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			Abstract | The aim of this study was to determine the effect of feeding rabbits with fermented cassava by-products, coconut flesh skin, and soya bean skin on their performance, nutrient digestibility, and the cholesterol levels in their meat. A randomised block design was used. There were five treatments and three animal groups (two animals per group), classified by body weight. The treatments involved substituting soya bean with fermented cassava by-products, coconut flesh skin, and soya bean skin (FCCSB) at levels of 0%, 7.5%, 15%, 22.5%, and 30% of the diet. The results showed that substituting soya bean meal with FCCSB significantly (P<0.05) improved production performance and feed digestibility in rabbits and had no significant effect on the cholesterol levels of rabbit meat. The optimal response was observed at the 30% substitution level of FCCSB.
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			INTRODUCTION

			Rabbits are increasingly becoming a valuable alternative source of easily accessible animal protein in developing countries. Indonesia, as a developing nation, imports up to 24 million tons of soybean meal annually, constituting 35% of its total requirement. Notably, 82 percent of the world’s rabbit meat production occurs in developed countries, leaving less than 18 percent in developing nations (Lukefahr and Cheeke 1990). Reducing imports of feed ingredients can mitigate greenhouse gas emissions, as sea freight is a major contributor (Adli et al., 2024; Fernando et al., 2023). Potential local feed ingredients that could replace maize include coconut skin waste (Cocos nucifera), soybean seed (Glycine max), and cassava by-products (Manihot esculenta). These feedstuffs have high crude fibre content, which can be reduced through fermentation using Cellulomonas (Leke et al., 2013).

			Agro-industrial waste fermentation produces enzymes that decompose fibre and anti-nutrients into metabolites, adds nitrogen to cells, and enhances the palatability of feed products due to their specific fragrance (Tam et al., 2009). This fermentation process is expected to improve feed efficiency by replacing the fermentation activity of feeds in the rabbit’s organelle secretions. Currently, farmers use alternative feeds to stimulate growth, enhance production performance, and inhibit disease. Feed intake and feed conversion are closely linked (Ardiansyah et al., 2022). There is limited information in the literature on the response of growing rabbits to supplementary feeds containing different sources of protein and their combinations, particularly regarding the economic benefits in tropical environments (Mbanya et al., 2005). This study was therefore purposed to determine the effects of replacing soybean with fermented cassava by-products, coconut skin waste, and soybean seed (FCCSB) on the performance, nutrient digestibility, and the cholesterol levels in their meats.

			MATERIALS AND METHODS

			Animal, diet treatment, and housing

			The animals used in this study were male crossbred weaned rabbits (New Zealand White x Local), 56 weeks old, with an initial weight ranging from 675 to 875 grams. A total of 30 rabbits were used in the study, distributed across five treatments and three groups (two animals per group), classified by body weight. The rabbits were housed in individual cages, and feed and drinking water were provided ad libitum. The diet used in this study was formulated based on dry matter. It contained maize, soybean meal, rice bran, cassava by-products, coconut flesh waste, and soybean skin waste. The formulation of the diet treatments, the chemical composition of the feed ingredients, and the nutrient composition of the diet treatments based on the formulation are presented in Table 1, 2 and 3.

			Table 1: Diet treatment and nutrient content of diet treatment based on formulation.

			
				
					
					
					
					
					
					
				
				
					
							
							
							FCCSB replacing soybean, %

						
					

					
							
							0

						
							
							7.5

						
							
							15

						
							
							22.5

						
							
							30

						
					

					
							
							Maize (%)

						
							
							57.7

						
							
							52.2

						
							
							46.7

						
							
							41.2

						
							
							35.7

						
					

					
							
							FCCSB (%)

						
							
							0

						
							
							7.5

						
							
							15

						
							
							22.5

						
							
							30

						
					

					
							
							Rice bran (%)

						
							
							20

						
							
							20

						
							
							20

						
							
							20

						
							
							20

						
					

					
							
							Soybean meal (%)

						
							
							18

						
							
							16

						
							
							14

						
							
							12

						
							
							10

						
					

					
							
							Limestone (%)

						
							
							1.1

						
							
							1.1

						
							
							1.1

						
							
							1.1

						
							
							1.1

						
					

					
							
							Salt (%)

						
							
							0.3

						
							
							0.3

						
							
							0.3

						
							
							0.3

						
							
