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			Abstract | Rice bran is a commonly used feed ingredient, with inclusion rates of up to 10% in poultry diets. However, its use is limited due to its high crude fiber content (24.43%) and phytic acid levels (7.1%). High crude fibre content reduces nutrient absorption, while phytic acid binds minerals, particularly phosphorus, rendering them unavailable to livestock. Previous studies reported that rumen fluid can produce cellulase enzymes that degrade crude fiber, while palmyra sap can reduce phytic acid levels in rice bran. In this study, local microorganisms (MOL NR) were sourced from a mixture of rumen fluid, palmyra sap, and sugar water, fermented for three days. This study aimed to examine the effect of different MOL NR levels on the nutritional composition and fibre fraction of rice bran fermented for six days. The study used a completely randomized design with four treatments and five replications. The treatments were P0: Rice bran without MOL NR; P1: Rice bran with 10% MOL NR; P2: Rice bran with 20% MOL NR; and P3: Rice bran with 30% MOL NR. The measured parameters included nutrient composition and fibre fractions. Data were analyzed using analysis of variance followed by Duncan’s New Multiple Range Test. The results showed that MOL NR levels significantly affected (P<0.05) the dry matter, ash content, crude fibre, and fibre fractions of the fermented rice bran but had no significant effect (P > 0.05) on crude protein and crude fat content. It was concluded that the optimal level of MOL NR was at P2 (20%).
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			INTRODUCTION

			Rice bran, a by-product of rice milling and polishing (Bello et al., 2018; Munira et al., 2016), is a commonly used feed ingredient in livestock farming (Ahmad et al., 2019). Rice milling yields approximately 65% rice and 35% by-products, consisting of 23% husk and 10% bran and polishings (Superianto et al., 2018). The nutrient composition of rice bran includes 13-15% protein, 12-13% oil (Ahmad et al., 2019), metabolizable energy of 2980 kcal/kg, 11.4% crude fat, 0.07% calcium, 0.22% phosphorus, and 0.95% magnesium (Novita et al., 2017). However, it also contains 14-16% crude fiber (Ikhwanuddin et al., 2018), with crude fiber content in rice bran from Kupang reaching up to 24% (Koni et al., 2022). Fermentation effectively reduces crude fiber content (Bello et al., 2018; Nalar et al., 2014).

			The fermentation process requires additives that accelerate fermentation, such as microbial inoculants (Wilkinson et al., 2003). Rumen fluid contains cellulolytic microorganisms capable of degrading crude fiber and fiber fractions (Ermalia et al., 2016; Nalar et al., 2014; Umbu et al., 2020). In addition to microbial inoculants, easily fermentable carbohydrate sources such as palmyra sap, sugar water, tapioca, or corn can act as fermentation substrates. Palmyra sap contains 4.0% fructose (Naiola, 2008), 36-78.86% sucrose, and 1.66-3.5% glucose (Humaidah et al., 2017; Vengaiah et al., 2017). Besides serving as a carbohydrate source, palmyra sap also provides microorganisms for fermentation, as it has been shown to contain Saccharomyces cerevisiae (Irmayuni et al., 2018) and lactic acid bacteria (Chayaningsih, 2006).

			Rumen fluid and palmyra sap can be combined to formulate local microorganisms (MOL NR) following modifications from the study of Sio et al. (2022). MOL NR is a source of inoculant for microorganisms made from a mixture of Bali catle rumen fluid, palmyra sap, and granulated sugar water solution, which is incubated for three days. This MOL NR will be used as an inoculant for rice bran fermentation. The utilization of rice bran as a feed ingredient is limited by its high crude fiber and phytic acid content. Although MOL NR fermentation can address these issues, the optimal level of MOL NR for rice bran fermentation remains unknown. Koni et al. (2022) reported that the inclusion of 10% palmyra sap effectively reduced phytic acid in rice bran, while Ermalia et al. (2016) demonstrated that 30% rumen fluid inclusion, fermented for 72 hours, decreased fiber fractions in rice bran. Additionally, Namah et al. (2021) found that 30% rumen fluid inclusion reduced fiber fractions in banana peel, and Sio et al.(2022) showed that MOL NR derived from rumen fluid reduced fiber fractions in straw.

