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Abstract
The present study was conducted to evaluate the effect of feeding Moringa leaf meal (MLM) on the growth performance of Holdeo calves. A total of calves were allotted into four treatment groups (T0, T1, T2, and T3) and fed a homemade concentrate mixture with graded levels of MLM. The proximate composition of feed and fodder was analyzed to ensure balanced nutrient supply. Growth performance was assessed in terms of body weight, body length, belly girth, chest girth, height at wither, and dry matter intake over the experimental period. Results revealed that calves supplemented with MLM showed significantly higher average daily gain and better body measurements compared to the control group. Nutrient utilization and feed conversion efficiency also improved with increasing levels of MLM. The inclusion of MLM in concentrate mixtures provided essential protein, minerals, and vitamins that contributed to enhanced growth. It was concluded that partial replacement of conventional protein sources with MLM is a viable strategy to improve calf growth performance. The study highlights MLM as a cost-effective, sustainable, and nutritionally rich alternative feed resource for Holdeo calves.	Comment by PMYLS: Must be use one-time Scientific name of Moringa Leaf in abstract.

Introduction
Livestock production is a vital component of Indian agriculture, contributing significantly to food security, rural livelihoods, and the national economy. Among livestock, cattle play a crucial role in milk and meat production, where growth and efficient feed utilization are key determinants of productivity. Balanced nutrition in the early growth phase of calves is particularly important, as it directly influences their growth rate, body conformation, future milk yield, and overall profitability of dairy enterprises (Ranjhan, 2001).
Conventional feed ingredients such as oilseed cakes, cereal by-products, and green fodders are widely used in calf feeding. However, the rising cost of concentrate ingredients, seasonal scarcity of quality fodder, and imbalanced nutrient supply often limit optimum growth in young calves. This has prompted researchers to explore locally available, nutrient-rich, and cost-effective alternatives that can be incorporated into rations to improve growth performance (Sherasiya et al., 2022).
Moringa oleifera, commonly known as the “miracle tree,” has emerged as a promising non-conventional feed resource due to its high nutritional profile. Moringa leaf meal (MLM) is rich in crude protein (25–30%), essential amino acids, minerals, vitamins, and bioactive compounds, while also providing moderate levels of crude fiber and ether extract. Its inclusion in livestock rations has shown potential to improve feed intake, digestibility, weight gain, and overall health performance in calves and small ruminants (Islam et al., 2021; Khan et al., 2017; Patel et al., 2021).	Comment by PMYLS: If possible just add the one recent year references only. Like Islam et al., 2021.
The Holdeo breed of cattle, native to Maharashtra, is valued for its adaptability to local agro-climatic conditions and utility in milk and draft purposes. However, scientific information on the effect of incorporating Moringa leaf meal in their diet, particularly during the growth phase, is limited. Evaluating the nutritional and growth response of Holdeo calves to graded levels of MLM supplementation can provide valuable insights into its suitability as a partial replacement for conventional protein sources in concentrate mixtures (Korade et al., 2021; Kumar et al., 2019; Makino et al., 2021).	Comment by PMYLS: Same for this 
Therefore, the present investigation was undertaken to study the proximate composition of feed and fodder, and to evaluate the effect of feeding homemade concentrate mixture with graded levels of moringa leaf meal on growth performance parameters such as body weight, body length, belly girth, chest girth, height at wither, and dry matter intake in Holdeo calves.

Methodology:
Location
The present investigation entitled “Studies on the effect of inclusion of moringa (moringa oleifera) leaf meal in homemade concentrate mixture on growth performance of Holdeo calves.” was be conducted at Cattle Cross Breeding Project, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani.
Experimental Details  	Comment by PMYLS: Set this experimental data in the table format 
	The experimental period was 180 days and 15 days pre-experimental period. The experimental trial was adopted prior to the actual commencement. The present experiment was conducted as detailed below.
Number of treatments	: 04
Number of Holdeo calves per treatment: 04
Total number of Holdeo calves: 16
Body weight 
	Body weight of individual calf was recorded on a standard weighing balance at every 15 days interval before feeding and watering in the morning session.
Body length (cm)
It was measured as the distance between the point of shoulder and the pin bone. 
Belly girth(cm)
It was measured as the circumference of the abdomen of the animal just in front of the hind legs. 
Chest girth (cm)
It was measured as the circumference of the chest of the animal just behind the elbow joint. 
Height at wither (cm)
It was measured immediately behind the hump to the ground (where the sole of the hoof touches to the ground).     
Metabolism Trial 
Twenty (20) konkankanyal kids from the feeding trial were used for metabolism trial. They were housed in individual metabolism cage with facilities for collection of feces and urine. Each buck was individually fed the same experimental diet used in the feeding trial to evaluate the digestibility of the diet. Samples for all the seven days period of collection in metabolic trial were preserved. At the end of collection period, the preserved faeces in the bottles were mixed properly and representative samples were used for chemical analysis. 
Chemical Analysis 
The faeces samples collected during the metabolic trial were analyzed for proximate principles, including dry matter, crude protein, crude fiber, ether extract, nitrogen-free extract, and total ash (AOAC, 1995)  
Nutrient Digestibility
 Nutrient digestibility was calculated by using following formula Nutrient digestibility = (Nutrient intake – Nutrient outgo) / Nutrient outgo × 100   
Statistical analysis 
	The data collected was classified and tabulated as per objectives and Complete randomized design methods were followed for analyzing data.
Treatment details:
Treatment (T0): 30 parts CSC + 40 parts jawar grains + 10 parts tur grains + 17 parts wheat bran + 2 parts mineral mixture + 1 parts salt.
Treatment (T1): 10 parts MLM + 20 parts CSC + 40 parts jawar grains + 10 parts turmgrains + 17 parts wheat bran + 2 parts mineral mixture + 1 parts salt.
Treatment (T2): 15 parts MLM + 15 parts CSC + 40 parts jawar grains + 10 parts tur grains + 17 parts wheat bran + 2 parts mineral mixture + 1 parts salt.                    
Treatment (T3): 20 parts MLM + 10 parts CSC + 40 parts jawar grains + 10 parts tur grains +17 parts wheat bran + 2 parts mineral mixture + 1 parts salt.          
	For all treatment i.e., T0, T1, T2 and T3 group calves; ad libitum green and dry roughages were provided as per requirement.   

