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Abstrak Abstract 

Penelitian ini bertujuan untuk mengukur konsumsi 

substrat dan indeks reduksi limbah kedelai 

edamame menggunakan larva Black Soldier Fly (BSF) 

sebagai agen biokonversi. Penelitian ini 

menggunakan Rancangan Acak Lengkap (RAL) 

dengan tiga perlakuan: limbah kedelai edamame 

tanpa fermentasi (F0), difermentasi 7 hari (F7), dan 

difermentasi 14 hari (F14). Biokonversi yang diamati 

meliputi konsumsi substrat dan indeks reduksi 

limbah (Waste Reduction Index/WRI). Analisis data 

menggunakan analisis sidik ragam dengan taraf 

kepercayaan 5%. Hasil penelitian menunjukkan 

bahwa fermentasi limbah berpengaruh signifikan 

terhadap konsumsi substrat dan indeks reduksi 

limbah. Rata-rata konsumsi substrat tertinggi 

diperoleh pada perlakuan F14 (57,96±7,37), diikuti 

oleh F7 (41,61±6,73), dan F0 (28,51±4,97). Begitu 

pula dengan indeks reduksi limbah, di mana 

perlakuan F14 menunjukkan reduksi tertinggi 

(2.37±0,61), diikuti oleh F7 (3.46±0,56) dan F0 

(4,83±0,41). Hal ini menunjukkan bahwa semakin 

lama fermentasi dilakukan, semakin tinggi konsumsi 

substrat dan efektivitas reduksi limbah oleh larva 

BSF. 

Kata kunci: Black Soldier Fly, konsumsi substrat, 

indeks reduksi limbah 

     This study aimed to measure substrate 

consumption and waste reduction index of edamame 

soybean using Black Soldier Fly (BSF) larvae as a 

bioconversion agent. This study used a Completely 

Randomized Design (CRD) with three treatments: 

unfermented edamame soybean waste (F0), fermented 

for 7 days (F7), and fermented for 14 days (F14). The 

observed bioconversions included substrate 

consumption and waste reduction index (WRI). Data 

analysis used analysis of variance with a confidence 

level of 5%. The results showed that waste 

fermentation significantly affected substrate 

consumption and waste reduction index. The highest 

average substrate consumption was obtained in 

treatment F14 (57.96±7.37), followed by F7 

(41.61±6.73) and F0 (28.51±4.97). Likewise, with the 

waste reduction index, the F14 treatment showed the 

highest reduction (2.37±0.61), followed by F7 

(3.46±0.56) and F0 (4.83±0.41). This shows that the 

longer the fermentation, the higher the substrate 

consumption and the effectiveness of waste reduction 

by BSF larvae. 

Keywords: Black Soldier Fly, Substrate consumption, 

waste reduction index 
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INTRODUCTION 

Edamame soybeans (Glycine max) are one of 

the important food commodities in 

Indonesia, so domestic soybean production 

needs to increase in certain years due to the 

increasing population. According to a study 

from the Indonesian Ministry of Agriculture 

(2020), figures from the Agricultural 

Quarantine Agency show that Indonesia's 

total edamame exports in 2018 were 6,690.7 

tons, rising to 6,790.7 tons in 2019. 

Approximately 66,6% of national edamame 

exports came from Jember, East Java [1]. 

Edamame production in Jember Regency has 

increased significantly and is estimated to 

dominate the primary production in 

Indonesia. This regency is also a descendant 

that produces around 70% of the national 

soybean needs. As much as 80% of exports 

are in the form of frozen edamame [2]. This 

significant growth has caused problems in 

waste accumulation, resulting from 

edamame waste from pods, stems, and seeds 

that do not meet export standards [3].  

Local governments have noted that they are 

almost unable to manage waste using the 

conventional method of collection, 

transport, and dumping, which is inefficient 

in reducing waste volume and very 

expensive in terms of [4]. The Indonesian 

Ministry of Environment and Forestry 

(2019) also stated that 50% of the total 

waste of 175,000 tons per day, namely 

organic, especially food and plant waste, is 

one of the waste streams made from the 

processing of edamame soybeans [5]. Waste 

produced from the processing process can 

be broadly divided into 3: solid waste in the 

form of skin, fruit skin, and edamame trees. 

