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Foreword

‘Insects to Feed the World’ was born from a United Nations Food and Agriculture Organization (FAO) initiative. The
conference was first organized in the Netherlands, through the collaboration of the Wageningen University and Research
Centre (WUR) and the FAO. The conference was also held in Wuhan, China in 2018, and was organized as a virtual event
from Quebec, Canada in 2020.

The 4% edition of ‘Insects to Feed the World’ from the 12t to the 16™ of June 2022 in Quebec City (https://ifw2022.org/en)
has continued its mission to facilitate the dialogue and the exchange of research results on the use of insects in the context
of food and feed security, toward building evidence-based legislation, advancing communal knowledge, and promoting
innovation for the sector. The conference gathered academics and experts from around the world to exchange on the
latest advancements in the field of edible insects and entotechnologies.

IFW2022 was a unique opportunity to propel edible insects as an integral part in the future of sustainable agriculture
and food systems. A part from a diversified scientific program, several panels were held to establish first contact and
identify opportunities between academics and the industry (Speed Networking activity); to discuss about the wide range
of applications of insect product commercialization for insect farmers (Frass to Feed the World); how to support insect
farmers with critical equipment, software, and engineering support to scale up insect production and maximize output
(Scaling up insect production with key technologies) and how to tackle both insect and worker health in insect farms (Health
& biosecurity workshop). The second ‘Global Roundtable for Insect Agriculture’ initiated in Wuhan in 2018 allowed the
international industry associations to continue their discussions on common issues.

The conference also sought to provide training on how getting started in insect rearing on a small to medium scale
(Training workshop); to showcase the activities of the local industry (Technical visit at Montréal) and reach a wider
audience in organizing ‘Eating Insect North’ at Le Grand Marché de Québec, a public event exhibiting local producers and
transformers in edible insects across multiple kiosks, learn through conferences for the general public and view culinary
demonstrations (https://ifw2020.org/en/program/eating-insects-north).

Finally, the conference has sought to begin initiatives to harmonize fundamental research procedures that will assist the
sector to evolve in a more coordinated manner and contribute to coherent development of related policies and regulations
(OECD Workshop to establish standard methodologies for R&D); to create in the following years new course training,
transfer technology activities and research at an agronomic level (Launch of the Chaire de Leadership en Enseignement en
production et transformation primaire d’Insectes Comestibles (CLEIC) at Université Laval’ (https://cleic.fsaa.ulaval.ca) as
well as to establish the foundation for the establishment of a new interdisciplinary scientific society that draws together
members from diverse scientific backgrounds under the unified discipline of insects as food and feed.

The pooling of academic knowledge, in partnership with industry, will be a guarantee to maintain the impressive
advancements required to anchor edible insects as the food and feed of the future. See you soon at IFW2024!

Marie-Héléne Deschamps and Grant Vandenberg
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Abstracts — Keynotes

Keynotes

Edible insects: progress and prospects

A. Van Huis
Wageningen University & Research, Laboratory of Entomology, Droevendaalsesteeg 1, 6708 PB Wageningen, the Netherlands;
arnold.vanhuis@wur.nl

The literature that has appeared over the last few years on edible insects is reviewed and an outlook on the future is
provided. In the last decade attention has shifted from harvesting insects in the tropics to farming insects all over the
world for food and feed applications. Most production now is targeted towards pet food, but it will shift to aquafeed in
the next two decades. More than 80% of all scientific publications dealing with edible insects appeared during the last
five years. Crickets and mealworms are used for human food while the black soldier fly is the main species used as animal
feed. The criteria for choosing an insect species are based on the possibilities to automate, use cheap substrates available
in large quantities, shift to other similar species with low susceptibility to disease, and market the produce. Selection for
high-performing strains is increasingly applied to improve production. The environmental impact of insect production
compares well to other alternative proteins. In addition, insects can degrade many types of organic waste streams, supported
by microorganisms in the gut or in the substrate. Edible insects are not only a good source of nutrients but they also
provide health benefits for humans and animals, as well as for plants (leftover substrate). The health effects are brought
about by chitin, antimicrobial peptides and specific fatty acids which increase disease resistance. An overview is given
of the possibilities to use insects as feed for pets and as ingredient in pig, chicken and aquafeed to (partially) replace soy.
The challenge of overcoming food neophobia and disgust for Western consumers is reviewed. Is the argument that edible
insects are more sustainable than meat convincing enough for consumers? Should processing techniques be simple or
more elaborate by separating proteins, fats and chitin, or by using fermentation? When insects are reared on not legally
authorised waste streams, other industrial applications then food and feed are possible. The sector is developing fast
thanks also to an increasingly conducive legislative framework. But will there be room for small insect farms, considering
the rapidly expanding big companies? More (inter)national collaboration will promote innovation.
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Abstracts — Keynotes

Science for peace: socio-economic impact of organic waste conversion by black soldier fly larvae in
post-conflict areas

K.B. Barragan-Fonseca
Universidad Nacional de Colombia, Animal Sciences, Calle 57A #57A-84, 111321 Bogotd, Colombia; kbbarraganf@unal.edu.co

Science should respond to the social reality, helping to resolve the problems faced by humanity. All areas of science
are capable of contributing to resolving social problems; that is, they all have an idea, a species or a process that has
the potential to be disruptive innovators to resolve a problem or to support a community. Insects have the potential to
transform societies. Insects like black soldier flies may be produced locally on organic waste, providing protein as well as
other nutrients for animal feed, thereby reducing dependence on high-cost imported protein sources and contributing to a
circular economy. Indeed, insects may be used to replace conventional sources of protein in animal feed to improve socio
economic conditions of small farmers in general and mitigate gender inequality, as has occurred in Kenya. In Colombia,
a country currently in a post-conflict stage after over 60 years of war, we were able to help resolve a community problem:
the high cost of fish feed through implementing a small pilot plant for production of black soldier fly larvae to feed fish,
reducing the costs up to 23%. This project of implementing the use of insects as feed by communities of ex-combatants
and others affected by the armed conflict is called Insects for Peace, and is an example of how black soldier flies could help
reintegrate ex-combatants into the local economy and thus to contribute to peace through science. This project has shown
that even when large-scale transformations are not possible, small-scale initiatives can make significant contributions.
Societal transformations — such as from war to peace — unleash social, economic, and political challenges that need to
be dealt with by many committed actors through multi-, inter-, and trans-disciplinary perspectives. Insects for Peace
has been made possible through the collaborative efforts of scientists of a variety of disciplines as well as personnel from
independent organisations leading to the support of post-conflict transformation in Colombia.

Environmental impact of insect production for food, feed and beyond

S. Smetana
German Institute of Food Technologies — DIL e.V.,, Professor-von-Klitzing-StrafSe 7, 49610 Quakenbriick, Germany;
s.smetana@dil-ev.de

Mass production of insects is calling for environmentally optimised, economically efficient and socially accepted insect
value chains. It is a complex task considering a great variety in insect species, production scales, feed formulations, social
preferences, etc. Performing the study on the sustainability assessment in the scope of SUSINCHAIN project (funded by
EU) it is necessary to draw the conclusions for the optimal production chains from multiple objectives. The studies relied
on modular life cycle assessment (LCA) approaches for environmental impact, analysis of cost structure of production
and inclusion of specific social factors (e.g. fair wage potential). Research is based both on continuous review of published
studies, but also on the modelling of first quality data received from insect production and processing companies. First, the
study identified feasible approaches for the modelling of insect production chains, which can be used for the facilitation
of comparability of LCA and sustainability studies in the conditions of limited data. Feed production and nutritional
quality, duration of insect cultivation and level (and type) of final processing were the main environmental hotspots, which
defined the environmental efficiency of insects. Further, multi-objective optimisation included the scale and geography
of production, species and type of final product, reference (functional) unit, type and price of feed as well as local social
conditions in the analysis of sustainable insect chains.
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Abstracts — Keynotes

The alternative protein landscape: promises and challenges faced transitioning from start-up to scale-up

M. Ashour
Aspire Food Group, 2450 Innovation Drive, N6 M 0C5 London, ON, Canada; ma@aspirefg.com

Industries around the world have been radically re-shaped and impacted because of the effects of COVID-19, and the
insect agriculture industry is no different. The past two years have seen consolidation, decline, growth, and transformation
within our industry. At present, there are nearly a dozen companies around the world, including Aspire, engaged in
significant commercial projects, putting the collective promise of our industry — namely, that insects have the potential
to be a cost- and environmentally-effective solution to intractable problems of proteins supply — to the ultimate test as
we transition from start-up to scale-up. In this keynote presentation, the author will elucidate the challenge faced by the
industry in the coming years of maturation even as the world rebounds from the pandemic, along with the opportunities
the industry has to secure a leading position in the alternative protein landscape.

Genotype-phenotype correlations in optimising biology: lessons learned from other domesticated
systems

C. Picard'?, J.K. Tomberlin'3, H. Jordan* and C. Preyer!

! National Science Foundation Center for Environmental Sustainability Through Insect Farming, Minnie Bell Heep Center, Suite
412, 2475 TAMU, 370 Olsen Blvd, College Station, TX 77843, USA, *Indiana University-Purdue University, Department of
Biology, 723 W Michigan Street, Indianapolis, IN 46055, USA, 3Texas A&M University, Department of Entomology, Minnie
Bell Heep Center, Suite 412, 2475 TAMU, 370 Olsen Blvd, College Station, TX 77843, USA, *Mississippi State University,
Department of Biology, Harned Biology, 295 Lee Blvd, Missisipi State, MS 39762, USA; cpicard@iupui.edu

Domestication of plants and animals has long been a process of specific breeding, and only recently (~50 years) have
genetics of these organisms played a role. Insects as food and feed present a unique opportunity to start with a head start
for which we can take the lessons learned from other successful systems and apply it to insects that have an environmental
impact on the food chain. We'll discuss these lessons, and how they can be applied to generate a more robust agricultural
system to feed the world.
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Abstracts — Keynotes

Safe, legal and sustainable — a European perspective on upscaling insect farming

A. Casillas, C. Derrien, C. Muraru and A. Grassi
IPIFE Avenue Adolphe Lacomblé 59, bte 8, 1030 Brussels, Belgium; info@ipiff.org

The insect sector — a new agricultural industry that is gradually growing into a reputable actor in terms of products’
quality and sustainability — has the potential to become an important agri-food player, but also a strategic link of global
food and feed chains. Notably, insects have been recognised for their role in complementing both humans’ and animals’
diets, having an enormous potential to improve the circularity of the agri-food nexus. The benefits of insect farming go
beyond that — insect farming brings local solutions to farmers, improving circularity in crop and animal farming while also
reconnecting regional agricultural supply chains. Therefore, as recognised by the Food Systems Summit held by the United
Nations in 2021, such new sectors can play a relevant role in accelerating progress on the targets of the UN Sustainable
Development Goals (SDGs). Since the establishment of the International Platform of Insects as Food and Feed (IPIFF),
the priorities of the European insect sector revolved around unlocking the opportunities under the European Union (EU)
legislation. Following the achievement of several regulatory targets in 2021, the natural question is “What follows next?.
This presentation will provide an overview of the European vision for upscaling insect farming by 2030, a strategy that
focuses on three key pillars: (1) advocacy and communication; (2) further unlocking regulatory opportunities; and lastly
(3) quantitative and qualitative growth. Most importantly, the speaker will highlight key trends in the field of insects as
food and feed, as well as their relevance in a European and global context.

Phenotypic exploration is the tip of the iceberg: fraud, espionage, intellectual property,
contamination, & legality

J.K. Tomberlinl, C. Picard?, H. Jordan3 and C. Peyer*

1Texas A&M University, Entomology, TAMU 2475 College Station, TX 77843-2475, USA, *Indiana University-Purdue
University, Biology, 402 N. Blackford Street, Indianapolis, IN 46202, USA, 3Mississippi State University, Biology, 219 Harned
Hall, 295 Lee Blvd, Mississippi State, MS 39762, USA, *Center for Environmental Sustainability Through Insect Farming
(CEIF), TAMU 2475 College Station, TX 77843-2475, USA; jeffery.tomberlin@ag.tamu.edu

Great strides have been made in establishing the insects as food and feed industry. Recent advancements demonstrate the
breadth of abilities each of insect species mass produced. In fact, many facilities have developed their own strains of insect
that is used in their processes. The purpose of this presentation is to describe the phenotypes across insect models that
have been developed and opine on those that could potentially developed. These examples will be bridged with topics of
interest across the spectrum of the industry that includes fraud, espionage, intellectual property, contamination, and legality.
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Abstracts — Insect as food & feed/processing, conservation & food safety of insect products

Insect as food & feed/processing, conservation & food safety of insect products

Fate of polychlorobiphenyls in the insect Tenebrio molitor: consequences for further use as food
and feed

C. Planchel, F. Mercier!, J. Rivas!, M. Angénieux!, H. Wang!, B. Calmont?2, S. Crépieux?, J. Ratel! and E. Engel!
!INRAE, MASS group, UR QuaPA, Theix, 63122 Saint-Genés-Champanelle, France, ’SHNAO, Société d’histoire naturelle
Alcide-d’Orbigny, 57, rue de Gergovie, 63170 Aubiére, France, 3Invers, Champ de la Croix, 63720 Saint-Ignat, France;
christelle.planche@inrae.fr

There is a growing demand for animal protein while the resources used for animal feeding are limited or may raise
environmental issues. Thus, there is a need to find alternative and sustainable protein sources. Edible insects may be an
interesting solution with a good nutritional value. Learning form the BSE prion crisis, it is essential to ensure the safety
of insect products and the chemical contamination is a crucial issue. Among priority contaminants, persistent organic
pollutants (POPs) such as polychlorobiphenyls (PCBs), dioxins (PCDD/Fs) or polycyclic aromatic hydrocarbon (PAHs) are
of serious concern in food supply. In this context, this study explored the ability of yellow mealworm (Tenebrio molitor),
the most widely bred and traded insect species in Europe, to bioaccumulate PCBs from their feeding substrate. Tenebrio
molitor larvae were reared during 20 days in a temperature and humidity-controlled incubator and fed with wheat bran
artificially contaminated with PCBs at a concentration of 0.67, 4 or 24.4 ug/kg (n=9). The larvae PCB content was then
measured based on an analysis by gas chromatography hyphenated with a micro-Electron Capture Detector (GC-HECD).
Whatever the PCB contamination level, no significant impact was observed on the larval growth. The bioaccumulation
factors (BAF = concentration of PCBs in larvae / concentration of PCBs in wheat bran) obtained with dried larvae, the
most common commercially available form, ranged between 1.5 and 3. This study highlights the ability of Tenebrio
molitor to bio-accumulate PCBs from their diet during rearing and the significant impact of the drying process on the
bioaccumulation factors. This demonstrates the importance of considering the quality of the substrates used for farming
insects as food and feed in terms of content in chemical contaminants including POPs like PCBs.
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Nutritional,functional,thermal characteristics and estimated shelf-life of defatted Rhynchophorus
phoenicis larvae flour

N.S. Eyengal’2, P. Mounjouenpou?, F.A.R. Mba? and G. Kansci!

University of Yaounde I, Biochemistry, Cameroon, 812 Yaounde, Cameroon, *Institut of Agricultural Research for Development,
post harvest technology, cameroun, 2123 Yaounde, Cameroon, 3University of Douala, Biochemistry, Cameroon, 2701 Douala,
Cameroon; eyenga_nina@yahoo.fr

Rhynchophorus phoenicis is an insect of the coleopteran family. They are widely consumed in Africa and particularly in
Cameroon. These larvae are rich in lipids and proteins. However, they are very perishable and their use as food ingredients
remains limited due to their high fat and water content. The present work aims to produce low-lipid content larva flours
of R. phoenicis and to determine their nutritional, functional, thermal properties and their estimated shelf life. The flour
was obtained by the cooking-pressing process. Thermal properties were determined by thermogravimetric analysis and
differential scanning calorimetry. The shelf life of the flour was estimated using adsorption isotherms. The results obtained
show that the flours have low lipids (8 g/100 g of flour) and high proteins content (69 g/100 g of flour). Their water and
oil absorption capacities (1.90+0.02 ml/g), (2.58+0.01 ml/g), swelling power (3.83+0.01 g/g of flour), foaming properties
(5.84+0.03%) and foam stability (67.78+0.03%) make them good ingredients for food formulations. Thermal analysis
revealed a small loss of mass (5.8%) at the beginning of treatment and the formation of a residue at 600 °C corresponding
to 5% of the initial flour mass. Differential scanning calorimetry showed a glass transition temperature from 10.03 to
11.14 °C as well as two melting points at 19 and 22 °C and one crystallisation point (20 °C). Regarding the storage capacity,
the adsorption isotherms obtained can be modelled by the Guggenheim-Anderson-and-de-Boer (GAB) and Brunauer-
Emmett-and-Teller (BET) equations. The shelf life is estimated at 300 days when flour is packed in polyethylene and
stored at 20 °C in enclosure with a relative humidity of 90%. In short, the cooking-pressing process makes it possible to
obtain flours of high nutritional and technological values. The resulting flours can be used as ingredients to fortify foods
with poor proteins content.

Industrial demonstration of an enzymatic treatment to improve protein quality in insect meal from
Hermetia illucens

A. Margenat, S. Balsells, E. Ferniandez, C. Fabregat and M. Jorba
LEITAT Technological Center, Bioresources and Agrifood Technologies, C/ Impressors no. 12, 08788 Vilanova del Cami,
Spain; sbalsells@leitat.org

The aim of this work is to develop and optimise an aqueous enzymatic pre-treatment of fresh larvae of Hermetia illucens at
industrial scale followed by centrifugation to reduce the fat content in insect meals and enhance the protein quality, work
developed in the European Project SUStainable INsect CHAIN (SUSINCHAIN). Firstly, conditions were stablished at lab
scale. Three fractions were obtained: (1) floating oil fraction, (2) aqueous fraction (mainly soluble proteins and hydrolysed
proteins), (3) solid fraction (mainly chitin and insoluble proteins). The effects of different proteases were screened, and
protease (Protl) was selected. Next, conditions were optimised through experimental designs combined with response
surface methodology (RMS) to optimise the fat extraction by applying Prot1 and lipases (Lip1, Lip2) with different enzyme
doses, and reaction time. This resulted in the following optimal conditions: 0.2% Prot1, 0.75% Lip1, 0.75% Lip2 at acid pH
and mid temperature under agitation for 4 h followed by thermal treatment at 90 °C for 2 h and finally, centrifugation.
This process was validated at lab scale obtaining insect meals with protein content of about 38% dw and 20% dw residual
fat, representing 52.5% fat extraction yield. The total amino acid content obtained was about 30% dw being the most
abundant aspartic acid, glutamic acid, and alanine, similarly to the fresh larvae amino acid profile. The in vitro dry matter
and protein digestibility in the insect meals obtained were approximately 87% dw. These optimum conditions were selected
for further validation at industrial scale using a 100 | reactor and an industrial tricanter centrifuge. From the scaled-up
process, it was obtained an enzymatically treated insect meal with improved in vitro digestibility by over 20% compared
to the conventional process without enzymes. When fractionated, the aqueous fraction reached 100% protein digestibility
and the solid fraction around 91%. In conclusion, the aqueous enzymatic treatment followed by tricanter centrifugation
is a promising technology to reduce the fat content and enhance the iz vitro protein digestibility.
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Application of green processes and emerging technologies for the valorisation of mealworms in
a biorefinery concept

R. El Hajj!, H. Mhemdil, K. Allaf?, C. Besombes? and E. Vorobiev!

University of Technology of Compiegne, Integrated Transformation of Renewable Matter, rue du Dr Schweitzer, 60203
Compiégne, France, >University of La Rochelle, Laboratory of Engineering Science for Environment, Av. Michel Crépeau,
17042 La Rochelle, France; rachele.el-hajj@utc.fr

With the world’s population predicted to reach 9 billion by 2050, it is essential to find new sustainable agricultural practices
and protein sources for the feed and food sectors. Edible insects are a promising alternative biomass that can meet the
growing demand for proteins and their derivatives, presenting many advantages over conventional farming, such as:
minimal resource needs (green spaces, water and energy), low environmental impact (less GHG and NH, emissions), low
feed conversion ratio (around 1.7 for insects compared with 10 for cattle) and above all their integration into a logic of
circular economy. This research work is part of the RAFINSECT project funded by the HDF region (France) and aims to
set up an insect biorefinery. The objective is to fractionate and valorise all biomass fractions such as proteins, lipids and
chitin by incorporating them into a variety of food and feed matrices, and into cosmetic products and packaging as well.
To successfully establish an insect biorefinery, many scientific and technological barriers must be overcome. Among these
are the identification of the best technological pathways for preserving the quality of different fractions while remaining
environmentally friendly and energy efficient. To achieve these goals, we are focusing on the use of emerging technologies
(instant controlled pressure drop (DIC), pulsed electric field, ultrasound and supercritical CO,) in order to intensify the
transfer phenomena throughout the various transformation stages. In this context, mealworms (7. molitor larvae) were
pretreated with DIC and PEF, then delipidated and dehydrated by pressing and/or drying. The impacts of pretreatments
on larval mortality, pressability, cell structure, drying kinetics and product quality were studied. The processes were
compared and optimised. The obtained results confirmed the positive influence of pretreatments used to accelerate the
transfer kinetics during the fractionation, extraction and drying operations while preserving product quality.

Impact of the defatting and alkaline extraction steps on the physicochemical properties of house
cricket proteins

G. Pellerin and A. Doyen
Institute of Nutrition and Functional Foods (INAF), Food Sciences, Université Laval, Quebec City, QC, G1V 0A6, Canada;
genevieve.pellerin.3@ulaval.ca

House cricket (Acheta domesticus), largely reared for human consumption in Canada, represents an interesting source
of alternative proteins in the development of insect-based food products. However, the defatting and protein extraction
processes could have a major impact on protein structure, hence on their techno-functionalities. Therefore, it is essential to
understand how each processing step affects the cricket protein profiles and structures. Frozen adult house crickets were
freeze-dried, and cricket powder was either not defatted (ND) or defatted using hexane (HD) or ethanol (ED). Proteins
were extracted from both non defatted and defatted powders by alkaline solubilisation (pH 10.5, 40 °C) for 1, 2 or 3 h. The
proximate composition (dry matter, protein, lipid, and ash contents) and the colour of cricket protein concentrates were
analysed. The impact of each extraction step on protein profiles was observed by gel electrophoresis under native, non-
reducing, and reducing conditions. Changes in surface hydrophobicity of cricket proteins were assessed by fluorescence
spectroscopy, and free and total sulthydryl groups were measured by Ellman’s method. The solubility of cricket proteins
was measured at pH 7. Preliminary results showed that, compared to ND, the defatting step using hexane reduced the
protein recovery yield obtained after 1 h alkaline extraction. However, this difference was decreased when the extraction
step was extended to 3 h. Protein purity was higher when cricket protein extracts were produced from HD, compared
to ND. No difference in the protein profiles of ND and HD protein extracts were observed by gel electrophoresis when
alkaline extraction was performed for 3 h. Although defatting is crucial to generate cricket-based ingredients with high
protein content and purity, it appears that this step had a major impact on protein recovery yield following their extraction
by alkaline solubilisation. Experiments are currently under development to evaluate the effect of the defatting and alkaline
solubilisation steps on the modification of cricket protein structures.
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Optimisation of industrial scale dielectric drying for stabilisation of black soldier fly larvae (Hermetia
illucens)

D. Vandeweyer!, D. Lachil, P. Van Der Zweep?, V. Goovaerts?, C. Groffils3, M. Van Der Borght! and L. Van Campenhout!
KU Leuven, Department of Microbial and Molecular Systems, Kleinhoefstraat 4, 2440 Geel, Belgium, >Dymotec, Lammerdries-
Oost 19, 2250 Olen, Belgium, 3Microwave Energy Applications Management, Centrum-Zuid 3060, 3530 Houthalen-
Helchteren, Belgium; dries.vandeweyer@kuleuven.be

Drying is one of the most frequently applied technologies to stabilise insects in order to store, transport or process them
for all types of applications. While hot air drying and freeze drying are currently applied on large scale in the insect
industry, more modern techniques such as dielectric drying are also being investigated. Microwave (MW) drying and radio
frequency (RF) drying are dielectric drying techniques already successfully introduced in other industries. For insects,
however, the most optimal conditions to obtain high-quality and stable dried products still have to be determined for
large scale application. Within the Horizon 2020 SUSINCHAIN project, we investigated the optimisation of industrial
MW and RF drying for black soldier fly (BSF) larvae to obtain chemically and microbiologically stable dried products.
Microbiological stability is typically obtained when water activity (a,) reaches a value below 0.60. By varying process
conditions such as drying time, insect layer thickness and energy input, the optimal process parameters to achieve this
a,, value were determined. For MW drying (MEAM Dry 32), a stable product could be obtained by drying for 15 min at
22 kW power input for 10 kg of larvae. A layer thickness of 1.5 cm was applied while maintaining surface temperature
below 85 °C. Moisture content was reduced below 8% to reach a , values below 0.60. For RF drying (prototype installation,
Dymotec), different parameters should be employed to reduce a , below 0.60. E.g. a layer thickness of 4.5 cm and a core
temperature of 100 °C were applied, while using a lower energy input (+9 kW for 10 kg larvae). However, process time
to obtain final products was higher (+60 min). In a next step, the impact of the optimal drying processes on nutritional
and chemical composition as well as on microbiological quality of the dried BSFL are assessed, in comparison with the
commonly used drying techniques.

Insects as a sustainable source of proteins: from raw caterpillars (Samia ricini) to protein powder

C. Loupiac!, A. Badjonal’2, E. Mlouah'2, C. Mudaul2, T. Phung!2, H. Mhemdi?® and S. Mezdour*

Institut Agro Dijon, UBFC, UMR PAM Equipe PCAV, 1 esplanade Erasme, 21000 Dijon, France, 2UBFC Institut Agro Dijon,
Master MP2, 1 esplanade Erasme, 21000 Dijon, France, 3Sorbonne Universités, Université de Technologie de Compiégne,
Laboratoire Transformations Intégrées de la Matiére Renouvelable (UTC/ESCOM, EA 4297 TIMR, Centre de Recherche
de Royallieu, CS 60319, 60203 Compiégne, France, *AgroParisTech, Inra, Université Paris-Saclay, UMR 782, Ingénierie
Procédés Aliments, Paris Saclay, 91300 Massy, France; camille.loupiac@agrosupdijon.fr

There is an increasing demand for edible insects that are safe to consume, easily available, and organoleptically acceptable.
This demand requires the need to improve the processing and shelf life stability of insect’s products. Therefore, the best
way to ensure efficient utilisation of edible insect in food is to optimise the drying and flour processing steps. The obtained
protein powders should present good physicochemical properties and chemical composition. We have worked on the
drying of ungutted and gutted caterpillars (Samia ricini). We applied different drying temperature in an oven (laboratory
scale) and a freeze drying on the samples of caterpillars. The protein content determined by Dumas analysis (dry basis)
is around 53% for gutted samples and 48% for ungutted samples. No aggregation phenomena (electrophoresis) and
changes of structure (infrared spectroscopy) were observed as function of the temperature of drying. The solubility of the
proteins of the dried caterpillar powder was around 2% at pH 10 and 15% at pH 3 which is very low. The water adsorption
capacity of the dried powder was around 3.2 to 4.3 g of water per g of dried powder, and the oil adsorption capacity was
around 1.9 to 3.5 g per g of dried powder. There is no significative difference between samples dried at 55 and 84 °C but
an effect of gutting step. We have shown that we cannot discriminate the samples as function of the drying temperature
(55 or 84 °C), but that the step of gutting or ungutting affect the properties of the powders, in terms of composition and
of physicochemical properties (solubility and water holding capacity). This research work is part of the project funded
by the humanitarian organisation Action Against Hunger (ACF-France)
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Characterisation and modelling of drying of pressed larvae for animal feed

H. Romdhana and S. Mezdour
AgroParisTech, 1, avenue des olympiades, 91744 Massy, France; romdhana@agroparistech.fr

Insects are sources of protein and lipid and could be the ideal, nutritious and eco-friendly food. The production of
food-grade functional proteins and other high-value ingredients requires the development of insect extraction and
separation by thermomechanical processes. The process used to produce insect meal or animal feed pellets, especially
the drying step, has not been widely explored in the literature. The drying process is a necessary step to stabilise the
insects or to standardise them before industrial treatment. However, the drying step is often a real bottleneck for the
whole production line. It is therefore essential to optimise the operating conditions of drying in order to achieve a better
energy performance without affecting the quality of the final product. The overall objective of this study is: (1) conduct
experimental characterisation of the drying of pressed larvae (mealworm larvae) using a thin layer drying: (2) optimise
by inverse modelling the heat and mass transfer properties during drying (i.e. the heat transfer by convection and the
mass diffusivity inside the pressed larvae); and (3) predict the temperature and the moisture profiles of the drying gas and
the feed pressed larvae. This approach centred on the prediction of drying kinetics is essential for the design of drying
equipment on an industrial scale. The experimental work is carried out in a cylindrical Pyrex vein crossed by a flow of
hot air with continuous monitoring of the weighing throughout the drying period. This characterisation method is much
more representative of the drying reality than traditional intermittent weighing methods. The modelling work is based
on the resolution of the microscopic equations of heat and mass transfer. These equations are correctly adapted to the
behaviour of several types of pressed larvae for a predictive and accurate simulation. The global approach can be easily
applied to many other species of insects.

Extraction of protein from caterpillar larvae by mechanical pressing assisted by pulsed electric field
treatment

H. Mhemdi' and S. Mezdour?
1Sorbonne Universités, Université de Technologie de Compiégne, CS 60319, 60203 Compiégne Cedex, France, 2AgroParisTech,
1, avenue des Olympiades, 91744 Massy France; samir.mezdour@agroparistech.fr

Satisfying the growing demand for proteins in one of the major challenges for international organisations, private operators
and agri-food researchers. Among several possible additional sources of proteins, the insect solution seems to be relevant
and credible as a complementary option alongside other conventional ones (fish and soya). The development of an insect
industry requires the development of technically reliable and economically viable transformation processes. This research
work is carried within the framework of a partnership between AgroParisTech and The University of Technology of
Compiegne and aims to set up a viable process to produce a flour rich in proteins from caterpillar larvae. In fact, these
larvae are rich in proteins and lipids. The objective of the study was to fractionate the raw material in order to obtain a
liquid fraction rich in oil and a solid fraction (flour) rich in proteins. For this purpose, mechanical pressing and/or drying
were used for insect dewatering and defatting. In order to enhance the pressing kinetics and to increase the extraction
yield, a Pulsed Electric Field (PEF) was applied as pre-treatment to permabilise the membrane cells and therefore enhance
the extraction/drying kinetics. Results showed that the application of a very short (10 ms) PEF pre-treatment at E=600
V/cm before pressing improves the extraction yield by about 20% and reduces significantly the extraction time. The dry
mass of the press cake was increased up to 78% with a proteins content higher than 50%. Moreover, the application of PEF
treatment enhanced the drying kinetics and reduced considerably the energy consumption. Pulsed electric fields seems to
be very promising technology. In fact the application of the electrical treatment induces cells membranes permeabilisation
facilitating thus the extraction and drying step at moderate temperature (T<60 °C) to preserve the product quality. The
results obtained in this work will be very useful to pave the way for caterpillar larvae transformation in order to produce
high-protein flour.
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Health-promoting and unobvious properties of edible insects

E. Zieliniska
University of Life Sciences in Lublin, Department of Analysis and Food Quality Assessment, Skromna, 8, 20-704 Lublin,
Poland; ewelina.zielinska@up.lublin.pl

Edible insects are known for their nutritional value and are becoming increasingly popular worldwide as an alternative
source of protein. Nonetheless, the increased interest in edible insects is fostering the discovery of their other properties
and the benefits provided by the consumption thereof. One example is the use of the antioxidant properties of insect-
derived hydrolysates obtained during in vitro digestion in the prevention of oxidative stress, which contributes to the
development of many diseases. The hydrolysates obtained from G. sigillatus, T. molitor, and S. gregaria in this study
were able to scavenge free radicals and inhibit the activity of pro-inflammatory enzymes such as lipoxygenase and
cyclooxygenase. The hydrolysates obtained from these insect species also inhibited the activity of enzymes involved
in the pathogenesis of metabolic syndrome, i.e. the angiotensin-converting enzyme (the highest inhibitory activity was
observed for the hydrolysate from G. sigillatus 1IC., 28.2 pg/ml), a-glucosidase (G. sigillatus 1C, 5.89 ug/ml), and lipase
(S. gregaria 1C, 66.11 pug/ml). Moreover, the heat treatment process has a positive effect on the bioactive properties of the
hydrolysates. Simultaneously, the T. molitor larvae exhibit an extremely unusual ability to recycle expanded polystyrene,
which is useful for protection of the environment. However, it is important to know the effect of consumed polystyrene
on these insects. A Styrofoam-feeding test was conducted for 30 days with unlimited access to Styrofoam without another
feed, with a control sample fed by bran. The extract from insects fed with foamed polystyrene did not show significant
cytotoxic properties; furthermore, the extracts obtained in this way had lower cytotoxic properties than the control ones.
Moreover, the mealworms fed with Styrofoam were determined to have higher protein (51.93%) and ash content (4.81%)
with reduced fat content (24.05%) than insects receiving the conventional diet (37.06%, 2.82%, and 43.74%, respectively).
Additionally, Styrofoam did not influence the health status of gut cells in the examined insects (P<0.05). The results
obtained in this work will be very useful to pave the way for unconventional uses of insects.

Development of honey bee (Apis mellifera) drone larvae harvesting and processing technology

I. Rutka, R. Galoburda, J. Galins and A. Galins
Latvia University of Life Sciences and Technologies, Liela street 2, 3001, Latvia; rutkaiveta@inbox.lv

Bee (Apis mellifera) drone larvae is a high-quality by-product of beekeeping that contains protein. Beekeepers tend to
remove bee drone larvae from the hive to control the spread of the Varroa mite, but larval removal is not always done in
hygienic way and therefore further processing of the larvae is difficult. Researchers use a variety of techniques to collect bee
drone larvae, but it is not clear which method is the best. It is important not to damage the product during harvest, when
fungi and mould can multiply rapidly at favourable ambient temperatures. The aim of the work was to harvest samples
by different techniques and to assess the chemical and microbiological properties of bee drone larvae. As a result of the
research, the chemical composition of bee drone larvae was determined, as well as microbiological contamination was
analysed in the freeze dried product during storage. The harvesting, processing and storage of bee drone larvae may be
impaired by harmful microorganisms such as Mucor circinelloides and Candida famata. Different types of fungi species of
the genus Penicillium caused spoilage in the freeze dried bee drone larval homogenate, if the moisture content exceeded
the optimum value. It’'s more effective to freeze dry intact larvae because they have much larger surface area to be freeze
dried than pressed and homogenised larvae. A change in the colour tone of the drone larvae indicates deterioration
during harvesting and storing. Further research is needed into the deterioration of bee drone larvae and the growth of
microorganisms during harvesting and storage. The suggested technology for harvesting bee drone larvae is similar to
harvesting bee bread when the cell combs are frozen with the product and then separated.
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Effect of high hydrostatic pressure on mealworm (Tenebrio molitor) protein structure

A. Boukil!, A. Marciniakl, S. Mezdour?, Y. Pouliot! and A. Doyen!

!Laval University, Department of Food Science and Institute of Nutrition and Functional Foods (INAF), 2425 rue de
lagriculture, GI1V 0A6 Québec, Canada, AgroParisTech, UMR782 Paris Saclay Food and Bioproduct Engineering, 1 rue
des Olympiades, 91077 Massy, France; abir.boukil.1@ulaval.ca

Edible insects are gaining interest due to their positive attributes related to food security and environment. However,
acceptability of whole insects by western consumers is a hindrance for market development. The incorporation of insect
proteins in conventional food matrices may increase consumer acceptance. However, the development of insect protein-
based products requires fundamental knowledge about the effect of food processing on edible insect components, mainly
proteins, and techno-functional properties. High hydrostatic pressure (HHP) is the most utilised nonthermal technology
for microbial inactivation. Depending on the severity of process parameters, HHP induced modifications affect protein
structures and techno-functional properties. Nevertheless, little data are available regarding the impact of HHP on
mealworm proteins structure. In this work, mealworm protein solutions were prepared at a 10% (w/v) and pressure-
treated from 70 to 600 MPa during 5 min. Unpressurised mealworm protein samples (0.1 MPa) were used as control.
Structural changes of HHP-treated mealworm proteins were evaluated using turbidity, particle size distribution, intrinsic
fluorescence, surface hydrophobicity, gel electrophoresis, mass spectrometry and transmission electron microscopy.
Results showed that denaturation of mealworm proteins occurred under pressure, mainly at 600 MPa. The formation of
protein aggregates, mainly composed of twitchin, a-amylase and hexamerin 2, was also confirmed. Microstructure analysis
indicated a potential involvement of actin and myosin in aggregates composition. For the first time, we demonstrated that
HHP induced denaturation and aggregation of specific mealworm proteins. Further analyses are necessary to understand
the impact of denaturation/aggregation phenomenon on protein techno-functional properties which is crucial to generate
food products formulated with insect ingredients.

Efficiency of activated charcoal and sodium bisulphate to reduce dark-colour reaction in Tenebrio
molitor protein extracts

A. Boukill, S. Mezdour?, Y. Pouliot! and A. Doyen!

!Laval University, Department of Food Science and Institute of Nutrition and Functional Foods (INAF), 2425 Rue de
lagriculture, GIV 0A6 Québec, Canada, AgroParisTech, UMR782 Paris Saclay Food and Bioproduct Engineering, 1 rue
des Olympiades, 91077 Massy, France; abir.boukil.1@ulaval.ca

The use of non-thermal technologies to limit the impact of conventional heat treatments on edible protein structures
and techno-functionalities is particularly interesting. However, without heat treatments, enzymatic browning is not
inactivated. Nevertheless, browning coloration can be prevented or reduced by sodium bisulphite (SB) and activated
charcoal (AC). The aim of this study was to evaluate the efficiency of SB and AC as anti-browning agents on Tenebrio
molitor (TM) protein extracts and to study their impact on proteins structures. Extraction of TM proteins was performed
with addition or not (control) of SB (1% w/v). AC was added to TM protein extracts (0-3% w/v) in combination or not
with heating (50 °C, 1 h). Protein extracts were recovered, and the impact of SB and AC was evaluated using colorimetry,
turbidity, particle size distribution, surface hydrophobicity, intrinsic fluorescence, sulfhydryl groups measurement, gel
electrophoresis and proteomic. Results showed that SB could prevent enzymatic browning during protein extraction
while causing the denaturation/aggregation of TM proteins. Aggregates were mainly composed of twitchin, hexamerin
2 myosin and actin. Discoloration of TM protein extracts was correlated with the concentration of AC. Turbidity was
decreased (0.26+0.02 at 3% w/v) compared to SB (0.04+0.02) and control (0.3+0.0). Moreover, and compared to control,
similar surface hydrophobicity values were obtained after AC treatments (without heating) whereas an increase (~25%)
was obtained after SB treatment along with a maximal decrease at 3% (w/v) (~20%) under heating. AC-heating treatment
induced denaturation and aggregation of globular proteins (a-amylase) with the formation of new thiols-disulphide
interactions. For the first time, discoloration of TM proteins was documented, and results can be used to enhance the
current knowledge regarding protein extraction and purification.
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Impact of soybean curd residues co-conversion by black soldier fly larvae assisted by different gut
bacteria on biomass

A.A. Soomro, M. Cai, Z.A. Laghari, L. Zheng, K. Rehman, X. Xiao, S. Hu, Z. Yu and Z. Zhang
Huazhong Agricultural University, State Key Laboratory of Agricultural Microbiology, National Engineering Research
Center of Microbial Pesticides, College of Life Science and Technology, 430070, China, PR.; draziz_17@yahoo.com

The attention for black soldier fly larvae (Hermetia illucens) (BSFL) as an alternative ingredient for food and feed products
is on the rise. To enhance the conversion efficiency of soybean curd residues (SCR) by BSFL assisted by Bacillus subtilis
BSFL-CL (Group R3) gut bacteria subsequently obtain high-quality insect protein and lipid for human and livestock
consumption. We pretreated SCR with B. subtilis BSFL-CL gut bacteria (108 cfu/ml) and used BSFL for conversion. BSFL
assisted by microbes enhanced the co-conversion process of BSFL and reduced the development time of BSFL from 19
days to 15 days. BSFL assisted with B. subtilis BSF-CL had significantly higher dry mass reduction (58.0%) than control
R5 and R6 (53.6 and 49.1%) and other groups. Bioconversion in Group R3 (6.4%) were enhanced than the control groups
R5 and R6 (4.9 and 4.0%). The nutritional profile in BSFL protein (50.5%) and lipid (28.2%) were enhanced in Group R3
as compared to control groups R5 (45.5%) and R6 (25.3 and 22.6%) respectively. FCR (8.9) of BSFL fed with SCR and B.
subtilis BSF-CL (Group R3) was significantly lower than that of BSFL fed with R5 and R6 (10.8 and 12.2) and other gut
bacteria groups. In addition, amino acids and fatty acid spectra developed on Group R3 showed a satisfactory and higher
level of all the essential amino acids needed for human consumption when compared with WHO/FAO standards. All
heavy metals (Cd, Cu and Cr) and antinutritional factors (tannin, oxlate and phytate) were also found within the safe
intake level of human animal food production. Therefore, when B. subtilis BSF-CL was assisted with BSFL developed
on SCR improved all its performance parameters as well as nutritional profile in BSFL as compared to control groups.

Deep-fried grasshoppers a delicacy in Maiduguri north eastern Nigeria

I.U. Gadzama! and R.K. Ndudim?

University of Alberta, Department of Agricultural, Food and Nutritional Science, 2924, 109 St NW, T6] 3E6, Edmonton,
Canada, 2University of Maiduguri, Nigeria, Department of Biological Science, Department of Biological Science, Faculty
of Science. PM.B. 1069, 600004, Nigeria; gadzama@ualberta.ca

As a young child growing up in Sub-Saharan Africa, particularly in Maiduguri, North Eastern part of Nigeria, I followed
my parents to our family farm to collect grasshoppers (GH) from our crops in the early hours of the day when the
temperature is cooler and the insects are less active and easier to catch. My mother used to prepare the harvested GH into
a delicious, crunchy, and tasty product. We eat the fried and spicy GH as part of a meal or as a snack. The act of eating
insects (entomophagy) as a sustainable alternative to meat and fish is being promoted around the world. In Maiduguri,
the two-striped grasshoppers (Melanoplus bivittatus) popularly called ‘Fara’ in the Hausa language had been consumed
for decades as a local delicacy. They provide a cheaper source of protein to the people of Maiduguri as compared to other
traditional meat. Grasshoppers being cool blooded are mostly hunted by young men armed with lamps and bags at night
or at dawn when they are in season particularly during the ‘harmattan’ period of the year (between November and March).
The GH collectors use cover-all clothing, hand gloves and boots to protect themselves from thorns, thistles, or snake
bites. The collection of GH starts at about 20:00 hours and lasts for about 8 hours. At about 4:00 am, the GH collectors
return with the harvested GH in bags to the markets where buyers (mostly women) purchase the fresh and live GH in
bags. The processing of GH involves removing the wings followed by blanching in hot water for about 10 to 20 minutes
and then flavoured with spices, salt, seasoning, and garlic powder. The spiced grasshoppers are dehydrated under the sun
and then fried in vegetable oil until they become crispy. The fried GH are usually eaten by dipping the whole insect into a
bowl of spicy powdered chili called ‘Yaji’ in the Hausa language. The business of selling GH has improved the livelihoods
of many unemployed people in Maiduguri, Nigeria.
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Microbial dynamics and quality changes during modified atmosphere storage of mealworm paste

S. Ojha, G. Rossi and O. Schliiter
Leibniz Institute for Agricultural Engineering and Bioeconomy (ATB), Quality and Safety of Food and Feed, Max-Eyth-Allee 100,
14469 Potsdam, Germany; sojha@atb-potsdam.de

Fresh insects in paste form can be conveniently utilised for further preparations and processing at both household and
industrial levels. However, due to high moisture content, favourable pH and rich nutrient profile, they are highly perishable
and prone to microbial and chemical changes upon storage. In this study, the effects of high hydrostatic pressure (HHP)
blanching and modified atmosphere packaging (MAP) on the microbiological and the chemical stability of mealworm
(Tenebrio molitor) pastes were evaluated. The pH, colour, lipid oxidation and microbial counts were monitored during
four weeks of refrigerated (4 °C) storage. HHP treatment (600 MPa, 5 min) resulted in up to 3 log cfu/g reduction in
mesophilic aerobic and anaerobic bacterial counts. All microbial populations investigated during storage of the mealworm
pastes indicated that HHP treated pastes could be consumed up to (at least) one month of refrigerated storage. Further,
L. monocytogenes, Salmonella and E. coli were not detected in any of the samples and lipid oxidation of the samples was
minimal. Overall, this study shows that HHP treatment can successfully reduce microbial growth, assuring chemical quality
and microbial safety of mealworm pastes. Moreover, MAP coupled with refrigerated storage could preserve quality and
safety of HHP treated insect pastes, thus extending their shelf-life.

Assessment of low-energy electron beam (LEEB) treatment of two whole dried insect products

D.A. Peguero’?, T. Duewell?, B. Dubovcova3, A. Waser3, M. Gold"2, C. Zurbriigg! and A. Mathys?

!Eawag:Swiss Federal Institute of Aquatic Science and Technology, Sanitation, Water and Solid Waste for Development,
Ueberlandstrasse 133, 8600 Diibendorf, Switzerland, ’ETH Zurich, Sustainable Food Processing Laboratory,
Schmelzbergstrasse 9, 8092 Zurich, Switzerland, 3Biihler AG, Digital Technologies, Gupfenstrasse 5, 9240 Uzwil, Switzerland;
daniela.peguero@hest.ethz.ch

One of the major barriers for market entry of edible insects and insect-derived products is product safety. Insects have a
high and diverse microbial community, mainly influenced by the food and rearing environment. Consequently, reliable
post-processing treatment techniques are needed to produce safe insects/insect-derived products. Common treatment
techniques such as heating can lower the nutritional value and product quality. In contrast, low-energy electron beam
(LEEB) is an emerging gentle non-thermal treatment technique to maintain the product quality and commercial value.
However, its potential application as an insect post-processing treatment step has not yet been investigated. To the authors
knowledge, this is the first study that evaluated the use of LEEB as a further treatment step for dried black soldier fly
larvae (BSFL) and mealworms (MW). BSFL and MW were sourced from two insect producers. Following harvesting,
insects were blanched (BSFL: 80 °C, 2 min; MW: 95 °C, 3 min) and dried (BSFL: 80 °C, 27 h; MW: 90 °C, 3.5 h). Insects
were then treated with LEEB in triplicate (250 keV, 12 kGy). The effectiveness of the LEEB treatment was evaluated in
comparison to a control (without LEEB). Physical (water activity, moisture content) and microbial parameters (aerobic and
anaerobic counts/spores) were determined directly after treatment and monthly in a six-month controlled shelf-life study
(24 °C, 65% RH). LEEB was effective in reducing numbers of all microbial parameters in MW. Specifically, aerobic and
anaerobic counts in MW were both reduced by approximately 4-log10 colony forming units per gram (cfu/g). Likely due
to the longer drying duration (27 vs 3 h), LEEB treatment had a lower effect on BSFL microbial numbers, an approximate
1-log10 cfu/g reduction for aerobic and anaerobic counts. In summary, LEEB can be an effective and gentle processing
step to ensure product safety within the insect industry.
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Insect processing towards protein rich food ingredients

C.M.M. Lakemond
Wageningen University, Food Quality and Design, PO. Box 17, 6700 AA Wageningen, the Netherlands; catriona.lakemond@wur.nl

Insect processing, basic or more extensive, is a requirement for insect availability in the food chain. The insect matrix is
specific, and different from other protein sources. The goal of this work is to review the state of the art in literature on insect
processing with relation to the insect’s matrix, including the resulting properties of protein enriched fractions. Main types
of processing studied include heating, drying, and bio-fractionation. Insect processing is aimed at production of (semi-
finished) products from insect raw materials with desired technological, functional, and nutritional properties. Procedures
used in literature base themselves on existing techniques, used for known protein sources. For bio-fractionation, wet and
dry type of fractionation were used to obtain protein concentrates, isolates or hydrolysed protein fractions. This requires
protein separation from lipids and chitin. In the insect matrix soluble proteins are present in the haemolymph, insoluble
proteins in muscles and cuticle. The techno-functional properties of insect proteins, including solubility, water and oil-
holding capacity, emulsifying, and gelling properties, were in the range of those of milk/eggs and legumes, but depend on
type and extent of processing, species, and purity. For drying simple to more advanced techniques were studied, the level
of heating being important. Heating, used for preservation, causes protein denaturation and lowers protein solubility. It
also denatures native proteases and phenoloxidases. Browning by phenoloxidases is often undesired, species dependent,
and also linked to iron complexation and auto oxidation. Native proteases affect protein properties and functionality, even
after storage at -20 °C. The effect of processing is insect species dependent, but common mechanisms are behind its effect
on the resulting properties. The techno-functionality of the protein rich fractions is determined by the type of protein,
protein concentration, technology of production, pH, ionic strength, and the matrix. Although traditional processing
techniques are used for insects, and progress is made in the scientific field, an integrative approach specifically tailored
to the insect’s matrix is missing.

Hermetia illucens L. larvae- associated intestinal microbes reduce the transmission risk of
pathogens in pig manure

Y. Z, X. Xiao, M. Cai, L. Zheng, F. Huang, J. Tomberlin and J. Zhang
Huazhong Agricultural University, Microbiology, National Engineering Research Center of Microbial Pesticides, College of
Life Science and Technology, 430070, China, PR.; yuanpu201@126.com

Black soldier fly (BSF) larvae are considered a promising biological reactor to convert organic waste and alleviate the
impact of zoonotic pathogens on the environment. We analysed the effects of BSF larvae on zoonotic pathogen populations
in PM, which showed that BSF larvae can significantly reduce associated Staphylococcus aureus and Salmonella spp.
Then, using a sterile BSF larval system, we validated the function of BSF larval intestinal microbiota iz vivo to suppress
pathogens, and lastly, we isolated eight bacterial strains from the BSF larval gut that inhibit S. aureus. Results indicate
functional microbes are essential for BSF larvae to antagonise zoonotic pathogens. Moreover, the results of the relationship
between the intestinal microbiota and zoonotic pathogens showed that Oblitimonas, Paenalcalignes, Terrisporobacter,
Clostridium, Fastidiosipila, Pseudomonas, Ignatzschineria, Savagea, Moheibacter and Sphingobacterium were negatively
correlated with S. aureus, Salmonella, Shigella and Escherichia coli. Overall, these results suggest that the ability of BSF
larvae to inhibit zoonotic pathogens in PM is accomplished primarily by gut-associated microorganisms; strains isolated
from the BSF larval gut can be cultured and have the potential for industrial applications.
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Design and environmental sustainability of insect-based dairy substitutes

A. Tello!, K. Aganovicl, O. Parniakov?, L. Leonhardt!, V. Heinz! and S. Smetana!
1German Institute of Food Technologies (DIL e.V.), Prof-von-Klitzing-Str. 7, 49610 Quakenbriick, Germany, >Elea GmbH,
Prof.-von-Klitzing-Str. 9, 49610 Quakenbriick, Germany; s.smetana@dil-ev.de

For future food systems is urgent to define alternatives for environmentally impacting foods like animal-derived products.
Dairy products are in the top animal protein sources; they provide important nutrients such as fats, calcium, vitamin D and
B12. The study aimed to develop dairy alternatives (milk and butter/margarine) to define potential production routes and
their environmental impacts in comparison to traditional products. Life cycle assessment (LCA) was performed for the
developed prototypes. Pilot scale trials identified a potential recipe and process to develop an insect-based milk and butter
alternatives. The insect milk prototype was composed with Tenebrio molitor larvae, water, ascorbic acid, T. molitor extracted
fat, and sunflower lecithin. Pulsed electric field (PEF) pre-treatment as a gentle physical electroporation method was used
to increase the protein content in the prototype milk from 1.2 to 2.8%. For insect-based butter/margarine substitute the
recipe included oils and fats from Hermetia illucens and T. molitor. It was possible to substitute up to 75% of lipids with
insect fats without negative effects on spreading abilities and with improvement of product colouring (yellowish colour),
which is not achievable without additional colorants in margarine. The impact of insect milk prototype was 0.76 kg CO,
eq./kg FPCM in global warming potential, the land use was 0.93 m? and the primary energy required 10.55 MJ; most of
the burden was caused by feed production. The comparison between standardised bovine milk, showed that insect milk
had overall significantly lower environmental impact (307.62 pPt lower than bovine milk). Substitution of 75% of lipids
in margarine resulted in a product which had higher environmental impact than conventional margarine, but lower than
those reported for butter. Development of new insect-based products and their impact analysis identified that insect-
based dairy substitutes had a potential to become a product with low environmental impact. The results could further
be improved by selecting a low impact diet and energy sources with lower environmental burden.

Development and characterisation of some instant infant flours with local tubers enriched with termites

E. Nguefack Tatsinkou!, B. Fogang Zogang!, S. Ali Abderamane! and E. Nukenine Nchiwan?

University of Ngaoundere, Department of Biological Sciences, Laboratory of Applied Zoology, PO. Box 455 Ngaoundere,
Cameroon, *University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Food Technology
and Engineering, P.O. Box 454 Ngaoundere, Cameroon; tatsinkouheryka@gmail.com

The objective of this study is to determine the factors to be taken into account in the formulation of an instant infant
flour meeting the nutritional needs of children from 6 to 12 months, from flours of local starchy foods, namely potatoes,
yams (Dioscorea rotundata) and white-fleshed sweet potato enriched with termites (Macrotherme subhyalinus). For this
purpose, the flours obtained from our starchy foods were characterised. The results showed that the flours obtained were
very good sources of energy with total sugars contents of 87.8, 89.94 and 92.87 g/100 g MS respectively for potatoes, yams
and potatoes. Concerning D. rotundata these contents vary from 1.49 to 3.96 g/100 g DM; from 1.69 to 6.42 g/100 g MS
for sweet potatoes and from 1.8 to 6.48 g/100 g DM for apples. These protein contents increased with the incorporation
of termites into the formulations obtained. In particular, while the flours of our starchy foods are naturally low in lipids
(<0.5 g/100 g MS), after incorporation, formulations containing 7 to 8.5% of lipids are obtained with protein contents of
15%. In addition, the study of the water absorption capacity, the solubility index, the swelling power and the degree of
gelatinisation after the process of cooking our flours in an autoclave have shown a decrease in these parameters except the
water absorption capacity which increased in autoclaved flours compared to native flours. The incorporation of termites
is one of the main causes of the behaviours observed because of their high lipid content which would have interacted with
diffuse amyloidosis in the medium after cooking and thus formed an amylose-lipid complex responsible for the decrease
in potency. These new functional properties make it possible to form slurries with high energy density and less viscous.
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Characterisation of black soldier fly larval protein before and after conjugation by the Maillard reaction

B. Zozo, M.M. Wicht, V.V. Mshayisa and J.V. Wyk
Cape Peninsula University of Technology, Chemistry, Symphony Way, P.O. Box 1906 Bellville, 7535, South Africa;
bongisiwezozo@gmail.com

Black soldier fly has been proposed as an alternative protein source sustainable for both food and feed due to its nutritional
composition. The functional properties of this protein can be improved by inducing the Maillard reaction (MR) in protein-
sugar mixtures. This study focused on the conjugation and characterisation of black soldier fly larvae (BSFL) proteins
and conjugates. The defatted BSFL larvae were subjected to protein extraction, at an alkaline pH. The protein extract was
then conjugated with glucose (2:1 w/w, pH 9), incubated at 50, 70 and 90 °C for 30, 60, 90, and 120 min. The products
obtained were then characterised and compared. The changes were confirmed by UATR-FTIR, TGA and DSC. UATR-
FTIR combined with principal component monitored the protein-sugar conjugates, to show the structural difference
among heated proteins and conjugates. The protein extract from the larvae had a high protein content (67+0.78%) and
good essential amino acids in sufficient quantities to meet human nutritional requirements. The heating treatments
resulted in the unfolding and reduction of the protein molecule aggregation. Compared with native protein, conjugates
rendered low intensity on the amide regions, according to FTIR. The conjugates showed a higher endothermic transition
when compared with non-heated proteins. The increased T-max (the temperature at which decomposition is completed)
demonstrated that the conjugation of the protein with glucose improved the thermal stability, remarkably. These results
suggested that MR with glucose can be a promising way to improve the thermal properties of BSFL protein.

Biochemical evaluation of the black soldier fly larvae and blow fly larvae harvested from poultry
manure in Abeokuta

E.O. Onifade, A.B. Idowu, K.O. Ademolu and A.A. Osipitan
Federal university of Agriculture, Abeokuta, Pure and Applied Zoology, College of Biosciences, PMB 2224, Alabata, Nigeria;
onifade463@gmail.com

Black soldier fly larvae (Hermetia illucens L.) are notable insect species that have been reported to have significant importance
in nutrient recycling of waste and also, as an essential ingredient in animal feed. This study was carried out to evaluate
the biochemical composition of the black soldier fly larvae and blow fly maggots naturally occurring in poultry waste
in Abeokuta. The proximate composition of larvae samples were determined using Association of Analytical Chemists
methods. Amino acids profile was determined using high performance liquid chromatography. Vitamins (A, B, C, D, E
and K) were analysed by Spectrophotometric methods and gut digestive enzymes activities (lipase, proteinease, amylase)
was assessed by standard methods. Minerals concentration (Ca, Na, Fe, Zn, P, Mn, and Mg) were analysed by the Flame
photometry and Atomic Absorption Spectrophotometry. Fatty acids profile was done using the gas chromatography. Data
obtained were subjected to one way analysis of variance (ANOVA). The crude protein, fat content, carbohydrate and
energy values of the 6 instar of the black soldier fly were significantly higher (P<0.05) than the 5t instar of black soldier
fly and the blow fly larvae. Similarly, lipase and proteinease activities of the 6 instar of black soldier fly were significantly
higher (P<0.05) than the 5% instar of black soldier fly and blow fly larvae. Blow fly larvae had a significantly higher (P<0.05)
values of amylase activity. Significantly higher (P<0.05) concentrations of vitamins B, C, D and E were recorded in the 6
instar of the black soldier fly larvae. Na, K, P and Zn concentrations were significantly higher (P<0.05) in the 6™ instar
larvae of the black soldier fly. Amino acids and fatty acids concentrations were not significantly different (>0.05) in the
5th and 6t instar of the black soldier fly larvae and blow fly larvae. The biochemical composition has showed that the 6%
instar (pre-pupae) of the black soldier fly have the highest concentration of fats, proteins, minerals and vitamins.
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Evaluation of the antidiabetic potential of a vegetable soup fortified with Tenebrio molitor protein
hydrolysates

E. Rivero-Pino'2, F.J. Espejo-Carpio? and E.M. Guadix?
!European Food Safety Authority (EFSA), Via Carlo Magno, 1A, 43126 Parma, Italy, >Department of Chemical Engineering,
University of Granada, Avenida de Fuente Nueva, s/n, 18071 Granada, Spain; frivero@ugr.es

Peptides obtained through enzymatic hydrolysis of insect proteins have been proved to exert antidiabetic bioactivity
by inhibiting dipeptidyl peptidase IV (DPP-IV) and a-glucosidase, but their potential as bioactive ingredient is scarcely
studied. In this work, a vegetable soup was fortified with antidiabetic peptides (proved to in vitro inhibit DPP-IV and
a-glucosidase) obtained from Tenebrio molitor protein and was subjected to a thermal treatment (121 °C for 21 min).
Dilutions at 0, 25, 50 and 100% of vegetable soup were considered. These sterilised samples were subsequently stored
for 40 days to evaluate the influence of storage on the bioactivity these peptides have proved to exert. Furthermore, the
effect on the bioactivity (in vitro inhibition of the enzymes) after in vitro gastrointestinal digestion both in water and in
the vegetable soup over the protein hydrolysates and the native protein was evaluated (diluted 5% and adding pepsin and
pancreatin). Results showed that peptides added into the vegetable soup did not lose their capacity to inhibit the enzymes
after the thermal treatment. This bioactivity remained without modification after 40 days of storage. The DPP-IV inhibitory
capacity of the peptides partially decreased after being submitted to digestion in water, but was maintained after digestion
in the vegetable soup. The a-glucosidase inhibitory hydrolysate improved its bioactivity after the digestion, both in water
and the soup. Higher inhibition was exerted by the hydrolysate after digestion compared to the native protein digested.
These results prove that functional soups could be produced by fortifying basic products with protein hydrolysates coming
from sustainable sources, increasing their commercial value and health-promoting properties. F. Rivero-Pino is carrying
out a traineeship at EFSA from May 1%t 2021 to April 30t 2022. The work described is not related to his current work at
EFSA, it is published under the sole responsibility of the author and may not be considered as an EFSA scientific output.

Purine and uric acid content in edible insects

L. Kourimskal, M. Sabolova! and M. Kulma?2

1Czech University of Life Sciences Prague, Department of Microbiology, Nutrition and Dietetics, Kamycka 129, 165 00 Praha
6, Suchdol, Czech Republic, >Czech University of Life Sciences Prague, Department of Zoology and Fisheries, Kamycka 129,
165 00 Praha 6, Suchdol, Czech Republic; kourimska@af.czu.cz

Edible insects exhibit potential as a good food source for the ever-increasing human population; however, for approximately
1-4% of the western population suffering gout, insect consumption may be problematic. The study aimed to analyse the
content of purines (adenine, guanine, xanthine, and hypoxanthine) and their metabolite (uric acid) in six insects (Tenebrio
molitor, Alphitobius diaperinus, Gryllus assimillis, Acheta domesticus, Locusta migratoria, and Blaberus discoidalis) and
meats (chicken, pork, beef, and salmon). Compared to meat, edible insects contained equivalent or higher amounts of
total purine (3.23-13.22 g/kg edible insect dry matter vs 3.61-5.53 g/kg meat dry matter) and uricogenic purines adenine
+ hypoxanthine (1.55-8.86 g/kg edible insect dry matter vs 2.97-4.91 g/kg meat dry matter). The effect of insect species,
culinary processing of insects, and sex on purine derivative and uric acid contents were also proved. Our data showed
that edible insects contain substantial levels of purines that may be problematic for people suffering gout.
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Comparison of fat oxidation during frozen or nitrogen atmosphere storage of black soldier fly larvae
(Hermetia illucens)

D. Vandeweyer, D. Lachi, L. Van Campenhout and M. Van Der Borght
KU Leuven, Department of Microbial and Molecular Systems, Kleinhoefstraat 4, 2440 Geel, Belgium;
dries.vandeweyer@kuleuven.be

The production of insects as food and feed involves a logistic chain of storage and transport within or between
companies in the insect sector. To retain the quality of intermediate or final insect products during storage and transport,
appropriate stabilisation, e.g. cooling/freezing or drying, is required. While application of those technologies may retain
the microbiological quality of the products for a short time, they are not always sufficient to preserve the chemical
characteristics (e.g. fat oxidation) or they may cost too much. Hence, a tailored stabilisation method may be required for
longer transport/storage. Therefore, the aim of this research (as part of the Horizon 2020 SUSINCHAIN project) was
to investigate storage under nitrogen (N,) atmosphere as an alternative storage strategy for dried black soldier fly (BSF)
larvae in order to avoid fat oxidation. During a 4 day period, dried BSF larvae were stored in plastic bags under 100% N,
atmosphere at 40 °C to mimic a long international transport under worst case conditions. Frozen storage in air (-18 °C)
was included as comparison. Every day, primary and secondary oxidation were determined as peroxide value (PV) and
p-anisidine value (pAV), respectively. Also, oxygen (O,) concentration in the packages was monitored daily. Results showed
that in both storage conditions, primary and secondary fat oxidation occurred. PVs remained below 2.0 meq O,/kg fat
for the whole storage period, but pAV increased gradually over time for both conditions. While secondary oxidation
for frozen BSF larvae was slightly lower on all days, pAVs never rose above 10 in any condition, which is well below the
maximum limit of 20, widely applied in the fat and oil industry. The reason for the (limited) fat oxidation is presence of
O, in the packages (air still present in or entering through the package). To conclude, fat oxidation of dried BSF larvae
cannot be avoided completely by packaging in N, or freezing at -18 °C, but both techniques allow a few days of storage/
transport with limited fat oxidation.

Meta-analysis of the black soldier fly (Hermetia illucens) bacterial community using 16S rRNA gene
amplicon sequencing

F. Ijdemal, J. De Smetl, S. Crauwels?, B. Lievens? and L. Van Campenhout!

IKU Leuven, Research Group for Insect Production and Processing, Kleinhoefstraat 4, 2440 Geel, Belgium, KU
Leuven, Department of Microbial and Molecular Systems (M?S), Kasteelpark Arenberg 23, 3001 Leuven, Belgium;
freek.ijdema@kuleuven.be

Black soldier fly larvae (BSFL) belong to the most widely reared insect species as an alternative protein source. Bacteria in the
larval gut can provide benefits for the animal, though some bacteria can also be pathogenic for the insect. Characterisation
of the BSFL microbiota is important for the production of BSFL in terms of yield and microbiological safety. The study of
bacterial communities has shifted from traditional culture-based methods towards next-generation sequencing approaches
targeting a taxonomic marker such as the ribosomal RNA (rRNA) gene. Although these techniques have greatly improved
our knowledge on BSFL microbiota and potential factors determining the microbial community composition, it remains
challenging to identify general trends and draw general conclusions over the different studies performed. In this study,
16S ribosomal RNA gene sequence data sets from 11 studies were re-analysed using a uniform bio-informatic pipeline
to gain better insights in the BSFL bacterial community, potential factors that influence its composition, and differences
between the gut and the whole larvae microbiota. Core gut bacteria were found to be members of Enterococcus, Klebsiella,
Morganella, Providencia, and Scrofimicrobium. Further, the factors ‘Study, ‘Age’ and ‘Feed' significantly affected the bacterial
gut composition. When compared to whole larvae, a significantly lower number of observed zero-radius operational
taxonomic units and a lower diversity was found for gut samples, suggesting that the larvae harboured additional microbes
on their cuticle or in the insect body. Universal choices in insect sample type, primer selection and bio-informatics can
strengthen future meta-analyses and improve our understanding of the BSFL gut microbiota towards the optimisation
of insect production.

Doumloaded from Brlll com 01/16/2024 01:38:29PM

Thi- o o 5 =

+o—Bpet t—trder—t 5 —For more

S22 1'1f0lﬂmai‘0f hrsebtgiésﬂemﬁendcﬁee@m @up iem@ﬁwﬂv/ 4.0/

https://creativecommons.org/licenses/by/4.0/



mailto:freek.ijdema@kuleuven.be
mailto:dries.vandeweyer@kuleuven.be
https://creativecommons.org/licenses/by/4.0/

Abstracts — Insect as food & feed/processing, conservation & food safety of insect products

Fate of Staphylococcus aureus inoculated during rearing of black soldier fly larvae (Hermetia illucens)

E. Gorrens, L. Van Moll, D. Vandeweyer, ]J. De Smet and L. Van Campenhout
Research Group for Insect Production and Processing, Department of Microbial and Molecular Systems (M2S), Kleinhoefstraat
4, 2440 Geel, Belgium; ellen.gorrens@kuleuven.be

Black soldier fly larvae (Hermetia illucens, BSFL) are promising insects that can efficiently convert organic waste streams
into valuable components. These organic waste streams may contain foodborne pathogens, such as Staphylococcus aureus.
In literature, S. aureus has been identified as one of the main bacterial pathogens associated with BSFL. To assess the fate
of the food pathogen and its potential transmission to BSFL, inoculation trials were executed to monitor the dynamics
of S. aureus during rearing of BSFL. To this end, the quantitative level of S. aureus was assessed over a 6-day course after
inoculation of the food pathogen (3 or 7 log cfu/g) to the substrate (i.e. chicken feed) at the start of the experiment (day
0). The level of S. aureus found in chicken feed (in the absence of larvae) did not significantly change during the first two
days of the experiment, but decreased after six days. The S. aureus counts of the substrate decreased faster when BSFL
were present. Moreover, the level of S. aureus found in larvae was below the detection limit (2.0 log cfu/g) after six days,
regardless of the contamination level. These results imply that BSFL exert a reducing effect on S. aureus counts of both
substrate and larvae. To explore potential mechanisms resulting in S. aureus reduction, a collection of 178 dominant
microorganisms isolated from BSFL were screened for their in vitro antimicrobial activity against S. aureus. Intriguingly,
all six fungal isolates, all identified as Trichosporon spp., showed clear activity against S. aureus. These results suggest
that the possible presence of Trichosporon spp. in the inoculation trials contributed to the noticed S. aureus suppression.
Future research should examine the role of Trichosporon spp. in controlling (food) pathogens, such as S. aureus.

