


Comparative Study on effect of Moringa oleifera, Ailanthus excelsa and Leucaena leucocephala on the Growth Performance of Sirohi Goat Kids
Abstract
	The present investigation was conducted to evaluate the effect of Moringa oleifera, Ailanthus excelsa and Leucaena leucocephala on the growth performance of Sirohi goat kids over a 90-day experimental period. Thirty-six healthy kids (approximately one month old) were selected based on uniform initial body weight and randomly assigned to four dietary treatment groups (n=9 per group). The experimental treatments consisted of: T1 (Control: basal roughage + concentrate), T2 (Ardu; Ailanthus excelsa), T3 (Subabul; Leucaena leucocephala), and T4 (Moringa; Moringa oleifera). All the groups were supplemented with 100 g/day of concentrate mixture and groundnut straw ad libitum, while the respective experimental green fodders were offered ad libitum. To support early physiological development, all kids were allowed dam suckling during the morning and evening, maintaining standardized management practices across all groups. Body weights of kids were recorded at fortnightly interval. Results revealed that the T4 group (Moringa) achieved the significantly (P<0.05) highest final average body weight per kid (15.58 kg), followed by T3 (13.82 kg), T2 (12.77 kg) and the lowest in the control group T1 (12.15 kg). Similarly, the T4 group fed with moringa green fodder achieved significantly (P<0.05) highest total weight gain (8.33 kg) followed by T3 (6.6 kg), T2 (5.63 kg) and T1 control group (4.88 kg). The study concludes that the incorporation of Moringa as green fodder significantly enhances growth performance and weight gain in Sirohi kids, outperforming Ardu and Subabul, thereby suggesting its potential as a high-quality protein supplement for goat and other small ruminants.
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Introduction
Livestock play a significant role in rural livelihoods and economy of developing countries. They provide income and employment to the farmers. They are an essential resource and safety wealth for the poor, especially for women and pastoralist tribes and they are a significant source of food for billions of rural and urban households. In terms of the quantity of animals raised and the value of the resulting meat, milk and fibre, goat husbandry is one of the major sectors of livestock in India. The National Bureau of Animal Genetic Resources, India, is a rich storehouse of goat genetic resources, with 43 well defined breeds. The goat (Capra hircus) is one of the most versatile and resilient livestock species, playing a pivotal role in the agricultural economy of India and the broader Indian subcontinent. Often hailed as the "Poor Man’s Cow" in India and the "Wet Nurse" of infants in Europe, the goat is globally recognized as the "Foster Mother of Mankind." This recognition stems from the unique nutritional and therapeutic profile of goat milk, which is often considered superior to other farm animal milks for human consumption (Devendra, 2013). Nutritionally, goat milk is a powerhouse of essential macro and micro-nutrients, including Calcium (Ca), Magnesium (Mg), Phosphorus (P), Potassium (K), and vitamins A, B-complex, C and D. A distinctive characteristic of goat milk is its high digestibility, attributed to the presence of smaller fat globules and the formation of a softer curd in the stomach compared to bovine milk. These properties make it an ideal choice for infants, the elderly and individuals with sensitive digestive systems. Beyond basic nutrition, goat milk holds significant value in traditional Ayurvedic medicine, where it is utilized for managing conditions such as asthma, chronic cough and diabetes (Dhasmana et al., 2022).
The primary bottleneck in maximizing the productivity of Sirohi kids is the chronic deficiency of quality protein and energy, especially during the post-weaning phase. Traditional grazing often fails to meet the physiological requirements for rapid weight gain. Meena et al., (2023) observed that the rising cost of commercial concentrate mixtures has made goat rearing less profitable for marginal farmers, necessitating the exploration of locally available, low-cost, and high-protein tree foliages. Tree leaves, often referred to as "top-feeds," provide a sustainable alternative during lean periods when conventional grasses are unavailable.
Among the various phytogenic feed additives and unconventional fodders, Moringa (Moringa oleifera) has gained global attention. Its leaves are exceptionally rich in crude protein (22–28%), essential amino acids, minerals and bioactive compounds like flavonoids and phenolics. Amad et al., (2023) reported that the inclusion of Moringa in ruminant diets significantly improves dry matter intake (DMI) and nutrient digestibility. Unlike many other tree fodders, Moringa is low in anti-nutritional factors like tannins, making it highly palatable. Recent studies by Pedraza-Hernández et al., (2021) have highlighted its role as a "functional feed" that not only enhances growth but also boosts the antioxidant status of growing kids. Ailanthus excelsa, popularly known as Ardu, is high-quality unconventional roughage that significantly outperforms natural grazing and conventional crop residues like groundnut haulms. Studies (Tibin et al., 2021) have demonstrated that Ardu leaves possess a superior protein profile, higher mineral content (total ash) and lower crude fiber levels, making them highly palatable for small ruminants. Due to its superior in vitro dry matter digestibility and higher voluntary feed intake, Ardu serves as an excellent nutritional bridge during the dry season, ensuring sustained growth and productivity in sheep and goats. Sumathi et al., (2017) evaluated the proximate composition of Ailanthus excelsa leaves and concluded that they serve as a viable and potent source of essential nutrients for livestock. According to Simbaya et al., (2020), fodder trees such as Moringa oleifera and Leucaena leucocephala (Subabul) serve as high-quality nutritional resources for grazing animals during the dry season. Their research highlighted that these species are particularly effective in bridging the protein gap, thereby maintaining the growth performance of livestock when traditional pastures are nutritionally deficient. Mataveia et al., (2019) demonstrated that both tree fodders significantly improved the growth trajectory and nutritional status of the animals. Specifically, the study highlighted that these foliage serve as high-quality protein sources that enhance live weight gain and feed efficiency under intensive management systems.
Keeping in view the above facts this study was under taken was the proposed to find out the effect of Moringa oleifera, Ailanthus excelsa and Leucaena leucocephala on the growth performance of Sirohi goat kids.
Materials and Methods 
	The experimental investigation was conducted over a duration of three months (90 days) using thirty-six healthy Sirohi goat kids of both sexes, approximately one month of age, which were selected based on uniform initial body weights and randomized into four distinct treatment groups (n=9 per group). 
Table 1. Random distribution of animals into groups-
	
