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			Abstract | A total of twelve Nili-Ravi buffalos having second phase lactation were selected for this study. Animals having similar stage of lactation (100 ± 10 days of milking) were offered three iso-nitrogenous and iso-caloric rations supplemented with different levels of dried rumen digesta, DRD (DRD-0, control; DRD-4, 4% DRD and DRD-8, 8% DRD) for a period of twelve weeks. The experimental diets formulated were offered to animals as a total mixed ration (TMR). Dry matter intake (DMI) was significantly (P < 0.05) increased in DRD-8 compared to both groups followed by group DRD-4 and DRD-0. Milk production (kg day-1) was improved significantly (P < 0.05) in DRD-8 as compared to both other groups, however, DRD-4 showed increased milk production to that of group DRD-0. Milk fat, milk protein, milk lactose, milk total solids, solid not fat (SNF), milk density, milk salts and the cost kg-1 DMI showed no significant (P > 0.05) difference among all treatments. In conclusion, the diet of lactating Nili-Ravi buffaloes can be supplemented DRD to optimize milk production without any adverse effects on the dry matter intake and milk composition.
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			INTRODUCTION

			Seasonal and regional variations limit livestock feed availability in Pakistan, resulting in crude protein and metabolizable energy deficits of 37.2% and 38%, respectively. Although fodder supplies only 23.8% of total feed resources, it fulfills approximately 40% of livestock nutritional requirements (Habib et al., 2016). Feed shortages remain a significant challenge in livestock production. Abattoir-derived rumen content, an agro-industrial byproduct composed of partially digested feed, represents a sustainable alternative feed ingredient whose utilization can also help minimize environmental pollution caused by improper disposal (Abouhief et al., 1999). Sun-dried rumen content from slaughtered animals is a valuable feed ingredient, supplying metabolizable microbial protein and fermented fiber that support normal rumen function. Beyond its nutritional value, recycling rumen digesta as livestock feed provides a sustainable waste management solution and helps reduce environmental pollution from abattoir waste (Alao et al., 2017).

			Several studies have reported the beneficial effects of dried rumen content supplementation on ruminant performance. Since, the improved rumen fermentation positively influences papillae growth and increases the absorptive surface area, thereby enhancing productivity (Shahid et al., 2020); threrefore, supplementation with dried rumen content also improves rumen fermentation and nitrogen digestibility (Cherdthong and Wanapat,  2013). Moreover, Cherdthong et al. (2014) reported that inclusion of dried rumen content in cattle diets, as a partial replacement for soybean meal, can enhance wheat straw intake without adversely affecting neutral detergent fiber (NDF) digestibility or rumen fermentation. As illustrated by Elfaki and Abdelatti (2016), the inclusion of rumen contents in ruminant diets has no adverse effects on diet acceptability or animal performance. Similarly, Cherdthong (2020) dried rumen digesta (DRD) has been reported as a low-cost alternative protein source that can enhance nutrient absorption, reduce feed costs, and help manage environmental waste disposal. Moreover, DRD can potentially replace conventional protein sources and may improve production performance, including milk production and composition Cherdthong (2020). At present, DRD is available at the rate of 12 PKR (Pak rupees) kg-1 which contains over 10% protein, primarily in the form of microbial protein that is readily available for metabolism. Considering the advantages of DRD to meet the protein and fiber requirements of dairy animals; the aim and objective of present study was therefore to evaluate the milk production and composition of lactating Nili-Ravi buffaloes with incremental levels of DRD to optimize the feed cost.

			MATERIALS AND METHODS

			Experimental design

			Twelve Nili-Ravi buffaloes in their second lactation having similar stage of lactation (100±10 days in milk) were selected for the study. Prior to the commencement of trial each animal was treated with anthelmintic to avoid worm infestation and vaccinated against foot and mouth disease, and hemorrhagic septicemia. Animals were divided into three groups (n= 4 each) viz., DRD-0, DRD-4, and DRD-8. During the trial animals were offered three iso-nitrogenous and iso-caloric rations with different levels of DRD (DRD-0, Control (non-experimental); DRD-4, 4% DRD and DRD-8 with 8% DRD) for a period of twelve weeks.

