


Effect of Exogenous Fibrolytic Enzyme supplementation with or without urea-treated wheat straw-based ration on growth performance of Murrah buffalo calves



Abstract
The present study was conducted to evaluate the effect of exogenous fibrolytic enzyme (EFE) supplementation with or without urea-treated wheat straw (UTWS) based ration on the growth performance of Murrah buffalo calves. Twenty-four growing Murrah buffalo calves aged 8–12 months, with an average body weight of 129.45±0.14 kg, and were randomly divided into four treatment groups of six animals each for a period of 120 days. Two total mixed rations (TMRs) were prepared using untreated wheat straw and urea-treated wheat straw as dry roughage sources, with a 20:40:40 ratio of green fodder, dry roughage, and concentrate mixture, respectively. Treatment groups consisted of T1 (normal TMR), T2 (normal TMR supplemented with cellulase and xylanase enzymes at 8,000 and 16,000 IU/kg DM, respectively), T3 (UTWS-based TMR), and T4 (UTWS- based TMR with enzyme supplementation). Body weight, body weight gain, dry matter intake, and feed conversion ratio were recorded during the experimental period. The Mean body weight was higher in T4 (150.07 kg) followed by T3 (148.22 kg), T2 (148.10 kg) and T1 (150.07 kg). Mean body weight gain was significantly higher (P<0.05) in T4 (0.361 kg/day) compared to T1 (0.284 kg/day), whereas T2 and T3 showed intermediate performance. Dry matter intake was also significantly improved (P<0.05) in supplemented groups, with the higher intake observed in T4 (3.67 kg/day). Feed conversion ratio was significantly improved (P<0.05) in calves receiving UTWS and enzyme supplementation, with the lowest FCR recorded in T4 (10.29). Mean body condition score (BCS) was significantly higher (P<0.05) in supplemented groups, with the highest value observed in T4 (2.91), followed by T3 (2.84), T2 (2.75), and T1 (2.67). The results indicated that supplementation of exogenous fibrolytic enzymes along with urea-treated wheat straw - based ration improved feed intake, growth performance and feed conversion efficiency in Murrah buffalo calves. Therefore, incorporation of EFE with UTWS- based TMR may serve as an effective nutritional strategy for enhancing growth performance and utilization of low-quality fibrous feeds in growing buffalo calves.
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1.Introduction
The livestock sector plays a vital role in the agricultural economy of India, and buffaloes contribute significantly to milk production, rural livelihood, and nutritional security. India is endowed with a vast genetic resource of bovines with an estimated number 302.79 million (Livestock census,2019). Among buffalo breeds, the Murrah breed is well-known for its excellent milk yield, versatility, and economic significance. Effective nutritional management during the growth stage of Murrah buffalo calves is crucial for attaining maximum growth, earlier maturity and enhanced lifetime productivity. However, a significant challenge in feeding buffaloes and other ruminants is the reliance on fibrous, low-nutrient roughages, such as wheat straw. These straws are abundant and economical, but their limited digestion due to the inclusion of complex cell wall components, including cellulose and lignin, severely limits their nutritional value for growing calves. Consequently, the effective utilization of fibrous feed in livestock production systems is restricted (Hatfiled et al., 1999) despite the existence of numerous processing methods. 
