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The Fraunhofer-Gesellschaft at a glance

 

The Fraunhofer-Gesellschaft undertakes applied research of direct utility to private and public 
enterprise and of wide benefit to society. 

30,000 staff

More than 70%
is derived from contracts with 
industry and from publicly 
financed research projects

Almost 30%
is contributed by the German 
federal and state Governments
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Major infrastructure capital 
expenditure and defense research

76 institutes and 
research units

Seite 2



© Fraunhofer 

R 23G 156B 125
R 242G 148B 0

R 31G 130B 192
R 226G 0B 26

R 95G 200B 0
R 254G 239B 214

R 225G 227B 227 Diesen Kasten nicht löschen (ist für die Funktion der Folie wichtig)

Intellectual Property Rights of Fraunhofer 

Fraunhofer Patents 2015 2016 2017 2018 2019

Active patent families * 6573 6762 6695 6874 7050

Invention disclosures reports p.a. 670 798 756 734 733

Patent applications p.a. 506 608 602 612 623
* Portfolio of active rights (patents and utility models) and patent applications at year end.

2019:  Fraunhofer was
Nr. 18 of the most active patent applicants and
Nr. 7 of the most active trade mark registrations 
at the German Patent and Trade Mark Office

2020:  Fraunhofer has been awarded as Top 100 Global Innovator for the years 
2014-2020 according to Clarivate Analytics / Thomson Reuters

2019:  Fraunhofer was 
No. 32 of the most active patent applicants 
at the European Patent and Trade Mark Office



The projected world population demands increasing animal protein supply



Ø Insects such as the Black soldier fly are world-wide used for the 

bioconversion of organic side streams into protein, lipids and chitin.

Ø Insect farming is an environmentally sustainable alternative to address 

the rapidly growing demand for animal-protein.

The Black soldier fly as the economically most important species in insect farming



Bioconversion with Black Soldier Fly
  



Farmed insects to create a circular bio-economy in the food and feed industry

Challenges in industrial production of insects

Ø Large-scale availability of insect feed

Ø How to prevent the outbreak of diseases?

Ø Optimization of industrial processes

Ø Economic competitiveness

Integration of insect farming in the

Controlled Environment Agriculture (CEA)

Ø Insect feed in sustainable crustacean aquaculture

Ø Insect feed in animal nutrition

Ø Insects as a missing link in the circular bio-economy of 

the food and feed industry

Ø Insect farming in Controlled Environment Agriculture



n Utilization of agricultural or industrial sides streams

n Large quantities with defined quality

n Challenge: seasonal avalability

n EU-regulations

n Detoxification of side streams

n Diet mixtures for optimized growth of farmed insects

Klüber et al. 2022: Sustainability

Insects as a source of alternative Proteins: reduce costs

apple pomace cocoa bean shell depectinised 
apple pomace



Empty fruit bunches of the palm oil industry as a diet for BSF

n The palm oil industry of Malaysia produces app. 25 mio. tons and that of Indonesia 40 mio. tons of EFB per year 

n This industrial waste, which is burned or used for land filling, causes tremendous environmental pollution 

n The decay of empty fruit bunches results in methane production promoting climate change
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Bioconversion of empty fruit bunches into Black Soldier fly diet

n Fraunhofer-IME has developed a fungus-based fermentation process for the digestion of empty fruit bunches

n and for the enrichment with nitrogen to provide a suitible diet for insect farming

n Enabling the bioconversion of EFB into insect-derived protein, lipids, chitin and frass at industrial scale



Klüber et al. 2022: Sustainability

Empty fruit bunches of the palm oil industry as a diet for BSF
n Fermentation of empty fruit bunches using specialized fungi

n Degradation of Cellulose and Lignin

n Enrichment of nitrogen and increase of protein content



Large-scale production of Black soldier fly larvae



Klüber et al. 2022: Sustainability
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Insect frass as biofertilizer

n Insect frass (a mixture of excrements, chitin and feed leftovers) represents a valuable biofertilizer 

n which can for example double the rice yield

n The benefit of this biofertilizer can be expanded beyond providing nutrients to encompass bacteria that produce 
plant growth hormones

n Insect frass can replace chemical fertilizers in palm tree agriculture



Klüber et al. 2022: Sustainability

Beneficial microbes from insect frass

Dorothee Tegtmeier



Klüber et al. 2022: Sustainability

Beneficial microbes from insect frass



Detoxification of diet substrates: Gossypol in Cottonseed press cake
Ø Gossypol is a natural 

phenol derived from the 
cotton plant.

