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			Abstract | Increasing the availability of feed ingredients is important for the sustainability of livestock rearing. The use of agricultural waste as animal feed will not only improve food security but also contributes to the alleviation of environmental problems associated with waste management. This study aims to evaluate the growth performance of local sheep fed with agricultural waste in the form of silage and wafers. The study consisted of five treatments and four groups using 20 local male sheep. The results showed that feeding local sheep with agricultural waste in the form of silage and wafers had a significant (P < 0.05) effect on the dry matter, crude protein, and crude fat intake and was able to increase final body weights and feed efficiency compared to sheep fed with conventional feed. Processing of agricultural waste into silage and wafers can improve the performance of local sheep so that agricultural waste has great potential to be used as animal feed.
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			INTRODUCTION

			 

			The increase in consumption of animal products in the future will result in a large demand for feed. Meeting the demand for feed sustainably will be a challenge against the backdrop of climate change, food-fuel-feed competition, land degradation, water shortages, and loss of biodiversity (Pulina et al., 2017). Two obvious options for increasing the availability of feed ingredients are, firstly, efficient use of available feed resources, and secondly, expansion of the feed resource base, primarily focusing on feed resources that do not compete with human food. The use of non-food parts of agricultural products as animal feed will not only improve food security but also contribute to 

			 

			alleviating environmental problems associated with waste management. Utilization of agricultural wastes as animal feed such as waste of old leaves, such as Leucaena leucocephala L. leaves, Calliandra calothyrsus leaves, Moringa, Gliricidia sepium leaves, sugarcane waste, market vegetable waste, and black seed waste has not been used optimally. Agricultural waste can be a source of energy for ruminants, a provider of protein and active compounds that can increase immunity and livestock productivity if processed in the right way. One of the feed processing technologies that have been developed is to make the feed into wafer form. Until now, agricultural waste has not been used optimally, so it is necessary to review its benefits as animal feed. 

			Agricultural waste can be divided into two main groups, namely post-harvest agricultural waste and agricultural waste from the processing industry of agricultural products, post-harvest agricultural waste is the part of the plant on the ground or its shoots that remains after harvesting or the main product is taken, while what is meant by agricultural waste is residual agricultural waste. The agricultural product processing industry is the residue from the processing of various main agricultural products. According to Acker (1971), agricultural or industrial wastes processing agricultural products can be grouped based on protein contents into 3 qualities, less than 10%, 10-18%, and more than 18% of dry matter. Feed raw materials derived from agricultural wastes contain chemical compositions that are indispensable for livestock. On the other hand, delays in harvesting lead to high lignin, reduced fiber digestibility, and palatability (Hancock and Collins 2006). Until now, agricultural wastes had not been widely used as animal feed. The application of appropriate feed processing technology can optimize the quality of the nutrients contained in agricultural wastes. One of the feed processing technologies that have been developed is the processing of feed into silage and wafers. Wafer form feed has been researched by Retnani et al. (2014a); Retnani et al. (2014b); while silage processing has also been widely researched, one of which is by Sun et al. (2021);(Yang et al. 2016). The purpose of making silage is to produce a solid feed with high healing of dry matter, strength, and incredibly digestible nutrients as compared with the sparkling crop. Microbial fermentation inside the silo produces an array of end products and may exchange many nutritive factors of a forage (Kung Jr et al., 2018). Feed in the form of by-product feed-based-silage (BF-silage) given to steers produces fiber-rich feed for growth or fattening and increases the intake of DM and neutral detergent fiber (NDF) (Kim et al., 2015a, 2013, 2015b); by-product feed-based-silage (BF-silage) results in higher energy and protein utilization values, and lower fiber digestion in sheep (Seok et al., 2016) and reduce the use of feed supplements (Hendricks et al., 2021).

			 

			However, the effects of agricultural waste in the form of silage and wafers on sheep remain unclear. Thus, the objective of this study was to evaluate the growth performance of local sheep fed with agricultural waste in the form of silage and wafers.

			 

			MATERIALS AND METHODS

			 

			Ethical approval

			The cannulation surgery of animals was carried out by a licensed veterinarian and followed the protocol for handling and care of animals, according to the IPB University Animal Ethics Committee.