      In recent years, exogenous fibrolytic enzymes (EFE) have emerged as a promising biological approach to improve fibre degradation and nutrient utilization in ruminants (McAllister et al., 2013; Sujani and Seresinhe 2015; Iannaccone et al. 2022; Anil et al. 2023). Enzymes that break the bonds in cellulose and hemicellulose to release soluble sugars include cellulases (Endo-β-glucanases, Exo-β-glucanases, Cellobiohydrolases, and β-glucosidases) and xylanases (Arabinofurosidases, Acetylxylan esterases, Glucuronidases, β-xylosidases, and Endo-β-xylanases) (Tirado-González et al., 2016).  Accordance with certain studies, adding EFE to ruminants improved growth performance (Holtshausen et al., 2011; Lourenco et al., 2020) and milk production (Holtshausen et al., 2011; Lungaria et al., 2019). For improving cereal straw in warmer climates, urea is more affordable, and readily accessible, and is thought to be comparable to anhydrous or aqueous ammonia. Nonetheless, this method’s acceptance rate stayed modest (Vivekin et al. 2021). Urea treatment improves the nutritive value of straw by increasing nitrogen content and breaking lignocellulosic bonds, which enhances fibre digestibility and voluntary feed intake. During treatment, ammonia released from urea disrupts the ester linkages between lignin and structural carbohydrates, thereby increasing the accessibility of cellulose and hemicellulose to rumen microorganisms (Sundstøl & Owen, 1984). Urea-treated straw has been reported to improve dry matter intake, nutrient digestibility, nitrogen utilization and growth performance in ruminants compared to untreated straw-based diets (Sarwar et al., 2002). Despite these improvements, the full utilization of fibrous components in straw remains limited because of the complex nature of plant cell walls. 
     Considering the importance of improving the utilization of low-quality roughages and enhancing growth performance in buffalo calves, the present study was undertaken to evaluate the effect of Exogenous fibrolytic enzyme supplementation with or without urea-treated straw-based ration on growth performance of Murrah buffalo calves. The study may provide useful information on the potential of combined nutritional strategies for improving feed utilization efficiency and growth in buffalo production systems.
2. Materials and Methods
2.1 Experimental animals and diets: Based on body weight and age, twenty-four growing Murrah buffalo calves of either sex (Age:8–12 months old, Body weight:129.45±0.14 kg) were selected from the Livestock Research Centre at SVPUAT and divided into four groups of six animals each at random. Before the experiment began, ivermectin was used to deworm all of the experimental animals. Every calf was kept separately in an experimental shed with good ventilation and consistent supervision.
2.2 Feeding of experimental animals: Animals in each experimental group were individually offered a total mixed ration (TMR) for a period of 120 days. Clean and fresh drinking water was made available ad libitum to all animals throughout the experimental period. Two total mixed rations were prepared for the study. The first ration contained untreated wheat straw, while in the second ration, untreated wheat straw was replaced with urea-treated wheat straw. Experimental diets were offered at a 20:40:40 ratio of green fodder, dry roughage, and concentrate mixture, respectively. A total of four treatment groups were maintained during the experimental period. Calves in Treatment group 1 (T1, Control group) were fed total mixed ration (TMR) without supplementation of exogenous fibrolytic enzymes (EFE) and served as the control group. Treatment group 2 (T2) received TMR supplemented with cellulase and xylanase enzymes at the rate of 8,000 and 16,000 IU/kg DM of TMR, respectively. Calves in Treatment group 3 (T3) were provided TMR containing urea-treated wheat straw in place of normal wheat straw. Treatment group 4 (T4) received TMR containing urea-treated wheat straw supplemented with cellulase and xylanase enzymes at 8,000 and 16,000 IU/kg DM of TMR, respectively.