							0.3

						
					

					
							
							Soybean oil (%)

						
							
							2.8

						
							
							2.8

						
							
							2.8

						
							
							2.8

						
							
							2.8

						
					

					
							
							Vitamin premix (%)

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							Mineral premix (%)

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
							
							0.05

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							DM (%)

						
							
							91

						
							
							90

						
							
							91

						
							
							92

						
							
							93

						
					

					
							
							CP (%)

						
							
							23

						
							
							23

						
							
							23

						
							
							23

						
							
							23

						
					

					
							
							EE

						
							
							5

						
							
							5

						
							
							5.4

						
							
							5.2

						
							
							5.4

						
					

					
							
							CF (%)

						
							
							5.2

						
							
							5.2

						
							
							5.1

						
							
							5.1

						
							
							5.3

						
					

				
			

			Vitamin premix (per kg of diet); vitamin A 12,500 IU; Vitamin D3, 2,500; Vitamin E 20 IU; Mineral premix (Per kg of diet); Fe 70 IU, Zn, 90 IU; CU, 10 IU; Mn, 80 IU, Dry matter (DM), crude protein (CP), crude fibre (CF), ether extract (EE).

			Preparation of the fermented cassava by-product, coconut flesh skin and soya bean skin (FCCSB)

			FCCSB contain 20% Cassava by product, 60% Coconut flesh skin waste, and 20% soya bean skin. FCCSB collection is taken from industrial. This organic waste separately sun dried for 3 - 4 days. All materials are milled to get the same particle size. Then took FCCSB as a sample to be analysed nutrient content and formulated 0, 7.5, 15, 22.5 and 30%. Starter bacteria cellulolytic using Cellulomonas from isolates organic compost with containing colonies 2.56 x 109 cfu/ ml (Adli et al., 2020). Furthermore, this inoculant was used to ferment CCSB at a dose of 108 cfu/g DM material and incubated for 8 days.

			Table 2: Chemical composition of the feed ingredients (% air-dry basis).

			
				
					
					
					
					
					
				
				
					
							
							
							DM

						
							
							CP

						
							
							CF

						
							
							Fat

						
					

					
							
							Maize

						
							
							88

						
							
							8.0

						
							
							2.4

						
							
							8.2

						
					

					
							
							Soya bean meal

						
							
							89

						
							
							37.6

						
							
							5

						
							
							5

						
					

					
							
							Rice bran

						
							
							90

						
							
							10

						
							
							26

						
							
							3.5

						
					

					
							
							Cassava by-product

						
							
							94

						
							
							16

						
							
							2.04

						
							
							6.5

						
					

					
							
							Coconut flesh skin waste

						
							
							93

						
							
							5.6

						
							
							9.13

						
							
							4.5

						
					

					
							
							Soybean seed skin waste

						
							
							93

						
							
							17.2

						
							
							3.30

						
							
							3.4

						
					

					
							
							FCCSB

						
							
							92

						
							
							23.2

						
							
							5.21

						
							
							5.1

						
					

				
			

			Growth Performance

			The body weight gain (BWG) of rabbits was measured by the difference in weight from the initial measurement to the previous weeks. Feed intake was calculated weekly by subtracting the remaining feed from the feed offered to the ducks. This calculation accounted for any dead broilers during the experiment. Feed conversion ratio (feed/gain) was determined by dividing the feed intake by the body weight gain of the rabbits.

			Table 3: Nutrient content of Diet treatment based on proximate analysist

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							FCCSB %

						
					

					
							
							0

						
							
							7.5

						
							
							15

						
							
							22.5

						
							
							30

						
					

					
							
							Dry Matter (%)

						
							
							91.50

						
							
							91.30

						
							
							91.00

						
							
							90.80

						
							
							90.60

						
					

					
							
							Moisture (%)

						
							
							8.50

						
							
							8.70

						
							
							9.00

						
							
							9.20

						
							
							9.40

						
					

					
							
							Ash (%)

						
							
							88.70

						
							
							88.62

						
							
							88.54

						
							
							88.48

						
							
							88.36

						
					

					
							
							Crude Protein (%)

						
							
							18.05

						
							
							18.17

						
							
							17.19

						
							
							16.43

						
							
							15.67

						
					

					
							
							Ether Extract (%)

						
							
							10.48

						
							
							9.82

						
							
							11.59

						
							
