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ABSTRACT 

 

Black Soldier Fly (BSF) larvae (Hermetia illucens (L., 1758)) is recently applied as a bioconversion agent 

to manage organic wastes. However, one major limiting factor to the application on a large scale is the high 

mortality rate of young larvae. Studies showed that the genetic makeup and nutrition could influence the 

mortality rate of insect larvae. In this study, the effect of strains and substrate on the mortality rate of the 

early larval stage of BSF was observed. Black soldier fly eggs originated from 4 locations in Indonesia 

(Bogor, Ciamis, Sidoarjo, and laboratory colony). They were kept on the five substrates (fish fed, fish mill, 

tofu dreg, fruit, and vegetables). The total number of larvae after seven days of feeding treatment was 

observed. This study showed that the BSFL group fed with vegetables had the lowest survival rate (2.6 %) 

while the highest was found for fish feed (12.5 %). On the other hand, larva hatched from Ciamis and 

Sidoarjo showed the lowest survival rate (less than 5 %) while Bogor showed the highest (more than 13 

%). A production system using more nutrition balance and environmentally suitable strains could lower 

early larva stage mortality, which improves the economic viability of BSFL production. 
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INTRODUCTION  
 

One significant and growing environmental problem is waste produced from economic activities. Organic 

wastes are considered the most dominant wastes that mostly end in landfills or water bodies and are burned 

[1, 2]. However, most of these methods produce a significant environmental problem due to the release of 

greenhouse gases and carbon, which are also responsible for altering the ecosystem balance, i.e. producing 

alga bloom [3, 4]. Traditional efforts to reduce organic waste include composting through composting, 

aerobic and anaerobic fermentation and animal feed. However, there are concerns about the rate and final 

products produced, legal aspects, and sustainability of the activities [5-9].  

 

In recent years, another attempt to upcycle the organic waste has been made by applying the 

bioconversion concept by microfauna and macrofauna as decomposers [10, 11]. Black soldier fly (BSF) 

(Hermentia illucens (L., 1758) Diptera: Stratiomydae) is known worldwide as one of the biological agents 

applied to convert the biodegradable wastes into biomass high in protein and lipid [12-15], which is 

applicable as part of animal feed and another industrial need [16, 17] and the process is relatively 

inexpensive and straightforward [18-20]. Unlike other insect species, this species can be kept in a container 

and reared in a closed ecosystem, making it one of the conversion processes of biodegradable wastes by 

BSF larvae that applies from small-scale to an industrial level [21, 22]. 

 

One of the most critical but neglected factors related to the continuity of bioconversion activities is 

the mortality rate of the early larval stage. Most studies focused on the later stage of larval mortality rate 

(starting from 7-days old), which is affected by substrate, rearing, and environmental condition [23, 24]. 

Lack of information on the BSF neonate (newly hatched) larva mortality may be responsible for miss 

judgment on the larval density and rate of the substrate application that affects the productivity of BSF 

larvae biomass production [25, 26]. On the other hand, studies on other insect species showed that substrate 

and genetic makeup affect the neonate mortality rate [27, 28]. Based on this information, the study was 

designed to assess the influence of substrate and egg origin on the mortality rate of BSF neonates. 

 

 

EXPERIMENTAL 

 

 
Study Area 

 

The study was conducted at the Laboratory of Entomology of Ganesa Campus of Institut Teknologi 

Bandung, Indonesia. Specimen kept in the room with RH between 70-90 %, temperature between 28-32 oC 

(measured by digital Thermometer and Hygrometer on a daily based), and photoperiod 12:12 hours.  

 

 

Black Soldier Fly 

 

The black soldier fly used in this study originated from four areas, (1) the population originated from the 

Bandung area kept in the Laboratory of Entomology, School of Life Sciences and Technology, Ganeca 
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Campus of Institut Teknologi Bandung (Google map -6.889044145118191, 107.60947700000001) (2) 

commercial eggs provided by a private company  located in Bogor, West Java, (3) commercial eggs 

provided by small scale BSF farm in Ciamis West Java (Google map -7.118014655991642, 

108.20904567732289), and (4) commercial eggs provided by a private company (Waste4Change) located 

in Sidoarjo area, East Java (Google map -7.36896138701221, 112.68480775397467) (Figure 1) 

 

 

 
 

Figure 1: Location of Black Soldier Fly egg origin used in the present study 

 

 

Substrate 

 

Neonates (less than one-day-old larvae) were provided with five types of the substrate as feeding material, 

(1) Commercial fish feed, (2) Fish meal purchased from a local pet shop, (3) Tofu dreg provided by a local 

tofu maker, (4) Fruit (Papaya) purchased from the local market, and (5) Vegetables (Cabbage) purchased 

from the local market. All substrates except tofu dreg and fish meal were mashed by a food processor and 

mixed with water to the moisture level of 70 % (W/W). On the other hand, tofu dreg and fish meal were 

mixed directly with water to a moisture level of 70 % (W/W). The nutrient content of each substrate was 

based on information on the package and available literature (Table 1). 