Proximate composition and analytical taste characterisation of eight edible insects

C. Perez-Santaescolastica, I. Van De Voorde, I. De Pril and I. Fraeye
KU Leuven Ghent Technology Campus, Gebroeders De Smetstraat 1, 9000 Gent, Belgium;
cristina.perezsantaescolastica@kuleuven.be

Given the growing interest in edible insects, not only as alternative protein source but also for their potential technological
advantages, it is important to understand their nutritional characteristics as well as their flavour potential to be able to
develop products that can avoid consumer rejection. This study aims to describe and compare proximate composition
and analytical taste of 8 edible insect species, being provided by a commercial supplier. They were, on one hand, Tenebrio
molitor (TM), Zophobas morio (ZM), Galleria mellonella (GM) and Alphitobius diaperinus (ALD) in their larvae form, and
on the other hand Acheta domesticus (ACD), Locusta migratoria (LM), Gryllodes sigillatus (GS), and Blaptica dubia (BD)
in their adult stage. After 24 h of starvation, they were slaughtered by freezing at -20 °C. The total amino acid content and
the total nitrogen content were analysed allowing the species-specific calculation of the nitrogen-to-protein conversion
factor. In addition, the total lipid, moisture and ash content were analysed. In order to determine the taste characteristics,
free amino acids were analysed to estimate the acid, bitter, sweet, umami and salty levels of each sample. All analyses
were performed in triplicate and the effects were examined through one-way ANOVA. The specific conversion factors
ranged from 4.1 (ACD) to 6.4 (ALD). It was observed that ALD and LM had the highest protein content (18.5 and 17.9%
respectively) while GM had by far the highest fat content (22%) followed by ZM (13%). The highest mineral content was
found in ZM (6.2%) whilst ALD was the highest in moisture (72.5%), closely followed by GS (71.2%). In terms of taste,
clear differences were found, either mainly bitter insects such as ALD, GM and LM, or insects whose umami-flavoured
amino acid content (LM, GS and GM) was about twice as high as the rest. The salty taste of BD, GM, ALD and ZM was
found to be almost non-existent. The GM had the highest content of sweet-tasting amino acids and ACD and GS showed
the highest content of amino acids with sour characteristics. Acknowledgements to The Research Foundation of Flanders
for granting Cristina Pérez Santaescoldstica with a postdoctoral scholarship (num.1222921N).
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Proximate, techno-functional, physicochemical and antioxidant properties of three edible insect
flours from South Africa

N. Vanqal, V.V. Mshayisa! and M. Basitere?

1Cape Peninsula University of Technology, Food Science and Technology, Technology way, 7530 Bellville, Cape Town, South
Africa, ?Academic Support Program for Engineering (ASPECT) Cape Town Centre of Higher Education Development,
Chemical Engineering, Madiba Circle, Upper Campus, University of Cape Town, 7701 Rondebosch, South Africa;
vanqanthabeleng@gmail.com

The inaccessibility of food resources has been a challenge for many developing countries and thus difficulty providing
adequate nutrition for their populations, and lack of protein may result in malnutrition. Given the expected rise in
population by 2050 of 9 billion people, there is a need for elevated protein production and supplementation in the
traditional food diet. Insects have been proposed as sufficient protein sources to help mitigate the resource shortages of
increasingly demanding consumers. The present study aimed to assess the potential for edible insect flours of Gonimbrasia
belina, Hermetia illucens and Macrotermes subhyalinus from South Africa as ingredients in food systems. The proximal,
techno-functional and antioxidant properties were assessed. M. subhyalinus (52.74+1.47%) had higher amounts of protein
compared to that of G. belina (46.70+0.82%) and H. illucens (34.90+0.47%). The fat content ranged from 6.36 to 27.93%,
and no statical differences were observed in the carbohydrate content of the edible insect flours (P>0.05). A statistical
difference was observed in the colour difference of the edible insect flours (P<0.05). The water-binding capacity and oil
binding capacity of M. subhyalinus flour was comparatively higher than the other two edible insect flour and ranged from
1.46 to 1.48 g/g, respectively. The antiradical activity against DPPH-RS was higher for M. subhyalinus (55.57%), followed
by G. belina (37.44%) and H. illucens (3.63%). The Reducing power of the edible insect flours ranged from 0.26 to 0.6. This
study showed that the edible insect flours thereof are suitable for developing new food formulations.

Production of a mealworm protein ingredients by using food processes applied in the pulse and
legume industries

V. Perreault, C. Haddad and A. Doyen
Department of Food Sciences, Institute of Nutrition and Functional Foods (INAF), Université Laval, 2425 rue de IAgriculture,
G1V 0A6, Canada; veronique.perreault.5@ulaval.ca

Acceptability of edible insects by Western consumers is the main challenge for the insect industry despite their environmental,
economic, and nutritional benefits. However, it was demonstrated that the integration of insects as an ingredient rather
than whole represents an interesting opportunity to promote consumer acceptability. Generally, and on the same model
as pulse and legume protein concentrates/isolates, edible insect protein ingredients are desired due to their nutritional
and techno-functional properties. Nevertheless, the production of insect protein concentrate is challenging regarding its
complex composition (lipids, proteins, chitin). Consequently, the aim of this work was to generate a mealworm (Tenebrio
molitor (TM)) protein concentrate and isolate by adapting the conventional food processes used in pulse and legume
industries. In this study, only results related to the production of TM protein concentrate (generate after alkaline extraction
of protein) is presented. The production of TM protein isolate by isoelectric precipitation is currently under development.
Blanching and TM protein extraction processes were optimised to minimise the impact on protein structures as well as
their techno-functional properties. The process parameters used for soy and pea protein isolated were adapted for TM
to obtain the highest protein extraction rates and purity, with an optimal solubility to facilitate the incorporation of this
protein isolate in food formulations. Results showed that blanching process at 90 and 100 °C for 2.5 and 3.5 min were
adequate to reduce the microbial contamination and to inactivate enzymatic browning. However, the blanching step
induced protein aggregation and slightly reduced the purity of soluble proteins recovered in the concentrate (51.6 vs
59.6% for non-blanched TM). Furthermore, the solubility of the protein concentrates at pH 5, 7 and 9 was also impacted
by blanching process with a reduction of around 30% compared to non-blanched TM, regardless of the pH. The next
steps will consist of evaluating the impact of blanching process and isoelectric precipitation on the purity and solubility
of the TM protein isolate.
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Impact of Instant controlled pressure drop pretreatment on the texturing and drying of protein-rich
yellow mealworms

R. El Hajj!, H. Mhemdil, K. Allaf?, C. Besombes? and E. Vorobiev!

University of Technology of Compiegne, Integrated Transformation of Renewable Matter, rue du Dr Schweitzer, 60203
Compiégne, France, >University of La Rochelle, Laboratory of Engineering Science for Environment, Av. Michel Crépeau,
17042 La Rochelle, France; rachele.el-hajj@utc.fr

The exponential growth of the world’s population, along with the shortage of our resources, require a rethinking of our
dietary patterns, particularly our protein intake habits. In fact, insects are a good source of food and feed since they are
high in protein and fat, have a high feed conversion ratio, emit few greenhouse gases, and follow a circular economic
logic. Yet, social acceptance of whole insects as a food source remains a significant barrier; however, when processed into
protein-rich food products or protein isolates, consumer perception may improve. This study is part of the RAFINSECT
project, funded by the HDF region of France and aims to establish an insect biorefinery. The goal is to fractionate and
valorise all biomass fractions such as proteins, lipids, and chitin by integrating them into a wide range of food and feed
matrices, as well as cosmetic and packaging, while preserving the quality of fractions and being environmentally friendly
and energy efficient. Thus, we are focusing on improving the transfer phenomena of various transformation phases, and
this by the application of novel technologies such as instant controlled pressure drop (DIC), pulsed electric field (PEF),
ultrasound, and supercritical CO,,. Tenebrio Molitor larvae were pretreated with DIC, a novel texturing method, at different
pressure (1.5-4.5 bars)-time (15-35 s) profiles, then dried at 50 and 60 °C in a ventilated oven, with the aim of producing a
protein-rich flour. The impact of texturing on drying kinetics, sorption isotherms, particle size distribution, specific surface
area, and larval characteristics were explored. The obtained findings show that DIC-texturing considerably enhances the
hot air drying of larvae. In fact, the shrinkage phenomenon, which is the principal cause of poor drying performance,
was successfully overcome. Consequently, starting accessibility, effective diffusivity and drying time were significantly
improved, thus resulting in lower process energy consumption and better dried product quality.

Dynamic vapor sorption isotherms and isosteric heats of sorption of two edible insects

C. Bukambal-2, P. Malumba3, B. Kambashi?, J. Bindelle® and F. Debaste?

Université de Kinshasa, Chimie et Industries agricoles, 1, Route Kimwenza, Kinshasa XI, Democratic Republic of Congo,
2Universite Libre de Bruxelles, Transfers, Interfaces and Processes (TIPs), 50, avenue Franklin Roosvelt, 1050 Bruxelles, Belgium,
3University of Liége, Gembloux Agro-Bio Tech, Terra FoodIsLife, 2, Passage des Déportés, 5030 Gembloux, Belgium, *Universite
de Kinshasa, Zootechnie, 1, Route kimwenza, Kinshasa XI, Democratic Republic of Congo, *University of Liége, Gembloux
Agro-Bio Tech, Terra AgriculturelsLife, 2, Passage des Déportés, 5030 Gembloux, Belgiumy; celestinbukamba@gmail.com

Cirina forda (Cf) and Rhyncophorus ferrugineus (Rf) are widely consumed insects in tropical Africa. Drying is one of
the main conservation techniques to improve their availability for distant markets and outside their harvest seasons. In
order to control their drying process, their storage conditions and to estimate their shelf-life, it is necessary to know the
humidity that they develop at equilibrium in environments that may present various relative humidity. Sorption isotherms
of these two insects were determined at 25, 30, 40 and 50 °C using a dynamic vapor sorption (DVS) device. Five isothermal
sorption models were fitted to the experimental data, and Peleg equation was found to give the best fit for both insects.
Both insects exhibited sorption isotherm of type III indicating monolayer-multilayer behaviour with limited hysteresis.
According to the sorption isotherms to ensure a safe storage at 25 and 30 °C the Rf larvae must be dried at 8.8 and 8%
respectively. Cf caterpillars must be dried to 9.5 and 9.4% for respective storage at 25 and 30 °C. Based on Kinshasa climate
data when these two insects are left in contact with ambient air, their equilibrium moisture content can evolve to values
higher than values guaranteeing a safe storage. This suggests that for better preservation the dried insects should be packed
in airtight packages. Using Heiss-Eichner model, dry base moisture contents of 6.9 and 8.5% respectively for Rf and Cf
were predicted to ensure the expected shelf-life of 12 months at 30 °C when insects are packaged in polyethylene films.
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Suppression of methicillin-resistant Staphylococcus aureus by larvae of black soldier fly,
Hermetia illucens

M. Moyet!, M. Kinney?, E. Bernard? and A. Alyokhin!
University of Maine, School of Biology and Ecology, 5722 Deering Hall, ME 04469, USA, *University of Maine, Molecular
and Biomedical Sciences, 5735 Hitchner Hall, ME 04469, USA; matthew.moyet@maine.edu

Biological conversion of animal and plant wastes into ingredients of animal feeds using larvae of black soldier flies,
Hermetia illucens, is a rapidly emerging environmentally sustainable technology. Unfortunately, contamination of harvested
larvae with pathogenic microorganisms may present a serious problem for its wide-scale adoption. However, there is also
mounting evidence that black soldier fly larvae have antimicrobial properties, including suppression of several common
pathogens. Most existing studies focused on Gram-negative species, but there is also some evidence of negative effects on
gram-positive species. Methicillin-resistant Staphylococcus aureus, or MRSA, are gram positive strains of S. aureus resistant
to the antibiotic methicillin. Contamination of meat and dairy products by MRSA has resulted in foodborne infections
of humans. We conducted laboratory experiments testing if black soldier fly larvae suppress MRSA on shredded potato
substrate as a part of the study investigating their potential for valorising potato wastes. Potato substrate inoculated with
MRSA, potato substrate inoculated with MRSA and containing black soldier fly larvae, and uninoculated potato substrate
containing black soldier fly larvae were incubated for three and seven days. Samples were plated onto both trypticase
soy agar and on Staphylococcus Medium 110 agar for enumeration of total bacteria and MRSA, respectively. Both total
bacterial counts and MRSA counts were reduced in the presence of black soldier fly larvae, with reduction being much
more pronounced for the latter. Our findings confirm antimicrobial properties of black soldier fly larvae, which is likely to
improve biosafety of its harvested biomass. Furthermore, future identification of biologically active molecules responsible
for this reduction may have important practical applications of its own.

Piloting edible caterpillars value chain development through improved drying and processing
in Cameroon

J.E. Muafor!, M. Vaxelaire2, S. Mezdour? and P. Le Gall*

Living Forest Trust, S/c IRD Cameroun, 1857 Yaoundé, Cameroon, *Action contre la Faim, Food Security and Livelihoods,
14 Boulevard Douaumont, 75017 Paris, France, 3AgroParisTech, Food engineering, 1, rue des Olympiades, 91744 Massy,
France, *Institut de Recherche pour le Développement, Entomologie, 32, avenue Henri Varagnat, 93140 Bondy, France;
muaforl@yahoo.com

Edible caterpillars are widely consumed in Central and Eastern Cameroon. Consumers prefer to buy them fresh (alive).
However, they are available only during 3 to 4 months per year, from June to September. The rest of the year, only smoked
caterpillars are available on local markets, with lower nutritional value, less attractive to consumers and higher toxicity due
to the presence of Polycyclic Aromatic Hydrocarbons resulting from traditional smoking. In order to add more value to
edible caterpillars, there is a need to develop improved drying or smoking technics in the chain through the preparation of
processed food targeting urban markets. To achieve this, Cameroonian NGO LIFT designed an improved stove able to dry
up to 15 kg of fresh caterpillars. Tests with 2 species coming from Central Cameroon (Imbrasia epimethea and Anaphea
sp.) showed that Anaphea dried for 4 hours can be stored at ambient temperature for 3 months without degradation.
Imbrasia dried for 4 hours show signs of moisture after only two weeks, certainly due to the absence of smoke during the
drying process. Further tests with modified stove allowing a limited exposition to smoke are needed in order to find the
right balance between quality conservation and less toxicity for [mbrasia. Dried caterpillars flour processed with local
mill showed a similar capacity of conservation. Organoleptic tests with consumers (60 adults and 20 children) showed
a high appreciation and interest for donuts and porridge enriched with significant amount of caterpillar flour. These
encouraging results show a high potential for value chain reinforcement through the integration of new actors and new
products in Central Africa.
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Cricket powder as ingredient in fresh-pasta: dough properties and pasta quality

G. Cardone, A. Marti, S. Savoldelli, D. Lupi and C. Jucker
University of Milan, Department of Food, Environmental and Nutritional Sciences (DeFENS), Via Celoria 2, 20133 Milano,
Italy; costanza.jucker@unimi.it

Crickets, in particular Acheta domesticus, have been shown to be a valuable and sustainable alternative protein source
for humans due to high protein content, and the sustainability of their production. Although insects have been a part
of human diets since millennials and remain a common food in many countries, insect consumption within Western
consumers is limited due to consumers’ disgust and neophobia. The use of insect powder — not directly recognisable —
as ingredient in the food products might increase the insect acceptability and the propensity to consume them. Among
cereal-based products, pasta popularity is increasing worldwide and different formulations have been developed to improve
its nutritional profile, including the protein content. In this study, we evaluated the effect of the use of cricket powder
(CP) in wheat-based fresh pasta. A. domesticus powder was produced at the DeFENS lab and blended to wheat flour with
three ratios: 5:95 (5%); 10:90 (10%), and 20:80 (20%). Dough samples were characterised in terms of: mixing time and
stability, as well as tenacity, strengths and extensibility. Fresh-pasta (length: 200 mm; width: 13.5 mm; thickness: 2.0 mm)
was cooked (pasta:water ratio = 1:10) for 90 s and the water absorption, cooking losses (g of solid loss/100 g of pasta)
and firmness were measured. Fresh pasta from 100% common wheat was used as control (CTRL). Dough development
time and mixing stability decreased in CP doughs, regardless of the enrichment level. Moreover, CP led to an increase
and decrease in tenacity and extensibility indices, respectively, indicating an increase in dough stiffness. The increase in
protein and fibre contents may explain the increase such changes in dough properties. For fresh-pasta (‘tagliatelle’), the
maximum replacement level allowable was 10%, as higher inclusion of cricket flour led to excessive quality worsening.
CP-enriched pasta had higher water absorption and cooking loss compared to CTRL. As regards pasta firmness, the 5%
replacement level did not affect this index, instead it decreased at 10% replacement level. In conclusion, CP can be used
in fresh-pasta without dramatically worsening the quality of the product.

Formulation and characterisation of biscuits enriched with termites (Macrotermes subhyalinus)

D. Astaharam!, B. Fogang Zogangl, S. Ali Abderamanel, S.C. Desobgo!, M. Adamou? and E. Nukenine Nchiwan?
University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Food Technology and
Engineering, PO. Box 454, Ngaoundere, Cameroon, *University of Ngaoundere, Department of Biological Sciences, Laboratory
of Applied Zoology, PO. Box 455 Ngaoundere, Cameroon; alisakina0514@gmail.com

Enthomophagy appears as eating habits in Cameroon. However malnutrition, is known as one of the catastrophe found
in developing countries. The main objective of this study is the valorisation of edible insects through the formulation of
enriched biscuits. To achieve this, termites (Macrotermes subhyalinus) were collected in the surrounding markets, then
some technological treatments were applied (sorting, winnowing, washing, drying, grinding). A portion of the treated
termites was defatted to obtain de-oiled termite flour. Delipidated termite-enriched biscuits were formulated with Expert
Design software. The chemical composition, the nutritional values and rheological parameters have been conducted
on biscuits obtained. It emerges from these analyses that water, ash, lipid, protein, carbohydrate and energy contents of
whole M. subhyalinus are respectively 6.96; 3.47; 43.12; 48.75; 4.66 and 601.44 g/100 g. Furthermore, the values of termite-
enriched biscuits have been improved. Considering defatted termites and non defatted termite biscuits, we obtained
respectively (1.14 up to 2.79 g/100 g) and (1.06 up to 3.05 g/100 g) concerning water content; concerning ash vales were
(8.65 to 1.58 g/100 g) and (5.72-4.32 g/100 g). For crude protein content (1.18 up to 4.87 g/100 g) and (9.07 up to 4.50
g/100 g). For lipids we obtain (28.20 up to 17.18 g/100 g) and (23.08 up to 23.74 g/100 g) and finally with regard to gross
energy the respective differences (460.06 up to 529.76 kcal/100 g) and (495.82 up to 501.38 kcal/100 g) were obtained. At
the end of our work, it emerges that the enrichment of biscuits based on M. subhyalinus has made it possible to increase
significantly the crude protein content and the energy value of the biscuits thus formulated. Those biscuits can be used
for the reduction of undernutrition infant feeding.
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Technological and nutritional suitability of local cereals enriched with termites (Macrotermes subhyalinus)
for pasta

D. Astaharam!, B. Fogang Zogang!, S. Ali Abderamane!, Y. Doklossou?, S.C. Desobgo! and E. Nukenine Nchiwan?
University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Food Technology and
Engineering, PO. Box 454, Ngaoundere, Cameroon, *University of Ngaoundere, Department of Biological Sciences, Laboratory
of Applied Zoology, PO. Box 455 Ngaoundere, Cameroon; fobiezogang@yahoo.fr

This study, whose main objective is to contribute to the enhancement of termites and the ability of our local cereals to
pastification through the formulation of fortified pasta was conducted. after collecting termites (Macrotermes subhyalinus)
and buying cereals (corn, yagoua rice, sorghum) in the surrounding markets, these have undergone technological treatments
(Sorting, Winnowing, Washing, Drying, Grinding). To achieve the formulation of termite-enriched pasta, a blending plan
was developed using the Expert Design software what allowed us to obtain cereal formulas at different levels of incorporation
of M. subhyalinus. Physical, chemical, nutritional and rheological analyses were conducted on the raw materials and the
pasta formulated. These analyses show that the water, ash, lipid, protein, carbohydrate and energy levels of M. subhyalinus
are respectively 6.96; 3.47; 43.12; 48.75; 4.66 and 601.44 kcal/100 g. Regarding the chemical composition of the different
formulas, the pastas enriched with termites presented values ranged from (8.61 to 13.91 g/100 g MS) regarding water
content. Then (1.69 to 2.57 g/100 g MS) for ash content; (7.68 to 20.72 g/100 g MS) for raw protein content; (3.48 to 16.63
g/100 g MS) for lipids; carbohydrate levels (60.34 to 87.82 g/100 g MS) and finally in terms of raw energy the respective
differences (1,940.28 and 1,065.58 KJ/100 g) were obtained. At the end of our work, it emerges that our local cereals (rice,
sorghum, corn) can be used for pastification. The fortification of pastas based M. subhyalinus has significantly increased
the crude protein content and energy value of the pasta thus formulated, which can be used to reduce undernourishment.

Quality and functional properties of salt-fermented Tenebrio molitor and Protaetia brevitarsis larvae

Y. Kim"?2, E. Oh'2, K. Park? and Y. Kim!2
1Korea University, Interdisciplinary Program in Sustainable Living System, 145, Anam-ro, Seongbuk-gu, Seoul, 02841, Korea,
South, *Korea University, Human Ecology, 145, Anam-ro, Seongbuk-gu, Seoul, 02841, Korea, South; dusrhkd99@korea.ac.kr

Providing a substitute for seafood seasonings, this study developed Jeotgal (traditional Korean salt-fermented seafood)
through fermented Tenebrio molitor (FT) and Protaetia brevitarsis (FP) larvae, which are edible insects. FT and FP were
fermented at 20 °C as whole and ground forms at 20, 30, and 40% salt concentration for 60 days. Quality properties (pH,
salinity, aw, total bacteria count), antioxidant capacity, and an assay of muscle loss inhibition were examined. At a count
of pH and total bacteria after 60 days of fermentation, the ground form of FT (5.77 and 3.4 log cfu/g) and FP (5.91 and
4.0 log cfu/g) had lower values than the whole form of FT (5.91 and 4.9 log cfu/g) and FP (6.99 and 4.9 log cfu/g). The
addition of 20 to 40% salt showed 15 to 18% salinity in FT and 16 to 25% in FP. The pH tends to decrease as the salinity
increases. The IC50 values for DPPH radical scavenging activity were decreased from 7.71 to 5.44 mg/ml in FT and from
7.06 to 5.64 mg/ml in FP after salt-fermentation. At muscle loss inhibitory assay, FT fermented for 60 days showed a 20%
reduction of luciferase activity (muscle degradation promoter), compared to a 9% reduction in FT which fermented for 1
day. Based on these results, edible insects can process Jeotgal to replace fish resources for sustainability. The insects that
had been salt-fermented for 60 days showed enhanced antioxidant capacity and muscle loss inhibition.
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Insect as feed/alternative protein sources & diet formulations

Insect farming in support of wildlife conservation efforts in the Okapi Wildlife Reserve, D.R. Congo

A. Franklin!, F. Sandrin?, S. Asaha?, C. Abid? and N. Kabangu!
Farms for Orphans, Inc., 17756 Laurence Creek Lane, Loveland, CO 80538, USA, Wildlife Conservation Society, Sustainable
Wildlife Management Program, 2300 Southern Boulevard, Bronx, New York, NY 10460, USA; amyfranklin@farmsfororphans.org

The trade in bushmeat (i.e. wildlife harvested for human consumption) provides a critical source of income and protein to
rural communities throughout the Congo Basin. The growing demand for bushmeat by a burgeoning human population
has led to overhunting and threatens many wildlife species with extinction. For example, between 2011 and 2018, within
the Okapi Wildlife Reserve (OWR), Ituri Province, Democratic Republic of the Congo (DRC), okapi, bush pigs, and several
species of primate and forest antelope have experienced significant population declines due to illegal hunting. To protect
the welfare of humans and wildlife alike, replacing bushmeat-based livelihoods with alternative income-generating activities
that also provide an affordable source of protein to meet the population’s nutritional needs is paramount. Because wild-
harvested larvae of the African palm weevil (Rhynchophorus phoenicis) is a popular seasonal protein in the Congo Basin,
palm weevil larvae (PWL) farming is one such alternative. Farms for Orphans and the Wildlife Conservation Society are
collaborating on a pilot project evaluating the efficacy of PWL farming at the household (hh) level in three villages within
the OWR. Community surveys indicated >93% of respondents consume PWL when in season, >80% of respondents were
interested in PWL farming and >90% of respondents were willing to consume farmed PWL. A demonstration farm was
built in the village of Epulu, 38 people were trained in PWL farming techniques and farming materials for hh farms were
distributed. One bin of breeding palm weevils and substrate, costing $3.20 USD, can produce 75 edible larvae (0.5 kg)
every month. Thus, a small-scale PWL farmer harvesting 20 bins monthly can yield 10 kg PWL, bolstering hh nutrition.
At $0.10 USD/larvae, this same farmer can make a net profit of $86 USD/month, compared to $45 USD/month for a
commercial hunter. PWL farming is a promising approach to provide alternative livelihoods and year-round access to a
preferred protein to communities surrounding critical wildlife habitat in the DRC and beyond.
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Lutein bioaccumulation and bioavailability in the black soldier fly larvae

L. Morand-Laffargue!, B. Creton2, C. Halimi!, D. Sabatier? and P. Borel!
1C2VN, 27, bd Jean Moulin, 13005 Marseille, France, >BioMiMetiC, 50 rue Berthy Albrecht, 84000 Avignon, France;
lisa.morand-laffargue@univ-amu.fr

Lutein is a carotenoid involved in human eye health since it is concentrated in the retina and filters blue light from the
sun’s rays. This xanthophyll is also used as a natural colorant in the food industry, e.g. to colour egg yolk and chicken skin.
In this study, we evaluated the possibility of recycling the lutein present in the co-products of fruits and vegetables thanks
to the larvae of the black soldier fly (BSFL). Indeed, BSFL are known to be ideal candidates for waste disposal and animal
feeding and we have shown that they can bioaccumulate high concentrations of bioaccessible provitamin A carotenoids.
The purpose of this study was: (1) to assess whether BSFL bioaccumulate lutein when reared on vegetable substrates
rich in this carotenoid; and (2) to compare the bioavailability of lutein in the substrates and the larvae, i.e. its ability to be
absorbed by animals. BSFL were reared on either kale, parsley, endive or broccoli and lutein was measured by HPLC in
both these vegetables and in the larvae. Lutein bioavailability was determined by in-vitro digestion. If reared on parsley
or broccoli, BSFL accumulated two times more lutein than the substrates, seventy-two times for kale, and sixteen times
for endive (concentrations expressed on a fresh weight basis). Lutein bioavailability was similar or lower in BSFL than in
their corresponding substrates. However, lutein concentration in micelles obtained after in vitro digestion was similar or
even higher (in the case of kale) in larvae than in substrates. In conclusion, BSFL can bioaccumulate high concentrations
of bioavailable lutein when reared on substrates rich in this carotenoid. This makes lutein enriched BSFL a major asset
to the animal feed industry, and therefore indirectly for human food. Indeed, by consuming products from farm animals
that have themselves consumed these larvae, one could benefit from an additional supply of lutein.

Effect of feeding black soldier fly larvae products to slow growing broilers on performance and health

A. Dérperl, H.M. Berman?, G. Gort3, M. Dicke! and T. Veldkamp*

Laboratory of Entomology, Wageningen University, PO. Box 16, 6700 AA Wageningen, the Netherlands, 2Animal Nutrition
Group, Wageningen University, PO. Box 338, 6700 AH Wageningen, the Netherlands, 3Biometris, Wageningen University,
PO. Box 16, 6700 AA Wageningen, the Netherlands, *Wageningen Livestock Research, Wageningen University, PO. Box 338,
6700 AH Wageningen, the Netherlands; anna.doerper@wur.nl

Insects have gained increasing popularity as replacement for fishmeal, soybean meal or oil in poultry diets. However,
rather than being a novelty, insects celebrate a comeback in poultry diets. Already the ancestors of our modern chickens,
living in the forests, consumed them to meet their dietary needs. Unlike past times, today’s industry offers a bandwidth
of products such as live insects, insect meal and oil. In this context, black soldier fly larvae (BSFL) products have been
suggested as promising feed ingredients. Moreover, components of BSFL such as lauric acid, antimicrobial peptides, and
chitin are assumed to improve poultry health. However, their structure and abundance might be altered by processing
steps and positive effects might be related to dietary inclusion levels. The present trial investigated the effect of BSFL
products and inclusion levels in broiler diets on performance and health. At arrival, 1,728 one-day-old slow growing
broilers (Hubbard JA757) were randomly assigned to 9 treatment groups with 8 replicates. A commercial broiler diet was
used as the control group. In the second group, 5% of the dry matter feed intake (DMFI) was replaced by live BSFL. In the
third group, 5% DMFI was replaced by a mix of 2/3 BSFL meal and 1/3 BSFL oil, to mimic the nutritional composition
of live BSFL. The fourth and fifth group received the same quantity of BSFL meal or oil as group three, respectively.
The same pattern of treatments was repeated in group six to nine with a replacement of 10% DMFI by live BSFL as a
baseline. All dietary treatments were iso-caloric and formulated on digestible essential amino acids. Until d 49 the broiler
performance and health was quantified by several parameters. The results support the adoption of utilising insects as
feed from the forest to the feed trough. We will present the data of this trial evaluating the effects of BSFL products on
broiler performance and health.
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The influence of different diets on growth and nutritional composition of yellow mealworm

A. Bordiean!, M. Krzyzaniak!, M.J. Stolarskil, D. Peni! and M. Aljewicz?

University of Warmia and Mazury, Department of Genetics, Plant Breeding and Bioresource Engineering, Plac £6dzki 3,
10-724 Olsztyn, Poland, 2University of Warmia and Mazury, Departament of Dairy Science and Quality Management,
Oczapowskiego 7, 10-719 Olsztyn, Poland; anna.bordiean@uwm.edu.pl

The loss of food due to the globe’s growing population becomes a pressing problem for the environment, economy, and
scientists in the coming decades. Insects can be the tool/pathway through which agri-food by-products can become a
high-quality, nutritious solution for small livestock and humans. The Tenebrio molitor larva is currently one of the insects
permitted and reared on a larger scale in Europe. There are different by-products from the regional scale producers that
could be used as feed for insects and provide more efficient nutrient bioconversion. This study aimed to evaluate the
growth performance, feed conversion ratio (FCR), the conversion efficiency of ingested feed (ECI), nutritional quality,
and the final composition of fats of yellow mealworm larvae grown on different by-products. The 5-week-old larvae were
provided with different diets that contained by-products (wheat (WB) and rye bran, rapeseed meal (RM), and rapeseed,
flax and Silybum marianum cakes). Larvae growth rate (weight and consumed feed) were registered weekly until the first
pupation. Collected data were subjected to one-way ANOVA. The lowest/highest FCR based on a fresh and dry basis was
3.32 and 2.01, respectively. The ECI values were statistically different for larvae reared on different experimental diets
(mean value 45.7%). The individual larva weight ranged from 112.26 to 132.60 mg (f.m.) for larvae fed on WB 70/RM 30
and WB 100 diet, respectively. For nutritional profile, protein and fats ranged from 43.6 to 53.4% d.m. and from 22.3 to
30.0% d.m., respectively. The protein conversion factor used in the present study was 5.41. The primary fatty acids in all
samples were oleic acid (32.97-46.74% of total fatty acids (TFA)), linoleic acid (22.79-38.98% of TFA) and palmitic acid
(12.80-17.81% of TFA). Our results provide new data regarding the use and efficient conversion of cheap by-products
from the industry by yellow mealworms.

Chicken: feed or insects, eggs or meat?

D. Risticl'2, W. Heines>3, S. Rosenberger?, C. Coudron, F. Gai®, A. Schiavone® and S. Smetana?

University of Natural Resources and Life Sciences (BOKU), Muthgasse 18, 1190 Vienna, Austria, >German Institute of Food
Technologies (DIL e.V.), Prof.-von-Klitzing-Str. 7, 49610 Quakenbriick, Germany, 3Osnabriick University of Applied Sciences,
Albrechtstr. 30, 49076 Osnabriick, Germany, *Provincial Research and Advice Centre for Agriculture and Horticulture
(Inagro vzw), Ieperseweg 87, 8800 Roeselare-Beitem, Belgium, *Institute of Sciences of Food Productions, National Research
Council, Largo Paolo Braccini 2, 10095 Grugliasco, Italy, ®University of Turin, Department of Veterinary Sciences, Largo
P, Braccini 2, 10095 Grugliasco, Italy; d.ristic@dil-ev.de

Feed production is the environmental hotspot in poultry chains. Alternative feed sources of protein are required to reduce
the ecological footprint. This research aims to identify environmentally beneficial way to produce chicken protein. Two
systems of chicken protein production are compared: one directed towards egg and one towards broiler production. In
comparison we considered 3 different scenarios for each of the system (reference scenario with typical chicken rearing
system, based on commercial feed; 2 alternative scenarios with a part of feed protein substituted by black soldier fly larvae
(BSFL)). Insect production in a turn relied on two diets: Gainesville diet and fruit and vegetable waste (FV'W). The study
followed the cradle to slaughterhouse gate (or egg production gate) perspective including feed production, hatchery,
poultry and egg production and slaughterhouse. Two functional units were: protein conversion ratio, and assessment
of the production of 1 kg of poultry protein. Data used in this study are based on literature; life cycle assessment (LCA)
was developed using a modular and attributional approach. Results of LCA showed higher environmental impacts in
laying hen production (11.8 mPt per kg protein) than in broiler chicken production (9.95 mPt per kg protein). This was
predominantly due to the composition of feed; additionally, the environmental impact per bird is higher in layer production
than in broiler chicken production due to the longer life cycle. Scenarios that supplemented BSFL in the feed improved
production in both cases, with FVW fed BSFL performing slightly better, as no environmental impact was attributed to
the production of the waste.
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Guinea Bissau and Kenya: two examples of cooperation to implement the use of insects as feed

L. Gascol, S. Bellezza Oddonl, P. Cornalel, I. Biasato!, A. Resconil, Z. Loiotinel, S. Tini2, E. Beuzer3, G. Sartor3,
C. Tendi* and A. Schiavone!

{University of Turin, Largo P. Braccini 2, 10095 Grugliasco, Italy, >Mani Tese, 20100 Nakuru, Kenya, 3Mani Tese, 20146 Milan,
Italy, *Mani Tese, 1000 Bissau, Guinea-Bissau; laura.gasco@unito.it

The protein shortage for feed is a global issue, but it affects in particular the rural areas of developing countries where
access to raw materials is less and less sustainable. The volatility of commodity prices and their continuous rise has a
huge impact on small businesses. Feed is the main constraint for African farms, and the current challenge is to contain
it to ensure their economic sustainability. The insects, and in particular the black soldier fly larvae (BSF), are easily bred
within the climatic conditions of different regions of Guinea Bissau and Kenya. This allows the production of low-cost,
high-nutritional proteins for poultry, pigs, and fish feeds, thus ensuring the growth of small- and medium-sized farms in
rural areas. At the same time, it allows the re-use of production waste that would be lost (circular economy). Two projects
have been developed with the collaboration of the University of Turin, Mani Tese (Italian NGO), and local NGOs. In
Guinea Bissau, two small BSF pilot plants have been created at social enterprises in Bissau (Cedaves) and Canchungo
(Piu Piu Awara), aims at producing live larvae for poultry production. The project is implemented in partnership with
IMVF (Instituto Marqués de Valle Flor) and the local NGO ‘Asas de Socoro’ (project Ianda Guiné! Galinhas, funded by the
European Union). In Kenya, the collaboration (project AGRICHANGE, funded by the Italian Agency for Development
Cooperation) aims at the implementation of an already existing BSF small farm to support the pig sector in Molo (Nakuru
county), and Marigat (Baringo county). In Kenya, the collaboration is carried out with the local NGO Network for
Ecofarming in Africa (NECOFA). The support of these entrepreneurial realities could result not only in very practical
economic implications (decrease in the cost of feeds), but could also and above all have a huge social impact (access to
training for women, youth entrepreneurship, guarantee of income).

Piloting insect-to-fish farming systems in Nigeria

J.L. Pechall, S. Valle De Souza2, M.E. Benbow?, A. Bennett?, O.B. Adedeji® and B.T. Omonona®

!Michigan State University, Entomology, 243 Natural Science Bldg, East Lansing, MI 48824, USA, *Michigan State
University, Agricultural, Food, and Resource Economics, 446 W. Circle Drive, R 85, East Lansing, MI 48824, USA, 3Michigan
State University, Entomology, Osteopathic Medical Specialties, 243 Natural Science Bldg, East Lansing, MI 48824, USA,
*Michigan State University, Fisheries and Wildlife, 115 Manly Miles Bldg, East Lansing, MI 48824, USA, *University of
Ibadan, Veterinary Medicine, No. 1 Oyo Road, Ibadan, 200,005, Nigeria, SUniversity of Ibadan, Agricultural Economics,
No. 1 Oyo Road, Ibadan, 200,005, Nigeria; pechalje@msu.edu

Within small-scale aquaculture value chains, a key challenge entails securing access to affordable and environmentally
sustainable protein sources for fish feed. This need is critical, especially in Nigeria, where current fish production is
insufficient to meet market demand. Small-scale farmers are 94% of the Nigerian fish farming sector, for whom the
main hindrance in fish production is the scarcity of and high costs associated with fish feed. Fishmeal comprises ca. 50%
of aquaculture fish diets and represents 40-70% of total operational cost. Fish farmers often replace animal protein in
fishmeal with less expensive grains, but the current supply of good quality seed is inadequate, unsustainable, and costly
for the everyday small-scale fish farmer. There is an alternative source for quality, reliable, sustainable, and safe protein
to be used in fishmeal preparation — insects. We are developing an integrated insect-to-fish (ITF) farming system and
evaluating the economic, social, and biological potential for scaling ITF to improve the affordability, accessibility, and
quality of feed, and therefore livelihoods and food security in Nigeria. Our approach is developing insect farms to work in
synchrony with local fish farmers to teach the community how to mass rear insects, specifically, the black soldier fly (BSF),
Hermetia illucens (L.) (Diptera: Stratiomyidae). Ultimately, project outcomes will reduce reliance on crop production and
increase availability of fish for consumption, while stimulating small business enterprises driven by women and youth.
Integration of these two industries will contribute to solving the need for alternative fish feed protein replacement for
aquaculture systems.
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Local and regional black soldier fly rearing potential in Uganda

D.R. Amulen!2, P. Vudrikol, J. Mwangil, J.L. Pechal® and M.E. Benbow?

1 Center for Insect Research and Development, Kaayi Zone, Plot 368, Kawanda, Uganda, *Research Center for Tropical
Diseases and Vector Control, School of Veterinary Medicine and Animal Resources, Makerere University, Uganda, 3Michigan
State University, Department of Entomology, 243 Natural Science Building, East Lansing, M1 48824, USA; benbow@msu.edu

Black soldier fly larvae (BSFL) rearing is becoming an alternative source of protein for livestock feed globally, providing
cost savings in poultry, aquaculture and swine production. In developing countries with high competition for declining fish
meal, BSFL rearing using organic waste is perceived as an environmentally friendly initiative for adoption of economically
challenged youth and women. However, there are important considerations and a need for improved understanding of BSFL
rearing in local communities of Uganda. Using a mixed research method, an experimental BSFL unit was established by
the Center for Insect Research & Development with capacity to generate one tonne BSFL feed per week. Six youths were
employed to run the unit under a business model to assess profitability and autonomy. After five months of operation,
the unit generated revenue to cover operational costs, and created demand for BSFL products like breeding stocks of
eggs and pupae and dried larval feed for commercial livestock production. Over 7 months, more than 100 early starter
BSF farmers were trained. Our initial effort attracted interest and visits by ministers and leaders of national government
programs promoting BSFL for sustainable agro-industrialisation of poultry and swine value chains in Uganda. Challenges
have been securing reliable, sorted sources of organic waste to feed the larvae; unsorted waste poses hazards to employees
(e.g. razor blades, needles). New strategies of organic matter acquisition, quality and improved safety will be needed to
accelerate BSFL rearing within rural settings of Africa. Thus far, operations are managed by manual labour, but there is
need to investigate affordable approaches of automation (e.g. harvesters, dryers). In summary, BSFL rearing has potential
to be a profitable venture in Africa, and should be promoted as an alternative value chain among peri urban youths and
women entrepreneurs.

Near infrared spectroscopy for the prediction of nutritional composition of black soldier fly larvae

S. Alagappan!2, D. Cozzolino?, D. Mikkelsen3, P. James%, S.M.O. Mantilla2, O. Yarger® and L. Hoffman!»2

! Fight Food waste Cooperative Research Centre, Waite Campus, Urrbrae, SA, 5064, Australia, ’°CNAFS, Queensland Alliance
for Agriculture and Food Innovation, University of Queensland, Brisbane, St Lucia, QLD, 4072, Australia, 3SAFS, Faculty
of Science, University of Queensland, Brisbane, St Lucia, QLD 4072, Australia, *CAS, Queensland Alliance for Agriculture
and Food Innovation, University of Queensland, Brisbane, St Lucia, QLD 4072, Australia, >Goterra, 14 Arnott St, Hume,
Canberra, ACT 2620, Australia; s.alagappan@uq.net.au

The demand for sustainable animal feeds is increasing due to prevailing socio-economic conditions and several other
underlying factors. Black soldier fly larvae (BSFL) are considered to be a viable option owing to their ability to forage
different organic matter. BSFL reared on organic waste streams are rich in nutrients including various essential amino
acids and fatty acids required for animal feed. BSFL nutritional composition is impacted by feed, rearing conditions and
other processing factors throughout the production line. A rapid non-invasive technique to determine the nutritional
composition of BSFL would be valuable to monitor the quality of the larvae reared in large volumes for commercial
practices. The use of Near Infrared (NIR) spectroscopy as an analytical tool for determining the nutritional composition
of food and feeds is well explored. Thus, the objective of this study was to determine the ability of NIR to predict the
proximate composition (crude protein, chitin, lipids, and fibres), plus amino acid and fatty acid profile of BSFL and pre-
pupae reared on soy waste. BSFL (n=50) and pre-pupae samples (n=50) obtained from a commercial BSFL production
facility were analysed by NIR. Additionally, proximate analysis, amino acids and fatty acid analyses were conducted on
these samples by standard analytical methods. The NIR scans obtained from these samples were developed into calibration
models using chemometric techniques such as principal component analysis and partial least squares. The outcomes of
this study will help to reduce the cost incurred for conventional analysis, while also providing guidance in selecting the
suitable time frame for larvae harvesting based on their nutritional profile.
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Slaughtering performance of medium-growing chicken fed black soldier fly live larvae

V. Bongiorno, M. Garigliol, V. Zambotto?, E. Cappone?, I. Biasato3, S.B. Oddon3, N. Kalkan%, D. Soglial, C. Fortel,
M. Rennal, L. Gasco3, F. Gai2, C. Coudron® and A. Schiavone!

{University of Turin, Department of Veterinary Sciences, Largo Paolo Braccini 8, 10095 Grugliasco, Italy, *Institute of
Sciences of Food Production, National Research Council, Largo Paolo Braccini 8, 10095 Grugliasco, Italy, 3University of
Turin, Department of Agricultural, Forest and Food Sciences, Largo Paolo Braccini 8, 10095 Grugliasco, Italy, *Ege University,
Department of Animal Science, Bornova, 35100 Izmir, Turkey, *Inagro vzw, leperseweg 87, 8800 Rumbeke-Beitem, Belgium;
valentina.bongiorno@unito.it

This study aims to evaluate the effects on slaughter performance of medium-growing chickens fed live insect larvae. A total
of 240 Label Naked Neck chickens were reared from 21 to 82 d of age. The birds were split according to gender and dietary
treatment in 4 experimental groups (6 replicate/treatment, 10 birds/pen). The treated groups received 10% supplementation
(of the expected daily feed intake) of black soldier fly larvae. At 82 d of age, 2 birds/pen (12 birds/treatment) were selected
on the basis of the pen average body weight (BW) and slaughtered. The ready-to-cook carcass weight (RTCCW) was
recorded. The weight of the heart, spleen, bursa of Fabricius (BF), liver, gut, and stomachs were collected (%BW). After 24h
of refrigeration (4 °C) the chilled carcass weight (CCW) was recorded. The carcass yields (%BW), breast yields (%CCW),
thigh yields (%CCW), water losses (WL) (BRTCC-CC, 24 h after slaughter) were calculated. The pH and colour (after 24
h at 4 °C) of breast and thigh meat were registered. Data were analysed using a GLMM (P<0.05). The spleen weight was
higher in both treated groups than controls (P<0.01), attributable to larvae immune activity. Treated females showed a
higher BF weight than control females (P<0.05). Moreover, treated birds revealed a higher absolute heart weight than
control ones (P<0.05). Finally, WL were lower in females fed larvae than control (P<0.01). In conclusion, live larvae may
be safely used in medium-growing chickens feeding programs and may exert the stimulation of immune system.

Digestibility of defatted insect meals in rainbow trout aquafeeds

L. Gascol, C. Caimil, A. Trocino?, C. Lussianal, S. Bellezza Oddon!, V. Malfattol, R. Anedda3, G. Serra%, I. Biasatol,
A. Schiavone®, F. Gai® and M. Renna®

{University of Turin, Dept. Agricultural, Forest and Food Sciences, L.go Braccini 2, 10095 Grugliasco, Italy, >University of
Padua, Dept. of Comparative Biomedicine and Food Science, V.le dell’Universita 16, 35020 Legnaro, Italy, 3Porto Conte
Ricerche S.r.l., S.P. 55 Porto Conte, Capo Caccia km 8,400, 07041 Alghero, Italy, *National Research Council, Inst. of
BioEconomy, Trav. La Crucca 3, 07100 Sassari, Italy, *University of Turin, Dept. Veterinary Sciences, L.go Braccini 2, 10095
Grugliasco, Italy, °National Research Council, Inst. of Sciences of Food Production, L.go Braccini 2, 10095 Grugliasco, Italy;
manuela.renna@unito.it

The assessment of the apparent digestibility coefficients (ADCs) of defatted insect meals (IMs) is fundamental for the
correct inclusion of these innovative protein sources in diets for carnivorous fish species. This study aimed at assessing
the ADCs of main nutrients, amino acids and fatty acids (FA) of four defatted IMs (two from yellow mealworms, one
from black soldier fly and one from lesser mealworm) in rainbow trout (Oncorhynchus mykiss). Five experimental diets
were prepared, a control diet and four diets containing 30% of each tested IM based on the substitution method. Celite®
was used as digestibility marker. The trial was performed on 80 rainbow trout (initial body weight: 140+5.6 g) kept into
tanks connected to in flow-through open water system. After 10 days of diet adaptation, fish faeces were collected across
four consecutive weeks using an automatic Choubert device and then analysed. Significant differences were observed
among the IMs for the ADCs of dry matter, crude protein, gross energy, methionine, cysteine, glycine and tyrosine, with
the lesser mealworm meal showing the overall lowest digestibility values. Such differences were imputed to both insect
species and meal processing techniques. The ADCs of ether extract (in all cases higher than 96%) and main FA (namely
lauric, myristic, palmitic, oleic, linoleic and a-linolenic acids; in all cases higher than 85%) did not significantly vary
among the IMs. Based on the results, the tested IMs resulted highly digestible and could be a valuable protein source for
the formulation of sustainable rainbow trout feeds. Funded by SUSINCHAIN H2020 Project.
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Improvements in growth, welfare and gut microbiome in broilers supplemented with BSF larvae at
commercial scale

E. De Castro2, D. Dekleva?, G. Ritson?, D. De Lima2, S. Hutton?, E. Green? and M. Pipan?
1 Cambridge University, Zoology, Downing Street, Cambridge, CB2 3EJ, United Kingdom, *Better Origin, Future Business
Centre, Kings Hedges Road, Cambridge, CB4 2HY, United Kingdom; erika.castro@betterorigin.co.uk

The global chicken meat (broiler) industry has been intensively criticised by the media in terms of animal welfare, as
well as of sustainability due its dependency on soybean from South America. As chicken meat remains one the major
source of protein in peoples’ diet, it is important to make its supply sustainable while maintaining an accessible price.
In this scenario, black soldier fly larvae (BSFL), as a feed component, have the potential to deliver a solution for the
broiler industry. BSFL can be raised locally on food waste, it is an excellent source of protein and has been used as a
welfare enrichment for a variety of livestock systems. This study aimed to confirm that BSFL can be used to supplement
broiler’s’ diets at a commercial level, as well as investigate their benefit in terms of growth, welfare and gut microbiome
composition. Thus, 15,000 Ross 308 broiler hatching eggs were equally dived into two sheds, where upon hatching one
was fed with chicken feed only (control) and the other supplemented with BSFL at 5% (w/w) for 14 days. On the 7t and
14t days, welfare evaluations were conducted and 10 chickens from each shed were weighed and euthanised for sampling
collection. Microbiome analyses were performed on samples of caecal contents focusing on the 16S V3-V4 region. After 7
d, BSFL-fed broilers were 16% heavier than the control. Factory processing chicken weights were on average 4.63% higher
in the BSFL-fed shed (6 weeks), even after the supplementation stopped. During the welfare assessments, broilers in the
BSFL-fed shed were more approachable, less flighty, and spent more time foraging than in the control. Moreover, the gut
microbiome of BSFL-fed broilers was more diverse than the control at 7 d, but diversity significantly decreased at 14 days
in both groups. In particular E. coli and Shigella were more abundant in the gut of control broilers than in the BSFL-fed,
which is of great importance for reducing the use of antibiotics. These results emphasise that early supplementation of
broilers with BSFL improve their welfare, growth and microbiome composition.

Partially defatted black soldier fly meal inclusion in Pacific white shrimp diets:
effects on growth performances

C. Guidoul, C. Trespeuch!, E. De Swaef? and J. Dantas Lima?
IMUTATEC, 1998, Chemin du Mitan, 84300 Cavaillon, France, 2IMAQUA, KMO zone Lozen Boer, Ambachtenlaan 27A,
9080 Lochristi, Belgium; c.guidou@mutatec.com

For several years, feed manufacturers are searching for new sources of proteins to respond to the growth of the sector
and the challenges of sustainable development. At the same time, more than 30% of the world agricultural production is
wasted. Insects make it possible to valorise food waste (bioconversion). The black soldier fly (Hermetia illucens) represents
a particularly adapted resource to feed fish or shrimps because it is natural, safe, sustainably produced and has a good
nutritional quality. The objective of two studies carried out in the facilities of IMAQUA (Belgium) in 2020 and 2021 was to
evaluate the zootechnical performances of shrimps (Penaeus vannamei) when a part of fishmeal is replaced by a partially
defatted black soldier fly (BSF) meal in comparison to a conventional feed (CTRL). In a first trial, a BSF meal, produced
by a French company (MUTATEC), is incorporated in pelleted feeds at different inclusion rates (6.4; 12.7 and 19.1%) as
replacement material for fishmeal (respectively 33; 66 and 100% of replacement). These feeds have been used to feed Pacific
white shrimps from 0.24 grams to 2.74 grams (28 days). In a second trial BSF meals from two processes were incorporated
in the feeds to replace 66% of the fishmeal. These feeds have been used to feed shrimp from 0.93 grams to 9.86 grams
(48 days). Although not significant, an increased final weight (and related weight gain) was observed in all treatments
where fishmeal was replaced with insect meal. In the first trial, the optimal inclusion level was 12.7% (66% of fishmeal
replacement), the specific growth rate was significantly better than the CTRL for this group of shrimps. An increase in
average final weight by 16.8% for this group could be observed after 28 days of feeding. At the end of a complete culture
period this would result in a substantial increase in productivity. These results suggest a positive impact of BSF meal on
growth performance in shrimp. It therefore seems possible to replace a significant portion of fishmeal by BSF meal. These
trials ended with a bacterial challenge which showed promising results that will be presented later.
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Influences of fish and defatted black soldier larvae meal diets on the growth of juvenile Chinese
soft-shelled turtles

L. Lusheng, J. Zhang, R. Shang and G. Wang
Huazhong Agricultural University, Microbiology, National Engineering Research Center of Microbial Pesticides, College of
Life Science and Technology, 430070, China, PR.; lushenglil 974@126.com

The black soldier fly larvae meal (BSFM) has been widely applied in aquaculture production due to its rich nutritional
value, easy availability and renewability. However, to our knowledge, it has not been used in the diets for turtles. Here, we
evaluated the acceptability of partial substitution of fish meal (FM) with defatted BSFM in the diets of juvenile Chinese
soft-shelled turtles (Pelodiscus sinensis). A total of 225 juvenile turtles were randomly divided into D1, D2, D3, D4 and
D5 groups, which were fed with BSFM replacing 0, 5, 10, 15 and 20% FM, respectively, for 70 days. The results showed
that growth performance of groups D4 and D5 were significantly different (P<0.05) from that of group D1. The activity
of serum alkaline phosphatase was higher (P<0.05) in group D3 relative to other groups, while alanine aminotransferase
and aspartate aminotransferase activities were higher (<0.05) in group D4 when compared with groups D1, D2 and D3.
Muscle crude protein and fat contents increased (P<0.05) in group D3 when compared with groups D1 and D2. Muscle
phenylalanine, glutamic, tryptophan and arginine levels increased in group D1 in comparison with the other groups
(P<0.05), whereas the opposite was true for isoleucine and proline levels. The broken-line analysis based on specific
growth rate estimated that the optimal level for replacing dietary FM with BSEM is 5.0%, which could elicit benefits on
both the growth performance and physiological health condition of the juvenile Chinese soft-shelled turtles.

Insect meal in layer chicken diet enhances growth, egg production, egg quality, meat quality and
farmer profitability

C.M. Tangal, L.K. Wamai?, I.M. Osuga®, M.M. Kidoido!, S. Subramanian! and S. Ekesi!

International Centre of Insect Physiology and Ecology (icipe), Insects for Food, Feed and Other Uses, PO. Box 30772, 00100,
Kenya, *Kenyatta University, Department Animal Science, PO. Box 43844, 00100 Nairobi, Kenya, 3Jomo Kenyatta University
of Agriculture and Technology, Department of Animal Science, PO. Box 62000, 00200 Nairobi, Kenya; ctanga@icipe.org

Due to the scarcity and high cost of major protein sources in poultry diet, black soldier fly (BSF) larvae (Hermetia illucens)
meal has been widely accepted globally as suitable alternative. This study evaluates the effect of substituting soyabean
meal and sunflower cake with BSF meal on growth, feed intake, feed conversion ratio efficiency, egg production, egg
quality, spent hen meat quality and profitability. Our results revealed that chicks and growers fed diets containing 75
and 50% BSF meal, respectively, had the highest overall live body weight gain. Chicks and growers fed diets with 100%
fishmeal recorded the highest average feed intake. Although, layers fed diet with 75%BSF meal inclusion recorded the
lowest feed intake, they presented the highest live body weight. Layers fed diet with BSF meal recorded 2-4% increase in
egg production compared to those fed diet with 100% fishmeal. Egg production and egg size showed a quartic and cubic
response, respectively, with maximum estimate at 89.9 and 73.1% inclusion levels of BSF meal. Almost all the physical
properties of eggs from the layers were observed to increase with increasing inclusion of BSF meal. The crude protein
content of eggs from layer fed diets with BSF meal ranged between 38-40% compared to 32% for those fed diet with
100% fishmeal. No significant effect of diet types was observed on the proximate composition of spent hen meat powder.
a-linolenic (omega-3) and linoleic (omega-6) acids were the most dominant polyunsaturated fatty acids. Eggs collected
from birds fed diet with 100% BSF meal had significantly higher iron and zinc contents. The most cost-effective diet was
that with 75% BSF meal. This implies insect-based feed could be a novel solution to adequately overcome the protein gap
in poultry feed industry.
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Effects of Desmodium intortum and black soldier fly larvae-based meal on sensory and
physicochemical parameters

M.M. Mutisya, S.B.S. Baleba, J.N. Kinyuru, C.M. Tanga, M. Gicheha, G. Hailu, D. Salifu, J. Egonyu and S. Niassy
International Center of Insect Physiology and Ecology (ICIPE), Technology Transfer, 3952, 00100, Kenya;
mariahmutisya@gmail.com

We evaluated the effect of dietary inclusion of different ratios of Desmodium intortum (DI) and black soldier fly larvae meal
(BSFLM) on sensory and physicochemical qualities of broiler chicken meat. Three formulations: T1 = 75%BSFL:25%DI;
T2 = 50%BSFL:50%DIL; and T3 = 25%BSFL:25%DI as a protein source were tested. A conventional feed was used as a
control diet. On day 42, the chickens were slaughtered, and thigh muscles were tested for sensory and physicochemical
evaluations.T'1 was preferred for its flavour and tenderness, T2 for its juiciest and T3 for its colour, flavour, taste and overall
acceptability scores. In terms of physical properties, all three types of meat had significantly lower moisture content and
a higher water holding capacity than the control. T3 had the lowest moisture content, cooking loss and pH whereas the
meat from control diets had the highest cooking loss and pH. No significant differences were found in terms of meat
lightness; however, meat from control diet showed the highest redness value, and T3 had the highest yellowness value.
Dietary inclusion of DI-BSFL affected the fatty acid and cholesterol profiles of the meats. A holistic principle component
analysis indicated that the tested meats were distinct in their sensory and physicochemical properties. These variations in
physicochemical properties may account for the difference in organoleptic perception, especially for T3. Further research
should focus on feed modulation in relation to consumers preference and potential health benefits.

Updated insights on marketing of insect as feed focused on insect-based pet food applications

R. Steven, L. Wein and H. Abu Bakar
Protenga Pte Ltd, 3 Coleman Street, #03-24, 179804, Singapore; rachel@protenga.com

The increase in pet ownership has driven the rising demand for pet food production which currently encumbers up to one
fifth of global meat consumption — directly competes with human food production and contributes to significant amounts
of greenhouse gas emissions. Commercial pet food production emphasises quantity over quality, creating doubts about
the source and quality of ingredients as well as additives and their health effect on pets, including the rise of diseases,
digestive disorders and allergies. Insect-based pet foods have been proposed in recent years as a nutritionally complete
alternative that is palatable to pets and has a potentially significantly lower environmental footprint than conventional
nutrient sources. Insect-based pet foods as a segment has been growing fast in the last 2-3 years, primarily in the form
of dry pet food, and recently received endorsements from industry associations such as BVA and AAFCO. However, the
segment is still in its infancy and questions remain about the potential of insect-based pet foods to become mainstream,
including questions around their palatability, digestibility and health effects. In this study, we present an overview of the
related literature and present the results of multiple controlled and semi-controlled trials conducted by our group to
assess palatability, digestibility and health & behavioural effects of insect-based wet dog food formulations (black soldier
fly, Hermetia illucens) based on AAFCO nutritional guidelines.
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Nutrient digestibility of diets containing five different insect meals in gilthead sea bream and
European sea bass

M. Mastorakil2, N. Panteli2, Y.P. Kotzamanis3, L. Gasco?, S. Chatzifotis! and E. Antonopoulou?

!Hellenic Centre for Marine Research, IMBBC, Heraklion, Crete, 71003, Greece, *Aristotle University of Thessaloniki,
School of Biology, 54124 Thessaloniki, Greece, Hellenic Centre for Marine Research, IMBBC, Anavyssos, 19013 Attiki
Greece, *University of Turin, Agricultural, Forest and Food Sciences, Largo P. Braccini 2, 10095 Grugliasco, TO, Italy;
mmastora@bio.auth.gr

Given the growing interest in the use of insect meals in aquafeeds, it is advisable to evaluate their nutritional value for
the farmed species by assessment of digestibility and efficient utilisation ability. The study aims to evaluate and compare
the nutrient, amino acid and energy apparent digestibility coefficients (ADC) of diets which included 19.5% insect larvae
meals from Tenebrio molitor (TM), Hermetia illucens (HI), Musca domestica (MD), Zophobas morio (ZM) or Alphitobius
diaperinus (AD) in European sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata). A diet in which fish
meal (65%) was the only protein source was used as control (FM). Similar or slightly better digestibility was observed in
diets TM and MD for European sea bass due to higher adjusted protein ADC, while the other nutrient ADCs were similar
to the FM diet. Diets HI and AD exhibited worse overall digestibility compared to FM, with similar or lower ADCs. The
ZM diet displayed moderate results with lower dry matter ADC compared to FM but higher protein ADC. Nonetheless,
the differences in ADCs between the six diets were minute. Regarding gilthead sea bream, no differences were observed
in the nutrient and energy ADCs, except for TM which had the lowest fat ADC. All amino acids were highly digestible in
both fish species. Additionally, the digestibility of the sum of amino acids was not affected by the inclusion of different
insect meals. In conclusion, our results show that, regarding nutrient digestibility, diets containing 19.5% of these insect
meals are suitable for both fish species. This study was funded by European Union and Greek national funds through the
National Strategic Reference Framework 2014-2020, Special Actions Aquaculture-Industrial Materials-Open innovation
in culture (code: MIS 5045857, acronym: Entomo4fish).

Transfer of aflatoxins and heavy metals to egg and meat of laying hens fed fly larvae reared on
contaminated substrate

M. Heuel!, M. Kreuzer!, I.D.M. Gangnatl, E. Frossard, C. Zurbriigg?, J. Egger?, B. Dortmans?, M. Gold>3, A. Mathys?,
J. Jaster-Keller%, S. Weigel%, C. Sandrock® and M. Terranoval-®

{ETH Zurich, Institute of Agricultural Sciences, Eschikon 27, 8315 Lindau, Switzerland, >Eawag, Sanitation, Water and
Solid Waste for Development (Sandec), Uberlandstrasse 133, 8600 Diibendorf, Switzerland, 3ETH Zurich, Sustainable
Food Processing, Schmelzbergstrasse 9, 8029 Ziirich, Switzerland, *German Federal Institute for Risk Assessment, Safety
in the Food Chain, Max-Dohrn-Str. 8-10, 10589 Berlin, Germany, SResearch Institute of Organic Agriculture (FiBL),
Livestock Sciences, Ackerstrasse 113, 5070 Frick, Switzerland, SETH Zurich, AgroVet Strickhof, Eschikon 27, 8315 Lindau,
Switzerland; maike@nutrifly.li

The use of low-grade substrates can improve the sustainability of insect-based feed ingredients but also poses food
safety risks. These include mycotoxins and heavy metals present in substrates and insect-based feed, thereby being
transferred to recipient animals and further into the food chain. We studied the transfer of selected contaminants to black
soldier fly larvae (BSFL) and poultry-derived food. Four poultry diets were formulated from 4 partially defatted meals
produced at 2 different facilities. In Indonesia, BSFL were reared on food waste containing animal by-products spiked
with environmentally relevant concentrations of Cd (1.9 mg/kg), Pb (19 mg/kg) and aflatoxin B1 (1.5 mg/kg), next to a
non-contaminated control. As an additional control, in Switzerland, BSFL were reared on substrates approved in the EU.
Defatted BSFL were included at 200 g/kg diet for late-laying hens (n=9/treatment), and fed for 4 weeks. Only the diet
including BSFL reared on Cd contaminated substrate exceeded the EU maximum level for Cd for complete feed (1.7 mg/
kg vs 0.5 mg/kg). No diet affected laying performance or egg quality. Feeding heavy metal contaminated BSFL-based diet
doubled Cd concentrations in breast meat and elevated Cd concentrations in kidneys and liver compared to the control.
However, all respective poultry products and tissues (except kidneys) ranged below permitted limits for food. Our results
show that, under certain conditions, even contaminated food can provide a suitable substrate to produce BSFL for use
as feeds for poultry nutrition.
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Modulation of medullary body morphology and positive remodelling of artery by BSF fed chicken
femur bone

I. Jahanl, R. Kurodal, H. Mishima'2, K. Kawasaki!, H. Fujitani® and Y. Matsumoto!

1Kagawa University, Agriculture, Tkenobe 2393, Miki, Kida, 7610795, Japan, >Tsurumi University School of Dental
Medicine, Department of Dental Engineering, Tsurumi 2-1-3, Yokohama Kanagawa, 2308501, Japan, 3Research
Institute of Environment, Agriculture and Fisheries, Osaka Prefecture, Shakudo 442, Habikino, Osaka, 5830862, Japan;
matsumoto.yoshiki@kagawa-u.ac.jp

Black soldier fly (BSF) larvae and pre-pupae can be raised on the household organic waste and used as poultry feed.
Previous research indicated that BSF oil did not affect the body weight and egg-laying rate, but the eggshell thickness
was significantly higher in the pre-pupae fed group. Replacement of soybean meal with BSF larvae and pre-pupae affects
eggshell strength, and induces specific morphological changes in bone tissue. To prove the previous hypothesis, we
analysed bone histology and structure using micro and macro trace by x-ray analytical microscopy and X-ray micro-
computed tomography (uCT) methods on medullary formation in the chicken femur bone. The histological results
show that BSF-supplemented feed accumulates TRAP-positive cells in chicken medullar bodies. The micro-CT images
detected the connecting shape epiphyseal arteries on the femoral head to neck in both BSE-fed groups. The X-ray analytical
data indicated that Ca, Fe, and Zn were slightly increasing and colocalised in the femur bone head. SEM observation
has shown enlargement or positive remodelling o bone blood formation in BSF-fed chicken, which might promote the
calcification in the vessels. Therefore, we speculated that the feed-derived BSF preparation-promoting ingredient might
have increased the absorption of dietary minerals. Later studies of pCT morphology indicate that blood flow properties
influence medullar bone remodelling in the chicken femur.

Effect of rearing substrate on growth performance and body composition of black soldier fly larvae

K.M. Eggink, J. Dalsgaard, I. Lund and P. Bovbjerg Pedersen
Technical University of Denmark, Aqua, The North Sea Research Centre, 9850 Hirtshals, Denmark; kmaeg@aqua.dtu.dk

In the last years, the black soldier fly (BSF) has received increasing attention due to their larvae’s capacity to convert a wide
range of organic wastes into biomass that can be used for feed. However, the type of waste can have major effects on the
total larval harvest yield and their nutritional quality, which are important determinants for efficient insect production.
Previous studies showed that larvae reared on chicken feed or Gainesville housefly feed have the fastest larval growth,
however, these substrates also compete with current food and feed systems. The focus of the study was to identify potential
organic waste and by-product streams locally available in Denmark that could support larval growth and possibly modify
the fatty acid profile to make them more a more valuable feed ingredient. In this study, 5-day old BSF larvae were reared at
an industrial scale for seven days on different organic wastes and by-products locally available in Denmark: brewer’s spent
grain, mitigation mussels (Mytilus edulis) — used previously for water filtering, shrimp waste meal (Pandalus borealis),
and rapeseed cake. Larval growth and composition were compared to chicken feed and a reduced chicken feed diet (48%
pea grits, 24% wheat, 21% chicken feed, 6% sugar beet pellet, 1% vitamin-mineral mixture); the latter containing a similar
macronutrient composition to chicken feed but with partial replacement using by-products. Larvae fed either brewer’s
spent grain, mitigation mussels or shrimp waste had a lower final biomass yield when compared to larvae fed the other
substrates. It is hypothesised that the impaired larval growth was due to the lack of digestible carbohydrates in these
diets, being the main energy source in nature for this species. However, these larvae had a significantly higher protein
percentage and lower total lipid percentage. Larvae fed the mitigation mussels and shrimp waste had a significantly
higher omega 3 fatty acid content. However, most fatty acids were saturated in larvae of all substrates indicating that the
fatty acid composition can be only modified to a certain extent, suggesting that the lipid fraction may not be suitable to
completely replace current lipid sources in feed such as fish oil.
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Fatty acid profile, physical and sensory characteristics of eggs produced by hen fed on black
soldier fly larval meal

J.M. Mwangi, J.N. Kinyuru, P.K. Kahenya, I.M. Osuga, C.M. Tanga, E.K. Sumbule, M. Dickie, C.J. Changeh and ].J. Van
Jomo Kenyatta University of Agriculture and Technology, Food Science and Technology, PO. Box 62000, 00200 Nairobi,
Kenya; j.jkamothoS@gmail.com

Provision of poultry feeds comprising of all the dietary requirements is a major challenge to the poultry industries. Insects
have been used as an alternative source of protein for poultry production. This research aimed to provide evidence on
sensory characteristics and nutrient quality of eggs produced by laying hen fed with defatted black soldier fly larvae meal
(BSFLM). Feed formulation with BSFLM and Fish meal (FM) was as follows: Diet, (100% FM + 0% BSFL meal; Control
diet), Diet,. (75% FM + 25% BSFL meal), Diet,, (50% FM + 50% BSFL meal), Diet.. (25% FM + 75% BSFL meal) and
Diet,,, (100% BSFL meal+ 0% FM). The source of protein and fat for the control diet was the FM. This study evaluated
Fatty acid profile, physical properties, and sensory characteristics of eggs produced by hens fed on a diet supplemented
with BSFLM. Isoenergetic and Isonitrogenous insect-based diets were introduced to two hundred and fifty birds in which
five (5) birds were assigned per replicate for each treatment during the egg laying period for eighty weeks. Egg weight
(P<0.001) and yolk weight (P<0.001) significantly increased with Increased levels of BSFLM in the diets. The dietary
linoleic/a-linolenic ratio (n6/n3) (P=0.119) and polyunsaturated fatty acids (P=0.073) were not affected by the inclusion
of BSFLM in the diet, while the content of monounsaturated fatty acids (P<0.001) significantly increased with the increase
of BSFLM levels in the diet. Boiled eggs were subjected to the sensory assessment within 24 hours after collection. Five
samples were coded with 3- digits, and one sample was indicated as the control and presented to 50 trained panellists.
Sensory attributes evaluated were flavour, aroma, and off-flavour and yolk colour using a 9-point intensity scale. The egg
yolk colour (P<0.001) improved significantly with the increase of BSFLM in the diet while flavour, off-flavour and aroma
were not significantly affected. Our research findings implied that incorporation of BSFLM into the layers diet could
replace FM while maintaining sensory characteristics and egg quality.

