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The feed media content plays an essential role in the growth of BSF larvae; 
appropriate feed content will provide optimal growth for BSF larvae. 
Agricultural industrial waste contains high levels of protein, fiber, and 
carbohydrates, which play an essential role in the growth and nutrition of BSF 
larvae. This study aims to determine the effect of providing agricultural waste 
as feed on the relative growth rate, rate of degradation of organic waste, and 
the nutritional content of BSF biomass. This research is an experimental study 
using various levels of experiments from the Laboratory of Standardization 
and Industrial Services Center in Medan, Indonesia, using the SNI 01-2891-
1992 method, which consisted of ash content, carbohydrates, total fat, protein, 
and crude fiber. The results showed that the feed media's protein content 
would be more easily digested than the more complex carbohydrate and fiber 
content. It will increase protein content in feed media, giving a higher growth 
rate in larva BSF. The feed media with the highest protein content causes the 
feed media to be consumed more quickly, producing lower unconsumed feed 
residue and showing the highest degradation rate. The high protein content in 
the feed media can increase Proteobacteria bacteria and increase the protein 
bioconversion process in the intestines of BSF larvae. 
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1. Introduction 
The increase in public food consumption will be directly proportional to the increased volume of waste 
produced. Based on data from the Ministry of Environment and Forestry, 2020, Indonesia produced 32.82 
million tons per year of waste (Kementerian Lingkungan Hidup dan Kehutanan Republik Indonesia, 2020). 
There was an increase of 12.62% in the volume of waste generated compared to 2019, and this will become a 
severe problem if it is not accompanied by technology and good waste management. One of the organic waste 
processing technologies that can be used is the bioconversion of waste using the Black Soldier Fly (Hermetia 
illucens) insect. This technology has advantages in the form of low installation costs, environmental friendly, 
high rate of conversion of organic waste, the use of various types of organic waste as a source of protein, can 
be run in tropical climates (Kim et al., 2021), low Greenhouse Gases (GHG) emissions (Salam et al., 2022) 
and can increase income for the community (Handayani, 2021). This technology uses organic waste as a 
substrate for growth in the larval phase. The larvae will break down some organic wastes using their mouths 
and digestive enzymes to be converted into nutrients in the larva's body (Singh & Kumari, 2019). 

Several studies have been conducted to determine the effect of the type of substrate on the growth and nutrient 
content of the larvae (Raksasat et al., 2021), reported that a combination of water treatment waste and a palm 
kernel expeller with a ratio of 2:3 obtained the best larval weight of 46.99 mg/g due to the high protein content 
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in the Palm Kernel Expeller (PKE). The high fiber content in PKE decreased larval weight in the ratio of water 
treatment waste and palm kernel expeller 0:5 of 39.9 mg/g. Barbi et al. (2020) reported that a combination of 
fruit with high fiber, polyphenol, and carbohydrate content in a mixture of exotic fruit and melon gave the best 
larval weight and larval nutrient content (Barbi et al., 2020).  

Rahmi et al. (2020) reported that restaurant waste gave the best BSF larvae weight, length, and thickness 
compared to soybean and oil palm dregs (Rahmi et al., 2020). Yusuf et al. (2022) also reported that combining 
soybean dregs and coconut waste provided the highest protein content in BSF larvae at 48.60% compared to 
vegetable waste at 46.5% (Yusuf et al., 2022). In a study conducted (Syharizal et al., 2022), it was reported 
that palm kernel meal waste gave the most considerable larval weight of 673.67 g/4kg of the substrate and the 
highest protein content of 46.50% compared to the vegetable waste and coconut meal. 

One type of waste that can potentially be used as a feed medium for BSF larvae is agricultural industrial waste. 
Agricultural industrial waste has an excess value of high protein, fiber, and carbohydrates, which are suitable 
for the growth of BSF larvae. According to (Iriondo-dehond, 2020), coffee cascara waste has a high protein 
and carbohydrate content, reaching > 12% and 45%. Furthermore, according to (Susanti, 2006), soybean waste 
has a high protein content of up to 16%. The protein content in industrial and agricultural waste is higher than 
in vegetable waste, which is only around 0.7-11% (Barbi et al., 2020). Agricultural and industrial waste also 
has other advantages in the form of abundant availability and ease of obtaining. 

This study aims to determine the effect of giving agricultural waste as feed on the growth of BSF larvae and 
the rate of degradation of organic waste (Waste Reduction Index). Also, to determine the effect of using 
agricultural waste as feed on the nutritional content of BSF biomass. This study will use vegetable waste as a 
control or comparison medium with agricultural industrial waste media. Vegetable waste is used as a control 
medium because vegetable waste is generally used as a source of BSF feed by breeders. 
 
