Studies on Effect of Inclusion of Moringa (Moringa Oleifera) Leaf Meal in Homemade Concentrate Mixture on Growth Performance of Deoni Calves

Abstract
The study was conducted to evaluate the effect of incorporating Moringa oleifera leaf meal (MOLM) at varying levels in homemade concentrate mixtures on the growth performance, nutrient digestibility and economics of feeding in Deoni calves. A 180-day feeding trial was carried out using sixteen Deoni calves divided into four treatment groups (T0–T3) under a Completely Randomized Design. The treatments consisted of MOLM replacing cottonseed cake at 0%, 10%, 15% and 20% inclusion levels. Results revealed a significant (P<0.05) improvement in body weight, body measurements and average daily gain with increasing levels of MOLM, with the highest performance observed in the 20% inclusion group (T3). Dry matter intake and digestibility coefficients of dry matter, crude protein, ether extract, crude fibre and nitrogen-free extract also increased with higher MOLM levels. Economic analysis showed a reduction in feed cost per kilogram of weight gain from ₹212.67 in control (T0) to ₹174.08 in T3, indicating enhanced cost efficiency. The findings suggest that MOLM inclusion up to 20% in homemade concentrate mixtures can be recommended for improved growth, nutrient utilization and feeding economy in Deoni calves.
Keywords: Deoni calves, Moringa leaf meal, Growth performance, Nutrient digestibility,
Economic assessment.

1. INTRODUCTION
India is home to 193.46 million cattle, comprising 142.11 million indigenous and 51.36 million crossbreed cattle. The Deoni breed, a registered breed with NBAGR (INDIA_CATTLE_1108_DEONI_03005), accounts for 0.23% of India's indigenous cattle population, with approximately 1.51 lakh animals. Native to south-eastern Maharashtra and northern Karnataka, Deoni cattle are well-adapted to the region's challenging climate, making them valuable in drought-prone areas (Bukya et al., 2019). This dual-purpose breed originated 200-300 years ago from Gir cattle crossed with local "Dongari" and Dangi cattle. Deoni cattle are medium to heavy-built, with distinct muscles and three-color variants: Wannera (white with black facial markings), Balankya (white with black spots on the lower body) and Shevera (white with irregular black spots). Found mainly in Maharashtra's Latur, Prabhani, Nanded and Osmanabad districts, Deoni cattle are a vital genetic resource, known for hardiness and adaptability. However, there's a lack of information on their morphometric, production and reproduction characteristics, prompting research into their phenotypic traits and breeder management practices (Singh et al., 2002).	Comment by USER: Write in full	Comment by USER: Not found in the references	Comment by USER: Not found in the references
Moringa oleifera or "shevga" is a highly valued, multipurpose tree that's gaining popularity in animal nutrition. Native to the Sub-Himalayan regions, it's now grown worldwide for its adaptability to various environments. Moringa thrives in hot, dry and humid climates, tolerating drought and diverse soils. Its leaves are rich in crude protein (23-30.35% DM), calcium, iron and vitamin C, making them an excellent nutrient source for livestock. The leaves contain approximately 47% rumen bypass protein and a favourable amino acid profile. Moringa oleifera is considered a "miracle tree" due to its nutritional and medicinal properties, earning it attention from animal nutrition researchers. Its leaves are a promising source of feed for ruminant animals, containing essential nutrients like protein, amino acids, fatty acids, minerals and vitamins. These nutrients support growth, enzyme activation and overall health. Moringa leaves also contain bioactive substances like flavonoids, phenolic acids and antioxidants, which have potential antioxidants, anticancer,and antimicrobial properties (Gopalkrishnan et al., 2016; Ashfaq et al., 2012; Wu et al., 2013; Becker, 1995).	Comment by USER: Write in full	Comment by USER: Not found in the references	Comment by USER: Not found in the references	Comment by USER: Not found in the references	Comment by USER: Not found in the references
This study was undertaken to determine the effect of MOLM inclusion at varying levels in homemade concentrate mixtures on the growth performance, dry matter intake, digestibility and economics of feeding in Deoni calves.
2. METHODOLOGY
A 180-day growth trial was conducted at the Cattle Cross Breeding Project, VNMKV, Parbhani, using 16 Deoni calves, all with similar average age and body weight. The calves were randomly allocated to four treatments comprising four replications and each replication has one animal per replicate. The animals were raised in individual compartments under confinement. The experimental design used was the Complete Randomized Design (CRD) with four calves per treatment.	Comment by USER: Please provide the biophysical characteristics of the study area.