Results of palatability, digestibility and maintenance with black soldier fly larvae ingredients in dog food

B. Ewankiw
Enterra Feed Corporation, 20240 Stewart Cr, Maple Ridge, BC V2X 0T4, Canada; bewankiw@enterra.com

North American production of black soldier fly larvae continues to grow, providing an alternate sustainable and hypoallergenic
source of protein and fat for pet food industry. As consumers increased awareness of and demand for more sustainably
produced ingredients including insects, pet food manufacturers need to understand how incorporating black soldier
grub ingredients into their portfolio can help create a competitive advantage. In this presentation Enterra will provide an
overview of the most recent technical data including acceptance, palatability, digestibility and maintenance trial results
from the past year. Highlights include: Acceptance: Over 10 days, 8 dogs consumed 100% of the black soldier fly larvae
based dog food presented to them. Palatability: Over 10 days, there was no significant difference in amounts eaten of the
black soldier fly larvae based dog food (110 g intake per day) vs the standard fish based dog food (125 g intake per day).
The black soldier fly larvae food was the preferred dog food in 5 out of the 10 days. After adjustment for moisture content
which can have a significant effect on the palatability of dog food, the results show a resounding preference for the black
soldier fly based diet. Over 4 days, there was a significant difference in amounts eaten. The black soldier fly larvae based
dog food (193 g intake per day) was clearly preferred by the 10 dogs in this study vs the red meat based dog food (77 g
intake per day). After adjustment for moisture content, which can have a significant effect on the palatability of dog food,
the results are even more resounding for the black soldier fly based dog kibble. Digestibility: Over 8 days, digestibility
results of black soldier fly/red meat based diet showed excellent digestibility, with an average of over 80% digestibility for
dry matter and protein digestibility, and over 90% fat digestibility. Also, faecal scores were excellent, with all stools being
well formed with visible grooves. Maintenance: Over 26 weeks, dogs were fed a black soldier fly larvae based diet. All
health metrics were excellent throughout the study, including maintenance of body weights, body condition scores and
strong results of bloodwork showing no concerns at all.
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Black soldier fly product-specific interactions with Lactobacillus plantarum in the diet of layers hens

N. Mincheval, P. Hristakieval, I. Ivanoval, K. Velikov! and A. Petrova?
1 Agricultural Institute, Agricultural Institute, Stara Zagora, 6009 Stara Zagora, Bulgaria, °NASEKOMO, Dragan Tzankov 8,
Sofia University, 1164 Sofia, Bulgaria; adelina.petrova@nasekomo.life

Previous study compared the effects of three diets (corn-soybean diet (Control), 7% black soldier fly defatted meal
(BSEd) diet and 7% black soldier fly whole larvae meal (BSFw) diet) on layers production parameters, egg morphology
and health status. Layers responded specifically to the BSF-based diets with several positive effects on the production
parameters. However, both BSF-fed groups produced smaller eggs compared to the control (corn-soybean diet), with
significant differences recorded in the group fed with the BSFd-based diet. The aim of this study was to test if the inclusion
of Lactobacillus plantarum in the BSF-based diets would have a positive impact on hens’ production parameters and
health. A total of 240 layers hens (60 hens/group; 20 hens/pen) were assigned to four dietary treatments — Control :— 7%
BSFd meal (BSFd), Treatment 1: 7% BSFd meal with 0.1% L. plantarum (BSFd+pro), Control 2: 7% BSFw meal (BSFw),
Treatment 2: 7% BSFw meal with 0.1% L. plantarum (BSFw+pro) to test the above hypothesis. Hens were fed for five
weeks (age 50-55 weeks). Results suggest that L. plantarum interacts differently with the two BSF products, resulting in
different outcomes. For instance, BSFd+pro-fed hens produced larger eggs (week 5; -58.79) compared to the control 1
group (week 5: 56.32 g; P=0.007), while hens fed with BSFw+pro diet produced eggs with similar weight to the control 2
group (wk5 57.86 g vs control 2 57.43 g; P=0.613). An array of blood serum parameters were analysed as well, indicating
no negative impact on layers’ health status. The study demonstrated two important points: firstly, L. plantarum interacted
differently with the BSFd- and BSFw-based diets to produce specific responses in layers; secondly, the combination of a
probiotic with BSF products may improve layers’ performance.

Use of yellow mealworm as a protein source on growth performance in growing lambs

L.E. Robles Jimenez!, S. Angeles?, A.H. Ramirez-Perez2, B. Fuente?, J.M. Pino-Moreno?, E. Cardoso-Gutierrez!,

I.A. Dominguez-Vara! and M. Gonzalez Ronquillo!
Universidad Auténoma del Estado de Mexico, Animal Production, Instituto Literario 100, 50000, Mexico, Universidad
Nacional Autonoma de Mexico/, Circuito Exterior s/n, Ciudad Universitaria, 04510, CD Mexico; jpino@ib.unam.mx

One of the main sources of protein for feeding in intensive ruminant systems is soybean meal, however, they have a large
environmental impact due to the use of land and water for large-scale cultivation. The use of insects such as Tenebrio
molitor (TM) as a source of protein in ruminant feed could be a good feeding alternative. The objective of this study was
to evaluate the effect of soya bean meal (SBM), fish meal (FM) or TM meal supplementation on animal performance in
growing lambs. 24 lambs (LW 34.6+3 kg) were distributed randomised (8 lambs / treatment) to one of three isoprotein
and isoenergetic diets (15% CP; 11 MJ ME / kg DM). The protein source was the only factor of diet variation. The control
diet (SBM) included 150 g of SBM / kg DM, which was replaced by FM (50 g/kg DM) or TM (60 g/kg DM) meal in the
other diets. Experiment duration was 28 d, 21 d for diet adaptation and the last 7 d for sampling period, Live weight (kg),
Intake (g/d), digestibility (g/kg) and N balance (g/d) were recorded. Data were analysed for a completely randomised design;
significant effects were declared at P<0.05. Dry matter (DM) and organic matter (OM) intake (1,387+60 and 1,309+50)
were similar among treatments (P>0.05), DM and OM digestibility (760 and 763 g/kg respectively) was higher for SBM
than FM and TM diets (731+2 and 739+4 g/kg respectively). N intake was similar (4314 g/d) among treatments (P>0.05),
N retention was higher (P<0.05) for SBM diet (14.05 gN/d) than FM and TM diets (10.64+1.2 gN/d).
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Black soldier fly lipids in pet nutrition

G. Kotob!, N. Sluczanowski2, S. Anusha Siddiqui®*, N. Martin Tome!, M. Dalim!, P. Van Der Raadl, K. Aarts,
A. Paul! and G. De Blasis!

1Protix, 5107 Dongen, the Netherlands, *Petgood A.B., 11469 Stockholm, Sweden, 3German Institute of Food Technologies,
49610 Quakenbruck, Germany, *Technical University of Munich, 94315 Straubing, Germany; ghl@protix.eu

Black soldier fly (BSF) derived ingredients are being considered as sustainable alternatives to conventional animal derived
ingredients in pet food formulations. However, BSF fat has received little to no attention from pet food producers until now.
This work compiles the latest scientific knowledge on BSF fat on pet food applications. BSF fat digestibility, antimicrobial
activity and brain health improvement potential have been analysed. Literature was only available on the use of BSF fat
for dog pet food formulations. Outcomes indicate that BSF fat is highly digestible when compared with other fats used
in pet foot. BSF fat is rich in medium chain fatty acids and lauric acid, which are known for their brain health potential
and antimicrobial activity, respectively. Studies on the functional benefits of these compounds have been evaluated in
animal species with a similar metabolism to that of dogs and cats. Hence, this work suggests that similar benefits can be
expected for other pets. Future studies should focus on verifying this hypothesis and filling the gap on BSF fat application
in feline food formulations.

Sustainable mealworm rearing in China for insect ingredient produced for pets

Y.Z. Liu
Shanxian Yongzheng Pet Food Co. Ltd., Shan County, Heze City, Shandong Province, 274300, China, PR ; sophie@yzpetfood.com

The pet industry has long been looking for new protein sources either for health improvement or for marketing needs,
and the yellow mealworm (7Tenebrio molitor) is currently the number one species being used in many aspects of the pet
industry globally. YZ Pet Food has been growing yellow mealworms since 1998 and has developed a unique production
system and product lines over the period. Here we want to demonstrate how a modern insect production facility functions
from feed preparation to insect product processing.
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Evaluation of black soldier fly larvae protein as substitute of poultry by-product meal in kibble diets
for dogs

B.A. Loureirol, A. Paul?, M. Dalim?2, R.K.N. Cardosol, E.L. Santos Neto! and A.Z. Restan!
!Federal University of Paraiba, Rodovia PB 079, km 12, Areia, 58.397-000 Pariba, Brazil, >Protix BV, Industriestraat 3,
5107 NC, Dongen, the Netherlands; brunaagy@gmail.com

Black soldier fly larvae proteins (BSFL) are gaining rapid acceptance as high value protein ingredients in pet food
formulations. Moreover, some in vitro studies have indicated strong antioxidant and antimicrobial activities of BSFL.
However, currently there are no in vivo reports to justify these findings. During this study, two isonutritive extruded
diets for adult dogs (25% crude protein, 12% fat, 3.5% crude fibre, 5% ash) were formulated using two different protein
sources: diet with 29% BSFL protein and diet with 28% low ash poultry by-product meal (PBP). Eight adult dogs were fed
with formulated diets in a cross-over design with two periods of 60 days each. In this duration animals were subjected to
faeces collection for digestibility and faecal parameters, skin barrier evaluation with suitable device and blood collection
for biochemistry, antioxidant, and immunological assays. It was possible to extrude diets even on a high level of inclusion
of BSFL, resulting in kibbles with acceptable density (380 g/1), proper cooking and expansion. Dogs presented good
acceptance of diets, with no refusal episodes and well-formed stools, with similar faecal scores (of 3.7 and 3.9, ona 1 to
5 scale where 1 is watery faeces and 5 hard and dry faeces, 3 and 4 is considered ideal) and dry matter digestibility (of 81
and 80%) for PBP and BSFL diets, respectively (P>0.05). Urinary pH (6.7 and 6.6, P=0.602) and density (1.023 and 1.021,
P=0.959) were similar for PBP and BSFL diets, respectively, and found in a normal range for dogs. After 30 days, these
parameters were similar between groups. The preliminary data showed promising results. To conclude, BSFL seems a
valid alternative to be used in extruded diets with no nutritional prejudices.

Community development programme on sustainable production of insects as feed to support animal
sector in western Kenya

N. Ayimbal, F. Kimanthi2, R.W. Githua2, M. Ayieko?, C. Tanga%, E. Adenyal, E. Nyakeri? and L. Gasco®

1Bondo Community Development Programme, 13034-0010 Nairobi, Kenya, *Protein Masters, Huruma Estate, Nairobi,
Kenya, 3Jaramogi Oginga Odinga University of Science and Technology, Bondo, 210-40601 Bondo, Kenya, *International
Centre of Insect Physiology and Ecology, 30772-00100 Nairobi, Kenya, °University of Turin, Largo P. Braccini 2, 10095
Grugliasco, Italy; laura.gasco@unito.it

The demand for protein for animal feeds is increasingly becoming inaccessible for local farmers due to dwindling stock, high
cost of soybean and fish meals, reduced arable land and water requirement, and high environmental footprints. Therefore,
this project aims to develop and scale black soldier fly (BSF) protein production as alternative sources to the major protein
used in fish and poultry feeds through technologies and innovative research that are sustainable and environmentally
benign. Bondo Community Development Programme and Protein Masters have partnered to develop the BSF larvae
production on biowaste in the target area. To upscale this technology local and foreign Universities, research institution
and private sector partners would collaborate to train smallholder farmers on production, substrate recipes formulation,
safety quality of processed insect products and feed formulation for poultry and fish production within Lake Victoria
Region. The insect farming process would generate additional value-added product (insect frass fertiliser) for improve soil
health and crop yield for improved food and nutritional security among the vulnerable segment of the community. This
project will address global challenges such as protein shortage, climate change, greenhouse gas emission, environmental
degradation, and unemployment with huge social and economic benefits for the youths and women.
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Insect protein as a base for starter feed in aquaculture

LI Istomin
Agro-Matic, 199178 Saint Petersburg, Russian Federation; zooprotein@gmail.com

Intensive development of aquaculture supposes creating, controlling and regulating the quality of fish habitat and nutrition.
That allows to carry out purposeful prophylactic and therapeutic measures. Nevertheless, intensive fish farming does not
remove problems of fish health, growth, development and survival, especially at the stage of fry. The main reasons for
the death of fry: conditions of maintenance and transportation, diseases associated with weak immune system, mismatch
of feed to the physiological needs of fry in nutrients and biochemically active substances. Thus, intensive development
of aquaculture directly depends on effective starter feed. Hypothesis: ‘Using the unique antibacterial, therapeutic and
nutritional properties of the genus Lucilia and Hermetia illucens fly larvae cultivated on different kinds of biological
feed substrates, combining them as a basic ingredient, to create an effective starter feed for aquaculture application’ The
research is organised in the research laboratory of NPO ‘Agro-Matic; Leningrad Region. Conditions for rearing of fly larvae
of Lucilia and Hermetia illucens on different food substrates were created in the laboratory, and the necessary amount
of Recirculating Aquaculture Systems (RAS) for keeping experimental and control groups of trout and African Clarias
catfish fry was established. The following tasks are solved experimentally: (1) to determine the optimal formulation of a
feeding substrate for rearing fly larvae of the genus Lucilia and Hermetia illucens; (2) to determine the optimal ingredient
proportions from the combination of two types of dried fly larvae for starter feed; (3) to develop an optimal formulation
of starter feed for trout and African Clarias catfish fry using a combination of protein from two species of fly larvae; (4)
to determine the optimum rates of starter feed with fixing of main parameters of vital functions of fry in comparison with
a control group using a starter feed of BioMar company (Denmark) It is planned to finish the research in March-April
2023 and state the results and conclusions in a number of scientific articles for specialised editions.

The influence of high doses of insect PAP from black soldier fly (Hermetia illucens) on slaughter
performance of chicken

T. Bakutal, D. Murawska? and R. Gatecki!

University of Warmia and Mazury in Olsztyn, Department of Veterinary Prevention and Feed Hygiene, Faculty of Veterinary
Medicine, Oczapowskiego 13, 10-718 Olsztyn, Poland, *University of Warmia and Mazury in Olsztyn, Department of
Commodity Science and Animal Improvement, Faculty of Animal Bioengineering, Oczapowskiego 5, 10-719 Olsztyn,
Poland; bakta@uwm.edu.pl

The aim of this study was to evaluate the effect of insect PAP from Hermetia illucens on slaughter performance of chicken
broilers. Ross 308 broiler chickens were utilised in this research. Birds (n=800) were divided into 4 food groups: H0%:
standard feed and H50%, H75% and H100%: soya replaced with the H. illucens PAP. Replacing soybeans with H. illucens
PAP adversely affected the digestive system of poultry. The research showed numerous changes in the histological structure
of the stomach, liver and intestines. The severity of morphological changes varied considerably. No relationships were
observed in the analysed morphometric parameters. The muscles of chickens fed with insect PAP were characterised by
a lower proportion of minerals, increased content of SFA and decreased of PUFA in IMF. The changes in the IMF fatty
acid profile resulted in deterioration of the fat nutritional value indicators. Changes correlated with amount of PAP share
in diet. In H50% group, the lowest level of autooxidative changes was found. Meat from groups H75% and H100% was
characterised by a significantly lower juiciness and intensity of flavour, and a tendency to lower the desirability of flavour
compared to H0% and H50%. The results indicate, that the slaughter values of broiler chickens fed with H. illucens PAP
should be further analysed at the levels not exceeding 50%. Project financially co-supported by: NCBiR 2018-2021 Strategy
for Using Inects as Alternative Ptotein Sources for Animal Feed and Prospects for Future Production in Poland: Minister
of Science and Higher Education in the range of the program entitled ‘Regional initiative of Excellence’ for the years
2019-2022, Project No. 010/RID/2018/19, amount of funding 12.000.000 PLN.; NCBiR GOSPOSTRATEG1/385141/16/
NCBR/2018; and ‘Sustainable up-cycling of agricultural residues: modular cascading waste conversion system;, supported
by NCBIR research grant agreement No. FACCE SURPLUS/III/UpWaste/02/2020
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Black soldier fly larvae fat affects the microecosystem of the broiler chicken gastrointestinal tract

B. Kieronczyk!, M. Rawski2, Z. Mikotajczak!, A. Jézefiak?® and D. Jézefiak!

1Poznan University of Life Sciences, Animal Nutrition, Wotyriska 33, 60-637 Poznavi, Poland, >Poznavi University of Life
Sciences, Department of Zoology, Laboratory of Inland Fisheries and Aquaculture, Wojska Polskiego 71C, 60-625 Pozna,
Poland, 3Poznarn University of Life Sciences, Department of Preclinical Sciences and Infectious Diseases, Wolyriska 35, 60-
637 Poznan, Poland; bartosz.kieronczyk@up.poznan.pl

This study aimed to determine the effect of Hermetia illucens larvae (BSFL) fat added to broiler diets as a partial or total
replacement for soybean oil on a gastrointestinal tract (GIT) selected microbial population and its activity. In total, 576
one-day-old female Ross 308 chicks were randomly allotted to 3 dietary treatments (16 replicates and 12 birds each). Birds
had ad libitum access to water and feed for 35 d. The following groups were applied: SO — 100% soybean oil, BSFL50 — a
mixture of BSFL and soybean oils in a 50:50 ratio, BSFL100 — 100% BSFL fat. The digesta samples from the crop, jejunum,
and ceca were analysed using fluorescent in situ hybridisation, and gas chromatography. The application of BSFL fat in
broilers’ diets resulted in increased proliferation of potentially pathogenic bacterial populations in the crop. Furthermore,
BSFL100 enhanced microbial activity via total SCFA production and lowered the pH in this segment. The strongest
impact on the reduction of select components of the microbial population in the cecum was observed with the BSFL50
treatment for potentially pathogenic bacteria such as Enterobacteriaceae, Bacteroides — Prevotella cluster, while commensal
populations were also limited, i.e. Bacillus spp., C. leptum subgroup, and C. coccoides — Eubacterium rectale cluster. The
present study revealed that BSFL fat led to adverse microbiota shifts in the chicken crop because of insufficient release of
lauric acid. Nevertheless, the neutral effect of BSFL fat administration on the chicken jejunal microbiota and its activity
or positive influence on cecal bacterial population content were noted. This work was supported by National Science
Center project no. 2020/39/B/NZ9/00237 titled ‘The role of Hermetia illucens larvae fat in poultry nutrition — from the
nutritive value to the health status of broiler chickens’

Sensorial evaluation of breast of chicken reared in organic system and supplemented with live black
soldier fly larvae

V. Zambottol, V. Bongiorno?, M. Gariglio2, L. Gasco3, G.M. Daniele?, M. Cianciabella%, A. Schiavone?, F. Gail,
C. Coudron® and S. Predieri*

{National Research Council, L. Braccini 2, 10095 Grugliasco, Italy, 2University of Turin, L. Braccini 2, 10095 Grugliasco,
Italy, 3University of Turin, L. Braccini 2, 10095 Grugliasco, Italy, *National Research Council, Via P. Gobetti 101, 40129
Bologna, Italy, °Inagro vzw, Iepers. 87, 8800 RB, Belgium; valeriazambotto@gmail.com

Live larvae fed to poultry has shown to provide good nutrients and bioactive compounds with positive effects on bird’s
health. However, trials on chicken reared for meat consumption are still scarce. A total of 240 Label naked neck (LNN)
birds were reared from 21 to 82 days of age, and four experimental groups (10 birds/pen, 6 replicates/treatment) were
considered according to the birds’ gender and larvae provision. Experimental groups were fed 10% supplementation of
black soldier fly (BSF) live larvae based on the daily feed intake. Birds (12/diet, 2 birds/pen) were slaughtered according
to the standard EU regulations. Following storage at 4 °C for 24 h, breast fillets were excised, vacuum packaged and
transported to the laboratory for analysis. Vacuum packed breasts were cooked in a water bath at 75 °C for 45 min,
then breast colour and drip loss were measured. Sensory descriptive analysis was performed, in duplicate, by 11 trained
judges, experts in sensory evaluation with a specific software for sensory data acquisition, (FIZZ Biosystémes), using a
nine points intensity scale. Results were elaborated by a statistical analysis using R software. Colour measurement, drip
loss percentage and sensorial profiles were analysed through the ANOVA and post hoc test (Tukey’s HSD). No significant
differences were found in mean percentages of drip loss while colour measurement showed only differences based on
chicken gender and only for the b* (yellowness) parameter that resulted higher in females. Concerning sensory evaluation,
no significant differences were found. In conclusion, results highlighted that a dietary 10% supplementation of BSF live
larvae did not affected sensorial quality of breast fillets of LNN chickens reared in an organic production system. The
authors acknowledge the financial support for Poultrynsect project provided by transnational funding bodies under the
Joint SUSFOOD2/CORE Organic Call 2019.
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Rheology and consumer acceptability of cricket (Acheta domesticus) enriched chapatti in Bangladesh

H. Khatunl, S. Lievens»2, M.V.B. Borght! and J. Claes!
IKU Leuven, Department of Microbial and Molecular Systems, Kleinhoefstraat 4, 2440 Geel, Belgium, *University of
Antwerp, Pharmaceuticals Sciences, Universiteitsplein 1, 2610 Wilrijk, Belgium; siebe.lievens@kuleuven.be

Edible insects perfectly fit into the UN Sustainable Development Goals. They have an excellent nutritional profile and
are also considered as sustainable food sources. However, in several countries, insects are not (yet) on the daily menu,
and therefore invisible incorporation in a traditionally consumed food product is required. More specifically, chapatti is
an important part of the daily menu in Bangladesh, and it is thus a good study object for enrichment with cricket powder
(Acheta domesticus) to improve the food security in the country. In previous research, it was shown that supplementation
of 5% cricket powder in wheat flour produced a dough and chapatti comparable with a reference chapatti in terms of
rheological and textural properties. An addition of 10% cricket powder had a noticeable impact on the properties of
the dough and baked chapatti. Further rheological improvement of dough and chapatti using different hydrocolloids
was studied using a Design of Experiments. Based on the dough properties, a combination of carboxymethylcellulose,
hydroxypropylmethylcellulose and guar gum was selected as optimal composition for a chapatti with 10% cricket powder.
This recipe was also successfully validated. To determine the sensory acceptability, four different types of chapatti: (1)
white and; (2) whole wheat flour, and white wheat flour enriched with (3) 5% and (4) 10% cricket powder including the
selected hydrocolloids] were evaluated in Bangladesh by a trained panel for 9 parameters (e.g. colour, puffiness, strength,
pliability, taste, etc.) and by a consumer panel (like/dislike). For all 9 parameters, the trained panel scored the chapatti with
white wheat flour as the best product, closely followed by the chapatti enriched with 5% cricket powder as the second-
best option. Also, the consumer panel liked the chapatti with 5% enrichment. This research therefore shows that chapatti
enriched with crickets is a promising product for an improved food security in Bangladesh.

Effects of Hermetia illucens live larvae as environmental enrichment on poultry gut health

E. Colombino?, M. Perottil, S. Bellezza Oddon?, 1. Biasato?, V. Bongiorno!, M. Garigliol, A. Schiavonel, M. Rennal,
L. Gasco?, M.T. Capucchio! and L. Zaniboni?

{University of Turin, Department of Veterinary Sciences, Largo P. Braccini 2, 10095, Italy, 2University of Turin, Department
of Agricultural, Forest and Food Sciences, Largo P. Braccini 2, 10095, Italy, 3University of Milan, Department of Veterinary
Medicine and Animal Science, Via dell'Universita 6, 26900 Lody, Italy; ilaria.biasato@unito.it

Hermetia illucens (HI) is a source of nutrients for poultry, both as live larvae and meal. Even if chitin (present in both HI
forms) has been reported to negatively impact diet digestibility, it may also have beneficial effects on gut health. This study
aimed to assess the effects of HI live larvae on the gut histomorphology of intermediate-growing chickens. Male chickens
of 14 days of age (n=84, Label Naked Neck) were allotted to three dietary treatments (4 pens/treatment, 7 chicken/pen):
control (C) fed a commercial diet; HI10 and HI20 (C + 10 and 20% of the bird expected daily feed intake of HI live larvae,
respectively). In all the treatments, the C diet was distributed ad libitum. At day 82, 16 birds/treatment (4 birds/replicate)
were slaughtered. Duodenum, jejunum, ileum, liver and Bursa of Fabricius were sampled and submitted to morphometric
(villus height-Vh, crypt depth-Cd, villus width-Vw, Vh/Cd ratio, total absorptive area, and intestinal mucosa and muscular
thickness) and histopathological analyses. Data were analysed by R software. The Vh, Cd, mucosal thickness and the total
absorptive area were lower in HI20 than C and/or HI10 groups (P<0.05). Moreover, Vh, Vh/Cd, Vw, mucosa thickness
and the total absorptive area decreased from duodenum to jejunum and/or ileum while muscular thickness increased
proximo-distally (P<0.05). The diet did not influence the severity and distribution of inflammation in liver and cortical
depletion of Bursa of Fabricius (P>0.05). However, the duodenum of HI20 group showed less inflammation than that of the
other groups. In conclusion, despite the potential negative reduction in gut absorption surface of HI20 birds, the reduction
in duodenum inflammation, as well as the overall maintenance of physiological gut development, suggest that HI live
larvae can guarantee animal’s gut health. The CELLOWEFEEP research received the support of Fondazione Cariplo (Italy).
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Inclusion of live black soldier fly larvae in poultry diet: impact on growth performance

C. Tognolil, S. Bellezza Oddon?, M. Renna?, A. Schiavone3, S. Cerolinil, L. Gasco? and L. Zaniboni!

University of Milan, DIVAS Department, via dell'Universita 6, 26900 Lodi (LO), Italy, 2University of Turin, DISAFA
Department, Largo P. Braccini 2, 10095 Grugliasco (TO), Italy, 3University of Turin, DSV Department, Largo P. Braccini 2,
10095 Grugliasco (TO), Italy; manuela.renna@unito.it

The use of insects in animal feed has the potential to reduce the demand for soybean production and to reduce the
deforestation and the loss of natural resources. In particular, the black soldier fly (Hermetia illucens, HI) larvae have
received great attention due to their ability to convert organic waste into high-value biomass and to provide high quality
nutrients for monogastric animals. The aim of this study is to evaluate the effects of the inclusion of HI live larvae in
the diets of chickens on their growth performance. Male slow-growing chickens (n=84, Label Naked Neck) of 14 days
of age were randomly allotted to 12 pens. Each pen was randomly assigned to a dietary treatment (4 pens/treatment, 7
chickens/pen) as follows: (1) control diet (C), commercial feed; (2) HI10, C + HI live larvae (g) corresponding to 10% of
the expected daily feed intake (DFI); and (3) HI20, C + HI live larvae (g) corresponding to 20% of DFI. The commercial
diet was distributed ad libitum in all the treatments. At 82 days of age, the chickens were slaughtered. Analysis of variance
was performed using the software SAS 9.4. All growth performance parameters (body weight, feed intake, feed conversion
ratio) were significantly affected by the dietary treatment and age (P<0.0001). The diet x age interaction significantly
(P<0.0238) affected feed conversion ratio, with the lowest value recorded in the HI20 treatment from 21 to 82 days of age.
The diet significantly affected the slaughter performance parameters (P<0.05): the lowest values were recorded in the C
treatment, whereas no difference was recorded between HI10 e HI20. In conclusion, growth and slaughter performances
were positively affected by the administration of HI live larvae, even if with some differences between HI10 and HI20
treatment. The CELLOWEFEEP research (Project n. 2019-1944) received the support of Fondazione Cariplo (Italy).

Inclusion of black soldier fly meal (Hermetia illucens) fed with different substrates in feed for
European Seabass

R. Alcaraz, A. Garcia and M.D. Herndndez
IMIDA — Marine Aquaculture Station, Carretera del puerto s/n, 30740 San Pedro del Pinatar, Murcia, Spain;
alburquerque.rosa@carm.es

In pursuit of the sustainability of aquaculture, a key aspect is alternative protein sources that substitute fishmeal. Several
studies have shown that black soldier fly (Hermetia illucens) meal could substitute a significant amount of conventional
sources of protein in aquafeeds. However, because the composition of the larvae varies according to their diet, the
performance of the fish when including them in the feed may be different depending on the culture substrate of the larvae.
192 European seabass (Dicentrarchus labrax) (initial body weight 180+0.2 g) were weighed and divided into 12 cylindrical-
conical tanks. Four diets were formulated (3 replicates/diet), a control diet with fishmeal and three diets containing full
fat meal from black soldier fly larvae fed on different substrates (vegetables, brewery spent grains or whey) in substitution
of 45% of the fishmeal. Fish were fed 7 days a week until apparent satiety. The feeding trial lasted 42 days. For each tank,
weight gain, feed intake, specific growth rate, feed conversion ratio (FCR) and protein efficiency ratio (PER) were calculated.
Hepatosomatic (HSI) and mesenteric fat (MSI) indexes were also evaluated. Fish fed diet containing vegetable-fed fly
larvae meal showed lower growth and higher FCR, as well as lower PER, compared to the control diet. This could be due
to a lower efficiency in the use of proteins with the diet containing vegetables-fed fly larvae meal. The other diets showed
similar performance parameters to the control diet with fishmeal. The HSI of fish fed insect diets was lower than that of
the control diet, which can be explained by the fatty acid profile of the insects. The performance and nutrient utilisation
of the fish are affected by the type of substrate with which the insect larvae included in the feed are fed. These results are
of great importance both for the aquaculture industry and for the breeding of insects as food for fish.
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Inclusion of complete or reduced-chitin black soldier fly meal (Hermetia illucens) in feed for
European Seabass

R. Alcaraz, I. Lozano and M.D. Hernandez
IMIDA — Marine Aquaculture Station, Carretera del puerto s/n, 30740 San Pedro del Pinatar, Murcia, Spain;
alburquerque.rosa@carm.es

An issue often reported when using insect meals in fish feed is their high chitin content. Chitin is a high value product
that can be used for a wide variety of applications. Chitin is the main component of the exoskeletons of insects and is
poorly digestible by fish. Therefore, removing chitin could improve its use in fish feed. A total of 192 European seabass
(Dicentrarchus labrax) (mean initial body weight 180+0.2 g) were weighed and divided into 9 cylindrical-conical tanks.
Three diets were formulated (3 repetitions/diet), a control diet with fishmeal and two diets with black soldier fly larvae
meal (one with complete meal and the other with reduced-chitin meal), replacing 45% of the fishmeal. Fish were fed 7
days a week to apparent satiety and uneaten feed was recovered. The feeding trial lasted 42 days. For each tank, weight
gain, feed intake, specific growth rate, feed conversion ratio (FCR), and protein efficiency ratio (PER) were calculated.
Whole body composition of the fish was analysed. Hepatosomatic (HSI) and mesenteric fat indices were also evaluated.
The fish-fed diet containing reduced-chitin fly larvae meal showed a better utilisation of the diet (FCR and PER similar
to the control diet). While the diet with complete meal showed higher FCR and lower PER. This could be due to a better
use of proteins in the reduced-chitin diet. The fat content of the fish was lower with the diet containing reduced chitin
meal. The HSI of fish fed insect diets was lower than that of the control diet, which can be explained by the fatty acid
profile of the insects. The removal of chitin from insect meals can increase the quality of the insect protein and thus
improve diet performance in sea bass.

Formulating and characterisation of local enteral foods in Cameroon enriched with Macrotermes
subhyalinus

H. Mouktaroul, B. Fogang Zogang!, P.G. Bahila Saflang?, S. Ali Abderamane! and E. Nukenine Nchiwan?
University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Food Technology and
Engineering, PO. Box 454 Ngaoundere, Cameroon, “University of Ngaoundere, Department of Biological Sciences, Laboratory
of Applied Zoology, PO. Box 455, Ngaoundere, Cameroon; mouktarouhalmata@gmail.com

This study aims to improve the nutritional value of some local cereals (Sorghum bicolor, Zea mays and Oryza) and termites
(Macrotermes subhyalinus) for enteral nutrition. A mixing plan was established to take into account a specification
allowing the formulation of 18 (eighteen) liquid diets. As well, the cereals used (rice, corn, sorghum) were soaked for 24
and 48 hours respectively, dried, crushed and calibrated. Subsequently, all the formulations were characterised in order
to characterise their nutritional properties. Furthermore, two ratios (1/15) and (1/20) were used for the dilution and
cooking of the formulated flours. Of the various enteral solutions obtained, some rheological analyses were carried out.
This work revealed that, the chemical composition of M. subhyalinus concerning water content, ash, lipids, proteins and
carbohydrates are respectively 6.96; 3.47; 43.12; 48.75; 4.66 g/100 g DM and their energy value 601.44 kcal. The protein
and lipid contents of the formulated flours increased proportionally with the rate of termites incorporated. In contrary,
carbohydrates decreased when termites were incorporated. The water content of the various liquid formulations varied
from 8.911 to 11.97 g/100 g DM. Ash content varied from 7.29 to 13.10 g / 100 g DM. Energy value varied from 461.86
to 506.28 kcal. The viscosity and the pH varied respectively from 54.96 to 499.5 upa.s and from 4.71 to 6.71 for the ratio
1/15, and from 23.5 to 399.667 ppa.s and from 4.89 to 6.713 for the 1/20 ratio. This work showed that the enrichment of
composite cereals flours with termites (M. subhyalinus) increase significantly their nutritional value. These liquid mixtures
can be used in enteral nutrition, or in order to fight against undernutrition in a hospital environment.
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Effect of the rate of incorporation of insect powder (Gryllus campestris) on the feed value of pellets
for fish

D. Tizel, B. Fogang Zogang?, S. Labaran?2, S. Ali Abderamane?, F. Tendonkeng? and E. Nukenine Nchiwan!
University of Ngaoundere, Department of Biological Sciences, Laboratory of Applied Zoology, PO. Box 455 Ngaoundere,
Cameroon, *University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Food Technology
and Engineering, PO. Box 454 Ngaoundere, Cameroon, 3University of Dschang, Faculty of Agronomy and agricultural
Sciences, Laboratory of animal nutrition, PO. Box 222 Dschang, Cameroon; labaransaouda@gmail.com

Because of the entire importation of fish pellets in most African countries as Cameroon, we carried out this work whose
aim is the formulation and characterisation of insect-based fish pellets. The main objective of this study is to contribute
to the development of fish farming by producing cheaper fish pellets containing the highest rate of proteins. To achieve
this, we have established a mixing plan from the Expert Design software which generated twenty diets formulae. For those
diets formulas, the levels of cricket meal varied from 0, 0.62, 0.85, 1.25, 1.67, to 2.5 g per 25 g of pellet weight, depending of
the quantity of the others ingredients used as cassava flour, corn bran, wheat feed, peanut cake and cotton seed cake. The
nutritional values of pellets obtained and some rheological analyses as density, friability, hardness, buoyancy index and
mass of 100 pellets have been performed. From this methodological approach, it appears that the protein content, lipid,
ash and dry matter crickets are respectively 62.6 g/100 g MS, 9.6 g/100 g MS, 9.8 g/100 g MS and 94.3%. The nutritional
value of diets varies respectively from 85.19 to 95.72% for dry matter 2.82 to 6.79 g/100 g MS for ash content 2.18 to 4.00
g/100 g MS for the content of lipid and 9.96 to 22.88 g/100 g MS for protein content. Then we performed 67.52 to 84.00
g/100 g MS for the carbohydrate content and 408.45 to 388.66 kcal for the energy value. The rheological analyses done
allowed identifying 7 samples. The friability varies between 24.50 to 35.29%. At the end of this work, it emerges the fish
pellets formulated based Gryllus campestris can be used to improve the productivity of aquaculture using local resources.
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Insect production systems/genetics, nutrition, physiology, health & ethics

Influence of strain genetics on larval performance and bioconversion efficiency for Hermetia illucens

L. Broeckx!, L. Frooninckx!, S. Berrens!, A. Wuyts!, C. Sandrock? and S. Van Miert!
Thomas More University of Applied Sciences, RADIUS, Kleinhoefstraat 4, 2440 Geel, Belgium, *Research Institute of
Organic Agriculure (FiBL), Livestock Sciences, Ackerstrasse 113, 5070 Frick, Switzerland; laurens.broeckx@thomasmore.be

Due to increasing welfare and population, demands for more sustainable protein sources are rising in today’s society. Insects
are considered such an alternative as they have short life cycles, high feed conversion and can be grown on low-value
feedstocks. Particularly the black soldier fly H. illucens is able to convert low-value organic side streams into high-value
biomass composed of proteins, lipids and chitin. Therefore, H. illucens larvae can be used for waste reduction paired
with the production of high-value biomass, bringing more circularity in our food- and agricultural industry. Although
the black soldier fly has been subject of extensive research and suggested as the crown jewel of an emerging insect-
livestock sector, characterisations of its genetic resources, crucial for future breeding progress, have been neglected so
far. Recent studies using wild and captive strains demonstrate that there is remarkable genetic variation across origins,
including signatures of domestication. However, it still remains to be elucidated how genetic differentiation may translate
into distinct phenotypic traits, such as economically interesting larval performance and bioconversion. In this study 10
captive H. illucens strains were obtained and reared using a standardised protocol. The strains were genotyped based on
the 15 microsatellite markers developed by Kaya et al. Subsequently, larvae were reared on 3 different diets and larval
performance and conversion efficiency was calculated. This allowed to investigate the influence and potential interactions
of genotype and diet on these economically interesting traits.
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Can we ensure a humane death for black soldier fly larvae used in food and feed?

E.C. Rowe, E. De Castro and M. Pipan
Better Origin, Kings Hedges Road, CB4 2HY, United Kingdom; lizzie.rowe@betterorigin.co.uk

The International Platform of Insects for Food and Feed (IPIFF) states that “We are committed to promoting good welfare
practices in husbandry, transport and at the point of death, caring for insects’ well-being Good welfare at the point of
death means a death that is free from pain or suffering, which can be achieved by killing the animal instantly. Blanching
is often cited as a method to kill black soldier fly larvae (BSFL) instantly, and yet it appears that there is no empirical data
to support this. This study piloted methodology to answer the question: what is the lowest temperature of water needed
to cause instantaneous death in black soldier fly larvae. Instantaneous was defined as within one second, and death was
defined as lack of response to mechanical stimulation and loss of turgidity. Results indicated that the proxy measures
used to determine death need further refinement, in part through a clearer understanding as to whether post-mortem
reflex activity can occur in BSFL. Through presenting this pilot work we wish to stimulate discussion and collaboration
on the important topic of humane killing of insects used in food and feed, so that insect farming companies can meet the
growing societal expectation that insects, as living creatures, are treated with care and respect.

Influence of larval density on estimated digestibility of a standard diet in black soldier fly (Hermetia
illucens)

J.B. Guillaume'>3, S. Mezdour, F. Marion-Poll>?, C. Terrol? and P. Schmidely!

1Univ Paris-Saclay, INRAE, AgroParisTech, UMR Modélisation Systémique Appliquée aux Ruminants, 16 rue Claude
Bernard, 75005 Paris, France, 2Univ Paris-Saclay, CNRS, IRD, UMR Evolut, Genomes, Comportement & Ecol, 1 Av de la
Terrasse, 91198 Gif Sur Yvette, France, 3Agronutris, R&D Department, 35 Blv du Libre-Echange, 31650 Saint-Orens
de Gameville, France, *Univ Paris Saclay, SayFood, AgroParisTech, INRAE, 1 Rue des Olympiades, 91300 Massy, France,
SUniv Paris-Saclay, AgroParisTech, 16 rue Claude Bernard, 75005 Paris, France; jeremy.guillaume@agronutris.com

Black soldier fly larvae (BSFL) efficiency at converting organic by-products into insect biomass suitable for livestock
nutrition depends on the nature and macronutrient profile of their feed. Digestibility is a key parameter to the development
of a diet formulation approach, but methods to assess digestibility in most insects are unsuitable for BSFL as ingesta is
not measurable and pure faeces can not be obtained and analysed. This work defined estimated digestibility (ED) as the
difference between feed and frass nutrient weight, divided by the weight of nutrient in feed, and explored its variation with
larval density. ED of dry matter (DM), starch, nitrogen, ether extract (EE), neutral detergent fibre (NDF), acid detergent
fibre (ADF), acid detergent lignin (ADL), ash and energy were evaluated using the same amount of chicken feed, same
feeding time and densities from 0 to 29 larvae/cm?. ED of DM, starch, nitrogen, EE and energy increased with larval
density following an asymptotic trend. ED of ash also increased between 0 and 11.4 larvae/cm?, but decreased for higher
densities. For NDF, ADF and ADL, no clear results were obtained presumably because the fibre dosing procedure used was
not specific enough and also accounted for chitin in the frass. ED of all nutrients but fibre fractions were modelled using
alogistic equation. This method was able to propose asymptotic ED values for some major nutrients. This new indicator
corresponds to the maximal fraction of each nutrient that BSFL can digest and shows potential for the development of a
BSFL diet formulation approach based on digestible fractions rather than crude nutrient content. Future studies should
compare asymptotic ED of various substrates to provide insight on BSFL ability to digest different ingredients.
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Metatranscriptomics of black soldier fly (Diptera: Stratiomyidae) larvae during host feeding and fasting

E. Yang!, L. Zheng?, J. Tomberlin! and H. Jordan?

1 Texas A&M University, Department of Entomology, 2475 TAMU, College Station, TX 77843, USA, ?Huazhong Agricultural
University, State Key Laboratory of Agricultural Microbiology, National Engineering Research Center of Microbial Pesticides,
College of Life Science and Technology, Wuhan, 430070, China, PR., 3Mississippi State University, Department of Biological
Sciences, 295 Lee Blvd, 219 Harned Hall, Mississippi State, MS 39762, USA; jordan@biology.msstate.edu

Insects and their associated microbes have long co-evolved, but little is known of insect-microbe interactions during variable
conditions, including metabolic stress. Black soldier fly larvae represent a great model for investigating this relationship
due to their lifestyle associated with complex microbial activities in extreme environments. Furthermore, this information
will be greatly appreciated by the industry of mass-producing black soldier fly larvae as a potential alternative to increase
protein production efficiency. In this study, we employed metatranscriptomic shotgun sequencing to investigate larval
host starvation-induced functional shifts of the associated larval microbes. Black soldier fly larvae were fed standard diet
or were under fasting conditions for up to 48 hours where their microbes were then processed through RNASeq and
subsequent analyses. We discovered 104 prokaryotic genes that were expressed significantly (q<0.05) between the starved
and feeding cohort. Among these, 72 were down-regulated in the starved treatment group, most being associated with
metabolism and information processing. The remaining 32 were up-regulated with approximately 20% of those being
characterised as enzyme related or associated with transport systems. Our study demonstrated that metabolic stress
induced by black soldier fly larval fasting had a great impact on the associated functional bacterial response. Further, our
results suggest a system that larval microbes use to adjust to limited nutrients and adjust their metabolisms accordingly,
thus benefiting individual species, potentially other bacteria through cross-feeding, and conceivably, the host, who also
obtains caloric intake through microbial metabolism.

The role of high-energy diets in growth priming of the black soldier fly larvae

D. Fundi, P.T. Jaganath and M.]J. Zorrilla
Nutrition Technologies Sdn Bhd, NO 1 & 3 Jalan SILC 2, Kawasan Perindustrian SILC, Iskandar Puteri, Johor Malaysia,
79150, Malaysia; davis@nutrition-technologies.com

Black soldier fly larvae (BSFL, Hermetia illucens) are known to be one of the best upcyclers of nutrients from organic
waste into high-quality protein meals used in animal, poultry and aqua feed. In contrast to conventional livestock rearing,
BSFL production facilities integrate broodstock rearing along with conventional ‘grow-out’ of larvae for processing. Key
to an efficient broodstock system is the nursery stage in which first instar larvae (neonates) are reared on nutrient dense
feeds during the first 3-6 days of their lifecycle. Although methodologies around Nursery differ between producers, it
is consistently one of the most delicate stages and largely determines the success of the later bioconversion process. We
conducted a study to evaluate the role of nutrition priming using high energy diets for neonates and the outcome of this
through to the pupae stage. The study evaluated the impact of using sugar syrup (T1) and Molasses (T2) in the nursery
stage feed compared to our conventional starch formulated diets, on the overall performance of pupae. The pupae rearing
diet was identical for all treatments. At the nursery stage, the results showed that the high-energy diet boosted larvae
activity and produced larger larvae (P<0.05) when compared to the control. At the pupae stage, there were significant
results in pupae yield, survival rate, and feed conversion rate as compared to Control (P<0.05). Overall, we show that
the BSFL fed on the high-energy diets and hence ingested sugars performed better on the later grow-out stage, despite
the initial diets representing a low proportion of total feed intake. This impact may be partially explained by phenotypic
plasticity, where nutritional cues in early life stages lead to lasting physiological changes, such as energy and development
trade-offs. Phenotypic plasticity as an adaptation to the variable resources experienced by saprophagous species has been
observed in Diptera with comparable life-histories such as Drosophila melanogaster and Anopheles darlingi. Further
research on the impact of early stage feeding of BSFL is needed in order to understand how nutrition impacts life-history
trade-offs in this important species.
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A full sib design is a practically feasible way to estimate genetic parameters in black soldier fly
(Hermetia illucens)

A.C. Bouwmanl, J.E. Nugroho?3, D. Wongsol, ]. Van Schelt?, B.A. Pannebakker?, B.J. Zwaan? and E.D. Ellen!
"Wageningen University & Research, Animal Breeding and Genomics, PO. Box 338, 6700 AH Wageningen, the Netherlands,
2Bestico BV, Veilingweg 6, 2651 BE Berkel en Rodenrijs, the Netherlands, 3PT Bio Cycle Indo, Teratai Raya No. 33, Sei
Putih, 28464 Riau, Indonesia, *Wageningen University & Research, Laboratory of Genetics, Droevendaalsesteeg 1, 6708
PB Wageningen, the Netherlands; jnugroho@biocycleindo.com

Black soldier fly (BSF, Hermetia illucens) is recognised as an organism that upcycle organic by-products into sustainable
ingredients used in feed for pigs, chickens, fish and pets. Unlike in larger livestock, BSF breeding program has not been
widely investigated. One limitation is that BSF larvae are difficult to track individually over time, which makes it difficult
to collect suitable datasets. The aim of this study was to design a scheme to estimate genetic parameters of BSF, collect
the data, and estimate heritability’s and phenotypic correlations between the recorded traits. A full sib family design was
implemented in a practically feasible way to record multiple traits on the same individuals across a number of families.
Genetic parameters were estimated using a linear mixed model. In total six traits were measured from 2,731 larvae, of
which 1,285 were followed until emergence to adulthood. Heritability estimates for body weight at prepupa, body weight
at pupa, development time to prepupa was 0.25, 0.45 and 0.38, respectively. The common environmental effect was
large at the young larval stage and reduced after housing the BSF individually. In general, body weight showed a positive
phenotypic correlation at the different life stages and development time was positively correlated with body weight at
(pre)pupa stage. In conclusion, a full sib family design is a practically feasible way to collect data for estimation of genetic
parameters in the BSF.

De novo transcriptome sequencing and analysis of Ruspolia differens midgut varies with diet and sex

T. Fombong!, F. Van Nieuwerburgh?, Y. Gansemans? and J. Vanden Broeck!
KU Leuven, Animal Physiology & Neurobiology, Naamsestraat 59, box 2465, 3000, Belgium, 2NXTGNT Laboratory,
Ottergemsesteenweg 460, 9000 Gent, Belgium; tengweh.fombong@kuleuven.be

Ruspolia differens is a commercially important edible insect across Sub-Saharan Africa. Although much research on
its nutritional quality has been conducted, the molecular mechanisms regulating diet preference in R. differens remain
elusive. Also, the sex-dependence of gene expression repertoires in the midgut remains unknown. Transcriptomic analysis
tools are needed to identify the vital regulators involved in digestion, immune defence, and detoxification mechanisms
amongst male and female R. differens. In this context, we performed RNA sequencing analysis of the messenger RNA
(mRNA) content of midguts from insects of different sexes and fed different diets. The RNA-Seq data were used to create
an R. differens midgut reference transcriptome. Furthermore, differential expression analysis was performed to investigate
differences in the midgut transcript profiles of males and females fed high protein, high carbohydrate, and control diets.
A total 0f 21,992,013 reads generated by Illumina (NextSeq 500) mRNA sequencing analysis were assembled into 23,917
transcripts. Upon assembly, 8,398 unigenes were detected; the average length of unigenes is 1,064 nt, N50 is 1,312 nt.
A total of 28 and 41 transcripts were significantly up- and down-regulated in the high protein compared to the high
carbohydrate condition, respectively. Additionally, 31 and 34 were significantly up- and down-regulated between the
sexes. The specific unigenes encoding known enzymes involved in digestion, nutrient transport, and detoxification were
identified. This analysis demonstrated R. differens’ ability to induce the expression of an array of genes in response to
diets differing in certain food classes. This study provides a valuable transcriptome database to study further the digestive
process and the physiology of the midgut in this insect. It, therefore, improves our fundamental understanding of this
insect’s midgut functioning and gives insight into genetic factors mediating diet-dependent changes in male and female
R. differens. This is the first study of transcriptome sequencing and analysis in a Ruspolia species.
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Black soldier pupae size - key to productivity & performance?

M.R. Adibah, M.M. Noor Shazleen Husnie, J. Jone, A.K. Dona and M.]. Zorrilla
Nutrition Technologies SDN BHD, R&ED, Nutrition Technologies, NO. 1 & 3, Jalan Silc 2, Kawasan Perindustrian Silc,
79150, Iskandar Puteri, Johor, Malaysia; adibah@nutrition-technologies.com

The black soldier fly (BSF, Hermetia illucens) is currently increasingly utilised in industrial settings for its bioconversion
ability and application as an animal feed ingredient. Industrial-scale BSF production requires the maintenance of large
breeding populations, where variations in insect fecundity and fertility can have significant downstream impacts. This
study examines how pupae weight can impact reproductive efficiency through the lens of adult fly mating behaviour. We
produced and categorised the pupae into two groups: Large Pupae (0.18 g) and Small Pupae (0.12 g). Then we paired the
adults into three groups: Large Pairs (Large Female x Large Male), Small Pairs (Small Female x Small Male), and Mismatch
Pairs (Large Female x Small Male). The Large Pairs produce the highest eggs (P<0.05) and neonates (P<0.05), with the
highest hatching rates (P>0.05) recorded among all groups. The Small Pairs resulted in a much lower total production,
but their hatching rates are at par with the Large Pairs. While the Mismatch Pairs have generally lower productivity
(P>0.05) and hatching rates (P>0.05) compared to the Large Pairs. Our visual observation of each pairing group suggests
that pairing sizes influence mating behaviours. The males in Large Pairs and Small Pairs groups were able to grasp the
females securely while the females were not very aggressive, suggesting that same size pairings have higher compatibility.
On the contrary, in the Mismatch Pairs group, the larger females and small males had poor compatibility during mating,
and the grasping ability of the smaller adult males was challenged by their larger partner. In order to optimise the use of
broodstock resources, BSFL producers should consider maximising the individual pupae size while also taking steps to
improve size homogeneity.

Social distancing: assessing the optimal 3D mealworm density

J. Claeys, C.L. Coudron and D. Deruytter
Inagro, Insect Research Centre, leperseweg 87, 8800 Roeselare, Belgium; jonas.claeys@inagro.be

Any efficient farm wants to produce as much as possible high quality product on a certain area. This is true for both plants
(e.g. perfect sowing distance) and animals (number of poultry in a shed). Insect farms are no exception to this rule. Yet, for
some insect farms there is the additional difficulty that the larvae, partially, live inside their feed and we need to assess their
density in a 3D space, not just the surface area covered. In this study we used Tenebrio molitor larvae as a model organism.
An initial study indicated that changing the number of larvae per cm? (0.6-10) has no effect on their growth as long as
the available volume per larvae remained identical (1 larvae/cm3). In this follow-up experiment, the optimal volumetric
density was assessed. This was done in a pilot scale test at Inagro’s Insect Research Centre with nearly 2 million 4 week
old larvae. They were distributed in 80 crates with between 1000 and 128,000 larvae per crate. The volumetric density
ranged between 0.5 and 8 larvae/cm? and overall feed volume between 2 and 161 (in a 60x40 cm crate). The feed used was
wheat bran with a particle size below 2 mm and was replenished to the original volume at least once a week. The growth
of the larvae was assessed each week and the core temperature was continuously monitored via in-crate sensors to detect
deviations from the ambient temperature. The initial results indicate that mealworm larvae perform best at a low density
of 0.5 to 1 larvae/cm? and a high volume of feed (8 to 16 litres). For example, the growth decreased by 10-15% at week 8
when we compare 0.5 vs 8 larvae/cm? and the growth increased 30-60% from a 2 1 volume to 16 . In part performance
coincides with a the actual core temperature of a crate. With a better growth with a core temperature of +30 °C (instead
of the 27 °C ambient temperature) but reduced growth when the temperature exceeds 35 °C.
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Dose-response effects of starch in chicken excreta on Musca domestica larval performance and
bioconversion efficiency

L.W. Pisa, D.G.A.B. Oonincx, G. Bosch and W.H. Hendriks
Wageningen University and Research, Animal Nutrition Group, De Elst 1 building 122, 6708 WD Wageningen, the
Netherlands; lennard.pisa@wur.nl

Housefly (Musca domestica L.) larvae can convert animal manures into valuable protein and fat. Bioconversion of manure
might be limited by energy available to the larvae or microbiota present in the manure. In this study we assessed the
effects of differential starch content in unsterilised (UE) and heat sterilised chicken excreta (SE) on larval performance
and bioconversion. Gelatinised corn starch was added to excreta to construct substrates with 0 to 50% starch based on
total substrate dry mass with 3 replicates per dose. Substrates were inoculated with housefly eggs (8/g wet substrate) and
larvae harvested by floatation after 5 days. Individual larva wet mass (n=30 /replicate) increased from 12+0.2 (UE) and
13+0.4 (SE) mg at 0% starch up to 18+0.4 (UE) and 18+0.5 (SE) mg at 15% starch and decreased to 5+0.4 (UE and SE)
mg in 50% starch. The decrease at higher starch content was faster in UE than in SE. Highest total larva wet yield in UE
was 39+2.3 g at 10% starch, 43+2.8 in SE at 15% starch, decreasing to a minimum of 3+1.5 g (UE) and 4+1.3 g (SE) in 50%
starch. The decrease in yield was faster in UE compared to SE. Larval survival was highest in 0% starch, 80+8% (UE) and
72+13% (SE), decreasing gradually to 14+7% (UE) and 18+3% (SE) in 50% starch. Dry matter bioconversion increased
from 4+0.1% (UE) and 4+0.3% (SE) in 0% starch to 6+0.2 in UE with 10% starch and 7+0.3 in SE with 15% starch, with
minima of 0.2+0.0% (UE) and 0.6+0.2% (SE) in 50% starch. The highest nitrogen bioconversion was 15+0.5% in UE with
10% starch and 15+0.5% in SE with 15% starch, decreasing with higher starch content. These optimal starch inclusions
to UE and SE increased nitrogen bioconversion with 40 and 100% respectively, compared to pure excreta. This indicates
that adding easily digestible energy to chicken excreta can substantially increase larval yield and nitrogen bioconversion.

Adventurous or conservative: inbreeding or outbreeding preference and its consequences for
Tenebrio molitor

D. Deruytter!, C. Adamaki-Sotiraki2, C.L. Coudron!, C. Rumbos? and C. Athanassiou?
!Inagro, Insect Research Centre, leperseweg 87, 8800, Belgium, >University of Thessaly, Department of Agriculture, Crop
Production and Rural Environment, Phytokou, 38446 Volos, Greece; david.deruytter@inagro.be

The potential for artificial selection with insects for food and feed is a massive but largely unexplored territory. Most of
the work on genetics and selection has been done on laboratory model species like Drosophila melanogaster. Although
this research vastly increased our basic knowledge on insect genetics and physiology, it is rarely studied with the explicit
aim of improving the economic potential. For two species, the honey bee and silk moth, both academical and industrial
research has been done to significantly improve the species towards a higher production of respectively honey and silk.
In this study we used Tenebrio molitor as a model species for insects for food and feed. We assessed the growth speed,
maximum size and reproductive potential of 4 potentially inbred parental strains (bred for >10 years without outside
interference) and their hybrid offspring by mixing two parental populations (6 hybrid strains) on a pilot scale. The hybrids
were created by mixing pupae of equal age from the different pure strains. However, because of the at random mixing, we
first assessed the preference for in or out-breeding of the emerging beetles from the different strains. This was done by
presenting either a two week old virgin male or female simultaneously with two virgin beetles of the opposite sex from the
same strain or another strain. The initial results indicate that different strains have extremely wide different preferences
and there are variations between the males and female choices, as some were more ‘conservative’ than others. As a result,
the percentage of hybrids when two strains are mixed randomly may be different compared to true ‘at random’ copulation.
This may therefore influence potential future genetic experiments and programs relying on mass hybridisation.
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Significant heritability of larval lipid storage in the housefly and its implication for breeding programs

F. Boattal, J.A.H. Smit!, M.A.W.M. Lautenschutz!, E.D. Ellen? and J. Ellers!

WVrije University Amsterdam, Amsterdam Institute for Life and Environment, De Boelelaan 1085, 1081 HV Amsterdam,
the Netherlands, >Wageningen University and Research, Animal Breeding and Genomics, Droevendaalsesteeg 1, 6708 PB
Wageningen, the Netherlands; f.boatta@vu.nl

Lipids are essential nutrients for many critical insect functions (flight, development, reproduction). These nutrients form
a significant fraction of the nutritional profile of insects and the presence of commercially relevant fatty acids make insect
larvae a sustainable source of these valuable products. Lipid accumulation takes place during the larval growth. The
quantity of lipids can vary among individuals and this trait is highly variable. An excess of energy intake can lead to obese
larvae. Still, it is unknown to what degree lipid storage is genetically determined and inherited. Such knowledge is essential
to selectively breed favourable phenotypes for commercial purposes. Here we determined the heritability of larval lipid
storage in the common housefly (Musca domestica). A nested mating design consisting of 47 full-sib families produced
663 larvae which were individually phenotyped for their total fat content. Rearing conditions and adult selection were
strictly standardised to reduce environmental variation in lipid content among individuals. Individuals were separated
based on their time to reach pupation and their emergence day, and subsequently pooled into randomised groups. Three
statistical models were built to estimate the heritability of larval lipid accumulation a linear model (Ime4) and two animal
models: a Marchov Chain Monte Carlo generalised linear model and one based on restricted maximum likelihood.
The two animal models show a moderate heritability for larval lipid storage whereas the linear model estimated a low
heritability. Contrarily, heritability estimates for larval dry weight were low independent of the model used. This study
provides a first glimpse on the quantitative genetics of a trait of high relevance for the emerging insects as feed and food
sector. It also informs on how to set up a tailored breeding program to select strains with improved lipid characteristics.

Agar as a nutrient carrier: a means for targeted delivery of nutrients to mealworms?

C.L Rumbos!, C. Adamaki-Sotirakil, G.V. Baliotal, D. Deruytter?, P. Souliotil, I. Karapanagiotidis® and

C.G. Athanassiou!

{University of Thessaly, Department of Agriculture, Crop Production and Rural Environment, Lab of Entomology and
Agricultural Zoology, Phytokou str., 38446 Volos, Greece, *Inagro, Insect Research Centre, Ieperseweg 87, Rumbeke-Beitem,
Belgium, 3University of Thessaly, Department of Ichtyology and Aquatic Environment, Aquaculture Laboratory, Phytokou
str., 38446 Volos, Greece; crumbos@uth.gr

Insect diet impacts insect growth, therefore a lot of recent research has focused on the evaluation of alternative insect
feeds. In the case of the yellow mealworm, Tenebrio molitor L., the diet comprises of both a dry feed and a wet feed. The
latter serves mainly as a moisture source, as it has been shown that moisture availability enhances larval development.
Agar can efficiently serve as a water source for T. molitor. It is also used as the gelling agent of artificial diets for several
insect species, serving as the carrier of the diet nutritional components. However, the use of agar as a nutrient carrier for
mealworms has not been evaluated yet. Hence, the objective of the study was to evaluate agar for the targeted delivery of
nutrients to T. molitor larvae. In a first laboratory trial, groups of 50 freshly-hatched larvae were provided with wheat bran
and agar (20 g/I; 1x1x1 cm cubes 3 times per week) with different concentrations of brewer’s yeast (0, 0.5, 1, 2.5 and 5%) as
wet feed. In two additional pilot-scale trials, approximately 10,000 larvae were reared in crates on wheat bran, providing
agar with various concentrations of baker’s yeast or white sugar (0, 2.5, 5 and 10%). The larval growth and performance was
evaluated at weekly intervals. According to the results of the lab trial, the increase of the concentration of brewer’s yeast
in agar enhanced larval performance in terms of growth rate and larval weight. In contrast, the provision of high sugar
agar (10%) negatively affected larval growth and reduced larval weight compared to control. Our study aims to highlight
the potential of agar as nutrient carrier for the targeted delivery of nutrients to mealworms. This study was funded by the
MIS 5045804 project under the ‘Operational Programme Competitiveness, Entrepreneurship and Innovation — EPAnEK
2014-2020; Greece-EU.
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Experimentally evolving lean houseflies: a novel approach to select for insect larvae with reduced
lipid content

F. Boatta, J.R. Van Hal and J. Ellers
Vrije University Amsterdam, Amsterdam Institute for Life and Environment, De Boelelaan 1085, 1081 HV Amsterdam,
the Netherlands; fboatta@vu.nl

Energy-rich diets induce obesity in insects negatively affecting their fitness. High larval lipid content can reduce their
usability in commercial feeds. Therefore the industrial applicability could be improved if an insect strain with reduced
fat storage were available. We report on the results of experimental evolution to evolve larval phenotypes with reduced
lipid content in the housefly Musca domestica under three dietary regimes. The dietary treatments consisted of a control
(standard artificial) diet (CTRL), a sucrose-rich diet (SUG), and a diet enriched with dairy fat (FAT), with 5 replicate lines
(£2,000 individuals each) per treatment. After 12 generations, we measured dry weight, absolute lipid content and relative
lipid content of the larvae from day 4 till pupation. In this generation, all lines were also reared on the control diet to test
if differences in lipid content among the nutritionally challenged evolved lines were maintained when reverted back to the
ancestral diet. Significant differences in lipid content were found among dietary treatments. When fed the experimental
diet, the FAT treatment had significantly higher absolute and relative lipid content than both SUG and CTRL treatments.
Effects were most pronounced in the early larval stage as the FAT larvae significantly reduced their relative lipid content
towards pupation. These results suggest that the larvae converge towards a specific lipid content at pupation despite the
high dietary lipid intake. When reverted to the standard diet, the SUG treatment showed a significantly lower absolute
lipid content at pupation compared to the other two treatments. Treatments did not differ in relative lipid content.
These results demonstrate that houseflies can evolve the ability to downregulate their lipid storage. We conclude that
experimental evolution can be an effective tool for selecting phenotypes with commercially relevant characteristics. Our
work also provides insights into the adaptability of the housefly to nutritionally challenging diets and opens new avenues
for their application in commercial mass-rearing programs.

Young cricket production: separate, stabilise, then scale up

R.D. Selby
Aspire, Life Sciences, 6231 E Stassney Ln, Bldg 12, Suite 105, 78744, USA; duncan.selby@aspirefg.com

Efficient insect reproduction is a core component of any successful insect edible farm. A farm will fail without reproduction,
but mating, egg development, and oviposition all take time and resources without increasing the final economic value
of the adult insects involved. At Aspire, we maximise the reproductive potential of an isolated breeder group while
minimising the rearing time of all other insects, an approach which we find maximises efficiency and profit. Using this
separate breeder population, we systematically conducted research to first develop essential procedures that ensured a
steady production of enough young crickets (‘pinheads’) that met daily requirements, and then we scaled up production
while still reducing cost per unit. This presentation will include results from a series of experiments beginning in 2016
that, when combined, allowed Aspire to first stabilise pinhead production and then increase production by 8-fold per
mated cricket pair. This presentation will discuss many of the factors involved in cricket reproduction, including the
following: methods for minimising procedural steps while still allowing for adequate population monitoring, the design
of lay environments and hatchery management, and pest insect and microbe control.
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The impact of diet on black soldier fly (Diptera: Stratiomyidae) thermal tolerance and preference is
stage dependent

C. Li, T.W. Rusch, A.]. Dickerson, A.M. Tarone and J.K. Tomberlin
Texas A&M University, Entomology, 2475 TAMU, College Station, TX 77843, USA; chujun.li2013@gmail.com

Thermal tolerance and preference are traits commonly used to predict animal distribution and behaviour. In this study,
impacts of diet composition on black soldier fly, Hermetia illucens L. (Diptera: Stratiomyidae) thermal tolerance and
preference were examined. Black soldier fly larvae were offered either a low protein (7% ww) high carbohydrate (35% ww)
diet (i.e. P,C,;), a high protein (35% ww) low carbohydrate (7% ww) diet (i.e. P;.C), or the Gainesville diet as a control
(~13% protein and ~ 32% carbohydrate). Results reveal that the black soldier fly thermal tolerance and preference were
impacted by diet composition, while the impacts were stage dependent. The control diet resulted in the lowest heat
tolerance in larvae and prepupae, but not in adults. The diet P,.C, resulted in the greatest heat tolerance in prepupae and
female adults, but not in larvae. The shortest cold coma recovery time in larvae, prepupae, and adults were fed with diet
P,.C, diet P,C,,, and the control diet, respectively. Larvae fed with the control diet preferred the highest temperature,
but no thermal preference differences were found in prepupae and adults among diets. Though the body weight did not
contribute to the thermal tolerance significantly, data indicate a universal trend that individuals with greater body weights
seemed tolerate better both in heat and cold regardless of the stage and treatment. The stage-dependent nutrient effect
determined in this study reveals the complexity of nutrients — thermal traits interaction. Attention should be paid to
larval diets when weighing one stage more than the other facing thermal heterogeneity.