2.3 Growth Trail: The body weight of all experimental calves was recorded at the beginning of the trial and thereafter at 15-day intervals during the entire 120-day experimental period. Weighing of animals was carried out early in the morning (06:30 h) before feeding and watering using a digital weighing balance. Daily records of feed offered and feed refusals were maintained to determine dry matter intake (DMI), body weight gain (BWG) and feed conversion ratio (FCR). Samples of concentrate mixture, green fodder, wheat straw, and feed refusals were ground and subjected to proximate analysis for determination of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), crude fibre (CF) and total ash following the standard procedures described by AOAC (2005). The fibre fractions of feed samples were estimated using the detergent fibre analysis method outlined by Van Soest et al. (1991). 
2.4 Body condition score (BCS): BCS of the calves was assessed using a 1–5 scoring system (Gasparrini et al., 2007). The calves were observed individually in standing position under proper lighting conditions. Visual examination was followed by gentle palpation of body regions to assess fat deposition, muscular development, prominence of bony structures and overall body condition. Body condition score observations were recorded at monthly intervals throughout the experimental period. All observations were taken by the same members to minimize subjective variation in scoring.
Table-1. BCS Score card
	Score
	Condition
	Description

	1
	Very Thin/Emaciated
	Severe undernutrition, poor growth

	2
	Thin
	Below optimum condition

	3
	Moderate/Ideal
	Desired range for healthy calf growth

	4
	Good condition
	Well grown calves with adequate reserves

	5
	Fat to Obese
	Excess fat deposition possible due to overfeeding



2.5 Statistical Analysis: The growth performance data were analyed using the MIXED model with repeated measures procedure in SPSS software (Version 20.0; IBM Corp., Armonk, NY, USA). Mean differences among the experimental groups at different fortnightly intervals were compared using Tukey’s Multiple Range Test.
3. Result and Discussion
3.1 Ingredient Composition:
Table 2: Ingredient composition of TMR.
	Ingredient           
	                                                 Treatment

	
	T1
	T2
	T3
	T4

	Green fodder Maize
	20
	20
	20
	20

	Untreated
	40
	40

	-

	-

	Treated
	
	
	40
	40

	Ground Yellow Maize
	17
	17
	17
	17

	Wheat Bran
	8
	8
	8
	8

	Mustard Oil Cake
	13.5
	13.5
	13.5
	13.5

	Mineral Mixture
	1
	1
	1
	1

	Salt
	0.5
	0.5
	0.5
	0.5

	Cellulase (IU/Kg DM)
	-
	8000
	-
	8000

	Xylanase (IU/Kg DM
	-
	16000
	-
	16000



Table-3: The effect of dietary treatments on body weight, body weight gain, dry matter intake and feed conversion ratio.
	Parameters
	Treatments
	SEM
	P-value

	
	T1
	T2
	T3
	T4
	
	T
	D
	T×D

	Body Weight (Kg)
	145.45a
	148.10ab
	148.22ab
	150.07b
	3.67
	0.04
	<0.01 
	1.00

	Body Weight Gain(Kg/day)
	0.284a
	0.323b
	0.332b
	0.361c
	0.01
	<0.01 

	<0.01 

	0.26

	Dry Matter Intake (Kg/day)
	3.45a
	3.60b
	3.58b
	3.67b
	0.09
	<0.01 

	<0.01 

	1.00

	Feed Conversion Ratio
	12.48c
	11.37b
	11.02ab
	10.29a
	0.68
	<0.01 
	<0.01 
	0.46


SEM_ standard error of the mean; T_effect of treatments; D_ effect of days; T×D_treatment-by-day interaction; a, b, c_ values within a single row marked by varying superscripts indicate significant differences at P<0.05.
  
Fig. 1. Mean Body Weight (Kg)                                   Fig. 2. Mean Body Weight Gain (Kg/Day)

