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Many streams, few studies quantify conversion
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Cat Organic stream Reference

A Palm kernel expeller Hem ea 2008

A Rice straw Zheng ea 2012a

A Pig liver Nguyen ea 2013; 2015

A Vegetal (plantain, potato, cabbage) and fruit (banana, papaya) 

refuse

Parra Paz ea 2015

A Wheat middlings, DDGS, beet pulp Tschirner & Simon 2015

A Rice straw Manurung ea 2016

A Fishmeal Barroso ea 2017

A Seaweed Liland ea 2017

A Brewer’s waste Nyakeri ea 2017

A Soybean curd residue Rehman ea 2017b

A Sorghum, cowpeas Tinder ea 2017

B1 Fruits and vegetables (grocery stores) Nguyen ea 2013; 2015

B1 Spent grains, beer yeast, cookie remains, bread remains, potato 

steam peelings, beet molasses

Oonincx ea 2015a

B1 Fruit and vegetable waste (carrots, peas, salsify, celery), solid 

fraction from digestate of fermented fruit and vegetable waste 

(carrots, peas, salsify, celery)

Spranghers ea 2017

C Fish rendering Nguyen ea 2013; 2015

D Municipal organic waste Diener ea 2011

D Restaurant waste Zheng ea 2012a

D Solid residual fraction of defatted raw waste from Chinese 

restaurants

Zheng ea 2012b

D Restaurant waste (animal and plant matter) Nguyen ea 2013; 2015

D Dried digestate from biogas production, municipal biodegradable 

waste, catering waste, food scraps

Kalová & Borkovcová 2013

D Canteen kitchen food waste (vegetable trimmings, spent coffee 

grounds, tea leaves), food leftovers from schools, hotels and 

hospitals

Cheng ea 2017

D Banana peelings, restaurant food waste Nyakeri ea 2017

D Restaurant waste (potatoes, rice, pasta and vegetables) Spranghers ea 2017

D School cafeteria food waste Surendra ea 2016

Cat Organic stream Reference

E Layer hen manure Sheppard 1983

E Layer hen manure Fatchurochim ea 1989

E Layer hen manure Sheppard ea 1994

E Dairy cow manure, hog manure, hen manure Erickson ea 2004

E Cow manure with or without homogenised heads, viscera, bony 

structures from trout

St-Hilaire ea 2007

E Dairy cow manure Liu ea 2008

E Dairy cow manure Myers ea 2008

E Cow manure, last month of growth with visceral organs and fat 

from rainbow trout

Sealey ea 2011

E Dairy cow manure Li ea 2011b

E Cattle manure, pig manure, chicken manure Li ea 2011a

E Hen manure Yu ea 2011

E Dairy cow manure, pig manure, chicken manure Zhou ea 2013

E Pig manure Nguyen ea 2013; 2015

E Corncob plus pig manure biogas residue Li ea 2015

E Dairy cow manure, pig manure, chicken manure Oonincx ea 2015b

E Dairy cow manure, chicken manure Rehman ea 2017a

E Hen manure, cow manure Kalová & Borkovcová 2013

E Dairy manure Rehman ea 2017b

F Coffee berry pulp Lardé 1990

F Food scrap residue compost leachate Popa & Green 2012

F Waste plant tissues, garden waste, compost tea (garden waste 

and water)

Kalová & Borkovcová 2013

G Sewage effluent Popa & Green 2012

G Human faeces Lalander ea 2013

G Mixture of human faeces, pig manure, dog food Lalander ea 2014

G Sludge from treatment of waste water, waste from rain drains Kalová & Borkovcová 2013

G Human faeces Banks ea 2014

G Human faecal sludge Nyakeri ea 2017
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78 (mixtures) of streams | 21 DM | 13 N
Articles 40 total | 11 DM | 5 N



Conversion efficiency studies

Variations in 

▪ Chemical analyses of diet

▪ Strains

▪ Scale

▪ Diet to larvae ratio

▪ Age/life stage at start & harvest

▪ Feeding regime

▪ ...
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3%

Articles 40 total | 11 DM | 5 N
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Standardisation in other animal species
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Aim | Harmonisation among studies and reproducibility of results to 

improve the overall scientific rigour in this developing field of research

➢ Present background information to increase awareness of factors 

impacting results

➢ Propose standardisation of methods

➢ Suggest avenues for future research

Towards standardisation of conversion studies
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Origin, rearing history and genetic status
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Zhou et al.
Developmental and waste reduction plasticity of three black soldier fly strains (Diptera: Stratiomyidae) raised on 

different livestock manures | Journal of Medical Entomology (2013) 50 | 1224-1230
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Origin, rearing history and genetic status
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✓ Origin of the insects used to set up the colony
✓ Founder population size
✓ Minimum effective population size
✓ Number of generations in the lab 
✓ Introduction of individuals from outside the colony
✓ Current rearing conditions (diet, abiotic conditions)
✓ Duration of rearing cycle 
✓ Substrate for pupation and eclosion
✓ Conditions for reproduction