			Animal feeding and management

			Experimental ration was prepared according to the nutritional requirements of animals as described by NRC (2001) and was offered to the animals as a total mixed ration composed of dried rumen digesta (DRD) added in basal experimental diet, corn silage (dry matter, DM 30%; and crude protein, CP 7% fed to animals @ 1.5% of bodyweight on DM basis), and wheat straw. Animals were fed the experimental diet daily at 0900 hrs with ad libitum water access throughout the experiment, and feed intake of each animal was recorded on daily basis. Proximate analysis of dried rumen digesta (DRD), and the nutrient profile including chemical analysis of experimental diets on dry matter (DM) basis are shown in Tables 1 and 2, respectively.

			Table 1: Proximate analysis of dried rumen digesta (DRD) used in experimental diets.

			
				
					
					
				
				
					
							
							Contents

						
							
							Percentage (%)

						
					

					
							
							Moisture

						
							
							11.23

						
					

					
							
							Dry matter

						
							
							88.77

						
					

					
							
							Crude protein

						
							
							10.73

						
					

					
							
							Ash

						
							
							9.06

						
					

					
							
							Crude fiber

						
							
							29.51

						
					

					
							
							Crude fat

						
							
							0.64

						
					

					
							
							Acid insoluble ash (AIA)

						
							
							4.86

						
					

				
			

			Milk sample collection and processing

			Feed intake for each animal was recorded on daily basis. Animals were milked two times a day through manual milking method followed by sanitizing hands and the animal’s udder in a controlled and hygienic environment, thereafter, milk production was noted for each milking. Collection of milk samples was carried out aseptically using sterile bottles directly from the udder of each animal separately on weekly basis for the determination of milk composition in terms percentage of milk fat, milk protein, milk lactose, milk total solids, solid not fat (SNF), milk density, milk salts using digital milk analyzer (Lactoscan SA, Milkotronic Ltd, Nova Zagora, Bulgaria). For dry matter (DM) analysis of feed, the samples were grinded using Wiley mill (Arthur A. Thomas Co., Philadelphia, PA) and placed in hot air oven (Gallenkamp®, England) at 100 ℃ for 60 minutes, whereas the chemical analysis was carried out according to the standard procedures described by Association of Official Analytical Chemists (AOAC, 1990).

			Calculations

			Cost of milk production was calculated as:
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			Table 2: Nutrient profile and chemical analysis of experimental diets on dry matter basis.

			
				
					
					
					
					
				
				
					
							
							Ingredients (%)

						
							
							Experimental groups

						
					

					
							
							DRD-0

						
							
							DRD-4

						
							
							DRD-8

						
					

					
							
							Corn grains

						
							
							24.44

						
							
							24.21

						
							
							23.33

						
					

					
							
							Maize gluten meal 30%

						
							
							9.79

						
							
							8.71

						
							
							6.46

						
					

					
							
							Canola meal

						
							
							4

						
							
							4

						
							
							4

						
					

					
							
							Palm kernel cake

						
							
							3

						
							
							3

						
							
							3

						
					

					
							
							Wheat bran

						
							
							26.01

						
							
							26.41

						
							
							30

						
					

					
							
							Molasses

						
							
							9

						
							
							9

						
							
							9

						
					

					
							
							Dried rumen digesta

						
							
							0

						
							
							4

						
							
							8

						
					

					
							
							Urea

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Wheat straw

						
							
							20

						
							
							17

						
							
							12

						
					

					
							
							Sodium bicarbonate

						
							
							0.8

						
							
							0.8

						
							
							0.8

						
					

					
							
							Sodium chloride

						
							
							0.5

						
							
							0.5

						
							
							0.5

						
					

					
							
							Vitamin and mineral premixa

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							CaCO3

						
							
							0.46

						
							
							0.37

						
							
							0.91

						
					

					
							
							Cost Kg-1 DMI (PKR)

						
							