			 

			Silage and wafer processing

			Forage materials (Leucaena leucocephala L leaves, Cassava leaves, and bean sprouts waste) are first dried in the sun until the moisture content is below 14%. After drying, the forage material was mixed with other ingredients according to the formulation in Table 1 using a mixer machine WLH200 for 100 kg capacity. After homogeneously mixed, a part of the mixture continued to be made into silage and the other part continued to be made into wafers. Complete feed silage treatment refers to Kondo et al. (2016). The process of making silage was carried out by adding 5% lactic acid bacteria in the form of EM4 to the feed mixture. This mixture was put into a plastic bag, then the plastic was sealed so that no air enters and the fermentation process occurs optimally. The ensilation process was carried out for 21 days and silage was served to sheep. The process of making was carried out by entering the feed mixture into the wafer. The wafer machine used in this study was homemade by pressing and heating techniques at 80°C for 10 min and the size was 5 × 5 × 3 cm. Feed was packed in a sack and stored in a clean warehouse. The nutritive value of silage and wafer is shown in  Table 1.

			 

			Animals and experimental design

			Twenty Indonesian local male sheep of five months and 12.57±1.52 kg were divided into four groups of one sheep per replicate.  The grouped sheep were randomly assigned to one of the five experimental diets that included P0: 70% forage + 30% concentrate, P1: Leucaena leucocephala L leaves and bean sprouts silage, P2: Leucaena leucocephala L leaves and bean sprouts wafers, P3: Leucaena leucocephala L and Cassava leave silage, P4: Leucaena leucocephala L and Cassava leaves wafer. The diets were formulated with 20 kg and daily weight gains of up to 150 g /head/day to meet the nutrient requirement of sheep according to Kearl (1982); the ingredients and chemical composition of the experimental diets are shown in  Table 1. This study included a 14-day prefeeding period and a 3-day data collection period. Feed remaining after one day was weighed every next morning. The sheep were housed individually in pens, with feed offered twice in equal amounts at 08:00 and 17:00, with ad-libitum access to fresh water throughout the experimental period. Before the adaptation period, 2 mL Albendazole was orally administered to each sheep to minimize internal parasitism.  

			 

			The macroclimatic conditions at the experimental site were humid tropical, with an average temperature and relative humidity (RH) in the morning, afternoon, and evening during the study were 18.84°C and 88.78%, 24.97°C and 79.06%, and 21.19°C and 87.38%, respectively.

			 

			 

			 

			Table 1: Feed ingredients and chemical composition of agricultural waste silage and wafer (%) 

			
				
					
					
					
					
					
					
				
				
					
							Components
							P0
							P1
							P2
							P3
							P4
					

					
							
							Leucaena leucocephala leaves

						
							
							0

						
							
							25

						
							
							25

						
							
							20

						
							
							20

						
					

					
							
							Cassava leaves

						
							
							0

						
							
							0

						
							
							0

						
							
							30

						
							
							30

						
					

					
							
							Bean sprouts waste

						
							
							0

						
							
							25

						
							
							25

						
							
							0

						
							
							0

						
					

					
							
							Pollard

						
							
							0

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
					

					
							
							Palm kernel meal

						
							
							0

						
							
							26

						
							
							26

						
							
							26

						
							
							26

						
					

					
							
							Molasses

						
							
							0

						
							
							9

						
							
							9

						
							
							9

						
							
							9

						
					

					
							
							Calcium carbonate (CaCO3)

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Urea

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Premix

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Dicalcium phospate

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Salt

						
							
							0

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Nutrient content

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Dry matter

						
							
							42.0

						
							
							76.1

						
							
							91.6

						
							
							77.1

						
							
							90.6

						
					

					
							
							Ash

						
							
							11.1

						
							
							10.6

						
							
							7.55

						
							
							10.0

						
							
							9.27

						
					

					
							
							Crude protein

						
							
							12.0

						
							
							23.0

						
							
							20.6

						
							
							23.7

						
							
							24.0

						
					

					
							
							Ether extract

						
							
							1.86

						
							
							1.94

						
							
							2.95

						
							
							2.20

						
							
							3.88

						
					

					
							
							Crude fiber

						
							
							19.9

						
							
							17.3

						
							
							18.0

						
							
							14.6

						
							
							13.8

						
					

					
							
							Nitrogen free extract

						
							
							55.1

						
							
							47.2

						
							
							50.9

						
							
							49.6

						
							
							49.0

						
					

				
			

			

			P0: forage, P1: Leucaena leucocephala leaves and bean sprouts silage, P2: Leucaena leucocephala leaves and bean sprouts wafers, P3: Leucaena leucocephala and cassava leaves silage, P4: Leucaena leucocephala and cassava leaves wafer.

