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Effect of Dietary Incorporation ofFeeding Banana (Musa paradisiaca) Leaf Powder on Growth Performance of Cobb 500 Commercial Broiler, Nutrient Utilisation and Feed Cost Economics of Broiler Chicken


ABSTRACT 
Aims: To evaluate the effect of dietary incorporation of banana (Musa paradisiaca) leaf powder on growth performance, nutrient utilization and feed cost economics of broiler chicken.	Comment by Dell: Is this journal template of Abstract? If not make the abstract in paragraph.
Study design:  Completely Randomized Design.
Place and Duration of Study: Instructional Poultry Farm (IPF), Nagla, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar. The experiment was conducted from May, 2025 to June, 2025 (42 days). 
Methodology: In the feeding trial, a total of 120 day-old broiler chicks were randomly distributed into five treatment groups of 24 broiler chick per treatment with three replicates of 8 chicks in each. The 1st group served as control (T1) in which standard diet without any supplementation was fed, while in T2, T3, T4 and T5 treatment groups were incorporated with 1%, 3%, 5% and 7% banana leaf powder was fed. Body weight, feed intake, FCR, PI were recorded weekly. Metabolism trial was conducted to assess nutrient utilization. Feed cost economics were also calculated. 
Results: Dietary supplementation of banana leaf powder significantly (P < .05) influenced growth performance, nutrient utilization and economics of broiler chickens. The highest body weight gain was recorded in T₃ (1926.59 g), followed by T₄ and T₂, while the lowest gain was observed in T₅, with the control group showing intermediate values. Feed intake, FCR and performance index were significantly improved in T₃, indicating superior feed efficiency, whereas T₅ showed the poorest performance. Nutrient utilization revealed improved organic matter and crude protein utilization at 3% banana leaf powder inclusion (T₃), while dry matter and ether extract utilization were not affected. Feed cost per kg body weight gain differed significantly (P < .05), being lowest in T₃ (69.98 ± .05 Rs/kg), followed by T₄ (70.71 ± 0.32 Rs/kg), and highest in the control group T₁ (74.93 ± 0.11 Rs/kg), with T₂ (73.70 ± 0.09 Rs/kg) and T₅ (72.16 ± 0.13 Rs/kg) showing intermediate values.
Conclusion: The present study concludes that dietary inclusion of banana (Musa paradisiaca) leaf powder at 3 per cent improved growth performance, nutrient utilization and reduced feed cost per unit body weight gain in broiler chickens. Further studies are required to evaluate its combined use with other feed additives.
Keywords: broiler chicken, banana leaf, growth performance, nutrient utilisation, Musa paradisiaca	Comment by Dell: Arrange in alphabetical order

1. INTRODUCTION	Comment by Dell: Refer scientific paper writing guide…….
Need to rewrite in a better way possible. Write about how broiler contribute to support livelihood, what are challenges (eg. Rising feed cost), write about alternate feeding advantages, write about benefits of alternate feeding, better fcr? Better broiler health? Better growth?
Finally, why this study was conducted? Because of no study conducted before in your region? Write objective of the study as well.
Poultry farming, particularlyThe broiler rearing,farming plays a crucial role in meeting the rising demand for affordable animal protein globally. India ranks fifth in the world in terms of total meat production. The total meat production in the country is 10.25 million tonnes which have increased by 4.95% in 2023-24. The meat production from poultry is 5.02 million tonnes, contributing about 48.96% of total meat production (BAHS, 2024). The total poultry population in India was recorded at 851.81 million, showing an overall increase of 16.8% compared to the previous census (DAHD, 2019). 	Comment by Dell: Citation?
The poultry sector broiler farming makes a substantial contribution to national food production and food security, and holds particular importance in poverty alleviation, employment generation, and the socio-economic empowerment of rural populationslivelihood. Amongst the land-based livestock farming, poultry the broiler demonstrates the highest efficiency in converting feed into edible animal protein.
According to BAHS (2024)the total meat production in the country is 10.25 million tonnes which have increased by 4.95% in 2023-24. The chicken production accounts to 5.02 million tonnes, contributing about 48.96% of total meat production (BAHS, 2024). The total poultry population in India was recorded at 851.81 million, showing an overall increase of 16.8% compared to the previous census (DAHD, 2019). The demand for chicken is increasing annually and broiler farming has a potential to grow (). Similarly, the feed cost for broiler is also growing and in order to mitigate the rising feed cost, the banana leaf powder can be an alternate feeding to broilers().	Comment by Dell: Write fullform