			This study modifies the methodology of Sio et al. (2022) by preparing MOL NR NR from a mixture of Bali cattle rumen fluid (sourced from slaughterhouse waste), palmyra sap, and sugar water, fermented for three days. The MOL NR is used as an inoculant at varying inclusion levels during the fermentation of rice bran. Specifically, MOL NR is applied at 0%, 10%, 20%, and 30% (based on dry matter content) in rice bran fermented for six days. The objective of this study is to evaluate the effect of local microorganisms derived from a mixture of rumen fluid and palmyra sap (MOL NR) at different inclusion levels on the nutrient content and fiber fractions of fermented rice bran.

			MATERIALS AND METHODS

			Research Materials

			The primary material used in this study was rice bran (Oryza sativa), purchased from a local distributor in Penfui, Kupang City. Palmyra sap was obtained from tappers in Lasina, Kupang, and Bali cattle rumen fluid was sourced from a local slaughterhouse. The equipment used included 20 plastic containers (1 kg capacity), bags, a digital Ohaus scale, trays, measuring cylinders, beakers, a pH meter, universal pH indicators, pipettes, a steamer, an autoclave, aluminum trays, a 60°C oven, heat-resistant plastic bags, and a blender.

			Experimental Procedure

			The experimental procedure is presented in the graphical format in Figure 1.
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			Figure 1: Experimental procedure of Fermentation Rice Bran with local microorganisms (MOL NR) at different inclusion levels.

			Preparation of Rice Bran

			The rice bran was sieved to separate from husks and analyzed for dry matter (DM) content at the Nutrition and Animal Feed Laboratory, Politeknik Pertanian Negeri Kupang. The rice bran was sterilized using an autoclave at 121°C and 1 atm for 15 minutes. All equipment was washed with dish soap (Sunlight) and rinsed with antiseptic solution (20 mL Bayclin per 5 liters of water) before being air-dried. The plastic containers and their lids were sterilized by steaming for 10 minutes.

			Production of Local Microorganism Inoculant (MOL NR)

			The MOL NR inoculants, derived from Bali cattle rumen fluid, palmyra sap, and granulated sugar water solution, which is incubated for three days, was produced by following a modified protocol based on Sio et al. (2022). Rumen fluid was collected from the slaughterhouse and filtered to remove large particles. A mixture was prepared with 250 mL of rumen fluid, 250 mL of palmyra sap, and 250 mL of sugar water (200 g sugar dissolved in 50 mL water). This mixture was placed in a plastic container and incubated at room temperature for 7 days to develop the MOL NR inoculant.

			Rice Bran Fermentation

			The rice bran fermentation process followed the methodology described by Koni et al. (2022) with slight modifications. Rice bran (1 kg per replicate) was weighed according to the capacity of the containers. Each container was labeled with a unique number (1–20) to represent the experimental units, and treatments were assigned randomly using a lottery system.

			The pH of the MOL NR inoculants were measured using a pH meter prior to its application. MOL NR was applied at four levels: 0%, 10%, 20%, and 30% of the rice bran dry matter. The inoculants were thoroughly mixed with the rice bran until homogeneous. The mixture was packed into the containers, compacted, covered with transparent plastic, and tightly sealed. Transparent tape was used to create anaerobic conditions. The containers were placed in a shaded area and fermented for six days following the protocol of Koni et al. (2022).

			After six days, the containers were opened, and the fermented rice bran was inspected for mold. Any visible mold was removed, weighed, and discarded. The remaining rice bran was spread on labeled aluminum trays for physical evaluation (color, odor, and texture). A two grams sample from each replicate was taken twice for pH measurement.

			The fermented rice bran was weighed, placed in paper envelopes, and sun-dried for two days. Once dry, it was ground, and 10% of the sample was set aside and labeled (1–20) for further analysis. These samples were sent to the laboratory for nutrient and fiber fraction analysis.

			Nutrient and Fiber Fraction Analysis

			The nutrient composition (dry matter, ash, crude fat, crude fiber, and crude protein) was analyzed following the procedures outlined by the Association of Official Analytical Chemists (AOAC, 2005). The fiber fractions, including neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, cellulose, and lignin, were determined according to the method described by Van Soest et al. (1991).

			Research Design

			This study used a Completely Randomized Design (CRD) with four treatments and five replicates. The treatments were based on different levels of the local microorganism inoculants. (MOL NR) derived from cattle rumen fluid and palmyra sap, as follows: P0: Rice bran without MOL NR, P1: Rice bran with 10% MOL NR, P2: Rice bran with 20% MOL NR, P3: Rice bran with 30% MOL NR. 

