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			Abstract | The aim of this study was to determine the optimal fermentation duration and inoculum dosage for fermenting water lettuce leaves (Pistia stratiotes) with Bacillus amyloliquefaciens to enhance its nutritional content. The study employed a completely randomized design 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). The observed parameters included water content, dry matter, crude protein, crude fat, crude fiber, and ash content. The results indicated that fermentation duration and inoculum dosage had a significant interaction (P<0.05) on crude protein, crude fiber, and ash content but showed no significant effect (P>0.05) on water content and dry matter. The study concluded that the best treatment was 4 days of fermentation and 3% inoculum dosage. The nutritional composition of fermented water lettuce leaves with Bacillus amyloliquefaciens was as follows: water content 72.98%, dry matter 27.02%, crude protein 14.26%, crude fat 2.46%, crude fiber 13.21%, and ash content 6.57%. The fermentation of water lettuce leaves (Pistia stratiotes) using Bacillus amyloliquefaciens is an effective method to enhance the nutritional value and digestibility of feed ingredients. This process involves inoculating water lettuce leaves with microbial cultures that produce fiber- and protein-degrading enzymes, thereby reducing the content of antinutritional compounds. Optimized fermentation can increase crude protein content, improve nutrient availability, and produce bioactive compounds that support poultry digestive health. The application of this fermented product in poultry feed can enhance feed efficiency, improve poduction performance, and reduce farming costs, thus contributing to the sustainability of poultry farming.
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			INTRODUCTION

			Direct use of water lettuce leaves in chicken rations cannot be in large quantities, a maximum of only 15% because it contains high fiber, namely 21.86%. (Sitompul et al., 2020). Water lettuce leaves have potential as poultry feed due to their high nutritional content (Jeksi et al., 2022). The nutritional composition of water lettuce leaves includes 88.66% dry matter, 13.06% crude protein, 2.15% crude fat, 2778.55 kcal/kg metabolizable energy, and 21.86% crude fiber (Sitompul et al., 2020). The direct use of water lettuce leaves as poultry feed has some major limitations, one of which is the high crude fiber content. The high crude fiber content in water spinach leaves can reduce feed digestibility, thus lowering the efficiency of nutrient utilization by poultry. In addition, excessive crude fiber can affect poultry growth, leading to decreased body weight and egg production.

			Manu et al. (2023), the reduction of crude fiber in poultry feed can be achieved through fermentation, a bioconversion process utilizing microorganisms that produce fiber-degrading enzymes The bacteria commonly used in the fermentation process of poultry feed include Bacillus amyloliquefaciens (Supriyati et al., 2015). During fermentation, Bacillus amyloliquefaciens produces enzymes such as amylase (Zurmiati et al., 2017), Protease and lipase (Ramadhan et al., 2021), cellulase (Chistyakov et al., 2015). Factors influencing fermentation include inoculum dosage, fermentation duration, substrate composition, and substrate thickness (Maulana et al., 2021). The advantage of fermentation is its ability to improve the digestibility of feed, particularly waste-based feed materials (Hidayat et al., 2024). Inoculum dosage refers to the amount of inoculum introduced into the fermentation substrate, while fermentation duration refers to the time period over which fermentation occurs. 

			Fermentation using microorganisms such as Bacillus amyloliquefaciens has become a promising approach to improve poultry feed quality, especially for feed ingredients with high crude fiber content like water lettuce leaves. Bacillus amyloliquefaciens is known for its ability to produce fiber-degrading enzymes, such as amylase and cellulase, which can effectively break down fiber in feed ingredients. By using Bacillus amyloliquefaciens for the fermentation of water lettuce leaves, the crude fiber can be effectively degraded, thus improving the digestibility and overall quality of the feed. Therefore, the use of Bacillus amyloliquefaciens for fermenting water lettuce leaves offers a new solution to address the limitations of directly using water lettuce leaves as poultry feed, while simultaneously enhancing feed efficiency and sustainability. Thus, this study was conducted to determine the optimal fermentation duration and inoculum dosage for water lettuce leaves using Bacillus amyloliquefaciens. The research aims to enhance the quality of water lettuce leaves (Pistia stratiotes) through fermentation technology for use as poultry feed. 

			MATERIALS AND METHODS

			The materials used in this study were Bacillus amyloliquefaciens inoculum, water lettuce leaves, alcohol, and aquadest. Desain Eksperimental: This experiment employed a 3x3 factorial design within a completely randomized design (CRD) framework, with three replicates per treatment. The first factor (A) was the fermentation duration, consisting of three levels: 2 days, 4 days, and 6 days. The second factor (B) was the inoculum dosage, also consisting of three levels: 1%, 3%, and 5%.