			 

			Sampling and measurements

			The physical test of silage feed includes moisture contents, water activity, and pH. The physical test of the wafer included moisture contents, water activity, bulk density, specific density, and wafer durability. Evaluation of local sheep growth performance was carried out through the nutrient intake, average daily gains, the efficiency of ration usage, and income over feed cost (IOFC). Nutrient intake was calculated based on the feed intakes with nutrient contents in them. The calculated nutrient intake is dry matter intake (DMI), crude protein (CP), ether extract (EE), crude fiber (CF), and nitrogen-free extract (NFE). The average daily gain (ADG) of sheep was performed every two weeks to determine the weight gains. Efficiency value can be obtained from feed intakes and weight gains during maintenance. The IOFC value was calculated to know the profit gained after the maintenance process. The IOFC value was based on the purchase and selling price of sheep and feeding costs during the research period. The purchase and selling price of sheep was obtained from the price in effect in June 2022 in the Bogor market, West Java, Indonesia.

			 

			IOFC = Selling price of sheep - (purchase price of sheep + feed cost during research period)

			 

			Statistical analysis

			Statistical analysis of the data was conducted using the one-way ANOVA procedure in SPSS v20.0. For the analysis, experimental animals were included as a random effect, and treatment was included as a fixed effect. Duncan’s test was used to determine differences between means. Least square means were expressed in tables, and significance was declared for P-values < 0.05 and trends at 0.05 < P < 0.10.

			 

			RESULTS AND DISCUSSION

			 

			In agricultural waste silage, the water contents showed a range of 22.93 to 24.39% (Table 2). Based on research carried out by Situmorang et al. (2021), silage using additional concentrate had a high dry matter and low water contents. However, it can still be fermented with water contents ranging from 20 to 25%. Verma et al. (1996) found that water contents of about 8-12% are desired to get the optimal limit. The value of water activity in this study is in the range of 0.76 to 0.88. Wang et al. (2012) revealed that water activity of up to 0.8 – 0.9 is a requirement for yeast to survive and grow, so this indicated that there were microorganisms from silage that help the ensilage process has developed. The pH level for silage containing Leucaena leucocephala L leaves and bean sprout waste in this study was 5. Good silage has a pH between 3.80-4.20 (Ratnakomala et al., 2006). A high pH value (6.4-7.0) is also produced in the manufacture of silage from red algae (Gallagher et al. 2021). Silage pH silage can be grouped as very good, good, medium, and bad with a pH range of 3.20-4.20 each; 4,20-4,50; 4.50-4.80, and >4.80 (McCullough 1977). The high 

			Table 2:  Physical quality of agricultural waste silage

			
				
					
					
					
					
				
				
					
							 Parameters
							Leucaena leucocephala leaves and Bean Sprouts waste silage
							Leucaena leucocephala and Cassava leaves silage
							Reference
					

					
							
							Moisture content (%)

						
							
							24.39±1.04

						
							
							22.93±0.40

						
							
							20-25

						
					

					
							
							Water activity

						
							
							0.88±0.00183

						
							
							0.76±0.0158

						
							
							0.8-0.9

						
					

					
							
							pH

						
							
							5±0.00

						
							
							5.00±0.00

						
							
							<5

						
					

				
			

			

			 

			Table 3: Physical quality of agricultural waste wafer 

			
				
					
					
					
					
				
				
					
							Parameters
							Leucaena leucocephala leaves and Bean Sprouts wafer
							Leucaena leucocephala and Cassava leaves wafer
							Reference
					

					
							
							Moisture content (%)

						
							
							8.35±0.321

						
							
							9.39±0.0769

						
							
							<9

						
					

					
							
							Water activity

						
							
							0.57±0.00624

						
							
							0.61±0.0183

						
							
							<0.6

						
					

					
							
							Bulk density (g/cm3)

						
							
							0.49±0.081

						
							
							0.666±0.910

						
							
							0.48-0.89

						
					

					
							
							Specific density (g/cm3)

						
							
							1.29±0.152

						
							
							1.28±0.117

						
							
							>1

						
					

					
							
							Durability (%)

						
							
							96.73±1.428

						
							
							95.92±1.714

						
							
							97-99

						
					

				
			

			

			 

			Table 4:  Effects of feeding agricultural waste in the form of silage and wafers on nutrients intake of local sheep 