			Research Parameters

			The study evaluated the nutrient content of Dry Matter (DM), Crude Protein (CP), Crude Fiber (CF), Crude Fat (EE), and Ash. These parameters were measured using AOAC methods (AOAC, 2005). The fiber fractions analyzed included: Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), Hemicellulose, Cellulose, and Lignin, whilst fiber analysis was conducted according to the Van Soest method Van Soest et al. (1991).

			Data Analysis

			The nutrient content and fiber fractions were analyzed using analysis of variance (ANOVA). When significant effects (P < 0.05) were observed, Duncan’s New Multiple Range Test (DMRT) was employed to identify differences among the treatments.

			RESULTS AND DISCUSSION

			Effect of MOL NR Levels on Nutrient Content of Fermented Rice Bran

			Fermentation with MOL NR significantly influenced the nutrient composition of rice bran, as detailed in Table 1. The process reduced dry matter, ash, and crude fiber content, while crude protein and crude fat levels showed minimal change (P > 0.05) across the different MOL NR concentrations.

			Higher MOL NR levels led to a noticeable decrease in ash content. This can be attributed to the increased microbial activity during fermentation, where essential minerals are consumed to support their growth (Stanbury et al., 2003). The lowest ash levels were observed with 30% and 20% MOL NR, while unfermented rice bran had the highest ash content.

			Table 1: Nutrient composition of fermented rice bran with different MOL NR doses.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Treatment

						
							
							P value

						
					

					
							
							P0

						
							
							P1

						
							
							P2

						
							
							P3

						
					

					
							
							Dry Matter (%)

						
							
							61.4± 0.43c

						
							
							60.9± 0.24bc

						
							
							60.3± 0.58ab

						
							
							60.1± 0.31a

						
							
							0.003

						
					

					
							
							Ash (%)

						
							
							21.4± 0.43c

						
							
							20.9± 0.24bc

						
							
							20.3± 0.58ab

						
							
							20.1± 0.31a

						
							
							0.003

						
					

					
							
							Crude Protein (%)

						
							
							9.82± 0.24

						
							
							10.2± 0.37

						
							
							10.4± 0.62

						
							
							10.3± 0.85

						
							
							0.510

						
					

					
							
							Crude Fiber (%)

						
							
							27.6± 0.07b

						
							
							27.1± 0.31ab

						
							
							26.9± 0.35a

						
							
							26.5± 0.48a

						
							
							0.003

						
					

					
							
							Crude Fat (%)

						
							
							2.69± 0.35

						
							
							2.52± 0.28

						
							
							2.27± 0.23

						
							
							2.50± 0.13

						
							
							0.206

						
					

				
			

			Note: 	a. b. ab. bc. c mean ± standard deviation followed by followed by different superscript letters within the same column indicate significant differences (P < 0.05). P0: Rice bran without MOL NR; P1: Rice bran with 10% MOL NR; P2: Rice bran with 20% MOL NR; P3: Rice bran with 30% MOL NR.

			Although changes in crude protein were not statistically significant, fermentation improved protein levels compared to unfermented rice bran. Similar findings have been reported by Ibrahim and Usman, (2019) and (Ahmad et al., 2019), demonstrating that fermentation increases crude protein content.

			A significant reduction in crude fiber content (P < 0.05) was observed with higher MOL NR levels. This reduction is likely due to cellulolytic microorganisms in MOL NR, which degrade fiber during fermentation. Previous studies, including those by Ermalia et al. (2016) and (Ahmad et al., 2019), also noted similar reductions, emphasizing the role of microbial enzymes such as cellulase and xylanase in breaking down fiber.

			Interestingly, the crude fat content remained unaffected by MOL NR levels, likely because of limited lipase activity in the microorganisms present.Overall, using MOL NR in fermentation improved the nutritional quality of rice bran by reducing its ash and crude fiber content while enhancing its protein levels, making it a more valuable feed ingredient.

			Effect of MOL NR Levels on the Fiber Fraction of Fermented Rice Bran

			The fiber fraction content of rice bran treated with varying levels of MOL NR is summarized in Table 2. The addition of MOL NR significantly (P < 0.05) influenced the Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), hemicellulose, and cellulose content of rice bran.