Animal
No.
	                                       Treatment  groups

	
	T1
	T2
	 T3
	 T4

	
	Tag             No.
	B. Wt
(kg)
	Tag      No.
	B. Wt
(kg)
	Tag      No.
	B. Wt
(kg)
	Tag      No.
	B. Wt
(kg)

	1
	1067
	7.5
	113
	6.8
	1055
	7.2
	125
	7.3

	2
	1061
	6.5
	101
	6.3
	114
	7.6
	120
	7.6

	3
	1054
	7.9
	1051
	7.2
	1059
	7.1
	119
	8.1

	4
	096
	8.1
	1048
	8.1
	117
	7.8
	1053
	7.9

	5
	1063
	6.3
	1058
	7.9
	108
	8.0
	104
	8.1

	6
	097
	9.6
	1052
	7.5
	099
	6.7
	116
	6.6

	7
	1046
	6.5
	102
	6.0
	105
	7.5
	110
	5.9

	8
	1044
	6.6
	1050
	8.0
	1056
	6.5
	124
	7.1

	      9   
	1064
	10.0
	098
	6.5
	112
	7.0
	1060
	6.9

	MEAN
	
	7.66
	
	7.14
	
	7.26
	
	7.37



	The study was carried out under the intensive management system at the livestock farm of S.K.N. College of Agriculture, Jobner, where animals were housed in well-ventilated, individual enclosures to ensure precise monitoring of feed intake. The experimental kids were provided with their respective green fodder treatments (T1 to T4) on an ad-libitum basis to ensure maximum voluntary intake and to support their rapid growth phase. This protocol was followed to mimic optimal intensive rearing conditions where forage availability is not a constraint. Additionally, a measured quantity of concentrate mixture (as per NRC requirements) was offered to meet the kids' maintenance and growth needs. Fresh drinking water was available to the animals at all times (ad-libitum) All the experimental groups were supplemented with a concentrate mixture (Table 3.) at the rate of 100 g/day/kid, offered at 10:00 am, while the respective green fodders were provided ad-libitum twice daily at 10:30 am and 4:00 pm to the T2, T3 and T4 groups. The details of experimental feeding groups were showed in Table 2.
Table 2. Details of experimental feeding groups-
	Treatment

	Green fodders 
	Concentrate mixture        (g/kid)
	Dry fodder
(groundnut)