Ø Plant defense compound 
mediating infertility in 
insects.

Ø Toxic for humans
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Pathogens responsible for more than half of insect production loss
Eilenberg et al. 2015

Pathogens detected in > 80% of 300 reviewed edible insects farms
>30% potentially pathogenic for humans
>35% potentially parasitic for animals Galecki et al., 2019

Expect new diseases to emerge in all insect production systems over time 

Molecular pathogen detection in insect farms
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11 target species 

farming | food safety

Insect and food borne pathogens
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Host-Fitness
monitor

C

DNA & RNA
sequencing

B

A
Recycling

DNA & RNA archiv
Bioassays
Metagenome/transcriptome

Dedicted databases

Tenebrio molitor
PathoBase

collection & allocation
of pathogen catalog

specific
probe design

A B

~5000 datasets of 
11 target species
for probe desing 

collected
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Serratia

Listeria

Beauveria

Aspergillus

Candida 

Metarhizium

Nosema

Staphylococcus

Results
§ > 6k specific probes > 300bp overall
§ All species sufficient covered for detailed montioring
§ Lowest count on Listera, less then 350 specific probes

Identification of target regions in genomes of pathogens
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Detection of pathogens in automated insect production systems

PCR-Product

DNA Extraction PCR

DNA Amplification



intern 24

Detection of pathogens in automated insect production systems



intern 25

Detection of pathogens in automated insect production systems



intern 26

Data Analysis

Salmonella enterica
Bacillus thuringiensis
Listeria monocytogenes
Staphylococcus aureus
Serratia marcescens
Pseudomonas aeruginosa

Nosema ceranae

Beauveria bassiana
Metarhizium brunneum
Candida albicans
Aspergillus flavus

Hybridization  Control
Host Control
Internal Control 

Pathogen diagnostic for insect farms
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Modelling and optimization of industrial BSF production
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Modelling and optimization of industrial BSF production
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Modelling and optimization of industrial BSF production



Yellow Biotechnology
We define Insect Biotechnology or Yellow Biotechnology as:

The development and application of biotechnological 
methods to translate insects, their molecules, cells, organs 
or associated microorganism, respectively, into products or 
services for specific use in medicine, agriculture or industry.

Vilcinskas 2014: Encyclopedia of Biotechnology in Agriculture and Food



Yellow Biotechnology

Vilcinskas 2014: Encyclopedia of Biotechnology in Agriculture and Food

Ø Insects are the most diverse and, therefore, the 
evolutionarily most successfull group of organisms

Ø Their biodiversity at species level can be expanded to the 
molecular level

Ø Insects represent a incredible compound library
Ø Insect Biotechnology aims to explore and to develop this 

compound library for human welfare. 
Ø Consequent translational approach for value creation at 

industrial scale.   

Industry                  Medicine  Cosmetics   

Food                        Feed Agriculture



Development of higher added value products from BSF



§ 36 homozygous obese Zucker rats and 12 heterozygous lean Zucker rats 

(Crl:ZUC (Orl)-Leprfa)

§ housed in groups of two animals each under controlled conditions 

§ randomly divided into three obese groups (OC, OI50 and OI100) of 12 rats 

each; and lean rats served as lean control group (LC)

§  insect meal from Tenebrio molitor L. 

© Institute of Animal Nutrition and Nutrition Physiology  

group n diet (ad libitum )

LC 12 100% casein as protein source

OC 12 100% casein as protein source

OI50 12 50% of casein replaced 
isonitrogenously by insect meal 

OI100 12 100% of casein replaced 
isonitrogenously by insect meal 

insect meal

(Ÿnsect) 

4-week feeding trial 

crude nutrients  

(% DM)

crude protein 76.6

crude fat 14.0

crude fibre 13.2

cude ash 4.3

chitin 12.8

effect of insect meal on lipid metabolism

Health beneficial effects of insect meal

Prof. Klaus Eder



total livers and oil red O-stained liver sections of rats

lean casein obese casein obese insect meal 50% obese insect meal 100%

Gessner et al., J. Nutr. (2019)

Health beneficial effects of insect meal
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means ± SD. n = 12; bars without a common letter differ, 
P < 0.05. 

liver:

TG

Cholesterol 

plasma:

TG

Cholesterol 

Gessner et al., J. Nutr. (2019)

concentrations of triacylglycerol (TG) and cholesterol in the liver (A) and plasma (B) of rats fed 

either casein (OC), casein and insect meal (OI50) or insect meal (OI100)