Results and discussion:

4.1 Proximate composition of feed stuff
According to Ranjhan (1998), easily found feed and fodder were taken into consideration while establishing rations for experimental calves to satisfy their daily nutritional requirements.	Comment by PMYLS: If possible fined the recent references.  
The proximate composition of experimental feed, homemade concentrate mixture with inclusion of MLM offered to Holdeo calves is presented in Table 1 while the proximate composition of green and dry roughages is presented in Table 2.
The values of DM, CP, EE, CF, ASH and NFE of moringa leaf meal is 90.86, 27.50, 14.95, 6.21,8.76 and 42.58. The values of DM, CP, EE, CF, ASH and NFE of concentrate mixture of four treatments are given in Table 1. It shows that Dry Matter content of Treatments T0, T1, T2 and T3 are 90.57, 90.55, 90.52 and 90.50 respectively.
Table No.1: Proximate composition of homemade concentrate mixture with inclusion of MLM (% DM) basis

	Sr.
No.
	Attributes (%)
	Moringa leaf meal
	Concentrate mixture I
T0
	Concentrate mixture II
T1
	Concentrate mixture III
T2
	Concentrate mixture IV
T3

	1
	DM
	90.86
	90.57
	90.55
	90.52
	90.50

	2
	CP
	27.50
	18.53
	18.61
	18.65
	18.67

	3
	CF
	14.95
	9.97
	9.28
	8.93
	8.59

	4
	EE
	6.21
	3.83
	3.80
	3.75
	3.71

	5
	ASH
	8.76
	6.04
	5.91
	5.83
	5.76

	6
	NFE
	42.58
	61.63
	62.40
	62.84
	63.27


Amount of CP found in T0, T1, T2 and T3 is 18.53, 18.61, 18.65 and 18.67 respectively. Crude Fiber content is 9.97, 9.28, 8.93 and 8.59 in treatments T0, T1, T2 and T3 respectively. Amount of Ether extract found in treatment T0, T1, T2 and T3 are 3.83, 3.80, 3.75 and 3.71 respectively. Total ash was found in T0, T1, T2 and T3 are 6.04, 5.91, 5.83 and 5.76 respectively. Nitrogen free extract found 61.63, 62.40, 62.84 and 63.27 in treatments T0, T1, T2 and T3 respectively.
The present findings were similar to Sherasiya et al., (2022), reported value of CP, CF EE, NFE and total ash in home-made concentrate are 18.49, 19.22. 3.75, 45.13 and 13.41 per cent respectively.
Table 2: Proximate composition of green and dry roughages (% DM) basis

	Sr.
No.
	Attributes
(%)
	Jowar Dry
Kadbi
	Hybrid Napier
	Para grass

	1
	DM
	89.30
	29.70
	22.50

	2
	CP
	4.30
	9.53
	10.20

	3
	CF
	38.90
	26.28
	23.60

	4
	EE
	1.20
	2.50
	2.20

	5
	ASH
	8.50
	16.23
	16.70

	6
	NFE
	47.10
	49.22
	47.30


It was observed in Table 2 that the average dry matter content in Jowar dry kadbi, Hybrid Napier and Para grass was 89.30, 29.70 and 22.5 per cent respectively. Jowar dry kadbi contained 4.30, 38.90, 1.20, 8.5 and 47.10 per cent CP, CF, EE, ASH and NFE, respectively. Hybrid Napier contained 9.53, 26.28, 2.50, 16.23 and 49.22 per cent, CP, CF, EE, total ash and NFE, respectively. Para grass contained 10.20, 23.60, 2.20, 16.70 and 47.30 per cent CP, CF, EE, total ash and NFE, respectively.
Islam et al. (2023) in Frontiers in Plant Science provided a review on Napier grass for tropical cattle production. Typical crude protein (CP) can range from 9.5– 12% in DM and DM between 85–90%, matching the DM and CP ranges of your Hybrid Napier values, along with fiber and ash profiles

Body weight
During the experimental period of 180 days body weight of each Holdeo Calves were recorded fortnight and analysed in table 3







Fig. 1.  The bar graph shows  the Average and Final Body weight
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Table 3: Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on body weight (cm) of Holdeo calves.

	Fortnight
Treatment
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13

	
T0
	
62.15
	
65.2
	
68.72
	
72.55c
	
76.6c
	
81.00c
	
85.95c
	
91.00d
	
96.35d
	
102.7d
	
108.02c
	
113.82d
	
119.45d

	
T1
	
64.35
	
67.46
	
71.11
	
75.11b
	
79.61bc
	
84.41b
	
89.56bc
	
95.08c
	
100.83c
	
106.76c
	
112.76b
	
118.85c
	
124.72c

	
T2
	
65.42
	
68.45
	
72.00
	
76.15ab
	
80.82b
	
85.80ab
	
91.24b
	
97.09b
	
103.14b
	
109.29b
	
115.59ab
	
121.69b
	
127.60b

	
T3
	
66.30
	
69.55
	
73.27
	
77.67a
	
82.60a
	
87.92a
	
93.64a
	
99.59a
	
105.74a
	
112.16a
	
118.16a
	
124.86a
	
131.80a

	
SE(M)
	
2.19
	
1.09
	
1.40
	
0.72
	
0.56
	
0.99
	
0.74
	
0.64
	
0.64
	
0.65
	
0.88
	
0.76
	
0.58

	
CD @ 5%
	
NS
	
NS
	
NS
	
2.23
	
1.72
	
3.07
	
2.28
	
1.98
	
2
	
2.01
	
2.72
	
2.37
	
1.81


Note: The mean values with different superscript in the same row differed significantly (P<0.05)
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In table 1 average fortnightly body weight of calves is explained. At first fortnight body weight of calves under treatment T0, T1, T2 and T3. were 62.15, 64.35,	Comment by PMYLS: Use the same format of the word table or Table.
65.42 and 66.30 kg, respectively. Treatments were non-significant initially up to third fortnights from the fourth fortnight to thirteenth fortnight treatments showed significant difference (P < 0.05) final body weights of T0, T1, T2 and T3 were 119.45, 124.72, 127.60 and 131.80 respectively, that shows improvement in live body weight of all the treatments. from the above table 3 body weight of all the treatments were found increasing throughout the experiment, but T3 treatment showed significantly superior result than the T0, T1 and T2.
A similar study undertaken by Korade et al. (2023) on Gir crossbred calves found that treatment groups showed significant improvement in body weight over time, with the T3 group showing superior growth performance, closely matching in the present findings.
Body weight gain
The experiment conducted on Holdeo calves under different treatments the data on body weight gain was calculated from difference between initial and final body weights and statistically analysed by Completely Randomized Design. An analysed data presented in Table 4
Table 4. Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on body weight gain (Kg) of Holdeo calves.