			
				
					
					
					
					
					
					
				
				
					
							Parameters
							P0
							P1
							P2
							P3
							P4
					

					
							
							Nutrient intake

						
					

					
							
							Dry matter (g/head/day)

						
							
							408.03±20.70a

						
							
							649.19±41.78b

						
							
							537.92±14.42ab

						
							
							1013.70±97.92c

						
							
							583.11±19.74b

						
					

					
							
							Crude protein (g/head/day)

						
							
							48.87±4.62a

						
							
							155.75±6.90b

						
							
							123.94±6.09b

						
							
							240.50±22.08c

						
							
							131.20±3.95b

						
					

					
							
							Ether extract (g/head/day)

						
							
							7.49±0.62a

						
							
							20.87±1.53bc

						
							
							18.86±1.02b

						
							
							22.32±2.16bc

						
							
							22.74±0.67c

						
					

					
							
							Crude fiber (g/head/day)

						
							
							80.32±6.94a

						
							
							125,72±11.60b

						
							
							98.34±2.98a

						
							
							148.14±14.31c

						
							
							79.66±2.33a

						
					

				
			

			

			P0: forage, P1: Leucaena leucocephala leaves and bean sprouts silage, P2: Leucaena leucocephala leaves and bean sprouts wafers, P3: Leucaena leucocephala and cassava leaves silage, P4: Leucaena leucocephala and cassava leaves wafer, SE: standard error. Different letters in the same row showed significant differences (P<0.05)

			 

			Table 5:  Effects of feeding agricultural waste in the form of silage and wafers on growth performance of local sheep 

			
				
					
					
					
					
					
					
				
				
					
							Parameters
							P0
							P1
							P2
							P3
							P4
					

					
							
							Initial body weight (kg)

						
							
							12.08±1.63

						
							
							12.55±0.91

						
							
							13.09±2.09

						
							
							12.56±1.59

						
							
							12.43±0.94

						
					

					
							
							Final body weight (kg)

						
							
							12.83±1.28a

						
							
							16.15±2.37b

						
							
							16.05±1.72b

						
							
							16.24±2.44b

						
							
							18.88±4.49b

						
					

					
							
							Total body weight  gain (kg)

						
							
							0.46±0.86

						
							
							3.60±2.01

						
							
							2.96±0.44

						
							
							4.11±0.64

						
							
							4.11±3.26

						
					

					
							
							Average daily weight gain (g/head/ day)

						
							
							13.69±24.52

						
							
							103.43±57.26

						
							
							85.68±13.67

						
							
							117.29±18.33

						
							
							117.50±93.22

						
					

					
							
							Feed efficiency (%)

						
							
							3.13±5.82a

						
							
							9.20±4.60ab

						
							
							12.44±2.28b

						
							
							11.60±1.74b

						
							
							15.97±7.84b

						
					

				
			

			

			P0: forage, P1: Leucaena leucocephala leaves and bean sprouts silage, P2: Leucaena leucocephala leaves and bean sprouts wafers, P3: Leucaena leucocephala and cassava leaves silage, P4: Leucaena leucocephala and cassava leaves wafer, SE: standard error. Different letters in the same row showed significant differences (P<0.05)

			 

			pH value is thought to be caused by the addition of palm kernel meal which also causes protein addition to silage. High protein will result in protein damage or proteolysis. Cardio spoilage initiated by using lactate-assimilating yeasts can also be chargeable for better than ordinary pH values in silages (McDonald et al., 1991). According to Ohshima and McDonald (1978), high proteolysis can increase the buffer capacity of the silage and this will further inhibit the decrease in the pH of the silage. Silage processing can increase the nutrient contents because there is an increase in dry matter due to the process of reducing water contents. The environmental temperature also made a great influence on Lactic Acid Bacteria (LAB) and dry matter loss (Wang et al., 2019).

			 

			The water activity of the research agricultural waste wafer was 0.57-0.61 (Table 3). Microorganisms cannot multiply and survive at a water activity level below 0.6 so wafers with a water activity level had to be below this value. The wafer moisture contents in this study were 8.35-9.39 %. This is a good approximation for the water content of wafers was approximately 12%-14% (Trisyulianti et al., 2003). The value of the specific density of the wafers in this study was 1.28-1.29 g/cm3. The density of the wafer was influenced by the density of the raw material and the pressure applied during the process. High-density wafers will have a thick and hard texture, but low-density wafers will have a thinner, softer texture, and more cavities. A complete wafer ratio that has a high density will have a thick and hard texture (Retnani et al., 2017). While the wafers in this study have an impact resistance value of 96.73-95.92 % so they are still categorized as wafers with good durability. Wafers have a high feeding efficiency because there is a heating process so that there is particle compaction which causes the wafer to have high nutritional value.