Antibiotics have been widely used in poultry production worldwide due to their easy availability and low cost. It has revolutionized the intensive poultry to promote growth, production and feed conversion efficiency by improving gut health and reduction of sub-clinical infections (Yadav et al., 2016). Although the utilization of antibiotic drugs in the livestock industry improves the general performance of the animals, their prolonged use has been reported to exhibit detrimental reproductive effects on animals, induce livestock antibiotic resistance, and lead to an accumulation of chemical residues in the bodies of the animals, which are potentially passed on to humans (Achilonu et al., 2018). Owing to growing concern of this health implication, the use of antibiotics has been banned in many countries. Consequently, there is an increasing interest in finding alternatives to antibiotics in poultry production.
Various growth promoter alternatives have been tested and used for the poultry nutrition, one of which is herbal additives (Abd El-Hack et al., 2022; Rahman et al., 2022). Herbal additives, also known as phytobiotics, are phytochemical compounds that are derived from plants from either leaves, roots, seeds, flowers, buds, bark, or their extracts. Phenolic, organosulfur, and nitrogen-containing compounds, phytosterols, alkaloids and carotenoids are major classes of phytobiotics (Liu, 2004; Dhama et al., 2018). In poultry production, phytobiotics have been used widely for immune system stimulation, prevention and control of different bacterial, viral, and protozoal diseases as well as growth promotion (Greene et al., 2021).
Phytobiotics have been demonstrated to have a variety of effects, including anti-inflammatory, antibacterial, anti-oxidative and metabolic-modulating properties (Martel et al., 2020; Rafeeq et al., 2022). The effects of these herbal additives are variable depending on the plant parts used, type and concentration of active components on them, their phytochemical action, as well as dose and administration period 
Among the various plant-derived feed additives explored in poultry nutrition, banana (Musa paradisiaca) leaves could be a promising phytobiotic resource which is yet to be studied extensively.
[bookmark: _Hlk219383890]Musa paradisiaca (Banana; family Musaceae) is one of the most popular fruits in the world and it is considered to be derived from two wild species i.e. Musa acuminata and Musa balbisiana. This fruit especially banana is considered to be a rich source of carbohydrates and potassium. Musa paradisiaca are mainly grown in the tropical and subtropical countries and are widely used for its nutritional values all over the world. In different countries about 300 varieties of bananas are grown. It is extensively grown and cultivated as a fruit plant all over India. According to FAO (2020) estimates, India occupies the largest area dedicated to banana cultivation, about 11 per cent of the total global area under banana production contributing approximately 23 per cent to the worldwide banana production pool. For the past decade, India has maintained its position as the largest banana producer globally (Kumar et al., 2022). 
Banana plants contain a wide range of phenolic compounds with differing polarities, many of which are recognized for their significant biological activities (). These compounds, rich in hydroxyl groups, are particularly noted for their antioxidant capacity and antimicrobial potential. Certain compounds, such as lupeol (Sharma et al., 2020) and 1,3-dioxolane (Ovsyannikova et al., 2013), have been identified for their antibacterial properties, while gentisic acid has shown efficacy against fungal pathogens (Vandal et al., 2015). The antimicrobial mechanisms of these polyphenols present in banana plant extracts are often attributed to their ability to form nonspecific hydrogen bonds and hydrophobic interactions, which can disrupt microbial cell walls, membranes, enzymes, adhesion factors, and transport proteins.	Comment by Dell: citation
Banana leaves are the unconventional animal feed which is available everywhere in the world. The leaf contains 85% water, 10-17% crude protein, 27.9% crude fiber, and 7.7% ether extract on dry matter basis (Dubale, 2017; Marin et al., 2003). Banana leaf contains large amounts of polyphenols, including epigallocatechin gallate. They also contain polyphenol oxidase, an enzyme that produces l-3, 4-dihydroxyphenylalanine (Chu et al., 1993). 	Comment by Dell: Write about how banana leaves help in improving broiler feed fcr, weight gain, health benefits in broiler, feed efficiency???
The aim of this study was to evaluate the effect of feeding banana leaf powder on cobb 500 commercial broiler.
The use of banana as a medicinal plant has been reported as an anti-hyperglycemic agent (Marikkar et al., 2016), treatment of kidney ailments (Singh et al., 2007) and as laxatives and antihypertensive. Musa paradisiaca leaves exhibit anti-inflammatory activity, supporting their traditional use in treating skin inflammation. Phytochemical analysis revealed flavonoids, phytosterols, and tannins, which likely contribute to the effect (Bindu et al., 2014).
 It has been reported that banana leaves were a good source of lignin. Leaf blade and leaf sheaths have a high content of pentosan, as well as cellulose (20.4-37.3%) (Mohapatra et al., 2010). In a study with 378 Cobb-500 male broilers effect of diet diluted with 1.5% non-fermentable lignocellulose (LC) or 1.5% of a fermentable–insoluble fibre mixture (ISFC) concluded that combining insoluble fibre with a prebiotic can improve nutrient digestibility and finishing performance in broilers (Rybicka et al., 2024).
However, study to evaluate the effect of dietary incorporation of banana (Musa paradisiaca) leaf powder on growth performance, nutrient utilisation and feed cost economics of broiler chicken are very limited. In this view, the present experiment was designed.

2. MATERIALS AND METHODS
2.1 Experimental locationResearch site
[bookmark: _Hlk219383695]The feeding trial was conducted at the Instructional Poultry Farm (IPF), Nagla, College of Veterinary and Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar. The experiment was conducted from May, 2025 to June, 2025. 	Comment by Dell: Mention geo-coordinate, annual mean temperature, rainfall, agro-ecological zone, describe briefly.
2.2 Procurement of banana leaf and preparation of leaf powder
Banana (Musa paradisiaca) leaves were collected from local area of Pantnagar, in the month of January to April, 2025. The fresh green banana leaves were cut into small pieces and shade dried to avoid nutrient loss. The dried leaves were then ground to powder by an electric grinder (Willey mill). This banana leaf powder was then stored in air tight zip-lock bags for further use.
2.3  Experimental design, birds and treatments 
A feeding trial of 42 days duration was conducted on cobb 500 commercial broiler chicks. The experimental birds were assigned to a Completely Randomized Design. In the experiment, aA total of 120 day-old cobb 500 broiler chicks were randomly distributed into five treatment groups of 24 broiler chick per treatment with three replicates of 8 chicks in each. The 1st group served as control (T1) in which standard diet (BIS, 2007 standard) without any supplementation was fed, while in T2, T3, T4 and T5 treatment groups were incorporated fed with 1%, 3%, 5% and 7% banana leaf powder was fed, respectively, as prescribed in table.1.	Comment by Dell: Any basis? Why 1,3,5, and 7%???
Banana (Musa paradisiaca) leaves were collected from local area of Pantnagar, in the month of January to April, 2025. The fresh green banana leaves were cut into small pieces and shade dried to avoid nutrient loss. The dried leaves were then ground to powder by an electric grinder (Willey mill). This banana leaf powder was then stored in air tight zip-lock bags for further use.

2.4 Ethical approval 
This experiment was conducted with strict compliance with the guidelines of the institutional animal ethics committee (IAEC), GBPUAT, PANTNAGAR INDIA. Ethical approval number is IAEC/CVASc/ANN/578 dated on 25/01/25.