			Preparation of Bacillus amyloliquefaciens Inoculant

			Weigh 100 grams of rice bran, then sterilize using an autoclave for 15 minutes at 121 ℃, 1 atm pressure, then cool at room temperature. Petridish dishes that have been overgrown with pure culture of Bacillus Amyloliquefaciens add distilled water as much as 10 mL then the petri dish is gently shaken until the microbes are separated from the media and then put into an erlemeyer tube that has contained distilled water as much as 190 mL. Sterilized rice bran was mixed with 200 mL of distilled water that already contained Bacillus amyloliquefaciens suspension. Incubate for 24 hours at 40℃ then dry it with an oven at 60 ºC, so that it takes the form of flour which is used as inoculum. 

			Fermentation of Apu-apu Leaf with Bacillus amyloliquefaciens

			Weigh 100 grams of apu-apu leaves sterilize in an autoclave for 15 minutes, temperature 121℃ with a pressure of 1 atm then the media is cooled at room temperature. Then add Bacillus amyloliquefaciens inoculant with the dose according to the treatment (1, 3, and 5%) mix until homogeneous and incubated according to the treatment (2, 4, and 6 days) at 40℃. After the incubation process was complete, the media was oven dried at 60℃ until dry so that the fermentation product was obtained.

			Parameters

			The measured were water content, dry matter, crude protein, crude fiber, crude fat and ash (AOAC, 2016).

			Data Analysis

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

			RESULTS AND DISCUSSION 

			Water Content (%)

			Table 1 the water content of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 67.76% to 73.01%. This study indicates no interaction (P>0.05) between factor A (fermentation duration) and factor B (inoculum dose) on water content. However, factor B (inoculum dose) showed a very significant effect (P<0.01) on water content. This study also demonstrates that as the fermentation duration increases, microbial activity within the fermentation substrate enhances, leading to an increase in water content. Microbial activity during fermentation not only increases the water content in the material but also generates metabolic water. This metabolic water serves as an important indicator of the sustainability of the fermentation process. Steinkrauss (1995), noted that during soybean meal fermentation, microbes break down carbohydrates, producing water. Additionally, Rachman (1989) emphasized that water is a byproduct of aerobic fermentation.

			Table 1: Effect of fermentation duration and inoculum dosage on water content of fermented water lettuce leaves.
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			a-b Superscripts that are different in the same column are not significantly different (P>0.05), SEM: Standard error of the mean.

			Table 2: Effect of fermentation duration and inoculum dosage on dry matter of fermented water lettuce leaves.
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			a-bDifferent superscripts in the same column are not significantly different (P>0.05), SEM: Standard error of the mean.

			Dry Matter (%)

			Table 2 the dry matter content of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 26.99 - 32.24%. This study showed no interaction (P>0.05) between factor A (fermentation duration) and factor B (inoculum dose) on dry matter. However, factors A (length of fermentation) and B (dose of inoculum) showed a significantly different effect (P<0.01) on dry matter. 

			The low content of dry matter in treatment A3 (fermentation duration of 6 days) which is 27.93% compared to other treatments is due to the long fermentation duration that increases microbial activity in remodeling the substrate as a result of high H2O production during fermentation, dry matter goes down when the water content is high. The results of research by Mirzah and Muis (2015) state that the length of fermentation time causes a lot of material to be overhauled by enzymes that are sterilized by microbes. Added by Nuraini et al. (2019), a long fermentation time makes microbes in the fermentation substrate to multiply optimally so that the enzymes produced are higher as a result of the overhaul of the substrate from complex components to simple ones to be optimal. The fermentation process increases water activity because the microorganisms growing in the substrate produce H2O as a waste product of feed degradation (Firdaus, 2020).

			Crude Protein (%)

			Table 3, the crude protein content of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 11.01% to 14.88%. This study shows a significant interaction (P<0.05) between factor A (fermentation duration) and factor B (inoculum dose) on crude protein content. Both factor A (fermentation duration) and factor B (inoculum dose) also significantly affect crude protein content (P<0.01).

			Table 3: Effect of fermentation duration and inoculum dosage on crude protein of fermented water lettuce leaves.
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			a-bDifferent superscripts in the same column are significantly different (P<0.05), SEM: Standard error of the mean.

			The highest crude protein content was observed in the treatments A2B2 = 14.26%, A3B2 = 14.87%, A1B3 = 14.11%, A2B3 = 14.49%, and A3B3 = 14.88%. The high crude protein content in these treatments was due to the interaction between fermentation duration and inoculum dose, which optimized the growth of Bacillus amyloliquefaciens. The growth of microorganisms contributes to a higher protein yield (Djulardi et al., 2023). The increase in protein content is due to microbial bodies, which are single-cell proteins, and the enzymes produced, which are also proteins. The cell structures of microorganisms are composed of single-cell proteins (Rahmatullah et al., 2020).