Results of a genetic improvement program of Hermetia illucens for increased larval weight -
industrial applications

E. Facchinil, K. Shrestha2, E. Van Den Boer?2, P. Junes?, G. Sader?, K. Peeters! and E. Schmitt?
!Hendrix Genetics Research, Technology & Services BV, Villa de Kérver; Spoorstraat 69, 5831 CK Boxmeer, the Netherlands,
2Protix Biosystems BV, Industriestraat 3, 5107 NC Dongen, the Netherlands; elena.facchini@hendrix-genetics.com

Black soldier fly (BSF; Hermetia illucens) industrial farming has increased significantly in the last ten years. Interest in the
species arises from the ability of its larvae to convert low-grade organic materials into high-value food, feed and technical
products. In addition to its use in aquaculture and pet food diets, the European Commission has recently authorised the
use of insects derived processed animal proteins in monogastric livestock diets. At present, the demand for insect protein
is higher than the supply, and the demand is expected to grow 50 times more by 2030 globally. There is a need to further
improve the efficiency of production, to meet the increasing demands for proteins in the feed and food industries under
limited resources. One means of increasing supply is selective breeding, which has been widely applied in plants and
other animal species, but not yet reported in BSFE. Indeed, to date, there have been no public research results reflecting a
focused, multi-year selective breeding effort in BSE. In 2019, a genetic improvement program for increased larval weight
of BSF larvae was started. We present the outcomes of this breeding program after 16 generations of selection. The
performance of the selected body weight line was compared to the base population line over six experimental rounds
under different environmental conditions. Under automated production settings, an average improvement of +39% in
larval weight, +34% in wet crate yield, +26% in dry matter crate yield, +32% in crude protein per crate and +21% crude fat
per crate was achieved in the selected line compared to the base population line. The selection carried out in the context
of the genetic improvement program translated into improvements under industrial production settings. This research
clearly demonstrates the potential contribution of selective breeding to improve efficiency when farming BSE.
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Fat vs oil supplementation of insect feed: effect on mortality, insect growth and FA composition

D.A. Tzompa-Sosal, F. Janssens!, K. Dewettinck! and G. Smagghe?
1Ghent University, Food Technology, Safety and Health, Coupure Links 653, 9000 Ghent, Belgium, >Ghent University,
Department of Plants and Crops, Coupure Links 653, 9000 Ghent, Belgium; daylan.tzompa@ugent.be

In this study the influence of oil supplementation in terms of lipid source and fat content was explored. Tenebrio molitor
larvae was fed for 15 days with supplemented feed using 5 different lipid sources differing in fatty acid composition,
physical state and melting points. The lipid supplementation level was 7, 10, 15 and 20%. A control with 4.5% of fat was
included. In this this control treatment no lipids were added. The selected lipids for supplementation were linseed oil,
olive oil, palm oil, palm stearin and fully hydrogenated rapeseed oil (FHRS). Insect development was followed up in terms
of weight gain and death rate. The effect of lipid supplementation on the insect tissue was assess by total fat content and
fatty acid composition. High death rates were observed in the feeding trials with 215% oil content in the feed. However, fat
supplementation did not affected death rate or weight gain. No significant differences in fat content, were observed, except
for FHRS (slight decrease). However, significant changes in FA composition, such as increases in relative contribution of
myristic, stearic, palmitic, oleic, linoleic and linolenic acid were observed. The increase in FAs was directly related to the
FA composition of the provided lipid source. The observed high death rates in the feeding trials containing high content of
liquid oil were attributed to the state of the lipid (liquid vs solid). Whereby the oils dissolved the protective outer-layer of the
skin damaging it and obstructed the stigmata of the insects. Therefore, the insect death is attributed to death by asphyxia.
Confocal microscopy confirmed the presence of oil in the stigmata supporting our hypothesis. Lipid supplementation
with fat sources at the highest level (20%) did not cause a difference in death rate or weight gain compared to the control.
The results from this study could help in the formulation of insect feed, if ingredients with high-fat content are used.

Unnatural selection - consequences of the evolutionary selection occurring inside black soldier fly
rearing facilities

H.M. Smith and D. Quach
Enterra, Research and Development, 20240 Stewart Crescent, Maple Ridge, BC V2X 0T4, Canada; hsmith@enterra.com

As humanity turns to alternative protein sources to fuel its population expansion, the protein-rich black soldier fly (BSF,
Hermetia illucens) is increasingly being regarded as a livestock animal. Multiple companies are developing or operating
industrial-scale BSF mass rearing facilities with the goal of generating insect proteins and fats from a diverse range of
organic feedstocks. We consider the selective pressures that industrial environments place on BSF and highlight some
of the challenges and opportunities this selection presents to the BSF industry. We provide examples of patterns of
phenotypic divergence in three genetically isolated populations reared in three different facilities. However, more work
needs to be done to isolate the corresponding genotypic changes at the population level, allowing us to discern whether
these differences are due to environmentally mediated selection pressures, or an expression of phenotypic plasticity from
within the larger population. We also adapt some lessons from traditional livestock rearing and review the literature
to generate recommendations for the minimum effective population size to maintain evolutionary potential in BSF
facilities. This potential is especially critical to buffer against stochastic events that could lead to population bottlenecks,
or when BSF will experience significant changes to their environmental conditions or diet. Finally, we make procedural
recommendations that may encourage the complementary optimisation of both economic and fitness traits through
selection mechanisms. Overall, if a mass-rearing facility is started with enough genetic diversity and if care is taken to
avoid subsequent bottlenecks or unintended selective pressures, evolutionary mechanisms can increase the economic
output of the facility.
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Revivable eggs by cryopreservation for insect production enhancement

A. Gligorescul, C.H. Fischer!, K.K. Dam-Nielsen!, A. Baumann?, S. Chen?, J.-W. Heesakkers?, I. Alyagor?, Y. Politi3
and Y. Gilad?

1DTI, Kongvangs Alle 29, 8000 Arhus, Denmark, *Biihler Insect Technology Solutions, Biihler Group, Gupfenstrasse 5, 9240
Uzwil, Switzerland, 3FreezeM Cryogenics Ltd., Hatzabarim st. 17, 4630754 Herzelia, Israel; kdni@dti.dk

The production of Hermetia illucens (BSF) is centralised with each factory producing the entire fly lifecycle, maintaining
on-site colonies to supply their production. However, reproduction of BSF in captivity requires high investments and
profound biological knowledge. The number of eggs produced from a BSF colony also varies from week to week, and
the larvae are known to be very fragile and prone to high mortality during the first five days of life. Therefore, current
BSF factories must produce surplus eggs and neonates to maintain their planned production capacity. Some large-scale
BSF producers are developing new genetic strains of BSF with enhanced traits. Without a reliable preservation system,
specialised genetic strains may lose some of their traits due to e.g. colony collapses or diseases. RECIPE aims to develop
innovative technologies for cryopreservation of eggs and suspension of neonates that can enhance and consolidate
breeding sites and allow for the implementation of smarter and smaller rearing sites in the proximity of waste streams.
During the presentation the main results of the project will be presented including: Optimisation of cryopreserved egg/
suspended neonates and packaging: FreezeM has been developing and optimising the process of suspended neonates
and the packaging. The focus was to optimise the density, decrease handling and increase survival rate. Validation of
the cryopreserved egg/ suspended neonates: the suspended neonates from FreezeM has been validated at DTT’s facility
in Denmark; focusing on validating the suspended neonates’ survival rate after different transportation condition/time
and shelf-life. Business model: Biihler has conducted a business evaluation of different production value chain including
distance from breeding to rearing, size of facilities and shelf-life of suspended neonates.

Population genetics and domestication of the black soldier fly (Hermetia illucens)

T.N. Generalovic!, C. Sandrock?, B. Roberts3, M. Hauser?, M. Pipan®, R. Durbin® and C.D. Jiggins!

University of Cambridge, Department of Zoology, Downing Street, Cambridge, CB2 3EJ, United Kingdom, *Research
Institute of Organic Agriculture (FiBL), Department of Livestock Sciences, Ackerstrasse 113, Postfach 219, 5070 Frick,
Switzerland, 3Imperial College London, Georgina Mace Centre for the Living Planet, Faculty of Natural Sciences, Silwood
Park Campus, SW7 2AZ, United Kingdom, *California Department of Food & Agriculture, Plant Pest Diagnostics Branch,
294 Meadowview Road, Sacramento, CA 95832-1448, USA, >Better Origin, Future Business Centre, Kings Hedges Rd,
Cambridge, CB4 2HY, United Kingdom, SUniversity of Cambridge, Department of Genetics, Downing Street, CB2 3EH,
United Kingdom; tng23@cam.ac.uk

Insect farming is on the rise to becoming a sustainable and economically viable food and feed industry. The black soldier
fly (BSF; Hermetia illucens L.) is poised as key species of interest due to its natural bioconversion properties. However,
genetic screening and management is currently overlooked. Here, we present the first high coverage (22x) genome-wide
assessment of a global sample of BSF individuals (n=54) belonging to both domesticated and wild lineages. We identify a
pronounced population structure within BSF explained primarily by captivity status. Phylogenetic reconstruction reveals
a deep divergence in BSF lineages. Patterns of introgression are strikingly absent between diverged lineages of wild and
domesticated BSE. We also show that commercial activity is dominated by a particular lineage whilst wild populations
harbour significant genetic diversity. Recent domestication has had a significant impact on shaping the genomic architecture
of captive populations and has left signatures of selective sweeps throughout the genome. This study not only sheds light
on the process of domestication but highlights the importance of genetic screening and the introduction of breeding
programs to this novel industry.
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Lifetime macronutrient intake of Gryllodes sigillatus: which protein to carbohydrate ratio maximises
yield?

M.]. Muzzatti, S.J. Harrison, C.T. Brittain, H. Brzezinski, C.C. Stabile, H.A. MacMillan and S.M. Bertram
Carleton University, Biology, 1125 Colonel By Dr, K1S 5B6, Ottawa, Canada; mattmuzzatti@cmail.carleton.ca

Diet strongly impacts cricket life history traits. The relative availability of protein and carbohydrates, for example, can
influence growth and body size. Most cricket farms use a generic cricket feed formulation, so one way to increase yield of
mass-reared crickets is to determine how development time and body size at adulthood are optimised with diet. A 3:1 ratio
of protein:carbohydrates (P:C) has maximised weight gain in Gryllus veletis, but different species have different nutrient
requirements, and it is unclear whether a similar ratio would be ideal in a farmed species such as Gryllodes sigillatus. To
test this, we individually reared hundreds of G. sigillatus from hatch on seven diets with different P:C (8:1, 5:1, 3:1, 1:1, 1:3,
1:5, 1:8) and measured survival, time to adulthood, adult body size, and lifetime food consumption. We used a nutritional
geometry framework to determine how lifetime protein and carbohydrate intake affect life-history traits of G. sigillatus.
Our results will contribute towards an optimal standard feed formulation required to maximise G. sigillatus production.

Reproductive success of black soldier fly exposed to different macronutrient diet profiles and
population densities

A. Malawey, T. Freel, K. Harrison, L. Koutsos and A. McComb
Enviroflight, LLC, 1118 Progress Way, 41056, USA; aline.malawey@enviroflight.net

Fertility is a major factor for animal agriculture to measure reproductive success (RS). It can be impacted by colony
management (i.e. population density during immature and mature stages), feed (nutritional diet profile), and the surrounding
environmental parameters. The academic data on black soldier fly fertility is restricted to the number of hatched eggs,
without considering its specifics such as sperm number, viability and, most important, motility. To fill this information
gap, our research team aimed to investigate the impact of four different diet profiles: Four protein levels ranging from
12-21% crude protein, and in turn different carbohydrate concentrations; and two different larval densities: 1 and 4
larvae/cm? on sperm quality (viability and motility) and number. Three day-old virgin males were used in the study.
Two trials were performed, with a total of 30 samples per trial. The results found will allow insect farmers to estimate
the fertilising capacity of the colony and, consequently, implement strategies to enhance productivity and reduce cost
without compromising safety and quality.
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Developing protein libraries - a tale of unidentified proteins

J.L. Gathercole, E. Sawicka, C. Hefer, C. O’Connor and M. McNeill
AgResearch Ltd, Proteins and Metabolites, 1365 Springs Rd, Lincoln, 7608, New Zealand; jessica.gathercole@agresearch.co.nz

Protein identification can help us understand protein changes due to genetic or environmental differences; identify bioactive
peptides with special health properties; or provide information to understand biochemical processes within an organism.
Some protein libraries are well characterised (e.g. humans) but many species are limited. To do proteomics on these other
species, protein libraries further up the taxonomy tree are used. Higher taxonomy levels contain replicate inputs of the
same protein and in addition, need to be highly homologous to obtain confident protein identifications. For this work,
Insects were collected either from the wild (grass grub, Costelytra givenii) or from laboratory cultures (brown headed
leaf roller, Ctenopseustis obliquana) in New Zealand. The torso was removed to restrict the presence of microbiota in the
sample. The heads and legs of grass grub and brown headed leaf roller larvae were prepared for sequencing of the mRNA.
The mRNA data was assembled using Trinity and Soapdenovo-trans to produce a protein library. The sequences were
blasted to provide protein names and redundances were removed. Grass grub and brown headed leaf roller were prepared
for proteomic analysis by extracting the proteins, digesting with trypsin and separation with LC-MS/MS (Ultimate 3000,
Thermo Fisher and QTOF mass spectrometer, Bruker Daltonics). The spectra was compared to in-house and publicly
available NCBI libraries using Peaks, Bioinformatics Solutions. The hypothesis was to increase the identification of
proteins from endemic New Zealand insects for identification of bioactives. Brown headed leaf roller larvae had 97 protein
identifications with the family tortricidae NCBI:txid7139 library whereas the in-house library identified 141 proteins.
The grass grub library had 25 proteins identified using the Coleoptera library NCBI:txid7041 while the in-house library
identified 253 proteins. The development of these libraries improved the number of identified proteins in these samples
up to ten-fold. These libraries will be beneficial for future protein work on these species and other members of their
taxonomic family and research to identify bioactives with potential human health benefits.

Evaluating Tenebrio molitor's productivity with different wheat by-products diets for standardised
nutritional assays

N. Paris!, N. Hotte2, K. Adjallé!, D. Deruytter3, L. Gasco® and L. Hénault-Ethier!2

1INRS, Centre Eau Terre Environnement, 490 Rue de la Couronne, GIK 9A9, Québec, Qc, Canada, *Tricycle, 1401 Rue
Legendre Ouest, H4N 2R9, Montreal, Qc, Canada, 3INAGRO, Insect research center, 87 Ieperseweg, 8800 Rumbeke-Beitem,
Belgium, *University of Turin, Department of Agricultural, Forest and Food Sciences, Largo P. Braccini 2, 10095 Grugliasco,
Italy; nicolas.paris@mail.mcgill.ca

In an effort to maximise the use of locally-sourced feed in insect farming, this experiment aimed at comparing the
impact of different feed on the yield of Tenebrio molitor larval biomass and frass. In order to control for the variability
of the staple wheat diet, two sources of wheat bran were compared (100% European and 100% Canadian wheat bran). To
assess the upcycling potential, two diets with Canadian residual grains were introduced in the experiment (50% wheat
bran + 50% white beer spent grain and 25% wheat bran + 50% white beer spent grain + 25% wheat germ). Agar was fed
ad libitum to ensure hydration. A total of 5,500 four week old larvae were grown in 60 cm by 40 cm plastic trays in a
controlled-environment room (27 °C, 60% humidity, 12 h light cycle), until pupation began (10% threshold). Each tray
contained 2,100 g of the desired feed. This experiment showed that the origin of the wheat bran did not affect the average
individual larvae biomass (133+3 mg for European and 137+3 mg for Canadian wheat), suggesting that locally sourced
controls could suffice in international nutritional assays. The experiment also showed that the inclusion of spent grain
or wheat germ decreased larvae biomass (116+3 mg for added spent grain and 125+3 mg for added spent grain + wheat
germ), implying that incorporating different wheat by-products based on availability can significantly impact the growth
of larvae. The nutritional value of the larvae (% protein, % lipids, % ash) and the physico-chemical characteristics of the
frass (pH, electric conductivity, C:N ratio, and total N, P,O., K,O content) from the different treatments were compared.
The results of this experiment have important significance for the advancement of optimal insect farming, the use of
locally available feed for maximised insect productivity, and the development of standardised nutritional assays.
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Evaluation of peal millet (Cenchrus americanus) as an alternative feed substrate for field cricket
(Gryllus campestris)

R. Musundire, N. Mashavakure and H.R. Mahamba
Chinhoyi University of Technology, Directorate of Research and Graduate Studies, Directorate of Research and Postgraduate
Studies, 00263, Zimbabwe; rmusundirel 978@gmail.com

Production of crickets as human food and livestock feed is gaining momentum in many parts of Africa. However,
availability of affordable food substrates remains a major constraint to many small scale cricket producers. This study
investigated effects of different feed types on growth performance, feed conversion and nutritional composition of field
crickets. The study was conducted at Chinhoyi University of Technology, Zimbabwe using five treatments (chicken
mash plus potato, chicken mash, millet mash, millet mash plus potato and wheat bran as a control and replicated three
times. The study showed feed related variation in growth, feed conversion, nutritional composition and survival rate.
Significantly higher (P<0.05) survival rates were recorded on wheat bran (100%), and the lowest on millet mash (73.3%).
The nutritional attributes of crickets on maturity were also dependent on the feed provided with individuals that were
fed with ‘chicken mash plus potato’ having the highest feed conversion ratio of 3.1 g/g. Millet mash plus potato, wheat
bran, chicken mash and millet mash treatments had 2.7, 2.6, 2.1 and 1.7 g/g, respectively. Correspondingly the ‘chicken
mash plus potato’ treatment showed the highest amino acid content while crickets fed on millet mash only had the lowest
amino acid content. There was a significant effect (P<0.05) of feed type on crude protein of crickets and results were in
the order of: chicken mash plus potato>millet mash plus potato>control>chicken mash>millet mash. Our study showed
great potential of millet mash as an alternative feed stream for cricket production. However, its performance has to be
boosted by combining it with other feed ingredients such as root tubers.

Habitat-centric versus species-centric approaches to edible insects for food and feed

G. Davidowitz
University of Arizona, Entomology, 1140 E South Campus Drive, Tucson, AZ 85721, USA; goggy@arizona.edu

The current paradigm of rearing insects for the food and feed industry uses a species-centric approach. With this approach
an insect species is chosen first and the development of rearing practices follows. The goal is to optimise production to
maximise the yield of that particular species in that facility. In contrast, the habitat-centric approach first chooses a habitat,
either natural or artificial, then develops harvesting or rearing protocols within that habitat. The goal of this approach
is to maximise the yield derived from that habitat and may include more than one species of insect. The habitat-centric
approach eliminates potential threats from invasive species, and can repurpose local food and agricultural waste into
protein derived from local insect species. This approach can increase food security by increasing the diversity of insects
that are mass-produced. The species-centric and habitat-centric approaches address different issues and offer advantages
in different situations. Further development of the edible insect industry will likely use a combination of both approaches.
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Determination of the calorimetric potential of yellow mealworms in a mass rearing context

E. Poulhes!, V. Ageorges!, L. Tournier!, S. Crepieux! and C. Montaurier>

!Invers, Champ de la Croix, 63720 Saint-Ignat, France, 2INRAE, Unité de Nutrition Humaine (UNH), Université Clermont
Auvergne, 63000 Clermont-Ferrand, France; sebastien.crepieux@invers.fr

During the last decade, insects have received increasing interest as sources of protein for animal feed and human food.
Yellow mealworm (Tenebrio molitor), is considered one of the best options because is rich in protein, easy to breed and
feed. This species of insect is commonly reared in crates containing agricultural by-products such as wheat bran. In a
mass rearing context, an insect farm can contain thousands of these crates with different insect life stages. At the moment,
there is only little data available concerning the heat generation of yellow mealworms in rearing conditions, making it hard
to scale livestock houses. In this context, the goal of this study was to measure the energy expenditure (EE) of insects at
different life stages in optimal rearing conditions (temperature, hygrometry, insect density, water supply) during twenty
four hours using calorimetric chambers. More exactly feed consumption, body mass, heat generation, O, consumption
and CO, release were measured for 8 insect life stages (i.e. eggs, 5 mg larvae, 10 mg larvae, 20 mg larvae, 40 mg larvae, 80
mg larvae, pupas and adults). Results obtained illustrate for the first time the calorimetric profile for each insect life stage
in mass rearing conditions. Indeed, the EE was quite low for eggs and pupas whereas it increased together with the larval
stage (from 0.0011 to 0.016 kcal/individual) and even more for adults (0,024 kcal/individual). Thus, these observations
suggest a good calorimetric potential for advanced larval stages and adults. Further studies will be realised on the complete
life cycle of Tenebrio molitor and will include the impact of the photoperiod. Taken together, these data could provide a
key knowledge for the scaling and sizing of new yellow mealworm farms.

Growth performance of Tenebrio molitor sexed and non-sexed

L.E. Robles Jimenez!, M. Hernandez-Martinez2, J.M. Pino-Moreno? and M. Gonzalez Ronquillo!
Universidad Auténoma del Estado de Mexico, Animal Production, Instituto Literario 100, 50000, Mexico, 2Universidad
Nacional Autonoma de Mexico, Facultad de Biologia, Alcaldia Coyoacdn, 04510 Mexico City, Mexico; jpino@ib.unam.mx

Optimisation of mealworm production is necessary to make it more cost competitive with other more established protein
sources. The aim of the present study was to investigate reproductive efficiency, production, feed efficiency, and survival
rate in sexed and unsexed Tenebrio molitor with the hypothesis that sexing insects increases their average life span and
larval production. For that, eighteen experimental batches were prepared, which were divided into 9 batches with sexed
insects, each batch containing 10 Tenebrio (5 females and 5 males). The remaining 9 batches were of unsexed Tenebrio
with 10 adult Tenebrio at random. The beetles were fed with 250 grams of wheat bran and brewer’s yeast (10:1, 20.5%
CP, 18.97 MJ GE/kg DM). using 3 adult/ cm?. Larvae (per box) at 120 d were weighed, the number of larvae, their weight
and the weight of the remaining substrate were evaluated. Reproductive efficiency, feeding efficiency and survival were
subjected to analysis of variance (ANOVA) using the general linear model (PROC GLM) of SAS (2002), Tukey’s test
was used (P<0.05). It was demonstrated that sexed Tenebrio had a higher number of larvae (986) than unsexed Tenebrio
(758) (P<0.05), but a lower number of pupae and adults (P<0.05), with better feed efficiency (g feed/g larva produced) for
the unsexed (7.2) compared to the sexed (11.8) (P<0.05) treatments, with a higher adult survival (P<0.05) for the sexed
Tenebrio at 80 d. Consequently, we demonstrated that the sexing of Tenebrio increases the number of larvae produced at
120 d, but increases mortality and cannibalism among them, giving a lower larval yield at 120 d compared to the use of
unsexed adults. It is recommended to separate larvae every 7 days to reduce the risk of cannibalism.
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Effect of graded levels of Imbrasia belina meal on blood lipid profile, bone morphometric and
mineral content of broiler

LE Jajal'2 and S. Moyo?

University of South Africa, Department of Agriculture and Animal Health, University of South Africa, Florida campus,
1710 Johannesburg, South Africa, 2University of Fort Hare, Livestock and Pasture Science, Department of Livestock and
Pasture Science, University of Fort Hare, 5700, South Africa; ijaja@ufh.ac.za

The effect of increasing dietary levels of Imbrasia belina worm meal on blood lipid profile, bone morphometric and
mineral content in Arbor acres broiler chicks were assessed. A total of 360-day old chicks were randomly allocated to 4
dietary treatments, with each treatment group replicated 6 times (n=15/replicate). The inclusion levels of the I belina
worm meal in the diets were 0% (Treatment 1 = control), 4% (Treatment 2), 8% (Treatment 3) and 12% (Treatment 4). A
3-phase feeding program of starter (0-14 d), grower (15-28 d), and finisher (29-35 d) was employed for the study. Total
cholesterol (TC), triglycerides (TGL), high density lipoprotein (HDL), low density lipoprotein (LDL), bone morphometrics
and mineral content were recorded at the end of study. There was no significant difference of total cholesterol (CHOL),
high-density lipoprotein (HDL) and low-density lipoprotein (LDL) concentration in all the treatments. However, significant
concentrations were observed in triglycerides (TGL) and T3 showed highest levels compared to other treatments, at 35
days of age. The dietary inclusion levels of I. belina had no effect on femur weight, width, relative bone density, and bone
breaking strength. However, the significant difference was observed on femur length, robusticity index and ash percentage.
Also, broiler chickens fed T1 (6.62 g/100 g, 15.23 g/100 g dry matter) had the highest femur Ca and P content. Femur Z
content of broilers fed T4 (24.08 mg/100 g dry matter) was highest. The correlation analyses showed significant moderate
relationships between ash and femur weight, but however significant positive relationships with calcium, magnesium,
manganese and zinc. More so, the correlation between femur strength and calcium and phosphorous was significant
positive with a higher magnitude. The result of this study suggests that I belina meal up to 12% can be effectively utilised
in broiler diets without any adverse effect on and bone mineral properties

Influence of self-selection of feeding substrates by T. molitor larvae on nutrient intake and growth rate

C. Grotheer, N. Kroncke, L. Gaus and R. Benning
University of Applied Sciences Bremerhaven, Institute of Food Technology and Bioprocess Engineering, An der Karlstadt 8,
27568, Germany; cgrotheer@hs-bremerhaven.de

The yellow mealworm (Tenebrio molitor) is an edible insect and a promising candidate for industrial-scale breeding and
production. To ensure balanced feeding and achieve favourable larval growth, it is necessary to regulate insect feeding and
adapt feed composition to larval age. In our previous studies, we found that 7. molitor larvae prefer certain feeds depending
on larval stages. Nutritional self-selection was used to find out the optimal intake ratios of macro-nutrients for 7. molitor
larvae. The current experiments represent a new advance in the study of independent food selection by T. molitor larvae.
Self-selection experiments consisted of 4 treatments of 8 ingredients, from a total of 26 different feeding substrates, with
groups of 100 larvae. Six-, eight-, and ten-week-old larvae were reared for two weeks under optimal climatic conditions
(27 °C, 75% rh) in a multiple-choice system, in which a free choice of available food was given and radially allocated in a
round sieve. Larval weight gain, ingredient consumption and frass production were recorded to calculate efficiency of
conversion of ingested food and food assimilation. It could be shown that the macronutrient requirement depends on the
age of the larvae. Biomass increase was significantly influenced by intake of feeding substrate and carbohydrate content.
Substrates with a high carbohydrate content were consumed most frequently, followed by protein content. Wheat bran,
broad bean hulls, potato flakes, oat bran and flakes, rice flour and rice protein, corn husk and variegated thistle flour
were identified as suitable for T. molitor larvae diets based on their relative consumption. These results indicate that
feeding composition is critical for larval growth. It was also shown that larvae can self-select which macronutrients are
needed at a certain time of development, so that targeted feeding during larval development can be implemented by a
self-selection system. Based on this information it is also possible to evaluate diet formulations especially for 7. molitor
larvae in the future.
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Optimal dietary protein to carbohydrate ratio for black soldier fly larvae

K.M. Eggink and J. Dalsgaard
Technical University of Denmark, Aqua, The North Sea Research Centre, 9850 Hirtshals, Denmark; kmaeg@aqua.dtu.dk

To efficiently produce black soldier fly (Hermetia illucens, BSF) larvae for food and feed, larvae nutrient requirements
need to be investigated. This study investigated the optimal protein to carbohydrate ratio for BSF larvae rearing. Six
artificial isolipidic and isoenergetic diets varying in crude protein to digestible carbohydrate ratio (P:C) were formulated
(increasing from 1:1 to 1:9) and compared to a chicken feed control (1:3). At the start of the trial, 10,000 of 5-day old
larvae were placed on 7 kg of the different diets in triplicates and initial larvae and substrate samples were taken. For
11 days, larvae growth was measured daily and at the end of the trial, larval harvest yield and substrate residue weight
was determined, and final larvae and substrate samples were taken. Initial and final larvae and substrate samples were
analysed for their proximate composition. Overall, a higher P:C ratio resulted in faster larval growth and higher substrate
dry matter reduction. However, larvae fed the highest P:C ratios had a significantly lower survival rate. Subsequently, the
highest final larval yield was observed for larvae fed 1:2 and 1:3 ratios. These results suggest that the optimal dietary P:C
ratio for larval growth and survival is 1:2-1:3. The optimal P:C ratio provides information on the nutritional requirements
for larval growth and can be used for feed formulation.

Phase-feeding with Torula yeast modulates the production cycle in black soldier fly (Hermetia illucens)

F. Gallant, G.W. Vandenberg and M.-H. Deschamps
Université Laval, Département des sciences animales, 2425 rue de [Agriculture, GI1V 0A6, Canada; fanny.gallant.1@ulaval.ca

Maintaining a constant supply of high quality eggs is a major challenge for black soldier fly breeders. Feed supplementation
with inactivated yeasts is known to enhance the quality of breeders and hatchery performance. However, yeast
supplementation during the entire feeding phase is expensive and thus, unlikely to be applied at an industrial scale.
Yeast-supplementation during targeted phases (i.e. phase-feeding) may permit gains in productivity. In the present study,
BSF larvae were fed ad libitum (0.05 g ind./day) in triplicate with an inactivated yeast-enriched diet (Torula sp., 10%, dry
basis) during the neonate (0 to 5 days post hatching) or prepupal (10 to 17 days post-hatching) phases and compared to
larvae fed with a control Gainesville diet (70% RH) during the entire feeding phase (17 days). The pupae were then placed
in small cubic breeding cages (28.5 cm?; 40 g of pupae; ~220 ind./cage) to complete their cycle (56 days post hatching at
30 °C; 60% HR; 12L:12D). Performance during feeding (substrate pH and T°, individual growth and feed bioconversion
parameters) and breeding (emergence of flies, egg production, sex-ratio F:M and mortality) phases were monitored daily.
At day 17, Torula supplementation did not affect growth or bioconversion performance. However, when compared to
the control, supplementation was found to accelerate and delay adult emergence and egg production during the neonate
and prepupal phases, respectively. Sex-ratio (F:M) mortality was also found to be significantly affected (0.6+1.0, 1.1,£0.1
and 1.2+0.6 for control, neonate and prepupal diets, respectively). Once the optimal levels and duration are determined,
phase-feeding approaches in BSF could allow to modulate with greater precision rearing processes and contribute to the
sustainability of the industry.
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Yeast rich residuals from local beer, rum and kombucha production as supplements in yellow
mealworm diet

B. Reid', N. Hotte? and L. Hénault-Ethier!2

Unstitut national de la recherche scientifique, Centre Eau Terre et Environnement, 490 rue de la Couronne, Quebec
City, QC GIK 9A9, Canada, *TriCycle Entotechnologie, 1401 Rue Legendre Ouest, Montréal, QC H4N 2R9, Canada;
beatrice.reid@inrs.ca

Insect production offers the potential to revalorise residual sources of microorganisms from the agrifood sector. Yeasts
can be added as feed supplements in edible insect diets like mealworms for their rich content in proteins and vitamins.
They also produce attractive volatile that promote feed consumption, support growth and feed conversion efficiency.
For convenience, yeast supplements are often commercially available dry brewer’s or baker’s yeast, however residual
yeasts are relevant sustainable alternatives. The aims of this research are to confirm the potential of residual beer yeasts
and evaluate the effects of other fermentation residues on the survival and growth promotion of yellow mealworms. In
a preliminary experiment, humid spent brewery yeasts from blond, kolsh and lager beers were incorporated as frozen
cubes (12.5 ml water equivalent 2x/week) in a yellow mealworm diet (150 g wheat bran/ 25 g larvae <1 mm) at 5% of the
standard production scale. Total and individual larval biomass were increased in the kolsh (+18.8 and 14%, respectively)
and lager (+21.3 and 17.3%) treatments. Solid dry kolsh and lager yeasts residues were left unconsumed at the end of the
69 days growth period and complicated larvae harvesting. In a test at 50% production scale, the supplementation of yeast
with vegetable pulp increased individual fresh mass by 27% (P<0.001). The second part of this research investigates the
metabolic effect and operational feasibility of supplementation of a mealworm diet with local residual yeasts (from ales,
lagers, and rum), vegetable pulp, and SCOBY. Different mix recipes were tested for suitable texture to ensure easy handling.
The formulation of gel supplements is still to be investigated. 5 treatments (n=3) of residual mixes were supplemented
bi-weekly (5% w.w.) to a wheat bran diet (6 g/g larvae) during the exponential growth stage of larvae aged from 4 to 8
weeks at 25+3 °C and 60+10% relative humidity. These results will facilitate the supplementation of insects’ diets by the
revalorisation of local commercial yeast residues from beer, rum, and kombucha production.

Value and increased performance of black soldier fly mass-rearing farms

S. Dimitrova
Flygenetics AD, Grigor Parlichev 2, Krasno selo district, 1606 Sofia, Bulgaria; simone.dimitrova@nasekomo.life

Humanity is facing problems such as unsustainable utilisation of resources and unstable food security. Timely change of
our ways is required. The rise of the insect food and feed industry is coming at the right time offering less environmental
impacts in exchange of good quality protein. Insects have the potential to help us reach 7 of the 17 Sustainable Development
Goals of the United Nations set up to achieve by 2030, underlining the vast potential of the industry. Hermetia illucens
known as black soldier fly is one of the main species yielding substantial success. It is globally approved for feed in poultry,
aquaculture and pet food. The interest in H. illucens comes from its high adaptability to different conditions and its
comparatively fast life cycle. Other important advantage is the larva high protein content, antibacterial and hypoallergenic
properties. Insect mass-rearing producers are most commonly investing more in the research and development of their
zootechnical organisation, enhanced environment, and colony maintenance. The main priority in the field often falls on
tracking bioconversion key performance parameters. In addition to that, our team is focused on the black soldier fly itself
and its genetic capacity. The black soldier fly genome has been sequenced, unravelling genomic size larger compared to
other Dipteran species (1,102 Mb) and significant allele variability giving potential for development of marker-assisted
selection. There is now increasing evidence that genetically diverse populations manifest greater fitness, production, and
reproduction capacity. In the long term there is evidence that ignoring the genetic landscape of your population could
lead to genetic purging. Even if data is still limited, research begins to prove that if genetic healthcare systems are not
established, inbreeding coefficient and consanguineous mating will elevate affecting the overall performance of the colony.
All this underlines the importance of genetic rescue strategies in a commercial BSF farms. In our work, we describe the
available research on Hermetia genetics and have underlined the species-specific biological significance for introduction
of genetic health care system into a mass-rearing facility to sustain high performance colony for high investment returns.
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The inhibitory effect of tofu developed from Tenebrio molitor larvae on dexamethasone-induced
muscle atrophy

E. Oh!2, W. Park® and Y. Kim?

Interdisciplinary Program in Sustainable Living System, Graduate School, Korea University, 145, Anam-ro, Seoul, Republic
of Korea, 0284.1, Seoul, Korea, South, Department of Human Ecology, Graduate School, Korea University, 145, Anam-ro,
Seoul, Republic of Korea, 02841, Seoul, Korea, South, 3Department of Biochemistry, College of Medicine, Gachon University,
155, Gaetbeol-ro, Incheon, Republic of Korea, 21999, Incheon, Korea, South; oheuy0725@korea.ac.kr

This study aimed to develop tofu from whole (M) or protein isolate (MPI) or protein hydrolysate (MPH) of mealworm
(Tenebrio molitor) larvae, an edible insect, and examine its inhibitory effect of dexamethasone (DEXA)-induced muscle
atrophy, which is an abnormal condition regarding loss of skeletal muscle mass and function. In addition, we investigated
the synergistic effect of plant- and animal-based proteins and the advantages of bioactive peptides. MPI was extracted from
M powder, and MPH was prepared under optimised conditions. The tofu was prepared by replacing soybean flour with
M powder (SM), MPI (SMPI), and MPH (SMPH) at 1:1 ratio by weight, and their properties were compared with those
of control tofu (S). In the mouse model, bodyweight change in DEXA-induced muscle atrophic mice on SM (DEXA-SM;
-0.07 kg) and SMPH (DEXA-SMPH; -0.39 kg) diet showed no significant differences (P>0.05) with that in the control
mice (+0.47 kg) on a normal diet with no DEXA administration (DMSO con). Compared to that in DMSO con (0.044 N/g
body weight), grip strength was not significantly different in DEXA-SMPH (0.044 N/g body weight, P>0.05). Furthermore,
DEXA-SM had the greatest cross-sectional area (1,378.33 pum?) among all groups. The mRNA expression levels of muscle
degradation-related genes such as myostatin, MuRF 1, and Atrogin-1 were inhibited in DEXA-SM and DEXA-SMPH,
with no significant differences (P>0.05) in the expression levels between DEXA-SMPH and DMSO con. However, there
was no significant difference in the mRNA expression levels of MyHC isoforms which are related to muscle synthesis in
DEXA- and tofu-treated mice (P>0.05). Based on these results, skeletal muscle atrophy caused by protein degradation
can be alleviated by SM and SMPH intakes. They are worth having the significant potential for inhibiting DEXA-induced
muscle mass and strength loss.

Polygamy in Hermetia illucens

D. Bolduc, C. Boldugc, L.-F. Chavez-Salcedo, S. Perez-Cortez, J. Savard and C. Warburton
Entosystem, 4141 Rue Comtois, J1L 1R7, Canada; davidb@entosystem.com

Black soldier flies (BSF) are an emerging source of insect proteins around the world. One of the main challenges in rearing
BSF at industrial scales, especially indoors, remains the efficient production of eggs. Research on BSF reproduction is mostly
focused on population-level metrics, but little is known about the mating behaviour of individuals. Here, we investigated
the mating behaviour and phenology of adult BSF by uniquely marking individuals in 1:1 sex ratio groups and monitoring
their mating and laying event with automated cameras. Our results show that males and females can have multiple sexual
partners and that females can mate and lay viable eggs twice. Our results suggest the potential interest of having a female-
biased sex ratio in large scale productions, as males can copulate more than once and rearing space is limited.
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Towards a better understanding and predictability of pupation in Hermetia illucens

C. Bolduc, D. Boldug, L.-F. Chavez-Salcedo, S. Perez-Cortez, J. Savard and C. Warburton
Entosystem, 4141 Rue Comtois, JIL 1R7, Canada; catherine.bolduc@entosystem.com

The black soldier fly (BSF) is a promising insect species for the bioconversion of food waste into high protein food. The
waste bioconversion industry by BSF is only possible with the maintenance of a colony capable of regularly producing
new larvae. Throughout the BSF lifecycle, pupation is one of the most challenging aspects of rearing, as it is the longest
and most variable period of their life cycle. A synchronised emergence of adults benefits reproduction, therefore, being
able to get a stable duration of pupation and a synchronised adult fly emergence is a major advantage for industrialised
rearing operations. Here, we identified a series of factors that influence pupation duration and fly emergence synchrony.
Body size, larvae density, larvae diet and rearing temperature all impact the duration of pupation. Meanwhile, emergence
synchrony increased with the rearing temperature. Interestingly, adults emerged according to strict circadian rhythm,
most of them emerging between 10:00 and 15:00. By controlling these different factors prior or during the pupation state
of BSE, we can obtain a more predictable duration of pupation and a more synchronised emergence which benefits the
black soldier fly breeding operations.

Agricultural entomophagy: insect rearing for human consumption and feed

E.N. Jenkins, T. Tolosa and S.A. Zebelo
University of Maryland Eastern Shore, Food and Agricultural Science, 11868 College Backbone Rd., Princess Anne,
MD 21853, USA; enjenkins@umes.edu

As the human population grows, it is very important to sustain rather than increase the levels of consumption. Scientists
are struggling to find alternative ways to feed the ever-increasing population. Current sources of protein are not sustainable.
Half of the world’s habitable land is used for agriculture. More than three-quarters of this is used for livestock production.
Insects require 10 to 50% less of the amount of water than other animals use for food and land per pound of protein.
Insects utilise less energy, feed, land and water than livestock; therefore, contributing less to climate change and pollution.
Developing and evaluating protein extract made from mealworms and crickets will aid food companies in their goal to add
higher levels of insect protein to products without adding fat, calories or negatively affecting product quality. Our objectives
are 1. Determine the optimum density and temperature for rearing edible insects, and 2. To study feed optimisation by
adding cannabidiol (CBD) to the diet of the edible crickets, Gryllodes sigillatus (banded cricket). As the density of the
crickets and temperature increase, the wellbeing of the insects significantly reduces. The optimum density seems to be
66/crickets per container (13.63 in. x 8.25 in. x 4.88 in.) at either 75 and 85 °F growth chambers. The preliminary result
on the CBD diet revealed that insects fed with 500 mg CBD oil-treated showed increased and reduced mortality. Further
research is underway on the level of CBD on cooked crickets and the optimisation of the diet.
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Effects of microplastics on manures processing by black soldier fly larvae

J. Ducarmel, T. Henris!, Y. Toktas!, S. Benali2, R. Mincheva?, J.M. Raquez? and M. Gosselin!
Laboratory of Entomology, Haute Ecole Provinciale de Hainaut, Condorcet, rue de la sucrerie, 10, 7800 Ath, Belgium, *Service
des Matériaux Polyméres et Composites (SMPC), Place du Parc 20, 7000 Mons, Belgium; matthias.gosselin@condorcet.be

Bioconversion by black soldier fly (BSF; Hermetia illucens) (Diptera, Stratiomyidae) larvae is a novel technology for manure
(poultry, swine, cattle) treatment and valorisation in agriculture. However, some microparticles of plastics present in all
ecosystems may have negative effects on BSF larvae production. Moreover, the efficiency of manure degradation may also
be affected by microplastics (MPs). In this study, three types of bioplastics were tested in the experiment: (1) polylactic acid
(PLA); (2) polybutylene succinate (PBS); (3) polybutylene adipate terephthalate (PBAT). Theses bioplastics were ground
into small particles of size 250 um using a Retsch cryomill. About 1% of MPs was mixed into substrate rearing (poultry and
swine manure). Each of the three experimental experiments was carried out in three independent replications in plastic
boxes. The experiment was conducted in a laboratory room under controlled conditions (27+2 °C and RH 60+5%). Each
container contained 170- 3 day old larvae and 300 g of substrates (1/3 poultry manure and 2/3 swine manure). The larval
density was one larva by 1 cm? (based on literature data and our preliminary trials). Some physiological parameters of BSF
were measured until pupation. The weight of BSF was measured every 2-4 days (growth rate). The development time to
first prepupation was recorded upon observation of the first prepupa within a given container rates and adult emergence
was determined at the end of the experiment. Survivorship was calculated by dividing the total weight of all living larvae
from each replicate by the average final larval weight. The prepupal weight was measured by selecting 10 of the largest
prepupae from each replicate. Therefore, the efficient biodegradation of each substrate by BSF (feed conversion ratio and
feed efficiency) were controlled for each replicate. Finally, 30 larvae were digested by protocol published in Al-Azzawi et
al. and were analysed by FTIR for each experimental treatment.
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Research and application of organic waste conversion by black soldier fly larvae and microbes

J. Zhang, M. Cai, L. Zheng, F. Huang, J.K. Tomberlin, H.A. Van and Y. Zinu
Huazhong Agricultural University, Microbiology, National Engineering Research Center of Microbial Pesticides, College of
Life Science and Technology, 430070, China, PR.; zhangib@mail.hzau.edu.cn

Hermetia ilucens L. (Diptera: Stratiomyidae), also known as black soldier fly (BSF), can be found in decaying organic
wastes, such as animal manure and food waste. Over the past several years, investigators in our group have made some
research and application progress on BSF breeding and organic waste conversion by BSF larvae and microbes. We isolated
microbes that could induce BSF adults to lay eggs and used in large scale BSF breeding factory. It allows the high efficiency
eggs mass production of BSF larvae to meet demand of large-scale organic waste conversion at low cost. Microbes from
BSF play important roles in BSF larvae nutrition and resistance against pathogens. Bacteria isolated from the BSF larvae
gut and eggs can be cultured and used to promote BSF growth, and shorten the time to the prepupal stage in lab and in
factory. These processes greatly reduced environmental impact caused by organic waste. Application of BSF larvae and
microbes for recycling animal manure is well established. The residues collected from BSF larvae conversion are subjected
to secondary fermentation using nematicidal microbes to produce functional organic fertilisers and have good efficiency
against root rot nematode in field. The technology combined BSF and microbes could reach low emission and high-value
utilisation of organic wastes.

Biowaste conversion and growth of BSF larvae on substrates containing similar crude protein content

T. Veldkamp!, K. Van Rozen?, E.F. Hoek - Van Den Hil3, P. Van Wikselaar!, A. Rezaei Far!, I. Fodor, H.].H. Elissen?
and R.Y. Van Der Weide?

! Wageningen Livestock Research, De Elst 1, PO. Box 338, 6700 AH Wageningen, the Netherlands, >Wageningen Research,
ACRRES, Edelhertweg 1, 8219 PH Lelystad, the Netherlands, >Wageningen Food Safety Research, PO. Box 230, 6700 AE
Wageningen, the Netherlands; teun.veldkamp@wur.nl

A series of experiments were performed to study black soldier fly larvae (Hermetia illucens) growth performance and safety
on different biowaste sources. In this experiment five biowaste sources were used, solely or in combinations: fast food
(FF), mushroom feet (stems) (MF), poultry meal (PM), slaughter waste (SW), and pig manure solids (PS). The following
six diets were formulated based on 30% dry mater and 20% crude protein: FF, FF-MF-PM, FE-ME-SW, FE-PS, PS-MF-PM,
and PS-MF-SW. Per kilogram (wet) diet, 1,850 BSF larvae (8 days of age, 12.0 mg fresh weight) were incubated in 18 plastic
containers (75x47x15 cm) (each diet in triplicate) in a climate chamber under dark conditions and were harvested at 15
days of age. Diets affected the growth performance of larvae, waste reduction, efficiency of conversion, and larval biomass
(P<0.05). Larval growth rate in mg/d was highest in FF (18.0?), followed by FF-PS (14.9P), FF-MF-SW (12.3¢), FE-MF-PM
(10.09), PS-MF-PM (7.8¢), and PS-ME-SW (7.3¢). Waste reduction index was highest in FE-MF-SW (7.1?) followed by
FF-MF-PM (6.42), FE-PS (6.2P), FF (5.8"), PS-MF-SW (4.5¢), and PS-MF-PM (4.3€). Efficiency of conversion of ingested
substrate was highest in FF-PS (0.49?) followed by FE-MF-SW (0.412P), FE-MF-PM (0.38>¢), PS-MF-PM (0.31°9), PS-MF-
SW (0.284), and FF (0.234). Total larval biomass (g DM) at harvest was highest in FF-PS (7772) and FE-MF-SW (7342),
followed by FF-MF-PM (627), FF (390°), PS-MF-PM (349¢), and PS-MF-SW (345°). The results implicate that despite
similar dry matter and crude protein content in the different diets, biowaste conversion and growth of BSF larvae vary
to a great extent. The advantage of fast food in larval growth rate was counterbalanced by the low survival on this diet,
most probably due to the high crude fat content which has still to be confirmed by analyses of chemical data. Mixing fast
food with other biowaste sources improved survival, production output and waste conversion.
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Oyster mushroom-fermented corn stover in feed impacts cricket growth performance and
micronutrient bioavailability

M. Ventural, L. Holland?, T. Weir2 and V. Stulll
University of Wisconsin-Madison, 1630 Linden Drive, Madison, WI 53706, USA, *Colorado State University, 502 W, Lake
Street, Ft. Collins, CO 80526, USA; mkventura@wisc.edu

Due to rapid growth and nutrient density, farmed insects could help combat public health problems such as protein energy
malnutrition and anaemia, but reliable low-cost feeds are needed. Here, we explore the potential to modify corn crop
residue with edible mushroom mycelium to generate a feed adjunct for edible Gryllus bimaculatus grown in contexts such
as rural Zambia. Like insect agriculture, mushroom farming is versatile; it can yield nutritious food while increasing system
circularity by using lignocellulosic residues from row crops as inputs. The oyster mushroom, Pleurotus ostreatus, is an
edible basidiomycete widely cultivated on corn stover (Zea mays). Mushroom harvest results in abundant ‘spent’ substrate,
which we investigated as a low-cost cricket feed adjunct. We measured cricket growth performance and micronutrient
content for six fermented feed treatments and an unfermented control, testing impacts of fungal fermentation duration
and induced mushroom formation. Pasteurised corn stover was inoculated with P. ostreatus mycelium and fermented for 0,
2, 3, 4, or 8 weeks, and some 4 and 8-week substrates were induced to produce mushrooms. Dried fermented stover (40%)
was added to a 1:1 corn/soy grain mix and fed to crickets ad libitum for 44 days. Cricket mass, mortality, and maturation
were measured weekly. The unfermented control group showed higher survivorship compared to several fermented diets.
Total mass yield was 16.5+10.7% higher in crickets fed unfermented control diet than the combined mean for all fermented
diets. Little variation in cricket iron content was observed via ICP-spectrometry across feeds, averaging 24.6+1.0 pg/g.
To determine iron bioavailability, we conducted ix vitro Caco-2 human colon epithelial cell absorption assays, showing
that iron in crickets fed fruiting-induced stover was more bioavailable than in unfruited treatment groups. Despite more
bioavailable iron in crickets reared on post-fruiting substrates, we conclude that Pleurotus-fermented stover is an unsuitable
feed ingredient for G. bimaculatus due to high mortality and poor yield.

Autonomous modular waste management infrastructure using black soldier flies

0.Y. Yarger and L.C. Chao
Goterra, 12 Arnott Street, Hume ACT, 2620, Australia; liza@goterra.com.au

Waste management is evolving. To build a circular economy we need to redesign the waste management system from
the ground up. Globally food waste is directly responsible for 8% of carbon emissions. One third of all food produced is
lost or wasted (1.3 billion tonnes), costing the global economy ¢.$940 billion each year. The biggest contributors of food
organic wastes come from households and businesses, often at low volumes and unpredictable composition. Inefficient
logistical solutions for the transportation of this waste and nearby infrastructure exacerbates the issue further and has seen
little change over time. We require Infrastructure that is agile enough to manage different organic waste types and their
associated logistics requirements. Insect bioconversion is a growing trend but still proves to be inaccessible and costly for
many towns and cities. Goterra has developed the methodology to unlock technology driven solutions to enable access to
insect bioconversion whilst redesigning waste management solutions using black soldier flies. Goterra explores solutions
to conveying, accepting and processing waste and ensuring the insects will consume it from a start-ups perspective. An
autonomous, modular solution has been developed to bridge the logistical gap by enabling the separation and bioconversion
of packaged organic waste onsite through BSF’s. The bioconversion from the BSF’s also produce highly sustainable protein
and soil enhancer onsite. This solution involves a modular infrastructure for biological services (MIBS), where each unit
can process up to 5 tonnes or packaged waste a day. It has been proven that a MIBS stack has a practical time to market
starting at 6 months at a competitive rate and little to no disruption to the site’s current waste removal process. This method
can be easily adopted by any city or town that is both environmentally and financially sustainable. The research explores
the challenges faced using rapid prototyping in parallel with design and delivery to the client. Continuous learning and
learner experience design onsite help support applied research and experimental development carried out by Goterra.
This relationship enables development of a robust solution when dealing with varying and contaminated organic wastes
based on food and packaging trends.
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Effect of food attractants on the oviposition rate of the black soldier fly (Hermetia illucens)

J. Zim!, H. Chkihl, P. Lhomme?3, M. Sarehanel, R. Elaini* and R. Bouharroud®

1 Agronomic and veterinary institute Hassan II, Horticultural Complex in Agadir, Plant protection, Complexe Horticole
dAgadir, BP. 121, 86150 Agadir, Morocco, “University of Mons, Research Institute for Bioscience, Laboratory of Zoology, 7000
Mons, Belgium, 3Entomonutris, 40000 Marrakech, Morocco, *Omnium Agricole du Souss, IPM, 80000 Agadir, Morocco,
>Centre Régional de La Recherche Agronomique d'Agadir (INRA), Integrated Crop Production Unit, 80000 Agadir, Morocco;
j.Zim@iav.ac.ma

The black soldier fly, Hermetia illucens (Diptera: Stratiomyidae), is a cosmopolitan fly. Its feeding behaviour, high productivity
and the high value of its larvae in macronutrients (mainly lipids and proteins) makes this species one of the promising
candidates for large scale insect farming and organic waste management. The reproductive rate, female oviposition
preference and oviposition attractants of H. illucens are understudied. A better knowledge of the attractants involved in
oviposition site choice would help maximising black soldier fly reproductive success. The current study aims to compare
the efficacy of four food attractants on the oviposition activity of H. illucens females. The trial was conducted in a cage
(11x1.25x0.9 m) with a volume of 12.38 m? and containing 92,900 adults (7,500 adults/m?). The cages were placed in a
rearing room where the conditions were: T=28+1 °C, RH=70+5%, photoperiod of 16 h light:08 h dark and light intensity
= 8,140 Lux). The tested feeds included fresh cattle manure, a mixture of tropical fruits (pineapple, banana, papaya and
mango), a rabbit feed, and fish waste (sardine, sardinella, and anchovy waste). The performance of each feed attractant
was evaluated in terms of the mass of eggs laid on the laying medium. This study showed that fruit mixture is the most
efficient attractant, followed by fresh cattle manure and fish waste while the rabbit feed was the least efficient. The results
of this study can be used to optimise the reproduction of the black soldier fly.

Life-history traits of the black soldier fly reared on differing diets: from larval development to egg
production

S.F. Laursen!, C.A. Flint2, S. Bahrndorffl, T.N. Kristensen! and J.K. Tomberlin2
1 Aalborg University, Chemistry and Bioscience, Fredrik Bajers Vej 7H, 9220 Aalborg, Denmark, *Texas A&M University,
Entomology, 2475 TAMU, College Station, TX 77843, USA; caseyflint@tamu.edu

The black soldier fly (BSF), Hermetia illucens (Diptera: Stratiomyidae), has been proven as a method for managing organic
side-streams (e.g. food waste, manure) as a means to produce a high-quality feed while protecting the environment (e.g.
reduction in noxious volatile organic compounds). In this study, BSF larvae were fed different food waste products (e.g.
oranges, carrots, brewers grain) that are common in Texas, USA to determine the impact on life-history traits from larval
development to the reproductive output. We determined that some life-history traits such as total larval biomass at harvest
did not differ based on diet, but other life history traits such as number of larvae at harvest did. These data indicate that
while BSF larvae are more efficient at converting some food waste products than others, valuable production products
(larvae, adults, and fertile eggs) can be produced on the diets utilised in this study.
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Zero waste protein factories: leveraging biology to empower the industry for waste-to-protein
conversion on-site

K. Unger
Livin Farms AgriFood GmbH, 2.HaidequerstrafSe 1, 1110 Vienna, Austria; katharina@livinfarms.com

A fifth of all the food that is produced in Europe becomes waste, equating to 88 million tonnes of food being lost on
a yearly basis, with associated costs estimated at 143 billion euros. About 30% of food waste is being produced during
processing or manufacturing. A typical food manufacturer company can easily produce 5,000 to 10,000 tons of organic
by-products every year. Many food companies have made the reduction of food waste one of their main sustainability goals
for the near future. Insect farming could significantly contribute to the reduction of food waste and a circular economy,
reintroducing nutrients from food waste directly into the feed chain. Also, the entrepreneurial appetite for integrating
revenue-generating zero waste solutions such as insect farming is growing. However, implementation of insect solutions
for waste upcycling on an industrial scale has been facing several challenges. Asides cost and sustainability concerns with
transport and logistics, the biological and economic feasibility of insect farming on various by-products remains a great
unknown for industrial food processors. This keynote demonstrates that, by diligent assessment of biological feasibility,
‘zero waste protein factories’ utilising black soldier fly larvae (Hermetia illucens) for ‘on-site waste-to-protein conversion’
could be economically feasible, already at a small industrial scale. The assessment factors include the biological assessment
of feed substrates and feed formulas, scale of the factories, as well overall economic feasibility. It highlights the potential
for industry players to not only save costs on disposal of their by-products but turn it into revenues while saving emissions
as compared to composting or biogas digestion.

Influence of (micro)plastics on black soldier fly larvae (Hermetia illucens) growth performance and
bioconversion

S. Lievens!2, G. Pomal, L. Frooninckx3, L. Van Campenhout?, A. Covaci! and M. Van Der Borght?

University of Antwerp, Campus Drie Eiken, Pharmaceutical Sciences, Universiteitsplein 1, 2610 Wilrijk, Belgium, >KU Leuven,
Campus Geel, Microbial and Molecular Systems, Kleinhoefstraat 4, 2440 Geel, Belgium, 3Thomas More, Campus Geel,
Kleinhoefstraat 4, 2440 Geel, Belgium; siebe.lievens@kuleuven.be

Packaging plastics are currently used globally in a myriad of food applications. Consequently, they are found in energy-
rich biological waste derived from the food industry, supermarkets, restaurants, and catering. Black soldier fly (BSF)
larvae (Hermetia illucens) are voracious feeders that can be reared on a wide range of biological materials and turn
such low-value waste into valuable biomass. Nevertheless, the presence of packaging plastics might affect their growth,
bioconversion, and chemical safety. In this study, it was investigated whether: (1) the contamination of substrates with
plastics affects larval growth and bioconversion; and (2) BSF larvae are able to clean contaminated plastics adequately. To
investigate these aims, BSF larvae were reared on substrates (667 and 1000 mg/larva) containing different amounts (w=1-
5%, on as is basis) and sizes (macro-, meso- and microplastics having a width of 5 cm, 5 mm, and 143 um respectively) of
polyvinyl chloride (PVC) packaging foil. During this experiment, the larval growth performance and the bioconversion
parameters (food conversion ratio, waste reduction ratio, and efficiency of conversion of digested and ingested food) were
determined. Afterwards, the remaining plastics were quantified and analysed upon potential polymer degradation and
oxidation induced by the BSF larvae. The BSF larvae grew well on all substrate types included in this study, and a mean
maximal larval weight of 194.5 mg was obtained. It was also found that the presence of PVC did not affect the survival
rate and bioconversion parameters, while the BSF larvae were able to decrease the amount of substrate present on the
plastics considerably. In addition, it appeared that the impact of the larvae on the physicochemical properties of the PVC
pieces and particles was negligible.
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INSECTACITY: benefits and risks of insect-based bioconversion for recycling bio-waste from urban
and peri-urban areas

E. Engell, C. Planche!, R. Thomopoulos!, C. Macombel, C. Nielsen-Leroux!, P. Bazoche!, C. Bressac?, A. Donkpegan!,
B. Medal, S. Mezdour!, S. Harchaouil, G. Boue!, M. Berril, P. Schlichl, S. Skibal, J.-P. Steyer! and P. Borel!
!INRAE, QuaPA, IATE, ITAP, Micalis, Smart-Lereco, SYSAAE BOA, SayFood, SAS, SECALIM, CSGA, NuMeA, LBE,
C2VN, France, 2CNRS, IRBI, Tours, France; erwan.engel@inrae.fr

In urban and peri-urban areas, where waste management is more than ever a major issue, insect farming may be an
ecological way to recycle bio-waste in a circular bioeconomy approach. Some insect species such as the black soldier fly
(Hermetia illucens) can grow on many types of organic substrates and can convert them into valuable by-products. There
may be a wide variety of insect bioconversion products since larvae are a natural source of micronutrients, amino acids
and antimicrobial compounds (chitin, lauric acid or antimicrobial peptides). They are also rich in proteins which can be
used for animal feed, in fats used for the production of biofuel, in chitin used in various industries, and they produce a
type of manure called frass that can be used as biofertiliser. However, besides its ecological and nutritional benefits, risks
of insect-based bioconversion should be identified and monitored. Indeed, some chemical contaminants may be found
in insect farming environment, in their feeding substrates or can be produced during processing methods. Moreover,
microbiological contaminants may be found in the insect farming chain. Therefore, it is necessary to assess the impact of
these contaminants on insect production but also to determine their fate in the insect (bioaccumulation or biodegradation).
It is also important to assess the environmental, social and economic impact of insect-based bioconversion and to determine
the consumer acceptability of these new processes and products. It is around this overall benefit-risk assessment that
the project INSECT4CITY is focused, bringing together 8 research divisions of INRAE, the French National Research
Institute for Agriculture, Food and the Environment. It will address, upstream of the development of this sector with very
high potential, all the questions that the general public, the legislator as well as the producers of insects can ask themselves
about this means of recycling bio-waste.

Brewing by-products as rearing substrates for black soldier fly: effects on larval growth and
conversion efficiency

I. Biasato, S. Bellezza Oddon, Z. Loiotine, A. Resconi, C. Caimi, V. Bongiorno, A. Schiavone and L. Gasco
University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco (TO), Italy; ilaria.biasato@unito.it

Brewing by-products are recognised as suitable rearing substrates for black soldier fly (BSF), but the potential of using
brewer’s spent grains (BSG) and brewer’s spent yeast (BSY) at different dietary ratios has rarely been investigated. This
study evaluated the effects of BSG-BSY-based diets on BSF larval growth, survival, and conversion efficiency. A total of
3,000 6-day-old BSF larvae were allotted to 5 dietary treatments (6 replicate boxes/diet, 100 larvae/box, 0.9 g diet/larva):
(1) BSY2.5 (97.5% of BSG + 2.5% of BSY); (2) BSY5 (95% of BSG + 5% of BSY); (3) BSY7.5 (92.5% of BSG + 7.5% of BSY);
(4) BSY10 (90% of BSG + 10% of BSY); and (5) control (GA, Gainesville diet). Larvae were individually weighed (at least
30/replicate) every 4 days (10 and 14 days of age) and at the end of their growth (5% of prepupae), and their survival was
calculated. Bioconversion efficiency corrected for residue (BER), reduction rate (RR), and waste reduction index (WRI)
were also calculated. Data were analysed by means of GLMM (IBM SPSS software, P<0.05). The BSY10 larvae overall
showed the highest weight among the BSG-BSY-based diets, but lower than GA (P<0.05). At 10 days of age, BSY7.5 and
BSY10 larvae displayed higher weight than BSY2.5 and BS5 (P<0.05), with BSY10 and GA being similar (>0.05). The
14-day-old larvae were also heavier when fed BSY7.5 and BSY10 diets than the other BSG-BSY-based diets (P<0.01), but
lighter than GA (P>0.05). At the end of growth, the BSY10 larvae showed the highest weight among the BSG-BSY-based
diets (P<0.05), being analogous to GA (P>0.05). Survival rates were similar among the diets (P>0.05). All the BSG-BSY-
based diets were characterised by higher BER than GA, with BSY7.5 and BSY10 larvae also displaying a better BER than
BSY2.5 and BSY5 (P<0.01). Similar RR and WRI were observed among the BSG-BSY-based diets (P>0.05), but lower than
GA (P<0.05). In conclusion, including 7.5 and 10% of BSY in BSG-based diets led to the best results in terms of BSF larval
growth and conversion efficiency. The study was funded by Fondazione Cariplo (CELLOW-FeeP).
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Agricultural systems of the future — sustainability through connecting insects, plants, and fish
production systems

C.M. Geilfus!, C. Herrmann?, A.J. Hempel3, P. Feindt!, W. Kloas%, U. Schmidt!, H. Mempel®, I. Mewis!, W. Yaktil,
V. Dietzel, D. Dannehl!, B. Buchholz2, J.T.W. Chenl, J.F. Cerdas? and C. Ulrichs!

{Humboldt University of Berlin, Thaer-Institute of Agricultural and Horticultural Sciences, Faculty of Life Sciences,
Lentzeallee 55/57, 14195 Berlin, Germany, 2Technical University of Braunschweig, Sustainable Manufacturing & Life
Cycle Engineering, Faculty of Mechanical Engineering, Langer Kamp 19b, 38106 Braunschweig, Germany, 3Chemnitz
University of Technology, Faculty of Electrical Engineering and Information Technology, Reichenhainer StrafSe 70, 09126
Chemnitz, Germany, *Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Fish Biology, Fisheries and Aquaculture,
Miiggelseedamm 310, 12587 Berlin, Germany, *Hochschule Weihenstephan-Triesdorf, University of Applied Sciences,
Greenhouse Technology, Am Staudengarten 10, 85354 Freising, Germany; wael.yakti@hu-berlin.de

In light of the current developments in climate change, growth of world population, unprecedented urbanisation, and
increasing diet- related diseases, there is an urgent need for a transformation in the food and agricultural systems. The
aim here is to present and discuss the approach of CUBES Circle (Closed UrBan Modular Energy- and Resource-Efficient
Agricultural Systems) which mimics an agro-ecosystem and connects production units such as of insects, plants and fish.
This allows closed fluxes of resources while producing healthy food under controlled conditions. The residues of the
production in the higher trophic level, (e.g. fish) are used as substrates for the production of food from a lower trophic
level (e.g. plants and insects). This means that resources (H,O, CO,, micro and macro nutrients) as well as the resultant
energy and exergy will be recycled inter-connecting the trophic levels in the system. Since circularity and the principle
of zero-waste are the most important features of this system, using a generalist saprophage such as the black soldier fly
in the CUBES Circle offers the desirable advantages in filling the connection gap between plant and fish production.

Effect on environmental impact of circular feed inclusion in large-scale production of Alphitobius
diaperinus

N. Gianotten!, G. Berteletti!, N. Steeghs!, A. Parodi? and I. De Boer?

!Ynsect, Research and Development, Harderwijkerweg 141B, 3852 AB Ermelo, the Netherlands, >Wageningen
University & Research, Animal Production Systems chairgroup, P.O. Box 338, 6700 AH Wageningen, the Netherlands;
n.gianotten@protifarm.com

Larvae of the Alphitobius diaperinus (commonly known as buffalo mealworms) are reared on a large scale in the production
facility of Ynsect (formerly Protifarm), in the Netherlands. These larvae are currently used for both feed (petfood and
aquaculture) and food applications. Generally, insects are regarded as efficient converters of biomass into valuable
components like protein, but for optimal growth buffalo mealworms require sufficient nutrients in a balanced diet. As for
other livestock species, also in insect rearing a large share of the environmental impacts are associated to the feed used to
grow the larva. The use of circular ingredients in larval diets might reduce the environmental impact of larval production,
but it is unclear if the potential environmental benefits could be counteracted by a negative effect on larvae growth. In
our study we investigated the effect of circular diets on growth, performance and environmental impact of A. diaperinus.
For that, growth trials were performed in a Production Simulation setting with large-scale commercial conditions and
the environmental impacts were estimated using data from a large-scale production facility using a life cycle approach.
Circular diets resulted in a 12 to 18% reduction of larval yield. Despite the lower yields, the environmental impact per
ton of larvae was reduced by 35%, more than 50% and up to 33% for climate change, water use and land use, respectively,
compared to the standard diet currently used at commercial scale. Other environmental impacts such as resource use
(fossil) were increased with the circular diets. Although the results are promising, other factors such as the cost-price of
circular feeds and changes in the rearing system, need to be evaluated for their inclusion at a large-scale commercial setting.
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Evaluation of waste-based substrates for a black soldier fly farm in Guinea-Bissau

A. Resconi, S. Bellezza Oddon, 1. Biasato, Z. Loiotine, C. Caimi and L. Gasco
University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco, Italy; andrea.resconi@unito.it

Access to high quality feed is challenging for poultry farmers in developing countries. In cooperation with the university
of Turin, a community of poultry farmers in Guinea-Bissau started a pilot black soldier fly farm to evaluate the feasibility
of producing their own poultry feed. The aim of this study is to assess the performance of two diets, formulated using
locally-sourced waste. During the farm set-up, 5 waste streams were identified: dried cashew peels (DCP), chicken manure
(CM), spent brewer’s grains (SBG), rice husk (RH), and broken hen eggs (BE). The first diet (AF1), was composed by DCP
(17.68%), CM (8.58%), RH (8.58%), BE (1.98%) and water (63.73%), while the second diet (AF2) contained DCP (17.68%),
SBG (17.68%), BE (1.98%) and water (63.73%). Gainesville diet (GA) was used as control. A total of 1,800 6-day-old larvae
were weighed in groups of 5 larvae and divided in 18 boxes (6 replicates/diet, 100 larvae/replica) containing 1.8 g diet/
larva. Larvae were weighed individually every 4 days until reaching 40% prepupae. Survival, reduction rate (RR), waste
reduction index (WRI), bioconversion efficiency corrected for residue (BER), and time of development from larvae to
prepupae (L-P time) were valuated. Data were analysed by means of GLMM (IBM SPSS software, P<0.05). Larvae reared
on AF2 showed greater weights than AF1 at 10 days (T1) and at the end of the larval stage (END) (P<0.05). Larvae reared
on GA showed greater weights than both the experimental diets at T1 and END (P<0.001). Survival was similar in GA and
AF2 (P>0.05), but greater in both the diets than AF1 (P<0.05). The RR was higher in GA than AF1 and AF2 (P>0.05), while
AF1 and AF2 did not differ (P>0.05). The WRI showed comparable results, with GA higher than AF2, and AF2 higher
than AF1 (P<0.05). The BER was lower in AF1 than in GA (P<0.05), but AF2 was similar to both the diets (P>0.05). The
L-P was faster in AF2, followed by GA and AF1 (P<0.05). Prepupa weight was the greatest in GA, followed by AF2 and
AF1 (P<0.05). Concluding, AF2 yielded heavier larvae and prepupae, as well as a faster L-P, better survival and higher BER
than AF1, proving to be the most suitable diet. Study was founded by the Fondazione Cariplo project CELLOW-FEEP.