			 

			Feed intake is related to the quantity of feed consumed by the animal in a certain period. Intake is one of the important factors that can affect livestock performance. According to McDonald et al. (2012), feed intake is influenced by feed, livestock, and the environment. Feed factors are influenced by nutrient content and its ability to meet basic needs, growth, and reproduction (Teferedegne, 2000), physical and chemical characteristics (Forbes, 2007), feed form (McDonald et al., 2012), as well as processing processes and fermentation rhythms in the rumen  (Jayanegara et al., 2017). The addition of silage additives in the form of molasses can improve feed palatability. According to Sudarman et al. (2016), the quality of silage with molasses additives as large as 5 - 10% produces better silage quality and has a significant effect (P < 0.05) on fermentability and digestibility in-vitro.

			 

			Based on the statistical test results of dry matter intake in Table 4, the values were significantly different (P < 0.05). Dry matter intake in this study was between 3.14 - 4.02% of the sheep’s body weight. Referring to the (NRC 2007), the need for feed for sheep weighing 10-20 kg with a daily body weight gain of 100-200 g/d/h is 3-5%. The increase in dry matter intake is attributed to the exposure of animals to transportation stress. The increase in dry matter intake is also influenced by the high dry matter contents in the feed, the research feed has a high dry matter content due to processing that reduces the water contents of the feed. The best nutrient intake was obtained by silage feed because of its palatability and increased intake.

			 

			Crude protein intake in Table 4 recorded significantly different values (P < 0.05). Crude protein intake in this study was following the needs of NRC (2007) which required 127-167 g/head/day for 10-20 kg sheep with an average daily weight gain of 100-200 g/head/day. Crude fiber intake in sheep after being tested showed significantly different results (P < 0.05) between silage, wafer feed, and control. the differences were attributed to feeding processing that can reduce crude fiber contents in the feed, especially feed processing through heating. The cause of the decrease in crude fiber in the material is due to the decomposition in the cell wall due to the heating process.

			 

			The results showed a very significant effect (P < 0.05) between the feed given to average daily weight gains. Post-transport body weight recovery can be seen from the increase or return of sheep body weight during rearing post-transportation. The final body weight parameter in Table 5 has a body weight gain that was significantly different (P < 0.05) between treatments. The daily body weight gain had a significant effect (P < 0.05) between each treatment so the significant (P < 0.05) daily weight gain of sheep with agricultural waste in the form of silage and wafers was able to increase the average daily weight gain of sheep is because the sheep achieved nutrient adequacy for weighing 15-20 kg according to Kearl (1982). Feed efficiency showed significantly different (P < 0.05) conditions between treatments. Feed efficiency is an indicator that states that the higher the feed efficiency value, the higher the rate of increase in body weight. Feed efficiency is the level of feed utilization used to increase the body weight of an animal.

			 

			The highest IOFC value was achieved in the wafer treatment (P2) because it had higher feed efficiency so with the use of less feed, it significantly (P < 0.05) increased the body weight of the sheep. Because high body weight growth does not necessarily guarantee a maximum profit, but good growth must be accompanied by good feed conversion, as well as affordable feed costs to get optimal benefits. Wafers have a high-efficiency value because of their high dry matter content so they can be given in smaller quantities, but can increase body weight equivalent to silage feed. This is also because in the wafer processing there is heating and compaction which can increase dry matter and reduce particle size so that it is more easily absorbed by livestock. This proves that P2 is more profitable than P0 and P1. Sheep with P1 treatment have recovered with body weight the same as the initial condition of sheep arrival at week 1, while P2 treatment was only able to recover after week 2, and P0 only recovered at week 5. This showed that silage feed can accelerate the recovery of sheep after transportation because silage is easily liked by livestock so livestock can have high feed consumption making high nutrient consumption to accelerate post-transport recovery.