2. Method 
The research design aims to compare BSF, which is given different treatments based on the type of waste used 
as a growth medium. The independent variable in this study was the type of waste as a growth medium for 
larvae, which consisted of 4 treatments: 1) vegetable waste as the control group, 2) sugarcane bagasse, 3) 
coffee cascara, and 4) soybean waste. The dependent variables in this study were the relative growth rate and 
waste reduction index, as well as the nutritional content of the BSF biomass in the form of protein, fat, and ash 
content (Syharizal et al., 2022). 

BSF's nutritional content was analyzed at the Laboratory of Standardization and Industrial Services Center 
(BARISTAN) in Medan City using the SNI 01-2891-1992 method. The weight, length, and thickness of BSF 
larvae were measured directly at the study site. Soybean dregs were obtained from one of the soymilk industries 
in Medan. Sugarcane bagasse is obtained from the PTPN II sugar processing industry. Cascara coffee is 
obtained from the coffee processing process in Takengon, Central Aceh. BSF seeds were obtained from one 
of the BSF breeders in the Medan Tembung sub-district, Medan City. 

This study uses three repetitions with four treatments. Table 1 shows the content of waste in each treatment. 
The rate of degradation waste is calculated using the ratio of waste that is not consumed (Waste Reduction 
Index). 
 

Table 1. Waste content in each treatment 
Treatment Content (%) 

VW SD SB CC 
P0 100 - - - 
P1 70 30 - - 
P2 - 30 70 - 
P3 - 30 - 70 

 
Description 
VW : Vegetable Waste 
SD : Soybean Dregs 
SB : Sugarcane Bagasse 
CC : Cascara Coffee 
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2.1. Research Procedure 
The BSF eggs are placed in a hatching plastic container with gauze at this stage. The container is placed in an 
incubation room with a temperature of 27oC-28oC and humidity of 60-70% for four days. In the next stage, 
controlling larvae, eggs that have hatched are then transferred to enlargement media by being fed vegetable 
waste before treatment until the larvae are six days old (Kim et al., 2021). 

Larvae that were six days old were then transferred to each growth medium. The total weight of the larvae in 
each medium reached 10g. The ratio of the amount of substrate in each medium is 150 mg/lv/day. Productivity 
measurement in the form of growth rate in wet products was carried out in the larval phase for 21 days with 
an interval of 3 days. The measured growth rates were weight and length of larvae, mortality, and waste 
degradation rates. Larvae that have turned into pupal phases aged 27 days are separated and cleaned using 
water. In the dry product in the form of pupa, the nutrient content in the BSF pupa biomass was measured 
(Prawanto, 2021). 

3. Result And Discussion 
3.1. Characteristics of Agro-industrial Waste 
A proximate analysis of each agro-industrial waste was carried out to determine each feed medium's nutritional 
content. This study's proximate content analysis consisted of tests for ash content, moisture content, 
carbohydrates, total fat, protein, and crude fiber. 

Table 2. Nutritional content in each waste 

Parameter Nutrional Content (%) 
VW SD SB CC 

Protein 6,31 18,20 nd nd 
Fibre 84,07 57,42 69,68 77,68 
Fat 6,85 18,20 0,03 7,88 
Ashes 2,77 18.20 6,22 12,31 
Carbohydrate nd 4,16 24,07 2,12 

Description  
nd  : not detected 

 
Table 3. Nutritional content in each substrate 

Parameter Nutrional Content (%) 
P0 P1 P2 P3 

Protein 6,31 9,87 5,46 5,47 
Fibre 84,07 76,08 66,00 71,60 
Fat 6,85 10,25 5,48 10,98 
Ashes 2,77 2,55 4,96 9,22 
Carbohydrate nd 1,25 18,10 2,73 

Description  
nd  : not detected 
 
Table 2 shows that the highest protein content was found in treatment P1 in a mixture containing vegetable 
waste and soybean dregs. This is due to the high protein content in soybean dregs and vegetable waste (table 
2), while no protein content was detected in other waste. The highest fat content was found in the P3 treatment 
on a mixture of cascara coffee and soybean dregs. The results found that the high-fat content was due to 
vegetable waste, and coffee cascara had the highest fat content compared to other waste (table 3). 
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3.2. The Effect of Agro-Industry Waste on Average Length and Weight of BSF Larvae 
The results show in Table 4 that treatments P0 (24,30 mm) and P1 (23,63 mm) gave the best larval lengths. 
However, the length of larvae produced by P1 was not significantly different (P>0.05) compared to treatment 
P0. 