	Treatments
	Average initial weight (kg)
	Average final
weight (kg)
	Total weight gain (kg)
	Weight gain Kg/ fortnight/Holdeo calves
	Weight gain Kg/ day /
Holdeo
calves

	T0
	62.15
	119.45c
	57.30c
	4.77b
	0.318b

	T1
	64.35
	124.72b
	60.37bc
	5.03ab
	0.335ab

	T2
	65.42
	127.60ab
	62.18b
	5.18ab
	0.345ab

	T3
	66.30
	131.80a
	65.50a
	5.46a
	0.364a

	SE
	0.50
	0.79
	0.64
	0.20
	0.01

	CD
	NS
	2.43
	1.99
	0.63
	0.03








Fig. 2.  Total Body Weight (kg)

	Table 4. has been showed that average weight gain in (kg) of Holdeo calves. It is observed that the initial body weight of T0 T1, T2 and T3 were 62.15, 64.35, 65.42 and 66.30 kg, respectively. Final body weight of calves under treatments T0, T1, T2 and T3 were recorded 119.45, 124.72, 127.60 and 131.80 kg, respectively. Total body weight gain was calculated from difference between initial and final body weight of Holdeo calves. Total body weight gain of T0, T1, T2 and T3. were 57.30, 60.37, 62.18 and 65.50 Kg respectively. Daily body weight gain of T0, T1, T2 and T3 were 0.318, 0.335, 0.345 and 0.364 kg respectively.
It was observed that the weight gained varied significantly between the treatment groups. The average final weight gain was highest in T3 followed by T2, T1, T0 groups. T0 group observed the lowest weight gain i.e. homemade concentrate (T0) feeding. The treatment (T3) that provided sufficient amounts of DCP and TDN to the calves had the highest daily consumption of DM. It's possible that this circumstance helped the calves grow. The weight gain was differed significantly.
Body Length
During the experimental period of body length of each Holdeo calves were recorded fortnightly and analysed. Analysed fortnightly body length of calves given in table 5.
In table 5 average fortnightly body length of Holdeo calves was explained. At first fortnight body length of calves under treatment T0, T1, T2 and T3. were 73.28,73.90, 78.11 and 74.80.cm, respectively. Treatments were non-significant initially up to third fortnights. From the fourth fortnight to thirteenth fortnight treatments showed significant difference (P < 0.05) final body length of T0, T1, T2 and T3 were 86.48, 88.75, 90.04 and 92.00 cm respectively, that shows improvement in live body length of all the treatments. From to the table 5 body length of all the treatments were found increasing throughout the experiment, but T3 treatment showed significantly superior result over the T0, T1 and T2.
Kumar et al. (2023) found that body length of Holdeo calves increased significantly over time under different feeding regimes. Early differences were non-significant, but later fortnights showed significant gains—similar to your results where T3 showed superior body length. 





Fig. 3.   Body  Length (cm)
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Table 5 Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on body length (cm) of Holdeo calves.

	Fortnight

Treatment
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13

	
T0
	
73.28
	
74.04
	
74.83
	
75.57c
	
76.66c
	
77.88c
	
79.12c
	
80.26c
	
81.51c
	
82.73c
	
83.95c
	
85.26c
	
86.48d

	
T1
	
73.9
	
74.75
	
75.87
	
77.05b
	
78.30bc
	
79.68bc
	
81.15b
	
82.75b
	
84.53b
	
85.83bc
	
86.80b
	
87.83bc
	
88.75c

	
T2
	
74.11
	
75.50
	
76.00
	
77.33ab
	
79.04b
	
80.69b
	
82.42ab
	
84.30ab
	
85.67ab
	
86.90b
	
87.86ab
	
88.90b
	
90.04b

	
T3
	
74.8
	
75.33
	
76.89
	
78.49a
	
80.30a
	
81.40a
	
83.44a
	
84.98a
	
86.45a
	
88.50a
	
89.52a
	
90.76a
	
92.00a

	
SE(M)
	
1.40
	
2.20
	
2.23
	
0.40
	
0.46
	
0.33
	
0.31
	
0.26
	
0.40
	
0.45
	
0.58
	
0.58
	
0.39

	
CD @ 5%
	
NS
	
NS
	
NS
	
1.3
	
1.45
	
1.05
	
1.01
	
0.80
	
1.25
	
1.40
	
1.78
	
1.80
	
1.20


Note: The mean values with different superscript in the same row differed significantly (P<0.05)
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Increase in body length
The experiment conducted on Holdeo calves under different treatments the data on increase in body length was calculated from difference between initial and final body length and statistically analysed by Completely Randomized Design. An analysed data presented in Table 6
Table 6 Total and fortnightly increase in body length (cm) of Holdeo calves during an experimental period.

