Effects of dietary supplementation of neem leaf powder on performance of commercial broilers
ABSTRACT
The broiler industry has long relied on subclinical antibiotics to improve growth and feed efficiency, but rising concerns about residues and antimicrobial resistance have led to restrictions on their use. Consequently, there is increasing interest in safe, cost-effective alternatives for producing residue-free broiler chickens. The present research was carried out to ascertain the effects of dietary supplementation of Neem Leaf Powder (NLP) on the performance of commercial broilers. One hundred and forty-four (144) straight-run day-old commercial broiler chicks were distributed randomly into six treatment groups; each treatment group consisted of four replicates, and each had 6 chicks, leading to 24 chicks per treatment. The experimental diets consisted of T1 (basal diet without NLP), T2 (basal diet with NLP at 2 g/kg of feed), T3 (basal diet with NLP at 4 g/kg of feed), T4 (basal diet with NLP at 6 g/kg of feed), T5 (basal diet with NLP at 8 g/kg of feed), and T6 (basal diet with NLP at 10 g/kg of feed). The mean body weight (g) at the 6th week of age was non-significant among each other but a numerically higher body weight was observed in birds supplemented with 0.20% NLP (T2) than the other treatment groups. The total feed consumption in the pre-starter phase showed significant (P<0.05) differences among all the treatment groups. However, feed consumption in starter and finisher phases was also non-significant among each other. The overall feed conversion ratio was significantly (P<0.05) improved in the birds fed with a diet containing 0.20% NLP. The highest return over feed cost (ROFC) was obtained in the birds fed with the T2 diet followed by T1 T3, T4, T5 and T6 diets, respectively. Therefore, it may be concluded that Neem Leaf Powder at a level of 0.20% (i.e., 2 g/kg feed) can be incorporated as a growth promoter in pre-starter and starter diets to enhance and economize the overall performance of commercial broilers.
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1. INTRODUCTION
 One of the most intensive forms of animal husbandry is, rearing of chicken to produce meat and eggs, which serves as a potential tool to overcome poverty and malnutrition. At present, the modern broiler industry is aiming at high levels of production and efficient feed conversion. To achieve these goals, the subclinical levels of antibiotics have been extensively utilized in the production of commercial chickens (Markowiak and Śliżewska, 2018). However, indiscriminate use of these antimicrobials in poultry has been widely criticized or even banned in several countries due to rising concerns about the persistence of antibiotic residues and the development of microbial resistance, which posing high health risks to humans (Muaz et al., 2018). Neem leaf powder is an important natural alternative to antibiotics in broiler chicken production, helping to promote healthy growth without the risks associated with synthetic drugs. Its strong antimicrobial properties help control harmful pathogens in the gut, which improves nutrient absorption and overall growth performance. Neem also strengthens the immune system of broilers, making them more resistant to diseases and stress. Additionally, it acts as a growth stimulant and improves meat quality by enhancing carcass traits and producing healthier, residue-free poultry meat. “It is because of these reasons, herbal products and plant extracts are becoming more and more popular as feed additives that are found to be safe, less toxic and residue free. Several herbal plants are used as growth promoters, antibacterial, antiparasitic, anti-coccidial, anti-fungal and immune-boosters in chicken diets” (Subapriya and Nagini, 2005). Neem (Azadirachta indica), one among them has recently gained increasing interest for use in poultry (Singh et al., 2017). “Various studies reported that the supplementation of neem leaf powder @ 1-2g/kg ration significantly improved the body weight and feed efficiency in broilers and the maximum tolerance level of neem leaf powder is 10% in broiler rations and 15% in layer diets” (Lal and Panda, 2019). Therefore, the present study was carried out to ascertain effects of dietary supplementation of neem leaf powder on performance of commercial broilers.