 

 
Table 1: Nutrient content of substrates 

 

 Protein (%) Carbohydrate (%) Fat (%) Fibre (%) Reference 

Vegetable 

(Cabbage) 

2.86 4.67 0.42 3.2 USDA, 2018 

Commercial 

fish feed    

31 N/A 5 6 Factory label 

Fish meal 64.1 8.5 6.5 0.8 Milamena et al. 

2002 

Fruit (Papaya) 0.47 10.28 0.26 1.7 USDA, 2018 

Tofu dreg 32 26.92 5.54 16.53 Nugrahani, 

2018 
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Substrate Application 

 

Fifteen grams of prepared substrate were placed inside a petri dish. Approximately ten thousand BSF eggs 

(± 0.5 gram), based on the individual weight of the egg of 0.02 mg [29], were placed on the tissue paper, 

which was separated by a small piece of plastic (2 x 2 cm) from the substrate. All Petri dishes were kept 

inside the large plastic tray and covered with nylon fabric to prevent an infestation from other insects 

(Figure 2). This procedure was replicated three times for each batch of eggs (depending on the population 

source). 

 

 

 

 
 

Figure 2: Five different substrates for BSF neonate larva to feed on. (A) Vegetables, (B) Commercial fish feed,  

(C) Fish meal, (D) Fruits, (E) Tofu dreg 

 

 

Larva Mortality Rate 

 

Larvae were separated by washing the substrate and sieving them by a tea sieve on the seventh day after 

substrate application. Survivorship of larvae was defined as the total number of first instar larva that hatched 

and survived after one week [29] and calculated by the formula in Equation 1 as follows:  

 

𝐿𝑎𝑟𝑣𝑎 𝑠𝑢𝑟𝑣𝑖𝑣𝑜𝑟𝑠ℎ𝑖𝑝 =  
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑔𝑔𝑠
 × 100%       Equation 1 
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Data Analysis  

 

Analysis by the Kolmogorov-Smirnov normality test showed a non-normal data distribution for the 

survivorship of BSF larvae. Thus, the effect of hatching medium and egg origin on neonate survivorship 

was tested by the Kruskal-Wallis test followed by the Mann-Whitney U test with a significant P < 0.05.   

 

 

RESULTS AND DISCUSSION  

 

Effect of Substrate to Survival Rate of Early Larvae of Black Soldier Fly  

 

The highest early larva survival rate was recorded on the eggs reared from commercial fish feed (12.53 %). 

In comparison, larva fed on cabbage minced had a significantly lower survival rate than other groups (2.67 

%) (Kruskal-Wallis, P = 0.002) (Figure 3). 

 

 

 
 

Figure 3: Survival percentage of 1 week old age BSF larvae (n ~ 10,000 eggs) feed on different substrates. TD = 

Tofu Dreg, CFF = Commercial Fish Feed, FM = Fish Meal, PM = Papaya Minced, CM = Cabbage Minced. (*) 

significant different on P < 0.05 

 

 

The low number of larvae that survived after one week could be explained by egg hatchability 

which is related to the total number of surviving larvae [29-31]. Some studies reported the possible effect 
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of the environment on the egg hatchability, especially temperature and humidity. The best temperature to 

achieve the highest egg hatchability was between 27 – 30 oC [24, 31, 32], while humidity above 60 % [33] 

will ensure the best hatching rate. However, since the environmental condition of our study site was 

according to the best environmental condition to achieve the highest hatchability, we hypothesised that 

other factors might explain a low number of surviving larvae related to the substrate.   

