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Effect of Dietary Papaya (Carica papaya) Leaves Powder Supplementation on Growth Performance, Feed Efficiency, and Economic Returns in Broiler Chickens 

ABSTRACT

A study was carried out to evaluate growth performance of broiler chickens fed diet supplemented with Papaya (Carica papaya) leaves powder. A total of 192day-old broiler chicks were randomly divided into four treatment groups with four replicates of 12 chicks each viz. T1: Basal diet; in groups T2, T3 and T4 - basal diet was supplemented with 0.5, 1.0 and 2.0% papaya leaves powder, respectively for a period of 42 days. The parameters such as body weights, feed intake, feed conversion ratio, production efficiency factor and return over feed cost were studied. Results revealed that the final body weight (g) was significantly (P=0.002) higher in group fed diet with 1% papaya leaves powder (2423.53) followed by group fed 0.5% papaya leaves powder (2354.40) when compared to control (T1) group (2301.07); while it was lowest in group fed diet supplemented with 2% papaya leaves powder (2098.36). The overall feed intake was significantly (P=0.009) reduced in T4 group as compared to T1 (control) group. The feed conversion ratio was significantly (P=0.029) better in T2 (1.64) and T3 (1.67) groups as compared to T1 (1.77) and T4 (1.83) groups. The overall production efficiency factor was significantly (P=0.008) higher in 1% papaya leaves powder supplemented group. The return over the feed cost over T1 group (control) was 33.76, 40.88 and -25.08% in T2, T3 and T4 groups, respectively. In conclusion, supplementation of papaya leaves powder at 1% in diet improved growth performance, feed conversion ratio and production efficiency in broiler chickens. However, 2% supplemental level of papaya leaves powder in feed had adverse effect on growth performance and feed intake in broiler chickens due to reduced palatability.
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1. INTRODUCTION
The rearing of poultry provides supplementary income to millions of farmers and landless labourers of rural India. As per BAHS (2019), the population of poultry in India was 851.81 million. In India, the total meat production is 10.50 million tonnes and poultry contributing about 49% of total meat production during the year 2024-25 (BAHS, 2025). Feed accounts for 60-70% of poultry production costs (Eniwaiye et al., 2026). Phase feeding strategies have significantly improved weight gain and feed conversion ratio in broilers. To sustain growth in the poultry industry, exploring alternative feed resources and additives are essential. Phytogenic feed additives (PFA) derived from plants, herbs, or extracts contain bioactive compounds such as phenolics, terpenoids, glycosides, and alkaloids, contributing to their antimicrobial effects (Aminullah et al., 2025). Recent studies have shown that PFAs can be effectively used in poultry to improve growth performance, feed efficiency, immunity, gut health, product quality and economic returns, acting as alternatives to antibiotics by decreasing oxidative stress, pathogenic microbes, and enhancing nutrient utilization (Gosai et al., 2023; Chaudhary et al., 2026). 

Leaves meals or extracts from papaya have been successfully used as growth promoters in broilers (Rahman et al., 2022; Abd El Latif & Abdel-Wareth, 2026). Papaya (Carica papaya) is a medicinal plant and its leaves are rich in phytochemicals, including lycopene and polyphenols (Babalola et al., 2024). It belongs to the Caricaceae family and is a semi-woody, single-stemmed, short-lived perennial herb. Originating in Mexico, papaya thrives in India’s diverse climatic conditions. India ranks second globally in fruit and vegetable production and leads in papaya (39.30%) production (APEDA, 2025). Gujarat is the one of leading papaya-producing state, contributing 22% of national production (Parmar et al., 2024). Papaya leaves are rich in proteolytic enzymes like papain and chymopapain, aiding digestion and managing intestinal parasites. Various parts of the papaya plant, including leaves, seeds, and fruit, offer significant nutritional and medicinal benefits. Papaya leaves are used to treat wounds, liver conditions, dengue fever, and malaria (Jiao et al., 2023). Papaya leaves contain vitamins A, B, and C, along with flavonoids and phenols, which possess antibacterial, antifungal, antiviral, and neuro-protective properties (Choudhary et al., 2025). Various studies in foreign countries have demonstrated that dietary papaya leaves improves growth performance, feed efficiency along with higher profitability in broiler chickens. However, very limited studies have been conducted in India on use of dietary papaya leaves in broiler chickens. Therefore, this study was conducted to assess the effects of dietary supplementation of papaya leaves powder on growth performance, feed conversion ratio, production efficiency and return over feed cost in broiler chickens.

