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			Abstract | The aim of this study was to determine the optimal fermentation duration and inoculum dosage in the fermentation of corn tumpi with Bacillus amyloliquefaciens. A completely randomized design (CRD) was employed with two factors: Factor A (fermentation duration: A1: 2 days, A2: 4 days, A3: 6 days) and Factor B (inoculum dosage: B1: 1%, B2: 3%, B3: 5%). Differences among treatments were analyzed using Duncan’s Multiple Range Test (DMRT). Observed parameters included water content, dry matter, crude protein, crude fat, crude fiber, and ash content. The results showed that fermentation duration and inoculum dosage had a significant interaction (P < 0.05) on crude protein and crude fiber, but no significant interaction (P > 0.05) on water content, dry matter, crude fat, and ash content. It was concluded that the optimal treatment for fermenting corn tumpi with Bacillus amyloliquefaciens was a fermentation duration of 4 days and an inoculum dosage of 3%. The nutrient composition of the fermented corn tumpi with Bacillus amyloliquefaciens was 11.98% water content, 88.02% dry matter, 10.59% crude protein, 1.59% crude fat, 10.59% crude fiber, and 5.25% ash content. 
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			INTRODUCTION

			The success of poultry farming is influenced by several factors, with the quality and quantity of feed being the primary determinants of the industry’s development. According to Maulana et al. (2021), feed is a critical factor in poultry farming because it accounts for 70–80% of production costs and directly influences livestock performance. Poultry feed is categorized based on nutritional content, with energy feed holding the largest proportion, accounting for 45–55%. Corn is one of the most widely used energy feed sources globally in poultry farming (Hidayat et al., 2024).

			The use of corn as an energy feed source for poultry remains irreplaceable due to its quality and high nutrient digestibility, which maximizes poultry performance. However, competition for corn usage in feed impacts its availability, encouraging innovations in developing alternative feeds derived from corn by-products, such as corn tumpi (Yanuarinto et al., 2023).

			Corn tumpi are a by-product of corn kernel processing and hold great potential as poultry feed ingredients. The nutritional composition of corn tumpi includes: water content 11.54%, dry matter 88.46%, crude protein 5.04%, crude fat 1.60%, crude fiber 30.93%, and ash 7.67% (Pratiwi and Basri, 2020).

			Improving the nutritional quality of feed requires an innovative processing technology approach to ensure that the nutritional needs of animals are met efficiently and sustainably. One of the technologies commonly used is fermentation, which involves microorganisms such as bacteria, yeast, or fungi (Zumiarti et al., 2024). The fermentation process allows the transformation of raw feed materials into products with higher nutritional value by breaking down complex compounds such as fiber, lignin, or anti-nutrients into more digestible substances, such as short-chain fatty acids and soluble proteins (Maulana et al., 2024). Additionally, fermentation can enhance the availability of vitamins, minerals, and other bioactive compounds that support the health and performance of livestock.

			Fermentation is an effective method for enhancing the nutritional value and digestibility of feed ingredients. It has the potential to improve nutrient content (Anyiam et al., 2023). Bacillus amyloliquefaciens is a probiotic bacterium capable of producing enzymes that degrade crude fiber, increase protein levels, and improve the amino acid profile of feed ingredients. This bacterium produces enzymes such as amylase (Gangadharan et al., 2011), cellulase, protease, and xylanase (Zhao et al., 2022). The key factors influencing the success of fermentation are fermentation duration (Sugiarti et al., 2024) and inoculum dosage (Maulana et al., 2024). This study was conducted to determine the optimal fermentation duration and inoculum dosage for fermenting corn tumpi with Bacillus amyloliquefaciens. The objective was to identify the best fermentation parameters as an innovation for superior poultry feed development.

			MATERIALS AND METHODS

			Fermentation of Corn Tumpi with Bacillus Amyloliquefaciens

			A 100-gram sample of corn husks was taken and sterilized in an autoclave for 15 minutes at 121℃ and 1 atm pressure. After sterilization, the medium was allowed to cool to room temperature. The inoculum of Bacillus amyloliquefaciens was added at the respective treatment dosages (1%, 3%, and 5%), mixed thoroughly until homogenized, and incubated for the designated fermentation durations (2, 4, and 6 days). After the incubation process was completed, the medium was dried in an oven at 60℃ until fully dried to obtain the fermented product (Zumiarti et al., 2024). 

