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			Abstract | Black Soldier Fly (BSF) is an insect with a high nutritional content, especially protein, used as a source of animal feed. However, in the prepupal phase (BSFP) there is chitin which is a limiting factor in livestock rations because the bodies of poultry and monogastric livestock cannot digest it. Chitin is found in the BSF exoskeleton which is bound to proteins, minerals, and pigments, so it is necessary to do processing to reduce the chitin content first by fermentation using organic acids. Therefore, this study aimed to determine the effect of using organic acids (propionic acid and formic acid) and various fermentation times in reducing the BSFP chitin content. Completely Randomized Design (CRD), factorial 3 x 3 with three replications. Factor I was various doses of organic acid (3%, 6%, 9%), and Factor II was different fermentation times (5 d, 10 d, 15 d). The treatment had a significant effect (P<0.05) on color, odor, texture, and total titrated acid. In addition, crude protein, nitrogen, crude fat, and ash had no significant effect (P>0.05). The treatment had a very significant effect (P<0.01) on chitin and pH. There is an interaction between organic acid dosage and fermentation time for chitin. Using a mixture of organic acids at a dose of 9% and a fermentation time of 15 days resulted in the highest reduction in chitin content from 18.05% to 11.60% (a decrease of 35.74%).
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			INTRODUCTION

			 

			Proteins are essential components in animal feed formulas, and the Black Soldier Fly (BSF) is a potential insect-based protein source for this purpose. This is due to its short life cycle, which lasts about 38-41 days and includes five life stages: eggs, larvae, prepupae, pupae, and adult flies. Each stage contains high levels of nutrients, particularly proteins, with the larval phase containing 44.26% protein and the prepupa phase containing 39.9% - 43.1% (Beski et al., 2015; Oliveira et al., 2015; Spranghers et al., 2016; Wardhana, 2016). In addition, these insects have been produced widely as a source of insect-based protein, and these insects are more economical, environmentally friendly and do not compete with humans, so they have the potential to be used as animal feed ingredients (Kawasaki et al., 2019; Van Huis, 2013).

			 

			BSF in the prepupa phase (BSFP) contains 18.05% chitin which has anti-nutritional properties, meaning it cannot be digested by the bodies of poultry and monogastric livestock, thereby inhibiting its application in animal feed (Eggink and Dalsgaard 2023; Nasution et al., 2020). Sanchez-Muros et al. (2014) suggested that the digestive tract of chickens has chitinase, but its capacity to digest chitin is restricted. The digestibility level of insect nutrients in broilers differs and depends on various factors, such as the insect species, life cycle, and the process of chitin removal (De Marco et al., 2015; Schiavone et al., 2017). Chitin is the second most abundant polysaccharide in nature after cellulose, chitin is also the main structural component of the exoskeleton, and chitin can be isolated from insects, including the stages of demineralization, deproteination and depigmentation (Erdogan and Kaya 2016; Mirwandhono et al., 2022; Yadav et al., 2019). In addition, organic acids are acids that are generally used in the degradation of chitin (Su et al., 2019).

			 

			Efforts to stretch the limiting factor on BSFP are processing it into silage chemically using organic acids because this type of acid is safe to use and easy to obtain on the market. The use of organic acids as much as 3% of the raw material with a ratio of propionic and formic acids 1: 1 is a good quality silage, and if the use of acids less than 3% will be easily attacked by fungi (Jutavia 2013). In addition, using only propionic and formic acids does not produce stable silage because the properties of organic acids are different. Namely, propionic acid is fungicidal. In contrast, formic acid is bactericidal, reducing clostridia microbes’ activity in silage (Lv et al., 2020).

			 

			Nasution et al. (2020) researched the use of organic acids to decrease chitin content in BSFP, which showed that fermentation using a combination of 30% propionic acid and 30% formic acid with 40% distilled water at a 3% dose for 9 days resulted in a 14.36% decrease in chitin content. This finding sparked the authors’ interest in investigating the effect of organic acid fermentation on BSFP chitin content with different fermentation durations.

			 

			MATERIALS AND METHODS

			 

			Material

			The material used in this study, using BSFP (age 18-25 days with fruit waste media) from Magot Medan Teratai (MMT), propionic acid product of Merck, formic acid product of Brataco Chemical, Whatman paper No.40 size 125 mm, aquades, HCl 1N, NaOH 3.5%, aceton, and NaOCl 0.315%.