	
Treatment
	Average initial body length (cm)
	Average final body length (cm)
	Total increase in body length (cm)
	Increase in Length (cm)/fortnight
/ Holdeo Calves

	T0
	73.28
	86.48c
	13.20c
	1.10b

	T1
	73.90
	88.75bc
	14.85bc
	1.23ab

	T2
	74.11
	90.04b
	15.93b
	1.32ab

	T3
	74.80
	92.00a
	17.20a
	1.43a

	SE
	0.45
	0.60
	0.40
	0.10

	CD
	NS
	1.86
	1.26
	0.31


Table 6  has been showed that average increase in body length in (cm) of Holdeo calves. It is observed that the initial body length of T0, T1, T2 and T3 were 73.28, 73.90, 74.11 and 74.80 cm, respectively. Final body length of calves under treatments T0, T1, T2 and T3 were recorded 86.48, 88.75, 90.04 and 92.00 cm respectively. Total increase body length was calculated from difference between initial and final body length of calves. Total increase in body length of T0, T1, T2 and T3. were 13.20, 14.85, 15.93 and 17.20 cm respectively.	Comment by PMYLS: Need sentence improvement 
It was observed that the increase in body length varied significantly between the treatment groups. The average increase in final body length was highest in T3 followed by T2, T1, T0 groups. T0 group observed the lowest body length. The treatment (T3) that provided sufficient amounts of DCP and TDN to the calves had the highest daily consumption of DM. It's possible that this circumstance helped the calves grow. The increase in body length was differed significantly.

Belly girth
During the experimental period belly girth of each Holdeo calves recorded fortnightly and analysed in table 5
In table 7. average fortnightly belly girth of Holdeo calves was explained. At first fortnight belly girth of calves under treatment T0, T1, T2 and T3. were 108.97,110.81, 111.33 and 112.49 cm, respectively. Treatments were non-significant initially up to third fortnights. From the fourth fortnight to thirteenth fortnight treatments showed significant difference (P < 0.05) Final belly girth of T0, T1, T2 and T3 were 133.10, 137.69, 139.07 and 142.23 cm respectively, that shows improvement in live belly girth of all the treatments. from the above table 7 belly girth of all the treatments were found increasing throughout the experimental period, but T3 treatment showed significantly superior result than the T0, T1 and T2.
Khan et al. (2022) reported that belly girth in calves increased significantly after the 4th week in high feeding groups, showing a trend similar to present findings— increase in belly girth
.
Fig. 4.  Belly Girth (cm) 
Table 7 Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on belly girth (cm) of Holdeo calves.

	Fortnight


Treatment
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13

	
T0
	
108.97
	
110.75
	
112.53
	
114.40b
	
116.34b
	
118.35c
	
120.43c
	
122.54c
	
124.71c
	
126.93c
	
128.93c
	
131.02c
	
133.10c

	
T1
	
110.81
	
112.59
	
114.43
	
116.41ab
	
118.41ab
	
120.54b
	
122.80b
	
125.34bc
	
127.56bc
	
130.04bc
	
132.60bc
	
135.11bc
	
137.69bc

	
T2
	
111.33
	
113.23
	
115.22
	
117.26ab
	
119.35ab
	
121.55ab
	
123.88ab
	
126.28b
	
128.77b
	
131.27b
	
133.83b
	
136.43b
	
139.07b

	
T3
	
112.49
	
114.45
	
116.47
	
118.71a
	
121.03a
	
123.46a
	
125.96a
	
128.54a
	
131.16a
	
133.86a
	
136.60a
	
139.41a
	
142.23a

	
SE(M)
	
1.18
	
0.60
	
1.09
	
0.85
	
1.16
	
0.63
	
0.76
	
0.67
	
0.69
	
0.50
	
0.62
	
0.91
	
0.71

	
CD @ 5%
	
NS
	
NS
	
NS
	
2.63
	
3.58
	
1.96
	
2.36
	
2.06
	
2.15
	
1.56
	
1.91
	
2.82
	
2.19


Note: The mean values with different superscript in the same row differed significantly (P<0.05)
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Increase in Belly girth

The experiment conducted on Holdeo. calves under different treatments the data on belly girth gain was calculated from difference between initial and final belly girth and statistically analysed by Completely Randomized Design. An analysed data presented in Table 8
Table 8 Total and fortnightly increase in belly girth (cm) of Holdeo calves during an experimental period.

	
Treatment
	Average initial belly girth (cm)
	Average final belly girth (cm)
	Total increase in belly girth (cm)
	Increase in Belly girth
(cm)/fortnight/ Holdeo calves

	T0
	108.97
	133.10c
	24.13c
	2.01b

	T1
	110.81
	137.69bc
	26.88b
	2.24ab

	T2
	111.33
	139.07b
	27.74ab
	2.31ab

	T3
	112.49
	142.23a
	29.74a
	2.47a

	SE
	0.93
	0.81
	0.84
	0.09

	CD
	NS
	2.51
	2.61
	0.28


Table 6 has been showed that average increase in belly girth in (cm) of Holdeo calves. It was observed that the initial belly girth of T0, T1, T2 and T3 were 108.97, 110.81, 111.33 and 112.49 cm, respectively. Final belly girth of calves under treatments T0, T1, T2 and T3 were recorded 133.10, 137.69, 139.07 and 142.23 cm respectively. Total increase in belly girth was calculated from difference between initial and final belly girth of Holdeo calves. Total increase in belly girth of T0, T1, T2 and T3 were 24.13, 26.88, 27.74 and 29.74 cm respectively.
It was seen that the belly girth increased varied significantly between the treatment groups. The increase in average final belly girth was highest in T3 followed by T2, T1, T0 groups. T0 group observed the lowest increase in belly girth. The treatment (T3) that provided sufficient amounts of DCP and TDN to the calves had the highest daily consumption of DM. It's possible that this circumstance helped the calves grow. The increase in belly girth was differed significantly.
Chest girth
During the experimental period chest girth of each Holdeo calves recorded fortnightly and analysed in table 9
In table 9. average fortnightly chest girth of Holdeo calves was explained. At first fortnight chest girth of calves under treatment T0, T1, T2 and T3. were 93.55,94.22,
95.47 and 96.43 cm, respectively. Treatments were non-significant initially up to fourth fortnights. From the fifth fortnight to thirteenth fortnight treatments showed significant difference (P < 0.05) final chest girth of T0, T1 T2 and T3 were 104.85, 108.47,112.75 and 115.76 cm respectively, that shows improvement in live chest girth of all the treatments. According to the table 9 chest girth of all the treatments were found increasing throughout the experimental period, but T3 treatment showed significantly superior result than the T0, T1 and T2.
Makino et al. (2024) found that chest girth in calves increased significantly after week 5 with higher milk replacer levels—similar to present findings.