			NDF represents the structural components of plant cell walls, including cellulose, hemicellulose, lignin, silica, and fibrous proteins (Van Soest et al., 1991). High NDF levels in feed are less desirable for livestock as they reduce nutrient digestibility (Irawati et al., 2019). Fermentation with MOL NR reduced NDF content, likely due to the microbial breakdown of complex fiber fractions into simpler, more digestible compounds. Previous studies have also reported similar reductions in NDF content during fermentation. Koni et al. (2023) found that fermentation with palmyra sap reduced NDF content in rice bran by up to 56.57%. Likewise, Islam et al. (2022) observed a decrease from 49.61% to 31.31% after 12 hours of anaerobic fermentation using rumen fluid.

			Table 2: Fiber fractions of fermented rice bran with different MOL NR doses

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Treatment

						
							
							P value

						
					

					
							
							P0

						
							
							P1

						
							
							P2

						
							
							P3

						
					

					
							
							NDF (%)

						
							
							76.5 ±4.63c

						
							
							68.5 ±0.32b

						
							
							58.3 ±1.06a

						
							
							68.6 ±1.32b

						
							
							0.000

						
					

					
							
							ADF (%)

						
							
							52.0 ±2.62c

						
							
							49.9 ±0.51bc

						
							
							47.5 ±0.54a

						
							
							47.8 ±0.79ab

						
							
							0.003

						
					

					
							
							Hemicelulose (%)

						
							
							24.6 ±2.22d

						
							
							18.6 ±0.21b

						
							
							11.4 ±0.67a

						
							
							20.8 ±0.56c

						
							
							0.000

						
					

					
							
							Celulose (%)

						
							
							21.5 ±1.85b

						
							
							21.4 ±0.16b

						
							
							17.5 ±1.59a

						
							
							17.9 ±0.73a

						
							
							0.001

						
					

				
			

			Note:	a. b. ab. c mean ± standard deviation followed by followed by different superscript letters within the same column indicate significant differences (P < 0.05). P0: Rice bran without MOL NR; P1: Rice bran with 10% MOL NR; P2: Rice bran with 20% MOL NR; P3: Rice bran with 30% MOL NR.

			ADF, which includes cellulose, lignin, and silica, reflects the less digestible components of plant cell walls (Van Soest et al., 1991). While lignin is highly resistant to digestion, cellulose can be partially degraded. The decrease in ADF content observed with higher MOL NR levels is likely due to cellulolytic enzymes produced by MOL NR microorganisms. These enzymes, such as cellulase, degrade cellulose into simpler sugars like glucose, making it more accessible for digestion.

			Hemicellulose, a digestible component of cell walls, is calculated as the difference between NDF and ADF. Fermentation with MOL NR altered hemicellulose levels, with the highest content observed in unfermented rice bran (P0). The microbial activity during fermentation likely contributed to changes in hemicellulose content, enhancing its digestibility and value as a feed component (Ati et al., 2020).

			Cellulose, a primary component of plant cell walls, was also affected by MOL NR levels. Increasing the MOL NR concentration to 20% significantly reduced cellulose content, attributed to the action of cellulase enzymes produced by MOL NR microorganisms. Pamungkas (2011) noted that rumen fluid contains enzymes like cellulase, amylase, and protease, which play key roles in fiber degradation.

			In conclusion, fermentation with MOL NR effectively improved the fiber fraction profile of rice bran by reducing NDF, ADF, and cellulose content, enhancing its digestibility and nutritional value as livestock feed.

			CONCLUSIONS AND RECOMMENDATIONS

			Increasing the dose of local microorganisms (MOL NR) derived from a mixture of rumen fluid and palmyra sap in the fermentation process resulted in a significant reduction in dry matter, ash content, crude fiber, and the fiber fractions of rice bran. Among the tested levels, the optimal MOL NR concentration for achieving these improvements was identified as 20% (P2), highlighting its effectiveness in enhancing the nutritional quality of rice bran through fermentation.
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INTRODUCTION ly used feed ingredient in livestock farming (Ahmad e a/.,
2019). Rice milling yields approximately 65% rice and 35%

ice bran, a by-product of rice milling and polishing ~by-products, consisting of 23% husk and 10% bran and pol-
Bello ef al., 2018; Munira ef al., 2016), is a common-  ishings (Superianto ¢ a/., 2018). The nutrient composition
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R

Sample Processing for Analysis
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Data Analysis
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