 

In general, insect eggs contain nutrition for the embryogenesis process to produce larvae, and the 

newly hatched larvae depend on the lipid and yolk in the eggs. Access to nutrition from reserve yolk, 

substrate, and environmental conditions is necessary for newly hatched larvae [18, 25, 34, 35]. Although 

newly hatched larva showed a high preference for soft material with high protein and carbohydrate content, 

the young larvae are relatively unable to create a pore to breathe when the substrate has high water content 

[36, 37], as shown by papaya minced (PM) and cabbage minced (CM) that quickly developing sticky and 

wet substrate due to the natural decaying process. This may explain the low survival rate of fish meal (FM) 

with relatively unbalanced nutrition, while PM and CM had sticky and wet properties, suffocating young 

larvae.  

 

Another factor that influenced the larval survival rate was the infestation of the substrate by fungi 

and other microbial communities (Figure 4). Fungi may compete with newly hatched larvae for substrate 

and infested the eggs for nutrition [38]. Also, fungi and microbial communities infection has been reported 

as a critical factor for larval mortality [30, 39, 40]. 

  

 

 
 

Figure 4: Infestation of fungi on the (a) substrate and (b) eggs of black soldier fly 
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Effect of Strain on the Survival Rate of the Early Larva of the Black Soldier fly  

 

Larva from egg originated from Bogor, and the lab colony had a similar survival rate as larva fed on 

commercial fish feed (CFF), which was higher than other groups. On the other hand, both Ciamis and 

Sidoarjo strains showed a similar pattern of substrate's effect on larva survival rate. Bogor strains generally 

had better fitness levels than other strains (Kruskal-Wallis, P = 0.003) (Figure 5). 

 

 

 
 

Figure 5: Percentage of larvae reached 1 week old age (n = 10,000 eggs) from four origin fed on different 

substrates. TD = Tofu Dreg, CFF = Commercial Fish Feed, FM = Fish Meal, PM = Papaya Minced, CM = Cabbage 

Minced. (*) significant different on P < 0.05 

 

 

A study by Zhan et al. [41] showed the high genetic diversity of black soldier fly larvae and created 

strains with differences in physiological ability [42,43,44]. These differences further translate into specific 

nutritional needs utilised to determine each strain's physiological and morphological development. This 

study found each strain's different responses on a specific substrate related to larval diet, as previously 

reported [45]. Larva of Bogor and laboratory strains showed a high survival rate when fed on commercial 

fish as they originated from a larva that fed on high protein substrate (palm kernel mill and commercial 

chicken feed, respectively). On the other hand, both Ciamis and Sidoarjo strains that fed on household 

wastes dominated with vegetables and fruits also varied in content and showed relatively indifferent 

survival rates among treatment groups. This condition indicated some genetic selection led by the substrate. 

It could help new industries and practitioners select the eggs' origin or design a group of BSF optimised for 

a particular type of feed. 
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CONCLUSION  

 

This study showed the significant impact of substrate and strain on the production of black soldier larvae. 

Applying substrate with balanced nutrition and water content while preventing the infestation by fungi and 

microorganisms may reduce the mortality of young larvae. Reducing the rate of young BSF larva mortality 

for implementation of mass rearing would require further studies on diet and genetic strain. 

 

ACKNOWLEDGMENTS  

 

The authors would like to acknowledge the support of Institut Teknologi Bandung (ITB), Kampus 

Jatinangor, for providing the research facilities. This study was partially funded by Hibah Kompetensi 

2020-2021 program granted to the first author. 

 

AUTHOR’S CONTRIBUTION  

 

Ramadhani conceptualised the central research idea, supervised research progress and funding, and wrote 

and revised the article. Nadia carried out the research and wrote an early manuscript. Ida Kinasih provided 

the theoretical framework and the article submission. 

 

 

CONFLICT OF INTEREST STATEMENT  
 

The authors agree that this research was conducted without any self-benefits, commercial or financial 

conflicts and declare the absence of conflicting interests with the funders. 

 

REFERENCES  

 

[1] Aruna, G., Kavitha, B., Subashini, N., & Indira, S. (2018). An observational study on practices of 

disposal of waste garbages in Kamakshi Nagar at Nellore. International Journal of Applied Research, 

4, 392–394. 

[2]  Ogwueleka, T.C. (2009). Municipal solid waste characteristics and management in Nigeria. Iranian 

Journal of Environmental Health, Science, and Engineering, 6, 173–180. 

[3] Abdel-Raouf, N., Al-Homaidan, A. A., & Ibraahem, I. B. M. (2012). Microalgae and wastewater 

treatment. Saudi Journal of Biological Sciences, 19, 257-275.  