2.1 Treatment details 
T0 (control): 30 parts cottonseed cake (CSC) + 40 parts jowar grain + 10 parts tur grain + 17 parts wheat bran + 2 parts mineral mixture + 1 part salt
T1: 10 parts MOLM + 20 parts CSC + 40 parts jowar grain + 10 parts tur grain + 17 parts wheat bran + 2 parts mineral mixture + 1 part salt
T2: 15 parts MOLM + 15 parts CSC + 40 parts jowar grain + 10 parts tur grain + 17 parts wheat bran + 2 parts mineral mixture + 1 part salt
T3: 20 parts MOLM + 10 parts CSC + 40 parts jowar grain + 10 parts tur grain + 17 parts wheat bran + 2 parts mineral mixture + 1 part salt
For all treatments i.e., T0, T1, T2 and T3 group calves; ad libitum green and dry roughages were provided as per requirement.
2.2 Growth performance
2.2.1 Body weight (kg) 
Body weight of individual Deoni calf was recorded on a standard weighing balance every 15 days interval before feeding and watering in the morning session.
2.2.2 Body measurement (cm)
The linear body measurement viz., chest girth, body length, height at wither and belly girth were recorded with the help of measuring tape at 15 days interval during the period of investigation. The measurements were recorded by allowing the animals to be in normal standing positions. Generally, all measurements were recorded in the morning session before Deoni calves were getting loose for feeding. 
2.3 Preparation of Dry Moringa Oleifera Leaf Meal (MOLM)
Moringa oleifera leaves were harvested from the moringa plot of the farmers field near Parbhani district. For the experiment, fresh Moringa oleifera leaves obtained from moringa tree by cutting its branches, which contains leaves and soft twigs. The leaves and soft twigs were harvested and left to dry in the sun for 2-3 days. Afterwards, the partially dried leaves were removed manually. The twigs were then sun- dried again for approximately 48 hours on black plastic sheets. The dried leaves were manually grounded, kept in safe bags and stored in a well-ventilated storeroom (Jaiswal et al., 2023).

2.4 Metabolism Trial
Sixteen (16) Deoni calves from the feeding trial were used for metabolism trial. They were housed in individual metabolism cage with facilities for collecting feces and urine. Each calf 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.
2.5 Chemical Analysis
The samples of the feed and faeces collected during metabolic trial were analyzed for the proximate principles viz., Dry matter, Crude protein, Crude fibre, Ether extract, Nitrogen free extract and Total ash.
2.6 Nutrient digestibility 
Nutrient digestibility was calculated by using following formula
                                                   (Nutrient intake – Nutrient outgo)
       Nutrient digestibility =                                                                    × 100
                                                                  Nutrient outgo

2.7 Economics of feeding 
Feeding cost was calculated at the end of the experimental period. The prices of different ingredients of feed stuff were calculated on actual cost of feed at market.







3. Results and Discussion
3.1 Body Weight of Deoni calves
Table 1: Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on body weight (kg) of Deoni calves over the experimental period