2. MATERIALS AND METHODS
2.1 Birds and Experimental Design 
A total of 192 straight-run day-old broilers (Vencobb 430Y) chicks were weighed on arrival and uniformly distributed into four treatment groups having 48 birds per treatment with four replicates of 12 chicks in each treatment for a period of 42 days. The dietary treatments were T1: Basal diet (as per BIS, 2007), T2: Basal diet + 0.5% papaya leaves powder in feed, T3: Basal diet + 1% papaya leaves powder in feed and T4: Basal diet + 2% papaya leaves powder in feed. 
2.2 Preparation of Papaya Leaves Powder
Fresh papaya leaves (Carica papaya) from the local papaya farms in the vicinity of college was harvested at about 6.00 am from the farm premises. The papaya leaves were detached from the stalk, cut into smaller parts and air-dried for seven days on a clean concrete surface in Animal nutrition Laboratory. Dried leaves were then hammer milled and kept in an airtight container.
2.3 Management of Experimental Birds
The standard management practices were followed throughout the experimental period. At the start, the chicks were provided with continuous lighting for the first two days, followed by 23 hours light-dark photo schedule. The temperature in the poultry house was controlled using heating elements, starting at 32°C on day 1 and gradually decreasing to 24°C by day 22. Proper ventilation was ensured with the help of exhaust fans throughout the experimental period. The phase feeding was followed: Pre-starter feed up to 7 days of age, starter feed from days 8 to 21 and finisher feed from days 22 to 42. Feed was offered twice daily at 07:30 and 18:00 h, while clean drinking water was made available ad libitum. 
2.4 Data Collection and Observations
The weight (g/bird) were recorded at initial and thereafter at weekly intervals. The weekly body weight gain (g/bird) was calculated as difference between the previous week’s body weights from the current week's body weight. The average daily feed intake (g/bird/day) was calculated as the difference between quantity of feed offered and the quantity of feed left over, divided by the number of birds per replicate. Feed conversion ratio (FCR) was determined by dividing feed intake per bird (g) by the weight gain per bird (g). The return over feed cost was calculated as difference between income generated through sale of birds and the expenditure on feed during experimental period. The proximate composition (Table 1) of pre-starter, starter, finisher feeds and papaya leaves powder were analysed according to AOAC (2023).

Table 1. Proximate composition of basal diet and papaya leaves powder 
	Composition
	Pre-starter feed
	Starter feed
	Finisher feed
	papaya leaves powder

	Dry matter
	92.28
	92.14
	91.29
	92.97

	Crude protein
	23.16
	22.12
	20.50
	21.95

	Ether extract
	3.76
	3.62
	4.70
	5.15

	Crude fibre
	3.17
	3.78
	3.62
	25.22

	Total ash
	7.55
	7.90
	6.28
	7.12

	Nitrogen free extract
	62.36
	62.58
	64.90
	33.53



2.5 Data Analysis 
The data obtained were statistically analysed as per the standard statistical methods (Snedecor and Cochran, 1994). The differences among the treatment means were assessed using Duncan’s multiple range test. The differences were considered significant at level of p<0.05.

3. RESULTS AND DISCUSSION
3.1 Growth Performance 
The mean body weights in broiler chickens were 2301.07, 2354.40, 2423.53 and 2098.36 g/bird in T1, T2, T3 and T4 groups, respectively. The final body weight was significantly (P=0.002) highest in group fed 1% papaya leaves powder followed by group fed 0.5% papaya leaves powder when compared to control (T1) group; while it was lowest in group fed diet supplemented with 2% papaya leaves powder (Table 2). The overall body weight gains in broiler chickens were 2256.97, 2310.36, 2379.51 and 2054.56 g/bird in T1, T2, T3 and T4 groups, respectively. Similar to final body weights, the overall body weight gain was significantly (P=0.002) highest in group fed 1% papaya leaves powder followed by group fed 0.5% papaya leaves powder when compared to control (T1) group; while it was lowest in group fed diet supplemented with 2% papaya leaves powder. Improvement in body weights in treatment groups T3 and T3 group might be due to the presence of digestive enzymes papain in papaya leaves which could have enhanced the breakdown of proteins, fats, and carbohydrates led to better utilization of dietary nutrients. Papain, a proteolytic enzyme that aids in breaking down dietary proteins into smaller peptides and amino acids, improving protein digestion and absorption (Babalola et al., 2024). Improved digestion and nutrient absorption can directly contribute to body weight gains. Papaya leaves are rich in antioxidants such as phenolic compounds, flavonoids, and vitamin C which aid in counter oxidative stress in the body. The neutralisation of free radicals in birds of T3 and T2 groups by presence of antioxidants in papaya leaves powder protecting tissues and enhanced metabolic health and thus led to higher weight gain as compared to the control group (Waghmare et al. 2020). On the contrary, higher levels (2%) of papaya leaves powder in diet led to negative effect on growth performance of broiler chickens due to reduced feed intake because of decrease in palatability.