Soybeans are considered to have no 

economic value and have a relatively large 

volume of validity, so they can pollute the 

environment [6].  

Edamame soybean waste has extraordinary 

potential as a mixture of active ingredients 

based on useful sources because of its 

significant bioactive content, as with other 

types of bioactive compounds identified in 

edamame soybean waste, namely flavonoids 

[7]. Qualitatively, previous research has 

shown that edamame waste extract contains 

40 ppm of flavonoids, which is relatively high 

compared to the range of flavonoid content 

in various soybean varieties, namely 12 to 42 

ppm [8]. This potential opens up 

opportunities to utilize edamame soybean 

waste more optimally, one of which is 

through the bioconversion method that can 

convert this waste into value-added 

products. One approach that can be applied 

is bioconversion using Black Soldier Fly 

(BSF) larvae (Hermetia illucens) [9]. This 

method processes waste into valuable 

biomass, contributes to waste management, 

and supports food independence. BSF larvae 

efficiently convert organic waste, such as 

edamame soybean waste, into biomass with 

a protein content ranging from 30-45% and 

a fat content between 24-30% [10]. In 

addition, BSF has been proven effective in 
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converting various types of organic waste 

into nutrient-rich biomass, which has high 

nutritional value and economic value [11]. 

The disadvantage of BSF larvae is that they 

do not have lignin-degrading enzymes in 

their digestive tract, so they cannot digest 

feed materials containing high lignin and 

cellulose. This can be overcome by physical, 

chemical, and even biological treatment of 

the substrate used. Biological treatment, 

namely substrate fermentation, is a simple 

and effective method. Substrate 

fermentation increases protein content and 

reduces antinutrients, thereby increasing 

the digestibility of BSF [12]. Various studies 

have shown that applying pretreatment to 

agro-industrial waste, such as fermentation, 

can increase substrate digestibility by BSF 

larvae. Agro-industrial waste generally has a 

high crude fibre and lignin content, making it 

difficult to degrade directly by BSF larvae. To 

overcome this, initial treatment is done 

through fermentation using biological 

agents such as Effective Microorganisms-4 

(EM4). The fermentation of organic waste 

with EM4, nitrogen, phosphorus, and 

potassium levels in the resulting compost 

increases, indicating an increase in the 

availability of nutrients for BSF larvae [13].  

This pretreatment process reduces the crude 

fibre content and increases the availability of 

nutrients through the activity of 

microorganisms that produce enzymes, such 

as cellulase and ligninase. Therefore, 

fermentation as a pretreatment method has 

proven effective in overcoming the 

limitations of agro-industrial waste as a 

growing medium for BSF larvae. With high 

nutritional content, such as crude protein of 

around 41-42%, fat of 31-35%, and 

important mineral content, such as calcium 

and phosphorus, BSF larvae have a strategic 

role as an agent for organic waste 

bioconversion. Its metabolic capabilities 

allow BSF larvae to consume various organic 

waste and decompose it efficiently. This is 

reinforced by research [14], which states 

that BSF larvae can significantly reduce the 

volume of organic waste through the 

bioconversion process [14]. In addition, a 

study [15] also showed that BSF larvae could 

reduce up to 80% of organic waste in a 

relatively short time without causing odor or 

negative impacts on the environment [15]. 

This efficiency makes BSF larvae an 

ecological solution in waste management 

while supporting a circular economy 

approach and sustainable waste 

management system. This study aims to 

determine the substrate consumption and 

reduction index of edamame soybean waste 

using BSF larvae. 

 
METHODS 

This research was conducted at the Basic 

Laboratory of the University of 

Muhammadiyah Jember, Jember Regency, 

from February to April 2025. The tools used 

were large tubs, thin-walled plastic, and 

stirrers. The materials used were BSF larvae, 

edamame soybean waste, EM4, and water. 
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Bioconversion research using BSF larvae 

was conducted using a Completely 

Randomized Design (CRD) with 1 factor, 

namely substrate fermentation treatment 

consisting of 3 levels, including F0 

unfermented edamame soybean waste; F7 

was fermented for 7 days; and F14 was 

fermented for 14 days. The treatment used 

500 BSF larvae that were 6 days old in each 

reactor, with three types of treatments 

consisting of unfermented edamame 

soybean waste (F0), fermented for 7 days 

(F7), and fermented for 14 days (F14). The 

parameters observed included substrate 

consumption and the waste reduction index 

(WRI); data analysis was carried out based 

on data obtained from the study, then 

tabulated using the Microsoft Excel 2019 

application and analysed using the SPSS 25 

application with the One-way ANOVA 

analysis method and continued with the 

Duncan's Multiple Range Tests (DMRT) at a 

confidence level of 5%. 