Conversion of canteen waste along one year operated by black soldier fly larvae for evaluating
heavy metal accumulation

E. Grosso!, M. Meneguz!, N. Regalli? and E. Cala2
1BEF Biosystems, via Tancredi Canonico 18, 10156 Torino, Italy, >Universita degli Studi del Piemonte Oriental, Via Michel 11,
15121 Alessandria, Italy; francesca.grosso@befbiosystems.eu

In the world, there are about 244 million t/year of waste from canteens and restaurant, while 4.7 million t/year only at the
Italian level. Canteen waste (CW) could be used for feeding larvae of insect to obtain new marketable product (e.g. feed and
frass). Black soldier fly larvae (BSFL) are voracious and polyphagous and CW is a complete food for them. Furthermore,
BSFL are capable to bioaccumulate some heavy metals thus allowing to obtain safe organic compost, but it requires to
evaluate the bioaccumulation for feed purpose. The CW was sampled once a month and the sampling was carried out for
a year from a local canteen, located in the Northern part of Italy. The feeding was conducted in quadruplicate in plastic
containers (12 1) placed in a rack inside a climatic chamber with 27 °C and 70% RH. In each box were allocated 2,000 g of
CW and 2,000 larvae of 5 days-old. Trial ended at 7 days and growth performances was evaluated. Initial diet, neonates,
BSFL and residue were sampled and oven-dried. Each sample was treated with acid digestion and with microwave. Elemental
analyses were performed with a spectrometer mass in triplicate for evaluating 27 elements. The aim of this research was
to evaluate the CW as BSFL rearing substrate investigating heavy metal accumulation and growth performances in BSFL.
The results reported an average of final larval biomass along the year of 227.0+114.95 g and a frass of 378.0+140.59 g.
The percentage of dry matter for initial diet was 26.1+10.31%, for final larval biomass was 35.3+6.55% and for the residue
of 57.9+19.24%. The ingestion of feed for BSFL was 298.1+168.10 g during the trial. As, Pb, Hg, and Cd are regulated at
European level for feed between the heavy metals analysed in this study. As, Pb, Hg, and Cd were under the maximum
levels in CW for initial diet, neonates, residues and BSFL. The use of CW seems available for BSFL rearing. The results
showed good growth performances and heavy metal values under the maximum limits indicated by the EU legislation.
The hazard connected to the heavy metal accumulation operated by BSFL did not be recorded by our results.
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Microbiological impact of heat treatment on supermarket waste as substrate for black soldier fly
(Hermetia illucens)

N. Van Looveren, D. Vandeweyer, L. Verbaet and L. Van Campenhout
KU Leuven, Department of Microbial and Molecular Systems, Research Group for Insect Production and Processing,
Kleinhoefstraat 4, 2440 Geel, Belgium; noor.vanlooveren@kuleuven.be

About 13% of the global food waste originates from supermarkets. This supermarket waste can be reused as valuable
substrate for rearing black soldier fly larvae (BSFL) and be converted into high value biomass. An important point of
attention is the possible presence of food pathogens, since substrates for insects should meet legal regulations and
microbiological criteria. Hence, there is a need for treatments that reduce harmful organisms, such as a heat treatment. As
part of the FACCE SURPLUS UpWaste project, supermarket waste was simulated by standardised mixing of supermarket
foods (without meat or fish), followed by inoculation with Salmonella Typhimurium and Staphylococcus aureus. Different
temperature-time combinations were applied on this supermarket waste, taking into account the coldest point of the
sample. Microbial counts were determined before and after the heat treatment. Afterwards, heat treated supermarket
waste was stored for two days at room temperature as well as in the refrigerator, and microbial counts were determined
after storage. In addition, the selected temperature-time combination was applied on supermarket waste containing meat
and fish and on non-inoculated supermarket waste, stored at room temperature for two days before the heat treatment.
While results showed that a heat treatment of 50 °C on supermarket waste was insufficient to result in a microbiologically
safe substrate, a treatment of 60 °C for 10 minutes succeeded to reduce the Enterobacteriaceae and S. aureus to below the
detection limit of 1 log cfu/g. Results also showed Salmonella to be absent in 25 g of supermarket waste. Storage of the heat
treated supermarket waste, both at room temperature and in cooled conditions, did not increase the Enterobacteriaceae
and S. aureus counts and still resulted in absence of Salmonella in 25 g. Experiments with supermarket waste containing
meat and fish and stored supermarket waste (which are currently being performed) will reveal whether the selected
combination of 60 °C for 10 minutes will also be sufficient to result in a microbiologically safe substrate for BSFL.

Evaluating 15 different by-products from greenhouse production as a wet feed for the yellow mealworm

C.L. Coudronl, S. Craeyel, D. Deruytterl, J. Claeys! and M. Van Der Borght?
!Inagro vzw, leperseweg, 87, 8800 Rumbeke-Beitem, Belgium, KU Leuven, Kleinhoefstraat 4, 2440 Geel, Belgium;
carl.coudron@inagro.be

Entomoponics has been defined as a production system that combines insect rearing and hydroponic greenhouse
production in the same environment. It is considered a way of increasing profitability by making more efficient use of space
and energy and reducing processing costs for organic waste. In an entomoponics setup we valorise the unused, climate
controlled space underneath the crop supporting gutters, which are suspended above the ground for ergonomic reasons.
Feasibility of a combined mealworm (Zenebrio molitor) and cucumber cultivation has recently been proven. Mealworms
are generally fed with dry wheat bran supplemented with a moisture containing food source. This moisture source could be
by-products originating from the vegetable production which would enhance the circularity of this cultivation technique.
In this study 15 different plant-based by-products were evaluated as a moisture source for mealworm cultivation in a
tomato greenhouse. Residues from the following crops: cucumber (fruits and foliage), tomato (fruits from two varieties),
zucchini (fruits), bell pepper (red, yellow and green fruits, and foliage), eggplant (fruits and foliage), strawberry (fruits
and foliage) and lettuce (foliage and roots), were supplemented ad libitum and results were compared with the reference
agar-agar. Mealworms were reared in 60 by 40 crates in four replicates per treatment. The effect of the food source on
the larvae growth rate and total insect production was determined. In addition, the nutritional value of the mealworms
was determined (for all treatments) as well as the potential presence of pesticides (for four of the treatments). Pesticide
exposure may have occurred both through direct contact when pesticides were applied to the crops above or indirectly
through their feed.
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Ammonia pretreatment of agri-food wastes to enhance black soldier fly larvae bioprocessing performance

D.A. Peguero'?, A. Endara?, M. Gold"2, C. Kunz3, M. Niu3, C. Zurbriigg! and A. Mathys?

!Eawag:Swiss Federal Institute of Aquatic Science and Technology, Sanitation, Water and Solid Waste for Development,
Ueberlandstrasse 133, 8600 Diibendorf, Switzerland, >ETH Zurich, Sustainable Food Processing Laboratory, Schmelzbergstrasse
9, 8092 Zurich, Switzerland, 3ETH Zurich, Animal Nutrition, Universitétstrasse 2, 8092 Zurich, Switzerland;
daniela.peguero@hest.ethz.ch

Black soldier fly larvae (BSFL) bioconversion is a promising bioprocessing technology. However, one major challenge
in BSFL waste processing, is that agri-food wastes (e.g. animal manure, agricultural crops and residues) tend to be low
in macronutrients and high in lignocellulosic fibre (e.g. cellulose, hemicellulose and lignin), resulting in longer larvae
development times and lower larval mass compared to when reared on high-value substrates (e.g. food waste). This
study aimed to increase BSFL process performance on four fibre-rich substrates by ammonia substrate pretreatment:
brewers spent grain, grass clippings, oat drink-by-product and cow manure. We first conducted experiments to identify
optimal aqueous ammonia dose (1 vs 5%, 25% conc.) and pretreatment time (3 vs 7 days) by comparing its effect on the
lignocellulosic substrate composition (neutral, acid and lignin detergent fibre) compared to an untreated control. Once
we determined the optimal pretreatment condition, we completed controlled feeding experiments with four replicates,
using ammonia pretreated and untreated substrates in a climate chamber (9 days, 2.5 larvae/cm?, 28 °C and 44-70% relative
humidity). Results demonstrated that for most substrates a dose of 5% achieved improved lignocellulosic degradation,
decreasing neutral detergent fibre by 6 to 22%, when compared to the untreated control. A pretreatment time of 3 days
performed best for all substrates, except grass clippings, which demonstrated better results at 7 days. Based on our results,
aqueous ammonia can result in fibre degradation of BSFL substrates and influence larvae performance. Although not
fully evident at this stage of the experiments, ammonia pretreatment of such fibrous wastes shows mixed results of larvae
performance depending on the substrates in question. This research works to increase performance of abundant fibrous
low-value waste streams for recycling within the food system.

Black soldier fly larvae transform blends of dairy manure and soybean curd residue

K. Rehman!2, M. Cail, A. Aziz Somroo'3, L. Zhengl, J. Zhang!, C. Hollah%, K. Wiesotzki* and V. Heinz*

1State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, 430070, China, PR.,
2Livestock and Dairy Development Department, Government of Punjab/South Punjab, Civil Secretariat, L&DD Department,
Bahawalpur, 63100, Pakistan, 3Pakistan Agricultural Research Council- Arid Zone Research Centre, Umerkot, 69100,
Pakistan, *DIL German Institute of Food Technologies e.V.,, Prof--von-Klitzing-Str. 7, 49610 Quakenbriick, 49610, Germany;
drkashif706@hotmail.com

The growing number of dairy farms results in significant manure production, which, when it’s not properly disposed of,
creates a hazard to the environment. Dairy manure has a high fibre content, which makes it difficult for the larvae of the
black soldier fly (BSF) to convert it into biomass. Therefore, the purpose of this study was to determine the effect of co-
digestion of dairy manure and another environmentally hazardous waste source: soybean curd residue. The waste sources
were given to BSF larvae at various mixing ratios, based on the waste source. It was discovered that mixing dairy manure
and soybean curd residue in a 2:3 ratio produced the best results in terms of development time (21 days), survival rate
(98.4%), waste mass reduction (75.4% wet and 56.6% dry waste mass), bioconversion (11.6% on a wet and 14.6% dry mass
base), feed conversion ratio (6.4 wet and 4.0 dry), nutrient utilisation (nitrogen 62.1%; phosphorus 52.9%; carbon 66.4%),
and fibre conversion (cellulose, 64.9%; hemicellulose, 63.7%; lignin, 36.9%). Based on the findings of scanning electron
microscopy, we may infer that black soldier fly larval activity did lead to structural alterations in cellulose, hemicellulose,
and lignin. We hypothesise that such changes in surface and texture are beneficial to the associated bacteria and, as a result,
contribute to waste reduction as well as larval development. Our findings indicate that Hermetia illucens’ co-conversion
of dairy manure and soybean residues might play a significant role in the management of dairy manure.
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Valorising potato waste using black soldier fly, Hermetia illucens

A. Alyokhin, M. Moyet and A. Buzza
University of Maine, School of Biology and Ecology, 5722 Deering Hall, ME 04469, USA; alyokhin@maine.edu

Disposal of cull potatoes often presents a challenge to potato growers. If left unattended, piles of cull tubers serve as a
reservoir of several important plant diseases. Their biological conversion into protein- and fat-rich biomass using larvae
of black soldier flies, Hermetia illucens, may offer a solution to this problem. We conducted a series of experiments testing
the suitability of cull potatoes for larval growth and development. Live tubers, whether intact or cut, were not suitable for
the larvae. At the same time, shredded, frozen and then thawed, and cooked potatoes were a good substrate for growing
larvae. Biomass accumulation increased with the increased amounts of potatoes given to larvae in a dose-dependent
manner. Nutrient profile of harvested larvae was comparable to that reported in literature. Larvae fed on raw potatoes
had significantly more ash compared to the larvae fed on cooked potatoes. There were no differences in other nutrients
and in the caloric values. Potato vines did not support larval growth by themselves but did not impede it when mixed
with shredded tubers. Black soldier flies may be successfully employed when other ways to utilise unmarketable tubers
are not available or practical for potato farmers.

Mealworm productivity and nutritional value upon growth on varying grain residues

L. Hénault-Ethier!2, N. Hottel, A. Fortin!, S. Claveau3, M.-H. Deschamps* and G. Vandenberg*

I TriCycle, 1401, rue Legendre Ouest, H4N 2R9, Montréal, Canada, *Institut national de la recherche scientifique, Centre
Eau Terre Environnement, 490, rue de la Couronne, G1K 9A9, Québec, Canada, 3Agrinova, 640 Rue Cété, Alma, Canada,
“Université Laval, Département des Sciences Animales, 2325 Rue de IUniversité, Québec, Canada; louise.henault-ethier@inrs.ca

To evaluate the potential of mealworms to upcycle milling residues two experiments were conducted to: (1) evaluate the
substitution potential of 8 types of grain residues compared to a wheat bran diet (control); and (2) develop a recipe based
on residual grain availabilities and larval biomass/productivity results. A total of 560 g of dry grains were placed in triplicate
6 1 containers, with a substitution ratio varying between 5, 10, 20, 60 and 100% of cereals. 25 g of 46 days old larvae were
placed in experimental bins at 25+2 °C and 65% humidity. Over 52 days, 21.0+3.5 g of carrot pulp (71.8%+3% moisture)
were provided twice a week. Individual larval biomass, mortality rate, and time to metamorphosis were monitored. Results
were analysed using a two factor repeated times ANOVA (grain x substitution rate). Based on total fresh larval biomass, 4
grains were equal or better than the control below 60% substitution (milling dust, soy meal, buckwheat and spent brewery
grains). Other grains decreased biomass at increasing inclusion ratios (corn, oat and barley screenings, bakery residues
and canola). In experiment b, 6 diets containing 20 or 25% of 4 or 5 types of grains (wheat bran, wheat, barley and oat
screenings and mixed milling dust) were compared to the control. All treatments led to similar fresh biomass productivity
(<10% variability). Diet with a higher carbohydrate (CHO) content did not affect larval CHO content (P=0.4537), but
significantly increased lipid content (from 20 to 30%, P<0.0001) and decreased protein content (from 60 to 50%, P=0.0002).
Increasing dietary content of NDF, ADF and ADL increased protein content of larvae. This suggest that milling residue
upcycling can both affect total biomass yield and nutritional value of mealworms, which is pertinent for the development
of a circular economy model where mealworms would be incorporated in chicken feed.
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Characterisation of penicillin bio-degradation in solid waste treatment by Hermetia illucens L. larvae

F. Li, J. Zhang and M. Cai
Huazhong Agricultural University, No.1, Shizishan Street, Hongshan District, 430070, China, PR.; cmm114@mail.hzau.edu.cn

As one of the most common antibiotics in the process of livestock and poultry breeding, penicillin G sodium (PEN)
cannot be completely metabolised in animals and released into the environment as urine or faeces. The residual antibiotics
will damage human health and destroy the ecological environment. Gradually, the insect technology -black soldier fly
larvae (BSFL) has efficient degradation ability of antibiotics in livestock and poultry faeces. Here, we demonstrated that
BSFL could degrade PEN with its intestinal microbes. After 12 days of treatment, the degradation rate of PEN mass was
more than 90% by BSFL. Five pen-resistant strains were isolated from the larval intestinal tract, which were BSFLG-
LAC1 (Morganella morganii), BSFLG-LAC2 (Bacillus velezensis), BSFLG-LAC3 (Bacillus subterraneus), BSFLG-LAC4
(Trichophyton mentagrophytes), and BSFLG-LACS (Lichtheimia corymbifera). The degradation efficiency of BSFLG-4
intestinal microorganisms was the highest, reaching 79.94%. This paper provides a new idea to eliminate PEN in livestock
and poultry manure.

Limitations in the usage of organic waste in black soldier fly large-scale insect rearing systems and
research relevance

C.A. Ochoa Sanabria, G.L. Olson and A. Vickerson
Enterra Feed Corporation, Research and Development, 20420 Stewart Crescent, Maple Ridge, BC V2X 074, Canada;
cochoa@enterra.com

In a world with an ever-growing population, the generation of organic waste remains an important concern. Every year
1.3 billion tonnes of food — one-third of the worldwide farm-to-fork production — ends up as waste as per the traditional
‘take-make-waste’ linear economic model. The migration towards a circular economic model is required to close the
gap between the ‘waste’ and the ‘take] thus redirecting the waste back into the production cycle. The larvae of Hermetia
illucens, also known as the black soldier fly, are currently produced in mass-rearing systems. Due to their capacity and
flexibility to grow in a variety of substrates, black soldier fly larvae offer a sustainable solution to recycling organic waste
and converting it into a high protein and fat ingredient for animal feed. However, using waste as feedstock for insect
rearing can be limited by several factors. Firstly, the location of the rearing facility can determine the types, frequency,
and availability of organic waste that is included in insect feeds. The lines between what is defined as waste and what is
defined as animal feed vary spatiotemporally and therefore need to be evaluated at a local scale. Another limitation is
the variability in the nutritional profile of the waste. Highly variable feedstocks lead to constraints in feed formulation,
forcing producers to search for alternative ingredients and therefore increase production costs. Feedstock variability
may also decrease biological stability throughout the rearing process leading to fluctuations in product quality. Lastly,
the physical-chemical characteristics of the waste could also introduce limitations. Different substrates require added
costs of processing and could generate constraints in downstream operational processes. The challenge for our industry
is to discover ways to innovate the inclusion of diverse organic streams by providing a consistent and available feedstock
supply that meets the nutritional needs of insects as well as the goals of insect-based product production.
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Mechanisms of ciprofloxacin degradation by black soldier fly larvae with associated intestinal
microorganisms

C. Yang, S. Ma, F. Li, L. Zheng, J.K. Tomberlin, Z. Yu, M. Fan and M. Cai
Huazhong Agricultural University, State Key Laboratory of Agricultural Microbiology, National Engineering Research
Center of Microbial Pesticides, College of Life Science and Technology, 430070, China, PR.; 695943743@qq.com

Antibiotics are challenging to degrade and are excreted by livestock which results in environmental pollution. In this paper,
we demonstrated that environmentally friendly manure bioremediation performed by black soldier fly larvae (BSFL) is a
wise alternative, which could effectively degrade ciprofloxacin (CIP) by approached 85.48% in artificial diet and 84.22%
in poultry manure within 12 days. They are up to 2.5-4.0 fold more than that achieved by natural fermentation. The five
CIP-degrading strains were isolated from the larval gut, two of which, named by Klebsiella pneumoniae BSFLG-CIP1
and Proteus mirabilis BSFLG-CIP5, could degraded CIP by nearly 98.22 and 97.83% in vitro, respectively. When the
intestinal isolates were re-inoculated to sterile BSFL system, the degradation level significantly increased up to 82.38%,
comparing with the sterile BSFL system (21.76%). It is proved that the larvae intestinal microbiota might carry out this
highly-efficient CIP-degradation. Furthermore, seven possible metabolites were identified for CIP-degradation in vitro,
and they were referring three main potential degrading mechanisms of hydroxylise, piperazine ring substitute and cleavage,
and quinoline ring cleavage. In conclusion, the present study may provide a strategy to reduce antibiotics pollution in
animal waste through bioremediation with BSFL and adjusted intestinal microbes.

Gas emissions from food waste conversion process by using black soldier fly larvae (Hermetia illucens)

X. Kong, M. Ye, J. Du, C. Wang and X. Ye
Jiangsu Academy of Agricultural Sciences, Institute of Animal Science, no. 50, Zhongling Street, 210014 Xuanwu, Nanjing,
China, PR.; xp_kong88@126.com

Using black soldier fly to convert food waste to produce insect protein and oil has become a research hotspot. However,
there are few studies on the characteristics of gas emission during the conversion of food waste by black soldier fly
larvae. Besides, it was reported that there were huge differences in NH,; emission when it was evaluated in Lab-scale and
Industrial-scale. In this study, food waste was used as the main feed for black soldier fly larvae in production-scale, and
the effects of four production conditions on NH, and greenhouse gas (CH,, N,O and CO,) emissions were investigated.
The results showed that the production of NH, could be significantly inhibited by increasing water content, as well as
the C/N of food waste and feed depth, and the total emission of NH, decreased by 53.77, 61.95 and 42.81%, respectively.
The total emission of NH, increased by 54.33% with the increase of larvae density. The emission of NH, emission caused
1.87 to 12.11% of nitrogen loss in different conditions. The initial characteristics of food waste have negligible effects on
the emission of CH, and N, O. The daily emission of CO, is closely related to the growth of black soldier fly larvae. The
lower C/N of food waste in the range of 10-30 could promote CO, emission during the transformation process. In this
study, and the properties of the initial feed were reasonably controlled by adjusting the moisture content, C/N, larvae
density and feed depth. The gas emission features by black soldier fly larvae during the conversion of food waste was
revealed, which can provide theoretical support for gas pollution assessment in the breeding process of black soldier fly.
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A novel BSF production technique for outdoor waste treatment

L.M. Scarr, A. Katikati and A. Steenkamp
Nambu Group (Pty) Ltd, Fairholme Farm, 6139 Grahamstown, South Africa; scarrlms@gmail.com

This abstract provides a high level assessment on the feasibility of using an outdoor black soldier fly (BSF) waste treatment
technique for the commercial production of larvae in tropical, subtropical and mild temperate climates. This work holds
significant value due to its implications on the accessibility and affordability of scaled BSF production, particularly within
developing economy and resource constrained contexts. The work was conducted in a commercial BSF production plant
of Nambu Group (Pty) Ltd in South Africa. The trials were done between the months of June to November 2021 (mid
winter to mid summer), where compost rows of varying sizes were established and monitored over the 6 month period.
Data collection was focused on outdoor temperature range, intra-waste temperature range, feed moisture content, larval
growth, final larval yield and feed composition. Production was recorded in a range of outdoor temperatures between
8 °C (446 °F) and 35 °C (+95 °F) on waste treatment volumes ranging from 100-500 kg per trial. These figures were then
compared to a control sample of indoor containerised production with the same feeding ratios, feed mixture, larval densities
and feeding depth. Comparative performance was noted between the indoor and outdoor approaches with an average
larval weight of 0.212 g produced outdoors and 0.239 g produced indoors. The outdoor technique resulted in slightly
lower yield of larvae p/kg feed given (approx. 22.2% conversion), whereas the control resulted in an average conversion
of approx. 23.7%. This difference was largely attributed to predation and crawl-off. Findings indicate that under suitable
climatic conditions and with some basic infrastructure and equipment, it is feasible to produce BSF economically and
at scale in an outdoor setting. This does require a set of parameters be met and suitable mitigation strategies provided
against crawl off and predation. This approach reduces the need for often costly indoor production space and waste
treatment containers, which are expensive to purchase and cumbersome to handle and maintain. The implications of the
work done are particularly promising for emerging BSF producers from the African Continent, but are equally applicable
to other developing regions.

The emission of greenhouse gases and ammonia during the processing of organic substrates by
black soldier fly larvae

AL Bastrakov!2, LV. Sokolov?, I.N. Abalakin?, Y. Matiuhin3, K.B. Gongalsky!, M.V. Vechersky!, N.V. Kostina! and
A.S. Zaitsev!

LA.N. Severtsov Institute of Ecology and Evolution, Russian Academy Sciences, Moscow, Leninsky pr. 33, 119071, Russian
Federation, 2LCC Entoprotech, Moscow, Ter Skolkovo Innovation center, Str. Nobel, H. 5, 121205, Russian Federation, 3LCC
Entoprotech, 2 Ner Halayla, PO. Box 3221 Caesarea Industrial Zone, 3079527, Israel; aibastrakov@gmail.com

Organic waste management methods are accompanied by the release of different amounts of various gases into the
atmosphere. This study focuses on the processing of 2 types of organic substrates using Hermetia illucens larvae (BSFL)
compared to traditional waste management methods such as landfill and composting. Mixture of food waste and food
production sludge were chosen as the model substrates. Determination of carbon dioxide was carried out on a stationary
installation of A.N. Severtsov Institute Ecology and Evolution (Moscow), which was connected to a portable field system
EGM-5 (USA). To determine methane and measure nitrogen, gas phase samples were collected using a syringe. The
concentration of gases was determined on a Kristall-2000 chromatograph. The content of the sum of soluble ammonia
and ammonium ion was determined on a photocolorimeter. The results of the experiments showed that the processing
of organic substrates by BSFL is a promising waste treatment method that can significantly reduce greenhouse gas and
ammonia emissions compared to traditional waste management methods. The period of processing by larvae is 8-10
days, and is much shorter than such methods as burial and composting. In addition, it is possible to obtain up to 25% of
the mass of larvae from the initial mass of waste. The biomass of larvae after additional processing can be of value as a
protein component for animal feed, and frass as an organic fertiliser. The main gas product when using BSFL technology
is carbon dioxide, which is released during the respiration of larvae and microorganisms. Methane and nitrous oxide have
been observed in minimal concentrations. The low layer of the substrate and the active movement of the larvae lead to a
reduction in the anaerobic zones, which is the main reason for the insignificant emission of methane.
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Multicriteria overlay to identify favourable regions for black soldier fly larvae bioconversion worldwide

M. Gold"?, S. Diener!, R. Siber!, C. Zurbriigg! and A. Mathys?

!Eawag, Department Sanitation, Water and Solid Waste for Development (Sandec), Uberlandstrasse 133, 8600
Diibendorf, Switzerland, 2ETH Zurich, Sustainable Food Processing, Schmelzbergstrasse 9, 8092 Ziirich, Switzerland;
moritz.gold@hest.ethz.ch

Globally, stakeholders are considering where to pursue black soldier fly larvae (BSFL) production for waste treatment
and animal feed production. However, to date, little is known about the most favourable production locations. Based on
available literature, correspondence with sector stakeholders (e.g. researchers, technology providers, insect producers),
and the authors’ knowledge, parameters identifying suitable locations include climate, availability of raw materials,
infrastructure and utilities, labour costs, an enabling business environment as well as access to feed/fertiliser markets.
Because priorities for these parameters vary with production scale, we identified regions most suitable for BSFL production
for three different scenarios: smallholder production (household), mediumscale production (several tons feedstock per
day) and large-scale production (>100 tons feedstock/day). Suitable regions were identified by overlaying geographical
data in R/GIS with different criteria per scenario. Apart from labour cost and the ease of doing business index, only
parameters which could be estimated on a subcountry level (e.g. 50x50 km) were used. These included temperature and
humidity (CHELSA data) and the production of municipal solid waste (MSW, World Bank), animal manure (cow, pig and
poultry, Gridded Livestock of the World) and agricultural by-products (104 crops of cereals, fruits, vegetables, oil crops,
roots and tubers). Africa, Asia followed by South America have best environmental conditions (by area) for small-scale
BSFL production. In contrast, climatised large-scale BSFL farms are more climate independent but rely on high-density
feedstock production. Areas of high (>5,000 tons/km? x year) MSW, manure and agricultural by-product production were
most abundant in India, Southeast Asia, Brazil, Argentina and Europe (by area). Tropic and subtropical regions are most
suitable for medium-scale facilities due to a favourable climate and lower labour costs. Findings of this research support
stakeholders in identifying favourable regions for in-depth analysis for BSFL production.

Intensified utilisation of BSF larvae for conversion of mycotoxin-contaminated maize into valuable
protein sources

C. Kipkoech!-2, J. Wesongal, J. Jaster-Keller2, S. Weigel?, C. Gottschalk? and R. Maul?

Jomo Kenyatta University of Agriculture and Technology, Horticulture and food security, 62000, 02000 Nairobi, Kenya,
2German Federal Institute for Risk Assessment, Department of plant toxins and mycotoxins, Max-Dohrn-Str. 8-10, 10589
Berlin, Germany, 3Max Rubner Institute-Federal Research Institute for Nutrition and Food, Department Safety and Quality
of Milk and Fish Products, Hermann-Weigmann-Str. 1, 24103 Kiel, Germany; kipkoechcarolyne@gmail.com

Mycotoxin contamination of maize in Africa is a severe problem, exhibiting strong adverse health effects, especially
regarding aflatoxins. Therefore, high percentages of the harvest cannot be regarded as safe. Contaminated maize kernels
that are not suitable for animal or human consumption can be reintroduced into the feed and food chain with a higher
value of protein. This can be achieved if the contaminated maize can be used to rear black soldier fly (BSF) larvae, without
the contaminants being accumulated by the insects. This could improve the worldwide expensive animal protein and
ecological challenges related to its production. However, whether this approach will optimise nutritional value, efficiency,
and sustainability of food production and processing is still under investigation. In this project, young larvae (1 and 5 days
old) were fed on naturally contaminated maize from Kenya. Clean maize and market waste were used as negative control
while 25, 50, 75, and 100% contaminated maize were used as interventions. The suspected maize contained aflatoxins,
fumonisins, deoxynivalenol, and zearalenone. Preliminary results indicated high survival of larvae with higher weight gain
in mixed market waste than in the 100% clean maize group. Data collection and analysis are ongoing with great hope that
this research will contribute to better quality animal feed and bridge the existing animal protein deficit.
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Sustainability aspects of waste-based small-scale insect rearing

J. Golaszewski, R. Galecki, E. Olba-Ziety, W. Miaskowski and W. Komar
University of Warmia and Mazury in Olsztyn, Center for Bioeconomy and Renewable Energies, Plac Lodzki 3, 10-727
Olsztyn, Poland; janusz.golaszewski@uwm.edu.pl

Food security and nutrition are among the global goals of sustainable development (SDG 2). In view of the growing
demand for food, the observed effects of climate change and declining natural resources, it is necessary to expand the
range of food produced and reduce the amount of agricultural waste. One of the solutions in this regard seems to be new
agricultural production systems focused on mass production of alternative organisms such as insects and alga, which
have the potential to use nutrients from agricultural by-products and waste for their growth and development. They
can convert different agricultural feedstock into protein and fat, including agriculture-based residuals that currently are
discarded as waste. The paper discusses and evaluates the economic, environmental and social aspects of the small-scale
insect rearing. The basis for the analysis was the assessment of a hypothetical production system in which agricultural
residues are converted into dried protein product, using Hermetia illucens larvae (BSFL). The whole production process
was modelled and simulated data were used for techno-economic analysis. Finally, the sustainability aspects of small-scale
insect rearing were discussed. Mass flow analysis on a per-batch basis of 18 days’ cycle showed different production effects
depending on the substrate. The greatest yield of larvae was obtained on food waste, followed by potato peel and wheat
straw. For the mentioned substrates, the final dry weight of the larvae amounted to 193.0, 169.5, 157.5 kg/batch and the
protein content to 91.1, 81.5, 69.1 kg/batch, respectively. The simulated results of the economic analysis showed that the
investment in BSFL production was profitable in conditions of feeding food waste or supplying a high value protein product.

Inclusion of 21 by-products for rearing Hermetia illucens: microbiological analysis

Z. Loiotine, 1. Biasato, S. Bellezza Oddon, A. Resconi, C. Caimi, D. Nucera, A. Ferrero and L. Gasco
University of Turin, Largo Braccini 2, 10095, Italy; zaira.loiotine@unito.it

The valorisation of by-products does not neglect food safety, but the implications have mainly been studied on single
by-products. This study presents the bacterial profile of Hermetia illucens (HI) larvae and their rearing substrates
resulting from the use of 21 industrial by-products stored as production waste by 12 firms. Six isoproteic, isolipid and
isoenergetic diets and one control diet (GA-Gainesville) were used for a growth trial. The concentrations of staphylococci,
enterobacteria, lactic acid bacteria (LAB), and aerobic and anaerobic sporigens were assessed in HI larvae (1.000 larvae/
replica) and their rearing substrates (three replicates/diet) at two times (t,=6 life days, t,=13 life days). Analyses were
conducted by plate counting and data were analysed by ANOVA and Tukey’s post hoc test (P<0.05). At t, both larvae and
substrates showed initial bacterial contamination. The initial concentration of staphylococci (2.5-6.2 log cfu/g) increased
in all substrates except Diet2, which had an acidic pH (3.3). The highest concentration of enterobacteria was detected in
GA (4.17 log cfu/g) — due to their ability to colonise wheat bran (50% GA) — and increased in all diets as a consequence
of larvae addition (3.8-8.8 log cfu/g). The initial concentration of LAB was high in substrates (4.3-6.1 log cfu/g) and larvae
(5.6 log cfu/g) and tended to increase in both substrates (5.4-8.8 log cfu/g) and larvae (5.7-8 log cfu/g). Aerobic sporigens
increased in both larvae and Dietl and GA substrates due to the potential presence of cellulolytic bacteria associated
with the degradation of draff (33% Dietl) and wheat bran (50% GA). Low concentrations of anaerobic sporigens were
found in all substrates (1.7-2 log cfu/g), except Dietl (3.2 log cfu/g). Their concentration also increased overtime after
the addition of larvae which may be due to the increase in pH promoted by the larval metabolism. Differently, the initial
high concentration in larvae (5.6 log cfu/g) decreased systematically overtime (2.7-5 log cfu/g). The use of industrial
by-products has an impact on the presence and levels of contaminants and requires the adoption of new management,
control, and stabilisation practices (e.g. UV light) for by-products, as well as ad-hoc regulations.
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Cellulose decomposition from the livestock manure by Hermetia illucens L. (Diptera: Stratiomyidae)

J. Z,N. Li, Z. Luo, M. Cai, L. Zheng, H. Feng and J. Zhang
Huazhong Agricultural University, Microbiology, National Engineering Research Center of Microbial Pesticides, College of
Life Science and Technology, 430070, China, P.R.; zhangmao511@hotmail.com

In a previous study, it was found that co-digestion of 40% dairy manure and 60% chicken manure with black soldier fly
larvae treatment had a higher conversion efficiency, and better degradation effect on cellulose. Therefore, in this study, we
compared cellulose hydrolysis, nutrient reduction, physico-chemical characteristics and conversion effects between the
mixed manure (40% dairy manure and 60% chicken manure) and 100% dairy manure, studied the microbial communities
in the larval intestine and manure by high-throughput sequencing, and revealed the differences of microbial communities
related to cellulose degradation between the mixed manure and 100% dairy manure. This study solved preliminarily the
problem that dairy manure is difficult to degrade due to its high cellulose content, and obtained high-quality insect feed
and biological fertiliser, which laid a theoretical foundation for large-scale treatment of livestock manure.

Effect of six isoenergetic, isonitrogenous, and isolipidic by-product-based diets on larvae performance

S. Bellezza Oddonl, I. Biasato!l, A. Resconil, Z. Loiotinel, C. Caimi!, L. Zaniboni2 and L. Gasco!
University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco, Italy, 2University of Milan, Via dell'Universitd 6, 26900
Lodi, Italy; sara.bellezzaoddon@unito.it

Agri-food by-products are generally poor in nutrients, but their combination can be optimised for black soldier fly (BSF)
breeding through substrate formulation. The present study aims to evaluate the effects on BSF larvae growth of six
isoenergetic, isonitrogenous, isolipidic (III) by-product-based diets (D1-D6) formulated using a combinations of 20 waste.
The Gainesville diet (GA) was used as control. A total of 4,200 BSF larvae were distributed to 7 treatments (6 replicates/
treatment). BSF larvae performance were determined by weighing 30 individuals/replicate every 4 days (T1: 10 day old;
T2: 14 day old) until the box reached 40% of prepupae. At larval stage end, larva-prepupa time duration was calculated.
Data were analysed by general linear mixed model. Considering the overall larvae growth, GA showed the best results
followed by D1 and D5, while D2 performed worst (P<0.001). No differences were observed between D4 and D6 (P>0.05).
Differently, D3 was statistically different from all groups (P<0.001). At T1, GA and D2 maintained the best and the worst
weight. Among the III diets, D1 was the greatest, and no differences were observed between groups D3-D5 (P>0.05) and
D4-D6 (P>0.05). At T2, all treatments were different from each other, except for D1 and D3 (P>0.05). The weight ranged
from 0.096 to 0.228 g, and diets were listed from lowest to highest weight as follows: D2, D6, D4, D3 and D1, GA, D5. The
longest development time was recorded for D2, while the shortest for GA (P<0.001). The D3 reached faster the prepupa
stage than D4 and D6 (P<0.001). D1 and D5 showed an intermediate result between D3 and D6 (P>0.05). In conclusion,
although diets had a comparable nutritional composition, BSF larvae growth was influenced by other variables. Since
by-products are extremely dissimilar from a physical point of view (particle size and water holding capacity), it is possible
to hypothesise that the substrate texture affected performance and development duration. The study was founded by
Fondazione Cariplo (CELLOW-FeeP).
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POWERFOOD: enhancement of thermal energy from biogas for the integrated production of proteins

L. Gascol, S. Bellezza Oddon?, Z. Loiotinel, A. Resconil, F. Adani2, M. Mellano3, E. Camelin3, A. Chiabrando3
and L. Biasato!

{University of Turin, Largo P Braccini 2, 10095 Grugliasco, Italy, 2University of Milan, Via Celoria 2, 20133 Milan, Italy,
3Consorzio Monviso Energia, Via del Gibuti 1, 10064 Pinerolo, Italy; laura.gasco@unito.it

Biogas and biomethane are pivotal points of the sustainable and circular economy development. Italy is a key player of
the sector, with more than 1,600 production plants, of which 80% are in the agricultural sector, making Italy the second
largest biogas producer in Europe. Biogas is produced via anaerobic digestion of organic materials such as manure,
slurry, urban waste, agricultural biomass, agri-food waste and sewage sludge. Biogas is used in combined heat and power
production, while the resulting material (digestate) shows interesting fertilising properties for agricultural applications.
The process of biogas upgrading allows to obtain biomethane, a promising biofuel which can replace fossil methane.
Biomethane will likely be used in the next years in the field of transportation, heating and cooling, as well as industrial
uses. As a whole, biogas and biomethane allow not only the exploitation of renewable energy sources, with considerable
savings of greenhouse gas emissions, but also the agricultural reuse of a by-product, with a reduction of mineral fertilisers.
The POWERFOOD project, granted by the Regione Piemonte (PSR 2014/2020, Mis. 16.1.1) and implemented with the
collaboration between two Universities and the Consorzio Monviso Agroenergia (gathering more than 150 biogas plants
in agricultural context), aims to evaluate the feasibility of recovering part of the thermal energy generated by biogas plants
to produce high-value protein materials. In particular, the goal of the project is the integration directly at farm level of the
technologies for the production of insects’ larvae (Hermetia illucens) and microalgae (Arthrospira platensis). Insects’ larvae
are gaining momentum as feed in the pet food sector, while microalgae such as spirulina already plays a key role in the field
of food supplement. The activities of the project will range from the optimisation of the growing parameters in the two
pilot plants, to the evaluation of the potential revenues coming from the production of these high added-value products.

Multifaceted approach to high fibre waste management using black soldier fly larvae

P. Yadav
Livin Farms AgriFood GmbH, 2. HaidequerstrafSe 1, 1110 Vienna, Austria; katharina@livinfarms.com

With global food demands predicted to increase by 50% between 2020 and 2050, there will be a proportionate rise in the
residual waste from food harvest which demands environmentally low impact strategies for management of such wastes.
Black soldier fly (Hermetia illucens L.) larvae are being explored extensively as an economically viable solution for food
waste management due to their ability to convert a wide range of low value substrates into high value animal proteins
thereby simultaneously addressing the demand for animal feed. However, while several studies have assessed conventional
waste substrates such as pre-consumer wastes and animal feeds, the residual waste from food harvest remains less explored.
These wastes are high fibre substrates and have poor nitrogen to carbon ratio. Since black soldier fly larvae (BSFL) do
not possess gut microbiota capable of breaking down lignocellulose effectively, the substrates need to be modified for
consumption by BSFL. This study assessed the feasibility of different high fibre wastes, as feed, for BSFL. The impact of
fermentation, inoculum and a modified feeding regime coupled with nutritional additives on palatability of the substrates
is investigated. The fermentation or inoculum alone, as done in this study, is not sufficient to convert the substrates to
a feasible feed. However, supplementing substrates with nutritive additives, at different time points during the rearing
cycle, to assist larvae in digesting the main feed showed a 10-fold increase in bioconversion compared to control. The
findings demonstrate that high fibre wastes are not indigestible to BSFL and require a multifaceted approach to enhance
their nutrient availability to larvae thereby improving the rate of bioconversion.
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Turning waste into protein-based materials by using black soldier fly larvae: the RICH project

D. Bruno!, M. Orlando!, G. Mollal, L. Pollegionil, E. Testa, E. Fasoli, M.S. Galimberti2, V. Torrettal, A. Vezzullil,
U. Giese3, M. Casartelli* and G. Tettamantil

{University of Insubria, Via Dunant 3, 21100 Varese, Italy, *Politecnico of Milano, Piazza da Vinci 32, 20133 Milano,
Italy, 3Deutsches Institut fiir Kautschuktechnologie, Eupener Str. 33, 30519 Hannover, Germany, *University of Milano,
Via Celoria 26, 20133 Milano, Italy; daniele.bruno@uninsubria.it

Waste valorisation plays a key role in supporting sustainable development and promotes the transition towards circular
economy models. In this scenario, the use of insects as a primary agent for organic waste reduction and bioconversion
into biomolecules could relieve problems related to its management and, at the same time, generate innovative biobased
products, with environmental and economic benefits. The project RICH (Turning Rubbish Into biobased materials: a
sustainable CHain for the full valorisation of organic waste) aims to develop an innovative and integrated circular economy
chain, which, starting from the biotransformation of the organic fraction of municipal solid waste (OFMSW), allows the
targeted production of biobased materials with high technological value and environmentally friendly, such as bioplastics
and other advanced protein-based materials. The results obtained in the first part of the project demonstrate that BSF
larvae were able to efficiently reduce OFMSW, as indicated by all the bioconversion indexes. Moreover, their protein and
lipid content were 39 and 44% (DM), respectively. Following separation and purification, a similar crude lipid content was
determined for larvae and pupae, i.e. <42% (DM), while the relative protein yield by employing a pH-solubility method of
extraction resulted in a significantly higher amount from pupae (41.2+2.3%) than from larvae (31.8+1.5%). Protein extracts
obtained from both developmental stages were deeply characterised by means of proteomics, and physical and analytical
techniques. SDS-PAGE revealed a wide distribution of polypeptides’ molecular weight with values higher than 250 kDa.
Both extracts, with the addition of plasticisers, were used to produce free-standing and flexible biofilms, thermally stable
up to about 150 °C, with high quality, in particular from larval extracts. The study was funded by Fondazione Cariplo
(2020-0900).

Heavy metals content in the Hermetia illucens larvae after various feed substrates processing

L.N. Abalakin?!, A.I Bastrakovl, L.V. Sokolov! and Y. Matiuhin?
{Entoprotech Ltd, Skolkovo Innovation Center, Nobel str., 5, 121205 Moscow, Russian Federation, >Entoprotech Ltd, 2 Ner
HaLayla 2, 3079579 Caesarea, Israel; i.abalakin@entoprotech.com

The increased content of heavy metals in the Hermetia illucens larvae biomass can be a significant problem for using it
as part of feed for animals farming. In this report, the heavy metals content in the larvae biomass was studied depending
on different feed substrates compositions. The experiment took place at Entoprotech production plant in Penza region,
RE. Wheat bran, food production sludge, vegetable mixture and mushroom waste were used as feed substrates. Feed
substrates were inoculated with 5DO larvae with a density of 5 cm™2. When processing was completed, the larvae were
separated from the frass and dried using infrared complex. Part of the dried biomass was defatted using a screw oil press
to produce meal samples, which were also selected for heavy metals studying. The prepared samples were tested for the
content of nine toxic elements: Zn, Cd, Co, Mn, Cu, As, Ni, Pb, Hg, Cr. Statistical processing of the results of the study
was carried out using Anova, paired comparisons were performed using the Tukey test. The results showed that the initial
feed compositions significantly varied among themselves in the content of the main types of metals studied: Cd, Co, Mn,
Cu, Ni, Zn. It was found out that the content of heavy metals varied significantly in meal samples produced from larvae
using defatting process. Dry larvae grown on various feed substrates differed only in the content of Mn and Cu. The
concentration of the remaining heavy metals in the studied samples was the same. Thus, the studied samples differed in the
concentration of Cd, Mn, Cu, Zn, Cr and Pb, while the content of As, Hg, As and Ni remained the same. The accumulation
of some researched elements by Hermetia illucens larvae after processing was observed. Thus, concentrations of Cd, Mn,
Cu and Zn clearly accumulated from the feed substrate in meal samples. Finally, we checked using of sorbents (limestone
and zeolite) to reduce the toxic elements content in the insect product. The obtained data showed the opposite result.
The content of toxic substances growth up with increasing of concentration of the sorbent in the substrate.
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Valorisation of waste by-products from olive pomace industry by using black soldier fly larvae as
bioconverter

G.IL Ascrizzil, F. Grosso?, R. Fortina! and M. Meneguz?
Universita di Torino, Via Verdi 8, 10124 Torino, Italy, >BEF Biosystems, via Tancredi canonico 18, 10156, Italy;
giorgio.ascrizzi@edu.unito.it

The expected exponential growth of the population combined with economic development and rapid urbanisation will
generate greater demand for food, with a consequent increase in the production of waste and by-products. Black soldier
fly larvae (BSFL) can grow on a wide range of wastes and have a high nutritional value, making them a valuable source of
protein for the feed industry as possible replacements for soybean meal and fishmeal. In the agri-food sector, the olive oil
industry is penalised by waste disposal processes. The management of olive pomace (OP), a by-product of this industry,
is one of the major environmental problems due to its highly polluting nature and its high disposal costs. The aim of this
research was to evaluate the effects of OP as a component of BSFLs rearing substrates on their development and waste
reduction efficiency (WRE). To evaluate the effects of OP on BSFLs, three different inclusions of OP in a commercial diet
for BSFLs were compared by modulating the amount of OP in it (control: 0%, S1: 10%, S2: 20% of total). 2,000 larvae per
replica were used to evaluate it and four replicates per treatment. Increasing the OP concentration in the rearing substrate
had no significant effect on the growth performance of the BSFLs, despite the higher content of structural carbohydrates
(e.g. lignin). Instead, the high amount of lignin in the OP influenced the WRE of the BSFLs: their capacity decreased as the
concentration of OP in the substrate increased. An abnormal BSFLs mortality was found in a sample reared on a substrate
with 20% OP. The cause of this unexpected mortality could be due to the persistence of a broad-spectrum pesticide in the
olive grove pest management. OP can be used as a component of rearing substrates to breed BSFLs. The use of different
percentages (up to 20%) of OP in the BSFLs rearing substrate can be considered as a valid solution for its utilisation and
recycling, hence OP could be considered as a potential resource for the insect sector and not only as a waste product.
Future research will be of interest to gain a fuller understanding of how pesticide residues in OP affect BSFLs.

Growth of black soldier fly larvae (Hermetia illucens) on heat treated supermarket waste

N. Van Looveren!, D. Vandeweyer!, L. Frooninckx?, S. Van Miert? and L. Van Campenhout!

1KU Leuven, Department of Microbial and Molecular Systems, Research Group for Insect Production and Processing,
Kleinhoefstraat 4, 2440 Geel, Belgium, >Thomas More University of Applied Sciences, Radius, Kleinhoefstraat 4, 2440 Geel,
Belgium; noorvanlooveren@kuleuven.be

Nowadays, about one third or around 900 million tonnes of the globally produced food is lost or wasted in the food supply
chain, and about 13% of the food waste is originating from supermarkets. This supermarket waste can be upcycled by as
substrate for rearing black soldier fly larvae (BSFL). BSFL can grow on a wide variety of organic materials and are able to
convert low value substrates into high value biomass. Because of the possible presence of food pathogens in supermarket
waste, a heat treatment is required to reduce harmful organisms and create a microbiologically safe substrate. Since this heat
treatment can also have an detrimental influence on the nutritional quality of the substrate and potentially kill beneficial
micro-organisms that promote the growth of BSFL, it should be evaluated whether the larvae can still thrive well on heat
treated supermarket waste. As part of the FACCE SURPLUS UpWaste project, BSFL were reared on supermarket waste.
This supermarket waste was created by standardised mixing of foods (without meat or fish) from a supermarket. A heat
treatment of 60 °C for 10 minutes was applied in order to result in a microbiological safe substrate (as shown in previous
research). BSFL were reared either on freshly prepared, untreated supermarket waste and on heat treated supermarket
waste. Larval performance and bioconversion were measured during the experiment. These experiments (which are
currently being performed) will reveal whether BSFL can grow well on heat treated supermarket waste and whether
differences in growth performance occur between the untreated and heat treated supermarket waste.
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Processing side streams from the agri-food chain with black soldier fly (Hermetia illucens) larvae

C.L. Coudron, D. Deruytter and J. Claeys
Inagro vzw, Insect Research Centre, leperseweg 87, 8800 Rumbeke-Beitem, Belgium; jonas.claeys@inagro.be

At every link of the agri-food supply chain organic side streams can arise. Some plant parts never leave the field (e.g.
brussels sprout stalks) as there is no current market for those products and others are unsuitable to be marketed (e.g.
tomatoes with blossom-end rot). Further down the chain, some side streams occur during processing (e.g. cheese whey;,
potato peels) and some arise due to a limited shelf life in retail. Larvae of the black soldier fly are often proposed as efficient
converters of low grade biomass into high grade biomass (proteins and fats). Previous research gave an indication of the
required structure and water retention of feeding substrates suitable for rearing black soldier fly larvae as well as their
nutritional requirements (25-35% dry matter (DM) and 10-20% protein on a DM basis). However, not all side streams
are equally nutritious and these need to be properly mixed, preferably with other side streams, to get a suitable rearing
substrate for the larvae. Within the European H2020 project ‘Susinchain; a standardised protocol for feed trials was
developed and validated. This protocol was used to validate different side streams, which included leek foliage, Brussels
sprout stalks, cheese whey and unsold leftovers from a local retailer (a mixture of fruit and vegetables, bread and dairy
products). Experimental conditions were the following: ambient temperature was 27 °C, 60% relative humidity and 15,000
larvae per crate of 60x40 cm. Gainesville housefly diet was used as a control feed. The initial results indicate that BSF
larvae can survive on most substrates albeit with variable success. In the next step an economical assessment has to be
made to pinpoint the most cost effective feed.

Characterisation of hatchery residues to implement pre-treatment and black soldier fly larvae
bioconversion

M. Dallaire-Lamontagnel, B. Diarra2, J.-M. Allard-Prus?, J. Lavoie?, M. Koné?, G.W. Vandenberg!, L. Saucier! and
M.-H. Deschamps!

IFSAA, Université Laval, Dép. des Sciences Animales, 2425 rue de [Agriculture, Québec, QC, G1V 0A6, Canada, >Couvoir
Scott Ltée, 1798 Route du Président-Kennedy, Scott, Québec, GOS 3G0, Canada; marieve.dallaire-lamontagne. 1 @ulaval.ca

Black soldier fly (BSF) larvae have the potential to efficiently bioconvert hatchery residues while generating sustainable
alternative feeds. However, the management of hatchery residues bares feed safety and animal health issues. The
application of a pre-treatment will be necessary to stabilise these residues and reduce the risks associated with their use.
However, variations in the composition and storage conditions of hatchery residues will influence their nutritional value
and microbiological loads and thus, the pre-treatment process. The present study aims to characterise the nutritional
and microbiological quality of hatchery residues and to identify the critical values over a one-year period. To achieve this,
samples of hatchery residues (125 g), stored in a silo for a maximum of 24 hours, were taken every two weeks from May
2021 to April 2022. For each sampling event, triplicate samples were analysed for proximate composition, pH, colour
(L*a*b*, Chroma) and microbiological loads (total mesophilic aerobes (TAM), enterobacteria (ENT), lactic acid bacteria
(LAB)). Principal component analyses were applied to visualise the interactions between these parameters. From May to
December, despite significant variations with time, all residues were found to be rich in energy (2,498.0 to 5,799.87 Cal/g,
DM), protein (21.28 to 43.65%, DM) and fat (14.55 to 28.61%, DM), but low in carbohydrate (0 to 15.25%, DM). The ash
content is highly variable (12.32 to 49.14%, DM) and depends on the eggshell content. Microbiological loads are high for
TAM (7.06 to 8.79 log cfu/g), ENT (6.30 to 8.55 log cfu/g) and LAB (6.65 to 8.93 log cfu/g) based on Quebec provincial
guidelines for raw poultry and egg products. The determination of critical thresholds for residue quality will allow us to
identify suitable pre-treatment processes aiming to store and improve hatchery residues and their bioconversion by BSF
larvae. This project will provide data for the accreditation of insect products fed with animal co-products in Canada.
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Valorisation of pretreated biogas digestate with black soldier fly (Hermetia illucens) larvae

C. Pas'23, D. Brodeur?, M.-H. Deschamps?, Y. Lebeuf?, K. Adjalle?, S. Barnabé®, M. Eeckhout!, G. Vandenberg?
and C. Vaneeckhaute?

1Ghent University, Valentin Vaerwyckweg 1, Schoonmeersen, 9000, Ghent, Belgium, 2Université Laval, Département des
Sciences Animales, 2425 rue de IAgriculture, G1V 0A6, Québec, Qc, Canada, 3BioEngine, Université Laval, 1065 avenue
de la Médecine, G1V 0A6, Québec, Qc, Canada, “Institut National de la Recherche Scientifique, 490 rue de la Couronne,
GIK 9A9, Québec, Qc, Canada, °Centre de Recherche sur les Matériaux Lignocellulosiques, Université du Québec a Trois-
Riviéres, 3351 Bd des Forges, Trois-Riviéres, QC G8Z 4M3, Qc, Canada; daphne.brodeur@hotmail.com

Increasing concerns related to the negative environmental impacts of food waste has motivated the development of
new solutions to complete the organic waste cycle. One particular waste product, the solid digestate from anaerobic
digestion, has been identified for further bioprocessing. Black soldier fly (BSF, Hermetia illucens) larvae are known for
their great potential in the processing of organic waste. In this study, this potential was investigated to further process
digestate waste stream. Digestate is seen as a relatively low nutrient source for BSE. However, the lignocellulosic matter
in this residue could be enzymatically hydrolysed to release residual carbohydrates. For this study, digestate from a full-
scale anaerobic digestion plant in Quebec (Canada) which processes a range of feedstocks: fruits, vegetables, garden
wastes, sludge derived from dairy processing and wastewater was used. Digestate was treated with Accelerase® DUET
enzyme complex to hydrolyse lignocellulosic matter and compared to a standard diet. 600 four-day old larvae were fed
daily with 160 g (70% relative humidity) of diets for 6 days and harvested 3 days later. Although their growth and total
biomass were significantly lower than the standard diet, larvae fed on hydrolysed digestate were almost two times larger
than the larvae fed on crude digestate. Furthermore, the content of organic matter, lipids and minerals in the diets and
frass were analysed. According to this study, enzyme-treated digestate does not allow efficient larval growth compared
to the standard diet. The development of a more effective method of pretreatment is required for BSF larvae to become
an eco-friendly solution for digestate valorisation.

Effects of different larval densities of the black soldier fly in two types of livestock manures

B. Pisal, R. Castelfranchi2, J. Pisa! and T. Mastrangelo?
1Cyns company Ltd., Av. Roma no. 937, Sta. Terezinha, 13408-035 Piracicaba, Brazil, *Center for Nuclear Energy in
Agriculture, University of Sdo Paulo, DVPROD, Av. Centendrio 303, 13416-000 Piracicaba, Brazil; piaui@cea.usp.br

The use of black soldier fly (BSF) for biowaste processing is increasing in Brazil. However, the importance of some rearing
factors, such as larval density, have been overlooked. Most studies with different organic wastes are performed only with
a single predetermined density, but the quality of insects produced and the final amount of frass and organic matter
processed can be strongly influenced by the number of larvae inoculated. Therefore, this study aimed to determine the
effects of larval density on life-history traits of the BSF in bovine and ovine manures. The BSF eggs were obtained from
the company Cyns and seeded in a start diet made of chicken feed and coconut fibre, and, when the larvae were 5 day-old,
they were inoculated in plastic trays containing 7 kg of each manure in a room at 27-32 °C. Five different seeding densities
were tested in bovine manure (0.01; 0.025; 0.5; 0.1 and 0.2 g of eggs/kg of manure), while six densities were tested with
ovine manure (0.01; 0.017; 0.025; 0.5; 0.1 and 0.2 g of eggs/kg of manure). The mean larval periods (until appearance of the
1%t prepupa) were 8 and 7 days in the bovine and ovine manures, respectively. In overall, our results showed an increase in
larval mass at low densities and higher reductions of the manure mass at high densities in both substrates. In the bovine
manure, the mean individual prepupal weight reached 254+82 mg with a 48% reduction of manure weight at the 0.01
density, while the 0.2 density allowed a 64% reduction in manure weight but larvae weighting up to 117+27 mg/larva. In
the ovine manure, at the 0.01 density the mean final larval weight was 163+25 mg/larva with a 39% reduction of manure
weight, whereas the 0.2 density allowed a 49% reduction in manure weight but larvae weighting 79+19 mg/larva at the
harvest moment. In conclusion, if the consumer is interested in obtaining good quality larvae for mass rearing purposes,
low seeding densities of BSF eggs can be applied in both manures, but if the target is only to reduce the organic waste as
much as possible, high seeding densities should be used.
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The window of accessibility, a framework for bioconversion with Hermetia illucens

Y. Sageau, D. Bolduc, C. Bolduc, L.-F. Chavez-Salcedo, S. Perez-Cortez, J. Savard and C. Warburton
Entosystem, 4141 Rue Comtois, JIL 1R7, Canada; yanick.sageau@entosystem.com

Hermetia illucens larvae have been shown to have an incredible capacity to convert food waste into proteins and fertiliser.
This process is governed by many biotic and abiotic factors. Here we show the impact of feed moisture content, which
makes food available to larvae, larvae size, which plays on their ingestion capacity, and population density on their
bioconversion capacity. The interaction of feed availability and the total feed ingestion capacity (ingestion capacity and
population density) is shown to be the determining factors regulating bioconversion. We propose a general framework
based on these factors to better elucidate the synergy and complexity of rearing larvae in their substrate. This framework
enables us to maximise the bioconversion capacities of larvae when the food moisture content is sufficient, and to explore
ways of keeping moisture content at sufficient levels. The mechanisms suggested by this framework are directly applicable
to the good functioning of industrial insect rearing.

Improving Tenebrio molitor rearing performance and frass composition using carrot or mill
residues:hemp meal diet

J. Larouche, V. Banville and C. Lavigne
Centre de Développement Bioalimentaire du Québec, 1660, rue de la Ferme, Sainte-Anne-de-la-Pocatiére, GOR 120,
Canada; charles.lavigne@cdbq.net

Mealworms are a new nutrient source for humans and are also considered for upcycling food waste (FW) thus contributing
to decrease global use of agricultural feed. This study aimed to measure the impact of 5 FW on keys performance indicators:
biomass, larvae and frass composition, feed reduction (R), efficiency of conversion of ingested food (ECI). To do so, 4
wk-old larvae (2 larvae/cm?) were fed in two separate experiments (4 replicates each) with 0.8 g of diet on dry basis with
a water source uniformly dispersed (0.04 ml/larva) twice a week for 10 weeks. The first experiment compared three
FW provided as water source: carrot (C), potato (P), or apple pomace (A). Diet including C produced a greater biomass
followed by P and A (16.7+1.7, 14.5+1.6 and 10.9+1.6 g, respectively). Watering with C and P resulted in a greater feed
reduction of 21.3+4.9 and 22.2+3.1% compared to A (11.6+3.8%) stressing the importance of nature of the water source on
efficiency. Since the FW water sources were organic matter, it impacted the frass composition. Indeed, C and P resulted
in a lower carbon to nitrogen factor (C/N) compared to A (22.5+0.5, 22.9+0.4 and 25.2+,1.4 respectively). The second
experiment used C as water source but compared different ratios of mill residues:hemp meal (75:25, 50:50 or 25:75)
to a reference feed (RF; bran:corn; 1:1). Interestingly, the protein content of larvae fed with mill residues: hemp meal
treatments produced larvae with higher protein content (37.3+2.2%) and lower lipids extract (34.4+2.5%) compared to
the RF (34.1+2.6%, 41.5+1.6% respectively). The 75:25 diet showed larvae weight and ECI, similar to RF showing that FW
can replace agricultural feed without affecting rearing performance. Moreover, the mill residues: hemp meal treatments
generated frass with higher mineral content compared to RF which increased by two-fold their value as fertiliser. This
work provides key findings supporting that high quality larvae and frass can be produced using food waste as water source
and/or diets for Tenebrio molitor.
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Modelling utilisation of typical past due protein-rich waste streams by black soldier fly at a semi-
industrial scale

Y. Matiuhin!, A. Halpern!, K. Fotiev], T. Guerablil, I. Abalakin?, A. Bastrakov?, I. Sokolov? and A. Babitsky!
{Entoprotech Ltd., 2 Ner HaLayla, 3079579 Caesarea, Israel, >Entoprotech Ltd., Bolshoy Blvd., 42, Moscow (Skolkovo
Technopark), Russian Federation; y.matiuhin@entoprotech.com

Protein-rich waste generated by food industry may be valuable feedstock for black soldier fly (BSF) larvae. To explore
the feasibility of processed meat and dairy past-dues for potential enterprise, we analysed waste stream daily output in a
typical logistic facility and designed several potential diets with waste content of 33 or 40% by wet mass complemented
with bran and potato as structuring agents. The diets were evaluated at an R&D scale in a climate-controlled facility with
daily assessments of larvae growth dynamics, substrate temperature and humidity and detailed nutritional and physico-
chemical analysis of the substrate and end products. The bioconversion yield on all diets tested was above 22% with
some compositions demonstrating average efficiency above 25%. One of the compositions was tested at a semi-industrial
scale (1 ton) with bioconversion efficiency identical to the R&D processes. To conclude, protein-rich wastes are highly
suitable for the nutrition of the BSF larvae at the industrial setting with good humidity and temperature range, excellent
bioconversion and harvesting characteristics. Moreover, due to high bioconversion rate, recycling by BSF may unlock a
highly efficient environment-friendly means of utilising meat waste for non-productive applications.

Influence of different suboptimal feeding regimes on the performance of black soldier fly (Hermetia illucens)

N. Ribeiro!2, R. Costal’3 and O.M.C.C. Ameixa2

1Research Centre for Natural Resources, Environment and Society (CERNAS), Coimbra Agriculture School, Bencanta, 3045-
601 Coimbra, Portugal, >’Ecomare, Centre for Environmental and Marine Studies (CESAM), University of Aveiro, Campus
Universitdrio de Santiago, 3810-193 Aveiro, Portugal, 3Polytechnic Institute of Coimbra (IPC), Coimbra Agriculture School,
Bencanta, 3045-601 Coimbra, Portugal; ntribeiro@ua.pt

Among insect species reared as alternative protein sources, Hermetia illucens (black soldier fly, BSF) has shown a huge
potential mostly due to its high protein content, its bioconversion rates and versatility in using different feeding substrates.
As with traditional livestock production, insect rearing uses different feeding input regimes, mainly continuous or batch
feeding. Among the used substrates supermarket feedstock waste gained recent interest as a form to recover lost nutrients,
under a circular economy framework. However, several uncertainties remain regarding the heterogenous nature of these
substrates. This experimental work focuses on continuous feeding system and the potential effects of suboptimal feeding
under different conditions of temperature and substrate moisture that may occur between food supply events. To assess this,
we used seven different isolated vegetables as feeding substrates (wheat, pumpkin, apple, pomace, red onion, red cabbage,
spinach), and evaluated BSF performance and bioconversion parameters (biomass weight, survival rate, waste reduction
index, bioconversion rate, feed conversion rate and efficiency of conversion of digested food). Our results showed that
some substrates should be avoided when rearing H. illucens on feedstocks. Among these, apple led to poorer and slower
development performances, while pomace and spinach showed high mortality rates indicating that there probably some
anti-nutritional compounds. The substrates in which BSF presented good performances were, pumpkin, red cabbage and
red onion. The knowledge regarding the use of feedstock to feed insects and recover important nutrients is paramount
to achieve a true circular economy framework, in line with United Nations Sustainable Development Goals. This work
delivers relevant results for black soldier fly reared on continuous feeding system using vegetable feedstock substrates
and their potential trade-offs.
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Safety and bioconversion efficiency of aflatoxin contaminated maize by black soldier fly larvae

M. Gold], K. Niermans?3, N. Nyirarwego?, F. Jooste®, L. Stanford®, F. Uwamahoro?, E. Hoek?, B. Wilde®, J. Six%,
M. Wanja®, A. Mathys! and K. Nishimwe*

I{ETH Zurich, Sustainable Food Processing Laboratory, Schmelzbergstrasse 9, 8092 Ziirich, Switzerland, >Wageningen
University & Research, Wageningen Food Safety Research, Akkermaalsbos 2, 6708 WB Wageningen, the Netherlands,
3Wageningen University & Research, Department of Plant Sciences, Laboratory of Entomology, Droevendaalsesteeg 1, 6708
PB Wageningen, the Netherlands, *University of Rwanda, School of Agriculture and Food Science, PO. Box 4285, Kigali,
Rwanda, >The Bug Picture, Kimihurura, Kigali, Rwanda, SETH Zurich, Sustainable Agroecosystems, Universititstrasse 2,
8092 Ziirich, Switzerland; moritz.gold@hest.ethz.ch

Globally, 25% or more of food crops, and in Rwanda, 65% of maize are lost due to contamination with mycotoxins.
Previous lab/bench-scale research with spiked feedstocks suggests that black soldier fly larvae (BSFL) convert aflatoxin
contaminated agri-food side streams into safe nutrient-rich animal feed. In this research conducted in Kigali, Rwanda
(completed by May 2022), we study feed safety and BSFL bioconversion efficiency of naturally and highly aflatoxin-
contaminated (~400 mg/kg) maize at a pilot-scale bioconversion facility with the aim to establishing a commercially
viable and safe reuse option for mycotoxin contaminated agri-food side streams. Aflatoxin contaminated maize will be
separated from clean maize with an automatic sorting machine. Following, three different aflatoxin contamination levels
(25, 50, 100% of contaminated maize) will be produced by mixing contaminated with clean maize. The maize will be then
milled and mixed with organic waste at three different levels (40, 60, 80% maize of total BSFL diet based on dry mass)
to identify a commercial BSFL diet. Using typical commercial procedures (e.g. bin size 60x40 cm, density 4 larvae/cm?),
all diets will be fed to BSFL in controlled feeding experiments. Larval weight, bioconversion rate, feedstock reduction as
well as environmental parameters will be recorded, and larvae and frass analysed for nutrient composition. The safety
of the larvae will be assessed by comparing analyses results of mycotoxins and degradation products (AFB1/2, AFG1/2,
AFP1, AFQ1, AFM1, Aflatoxicol) to animal feed standards. Findings from this study will be shared during the conference.
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Influence of substrate protein content on T. molitor larvae composition and determination by near
infrared spectroscopy

N. Kroncke and R. Benning
University of Applied Sciences Bremerhaven, Institute of Food Technology and Bioprocess Engineering, An der Karlstadt 8,
27568 Bremerhaven, Germany; nkroencke@hs-bremerhaven.de

Near infrared spectroscopy appeared as a rapid technique for simultaneous quantitative determination of numerous
nutrient parameters and is used for process and quality control of feed and food. The yellow mealworm (Zenebrio molitor)
is an edible insect and an auspicious candidate for breeding and production on industrial scale. In order to provide a
balanced feeding or to achieve a favoured larval composition, it is necessary to monitor and regulate insect feeding.
In our precedent studies, we could ascertain that nutrient composition of the feeding substrate has an effect on larval
composition, especially on protein and amino acid content. The current experiments represent a new advance to consider
changes in the protein content of T. molitor larvae using NIRS combined with multivariate analysis. Living larvae were
scanned with a near infrared spectrometer using wave lengths from 1,100 to 2,100 nm. Various feeding substrates with
different protein and amino acid content were tested and the impact on larval composition was measured. Spectral curves
were correlated with larval protein content analysed by analytical standard methods. A calibration was evolved, using
MATLAB and PLS toolbox, with modified partial least squares as regression method. It could be shown that NIR spectra
were influenced by composition of feeding substrate and larvae, since the absorbance of the larval groups differed greatly.
Protein and amino acid content of the feeding substrate had a significant influence on the weight gain and development
of larvae. As a significant result, differences in larval composition could be determined, depending on feeding. With
respect to wet weight of the larvae, protein content varied from 10.5 to 22.6%. These results show, that the composition
of insects can be continuously recorded and calculated with NIR, so that specific feeding can be implemented as part of
larval development. The next step is to build a robust calibration for industrial scale rearing of T. molitor larvae, in order
to be able to develop process-optimised strategies for the best possible cultivation and processing of mealworm larvae.
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Practical guide to commercial BSF farming

B. Holtermans
Insect Engineers, Nijverheidsstraat 2a, 5961 PJ, Horst, the Netherlands; bob@insectengineers.com

Every day new entrepreneurs stand up wanting to start in the insect industry. They come with great enthusiasm looking
how they can start this new business. Assuming they can obtain the right knowledge they also get a reality check. Because
it’s not a business for a quick win. Like every other business you first need to realise who is your customer? Which sounds
logic but I see on a weekly basis that it’s not common. Is your focus on food, feed or waste? Do you want to produce as
many insect protein possible? Or is your focus to process the largest pile of organic waste? Considerations where every
new entrepreneur should be pointed out to. In my abstract the focus is on BSF farming with no focus on food, focus is on
feed and waste processing. The feed industry is a cost price driven market with demand of high volumes. Challenge for
the BSF farmer is that you can’t gradually grow your business. It starts with a pilot facility (f.e. 2 tons of wet waste per day)
and there you make the step to f.e. 50 tons of waste per day. So from the moment you start, also with a pilot, no matter
if you use trays or ZOEM racks. Figure out in advance your next steps. This again sounds logic. But when I started I've
seen many examples of farmers who started with trays but after 2-3 years stopped because the plan on how it would look
commercially was not taken care of and/or was not viable. That should be lessons learned. The commercial attractiveness
of your BSF farm has of course many factors. Location, energy cost, available waste, cost price waste, sales market, etc.
Some lessons learned I can share from Sanergy in Kenya. Who in practice today processes 160 tons of organic waste per
day. Their focus is processing as much as possible organic waste each day. For the EU grower that focus is less attractive
because the choice of which waste streams you're allowed to use is limited. At same time let that be a lesson for the decision
makers in EU. A quick focus is putting as much as possible substrate per m? floor surface. Which in itself is not bad but
everything has a tipping point. That is often a blind spot for the new to become farmer. Air circulation is very important
in BSF farming and it also has that tipping point. Practical examples can be shared in Quebec.