 
Fig. 3.  Mean Dry Matter Intake (Kg/Day)	     Fig. 4.  Mean FCR
3.2 Body Weight and Body Weight Gain: The initial body weight of calves was comparable among all treatment groups, indicating uniform distribution of experimental animals at the beginning of the trial. Body weight increased progressively with advancing age across all groups throughout the experimental period. The mean body weight of calves under T4 recorded the higher body weight (150.07 kg), followed by T3 (148.22 kg), T2 (148.10 kg) and T1 (145.45 kg). Statistical analysis revealed a significant difference (P<0.05) among the groups. Body weight gain differed significantly among treatments during the experimental period. The mean body weight gain was significantly higher (P<0.05) in T4 (0.361 kg/day) compared to T1 (0.284 kg/day), while T2 (0.323 kg/day) and T3 (0.332 kg/day) showed intermediate values. The highest daily weight gain observed in T4 indicated superior growth performance of calves receiving the respective dietary treatment. The improvement in growth performance observed in the current experiment is in agreement with earlier findings reported by Abdeltawab et al., 2022 and Anil et al., 2023. Bueno et al. (2013) found that exogenous fibrolytic enzyme supplementation provided no benefit to ultimate body weight (Kg) or ADG in sheep, which contrast with our findings. Consistent with our findings, Jabri Jihene et al. (2022) reported that combining EFE with urea pretreatment improved the efficacy of EFE, increasing average daily gain by 22.3% without adversely affecting the health of growing lambs.
3.3 Dry Matter Intake and Feed Conversion Ratio: Dry matter intake increased gradually with age in all treatment groups during the experimental period. The mean dry matter intake values were 3.45, 3.60, 3.58, and 3.67 kg/day in T1, T2, T3, and T4, respectively. Statistical analysis showed a significant treatment effect (P<0.05), indicating higher feed intake in the supplemented groups compared to the control group (T1). Consistent with our findings, Thakur et al. (2010) observed a 3.1% increase in dry matter intake following exogenous fibrolytic enzyme supplementation in Murrah buffalo calves. Feed conversion ratio differed significantly among treatments during the study period. The lowest (P<0.05) mean FCR was observed in T4 (10.29), followed by T3 (11.02), T2 (11.37) and T1 (12.48). Lower FCR values indicate better feed utilization efficiency. The treatment effect was significant (P<0.05), whereas the treatment × day interaction remained non-significant. Improved feed conversion efficiency in T4 suggests that calves under this treatment required less feed per unit body weight than the control group. The present findings regarding improved FCR and growth performance with exogenous fibrolytic enzyme (EFE) supplementation are consistent with earlier reports in calves. In Gir calves, supplementation with fibrolytic enzymes significantly improved average daily gain (21%) and feed conversion ratio (13%) compared to the unsupplemented control group, indicating better utilization of dietary nutrients (Kadam et al., 2024). Similarly, Malik and Bandla (2010) reported that supplementation of exogenous fibrolytic enzymes improved growth performance and feed efficiency in buffalo calves, resulting in a 12% greater final body weight and a 2.6% improvement in feed efficiency compared with the control group.
3.4 Body Condition Score (BCS): The BCS of Murrah buffalo calves was recorded at monthly intervals and is presented in Table 4. The initial BCS values on day 0 were statistically similar across all treatment groups, ranging from 2.40 to 2.45, indicating uniformity among animals at the beginning of the experiment. Thereafter, a gradual and significant increase in BCS was observed in all treatment groups throughout the experimental period. The mean BCS of Murrah buffalo calves differed significantly among the treatment groups during the experimental period. The overall mean BCS values were recorded as 2.67, 2.75, 2.84, and 2.91 for T1, T2, T3, and T4, respectively. The highest mean BCS was observed in T4, followed by T3, T2, and T1. The progressive increase in BCS among the supplemented groups indicates improved body reserves and better nutritional status of the calves. Similar findings were reported by Gasparrini et al. (2007), who observed significantly higher BCS values in Murrah buffalo heifers receiving a high-energy diet compared with those fed a low-energy diet, suggesting a close relationship between nutrient availability, body weight gain, and body condition. In addition, environmental and management variations under field conditions may affect animal responses, limiting the generalizability of the findings.
Table 4: BCS at a monthly interval
	Days
	Treatments
	SEM
	P-value

	
	T1
	T2
	T3
	T4
	
	T
	D
	T×D

	Initial
	2.45
	2.40
	2.43
	2.41
	0.03
	0.75
	
	

	30th day
	2.51a
	2.56a
	2.66b
	2.73b
	0.02
	<0.01 
	
	

	60th day
	2.65a
	2.76b
	2.86bc
	2.96c
	0.02
	<0.01 
	
	

	90th day
	2.81a
	2.96b
	3.06c
	3.16d
	0.02
	<0.01 
	
	

	Final
	2.91a
	3.07b
	3.16c
	3.26d
	0.02
	<0.01 
	
	

	Mean
	2.67a
	2.75b
	2.84c
	2.91d
	0.02
	<0.01 
	<0.01 
	<0.01 


SEM_ standard error of the mean; T_effect of treatments; D_ effect of days; T×D_treatment-by-day interaction; a, b, c_ values within a single row marked by varying superscripts indicate significant differences at P<0.05.
.

Fig. 5.  Body Condition Score assessed at a monthly interval.

4. Conclusion
The present study demonstrated that supplementation of exogenous fibrolytic enzymes in combination with urea-treated wheat straw-based total mixed ration positively influenced the growth performance of growing Murrah buffalo calves. Calves receiving urea-treated wheat straw along with cellulase and xylanase supplementation (T4) exhibited superior body weight, body weight gain, higher dry matter intake, better feed conversion ratio and body condition score compared to the control group. Based on the findings of the present investigation, it may be concluded that supplementation of cellulase and xylanase enzymes in urea-treated wheat straw-based total mixed ration can be effectively used as a practical feeding approach to improve growth performance in growing Murrah buffalo calves.
5. Ethical approval: The Institutional Animal Ethics Committee of Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, evaluated and approved all experimental methods and animal welfare protocols (Approval No. IAEC/SVPUAT/2024/147).
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