2.5 Preparation of basal diets
Three types of basal diets, i.e., broiler pre-starter, starter and finisher diets were prepared to meet the nutrient requirement of broiler birds as per BIS (2007) specification. The ingredient composition of broiler pre-starter, starter and finisher diets is shown in the table 2.
Table 1: Details of experimental design and treatments.
	Experimental
groups
	Total No. of birds
	Treatment Details

	T1
	24
	Control (standard diet)

	T2
	24
	Standard diet incorporated with 1 % banana leaf powder

	T3
	24
	Standard diet incorporated with 3% banana leaf powder

	T4
	24
	Standard diet incorporated with 5% banana leaf powder

	T5
	24
	Standard diet incorporated with 7% banana leaf powder

	Total
	120
	



Table 2: Ingredient composition (Kg/100Kg) of broiler chicks (pre-starter, starter and finisher) basal diets.
	INGREDIENTS

	Broiler Pre-starter 
(0-7 days) Kg
	Broiler 
Starter 
(8-21 days) Kg
	Broiler 
Finisher 
(22-42 days) Kg

	Yellow Maize
	56.725
	57.00
	60.00

	De-oiled Rice Polish
	4.00
	5.00
	5.00

	De-oiled Soybean meal
	22.00
	22.225
	17.10

	Groundnut cake-Solvent extracted
	14.00
	11.00
	11.225

	Vegetable oil
	1.00
	2.50
	4.00

	Di-Calcium Phosphate
	1.00
	1.00
	1.40

	Lysine
	0.20
	0.20
	0.20

	DL-Methionine
	0.30
	0.30
	0.30

	Choline Chloride
	.05
	.05
	.05

	Hepatocare
	0.10
	0.10
	0.10

	Common salt
	0.30
	0.30
	0.30

	Mineral mixture
	0.25
	0.25
	0.25

	Vitamin premix
	0.025
	0.025
	0.025

	Coccidiostat
	.05
	.05
	.05

	Total
	100.00
	100.00
	100.00

	Calculated CP%
	23.01
	21.92
	19.86

	ME (Kcal/kg, calculated)
	3022.93
	3094.35
	3178.9



2.6 Housing and management of birdsbroilers	Comment by Dell: Take this to result and discussion.
The chicks were housed on a deep-litter system and managed under standard husbandry practices. Before assigning them to the various dietary treatments, each chick was individually weighed. Throughout the trial, adequate lighting and ventilation were maintained. The daily feed offered to the birds was weighed and recorded, and clean, fresh drinking water was made available at all times. The body weight and leftover feed of each bird was recorded weekly for each replicate.	Comment by Dell: Too short description, mention about vaccination as well.	Comment by Dell: What does adequate mean? Mention lighting regime instead

2.7 Proximate analysis

The representative feed samples from the experiment and excreta obtained during metabolic trial were collected and processed for proximate analysis using the standard procedures (AOAC, 2023).

Data collection
2.8 Metabolism trial	Comment by Dell: These all comes under data collection
To assess nutrient utilization, a 7-day metabolism trial was carried out on twenty birds (four birds per treatment) during the last week (6th week) of the feeding experiment. The trial included a 4-day adaptation period followed by a 3-day collection period. Birds selected for the metabolic trial, were housed in metabolic cages. Faecal trays were lined by polythene sheets for easy collection of excreta. During the collection period, a measured quantity of feed was offered, and the residue left was weighed every morning at 8:00 AM. Excreta voided by each bird was weighed daily. Weighed quantities of representative feed and excreta were dried in a hot-air oven and then analysed for proximate principles i.e., dry matter, ether extract, crude fibre, nitrogen-free extract, and total ash, on a dry-matter basis, following AOAC (2023) procedures. For nitrogen estimation, fresh sample of excreta was preserved by adding few drops of 25% sulphuric acid in a closed lid container and estimated on a wet basis.

2.9 Parameters studiedrecorded and collected
2.9.1 Feed intake: Daily record of feed given to different treatment groups were maintained. Left over feed was weighed and recorded weekly.  The feed intake was then determined by subtracting leftover feed weight from the weight of total feed given to that treatment group.

2.9.2 Body weight gain: Growth performance of broiler birds in terms of body weight gain was recorded on a weekly basis during entire experimental period. Body weight gain (g) was calculated by subtracting the initial and final body weight of the bird during a fix interval i.e., a week.
2.9.3 Feed conversion ratio (FCR): The feed conversion ratio for broiler birds was determined by calculating the average amount of feed consumed (in kg) per kg average weight gain. 
2.9.4 [bookmark: _Hlk214300839]Performance index: The performance index (PI) of broiler chicks during different periods of experimental period was calculated.
2.9.5 Nutrient utilisation: the feed and excreta samples collected during metabolism trial was used to assess the organic matter, dry matter, crude protein and ether extract utilisation of finisher broiler chicken.
2.9.6 Cost economics of broiler chicken production: The feed cost was calculated based on the actual market prices of all feed ingredients and additives used in formulating the broiler pre-starter, starter and finisher diets. The overall economics of broiler production was assessed by computing the total feed cost and weight gain during the entire feeding trial.


2.10 Statistical analysis
The data obtained from present study was entered in Microsoft Excel Sheet Version 16 and then data was cleaned. The data was further exported to IBM SPSS version 21 and the normality of the data was checked using shapiro-wilk test. Further, the data was analysed using one-way Analysis of Variance (ANOVA) to evaluate the effects of treatment.  The statistical analysis was performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Duncan’s Multiple Range Test (DMRT) was used as the post-hoc test for multiple comparisons among group means as described by Kramer (1957). 	Comment by Dell: Comparing between two groups ANOVA not recommended. Use independent sample T-test. You are comparing between group fed with banana leaf power vs control group. 	Comment by Dell: Relook at the choice of test?

1.1 Proximate analysis
[image: ]



Picture 1: Proximate analysis of basal feed, banana leaf, meat and excreta of the birds, A. TA estimation, B. CF estimation, C. digestion process for CP estimation, D. EE estimation, E. AIA estimation.
The significance level was set at P < .05. All results were expressed as mean ± standard error (SE). The statistical approach followed the principles described by Snedecor and Cochran (1994).
[image: ]Picture 2: Preparation of banana leaf powder

[image: ]                         [image: ]
Picture 3: Weighing of birds for assessing growth performance.