Table 4. Average larva length and weight in each treatment 
Treatment Average larva length (mm) Average larva weight (g) 

P0 24,30b 0,53b 
P1 23,63b 0,52b 
P2 17,43a 0,41a 
P3 19,23a 0,40a 

Figure 1 shows the growth in larval length in each treatment at the beginning of growth (3 days). It was found 
that P1 and P3 showed the highest growth in larval length, with an average larval length of 13.90 and 13.67 
mm. In comparison, the lowest larval length growth at the beginning of growth was found in the P0 treatment 
of 13.05 mm. 

At six days of observation, there was a significant increase in larval length growth in treatments P0 and P1, 
with an average larval length of 16.20 and 18.87 mm. Significant growth increases at P0 and P1 also occurred 
at 15 days of observation, and then the increase tended to be lower entering 18 days. In treatment P2 and P3, 
there was an increase in larval length growth, which was lower than P0 and P1 at observation 3-21 days. The 
highest average length of larvae was found in treatment P0, with a larval length of 24.30 mm, while the lowest 
larval length was obtained in treatment P2 at 17.43 mm. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Growth average length of larvae in each treatment 

The increase in larval length growth at the beginning of growth in treatments P1 and P3 could be due to the 
high total fat content in both treatments. The same results were obtained by (Li et al., 2014), where the feed 
medium with a high-fat content showed a better length of Chrysomya megacephala larvae at the start of growth 
(32-48 hours). These results are supported by research conducted by (Oddon et al., 2022), where the need for 
fat is greater at the start of the growth of BSF larvae. The highest length growth was found in treatments P0 
and P1, where the two treatments had the highest protein content. The same results were reported by (Kieβling 
Franke, 2023), where the content of feed media with higher protein showed better growth of BSF larvae at a 
growth time of 8-18 days. 

The results show in Table 3 that treatments P0 (0.53 g) and P1 (0,52) gave the best larvae weights, but from 
the results, it was also found that the weight of larvae produced in treatment P0 was not significantly different 
(P>0.05) compared to treatment P1. 

The growth of the average weight of the larvae in each treatment obtained an average value of the larvae, 
which was not too significant at the beginning of the observation (3 days). At six days of observation, it can 
be seen that there was a significant increase in average larval weight in treatments P0 and P1. In the P0 
treatment, it could be seen that there was a significant increase in the average weight of the larvae on the 12th 
to the 18th day, and then there was no change in the weight of the larvae at the end of the experiment. In 
treatment P1, there was a significant increase in the average weight of the larvae from day 15 until the end of 
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the experiment. The highest average weight of larvae was obtained in treatment P0 of 0.53 g, while the lowest 
average weight of larvae was obtained in treatment P3 of 0.40 g. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Growth average weight of larvae in each treatment 

The highest average weight of larvae was found in treatments P0 and P1, possibly due to the two treatments 
having the highest protein content of 6.31 and 9.87%. The same results were reported by (Rahmi et al., 2020), 
where a high protein content in the feed media will result in a higher average weight of BSF larvae. The results 
of the study are supported by research conducted by (Holeh et al., 2022), where the higher protein content in 
the mixture of hotel and domestic waste shows the highest average weight of larvae compared to the mixture 
of hotel waste with lower protein content in the feed media. According to (Tschirner Simon, 2015), the protein 
content in the feed media will be more easily digested than the more complex carbohydrate and fiber content. 
It will result in better larval weight growth. 

3.3. The Effect of Agro-Industry Waste on the Viability of BSF Larvae 
From Table 5, it can be seen that treatment P2 gave the lowest larval survival value of 86.67%. The test results 
showed a significant difference (P<0.05) in feeding with treatment P2 on larval survival compared to other 
treatments. 

Table 5. Viability of larvae 
Parameter Treatment 

P0 P1 P2 P3 
Moisture content in substrate (%) 68,60 75,35 71,01 90,05 
Viability (%) 97,00b 96,67b 86,67a 94,00b 

Table 5 shows that the highest larvae survival was obtained in the P0 treatment, 97.00%, and the lowest larval 
survival was obtained in the P2 treatment, 86.67%. According to (Bekker et al., 2021), water content plays an 
essential role in larval viability, where high water content causes lower larval viability. The results of this study 
are supported by research conducted (Yakti et al., 2023), where the high water content in the feed media causes 
a decrease in the viability of BSF larvae. 

A different study (Broeckx et al., 2021) reported that the high water content in domestic food waste resulted 
in lower BSF larvae survival compared to chicken manure with lower water content. However, the results 
obtained in the P3 treatment had the highest water content of 90.05% and better larval survival than the P2 
treatment of 71.01%. In addition to water content, several other factors influence larval survival, such as 
temperature, light intensity, and mineral content in the feed, which were not variables in the study. Further 
research is needed to determine other factors that play an essential role in larval survival. 