 

 

 

 

 

https://scilett-fsg.uitm.edu.my/ 

Vol. 16(2) JUNE 2022 

 

 

ISSN: 1675-7785 

eISSN: 2682-8626 

Copyright© 2022 UiTM Press. 

DOI: 10.24191/sl.v16i2.18436 

 

 

104 Science Letters Vol. 16(2) JUNE 2022 

 

[4] Nordahl, S. L., Devkota, J. P., Amirebrahimi, J., Smith S. J.,  Breunig, H. M., Preble, C. V., 

Satchwell, A. J., Jin, L., Brown, N. J., Kirchstetter, T. W., & Scown, C. D. (2020). Life-cycle 

greenhouse gas emissions and human health trade-offs of organic waste management strategies. 

Environmental Science & Technology, 54, 9200-9209.  

[5] Ayilara, M. S., Olanrewaju, O. S., Babalola, O. O., & Odeyemi, O. (2020). Waste management 

through composting: Challenges and potentials. Sustainability, 12, 4456. 

[6] Nekyludov, A. D., Fedotov, G. N., & Ivankin, A. N. (2008). Intensification of composting processes 

by aerobic microorganisms: A review. Applied Biochemistry and Microbiology, 44, 6-18.   

[7] Shah, G. M., Tufail, N., Bakhat, H. F., Imran, M., Murtaza, B., Farooq, A. B. U., Saeed, F., Waqar, 

A., & Rashid, M. I. (2017). Anaerobic degradation of municipal organic waste, among other 

composting techniques improves N cycling through waste-soil-plant continuum. Journal of Soil 

Science and Plant Nutrition, 17, 529-542. 

[8] Georgana, A., Giamouri, E., Pappas, A. C., Papadomichelakis, G., Galliou, F., Manios, T., Tsiplakou, 

E., Fegeros, K., & Zervas, G. (2020). Bioactive compounds in food waste: A review on the 

transformation of food waste to animal feed. Foods, 9, 291. 

[9] Dou, Z., Toth, J. D., & Westendorf, M. L. (2018). Food waste for livestock feeding: Feasibility, 

safety, and sustainability implications. Global Food Security, 17, 154-161.  

[10] Surendra, K. C., Tomberlin, J. K., van Huis, A., Cammarck, J. A., Heckmann, L. H. L., & Khanal, 

S. K. (2020). Rethinking organic wastes bioconversion: Evaluating the potential of the black soldier 

fly (Hermetia illucens (L.)) (Diptera: Stratiomyidae) (BSF). Waste Management, 117, 58-80. 

[11] Ahmad, R., Jilani, G., Arshad, M., Zahir, Z. A., & Khalid, A. (2007). Bio-conversion of organic 

wastes for their recycling in agriculture: an overview of perspectives and prospects. Annals of 

Microbiology, 57, 471-479. 

[12] Kinasih, I., Putra, R. E., Permana, A. D., Gusmara, F. F., Nurhadi, M. Y., & Anitasari, R. A. (2018). 

Growth performance of black soldier fly larvae (Hermetia illucens) fed on some plant based organic 

wastes. HAYATI Journal of Bioscience 25, 79–84. 

[13]    Kim, Y. B., Kim, D. H., Jeong, S. B., Lee, J. W., Kim, T. H., Lee, H. G., & Lee, K. W. (2020). Black 

soldier fly larvae oil as an alternative fat source in broiler nutrition. Poultry Science, 99, 3133–3143. 

[14] Danieli, P.P., Lussiana, C., Gasco, L., Amici, A., & Ronchi, B. (2019). The effects of diet formulation 

on the yield, proximate composition, and fatty acid profile of the black soldier fly (Hermetia illucens 

L.) prepupae intended for animal feed. Animals (Basel), 9, 178.  

[15] Muller, A., Wolf, D., & Gutzeit, H.O. (2017). The black soldier fly, Hermetia illucens – A promising 

source for sustainable production of proteins, lipids and bioactive substances. Zeitschrift für 

Naturforschung C, 72, 351–363. 

[16] Li, Q., Zheng, L., Cai, H., Garza, E., Yu, Z., & Zhou, S. (2011). From organic waste to biodiesel: 

Black soldier fly, Hermetia illucens, makes it feasible. Fuel 90 (4), 1545–1548. 