Table 2. Effect of papaya leaves powder supplementation on growth performance of broiler chickens
	Age in weeks
	Treatments
	SEM
	P value

	
	T1
	T2
	T3
	T4
	
	

	Body weights (g/bird)
	

	Initial
	44.10
	44.04
	44.02
	43.79       
	0.079
	0.572

	I
	135.50ab
	133.25a
	141.17b
	133.65a
	1.163
	0.038

	II
	339.65
	335.10
	333.93
	328.00
	3.141
	0.671

	III
	759.78
	793.48
	799.84
	733.10
	12.818
	0.227

	IV
	1330.47b
	1333.70b
	1334.40b
	1196.47a
	21.486
	0.033

	V
	1853.98b
	1779.37ab
	1895.63b
	1623.71a
	37.013
	0.026

	VI
	2301.07b
	2354.40c
	2423.53d
	2098.36a
	37.162
	0.002

	Body weight gain (g/bird)
	

	I
	91.39a
	89.21a
	97.14b
	89.85a
	1.144
	0.035

	II
	204.15
	201.85
	192.76
	194.36
	3.514
	0.643

	III
	420.13
	458.38
	465.91
	405.10
	12.565
	0.263

	IV
	570.69b
	540.22ab
	534.56ab
	463.37a
	15.830
	0.085

	V
	523.51
	445.67
	561.23
	427.24
	27.621
	0.281

	VI
	447.09a
	575.03b
	527.89ab
	474.64ab
	19.306
	0.069

	Overall
	2256.97b
	2310.36c
	2379.51d
	2054.56a
	37.129
	0.002


a, b, c, Means in the same row with different superscript are significantly different.

3.2 Feed Intake, Feed Conversion Ratio and Production Efficiency Factor
The effect of papaya leaves powder supplementation on feed intake, feed conversion ratio and production efficiency factor in broiler chickens given in Table 3. The total feed intake during experimental period in broiler chickens was 4000.62, 3859.85, 3914.61, and 3765.71 g/bird in T1, T2, T3 and T4 groups, respectively. The overall feed intake was significantly (P=0.009) reduced in T4 group as compared to T1 (control) while it was comparable in T3 and T2 groups. Feed intake could be influenced by various factors including palatability. Papaya leaves contain alkaloids, flavonoids, and saponins, which contribute to its characteristic bitter taste. These compounds can make the feed less palatable to animals, leading to reduced consumption (Ahmed et al., 2020). Papain is a cysteine protease which affects the level of feed intake in broiler chickens (Hasanah et al., 2023) and thus with higher dose of supplementation of papaya leaves powder in diet, feed intake was adversely affected in T4 group as compared to T1 (control) in the present experiment. 

Overall mean values for feed conversion ratio were 1.77, 1.67, 1.64 and 1.83 in T1, T2, T3 and T4 groups, respectively. Statistical analysis revealed that feed conversion ratio was significantly (P=0.029) improved in T2 and T3 group as compared to T1 (control) and T4 groups. Protein degrading enzymes in papaya leaves like papain and chymopapain enhances the digestibility of nutrients and thus, reduces waste of nutrients and improve the conversion of feed into body mass (Sugiharto et al., 2020). Feed conversion ratio in T4 was higher as compared to control and other treatment group might due to the alkaloid carpaine, found in papaya leaves which can produce negative effects on animal metabolism when present in excessive amounts. At the higher inclusion level of 2%, the carpaine might cause gastrointestinal disturbances, resulting in reduced feed intake or inefficient digestion; which can directly affect the animals' ability to convert feed into body mass efficiently (Onyimonyi et al., 2009).

The overall production efficiency factors in broiler chickens were 296.82, 328.84, 344.60 and 267.14 in T1, T2, T3 and T4 groups, respectively. The production efficiency factor in broiler chickens is inclusive index which consider body weight gain, FCR and livability in its calculation (Patel et al., 2024). The overall production efficiency factor was significantly (P=0.008) higher in 1% papaya leaves powder supplemented group indicating that it has positive influence overall performance in broiler chickens. An increased production efficiency factor signify better production efficiency in broiler chickens (Kharadi et al., 2025). The higher production efficiency in 1% papaya leaves powder supplemented group was contributed by the better feed conversion ratio and higher body weight gain in broiler chickens.