	Treatment

	Fortnight
	T0
	T1
	T2
	T3
	SE(M)
	CD at 5%

	1
	54.60
	55.23
	56.34
	57.52
	1.23
	NS

	2
	56.07
	58.90
	59.17
	60.58
	1.27
	NS

	3
	58.62
	61.67
	62.11
	63.72
	0.76
	NS

	4
	61.24
	64.65
	66.18
	67.94
	0.65
	NS

	5
	64.44c
	68.13b
	71.88ab
	72.07a
	0.42
	1.29

	6
	67.98d
	72.89c
	76.00b
	77.42a
	0.38
	1.20

	7
	70.65c
	77.84b
	81.34ab
	82.04a
	0.42
	1.28

	8
	75.64d
	81.05c
	84.93b
	88.78a
	0.74
	2.25

	9
	81.73d
	86.50c
	89.77b
	93.95a
	   0.94
	2.84

	10
	87.50c
	92.05bc
	94.94b
	98.30a
	1.00
	3.01

	11
	93.42c
	97.75bc
	99.14b
	103.75a
	0.62
	1.88

	12
	98.98d
	102.10c
	104.51b
	107.42a
	0.68
	2.15

	13
	104.01d
	107.38c
	109.70b
	112.82a
	0.70
	2.18


	Note: The mean values with different superscripts in the same row differed significantly (P<0.05)
At the start of the trial, the average fortnightly body weights of Deoni calves in groups T0, T1, T2 and T3 during the first fortnight were 54.60, 55.23, 56.34 and 57.52 kg, respectively.  Between the 1st and 4th fortnights, weight gain was gradual and comparable among all groups, indicating that initial adaptation to MOLM diets did not negatively affect intake or digestion. From the 5th fortnight onwards, statistically significant differences began to appear. T3 calves (20% MOLM) showed consistently higher weights compared to T0, with differences widening as the trial progressed. By the end of the trial, the final body weights T0, T1, T2 and T3 are 104.01, 107.38, 109.70 and 112.85 kg, respectively, indicating an overall improvement across all treatments 
Body weight gain 
 Table 2: Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on body weight gain (kg) of Deoni calves
	Treatments
	Average Initial Weight (kg)
	Average Final Weight(kg)
	Total weight gain (kg)
	Weight gain kg/ Fortnight / Deoni calves
	Weight gain
kg/day/ Deoni calves

	T0
	54.60
	104.01d
	49.10d
	4.09bc
	0.272b

	T1
	55.23
	107.38c
	52.15c
	4.35b
	0.289ab

	T2
	56.34
	109.71b
	53.37b
	4.45ab
	0.296ab

	T3
	57.55
	112.85a
	55.30a
	4.61a
	0.307a

	SE
	1.99
	1.02
	0.80
	0.17
	0.02

	CD at 5%
	NS
	3.16
	2.46
	0.53
	0.06


Note: The mean values with different superscripts in the same row differed significantly (P<0.05)
Table 2 presents the average weight gain (in kg) of Deoni calves during the trial. The initial body weights of calves in treatments T0, T1, T2 and T3 were 54.60, 55.23, 56.34 and 57.55 kg, respectively. By the end of the trial, their final weights increased to 104.01, 107.38, 109.71 and 112.85 kg, respectively. The total weight gain was determined by subtracting the initial weight from the final weight. Accordingly, the total body weight gain for T0, T1, T2 and T3 was 49.10, 52.15, 53.37 and 55.30 kg, respectively. The average fortnightly weight gains for Deoni calves in treatments T0, T1, T2 and T3 were 4.09, 4.35, 4.45 and 4.61 kg, respectively. The average daily weight gains for Deoni calves in treatments T0, T1, T2 and T3 were 0.272, 0.289, 0.296 and 0.307 kg, respectively. This improvement is attributed to the higher nutrient and antioxidant content at the 20 per cent level. No adverse effects on feed intake or health were observed, indicating that 20 per cent inclusion is more effective and well tolerated compared to 15 per cent.
Discussion-
These findings align with Aharwal et al., (2018), who observed improved daily weight gain in calves supplemented with 10% MOLM, and Elaidy et al., (2017), who reported similar benefits in buffalo calves. The results confirm that MOLM inclusion at up to 20% can enhance growth performance without adverse effects.
3.2 Calf Growth Performance
Table 3: Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on total growth performance (cm) of Deoni calves
 
	Treatment

	 Particular
	T0
	T1
	T2
	T3
	SE(M)
	CD at 5%

	Initial body length (cm)
	78.64
	78.93
	79.35
	80.21
	0.45
	NS

	Final body length (cm)
	93.49d
	 95.58c
	96.69b
	98.77a
	0.50
	1.55

	Total increase in body length (cm)
	14.85d
	16.68c
	17.34b
	18.56a
	0.51
	   1.54

	Initial chest girth (cm)
	94.53
	95.02
	95.66
	96.50
	0.55
	NS

	Final chest girth(cm)
	114.50d
	116.67c
	118.56b
	120.06d
	0.30
	0.90

	Total increase in chest girth (cm)
	19.97d
	21.65c
	22.90b
	23.56a
	0.38
	1.17

	Initial height at wither (cm)
	83.50
	83.85
	84.67
	85.05
	0.47
	NS

	Final height at wither (cm)
	95.73d
	98.48c
	100.35b
	102.90a
	0.35
	1.08

	Total increase in height at 
wither (cm)