							35.02

						
							
							34.56

						
							
							34.2

						
					

					
							
							Chemical analysis

						
					

					
							
							Dry matter (%)

						
							
							87.20

						
							
							87.80

						
							
							88.20

						
					

					
							
							Crude protein (%)

						
							
							14

						
							
							14

						
							
							14

						
					

					
							
							NDF (%)

						
							
							33.5

						
							
							32.3

						
							
							31.5

						
					

					
							
							ME (Mcal/Kg)

						
							
							2.40

						
							
							2.40

						
							
							2.40

						
					

				
			

			Buffaloes were fed diets supplemented with dried rumen digesta (DRD) i.e. dried rumen digesta 0% (DRD-0), dried rumen digesta 4% (DRD-4), and dried rumen digesta 8% (DRD-8) for 12 weeks. DMI, Dry Matter Intake; PKR, Pak Rupees; NDF, Neutral Detergent Fiber; ME, Metabolizable energy. aPer kg of premix = Vitamin A 10,000,000 IU; Vitamin D3 2,000,000 IU; Vitamin E 15 gm; Fe 50 gm; Cu 15 gm; Zn 100 gm; Ca 187 gm; Co 1.5 gm; Mn 50 gm; Mg 1.9 gm; Se 0.4 gm; I 1.5 gm; Na 0.143 mg; K 0.286 mg.

			Statistical analysis

			The data obtained thus statistically evaluated through analysis of variance technique (ANOVA) using complete randomized design. Differences among treatment means were considered statistically significant at 95% probability (P < 0.05). Results were presented as mean ± SEM (standard error of mean). Statistical analysis was performed using GraphPad Prism, GraphPad Software Inc., version 9.0.0.

			RESULTS

			Dry matter intake and costing

			Figure 1 shows the influence of dietary supplementation with incremental levels of dried rumen digesta (DRD) on dry matter intake (DMI) and cost kg-1 DMI in Nili-Ravi buffaloes. DMI showed significant increase (P < 0.05) in group DRD-8 followed by DRD-4 and DRD-0. However, the cost kg-1 DMI in group DRD-0 was slightly raised as compared to other groups but statistically there was no significant (P > 0.05) difference among all groups.
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			Figure 1: Influence of dietary supplementation with incremental levels of dried rumen digesta (DRD) on dry matter intake (DMI) and cost kg-1 DMI in Nili-Ravi buffaloes. Buffaloes were fed diets supplemented with DRD at 0% (DRD-0), 4% (DRD-4), and 8% (DRD-8) for 12 weeks. A: A significant (P < 0.05) effect of DRD on dry matter intake; B: A non-significant (P > 0.05) effect of DRD on cost kg-1 DMI.
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			Figure 2: Influence of dietary supplementation with incremental levels of dried rumen digesta (DRD) on milk production and milk composition in Nili-Ravi buffaloes. Buffaloes were fed diets supplemented with DRD at 0% (DRD-0), 4% (DRD-4), and 8% (DRD-8) for 12 weeks. C: A significant (P < 0.05) effect of DRD on milk production (kg day-1); D, E, F, G, H, I, J: A non-significant (P > 0.05) effect of DRD on milk fat, milk protein, milk lactose, total solids, solid not fat, milk density and milk salts respectively.

			Milk production and milk composition

			Figure 2 shows the influence of dietary supplementation with incremental levels of dried rumen digesta (DRD) on milk production and milk composition in Nili-Ravi buffaloes. Milk production (kg day-1) in group DRD-8 was significantly improved (P < 0.05) as compared to DRD-0, however group DRD-4 showed no significant (P > 0.05) difference compared to other groups. Milk composition showed that the milk fat, milk protein, milk lactose, milk total solids, solid not fat, milk salts among various groups was non-significant (P > 0.05). However, milk density showed trending increase in DRD-8 and DRD-4 as compared to DRD-0 but statistically showed a non-significant (P > 0.05) difference among all groups.