Table 3. Effect of papaya leaves powder supplementation on feed intake feed conversion ratio and production efficiency factor in broiler chickens
	Age in weeks
	Treatments
	SEM
	P value

	
	T1
	T2
	T3
	T4
	
	

	Feed intake (g/bird)
	

	I
	120.33
	120.33
	120.33
	120.33
	-
	-

	II
	   278.28bc
	 265.49b
	 246.90a
	 290.51c
	4.755
	0.001

	III
	667.94
	687.21
	686.73
	665.59
	4.287
	0.121

	IV
	968.77c
	880.87b
	864.16b
	803.83a
	15.807
	0.001

	V
	992.17d
	773.15a
	946.35c
	833.91b
	23.088
	0.001

	VI
	973.10a
	1132.79c
	1050.12b
	1051.53b
	16.422
	0.001

	Overall
	4000.62c
	3859.85ab
	3914.61bc
	3765.71a
	28.257
	0.009

	Feed conversion ratio
	

	I
	  1.31ab
	 1.35b
	 1.24a
	 1.34b
	0.016
	0.045

	II
	  1.36ab
	 1.32a
	 1.28a
	 1.50b
	0.030
	0.045

	III
	1.59
	1.53
	1.47
	1.65
	0.039
	0.494

	IV
	1.70
	1.64
	1.63
	1.76
	0.048
	0.811

	V
	1.91
	2.04
	1.70
	2.01
	0.140
	0.859

	VI
	2.20
	1.97
	2.00
	2.27
	0.078
	0.475

	Overall
	  1.77ab
	 1.67a
	1.64a
	 1.83b
	0.027
	0.029

	Production efficiency factor

	I
	398.70b
	407.41b
	456.44c
	365.47a
	10.367
	0.004

	II
	385.07a
	416.20b
	441.34d
	327.56c
	12.389
	0.032

	III
	330.28
	367.91
	384.38
	297.73
	13.846
	0.101

	IV
	308.98
	336.29
	351.52
	283.17
	11.491
	0.152

	V
	278.29
	317.18
	336.85
	251.60
	19.195
	0.428

	VI
	242.98
	278.15
	284.50
	220.75
	10.701
	0.100

	Overall
	296.82ab
	328.84bc
	344.60c
	267.14a
	9.805
	0.008


a, b, c, d, Means in the same row with different superscript are significantly different.

3.3 Return over Feed Cost
The total feed costs (Rs. /bird) for experimental broiler chickens over the study period (1-42 days) were recorded as 198.06, 191.09, 193.81, and 186.44 for the T1, T2, T3 and T4 groups, respectively (Table 4). The income (Rs./bird) through selling of broiler chickens was 230.10 235.44 242.35 and 209.83 in T1, T2, T3 and T4 groups, respectively. The income through selling of broiler chickens were highest the T3 group followed by T2 group as compared to the T1 and T4 groups. The return over feed cost (Rs./bird) in broiler chickens was 32.04, 43.85, 47.54 and 21.89 in T1, T2, T3 and T4 groups, respectively. The return over the feed cost of T1 group (control) compared to T2, T3 and T4 was 33.76, 40.88 and -25.08% respectively. The higher return in 1% papaya leaves powder supplemental group was attributed to the improved body weight with slight reduction in feed intake as compared to the control group. These results are in line with the findings of earlier studies (Hasanah et al., 2023; Widharto, W. and Wijayanti 2023), who have reported that dietary inclusion of papaya leaves powder led to higher economic returns in broiler chickens.

Table 4. Effect of papaya leaves powder supplementation on return over feed cost in broiler chickens
	Particulars
	Treatments

	
	T1
	T2
	T3
	T4

	Feed intake (g/bird)

	Pre-starter
	120.00
	120.00
	120.00
	120.00

	Starter
	946.22
	952.7
	933.63
	956.1

	Finisher
	2934.04
	2786.81
	2860.63
	2689.27

	Feed cost (Rs./bird) ¥

	Pre-starter
	6.00
	6.00
	6.00
	6.00

	Starter
	46.83
	47.15
	46.21
	47.32

	Finisher
	145.23
	137.94
	141.60
	133.12

	Papaya leaves cost
	-
	0.50
	1.00
	1.50

	Total
	198.06
	191.59
	194.81
	187.94

	Return over feed cost (ROFC)

	Final body weight (g/bird)
	2180.29
	2257.85
	2321.67
	2340.77

	Income from sale of birds¶
	218.03
	225.79
	232.17
	234.08

	ROFC (Rs. /bird)
	32.04
	43.85
	47.54
	21.89

	ROFC (Rs. /kg BW)
	13.92
	18.62
	19.62
	10.43

	ROFC (%) over T1
	-
	33.76
	40.88
	-25.08


  ¥Cost of pre-starter, starter, finisher feed – Rs. 50/-, 49.50/- and 49.50/-, respectively; ¶Price of broiler birds – Rs. 100/kg live body weight. 
   
4. CONCLUSION
[bookmark: _GoBack]Based on the results of this study, it could be concluded that supplementation of papaya leaves powder at 1% in diet improved growth performance, feed conversion ratio and production efficiency in broiler chickens. However, 2% supplemental level of papaya leaves powder in feed had adverse effect on growth performance and feed intake in broiler chickens due to reduced palatability. Thus, papaya leaf powder at a 1% inclusion level in broiler feed may act as a growth promoter; however, further research is needed to evaluate its effects on immunity and antioxidant status. 
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