	12.23d
	14.63c
	15.68b
	17.85a
	 0.40
	1.22

	Initial belly girth (cm)
	98.85
	99.30
	100.69
	101.35
	0.38
	NS

	Final belly girth (cm)
	120.95d
	122.56c
	126.70b
	128.95a
	0.66
	2.03

	Total increase in belly girth (cm)
	22.10d
	23.26c
	26.01b
	27.60c
	0.50
	1.55


[bookmark: _Hlk213686634]Note: The mean values with different superscripts in the same row differed significantly (P<0.05)
In the present study, the initial body lengths recorded for treatment groups T0, T1, T2 and T3 were 78.64, 78.93, 79.35 and 80.21 cm, respectively. By the end of the study, the final body lengths for these groups were observed as 93.49, 95.58, 96.69 and 98.77 cm, respectively. The overall average total increase in body length for Deoni calves in treatments T0, T1, T2 and T3 were 14.85, 16.68, 17.34 and 18.56 cm respectively. The initial chest girth recorded for treatment groups T0, T1, T2 and T3 were 94.53, 95.02, 95.66 and 96.50 cm, respectively. By the end of the study, the final chest girth for these groups were observed as 114.50, 116.67, 118.56 and 120.06 cm, respectively. The average total increase in chest girth under treatments T0, T1, T2 and T3 were 19.97, 21.6, 22.90 and 23.56 cm, respectively. In the present study, the initial height at the wither for treatment groups T0, T1, T2 and T3 was recorded as 83.50, 83.80, 84.60 and 85.05cm, respectively. The corresponding final height at wither for these groups were 95.73, 98.48, 100.35 and 102.90 cm, respectively. The average of total increase in height at wither of Deoni calves under treatments T0, T1, T2 and T3 were 12.23, 14.63, 15.68 and 17.85, respectively. In the present study, the initial belly girth recorded for treatment groups T0, T1, T2 and T3 were 98.85, 99.30, 100.69 and 101.35 cm, respectively. By the end of the study, the final belly girth for these groups were observed as 120.95, 122.56, 126.7 and 128.95 cm, respectively. The average total increase in belly girth of Deoni calves for treatments T0, T1, T2 and T3 were 22.10, 23.26, 26.01 and 27.60 cm, respectively.
Discussion-
In contrast to our study's findings, Iqbal et al., (2017) reported lower body lengths (ranging from 97.86 to 98.71 cm) in Nili-Ravi buffalo heifers aged 12-14 months. Similarly, Faiz et al. (2012) found lower body lengths (106.4 to 107.7 cm) in 15-month-old Sahiwal heifer calves. Olumide et al., (2015) similarly reported that MOLM supplementation improved muscular growth in goats, and Fadiyimu et al., (2010) found greater chest girth in sheep fed MOLM-based diets due to improved protein utilization and energy balance. Faiz et al., (2012) reported that balanced protein-energy diets enhance skeletal growth in calves. The results of this study align with that conclusion, suggesting that MOLM is an effective component in growth rations for young cattle. Sultana et al., (2018) found that MOLM-fed ruminants showed improved feed intake and rumen development, attributed to the leaf’s balanced fiber and protein composition. Enhanced belly girth here likely reflects a similar mechanism.	Comment by USER: Not found in the references	Comment by USER: Not found in the references	Comment by USER: Not found in the references	Comment by USER: Not found in the references
3. 3 Dry matter intake	Comment by USER: intakes
Dry matter intake was calculated from intake of different feeds and data as given in Table 4
Table 4: Effect of feeding homemade concentrate mixture with inclusion of   MLM on average dry matter intake (DMI) during digestibility trail (g) in Deoni calves during experimental period
	Treatment
	T0
	T1
	T2
	T3

	R1
	2380
	2500
	2470
	2490

	R2
	2400
	2450
	2520
	2680

	R3
	2401
	2380
	2535
	2520

	R4
	2420
	2480.80
	2493
	2655

	Mean
	2400.25
	2452.70
	2504.50
	2586.25

	SE
	28.42

	CD at 5%
	87.58

	F Test
	S



[bookmark: _Hlk204342207]The average dry matter intake (DMI) of Deoni calves during the digestibility trial is presented in Table 4. The DMI for treatments T0, T1, T2 and T3 were 2400.25, 2452.70, 2504.50 and 2586.25 g, respectively. The dry matter intake is higher in treatment T3 and 
lower in treatment T0. Treatment T3 shows significant difference over Treatment T1, T2 and T0. Dry matter intake was notably higher at the supplementation of 20 per cent moringa leaf meal in homemade concentrate mixture followed by the 15 and 10 per cent level. 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.
Discussion-
Current result resembles those made by earlier researchers, Aharwal et al., (2018) and Elaidy et al., (2017) reported increase in dry matter and nutrient intake by replacement up to 15 per cent with MLM in the calf starter fed to buffalo calves.
3.4 Digestibility of calves
Effect of feeding homemade concentrate mixture with inclusion of moringa leaf meal on digestibility coefficients of nutrients in Deoni calves was recorded during digestibility trial. The digestibility coefficients of dry matter, crude protein, extract extract, crude fiber and NFE were calculated and analyzed and presented in table
Table 5: Effect of feeding homemade concentrate mixture with inclusion of   MLM on
digestibility of nutrients (%) in Deoni calves during experimental period
	Treatments
	DM
	CP
	EE
	CF
	NFE