Fig. 5.   Chest Girth (cm)
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Table 9 Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on chest girth (cm) of Holdeo calves.
	Fortnight

Treatment
	
1
	
2
	
3
	
4
	
5
	
6
	
7
	
8
	
9
	
10
	
11
	
12
	
13

	
T0
	
93.55
	
94.49
	
95.25
	
96.01
	
96.86c
	
97.83c
	
98.81d
	
99.82d
	
100.81c
	
101.98d
	
102.98c
	
103.50d
	
104.85d

	
T1
	
94.22
	
95.83
	
96.25
	
97.27
	
99.40b
	
101.43b
	
102.78c
	
103.86c
	
104.74b
	
105.80c
	
106.93b
	
107.50c
	
108.47c

	
T2
	
95.47
	
96.74
	
98.01
	
100.28
	
101.43ab
	
103.95ab
	
104.51b
	
106.04b
	
107.97ab
	
109.00b
	
110.65ab
	
111.68b
	
112.75b

	
T3
	
96.43
	
97.54
	
98.45
	
100.95
	
102.06a
	
104.76a
	
105.41a
	
107.17a
	
108.90a
	
110.00a
	
111.88a
	
113.65a
	
115.76a

	
SE(M)
	
1.68
	
1.78
	
2.92
	
2.35
	
0.40
	
0.38
	
0.25
	
0.35
	
0.43
	
0.30
	
0.44
	
0.52
	
0.55

	
CD @ 5%
	
NS
	
NS
	
NS
	
NS
	
1.33
	
1.19
	
0.86
	
1.10
	
1.30
	
0.90
	
1.36
	
1.58
	
1.65


Note: The mean values with different superscript in the same row differed significantly (P<0.05)

Increase in Chest girth

The experiment conducted on Holdeo calves under different treatments the data on increase in chest girth was calculated from difference between initial and final chest girth and statistically analysed by Completely Randomized Design. An analysed data presented in Table 10
Table 10 Total and fortnightly increase in chest girth (cm) of Holdeo calves during an experimental period.

	
Treatment
	Average initial
chest girth (cm)
	Average final chest girth (cm)
	Total Increase in chest
girth (cm)
	Increase in chest girth
(cm)/fortnight/ Holdeo calves

	T0
	93.55
	104.85d
	11.30d
	0.94d

	T1
	94.22
	108.47c
	14.25c
	1.18c

	T2
	95.47
	112.75b
	17.28b
	1.44b

	T3
	96.00
	115.76a
	19.76a
	1.64a

	SE
	0.58
	0.65
	0.50
	0.05

	CD
	NS
	2.01
	1.57
	0.15


Table 8 has been showed that average increase in chest girth (cm) of Holdeo calves. It is observed that the initial chest girth of T0, T1, T2 and T3 were 93.55, 94.22,
95.47 and 96.00 cm, respectively. final chest girth of holdeo calves under treatments T0, T1, T2 and T3 were recorded 104.85, 108.47, 112.75 and 115.76 cm respectively. Total increase in chest girth was calculated from difference between initial and final chest girth of calves. Total increase in chest girth of T0, T1, T2 and T3 Were 11.30, 14.25, 17.28 and 19.76 cm respectively.
It was seen that the chest girth increase was varied significantly between the treatment groups. The increase in average final chest girth was highest in T3 followed by T2, T1, T0 groups. T0 group observed the lowest increase in chest girth i.e. homemade concentrate (T0) feeding. The treatment (T3) that provided sufficient amounts of DCP and TDN to the calves had the highest daily consumption of DM. It's possible that this circumstance helped the calves grow. The increase in chest girth was differed significantly.
 Height at wither
During the experimental period height of each Holdeo calves recorded fortnightly and analysed in table 11
In table 11. average fortnightly height of calves is explained. At first fortnight height of calves under treatment T0, T1, T2 and T3. were 79.30,80.50, 81.50 and 82.00 cm, respectively. Treatments were non-significant initially up to third fortnights. From the fourth fortnight to thirteenth fortnight treatments showed significant difference (P
< 0.05) Final height of T0, T1, T2 and T3 were 101.60, 104.70, 108.62 and 111.20 cm respectively, that shows improvement in live height of all the treatments. According to the table 11 height of all the treatments were found increasing throughout the experiment, but T3 treatment showed significantly superior result than the T0, T1 and T2.
Patel et al. (2020) observed that crossbred calves fed higher nutritional planes showed significantly greater height increments, especially after the third fortnight. Similar to your findings, the treatment group receiving better-balanced nutrition had the highest final height gain.






Fig. 6.   Height (cm)	Comment by PMYLS: Write the figure discerption 
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Table 11 Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on Height (cm) of Holdeo calves.

	Fortnight



Treatment
	

1
	

2
	

3
	

4
	

5
	

6
	

7
	

8
	

9
	

10
	

11
	

12
	

13

	
T0
	
79.30
	
81.16
	
83.02
	
84.88b
	
86.73bc
	
88.59bc
	
90.45d
	
92.31c
	
94.17c
	
96.02d
	
97.88d
	
99.74c
	
101.60d

	
T1
	
80.50
	
82.52
	
84.53
	
86.55ab
	
88.57b
	
90.58b
	
92.60c
	
94.62b
	
96.63b
	
98.65c
	
100.67c
	
102.68b
	
104.70c

	
T2
	
81.50
	
83.76
	
86.02
	
88.28ab
	
90.54ab
	
92.80ab
	
95.06b
	
97.32ab
	
99.58ab
	
101.84b
	
104.10b
	
106.36ab
	
108.62b

	
T3
	
82.00
	
84.43
	
86.87
	
89.30a
	
91.73a
	
94.17a
	
96.60a
	
99.03a
	
101.47a
	
103.90a
	
106.33a
	
108.77a
	
111.20a

	
SE(M)
	
2.28
	
2.01
	
1.03
	
1.42
	
1.94
	
0.78
	
1.48
	
2.26
	
1.30
	
0.61
	
0.68
	
0.85
	
0.60

	
CD @ 5%
	
NS
	
NS
	
NS
	
2.33
	
3.10
	
2.42
	
1.40
	
1.85
	
2.25
	
1.86
	
2.13
	
2.65
	
1.85


Note: The mean values with different superscript in the same row differed significantly (P<0.05)

Increase in Height
The experiment conducted on Holdeo calves under different treatments the data on increase in height was calculated from difference between initial and final height and statistically analysed by Completely Randomized Design. An analysed data presented in Table 12.
Table 12 Total and fortnightly increase in Height (cm) of Holdeo calves during an experimental period.