			 

			The equipment used is a glass jar, oven, analytical balance, thermometer, titration tool, erlenmeyer, measuring cup, beaker glass, hotplate, pH meter, and laboratory equipment for chemical components.

			 

			 

			Method

			The experimental research method used was BSFP fermentation with organic acids (propionic acid and formic acid). Completely Randomized Design (CRD) factorial 3 x 3 with three replications. Factor I was doses of organic acid, namely: DA1 = 3% organic acid; DA2 = 6% organic acid; DA3 = 9% organic acid; Factor II is the fermentation time, namely: FT1 = 5 d; FT2 = 10 d and, FT3 = 15 d.

			 

			Bsfp Fermentation With Organic Acids

			In this BSFP, fermentation uses organic acids consisting of propionic acid and formic acid. Propionic acid is a product of Merck, while formic acid is a product of Brataco Chemical. This fermentation refers to Nasution et al. (2020) BSFP is cleaned of foreign matter with clean water, then boiled with boiling water 100oC for 10-15 minutes. Then BSFP is dried for 24 hours in an oven at 60oC. After drying, BSFP is put into glass jars that have been mixed with organic acids (30% propionic acid and 30% formic acid + 40% aquadest) as much as 3%, 6%, and 9%, then stored for 5 days, 10 days and 15 days. Every 2 days the BSFP is shaken so that it is homogeneous. After 15 days the jar is opened and aerated, then dried for 24 hours in an oven at 60oC.

			 

			Measurement Of Organoleptic Quality And Chemical Components

			Isolation and measurement of chitin yield, the process described by Mirwandhono et al. (2022) involves isolating fermented BSFP by drying it for 24 hours at 60oC and then placing 2 g of the dried BSFP into an Erlenmeyer flask. The BSFP was then demineralized by dissolving it in 1N HCl at a 1:20 (w/v) ratio, using 20 ml of HCl for every 1 g of dry BSFP, and heated on a hotplate for 20 minutes at 100oC. The resulting precipitate is washed with distilled water until the pH becomes (6.8-7), and then deproteinated by soaking in 3.5% NaOH at a ratio of 1:20 (w/v) for 24 hours. Afterward, the mixture is heated on a hotplate at 80oC for 1 hour, filtered with Whatman filter paper No. 40, and washed with distilled water until the pH is neutral. The resulting residue is dried in an oven at 60oC for 24 hours, and the weight of the isolated chitin is used to calculate the percent yield using a spesific formula:

			 

			% Yield = [image: Image84044658.PNG] x 100

			 

			Observations of organoleptic tests include color, odor, and texture using the five senses. Measurement of chemical properties in the form of crude protein, nitrogen, crude fat, ash, pH, and total titrated acid using the AOAC method, (2005).

			 

			 

			Variables

			The parameters studied were organoleptic quality (color, odor, and texture) and chemical component (chitin, crude protein, nitrogen, crude fat, ash, pH, and total titrated acid).

			After fermentation, BSFP silage was opened and evaluated for organoleptic quality (color, odor, and texture). Amount 15 panelists observed evaluation of organoleptic quality. Yunilas et al. (2021) states using a rating of each organoleptic quality observation from 1 to 9.

			 

			Organoleptic quality tests include color, odor, and texture. Classifies the colors of silage products on three criteria: dark brown (1 to 3), brown (4 to 6), and light brown (7 to 9). Classifies the odor of silage products on three criteria: not acid (1 to 3), acid (4 to 6), and very acid (7 to 9). Finally, it classifies the texture of silage products on three criteria: soft (1 to 3), moderate (4 to 6) hard (7 to 9) (Yunilas et al., 2021).

			 

			Data Analysis

			The data was obtained, tabulated and analyzed using variance. If real or very real results are obtained, then the Duncan Multiple Range Test (DMRT) is carried out using SPSS software (Adinurani 2016).

			 

			RESULTS AND DISCUSSION

			 

			Organoleptic Quality 

			Observation of an organoleptic test is a method of testing the quality of a material in the form of color, odor, and texture using the five human senses. Unfermented and fermented BSFP show different colors, odors, and textures. The non-fermented treatment has a dark brown color, a distinctive BSFP odor, and a soft texture, while the fermented one has a variety of colors, odors, and textures. Organoleptic values before fermentation are presented in Table 1 and after fermentation are presented  in Table 2 and 3.