	T0
	66.92c
	69.05d
	60.85d
	50.35c
	58.42d

	T1
	67.44bc
	69.85c
	61.54c
	51.54b
	59.35c

	T2
	68.75b
	71.45b
	63.85b
	52.75ab
	60.85b

	T3
	70.55a
	72.82a
	65.70a
	53.24a
	62.24a

	SE
	0.47
	0.43
	0.48
	0.37
	0.42

	CD at 5%
	1.45
	1.32
	1.47
	1.15
	1.31



As presented in Table 5 dry matter digestibility was 66.92, 67.44, 68.75 and 70.55 per cent for treatment T0, T1, T2 and T3 respectively. Crude protein digestibility was 69.55, 70.90, 71.45 and 72.64 per cent for treatment T0, T1, T2 and T3 respectively. Ether extract digestibility was 60.85, 61.54, 63.85 and 65.70 per cent for treatment T0, T1, T2 and T3 respectively. Crude fiber digestibility was 50.35, 51.54, 52.75 and 53.24 per cent for treatment T0, T1, T2 and T3 respectively. Nitrogen Free Extract digestibility was 58.42, 59.35, 60.85 and 62.24 per cent for treatment T0, T1, T2 and T3 respectively. The digestibility of crude protein is the highest among all the nutrients in Deoni calves during the experimental period.
Discussion-
Current observations resemble those made by earlier researchers, Imran et al., (2016) reported significantly higher dry matter digestibility in MOH (Moringa oleifera hay) based diets compared to MSH (Medicago sativa hay) Similar results were observed by Khalel et al., (2014), Sanchez et al., (2005), Mendieta-Araica et al., (2011) and Malik et al., (2019) in various cattle breeds. Khalel et al., (2014) who reported significantly higher (P<0.05) crude protein (CP) digestibility in R2 (62.93±0.29%) and R3 (60.14±0.09%) diets compared to R1 (59.12±0.43%). The current result agreed with, Imran et al., (2016) reported significantly (P<0.05) higher ether extract digestibility (EED) in diets containing Moringa oleifera hay (MOH) compared to those with Moringa seed hulls (MSH). The result was lower than Khalel et al., (2014) who had observed the higher (P<0.05) crude fibre digestibility (%) in R2 (59.11±0.11) and R3 (57.25±0.21) ration compared to R1 (55.98±0.18) ration fed to Friesian cows. The result in agreement with 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.
3.5 Economics of Feeding
Table 6: Cost of feeding and feed cost per kg weight gain.
	Treatment
	Feed cost/animal/day (₹)
	Total feed cost (₹)
	Feed cost/kg gain (₹)

	T0
	58.00
	10,440
	212.67

	T1
	56.50
	10,170
	194.91

	T2
	55.00
	9,900
	185.49

	T3
	53.50
	9,630
	174.08


Feeding costs per animal per day decreased progressively with higher MOLM inclusion, from ₹58.00 in T0 to ₹53.50 in T3. The total feed cost for the trial period also reduced accordingly. Importantly, the feed cost per kg of live weight gain dropped from ₹212.67 in the control to ₹174.08 in T3 a reduction of ₹38.59 (18.1%). This economic advantage is due to replacing expensive CSC with MOLM, which is low-cost and locally available. Despite lower costs, the MOLM diets produced greater weight gains, further improving cost efficiency.
Discussion-
Hamza et al., (2023) found similar reductions in feed cost per kg gain when MOLM replaced a portion of conventional protein supplements in calf diets. This study confirms that MOLM is not only nutritionally beneficial but also financially advantageous.

4. Conclusion
Inclusion of MOLM at up to 20% in homemade concentrate mixtures significantly improved weight gain, morphometric growth and feed cost efficiency in Deoni calves. Dry matter, protein, fat, fiber, and NFE digestibility increased with Moringa oleifera leaf meal inclusion. Dry matter intake was highest in the 20 %Moringa group, indicating better palatability. MOLM high nutrient density, digestibility and low cost make it a viable alternative to conventional protein supplements like CSC. Adoption of MOLM feeding strategies can contribute to sustainable livestock production, especially in resource-limited rural systems.
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