	
Treatments
	Average initial height (cm)
	Average final height (cm)
	Total increase in height (cm)
	Increase in height in
(cm)/fortnight/ Holdeo calves

	T0
	79.30
	101.60d
	22.30d
	1.85bc

	T1
	80.50
	104.70c
	24.20c
	2.01b

	T2
	81.50
	108.62b
	27.12b
	2.26ab

	T3
	82.00
	111.20a
	29.20a
	2.43a

	SE
	0.53
	0.36
	0.41
	0.11

	CD
	1.63
	1.12
	1.27
	0.34


Table 10 has been showed that average increase in height (cm) of Holdeo calves. It is observed that the initial height of T0, T1, T2 and T3 were 79.30, 80.50, 81.50 and 82.00 cm, respectively. Final height of calves under treatments T0, T1, T2 and T3 were recorded 101.60, 104.70, 108.62 and 111.20 cm respectively. Total increase height was calculated from difference between initial and final height of Holdeo calves. Total increase height of T0, T1, T2 and T3 Were 22.30, 24.20, 27.12 and 29.20 cm respectively.
It was seen that the height increased varied significantly between the treatment groups. The average increase final height was highest in T3 followed by T2, T1, T0 groups. T0 group observed the lowest increase in height.
treatment (T3) that provided sufficient amounts of DCP and TDN to the calves had the highest daily consumption of DM. It's possible that this circumstance helped the calves grow. The increase in height was differed significantly.
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4.4.1 Dry matter intake
Dry matter intake was calculated from intake of different feeds and data as given in Table 13
Table 13. Effect of feeding homemade concentrate mixture with inclusion of MLM on average dry matter intake (DMI) during digestibility trail (g) in Holdeo calves during experimental period.

	Treatment
	R1
	R2
	R3
	R4
	Mean
	SE
	CD at 5%
	F Test

	T0
	3806
	3781
	3842
	3871
	3825
	


26.09
	


80.4
	


S

	T1
	3785
	3876
	3894
	3925
	3870
	
	
	

	T2
	3876
	3894
	3934
	3976
	3920
	
	
	

	T3
	3898
	3978
	4045
	3995
	3979
	
	
	


The average dry matter intake (DMI) of Holdeo calves during the digestibility trial is presented in Table 13. The DMI values (in grams) for treatments T0, T1, T2 and T3 were 3825, 3870, 3920 and 3979, respectively. a steady increase in DMI was observed with increasing concentrate levels across treatments.
The treatment T3 recorded the highest DMI (3979 g), followed by T2 (3920 g), T1 (3870 g) and T0 (3825 g). The F-test indicated a significant (S) result, confirming that the differences among the means were statistically meaningful. These findings suggest that increasing levels of homemade concentrate mixture enhanced the voluntary intake of dry matter, which may be attributed to improved palatability and nutritional density of the feed. a study by Yunus et al. (2023) found that dry matter intake significantly increased with higher concentrate levels in calves fed Napier grass—similar to your findings (T3 > T2 > T1 > T0).





Fig. 7.   Dry matter intake (gram)
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4.4.2 DIGESTIBILITY
1) Dry Matter Digestibility (%)
Dry matter digestibility of Holdeo calves is presented in Table 14. dry matter digestibility (%) of Holdeo calves was significant (P>0.05) in all four treatmentT0 T1, T2 and T3 were 71.31, 72.37, 73.20 and 75.08 %. T3 treatment showed highest dry matter digestibility.
Table 14 Effect of feeding homemade concentrate mixture with inclusion of MLM on dry matter digestibility (%) in Holdeo calves during experimental period.

	Replication


Treatment
	
R1
	
R2
	
R3
	
R4
	
Mean
	
SE
	
CD at 5%
	
F
Test

	T0
	69.83
	72.28
	69.62
	73.52
	71.31
	


0.92
	


2.84
	


S

	T1
	70.6
	72.53
	71.75
	74.58
	72.37
	
	
	

	T2
	71.38
	74.14
	71.59
	75.68
	73.20
	
	
	

	T3
	72.88
	75.58
	74.88
	76.99
	75.08
	
	
	


Yunus et al. (2023) reported similar findings—dry matter digestibility significantly improved with higher concentrate levels in calves fed a Napier grass-based diet, with the highest digestibility in the most supplemented group.
2) Crude Protein Digestibility (%)
Table 15 Effect of feeding homemade concentrate mixture with inclusion of MLM on crude protein digestibility (%) in Holdeo calves during experimental period.

	Replication


Treatment
	
R1
	
R2
	
R3
	
R4
	
Mean
	
SE
	
CD at 5%
	
F
Test

	T0
	70.83
	72.75
	71.68
	74.52
	72.45
	


0.73
	


2.27
	


S

	T1
	70.69
	73.81
	72.98
	74.50
	73.00
	
	
	

	T2
	72.88
	74.75
	72.89
	75.68
	74.05
	
	
	

	T3
	73.92
	75.73
	74.80
	76.77
	75.31
	
	
	



Crude protein digestibility of Holdeo calves is presented in Table 15. crude protein digestibility (%) Holdeo calves was significant (P>0.05) in all four treatment [T0 (72.45), T1 (73.00), T2 (74.05) and T3(75.31)] groups. T3 treatment showed highest crude protein digestibility.
A relevant study by Yadav et al. (2018) observed that increasing levels of concentrate in TMR (Total Mixed Ration) significantly improved crude protein digestibility in crossbred calves. The highest CP digestibility was recorded in the treatment group with the highest concentrate inclusion, aligning with your T3 group findings.
3) Ether Extract Digestibility (%)
Ether extract digestibility of Holdeo calves is presented in Table 16. Mean ether extract digestibility (%) of TMR fed to Holdeo calves was significant (P>0.05) in all four treatment T0 T1, T2 and T3 were 70.83, 72.13, 73.86 and 74.58 percent. T3 treatment showed highest ether extract digestibility.
Table 16 Effect of feeding homemade concentrate mixture with inclusion of MLM on ether extract digestibility (%) in Holdeo calves during experimental period.