			This study focuses on optimizing fermentation conditions to improve the nutritional quality of water lettuce leaves (Pistia stratiotes) as poultry feed by using Bacillus amyloliquefaciens as the main microorganism. The optimization involves varying inoculum doses and fermentation time to achieve optimal nutritional enhancement. The novelty of this research lies in combining fermentation condition optimization with the utilization of Bacillus amyloliquefaciens, which has not been widely explored in poultry feed based on water lettuce leaves.

			Previous studies mostly highlighted the benefits of fermenting other feed materials, such as rice bran, soybean meal, or agricultural waste, but have rarely focused specifically on water lettuce leaves as poultry feed. Additionally, the microorganisms used for improving feed nutrition in earlier research were predominantly Lactobacillus spp. or Saccharomyces spp., with limited exploration of fermentation parameter optimization.

			Table 4: Effect of fermentation duration and inoculum dosage on crude fat of fermented water lettuce leaves.
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			a-bDifferent superscripts in the same column are significantly different (P<0.05), SEM: Standard error of the mean.

			Crude Fat (%)

			Table 4 the crude fat of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 2.46 - 6.83%. This study showed no interaction (P>0.05) between factor A (fermentation duration) and factor B (inoculum dose) on crude fat. However, factor B (inoculum dose) showed a significantly different effect (P<0.01) on crude fat. The high fat content in treatment B3 (5% inoculum dose) with an average of 5.88% is due to the large dose of inoculum so that the microbial biomass that grows more and more so that the development in the fermentation substrate is faster. The development of high microbial biomass causes high fat content because the microbial body itself contains fat. According to Saputro et al. (2015), fat content increases along with the increasing length of fermentation time, where the longer the fermentation that takes place Trametes sp. mushrooms will continue to grow and develop and be able to convert high-carbohydrate substrates into fat. According to Iba and Padang (2021), microbial cultures and microalgae can produce biomass containing fatty acids, making them a potential source for the production of single-cell oils and a new potential for poultry feed. These microorganisms and microalgae are known for their ability to synthesize high-value oils, such as omega-3 fatty acids, which are essential for animal health. The use of such biomass in poultry feed can enhance the nutritional quality of the feed, improve poultry performance, and contribute to more sustainable feed production systems.

			Crude Fiber (%)

			Table 5, the crude fiber content of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 13.07% to 17.68%. This study shows a significant interaction (P<0.05) between factor A (fermentation duration) and factor B (inoculum dose) on crude fiber content. Both factor A (fermentation duration) and factor B (inoculum dose) also significantly affect crude fiber content (P<0.01).

			Table 5: Effect of fermentation duration and inoculum dosage on crude fiber of fermented water lettuce leaves.
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			a-bDifferent superscripts in the same column are significantly different (P<0.05), SEM: Standard error of the mean.

			The lowest crude fiber content was observed in the treatments A2B2, A3B2, A3B1, A2B3, and A3B3. The low crude fiber content in these treatments is due to the high cellulase enzyme activity produced by microorganisms, which is maximized due to optimal growth. The growth is influenced by the appropriate fermentation duration and inoculum dose. The reduction in crude fiber content during fermentation is attributed to the high cellulase enzyme activity produced by bacteria during the fermentation process. Cellulase enzymes play a role.

			in breaking down crude fiber (Maulana et al., 2021). The high cellulase enzyme activity is the result of optimal fermentation duration and inoculum dose for Bacillus amyloliquefaciens growth on the water lettuce leaves leaf substrate, leading to maximal enzyme production. The factors determining enzyme activity during fermentation include the microorganism biomass, inoculum dose, and fermentation duration, which align with the microorganisms’ growth needs (Wahyuni et al., 2023). 

			This study has significant potential to support the development of more sustainable and economical poultry feed by utilizing water lettuce leaves, often considered a weed. The findings offer a solution to reduce poultry feed costs, as processing through fermentation can decrease crude fiber content, which otherwise hinders the absorption of other nutrients in poultry feed. The use of Bacillus amyloliquefaciens as a fermentation agent represents a significant innovation. This microorganism is known to enhance crude protein content, improve feed digestibility, and reduce crude fiber. Another potential of this study lies in mitigating the negative impacts of aquatic plant waste, which often poses environmental problems in water bodies.