3.4. The Effect of Agro-Industry Waste on the Specific Growth Rate 
From Table 6, it can be seen that treatments P0 and P1 provide the best relative growth rate values, but from 
the results, it is found that there is no significant difference (P>0.05) in treatment P0 compared to P1. 
 

Table 6. Specific growth rate larvae 

Parameter Treatment 
P0 P1 P2 P3 

SGR (g/day) 0,058b 0,055b  0,033a 0,032a 
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Table 6 shows the relative growth rate in each treatment; the highest relative growth rate was obtained in the 
P0 and P1 treatments of 0.058 and 0.055 g/day. Furthermore, the lowest relative growth rate was obtained in 
the P3 treatment of 0.32 g/day.The relatively high growth rates in the P0 and P1 treatments could be due to the 
high protein content in both treatments. High protein content will increase the average weight of the larvae. 
This is evidenced by the highest average weight of larvae obtained in treatments P0 and P1. At P2 and P3, 
relatively low growth rates were obtained due to the low protein content in the two treatment samples.  

The high ash content also plays an essential role in increasing the relative growth rate, where the P0 and P1 
treatments show lower ash content than P2 and P3. The results of this study are supported by research 
conducted (Fitriana et al., 2021), where the high protein content in chicken feed causes a higher growth rate 
for BSF larvae compared to vegetable and manure waste. The same research results were reported by (Meneguz 
et al., 2018), where the high protein content in the waste of the brewing and wine industry increased the growth 
rate of BSF larvae compared to the vegetable waste feed media. 

3.5. The Effect of Agro-Industry Waste on the Waste Reduction Index 
The most extensive waste reduction index (WRI) value was obtained in treatment P1 at 68.30%, as seen in 
Table 7; the lowest WRI value was obtained in treatment P3 at 22.80%. The residue produced comes from 
unconsumed feed and excretion. The composition of the feed will affect the speed of digestion of the BSF 
larvae; in the P0 and P1 treatments, which consist of vegetable waste and soybean waste, which contain high 
protein and fat, this causes the feed media to be consumed more quickly and produces lower unconsumed feed 
residue. 

Table 7. Waste reduction index 

Parameter Treatment 
P0 P1 P2 P3 

WRI (%/day) 3,02 3,33 0,71 1,02 
 
The P2 and P3 treatments consisted of bagasse and coffee cascara, which had high carbohydrate and fiber 
content. This causes a lower level of feed consumption and produces more significant feed residues than P0 
and P1. The same results were obtained by (Meneguz et al., 2018), where the higher protein content in beer 
processing effluent increased WRI than vegetable waste with lower protein content. Broeckx et al. (2021) also 
reported that the high protein content in the feed media for domestic food waste resulted in a higher WRI value 
than vegetable waste, animal manure waste, and corn flour (Broeckx et al., 2021). 

3.6. The Effect of Agro-Industry Waste on the Nutritional Content of Larvae 
The nutritional content of BSF larvae is very dependent on the nutritional content of the feed media provided. 
Analysis of the nutritional content of BSF larvae consisted of fat, protein, ash, and water content. Analysis of 
nutrient content was carried out on fresh BSF larvae (Fresh Matter) at 21 days of BSF larvae. 

The highest protein content was obtained in the P1 treatment of 12.2%. The lowest protein content was 
obtained in the P3 treatment of 7.06%. This could be due to the high protein content in the P1 treatment. The 
protein bioconversion process occurs in insects' gut through enzymatic processes with the help of protease 
enzymes. Protease enzymes can be produced by the larval gut or obtained through Bacteroides and 
Proteobacteria microbes from feed sources. Increasing protein in feed sources can increase Proteobacteria 
bacteria and increase the protein bioconversion process in the intestines of BSF larvae (Klammsteiner et al., 
2020). 

Table 8. Nutritional content of larvae 
Parameter Nutrional Content (%) 

P0 P1 P2 P3 
Protein 7,12 12,2 7,53 7,06 

Fat 3,3 3,61 1,39 3,69 
Ashes 3,21 2,75 2,9 2,8 

Moisture 85 79 78,7 86,4 
 
The results of this study are supported by research conducted (Kahar et al., 2020); here, the high protein content 
in soybean dregs causes a higher protein content in BSF larvae compared to vegetable dregs. A different study 
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(Syharizal et al., 2022) also reported that a high protein content in a mixture of Palm kernel meal resulted in a 
higher protein content in BSF larvae than in a mixture of coconut and cabbage waste. 