							14.42

						
							
							16.71

						
					

				
			

			Nutrient Digestibility

			Samples of feed were taken randomly, while in vivo digestibility data were collected daily. To ensure data validity, feed leftovers were collected proportionally, stored until all leftovers were gathered, then homogenised and sampled for further analysis. Faeces collection for digestibility data was conducted during the final week of the study over ten days. The collection process ensured that the faeces were not mixed with urine, weighed every two days, and collected proportionally. The faeces were then placed in plastic bags and sprayed with 10% sulphuric acid (H2SO4) to prevent degradation. Once all faeces samples were collected, they were homogenised, sampled, and air-dried for further analysis. All fresh samples, both feed and faeces, were air-dried using an oven at a temperature of 60-70°C. They were weighed before and after drying to determine the air-dry matter content of the fresh samples. All air-dried samples were homogenised, and the air-dry matter content was calculated. A 250-gram sample was taken, ground, and stored in a tightly sealed jar until ready for further analysis.

			Meat Quality

			Rabbits were slaughtered in accordance with Islamic law, following a specific procedure involving three incisions. These incisions were made in the blood vessels (carotid artery and jugular vein), the respiratory tract (trachea), and the digestive tract (oesophagus) using a sharp knife. Once the rabbit had died, as indicated by the cessation of blood flow, further processing commenced. After confirming the rabbit’s death, it was hung by its Achilles tendon. The head was then removed at the atlanto-occipital joint. Next, the rabbit was skinned, and the abdominal cavity contents were removed. The chest was then separated from the front and hind legs at the carpus and tarsus joints. The carcasses were then chilled in a refrigerator at approximately 4°C for 24 hours. Finally, the carcasses were cut according to commercial specifications to obtain commercial cut weights.

			Crude protein content was determined using the macro-Kjeldahl method. The crude protein content of products, obtained by multiplying the nitrogen content by 6.25. West noted that the nitrogen content of food proteins rarely varies enough from 16 percent to necessitate using a factor other than 6.25. Fat content was quantitatively analysed using the Soxhlet ether extraction method. The samples were heated to 120°C until the ether reached boiling point, then the temperature was reduced to 60°C. The extraction process lasted for 18 hours. The procedure followed was as described by Lees. Ground samples of each variety of meat were dried overnight at 100°C in a drying oven and then weighed. Two samples of each type of meat were used for the fat analysis. Five test tubes were prepared with standard cholesterol solutions in volumes of 0.5, 1.0, 1.5, 2.0, and 2.5 ml, while a sixth tube was kept as a blank. These tubes were labelled S1, S2, S3, S4, S5, and S6, respectively. Two millilitres of the Liebermann-Burchard reagent were added to all six tubes, and chloroform was used to equalise the final volume in each test tube. The test tubes were then covered with carbon black paper and kept in the dark for 15 minutes in a water bath. The baseline was taken on a spectrophotometer using the blank (S6) at a maximum wavelength of 640 nm. The absorbance of all standards (S1 to S5) was then measured with the spectrophotometer, and the results were recorded.

			Experimental Design and Statistical Analysis

			The experimental design was used in this study is Randomly Block Design with 5 treatment and 3 group animal classified by body weight. In each group consists of 2 rabbits. Data ware analyzed using Anaysis of Variance (ANOVA). If there is a significant difference, continue with Duncan’s test. The following model was used by following (Adli et al., 2024).

			Yij = μ + Ti + eij

			Where Yij was parameters observed, μ was the overall mean, Tithe effect level of fermented cassava by-products, coconut flesh skin, and soya bean skin (FCCSB), and eij the amount of error number.

			RESULTS AND DISCUSSION

			Effects of treatments on the growth performance and nutrient digestibility of the rabbits

			The results of statistical analysis showed that the use of FCCSB at a level of 30% significantly increased feed intake, dry matter intake (DMI), organic matter intake (OMI), and crude fibre intake (CFI) in rabbits. This is because feed containing FCCSB is a fermented feed that helps the digestive process of feed in the digestive tract of rabbits. The fermentation process used cellulolytic bacteria which are bacteria that break down crude fibre. The cruder fibre that can be degraded, the higher the digestibility value of the feed or the more feed that can be digested by the digestive system. Cellulolytic bacteria produce cellulose enzymes that break down cellulose into cellulose and glucose which can provide nutrients for an animal (Katongole et al., 2009). According to (Wang et al., 2020) activity of cellulolytic microbes secrete the enzyme endoglucanase or carboxymethyl cellulose (CMC-ase), exoglycanase, and, glucosidase. The use of cellulolytic bacteria was able to reduce the levels of NDF, ADF, and cellulose but did not affect the levels of lignin.