			 

			Table 5 showed that logistic feed in the form of silage, pellets, and wafers produced better feed efficiency (P < 0.05) than logistic feed in the form of mash. This could be attributed to the feed in the form of mash having a higher intake rate than other forms (Table 2) but was not accompanied by higher body weight gains. This caused the feed efficiency of mash logistics to feed to be lower than other forms of logistics feed. However, logistic feed in the form of silage has a higher feed efficiency value compared to other treatments. Different forms of feed can affect the rate of fermentation in the rumen. These results agreed with Retnani et al. (2022) who revealed that logistics feed in the form of silage provided feed efficiency and higher income. Yanti et al. (2019) added that total mix ration silage derived from agricultural by-products produces fermentation which is well preserved, and this product can be used as ruminant feed.

			 

			CONCLUSION

			 

			Feeding local sheep with agricultural waste in the form of silage and wafers had a significant effect on the dry matter, crude protein, and crude fat intake and was able to increase final body weights and feed efficiency. Processing of agricultural waste into silage and wafers can improve the performance of local sheep so that agricultural waste has great potential to be used as animal feed.

			 

			ACKNOWLEDGEMENT

			 

			The authors are thankful to The Indonesia Endowment Funds for Education of Finance Ministry (LPDP); Ministry of Research, Technology and Higher Education Indonesia (KEMENRISTEKDIKTI), and IPB University.

			 

			CONFLICT OF INTEREST

			 

			All authors declare that there is no conflict of interest. 

			 

			novelty statement

			 

			Silage and wafer of agricultural waste for improvement performance of local sheep.

			 

			AUTHORS CONTRIBUTION

			 

			YR, MDE, and MFI conducted the experiment, performed data analysis, and wrote the article draft; IW, DD checked data analysis and revised the article draft; TY and NNB supervised the experiment; HAS, NQ designed the experiment, checked data analysis, and revised the article draft.

			 

			REFERENCES  

			 

			Acker D (1971). Animal Science And Industry. New Jersey: Prentice Hall, Inc. Englewood Cliff. https://doi.org/10.2527/jas1971.334906x

			Forbes JM (2007). Voluntary Food Intake And Diet Selection In Farm Animals, 2nd Ed. Wallingford: CAB International. https://doi.org/10.1079/9781845932794.0000

			Gallagher JA, Adams JMM, Turner LB, Kirby ME, Toop TA, Mirza MW, Theodorou MK (2021). Bio-processing of macroalgae Palmaria palmata : metabolite fractionation from pressed fresh material and ensiling considerations for long-term storage. J. Appl. Phycol. 33(1):533–544. https://doi.org/10.1007/s10811-020-02295-x

			Hancock DW, Collins M (2006). Forage preservation method influences alfalfa nutritive value and feeding characteristics. Crop Sci. 46688–694. https://doi.org/10.2135/cropsci2005.0183

			Hendricks TJ, Lourenco JM, Hancock DW, Tucker JJ, Maia FJ (2021). Ensiling alfalfa and alfalfa – bermudagrass with ferulic acid esterase-producing microbial inoculants. Crop. Forage Turfgrass Manag. 7(1):1–7. https://doi.org/10.1002/cft2.20093

			Jayanegara A, Ridla M, Astuti DA, Wiryawan KG, Laconi EB, Nahrowi (2017). Determination of energy and protein requirements of sheep in Indonesia using a meta-analytical approach. Trop. Anim. Sci. J. 40(2):118–127. https://doi.org/10.5398/medpet.2017.40.2.118

			Kearl LC. (1982). Nutrient Requirements of Ruminants in Developing Countries. Logan: International Feedstuffs Institute, Utah State University.

			Kim Y, Lee SM, Lee YH, Lee M, Choi DW, Kwak WS (2015a). Effects of by-product feed-based silage on feeding, rumination, and excretion in growing Hanwoo heifers. Korean J. Anim. Sci. Technol. 57(3):1–6. https://doi.org/10.1186/s40781-014-0037-x

			Kim YI, Lee SM, Park KK, Kwak WS (2013). Effect of feeding by-product feeds-based silage (Biosilage) on behavior pattern of growing Hanwoo steers. J. Kor. Grassl. Forage Sci. 33290–297. https://doi.org/10.5333/KGFS.2013.33.4.290

			Kim YI, Park JM, Lee YH, Lee M, Choi DY, Kwak WS (2015b). Effect of by-product feed-based silage feeding on the performance, blood Metabolites, and carcass characteristics of Hanwoo steers (a field study). Asian-Aust. J. Anim. Sci. 2180–187.