	T1
	Dam's milk + Basal roughage (ad libitum)
	100
	ad- libitum

	T2
	Dam's milk + Ardu leaves (ad libitum)
	100
	ad- libitum

	T3
	Dam's milk + Subabul leaves (ad libitum)
	100
	ad- libitum

	T4
	Dam's milk + Moringa leaves (ad libitum)
	100
	ad- libitum



Table 3. Concentrate mixture formulations-
	S.N
	Name of ingredients
	Proportion in per cent

	1.
	Crushed barley
	38.0

	2.
	Groundnut cake
	22.0

	3.
	Til cake
	5.0

	4.
	Guar churi
	10.0

	5.
	Wheat Bran
	20.0

	6.
	Gur
	2.5

	7.
	Mineral mixture
	2.0

	8.
	Common salt
	0.5

	
	Total
	100.0



Collection of green fodders and housing management
For the experimental purpose, the fresh tree leaves were collected from farm of S.K.N. College of Agriculture, Jobner. The leaves without twigs of green fodders (Moringa oleifera, Leucaena leucocephala, Ailanthus excelsa) trees were used as the experimental ration. Lopping of the green leaves was done manually every day before feeding. The weighed quantity of concentrate mixture, dry fodder and green fodders were offered ad libitum to individual group of animal.
Experimental kids were sheltered in well ventilated shed. Kids were examined for their health before start of the experiment. Other standard management practices were followed like disinfection of kids, shed and surrounding area was sprayed with insecticide at an interval of one month to control external parasites. Deworming was done to kill the different internal parasites during experimental period. The kids were regularly groomed and cleaned. The kids were regularly checked for their healthy condition by veterinary doctor. Sufficient quantity of clean drinking water was provided to all the kids. Thus maximum care was taken to maintain healthy and hygienic condition of the kids and shed during experimental period.
The primary observation recorded was the growth performance, determined through individual body weight measurements. All kids were weighed early in the morning on an empty stomach (before the offering of feed and water) at fortnightly intervals from the commencement of the trial up to 90 days, using a high-precision digital weighing balance. From these observations, the Average Fortnightly Weight Gain (AFWG) was calculated using the standard formula (kg/fortnight): = Final body weight of the fortnight (kg) -Body weight of previous fortnight (kg). To determine the significance of the results, the recorded data were subjected to rigorous statistical analysis including Analysis of Variance (ANOVA) following the methodology described by Snedecor and Cochran (1994). To determine the specific variations between individual treatment means, the significance of differences was further evaluated using Duncan’s New Multiple Range Test (DNMRT). All statistical comparisons and treatment effects were tested at a 5% confidence level (P<0.05) to ensure the reliability of the growth performance data.
Results and discussion
Average fortnightly body weight of Sirohi goat kids 
The initial and final body weights of Sirohi goat kids under different dietary treatments are summarized in Table 4. At the commencement of the trial, the mean initial body weights were recorded as 7.66, 7.14, 7.26 and 7.37 kg for the groups T1, T2, T3 and T4, respectively, indicating a non-significant difference between the groups and ensuring a uniform baseline for the study. Over the 90-day experimental period, a steady and progressive increase in body weight was observed across all treatment groups. However, the final body weight reached 12.15 kg in T1, 12.77 kg in T2, 13.82 kg in T3 and reached the significantly (P<0.05) highest value of 15.58 kg in the T4 (Moringa) group. The superior growth performance observed in kids supplemented with Moringa oleifera (T4) can be attributed to the high nutrient density of Moringa leaves, particularly its superior Crude Protein (CP) content and favourable amino acid profile. As suggested by Gebregiorgis et al., (2011), the enhancement in body weight is likely a direct result of increased total dry matter intake (DMI) and improved CP digestibility. These findings are in close agreement with the results reported by Damor et al., (2017), who observed that replacing conventional concentrate mixtures with Moringa leaves significantly improved body weight and average daily gain (ADG) in Mehsana goat kids without any adverse effects on health or voluntary feed intake. Similar positive correlations between Moringa supplementation and weight gain in small ruminants have been documented by several researchers, including Sultana et al., (2015) in goats and Gebregiorgis et al., (2011) in sheep, where weight gain increased linearly with the level of Moringa supplementation. Furthermore, the outcomes of the current study are consistent with the observations of Asaolu et al., (2012), Moyo et al., (2012), Tona et al., (2014), Melesse et al., (2015), Sobhy et al., (2015) and Ali et al., (2017), all of whom underscored the potential of Moringa oleifera as a high-quality protein supplement for enhancing the growth trajectory of livestock in semi-arid regions.
Table 4. Means of average body weight (kg)-
	Age
(Days)
	Treatments