2. RESULTS AND DISCUSSION	Comment by Dell: Relook into choice of test
2.1 Chemical composition of experimental diets
The chemical composition of the experimental diets fed to the broiler chickens (pre-starter, starter and finisher) are presented in the Table 3.
Table 3: Chemical composition (% dry matter basis) of basal diet for broiler pre-starter, starter and finisher. 
	Nutrients	Comment by Dell: Requested to make a scientific table
	Broiler pre-starter (0–7 days)
	Broiler starter 
(7–21 days)
	Broiler finisher (21–42 days)

	Organic matter
	93.62
	95.18
	94.96

	Crude protein
	25.02
	21.91
	19.86

	Ether extract
	4.57
	6.1
	6.47

	Crude fibre
	1.56
	4.16
	3.84

	Total ash
	6.38
	4.82
	5.04

	Acid insoluble ash
	5.34
	0.96
	1.14

	Nitrogen-free extract
	62.47
	63.01
	64.79

	Total carbohydrate
	64.03
	67.17
	68.63

	ME (Kcal/kg, calculated)
	3022.93
	3094.35
	3178.9


2.2 Chemical composition of banana leaf powder (BLP)
The chemical composition of banana leaf is presented in the Table no.4.. The proximate composition of banana leaf revealed a crude protein content of 13.61%, while the ether extract and crude fibre contents were 3.02% and 18.23%, respectively. The nitrogen-free extract fraction was 55.39%, reflecting a substantial proportion of soluble carbohydrates. Overall, the proximate composition suggests that banana leaf possesses moderate protein content with relatively high fibre and appreciable carbohydrate fractions, making it a potential unconventional feed ingredient in poultry nutrition.

Table 4. Chemical composition (% DM basis) of banana leaf powder 
	Nutrients (%)	Comment by Dell: Scientific example table. Make changes to all the tables
	BLP

	Crude Protein
	13.61

	Ether Extract
	3.02

	Crude Fiber
	18.23

	Total Ash
	9.75

	Acid Insoluble Acid
	2.51

	Nitrogen Free Extract
	55.39




2.3 Production performance	Comment by Dell: Suggested to make a box and whisker plot and describe in detail.
The data on production performance of broiler chickens belonging to different treatment groups, namely T₁ (basal diet), T₂ (basal diet supplemented with 1 percent banana leaf powder), T₃ (basal diet supplemented with 3 percent banana leaf powder), T₄ (basal diet supplemented with 5 percent banana leaf powder) and T₅ (basal diet supplemented with 7 percent banana leaf powder), during the six-week experimental period, are presented in Tables 5 to 7.
3.3.1 Days 0–21
The mean body weight, weight gain, feed intake, feed conversion ratio (FCR) and performance index of broiler chicks of different treatment groups during 0–21 days are presented in Table 5
. 
Table 5: Average growth performance of broiler chickens from 0-21 days of age fed diets incorporated with banana (Musa paradisiaca) leaf powder

	Parameter	Comment by Dell: Not a scientific table	Comment by Dell: Box and whisker plot better here
	 Groups
	P-value

	
	T₁
	T₂
	T₃
	T₄
	T₅
	

	Initial body weight (g)
	50.38±
0.03
	50.71±
0.18
	50.71
±0.08
	50.58
±0.11
	50.67±
0.18
	.418

	Body weight at 21st day (g)**
	728.63 ± 7.11 b
	731.87 ± 6.84 ab
	749.50 ± 5.05 a
	744.60 ± 2.33 ab
	694.03 ± 4.16 c
	<.001

	Weight gain (g)**
	678.25 ± 7.14 b
	681.16 ± 6.91 ab
	698.79 ± 5.04 a
	694.02 ± 2.24 ab
	643.37 ± 4.34 c
	<.001

	Feed intake (g)
	1069.03 ± 3.58
	1073.63 ± 4.97
	1079.47 ± 5.31
	1072.77 ± 6.20
	1058.23 ± 1.48
	.077

	Feed conversion ratio**
	1.57 ± 0.013 b
	1.57± 0.010 b
	1.54 ± 0.004 c
	1.55 ± 0.005 c
	1.64 ± 0.009 a
	<.001

	Performance Index**
	430.38 ± 8.11 c
	432.19 ± 7.10bc
	452.37 ± 4.30 a
	449.00 ± 1.52ab
	391.17 ± 4.74 d
	<.001


a, b, c and d values bearing different superscripts in a row differ significantly from each other, **(P≤0.01); T₁ = Basal diet; T₂ = Basal diet + 1% banana leaf powder; T₃ = Basal diet + 3% banana leaf powder; T₄ = Basal diet + 5% banana leaf powder; T₅ = Basal diet + 7% banana leaf powder