Preparation of edamame waste feed 
media  
This study used dried edamame soybean 

waste as a feed substrate for BSF larvae. The 

waste was obtained from local farmers in 

Bondowoso Regency. There were three 

treatments: waste without fermentation 

(F0), waste fermented for 7 days (F7), and 

waste fermented for 14 days (F14). The 

waste was first cleaned of dirt, dried in the 

sun, and ground using a grinding machine. 

Fermentation was carried out with an 

activated EM4 solution using 30 mL of EM4, 

6 grams of brown sugar, and water up to 

3000 mL. The shredded waste was washed 

and squeezed with an EM4 solution using a 

ratio of 2000 grams of waste: 3000 mL of 

solution (1:1.5), then fermented 

anaerobically for 7 and 14 days according to 

the treatment. 

Treatment of Test Larvae  

The subjects of this study were six-day-old 

BSF larvae obtained from the BSF farm in 

Ambulu, Andongsari, Jember Regency. The 

larval rearing process was carried out 

intensively in 2000 ml thin-wall containers, 

with 500 larvae per container. The feed given 

was edamame soybean waste in both 

fermented and non-fermented conditions. 

The feeding frequency was adjusted to the 

growth of the larvae, which was once every 

three days with a dose of 45 mg per reactor. 

After being reared for 12 days, the larvae 

that had reached the age of 18 days were 

then harvested before entering the pre-pupa 

stage for further observation. 

Observation 

The parameters observed include substrate 

consumption and waste reduction index 

(WRI). Substrate consumption is the process 

by which BSF larvae take and decompose 

food or growing media provided to meet 

their nutritional and energy needs. Substrate 

consumption measurement is done by 

calculating the difference in substrate weight 

before and after being consumed by the test 

organism, which can be calculated using the 

formula [16] :  
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Substrate Consumption =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒−𝑓𝑖𝑛𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒
 100% 

The waste reduction index (WRI) measures 

waste reduction by larvae over 3 days. The 

value of this waste reduction can be 

calculated using the formula [16] :  

WRI = 
𝐷

𝑡
 x 100…………….. (1) 

D= 
𝑊−𝑅

𝑊
  …………………. (2) 

Description:  

W: Total weight of feed given (g) 

t: Experiment duration (days) 

R: Total residue during the experiment (g)  

D: Overall feed degradation 

WRI: Waste Reduction Index 

 

RESULTS AND DISCUSSION 

This study was conducted by treating six-

day-old BSF larvae using F0, F7, and F14 feed 

media. Observations were made for 12 days, 

focusing on substrate consumption and 

waste reduction index. After observing and 

measuring substrate consumption, the 

results are presented in Table 1. 

Table 1. Average Substrate Consumption by BSF on Edamame Waste Feed Media  

Treatment N Average Substrate Consumption (%) 

F0 9 28,51±4,97a 

F7 9 41,61±6,73b 

F14 9 57,96±7,37c 

Based on the data in Table 1, it is shown that 

substrate fermentation treatment had a 

significant effect on the average substrate 

consumption. The average substrate 

consumption in F0 was 28.51 ± 4.97; in F7, it 

was 41.61 ± 6.73; and in F14, it was 57.96 ± 

7.37. F14 showed a higher average 

percentage of substrate consumption than 

F7 and F0, whereas F0 showed the lowest 

percentage compared to F7 and F14. This 

can be explained by the longer/optimal 

fermentation time on edamame waste, 

which caused the average percentage of 

substrate consumption to increase. The 

substrate fermentation can increase 

digestibility and palatability for BSF larvae 

so that substrate consumption is higher. This 

finding aligns with research by [17], which 

states that substrate fermentation with 

certain microorganisms can increase the 

consumption and growth of BSF larvae [18]. 