	Replication

Treatment
	R1
	R2
	R3
	R4
	Mean
	SE
	CD at 5%
	F
Test

	T0
	69.25
	70.28
	71.44
	72.35
	70.83
	


0.83
	


2.57
	


S

	T1
	70.65
	72.65
	71.86
	73.36
	72.13
	
	
	

	T2
	71.05
	73.80
	74.89
	75.68
	73.86
	
	
	

	T3
	72.43
	75.60
	73.50
	76.8
	74.58
	
	
	




In contrast to present experimental result, Imran et al. (2016) observed significantly (P<0.05) higher EED in MOH diet compared to MSH diet group.
Similarly higher significant ether extract digestibility was also reported by Khalel et al. (2014) in Friesian cows. Both these researchers had replaced fodder component with Moringa whereas in present study high protein compounded concentrate mixture was replace, without significant effect on EE digestibility, can indicated the candidate to replace high priced compounded concentrate mixture. A similar result was reported by Kumar et al. (2017), who found that ether extract digestibility increased with higher concentrate levels in the diet of calves, aligning with the improved digestibility seen in treatment T3.
4) Crude Fiber Digestibility (%)
Mean crude fiber digestibility of TMR fed to Holdeo calves is presented in Table
17. Mean crude fiber digestibility (%) of TMR fed to holdeo calves was significant (P>0.05) in all four treatment T0 T1, T2 and T3 were 54.45, 56.36, 57.20 and 59.02 percent. T3 treatment showed highest crude fiber digestibility.
Table 17 Effect of feeding homemade concentrate mixture with inclusion of MLM on crude fiber digestibility (%) in Holdeo calves during experimental period.

	Replication

Treatment
	R1
	R2
	R3
	R4
	Mean
	SE
	CD at 5%
	F
Test

	T0
	50.25
	53.29
	56.44
	57.83
	54.45
	


1.48
	


4.56
	


S

	T1
	52.65
	58.58
	57.86
	56.36
	56.36
	
	
	

	T2
	53.45
	55.80
	58.9
	60.65
	57.20
	
	
	

	T3
	55.75
	59.85
	58.68
	61.80
	59.02
	
	
	


A similar finding was reported by Verma et al. (2016), where higher levels of concentrate in the diet led to significantly improved crude fiber digestibility in crossbred calves.
5) Nitrogen Free Extract Digestibility (%)
Mean nitrogen free extract digestibility Holdeo calves is presented in Table 18. Mean crude fiber digestibility (%) of TMR fed to Holdeo calves was significant (P>0.05) in all four treatment T0 T1, T2 and T3 were 61.76, 63.36, 64.30 and 65.28 percent. T3 treatment showed highest nitrogen free extract digestibility.
Table 18 Effect of feeding homemade concentrate mixture with inclusion of MLM on nitrogen free extract digestibility (%) in Holdeo calves during experimental period

	Replication

Treatment
	R1
	R2
	R3
	R4
	Mean
	SE
	CD at 5%
	F Test

	T0
	60.72
	62.88
	63.59
	59.83
	61.76
	


0.95
	


2.93
	


S

	T1
	62.65
	61.58
	63.85
	65.35
	63.36
	
	
	

	T2
	61.78
	63.80
	64.85
	66.76
	64.30
	
	
	

	T3
	62.75
	64.85
	65.68
	67.83
	65.28
	
	
	



In contrast to our result, Khalel et al. (2014) had observed the higher (P<0.05) NFE digestibility (%) of ration which fodder components was replaced with Moringa (R2; 73.31±0.29) and (R3; 70.15±0.31) compared to ration without Moringa replacement (R1; 65.68±0.37) in Friesian cows. In our study high protein compounded concentrate mixture was replaced with MOM, suggested proper candidate to replace high price components without significant effect on digestibility

4.5 Economics of Feeding
Table 19. Cost of Different Feeding Groups of Treatment (Rs. /Kg)

	S/No.
	Particulars
	Parts Mixture
	Ingredients Rs. /Kg
	Feeds (Rs./Kg)

	A
	Roughages
	
	
	

	1
	Dry Fodder (jowar kadbi)
	100
	4
	4

	
2
	Green Fodder
	Para grass
	100
	3
	3

	
	
	Hybrid Napier
	100
	3.5
	3.5

	B
	Concentrate
	
	
	

	B1
	T0 Concentrate Mixture - I
	
	
	

	1
	Cotton Seed Cake
	30
	27
	

27.80

	2
	Jowar grain
	40
	28
	

	3
	wheat bran
	17
	20
	

	4
	Tur churni
	10
	30
	

	5
	Mineral mixture
	2
	100
	

	6
	Common Salt
	1
	10
	

	B2
	T1 Concentrate Mixture - II
	
	
	

	1
	MLM
	10
	12
	


26.30

	2
	Cotton Seed Cake
	20
	27
	

	3
	Jowar grain
	40
	28
	

	4
	wheat bran
	17
	20
	

	5
	Tur churni
	10
	30
	

	6
	Mineral mixture
	2
	100
	

	7
	Common Salt
	1
	10
	

	B3
	T2 Concentrate Mixture - III
	
	
	

	1
	MLM
	15
	12
	


25.55

	2
	Cotton Seed Cake
	15
	27
	

	3
	Jowar grain
	40
	28
	

	4
	wheat bran
	17
	20
	

	5
	Tur churni
	10
	30
	

	6
	Mineral mixture
	2
	100
	

	7
	Common Salt
	1
	10
	

	B4
	T3 Concentrate Mixture - IV
	
	
	

	1
	MLM
	20
	12
	


24.80

	2
	Cotton Seed Cake
	10
	27
	

	3
	Jowar grain
	40
	28
	

	4
	wheat bran
	17
	20
	

	5
	Tur churni
	10
	30
	

	6
	Mineral mixture
	2
	100
	

	7
	Common Salt
	1
	10
	



Table 20. Effect of Different Concentrate Mixtures on Feed Cost and Body Weight Gain in Holdeo Calves.

