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ABSTRACT 

Hermetia illuciens, commonly known as black soldier fly (BSF) can convert organic 

biomass into manure and insect biomass into protein and fat. Currently, in the waste 

management industry, BSF larvae are predominantly used to convert valorized organic 

substrates into fertilizer and to produce biogas. They are also alternatively used as viable 

protein substitutes for animal feed as well as human consumer products. The treatment 

of organic wastes before BSFL consumption indicated a positive stimulation in the 

biomass conversion rate, larval growth rate and overall larval performance parameters. 

The current study was designed to analyze the effect of the bio-stimulation-based pre-

treatment strategy of the feed on performance parameters, such as larval weight, larval 

survival rate, substrate reduction by pre-treatment of biowaste for better growth, 

efficient performance, and good biomass composition in BSFL. In our study, we noticed 

significant up- and downregulation of several larval parameters by assessing substrate 

composition, larval growth parameters and substrate reduction rate. The bio-stimulated 

waste showed larval weight gain when compared to larvae grown in control feed. The 

heat pretreated waste was not suitable for larval growth as the parameters assessed were 

observed to be declined. Further investigations are needed to comprehend how BSFL 

reared on pretreated substrates enhances the nutritional composition of larvae. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Owing to increased world population and urbanization two major concerns arrived one 

being food security and the other is sustainable management of the waste generated 

due to vigorous production and consumption of food. This had raised a demand for 

proteins and for diets rich in protein components such as meat, milk, and soy products. 

One of the highly adopted methods of valorizing food waste is the mass cultivation of 

edible insects by using the waste as a substrate [1]. Entomophagy is a phenomenon that 

means insects as food obtained an enormous value as insects possess a high level of 

proteins, lipids, fats, vitamins, and minerals of which protein and lipids occupy the 

highest value. BSFL is an emerging efficient organism that has the potential to meet 

both demands and is a well-established and valued animal feed supplement [2]. They 

can ingest and valorize the organic waste they are feeding into decomposable 

substances and utilize the wastes for larval growth with a high protein (40% DM) and 

lipid (35-38% DM) content hence BSFL can be used directly as animal feed in poultry 

and aquaculture. The waste residue can be used as a soil fertilizer and as a source for 

biogas production. Apart from protein and lipids bioactive compounds like Chitin, 

minerals, vitamins, AMP (antimicrobial peptides) can be obtained from the larval 

biomass [3]. Kalemsteiner et al. from their experiments concluded that BSF frass served 

as productive fertilizer compared to commercially used NH4NO3 [4]. The fuel 

properties of biodiesel produced from the larvae were in matching rapeseed biomass as 

*Corresponding author  

Sahabudeen Sheik Mohideen, PhD  

Department of Biotechnology, 

School of Bioengineering, SRM 

Institute of Science and Technology, 

Kattankulathur-603203, 

Chengalpattu, Tamil Nadu, India 

e-mail: sahabuds@srmist.edu.in 

 

Academic editor  

Md Jamal Uddin, PhD 

ABEx Bio-Research Center, Dhaka 

1230, Bangladesh 

 

Article info 

Received: 10 June 2022 

Accepted: 22 July 2022  

Published: 11 August 2022 

 

Keywords  

Black soldier fly larvae; Bio-

stimulation; Pretreatment; Waste 

management. 

 

 

 

This is an Open Access article 

distributed under the terms of the 

Creative Commons Attribution 

Non-Commercial License, which 

permits unrestricted non-

commercial use, distribution, and 

reproduction in any medium, 

provided the original work is 

properly cited. 

 ORIGINAL ARTICLE 

 

 

 

 

 

 

 

 

 

ICLE 

J Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 01-08 

eISSN: 2616-4760, https://doi.org/10.5455/jabet.2023.d100     

Published by www.bsmiab.org 

http://www.bsmiab.org/jabet
https://orcid.org/0000-0002-5816-6674
https://orcid.org/0000-0002-9921-8039
mailto:sahabuds@srmist.edu.in
https://doi.org/10.5455/jabet.2023.d100
http://www.bsmiab.org/


2 

 

www.bsmiab.org/jabet 

 

Humpy et al., J Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 01-08 

the transesterification of crude fat yielded 96% of biodiesel from pig manure, 93% from 

cattle manure and 30.1% from chicken manure which indicates the use of BSFL to meet 

the energy demand of current day [5]. 