2. METHODOLOGY
2.1 Location
The experimental study was conducted at Poultry Research Station, College of Veterinary Science and Animal Husbandry, Kamdhenu University, Anand, Gujarat (India). Anand is located at latitude of 22o35’ N and longitude of 72o55’ E. It is situated at an altitude of 45.1 m above the mean sea level.
2.2 Preparation of Neem Leaf Powder (NLP)
Fresh neem leaves were collected from the premises of Poultry Research Station, Anand and shade dried for a period of 14 days. They were turned regularly to prevent uneven drying and possibility of decay or mold formation until they become crispy retaining their greenish colouration. These leaves were grinded and sieved through a 1mm diameter sieve. The homogeneous powder was stored in a dry air-tight plastic container at room temperature and used in the diets according to the experimental design.
2.3 Plan of experiment
Total a one hundred and forty four (144) straight-run day-old commercial broiler chicks of a single hatch were purchased from a private hatchery to perform the experiment. The duration of experiment was 42 days to study the effects of dietary supplementation of neem leaf powder on performance of commercial broilers. The average temperature during the study period was 25.52°C and relative humidity 53.46 %. After their arrival, the chicks were wing-banded and weighed individually. The chicks were randomly allocated into six treatment groups, each treatment had four replicates with six chicks per replicate leading to 24 chicks per treatment.
2.4 Treatment details
Six experimental diets (T1, T2, T3, T4, T5 and T6) were formulated and provided ad-libitum to the birds of respective treatments as pre-starter, starter, and finisher diets during 0-7 days, 8-21 days and 22-42 days of age, respectively. T1 (basal diet without NLP), T2 (basal diet + NLP at 2 g/kg of feed), T3 (basal diet + NLP at 4 g/kg of feed), T4 (basal diet + NLP at 6 g/kg of feed), T5 (basal diet + NLP at 8 g/kg of feed) and T6 (basal diet + NLP at 10 g/kg of feed).
2.5 Management of birds
An open sided deep litter housing system with pen arrangement was used to carry out the experiment. The feed was offered twice in a day according to the feed requirement of the birds and necessary care was taken to avoid the feed wastage. Clean, cool and fresh drinking water was provided to all the experimental birds ad-libitum throughout the experimental period. Paddy husk was used as litter material. Standard medication programme was followed and implementation of all essential biosecurity measures was done during the experiment period. During the experiment, the feed consumption, weekly and total body weight and feed conversion ratio (FCR) were studied and recorded. The calculation of feed consumption was done by subtracting the feed left over from the total feed offered during the period of seven days. Feed conversion ratio (FCR) was calculated by dividing total feed consumed (kg) at a particular age by total live body weight (Kg) at a particular age. After the end of the experiment, economics in terms of return over feed cost (ROFC) was calculated as subtracting the feed cost from the income obtained from selling birds based on their live weight. 
2.6 Statistical Analysis
The data were analysed using Completely Randomized Design as per Snedecor and Cochran (1994). Means of replicates under each treatment were considered for analysis.
3. RESULTS AND DISCUSSION

3.1 Body Weight (BW)
The mean body weight (g) of day-old chicks were no significant differences in BW0 among all treatment groups. The overall results of the weekly mean body weight in the present study indicate that dietary supplementation of neem leaf powder showed a consistent and significant improvement in body weight at the end of 1st, 2nd and 3rd weeks of age (i.e. in both pre-starter and starter phases) in T2 group as compared to other dietary treatment groups. But non-significant differences were found in mean body weight at the end of 4th, 5th and 6th weeks of age (i.e. in finisher phase) among all the dietary treatment groups. The findings of present study at the end of 4th, 5th and 6th weeks were in accordance with Adeyemo and Akanmu (2012), Ali and Rebh (2017), Abujradah et al. (2018), Beg et al. (2018), Aiyedun et al. (2020), Solanki et al. (2021) and Almamury (2024) who also found non-significant differences in the body weight of birds. However, contrary to present findings Onyimonyi et al. (2009), Ansari et al. (2012), Alam et al. (2015), Deka et al. (2019), Ufele et al. (2020), Mali et al. (2020), Ampode and Asimpen (2021), Hossain et al. (2021) and Nath et al. (2023) reported that the birds fed with neem leaf powder diets attained higher body weights than the control diet.
Table 1: Mean weekly body weight (g) of broilers fed with different treatment diets
	Trait
	Treatments
	CV%
	SEm
	CD at 5%

	
	T1 (Control)
	T2
	T3
	T4
	T5
	T6
	
	
	

	BW0
	44.30 ± 0.25 
	43.63 ± 0.53 
	43.40 ± 0.45 
	44.42 ± 0.56 
	43.46 ± 0.33 
	44.48 ± 0.41 
	1.98 
	0.44 
	NS 

	BW1
	184.33a ± 4.16 
	186.83a ± 3.25 
	171.58c ± 3.90 
	182.21ab ± 3.79 
	172.50bc ± 2.70 
	180.38abc ± 2.73 
	3.86 
	3.47 
	10.31 

	BW2 
	455.33b ± 2.75 
	479.50a ± 11.29 
	450.88b ± 4.43 
	456.22b ± 4.23 
	451.96b ± 4.87 
	467.71ab ± 1.93 
	2.51 
	5.77 
	17.15 