Analysis of BSF larvae fat found that the highest fat content was found in the P3 treatment at 3.69%, and the 
lowest fat content was obtained in the P2 treatment at 1.39%. This could be due to the highest fat content 
obtained in the P3 treatment of 10.98%. The P3 treatment consisted of soybean and coffee dregs with the 
highest fat content compared to vegetable and sugar cane dregs. The bioconversion of fatty acids in the larvae 
consists of a glycolysis process by converting fatty acid compounds as triglycerides into Acetyl CoA 
compounds. These compounds are then converted into shorter fatty acids through an oxidation process and can 
be used as energy or accumulated in the bodies of BSF larvae (Hoc et al., 2020). The same results were reported 
by (Syharizal et al., 2022), where the high-fat content in the coconut dregs mixture caused a high-fat content 
in BSF larvae. Raksasat et al. (2021) reported that the ratio of Palm Kernel Expeller, which contains high fatty 
acids, resulted in a higher fat yield in BSF larvae (Raksasat et al., 2021). 

4. Conclusion 
The results showed that the soybean vegetable waste mixture had the highest relative growth rates of 0.058 
and 0.55 g/day. The vegetable and soybean waste mixture shows the highest Waste Reduction Index value of 
3.02%/day. The high protein content of a mixture of soybean dregs and vegetable waste produces the highest 
% protein composition in BSF larvae, namely 12.2%. The high-fat content in the mixture of soybean dregs and 
cascara coffee resulted in the highest fat composition in BSF larvae, namely 3.69%. 

5. Acknowledgments 
1) Dr. Ir. Ma'ruf Tafsin M.Si, IPM as Supervisor, and Ibu Dr. Ir. Fatimah, MT Co-Supervisor, who has 

provided support, direction, and guidance for this research so the author can complete this thesis. 
2) ⁠Liana Dwi Sri Hastuti, S.Si, M.Si, Ph.D. and Dr. T. Alief Aththorick, S.Si, M.Si as Examiner I and II, 

who has given advice and suggestions for this research so the author can develop this thesis. 
3) ⁠The reviewers of JEDS (Journal of Environmental and Developments Studies) Universitas Sumatera 

Utara have contributed to the peer review of the manuscripts in this issue. Professional support and 
assistance from all respected reviewers have qualified this journal to be published. 

 
References 
Barbi, S., Macavei, L. I., Fuso, A., Luparelli, A. V., Caligiani, A., Ferrari, A. M., Maistrello, L., & Montorsi, 

M. (2020). Valorization of seasonal agri-food leftovers through insects. Science of the Total 
Environment, 709, 136209. https://doi.org/10.1016/j.scitotenv.2019.136209 

Bekker, N. S., Heidelbach, S., Vestergaard, S. Z., Nielsen, M. E., Riisgaard-jensen, M., Zeuner, E. J., 
Bahrndorff, S., & Eriksen, N. T. (2021). Impact of substrate moisture content on growth and metabolic 
performance of black soldier fly larvae. Waste Management, 127, 73–79. 
https://doi.org/10.1016/j.wasman.2021.04.028 

Broeckx, L., Frooninckx, L., Slegers, L., Berrens, S., Noyens, I., Verheyen, G., Wuyts, A., Miert, S. Van, & 
Goossens, S. (2021). Growth of Black Soldier Fly Larvae Reared on Organic Side-Streams. 
Sustainability, 13(12953). https://doi.org/10.3390/su132312953 

Fitriana, E. L., Baconi, E. B., & Jayanegara, A. (2021). Influence of various organic wastes on growth 
performance and nutrient composition of black soldier fly larvae ( Hermetia illucens ): A meta- analysis 
Influence of various organic wastes on black soldier fly growth performance and nutrient composition. 
The 3rd International Conference of Animal Science and Technology, 788. 
https://doi.org/10.1088/1755-1315/788/1/012051 

Handayani, D. (2021). Management of increasing economic value of organic waste with Maggot cultivation. 
Journal of Enviromental Science and Sustainable Development Symposium, 1(716). 
https://doi.org/10.1088/1755-1315/716/1/012026 

Hoc, B., Genva, M., Fauconnier, M. L., Lognay, G., Francis, F., & Caparros Megido, R. (2020). About lipid 
metabolism in Hermetia illucens (L. 1758): on the origin of fatty acids in prepupae. Scientific Reports, 
10(1), 1–9. https://doi.org/10.1038/s41598-020-68784-8 

Holeh, G. M., Opiyo, M. A., Brown, C., & Sumbule, E. (2022). Effect of different waste substrates on the 
growth , development and proximate composition of black soldier fly ( Hermetia illucens ) larvae. July, 
0–11.  