			Experimental Design

			This experiment used a 3x3 factorial design applied in a completely randomized design (CRD), with three replications per treatment to ensure more accurate and reliable results. The 3x3 factorial design means that two factors are tested, each with three levels of treatment. The first factor, fermentation duration, has three different levels: 2 days, 4 days, and 6 days. This is intended to observe how the length of fermentation time affects the desired outcomes. The second factor, inoculum dosage, also has three different levels: 1%, 3%, and 5%. This inoculum is used to initiate the fermentation process, and varying inoculum dosages will help determine the impact of microorganism concentration on the fermentation process and the quality of the final product. By using this design, the experiment aims to analyze the interactions between these two factors and their individual effects on the fermentation results.

			Parameters

			The measured parameters included water content, dry matter, crude protein, crude fiber, crude fat, and ash content that were analyzed according to procedures of AOAC, (2016).

			Data Analysis

			All collected data were statistically analyzed using analysis of variance (ANOVA). Differences between treatments were determined using Duncan’s Multiple Range Test (DMRT) (Steel et al., 1997).

			Table 1: Dry matter content of fermented corn tumpi with Bacillus amyloliquefaciens.

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration (Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							AverageNS

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							90.24

						
							
							88.98

						
							
							87.85

						
							
							89.03

						
					

					
							
							A2 (4 days)

						
							
							90.06

						
							
							88.02

						
							
							87.86

						
							
							88.65

						
					

					
							
							A3 (6 days)

						
							
							88.93

						
							
							87.68

						
							
							87.66

						
							
							88.09

						
					

					
							
							Average**

						
							
							89.74a

						
							
							88.23ab

						
							
							87.79b

						
							
							 

						
					

					
							
							SEM

						
							
							 

						
							
							 

						
							
							 

						
							
							0.60

						
					

				
			

			**Different superscripts in a row indicate very significant effects (P<0.01). NS: Non significant (P>0.05); SEM: Standard error of the mean.

			RESULTS AND DISCUSSION

			Dry Matter

			Table 1, shows that the dry matter content of corn tumpi fermented with Bacillus amyloliquefaciens ranges from 87.66% to 90.24%. This study showed that there was no interaction (P > 0.05) between factor A (fermentation duration) and factor B (inoculum dosage), but factor B (inoculum dosage) had a highly significant effect (P < 0.01) on the dry matter content of corn tumpi.

			Dry matter content with different fermentation durations and inoculum doses showed similar results. This is because all treatments involved fermentation, during which simple sugars were converted into gas and organic acids, leading to a decrease in the nutritional content of the corn tumpi. Dry matter is the portion of feed that excludes all water content (Amelia et al., 2022). The reduction in dry matter occurred because of the fermentation process, which produces gas and organic acids. Feed materials with high water-soluble carbohydrates undergo fermentation more rapidly (Marlida et al., 2023). The decrease in dry matter content is also due to the fermentation of sugars into lactic acid by microorganisms (Pratiwi and Basri, 2020).

			Table 2: Water content of fermented corn tumpi with Bacillus amyloliquefaciens.

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration (Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							AverageNS

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							9.76

						
							
							11.02

						
							
							12.15

						
							
							10.97

						
					

					
							
							A2 (4 days)

						
							
							9.94

						
							
							11.98

						
							
							12.14

						
							
							11.35

						
					

					
							
							A3 (6 days)

						
							
							11.07

						
							
							12.32

						
							
							12.34

						
							
							11.91

						
					

					
							
							Average**

						
							
							10.26b

						
							
							11.77ab

						
							
							12.21a

						
							
							 

						
					

					
							
							SEM

						
							
							 

						
							
							 

						
							
							 

						
							
							0.60

						
					

				
			

			**Different superscripts in a row indicate very significant effects (P<0.01). NS: Non significant (P>0.05); SEM: Standard error of the mean.

			Water Content

			Table 2, illustrates that the water content of corn tumpi fermented with Bacillus amyloliquefaciens ranged from 9.76% to 12.34%. This study showed that there was no interaction (P > 0.05) between factor A (fermentation duration) and factor B (inoculum dosage), but factor B (inoculum dosage) had a highly significant effect (P < 0.01) on the water content of the corn tumpi. The changes in water content in this study showed similar results. This is because the dry matter content before fermentation was the same, and fermentation occurred in all treatments (Rahmatullah et al., 2020). During the fermentation process, bacteria convert substrates into simple products, and this process produces by-products such as water and carbon dioxide (Maulana et al., 2021).