			 

			Table 1: Chemical component and organoleptic quality of BSFP before fermentation.

			
				
					
					
				
				
					
							Parameters
							Results
					

					
							
							Chitin (%)

						
							
							18.05

						
					

					
							
							Crude Protein (%)

						
							
							35.18

						
					

					
							
							Nitrogen (%)

						
							
							5.62

						
					

					
							
							Crude Fat (%)

						
							
							32.17

						
					

					
							
							Ash (%)

						
							
							7.74

						
					

					
							
							Color

						
							
							Dark brown

						
					

					
							
							Odor

						
							
							Typical BSFP

						
					

					
							
							Texture

						
							
							Soft

						
					

				
			

			

			 

			In the DA1 treatment (3% dose) and the fermentation time of up to 15 days, the color changed from dark brown to brown, in DA2 (6% dose) and the fermentation time of up to 15 days, the color changed from brown to light brown and DA3 (9% dose). and the fermentation time of up to 15 days experienced a color change from brown to light brown. Various color changes occur due to varying doses of organic acids and fermentation time. The higher the organic acid concentration in each treatment, the brighter the different color changes. This is to the research of Yunilas et al. (2021), which reported that treatment with fermentation always causes a different color change. In addition, BSFP silage is fermented using acid, causing changes in temperature conditions during the fermentation process. Sio et al. (2022) also reported that the color changes that occur are based on changes in temperature during the fermentation process.

			 

			The analysis of variance showed that the treatment with various doses of organic acids and fermentation time had a significant (P<0.05) effect on color, odor, and texture and there was no interaction. The average color of BSFP silage was 5.47 - 7.55 (dark brown to light brown), the odor of BSFP silage was 5.27 - 6.21 (acid to very acidic) and the texture of BSFP silage was 4.82 - 5.27 (acid to very acidic). Based on this score, the quality of BSFP silage is quite good.

			 

			In the DA1 treatment (3% dose) and up to 15 days of fermentation, the odor changed, namely acid, DA2 (6% dose), and up to 15 days of fermentation, the odor changed from acidic to very acidic and DA3 (9% dose) and the longer the fermentation up to 15 days experience a change in odor from acid to very acid. Various odor changes occur due to varying doses of organic acids and fermentation time. The higher concentration of organic acids given to each treatment will produce a different odor change that is increasingly sour. This is to the research of Yunilas et al. (2021), which reported that the aroma turns more sour because the pH has decreased. Sio et al. (2022) also reported that fermentation would experience a change in aroma, namely the distinctive aroma of the fermented product, which is sour.

			 

			In the DA1 treatment (3% dose) and the fermentation time up to 15 days, the texture changed, namely soft, DA2 (6% dose) and the fermentation time up to 15 days, the texture changed from soft to moderate and DA3 (9% dose) and the fermentation time up to 15 days experienced a change in texture from soft to hard. Various textural changes occur due to varying doses of organic acids and fermentation time. The higher the concentration of organic acids given to each treatment will result in a different and harder texture change. This is to the research of Yunilas et al. (2021), who reported that a good silage texture is indicated by texture characteristics that are not crushed and not soggy. 

			Table 2: Organoleptic assessment of BSFP silage. 

			
				
					
					
					
					
					
				
				
					
							Treatment
							Organoleptic quality
					

					
							Doses acid
							Fermentation time
							Color
							Odor
							Texture
					

					
							
							DA1 (3%)

						
							
							FT1 (5 d)

						
							
							Dark brown

						
							
							Acid

						
							
							Soft

						
					

					
							
							FT2 (10 d)

						
							
							Brown

						
							
							Acid

						
							
							Soft

						
					

					
							
							FT3 (15 d)

						
							
							Brown

						
							
							Acid

						
							
							Soft

						
					

					
							
							DA2 (6%)

						
							
							FT1 (5 d)

						
							
							Brown

						
							
							Acid

						
							
							Soft

						
					

					
							
							FT2 (10 d)

						
							
							Brown

						
							
							Very acid

						
							
							Moderate

						
					

					
							
							FT3 (15 d)

						
							
							Light brown

						
							
							Very acid

						
							
							Moderate

						
					

					
							
							DA3 (9%)

						
							
							FT1 (5 d)

						
							
							Brown

						
							
							Acid

						
							
							Soft

						
					

					
							
							FT2 (10 d)

						
							
							Brown

						
							
							Very acid

						
							
							Moderate

						
					

					
							
							FT3 (15 d)

						
							
							Light brown

						
							
							Very acid

						
							
							Hard

						
					

				
			

			

			 

			Table 3: Organoleptic quality of BSFP silage.