Iriondo-dehond, A., & Iriondo-dehond, M. (2020). Applications of Compounds from Coffee Processing By-
Products. Biomolecules, 10(1219). https://doi.org/10.3390/biom10091219 

https://doi.org/10.1016/j.scitotenv.2019.136209
https://doi.org/10.1016/j.wasman.2021.04.028
https://doi.org/10.3390/su132312953
https://doi.org/10.1088/1755-1315/788/1/012051
https://doi.org/10.1088/1755-1315/716/1/012026
https://doi.org/10.1038/s41598-020-68784-8
https://doi.org/10.3390/biom10091219


Journal of Environmental and Development Studies Vol.05, No.01 (2024) 001–010 8 

Kahar, A., Busyairi, M., Sariyadi, Hermanto, A., & Ristanti, A. (2020). Biocinversion Of Municipal Organic 
Waste Using Black Soldier Fly Larvae Into Compost And Liquid Organic Fertilizer. Konversi, 9(2), 35–
40. https://doi.org/10.20527/k.v9i2.9176 

Kementerian Lingkungan Hidup dan Kehutanan Republik Indonesia. (2020). Status Lingkungan Hidup dan 
Kehutanan 2020. 

Kieβling, M., & Franke, K. (2023). Relationship between substrate composition and larval weight : a simple 
growth model for black soldier fly larvae Abstract. Journal of Insects as Food and Feed, 1–10. 
https://doi.org/10.3920/JIFF2022.0096 

Kim, C., Ryu, J., Lee, J., Ko, K., Lee, J., Park, K. Y., & Chung, H. (2021). Use of Black Soldier Fly Larvae 
for Food Waste Treatment and Energy Production in Asian Countries : A Review. Processes, 9(161), 
1–17. https://doi.org/10.3390/pr9010161 

Klammsteiner, T., Walter, A., Bogataj, T., Heussler, C. D., Stres, B., Steiner, F. M., Schlick-Steiner, B. C., 
Arthofer, W., & Insam, H. (2020). The Core Gut Microbiome of Black Soldier Fly (Hermetia illucens) 
Larvae Raised on Low-Bioburden Diets. Frontiers in Microbiology, 11(May), 1–14. 
https://doi.org/10.3389/fmicb.2020.00993 

Li, X., Yang, Y., Li, G., Li, H., Wang, Q., & Wan, L. (2014). The Effect of Dietary Fat Levels on the Size and 
Development of Chrysomya megacephala (Diptera : Calliphoridae ). Journal Insect Science, 14(174), 
1–5. https://doi.org/10.1093/jisesa/ieu036 

Meneguz, M., Gasco, L., & Tomberlin, J. K. (2018). Impact of pH and feeding system on black soldier fly ( 
Hermetia illucens , L ; Diptera : Stratiomyidae ) larval development. PLoS ONE, 13(8), 1–15. 
https://doi.org/10.1371/journal.pone.0202591 

Oddon, S. B., Biasato, I., Resconi, A., & Gasco, L. (2022). Determination of lipid requirements in black soldier 
fly through semi ‑ purified diets. Scientific Reports, 12(10922), 1–11. https://doi.org/10.1038/s41598-
022-14290-y 

Prawanto, A. (2021). The Effectiveness of Maggot (Hermetia Illucens) Growth in Various Growing Media. 
Indonesian Journal of Agricultural Research, 04(03), 219–226. https://doi.org/ 
10.32734/injar.v4i3.7155 

Rahmi, F. A., Yamin, M., & Sasaerila, Y. (2020). Effect of Different Organic Wastes on the Growth of Black 
Soldier Fly Effect of Different Organic Wastes on the Growth of Black Soldier Fly ( Hermetia illucens 
) Larvae. Advances in Biological Sciences Research, 8(January). 
https://doi.org/10.2991/absr.k.200513.019 

Raksasat, R., Kiatkittipong, K., Kiatkittipong, W., Wong, C. Y., Lam, M. K., Ho, Y. C., Oh, W. Da, Suryawan, 
I. W. K., & Lim, J. W. (2021). Blended sewage sludge–palm kernel expeller to enhance the palatability 
of black soldier fly larvae for biodiesel production. Processes, 9(2), 1–13. 
https://doi.org/10.3390/pr9020297 

Salam, M., Shahzadi, A., Zheng, H., Alam, F., & Bilal, M. (2022). Environmental Technology & Innovation 
Effect of different environmental conditions on the growth and development of Black Soldier Fly Larvae 
and its utilization in solid waste management and pollution mitigation. Environmental Technology & 
Innovation, 28, 102649. https://doi.org/10.1016/j.eti.2022.102649 