			Kondo M, Shimizu K, Jayanegara A, Mishima T, Matsui H, Karita S, Goto M, Fujihara T (2016). Changes in nutrient composition and in vitro ruminal fermentation of total mixed ration silage stored at different temperatures and periods. J. Sci. Food Agric. 96(4):1175–1180. https://doi.org/10.1002/jsfa.7200

			Kung Jr L, Shaver RD, Grant RJ, Schmidt RJ (2018). Silage review: Interpretation of chemical, microbial, and organoleptic components of silages. J. Dairy Sci. 101(5):4020–4033. https://doi.org/10.3168/jds.2017-13909

			McCullough ME (1977). Silage and silage fermentation. Feedstuffs 49(13):49–50.

			McDonald P, Greenhalgh JFD, Morgan CA, Edwards R, Sinclair L, Wilkinson R (2012). Animal Nutrition 7th Edition. England: Prentice Hall, Harlow.

			NRC (2007). Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids And New World Camelids. Washington, DC: National Academy Press.

			Ohshima M, McDonald P (1978). A review of the changes in nitrogenous compounds of herbage during ensilage. J. Sci. Food Agric. 29497–505. https://doi.org/10.1002/jsfa.2740290602

			Pulina G, Francesconi AHD, Stefanon B, Sevi A, Calamari L, Lacetera N, Dell’Orto V, Pilla F, Marsan PA, Mele M, Rossi F, Bertoni G, Crovetto GM, Ronchi B (2017). Sustainable ruminant production to help feed the planet. Ital. J. Anim. Sci. 16(1):140–171. https://doi.org/10.1080/1828051X.2016.1260500

			Ratnakomala S, Ridwan R, Kartina G, Widyastuti Y (2006). The effect of Lactobacillus plantarum 1A-2 and 1BL-2 inoculant on the quality of napier grass silage. Biodiversitas 7(2):131–134. https://doi.org/10.13057/biodiv/d070208

			Retnani Y, Saenab A, Taryati (2014a). Vegetable waste of feed for increasing productivity of sheep. Asian J. Anim. Sci. 8(1):24–28. https://doi.org/10.3923/ajas.2014.24.28

			Retnani Y, Syananta FP, Herawati L, Widiarti W, Saenab A (2017). Physical characteristic and palatability of market vegetable waste wafer for sheep. Anim. Prod. 12(1):29–33.

			Retnani Y, Jayanegara A, Risyahadi ST, Firdaus M, Wicaksono RI, Barkah NN, Taryati, Baihaqi M, Sujarnoko TUP (2022). Feeding by Logistic feed (mash, silage, pellet and wafer) compared with conventional feed on physiological, blood biochemical and body weight gain recovery in tropical sheep pasca transportation. Am. J. Anim. Vet. Sci. 17(2):172–179. https://doi.org/10.3844/ajavsp.2022.172.179

			Retnani Y, Arman C, Said S, Permana IG, Saenab A (2014b). Wafer as feed supplement stimulates the productivity of Bali calves. APCBEE Procedia 8173–177. https://doi.org/10.1016/j.apcbee.2014.03.022

			Seok JS, Kim YI, Lee YH, Choi DY, Kwak WS (2016). Effect of feeding a by-product feed-based silage on nutrients intake, apparent digestibility, and nitrogen balance in sheep. J. Anim. Sci. Technol. 58(1):1–5. https://doi.org/10.1186/s40781-016-0091-7

			Situmorang AH, Yaman MA, Mariana E (2021). Effect of fermentation concentrate and water hyacinth silage (Eichhornia crassipes) on feed consumption, weight gain, and blood chemistry of thin tailed sheep. Agripet 21(2):215–223. https://doi.org/10.17969/agripet.v21i2.22664

			Sudarman A, Amalia RIN, Astuti DA (2016). Effect of molasses, rice bran and tapioca flour as additives on the quality and digestibility of cassava leaf silage. J. Int. Soc. Southeast Asian Agric. Sci. 22(2):40–49.

			Sun S, Chen G, Hou Z, Zhang X, Jiang G, Wu D (2021). Effects of chop lengths of ramie silage on ruminal fermentation, free amino acid content, and cellulase activity in goats. Czech J. Anim. Sci. 66:470–475. https://doi.org/10.17221/6/2021-CJAS

			Teferedegne B (2000). New perspectives on the use of tropical plants to improve ruminant nutrition. Proc. Nutr. Soc. 59:209–214. https://doi.org/10.1017/S0029665100000239

			Trisyulianti E, Suryahadi, Rakhma VN (2003). The effect of using molasses and cassava flour as adhesives on the physical properties of complete ration wafers. Trop. Anim. Sci. J. 26(2):35–40.