			Crude Protein

			Table 3, demonstrates that the crude protein content of corn tumpi fermented with Bacillus amyloliquefaciens ranged from 7.47% to 10.59%. This study showed a highly significant interaction (P < 0.01) between factor A (fermentation duration) and factor B (inoculum dosage). 

			The high crude protein content in treatments A2B2 and A3B2 can be attributed to the higher inoculum doses (3% and 5%), which promoted abundant and even microbial growth, resulting higher microbial biomass and increased crude protein derived from microbial protein sources (MPS). This is consistent with the findings of Nuraini et al. (2015), where increasing the inoculum dosage led to more microbial growth and greater breakdown of materials.

			Table 3: Crude Protein Content of Fermented Corn Tumpi with Bacillus amyloliquefaciens

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration (Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							Average**

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							7.75de

						
							
							8.72cd

						
							
							9.78abc

						
							
							8.75A

						
					

					
							
							A2 (4 days)

						
							
							7.47e

						
							
							10.59a

						
							
							10.2ab

						
							
							9.42AB

						
					

					
							
							A3 (6 days)

						
							
							9.66abc

						
							
							10.45a

						
							
							9.26bc

						
							
							9.79A

						
					

					
							
							Average**

						
							
							8.29B

						
							
							9.92A

						
							
							9.75A

						
							
							 

						
					

					
							
							SEM

						
							
							 

						
							
							 

						
							
							 

						
							
							0.33

						
					

				
			

			a-e: Different lowercase superscripts in a row or column indicate significant difference between treatments (P<0.05). **Different uppercase superscripts in a row or column indicate very significant difference between averages (P<0.01). SEM: Standard error of the mean.

			The lower protein content in treatment A3B3 (9.26%) was observed because of the fermentation duration and the high inoculum dosage, which depleted the nutrients in the fermentation substrate as the microbes entered the death phase. As a result, the available nutrients were exhausted. The higher the inoculum dosage, the faster microbial development during fermentation; however, the available nutrients were consumed quickly (Maulana et al., 2024).

			Crude Fat

			Table 4, show that the crude fat content of corn tumpi fermented with Bacillus amyloliquefaciens ranged from 1.55% to 1.90%. This study showed no interaction (P > 0.05) between factor A (fermentation duration) and factor B (inoculum dosage), but factor B (inoculum dosage) had a highly significant effect (P < 0.01) on the crude fat content of the corn tumpi.

			Table 4: Crude fat content of fermented corn tumpi with Bacillus amyloliquefaciens.

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration(Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							AverageNS

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							1.90

						
							
							1.68

						
							
							1.64

						
							
							1.74

						
					

					
							
							A2 (4 days)

						
							
							1.82

						
							
							1.59

						
							
							1.77

						
							
							1.73

						
					

					
							
							A3 (6 days)

						
							
							1.83

						
							
							1.55

						
							
							1.83

						
							
							1.73

						
					

					
							
							Average**

						
							
							1.85a

						
							
							1.61b

						
							
							1.75ab

						
							
							 

						
					

					
							
							SEM

						
							
							
							
							
							0.06

						
					

				
			

			**Different superscripts in a row indicate very significant effects (P<0.01). NS: Non significant (P>0.05); SEM: Standard error of the mean.

			The decrease in crude fat in the treatment B2 is due to the lipase enzyme produced by Bacillus amyloliquefaciens, which breaks down the crude fat in the corn tumpi into simpler products. Microorganisms then use these products as an energy source. Certain microorganisms can produce lipase to catalyze the breakdown of triglycerides into free fatty acids and glycerol. Microorganisms use the breakdown products of triglycerides as an energy source for growth and development during fermentation (Munandar et al., 2024).

			Crude fat in feed consists of triglycerides, molecules formed from one glycerol and three fatty acids. Fat provides the highest energy content compared to protein or carbohydrates (9 calories per gram). Lipase can break down fat into simpler forms, reducing the complex fat content in the substrate. 

			Crude Fiber

			Table 5, show that the crude fiber content of fermented corn tumpi with Bacillus amyloliquefaciens ranges from 10.53% to 13.57%. This study shows a significant interaction (P<0.05) between factor A (fermentation duration) and factor B (inoculum dosage). Both factor A (fermentation duration) and factor B (inoculum dosage) had highly significant effects (P < 0.01) on the crude protein content of the corn tumpi. Factor A (fermentation duration) shows a significant effect (P<0.05), while factor B (inoculum dosage) shows a highly significant effect (P<0.01) on the crude fiber content of corn tumpi.