Lignocellulose biomass such as vegetable and fruit peels are not easily digestible. In 

fact fibers rich in lignin and cellulose are nondigestible and shows low larval growth [6, 

7]. Pre-treatment of cellulosic biomass enables the sugar digestion and digest the 

complex molecules by decomposition of the organic waste by nutrient enriched 

microbes.  

Pre-treatment methods are profoundly used for the digestion of cellulosic biomass as 

they valorize and increase its yield. The different techniques in the pre-treatment used 

are a) Thermal pre-treatment b) enzymatic pre-treatment c) microbial pre-treatment d) 

mechanical pre-treatment e) acidic pre-treatment d) alkaline pre-treatment f) chemical 

pre-treatment [8]. Pre-treatment of substrate in BSFL rearing increased the nutrient 

composition and insect to biomass ratio. The previous studies  conducted on methods 

to improve the digestibility for the biomass conversion by BSFL are by mixing the 

substrate rice straw with sugar [9,10]. Another method was on addition of 

microorganisms to better increase of available nutrients by decomposition of waste. 

These pre-treatment methods improve the bioconversion efficiency of lignocellulosic 

biomass [11,12]. Heat pre-treatment of biomass or substrate digests the compound 

molecules for the organism to consume [8] . 

The present study was aimed to improve the BSFL composting efficiency on vegetable 

and fruit peel using pre-treatment methods. The larval performance parameters grown 

on bio-stimulated, and heat pre-treated waste were evaluated. 

 

MATERIALS AND METHODS 

Black solider fly larvae (BSFL) 

BSFL National Accession No.  NBAIR-IS-STR-01 were purchased from NBAIR Live 

Insect Repository (National bureau of agriculturally important insects ICAR institute 

Bengaluru) in the first instar larval stages. The insect larvae were reared in the lab on 

vegetable waste for 6-8 days until the larvae attained a mean weight of 2.5mg.  

 

Substrate 

Vegetable and fruit wastes were collected from SRMIST canteen, Kattankulathur, 

Chennai, India. The collected waste was homogenized using a kitchen blender and was 

stored at -20ºC until used to feed the larvae. Prior to the day of the experiment, the 

frozen waste was thawed and revived back to room temperature.  

 

Pretreatment of substrate  

The bio stimulation of the substrate was carried using nutrient broth. Briefly, 2 g of 

nutrient broth was mixed in 20 ml of distilled water. It was sprayed on the substrate to 

activate the microbial colony for better decomposition. Heat treatment of substrate was 

carried by heating the substance at 121°C with 2 bar pressure for 30 min [8]. 
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Experimental setup 

80 g of solid waste was taken into five plastic containers (five experimental groups) in 

which one container served as control. The other three containers consisting of solid 

waste were bio stimulated by nutrient broth for 24, 48, and 72h, respectively and the 

waste in the final container consisted of heat pre-treated waste. 

 

BSFL composting 

20 larvae of similar weight from the stock batch were added to each of the container 

and the experiment was performed in triplicates. The moisture content was checked 

and sprinkled with water once every 2 days.  

 

Determination of proximate composition of substrate 

The proximate analysis for substrate in control and pre-treated wastes were determined 

according to standard procedures. The moisture content of substrate was determined 

by drying the sample in hot air oven at 70°C for 2 days (AOAC 1997). Similarly, ash 

content and total volatile solids were measured after incineration of samples in the 

muffle furnace at 550°C for 5 h. Nutrient analysis was performed for the experimental 

substrate in order to evaluate the efficiency of BSFL composting on the pre-treated 

waste. Crude protein was determined by  Lowry method [13]  and anthrone method [14] 

was used to estimate crude sugars. The crude lipids were estimated according to ultra 

sonicator assisted solvent extraction method as described [15]. 

