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The Black Soldier Fly
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 Native in the Neotropics, but spread across all 

continents

 Ideal habitat: 27 °C and 60% relative humidity

 Up to two centimetres in length

 No pest or vector of diseases, mainly acts as 

decomposer

 CO2 emissions and GWP lower than in composting

(Diener et al., 2009)

(Hauser and Woodley, 2015)

(Mertenat et al., 2019)
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 44 days from egg to adult 

fly

 Adult fly lays up to 600 

eggs

 Five moults between six 

instars

 Transformation of 

mouthparts

 “Self-harvest” of prepupae

(Nakamura et al., 2016)

(Wang and Shelomi, 2017)



The Black Soldier Fly
Focus point: Larvae

 Able to degrade broad spectrum of organics

 Increasingly used as waste valorisation agent

 Up to 35% fat and 40% protein (<220 mg 

biomass/larva)

 Larvae inhibit growth of pathogens (e.g. E. coli, Salmonella 

sp.)
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(Choi et al., 2012)

(Tomberlin et al., 2002)



Yellow Biotechnology
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 1.1 million species described, up to 10 million species 

estimated

 Large variety of molecules interesting to the bioeconomy
 E.g. attractants, repellants, defensive compounds, antimicrobial peptides

 Products from the Black Soldier Fly:
1. Protein & Fat: stored in larval biomass
2. Chitin: exoskeleton of pupae and shavings
3. Residues (Frass): excretions, undigested substrate

“Biotechnological methods for exploiting insects or insect-derived molecules, 

cells, organs or microorganisms”

(Rumpold et al., 2017)
(Vilcinskas, 2014)



Yellow Biotechnology
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1. Protein & Fat: stored in larval biomass

 As supplement for feedstuff production

 Lipids used for producing biofuels

 Fats used in cosmetic industry

“Biotechnological methods for exploiting insects or insect-derived molecules, 

cells, organs or microorganisms”

EnviroFlight® - 
EnviroOil™

(Wang et al., 2017)



Yellow Biotechnology
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2. Chitin: exoskeleton from pupae and 

shavings 

 Chitosan = plant available form of chitin

 Application in medicine, agriculture, food/non-

food use

 Plants: 

 Promotes synthesis of >20 resistance proteins

 Production of hydrolases, chitinase, glucanase

“Biotechnological methods for exploiting insects or insect-derived molecules, 

cells, organs or microorganisms”

CHIT
IN

CHITOS
AN

Chitin
ase

(Tharanathan and Kittur, 2003)



Yellow Biotechnology
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3. Residues (Frass): excretions, undigested 

substrates

 Varying consistency, depending on water 

content

 Pelletized and direct use as fertilizer

 Co-substrates in anaerobic digestion

 Composting or use in vermicomposting

“Biotechnological methods for exploiting insects or insect-derived molecules, 

cells, organs or microorganisms”

EnviroFlight® - 
EnviroFrass™

(Dortmans et al., 2017)



Insect Frass
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 Frass = inconsistent description of insect faeces of various 

forms

 Mainly consists of excrements, shavings (exoskeletons) and 

residues

 Manifold ecological functions

 Structure material, feed for offspring, disguise against 

predators

 High chitin content triggers defence mechanisms of plants 

(chitinase)



Experimental Design

Black Solider Fly larvae

Four Ryegrass pot 
replicates per treatment

(Pre-)Pupae

Frass

Physicochemical 
analysis

Chickenfeed

Grass

Fruit/Vegetables
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Microbial Load
on Larvae
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• Comparable overall load

• Chickenfeed favors growth 
of E. coli (>106 CFU ml-1)

• No Salmonella sp. detected



Frass Characteristics
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 Similar properties of frass from different treatments

 On average 6.4×107 ± 6.6×106 CFU ml-1 E. coli  in chickenfeed 

(CF) frass

 No E. coli  in frass from grass-cuttings (GC) and fruit/vegetable 

(FV)   GC-Frass FV-Frass CF-Frass

pH 5.40 ± 0.03 5.58 ± 0.01 6.22 ± 0.14

EC [mS cm-1] 3.06 ± 0.03 2.36 ± 0.11 5.67 ± 0.27

Ctot [g kg-1] 443 ± 6 488 ± 4 479 ± 8

Ntot [g kg-1] 24.4 ± 0.2 18.3 ± 1.2 25.9 ± 0.9

C:N ratio 18.2 ± 0.4 26.6 ± 1.7 18.5 ± 0.3

VS [g kg-1] 825 ± 9 873 ± 4 910 ± 7

Table 1 – Physicochemical characteristics of frass



Greenhouse experiment
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 Ryegrass (Lolium perenne) planted for trials

 Control with standard NH4NO3 fertilizer

 Each treatment equalized to contain 40 mg N kg-1

 Incubation for 28 days at 20 °C



Greenhouse experiment
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 Neither E. coli  nor Salmonella sp. detected in frass amended 

soils

 Strong decrease of coliforms to 1.7×103 ± 1.1×103 CFU ml-1 in 

soil

 No significant difference in plant biomass, soil total carbon, 

soil total nitrogen content between treatment and control

 Long term experiment necessary to fully evaluate frass 

impact



Greenhouse experiment
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 10% higher phosphorus bioavailability in frass (77±5%)

 Nitrate and dissolved nitrogen higher in control group

 Frass might act similar to compost/organic amendments, 

releasing nutrients at a slower pace than nitrogen fertilizer



Take-home Message
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 Larval Frass is not superior to standard soil conditioner, but can be 
used as equal alternative

 Complete removal of E. coli during application of frass as soil 

amendment

 High phosphorous bioavailability

 By-product from insect industry that contributes to a circular economy

 Similar properties of frass irrespective of insect’s substrate
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