Multi-objective integrated decision support tool for SUstainable INsect CHAINs production

A. Bhatial’2, N. Mouhrim?, A. Green?, D.A. Peguero*, A. Mathys%, A. Tonda3 and S. Smetana?

IUniversity of Osnabriick, Neuer Graben 29, 49074 Osnabriick, Germany, >DIL e.V., Prof-von-Klitzing-Str. 7, 49610
Quakenbriick, Germany, 3INRAE, Université Paris-Saclay, AgroParisTech 16, rue Claude Bernard, 75231 Paris Cedex
05, France, *Laboratory of Sustainable Food Processing, ETH Zurich, Schmelzbergstrasse 9, 8092 Ziirich, Switzerland;
a.bhaita@dil-ev.de

Determination of insect production sustainability is a complex and challenging task. Life cycle sustainability assessment
(LCSA) of insect production can estimate social, economic, and environmental impacts. When insects are used as feed
and food, several aspects of sustainability must be additionally considered including food and feed production regulations,
factors that affect nutrition, social acceptance, and regulation of greenhouse gases. The multi-objective integrated decision
support system (DSS) based on: (1) modular LCA and scenario-based life cycle inventory superstructure databases that
analyse the environmental, social, and economic performance of multiple insect species (Acheta domesticus, Musca
domestica, Hermetia illucens, Tenebrio molitor); (2) analytic hierarchy process to evaluate and rank different insect
production scenarios based on decision-makers; and (3) non-dominated sorting genetic algorithm to obtain pareto-
optimal solutions covering all sustainability indicators to compare insect species production scenarios and to test the
sensitivity of results with different feeds, processing and utilities, type of end product, packaging, and scaling options.
The beta version of the DSS allowed to define that the most eco-efficient scenario in Europe was for house cricket (A.
domesticus) reared on plant residues subject to blanching and microwave drying and packaged in polyethylene foil. T.
molitor had the lowest carbon emissions despite the high non-renewable energy use compared to H. illucens. An online
web-based multi-objective integrated decision tool can demonstrate its effectiveness in identifying hotspots in the insect
production system. However, more data is needed. For the concept of insect production sustainability to be implemented
on a large scale, environmental accounting methods that include holistic environmental, economic, social, and technical
information are required.
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Enhancing control and hygiene with a dark cage/love cage-system for a black soldier fly nursery

S. Diener!, B.M.A. Dortmans? and C. Zurbriigg!
1Eawag: Swiss Federal Institute of Aquatic Science and Technology, Sandec, Uberlandstrasse 133, 8600 Diibendorf,
Switzerland, >Food for the Future, Panamericana Sur 257, Talca, Chile; stefan.diener@eawag.ch

The production of hatchlings in a nursery for black soldier fly waste bioconversion involves all life stages of the fly.
Knowledge on preferences and needs of adult flies and how to integrate this into operations is key towards fostering
successful mating with reliable oviposition and prosperous hatching. As adult flies are relatively fragile, staff handling
with direct contact to flies bears the risk of flies escaping from the cages when opened by staff, or death when staff enter
cages and step on resting flies. Another example is the increased risk of staff introducing contamination from outside
such as diseases, parasites or parasitoids. To minimise these risks we suggest more non-invasive techniques operations.
Another aspect is to align the life phases of the flies with the nursery tasks and to enable monitoring of key performance
indicators (KPI; e.g. fly density, sex ratio, oviposition, hatching). Monitoring of KPI helps determining the source of defect
in case of manufacturing errors. We present the rationale and experience when working with a dark cage/love cage-system
in the nursery. It consists of a series of dark cages, containing pupae of the same age. The cages form a repository when
adults eclose. Due to the lack of light in the dark cages, the flies remain inactive until they are attracted by a light source
to fly through a tunnel into the love cage. Love cages are mobile and sequentially connected to the array of dark cages.
This sequential operation ensures that: (1) the sex ratio in the love cage is well balanced; and (2) there are well defined
and sufficient number of adults of very similar age in the love cage. This fosters synchronisation of mating and egg laying.
The egg-laying peak can thus be clearly determined and all the eggs be harvested after a short time (4 days). After egg
harvesting the love cage is dismantled and washed. By separating the individual steps, monitoring of KPI such as eclosion
rate, mating rate or eggs/female is possible. In addition, there is no direct contact between staff and flies and the cages
can be washed at short intervals, which prevents the spread of diseases.

Ready-to-use packages of suspended BSF neonates with extended shelf-life for decentralised and
scalable insect farming

I. Alyagor, Y. Politi, M. Biton, V. Berkun and Y. Gilad
FreezeM Cryogenics Ltd, Nachshonim 1, 7319000 Nachshonim, Israel; idan@freeze-em.com

Insects, and more specifically black soldier flies (BSF, Hermetia illucens), are an excellent alternative feeding source for
farm animals as they have high nutritional value and benefits for the environment: they are efficiently grown in large
masses, contain high nutrient values, grown on organic waste and providing a green food resource to support population
growth. In order to make a true impact and replace existing components in animal feed, insect protein has to be produced
at an industrial scale, all year long and in a stable manner. With current technologies, this is not achievable yet, as the life-
cycle of insects is too short for them to travel great distances alive while preserving their development stage or integrity.
Therefore, BSF protein factories today must maintain their own breeding colonies on site. This process is highly expensive,
requires specialised knowledge, and is unreliable in terms of daily BSF egg output and defence faced with disease and
colony collapse. We developed a system for reducing the neonate metabolism and maintaining their size and viability for
two weeks. This suspended animation state is reversible as soon as the neonates are moved into regular feed. The larva
growth analysis shows a high survival rate in good fitness compared to normally grown larvae. The technology utilisation
is simple, works at ambient temperature, and is fit for industrial shipment of ready-to-use neonate packages directly to
the rearing sites. This enables for the first time the decoupling of the breeding (reproduction) processes from the rearing
(larvae growing) and processing steps in the insect farming supply chain and therefore creates a brand-new product in the
market: ready-to-use insect eggs and neonates with extended shelf-life. Using the suspended animation technology, we
can deliver pre-counted, ready-to-use packages of suspended BSF neonates with extended shelf-life. These packages can
be shipped globally from one breeding hub to rearing and processing facilities located near organic waste concentrations
used as larvae feed. These packages can be easily activated by deploying their content on organic waste feed, making the
rearing process a simple and steady practice.
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Evaluation of various feed additives and wet feeds for the development of Alphitobius diaperinus larvae

G.V. Baliotal, C.I. Rumbos!, A.A. Anastasiadis? and C.G. Athanassioul!
University of Thessaly, Department of Agriculture, Crop Production and Rural Environment, Fytokou str, 38446, Greece,
2Anastasiadis Forage, Chicken and Fish Feed, Kilkis, 61100, Greece; mpaliota@agr.uth.gr

The lesser mealworm, Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae), is among the insect species that are
registered in EU as alternative protein feed sources [Commission Regulations (EU) 2017/893 and 2021/1372]. However,
the success of its mass-rearing depends greatly on the optimisation of the dry and wet feed provided as growth substrate.
Little is known though about the effect of protein sources as feed additives on the larval development of A. diaperinus.
Similarly, limited information is available on the effect of different wet feeds provided as a moisture source on larval growth.
Thus, the objective of the present study was to evaluate, in laboratory trials, the effect of various protein sources as feed
additives, as well as different wet feeds as a water source on the growth and development of A. diaperinus larvae. In a first
series of bioassays, wheat bran was supplemented with protein concentrates of pea, soy and brown rice, as well as linseed
flour, brewer’s yeast and baker’s yeast as a protein source to form isoproteinic diets with 27.5% protein. Agar slices were
provided as a moisture source. In another set of bioassays, larvae were grown on wheat bran and different wet feeds as a
moisture source, i.e. carrot, potato, apple, agar and gelatine slices, as well as water crystals. Based on the results, the faster
larval development (time to pupation) and highest survival rate were recorded when wheat bran was supplemented with
brewer’s yeast. However, larvae fed on bran with baker’s yeast had the highest individual larval weight at the end of the
bioassay. All wet feeds tested supported larval growth, with the faster larval development and survival rates being noted
for carrot, potato and agar slices. These data aim to contribute to the optimisation of the mass-rearing of A. diaperinus
to meet the industrial demands. This study is part of the project ‘EntoFeed’ (MIS 513644) that is co-funded by Greece
and European Union under the ‘RIS Innovation Call 2020’

Optimisation of energy efficiency of industrial insect production with emphasis on climate control
system (EntoPower)

J.L. Andersenl!, C.H. Fischer!, L.L. Heckmann?, J. Fynbo? and H. Katz*

!Danish Technological Institute, Kongsvang Alle 29, 8000 Aarhus, Denmark, 2SKOV A/S, Hedelund 4, 7870 Roslev,
Denmark, 3Danish Insect Automation Aps, Sivlandsveenget 3, 5260 Odense S, Denmark, *Hermetia Baruth GmbH, An der
Birkenpfuhlheide 10, 15837 Baruth/Mark, Germany; jlan@dti.dk

The production setups of BSF are all based on a similar design — semi-automated warehouses with stacked production
trays. Controlling temperature and humidity during the production is of the outmost importance for a successful
industrialisation. The mass rearing of BSF results in very high heat production and gas emissions. This puts immense
requirements on ventilation and climate control which presently, to some extent, has been overlooked. In the EntoPower
project, an innovative ventilation concept for BSF production, based on in-depth experience from other intensive animal
farming, has been developed. The new heating and ventilation system aims to reduce the total energy consumption and
increase uniformity in larval development. Main results of the project will be presented, including: (1) Piloting the ventilation
concept: over a period of more than a yr. the ventilation concept has been developed and tested at a BSF-production facility.
Continuous improvements have been incorporated into the concept, including a combined scrubber and heat recovery
system. Moreover, during an extensive sensor-test, climate (temp., RH% and CO,) and tray temperature in multiple
positions was studied simultaneously providing greater resolution on climate uniformity. (2) 3D tray temperature profile:
A point measurement of temperature in the substrate/tray gives little information on the development because the larval
density may be unevenly distributed. As consequence, a 3D temperature sensor has been developed and patented. The
sensor is continuously mapping the temperature profile of the tray in all three dimensions. (3) Substrate impact on heat
and emission: Greenhouse gas emissions and heat development has been quantified using four different broadly applied
feeding substrates. The heat development showed a similar pattern for all the tested substrates whereas large differences
were observed in the gas emissions.
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Effect of Bokashi fermentation on Hermetia illucens (Diptera: Striatomidae) development and microbiome

M. Gebiolal, A. Garnical, Z. Clark!, A. Robles!, D. Pagliaccia?, J.K. Tomberlin3, Q. McFrederick! and K.E. Mauck!
University of California Riverside, Entomology, 165 Entomology Bldg. Citrus Drive, Riverside, CA 92521, USA, *University
of California Riverside, Microbiology & Plant Pathology, Boyce Hall 1463, Riverside, CA 92521 USA, 3Texas A&M University,
Entomology, TAMU 2475, College Station, TX 77843 USA; marcog@ucr.edu

Fermentation technology can enhance the digestibility of the substrate for insects used to digest biowaste such as the
black soldier fly (BSF) Hermetia illucens (Diptera: Striatomidae) and lead to improved performance and higher protein
yields, as shown recently for some bacteria evaluated singly, with other bacteria instead having a mostly detrimental effect.
The Bokashi technology is a method for treating biowaste using controlled lactic acid fermentation under anaerobic
conditions. So called ‘effective microorganisms’ (EM) consist of a mixed culture of microorganisms such as lactobacilli,
yeasts and actinomycetes. When substrates are inoculated with EM the microbial composition shifts, and secondary
metabolites that can perform beneficial functions are produced by the modified microbiome. Using a commercially
available Bokashi starter, we anaerobically digested two organic substrates, fresh oranges and brewery’s spent grains, with
the Gainesville diet used a control. We aimed at assessing the impact of the fermented solid fraction on BSF development
(weight, growth rate, developmental time from larvae to prepupae), on BSF protein content, on substrate bioconversion
efficiency and on microbiome composition of both BSF larvae and substrates (before and after BSF digestion) at the
industrial scale. Bokashi fermentation resulted in higher larval weight and reduced developmental time for BSF larvae
that fed on Bokashi-fermented substrates. The effect was particularly remarkable on fresh oranges, showing the capability
of Bokashi fermentation to increase the digestibility of an otherwise poor substrate. The effects of Bokashi fermentation
on the microbiome composition of both BSF larvae and frass will also be presented.

Influence of temperature on some selected life history parameters of the African Palm Weevil larvae
Rhynchophorous phoen

J.P. Anankware and S. Debrah
University of Energy and Natural Resources (UENR), Horticulture and Crop Production, PO. Box 214, Sunyani, Bono
Region, Ghana; shadrackdebrah@gmail.com

The African palm larvae Rhynchophorous phoenicis (E.) (Coleoptera: Curculionidae) have been identified as a potential
alternative to conventional protein sources from livestock and birds due to their rich nutritional content and the fact that
they can be reared on agricultural by-products. In establishing a protocol for mass production of R. phoenicis larvae, the
most crucial step is by understanding how temperature affects the egg, larvae, pupa, and the performance of adult during
oviposition. To identify a suitable temperature condition for continuous production of the larvae, four temperatures
(20, 25, 30 and 35 °C) were evaluated in an incubator at a constant relative humidity of 70% with a photoperiod of 12:
12 (L:D) h on different substrates. The results revealed that the developmental duration of R. phoenicis larvae decreased
with an increasing temperature above 30 °C whilst larval survival rate increased between 20 and 25 °C. The optimal
temperature range for egg, larval and egg-to-adult development was observed at an average temperature of 25 °C. The
extreme temperature with the fastest larval development rate and highest mortality was recorded at 35 °C. This means
that facilities and containers used to produce R. phoenicis larvae should be designed to withstand a temperature of 25 °C.
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The effect of variability on productivity

R. Kok
McGill University, Bioresource Engineering, Macdonald Campus of McGill University, 21,111 Lakeshore Rd, Ste-Anne-de-
Bellevue, QC, H9X 3V9, Canada; robert.kok@mcgill.ca

The issue dealt with here is the rearing of an organism from egg to larva to pupa as is commonly done with various mealworms
and black soldier flies, while organism development is the principal subject of interest. In order to obtain a uniform product
at harvest time, the population should be synchronised as much as possible and this means that variability in development
in the population must be reduced to the greatest possible extent. Four main sources of variability in development were
identified. (Organism composition is not dealt with here.) Two of these are operational, i.e. due to the process. These are:
(1) distribution of the initial ages of the eggs; and (2) distribution of incubation temperatures of the organisms. The two
other sources are biological in nature; (3) inherent variability in the development rate of individual organisms; and (4)
distribution in temperature sensitivity of the organisms (Q10 factor and inactivation rate). When combined, the impacts of
some of these factors are convoluted. The effects of the various sources of variability on production and productivity were
examined by means of simulation. In the paper it is illustrated how under a set of realistic reference conditions at harvest
time the mix of larvae/pupae is 86/14% which can then be reduced to 95/5% by better regulating the temperature. This
ratio can then be further reduced to 99/1% by narrowing the age distribution of the eggs. After that further improvements
can be achieved by breeding the organism so as to synchronise their development. This kind of exercise is useful in a
number of contexts: (1) during the very early stage of project planning, as part of preliminary project design, before any
formal design work is started and well before any major financial commitments are made; (2) during trouble-shooting of
a low-performing process in order to upgrade its product quality; (3) to develop specifications for egg age distribution,
design specifications for incubation equipment, etc.; (4) to better understand what data are required about the organism
of interest so as to facilitate process design; and (5) to set objectives for organism breeding efforts.

Impact of storage method on survival of early instar BSF larvae

V. Wiklicky and C. Lalander
Swedish University of Agricultural Sciences (SLU), Energy and Technology, Lennard Hjdlms Vig 9, 75007 Uppsala, Sweden;
viktoria.wiklicky@slu.se

Black soldier fly (BSF) farming has gained attention in past years and optimising the production of small-sized larvae has,
of late, been of interest. Previous studies have largely focused on optimising hatching substrates, temperature and relative
humidity ranges in the nursery, egg traps, or fly density and lighting. Less focus has yet been directed to storing different
life stages (larvae, pre-pupae or pupae) at temperatures below 16 °C for later use. Only a few studies have investigated
the lower temperature threshold or the development of early instar BSF larvae at temperatures around 10-16 °C, with
the purpose of discerning BSF larvae development or survival threshold but not cold storage at lower temperatures for
longer periods of time has yet been studied. Preliminary results have shown that desiccation or chill damage all lead to
losses in stored early instar larvae. Hence, the experimental setup was designed to slow larval growth by lowering the
temperature while simultaneously providing moisture throughout the storage period with different means. The temperature
in this study was chosen based on preliminary trials and on previously established lower-temperature thresholds from
literature. We investigated the survival rate of two sizes of larvae (<1 mg and >1 mg) for 2 durations (7 and 14 days) at a
constant storage temperature of 12.5 °C with different inclusion rates (33%, 50%, 66%) of moistened wheat bran (TS 23%)
during the trial storage period. For each size class, 12 trials were run, in which each factor combination was performed
in triplicates. Our findings show that early instar larvae can be stored for a later use at 12.5 °C if they are prevented from
drying out. Larvae weighing >1 mg have a higher rate of survival compared to larvae that weigh <1 mg. Survival rates
of >1 mg larvae drop significantly after 7 days if no additional moisture is added. The addition of moistened wheat bran
to prevent desiccation of the stored larvae increases the overall survival rate compared to adding no wheat bran or dry
wheat bran. These findings can be a useful tool to store early instar larvae if not used within the early days after hatching.
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Exploration of the effect of UV illumination on the production of house crickets (Acheta domesticus)

M. Psarianosl, A. Fricke?, S. Ojha! and O. Schliiter!3

Leibniz-Institut for agricultural engineering and bioeconomy (ATB), Department of Horticulture, Max-Eyth-Allee 100,
14469 Potsdam, Germany, *Leibniz Institute of Vegetable and Ornamental Crops (IGZ), Department of Plant Quality
and Food Security, Theodor-Echtermeyer-Weg 1, 14979 Grossbeeren, Germany, 3University of Bologna, Department of
Agricultural and Food Sciences, Piazza Goidanich 60, 47521 Cesena, Italy; mpsarianos@atb-potsdam.de

House crickets have been identified as a promising source of food and feed due to their rich nutritional profile and their
relatively easy rearing process. The aim of the study was to explore the possibility of introducing house crickets to an
integrative system, where they can be grown together with algae and plants. UV illumination has been suggested to have
a positive effect on the growth of various organisms. Thus, its effect on the life cycle and nutritional profile of the house
crickets was evaluated. Crickets were exposed to UVB light (285 nm, 0.08 W/m?2) for 4 h/day with an overall photoperiod
of 8 h/day, until adulthood. A LED illumination system was used as a control illumination. Their individual weight (g/
cricket), survival percent and growth performance were evaluated. After harvesting, an analysis of their composition was
also performed. Results showed no effect of UV light on their growth performance or individual weight that ranged from
360 to 400 mg /cricket. However, the crickets exposed to UV (n=5) showed a 71+8% survival, while the ones deprived
of UV light (n=5) showed a 62+4% survival after 53 days of rearing. Compositional analysis did not show any significant
differences in fat, chitin, ash and total phenolic contents (dry weight basis) between the two different illumination systems.
On the other hand, an analysis of variance of the data obtained by the two rearing treatments (n=5), with 3 analytical
replicates per treatment (total n=15), showed that the crickets exposed to UV light had a significantly higher protein
content (53 g/100 g d.w.) in comparison to the ones deprived from UV light (45 g/100 g d.w.). Therefore, exposure of
house crickets to UV showed potential to be implemented in commercial integrated rearing systems.

Impacts of oviposition substrate availability on mating frequency and fertile egg production in the
black soldier fly

N.B. Lemke and ]J.K. Tomberlin
Texas A&M University, Entomology, 1041 Agronomy Rd, College Station, TX 77843, USA; noahlemke@tamu.edu

In industrial settings, BSF are reared to adulthood and housed within insect cages where they are presumed to mate.
However, males are known to be aggressive and fertile egg production is highly variable, suggesting sexual conflict is
negatively affecting success within the system. Oviposition is induced by placing within the same cage an ‘oviposition
box’ that houses a substrate and conspecific larvae to attract females. Despite this method being widely accepted, we
hypothesised this was a critical failure in design because it might lead to wasted reproductive effort (e.g. males often
‘dogpile’ onto females), whereas in the wild, females are able to disperse from these groups to locate an oviposition
substrate. Therefore, to potentially reduce sexual conflict (in this case, male aggression) and serve as a proxy for the
site-level differences that would be experienced by wild flies, we investigated the effect of introducing oviposition boxes
1-day after peak mating, as well as the start of each trial. The fully-crossed design (4 treatments, 3 replicates each) also
included controls with boxes empty of any substrate. Preliminary investigations revealed that delaying the introduction of
the oviposition substrate significantly increased total observed matings but had no effect on the frequency of male-male
interactions, which decreased as flies aged. Observations also revealed that when substrate was absent, flies preferred to
oviposit in locations other than cardboard traps, leading to a near total loss in egg collection, and suggesting vision is not
the primary means by which BSF assess crevices for oviposition.
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Insect farm design and good practices — making insect farming innovation accessible and scalable

L. Wein, A. Nabil, B. Mishra, F.X. Tan, N. Bin Hamid and A. Baharozaman
Protenga Pte Ltd, 3 Coleman Street, #03-24, 179804, Singapore; leo@protenga.com

Insect farming has been proposed as an opportunity to positively transform the food system by introducing more circular
nutrient flows and converting the up to 30% of food that is wasted globally into sustainable sources of nutrition. The black
soldier fly has emerged as the insect of choice in the insect as feed space to address this opportunity. The field has seen
tremendous progress in the last 3-4 years, supported by an ever-increasing body of academic research, positive regulatory
developments and increasing market understanding of the products. More and more investments have been flowing into
this nascent industry to facilitate the development of insect farming systems and technologies, led by the construction of
large-scale, capital-intensive insect factory-farm production facilities. However, this large-scale factory-farm model might
face limitations and risks in terms of economics, scaling potential, disease & supply chain risks, sustainability potential and
accessibility of the technology. In this study, we present a detailed analysis of the insect value chain and different farming
concepts from large-scale factory-farm to container-based farming units. We propose the existence of four discrete stages
in the value chain and present an overview of the processes, material flows and metrics. Focusing on the insect farming
(rearing/grow-out/bioconversion) part of the value chain, we further introduce a standardised, technology-enabled,
data-driven light-weight insect farm facility blueprint and production model that aims to make insect innovation more
accessible as a local utility-like model for renewable food and nutrition.

Data collection software for black soldier fly farming operations: empowering production teams with data

R.W. Woodcock
Goterra, Engineering, 14 Arnott Street, Hume, ACT, 2620, Australia; ryan@goterra.com.au

Farming insects requires an immense amount of data collection. From environmental factors to lifecycle events, to moment-
to-moment sampling of insects, there are too many data points we want to be able to easily capture them all. This data
collection needs to be integrated into colony management as seamlessly as possible, allowing even small teams to gather
data on the farm without interrupting their workflow. As a software engineer that’s working on maggot farming problems,
here are some key takeaways that I have observed that help make better software for collecting production data. The most
critical component of developing this software is narrowing what data collection down to what the client needs. Our
production team at Goterra has been heavily involved in the design of the software systems, providing clear information
on what processes they need insight into for their operations. The software has been created to be agile enough to grow
with Goterra as we expand our production operations to multiple global sites, focusing on collecting the data now to
prepare us for in-depth research and analysis later. To do this, we created our own platform for collecting and analysing
that data generated during Goterra’s insect farming operations. The user experience was the focus of the application, since
it is key that all members of the production team can easily access and enter data with minor interruptions to their daily
tasks. We found that existing solutions were cumbersome and dense, with large tables of data to enter, but no connection
to the work being performed on the production floor. At Goterra, we have created a solution that follows the production
process, making data collection accessible to all team members, and providing automatic reporting to the team on the
effectiveness of operations. The research explores the challenges faced with delivering a data analytics capability to a
team required to perform production operations at scale. Continuous learning and learner experience design onsite help
support applied research and experimental development carried out by Goterra. This relationship enables development
of a robust solution when dealing with varying and contaminated organic wastes based on food and packaging trends.
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A robust rearing crate system for black soldier fly production

E.C. Yangl, Y.Z. Liu! and M. Breitensteiner?
!HK SPR Agtech Trading Limited, Yannan Street No. 299 Qujiangguandi, 12-1-1901, 710000, China, PR., >Genesis Bio
Solutions Pty Ltd, 2 Bolmear Road, Tijgerhof, 7441 Milnerton, South Africa; springyang@spr-agtech.com

As the basic management unit in the black soldier fly larvae production system is the individual crate, the choice of the
crate could have a decisive effect on the efficiency of the factory operation. Choosing the right crate will take consideration
in many aspects, for example, the style, material, construction, size, and the potentials. However, there is very limited
crate options specifically designed for black soldier production on the market for trading. Here SPR Agtech is presenting a
crate system specifically designed for black soldier fly production with big potential to adapt into many more applications.

How to treat insects when they come into the world

C. Divya
Goterra, Engineer, 14 Arnott street, Hume, ACT, 2620, Australia; divya@goterra.com.au

Someone has stated ‘A new job is like a blank book and you are the author; likely a graduate engineer who comes fresh into
the working world needs guidance, grooming and should know their interests. They listen to different opinions and they
tend to choose the wrong path and it gets late to decide what they were actually meant to do. When I started my journey
with Goterra as a Graduate Engineer, I listened to different opinions and was ready to take the path forward, which I was
not confident in. I used to get stuck at each point with a ‘?” because I was not familiar with what I had to do? What were
my responsibilities? What were my interests? I started listening to people about their ideas, their goals and got distracted,
which led to a different path. Then comes my CEO into the picture, asking where you want to see yourself in the coming
years? What do you want to become? Then I started thinking and stated I want to know strengths and weaknesses, and
learn the designing process. She said ‘Lets do it’ and assigned me a small project which includes designing, leadership
skills, project management skills, documentation and a lot more. Throughout the process, I got motivated and became
confident about my goals, about the process, which kept me going and surviving into this working world. Likewise, when
an insect comes into a world we need to decide the path and right direction and grow them accordingly. We should also
know where we want to use them and start grooming them with proper maintenance like I received from my CEO. In
Goterra we are doing the same thing, doing many kinds of research to use the different insects and utilise them so that
they can be a better chance to the coming world and our process has begun. We are using black soldier fly for managing
organic waste and giving all the care like a little baby from the initial stage:egg to the adultery. Much more is coming in
our new projects, with different insects, and will make our world better and different.
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The importance of implementing life cycle performance control points in a large-scale black soldier
fly nursery

B.M.A. Dortmans and C. Emhart
Food for the Future, Production, km 257 Ruta 5 Sur Chacra Venecia Lote 10, Maule, Chile; bram@fif.cl

During the approximately 45-day lifecycle of the black soldier fly (BSF), Hermetia illucens, the organism achieves three
major transformations (from egg to larva, from larva to pupa and from pupa to imago). External factors such as the mode
of operation, environmental conditions or quality and quantity of feed have an impact on how successful and efficient
the BSF will pass from one life stage to the other in a nursery. It is thus important to be able to measure this impact on
each life stage in an effort to improve the efficiency of rearing the BSF in a controlled environment. At the Food for the
Future (F4F) BSF biowaste conversion plant in Maule, Chile, a nursery system was developed which captures the various
life stages of the BSF and thus allows for a monitoring system to collect data on the exact number and moment of this
transformation process. Neonates are collected and weighed again to measure emergence. Larvae of the second instar,
ready to process biowaste, are weighed and counted to measure the survival rate between the first two instars. During
the grow out, larval weight and quantity is measured at the 5% instar resulting in the survival rate between the 2"d and
5% instar. A selected group of larvae will continue to feed until reaching the pre-pupal stage. Their mass and quantity
are measured again before the pre-pupae are portioned and placed in pupation units. The pupation units are placed in
environments from where emerging flies can be quantified and dosed into cages resulting in the adult emergence rate.
Lastly, the harvested amount of eggs from each cage are weighed and will define the number of eggs deposited per fly.
The sum of all the implemented performance control points resulted in an overall required recycling rate of <1%. Looking
in detail at each control point, the survival rate of hatching neonates and larvae up to the 2"? instar can be improved.
The collection and interpretation of this data allows the nursery operator to recognise changes in the performance of the
individual production steps in a timely manner and to react accordingly. Operating a monitoring system therefore pays
off quickly, despite the increased effort in terms of personnel and infrastructure.

Production optimisation of edible insects in Québec: challenges and potential solutions

F. Vozy, A. Lepage and S. Simard
Cégep Saint-Jean-sur-Richelieu, 30 Boulevard du Séminaire Nord, J3B 5]4, Canada; fabienne.vozy@cstjean.qc.ca

Currently, in North America, nutritional entomology industries are under-developed, and the economic benefits needs
remain to convince large-scale producers and consumers. In Québec, the current approaches for producing and transforming
are focused on mealworms, crickets, and black soldier flies. Each are focused on specific life cycle characteristics,
requirements for breeding and optimisation needs. Therefore, it is essential to: (1) Test the rearing conditions to optimise
yields and nutritional diet optimisation; (2) Develop automated production processes to reduce production costs for
mealworms and black soldier flies; (3) Validate optimisation in large scale production facility. The research teams
have conducted several projects focusing on mealworms (Zenebrio molitor) and black soldier flies (Hermetia illucens).
The preliminary results in optimising breeding culture and mass production were achieved through collaborative and
retroactive feedback loops of multi-disciplinary approaches between entomology, engineering, and external partners.
The optimising breeding culture projects have also highlighted the workforce and manutention time required as costly
challenges. Therefore, technological transfers to any large-scale edible insect production and transformation, requires
optimised automated processes at critical steps such as breeding, harvesting, and processing. The first automation project
resulted in the development of a virtual modelized system to feed and sort mealworms, to perform as fast as 6 sec/tray
and 30 sec/tray respectively, for a total of 27,000 trays/40 h. It also includes a procedure to retrieve the frass. The second
automated system can attract black soldier flies thanks to a light source; a fine particle counter coupled to a one-way
separation gate can isolate batches of 250 flies/min, prior to their transfer into the egg laying chambers. Both automated
systems remain to be developed and optimised, as well as effective standardised operating procedures, but offer promising
alternatives. The aim is to provide validated and technical solutions for production chains, without incurring additional
excessive cost on in terms of equipment, inputs, and workforce.
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Substrate physical properties as a driver for black soldier fly larvae growth rate

W. Yaktil, M. Miiller!, M. Klost? and C. Ulrichs!

!{Humboldt University of Berlin, Thaer-Institute of Agricultural and Horticultural Sciences, Faculty of Life Sciences,
Lentzeallee 55/57, 14195 Berlin, Germany, *Technical University of Berlin, Department of Food Technology and Food
Material Science, Faculty III Process Science, Konigin-Luise-StrafSe 22, 14195 Berlin, Germany; wael.yakti@hu-berlin.de

The growth and nutritional profile of the BSFL larvae is usually investigated and compared when the larvae feed on
substrates that differ in the chemical composition as well as physical properties. The current study aimed to neglect
the effect of substrate nutritional composition and compare the larvae growth rates on substrates that differ only in the
physical properties. The tested substrates differed mainly in their bulk density, water holding capacity, and rheology.
In a factorial experiment, the substrates consisted of 74% water, 20 or 14% chicken feed (first factor: nutritional value),
and a rest fibre (Second factor ‘fibre component’: powder cellulose with average fibre length of 700 pm, concentrated
lignocellulose with an average length of 280 pm, or straw powder with less particle size than 2 mm). In a penetration
test (Rheology) the substrates differed in the force-per-distance required and ranged from 0.019 to 0.457 N/mm despite
the equal dry matter content of all substrates. Also, the different fibre components lead to different bulk densities of the
substrates that ranged from 96 to 153 g/ml. The results show that the factor ‘nutritional value’ had the strongest impact
on most larvae growth parameters. The substrate rheology values obtained did not correlate with larvae growth rate,
but the bulk density of the substrate did. In the ‘low nutritional value’ treatments, substrate with high bulk density lead
to faster growth rate and larvae reached their maximum growth in 6 days of instead of 7. Both tested factors (nutritional
value, and fibre component) had an influence on larvae survival that ranged from 86 to 96%. Physical properties also
influenced substrate drying, which ultimately influences the feed availability for (and the nutrient composition of) the
larvae. These observations are important for the optimisation of BSF rearing substrates in order to shorten the growth
rate without improving feed nutritional value when the management of wastes is a target.

Time to hatch a new colony maintenance plan? — age impacts reproductive output for Hermetia illucens

A.]. Dickerson, N.B. Lemke, C. Li and J.K. Tomberlin
Texas A&M University, Entomology, Building 1051, Agronomy Road, College Station, TX 77843, USA; dickersonamyj@tamu.edu

A primary strategy for colony maintenance of the black soldier fly (BSF), Hermetia illucens, can include a continual
release program in which newly-emerged adult BSF are introduced into a breeding-cage with older individuals from
previous emergence events still present. The continual release strategy is blemished colony production, sometimes with
remarkable peaks and valleys in both egg production and hatch rate, with little insight as to the driving factor(s) for these
disparities. Results from the current study indicate age of soldier flies within a breeding cage can significantly impact the
reproductive output of the colony. Three replicates of four treatments were repeated across two trials. Breeding cages
consisted of an equal sex ratio (100 of each sex) of the following combinations: 2-d-old male (m) with 2-d-old female (f);
2-d-old m with 6-d-old f; 6-d-old m with 2-d-old f; 6-d-old m with 6-d-old f. Total number of matings observed over the
course of the experiment was consistent across treatments. In general, egg production was consistent across treatments
with young f and was not significantly different; however, variability in egg production was twice as large (P<0.05) for
treatments with old f than young f. Preliminary data also indicate hatch rate was driven by age of individuals; with young
f and m resulting in 66% egg hatch, and all other trials including old individuals resulting in >5%. These data shed light
on the challenge of high variability and unpredictability in fertile egg production that BSF breeders encounter. Removing
old adults from cages is recommended as a means to reduce associated hatch variability.
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Too hot, too cold: scaling effects and standardised research for industry relevance

J.C. Wray, D.J. April and G.L. Olson
Enterra, 20240 Stewart Crescent, V2X 0T4, Maple Ridge, BC, Canada; jwray@enterra.com

Harnessing the power of insects to feed the world is becoming an important and increasingly more pertinent aspect of
achieving global food and feed security. In order to be viable for industry, an enormous quantity of insect biomass needs
to be consistently produced on a daily basis. Multiple companies have developed large-scale production facilities (>10,000-
m?) to meet the growing market demands for insect-based food and feeds. Research in this newly emerging biotechnology
field, however, has mostly been limited to smaller scales, for both in-house R&D departments within the industry and for
academic institutions. Trials conducted at the bench scale (rearing units <1 m?) can manipulate environmental conditions
to precise and narrow ranges of temperature and humidity, which is important for achieving repeatable results and
highlighting differences among experimental treatments. However small-scale results under tightly controlled conditions
may produce results that are not applicable and/or relevant to the reality at industrial scales. In this presentation we review
data collected from in-house trials on black soldier fly rearing that highlights the importance of scale and environmental
parameters in impacting insect health and overall performance. We discuss how scale impacts the conditions insects
are exposed to at multiple life stages, ultimately affecting final performance and overall plant productivity. Considering
scale when undertaking academic and industry research will prove vital for advancement of the insect industry. Through
continued partnership and collaboration, we hope to refine strategies that will enable research of the highest quality, and
research that is extremely relevant to both industry and academia alike.

Scaling up production and processing equipment for yellow mealworm farming

A. Fortin!, L. Hénault-Ethier!, E. Normandin! and H. Hausler?
!TriCycle inc, 1401, rue Legendre Ouest, local 305, H4N 2R9, Canada, *Ecole de Technologie Supérieure, 1100 Rue Notre
Dame O, H3C 1K3, Canada; alexis@tricycle.eco

Small to medium scale insect farming is manually labour intensive, leading to high production costs, low efficiency
and worker hazards. Medium to large farms generally conduct or outsource research and development to improve
production practices, but smaller farmers do not have the same capacity. High production costs, lack of commercially
available technological solutions or scientific expertise and unadapted governmental regulations represent obstacles to
the expansion of the North American edible insect farming industry. The optimisation of production, notably through
automation appears essential. Critical steps in yellow mealworm farming involve screening of the different life stage (adults,
pupae and larvae) as well as separation of frass and unconsumed food particles. Uses of residuals organic waste from food
processors to make insect farming economically viable also comes with its challenges. TriCycle, (Montreal, Canada) is
a small-scale pilot farm of 1000 sq.ft, producing 3 tons of fresh larvae per year, and the data gathered over two years of
operation confirms that feeding and sorting insects are the most time-consuming tasks. The screening process alone can
represent up to 60% of farm operations, limiting upscaling of production. Meanwhile, this task is easily amenable to semi-
automation. The sifters tailored for other industrial processes are often imperfect for insect farmers (grids unadapted to
insect morphology and behaviour) and wet feed delivery in insect crates can be challenging (fruits and vegetables pulp).
Custom equipment is generally quite pricey and requires time to be developed. Existing equipment for farm production can
be used and integrated to insect farm to reduce repetitive labour at an affordable price for smaller insect producers. The
current research surveyed available equipment to develop a mid-scale pilot plant for mealworms with semi automation.
Constraints identified were addresses in the scale-up of the Montreal farm that will allow the production of 50 tons of
fresh insects per year. Also, particular attention has been aimed at reducing worker exposure to dust, a significant human
health hazard in insect productions.
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Optimising insect rearing chain through the development of a model-driven decision support system

M. Tapio, S. Heiska, M. Karhapéii and J. Niemi
Natural Resources Institute Finland, Luke, Latokartanonkaari 9, 00790 Helsinki, Finland; susanne.heiska@luke.fi

Rapid growth in insect industry is projected during the forthcoming years. To meet the industrial scale in insect production,
it is however necessary to enhance production efficiency, reduce labour intensity and markedly decrease the production
cost. Cost structure in insect production is complex and the costs are affected by every day decision making in insect
production facilities. To help insect farmers make economically sensible decisions, we develop user-friendly model-
driven decision support system (DSS) for insect farmers by using a system design approach. In this presentation we
will provide an outline of the DSS. The model uses data on insects’ life cycle, production biology and performance on
different substrates. Printed sensors, robots and an automated DSS will be integrated into the model. The model provides
recommendations to repetitive management problems based on fixed action rules and workflows. DSS structure is
developed in collaboration with end users. Finally, the DSS will be parametrised, tested, and validated with real cases.
CoRoSect project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 101016953.

Impact of container size and feed administration on Hermetia illucens rearing performance

S. De Milano, S. Savoldelli, D. Lupi, S. Malabusini and C. Jucker
University of Milan, Italy, Department of Food, Environmental and Nutritional Sciences (DeFENS), Via Celoria 2, 20133
Milan, Italy; costanza.jucker@unimi.it

The increasing food and feed demand results in a greater need for alternative protein sources. Insect proteins have been
identified as promising and sustainable alternatives due to their high feed conversion efficiency and biomass quality.
These characteristics, plus the capacity of growing on a large variety of organic waste, make Hermetia illucens (Diptera:
Stratiomyidae) one of the best candidates. Particularly, within the framework of circular economy, larvae of H. illucens are
able to develop on organic fraction of municipal solid waste (OFMSW) which represent a valuable material (containing
16-28% of proteins and 11-29% of fats) and to convert it into high-value biomass (containing a very high percentage of
protein 36-48% and fat 31-33%). As rearing condition can strongly impact H. illucens performance, the aim of the present
study was to obtain important information, focusing on container size and feed ratio to optimise the larval production.
Two container sizes were evaluated with a larval density of 0.38 larvae/cm?: the first one measured 60x40x11 cm and
contained 10,000 larvae and 15,000 g of feed (OFMSW); the second one measured 21.5x14.5x4.2 cm and contained 500
larvae and 750 g of feed (OFMSW). The two feeding procedures that were evaluated consisted in providing the total
amount of feed at the beginning of the trial or split in three times (day 1, 4, 8). Four replicates were set up for each trial
and the larvae were collected when 5% reached the prepupal stage. ANOVA was used to test the effect of these factors
and their interaction on different performance parameters: survival, final larval weight, final biomass, substrate reduction,
efficiency of conversion index (ECI), waste reduction index (WRI). The results confirmed that larval number along with
the associated container size and/or feed ratio are important factors to consider for H. illucens production. The higher
final larval weight was obtained from larvae reared in bigger containers. Moreover, in such case, final biomass (DM),
survival, ECI and WRI were significantly higher when feed was provided in one single solution.
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Preference of Hermetia illucens oviposition sites in industrial breeding context

S. Perez-Cortez, C. Bolduc, D. Bolduc, L.-F. Chavez-Salcedo, J. Savard, N. Vachon and C. Warburton
Entosystem, 4141 Rue Comtois, JIL 1R7, Canada; sadao.perez@entosystem.com

Gravid black soldier flies are known to lays eggs in cracks and crevices near or on decaying organic matter. Commonly used
attractants are based on decaying matter with or without larvae near to which is positioned an egg laying sucture such as
cardboard flutes, layered wood slats, and various plastic suctures. In an industrialised and high density rearing situation,
the tendency of females to lay their eggs in cramped, shady and humid places can lead to rogue egg laying and a marked
decrease in productivity. It has been previously shown that the selection of the oviposition site in insects is induced by
the presence of volatile compounds, exposure to light and the presence of hormones Here we tested different attractants
in order to differentiate between the attractiveness of feed and microbial community. We made 4 attractants available
to females: Gainesville and, vermiculite (an inert substrate), both either with or without an inoculum of BSF community
bacteria. We then collected the eggs laid over each substrate every day. Gravid females selected laying structures positioned
over Gainsville food without preference for the inoculation status. These results promote the uses of simple attractants
which can represent savings in costs and energy compared to a more complex attractant.

Optimising of the black solider fly oviposition using new odour attractants and egg collectors

N.N. Moghadam!, Q.T. Nguyenl, J.L. Andersen!, Y. Gilad?, J. Fynbo? and A. Gligorescu!
!Danish Teknologik Institute, Kongsvang Alle 29, 8000, Denmark, >FreezeM Cryogenics LTD, Hatzabarim st. 17, 4630754
Nachshonim, 8542000, Israel, 3Insektautomation ApS, 5260 Odense, Denmark; nnm@teknologisk.dk

The production of black solider fly (BSF; Hermetia illucens), is rising worldwide due to the larval ability to convert organic
wastes into a biomass rich in proteins and lipids that can be used for feed sector. The optimal mass production of BSF
relies strongly on the stability of egg production and efficiency of the applied methods. To date, the egg trapping technique
including an odour attractant and egg collector is a commonly applied method in BSF farming industry. One of the key
steps of this technique is to apply the odour that attracts flies to lay eggs on a specific spot. The trapping efficiency of
odours relies heavily on the type of volatile organic compounds they emit and their persistence. Decaying materials are
known for their ability to attract the BSF females for oviposition. However, the composition of these materials is not stable
over time and may contain pathogens that may affect the viability of the eggs and may pose a safety hazard to personnel.
Therefore, there is an urgent need to determine a suitable, safe, and economically feasible odour that effectively controls
the oviposition behaviour and subsequently ensures the efficiency of the BSFL production. In the FlyScent project we
assessed a series of decaying materials using Proton Transfer Reaction- Mass Spectrometry (PTR-MS) to identify their
key volatile organic compounds and subsequently used them to formulate synthetic attractants for BSF oviposition. In
addition, we have developed new egg collectors ready to use for industry. This work shows the progress of the FlyScent
project and presents the results from different tests on both egg collectors and odour attractants.
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Dry processing of insects — how does it work in theory and praxis

A. Kiihl and B. Piitz
Reinartz GmbH & Co. KG, IndustriestrafSe 14, 41460 Neuss, Germany; a.kuehl@reinartz.de

The insect industry or industrial insect sector is not new, but presently developing on a fast and high level. Current
challenging tasks are the large-scale rearing and breeding which can be compared to a commercial animal rearing facility.
In comparison to this the technology readiness level of the processing part is already high. Evolving market needs for
pet food or aqua culture will lead to more customised processing concepts. Beside these theoretical design aspects of
processing insects also several practical points enter the game, like finding a balance between price and quality. With a
history of over 8 years in the insect industry REINARTZ developed numerous dry processing solutions for black soldier
flies, mealworms and crickets and implemented up to 40 in field installations. Based on the insect farmer’s figures of wet
larvae capacity, harvesting strategy and shift plans the dry process will be designed. Evaluation of the drying technology
is one key point of a sustainable and successful insect processing. The other essential topic is that separation with screw
presses achieves traditionally high defatting values and leads to high protein rates. Typical results are around 8% of residual
fat and a protein rate exceeding 60%. In order to meet market demands in regard to digestibility and solubility the process
temperatures can be precisely maintained. The trend towards decentralised rearing and processing facilities leads to
small specialised units, flexible but focused on high quality products. Therefore, the dry processing is the blueprint for
a successful business case.

What breaks the temperature size rule - maggot heat matters

C. Li, T.W. Rusch, A.M. Tarone and J.K. Tomberlin
Texas A&M University, Entomology, 2475 TAMU, College Station, TX 77843, USA; chujun.li2013@gmail.com

The black soldier fly, Hermetia illucens (L.) (Diptera: Stratiomyidae) is being used for bio-waste recycle agents and novel
feed resources globally due to its economic value. We measured larval growth performance at different population size
(e.g. 10,000, 1000 and 166 larvae with the same larvae to feed ratio) and temperature (e.g. 20 and 30 °C) to simulate
different scales of production. Results indicate a clear interaction effect between population size and temperature. Larvae
at low temperature do not always grow bigger but results were density dependent. Considering other variables measured
(e.g. duration, maximum substrate temperature, feed conversion ratio, feed digestibility, and digested feed conversion
efficiency), maggot heat generation seems to be an important clue revealing strategies used in balancing feed acquisition
and energy allocation. Larvae with small population size at low temperature did not generate enough heat to digest the
diet effectively, which resulting in the observed temperature size rule violation phenomenon.
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Impact of starving time on the fitness of black soldier fly (Diptera: Stratiomyidae) neonates

J.S.0. Oliveira and E.R.C. Carbognin
Buzz Fly RED in Animal Nutrition, Entomology, 5038, Margarida da Graca Martins Highway, 13420-280, Brazil;
julianad.oliveira@usp.br

The mass production of black soldier fly larvae (BSFL), Hermetia illucens L. (Diptera: Stratiomyidae), for use as a composting
agent, waste management and alternative protein source for animal feed has gained attention in different regions of the
globe. Within the production cycle, the fattening stage of the larvae is the one that most demands food and draws the
attention of the producers of this insect, since the last larval instar, the so-called prepupae, is the final product with the
highest commercial value. However, the success of this stage is extremely related to the fitness of the neonates that will
be part of the fattening process. Newly hatched larvae (neonates) represent the most sensitive phase of the BSF biological
cycle, and require great efforts to understand, within the management, how much the lack of food at the right time can
interfere with its development and performance. Therefore, this study aimed to evaluate the biological characteristics
(final weight and viability) of neonates in different starving periods. The experiment consisted of 3 treatments and 10
repetitions, as follows: (1) <24 hours (control); (2) <48 hours and (3) <72 hours. The effect of starving time on the viability
of neonates was analysed by fitting a linearly generalised model, assuming a binomial error, and the means were compared
using the Tukey test. The weight of neonates was analysed assuming normal distribution (ANOVA). The results found
in this study indicated that the weight and viability of neonates starved for 24 and 48 hours do not differ, but both differ
significantly (P<0.05) from those starved for 72 hours. Understanding how stress due to food and nutrient restriction
biologically interferes with this insect is essential to meet the daily needs of its mass production, since it can change the
newborn collection routine or even interfere with the estimation of viable newborns that will be transferred to the fattening
stage, and thus contribute to the successful establishment of new production systems.

Harnessing integrated multitrophic ecological services for food production in deep space and
remote regions on Earth

B. Baril, M. Dallaire-Lamontagne, L. Auger and J. Lavoie
Laval University, 2425, rue de IAgriculture, G1V 0A6, Québec (Québec), Canada; benjamin.baril.1@ulaval.ca

In January 2021, the Deep Space Food Challenge was launched by the Canadian Space Agency. The goal of this competition
was to develop new technologies to provide quality food for astronauts on long-duration missions, while minimising the
resources required for their production. To reach this objective, we designed an advanced food production system used
to transform the crew’s residual organic matter into a variety of foods (fruits, vegetables, spirulina, eggs and meat). Our
technology ecosystem includes an automated black soldier fly larvae rearing system to bioconvert organic residues into
quality feed ingredients for quail production of eggs and ultimately meat at the end of their laying cycle. Our proposal
also includes photobioreactors generating fresh spirulina (edible cyanobacteria) as well as a horticultural production
wheel in which fertilised plants are grown from the larvae frass. Specifically, the fly production system consists of a wheel,
at the centre of which a production module produces larvae every day that are automatically transferred to one of 11
production boxes fixed around the circumference of the wheel. Boxes are indexed to a new position daily. Humidity and
ventilation are controlled inside the production box and the module in closed circuit. Larvae and frass are harvested at
day 11, after inserting the box in the microwave for a pasteurisation step that reduces bacterial load and kills the larvae.
A compartment in the production box enables the easy recuperation of pre-pupa to continue the production cycle. Dead
larvae and frass are separated by opening a grate inside the box and shaking. Frass is then transferred to the horticultural
production wheel and larvae to quails as feed. The system aims to harness the integrated multitrophic ecological services
of insects to provide astronauts with a diversified diet with minimal inputs. Earth-based applications could also result
from our proposal to improve food autonomy and security of populations in remote areas. We present this innovative
and sustainable project through a 3D video animation.
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Harvesting & traditional role of eating insects/

sustainable consumption & food security

Consumer acceptance in insect-based food and feed in Europe - a choice experiment

M.L. Nikravech!, B. Rumpold!, A.I. De Almeida Costa, R. Zanoli?, E. Cubero Dudinskaya3, C. Simao?2, L.M. Cunha*
and N. Langen!

I Technische Universitit Berlin, Institute of Vocational Education and Work Studies, Education for Sustainable Nutrition
and Food Sc, MarchstrafSe 23, 10587, Germany, *Catdlica Lisbon School of Business & Economics, Palma de Cima, 1649-023
Lisbon, Portugal, 3Universita Politecnica delle Marche, Via Brecce Bianche 10, 60131 Ancona, Italy, *Faculty of Sciences,
University of Porto, 4GreenUPorto/INOV4Agro, DGAOT, Rua da Agrdria, 4485-646 Vila do Conde, Portugal; mariam.
nikravech@tu-berlin.de

Insects are a promising alternative source of protein and micronutrients. Their use in human diets and as feed for livestock
were included as strategies to support the realisation of the SDGs of food security, improved nutrition and responsible
production and consumption. Yet, in Europe, low consumer acceptance for insects as part of a regular diet impedes their
use as food. Strategies such as integrating insect-fed meat and priming nutritional and sustainability aspects of insect-
based food can raise acceptance for insects as food and feed. There is evidence about consumer preferences for insect-fed
fish but preferences for insect-fed chicken need to be investigated. Modifying the choice context was shown to affect food
choice. It is therefore anticipated that priming consumers with the insect-protein content or the reduced climate impact
of alternative meat products will affect their choice. In this study, we tested the consumer acceptance for insect-based
and insect-fed chicken meatballs in Germany, Italy and Portugal via an online discrete choice experiment and survey
(n=1,500). We examined the product attributes and personal characteristics, that influenced consumer preferences for
insect-based food products and food products made of insect-fed chicken meat. We also evaluated their WTP. To inspect
the priming effect, we included three conditions that vary the instructions framing the choice tasks. This study estimated
the utility associated with the attributes and attribute levels and modelled the effect of trust and priming on preferences.
Models were specified for each country using a mixed logit model to estimate the main attributes effects and a hybrid
mixed logit model to include the main and interaction effects of priming treatment covariates.
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Beetle grubs as a source of food and feed in western Kenya: cultural practices and nutritional status

J.P. Egonyu!, M.N. Wanjalal'2, R.R. Olubowal, M. Orinda?, J.M. Nyongesah?, C.M. Tanga!, X. Cheseto!, M. Kassie!
and S. Subramanian!

!nternational Centre of Insect Physiology and Ecology, PO. Box 30772, 00100 Nairobi, Kenya, *Jaramogi Oginga Odinga
University of Science and Technology, PO. Box 210, 40601 Bondo, Kenya; pegonyu@icipe.org

Although 31% of insect species consumed worldwide are beetles, particularly their larvae (grubs) that live on decomposing
organic waste, there’s limited research attention on their use as a source of food and feed. This study assessed socio-cultural
practices on the use of grubs collected from farmyard manure in Busia, Bungoma, Trans Nzoia and Kakamega counties
in western Kenya; and determined the proximate, mineral and flavonoid contents of the dominant edible grub species
(Oryctes sp.). Exactly 211 households were interviewed alongside key informant focus group discussions. We found that
the grubs were consumed and fed to animals (mainly pigs and poultry) in 39 and 78% of the households, respectively.
The key benefits of the grubs were reportedly: (1) nutritious and delicious; (2) able to enhance animal weight gain and
increase poultry egg numbers; (3) helpful in recycling nutrients from organic waste, thereby mitigating environmental
pollution; and (4) not linked to any allergic reaction when consumed by humans. Toasting and roasting were the dominant
methods of preparing the grubs for food. Exactly 66% of the respondents were willing to farm the grubs, provided that
efficient rearing protocols and market for the grubs were available. About 98% of the respondents lacked knowledge of
grub biology. The use of the grubs varied across counties and by gender, marital status, education level and economic
activity of respondents. Lack of knowledge on the nutritional benefits of the grubs and stigma were key deterrents to
other potential consumers. Crude protein, carbohydrate, crude fat and ash contents of Oryctes sp. grubs were 40-46, 13-
23,10-11, 1-2 and 1%, respectively. The grubs were also rich in minerals (e.g. iron, zinc and calcium) and flavonoids. Our
findings demonstrate that the nutrient-rich grubs are an important source of food and feed in western Kenya. However,
further research on techniques for their sustainable mass production and awareness creation on their contribution to
food and feed security are needed.

Entomophagy in Myanmar: factors affecting consumption of edible insects as food

M. Thu Thu Aung and J. Diirr
The Center for Development Research (ZEF), University of Bonn, Department of Agriculture, 53117 Bonn, Germany;
myintthuthuaung@gmail.com

As the population grows, so does the importance of nutrition. People have become more interested in eating a substitute
for meat protein, to say exactly in this case, insects. Due to this interest, research is being done on insect consumption in
the West, but research in Asia, particularly in Myanmar, is scarce. Although insect consumption is common in Myanmar,
not everyone does. This research aims to investigate the acceptance of consumers and consumption frequency of edible
insects and explore edible insects’ potential contribution to malnutrition and food security by using descriptive and logistic
regression analysis. Results show that 99% of the respondents are familiar with edible insects; 73% of the respondents,
38% male, and 35% female, have experience with insect-eating, about 67% of the respondents are currently consuming
insects. The most preferred varieties are crickets, bees, and bamboo worms, followed by dung beetles, water scavenger
beetles, and palm weevil larvae. The binary logistic results showed that gender, ethnicity, attitude, insect phobia, disgust,
availability of edible insects, and availability of fish and meat have significant effects on consumer acceptance. The ordered
logistic result revealed that gender, monthly income, ethnicity, food safety, naturalness, and taste significantly impact
the frequency of consumption. Insect phobia and disgust are the most significant impediments to the development of
the insect industry. Introducing the invisible form of the new insect products and providing information on producing
or harvesting the insects systematically can help overcome this problem. The consumption frequency of wild insects is
impeded by their seasonal availability. This highlights the need for more information on insect rearing and the benefits
of consuming reared insects. Circulating that information via social media might increase the number of new insect
consumers and the consumption frequency of current customers.
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Perspective for edible caterpillar consumption in R.D. Congo

R. Caparros Megido, F. Madamo Malasi, P. Nsevolo, G. Numbi and F. Francis
University of Liége, Gembloux Agro-Bio Tech, Functional and Evolutionary Entomology, Passage des déportés 2, 5030
Gembloux, Belgium; r.caparros@uliege.be

Previous studies have shown the decline of many edible caterpillars in African countries. To reduce this threat, our research
group in DRC aims to: (1) study the distribution of caterpillars and their host plants; (2) identify potential species for
domestication; and (3) study harvesting and consumption patterns in different part of the country. To date, 146 species
of edible Lepidoptera have been inventoried in Africa and 63 of them were mentioned in two field surveys performed
in Masi-Manimba territory. Caterpillars are principally harvested during the rainy season and detected in forests (46%),
savannah (19%) or the two (35%). Respondents confirmed a decline in caterpillar availability as only 22% of regular species
seems to be easily available in the environment. Concerning preferred species, almost all respondents recognised the
high taste value of Imbrasia epimethea and Cirina forda, which is widely consumed in the DRC and other sub-Saharan
African. To ensure a long-term access to these natural resources for local population, it is important to provide a legal
framework for the insect harvesting and management of local forests. Another alternative would be to set up breeding of
edible caterpillar, but these two species do not show biological qualities facilitating their rearing. Although I epimethea
is found almost all year long in this territory, its development time is particularly long while C. forda is present only for
two months and harbour a long pupation time. Among identified species in Masi-Manimba, Aegocera rectilinea, a species
poorly documented as edible seems particularly interesting as our team already reared this insect on Boerhavia diffusa
leaves under laboratory condition. Multivoltine and polyphagous, this noctuid is a suitable species for mass rearing and
is already reared directly in the field in the Kwilu province. Nevertheless, before promoting this species at the country
level, studies on consumer acceptability will be needed as our surveys in Kinshasa and Masi-Manimba indicate that edible
insect preferences differ by region although certain species such as C. forda, I. oyemensis, 1. epimethea are common to
the whole country.

Entomophagy in western Kenya: the role of psychological and cultural factors

M. Ibrahim?, K. Mulungu?, M. Kassie? and Z. Abro?

1Kenyatta University, Department of Agricultural Economics, PO. Box 43844, 00100, Kenya, *Internationa Center
of Insect Physiology and Ecology, Social Sciences and Impact Assessment Unit, Kasarani, Mwiki Road, 00100, Kenya;
kmulungu@icipe.org

This study utilises data from a random sample of 442 households from Bungoma and Trans-Nzoia counties in Kenya
to assess awareness and determinants of edible insect-eating (entomophagy) behaviour. We also determine household
preference for insects over meat. The study uses the extended theory of planned behaviour and structural equation
modelling to determine entomophagy. Results indicate that attitude, perceived behavioural control, and subjective norms
positively and significantly influenced households’ intention to eat insects, while environmental concerns negatively
affected intention to eat insects. Intention to consume is positively associated with insect-eating behaviour. Regarding
household characteristics, we find the main factors explaining entomophagy, and differences in what insect is eaten, are
cultural. Objective knowledge about insects is a strong predictor of preference for insects over beef — suggesting the
positive role of nutrition information. These results show the importance of both psychological variables and culture in
influencing entomophagy.
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Edible insects in sensory-based and co-creative food systems pedagogy

M.L. Wade
University of California, Santa Barbara, Department of Anthropology, Department of Anthropology, UCSB, 93106-3210,
USA; mwade@ucsb.edu

How can we use the topic of edible insects to engage diverse audiences in broader discussions about the agro-industrial
food system? Edible insects offer a useful tool into critical conversations about the food system’s environmental impact,
social inequities, and colonial histories. Drawing from anthropological fieldwork behind edible insect educational booths,
as an event coordinator with Little Herds, and as a university food systems instructor, this presentation will discuss
the importance of sensory-based and co-creative food system learning for diverse public and student audiences. For
entomophagy advocates and food systems educators, the topic provides important considerations for how we may best
prompt publics to rethink food norms toward a more sustainable, equitable, and resilient food system.

Indigenous knowledge on medicinal plants to identify insect herbivores with beneficial bioactive activity

C.T. O’Connor'-2, J.L. Gathercolel, M.R. McNeill!, M.H. Bowie? and J.D. Morton?
1 AgResearch, Lincoln, 7674, New Zealand, Lincoln University, Lincoln, 7647, New Zealand; chrystal.oconnor@lincolnuni.ac.nz

Kawakawa (KK) (Macropiper excelsum), an endemic plant of Aotearoa-New Zealand (A-NZ) is a Rongoa rakau, medicinal
plant, and is culturally significant to indigenous Maori. A recent survey seeking Maori knowledge on the cultural significance
of native plants and insects, found that 95% of people identified KK as a rongoa rakau. Further, 80% of these individuals
use or have used KK as a remedy. KK is used as an ointment, tea or for detoxification. Phytochemical studies have shown
the presence of bioactives with anti-diabetic properties in KK leaves. The KK looper/whangawhanga (Cleora scriptaria)
creates the characteristic holes in KK leaves and indigenous knowledge has identified that leaves eaten by the caterpillars
have greater KK healing properties. Rapid evaporative ionisation mass spectrometry (REIMS) is a technique that allows
fingerprinting and metabolomic characterisation of a sample without the need of sample preparation. This technique
provides a method to easily identify differences in metabolites within and between KK leaves. KK looper were collected
in and reared in cages on KK plants in Canterbury, A-NZ. KK leaves with and without caterpillar damage were harvested
from KK plants and stored at -80 °C adhering to Maori principals. The REIMS laser technique was used to obtain volatiles
from caterpillar eaten and non-caterpillar eaten sections from the same leaf and other non-eaten leaves from the same
plant. It was hypothesised that sections surrounding KK looper damage would have a different metabolomic fingerprint to
intact leaves and the non-eaten parts of the same leaves which would corroborate the indigenous knowledge. Differences
were found in the metabolomic fingerprint of KK leaves supporting indigenous knowledge that the caterpillar causes a
change in plant chemical composition potentially increasing the plants medicinal value. The KK looper should also be
investigated as it could potentially assimilate compounds from the plant containing medical properties. This study forms
the basis for research to ascertain the benefit from an endemic A-NZ species to provide beneficial bioactive with human
health potential.
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Manual harvesting of desert locusts as a scalable farmer-first nature-based response promoting
food security

L. Stanford!, F. Jooste!l, G. Campbell Flatter2, K. Poore3, M. Gicheha* and R. Vaughn®

!The Bug Picture, Nairobi, Kenya, >Tomorrow Now, Boston, USA, 3DanChurch Aid, Nairobi, Kenya, *Jomo Kenyatta
University of Agriculture and Technology, Department of Animal Sciences, Nairobi, Kenya, *Crop Nutrition, Nairobi,
Kenya; laura@thebugpicture.com

If it had not been for COVID-19, the desert locust (DL) infestation in the horn of Africa from 2019-2022 would have
been the greatest humanitarian crisis in 2020. For the 46% of Kenyans who earn less than $1 per day, any resulting crop or
income loss is beyond devastating. As a result, 35 million people have suffered food insecurity due to the recent infestation
across the region. A community centred, farmer-first and nature based response to the DL infestation: Over a 6 week
period in 2021, we created two mobile teams to hunt DL in northern Kenya. Through these teams, unsprayed swarms
were targeted and communities mobilised and trained in locust harvesting techniques. Harvesters were paid 50 ksh per
kg of live locusts harvested, thereby reducing swarm size while directly benefiting affected communities: Over 4,3 tons
of live DL were harvested with Ksh 198,000 ($ 1,835) paid to 180 affected people/households. We created techniques to
convert harvested locusts into protein rich locust meal for animal feed, or nitrogen rich organic compost. Our nature-
based learnings have been digitised and training has been piloted with hundreds of farmers. We would like to present how
reimagining traditional responses to insect pests can create sustainable and holistic solutions that compliment government
activities and promote food security in affected areas. Coupled with advanced weather and pest alerts, we can prepare
government and communities in advance of a pest invasion allowing them to turn climate challenge into opportunity.

COVID-19 and entomophagy in DRC: contribution of edible insects to a more resilient local food system

P. Nsevolo'2, N. Kiatoko?, M. Kambashil, F. Francis? and R. Caparros Megido?

Université of Kinshasa, Route Kimwenza, Kin, Democratic Republic of Congo, 2University of Liege, Gembloux Agro Bio-
Tech, 5030 Gembloux, Belgium, 3International Centre of Insect Physiology and Ecology, 00100-3770 Nairobi, Kenya;
r.caparros@uliege.be

Restrictive measures against the COVID-19 are reported to threaten food systems. To mitigate their impacts, strengthening
local food production is paramount. As entomophagy is an old tradition in Africa, insects should be considered as they
encompass multiple dimensions of sustainability that could benefit to cities in building resilience. To that end, this study
documents insects’ consumption patterns since the onset of the pandemic in Kinshasa and the impacts of restrictive measures
for consumers with different sociodemographic features. Data were collected through a semi-structured questionnaire (to
270 respondents) and Chi-square (y?) tests, analysis of variance and principal components analysis (PCA) were performed.
Results indicated integration of entomophagy (77.7%) and no association with sociodemographic features, suggesting
that insects are not a fallback food. Impacts of the lockdown and borders closure included price increase, a less accessible
offer or less street vendors. A significant higher percentage of urbanites (than peri-urban or rural dwellers) reported to
eat more insects compared to period prior to the pandemic (y>=8.283, P=0.016, d1=2) while the percentage of respondents
reporting disruption was not significantly different between areas. Moreover, analysis of consumption patterns indicated
the top 4 foodstuffs in terms of consumption frequency (these are fish, poultry, insects and beef) while the PCA suggested
3 groups with inequalities based on the frequency and total expenditure for insects and meat consumption. Considering
restrictive measures in Kinshasa, current results endorsed the contribution of local food in building resilient local food
systems thanks to short supply chain. As we look beyond the pandemic, efficient strategies that reduce inequalities and
build resilience for local food system in DRC could be achieved by ensuring production of local food such as edible insects
given that they are abundant (121 insects recently reviewed at species), cheaper than meat and at hand.
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Inventory reveals wide biodiversity of edible insects in the Eastern Democratic Republic of Congo

J. Isharal’?, R. Ayagirwe?, K. Karume?, G.N. Mushagalusa?, D. Bugeme?, S. Niassy?, P. Udomkun® and J. Kinyuru!
Jomo Kenyatta University of Agriculture and Technology, Nairobi, PO. Box 62000-00200, Kenya, *Université Evangélique
en Afrique, Bukavu, PO. Box 3323, Democratic Republic of Congo, 3Université Catholique de Bukavu, Bukavu, PO. Box 285,
Democratic Republic of Congo, *International Centre of Insect Physiology and Ecology (icipe), PO. Box 30772, 00100 Nairobi,
Kenya, *International Institute of Tropical Agriculture (IITA), Bujumbura, PO. Box 1893 Burundi; jackisharal7@uea.ac.cd

With its wide edible insects’ biodiversity, the Democratic Republic of Congo is one of the most important biodiversity
hotspots in Africa. This study aimed at giving a first insight on inventory showing diversity, perception, consumption,
availability, host plants, harvesting techniques and processing techniques of edible insects in South-Kivu, DRC. It recorded
twenty-three edible insects belonging to nine families and five orders, some of which are consumed in the larval, adult,
egg and pupa stages. Rhiynchophorus phoenicis, Alphitobius diaperinus, Macrotermes subhyalinus and Acheta domesticus
were the most preferred edible insects in Fizi Territory, Ruspolia differens and Apis mellifera larvae in Kabare Territory,
Imbrasia oyemensis, Imbrasia epimethea, Rhynchophorus ferrugineus and Rhynchophorus phoenicis in Mwenga Territory,
Ruspolia differens, M. subhyalinus, Gryllotalpa africana, Nsike, Nomadacris septemfasciata and A. mellifera larvae in
Walungu Territory. Ruspolia differens, I. oyemensis, A. mellifera larvae, G. africana and Nsike, were preferred for their
taste. Acheta domesticus, A. diaperinus and A. mellifera larvae were abundant throughout the year, while others were
only available for 9 months or less per year. Numerous plants have been recorded as their hosts, including plants used for
food and income. Harvesting strategies and period, processing methods and preservation techniques depend on insect
species, local knowledge and practices. These findings suggest similar and thorough studies on entomophagy across the
country while encouraging the rearing of edible insects to address the existing high demand and environmental concerns.