			DISCUSSION

			Dry matter intake and costing

			Dried rumen digesta (DRD) represents a promising source of protein and fiber for supporting the nutritional requirements of animals. DRD contributes up to 10-16% protein contents which contains rumen fermented fibers and microbial population. Fiber is essential for proper rumen functioning and maintaining rumen pH due to appropriate size and fermented fiber particles (Boorman and Ellis, 1996).

			Current study showed that among different treatments; the average dry matter intake was increased in DRD-8 as compared to DRD-0. As illustrated by Cherdthong et al. (2014); substituting soybean meal with dried rumen digesta (DRD) in cattle diets at levels up to 100% improved straw intake while having no adverse effect on rumen fermentation. Moreover, feed intake also increased in buffalo calves with increased feeding of DRD pellets in ration (Saenkamsorn et al., 2017).

			Present study showed the cost kg-1 dry matter intake was not different among different treatments, however, Saenkamsorn et al. (2017) reported improved economics in buffalo calves by feeding DRD pellets. Moreover, Cherdthong (2020) reported the effect of rumen digesta as an alternative protein source for improved nutrient utilization, reduced feed cost, and controlled waste disposal in environment. Supplementation of DRD improves nitrogen digestibility, also with the replacement of expensive ingredients like barley grain and soybean meal with DRD could help to increase economic return and minimize pollution in cattle diet up to 100% dietary level resulting in improved NDF digestibility. Being a low-price item, DRD can be used as a feed ingredient in cattle diet to decrease feed cost and environmental pollution due to heaps of manure waste (Cherdthong and Wanapat, 2013; Cherdthong et al., 2014).

			Milk production and milk composition

			In our study, increase in dry matter intake in DRD-8 increased the milk production. In a study, Elfaki and Abdelatti (2016) documented that the rumen contents could be incorporated in the diets of animals without negative effects on diet acceptability and without any adverse effects on performance. In our study, milk fat, protein, lactose, total solids, SNF, density and salts remained unaffected among treatments. In a previous study, Elfaki and Abdelatti (2016) reported that dried rumen contents feeding produced no adverse effect on the production performance of animals. Moreover, the inclusion of dried rumen contents at 20% in diet of sheep are safe in the replacement of grass (Kenenbay et al., 2026).

			In a previous study, Cherdthong and Wanapat (2013) reported that supplementation of DRD improved nitrogen digestibility. Similarly, Saenkamsorn et al. (2017) reported increase in CP and NDF digestibility when dried rumen digesta pellets were fed at higher level in the ration.

			CONCLUSIONS

			Supplementation of dried rumen digesta (DRD) in the diets of lactating Nili-Ravi buffaloes improved performance, particularly at 8% inclusion. DRD-8 significantly increased dry matter intake and milk production compared to the control and 4% groups, while milk composition remained unaffected across all treatments. Feed cost per unit intake also showed no significant differences. Overall, DRD can be included up to 8% in total mixed rations to enhance milk production without compromising milk quality or economic efficiency.
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Abstract | A total of twelve Nili-Ravi buffalos having second phase lactation were selected for this study. Animals
having similar stage of lactation (100 + 10 days of milking) were offered three iso-nitrogenous and iso-caloric rations
supplemented with different levels of dried rumen digesta, DRD (DRD-0, control; DRD-4, 4% DRD and DRD-8,
8% DRD) for a period of twelve weeks. The experimental diets formulated were offered to animals as a total mixed
ration (TMR). Dry matter intake (DMI) was significantly (P < 0.05) increased in DRD-8 compared to both groups
followed by group DRD-4 and DRD-0. Milk production (kg day™) was improved significantly (P < 0.05) in DRD-
8 as compared to both other groups, however, DRD-4 showed increased milk production to that of group DRD-0.
Milk fat, milk protein, milk lactose, milk total solids, solid not fat (SNF), milk density, milk salts and the cost kg™
DMI showed no significant (P > 0.05) difference among all treatments. In conclusion, the diet of lactating Nili-Ravi
buffaloes can be supplemented DRD to optimize milk production without any adverse effects on the dry matter intake
and milk composition.
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