Singh, A., & Kumari, K. (2019). An inclusive approach for organic waste treatment and valorisation using 
Black Soldier Fly larvae : A review. Journal of Environmental Management, 251(September), 109569. 
https://doi.org/10.1016/j.jenvman.2019.109569 

Syharizal, Ediwarman, Safratilofa, & Ridwan, M. (2022). Analysis of the use of media resulting from 
bioconversion of organic waste in the production of maggots BSF ( black soldier fly ). Jurnal Akuakultur 
Indonesia, 21(1), 1–10. https://doi.org/10.19027/jai.21.1.1-10 

Tschirner, M., & Simon, A. (2015). Influence of different growing substrates and processing on the nutrient 
composition of black soldier fly larvae destined for animal feed Influence of different growing substrates 
and processing on the nutrient composition of black soldier fly larvae dest. Journal of Insects as Food 
and Feed, June. https://doi.org/10.3920/JIFF2014.0008 

Yakti, W., Muller, M., Klost, M., & Mewis, I. (2023). Physical Properties of Substrates as a Driver for 
Hermetia illucens (L.) (Diptera: Stratiomyidae) Larvae Growth. Insects, 14(226). 
https://doi.org/10.3390/insects14030266 

Barbi, S., Macavei, L. I., Fuso, A., Luparelli, A. V., Caligiani, A., Ferrari, A. M., Maistrello, L., & Montorsi, 
M. (2020). Valorization of seasonal agri-food leftovers through insects. Science of the Total 
Environment, 709, 136209.  

Bekker, N. S., Heidelbach, S., Vestergaard, S. Z., Nielsen, M. E., Riisgaard-jensen, M., Zeuner, E. J., 
Bahrndorff, S., & Eriksen, N. T. (2021). Impact of substrate moisture content on growth and metabolic 

https://doi.org/10.20527/k.v9i2.9176
https://doi.org/10.3920/JIFF2022.0096
https://doi.org/10.3390/pr9010161
https://doi.org/10.3389/fmicb.2020.00993
https://doi.org/10.1093/jisesa/ieu036
https://doi.org/10.1371/journal.pone.0202591
https://doi.org/10.1038/s41598-022-14290-y
https://doi.org/10.1038/s41598-022-14290-y
https://doi.org/10.2991/absr.k.200513.019
https://doi.org/10.3390/pr9020297
https://doi.org/10.1016/j.eti.2022.102649
https://doi.org/10.1016/j.jenvman.2019.109569
https://doi.org/10.19027/jai.21.1.1-10
https://doi.org/10.3920/JIFF2014.0008
https://doi.org/10.3390/insects14030266


Journal of Environmental and Development Studies Vol.05, No.01 (2024) 001–010 9 

performance of black soldier fly larvae. Waste Management, 127, 73–79.  
Broeckx, L., Frooninckx, L., Slegers, L., Berrens, S., Noyens, I., Verheyen, G., Wuyts, A., Miert, S. Van, & 

Goossens, S. (2021). Growth of Black Soldier Fly Larvae Reared on Organic Side-Streams. 
Sustainability, 13(12953). 

Fitriana, E. L., Baconi, E. B., & Jayanegara, A. (2021). Influence of various organic wastes on growth 
performance and nutrient composition of black soldier fly larvae ( Hermetia illucens ): A meta- analysis 
Influence of various organic wastes on growth performance and nutrient composition of black soldier 
fly. The 3rd International Conference of Animal Science and Technology, 788.  

Handayani, D. (2021). Management of increasing economic value of organic waste with Maggot cultivation. 
Journal of Enviromental Science and Sustainable Development Symposium, 1(716).  

Hoc, B., Genva, M., Fauconnier, M. L., Lognay, G., Francis, F., & Caparros Megido, R. (2020). About lipid 
metabolism in Hermetia illucens (L. 1758): on the origin of fatty acids in prepupae. Scientific Reports, 
10(1), 1–9.  

Holeh, G. M., Opiyo, M. A., Brown, C., & Sumbule, E. (2022). Effect of different waste substrates on the 
growth , development and proximate composition of black soldier fly ( Hermetia illucens ) larvae. July, 
0–11. 

Iriondo-dehond, A., & Iriondo-dehond, M. (2020). Applications of Compounds from Coffee Processing By-
Products. Biomolecules, 10(1219). 

Kahar, A., Busyairi, M., Sariyadi, Hermanto, A., & Ristanti, A. (2020). Biocinversion Of Municipal Organic 
Waste Using Black Soldier Fly Larvae Into Compost And Liquid Organic Fertilizer. Konversi, 9(2), 35–
40.  