Health beneficial effects of insect meal



enzyme activities of key cholesterogenic and lipogenic enzymes
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Gessner et al., J. Nutr. (2019)

Health beneficial effects of insect meal
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©Andreas Vilcinskas

AMP-Food

extraction

heterologous expression

Ø Purification

Ø Characterization

Ø application

Insect-derived AMPs for food and feed preservation

Ø Customer demand nature-like or 
natural, healthy ingredients

Ø Biologically degradable

Ø Taylor-made activity profiles



YellowCare
  



YellowCare
  



Expression of recombinant insect AMPs 
  

Ø Develpment of an up-scaling process



Insect-AMPs in Veterinary Medicine



The Black soldier fly as the economically most important species in insect farming



Development of BSF lipids into high quality lubricants 



Development of BSF chitin/chitosan into cosmetics and medical care products



Insects as the missing link in the  circular economy



Increasing demand for feed in aquaculture



Pressure to replace fishmeal



Insect feed in sustainable crustacean aquaculture

n Tailor-made shrimp food (InFeed)

n Insect-based sustainable agriculture (InA)

apple 
pomace

cocoa bean 
shell

depectinised 
apple 

pomace

n Optimizing the side-stream based died for BSF

n To enhance nutritive quality for shrimps

n Complete replacement of fish meal

n Decoupling of shrimp farming from the ocean



Global aquaculture production and main crustacean species 2019



Conceptual overview on sustainable, insect-based crustacean aquaculture



Controlled Environment Agriculture
Traditional 
Agriculture

Controlled environment 
Agriculture

Harvest-areas

Harvest-time

Regulation

Landuse

Reduction of fertilizer

No pesticides

Waste management

Low transpotation

Low water consumption

Conflict among SDGs



Controlled Environment Agriculture
Traditional 
Agriculture

Controlled environment 
Agriculture

Harvest-areas

Harvest-time

Regulation

Landuse

Reduction of fertilizer

No pesticides

Waste management

Low transpotation

Low water consumption

Ø More food needs to be produced, more sustainable 
despite climate change

Ø Novel food production systems, including crop, algae, 
mushroom, fish and insect production in controlled 
environments-agriculture offer substantially higher 
productivity 

Ø with no pesticides, low water use, towards full circularity, 
minimal externalities, close to the consumer and 
independent of climate, weather and region.  

Ø Improving efficiencies, particularly in energy use and re-
use in controlled-environment agriculture will make these 
new technologies a component of our future food 
systems. 



Fraunhofer Lead Project: Future Proteins

2021-2024, 8 Mio. €



Fraunhofer Lead project: Future Proteins



Fraunhofer Lead project: Future Proteins



Fraunhofer Lead project: Future Proteins



Insect Farming in Controlled Environment Agriculture



First international master program

Prof. Dr. Marc Schetelig  Prof. Dr. Till Schäberle

https://www.uni-giessen.de/study/courses/master/ibb?set_language=en

Core Modules
Ø Bioprocess Engineering I (6 CP)
Ø Biostatistics and Experimental Design (6 CP)
Ø Entomology I (6 CP)
Ø Entomology II (6 CP)
Ø Food Technology (6 CP)
Ø Integrated Pest Management (6 CP)
Ø Natural Product Discovery Platforms (6 CP)
Ø Natural Product Chemistry (6 CP) 

Profile Modules
Ø Students tailor their individual profile by selecting 8 modules from the 

entire profile module catalogue of the faculty. Selection of 
recommended English modules for this study program:

Ø Antibiotics: present, past, and future
Ø Bioinformatics
Ø Bioprocess Engineering II – Advanced
Ø Insect Biotechnology
Ø Insects for food and feed production systems
Ø Instrumental, biochemical and trace analytical methods in food analysis
Ø Laboratory Course I
Ø Laboratory Course II
Ø Method development in food analysis and food biotechnology
Ø Milestones of Insect Biotechnology & Bioresources
Ø Molecular Techniques
Ø Pharmaceutical Basics
Ø Selected Chapters of Pharmaceutical & Industrial Biotechnology
Ø Trends and Advances in Natural Product Research
Ø Quality Management

 

https://www.google.de/url?sa=i&url=https%3A%2F%2Fwww.uni-giessen.de%2Fstudium%2Fstudienangebot%2Fbachelor%2Fnrb&psig=AOvVaw1B3RlLVXQ99r6rsUvZX4Nf&ust=1624527344164000&source=images&cd=vfe&ved=0CAoQjRxqFwoTCNDn18i6rfECFQAAAAAdAAAAABBE
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