	BW3 
	850.46b ± 10.21 
	933.96a ± 24.65 
	891.17ab ± 8.80 
	893.74ab ± 17.79 
	865.29b ± 13.11 
	918.54a ± 11.03 
	3.43 
	15.31 
	45.49 

	BW4 
	1412.60 ± 32.62 
	1463.00 ± 24.93 
	1393.79 ± 6.73 
	1392.25 ± 30.80 
	1389.38 ± 12.49 
	1423.33 ± 10.10 
	3.13 
	22.13 
	NS 

	BW5 
	2053.48 ± 42.82 
	2114.17 ± 31.16 
	2018.63 ± 14.55 
	2044.17 ± 64.88 
	2019.01 ± 45.30 
	2007.88 ± 31.34 
	4.05 
	41.35 
	NS 

	BW6 
	2590.66 ± 72.77 
	2780.50 ± 49.18 
	2591.08 ± 36.21 
	2617.41 ± 101.47 
	2544.95 ± 74.35 
	2550.75 ± 43.11 
	5.11 
	66.72 
	NS 


Means bearing different superscripts within same row differ significantly (P<0.05)
NS = non-significant
3.2 Feed Consumption (FC)
The mean feed consumption (g/bird) of birds during the pre-starter phase (0-1 week of age) fed with T4 diet was significantly (P<0.05) higher compared to all other treatment groups. However, no significant differences were noticed among T1, T2, T3, T5 and T6 groups. The mean feed consumption (g/bird) of birds during the starter phase (2-3 weeks of age) fed with different treatment diets did not differ significantly among all the treatment groups. However, the highest feed consumption (FC2-3) was observed in T6 followed by T4, T1, T5, T2 and T3 groups. The mean feed consumption(g/bird) of birds during the finisher phase (4-6 weeks of age) fed with different treatment diets did not differ significantly among all the treatment groups. However, the highest feed consumption (FC4-6) was observed in T2 followed by T4, T3, T1, T6 and T5 groups. The overall mean feed consumption (g/bird) of birds during the entire experimental period fed with different treatment diets did not differ significantly among each other. However, the highest overall feed consumption was observed in T4 group followed by T2, T6, T1, T3 and T5 groups. The findings of present study were in accordance with Bonsu et al. (2012), Adeyemo and Akanmu (2012), Alam et al. (2015), Ali and Rebh (2017, Deka et al. (2019), Aiyedun et al. (2020), Mali et al. (2020), Hossain et al. (2021), Solanki et al. (2021) and Almamury (2024) who also found non-significant differences in the feed consumption of birds during entire experimental period. Contrary to the present findings, Akintomide and Onibi (2018), Beg et al. (2018), Ubua et al. (2019), Ampode and Asimpen (2021) and Nath et al. (2023) reported a significant (P<0.05) decrease in the total feed consumption of the birds supplemented with NLP diets as compared to the birds fed on control diet.
Table 2: Phase wise mean feed consumption (g) of broilers fed with different treatment diets
	Trait
	Treatments
	CV%
	SEm
	CD at 5%

	
	T1
 (Control)
	T2
	T3
	T4
	T5
	T6
	
	
	

	FC0-1
(Pre-starter)
	166.71b ± 5.08 
	167.21b ± 3.94 
	164.88b ± 3.23 
	180.63a ± 3.24 
	163.96b ± 3.01 
	164.25b ± 2.75 
	4.32 
	3.63 
	10.77 

	FC2-3
(Starter)
	1057.96 ± 12.55 
	1049.50 ± 24.56 
	1046.00 ± 17.36 
	1071.07 ± 20.15 
	1050.77 ± 22.03 
	1092.13 ± 9.97 
	3.49 
	18.50 
	NS 

	FC4-6
(Finisher)
	3064.80 ± 69.45 
	3117.04 ± 52.25 
	3074.92 ± 54.85 
	3098.83 ± 83.17 
	3026.96 ± 66.66 
	3051.00 ± 56.77 
	4.21 
	64.75 
	NS 

	FC0-6
(Overall)
	4289.47 ± 67.18 
	4333.75 ± 77.39 
	4285.79 ± 60.61 
	4350.52 ± 98.65 
	4241.68 ± 76.65 
	4307.38 ± 49.98 
	3.41 
	73.35 
	NS 