[17] Nyakeri, E. M., Ogola, H. J., Ayieko, M. A., & Amimo, F. A. (2017). An open system for farming 

black soldier fly larvae as a source of proteins for small scale poultry and fish production. Journal of 

Insects as Food and Feed, 3, 51–55. 

[18] Kim, C.H., Ryu, J., Lee, J., Ko, K., Lee, J.Y., 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.  

[19] 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, 109569. 



 

 

 

 

 

https://scilett-fsg.uitm.edu.my/ 

Vol. 16(2) JUNE 2022 

 

 

ISSN: 1675-7785 

eISSN: 2682-8626 

Copyright© 2022 UiTM Press. 

DOI: 10.24191/sl.v16i2.18436 

 

 

105 Science Letters Vol. 16(2) JUNE 2022 

 

[20] Siddiqui, S. A., Ristow, B., Rahayu, T., Putra, N. S., Yuwono, N. W., Nisa, K., Mategeko, B., 

Smetana, S., Saki, M., Zawaz, A., & Nagdalian, A. (2022). Black soldier fly larvae (BSFL) and their 

affinity for organic waste processing. Waste Management, 140, 1-13. 

[21] Gougbedji, A., Aghohessou, P., Laleye, P.A., Francis, F., & Megido, R.C. (2021). Technical basis 

for the small-scale production of black soldier fly, Hermetia illucens (L. 1758), meal as fish feed in 

Benin. Journal of Agriculture and Food Research, 4, 100153.  

[22] Ravi, H.K., Degrou, A., Costil, J., Trespeuch, C., Chemat, F., & Vian, M.A. (2020). Larvae mediated 

valorisation of industrial, agriculture and food wastes: Biorefinery concept through bioconversion, 

processes, procedures, and products. Processes, 8, 857. 

[23] Broeckx, L., Frooninckx, L., Slegers, L., Berrens, S., Noyens, I., Goossens, S., Verheyen, G., Wuyts, 

A., & Van Miert, S. (2021). Growth of black soldier fly larvae reared on organic side-streams. 

Sustainability, 13, 12953.  

[24] Chia,  S. Y., Tanga, C. M., Khamis, F. M., Mohamed, S. A., Salifu, D., Sevgan, S., Fiaboe, K. K. M., 

Niassy, S., van Loon, J. J. A., Dicke, M., & Ekesi, S. (2018). Threshold temperatures and thermal 

requirements of black soldier fly Hermetia illucens: Implications for mass production. PLoS One, 

13, e020697. 

[25] 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, 

e0202591. 

[26] Yakti, W., Schulz, S., Marten, V., Mewis, I., Padmanabha, M., Hempel, A. J., Kobelski, A., Streif, 

S, & Ulrichs, C. (2022). The effect of rearing scale and density on the growth and nutrient 

composition of Hermetia illucens (L.) (Diptera: Stratiomyidae) larvae. Sustainability, 14, 1772. 

[27] Thyssen, P. J., De Souza, C. M., Shimamoto,  P. M., Salewski, Tde. B., & Moretti, T. C. (2014) Rates 

of development of immatures of three species of Chrysomya (Diptera: Calliphoridae) reared in 

different types of animal tissues: implications for estimating the postmortem interval. Parasitology 

Research, 113, 3373-3380. 

[28] Li, Q., Jin, M., Yu, S., Cheng, Y., Shan, Y., Wang, P., Yuan, H., & Xiao, Y. (2022). Knockout of the 

ABCB1 gene increases susceptibility to Emamectin Benzoate, Beta-Cypermethrin and 

Chlorantraniliprole in Spodoptera frugiperda. Insects, 13, 137.  

[29] Bertinetti C., Samayoa A. C., & Hwang, S. Y. (2019). Effects of feeding adults of Hermetia illucens 

(Diptera: Stratiomyidae) on longevity, oviposition, and egg hatchability: Insights into optimising egg 

production. Journal of Insect Science, 19, 1-7. 

[30] Macavei, L. I., Benassi, G., Stoian, V., & Maistrello L. (2020). Optimisation of Hermetia illucens 

(L.) egg-laying under different nutrition and light conditions. PLoS ONE, 15, e0232144.  

[31] Qomi, S. M. F., Danaeefard, M. R., Farhang, A. B., Hosseini, S. P., & Arast, Y. (2021). Effect of 

temperature on the breeding black soldier fly larvae in vitro for basic health-oriented research. 

Archives of Hygiene Sciences, 10, 67-74. 