			
				
					
					
					
					
				
				
					
							 
							Color
							Odor
							Texture
					

					
							
							Fermentation Time (FT)

						
							
							 

						
					

					
							
							5 day (FT1)

						
							
							6.25a

						
							
							5.76a

						
							
							4.90a

						
					

					
							
							10 day (FT2)

						
							
							6.39b

						
							
							5.90b

						
							
							5.04b

						
					

					
							
							15 day (FT3)

						
							
							6.57c

						
							
							6.11c

						
							
							5.15c

						
					

					
							
							Doses Acid (DA)

						
							
							 

						
					

					
							
							3% (DA1)

						
							
							5.68a

						
							
							5.60a

						
							
							4.94a

						
					

					
							
							6% (DA2)

						
							
							6.13b

						
							
							6.02b

						
							
							5.02b

						
					

					
							
							9% (DA3)

						
							
							7.41c

						
							
							6.14c

						
							
							5.13c

						
					

					
							
							Interaction (FT x DA)

						
							
							 

						
					

					
							
							FT1DA1

						
							
							5.47

						
							
							5.27

						
							
							4.82

						
					

					
							
							FT1DA2

						
							
							6.03

						
							
							5.93

						
							
							4.87

						
					

					
							
							FT1DA3

						
							
							7.26

						
							
							6.09

						
							
							5.01

						
					

					
							
							FT2DA1

						
							
							5.62

						
							
							5.54

						
							
							4.98

						
					

					
							
							FT2DA2

						
							
							6.15

						
							
							6.03

						
							
							5.03

						
					

					
							
							FT2DA3

						
							
							7.42

						
							
							6.13

						
							
							5.11

						
					

					
							
							FT3DA1

						
							
							5.95

						
							
							6.01

						
							
							5.04

						
					

					
							
							FT3DA2

						
							
							6.21

						
							
							6.11

						
							
							5.16

						
					

					
							
							FT3DA3

						
							
							7.55

						
							
							6.21

						
							
							5.27

						
					

				
			

			

			Means in a column with different superscripts differ at (P<0.05).

			 

			Table 4: Chemical component of BSFP silage.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							 

						
							Chitin
							Crude Protein
							Nitrogen
							Crude Fat
							Ash
							pH
							Total Titrated Acid
					

					
							
							Fermentation Time (FT)

						
					

					
							
							5 day (FT1)

						
							
							13.59

						
							
							33.94

						
							
							5.42

						
							
							30.81

						
							
							8.13

						
							
							5.4c

						
							
							0.036c

						
					

					
							
							10 day (FT2)

						
							
							13.19

						
							
							33.90

						
							
							5.42

						
							
							30.99

						
							
							8.25

						
							
							5.1b

						
							
							0.026b

						
					

					
							
							15 day (FT3)

						
							
							12.89

						
							
							33.31

						
							
							5.32

						
							
							31.89

						
							
							8.17

						
							
							4.8a

						
							
							0.019a

						
					

					
							
							Doses Acid (DA)

						
					

					
							
							3% (DA1)

						
							
							14.39

						
							
							33.53

						
							
							5.36

						
							
							30.82

						
							
							8.21

						
							
							5.3c

						
							
							0.036c

						
					

					
							
							6% (DA2)

						
							
							13.35

						
							
							34.71

						
							
							5.55

						
							
							30.95

						
							
							8.00

						
							
							5.0b

						
							
							0.028b

						
					

					
							
							9% (DA3)

						
							
							11.92

						
							
							32.91

						
							
							5.26

						
							
							31.92

						
							
							8.35

						
							
							4.9a

						
							
							0.016a

						
					

					
							
							Interaction (FT x DA)

						
					

					
							
							FT1DA1

						
							
							14.60Cb

						
							
							32.93

						
							
							5.26

						
							
							30.72

						
							
							8.26

						
							
							5.5

						
							
							0.043

						
					

					
							
							FT1DA2

						
							
							14.38Cc

						
							
							34.42

						
							
							5.50

						
							
							30.36

						
							
							8.27

						
							
							5.3

						
							
							0.036

						
					

					
							
							FT1DA3

						
							
							14.21Cc

						
							
							33.26

						
							
							5.32

						
							