In addition, [19] reported that the duration 

of fermentation also affects the efficiency of 

substrate consumption by larvae, although it 

does not directly affect their nutritional 

content [19]. This indicates that the more 

optimal the fermentation process applied, 

the greater the larvae's ability to consume 

the substrate throughout the rearing period 

consistently.  

The study's results by [17] explained that 

fermented waste affects the amount of waste 
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consumption, whereas unfermented waste 

is 2.17. The variation of feed using EM4 

fermentation is 2.80, and the value of the 

variation of blood-fermented waste is 3.03 

[17]. The study's results conducted by [18] 

also explain the range of substrate 

consumption in BSF. The study's results 

obtained values that varied from 40.72% to 

72.05%. In the type of fermented waste, 100 

mg/larva/day (C1) has the highest value of 

72.05%, and the lowest value is 40.72% in 

carrot and radish waste, 200 mg/larva/day 

(B3) [18]. Both studies explain that it is 

directly proportional to the research results, 

where waste that received fermentation 

treatment was consumed more by BSF 

larvae. 

The substrate consumption pattern by BSF 

larvae is explained through a line diagram 

representing the amount of substrate 

consumption every three days during the 

12-day rearing period. The graph in Figure 1 

shows the differences in consumption levels 

in the three reactors used in the study. 

 
Figure 1. Substrate consumption by BSF on edamame waste feed media during 12 days of observation 

Based on Figure 1 regarding the graph of 

substrate consumption by BSF larvae for 12 

days, it can be seen that the substrate 

fermentation treatment affects the larval 

consumption pattern. The same pattern is 

observed in all treatment reactors (F0, F7, 

and F14), indicating that a decrease in 

substrate consumption percentage as the 

larval rearing period increases is closely 

related to the natural transition of larvae 

from the active phase to the prepupa phase. 

This is supported by [16], who reported that 

waste consumption peaked between days 5 

and 11 post-hatching when the larvae were 

still in the active feeding. The highest 

substrate consumption in reactors F0, F7, 

and F14 occurred on the third day of 

observation (the ninth day of larval 

hatching), with respective values of 51.1%, 

53.9%, and 64.9%. Substrate consumption 

values continued to decline until the 12th day 

of observation. These results are consistent 

with the findings of [20], who explained that 

as larvae approach the prepupal stages 
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(around days 14 to 18), they cease feeding 

and prepare for pupation.  

In addition to substrate consumption, this 

study also measures the waste reduction 

index (WRI). WRI is the ability of larvae to 

reduce the feed substrate over a specific 

time. The WRI measurement results in this 

study are presented in Table 2.  

Table 2. Average Results of the Duncan Test Waste Reduction Index 

Treatment  N Average Waste Reduction Index 

F0 9 2.37±0,41a 

F7 9 3.46±0,56b 

F14 9 4.83±0,61c 

Table 2 shows the results of the Duncan 

Advanced Test analysis, which shows 

significant differences between treatments 

in the effectiveness of waste reduction by 

BSF larvae. The table shows an increase 

along with the treatment given. The F0 

treatment has an average waste reduction 

index of 2.37 ± 0.41; in the F7 treatment, the 

average value increased to 3.46 ± 0.56. This 

increase is even more significant in the F14 

treatment, with the highest average waste 

reduction index, 4.48 ± 0.61. The increase in 

the waste reduction index value in each 

treatment in this study is in line with the 

results of previous studies, which also show 

that fermentation treatment on the 

substrate can increase the efficiency of waste 

consumption by BSF larvae. 

The results of the research are in line with 

the results of the research conducted. Their 

research explained that the value of each bait 

variation for BSF larvae, including organic 

waste, was 2.17. The feed variation using 

EM4 fermentation was 2.80, and the value of 

the blood fermentation waste variation was 

3.03 [17]. The study's results also explained 

that waste fermented for 7 days experienced 

, a reduction of 54.71%. Waste fermented for 

10 days reduced waste by 62.97%, while 

waste without fermentation experienced a 

reduction of 50.67% [19]. In a study by [21] 

BSF, larvae were cultured on various 

domestic waste substrates with variations in 

feed rates of 60, 80, and 100 mg/larva/day. 