			Table 5: Crude Fiber Content of Fermented Corn Tumpi with Bacillus amyloliquefaciens.

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration (Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							Average*

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							13.01ab

						
							
							12.98ab

						
							
							10.56c

						
							
							12.18A

						
					

					
							
							A2 (4 days)

						
							
							13.57a

						
							
							10.84c

						
							
							10.76c

						
							
							11.72AB

						
					

					
							
							A3 (6 days)

						
							
							11.68bc

						
							
							10.64c

						
							
							10.53c

						
							
							10.95B

						
					

					
							
							Average**

						
							
							12.75A

						
							
							11.48A

						
							
							10.62B

						
							
							 

						
					

					
							
							SEM

						
							
							
							
							
							0.50

						
					

				
			

			a-e Different lowercase superscripts in a row or column indicate significant difference between treatments (P<0.05).**Different uppercase superscripts in a row or column indicate very significant difference between averages (P<0.01). SEM: Standard error of the mean.

			The best crude fiber content in this study was found in treatments A2B2, A3B2, A2B3, and A3B3, due to the longer fermentation times (4 and 6 days), which provided optimal conditions for Bacillus amyloliquefaciens to grow and produce cellulase enzymes, thereby reducing the crude fiber content. Nuraini et al. (2019) reported that fermentation duration influences cellulase enzyme activity, which significantly impacts the reduction of crude fiber content.

			The lowest crude fiber content was found in treatment A1B3 (10.56%). This was due to the highest inoculum dosage (5%), which accelerated the growth of microorganism biomass during fermentation. Maulana et al. (2024) reported that inoculum dosage influences the biomass of microorganisms in the fermentation substrate, which increases cellulase enzyme activity. This enzyme helps degrade crude fiber, leading to a reduction in its content in the fermented product.

			Crude fiber is a complex carbohydrate that poultry cannot digest efficiently because they do not produce cellulase enzymes. This enzyme is produced only by microorganisms or single-celled organisms. Crude fiber consists of cellulose, hemicellulose, and lignin. In large quantities, crude fiber reduces nutrient digestibility, but small amounts can benefit poultry by aiding in intestinal movement (Yanuarianto et al., 2024).

			The breakdown of crude fiber by microorganisms during fermentation results in: firstly sellulase enzymes hydrolyzing cellulose in crude fiber into cellobiose, which then converts into glucose; Secondly hemicellulase enzymes breaking down hemicellulose into simple sugars like xylose and arabinose; and Finallly ligninase enzymes breaking the aromatic bonds in lignin, which protects cellulose and hemicellulose from enzymatic access (Cahyono et al., 2024).

			Ash

			In Table 6, the ash content of fermented corn husk with Bacillus amyloliquefaciens ranges from 4.35% to 5.64%. This study shows that there is no interaction (P>0.05) between factor A (fermentation duration) and factor B (inoculum dosage). Factor A (fermentation duration) shows a significant effect (P<0.05), while factor B (inoculum dosage) shows a very significant effect (P<0.01) on the ash content of the fermented corn husk.

			Table 6: Ash content of corn bran fermented with Bacillus amyloliquefaciens.

			
				
					
					
					
					
					
				
				
					
							
							Fermentation Duration (Factor A)

						
							
							Inoculum Dose (Factor B)

						
							
							AverageNS

						
					

					
							
							B1 (1%)

						
							
							B2 (3%)

						
							
							B3 (5%)

						
							
					

					
							
							A1 (2 days)

						
							
							5.00

						
							
							4.35

						
							
							5.64

						
							
							5.00

						
					

					
							
							A2 (4 days)

						
							
							5.15

						
							
							5.25

						
							
							5.44

						
							
							5.28

						
					

					
							
							A3 (6 days)

						
							
							5.03

						
							
							4.88

						
							
							5.49

						
							
							5.13

						
					

					
							
							AverageNS

						
							
							5.06

						
							
							4.83

						
							
							5.53

						
							
							 

						
					

					
							
							SEM

						
							
							
							
							
							0.36

						
					

				
			

			NS: Non significant (P>0.05); SEM: Standard error of the mean.