>Estimate degree of inbreeding in a colony 
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Reference diet and Experimental diets
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3 out of 11 studies

Different

Reference diets

Comparison studies

Positive control

Intra-assay

Inter-assay
Reference diet

✓ Well-defined ingredients

✓ Available around the globe

✓ Low cost

Cross laboratory

>Develop and evaluate



Reference diet and Experimental diets
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✓ Diet ingredients: supplier and product name
✓ Storage method and duration if applicable
✓ Preparation methods
✓ Analysis of contents: dry matter, ash, N and total fat

Experimental diet

Origin ingredients in too general terms

Limited chemical characterization
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Understanding nutrition



Calculations of larval performance parameters
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Survival Larval biomass L

Composition

(Overfeeding)

Diet provided D

Growth rate

𝐵𝑖𝑜𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐿

𝐷
× 100



● When considering protein economy: efficiency on N basis

Calculations of larval performance parameters

15

Stream A Stream B

Diet provided, g fresh 1000 1000

Biomass yield, g fresh 200 200

Conversion efficiency 20% 20%

Diet dry matter 12.3% 31.7%

Insect dry matter 38.8% 17.9%

Diet provided, g dry 123 317

Biomass yield, g dry 78 36

Conversion efficiency 63% 11%D
r
y
 b

a
s
is

(Variation observed in the literature)

Profound impact on conclusions...
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𝐵𝑖𝑜𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐿

𝐷
× 100



Calculations of larval performance parameters
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Waldbauer

The consumption and utilization of food by insects
Advances in Insect Physiology (1968) 5 | 229-288

Larval biomass L

Diet provided D
𝐵𝑖𝑜𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝐿

𝐷
× 100

𝐵𝐸 =
𝐿𝑒𝑛𝑑 − 𝐿𝑠𝑡𝑎𝑟𝑡

𝐷
× 100

𝐸𝐶𝐼 =
𝐿𝑒𝑛𝑑 − 𝐿𝑠𝑡𝑎𝑟𝑡
𝐷𝑠𝑡𝑎𝑟𝑡 − 𝐷𝑒𝑛𝑑

× 100

𝐸𝐶𝐷 =
𝐿𝑒𝑛𝑑 − 𝐿𝑠𝑡𝑎𝑟𝑡

𝐷𝑠𝑡𝑎𝑟𝑡 − 𝐷𝑒𝑛𝑑 − 𝐹𝑒𝑛𝑑
× 100

BE, Bioconversion Efficiency

ECI, Efficiency of Conversion of Ingested Food (Waldbauer, 1968)

EDI, Efficiency of Conversion of Digested Food (Waldbauer, 1968)

>Develop digestibility method



Calculations of larval performance parameters
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Larval biomass L

Diet provided D
𝐵𝑖𝑜𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝐿

𝐷
× 100

𝐵𝐸 =
𝐿𝑒𝑛𝑑 − 𝐿𝑠𝑡𝑎𝑟𝑡

𝐷
× 100

𝐵𝐸𝑅 =
𝐿𝑒𝑛𝑑 − 𝐿𝑠𝑡𝑎𝑟𝑡
𝐷𝑠𝑡𝑎𝑟𝑡 − 𝑅𝑒𝑛𝑑

× 100

BE, Bioconversion Efficiency

BER, BE corrected for Residue

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝐷𝑠𝑡𝑎𝑟𝑡 − 𝑅𝑒𝑛𝑑

𝐷𝑠𝑡𝑎𝑟𝑡
× 100

𝑊𝑎𝑠𝑡𝑒 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 =
𝑅𝑅

𝑑
× 100

Residue R



Calculations of larval performance parameters
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Larval performance
✓ Survival (%)
✓ Growth rate, preferably reported as growth curves 
✓ Fresh weight of larvae and of prepupae at harvest
✓ Total DM, OM, and N in insect biomass at harvest 
Conversion efficiency
✓ Bioconversion Efficiency and/or Bioconversion 

Efficiency corrected for Residue
✓ If applicable, overall Degradation, Reduction Rate 

and/or Waste Reduction Index



➢ First effort to provide directions and checklists for researchers

➢ Currently impossible to establish unambiguous standardized 

procedures; lack of basic knowledge and reference values

Stimulate investments in studies that improve and extend our methods

➢Further enhance fundamental understanding of biological principles of 

resource utilisation by BSF larvae and microbiota

Key messages
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