The results showed that the highest 

substrate consumption occurred in a 

mixture of rice waste and cassava leaves 

with a feed rate of 60 mg/larva/day, 

resulting in a substrate consumption of 

65.82% and a WRI of 18.02%. This shows 

that adequate substrate consumption 

correlates with increased WRI [21]. From the 

explanation above, it can be concluded that 

the average waste reduction achieved by 

fermentation treatment was better than that 

of the control treatment. Fermentation 

treatment is thought to increase the 

palatability and digestibility of the substrate, 

thereby increasing larval feeding activity and 

accelerating the bioconversion process of 

organic waste. 
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The average waste reduction index 

measurement was used to measure BSF's 

ability to reduce edamame waste that 

received three treatments. The average 

reduction of edamame waste during 12 days 

of observation is shown in Figure 2. 

  
Figure 2. Waste reduction index from edamame by BSF during 12 days of observation 

Based on WRI data by BSF larvae during 12 

days of observation, in reactor F0, the WRI 

value on the third day of observation was 

17,04, then decreased to 5,97 on the sixth 

day of observation, then to 5,07 on the ninth 

day of observation, and further decreased to 

2,37 at the end of the observation period 

(day 12). The same pattern was also 

observed in the other two treatments (F7 

and F14), where the WRI value decreased as 

the rearing period for the larvae was 

prolonged. This is directly related to the 

physiological development phase of BSF 

larvae. In the early stages of rearing, young 

larvae exhibit high feeding activity. Then, in 

the middle phase, the larvae develop into 

prepupae, and their feeding rate decreases. 

In the final prepupa phase, the larvae stop 

feeding and become pupae. According to 

[16] the WRI, it reaches its optimal value 

when the larvae are in their active feeding 

stage. Furthermore, the efficiency of waste 

reduction begins to decline. 

The research result also indicates a direct 

relationship between substrate 

consumption and WRI value across all 

treatments, meaning that the higher the 

substrate consumption by the larvae, the 

higher the WRI values attained. This finding 

aligns with the research results, which 

indicate that the increase in substrate 

consumption by BSF larvae positively 

correlates with the WRI value, reflecting 

efficiency in the waste reduction process 

over a specific period [22]. In addition, it 

reported that the substrate fermentation 

process significantly increased the 

effectiveness of reducing biodegradable 

organic waste through a BSF larvae-based 

bioconversion system [19]. These two 

findings indicate that fermentation increases 

larval consumption and accelerates waste 
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decomposition, thus supporting more 

efficient organic waste management.   

The results of this study are also in line with 

research [23] that found that BSF larvae fed 

fermented fruit waste achieved a waste 

reduction of 46.25% [23]. These findings 

indicate that substrate modification, such as 

fermentation, can improve the efficiency of 

waste reduction by BSF larvae. These results 

are in line with the increasing trend of the 

waste reduction index that occurred during 

12 days of rearing, where substrate 

consumption is directly proportional to the 

level of waste reduction. The increase in 

substrate consumption by BSF larvae 

contributes to the increase in the rate of 

decomposition and utilization of nutrients in 

organic waste, which further accelerates the 

bioconversion process. To support this 

finding, further statistical analysis was 

conducted to test the differences in waste 

reduction indexes in various treatments. 

Duncan's test evaluated the significance of 

differences in the average WRI during 12 

rearing days. 

CONCLUSION 

Substrate fermentation treatment has been 

shown to significantly impact increasing 

substrate consumption, where larvae given 

substrate with longer fermentation (F14) 

showed the highest consumption compared 

to treatments F7 and F0. Substrate 

consumption by BSF larvae is directly 

proportional to the waste reduction index 

(WRI). The higher the substrate 

consumption, the greater the waste the 

larvae can reduce. This increase in 

consumption directly impacts the increased 

efficiency of waste reduction by larvae, as 

shown by the higher waste reduction index 

in treatments with longer fermentation. 

Fermentation treatment is thought to 

increase the palatability and digestibility of 

the substrate, thereby increasing larval 

feeding activity and accelerating the 

bioconversion process of organic waste. 
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