[32] Sheppard, D. C., Tomberlin, J. K., Joyce, J. A., Kiser, B. C., & Sumner, S. M. (2002). Rearing 

methods for the black soldier fly (Diptera: Stratiomyidae). Journal of Medical Entomology, 39, 695-

698. 

[33] Holmes, L. A., Vanlaerhoven, S. L., & Tomberlin, J. K. (2012). Relative humidity effects on the life 

history of Hermetia illucens (Diptera: Stratiomyidae). Environmental Entomology, 41, 971-978. 

[34] Diener, S., Studt, S., Nandayure, M., Roa Gutiérrez, F., Zurbrügg, C., & Tockner, K. (2011). 

Biological treatment of municipal organic waste using black soldier fly larvae. Waste Biomass 

Valorisation, 2, 357-363. 



 

 

 

 

 

https://scilett-fsg.uitm.edu.my/ 

Vol. 16(2) JUNE 2022 

 

 

ISSN: 1675-7785 

eISSN: 2682-8626 

Copyright© 2022 UiTM Press. 

DOI: 10.24191/sl.v16i2.18436 

 

 

106 Science Letters Vol. 16(2) JUNE 2022 

 

[35] Meijer, N., de Rijk, T., van Loon, J. J. A., Zoet, L., & van der Fels-Klerx, H. J. (2021). Effects of 

insecticides on mortality, growth and bioaccumulation in black soldier fly (Hermetia illucens) larvae. 

PLoS One, 16, e0249362. 

[36] Cheng, J. Y. K., Chiu, S. L. H., & Lo, I. M. C. (2017). Effects of moisture content of food waste on 

residue separation, larval growth and larval survival in black soldier fly bioconversion. Waste 

Management, 67, 315–323. 

[37] Barros, L.M., Gutjahr, A.L.N., Ferreira- Keppler, R.L., Martins, R.T., 2019. Morphological 

description of the immature stages of Hermetia illucens (Linnaeus, 1758) (Diptera: Stratiomyidae). 

Microscopy Research and Technique, 82, 178–189. 

[38] Anand, R., & Tiwary B. N. (2009). Pathogenicity of entomopathogenic fungi to eggs and larvae of 

Spodoptera litura, the common cutworm. Biocontrol Science and Technology, 19, 919-929.  

[39] Booth, D., & Sheppard, C. (1984). Oviposition of the black soldier fly, Hermetia-illucens (Diptera, 

Stratiomyidae) - Eggs, masses, timing, and site characteristics. Environmental Entomology, 13, 421-

423. 

[40] Čičková, H., Newton, G. L., Lacy, R. C., & Kozánek, M. (2015). The use of fly larvae for organic 

waste treatment. Waste Management (New York, N.Y.), 35, 68–80.  

[41] Zhan, S., Fang, G., Cai, M., Kou, Z., Xu, J., Cao, Y., Bai, L., Zhang, Y., Jiang, Y., Luo, X., Xu, J., 

Xu, X., Zheng, L., Yu, Z., Yang, H., Zhang, Z., Wang, S., Tomberlin, J. K., Zhang, J., & Huang, Y. 

(2020). Genomic landscape and genetic manipulation of the black soldier fly Hermetia illlucens, a 

natural waste recycler. Cell Research, 30, 50–60. 

[42] Barragan-Fonseca, K. B., Dicke, M., & van Loon, J. J. A. (2017). Nutritional value of the black 

soldier fly (Hermetia illucens L.) and its suitability as animal feed - a review. Journal of Insect as 

Food and Feed, 3, 105-120. 

[43] Barragan-Fonseca, K.B., Gort, G., Dicke, M., van Loon, J. J. A. (2019). Effects of dietary protein 

and carbohydrate on life-history traits and body protein and fat contents of the black soldier fly 

Hermetia illucens. Physiological Entomology, 44, 148–159. 

[44] Liu X, Chen X, Wang H, Yang Q, ur Rehman K, Li W, Cai, M., Li, Q., Mazza, L., Zhang, J., Yu, A., 

& Zheng, L. (2017). Dynamic changes of nutrient composition throughout the entire life cycle of 

black soldier fly. PLoS ONE, 12, e0182601.  

[45] Gobbi, P., Martínez-Sánchez, A., & Rojo, S. (2013). The effects of larval diet on adult life-history 

traits of the black soldier fly, Hermetia illucens (Diptera: Stratiomyidae). European Journal of 

Entomology, 110, 461. 

 