							31.38

						
							
							8.10

						
							
							5.1

						
							
							0.028

						
					

					
							
							FT2DA1

						
							
							13.96Bab

						
							
							36.01

						
							
							5.76

						
							
							30.79

						
							
							7.82

						
							
							5.4

						
							
							0.036

						
					

					
							
							FT2DA2

						
							
							13.52Bb

						
							
							33.83

						
							
							5.41

						
							
							30.19

						
							
							8.02

						
							
							5.0

						
							
							0.028

						
					

					
							
							FT2DA3

						
							
							12.86Bb

						
							
							34.30

						
							
							5.48

						
							
							31.89

						
							
							8.16

						
							
							4.7

						
							
							0.014

						
					

					
							
							FT3DA1

						
							
							12.23Ab

						
							
							32.88

						
							
							5.26

						
							
							30.94

						
							
							8.33

						
							
							5.2

						
							
							0.028

						
					

					
							
							FT3DA2

						
							
							11.95Aa

						
							
							33.47

						
							
							5.35

						
							
							32.43

						
							
							8.47

						
							
							4.9

						
							
							0.021

						
					

					
							
							FT3DA3

						
							
							11.60Aa

						
							
							32.39

						
							
							5.18

						
							
							32.40

						
							
							8.27

						
							
							4.6

						
							
							0.007

						
					

				
			

			

			Means in a column with different superscripts differ at (P<0.05).

			 

			In contrast, Sio et al. (2022) reported that the texture will change from slightly hard to soft during the fermentation process.

			 

			C hemical Component

			Measurement of chemical properties of chitin, crude protein, nitrogen, crude fat, ash, pH, and total titrated acid. The content of BSFP chitin can be determined by measuring the yield. Crude protein, nitrogen, crude fat, and ash content can be determined by proximate analysis. The pH can be determined using a pH meter. Total titrated acid can be known using a titration tool. The chemical components of BSFP silage are presented in Table 4.

			 

			The chitin content of BSFP fermented with organic acids at various doses and fermentation time ranged from 11.60 - 14.60%. The percentage of BSFP chitin content before being fermented was 18.05%. BSFP fermentation with organic acids up to 9% dose and fermentation time up to 15 days decreased 19.12 - 35.74%. Fermentation carried out using different starters showed different results, some experienced a decrease, and some experienced an increase in the BSFP chitin content. This is evident from various studies, namely in the study of Harefa et al. (2018) reported that the chitin content of BSF maggot flour was fermented using organic acids (propionic and formic) as much as 7% with a fermentation time of 8 days, which decreased from 14.39% to 7.22%. The study by Mulyono et al. (2019) reported that fermentation using Trichoderma increased chitin content from 9.8% to 10.3%.

			 

			The analysis of variance showed that the treatment of various doses of organic acid and fermentation time had a very significant effect (P<0.01) on the chitin content of BSFP and there was an interaction between organic acid doses and fermentation time. In the DA3FT3 treatment (9% fermented dose for 15 days) there was a high reduction in chitin of 11.60%, while in the DA1FT1 treatment (3% fermented dose for 5 days) there was a low chitin reduction of 14.60%. The high reduction of chitin occurs due to the high organic acid content and the longer fermentation and the low chitin reduction occurs due to the low organic acid content and the short fermentation time. In addition, the decrease in chitin is caused by the degradation of protein, mineral, and pigment components in the BSFP exoskeleton. This is by Khong, (2013) who stated that chitin is closely related to proteins, minerals and pigments in the cuticle of crustaceans and insects.

			 

			The crude protein content of BSFP fermented with organic acids at various doses and fermentation time ranged from 32.39 - 36.01%. The percentage of BSFP crude protein content before fermentation was 35.18%. BSFP fermentation with organic acids up to a dose of 9% and a fermentation time of up to 15 days decreased by 2.31 - 7.94%. The fermentation that was carried out using different starters showed different results, some experienced a decrease, and some experienced an increase in the BSFP crude protein content. This is evident from various studies, namely Nafisah research (2019) which reported that the crude protein content of BSFP fermented using propionate decreased from 42.99% to 40.69%. Mulyono et al. (2019) also reported that fermentation using Trichoderma decreased crude protein content. Meanwhile, a study by Zhao et al., (2021) reported that fermentation using formic acid increased crude protein content from 5.89% to 6.36%.