Caterpillars consomed in Masi-Manimba territory (Kwilu), Democratic Republic of the Congo

F. Madamo Malasil, F. Malaissel, P. Latham?, F. Francis! and R. Caparros!

University of Liege/Gembloux Agro-Bio tech, Laboratory of Functional and Evolutionary Entomology, Gemboux, Passage des
Déportés 2, 5030 Gembloux, Belgium, *Blairgowrie, Croft cottage, Forneth, Blairgowrie, Perthshire, PH10 6SW Blairgowrie
(Ecosse), United Kingdom; r.caparros@uliege.be

Caterpillars are a traditional favourite food that potentially represents the largest proportion of total animal protein
consumed by people in Masi-Manimba, one of the territories in Kwilu Province, Democratic Republic of Congo. However,
caterpillars are becoming increasingly scarce, with no inventory data existing for this region. This study aimed to contribute
to the valorisation of edible caterpillars in Masi-Manimba through their inventory and identification. A questionnaire
was completed by 212 people representing the four main ethnic groups in the territory and seven peripheral sectors.
The caterpillars were collected in 2020 and 2021 in the township. Eighty-two species were listed by the four main ethnic
groups, of which 63 species were scientifically confirmed. The main family was Saturniidae, followed by Notodontidae
and Sphingidae. The genus Imbrasia is the most represented in the territory. Overall, 46% of caterpillars are detected in
forests, 19% in savannah, and 35% across multiple habitats. Surveyed people considered 64% of caterpillars to be very
tasty. Large numbers were harvested during the rainy season (November and January). Respondents observed that there
has been a major decline in caterpillars, with just 22% of species being readily available. Due to this major decline in
caterpillars, it is urgent to study their biology and relationship with food plants, to farm them successfully.
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Survey of edible insects, with reference to harvesting methods, practices and consumption
technology in Benin

K.T.E. Fassinou!, R.S.E. Gantal, M.V. Hintenoul, A.H. Bokonon-Gantal, S. Crabeck? and M. Gosselin3
Laboratoire d’Entomologie Agricoles (LEAg), Faculté des Sciences Agronomiques, Université dAbomey, C-street 01, 526
Calavi, Cotonou, Benin, 2Laboratory of Marketing and Tourism Management, Haute Ecole Provinciale de Hainaut-
Condorcet, Avenue de I'Enseignement, 45, 7330 Saint-Ghislain, Belgium, 3Laboratory of entomology, Haute Ecole Provinciale
de Hainaut-Condorcet, rue de la sucrerie, 10, 7800 Ath, Belgium; matthias.gosselin@condorcet.be

In a context of rising prices for conventional animal proteins, food insecurity, environmental pressures and population
growth, the consumption of insects, or entomophagy, presents itself as an opportunity for the future. As an emerging
practice, not yet fully integrated into the culture, supporting entomophagy requires a concerted effort to bring about
sustainable societal change. Sustainable diets are diets with low environmental impact that contribute to food and nutrition
security and healthy lives for present and future generations. Although insect’s consumption in Africa is an ancient practice,
little information exists regarding their diversity, availability, and consumption mode. Therefore, in order to remove the
obstacles to the development of the edible insect production sector and to meet current and future food challenges, it
is necessary to set up and coordinate research aimed at all stakeholders in the food landscape (consumers, etc.). The
present study aims to inventory the geographic distribution of edible insects and entomophagy practices across the ten
phytogeographic zones (PGZ) of Benin. A large socioeconomic survey was conducted in one municipality in each PGZ
Four hundred and twenty-two participants were enrolled through 40 focus groups and an additional 845 participants
through direct interviews. Information on edible insects, method of harvesting, availability and frequency of consumption
was documented in each PGZ. Frequency citation, frequency consumption and availability were computed and used
to determine the most consumed insect species and to understand the mains factors of acceptability (or rejection) and
perception of entomophagy (cultural and organoleptic preferences by consumers) in Benin.

Pesticide residues were not found in the Mexican Chapulin (Sphenarium purpurascens) harvested
from cornfields

D. Hernandez-Rodriguez, B. Osorio-Carballo, F. Fernadez-Tepach and G. Melgar-Lalanne
Universidad Veracruzana, Instituto de Ciencias Bdsicas, Av. Castelazo Ayala Sn, Industrial Animas, Xalapa-Enriquez,
Veracruz, 91192, Mexico; doloreshernandez02@uv.mx

Pesticide residues were not found in the Mexican Chapulin (Sphenarium purpurascensis) harvested from cornfields
Agricultural pest insects are consumed as part of the diet in many tropical countries. Chapulin a devastating pest
insect common in central Mexico, damaging the cornfields. Traditionally, mechanical harvesting has been used for the
survival of farmers to collect the insect as a source of food. However, in the last decades, farmers have increased the use
of chemical plague control to reduce the economic losses produced by this plague. On the other hand, Chapulin is still
collected from cornfields, mainly for survival farmers in lands where chemical pesticides could be used. Naturally, then,
there is a concern about the presence of pesticides residues in Chapulin. So, the present research aimed to determine
organohalides, organophosphates, methyl carbamates, organonitrogens, and other compounds in Chapulin harvested
from cornfields. In accordance with current legislation and considering that there is no precise information on the type
of pesticides used in the region, a complete analysis of pesticides was carried out. A total of 300 pesticides were analysed
by AOAC 2007.01 (pesticide residues in foods by acetonitrile extraction and partitioning with magnesium sulphate), in
a 3.5274 oz sample. The insects were collected in the region of Tepapayeca, Puebla, Mexico (18°40'15” N, 98°31’52”W).
In this region, Chapulin harvesting represents 1.6% of GDP due to economic activity and its inhabitants are traditional
consumers. Results showed no residue of pesticides detected in any case. Based on the lack of detection observed in the
product, it could be considered that Chapulin is safe for human consumption. To our knowledge, this is the first report
on pesticide residues in Chapulin. However, this is a limited study; more samples, metals, and microbiological analysis
should be done to guarantee the safety of the final consumer.
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Distribution and evaluation of the nutritional potential of edible insects in Djerem (Adamaoua-Cameroon)

R. Nguildakail, B. Fogang Zogang?, A. Waimanel, S. Ali Abderamane?, M. Adamou! and E. Nukenine Nchiwan!
University of Ngaoundere, Department of Biological Sciences, Laboratory of Applied Zoology, PO. Box 455 Ngaoundere,
Cameroon, *University Institute of Technology, Department of Food Sciences and Food Safety, Laboratory of Applied Zoology,
PO. Box 455 Ngaoundere, Cameroon; rabsanguildakai9l @gmail.com

In the districts of Djerem in Cameroon, we identified the host plants of several edible insect species, the areas where there
are collected, periods of the year when they were available, and insects’ nutritional value. The survey was conducted by
direct interviews. The host plant Albizia zygia was colonised by Anaphe panda and Imbrasia obscura, Entada africana
by Antheua sp. and Imbrasia obscura, and Mucuna bennettii by Cirina forda. These caterpillars appear on their host plant
between the months of June and September. Termites appear from February to May. Beetle larvae appear late September
and October and between November and January. These insects are collected all over the Djerem. The chemical values of
Antheua sp., A. panda, and C. forda revealed a highly variable nutrient content. The nutritional values of these caterpillars
can solve the needs of proteins and energy deficiency among poor populations.
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Perception, marketing & economics

Does scale really matter - modelling different black soldier fly facility operations

S. Diener!, M.G.P. Grau? and C. Zurbriigg!
!Eawag: Swiss Federal Institute of Aquatic Science and Technology, Uberlandstrasse 133, 8600 Diibendorf, Switzerland,
2ETH Ziirich, Clausiusstrasse 37, 8092 Ziirich, Switzerland; stefan.diener@eawag.ch

In urban centres of low and middle income countries, treatment of biowaste remains an untapped approach given its
perceived limited value. The black soldier fly larvae (BSFL) conversion process has however proven to be promising, given
its potential to generate high value products with low technological input. Nevertheless, the question on how to achieve
financial viability and how to integrate it into a given solid waste management system remains a gap in research. Data
from a manually operated BSFL facility (2 tons waste/day) in Sidoarjo, Indonesia was used as input for a cost-revenue
model. It is structured by differentiating each processing step of the BSF facility and assigning tasks, resources and
respective costs by Activity Based Costing. Unit costs for salaries, energy or infrastructure can be individually adjusted
depending on the local context which then allows the calculation of material and operating costs at different scales as
well as common key financial indicators. The study modelled different scenarios on how the processing units of the BSF
facility could be disaggregated in separate business units with varying degrees of decentralisation. One example is to
operate a central nursery while decentralising many small BSFL waste treatment and post-processing units. Results show
that such a scenario shows both commercial and environmental benefits. Treating waste close to the source of waste
generation reduces transport, creates local jobs and enables the integration into the existing waste management system
of local governments which already operate decentralised waste treatment/recycling stations. Such waste management,
or in other words ‘decentralised insect farming, is comparable to existing livestock farming activities, be it aquaculture
or poultry farming, where small and medium-sized farms contribute significantly to the food security of the region and
create jobs. The analysis of the different scales and cooperation models shows that savings through ‘economies of scale’
are not necessarily the only determining factor when envisaging BSF biowaste processing as an integral part of the solid
waste management system
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Analysis of costs and revenues of insect farms in the Netherlands

H.H. Niyonsabal, I. Vermeij2, I. Groeneveld?, J. Hohler!, H.J. Van Der Fels-Klerx!, J. Kooistra! and M.P.M. Meuwissen!
"Wageningen University, Business Economics, Hollandseweg 1, 6706 KN Wageningen, the Netherlands, >Wageningen Livestock
Research, de Elst 1, 6708 WD Wageningen, the Netherlands; hilde.niyonsaba@wur.nl

In the past decades, a great deal of research has been done into the production of insects in various fields (e.g. optimising
insect growth), but empirical research into the economic viability of insect farms in Europe is limited. An understanding
of the profitability of insect farms is crucial, not only for rearers to determine their position in the market, but also for
the starting entrepreneurs prior to the decision to start. In addition, it is needed for investors, insurance companies and
creditors to have insights into the viability of the industry to make an informed decision in providing services. In this study,
we analysed the costs and revenues for 1. molitor farms in the Netherlands, distinguishing between the business models
reproduction (n=2) and rearing (n=>5). In addition, using expert elicitation (n=5) we obtained estimates on current sales
prices, as well as feed and investments costs for H. illucens farms (reproduction and rearing integrated). Revenues for T.
molitor farms included those obtained from fresh and first-processed (dried) products, insect frass and other extension
services. Regarding costs, fixed and variable costs were investigated, as well as investments. Preliminary results from
stochastic simulation using the obtained data showed net present value (NPV) and the return on investment (ROI). Results
of sensitivity analysis based on spearman rank correlation coefficient between NPV as well as ROI and operating profit
showed that the main determining factors for profitability of T. molitor rearing and reproduction farms included labour
and substrate costs, and sales prices. Results for H. illucens production highlighted that main costs components included
labour, feed and depreciation costs. This study provides first estimates that can be used in decision making on (credit)
risk assessment for service providers and designing targeted interventions by policy makers. In addition, the results are
a basis for further research into the most optimal and (cost) efficient form of insect production.

Promoting insects for food and feed in Myanmar: TV cooking shows and social media promotions

D.J. Allan, E. Phyu and K.M. Wai
Spectrum, Sustainable Development Knowledge Network, Myaynigone, Sanchaung, Myanmar; djallan7@gmail.com

Eating insects has been popular in Myanmar throughout the ages. To understand and document the sector many locations
and topics have been studied. Market stimulation has been a key request from insect farmers. Studies have shown that
there is a strong interest to eat insects as snacks (85%), but less as main meals (45%). There are two strategies to change
this are: (1) main meal recipe creation, via the ‘Everyday Insects’ recipe book; (2) broader social media promotions. With
images of delicious local recipes and meals available from the recipe book, the idea of a TV cooking program emerged.
Initially a ‘Master Chef’ style program was considered. However, combining guest chefs, visits to local farms, multiple
kitchens and travel in rural Myanmar was favoured more. To date 2 series of 9 episodes total, each between 10 and 20
minutes were produced in the MITV ‘Let’s Taste Delicious Insects’ series. Social media growth has been rapid in Myanmar
since telecoms sector deregulation from 2013 allowed rapid internet penetration. In January 2021 there were 29 million
social media users (53% of the total population), with a social media usage growth of 32% per annum, Facebook being
the leader with 27 million users. A specific ‘Everyday Insects’ FB TV channel followed book release, with host chef
engagement, short cooking videos, and news articles on the global insect industry. Brief cooking video clips were filmed
to fit with short Facebook viewing spans. Peak episode engagement has exceeded 430,000, with cooking videos being the
most popular. Ongoing programs for increased exposure are planned. Food promotions were coupled with blog posts on
industry news and farming knowledge. Myanmar translations of international documents have proven extremely popular.
For example, the ICIPE guide on black soldier fly production has had 1,884 Myanmar and 1,308 English downloads. The
recent World Bank ‘Insect and Hydroponic Farming in Africa’ has had 309 downloads which makes Myanmar the second
highest downloader (12 Feb. 2022). The promotion strategies used have worked well to stimulate an already receptive
market. Needed now is more investment in farming and processing to assist interested insect farmers.
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Introducing edible insects into animal feed in Cameroon - a new opportunity?

P.M. Polepolel, L. Laroumagne?, S. Mezdour?, J.F. Muafor, L.B. Tonfack? and P. Le Gall®

Unstitut Supérieur Développement Rural, B.P. 2849, Bukavu, Democratic Republic of Congo, *Planete Cetoines, 81bis
route de Chartres, 91940 Gometz le Chatel, France, 3AgroParisTech, UMR782 SayFood, Agroparistech Massy, 91300
Massy, France, *Living Forest trust, S/C IRD BP 1857, Yaounde, Cameroon, *Institut de Recherche pour le Developpement,
Laboratoire Evolution, Génome Comportement Ecologie, Centre National de la Recherche Scientifique (CNRS), 91198 Gif
sur Yvette, France; patient.m2pg@gmail.com

The population of Cameroon triples every thirty years, which is increasing the demand for proteins. Edible insects represent
acceptable food for fish and livestock that naturally feed on insects. Unsurprisingly, there are numerous of examples of
feed formulations based on whole raw or dried insects. The objective of this study was to determine what place insects
could take as a natural and sustainable source of protein in aquaculture and livestock feeds in Cameroon. To elucidate
this question we made survey of the animal production sector, with an emphasis on aquaculture, poultry farming and
pig farming. Then we analysed the potential of edible insects and the opportunities for their valorisation in the animal
production sector in Cameroon. The socioeconomic and technical data collected from April to August 2018 from 32
feed mills and 72 breeders (aquaculturists, poultry pig farmers) in central Cameroon. The main feedstuffs used are corn,
soybean meal, peanut meal, concentrate and fishmeal. The cost of these different feedstuffs changes according to the
growing seasons, availability on the local market, and quality. The perception of breeders and feed producers about the
use of insects in animal feed is mixed; breeders are more enthusiastic than feed producers about the idea of integrating
insect-based meal into feed compositions. However, the convergence of all the players involved in the value chain should
ensure the good quality of the finished product, its societal acceptance and the technical and economic performance
of the farms, but the crucial question will remain the price of the final products and their availability all along the year.

Visual history of ideas about insect-related consumables: the case of Dactylopius coccus and
Ophiocordyceps sinensis

M.F. Gonzalez Rodriguez
KU Leuven, Faculty of Arts, Blijde-Inkomststraat 21, 3000 Leuven, Belgium; fernando.gonzalezrodriguez@kuleuven.be

Central to this paper is a discussion of the role of images and labels historically (1520-2020) in the promotion of consumables
structurally derived directly or indirectly from insects. The main focus lies on two study cases of visual marketing strategies.
The first one involves the industrial use of Dactylopius coccus (cochineal scale insects), first as a dye and eventually, as
colour additive in food. Popularly known as carmine, E120, as it is registered in EU food control documents, may be found,
under certain regulations, in fruit-flavoured breakfast cereals, sausages, patés, drinks, cakes and milk products. The second
case considers the role of images and labels in the circulation of an entomopathogenic fungus, Ophiocordyceps sinensis
(caterpillar fungus), as a popular addition in the landscape of health supplements and health-enhancing consumables. The
main hypotheses are: (1) edible-non-edible hierarchies of food sources become visually more prominent through images
and labels that have no didactive purpose, whereas informative pictorial representations challenge fixed preconceptions
about edibility; (2) preconceptions about health are underlined implicitly in images and texts and used as a reference to
validate the edibility of consumables directly or indirectly related to insects. Methodologically, visual data, visual research,
discourse analysis, close reading and text data mining (N-grams) are applied to a corpus of 300 images and texts, dating
from the 16t century to 2020, and selected based on their retrievability across digital platforms and attention received
within public discourse. As this paper shows, images have tacitly registered carmine’s journey from Mesoamerican
indigenous settings to ice creams advertisement posters in Western Europe, obviating the actual nature of the substance.
In stark contrast with carmine, the insect-related origin of caterpillar fungus is by no means hidden in the construction
of images and labels used for advertisement purposes. The main conclusion is that pictorial representations and linguistic
classificatory protocols provide insights about the diffusion and circulation of ideas and preconceptions about insects,
not necessarily as food, but either as healthy or unhealthy food sources.
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The effect of labelling and visual properties on the acceptance of foods containing insects

K. Modlinskal, D. Adamczyk?, D. Maison?, K. Goncikowskal, U. Altuntas? and W. Pisula!
1Polish Academy of Sciences, Institute of Psychology, Jaracza 1, 00-378 Warsaw, Poland, *University of Warsaw, Faculty of
Psychology, 5/6 Stawki St., 00-183 Warsaw, Poland; kmodlinska@psych.pan.pl

Introducing insects as a source of nutrients (e.g. protein) plays a key role in many countries’ environmental policies.
However, westerners generally reject insects as an ingredient of food products and meals. The aim of our study was to
assess if explicitly labelling food as containing insects and/or implying it by manipulating the appearance of food influences
the participants’ perception of food products or their behavioural reaction to such products. The participants were asked
to try a range of foods none of which contained ingredients derived from insects. However, the experimental conditions
varied with regard to food labelling (insects content) and appearance (traces of insects-like ingredients). We observed
the participants’ non-verbal behavioural reactions to the foods. Then, the respondents filled in a questionnaire evaluating
food properties. Additionally, we asked the participants to fill in a set of questionnaires measuring other variables (food
neophobia, disgust, variety seeking, etc.). The results showed that products labelled as containing insects are consumed
with reluctance and in lower quantity despite their appearance. Recent online study confirmed the results that the presence
of an insect content label has a negative effect on the evaluation of the product. The effect was greater when an insect
content label was combined with an actual image of an insect.

Packaging communication as a tool to reduce disgust at edible insect

S. Floto-Stammen, B. Stroh and N. Naranjo-Guevara
Fontys University of Applied Sciences, Research group of Business Innovation, Tegelseweg 255, 5912 BG Venlo, the Netherlands;
s.flotostammen@fontys.nl

Insect based snacks, protein bars, mueslis or pasta have been on the European market for a few years, however, they are
still far from being successful. Disgust at eating insects has been identified as a primary barrier to consumption. Amongst
the strategies to overcome this hurdle, the presentation of informative or visual elements has shown to be effective. The
product packaging as being referred to as the silent seller bears the potential for presenting elements for the reduction of
disgust. This study investigates the potential of packaging communication on reducing the disgust of insect-based foods in
Germany. An online survey was conducted using chocolate bars with insect powder as a model. The four hundred twenty-
two participants were confronted with ten packaging designs representing different visual and informative elements such
as labels and claims. The tested elements were shown on a rather neutral test packaging in order to be able to compare
the individual effect. The results showed that images of ingredients, such as chocolate and hazelnuts, on packaging are
particularly effective in reducing disgust. The same applies to a transparent window in the packaging. The presence of the
organic label and the new Entotrust label significantly increased the assumed food safety. Statements about protein content
and sustainability were less effective, and the image of a cricket had a significant impact on increasing disgust. Our results
suggest that the packaging design should be used consciously to reduce disgust and thus support the purchase probability.
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Development of a lexicon and sensory profiles for edible insects commercially available in Australia

I. Bless!2, S.E.P. Bastian?, J. Gould!, Q. Yang! and K. Wilkinson?

University of Nottingham, School of Biosciences, Sutton Bonington Campus, Sutton Bonington, Loughborough, LE12 5RD,
United Kingdom, 2University of Adelaide, School of Agriculture, Food and Wine, Waite Campus, PMB 1, Glen Osmond,
5064, SA, Australia; ishka.bless@adelaide.edu.au

Gooey, chewy and a little like chicken? While the nutritional and environmental benefits of entomophagy (the practice
of eating insects) are well-established, the sensory properties of edible insects remain poorly defined and are often
misconceived among Western consumers. To enhance Western consumer familiarity with insects as food and facilitate
continued growth of the emerging edible insect industry, further research is needed to better describe the flavour and
texture of commercially available edible insect species. A sensory lexicon comprises standardised vocabulary for the
sensory attributes of a given food product category. Presented visually as a sensory wheel or as a list of terms, lexicons
are useful in product development, quality assessment and marketing, as well as guiding sensory profiling for research.
This study sought to establish a lexicon for edible insects that are commercially available in Australia. Crickets (Acheta
domesticus), green tree ants (Oecophylla smaragdina), mealworms (Tenebrio molitor), superworms (Zophobas morio)
and tyrant ants (Iridomyrmex spp.) were prepared using various cooking and preservation techniques, then evaluated
by a trained descriptive analysis panel. Aroma, flavour and texture attributes were identified and defined by panellists
to generate a standardised vocabulary. The vocabulary was then categorised and ordered to generate a sensory wheel.
The edible insect lexicon and sensory wheel were refined in consultation with consumer and industry focus groups, and
used by the panel to generate sensory profiles. Applications for these outputs in research and industry will be discussed,
along with recommendations for further development of sensory communication tools and descriptors for edible insects.

’| am Flexigan’: identifying pioneers groups for insect consumption

N. Naranjo-Guevara, T. Spiker, S. Ilbertz and S. Floto-Stammen
Fontys University of Applied Sciences, Research group of Business Innovation, Tegelseweg 225, 5912 BG Venlo, the Netherlands;
n.naranjoguevara@fontys.nl

Despite the benefits of integrating edible insects in human diets, their consumption is still not common in Western countries
and successful implementation in markets is yet to occur. Many studies have examined factors affecting consumer behaviour
towards insect-based food. However, an ideal target group has not been identified. This study investigated the diet motives
of the different meat avoider groups (vegans, vegetarians, pescatarians and flexitarians) in Germany and their willingness
to consume insect-based products in order to define a potential pioneer group for insect consumption. First, an online
survey with 181 meat avoiders was conducted to identify drivers of consumption. After that, interviews were conducted
based on consumer desires, motivations, neophobia on such groups. Through STP strategy, the survey respondents were
divided into the sub-segments: ethical motivated, health and environmental meat avoiders. Ethically motivated meat
avoiders were not a relevant target group for insect consumption, due to their general rejection of the consumption of
animals, as they proved to be particularly strict in their lifestyle and fundamentally opposed to the consumption of living
beings. Health and environmentally motivated meat avoiders were identified as not generally against the consumption
of animals, open to the consumption of insects. We have been these last two groups defined as flexigans. The definition
includes all different variations of vegetarian diets instead of solely focusing on a single approach. Flexigans proved to
be neophilic and open to unfamiliar products. Therefore, they could be classified as either pioneers or early adopters.
Marketing approaches are discussed based on the tendencies that became visible through the primary research.
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Navigating the governance and commercialisation pitfalls in edible insect informal crossborder trade

J.G. Sekonya! and R.P. Wynberg?
! Nelson Mandela University, Conservation Management, George Campus, Madiba Drive, 6530, South Africa, *University
of Cape Town, Environmental and Geographical Science, 7700 Rondebosch, South Africa; jgsekonya@gmail.com

Mopane worm is an edible caterpillar (Gonimbrasia belina) traded and consumed widely in southern Africa. Its popularity
has spurred trade providing important income source for harvesters and traders while meeting crossborder demand in the
region. This growing popularity and commercialisation have driven an unprecedented demand for access to harvesting
in Botswana and stiff competition across markets in South Africa. However, mopane worm regulation has been marred
by inconsistencies, incapacity and regulatory constraints that result from imposition of inadequate and poorly designed
regulatory tools, placing unprecedented pressures on mopane worm users. Other constraints across markets, including
the exclusionary practices had multiplier effect on the threats to ecologically-sound harvesting practices and sustainability
mopane worm populations, with significant implications for resource governability and actors’ livelihoods. Using multi-
sited ethnography and case study approaches, the study investigated and analysed the governance and commercialisation
arrangements; and the strategies used to navigate these governance and commercialisation constraints. Significant
regulatory constrains resulted from the combination of rigid regulatory tools and limited capacity of the institutions to
ensure consistent application and compliance. Among harvesters, this undermined compliance with regulations due to
poor enforcement and dissuaded compliant actors as transgressors were unpunished. Similarly, the challenges and costs
resulting from gatekeeping, elite capture, and marginalisation of informal traders were experienced across markets in
South Africa. Navigating the regulatory and informal trading constraints required crafting adaptive strategies. Owing to
these constraints, and out of agency of the actors, informalisation, forum shopping and adoption of precarious practices
were preferred across the trade chain. These adaptive strategies arose to mitigate effect of the everyday challenges resulting
from regulatory inconsistencies, gatekeeping, elite capture, and marginalisation of informal traders as experienced across
markets.

Obstacles to accepting insects as human food in three nations — Australia, Germany and Japan

D. Bogueva
Curtin University, Sustainable Policy Institute, Kent Street, Bentley, 6102, Australia; diana.bogueva@curtin.edu.au

Once discovered using trial-and-error and adopted as food by our ancestors, insect consumption nowadays is still a strategy
for the survival of many. Eating insects seem to have a variety of positive effects on the environment. Insects show an
attractive nutritional profile, bearing health and other benefits. However, they are not part of the perspective of human
food, particularly for the western world. People’s resistance to insect-eating there is deeply rooted. Understanding barriers
to eating more or fewer insects is paramount for finding solutions to future food security, and especially for implementing
the idea of insects to feed the world. This survey-based study between three countries, namely Australia, Germany and
Japan, demonstrates anthropological and psychological perspectives of people’s food choices being constrained to their
own environments and influenced by their eating behaviour (both acceptance of and reluctance to insects as food) by
societies and cultures. The survey responses of the 20-60 years old participants were analysed to help recognise signs of
willingness and readiness across the three nations toward insect consumption. The research focused on how often people
made statements pertaining to disgust or the yuck factor and whether it is the biggest obstacle to insects acceptance as
human food. However, the survey insights accentuated the prominence of the disgust factor as a mediating factor in
the acceptability of insects as human foods, the responses brought into light other insightful country-specific areas of
concerns such as the issue of clean-unclean, the role of gender and masculinity, and the insects masking under another
form. Research examining these aspects in the three countries studied is limited.
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Insect-Fed: an alliance for the promotion and certification of insect-based foods and feeds

C. Emhart, C. Scarinci and A. Florenzano
F4F: Food For The Future, km 257 Ruta 5 Sur Chacra Venecia Lote 10, Maule, Chile; cristian@fdf.cl

It is estimated that agriculture will need to increase 60% by 2050 in order to meet the demand of a growing world
population. In particular, due to rising incomes, demand for animal-based proteins is increasing, adding pressure onto
agricultural systems to provide ingredients for animal feeds. The only way to achieve the Sustainable Development Goals
of the UN’s 2030 Agenda, is by shifting to more sustainable products in the agri-food sector. Insect-based products are
widely recognised as a potential solution for global food security, as they represent a more sustainable option for human
food and livestock feed. It is possible to produce insect-based products with a much lower environmental footprint than
conventional livestock and crop production, using significantly less land and feeding insects on organic waste, they prevent
the emissions of methane. According to the Intergovernmental Panel on Climate Change, cutting methane emissions
by 40% by 2030 would help limit global warming to 1.5 °C, avoiding the most extreme effects of climate change. The
development of edible insect farming and production has been supported by FAO for the past two decades. A wide range
of insect-based products have been introduced into the market, and this number is expected to increase in the coming
years. Aware of the need to both communicate the life-cycle impacts of our food and promote the attributes of insect-
based products, several stakeholders of the insect farming community — including producers and academia — have been
brought together in the Insect-Fed Alliance. The main objective of this alliance is to create a collaborative platform that
provides information and spreads knowledge about insect-based products to help consumers make informed choices.
To achieve this, a certification scheme is being designed, with the aim to recognise insect-based products that fulfil a
set of high-level sustainability and quality criteria. These products will carry the Insect-Fed Label, to account for their
sustainability performance and, through the use of technology, consumers will be able to track the environmental impacts
throughout its life cycle.

North American consumer acceptance of insect feed ingredients in pet food

B.F. Jowett and J. Kaminsky
Enterra, Marketing, 20240 Stewart Crescent, Maple Ridge, BC, V2X 0T4, Canada; bjowett@enterra.com

Insects for the use in feed and food is becoming a widely talked about solution to help feed an ever-increasing protein
hungry world. While the science is providing promising results in the form of insect husbandry, production technology
and the ability to scale up production to increase output, is North American culture ready to accept the concept of insect
ingredients and especially in pet food? It is time for the commercial aspect of the industry to catch up to the science or
technical component. As part of a quest to understand the views of the North American pet food consumer, a multi-year
study is concluding in the spring of 2022. The outcomes of the study will reveal the thoughts, opinions and actions of dog
and cat owners towards feeding their pets an insect-based diet. It will be the consumers of insect-based products that will
determine the success of our industry. What are the key opportunities and hurdles for our industry to address so that we
can take the next step to having insect ingredients provide new and novel solutions? Results from an on-going pet food
consumer tracking study on insect ingredients will provide insights so that collectively we can understand the voice of
the end use customer and determine the opportunities, challenges and a collective path forward.
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Updated insights on marketing of insect as feed focused on insect-based pet food applications

L. Wein, S. Yusnaieny, R. Steven and F. Cornu
Protenga Pte Ltd, 3 Coleman Street, #03-24, 179804, Singapore; leo@protenga.com

Insect farming as feed has arguably been continuing its coming of age journey in the last 2-3 years with more and bigger
commercial production facilities coming on line across the world. While global production volumes have increased,
they still constitute only a very small fraction of the global feed protein demand. At the same time, insect producers have
developed different applications and markets for their farmed insect as feed products. An application that has seen a
notable growth is the nascent insect-based pet food category. Originating from products in Europe & North America,
insect-based pet food has evolved at the intersection of insects as food and insects as feed with a focus on dog food,
and to some extent cat food, and today presents a significant market opportunity for farmed insect products globally. In
our study, we evaluated the global insect-based pet food market, surveyed brands and product formats, evaluated value
propositions and messaging and compared them against published literature findings, analysed the actual use of insect
ingredients as part of the final product formulation and assessed pricing and distribution practices. Being based in Asia,
our study included a geographic segmentation and evaluation of consumer perception and preferences in South East Asia.

Insect school: a way to move the BSF industry forward

B. Holtermans
Insect Engineers, Nijverheidsstraat 2a, 5961 PJ Horst, the Netherlands; bob@insectengineers.com

The insect industry is known for its high potential, but its also known as a closed industry for the pioneers who want to
start. When everybody keeps thinking they are sitting on the ‘golden idea’ then nobody will move. That also means the
industry will not move forward. To make the industry move you need to offer something which triggers the people to
move. The Insect School is set up with that goal. To create a meeting place where people can go to share knowledge and
to obtain new knowledge. It’s proven that a physical location has a very positive effect on co-operations in an industry.
At same time setting it up has been facing the same difficulties because nobody wants to make that first step. So this
step is taken by 1 person in 2021 and from 4 April 2022 the practical location in America (don'’t be fooled, this is not the
USA but a village called America located in The Netherlands!) is opened and accessible for all who have an interest in the
BSF industry. From people who want to start, growers who want to experiment, feed trials, university research, technical
developments, breeding, frass trials, etc. Many universities are involved with the BSF industry and perhaps will say now
but we already do our own research at our own university. Exactly! That we all should cherish and promote. The idea of
the Insect School is actually the translation between the universities and commercialisation. It’s that in-between step in
the proof of concept on pilot scale before going large. From 1 till 20 tons of organic waste production rooms. That is good
for commercial testing and showcasing investors your proof of concept. The physical location in America (Netherlands)
is the practical centre. The online version www.insectschool.com is also being build and when IFW2022 takes place it
will be online. It should be the information source for BSF farming. At same time training courses by universities and
commercial companies can be shown so people are guided in their journey into BSF farming. This initiative might become
for more insects in the future but first things first.
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Farmers’ willingness to pay for commercial insect-based poultry feed attributes in Kenya - a choice-
experiment method

A.O. Okello!2, D.J. Otieno?, J.M. Nzuma?2, M.K. Kidoido! and C.M. Tanga!
!International Centre of Insect Physiology and Ecology, 30772, 00100 Nairobi, Kenya, >University of Nairobi, Department
of Agricultural Economics, 29053, 00625 Kangeni, Kenya; afrikaokello@gmail.com

High feed costs make chicken production prohibitive especially in developing countries owing to overreliance on protein
feed ingredients such as soybean and fishmeal that are characterised by rising food-feed competition and supply chain
impediments such as restrictive border policies and the recent Covid-19 pandemic. The use of insects such as the black
soldier fly (BSF) as a sustainable alternative protein source has attracted global attention recently. However, there is a dearth
of empirical insights on farmers’ preferences for commercial BSF-based feeds. This study evaluated farmers’ willingness
to pay for attributes of BSF-based commercial poultry feed in Kiambu County, Kenya using a choice experiment and
the random parameter logit (RPL) based on a survey of 314 predominantly poultry farmers. Results of the RPL show
that 93% of the farmers are willing to pay for BSF-based feed and premium prices range between US$0.34 and US$3.39
for BSE-based feed in the form of either pellets or mash, feed explicitly labelled as containing insects, feed mixed with
soybean or fishmeal and dark-coloured feed. This is a pioneering study that specifically values commercial feed based on
various components and combinations. The findings provide evidence for multi-stakeholder collaborations to facilitate
the creation of an inclusive BSF-based feed regulatory framework for sustainable feed and poultry production.

Farmers’ perceptions of commercial insect-based feed for livestock production in Ghana

I. Nunoo! and D. Adomaa?

1 Kwame Nkrumah University of Science and Technology, Department of Agricultural Economics, Agribusiness and Extension,
PMB KNUST, 233, Ghana, *Rural Education and Agriculture Development International, Box UP1429, KNUST, 233,
Ghana; nunooisaac85@yahoo.com

Insects have been proven to be potential alternatives to animal and plant protein sources worldwide. Although insects
occupy 80% of the global biodiversity and have been part of traditional delicacies for over two billion people, they are
among the most underutilised feed resources. The sustainable utilisation of insects in livestock feed formulation has the
potential to transform the current overreliance on fishmeal and soybean meal to a vibrant circular economy that offers
employment opportunities especially for youths and women at the grassroots with effective feedbacks to the environment.
This study evaluates poultry farmer’s perceptions of commercial insect-based feed (IBF) products and assesses the factors
that would influence its adoption. Principal component analysis used to develop perception indices that are subsequently
used in multiple regression analysis of survey data collected from a sample of 400 farmers. Over 95% of the farmers
were ready and willing to use insect-based feeds. The Principal component analysis identified feed performance, social
acceptability of the use of insects in feed formulation, feed versatility and marketability of livestock products reared on
insect-based feeds as the key attributes that would affect farmers’ purchase decisions. Awareness of insect-based feeds
attributes, group membership, off-farm income, wealth status and education significantly influenced farmers’ perceptions
of IBE. Interventions such as experimental demonstrations that increase farmers’ technical knowledge on the productivity
of livestock fed on insect-based feeds are crucial to reducing farmers’ uncertainties towards acceptability of insect-based
feeds. Public partnerships with resource-endowed farmers and farmer groups are recommended to improve knowledge
sharing on insect-based feeds.
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Quality of edible insects seen by Belgian academics

L. Detilleux!, A. Le Luc?, L. Andres2, T. Dogot!, F. Francis? and R. Caparros Megido®

1Gembloux Agro-Bio Tech, University of Liége, Economics and Rural Development, Passage des déportés, 2, 5030 Gembloux,
Belgium, *College of International Agro-Development (ISTOM), Research unit Agro-Development and Innovation in South
(UR ADISuds), Rue Joseph Lakanal, 4, 49000 Angers, France, 3Gembloux Agro-Bio Tech, University of Liége, Functional
and Evolutionary Entomology, Passage des déportés, 2, 5030 Gembloux, Belgium; r.caparros@uliege.be

In Belgium, as everywhere in Europe, edible insects are not yet introduced in food habits. Edible insects must reach a certain
level of quality to be accepted as food by European people. Quality is defined as ‘the requirements necessary to satisfy the
needs and expectations of the consumer In the case of food, quality is divided into five dimensions: safety (i.e. hygienic
quality), health (i.e. nutritional quality), satisfaction (i.e. organoleptic quality), service (i.e. functional quality) and society
(i.e. symbolic quality). Each dimension has a variable importance depending on the consumer and the food. A study was
conducted in Gembloux (Belgium) at Gembloux Agro-Bio Tech — University of Liege (GxABT). 475 respondents (mean
age: 27.62+11.45 years old) took part in the online survey voluntarily. This survey aimed to collect general information
about entomophagy (e.g. consumer acceptance, experience of eating insects, etc.) and to define the most important quality
dimension relative to entomophagy. This study was also an opportunity to challenge the questionnaire which is the initial
version of a questionnaire for further studies. More than 60% of academics from GxABT stated they would be willing to
eat edible insects and they have already experimented insect eating. Most respondents knew where they could buy this
food, mainly on the Internet or in store. Concerning the quality of food, health was considered as the most important
dimension followed by society and satisfaction. In other words, respondents wanted to eat a healthy food with edible insects.

Insect-based feed for aquaculture products: an investigation of Italian consumers level of
consciousness and acceptance

R.R. Roccatello, L.E. Endrizzi, E.A. Aprea and S.D. Dabbou
University of Trento, C3A, Via Edmund Mach 1, 38010 San Michele allAdige (TN), Italy; rosalba.roccatello@unitn.it

Consumers’ interest in sustainability and the environmental impact of food production is becoming increasingly important
for their consumption choices. The combination of these two factors prompted the sector of aquaculture to find more
sustainable alternative sources for animal feeding as a possible action to mitigate environmental impact of this sector.
Insects have already proved to be a valuable alternative source to common feed in aquaculture. However, fish farmed with
insects is still perceived as an unconventional product. In addition, the investigation on consumer behaviour on animal
origin products fed with insect-based feed is still in its infancy. But is the Italian consumer truly ready for this innovation?
This study aimed to understand Italian consumers’ attitudes towards the new trends of fish fed with insect-based feed.
An online survey was conducted between January and March 2021; it was web-programmed using Google Forms and
developed in the Italian language. The survey was completed by 209 Italian consumers aged 18-75 (49% male). Data on
consumers’ diet, purchasing habits and awareness degree of topics regarding fish diet, feed quality, sustainability, and
food neophobia were collected. The final dataset was analysed using descriptive statistics methods. The effect of diet,
neophobia, attitude towards sustainability, purchasing behaviour, knowledge about aquaculture sector, age, and gender on
the importance consumers give to the quality of feed, the climate change, buy more sustainably and to the sustainability
of insect-based feed was estimated by ANOVA one-way models. The higher is level of consciousness concerning the
variables analysed, the higher is the willingness to buy and eat innovative products. A higher knowledge degree can also
be found in younger and female consumers who pay more attention to the quality of feed and the environmental impact
of its diets. The test sample seems to be ready for this innovation but needs proper information.
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Market opportunities of BSF insect frass

T.H.]. Kapteijns
Protix, Business Development, Industriestraat 3, 5107 NC Dongen, the Netherlands; thijs.kapteijns@protix.eu

Black soldier fly larvae insect frass (BSFL) is gaining popularity as high value fertiliser in professional and consumer end
markets. End markets are interested in insect frass due the sustainability aspects (low footprint) and functional benefits.
Most important functional benefits of frass are the stimulation of beneficial soil micro-organisms, a high percentage
of organic matter and the supply of essential nutrients. Currently there are several market applications for insect frass.
Frass is applied in professional markets like vegetable cultivation, flower cultivation and golf/sport fields. Another market
is the consumer market, Frassor (brand name) is an example of a insect frass based consumer product. The consumer
market is relatively more emotional driven then the professional market. To further unlock these frass markets, several
things are needed. Most important is research to the functional benefits of insect frass to get a better understanding of
the real value of insect frass. Secondly it is important that legislation for this new animal by-product becomes clearer.
Finally, it would be useful if governments started to stimulate the use of frass through, for example, subsidies. Methods
used to generate results: We used a combination of literature studies (studies since 2018 on topics related to insect frass
and organic fertilisers) and questionnaires from Protix insect frass users.

Level of the concreteness of insect information on packaging and impact on product preference and
evaluation

F. Thomas, P. Richard, F. Focone, G. Pantin-Sohier, D. Marquis and A. Hedhili
University of Angers, Marketing/Ingénierie des Systémes, 13 Allée F. Mitterrand, 49036 Angers, France; fanny.
thomas@univ-angers.fr

Our research questions the impact of the depiction of the insect on the packaging as well as its association with other
ingredients on the behaviour and evaluation of products in the context of the purchasing environment. Using a virtual
reality experiment, reconstituting a shop shelf of four apple-caramel cereal bars and insect flour, we test the impact of
different graphic depictions of insects providing an abstract or concrete level of information about the insect (drawing
vs photo) when it is mixed with other ingredients, notably fruit (cut vs whole). Through this study conducted with 44
participants in a first stage of manipulation of the products within subject using virtual reality, we show that holding the
product allows a better attention of the product by integrating the level of proxemia achieved with the product (the fact
that the product is close to the face or not) and the time spent looking at the front of the packaging (FOP). Self-reported
participants preferred the products to whole fruit designs, with no significant difference between insect designs. However,
the integration of behavioural measures from the virtual reality experience, are additional explanatory predictors to the
increase in perceived realism on product preference based on the insect design on the package. In this way, the bar with
the photo compared to the drawing, resulted in increased attention (bringing the bar closer to the face) inducing an
increase in choice for the bar with the photo. We also note that the FOP was observed for longer with the drawing than
with the photo and that this increased the choice of bar with a whole apple and a drawn insect. Then, in a second step
we studied the perceptions of these two insect designs chosen in terms of perceived novelty and originality, perceived
healthiness and taste evaluation of the product when tasted. Our results highlight marketing levers for designers to make
new insect-based products more easily accepted by the packaging.
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Biotechnology & non-food applications of insect

Functional properties, bioactivity and ionic dye absorption of chitosan produced from house
crickets with novel methods

M. Psarianos!, N. Marzbanl, S. Ojhal, R. Schneider! and O. Schliiter!-2

Leibniz-Institut for agricultural engineering and bioeconomy (ATB), Department of Horticulture, Max-Eyth-Allee 100,
14469 Potsdam, Germany, *University of Bologna, Department of Agricultural and Food Sciences, Piazza Goidanich 60,
47521 Cesena, Italy; mpsarianos@atb-potsdam.de

House crickets are considered as a good source of chitin. Chitosan, the product of deacetylation of chitin, has various
applications in the food and non-food sector. Chitin can be extracted from crickets via a sequential deproteinisation
(NaOH, 1 M, 80 °C, 22 h) and demineralisation of the material (HCI, 1 M, 98 °C, 2 h). This process is time-consuming and
requires hazardous chemicals that can be pollutants and affect the properties of chitin. Two alternative processes were
introduced for chitin extraction from house crickets. The first process combined fermentation with Lactococcus lactis
(30 °C, 7 d, Lactobacillus broth) and enzymatic treatment with bromelain (5 h, 60 °C, pH=5.5). The second approach
implemented microwave treatment to accelerate the chemical process in a total time of 16 min. All isolated chitinous
materials were deacetylated. The chitosan samples generated from the chemical, biological and microwave-assisted process
showed comparable chitosan content (91.85, 90.31 and 87.64%), but different water- (991.50, 772.51 and 1,379.62 g water/g
chitosan) and fat-binding capacity (1,078.62, 885.30 and 860.92 g fat/g chitosan). All samples showed antioxidant activity
comparable to commercial chitosan, with required concentration of 5 mg/ml to achieve a 50% of antioxidant activity.
Finally, the absorption of methylene blue from water, as a physical process for wastewater detoxification, was tested for
all samples, which showed significant differences. The chitosan obtained through the biological process showed an 85%
absorption from a 10 mg/kg solution after 5 min, while successfully absorbing 70% of a 320 mg/kg dye solution. The results
suggested that both alternative process are sufficient to replace the chemical process for chitin extraction.

Doumloaded from Brlll com 01/10/2021 01:38:29PM

Thi- o o 5 =

+o—Bpet et 5 —For more

S130 1'lf6’umai‘0f mebtsiasFemendcﬁews @uﬁ femeﬁs/ﬁw o/

https://creativecommons.org/licenses/by/4.0/



mailto:mpsarianos@atb-potsdam.de
https://creativecommons.org/licenses/by/4.0/

Abstracts — Biotechnology & non-food applications of insect

Evaluation of chitin extraction with a green method from exuviae and imago matrix from black
soldier fly breeding

M. Meneguz!, E. Grosso!, G. Colombo Dugoni? and M. Ferro?
BEF Biosystems, via Tancredi Canonico 18, 10156 Torino, Italy, *Politecnico di Milano, PROGETTO ‘Bi-rex; via Mancinelli
7, 20131 Milano, Italy; marco.meneguz@befbiosystems.eu

In 2015, the worldwide chitin production was set up to 28,000 tons while the request was around 60,000 tons. Moreover,
the chitosan market value was estimated around 1,205 million $ in 2015, with a growth rate of 15.4%. It will reach 6,38% in
2024. In this scenario, the exploitation of new chitin sources can be interesting for the market. Exoskeleton of insect is rich
in chitin. The insect sector grew up in the last 10 years. The importance of the sector lies in the possibility of recovering
a lot of waste and by-products and bioconverting them in new products. The main markets related to the insect sector
are the use of insect as feed, as food and in the production of biomaterials. Considering the insect sector, the by-products
deriving by the reproduction of some species can be exploited for chitin production. Black soldier fly (BSF) is one of the
most promising species and the exuviae (BSFE) and imago (BSFI) from breeding room are one of the most profitable for
chitin extraction. The aim of this research was to evaluate the feasibility to extract chitin from BSFE and BSFI with a new
green technique with lower environmental impact. An innovative patented process was used for the chitin extraction from
BSFE and BSFL The key point is the application of DES (acronym for deep eutectic solvent), a new class of green solvents
reported in the literature. The reaction conditions are mild (room temperature and short time). By a simple filtration the
chitin is recovered. The chitin is then characterised by x-ray powder diffraction and thermogravimetric analysis (TGA).
From 1 kg of dried exuviae (moisture of 9 wt %), 300 g of technical grade chitin are obtained. The BSFE and BSFI are good
by-products that can be exploited for chitin extraction and chitosan production. The market is still in early-stage but
with the increasing of BSF production the availability of chitin will reach soon tons of by-products that can be exploited
for the production of chitin with low environmental impact.

Biocontrol potential of black soldier fly (Hermetia illucens L.) frass against Fusarium and Verticillium
wilt of tomato

C.R. Brakspear
Newecastle University, Institute for Agri-food Research and Innovation, Faculty of Science; Agriculture and Engineering,
Newcastle upon Tyne, NE1 7RU, United Kingdom; c.r.brakspear2@newcastle.ac.uk

Fusarium oxysporum f.sp. lycopersici (Fol) and Verticillium dahliae are globally destructive fungal pathogens of the tomato
plant (Solanum lycopersicum L.), causing significant economic losses to farmers. Current chemical treatments against
these fungal pathogens are often unsafe, expensive, ineffective, and detrimental to long-term soil health. Using organic
biofertilisers, such as black soldier fly (Hermetia illucens L.) frass (BSFF) has been shown to have some beneficial suppressive
effects on the development of a range of soil-borne phytopathogens in vitro and in vivo. Soil-borne disease suppressive
activity would provide an added value to insect frass-based biofertilisers, as it is a desirable property both for organic
amendments and for organic growing media. In a tomato growth trial using frass amended commercial compost, this study
assessed the impact of BSFF application on soil microbiome diversity in bacteria and fungi using DNA metabarcoding.
Tomato trials were also undertaken to quantify the growth of soil-borne pathogens, E oxysporum f.sp. lycopersici (Fol)
and V. dahliae using real-time polymerase chain reaction. The study hypothesised that BSFF can facilitate the growth
of plant promoting rhizobacteria and inhibit fungal phytopathogen growth in the soil. The results are suggestive that
BSFF application to soil can stimulate plant growth-promoting rhizobacteria while potentially reducing fungal disease
incidence and disease severity. BSFF provides an environmentally sound addition to the tools farmers utilise in integrated
pest management and is ideal for use on organic farms and in glasshouse settings where pesticides are strictly controlled.
Further trials should assess the impact of BSFF on a range of phytopathogens in an open field setting.
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Influence of residues from black soldier fly (Hermetia illucens) rearing on the plant-associated soil
microbiome

A. Fuhrmann’23, B, Wilde3, S. Kantengwa?, M. Konlambigue?, B. Masengesho®, M. Gold?%, A. Mathys2, J. Six3
and M. Hartmann?

1Singapore-ETH Centre, 1 Create Way, 138602, Singapore, *Sustainable Food Processing Laboratory, ETH Zurich,
Schmelzbergstrasse 9, 8092 Zurich, Switzerland, 3Sustainable Agroecosystems Group, ETH Zurich, Universitdtstrasse 2,
8092 Zurich, Switzerland, *International Institute of Tropical Agriculture, KG 563 Street #3, 1269 Kigali, Rwanda, *Maggot
Farm Production Ltd, Kamonyi, District, Rwanda, °Swiss Federal Institute of Aquatic Science and Technology (Eawag),
Dept. of Sanitation, Water and Solid Waste for Development (Sandec), Uberlandstrasse 133, 8600 Diibendorf, Switzerland;
adrian.fuhrmann@sec.ethz.ch

The larvae of the black soldier fly (Hermetia illucens) efficiently close resource cycles. Next to the nutrient-rich insect
biomass, the frass produced in the process is a promising plant fertiliser. Besides a high nutrient content, frass contains
a diverse microbial community and application to soil can potentially promote soil fertility and agricultural production
through the introduction of beneficial microbes. This research assessed for the first time the application of frass on plant-
associated bacterial and fungal communities in the rhizosphere of a grass-clover mix in a 42-day greenhouse pot study.
Untreated frass from a Rwandan bioconversion company, the same frass sterilised by high-energy electron beam (10 MeV;
>32 kGy), an organic compost were applied to a silt loam soil at a rate of 150 kg N/ha and compared to an unamended
control soil. Soil bacterial and fungal community in both source and soil at different times after fertiliser application was
assessed by high-throughput sequencing of ribosomal markers. Additionally, soil respiration indicative for microbial
activity, plant yield and soil physicochemical properties were analysed. Results show that frass application especially
shaped the soil fungal community. Particularly taxa associated with decomposition of organic matter (e.g. Mortierella
spp.) were promoted by frass application. Our findings suggest that biotic as well as abiotic components of frass impacted
soil fertility and plant performance (+17% yield vs unamended control). Our research emphasises that closing the nutrient
loop of the food system by frass application offers versatile opportunities for sustainable agriculture.

Nutrient quality and maturity status of frass fertiliser from nine edible insects

D. Beesigamukama, S. Subramanian and C.M. Tanga
International Centre of Insect Physiology and Ecology, PO. Box 30772, 00100 Nairobi, Kenya; dbesiga@gmail.com

Globally, there is growing interest to recycle organic waste using insect larvae into high-quality frass fertiliser through
circular economy approach. However, focus has largely been on black soldier fly (BSF) and mealworms, thus leaving a
knowledge gap in the exploration of frass fertiliser products from other farmed insects. This paper presents the first
comparative report on the nutrient concentrations, fertilising indices (a measure of fertiliser quality based macronutrients,
respiratory activity and C/N ratio), nutrient supply potentials and compost maturity of nine edible insect frass fertilisers.
The frass fertilisers generated by different insect species were air dried and ground into fine powders which were used
for analysis of macro, secondary, and micro nutrients as well compost maturity indices (pH, electrical conductivity,
germination index, C/N ratio, ammonium and ammonium/nitrate ratio) using standard procedures. Our results revealed
that frass from all the insect species had adequate concentrations of nitrogen (N), phosphorus (P) and potassium (K)
for optimal crop growth. The fertilising indices of the frass fertilisers were above 3, indicating high suitability for use as
organic fertiliser. However, BSF frass fertiliser had significantly higher N (by 20-130%) and K (by 17-193%) concentrations
compared to others. The P concentration of Gryllus bimaculatus frass fertiliser was 3-800% higher compared to those of
frass fertilisers from other insect species. The potential N and K supply capacities of BSF frass fertiliser were 19-78 and
16-190% higher than those of other insect frass fertilisers, respectively. The P supply capacity of cricket frass fertiliser
was 17-802% higher compared to others. The highest germination index (267%) was observed in seeds treated with BSF
frass fertiliser. Frass fertiliser obtained from the other eight insect species showed medium to high phytotoxicity. These
findings demonstrate that insect frass fertilisers are promising alternatives to existing commercial fertilisers (i.e. mineral,
and organic) for improved soil health and crop production.
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Mealworm frass, chicken manure and municipal compost effect on the growth and yield of
vegetables, herbs and flowers

N. Hottel, L. Hénault-Ethier2, B. Reid?, N. Paris3, M. Quiche?, C. Lachance?, A. Fortin!, E. Normandin'** and
G. Vandenberg®

! TriCycle Inc., 1401 Rue Legendre Ouest, Suite 305 Montréal QC, H4N 2R9, Canada, >INRS Eau Terre Environnement
Research Centre, 490 rue de la Couronne, Québec, G1K 9A9, Canada, 3Université McGill, 1205 Av. du Docteur-Penfield,
Montréal, H3A 1B1, Canada, *Université de Montréal, 2900 Bd Edouard-Montpetit, Montréal, H3T 1J4, Canada, °Université
Laval, 2325 Rue de I'Université, Québec, G1V 0B4, Canada; noemie@tricycle.eco

Insects represent a great protein alternative to traditional animal protein and their farming yields fertilising manure.
An experiment was conducted to assess the agronomic potential of Tenebrio molitor L., 1758 frass on plants. Tests were
done on five vegetable species (beet, carrot, kale, radish and sweet corn), three flowers (dwarf sunflower, nasturtium and
zinia), two fruits (cucumber and tomato), one grass (arugula) and one herb (basil). Each plant was grown, in triplicata,
with three different treatments in geotextiles pots on the roof of Centrale Agricole Coop (Montréal, QC). All treatments
included 5% compost enriched substrate (control), plus 0.5% (v/v) frass (treatment 1) or an isonitrogen concentration of hen
manure (treatment 2). Growing parameters such as germination, total height, stem diameter, number of flowers, number
of fruits and harvested biomass were monitored for 91 days. Nitrogen fertilisation increased edible biomass harvest by
an average 16-fold in comparison to the control. Frass and hen manure yielded equivalent results with 1.14 times more
leaf biomass and 1.2 times more for root biomass with the frass fertilisation. Both manures inhibited early germination
in beets and carrots, but did not negatively impact edible biomass production. Furthermore, plants grown with the use
of frass have shown larger flowers than the control. These results not only bring forward the potential of insect frass as
fertiliser, but also suggest an opportunity for insect producers to commercialise frass, an inevitable by-product of insect
rearing, and generate revenues.

Decomposition ecology as a guiding framework in the design of black soldier fly production systems

M.]. Zorrillal, E.C. Peterson®3, N.J. Piggott! and G.S. Saini!

! Nutrition Technologies Sdn Bhd, R&D, NO 1 & 3 Jalan SILC 2, Kawasan Perindustrian SILC, Iskandar Puteri, Johor, 79150,
Malaysia, *Université de Québec, INRS-ETE, Quebec City, QC, G1K 9A9, Canada, 3Agency for Science, Technology and
Research (A*STAR), Singapore Institute of Food and Biotechnology Innovation (SIFBI), 31 Biopolis Way, 138669, Singapore;
martin@nutrition-technologies.com

The production of black soldier fly (BSF, Hermetia illucens L. 1758) has emerged over the past decade as a novel way to
create animal protein. Black soldier fly production differs from existing animal rearing systems in that BSF are saprotrophic
organisms that are reared inside of a high bioburden feed. Moreover, in this system the feed is not an inert input, but rather
a matrix that sustains a diverse biome of which BSF are but one possible successional step. Insect-driven changes in feed
composition and microbiome take place during rearing, while other successional players such as saprotrophic microbes
can facilitate BSF substrate utilisation, and players further downstream can process BSF waste. Unlike existing livestock
rearing systems, wherein the individual organism is considered the production unit, in a BSF system the production unit
consists of both insect larvae and the associated microbiomes (collectively referred to as the necrobiome). With this mindset,
for a given rearing container the producer manages both the larvae and the associated microbiomes via manipulation
of variables such as initial feed composition, initial microbe inoculation, feed handling, and rearing temperatures. This
framework allows the producer to leverage on synergistic ecological interactions that occur between the insect larvae, the
feed matrix, and the microbial players. We build on that basis to demonstrate further cases of how decomposition ecology
can be used as a framework to design more efficient BSF rearing systems which can be manipulated to optimise different
aspects of the production system, from larvae nutrition, residual frass composition and production of organic volatiles.
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In vitro antifungal activity of Gainesville diet against plant pathogens? - a cautionary tale!

G. Arabzadeh!, M. Delisle-Houde?, R.J. Tweddell?, N. Deréme?, M. Dorais?, M.H. Deschamps! and G.W. Vandenberg!
Université Laval, Département des Sciences Animales, Québec (Québec), G1V 0A6, Canada, *Université Laval, Département
de Phytologie, Québec (Québec), G1V 0A6, Canada, 3Université Laval, Département de Biologie, Québec (Québec), G1V
0A6, Canada; ghazaleh.arabzadeh.1@ulaval.ca

Black soldier fly (Hermetia illucens L.) larvae (BSFL) can bioconvert a wide variety of organic residues into larval biomass
with high nutritional value. A by-product of this bioprocess is frass which is composed of larval excrement, larval exuviae,
and undigested feedstock. Previous work in our laboratory has demonstrated antifungal activity of aqueous frass extracts
against a range of phytopathogens. For this work, a reference laboratory diet ‘Gainesville house fly diet’ (50% wheat bran,
30% alfalfa meal, and 20% cornmeal) was employed. Triplicate samples of four-day old BSFL (n=800) were placed in
plastic containers with 800 g of Gainesville diet (70% RH) and kept at 27 °C under dark conditions for 7 days. Samples
of frass were removed and assessed for in vitro antifungal activity using the double-layer agar assay. Control containers
received Gainesville without BSFL and were incubated and sampled identically. Intriguingly, in vitro antifungal activity
against the phytopathogens Pythium ultimum, Rhizoctonia solani, Phytophthora capsici, Fusarium oxysporum, Alternaria
solani, Sclerotinia sclerotiorum, and Botrytis cinerea was found in frass as well as the control. Subsequent investigations
demonstrated that freshly hydrated Gainesville also showed i vitro antifungal activity. When dietary ingredients were
tested individually, the alfalfa fraction revealed a strong antifungal activity. Microorganisms were then isolated from
the Gainesville diet by standard serial dilution plate technique and the antagonistic activity of each isolate against the
above-mentioned phytopathogens was investigated. A bacterium with strong antifungal activity was genetically identified
by 16S rDNA with 98% similarity to Bacillus spp. This work underlines the potential importance of feedstock inherent
microbial characteristics on antifungal activity and should be especially considered when demonstrating the properties
of frass for potential use by industry.

The effects of frass on soil pH and phytoremediation capacity of willows in potting substrate and
contaminated soil

M.O. Brunette!, A. Bonet!, M. Labrecque! and L. Hénault-Ethier?
Institut de Recherche en Biologie Végétale (IRBV), 4101, rue Sherbrooke Est, Montréal (Québec), HI1X 2B2, Canada, *Institut
National de la Recherche Scientifique, 490 rue de la Couronne, Québec City, GIK 9A9, Canada; mobrunette@gmail.com

Yellow mealworm (Tenebrionidae: Tenebrio molitor L., 1758) farming generates 2-4 kg of frass for every 1 kg of edible insects.
In a circular economy context, this frass with an N-P-K ratio of 3-3-2 can be used as organic fertiliser. Frass also helps
plants tolerate stressful abiotic conditions. Brownfields with low drainage, low nutrients, and alkaline pH can limit plant
growth. Salicaceae plants, such as willows and poplars, can tolerate these conditions and phytoextract contaminant trace
metals. By improving biomass production, fertilisers boost phytoremediation potential. Unsustainable mineral fertilisers
may be traded for renewable organic ones, but many like compost and biomethanisation digestate contribute to increase
soil pH, which decreases trace metal bioavailability for phytoextraction. We hypothesised that frass supplements could
lower soil pH to and increase Cu extraction. In a preliminary greenhouse experiment, we planted willow (Salix miyabeana
SX67) cuttings with 0-4% v/v frass (equivalent to 0, 61.7, 123.4, 246.7, 493.4 and 986.8 kg N/ha) in clean substrate (Pro-
Mix) and contaminated soil (51 pots). Intermediate fertilisation values (0.5 to 1% v/v) yielded the significantly longer stems
and higher dry aerial biomass (Pro-Mix). After 1 and 2 months, an increase in frass amendment (0 to 4% v/v) significantly
decreased pH (8.0 to 7.4 in soil and 7.6 to 7.0 in Pro-Mix). Based on these results, a contaminated soil experiment in a
growth tunnel compared isonitrogen doses of frass to chicken manure, biodigestate and an unfertilised control (250 kg
N/ha). Frass yields significantly taller plants than the control, with less variability in results than for digestate and hen
manure. Enhanced biomass and decreased pH suggest we may find heightened Cu uptake in plants. To our knowledge,
this is the first experiment testing frass in phytoremediation contexts of contaminated soil.
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An automated, modular system for organic waste utilisation using Hermetia illucens:
design and sustainability

M. Pahmeyer, S. Siddiqui and S. Smetana
German Institutes of Food Technologies (DIL e.V.,), Prof--von-Klitzing-Str. 7, 49610 Quakenbriick, Germany; s.smetana@dil-ev.de

Food waste is one of the crucial problems of modern food systems. Methods to utilise food waste into valuable biomass
of defined composition automatically and in decentralised locations are lacking. This study presents a modular design for
agri-food residue utilisation and continuous production of insect Hermetia illucens. A life cycle and economic assessment
are carried out on the hypothetical design to define whether the proposed system can be ecologically and economically
viable. Modular design is modelled using experimental literature data on H. illucens growth on food waste as well as
performance data of machinery utilised for grow and processing. The data became the basis for the Life Cycle Inventory
for LCA and economic assessment. Producing one kg of dried biomass would cost 5.3 € with a potential to reach 3.55
€, being a break-even price paying back the investment costs after five years. It is also associated with 2.77 kg CO, eq.
emitted (with potential for reduction to -1.32 kg CO, eq.), 55.2 M] of non-renewable energy use (reduction to -13.14 MJ),
and 0.68 m? of arable land occupation (reduction to -0.023 m?). Avoidance of waste treatment is considered as a reduction
potential in the study. The results indicate that insect biomass produced with proposed modular system can be beneficial
if compared on a protein basis to benchmark protein sources (meat and protein sources). Furthermore, environmental
and economic performance of decentralised production of insect can be improved via the avoidance of waste treatment
and drying (most impacting process). Application of fresh insect biomass for further purposes then should be considered.
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Unleashing the power of insects, a life cycle analysis review of Entosystem

D. Boisvert!, C. Warburton!, A. Chenail?2 and M. Charbonneau?
1Entosystem, 4141 Rue Comtois, JIL 1R7 Sherbrooke, Canada, >Enviro-Accés, 268 Rue Aberdeen, JIH 1W5 Sherbrooke,
Canada; david.boisvert@entosystem.com

Insect proteins are a viable alternative to meet the growing worldwide demand for food and feed. The use of the black
soldier fly (BSF; Hermetia illucens) as a tool to transform and upcycle pre-consumer food waste has been growing in
popularity due to its high efficiency. Here we present an ISO14064 life cycle analysis of Entosystem’s future production
facility based on three years of representative data from a pilot plant in Sherbrooke (Québec, Canada). The LCA quantified
the environmental benefits in terms of greenhouse gas emissions, atmospheric contaminants, and soil and water benefits.
When compared to the production of fish meal, the production of synthetic fertilisers and the treatment of food waste
through composting and landfill, Entosystem’s technology shows a reduction of close to 41 ktCO,e of GHG emissions
per year in Canada. This represents a reduction of 89% in GHG emissions when compared with the baseline. Other
environmental benefits of this project also include landfill avoidance, organic waste recovery from commercial and
industrial sources, water savings and reduction in phosphorus losses.

Aquaculture waste valorisation with black soldier fly larvae: a circular approach

G. Rossi, S. Ojha, M. Shumo, G. Rehde and O. Schliiter
Leibniz-Institut fiir Agrartechnik und Biookonomie e.V. (ATB), Quality and Safety of Food and Feed, Max-Eyth-Allee, 100,
14469 Potsdam, Germany; grossi@atb-potsdam.de

Aquaculture wastewater is a nutrient rich material, which may present a severe problem for the environment when not
disposed properly. Black soldier fly (BSF, Hermetia illucens) has been described for playing a crucial role in the circular
economy by upgrading several kinds of biological waste materials into valuable nutrients. In this study, aquaculture sludge
obtained after concentration of aquaculture waste and mainly consisting of uneaten feed and fish faecal drops was tested
for BSF larval rearing. Seven substrates were obtained by mixing different proportions of sludge with commercial chicken
feed (control). Larval growing performances as well as chemical composition of substrate, insects and frass were recorded.
Larval survival and growing index did not show significant differences between the tested substrates. Final larvae average
weight and conversion efficiency increased by increasing the fish sludge in the substrate, with highest levels reached at
75% of inclusion (132.71+12.48 mg and 0.76+0.05%, respectively). Dry matter content of larvae grown on substrates
containing up to 50% of aquaculture sludge did not show significant differences, while higher dry matter (39.53+1.00% of
fresh weight) was recorded for insects raised on 75% of sludge. No significant differences were observed on ash and total
fat content for larvae reared on the different mixtures of sludge and chicken feed. Nitrogen and non-fibrous carbohydrates
contents were higher for larvae growth on 25% of sludge (10.19+1.16 and 4.20+0.57%) compared to insects raised on
75% of sludge (7.12+0.17 and 4.20+0.23%). Insect development promoted mineralisation of the sludge organic matter,
with strong correlation observed between Carbon to Nitrogen ratio of the insect frass and percentage of sludge in diet
(r=0.97). In conclusion, BSF show great potentiality in upgrading aquaculture waste. However, further studies are needed
focusing on improving growth and conversion performances as well as larvae nutritional composition, by identifying the
best inclusion level of aquaculture sludge in the insect diet.
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Black soldier fly as a tool for an advantageous system of a local circular economy

A. Cattaneol2, S. Dabbou!, M. Meneguz? and B. Scaglia®

University of Trento, Center Agriculture Food Environment, Via Calepina 14, 38122 Trento, Italy, >BEF Biosystems s.r.l.,
Via Tancredi Canonico 18/c, 10156 Turin, Italy, 3University of Milan, Ricicla Group Labs, Department of Agricultural and
Environmental Sciences, Via Giovanni Celoria 2, 20133 Milan, Italy; arianna.cattaneo@unitn.it

Every year, around one-third of the food produced for human consumption in the world is lost. It consists of biomass rich
in nutrients that the traditional ways of disposal not fully valorise. Black soldier fly (BSF) can convert organic wastes into
nutrient-rich raw materials with a new approach of sustainable circular economy (CE). This study evaluated BSF as tools
of biomass valorisation, creating a system of local CE. A census of the most representative agro-food companies in the area
was selected and contacted. A database was created concerning by-product (BP) categories, quantities, seasonality, their
current management. BP were evaluated in terms of suitability for BSF, analysing their bibliographic evidence towards
the breeding of BSF considering the nutritional quality and the quantity surveyed. The 115 companies were divided into
6 categories: brewery (BRE), milling (MIL), fruit-vegetable (FRU-VEQG), rice (RIC), winery (WIN), distillation (DIS). A
total biomass of 87,325 tons was recorded. The major contributors were represented by MIL (81,225 tons), DIS (3,710
tons) and FRU-VEG (1,190 tons) BP. Only a few of the BP identified were recognised as suitable for BSF rearing: BRE,
MIL, FRU-VEG, WIN, DIS. Only 0.37% of the BP was inserted in the process of CE, 0.30% was managed through the
combination of agricultural and CE principles, while 97% was used for agricultural-zootechnical purposes. Furthermore,
1.37% of the BP (1,201.8 tons) was disposed as waste. There was a relevant quantity of BP present in the area under-valued.
The management through BSF rearing would be more efficient and convenient than traditional way, as emerged from
economical evaluation and comparison of the two scenarios. This bio-transformation technology can be scalable and
customised, in relation to the geographic area under study and it contributes to the creation of a new source of protein
addressed to the feed sector, reducing the under valorisation of BP and their management costs.