			Verma AK, Mehra UR, Dass RS, Singh A (1996). National utilization by murrah buffalos (Bubalus bubalis) from compressed complete feed blocks. Anim. Feed Sci. Technol 59:255–263. https://doi.org/10.1016/0377-8401(95)00911-6

			Wang D., Lin H, Kan J, Liu L, Zeng X, Shen S (2012). Food Chemistry 4th Ed. Munchen.

			Wang Y, He L, Xing Y, Zhou W, Pian R, Yang F, Chen X (2019). Bioresource Technology Bacterial diversity and fermentation quality of Moringa oleifera leaves silage prepared with lactic acid bacteria inoculants and stored at different temperatures. Bioresour. Technol. 284349–358. https://doi.org/10.1016/j.biortech.2019.03.139

			Yang J, Tan H, Cai Y (2016). Characteristics of lactic acid bacteria isolates and their effect on silage fermentation of fruit residues. J. Dairy Sci. 991–10. https://doi.org/10.3168/jds.2016-10952

			Yanti Y, Kawai S, Yayota M (2019). Effect of total mixed ration silage containing agricultural by-products with the fermented juice of epiphytic lactic acid bacteria on rumen fermentation and nitrogen balance in ewes. Trop. Anim. Health Prod. 51(5):1141–1149. https://doi.org/10.1007/s11250-019-01798-1

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

			 

		

	OEBPS/image/814.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Sheep Performance on Valuable Silage and Wafer from Agricultural
Waste

Yuur ReTnant', HERT AHMAD Sukrial, INDAH Wijavantr!, Dipip Diapart!, MuHaMMaD Divas
Errancea!, M FataHiiLaf IBsyan!, Taryart!, Nisa NURMILATI BARKAH?, Novia QOMARIYAH??

IDﬂpurmmnt of Nutrition and Feed Technology, Faculty of Animal Science, IPB University, Bogor 16680, Indonesia;
2Research Center for Animal Husbandry, Research Organization for Agriculture and Food, National Research and
Innovation Agency (BRIN), Cibinong Sciences Center, Cibinong, Bogor, Indonesia; SAnimal Feed and Nutrition
Modelling Research Group, Faculty of Animal Science, IPB University, Bogor 16680, Indonesia

Abstract | Increasing the availability of feed ingredients is important for the sustainability of livestock rearing. The
use of agricultural waste as animal feed will not only improve food security but also contributes to the alleviation of
environmental problems associated with waste management. This study aims to evaluate the growth performance of
local sheep fed with agricultural waste in the form of silage and wafers. The study consisted of five treatments and four
groups using 20 local male sheep. The results showed that feeding local sheep with agricultural waste in the form of
silage and wafers had a significant (P < 0.05) effect on the dry matter, crude protein, and crude fat intake and was able
to increase final body weights and feed efficiency compared to sheep fed with conventional feed. Processing of agri-
cultural waste into silage and wafers can improve the performance of local sheep so that agricultural waste has great

potential to be used as animal feed.
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INTRODUCTION

alleviating environmental problems associated with waste

he increase in consumption of animal products in the ~management. Utilization of agricultural wastes as animal

future will result in a large demand for feed. Meet- feed such as waste of old leaves, such as Leucaena leuco-

ing the demand for feed sustainably will be a challenge cephala L. leaves, Calliandra calothyrsus leaves, Moringa,
against the backdrop of climate change, food-fuel-feed ~Gliricidia sepium leaves, sugarcane waste, market vegetable
competition, land degradation, water shortages, and loss of =~ Waste, and black seed waste has not been used optimally.
biodiversity (Pulina et al., 2017). Two obvious options for ~Agricultural waste can be a source of energy for ruminants,
increasing the availability of feed ingredients are, firstly,ef- a provider of protein and active compounds that can in-
ficient use of available feed resources, and secondly, expan- ~ crease immunity and livestock productivity if processed in
sion of the feed resource base, primarily focusing on feed ~ the right way. One of the feed processing technologies that
resources that do not compete with human food. The use have been developed is to make the feed into wafer form.
of non-food parts of agricultural products as animal feed Until now, agricultural waste has not been used optimally,

will not only improve food security but also contribute to 50 it is necessary to review its benefits as animal feed.
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