			The fermentation process in the rabbit cecum will be helped by the feed fermentation process because rabbits do not high effort in degrading high crude fibre. This process will help the effectiveness of absorption in the digestive tract. (Chuzaemi et al., 2014) stated that increasing the digestibility of the diet and lower feed density could increase feed intake. In addition, the rate of feed in the digestive organelles will also accelerate gastric emptying so that rab

			Table 4: Fat and cholesterol levels of male rabbit meat are presented.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							FCCSB %

						
					

					
							
							0

						
							
							7.5

						
							
							15

						
							
							22.5

						
							
							30

						
					

					
							
							Cholesterol

						
							
							60.4±3.20

						
							
							60.83±5.10

						
							
							60.73±5.10

						
							
							60.93±2.90

						
							
							60.96±4.20

						
					

					
							
							Protein

						
							
							32.2±1.80a

						
							
							33±1.60a

						
							
							34.72±1.72b

						
							
							35.90±1.90b

						
							
							35.89±2.15b

						
					

					
							
							Fat

						
							
							3.5±0.20

						
							
							3.4±0.25

						
							
							3.4±0.15

						
							
							3.2±0.05

						
							
							3.00±1.30

						
					

				
			

			ns=non significant.

			bits increase feed intake to adjust their nutrient and energy needs. Furthermore, the quality feed usually has high palatability, this will also increase feed consumption for livestock (Ebeid et al., 2024). The use of FCCSB as 7.5% can reduce feed intake but there is a trend in the data that increasing the use of FCCSB from 7% to 30% level will increase feed intake, DMI, OMI, and CFI. The trend of the data is shown in Figure 1.

			The increase in rabbit feed intake with an increase in the treatment of feed containing FCCSB because the protein content in the treatment diet decreased. Rabbits will sufficient their crude protein needs by increasing feed intake. The data showed that the BWG of rabbits fed a diet containing 15-30% FCCSB significantly (P<0.01) increased BWG but not significantly at the 7% level. The increase in BWG is influenced by an increase in feed intake (Christopher et al., 2022). The use of FCCSB in feed will result in better nutrient completeness than only basal feed ingredients (soybean meal based). The use of a combination of feed ingredients will produce more diverse micro-nutrients, especially the variation of amino acids. Several factors that can affect BWG are the nutrient content of the feed, the digestibility of the feed, and the balance of protein and energy of the feed. According to (Jimoh et al., 2020) that the increase in body weight of an animal is influenced by the quality of the feed intake, besides that it differs due to sex livestock species, reared methods, and environmental temperature.

			[image: ]

			Figure 1: Feed Intake of Rabbit that feeding by FCCSB.

			The feed conversion depends on the level of feed intake and BWG produced because this parameter is a comparison of total feed intake and body weight produced, both variables are related to the quality of the feed given (Blasco et al., 2018). The data in this study showed that the use of FCCSB significantly (P<0.01) decreased the FCR. Feed conversion is the amount of feed intake to produce one unit of livestock production (Katongole et al., 2009). The smaller the feed conversion value, indicate that increasing of the quality of the feed. The smaller of the FCR value also indicates the better feed digestibility.

			Protein Efficiency Ratio (PER) significantly (P<0.01) increased on the rabbit feeding containing FCCSB. PER indicates the amount of protein consumed compared to the production of livestock products, in the case of this study, body weight gain. The higher the PER value indicates that the efficiency of the use of protein in the feed is getting better. The use of FCCSB increases the PER value because the protein source used in the FCCSB diet treatment comes from 3 ingredients, namely Cassava by- product, Coconut flesh skin waste, and soya bean skin. Variations in the use of protein sources will complement the lack of protein type of each feed ingredient, both based on protein content and limiting factors.