West African context call for rapid implementation of insect meal for fishmeal substitution

W.N. Ndiaye!, P. Brehmer®3, M.-H. Deschamps*, M. Corréal’>, F. Diédhioul, J. Kantoussan®, C.B. Braham®,
F. Intchama’, O. Silva8, M. Sidibeh?, E. Traoré! and G.W. Vandenberg?*

1ISRA, Hann, 99000, Senegal, *Sub Regional Fisheries Commission, SRFC, Dakar, 99000, Senegal, 3IRD, Univ Brest, CNRS,
Ifremer, Brest, 29200, France, *Université Laval, Département des Sciences Animales, Paul-Comtois, 2425, Canada,
SUniversité Gaston Berger, S2ATA, Saint-Louis, 99000, Senegal, ’TMROP, Nouadhiou, 99336, Mauritania, "CIPA, Bissau,
99392, Guinea, $Atlantic Technical University, Mindelo, 99396, Cape Verde, °Fisheries Ministry, Banjul, 99304, Gambia;
waly-ndianco.ndiaye.l@ulaval.ca

In West Africa, numerous economies are dependent on fisheries resources; this sector can reach almost 10% of the national
gross domestic product and represents a central sector for food security as the most important animal protein for human
consumption and aquafeeds. Due to overexploitation, West African fish stocks are under serious threats and massive
implantation of fishmeal factories has raised serious concerns about the sustainability of small pelagic fish resources.
Although this situation is well understood by many political decision-makers, this trend is not about to be reversed.
Concurrently, the government of Senegal seeks to increase the production of the Senegalese fish farming industry. To
address these challenges, we are investigating the possibility of harnessing the ability of black soldier fly (BSF) larvae to
replace fishmeal. Given the lack of formal institutional initiatives in Northwest Africa, we initiated in 2020 a collaborative
program to establish a technical platform ‘Art Sunu Gueej’ to develop an inter-institutional insect production unit in a
controlled environment. We have identified endemic BSF populations in local piggeries as well as agricultural surpluses
including millet bran, rice bran, and mango waste that could serve as BSF feedstocks, to ultimately partially replace fishmeal
for aquafeed formulations. We have established an Action Plan for awareness of political decision-makers, including a
research plan to: (1) optimise and adapt BSF strains for West Africa production and, (2) test insect meals for aquaculture
and poultry sectors. Based on these results, we will use our new platform for fundraising and foster collaborations to
promote insect meals as fishmeal replacements for aquafeeds in West Africa.
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Abstracts — Circular economy & environmental sustainability

Insect for feed vs waste management: company internal R&D perspective

Y. Zoghlami
Goterra, R&D, 14 Arnott street, Hume, ACT, 2620, Australia; yesmine@goterra.com.au

Looking at the insect industry from a circular economy perspective, two branches are being developed worldwide. The
insect protein segment has been studied for a decade and the early attempts into taking the products into the commodity
market are being pursued by companies across the globe. Insects as a waste management tool has been explored by
academics but very few companies emerged with a market strategy that could harness the power of insects to flip the face
of the unsustainable classic waste management approaches. Internal structure of R&D in companies in both segments are
drastically different. Biological R&D in insect protein meal is mainly targeting production, genetics and farming process
optimisation, making the gap between R&D and growth in a grey area. For waste management, R&D is a core component
of growth and market exploration. In this presentation, we will map the differences between R&D strategies, pathways
and goals with focus on the challenges of waste management using insects.

The basis and structure of new PRIMA project: ADVAGROMED

L. Gascol, C. Athanassiou?, S. Smetana3, F. Montesano*, M. Nouri®, R. Rosa-Garcia® and D. Murta?’

University of Turin, Largo P. Braccini, 2, 10095 Grugliasco, Italy, *University of Thelassy, Phytokou str, N. lonia, 38443
Volos, Greece, 3German Institutes of Food Technologies, Prof.-von-Klitzing-Str. 7, 49610 Quakenbriick, Germany, *National
Research Council, Via Amendola 122/0, 70126 Bari, Italy, *University of Sultan Moulay Slimane, Av. Mohamed V, Beni
Mellal, 591, Morocco, Servicio Regional de Investigacién y Desarrollo Agroalimentario, Ctra. AS-267, PK 19, 33300
Villaviciosa, Asturias, Spain, “Ingredient Odyssey Lda, R. Eng. Albertino Filipe Pisca Eugénio 140, 2005-079, Portugal;
laura.gasco@unito.it

The expansion and intensification of agriculture and animal production systems are major drivers of biodiversity loss
through conversion of natural habitats to agricultural land, extensive use of chemical inputs (fertilisers and pesticides),
and landscape homogenisation. Integrating agroecological practices with current agricultural farming systems could offer
a sustainable means to conserve and enhance the endangered farming biodiversity and increase ecosystems services.
The ADVanced AGROecological approaches based on the integration of insect farming with local field practices in
MEDiterranean countries project aims to develop innovative and holistic food system based on agro-ecological principles
and circular economy practices, and to increase the resilience of the agro livelihood systems. ADVAGROMED uses by-
products from local insect producers to deliver different products. First, insect frass is used as bio-product to improve soil
fertility, deliver plant protection effects and enhance soil microbial biodiversity; in this way the dependence on mineral
fertilisers and chemical pesticides can be reduced. Second, live larvae are fed to local poultry breeds ensuring optimal
animal performances, health and product quality; in this way the dependence of imported feeds can be reduced. Biodiversity
is promoted at various levels, i.e. at farm level, by promoting the genetic variability of local crops and varieties/animal
breeds, but also at a regional level by minimising the negative impact of chemical inputs on the microfauna through the
exploitation of insect frass as bio-products for sustainable soil fertilisation and plant protection. This research receives
the support of the ADVAGROMED project (Prima 2021 — Section 2).
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Quality control, legislation & policy

Past, present and upcoming milestones on edible insects’ regulatory journey

N. Carbonnelle

Bird & Bird LLB, Avenue Louise 235, Box 1, 1050 Brussels, Belgium; nicolas.carbonnelle@twobirds.com

In the contemporary era, entomophagy has long remained anecdotical in the Western world and despite a steady growth,
the edible insect segment remains a niche. The potential contribution of the insect sector to the protein shift, and the
promising potential of insects as a source of nutrients and functional food ingredients is however gradually opening more
and more development opportunities for a wide range of products. Indeed, extensive research is conducted around edible
insects, in all areas of nutrition and food technology. In the European Union, the policy agenda favours the development
of innovative, more sustainable products including those that the insects sector can supply. The legal and regulatory
environment plays an important role in the effective access of these products to market. Defining the pathway to market
is an essential step in any product development, and insect-based food products are no exception to that rule. In this
presentation, we discuss the regulatory status of a number of insect-based and insect-derived foods and ingredients in
the EU, and we examine the requirements that must be fulfilled in order to place these products on the market. We then
compare the EU framework with that of other regions of the world, including North America and Asia, in order to bring
these into perspective and identify the opportunities and pitfalls built into the global regulatory framework.
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Quality criteria of frass for agriculture uses

M. Quinche! and L. Hénault-Ethier!-2

Unstitut national de la recherche scientifique, Centre Eau Terre Environnement, INRS, ETE, 490 Couronne St, Quebec
City, Quebec, GIK 9A9, Canada, *TriCycle Entotechnologie, 1401 Rue Legendre Ouest, Suite 305, Montréal, H4N 2R9,
Canada; melissa.quinche@inrs.ca

The upcycling of organic materials via entotechnologies represents a real opportunity for ecological recovery for all kinds
of residual organic materials. In Québec, but also elsewhere, the number of insect breeding farms is growing, and the
resulting quantities of frass are also expanding. Although frass is an organic material with attractive fertilising properties
for agricultural uses, an adequate regulatory framework is necessary to ensure the use and marketing of this product.
The establishment of frass quality criteria would facilitate the evolution of frass regulations, particularly for production,
processing, marketing and use in Québec. An assessment of quality criteria is being developed to meet standardisation
issues. The quality criteria are based on the evaluation criteria set for fertilising residual materials and composts. The
physico-bio-chemical properties of a range of frass produced in different ways and from different sources are analysed to
classify frass according to its potential for agricultural uses. These criteria will make it possible to standardise the treatments
of the frass according to the diet, the nature of the substrate and the type of insects. In addition, these standardisation
criteria will be useful to insect farms, private industry, users, and government organisations.

The first novel food authorisation for insect: paving the way for the booming market of insect as food

C. Auriol
Agronutris, 35 Boulevard du libre échange, 31650 Saint-Orens de Gameville, France; cedric.auriol@agronutris.com

Insects as food are deemed very promising as a solution to address future food challenges. Paradoxally, while substantial
innovation was emerging in this sector in the past years, its commercial development was limited, especially by a lack
of official authorisation. European food regulation is one of the most stringent worldwide with a conservative approach.
The Regulation (EU) 2283/2015 of the European Parliament and of the Council on novel foods which came into force the
1%t January 2018 clarified the marketing of edible insects within the EU as a first step forward. However, it was not until
the 22" June 2021 that the first official authorisation to market edible insects within EU was granted to Agronutris, an
European pioneer of insect production as protein source. The obtention of this authorisation is a historical and necessary
milestone for the development of the edible insect market and the promotion of insect integration in the global dietary
patterns to address environmental and health challenges. The authorisation obtained by Agronutris required the filing
of a novel food dossier. In this presentation, the content of the application dossier will be detailed (production process,
compositional data, toxicology, allergenicity). Then, the filing process will be described from the first step of required
data identification to the obtention of the authorisation of marketing the Novel Food. Furthermore, the specificity of this
first insect novel food will be highlighted in terms of labelling, conditions of use and data protection. Finally, the input
of this first authorisation to the whole insect industry will be discussed focusing on the insect food products expected
on the market within 5 years.
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How the insect industry is maturing and adopting standard quality control measures

N. De Craene
Cogastro, Pusyno g. 14, Paseksciy k., 33344 Moletu r, Lithuania; nouchka@cogastro.com

While most other livestock industries have been around for centuries, large scale insect production has just barely wet its
feet. The field of insect mass rearing began in the 50’s and 60’s with the mass production of sterile males and was expanded
by the rearing of beneficial insects in the 70’s, 80’s and 90’s. Its current main driver, however, is the mass production of
insect biomass for feed and food. Because of this shift the main focus will be on the volume of insect biomass produced,
rather than the number of individuals. Another important focal shift will be the quality assurance pertaining possible
food safety issues with biological and chemical contaminants. In general, all quality control and assurance aspects, in
the insect mass rearing industry has only began to take shape in the last couple of years. As this industry branch gains
momentum, more and more players are joining the search for state of the art technology, standard operating procedures,
legal framework and health and safety standards to supply the potential demand for insect biomass. The insect mass
rearing industry for feed and food has reached a point were a few big players managed to launch their first industrial
facility and literally thousands of other small and mid-scale companies are making their way to join them. Cogastro is
a company that delivers farm management software for insect farms to help streamline standard operation protocols,
production planning, documentation control, scheduling, data management and analysis and quality control. Therefore
Cogastro is in a unique position to observe how insect production companies are dealing with their data and to see the
evolution and maturation towards a well-established industry.

Insects as animal feed: industry’s need for clear & defined policy

A.Brown
University of Guelph, School of Environmental Design and Rural Development, 50 Stone Rd E, Guelph, ON, N1G 2W]1,
Canada; abrown37@uoguelph.ca

The use of insects as a protein source or agricultural input is an exciting area, filled with potential for improving cost,
efficiency, and our food system. These uses for insects range from human consumption, livestock feed, composting
aids, and as organic matter in fertiliser. This array of useful options has created industry interest in Canada, and abroad,
to widen the use of insects in mainstream agricultural practices. There is a great deal of information on insect protein
itself, while policy surrounding the topic is clearly lagging behind industry needs and interests. The Ontario Ministry of
Agriculture, Food, and Rural Affairs (OMAFRA) has identified this lack of policy as a gap in their promotion of better
farming practices and agricultural wellbeing in the province. This research aimed to define existing global policy on insects
as animal feed in an effort to inform OMAFRA’s future policy on the matter. The lack of targeted and specific language
in current global and domestic insect policy was detailed through the use of a jurisdictional scan on insect protein with
a focus on agricultural applications. This policy gap fails to adequately address pressing issues, such as: Does producing
insects and/or feed equate to being a farm and how does that relate to tax codes? Are current western insect feed and
organic matter production practices considered to be ethical? What practices are considered acceptable in the use of
insects in a farming circular economy? And many wider questions relating to approved animal feed.
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OECD Workshop

The design and construction of a pilot plant for insect rearing and processing in Belgium

L. Frooninckx!, L. Van Campenhout?, L. Bastiaens?, S. Van Miert! and M. Van Der Borght?

! Thomas More University of Applied Science, RADIUS, Kleinhoefstraat 4, 2440 Geel, Belgium, KU Leuven, Department
of Microbial and Molecular Systems, Research Group for Insect Production and Processing, Kleinhoefstraat 4, 2440 Geel,
Belgium, 3VITO, Biomass Processing department, Boeretang 200, 2400 Mol, Belgium; lotte frooninckx@thomasmore.be

Insects have the potential to form the basis of a new sustainable value chain and to play a key role in the transition to
a biobased economy in Europe. Several companies recognise the potential of insects, but immediate application on an
industrial scale is hampered by several uncertainties. In Belgium, KU Leuven, Thomas More and VITO have acquired
expertise in rearing and processing of insects on laboratory scale, while in practice there is a clear need for expertise on
pilot scale as an intermediate step towards industrial production. In 2018, the construction by KU Leuven of a versatile
pilot plant (Geel) started and in September 2020 this plant was put into use by KU Leuven and Thomas More for rearing,
harvesting and processing of insects. Currently, 4 insect species are being reared: Hermetia illucens, Tenebrio molitor,
Acheta domesticus and Locusta migratoria. This plant is equipped with 3 climate chambers and 6 climate cabinets. Different
rearing containers and systems provide the opportunity to investigate various rearing techniques for the mentioned, as
well as for other insect species. The plant has a separate feed treatment and storage room. Through the harvesting room,
collected insects can be transferred to a separate room where they can be killed and stabilised by i.a. blanching, steaming,
oven and radio frequency drying. The pilot plant also has 2 research labs, one of which is equipped and licensed for the
investigation of foodborne pathogens during the rearing and processing of insects. A bio-refinery park (Mol), including
reaction vessels, decanter continuous centrifuge and membrane filtration units, offer the possibility to fractionate the insect
biomass to tailor-made fractionation. Today both sites of the Insect Pilot Plant are used for multidisciplinary research and
demonstration projects in which the developed expertise is the basis to support interested research partners, companies,
the government and the general public. More info: www.insectpilotplant.be
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Research methodologies to determine agronomic value of frass

J. Nicksy
McGill University, Natural Resource Sciences, Ste. Anne de Bellevue, Canada; jessica.nicksy@mail.mcgill.ca

As society looks to technologies and practices which contribute to a circular food system, black soldier fly (BSF) larvae
are emerging as an effective way to process food waste, which produces both larval biomass as feed and frass as a soil
amendment. Research evaluating frass as a soil amendment is in its infancy, and existing research differs widely in
methodology and quality. In defining best research practices to evaluate frass we needn’t reinvent the wheel; there is
much that we can learn from existing research evaluating other organic matter-based soil amendments like manure and
compost. ‘Agronomic value’ of a soil amendment can encompass many properties which impact crop yield or quality,
including nutrient provisioning, increase in soil organic matter, improvement in soil structure, adjustment of microbial
community, and in the case of frass, perhaps even protection from fungal pathogens. Appropriate methodologies depend
on which property we wish to evaluate and which system we want to evaluate them in (e.g. greenhouse production,
market gardening, field cropping). Some properties (e.g. short-term nutrient provisioning, carbon cycling, or microbial
community response), can be evaluated experimentally in one or two seasons, but many important properties (e.g. soil
structure impacts, soil carbon accumulation) will require long term agronomic studies. Many would consider nutrient
provisioning to be the most important component of frass’ agronomic value. Experiments to evaluate provisioning of a
given nutrient should consider, and if needed compensate for, deficiencies in other nutrients which may confound results.
For example, a pot study evaluating phosphorus provisioning should usually supplement the soil with non-limiting nitrogen.
Further, experiments should include relevant comparison treatments, including unamended soil at least one common
organic or conventional fertiliser. Many best practices for frass evaluation can be borrowed from longstanding research
in manure, compost, and other organic nutrients. To this end, it is vital that BSF researchers partner with agronomists
and soil scientists with experience in soil amendment research.

Factors influencing incorporation of insect meals in animal studies

L. Gascol, S. Bellezza Oddonl, I. Biasato! and G.W. Vandenberg?
University of Turin, Largo P Braccini 2, 10095 Grugliasco, Italy, >Université Laval, rue de IAgriculture, 2425 Quebec,
Canada; laura.gasco@unito.it

Insect meals are considered as the most promising alternative feed sources. As a consequence, their use is still not a
common practice and their inclusion requires the consideration of various factors to optimise growth, animal welfare
and feed costs. The insect meal form (whole or defatted) directly impacts the level of inclusion, in particular in feeds
where low amount of lipids is needed (i.e. poultry). From a nutritional point of view, the factors that influence the meal
composition, besides the differences linked to the insect species, are the rearing substrates and production processes.
Process (drying, defatting) can also dramatically influence the nutrient digestibility and availability that have to be assessed
through in vivo or in vitro trials, with differences being observed in relation to the entity of the defatting process as well.
Furthermore, the adoption of a full-fat or a defatted meal may also impact the quality of the final product (fatty acid profile).
Low digestibility of chitin is also a limiting factor. Studies on the possibility of increasing the digestibility of insect meals
using additives are ongoing. For these reasons, when different suppliers are used for feed production, chemical analyses
need to be performed. In addition to the nutritional aspect, in some zootechnical species (i.e. fish), a physical evaluation
of the feed is necessary. In particular, the viscosity effect that a whole larvae meal rich in fat confers to a extruder die can
decrease pellet stability resulting in nutrient loss. Palatability is also important as it affects feed ingestion. Even though
insect meals seem well accepted, some palatability issues have been reported at high levels of inclusion. It is however not
clear if these issues were due to the level of inclusion or to some intrinsic characteristics of the meal used. Finally, the
crucial factor for the future practical incorporation of insect meals in animal feeds is the availability and consistency of
the supply. Without large and consistent quantities it will be difficult for feed producers to incorporate these alternative
ingredients within their production processes.
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The (im)possible standardisation of insect feed experiments: a BSF case study

D. Deruytter!, L. Gasco?, A. Gligorescu®, W. Yakti%, C.L. Coudron!, M. Meneguz®, F. Grosso®, M. Shumo®,
L. Frooninckx’, I. Noyens’, S. Bellezza Oddon?, 1. Biasato?, T. Spranghers$, D.G.A.B. Oonincx?, G. Vandenberg!?
and G. Bosch’®

!Inagro, leperseweg 87, Rumbeke-Beitem, Belgium, *University of Turin, Largo P. Braccini 2, Grugliasco, Italy, 3Danish
Technological Institute, kongsvang Allé 29, Aarhus, Denmark, *Humboldt University of Berlin, Lentze allee 55/57, Berlin,
Germany, >BEF biosystems s.r.l., Via Tancredi Canonico 18/c, Torino, Italy, °Hermetia Baruth GmbH, An der Birkenpfuhlheide
10, Baruth/Mark, Germany, " Thomas More, Kleinhoefstraat 4, Geel, Belgium, 8Vives, Wilgenstraat 32, Roeselare, Belgium,
9Wageningen Universiteit & Research, De Elst 1, Wageningen, the Netherlands, 1°Université Laval, rue de IAgriculture 2425,
Québec, Canada; david.deruytter@inagro.be

The repeatability and reproducibility of experiments is one of the core foundations of science. This implies that all necessary
information is described and experimental procedures are standardised. That is the reason why there are countless protocols
to ensure repeatable and reproducible results for chemical analysis, ecotoxicology, physics, etc. The field of insects for
food and feed is young and the number of publications is booming. For example, there is a lot of interest in using the
black soldier fly to convert low value biomass into high-quality feed. However, there are nearly as many experimental
protocols as there are papers, which inhibits the direct comparison of the results. An international alliance was formed
with partners from EAAP, SUSINCHAIN and OECD to discuss standardisation possibilities for the first time and create
a feed experiment protocol. This protocol was validated by 9 partners for 3 feeds in a ring test. The whole process and
the results of the ring test has been a real revelation. The results reveal the expected variation within an experiment for
different parameters (e.g. growth and yield) and what to expect when comparing results among laboratories or publications.
By combining this information with recently published information (e.g. the genetic diversity of the BSF) we now have a
better understanding on what is possible, which parameters are important (or not). What can and will go wrong? What
is critical information for any publication? What can be improved in the future?

Diseases of black soldier flies, research and diagnostic tools

A.B.Jensen and A. Lecocq
University of Copenhagen, Department of Plant and Environmental Sciences, Thorvaldsensvej 40, 1871 Frederiksberg C,
Denmark; abj@plen.ku.dk

Pathogens are a challenge for all biological production systems. For producers of insects for food and feed, they can result
in extensive production and economic losses. Black soldier flies (BSF) are considered to be very robust and resistant
to insect diseases, however emerging diseases can appear in the future and reports about higher black soldier flies
mortality are increasing. Insects can become infected by bacteria, fungi, microsporidia, nematodes and viruses and the
main biological characteristics of those pathogens will be described. BSF have been experimentally infected by fungal,
bacterial and nematode entomopathogens in the laboratory and recent bioinformatics studies have revealed evidence
of the presence of viruses in BSF samples. For insect diseases, except for honeybees, there remains a lack of diagnostic
procedures and certified laboratories. For certain insect diseases like some known fungal and bacterial diseases such
diagnostic procedures could relatively easily be developed, whereas for other less studied or emerging BSF pathogens,
this will require further research and development that include collaboration between scientists, laboratories specialised
in insect pathology as well as with the industry..
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Standardisation of research methodologies: the example of best research practices established for
honeybees

E. Facchini
Hendrix Genetics Research, Technology & Services B.V, Villa de Korver, Spoorstraat 69, 5831 CK Boxmeer, the Netherlands;
elena.facchini@hendrix-genetics.com

Honeybees play an important role in modern agriculture as farm animals and crop pollinators, and they are responsible
for a third of our diet. Over the last few decades, managed honeybees have been facing large-scale losses worldwide.
There are various causes, including the spread of pathogens and parasites, habitat loss and loss of forage spaces, the use
of pesticides, and the occurrence of climate changes. Many scientists investigated these issues from all over the world
separately and independently, and often using different methodologies. This approach might lead to conflicting and
sometimes erroneous findings. To provide global and sustainable solutions, a group of bee scientists, established COLOSS,
a non-profit association for the prevention of honeybee Colony LOSSes. The mission is to investigate both the causes
of the declining bee health as well as effective means to improve the well-being of bees. COLOSS endorses core projects
and tasks forces focusing on specific topics identified by the association to receive priority attention. Among the Core
projects, the COLOSS BEEBOOK is a unique venture that aims to standardise methods for studying the honeybee. The
vision of the project has been to develop a definitive inventory of standard techniques and methods in honeybee research,
to ensure that studies performed by different laboratories around the world would be directly comparable with each other.
It is a practical manual compiling more than 2,000 standard methods in all fields of research. It is definitive, but evolving,
research manual. Chapters describe methods for studying honeybee biology, methods for understanding honeybee pests
and pathogens, methods for breeding honeybees, and methods for understanding hive products, including for quality
control purposes. The COLOSS BEEBOOK is a testimony to the accomplishments made when scientists work together
with a common purpose and can inspire the development of standard methods in mass-reared insect research.

Evaluation of the antifungal activity of black soldier fly larval frass using the double-layer agar technique

G. Arabzadeh!, M. Delisle-Houde?, T.T.A. Nguyen?, R.J. Tweddell?, M. Dorais2, M.H. Deschamps!, N. Deréme?
and G.W. Vandenberg!

LUniversité Laval, Département des Sciences Animales, Québec (Québec), G1V 0A6, Canada, *Université Laval, Département
de Phytologie, Québec (Québec), G1V 0A6, Canada; 3Universite Laval, Institute for Integrative and Systems Biology (IBIS),
Quebec (Quebec), G1V 0A6; ghazaleh.arabzadeh.1@ulaval.ca

Black soldier fly larvae (BSFL) have the potential to efficiently transform a wide range of organic waste into larval biomass
with a high nutritional value. A secondary product obtained from this process is frass, which includes larval excrement,
larval exoskeleton, and undigested diet. Increased research on frass is needed for its valorisation on an industrial scale
and in the circular economy. We have reported that frass posses antifungal activity against phytopathogens based on the
antagonistic effect between the frass microbial community and phytopathogens. Our initial work employed conventional
approaches to study antifungal activity based on competition between antagonists and pathogens for food and space.
However, antibiosis which is the suppressiveness of phytopathogens by antimicrobial compounds produced by fungi or
bacteria requires an alternative assay. The double-layer agar assay is a well-established technique to test microorganisms for
their ability to produce antimicrobial compounds. We evaluated the antifungal activity of a wide range of water-based frass
extracts against several fungal/oomycetes phytopathogens including Pythium ultimum, Rhizoctonia solani, Phytophthora
capsici, Fusarium oxysporum, Alternaria solani, Sclerotinia sclerotiorum, and Botrytis cinerea. The inhibitory effects
of metabolites produced by the frass microbial community on mycelial growth of every pathogen tested, as evidenced
through the double-layer agar assay, reveal strong antifungal activity against B. cinerea, A. solani, P. ultimum, R. solani,
P capsici, F oxysporum and S. sclerotiorum. The double-layer assay provides a discrete and sensitive approach to assess
in vitro antifungal activity of frass against a range of important phytopathogens.
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Environmental conditions influencing growth and development of black soldier fly (L.) (Diptera:
Stratiomyidae) larvae

J.A. Cammack! and J.K. Tomberlin23

IEVO Conversion Systems, LLC, 5552 Raymond Stotzer Pkwy, Suite 100, College Station, TX 77845, USA, >National Science
Foundation Center for Environmental Sustainability Through Insect Farming, College Station, TX 77843, USA, 3Texas
A&M University, Department of Entomology, 2475 TAMU, College Station, TX 77843, USA; jacammack@evoconsys.com

The growth and development of the black soldier fly Hermetia illucens (L.) (Diptera: Stratiomyidae) has been studied in
depth for nearly three decades. From these studies, we have learned that numerous abiotic parameters such as temperature,
humidity, and light can have drastic and varying impacts on the production of the black soldier fly population in colony.
This presentation will provide a review of the literature on studies of the impacts of abiotic parameters on black soldier
fly growth, with a focus on the commonalities, differences, and industrial implication of these studies. Additionally,
recommendations to help standardise and broaden the impact of future research studies will be made.

Feeding studies in insects: what are we measuring?

D.G.A.B. Oonincx
Wageningen University & Research, De Elst 1, 6708 WD Wageningen, the Netherlands; dennis.oonincx@wur.nl

Interpreting feeding studies requires an understanding of what animals consumes and how they utilise this consumed
material. This can be approached via 4 questions: (1) what is in the feed; (2) what is consumed; (3) which parts of the feed are
digested and absorbed; and (4) what are the absorbed nutrients used for? The first question can be approached by chemical
analysis of the feed. Chemicals of interest need to be defined and suitable analysis needs to be determined and executed
in accordance with standard methods. For insects with moist diets, analytical outcomes are influenced by microbiota.
Microbiota interfere in several ways; compete for feed, provide nutrients and other components via their metabolism,
or serve as a source of feed if digested. The second question, what is consumed, seems straightforward. However, there
are certain species-specific issues. For example, yellow mealworms, which live within their substrate mix faeces with
feed. Moreover, they can consume this feed-faeces mixture more than once, complicating accurate quantification of feed
intake. Besides, are all ingredients consumed equally, or is there selection? The third question, which parts of the feed
are digested and absorbed, is barely touched upon in insect studies. Most studies focus on apparent faecal digestibility,
whereas e.g. true ileal amino acid digestibility, is not considered. Should it be? The last question, what are the absorbed
nutrients used for, relates to which tissues are synthesised. Currently, total weight and total composition are considered,
but perhaps analogous to conventional livestock this should be refined. Answering these questions requires correct
sampling. This includes ensuring a sample is representative for a batch, and that the sampling does not disturb the rearing
process, if later samples are to be taken. In practice, there are inherent trade-offs regarding accuracy, and time and budget
investments. To summarise, this talk will provide a short overview of relevant aspects in feeding studies, focusing on the
pitfalls associated with nutritional trials for insects.
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Health and biosecurity

Biosecurity, workers health issues and the insect production enemies: a growing concern

E. Normandin'2 and L. Henault-Ethier?*

I TriCycle, Production, 1401 rue Legendre ouest, Montréal, QC, H4N 2R9, Canada, *University of Montreal, Biological
Sciences, 4101 rue Sherbrooke est, H1X 2B2, Canada, 3TriCycle, Research and Development, 1401 rue Legendre ouest,
Montréal, QC, H4N 2R9, Canada, *Institut National de la Recherche Scientifique, direction, 490 Couronne St, Quebec
City, Quebec, G1K 9A9, Canada; etienne.normandin-leclerc@umontreal.ca

With the increase in the number of insect producers and the consequent expansion of breeding, the young entomophagy
industry now faces growing biosecurity issues. Biosecurity is defined as a set of measures aimed at reducing the risks
of transmission of pathogens or harmful outputs for the environment, workers, livestock and consumers. Insect farms
form large populations of a single species, which can include hundreds of millions of individuals in the same place. This
concentration increases the risk of spreading diseases. In addition, farms relying on the recovery of organic residues
(entotechnologies) are more at risk of infiltration of opportunistic organisms in farm inputs and outputs. To limit bacterial,
viral, fungal or entomological risks, it is essential that breeders implement preventive measures, such as health safety,
biocontainment and genetic diversification protocols. There is a growing need for more research on probiotics, functional
food additives and immune priming in order to avoid potential antibiotic resistance in farmed insects. Moreover, in light
of new surveys conducted in 2021, strict health and safety protocols remain of paramount importance to protect workers
against the risk of infection, sensitisation or allergies. Another survey result highlighted the end product innocuity as a
prime public concern for the acceptability of insect in food.
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Black soldier fly frass with antagonistic biocompounds as a potential biofungicide against Fusarium
oxysporum

M.R.S. Zakaria, S.R.A.M. Rasli, J.E. Eyahmalay, M.]. Zorrilla and N.P.J. Piggott
Nutrition Technologies Sdn. Bhd., NO 1 & 3, Jalan SILC 2, Kawasan Perindustrian SILC, 79150 Iskandar Puteri, Johor,
Malaysia; rezuwan@nutrition-technologies.com

Phytopathogenic fungus Fusarium oxysporum (FO) strains are among the most devastating fungal plant pathogens
globally, affecting 100,000 ha of cropland and causing $2.3 billion USD of losses in the last century. Of particular concern
is F oxysporum f. sp cubense Tropical race 4 (Foc TR4) which has caused disease outbreaks so severe that it is considered
an existential threat to the banana industry. As of this writing, there are no effective chemical or biochemical agents that
can be used to manage Foc TR4. Here, we present preliminary evidence that insect frass inhibits FO growth, including
Foc TR4, indicating its potential use as a biofungicide. We reared black soldier fly (BSF, Hermetia illucens) on organic
waste-streams to generate frass which was subsequently used to prepare aqueous extracts. In extract preparation, we
investigated the effect of nutrient additives and aeration on inhibitory activity. Our in vitro studies demonstrate that BSF
frass extracts cause a 90% inhibition of FO mycelial growth. In the case of Foc TR4, the frass extracts achieved a 77%
inhibition compared to 0% for controls consisting of soil and a commercial fertiliser. In addition to antifungal activity,
it was tested against FO using a disk diffusion method. The frass samples contain feed residues, exuviae which contain
chitin, antimicrobial peptides (AMPs), and microbial colonies. Thus the anti-phytopathogenic activity could be due to the
antagonistic substances produced by the microbes such as the AMPs, enzymes and/or other biocompounds with antifungal
activities. Additionally we investigated the presence of siderophores, chitinase, lipases and proteases in BSF frass. We
demonstrate the potential of BSF frass as a promising resource to control the economically significant phytopathogenic
fungi FO strains.

Insights into the immune system of black soldier fly

D. Brunol, A. Montalil, S. Caramellal, M. Casartelli® and G. Tettamantil
University of Insubria, Department of Biotechnology and Life Sciences, Via J.H. Dunant 3, 21100 Varese, Italy, *University
of Milano, Department of Biosciences, Via Celoria 26, 20133 Milano, Italy; gianluca.tettamanti@uninsubria.it

The innate immune response of insects provides a robust line of defence against pathogenic microbes and parasites.
It consists of cellular and humoral mechanisms that are conserved across insect species, however peculiarities on the
timing and the efficacy of triggered immune responses, as well as on the haemocyte populations that are involved in the
defence response, have been reported. In this scenario, an insect that deserves particular attention is the black soldier
fly, Hermetia illucens, which is widely used for the reduction and valorisation of waste and by-products. Black soldier fly
larvae are generally grown on decaying organic substrates that can bring the larvae into contact with potential pathogens,
challenging their health status and growth with dramatic effects on the rearing system. Thus, information on the mechanisms
that allow this insect to counteract these threats is needed. In the present study, we performed a morphofunctional
characterisation of haemocytes in H. illucens larvae, investigated the processes underpinning the immune response to
bacteria, and analysed their reaction times. Our data demonstrate that at least six haemocyte types take part to a finely
regulated cellular response, to counteract the diffusion of foreign agents in the insect body. Moreover, while phagocytosis
and encapsulation are rapidly activated after the immune challenge, the humoral components intervene later. Although this
synergic action of the two branches of the immune system is able to completely remove Gram-positive and Gram-negative
bacteria from the body within a few hours after injection, Gram-positive bacteria persist in the haemolymph longer than
do Gram-negative bacteria. Finally, the activity of lysozyme and phenoloxidase, two key players of the humoral response,
show unusual dynamics. This study represents a baseline of knowledge for future studies on the immune response of larvae
challenged with other infectious agents and is a prerequisite to manipulating the larval immune response by nutritional or
environmental factors to increase insect resistance to pathogens. The study was funded by Fondazione Cariplo (2020-0900).
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Exploring the plasticity of the gut microbiota in the larvae of Hermetia illucens

J. De Smet!, E. Gorrens!, D. Vandeweyer!, S. Crauwels?, B. Lievens? and L. Van Campenhout!
KU Leuven, Campus Geel, Kleinhoefstraat 4, 2440 Geel, Belgium, 2KU Leuven, Willem de Croylaan 46, 3001 Leuven,
Belgium; jeroen.desmet@kuleuven.be

The black soldier fly (BSE, Hermetia illucens) has become one of the most common mass-reared species in the world for
the production of insect protein for animal feed. This evolution also drives a need for more research on BSF to optimise
its efficiency and sustainability on various diets. One area that is being explored is its gut microbiota. Indeed, microbes
in the gastrointestinal tract of traditional livestock, and also insects, exert important functions to modulate animal health
and performance, e.g. the processing of dietary components. Given the importance of these interactions between the
host and its microbiota and their influence on host phenotype, it is crucial to understand: (1) how the composition of the
microbiota varies in response to various biotic and abiotic factors; (2) if there is an ‘optimal’ microbiome from a production
perspective; and (3) how the microbiota can be manipulated to achieve this optimum. In the frame of an ongoing project
funded by the Research Foundation — Flanders, our research group (IP&P) explored how a number of biotic and abiotic
factors impact the composition of the microbiota: (1) time (consecutive rearing cycles); (2) space (different gut sections);
(3) genetic diversity (different BSF genotypes); and (4) co-existing virome (bacteriophage community can impact the
microbiota via predation). The factor time was assessed by sampling six consecutive rearing cycles at two locations
(inter-cycle) at two time points in each cycle (intra-cycle). For space, four different gut sections (anterior/middle/posterior
midgut and hindgut) were sampled on three substrates (chicken feed, DDGS and a food waste mixture). Genetic diversity
was investigated by sampling larvae from four different genotypes on three diets (chicken feed, a food waste mixture and
chicken manure). The microbial community composition was always determined using 16S rDNA sequence analysis.
Finally, the co-existing virome was determined using an adaptation of the NetoVIR protocol. Here, we summarise our
findings and discuss our improved global understanding of the plasticity of the microbiota in the BSF larval gut.

Effect of density and fungal co-stressing on the viral abundance of the Acheta domesticus
densovirus in house crickets

J. Takacs!?3, V, Ros2, J. Van Loon! and A. Bruun Jensen3

Wageningen University and Research, Laboratory of Entomology, Droevendaalsesteeg 1, 6708 PB Wageningen, the
Netherlands, >Wageningen University and Research, Laboratory of Virology, Droevendaalsesteeg 1, 6708 PB Wageningen,
the Netherlands, 3University of Copenhagen, Department of Plant and Environmental Sciences, Thorvaldsensvej 40, 1871
Copenhagen, Denmark; tjoci88@gmail.com

The house cricket Acheta domesticus is a promising candidate for food and feed purposes, but pathogens can cause
epizootics in its rearing. Crickets are usually reared in high densities to maximise cost effectiveness, but this creates a highly
favourable environment for disease outbreaks. The A. domesticus densovirus (AdDV) is one of the major pathogens that
can cause serious losses in production of house crickets. The virus is present in most A. domesticus stocks in a covert state,
but can become overt. Co-infection with other bacterial and fungal entomopathogens and abiotic stresses are suggested
to be the triggers for transition to the overt state of AdDV. Rearing density is hypothesised to be an important factor for
AdDV outbreaks, but the correlation between rearing density and AdDYV titers has yet to be confirmed. To explore this
we designed an experimental setup with three different rearing densities, combined with exposure to two different fungal
pathogens. We recorded the effect of co-stressing on the mortality and weight gain of individuals and measured AdDV
viral abundance on group level using qPCR. High rearing density and fungal pathogens reduced survival rate, but did not
affect average end weight. There was no interaction factor between the two stressors in case of survival rate or weight.
Results on the effect of the two stressors on AdDV load are currently being analysed and will be presented. Producers
need to consider chances of higher mortality with higher densities, but the losses due to mortality might be outweighed
by the higher weight output from the same surface area. An optimal rearing density leading to high productivity while
keeping the risk of collapse of the production batch minimal needs to be established.
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Virus exposure bioassays to assess uptake and survival of a coronavirus in T. molitor and
H. illucens larvae

A. Lecocql, A.S. Olesen?, C.M. Lazov3, A. Batner3, G. Belsham?, S.M. Rajiuddin® and A.B. Jensen!

University of Copenhagen, PLEN, Thorvaldsensvej 40, 1871 Frederiksberg C, Denmark, Statens Serum Institute, Virus
and Microbiological Special Diagnostics, Artillerivej 5, 2300 Copenhagen, Denmark, 3University of Copenhagen, Veterinary
and Animal Sciences, Stigbojlen 4, 1870 Frederiksberg C, Denmark; antoine@plen.ku.dk

The mass production of edible insects offers the potential for a more sustainable source of nutrients for livestock feed.
In order to ensure this sustainability, there is a need to explore new substrates for the insects, including those of animal
origin, such as slaughter by-products, manure and communal waste. However, such substrates could pose risks that
need to be assessed, such as the transmission of viruses. Experimental exposure studies of insects that are used for feed
and food with animal viruses can provide more knowledge about such hazards for use in future risk assessments. In a
series of experimental studies, we exposed two insect species to a porcine respiratory coronavirus (PRCV). This virus
was used as a first model for other viruses of interest. For virus exposure of Tenebrio molitor larvae, a newly developed
virus exposure bioassay, using oral inoculation, was established. For virus exposure of Hermetia illucens larvae, a method
for inoculation via feed spiked with PRCV was tested. Both species of larvae were sampled immediately following virus
exposure and until 8-9 days post inoculation. The presence of viral RNA was determined using quantitative RT-qPCR and
that of infectious virus using virus isolation in cell culture (ST117 cells). PRCV RNA was detected in 7. molitor on day 0
and for up to 3 days following virus exposure, and in H. illucens on day 0 and for up to 2 days. The amounts of viral RNA
were low in the samples after day 0. Using virus isolation assays in ST117 cells on samples with the highest amount of viral
RNA, infectious PRCV was detected in one T. molitor sampled at 0 days post exposure. While it can be concluded that
PRCYV does not survive well in the fed insect larvae, and that the bioassay developed for T molitor larvae was adequate,
there remains some work on optimising the H. illucens bioassay. Future work will therefore focus on the latter and on
new exposure bioassays using the problematic African swine fever virus.

Evaluation of the impact of the parasite Tribolium castaneum on the mass rearing of Tenebrio molitor

J. Zim!, M. Sarehanel, P. Lhomme?3, R. Elaini%, S. El Malahi® and R. Bouharroud®

1 Agronomic and veterinary institute Hassan II, Horticultural Complex in Agadir, Plant protection, BP. 121, 86150 Ait-
Melloul Agadir, Morocco, >University of Mowns, Research Institute for Bioscience, Laboratory of Zoology, 7000 Mons, Belgium,
3Entomonutris, 40000 Marrakech, Morocco, *Omnium Agricole du Souss, IPM, 80000 Agadir, Morocco, >Faculty of science,
Ibn Zohr University, Biology, 80000 Agadir, Morocco, °Centre Régional de La Recherche Agronomique d’Agadir (INRA),
Integrated Crop Production Unit, 80000 Agadir, Morocco; j.zim@iav.ac.ma

The use of insects is considered a promising alternative to protein sources for animal and human food. The mealworm
Tenebrio molitor is one of the most widely used insects on an industrial scale for this purpose. However, insect farming
is subjected to constraints, especially, the predation by other insects. The objective of this study was to estimate the
rate of parasitism of Tribolium castaneum (Tr), a small beetle pest often found in stored food stuffs like wheat bran, the
basic food substrate of T. molitor. The presence of this pest is a serious danger to mealworms. The effect of six densities
of adults of T. castaneum (0.00, 0.09, 0.18, 0.36, 0.72 and 1.45 Tr/cm?) was evaluated on the rearing performance of T.
molitor under laboratory conditions (T=28+1 °C, RH=70+5% and total darkness). The experiment was run in small
cylindrical plastic boxes (section=22 cm?; H=6 cm) filled with 12 g of wheat bran (5 repetitions) and containing 18 adults
mealworm. The parameters were evaluated after 40 day. The fecundity of 7. molitor was significantly affected by the
presence of Tribolium. A decrease of 42% in larval production of T. molitor was observed when density reached 0.72 Tr/
cm?. Mealworm larval biomass produced per box was significantly affected by Tribolium density. Without Tribolium, the
mealworm larval biomass reached 11.77+0.69 g, however it reached only 5.09+0.66 g in the box containing 2.66 Tr/g of
wheat bran. Increased pest density also impacted negatively the conversion rate. However, it did not impact the average
weight of mealworm larva. We recommend to use wheat bran containing less than 0.18 Tr/cm? or 0.33 Tr/g of wheat bran
to maintain an optimal mass rearing of T. molitor.
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Hermetia illucens prokaryotic and eukaryotic microbiota composition and interactions at different
life stages

L. Augerl, P.-L. Mercier!, M.-H. Deschamps?, G. Vandenberg? and N. Derome!

Université Laval, Institute for Integrative and Systems Biology (IBIS), Département de Biologie, 1030 Av. de la Médecine,
G1V 0A6, Canada, *Université Laval, Département des Sciences Animales, 2425 Rue de IAgriculture, G1V 0A6, Canada;
laurence.auger. 1 @ulaval.ca

The black soldier fly (Hermetia illucens) larva feed and grow on organic waste containing high density of microorganisms
and potential pathogens. As the economical and ecological impact of black soldier fly rearing gains increased importance,
understanding how the holobiont composition and interactions affect performance and health of the host becomes
vital to the optimisation and specialisation of industrial scale rearing. The feed substrate is a known determinant of the
microbiota’s composition; however, the impact of life stages, interaction networks and vertical transmission have been
neglected. This investigative study characterises H. illucens associated procaryotic and, for the first time, whole eukaryotic
microbiota’s taxonomic and functional profile across the entire life cycle (eggs, larvae, prepupae and adults, from parent
X0 to mature progeny X1) when reared in two substrates: (1) plant-based (housefly Gainesville diet); and (2) animal-based
(poultry hatchery waste) (n=9). We developed a 18S blocking primer specific to the black soldier fly, enabling us to use
a metataxonomic approach with target 16S and 18S genetic markers amplicon sequencing. As expected, microbiota is
modulated by the feed substrate, but its composition and dynamics are also influenced by the developmental stage and
time. Progeny switched to a different substrate had a major shift in the composition of their microbiota compared to
parents. The eukaryotic microbiota was found to contain multiple ubiquitous opportunistic pathogens that should be
considered in future biorisk management. We found that interaction networks in microbiota are linked to composition
and developmental stages. Our study is a preliminary step toward the development of an artificial microbiota probiotic
supplement to enhance H. illucens health and performance.

The role of the gut microbiota in host fitness and resistance to bacterial and fungal pathogens in
wax moth larvae

J.K. Upfoldl, A. Réjassel, C. Nielsen-Leroux, A. Bruun Jensen? and V. Sanchis-Borja!
!INRAE, Micalis Institute, 4 avenue Jean Jaures, 78350 Jouy-en-Josas, France, >University of Copenhagen, Department of
Plant and Environmental Sciences, Thorvaldsensvej 40, 1871 Frederiksberg, Denmark; jennifer.upfold@gmail.com

One great challenge of the future is securing enough food for a growing global population in a changing world. Fortunately,
insects have been recognised as a more sustainable source of protein; however, our knowledge of maintaining insect health
in a mass-rearing environment is lacking. In recent years, the gut microbiota has been identified as playing a critical role in
improving host response to disease-causing pathogens, but the extent to which the microbiota contributes to the immune
response is not fully understood. To explore the partnership between the gut microbiota and the immune response,
Galleria mellonella L. (Lepidoptera: Pyralidae) larvae were reared in sterile (=axenic) and non-sterile (=conventional)
conditions. Additionally, pathogenic bacteria Bacillus thuringiensis (Bt), and fungi Metarhizium anisopliae were utilised
to assess the role of the gut microbiota via two routes of infection. Our results indicated that the conventional larvae
had a greater resistance to a spore-crystal suspension of Bt after oral infection, with the surviving larvae being able to
completely clear the bacteria from the gut over 96 hours. However, for the axenic larvae, 100% mortality was reached by
96 hours as compared to 50% mortality for conventional larvae. We are currently characterising the microbiota via 16S
rRNA and Illumina sequencing during Bt and fungal infection, and at the same time analysing the expression of several
important immune response genes using qRT-PCR techniques. Preliminary results show there is greater basal expression
of immune response genes in conventional larvae resulting in the larvae being better ‘primed’ for pathogen challenge.
Furthermore, phenoloxidase levels in the haemolymph of conventional larvae was greater in control conditions as well as
post bacterial and fungal infection than the axenic larvae. As a whole, our results provide new insights in the understanding
of how and to what extent the immune response is mediated by the microbiota, which can improve the potential for the
maintenance of insect health.
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A new mite capturing technology using electrocharged material, a trial challenge on insect feed and
food production

Y. Matsumoto!, M. Arai2, S. Katayama3, N. Manabe* and Y. Fyjitani®

1Kagawa University, Agriculture, Ikenobe 2393, Miki, Kida, 7610795, Japan, *Kagawa University, Faculty of Medicine,
ITkenobe 1750, Miki, Kida, 7610701, Japan, 3Kagawa Prefectre Goverment, livestock Hygiene Service Center, Ikenobe 3196,
Miki, Kida, 7610795, Japan, *Osaka International University, Fujita 6-21-57, 5708555, Japan, >Research Institute of
Environment, Agriculture and Fisheries, Osaka Prefecture goverment, Shakudo 442, Habikino, Osaka, 5830862, Japan;
matsumoto.yoshiki@kagawa-u.ac.jp

Ectoparasites cause one significant health and environmental concern in the urban environments on animal production
fields. Dermanyssus gallinae, known as the ‘red mite, is a hematophagous ectoparasite commonly found in laying hens
and is one of the most important epidemiological and economic problems. Red mite infection induces a decrease in
egg production poor egg quality and can ultimately lead to the premature death of hens from substantial blood loss.
Additionally, the red mite is a candidate transporter of arboviruses. So an increase in the number of red mites may lead
to a higher outbreak risk. Furthermore, the most effective timing for poultry red mites’ spread environmentally around
poultry farms is unknown and demanding control applications and the most effective extermination method. We have
developed an electrostatically charged device (i -Trap®, that can physically attract and capture red mites and tangle and catch
on them. This device has an electrical charge from static electricity created by the material’s polyurethane composition.
The i -Trap attracts and traps the red mites. In this presentation, to quantify the ectoparasite infestation population from
which the contamination level can also be determined in insect feed production and used for basic science. In this study,
we would like to propose the possibility of using this technology, patented in Japan, the U.S., China, and Thailand, in
insect production. We want to introduce an option of contributing to insect feed production in our research by using
the behavioural characteristics of mites in the capture technology and the possibility of using this technology to control
external parasite contamination in the insect production area.

Effects of probiotics on Tenebrio molitor development and resistance against the fungal pathogen
Metarhizium brunneum

A. Lecocq, S. Dahal and A.B. Jensen
University of Copenhagen, Department of Plant and Environmental Sciences, Thorvaldsensvej 40, 1871 Frederiksberg,
Denmark; antoine@plen.ku.dk

As the interest in the mass production of insects for food and feed increases, so does the need to ensure that the insects
remain healthy in the face of pathogen challenges. This study follows from previous published work testing the effects
of an indigenous Pediococcus pentosaceus strain KVLB19-01 on Tenebrio molitor larvae growth and survival. Here,
we used the same methods to test two commercially available probiotic strains used for other livestock, Enterococcus
faecium ‘M74’and Bacillus subtilis ‘King, on T. molitor. Additionally we conducted a pathogen challenge experiment
using an entomopathogenic fungus, Metarhizium brunneum strain KVL 12-37, originally isolated from T. molitor, to
assess the effects of the probiotics on the insects’ immunity. The pathogen exposure was conducted on larvae reared on
diets supplemented with the three different probiotic strains and a non-supplemented control diet in 9 weeks. 25 larvae
from each of the 4 treatments we exposed to 2 ul fungal suspension (1.22x10° spores) and 25 larvae from each of the
four treatments were exposed to 2 pl triton X (control) on the thorax. Results showed that two of the probiotic strains,
P pentosaceus and E. faecium, but not B. subtilis, improved larval growth rate compared to non-supplemented control
diet. The mortality of the fungal exposed larvae were higher that the unexposed larvae reared on the same diet, but lowest
in the larvae supplemented with P. pentosaceus and E. faecium. This study confirmed that dietary supplementation of
probiotics in T. molitor larvae may add nutritional value to sub-optimal diet and boost insects’ immune responses against
entomopathogenic organisms.
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Abstracts — Health and biosecurity

Insect health in production systems: diagnosis, prevention and management

A. Bruun Jensen and A. Lecocq
University of Copenhagen, Department of Plant and Environmental Sciences, Thorvaldsensvej 40, 1871 Copenhagen,
Denmark; abj@plen.ku.dk

All biological production systems are challenged by pest and pathogens and with the rapid growth of insect production
for food and feed; diagnosis, management and prevention of existing and emerging insect diseases is urgently needed.
Insect pathogens such as bacteria, fungi and viruses have the potential to develop into epidemics and in certain cases
they can cause great economic losses to the producer. We will introduce important insect diseases known to occur in
some of the main production insects and their biological characteristics. Furthermore, we will discuss management and
prevention actions to promote insect health. Most life stock production systems have diagnostic procedures and certified
laboratories, such facility has not yet been established for insect diseases. To facilitate network collaboration between
scientist and laboratories specialised in insect pathology is needed.

Entomopathology and veterinary diagnostics: the old, the new, the borrowed and... the blue?

M.-O. Benoit-Biancamano
Université de Montréal, Faculté de Médecine Vétérinaire, Département de Pathologie et Microbiologie, 3200, rue Sicotte,
Saint-Hyacinthe (QC) J2S 2M2, Canada; marie-odile.benoit-biancamano@umontreal.ca

Commercial insect production for entomophagy is a relatively young industry, with limited supporting resources, especially
when it comes down to diagnostic and biosecurity counselling. However, there are other industries, such as production
animal farming and beekeeping, that hold a longer history and established practices that can provide experience and
knowledge to inspire best practices for insect productions. In animal productions, veterinary medicine is a crucial service
to maintain not only heard health, but also to ensure that the food produced is safe for human consumption. Old and
modern diagnostic tools (bacterial and fungal culture, Maldi-Tof bacterial identification, PCR, genomic marker-based
measures of inbreeding, etc.) can easily be applied to insect productions, but interpretation of the findings can be difficult.
Veterinary pathology can provide some of these answers: it is a cornerstone in animal diagnostics, as it provides insights
on causative processes and agents. Although insects hold particularities that can complicate the application of tools and
services available in other species, solving these issues should not be too big a task for the producers, diagnosticians and
researchers that wish to devote time to this field.
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Utilisation of yeast supplement for improving Hermetia illucens reproductive and larval performance

A.G. Gligorescul, M.T. Tourancheau? and D.G. Guerrand?
!Danish Technological Institute, Bioengineering and Environmental Technology, Kongsvang allé 29, 8000 Aarhus, Denmark,
2Lallemand Inc, Bio-ingredients, 1620 Prefontaine, HIW 2N8 Montreal (QC), Canada; angl@teknologisk.dk

Hermetia illucens, black soldier fly larvae (BSFL) can bioconvert a vast range of organic waste streams into high quality
protein and lipids, suitable to be used as food and feed. However, the reproductive and performances can be highly
influenced by the larval feed source. The study was conducted to assess the utilisation of four different Lallemand Bio-
Ingredients’ yeast products as supplement in BSFL production. The yeast products were: Torula inactivated yeast (TIY),
B-vitamins fortified inactivated yeast (BIY), Mineral (selenium) enriched yeast (MIY) and Sterol inactivated yeast (SIY).
A number of key performance indicators in H. illucens production (e.g. larval weight and survival rate, egg production)
were assessed for the BSFL reared on a standard Gainesville diet (GD), made of alfalfa, wheat bran and maize. It was
supplemented with either TIY, BIY, MIY or SIY at 5 and 10% inclusion rates. There were significant differences on larval
performance between larval reared on the yeast and the control GD. The biggest larvae were obtained when the GD was
enriched with 10% of SIY and TIY with 29 and 35% weight increase at harvest, respectively. Moreover, the utilisation
of yeast as supplement to GD resulted in bigger prepupae larvae when compared with the plain Gainesville treatment.
The survival rate was found to vary between 69 and 85%. Except for TIY 5%, the yeast inclusion treatments were found
similar or higher survival rates than the control. These results indicate that the utilisation of Lallemand’s yeast products as
supplement in H. illucens rearing can increase the larval performance without affecting survival rate. The egg production
was found to increase when the GD was enriched with yeast products, except for MIY 10%. Moreover, the highest egg
production was obtained as a result of utilising TTY and BIY yeast at 10% inclusion rates. These results indicate that the
inclusion of Lallemand’s yeast products as feed supplement in H. illucens production could increase egg production.

Growth performance of yellow mealworm larvae (Tenebrio molitor) fed on wheat bran supplemented
with natural botanicals

M.E. Gonzales'2, V. Ageorges?, S. Fagnon?, S. Kerros® and L. Tournier?

VetAgro Sup, Campus agronomique, 89 Avenue de 'Europe, 63370 Lempdes, France, 2INVERS, Champs de la Croix, 63720
Saint-Ignat, France, 3Phytosynthése, 57 Avenue Jean Jaurés, 63200 Mozac, France; ludovic.tournier@invers.fr

During the last decade, insects have received increasing interest as innovative sources of alternative protein for food and
animal feed. Yellow mealworm (Tenebrio molitor), is considered one of the best options, rich in protein, easy to breed
and feed. In a mass rearing context, the improvement of the growth performance of the yellow mealworm larvae is a
key issue. Thus, the aim of this study was to compare the growth performance of yellow mealworm larvae fed on wheat
bran supplemented with eight (8) botanical ingredients. More exactly, 3 classes of botanicals were tested at various
inclusion levels, i.e. essential oils (0.5, 5, 50 mg/kg), plant extracts (1, 10, 100 mg/kg) and crude dry powders (5, 50, 500
mg/kg). Each additive was added at 0.1% of the wheat bran control diet and tested in 3 replicates. The measurement
of the growth performance of each rearing crate was performed on a weekly basis until the 5™ week corresponding to
the harvest of larvae. Data clearly showed a significant growth improvement of yellow mealworm larvae with the crude
plant technology (final average weight of 116 mg; P<0.05) whereas purified substances did not show significant results
compared to the control diet (final average weight of 98 mg; P>0.05). Based on these preliminary data, synergetic effect
of combined crude dry powders will be evaluated on growth performance and potentially on larval nutritional values
as well. In conclusion, this study highlighted the great potential of the use of botanicals as a dietary supplement in mass
rearing of yellow mealworm larvae.
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Characterisation of compounds active against Aeromonas hydrophila isolated from the gut
microbiome of Hermetia illucens

D. Castillo!, B. Cabanillas2, M. Landal, M. Ruizl, A. Diaz! and M. Sauvain!?3

Universidad Peruana Cayetano Heredia, IMTAvH, Laboratorio de Quimica de la Vida, Laboratorio Centinela Helicobacter
pylori, Avenida Honorio Delgado 430, 34 Lima, Peru, *Universidad Peruana Cayetano Heredia, Unidad de Investigacion de
Productos Naturales, Avenida Honorio Delgado 430, 34 Lima, Peru, 3Institut de Recherche pour le Développement, Université
de Toulouse, UMR 152 PHARMADEYV, Faculté de Pharmacie, 31062 Toulouse cedex 09, France; michel.sauvain@ird.fr

The larva of Hermetia illucens has a gut microbiome that plays an important role in the digestion of waste and prevents
the colonisation of pathogenic microorganisms. The aim of the study is to identify potential sources of new antibiotics
from fungi present in the gut of H. illucens larvae that are active against the bacterium Aeromonas hydrophila, which is
responsible for economic losses in aquaculture. Aspergillus sp., Scopulariopsis brevicaulis, Chrysosporium multifidum and
Penicillium janthinellum fungi isolated from H. illucens larvae were tested against A. hydrophila ATCC 7796 using the
coculture method. As a result, the Antimicrobial Potential values of 1,6; 1,5; 1,3 and 1,5 were generated from the growth
inhibition diameters, respectively. Subsequently, extracts obtained from the culture broths of the most active fungus were
evaluated by bioautography, and the half inhibitory concentration (IC,,) and minimum inhibitory concentration (MIC)
were also determined. The dichloromethane (DCM) extract of S. brevicaulis showed an IC, of 0.3 mg/ml and a MIC of
0.5 mg/ml against A. hydrophila. This DCM extract was fractionated by chromatography and the microbiological activity
and the profile of compounds present in these fractions were analysed by ultra-performance liquid chromatography coupled
to mass spectrometry (UPLC-HRMS). As a result, 11 fractions were obtained. Among them, two fractions exhibited the best
activity by bioautography. In the preliminary analysis by UPLC-HRMS some compounds were annotated by comparison
with databases, among them lipopeptides and derivatives of hiocholic acid. Bioguided purification assays are in progress
to characterise the compounds responsible for the activity against A. hydrophila. Our investigations suggested that the
larva gut-associated microbes are able to antagonise the zoonotic pathogens.

Impact of a bacterial-based biocontrol product on zootechnical performances of Tenebrio molitor

L. Tournierl, A. Brame?, J.F. Faivre3, S. Crepieux! and V. Ageorges!
Invers, Champ de la croix, 63720 Saint Ignat, France, *Nolivade, 2 Avenue de Ker Lann, 35170 Bruz, France, 3MixScience,
2 Avenue de Ker Lann, 35170 Bruz, France; valentin.ageorges@invers.fr

During the last decade, insects have received increasing interest as an innovative source of alternative protein for food
and animal feed. Yellow mealworm (Tenebrio molitor), is considered to be one of the best options, rich in protein, easy
to breed and feed. In a mass rearing context, three main objectives could be considered to ensure good performance: (1)
reduce the mortality of insects; (2) enhance the laying rate of beetles; and (3) increase the growth performance of larvae.
Thus, this study aimed to assess the impact of Noliflore Insects, a biocontrol product containing Bacillus subtilis strains,
on zootechnical performances of T. molitor rearing: from the reproduction phase to the end of the growing phase. Two
treatments were compared: a control group fed on wheat bran and a test group fed on wheat bran supplemented with
Noliflore Insects. During the reproduction phase, the product didn’t show any impact on breeding adults mortality,
neither on laying rate. By contrast during the growing phase, the Noliflore Insects supplementation showed a significant
reduction of the larval mortality and a lighter weight for the test group compared to the control. Based on these preliminary
data, the correlation between insect densities and larval weight is being assessed. Besides, the impact of this biocontrol
product on the pupation efficiency as well as on zootechnical performances of the second generation of insects remains
to be evaluated. In conclusion, this study provides a good insight of the potential of the use of Noliflore Insects in the
biocontrol of T. molitor production systems to reduce larval mortality rate.
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Implementing a research network on edible insects to better understand the value chains

P. Le Galll, S. Mezdour?, E. Katz3, ].F. Muafor?, M. Vaxelaire® and I. Le Mintier®

!Institut de Recherche pour le Developpement, Laboratoire Evolution, Génome Comportement Ecologie, Centre National
de la Recherche Scientifique (CNRS), 91198 Gif sur Yvette, France, >AgroParisTech, UMR 782 SayFood, 1 avenue des
Olympiades, 91744 Massy cedex, France, 3Institut de Recherche pour le Developpement, UMR PALOC, 43 rue Buffon,
75005 Paris, France, *Living Forest trust, S/C IRD BP 1857, Yaounde, Cameroon, >Action contre la Faim — ACF-France,
14/16 Boulevard Douaumont, CS 80060, 75854 Paris Cedex 17, France, ®Institut Armell, 1 La Motte-Basse, Le Gouray,
22330 Le Mene, France; philippe.le-gall@ird.fr

We have a good knowledge about the edible insects species consumed by man. Most of the edible insects are gathered
in the wild. But the value chains and the impact of the extraction of the insects on the wild population of the concerned
species are not well documented. The GDRI Insectinov-Sud bring together laboratories, researchers, from fields like
entomology, food sciences, anthropology and sociology and expert members of partner associations and NGO’s who
are concerned with the analysis of value chains on edible insects and the development of breeding with a view to their
mass production and their transformation into products available for human and animal consumption. It constitutes an
‘exchange forum’ between these partners to promote the emergence of research and development projects and training
of students through field schools. Amongst the results already obtained, we present the results of a study of the ‘Edible
caterpillars’ value chain where the collect, the commercialisation and the consumption of caterpillars have been described
in RCA. The quantities of caterpillars collected each year raises questions about the sustainability of the market especially
considering the global changes, which affect the region. Rearing insects would be a part of the response and the African
partners have built up a pilot farm producing Plan Weevils in Cameroon. The preliminary results of two projects on
the edible insects market in Latin America will be presented. Rearing edible caterpillars would be another challenge.
Interdisciplinary and participative research brought valuable insights in the Edible insects consumption and production.
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Insects, art and advocacy - using visual art to cultivate interest in edible insects

J.R. Angus
University of Wisconsin-Madison, Design Studies, 1300 Linden Drive, Room 3210, Nancy Nicholas Hall, Madison, W1
53706, USA; jrangus@wisc.edu

I am a visual artist best known for creating elaborate installations in which real insects, albeit dead and dried, are pinned
directly to the wall in order to create patterns which reference wallpaper. When viewers enter one of my installations,
they are greeted with something they think they know, that is, a patterned wallpaper. However upon closer examination,
one discovers that it is entirely made up of insects. Emotions range and rapidly fluctuate from fear to awe to distaste to
wonder. There is beauty in the pattern, yet the apprehension we feel toward insects creates a tension. My work seeks to
provoke a series of increasingly urgent questions in the age of climate change and argue that beyond clean air and water,
insects are the key to the earth’s well-being and our very survival. Continued existence may well include the consumption of
edible insects, however persuading people in North America to eat them is a challenge. A recent work entitled the ‘Animal
Dinner Party’ is based on the song ‘I Know an Old Lady Who Swallowed a Fly’ To rid herself of the fly, she swallows a
spider, a bird, a cat, a dog, a goat, a horse and finally a cow, and then unsurprising she dies. The old lady’s response to the
fly exemplifies the fear many people have of insects. At my dinner party, animals (taxidermy) were seated at a dining table
in a room adorned with insect ‘wallpaper’ They appeared to be in lively discussion and enjoying a repast of bread, honey,
and flies. The work provides multiple opportunities to discuss issues related to edible insects and food security as well as
many of the most pressing issues of our time including systemic racism. Wouldn't it be wonderful if the world’s problems
might be solved over a meal? At other exhibition venues, I have painted gallery walls a reddish magenta type colour with
a cochineal based dye/paint mixture. Cochineal is a scale insect from which a common food colorant is derived. A few
years ago outrage were expressed when it was learned that Starbucks’ used it to colour a smoothie. Was the anger over the
fact that the drink was not vegan or that it had ‘bug juice’ in it? My presentation will explore the ability of art to cultivate
discourse on the importance of insects and in particular those that are edible.

Going global with GRIA - a ‘global roundtable for insect agriculture’: representation, collaboration
and best practices

D.J. Allan, N. Preteseille, A. Deguerry, J. Galt, M. Balkwill, W.L. McGill, D. Rowland C. Muraru, H. Katz and A. Hobbs
GRIA, (AFFIA, NACIA, IPAA, IPIFF); djallan7@gmail.com

Insect industry growth, investment, competitiveness improvement, competition, cooperation and publicity continue
to make progress for the sector, with diverse and ongoing milestones achieved. Regional collaborations are increasing
insect sector internationalisation, inclusivity and influence. The collaboration between insect associations has continued
to intensify over the last few years. Since 2019, NACIA, IPAA, IPIFF and AFFIA have met to accelerate this and work
together on developing unifying themes to enhance moves for overall sector development. Internationally climate change
awareness escalates, SDG deliverable targets rapidly approach and massive food system changes are seen as critical to
meet food system challenges as part of initiatives like Scaling Up Nutrition, Feed the Future, Farm to Fork, and the UN
Food Systems Summit. Additional needs are also becoming apparent as food security crises emerge in many locations.
The global challenges facing food systems make collaboration between stakeholders from all parts of the food value chain
critical. Many of these factors are entirely relevant for sub-sectors such as the edible insect sectors for both food and feed,
and the diversity of business types, scales and issues faced make collaboration across different regional sectors important.
The Global Roundtable for Insect Agriculture’s vision is to provide a unified voice and leadership to represent and promote
the global insect industry as an essential participant in the feed, food, fertiliser, and sustainable manufacturing industries.
Three key goals are to: (1) provide a strong industry platform for representation; (2) strengthen collaboration internationally;
(3) develop best practices. Highlighted will be both the “Why?” and also specific features of the collaboration — such as
the development and content of a joint OGSM document (objectives, goals, strategies, measures), work on FAO Codex
alignment and a sector White Paper, and processes for increasing inclusivity amongst additional regional groups to meet
the expectations set by the group’s name: the Global Roundtable for Insect Agriculture.
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Quebec edible insect industry portrait

J. Larouche
Table filiére des insectes comestibles, Pavillon Paul-Comtois, 2425 rue de IAgriculture, Université Laval, Québec (Qc), G1V
0A6, Canada; jennifer.larouche.l@ulaval.ca

In Quebec, the edible insect industry is rapidly expanding with several new producers and processors establishing
themselves every year. According to the Vitrine Entotechnologique, 19 new insect producers were in activity between 2016
and 2020. However, the emerging industry is facing several challenges such as regulation, process optimisation, supply,
social acceptability, training of qualified workforce and access to markets. In Quebec, the Ministére de 'Agriculture, des
Pécheries et de 'Alimentation du Québec (MAPAQ) promotes the establishment of innovative industries by funding and
overseeing the formation of a concertation table which allows industry collaboration and optimised industry development.
To ensure the growth and sustainability of this young industry, the major players joined forces in 2021 to create the
Table Filiere des Insectes Comestibles (TFIC). This concertation table regroups 30 actors from all sectors such as waste
management, insect production, insect processing, distribution, research, technology transfer, education, outreach
organisation and government. Considering the sector’s rapid growth, an updated portrait of the edible insect industry in
Quebec is necessary to allow the documentation of the sector’s economic perspective. Furthermore, the needs of insect
producers and processors in Quebec will be assessed in terms of support, regulation assistance, research, and more. One
of TFIC’s other activities is to form focus groups to assess the best plan of action to answer specific and critical industry
challenges. Indeed, a frass focus group has been assembled to better understand the current legislation which applies to
frass, to define frass in a legislative point of view and identify best quality criteria for frass analysis. At the same time, we are
also collaborating with the International Platform of Insects as Food and Feed (IPIFF) and the North American Coalition
for Insect Agriculture (NACIA) to adapt the Guide on Good Hygiene Practices to the North American context. TFIC also
has plans to address the many other initiatives currently taking place throughout the insect industry. This concertation
initiative will contribute to the sustainable growth and perennity of the edible insect sector in Quebec.
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