During the pre-starter and starter phase (0–21 days), dietary inclusion of banana leaf powder influenced the body weight, body weight gain, feed conversion ratio and performance index but did not influence feed intake. The cumulative average body weight gain was 678.25 ± 7.14, 681.16 ± 6.91, 698.79 ± 5.04, 694.02 ± 2.24 and 643.37 ± 4.34 g in treatment groups T₁, T₂, T₃, T₄ and T₅, respectively. Significantly (P < .05) higher body weight gain was recorded in T₃, which was statistically comparable with T₄ and T₂, whereas the lowest body weight gain was observed in T₅ as compared to the control group. Feed intake during this phase was similar (P > .05) in all the treatment groups. The feed conversion ratio was significantly (P < .05) influenced by banana leaf powder supplementation, with significantly better FCR observed in T₃ (1.54 ± 0.004) and T₄ (1.55 ± 0.005), while the poorest FCR was recorded in T₅ (1.64 ± 0.009). The performance index during 0–21 days also varied significantly (P < .05) among the treatment groups. Significantly higher performance index was recorded in T₃ (452.37 ± 4.30) and T₄ (449.00 ± 1.52), whereas the lowest value was observed in T₅ (391.17 ± 4.74) as compared to the control group, T₁ (430.38±8.11).
            3.3.2 Days 21–42
The average body weight gain, feed intake, feed conversion ratio and performance index in broiler chickens of different treatment groups influenced by incorporation of banana leaf powder during 21–42 days of feeding trial are presented in Table 6..
During the finisher phase (21–42 days), dietary inclusion of banana (Musa paradisiaca) leaf powder significantly influenced the production performance of broiler chickens. The cumulative body weight gain was 1121.97 ± 3.29, 1161.43 ± 4.28, 1227.80 ± 1.22, 1152.50 ± 0.46 and 1093.27 ± 2.05 g in treatment groups T₁, T₂, T₃, T₄ and T₅, respectively. Significantly (P < .05) higher body weight gain was observed in broiler chickens fed 3% banana leaf powder (T₃), followed by T₂ and T₄, whereas the lowest body weight gain was recorded in T₅ as compared to the control group. The feed intake values during the finisher phase showed significant changes, as significantly higher feed intake was recorded in T₃ (2492.00 ± 13.52 g), followed by T₂ (2453.73 ± 5.47 g) and T₄ (2452.83 ± 22.42 g), while the lowest feed intake was observed in T₅ (2390.27 ± 16.21 g) and T₁ (2399.77 ± 17.42 g), which were statistically similar. The feed conversion ratio during 21–42 days varied significantly (P < .05) among the treatment groups. Significantly (P < .05) better feed conversion was observed in T₃ (2.03 ± 0.003), whereas the poorest feed conversion ratio was recorded in T₅ (2.19 ± 0.012) as compared to the control group T₁ (2.14 ± 0.025). The performance index during the finisher phase was also influenced significantly (P < .05) among the treatment groups. T₃ group had significantly higher performance index (604.94 ± 1.41), followed by T₂ (549.75 ± 3.35) and T₄ (541.55 ± 3.02), while the lowest value was recorded in T₅ (500.07 ± 3.80).
Table 6: Average growth performance of broiler chickens from 21-42 days of age fed diets incorporated with banana (Musa paradisiaca) leaf powder
	Parameter	Comment by Dell: Not a scientific table
	 Groups
	SEm
	P-value

	
	T₁
	T₂
	T₃ 
	T₄ 
	T₅
	
	

	Body weight at 21st day (g)**
	728.63 ± 7.11
	731.87 ± 6.84
	749.50 ± 5.05
	744.60 ± 2.33
	694.03 ± 4.16
	5.397
	<.001

	Body weight at 42nd day (g)**
	1850.60 ± 4.18 c
	1893.30± 3.96 b
	1977.30± 5.57 a
	1897.10 ± 1.93 b
	1787.30 ± 2.17 d
	3.812
	<.001

	Weight gain (g)**
	1121.97 ± 3.29 d
	1161.43 ± 4.28 b
	1227.80 ± 1.22 a
	1152.50 ± 0.46 c
	1093.27 ± 2.05 e
	2.645
	<.001

	Feed intake (g)**
	2399.77 ± 17.42 c
	2453.73 ± 5.47 b
	2492.00 ± 13.52 a
	2452.83 ± 22.42 b
	2390.27 ± 16.21 c
	9.241
	<.001

	Feed conversion ratio**
	2.14 ± 0.025 b
	2.11 ± 0.011 b
	2.03 ± 0.003 c
	2.13 ± 0.015 b
	2.19 ± 0.012 a
	0.0107
	<.001

	Performance Index*
	524.60± 5.03 c
	549.75± 3.35 b
	604.94± 1.41 a
	541.55 ± 3.02 b
	500.07 ± 3.80 d
	3.52
	.005


a, b, c, d and e values bearing different superscripts in a row differ significantly from each other, *(P≤.05), **(P≤.01); T₁ = Basal diet; T₂ = Basal diet + 1% banana leaf powder; T₃ = Basal diet + 3% banana leaf powder; T₄ = Basal diet + 5% banana leaf powder; T₅ = Basal diet + 7% banana leaf powder
3.3.3 Days 0-42
The production performance in terms of weight gain, feed intake, feed conversion ratio and performance index during 0–42 days in different treatment groups is presented in Table 7.
Table 7.: Average growth performance of broiler chickens from 0-42 days of age fed diets incorporated with banana (Musa paradisiaca) leaf powder

	Parameter	Comment by Dell: Not a scientific table

	Groups
	P-value

	
	T₁
	T₂
	T₃ 
	T₄ 
	T₅
	

	Initial body weight (g)
	50.384± 
0.032
	50.708±
0.182
	50.7083
±0.083
	50.5833
±0.110
	50.6667±
0.182
	.418

	Body weight at 42nd day (g)**
	1850.60 ± 4.18 c
	1893.30± 3.96 b
	1977.30± 5.57 a
	1897.10 ± 1.93 b
	1787.30 ± 2.17 d
	<.001

	Weight gain (g)**
	1800.22± 4.21 c
	1842.59 ± 4.11 b
	1926.59 ± 5.58 a
	1846.52 ± 1.85 b
	1736.63 ± 2.35 d
	<.001

	Feed intake (g)**
	3468.80 ± 13.27 c
	3527.37 ± 5.02 b
	3571.47 ± 12.96 a
	3525.60 ± 19.08 b
	3448.50± 10.83 c
	<.001

	Feed conversion ratio**
	1.93 ±  0.005b
	1.91 ± 0.004bc
	1.85 ± 0.002d
	1.91 ± 0.010 c
	1.99 ± 0.003a
	<.001