 

Larval growth parameters 

After 14 days when the larvae attained its prepupal stage the larval growth parameters 

that observed were survival rate, larval weight and substrate reduction. All the larvae 

were separated from the respective containers washed thoroughly under tap water 

until the debris is removed and placed on paper towel for drying.  The percentage 

Survival rate was given as the ratio of number of larvae at the end to the number of 

larvae in the beginning of the experiment [16]. 

Survival rate (%) = Larvae (at end)/larvae (at beginning) *100 

The mean larval weight was measured by using a digital weighing balance. Substrate 

reduction or waste reduction determines the amount of waste utilized by the larvae to 

increase its body mass. 

Substrate Reduction (%) = [W1-W2/W1] *100 

W1: weight (g) of substrate at the start of experiment 

W2: weight (g) of substrate at the end of experiment 

 

Statistical analysis 

Statistical analysis was performed using GraphPad prism. A one-way ANOVA test was 

performed to give statistical significance and the results are represented as mean ± SEM. 

The statistical significance was set at p< 0.05.    
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RESULTS  

Effect of fruits and vegetables on physio-chemical composition of substrate 

The substrate considered was organic waste for larval feeding, therefore the humidity is 

maximum. Minerals from incineration were obtained more in the 24h bio stimulated 

waste with 6.8% DM, followed by a 48h bio-stimulated waste. The total content of 

volatiles in all experimental groups was over 90% as described in Table 1.   

Table 1. Physio-chemical composition of control, 24, 48, and 72 h heat pretreated waste. 

 Moisture content (%) Ash content (%) Total volatile solids (%) 

Control 82.34 4.2 95.8 

24h 84 6.8 93.2 

48h 84.6 5.7 94.3 

72h 82.7 2.6 97.4 

Heat 80.23 4.6 95.4 

 

Effect of fruits and vegetables on nutrients of substrate 

The crude sugars were observed to be more in heat pre-treated waste with 27.3% 

followed by untreated waste as shown in the Table 2. Observed results showed that the 

sugar content of the waste increased with pre-treatment of the biomass, indicating free 

solubility, and it was evident that the digested sugars were present in the substrate for 

consumption by the larvae. However, the total amount of NFC carbohydrates was 

obtained at the 20% level in the formulated vegetable and fruit peel diet [8]. The protein 

content was varied for each of the substrate used as shown in Table 2. The highest 

protein content was obtained in bio-stimulated waste for 48h. Similar results were 

observed in a previous work that evaluated crude protein  with values of 10-20% DM of 

plant waste used [17] .  

As a result of evaluating the lipids using the ultrasound sonicator method, control 

waste and pre-heated waste resulted 1% crude lipids. Bio stimulated waste gave 1.4%, 

0.9%, and 1.3% for 24, 48, and 72h treatments, respectively (Table 2). The low lipid 

content may be due to the fact that the waste used are the peel of vegetables and fruits. 

Previous studies on Terminalia catappa L. used a sonication method to extract crude 

lipids using petroleum ether as solvent,  yielded in 0.8% [15]. 

Table 2. Nutrient analysis of control, bio-stimulated, and heat pretreated waste. 
 Carbohydrates (%) Protein (%) Lipid (%) 

Control 25.7 34.2 1 

24h 16.8 27.5 1.4 

48h 18.2 35.9 0.9 

72h 19.9 32.7 1.3 

Heat 27.3 28.6 1.1 

 

Effect of fruits and vegetables on larval growth  

The survival of the larvae was observed, and the results are shown in the Figure 1. All 

the groups resulted in a survival rate above 83% with bio-stimulated waste giving 

maximum survivability of 85.8%. There was no significant difference between the 

treatment group and the control group (p<0.05).  Evaluating the BSFL growth rates by 

pre-treatment of banana peels shown the near results with the survival rate ranging 

above 80% [7]. 

10 larvae were collected from each experimental group, and the average larval weight 

was measured. The mean larval weight in the bio-stimulated waste at 72 h was 1.23g 
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which was higher where the control larval weight was 1.01g. In all the experiments the 

heat pretreated waste yielded the larvae in less weight (0.70g) and the graph for the 

values were shown in Figure 2. A significant difference (p<0.05) was found between the 

control group and the groups treated for 72 h and the heat pre-treatment group. The 

reduction of weight of larvae by heat pretreatment (0.13 g) was noted as similar to that 

observed in a previous study [8]. 