			Ash (%)

			Table 6, the ash content of Bacillus amyloliquefaciens-fermented water lettuce leaves ranges from 5.70% to 6.83%. The result of analysis of variance showed that there was no interaction between fermentation duration and inoculum dose. From this study, it can be seen that the ash content is not affected by the fermentation process, but it can increase the availability of minerals, especially phosphorus because some microorganisms, namely Bacillus amyloliquefaciens, produce the enzyme phytase, which binds phosphorus. As phytic acid breaks down, certain minerals (magnesium, iron, calcium and zinc) become more available. The higher the yeast concentration, the higher the ash content. The observed fermentation results, presented in graphical form, can be seen in Figure 1 (crude protein) and Figure 2 (crude fiber).

			Table 6: Effect of fermentation duration and inoculum dosage on ash of fermented water lettuce leaves.
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			a-bDifferent superscripts in the same column are significantly different (P<0.05), SEM: Standard error of the mean.
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			Figure 1: Graph effect of fermentation duration and inoculum dosage on crude protein of fermented water lettuce leaves.
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			Figure 2: Graph effect of fermentation duration and inoculum dosage on crude fiber of fermented water lettuce leaves.

			CONCLUSIONS AND RECOMMENDATIONS

			From this study, it can be concluded that the best treatment for fermenting water lettuce leaves with Bacillus amyloliquefaciens is a fermentation duration of 4 days and an inoculum dose of 3%. The nutrient content of water lettuce leaves fermented with Bacillus amyloliquefaciens is as follows: water content 72.98%, dry matter 27.02%, crude protein 14.26%, crude fat 2.46%, crude fiber 13.21% and ash 6.57%. The fermentation of water lettuce leaves (Pistia stratiotes) using Bacillus amyloliquefaciens is an effective method to enhance the nutritional value and digestibility of feed ingredients. This process involves inoculating water lettuce leaves with microbial cultures that produce fiber and proteindegrading enzymes, thereby reducing the content of antinutritional compounds. Optimized fermentation can increase crude protein content, improve nutrient availability, and produce bioactive compounds that support poultry digestive health. The application of this fermented product in poultry feed can enhance feed efficiency, improve poduction performance and reduce farming costs, thus contributing to the sustainability of poultry farming.
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			This study focuses on optimizing fermentation conditions to improve the nutritional quality of water lettuce leaves (Pistia stratiotes) as poultry feed by using Bacillus amyloliquefaciens as the main microorganism. The optimization involves varying inoculum doses and fermentation time to achieve optimal nutritional enhancement. The novelty of this research lies in combining fermentation condition optimization with the utilization of Bacillus amyloliquefaciens, which has not been widely explored in poultry feed based on water lettuce leaves. Previous studies mostly highlighted the benefits of fermenting other feed materials, such as rice bran, soybean meal, or agricultural waste, but have rarely focused specifically on water lettuce leaves as poultry feed. Additionally, the microorganisms used for improving feed nutrition in earlier research were predominantly Lactobacillus spp. or Saccharomyces spp., with limited exploration of fermentation parameter optimization.
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Optimizing Fermentation Conditions of Water Lettuce Leaves (Pistia
Stratiotes) with Bacillus amyloliquefaciens for Enhanced Nutritional
Quality as Poultry Feed
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Abstract | The aim of this study was to determine the optimal fermentation duration and inoculum dosage for ferment-
ing water lettuce leaves (Pistia stratiotes) with Bacillus amyloliquefaciens to enhance its nutritional content. The study
employed a completely randomized design 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). The observed parameters included water content, dry matter, crude
protein, crude fat, crude fiber, and ash content. The results indicated that fermentation duration and inoculum dosage
had a significant interaction (P<0.05) on crude protein, crude fiber, and ash content but showed no significant effect
(P>0.05) on water content and dry matter. The study concluded that the best treatment was 4 days of fermentation and
39% inoculum dosage. The nutritional composition of fermented water lettuce leaves with Bacillus amyloliguefacienswas as
follows: water content 72.98%, dry matter 27.02%, crude protein 14.26%, crude fat 2.46%, crude fiber 13.21%, and ash
content 6.57%. The fermentation of water lettuce leaves (Pistia stratiotes) using Bacillus amyloliquefaciens is an effective
method to enhance the nutritional value and digestibility of feed ingredients. This process involves inoculating water
lettuce leaves with microbial cultures that produce fiber- and protein-degrading enzymes, thereby reducing the content
of antinutritional compounds. Optimized fermentation can increase crude protein content, improve nutrient availability,
and produce bioactive compounds that support poultry digestive health. The application of this fermented product in
poultry feed can enhance feed efficiency, improve poduction performance, and reduce farming costs, thus contributing
to the sustainability of poultry farming.

Keywords | Bacillus amyloliquefaciens, Fermentation duration, Inoculum dosage, Nutrition, Water lettuce, Poultry feed,
Nutritional enhancement, Fermentation optimization
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