	Performance Index**
	934.27± 0.88 c
	962.52± 3.19 b
	1039.28 ± 2.26 a
	967.15 ± 3.71 b
	874.56± 0.40 d
	<.001


a, b, c and d values bearing different superscripts in a row differ significantly from each other, **(P≤.01); T₁ = Basal diet; T₂ = Basal diet + 1% banana leaf powder; T₃ = Basal diet + 3% banana leaf powder; T₄ = Basal diet + 5% banana leaf powder; T₅ = Basal diet + 7% banana leaf powder
Over the entire experimental period (0–42 days), broiler chickens fed diets supplemented with banana leaf powder showed significant change in body weight, body weight gain, feed intake, FCR and performance index. The average body weight gain during the entire feeding trial was 1800.22 ± 4.21, 1842.59 ± 4.11, 1926.59 ± 5.58, 1846.52 ± 1.85 and 1736.63 ± 2.35 g in treatment groups T₁, T₂, T₃, T₄ and T₅, respectively. Significantly (P < .05) higher body weight gain was recorded in T₃, followed by T₄ and T₂, with T₂ and T₄ being statistically comparable. The lowest body weight gain was observed in T₅, while the control group (T₁) recorded intermediate values. The overall feed intake during 0–42 days differed significantly (P < .05) among the treatment groups as T₃ (3571.47 ± 12.96 g) recorded significantly (P < .05) higher feed intake as compared to all other treatment groups, while feed intake in T₂ (3527.37 ± 5.02 g) and T₄ (3525.60 ± 19.08 g) was comparatively higher than T₁ (3468.80 ± 13.27 g) and T₅ (3448.50 ± 10.83 g). The feed conversion ratio was influenced significantly (P < .05) as T₃ (1.85 ± 0.002) group reported the best FCR, whereas the poorest feed conversion ratio was recorded in T₅, which was 1.99 ± 0.003, as compared to the control group (1.93 ± 0.005). Treatment groups T₁ (1.93 ± 0.005) and T₂ (1.91 ± 0.004), as well as T₂ (1.91 ± 0.004) and T₄ (1.91 ± 0.010), were statistically comparable; however, T₄ (1.91 ± 0.010) exhibited significantly (P < .05) better feed conversion ratio than the control group. The performance index over the entire feeding trial showed significant (P < .05) changes among the treatment groups. Significantly (P < .05) higher performance index was observed in T₃ which was 1039.28 ± 2.26, followed by T₄ (967.15 ± 3.71) and T₂ (962.52 ± 3.19). The lowest performance index was recorded in T₅ i.e., 874.56 ± 0.40 as compared to the control group T₁ (934.27 ± 0.88).
Although limited literature is available on the effects of dietary supplementation of banana (Musa paradisiaca) leaf powder on the production performance of broiler chickens, however, the present findings are in agreement with the findings of Oleforuh-Okoleh et al. (2015), who reported significant (P<.05) increases in final live weight, daily feed intake, weight gain and improved feed conversion ratio in broilers supplemented with banana leaf powder (in feed) and banana leaf infusion (in drinking water) compared to the control group. The authors attributed these benefits to the presence of bioactive phytochemicals in banana leaves, such as phenolics and flavonoids, which may enhance nutrient utilization, gut health and metabolic efficiency, thereby promoting better growth performance. Similarly, the results corroborate the observations of Alam (2018), who reported a gradual and significant (P<.05) improvement in growth performance with increasing levels of banana leaf supplementation, with birds receiving 2% banana leaf exhibiting superior weight gain, optimal feed intake and best feed conversion ratio. Mandey et al. (2015) reported that broilers fed 10% fermented banana leaves (fermented for 10 days) exhibited significantly improved feed intake, daily weight gain and feed conversion ratio. Obongekpe (2022) found that a banana leaf and bitter leaf meal blend improved metabolizable energy availability, weight gain and feed conversion ratio in growing pigs. Marin et al. (2003) reported that broiler chickens fed banana leaf diluted diets performed better than birds subjected to quantitative feed restriction. The inclusion of banana foliage in the diet resulted in a significantly higher body weight gain and associated the growth response mainly with increased feed intake and metabolizable energy. Kanjak et al. (2023) reported significant improvement in body weight and feed conversion ratio in Pradu Hang Dum crossbred chickens fed banana stem meal at 5% inclusion. El-Sherif et al. (2008) reported that dietary inclusion of dried banana leaves, with or without yeast culture supplementation, significantly increased feed intake in growing New Zealand White rabbits. Garcia and Martinez (1999) demonstrated that banana leaf meal could replace up to approximately 15 per cent of total dietary dry matter in growing pigs with enhanced effects on growth performance. Sjofjan et al. (2021) showed that inclusion of modified banana tuber meal (M-BTM) in growing–finisher coloured-feathered hybrid ducks (Pekin × Khaki Campbell) at different replacement levels significantly (P < .05) improved growth performance in terms of weight gain and FCR. Ukwah et al. (2014) who found that feeding 10% banana peel powder in broiler chickens significantly increased growth performance as compared to control. Rohilla and Bujarbaruah (2000) reported that inclusion of banana leaves up to 40 percent of the diet on a dry-matter basis significantly improved growth performance in rabbits as compared to control.
On the contrary, the present findings do not align with Kanbur et al. (2023), who reported that dietary inclusion of dried banana leaf at 3, 6 and 9 per cent, with or without a multienzyme complex, did not (P > .05) influence growth performance in quails during a 56-day feeding trial. Further, Silva et al. (2019) reported non-significant (P > .05) data for production performance in Carijó laying hens fed supplemented with green banana leaf.
2.4 Nutrient utilisation
The data related to the average nutrient utilization, expressed in terms of dry matter, crude protein, ether extract and organic matter, in broiler chickens during the finisher phase (last week of feeding trial i.e., 6th week) fed diets supplemented with banana (Musa paradisiaca) leaf powder are presented in Table 8.
            Table 8: Average value of nutrient utilization (%) in broiler chickens fed diets incorporated with banana (Musa paradisiaca) leaf powder at the age of 42 days.
	[bookmark: _Hlk215520672]Parameter	Comment by Dell: Not a scientific table