			The ash content of the fermented corn husk with Bacillus amyloliquefaciens remains unaffected during fermentation. This is because, during the fermentation process, microorganisms do not produce inorganic substances but only utilize the organic components of the fermentation substrate. Nuraini et al. (2019) reported that microorganisms growing during fermentation utilize organic substances such as complex carbohydrates and proteins to grow, while inorganic substances are not affected by microbial activity during fermentation. The phytase enzyme produced by certain microorganisms can enhance the absorption of phosphorus minerals (Yanuartono et al., 2016). Changes in mineral content during fermentation occur due to physical processes such as leaching and dissolution in the fermentation liquid or the external addition of mineral substances (Ignacio et al., 2023).

			CONCLUSIONS AND RECOMMENDATIONS

			This study concludes that the optimal treatment for corn husk fermentation with Bacillus amyloliquefaciens was achieved with a fermentation duration of 4 days and an inoculum dosage of 3%. The nutritional composition of the fermented corn husk with Bacillus amyloliquefaciens is as follows: dry matter 88.02%, water content 11.98%, crude protein 10.59%, crude fat 1.59%, crude fiber 10.84%, and ash 5.25%.

			ACKNOWLEDGMENTS

			This research is supported by the Doctoral Dissertation Research Scheme based on the decree number 0459/E5/PG.02.00/2024 and the agreement/contract number 041/E5/PG.02.00.PL/2024. This research would not have been possible without the participation of the students and the technical assistance from the Feed Laboratory, Feed Industry Technology and Ruminant Nutrition Laboratory, Faculty of Animal Science, Andalas University, Indonesia.

			NOVELTY STATEMENTS

			This study provides novel insights into optimizing the fermentation process of corn tumpi using Bacillus amyloliquefaciens by determining the ideal combination of fermentation duration and inoculum dosage. The significant interaction between these factors on crude protein and crude fiber content highlights the potential of controlled fermentation to enhance the nutritional quality of corn tumpi. The findings contribute valuable knowledge to the field of feed technology by establishing an optimal fermentation condition (4 days fermentation, 3% inoculum dosage) that improves nutrient composition, making it a viable strategy for enhancing livestock feed efficiency.
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Abstract | The aim of this study was to determine the optimal fermentation duration and inoculum dosage in the fer-
mentation of corn tumpi with Bacillus amyloliquefaciens. A completely randomized design (CRD) was employed with
two factors: Factor A (fermentation duration: A1: 2 days, A2: 4 days, A3: 6 days) and Factor B (inoculum dosage: B1:
1%, B2: 3%, B3: 5%). Differences among treatments were analyzed using Duncan’s Multiple Range Test (DMRT).
Observed parameters included water content, dry matter, crude protein, crude fat, crude fiber, and ash content. The re-
sults showed that fermentation duration and inoculum dosage had a significant interaction (P < 0.05) on crude protein
and crude fiber, but no significant interaction (P > 0.05) on water content, dry matter, crude fat, and ash content. It was
concluded that the optimal treatment for fermenting corn tumpi with Bacillus amyloliquefaciens was a fermentation
duration of 4 days and an inoculum dosage of 3%. The nutrient composition of the fermented corn tumpi with Bacillus
amyloliquefaciens was 11.98% water content, 88.02% dry matter, 10.59% crude protein, 1.59% crude fat, 10.59% crude
fiber, and 5.25% ash content.
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INTRODUCTION for 45-55%. Corn is one of the most widely used energy feed
sources globally in poultry farming (Hidayat ez al., 2024).

he success of poultry farming is influenced by several

factors, with the quality and quantity of feed being the
primary determinants of the industry’s development. Ac-
cording to Maulana ez a/. (2021), feed is a critical factor in
poultry farming because it accounts for 70-80% of produc-
tion costs and directly influences livestock performance.
Poultry feed is categorized based on nutritional content,
with energy feed holding the largest proportion, accounting

The use of corn as an energy feed source for poultry re-
mains irreplaceable due to its quality and high nutrient
digestibility, which maximizes poultry performance. How-
ever, competition for corn usage in feed impacts its avail-
ability, encouraging innovations in developing alternative
feeds derived from corn by-products, such as com tumpi
(Yanuarinto ef al., 2023).

March 2025 | Volume 13 | Issue 1 | Page 160

G Rescarcht





OEBPS/image/BY_CC.png