			Dry matter digestibility, organic matter digestibility, digested dry matter consumption and digested organic matter consumption in rabbit feed increased significantly (P<0.01) in the treatment of feeding containing FCCSB. This increase in digestibility value indicates that there is an increase in feed quality. Increasing the digestibility value of feed is one of the important factors in increasing rabbit production performance. This increase in digestibility caused by the treated feed was fermented feed using cellulolytic microbes. Cellulolytic bacteria will degrade crude fibre so that crude fibre in complex form will become simpler. These changes make fibre easier to digest and use by the body. The more fibre that can be utilized, the faster the flow rate of feed in the feed so that the livestock will feel hungry faster and increase feed consumption until their needs will be fulfilled.

			Effects of treatments on the meat quality of the rabbits

			The use of FCCSB had no significant effect (P > 0.05) on the cholesterol content of male rabbit meat. Data on fat and cholesterol levels of male rabbit meat are presented in Table 4. The cholesterol level of rabbit meat was not affected by the FCCSB treatment in the feed. This is because the type of feed used is plant-based feed. In addition, FCCSB is a fermented product. Fermented products usually produce organic acids that can inhibit cholesterol absorption. The body has the ability to homeostasis, when the condition of the digestive tract is acidic, bile salts will be released into the digestive tract so that the condition becomes neutral. Bile salts will decrease in number if continuously used to neutralize the acid condition. Bile salts are one of the ingredients that form cholesterol, so that cholesterol formation will be disrupted if bile salts are reduced a lot. Consumers demand for safe ingredients and concerns over harmful synthetic additives have prompted food manufacturers to seek safer and sustainable alternative solutions (Siddiqui et al., 2023).According to (Tilman et al., 1989) the mechanism of cholesterol synthesis through 5 stages, namely first, the synthesis of Human menopausal gonadotrophins (HMG CoA) from 2 molecules of acetyl CoA condensing to form acetoacetic CoA occurs in the cytoplasm; secondly the formation of mevalonate from the reduction of HMG CoA by the reductase enzyme; thirdly the formation of isoprenoid units from mevalonate which is phosphorylated by ATP to 3-phospho5-pyrophosphomevalonate, decarboxylation to form isopentenyl pyrophosphate; fourth, the synthesis of squalene by means of condensation between isopentenyl pyrophosphate and 3,3-dimethylalyl pyrophosphate to form geranyl pyrophosphate which is added by 1 unit of isoprenoid and condenses with dimethyl allyl pyrophosphate to form farnesyl pyrophosphate, then these two units are combined and reduced to produce squalene; The fifth change of squalene to cholesterol by squalene monooxygenase converts squalene to 2,3 epoxides with the help of NADPH and oxygen, then undergoes cyclization to lanosterol and then to cholesterol through reduction reactions, demethylation of carbon C4 and C14, rotation of the double bond from carbon C8 to C5 and reduction of double bonds at C24 and C25 carbons.

			CONCLUSIONS AND RECOMMENDATIONS 

			Fermented cassava by-product, coconut flesh skin waste and soya bean skin in rabbit diets lead to improvements in body weight gain and feed conversion, increase the fat content of meat without affecting cholesterol levels. The best treatment in this study is the use of 12% FCCSB.
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(Glycine max), and cassava by-products (Manihot esculenta).
These feedstuffs have high crude fibre content, which can
be reduced through fermentation using Ce/lulomonas (Leke
et al., 2013).

INTRODUCTION

Kxbbits are increasingly becoming a valuable alternative
ource of easily accessible animal protein in developing
countries. Indonesia, as a developing nation, imports up to

24 million tons of soybean meal annually, constituting 35%
of its total requirement. Notably, 82 percent of the world’s
rabbit meat production occurs in developed countries, leav-
ing less than 18 percent in developing nations (Lukefahr
and Cheeke 1990). Reducing imports of feed ingredients
can mitigate greenhouse gas emissions, as sea freight is a
major contributor (Adli ¢z /., 2024; Fernando e7 al., 2023).
Potential local feed ingredients that could replace maize
include coconut skin waste (Cocos nucifera), soybean seed

Agro-industrial waste fermentation produces enzymes
that decompose fibre and anti-nutrients into metabolites,
adds nitrogen to cells, and enhances the palatability of feed
products due to their specific fragrance (Tam e a/., 2009).
This fermentation process is expected to improve feed effi-
ciency by replacing the fermentation activity of feeds in the
rabbit’s organelle secretions. Currently, farmers use alter-
native feeds to stimulate growth, enhance production per-
formance, and inhibit disease. Feed intake and feed con-
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