 

Figure 1. Mean survival rate of BSFL in control and treatment groups after 24, 48, and 72h of exposure along 

with heat pretreated samples. Statistical significance and the results are represented as mean ± SEM. The 

statistical significance was set at p< 0.05.  

 

Figure 2. Mean larval weight of BSFL observed in control and treatment groups after 24, 48, and 72h of 

exposure along with heat pretreated samples. Statistical significance and the results are represented as mean 

± SEM. The statistical significance was set at p< 0.05.  
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Effect of fruits and vegetables on substrate reduction 

The reduction in the amount of substrate in the control group was 59.2% and 53.2% in 

the pre-cooked group. For 24, 48, and 72h the induction waste treatment group was 

49.4, 51.25, and 48.7%, respectively as shown in Figure 3. Substrate reduction was 

significantly higher in the control group and lower in the 72h treatment group. In the 

one-way ANOVA test, statistical significance was observed with a significant difference 

(p<0.05) between control and treatment groups.  

 

Figure 3. Substrate reduction of waste analyzed in control and treatment groups after 24h, 48h, 72h of 

exposure along with heat pretreated samples. Statistical significance and the results are represented as mean 

± SEM. The statistical significance was set at p< 0.05.  

 

DISCUSSION 

BSFL are the voracious eaters and are known to be potential decomposers of any 

organic waste. They are environmentally friendly organisms which grows on the 

substrate and valorize the waste and its own biomass. Hence these organisms are 

suited for the cost-effective waste management. Even though they consume any kind of 

substrate nutrient imbalanced feed rich in hemicellulose and lignin will affect the 

bioconversion and larval biomass [8]. Pre-treatment of such waste would aid for the 

utilization of even lignocellulosic biomass. In the present study, BSFL were grown on 

pretreated waste to improve the biomass nutritional efficiency for the larvae to grow. 

Since BSFL are voracious eaters of any organic waste, pre-treatment helps the organism 

to improve its feeding capacity and there by the growth and performance parameters 

will be enhanced.  

Stimulation of microbes in the vegetable waste by nutrient media on increasing days 

resulted in the increased larval weight and substrate reduction which could be a 

possibility of more decomposition by fungi and bacteria present in the waste. Gut 

microorganisms would also have been altered due to bio stimulation [12] . The survival 

rate in all the groups with no significant changes were observed because BSFL can 

grow on any waste as it is its inherent character. An increase in larval weight was 
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observed on increased days of bio stimulated pre-treatment. Even in our study heat 

pre-treatment didn’t end in favor for BSFL which was similar to the previous work 

conducted by Isibika et al., where the larvae grown on heat pre-treated waste resulted 

in low larval weight and bio mass conversion efficiency than microbial and chemical 

method of pre-treatment [8]. The present findings revealed that microbe stimulated 

pre-treatment for 3 days showed a better performance parameter in the larvae. To the 

authors knowledge no work has been reported on pre-treatment of waste by bio 

stimulation but there are reports on heat pretreatment. Bio stimulation by nutrient 

broth considered to be a cost-efficient method as it can be practiced by farmers within 

economy range. However, the detailed nutritional study of the larvae on pretreated 

waste needs to be addressed for better justification of the current work. 

 

CONCLUSION 

As BSFL are the leading converters of organic substrate and are proficient in 

valorization of waste the necessity to better enhance the utilization of waste is needed 

and pre-treatment of waste is one such strategy. From the performed study as 

represented in Figure 4, it can be concluded that heat pre-treatment of waste is not 

suitable for BSFL whereas the bio-stimulation of waste by nutrient media is beneficial 

as the larval weight was increased predominantly. The other pre-treatment methods 

coupled by using of microbes and fungi, enzyme pre-treatment involves cost whereas 

this kind of pre-treatment is reliable and suitable with low investment as well. Further 

studies on the influence of pre-treatment on nutrient composition of larvae are required 

to incorporate this in commercial scale. 

 

Figure 4. Schematic representation of BSFL grown on heat Pre-treated waste and bioactivated waste samples.  
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