Kementerian Lingkungan Hidup dan Kehutanan Republik Indonesia. (2020). Status Lingkungan Hidup dan 
Kehutanan 2020. 

Kieβling, M., & Franke, K. (2023). Relationship between substrate composition and larval weight : a simple 
growth model for black soldier fly larvae Abstract. Journal of Insects as Food and Feed, 1–10.  

Kim, C., Ryu, J., Lee, J., Ko, K., Lee, J., Park, K. Y., & Chung, H. (2021). Use of Black Soldier Fly Larvae 
for Food Waste Treatment and Energy Production in Asian Countries : A Review. Processes, 9(161), 
1–17. 

Klammsteiner, T., Walter, A., Bogataj, T., Heussler, C. D., Stres, B., Steiner, F. M., Schlick-Steiner, B. C., 
Arthofer, W., & Insam, H. (2020). The Core Gut Microbiome of Black Soldier Fly (Hermetia illucens) 
Larvae Raised on Low-Bioburden Diets. Frontiers in Microbiology, 11(May), 1–14.  

Li, X., Yang, Y., Li, G., Li, H., Wang, Q., & Wan, L. (2014). The Effect of Dietary Fat Levels on the Size and 
Development of Chrysomya megacephala (Diptera : Calliphoridae ). Journal Insect Science, 14(174), 
1–5.  

Meneguz, M., Gasco, L., & Tomberlin, J. K. (2018). Impact of pH and feeding system on black soldier fly ( 
Hermetia illucens , L ; Diptera : Stratiomyidae ) larval development. PLoS ONE, 13(8), 1–15. 

Oddon, S. B., Biasato, I., Resconi, A., & Gasco, L. (2022). Determination of lipid requirements in black soldier 
fly through semi ‑ purified diets. Scientific Reports, 12(10922), 1–11.  

Prawanto, A. (2021). The Effectiveness of Maggot (Hermetia Illucens) Growth in Various Growing Media. 
Indonesian Journal of Agricultural Research, 04(03), 219–226.  

Rahmi, F. A., Yamin, M., & Sasaerila, Y. (2020). Effect of Different Organic Wastes on the Growth of Black 
Soldier Fly Effect of Different Organic Wastes on the Growth of Black Soldier Fly ( Hermetia illucens 
) Larvae. Advances in Biological Sciences Research, 8(January).  

Raksasat, R., Kiatkittipong, K., Kiatkittipong, W., Wong, C. Y., Lam, M. K., Ho, Y. C., Oh, W. Da, Suryawan, 
I. W. K., & Lim, J. W. (2021). Blended sewage sludge–palm kernel expeller to enhance the palatability 
of black soldier fly larvae for biodiesel production. Processes, 9(2), 1–13. 
https://doi.org/10.3390/pr9020297 

Salam, M., Shahzadi, A., Zheng, H., Alam, F., & Bilal, M. (2022). Environmental Technology & Innovation 
Effect of different environmental conditions on the growth and development of Black Soldier Fly Larvae 
and its utilization in solid waste management and pollution mitigation. Environmental Technology & 
Innovation, 28, 102649.  

Singh, A., & Kumari, K. (2019). An inclusive approach for organic waste treatment and valorisation using 
Black Soldier Fly larvae : A review. Journal of Environmental Management, 251(September), 109569.  

Syharizal, Ediwarman, Safratilofa, & Ridwan, M. (2022). Analysis of the use of media resulting from 
bioconversion of organic waste in the production of maggots BSF ( black soldier fly ). Jurnal Akuakultur 
Indonesia, 21(1), 1–10.  

Tschirner, M., & Simon, A. (2015). Influence of different growing substrates and processing on the nutrient 



Journal of Environmental and Development Studies Vol.05, No.01 (2024) 001–010 10 

composition of black soldier fly larvae destined for animal feed Influence of different growing substrates 
and processing on the nutrient composition of black soldier fly larvae dest. Journal of Insects as Food 
and Feed, June.  

Yakti, W., Muller, M., Klost, M., & Mewis, I. (2023). Physical Properties of Substrates as a Driver for 
Hermetia illucens (L.) (Diptera: Stratiomyidae) Larvae Growth. Insects, 14(226). 

Yusuf, M., Putra, M., Arifuddin, M., Wahyu, L., & Eka, R. (2022). Effects of aeration rate and feed on growth 
, productivity and nutrient composition of black soldier fly ( Hermetia illucens L .) larvae. Journal of 
Asia-Pacific Entomology, 25(2), 101902. https://doi.org/10.1016/j.aspen.2022.101902 

 

https://doi.org/10.1016/j.aspen.2022.101902

	ABSTRACT

