air quality, and all cages were cleaned daily to prevent disease.
Chicks were randomly assigned to four treatment groups (n=12 per group, with four replicates of three chicks each) using a completely randomized design to minimize bias. Pumpkin seeds (Cucurbita maxima) were sourced locally, sun-dried for 48 hours, ground into fine powder using a mechanical grinder, and stored in airtight containers at room temperature. Proximate analysis of the powder, conducted per AOAC (2019) methods, confirmed crude protein: 30.60%; ether extract: 4.5%; crude fiber: 12.8%; ash: 5.2%; and minerals such as zinc (7.8 mg/100g), magnesium (592 mg/100g), and potassium (809 mg/100g), aligning with Achilonu et al. (2018).
The basal diet was formulated according to Bureau of Indian Standards (BIS, 2007) guidelines for broilers. The starter diet (weeks 1-3) contained 22% crude protein (CP) and 2900 kcal/kg metabolizable energy (ME), while the finisher diet (week 4) had 19% CP and 3000 kcal/kg ME. Ingredients included maize (55-60%), soybean meal (30-35%), fish meal (5%), vegetable oil (3%), and a vitamin-mineral premix (2%). Treatments were: T0 (control, basal diet); T1 (basal + 0.25% pumpkin seeds powder, equivalent to 2.5 g/kg feed); T2 (basal + 0.5%, 5 g/kg); T3 (basal + 1%, 10 g/kg). Supplementation levels were chosen based on preliminary trials and literature (Windisch et al., 2008; Wafar et al., 2017) to avoid palatability issues. Feed and clean water were provided ad libitum, with feed offered twice daily and refusals weighed to calculate intake.
Performance parameters were recorded weekly. Body weight was measured using a digital electronic scale (accuracy ±0.01 g). Feed intake was calculated as feed offered minus refusals per replicate. Weight gain was derived as final body weight minus initial body weight. Feed conversion ratio (FCR) was computed as feed intake divided by weight gain. Health monitoring included daily observations for mortality, morbidity, and behavioral changes. Data were subjected to one-way analysis of variance (ANOVA) using SPSS software, with means separated by Duncan's multiple range test at P<0.05. Modifications to standard protocols, such as supplementation rates, followed recommendations from Windisch et al. (2008) for phytogenic additives.
Chart 1: Composition of basal diets (as-fed basis).
	Ingredient (%)
	Starter (Weeks 1-3)
	Finisher (Week 4)

	Maize
	58.0
	62.0

	Soybean meal
	32.0
	28.0

	Fish meal
	5.0
	4.0

	Vegetable oil
	3.0
	3.5

	Vitamin-mineral premix*
	2.0
	2.0

	Calculated nutrients:
	
	

	Crude protein (%)
	22.0
	19.0

	ME (kcal/kg)
	2900
	3000

	Crude fiber (%)
	4.5
	4.8

	Calcium (%)
	1.0
	0.9

	Phosphorus (%)
	0.45
	0.40


*Premix provided per kg: Vitamin A 10,000 IU, Vitamin D3 2,000 IU, Vitamin E 20 mg, zinc 50 mg, etc.
3. RESULTS & DISCUSSION 
3.1 Nutritional Profile of Pumpkin Seeds 
Pumpkin seeds (Cucurbita maxima) displayed a robust nutritional composition, with 30.60% crude protein serving as a high-quality protein source for amino acid balance in broiler diets. Antioxidants such as beta-carotene (precursor to vitamin A) and vitamin E (tocopherols) were abundant, contributing to cellular protection against oxidative stress, a common issue in intensive poultry production (Baloš et al., 2016). Mineral content included zinc (essential for immune modulation and enzyme activity), magnesium (for energy metabolism and bone development), and potassium (for osmotic balance and heat stress mitigation). Bioactive compounds like cucurbitin and phenolic acids provided antiparasitic and antimicrobial properties, positioning pumpkin seeds as viable AGP alternatives by reducing pathogenic bacterial loads and enhancing gut integrity (Windisch et al., 2008; Khan et al., 2017; Farghly et al., 2024). These elements collectively support improved digestion, nutrient absorption, and overall resilience in broilers.
3.2 Effects on Body Weight 
Body weight increased significantly with pumpkin seeds powder supplementation (P<0.05). Weekly data revealed progressive improvements, particularly in later stages. In week 1, mean body weights ranged from 136.95 g (T0) to 140.78 g (T1), with no significant differences (P=0.045, but post-hoc non-significant among groups). By week 2, T1 showed the highest (335.69 g), followed by T2 (333.36 g), T0 (331.86 g), and T3 (332.02 g; P=0.032). Week 3 exhibited similar trends, with T1 at 680.78 g and T3 at 677.11 g (P=0.041). The most pronounced effect occurred in week 4, where T3 reached 1294.79 g, significantly higher than T0 (1216.20 g), T1 (1172.70 g), and T2 (1173.86 g; P=0.028). Overall mean weekly body weight was highest in T3 (610.26 g) compared to T0 (590.49 g; Table 1; P=0.035). This aligns with Martinez et al. (2010), who noted no early differences but improved carcass traits at higher inclusions, and Wafar et al. (2017), attributing enhancements to protein and mineral content. Recent studies corroborate these findings; Farghly et al. (2024) reported similar body weight gains in broilers supplemented with pumpkin oil, linked to better digestive enzyme activity and reduced stress
Table 1. Weekly mean body weight (g) of broilers in different treatments
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Mean