Means bearing different superscripts within same row differ significantly (P<0.05)
NS = non-significant
3.3 Feed Conversion Ratio (FCR)
[bookmark: _GoBack]The feed conversion ratio of birds during pre-starter phase (0-1 week of age) was significantly (P<0.05) lower in birds fed with T2 diet as compared to T4, T3 and T5 diets. However, no significant differences were observed either among T6, T1 and T2 groups or T5, T6, and T1 groups. Similarly, there were no significant differences were seen either among T4, T3 and T5 groups or T3, T5 and T6 groups. The feed conversion ratio of birds during starter phase (2 to 3 weeks of age) was significantly (P<0.05) highest in the birds fed with T1 diet. However, FCR2-3 among the treatment groups T4, T5 and T6 groups did not differ significantly. Similarly, there were no significant differences observed either among T4, T5 and T3 groups or between T3 and T2 groups. The feed conversion ratio of birds during finisher phase (4 to 6 weeks) fed with different treatment diets did not differ significantly among all the treatment groups. However, the lowest FCR4-6 (i.e., better performance) was recorded in T2 group followed by T1, T3, T4, T5 and T6. The overall feed conversion ratio of birds (i.e. up to the end of 6th week of age) was significantly (P<0.05) lowest in the birds fed with T2 diet as compared to all the treatment groups. However, there were no significant differences observed among the treatment groups T1, T3, T4, T5 and T6. The findings of the present studies were in accordance with Akintomide et at. (2018), Deka et at. (2019), Aiyedun et al. (2020) and Almamury (2024) who found no significant differences in the FCR of finisher phase. By observing the phase wise FCR (i.e., from pre- starter to finisher) recordings of the birds fed with different diets, it was evidenced that the performance of the birds in terms of FCR was directly dependent on the body weight and was not influenced by the feed consumption in the present experimental study. Thus, neem leaf powder was proving its growth promoter activity in the broilers, which might be due to its antimicrobial and antiprotozoal properties of the neem leaves that limit the growth of pathogenic and non-pathogenic bacteria in the gut of chicken species thereby improved the digestion efficiency and nutrient utilization that depicted in improved overall FCR.
Table 3: Phase wise feed conversion ratio of broilers fed with different treatment diets
	Trait
	Treatments
	CV%
	SEm
	CD at 5%

	
	T1
(Control)
	T2
	T3
	T4
	T5
	T6
	
	
	

	FCR0-1
(Pre-starter)
	1.19cd ± 0.03 
	1.17d ± 0.02 
	1.29ab ± 0.04 
	1.31a ± 0.04 
	1.27abc ± 0.00 
	1.21bcd ± 0.03 
	4.64 
	0.03 
	0.09 

	FCR2-3
(Starter)
	1.59a ± 0.01 
	1.41d ± 0.01 
	1.46cd ± 0.02 
	1.51bc ± 0.02 
	1.52b ± 0.03 
	1.48bc ± 0.01 
	2.74 
	0.02 
	0.06 

	FCR4-6
(Finisher)
	1.77 ± 0.44 
	1.69 ± 0.01 
	1.81 ± 0.00 
	1.81 ± 0.07 
	1.81 ± 0.03 
	1.87 ± 0.04 
	4.25 
	0.04 
	NS 

	FCR0-6
(Overall)
	1.66a ± 0.02 
	1.56b ± 0.00 
	1.66a ± 0.00 
	1.67a ± 0.05 
	1.67a ± 0.02 
	1.69a ± 0.02 
	3.09 
	0.03 
	0.08 


Means bearing different superscripts within same row differ significantly (P<0.05)
NS = non-significant
3.4 Economics: Return Over Feed Cost (ROFC)
ROFC (Rs./bird) from the birds fed with T1, T2, T3, T4, T5 and T6 diets was 13.17, 26.94, 12.98, 11.90, 10.72 and 8.01, respectively. The highest ROFC was obtained in the birds fed with T2 diet followed by T3, T1, T4, T5 and T6 diets, respectively. The ROFC obtained in the present showed that supplementation of neem leaf powder @ 2 g/kg feed was economically beneficial as compared to all the other treatment groups including control group. The findings of the present study are in agreement with Onyimonyi et al. (2009), Deka et al. (2019), Ampode and Asimpen (2021), Hossain et al. (2021) and Solanki et al. (2021) who also found higher economical returns (i.e., profit per bird) when the broilers were fed with diets supplemented with NLP as compared to birds fed with the control diet.
4. CONCLUSION
From the study, it can be concluded that Neem Leaf Powder @ 0.20% (i.e. 2 g/kg feed) can be used as growth promoter in pre-starter and starter diets to economize and optimize the overall performance of commercial broilers.
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