	
	T1
	T2
	T3
	T4

	30
	7.66±0.74
	7.14±0.726
	7.26±0.73
	7.37±0.73

	45
	8.02±0.56
	8.00±0.56
	8.12±0.56
	8.18±0.57

	60
	8.84±0.24
	8.91±0.24
	9.05±0.25
	9.09±0.25

	75
	9.65c±0.09
	9.85bc±0.10
	10.03ab±0.10
	10.3a±0.11

	90
	10.30c±0.15
	10.72bc±0.16
	10.91b±0.16
	11.81a±0.17

	105
	11.42c±0.24
	11.68bc±0.25
	12.40b±0.26
	13.63a±0.29

	120
	12.15c±0.27
	12.77c±0.28
	13.82b±0.31
	15.58a±0.35


a,b,c Means with different superscripts differ significantly.
Average fortnightly body weight gain of Sirohi goat kids
	The variations in fortnightly body weight gain across different treatment groups are detailed in Table 5. At the initial stage of the experiment, the average weight gain was relatively uniform, recorded as 0.74, 0.86, 0.91, and 0.93 kg for T1, T2, T3 and T4, respectively. However, by the final phase of the 90-day trial, the weight gain in the T4 (Moringa) group escalated significantly to 1.95 kg, markedly higher than T3 (1.12 kg), T2 (1.09 kg) and the control group T1 (0.74 kg). The total cumulative body weight gain over the experimental period was significantly (P<0.05) highest in the Moringa-fed group (T4: 8.33 kg), followed by Subabul (T3: 6.30 kg) and Ardu (T2: 5.63 kg), while the lowest gain was observed in the control group (T1: 4.88 kg). These results clearly indicate that Moringa oleifera leaves exert a more profound influence on the growth trajectory of Sirohi kids compared to other conventional green fodders. The significantly higher weight gain in the T4 group is consistent with the findings of Jiwuba et al., (2016), who reported that supplementing West African Dwarf goats with 10% and 15% Moringa leaf meal significantly (P<0.05) improved their average daily gain (ADG). This growth-promoting effect is further supported by Choudhary et al., (2018), whose study on Bengal goats revealed that a diet comprising 50% concentrate and 50% Moringa leaves resulted in a peak growth rate of 34.64 g/day. The superior performance in the current study can be attributed to the high bioavailability of nutrients in Moringa, which enhances ruminal fermentation and nitrogen utilization. Similar positive outcomes regarding body weight gain and feed efficiency through Moringa supplementation have been documented by several researchers, including Mataveia et al., (2019), Pedraza-Hernández et al., (2021), Damor et al., (2017), Sobhy et al., (2015), and Ali et al., (2017).
Table 5. Body weight gains in kg (fortnightly)-
	Age
(fortnightly)
	Treatments

	
	T1
	T2
	T3
	T4

	1st
	0.74±0.36
	0.86±0.35
	0.91±0.35
	0.93±0.35

	2nd
	0.82±0.34
	0.92±0.34
	0.92±0.35
	0.91±0.35

	3rd
	0.81±0.15
	0.93±0.15
	0.98±0.15
	1.21±0.15

	4th
	0.65c±0.05
	0.87b±0.05
	0.89b±0.05
	1.51a±0.07

	5th
	1.12bc±0.10
	0.96c±0.10
	1.48ab±0.11
	1.82a±0.12

	6th
	0.74c±0.04
	1.09b±0.07
	1.12b±0.07
	1.95a±0.12

	Total
	4.88
	5.63
	6.30
	8.33


a,b,c Means with different superscripts differ significantly.
Conclusion 
	Based on the findings of the present investigation, it can be concluded that the supplementation of various green foliages significantly enhances the growth dynamics of Sirohi goat kids compared to a conventional basal diet. Among the evaluated fodders, Moringa oleifera emerged as the most superior nutritional intervention. The kids fed with Moringa showed the highest body weight gain and optimized feed utilization, which may be attributed to the high crude protein content and excellent palatability of the leaves. However, it is important to acknowledge certain limitations: the trial was conducted over a 90-day period focusing on early growth, and the fodder was provided ad libitum, which reflects practical field conditions but limits precise individual roughage intake data. Future research focusing on long-term carcass quality and reproductive performance would further validate these findings. Overall, Moringa remains a highly recommended supplement for sustainable goat production in semi-arid regions.
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