	 Groups 
	P-value

	
	T₁
	T₂
	T₃ 
	T₄ 
	T₅
	

	Dry matter
	71.70 ± 1.76
	72.82 ± 1.14
	72.92 ± 1.49
	72.12 ± 0.79
	69.33 ± 1.77
	.44

	Organic matter*
	72.59 ± 1.08 bc
	73.92 ± 0.62ab
	75.25± 0.68a
	74.11 ± 0.49ab
	71.06 ± 0.57c
	.017

	Crude protein*
	70.93± 0.04bc
	71.63 ± 0.04ab
	72.37 ± 0.55a
	71.63 ± 0.30ab
	70.25 ± 0.18c
	.005

	[bookmark: _Hlk219193584]Ether extract
	76.11 ± 2.48
	74.94 ± 2.24
	75.61 ± 2.87
	75.37 ± 2.49
	73.45 ± 1.43
	.941


a, b, c and d values bearing different superscripts in a row differ significantly from each other, **(P≤.01); T₁ = Basal diet; T₂ = Basal diet + 1% banana leaf powder; T₃ = Basal diet + 3% banana leaf powder; T₄ = Basal diet + 5% banana leaf powder; T₅ = Basal diet + 7% banana leaf powder

Supplementation of banana leaf powder had significant (P < .05) effect on organic matter and crude protein utilization but no influence (P > .05) on dry matter and ether extract utilization in broiler chickens at the age of 42 days was observed. The average dry matter utilization was 71.70 ± 1.76, 72.82 ± 1.14, 72.92 ± 1.49, 72.12 ± 0.79 and 69.33 ± 1.77 percent, while the average ether extract utilization was 76.11 ± 2.48, 74.94 ± 2.24, 75.61 ± 2.87, 75.37 ± 2.49 and 73.45 ± 1.43 percent in treatment groups T₁, T₂, T₃, T₄ and T₅, respectively. The average organic matter utilization was 72.59 ± 1.08, 73.92 ± 0.62, 75.25 ± 0.68, 74.11 ± 0.49 and 71.06 ± 0.57 percent, whereas crude protein utilization was 70.93 ± 0.04, 71.63 ± 0.04, 72.37 ± 0.55, 71.63 ± 0.30 and 70.25 ± 0.18 percent in treatment groups T₁, T₂, T₃, T₄ and T₅, respectively. Significantly higher organic matter and crude protein utilization was recorded in T₃, which was statistically comparable with T₂ and T₄, while the lowest utilization was observed in T₅ as compared to the control.

[bookmark: _Hlk219473493]Overall, the nutrient utilization results indicated that dietary inclusion of banana leaf powder at 3 percent level (T₃) improved organic matter and crude protein utilization in broiler chickens. Dry matter and ether extract utilization were not influenced by banana leaf powder supplementation in broiler chicken diet.
The present findings are in agreement with several other researcher’s findings, like Rybicka et al. (2024), who demonstrated that inclusion of a fermentable–insoluble fibre mixture in broiler chicken diets improved growth performance during the finisher phase, which was associated with significantly higher ileal organic matter digestibility, along with enhanced digestive tract development, indicating a positive role of fermentable fibre fractions in improving nutrient utilization. Further, Sjofjan et al. (2021) reported that partial to complete replacement of dietary maize with modified banana tuber meal in growing–finisher ducks significantly improved crude protein digestibility. Obongekpe (2022) found that inclusion of a 50:50 blend of banana leaf meal and bitter leaf meal in diets of growing pigs significantly (P<.05) influenced nutrient digestibility, with crude protein digestibility being significantly improved at the 60 per cent inclusion level of this mixture. Studies on other leaf meals such as inclusion of Moringa oleifera leaf meal (Sebola et al., 2019) at higher dietary levels (up to 100 g/kg DM) was reported to improve crude protein digestibility in Ovambo and Potchefstroom Koekoek chickens, without adversely affecting overall nutrient utilization, indicating that nutritionally rich leaf meals can enhance digestibility and support productive performance in poultry.
On the other hand, the results of the present study contradict with El-Sherif et al. (2008), who reported that dietary inclusion of dried banana leaves, with or without yeast culture supplementation, significantly improved crude fibre digestibility in growing New Zealand White rabbits, while dry matter and protein digestibility remained unaffected. Abel et al. (2015) concluded that dry matter, organic matter and crude protein digestibility were unaffected by inclusion of treated banana peel meal (BPM) as a partial substitute for maize in broiler chicken diets.
2.5 Feed cost economics 
The average values of cost economics of broiler chicken production in terms of feed cost per kg weight gain (Rs./kg) from 0–42 days of feeding trial fed diets supplemented with banana (Musa paradisiaca) leaf powder are presented in Table 9.

Table 9: Ffeed cost economics of broiler chicken production fed diets incorporated with banana (Musa paradisiaca) leaf powder 

	Attributes 	Comment by Dell: Not a scientific table

	 Groups
	P-value

	
	T₁
	T₂
	T₃ 
	T₄ 
	T₅
	

	Initial body weight (g)
	50.38±
0.03
	50.71±
0.18
	50.71
±0.08
	50.58
±0.11
	50.67±
0.18
	.418

	Body weight at 42nd day (g)**
	1850.60 ± 4.18 c
	1893.30± 3.96 b
	1977.30± 5.57 a
	1897.10 ± 1.93 b
	1787.30 ± 2.17 d
	<.001

	Total feed intake (g)**
	3468.80 ± 13.27c
	3527.37 ± 5.02 b
	3571.47 ± 12.96 a
	3525.60 ± 19.08 b
	3448.50± 10.83 c
	<.001

	Average weight gain (g)**
	1800.22 ± 4.21 c
	1842.59 ± 4.11 b
	1926.59 ± 5.58 a
	1846.52 ± 1.85 b
	1736.63 ± 2.35 d
	<.001