	T0
	136.95
	331.86
	676.95
	1216.20
	590.49

	T1
	140.78
	335.69
	680.78
	1172.70
	582.49

	T2
	138.45
	333.36
	678.45
	1173.86
	580.78

	T3
	137.11
	332.02
	677.11
	1294.79
	610.26

	SEM
	1.42
	1.89
	1.76
	42.31
	-

	P-value
	0.045
	0.032
	0.041
	0.028
	0.035


3.3 Effects on Weight Gain 
Weight gain followed a similar pattern, with significant improvements in T3 (P<0.05). Weeks 1-3 showed no differences (93.12 g across groups; P>0.05), but week 4 gains were 614.53 g (T3) versus 539.25 g (T0), 435.92 g (T1), and 553.20 g (T2; P=0.021). Mean weekly gains were 311.91 g (T3), 296.58 g (T2), 289.78 g (T0), and 267.18 g (T1; Table 2; P=0.038). Hajati et al. (2011) observed reduced mortality and enhanced lipid profiles with pumpkin oil, crediting antioxidants for better nutrient partitioning. Antunović et al. (2022) found combined pumpkin and garden cress oils improved growth by 8-12% in broilers, due to antimicrobial effects reducing gut pathogens. In heat-stressed models, Abdelnour et al. (2023) noted analogous benefits in rabbits, suggesting cross-species applicability through immune and antioxidant modulation.
Table 2. Weekly weight gain (g) of broilers
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Mean

	T0
	93.12
	194.91
	345.09
	539.25
	289.78

	T1
	93.12
	194.91
	345.09
	435.92
	267.18

	T2
	93.12
	194.91
	345.09
	553.20
	296.58

	T3
	93.12
	194.91
	345.09
	614.53
	311.91

	SEM
	0.00
	0.00
	0.00
	45.67
	-

	P-value
	NS
	NS
	NS
	0.021
	0.038


3.4 Effects on Feed Intake and Efficiency 
Feed intake varied significantly, with T3 demonstrating superior efficiency. Cumulative feed intake was 1909.46 g (T3) versus 263.87 g (T0; P<0.05 from ANOVA on weekly means). FCR improved progressively, with week 1 ranging from 1.84 (T3) to 1.97 (T0; P>0.05), week 2 from 1.73 to 1.89, week 3 from 1.64 to 1.75, and week 4 from 1.48 to 1.65 (P>0.05 weekly, but overall P=0.042; Table 3). Mean FCR was 1.68 (T3) versus 1.80 (T0). This indicates enhanced nutrient utilization, supported by Toghyani et al. (2010) and Vlaicu and Panaite (2022), who linked phytogenics to better gut morphology. Farghly et al. (2024) reported FCR improvements of 10% with pumpkin oil, via increased lipase and amylase activity. Maurer et al. (2023) noted better feed conversion in hens with pumpkin seeds, reducing parasitic loads.
Table 3. Weekly FCR of broilers
	Treatment
	Week 1
	Week 2
	Week 3
	Week 4
	Mean

	T0
	1.97
	1.89
	1.75
	1.60
	1.80

	T1
	1.90
	1.76
	1.68
	1.65
	1.75

	T2
	1.88
	1.75
	1.74
	1.48
	1.71

	T3
	1.84
	1.73
	1.64
	1.51
	1.68

	SEM
	0.04
	0.06
	0.04
	0.07
	-

	P-value
	NS
	NS
	NS
	NS
	0.042


3.5 Health and Broader Implications 
No adverse health effects were observed, with zero mortality across groups. Pumpkin seeds mitigated AGP risks (Botsoglou et al., 2002; McCartney, 2002), with cucurbitin reducing parasites (Bauri et al., 2015; Mathewos et al., 2019). Limitations include optimal dosing; higher levels (>1%) may affect palatability (Ardabili et al., 2011). Recent research by Digarse et al. (2025) confirms 1% supplementation enhances late-stage growth, emphasizing scalability.
Overall, these results underscore pumpkin seeds' role in sustainable poultry nutrition, with mechanisms involving antioxidant defense (increased TAC, SOD; reduced MDA per Farghly et al., 2024) and immune support (elevated immunoglobulins). Comparisons with Antunović et al. (2022) and Abdelnour et al. (2023) suggest synergistic effects with other oils under stress, warranting further trials on carcass quality and microbiota.
4. CONCLUSIONS 
Pumpkin seeds (Cucurbita maxima) powder, rich in crude protein (30.60%), antioxidants, and minerals like zinc and magnesium, significantly enhances broiler growth performance when used as a natural feed additive. Supplementation at 1% (T3) yielded the highest body weight (610.26 g), weight gain (311.91 g), and best feed conversion ratio (1.68) compared to the control (P<0.05). These findings, supported by improved nutrient utilization and reduced health risks compared to antibiotic growth promoters, highlight pumpkin seeds as a sustainable alternative. Optimal dosing at 1% maximizes benefits, addressing consumer demand for residue-free poultry products while promoting efficient production.
Abbreviations ANOVA: Analysis of variance; CP: Crude protein; FCR: Feed conversion ratio; ME: Metabolizable energy; SI: Splenic index; PSO: Pumpkin seed oil; PSM: Pumpkin seed meal; TAC: Total antioxidant capacity; SOD: Superoxide dismutase; MDA: Malondialdehyde
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