			 

			The analysis of variance showed that the treatment with various doses of organic acids and fermentation time had no significant effect (P>0.05) on crude protein, nitrogen, crude fat, and ash and there were no interactions. The content of crude protein, nitrogen, crude fat, and BSFP ash fermented with organic acids up to a dose of 9% and a fermentation time of up to 15 days showed no significant difference in results but tended to decrease. This occurs due to the release of crude protein to the treatment between the length and dose during fermentation, the longer the fermentation process lasts, the opportunity for organic acids to break the bonds of crude protein. The release of the contribution of N to the treatment between the length and dose during fermentation, so that the protein content decreases, the nitrogen content also decreases. Nuraini et al. (2017) stated that low protein quality results in low nitrogen. Decomposition and loosening of fat bonds to the treatment between time and dose during fermentation. In addition, the DA3FT2 and DA3FT3 treatments experienced an increase in the BSFP fat before it was fermented. This is because the fat content of BSFP has a high-fat content than other treatments. But the fat content in this study is still by Spranghers et al. (2016) which states that BSFP has about 21.8% to 38.6% fat. The decrease in organic matter results in an increase in the ash content.

			 

			The nitrogen content of BSFP fermented with organic acids at various doses and fermentation time ranged from 5.18 - 5.76%. The percentage of BSFP nitrogen before fermentation was 5.62%. BSFP fermentation with organic acids up to 9% dose and fermentation time up to 15 days decreased by 2.44 - 7.83%. However, the DA2FT1 treatment experienced an increase in BSFP nitrogen content before fermentation because the nitrogen content in the BSFP DA2FT1 treatment had a higher nitrogen content than other treatments.

			 

			The fat content of BSFP fermented with organic acids at various doses and fermentation time ranged from 30.19 - 32.43%. The percentage of BSFP crude fat before fermentation was 32.17%. BSFP fermentation with organic acids up to 9% dose and fermentation time up to 15 days decreased by 0.81 - 6.16%. The fermentation that is carried out using one of the organic acids, namely formic acid or propionic acid alone, will decrease the fat content of BSFP. This is evident from Nafisah research (2019) which reported that the fat content in BSFP which was fermented using propionic acid with a fermentation time of 30 days was 35.52%, while the fat content of BSFP before it was fermented was 36.13%.

			 

			The ash content of BSFP fermented with organic acids at various doses and fermentation time ranged from 7.82 - 8.47%. The percentage of BSFP ash content before fermentation was 7.74%. BSFP fermentation with organic acids up to 9% dose and fermentation time up to 15 days decreased by 1.03 - 8.62%. Fermentation carried out using different starters showed different results, some experienced a decrease, and some experienced an increase in the BSFP ash content. This is evident from various studies, namely in the study by Zhao et al. (2021), which reported that fermentation using formic acid decreased ash content from 14.9% to 12.8%. Nafisah (2019) also reported that propionic acid fermentation resulted in an ash content of 9.74%. In contrast, the study by Mulyono et al. (2019) reported that Trichoderma fermentation increased ash content.

			 

			The pH value of BSFP fermented with organic acids at various doses and fermentation time ranges from 4.6 - 5.5. Fermentation carried out using organic acids experienced a decrease in pH. This is evident from various studies, namely in the research by Nasution et al. (2020) reported that BSFP fermentation with organic acids (30% propionic acid and 30% formic acid + 40% distilled water) at a dose of 3% and a fermentation time of 9 days resulted in a pH of 5.3. In addition, Zhao et al. (2021) reported that fermentation using formic acid decreased pH, which was around 4. Nafisah, (2019) also reported that propionic acid fermentation resulted in a pH value 6.86. Becerril-Gil et al. (2018) added that silage produces a pH of 3 - 4.

			 

			 

			The analysis of variance showed that the treatment with various doses of organic acids and fermentation time had a very significant effect (P<0.01) and there was no interaction. The higher the dose of organic acids causes a decrease in pH and the longer the fermentation lasts, the lower the pH. Duncan’s further test showed that the pH in the DA1 treatment (3% dose) was significantly higher than in the DA2 (6% dose) and DA3 (9% dose) treatments. The above statement indicates that an increase in propionic acid and formic acid concentration during BSFP fermentation leads to a reduction in pH levels. Varying concentrations of these two acids will result in different degrees of pH reduction, and higher organic acid concentrations generally lead to more significant pH reductions.