	
Feeds
	Treatments

	
	T0
	
	T1
	
	T2
	
	T3
	

	
	Qty (Kg)
	Rs.
	Qty (Kg)
	Rs.
	Qty (Kg)
	Rs.
	Qty (Kg)
	Rs.

	Total jowar kadbi required @ 4 Rs/kg
	
235
	
940
	
248
	
992
	
258
	
1032
	
270
	
1080

	Total Para grass required
@ 3 Rs/kg
	665
	1995
	686
	2058
	705
	2115
	720
	2160

	Total Hybrid Napier required @
3.50 Rs/kg
	
318
	
1113
	
330
	
1155
	
344
	
1204
	
360
	
1260

	Concentrate mixture I @
27.80 Rs/kg
	270
	7506
	
	
	
	
	
	

	Concentrate mixture II @
26.30 Rs/kg
	
	
	270
	7101
	
	
	
	

	Concentrate mixture III @ 25.55Rs/kg
	
	
	
	
	
270
	
6898.5
	
	

	Concentrate mixture IV @ 24.80Rs/kg
	
	
	
	
	
	
	270
	6696

	Labour and miscellaneous Cost 80 Rs/ per day
	
	
14400
	
	
14400
	
	
14400
	
	
14400

	Total cost of feeding (Rs)
	
	25954
	
	25706
	
	25649.5
	
	25596

	Total BW gain in calves (Kg)
	
57.30
	
	
60.37
	
	
62.18
	
	
65.50
	

	Total cost/ Kg BW gain
	
	452.94
	
	425.80
	
	412.50
	
	390.77

	Total cost/ Kg BW gain/ Holdeo Calves
	
	
113.23
	
	
106.45
	
	
103.12
	
	
97.69


For the T0, T1, T2 and T3 groups, it was found that the total quantity of green fodder (Para grass + Hybrid Napier) was 983, 1016, 1049 and 1080 kg, while the total quantity of dry fodder (Jowar kadbi) was 235, 248, 258 and 270 Kg, respectively. The

concentrate amounts in the T0, T1, T2 and T3 treatments, which were 270 Kg, were constant across treatments. the Labour and miscellaneous Cost for each treatment was Rs 14400 for each treatment.
The total cost of feed, as seen in the table, was higher in the T0 group, Rs. 25954, while it was lower in the T1 and T3 groups, Rs. 25706 and Rs.25596, respectively. The T2 group had a moderate feed cost of Rs. 25649.5.
However, the total cost per Kg of body weight gained (Rs.) was lower in the T3 group (Rs. 390.77) than it was in the T2 group (Rs. 412.50), the T1 group (Rs. 425.80), or the T0 group (Rs. 452.94). The total cost per Kg of body weight gained for calves was also lower in the T3 group of treatments, followed by T2, T1 and T0 group of treatments: Rs. 113.23, 106.45, 103.12 and 97.69 respectively.
It was determined from the discussion of the experimental results that the treatment T3, which incorporated Concentrate Mixture IV, exhibits more favourable results than the treatments T2, T1 and T0.
Similarly, Anjum et al. (2014) noted the price per kg of NRC ration provided was Rs. 17.37 and the stair-step low and high energy rations were Rs. 13.06 and Rs.
20.12 respectively.
For a comparable published result, Manivannan et al. (2024) investigated feeding Jowar hay and concentrate mixtures in crossbred calves. Their findings are strikingly similar to your data:
They observed that while daily feed cost increased with roughage inclusion, the feed cost per kg of body weight gain decreased by approximately 15% when calves were fed Jowar hay—mirroring your cost reductions across treatments T0–T3, with lowest cost per kg gain in T3  


Fig. 8.  Total Cost (Rs)

Conclusion
The findings of the present investigation clearly indicate that supplementation of Moringa leaf meal (MLM) in homemade concentrate mixtures had a positive influence on the growth performance of Holdeo calves. Inclusion of graded levels of MLM improved average daily gain, body measurements such as body length, belly girth, chest girth, and height at wither, along with enhanced dry matter intake. The nutritive profile of MLM, rich in protein, minerals, and vitamins, contributed to better feed utilization and growth responses compared to the control diet. Results suggest that partial replacement of conventional protein sources with MLM is both nutritionally beneficial and economically feasible. Hence, Moringa leaf meal can be recommended as a sustainable alternative feed ingredient to improve calf rearing efficiency and support livestock productivity under Indian farming conditions.
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Total weight gain (kg)	
T0	T1	T2	T3	57.3	60.37	62.18	65.5	
Total body weight (kg) 



Average initial body length (cm)	
T0	T1	T2	T3	73.28	73.900000000000006	74.11	74.8	Average final body length (cm)	
T0	T1	T2	T3	86.48	88.75	90.04	92	
Body length(cm) 




Average initial belly girth (cm)	
T0	T1	T2	T3	108.97	110.81	111.33	112.49	Average final belly girth (cm)	
T0	T1	T2	T3	133.1	137.69	139.07	142.22999999999999	

belly girth (cm)




Average initial chest	girth (cm)	
T0	T1	T2	T3	93.55	94.22	95.47	96	Average final chest	girth (cm)	
T0	T1	T2	T3	104.85	108.47	112.75	115.76	
chest girth (cm)




Average initial	
T0	T1	T2	T3	0	79.3	80.5	81.5	82	Average final height (cm)	
T0	T1	T2	T3	101.6	104.7	108.62	111.2	
height (cm)




MEAN	
T0	T1	T2	T3	3825	3870	3920	3979	
Dry matter intake(gram)



Total cost/ Kg BW gain/ Holdeo Calves

TO	T1	T2	T3	113.23	106.45	103.12	97.69	
 Cost (Rs)



Average initial weight (kg)	
T0	T1	T2	T3	62.15	64.349999999999994	65.42	66.3	Average final weight (kg)	
T0	T1	T2	T3	119.45	124.72	127.6	131.80000000000001	
Body weight (kg) 