	Feed cost/Kg feed (Rs/kg)
	38.88
	38.50
	37.75
	37.03
	36.34
	-

	Feed cost/ Kg weight gain (Rs/kg)*
	74.93 ± 0.11 a
	73.70 ± 0.09 b
	69.98 ± .05 e
	70.71 ± 0.32 d
	72.16 ± 0.13 c
	.002


a, b, c and d values bearing different superscripts in a row differ significantly from each other, **(P≤.01); T₁ = Basal diet; T₂ = Basal diet + 1% banana leaf powder; T₃ = Basal diet + 3% banana leaf powder; T₄ = Basal diet + 5% banana leaf powder; T₅ = Basal diet + 7% banana leaf powder
[bookmark: _Hlk219473541]Feed cost per kg body weight gain differed significantly (P<.05) among dietary treatments. The significantly (P<.05) lowest feed cost per kg weight gain was observed in T₃ (69.98 ± .05 Rs/kg), followed by T₄ (70.71 ± 0.32 Rs/kg), whereas the significantly (P<.05) highest cost was recorded in the control group T₁ (74.93 ± 0.11 Rs/kg). Birds in T₅ and T₂ recorded intermediate values of 72.16 ± 0.13 and 73.70 ± 0.09 Rs/kg, respectively.
The improvement in cost economics in broiler chicken production was observed in the present study which is in agreement with the findings of Duwa et al. (2014), who reported that replacement of maize with banana peel meal up to 10% in broiler diets resulted in a reduction in feed cost per kilogram of diet as well as per kilogram of weight gain. The authors attributed this economic advantage to the utilization of banana by-products as low-cost feed resources, which effectively reduced the dependence on costly conventional energy sources. Similarly, Alam (2018) reported significant (P<.05) improvements in economic returns, including higher total sale price per bird and increased net profit per kilogram live weight, in broilers fed diets supplemented with banana leaf meal. 

3. CONCLUSION 
Based on the findings of the present investigation, it is concluded that incorporation of banana (Musa paradisiaca) leaf powder at 3 per cent inclusion in broiler chicken diet improved the growth performance and nutrient utilization. Dietary supplementation of banana leaf powder proved to be cost effective by reducing feed cost per unit body weight gain. Further studies need to be done to evaluate its combined effect with other feed additives.

4. future scope
Further research may be undertaken to evaluate the effects of banana leaf powder supplementation in diets of different poultry species under varied production systems, either alone or in combination with other feed additives, to establish its broader applicability and optimize inclusion levels.
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    Original Research Article   Effect  of  Feeding   Banana   ( Musa paradisiaca )   Leaf  Powder on Growth Performance   of Cobb 500  Commercial Broiler         ABSTRACT    Aims:   T o evaluate th e effect of dietary incorporation of banana ( Musa paradisiaca ) leaf powder on  growth performance, nutrient  utilization   and feed cost economics  of broiler chicken .   Study design:    Completely Randomized Design .   Place and Duration of Study:   Instructional Poult ry Farm (IPF), Nagla, College of Veterinary and  Animal Sciences, G.B. Pant University of Agriculture and Technology, Pantnagar. The experiment was  conducted from May, 2025 to June, 2025   ( 42 days ) .    Methodology:   In the   feeding trial , a total of 120 day - old  broiler chicks were randomly distributed into  five treatment groups of 24 broiler chick per treatment with three replicates of 8 chicks in each. The 1st  group served as control (T1) in which standard diet without any supplementation was fed, while in T2,  T 3, T4 and T5 treatment groups were incorporated with 1%, 3%, 5% and 7% banana leaf powder was  fed .   Body weight, feed intake, FCR, PI were recorded weekly.   Metabolism trial was conducted to assess  nutrient utilization .   F eed   cost  economics were also calculat ed.     Results:   Dietary supplementation of banana leaf powder significantly (P <  .05 ) influenced growth  performance, nutrient utilization and economics of broiler chickens. The highest body weight gain was  recorded in T 3   (1926.59 g), followed by T 4   and T 2 , while the lowest gain was observed in T 5 , with the  control group showing intermediate values. Feed intake, FCR and performance index were significantly  improved in T 3 , indicating superior feed efficiency, whereas T 5   sh owed the poorest performance.  Nutrient utilization revealed improved organic matter and crude protein utilization at 3% banana leaf  powder inclusion (T 3 ), while dry matter and ether extract utilization were not affected. Feed cost per kg  body weight gain d iffered significantly (P <  .05 ), being lowest in T 3   (69.98 ±  .05   Rs/kg), followed by T 4   (70.71 ± 0.32 Rs/kg), and highest in the control group T 1   (74.93 ± 0.11 Rs/kg), with T 2   (73.70 ± 0.09  Rs/kg) and T 5   (72.16 ± 0.13 Rs/kg) showing intermediate values.   Co nclusion:   The present study concludes that dietary inclusion of banana ( Musa paradisiaca ) leaf  powder at 3 per cent improved growth performance, nutrient utilization and reduced feed cost per unit  body weight gain in broiler chickens. Further studies are r equired to evaluate its combined use with  other feed additives.   Keywords:   broiler , growth performance,   nutrient utilisation ,  Musa paradisiaca     1.   INTRODUCTION   The   broiler  farming   plays a crucial role i n meeting the rising demand for affordable animal protein  globally .  The    broiler farming   makes a substantial contribution to national food production and food  security, and holds particular importance in poverty alleviation, employment and  l ivelihood . Among st  the     livestock   farming ,  the broiler   demonstrates the highest efficiency in converting feed into edible  animal protein.   According to  BAHS   ( 2024 ) t he total meat production in the country is 10.25 million tonnes which  have increase d by 4.95% in 2023 - 24. The  chicken production accounts to   5.02 million tonnes,  contributing about 48.96% of total meat production (BAHS, 2024).   The total poultry population in  India was recorded at 851.81 million, showing an  overall increase of 16.8% compared to the  previous census (DAHD, 2019).  The demand for chicken is increasing annually  a nd   broiler   farming  has a potential to  grow   () .   Similarly, the feed cost for broiler   is also growing and in order to mitigate  the rising feed cost, the banana   leaf powder can be an alternate feedin g to  broilers () .  