			 

			Duncan’s further test showed that the pH in the FT1 treatment (5 days fermentation) was significantly higher than the FT2 treatment (10 days fermentation) and FT3 (15 days fermentation). This shows that the longer the fermentation, the more acidic the atmosphere. Based on the results of this study, it is also known that the addition of organic acids during fermentation and different fermentation times will produce different acidic conditions, some are pungent and some are very pungent so that the acidic atmosphere can lower the pH according to the amount of acid and the duration of fermentation. given during fermentation.

			 

			The total value of BSFP titrated acid fermented with organic acids at various doses and fermentation time ranged from 0.007 - 0.043%. Fermentation carried out using organic acids experienced an increase in the total titrated acid value. This is to the research by Nasution et al. (2020), which reported that BSFP fermentation with organic acids (30% propionic acid and 30% formic acid + 40% aquadest) at a dose of 3% and a fermentation time of 9 days resulted in a total titrated acid value of 0.028 %.

			 

			The analysis of variance results revealed that the treatment involving different doses of organic acids and fermentation time had a significant impact (P<0.05), but no interaction effect was observed. The results indicate that using higher concentrations of organic acids during BSFP fermentation increases the total titrated acid. Furthermore, utilizing varying concentrations of propionic and formic acids leads to different degrees of pH reduction and total titrated acid increase. Nasution et al. (2020) stated that fermentation with a high acid concentration would increase the total titrated acid value and decrease the pH value.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			Based on the study’s results, it can be concluded that BSFP fermentation using organic acids with varying fermentation times can reduce the chitin content. Using a mixture of organic acids at a dose of 9% and a fermentation time of 15 days resulted in the highest reduction in chitin content from 18.05% to 11.60% (a decrease of 35.74%).
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			This study differs from previous studies in reducing chitin content. In this study, BSFP was used, fermented by a combination of organic acids, namely propionic acid and formic acid. The combination of organic acids in this fermentation has a different role, namely propionic acid can prevent mold growth. In contrast, formic acid can extend shelf life and avoid decay during fermentation, so this research reduced the chitin content of BSFP. 
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Abstract | Black Soldier Fly (BSF) is an insect with a high nutritional content, especially protein, used as a source of
animal feed. However, in the prepupal phase (BSFP) there is chitin which is a limiting factor in livestock rations be-
cause the bodies of poultry and monogastric livestock cannot digest it. Chitin is found in the BSF exoskeleton which
is bound to proteins, minerals, and pigments, so it is necessary to do processing to reduce the chitin content first by
fermentation using organic acids. Therefore, this study aimed to determine the effect of using organic acids (propionic
acid and formic acid) and various fermentation times in reducing the BSFP chitin content. Completely Randomized
Design (CRD), factorial 3 x 3 with three replications. Factor I was various doses of organic acid (3%, 6%, 9%), and Fac-
tor IT was different fermentation times (5 d, 10 d, 15 d). The treatment had a significant effect (P<0.05) on color, odor,
texture, and total titrated acid. In addition, crude protein, nitrogen, crude fat, and ash had no significant effect (P>0.05).
The treatment had a very significant effect (P<0.01) on chitin and pH. There is an interaction between organic acid
dosage and fermentation time for chitin. Using a mixture of organic acids at a dose of 9% and a fermentation time of

15 days resulted in the highest reduction in chitin content from 18.05% to 11.60% (a decrease of 35.74%).
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INTRODUCTION Wardhana, 2016). In addition, these insects have been pro-
duced widely as a source of insect-based protein, and these

roteins are essential components in animal feed formu-  insects are more economical, environmentally friendly and

las, and the Black Soldier Fly (BSF) is a potential in- ~ do not compete with humans, so they have the potential to
sect-based protein source for this purpose. This is due to its be used as animal feed ingredients (Kawasaki et al., 2019;
short life cycle, which lasts about 38-41 days and includes ~ Van Huis, 2013).
five life stages: eggs, larvae, prepupae, pupae, and adult flies.
Each stage contains high levels of nutrients, particularly BSF in the prepupa phase (BSFP) contains 18.05% chi-
proteins, with the larval phase containing 44.26% protein  tin which has anti-nutritional properties, meaning it can-
and the prepupa phase containing 39.9% - 43.1% (Beski et not be digested by the bodies of poultry and monogas-
al., 2015; Oliveira et al., 2015; Spranghers et al, 2016; tric livestock, thereby inhibiting its application in animal
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