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Background 

In the coming decades, there is expected to be a sharply increased demand for 

dietary proteins for humans and animals. As a result, there is an increasing focus 

on reared insects as a new source of protein. According to the Ministry of 

Agriculture, Nature and Food Quality (LNV), the use of food chain residual flows 

such as former foodstuffs (FF)1,2 as a rearing ground (substrate) for insects, which 

are subsequently used as raw material for animal feed for food-producing animals, 

is a sustainable and innovative development that must be further explored3,4. 

However, this development may entail risks to animal and public health.  

The department Plant Supply Chain and Food Quality of the Ministry of LNV has 

asked the Office for Risk Assessment & Research (BuRO) of the Netherlands Food 

and Consumer Product Safety Authority (NVWA) the following questions: 

1. What are the main risks to animal and public health of insects that are reared

on FF and that are processed into animal feed for farm animals5?

2. How can these risks be adequately managed?

1 Former foodstuffs (FF): ‘foodstuffs, other than catering reflux, which were manufactured for human consumption 
in full compliance with the EU food law but which are no longer intended for human consumption for practical or 
logistical reasons or due to problems of manufacturing or packaging defects or other defects and which do not 
present any health risks when used as feed’ (Commission Regulation (EU) No. 68/2013 of 16 January 2013 on the 
Catalogue of Feed Materials). This definition includes FF of animal origin, FF containing products of animal origin, 
and FF of fully plant origin. 
2 Food or foodstuff: relates to ‘any substance or product, whether processed, partially processed or unprocessed, 
intended to be, or reasonably expected to be ingested by humans’ (Regulation (EC) No. 178/2002 of the European 
Parliament and of the Council of 28 January 2002 laying down the general principles and requirements of food law, 
establishing the European Food Safety Authority and laying down procedures in matters of food safety). 
3 Letter to Parliament 13058527. Status with regard to the use of insects in animal feed and aquaculture. 19 April 
2013. 
4 Letter to Parliament 15079841. Scope for innovation through future-proof legislation and regulations. 20 July 
2015. 
5 The term ‘farm animal’ as referred to in this advice means farm animals other than fur animals. The issued advice 
relates to food-producing animals, i.e. animals that or whose products enter the human food chain. This also 
includes aquaculture animals.  
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Approach  

To answer these questions, BuRO has studied the reviews prepared by the 

European Food Safety Authority (EFSA) and the French Agency for Food, 

Environmental and Occupational Health & Safety (ANSES) on the health risks of 

using insects and insect products as food and animal feed. The opinions drawn up 

based on these reviews (ANSES, 2015; EFSA SC, 2015) are extremely wide in 

scope: they cover more than 2000 edible insect species (Jongema, 2017), 

different life stages, rearing methods (substrates and production environment) 

and processing methods. These opinions also noted that there are many gaps in 

our existing knowledge. As a result, it was not possible to assess the specific 

health risks for each of the possible variants or to arrive at a generic assessment 

of the risks.  

 

BuRO has carried out an additional literature review to make a specific 

assessment of the risks to animal and public health arising from the use of insects 

reared on FF that are processed into animal feed for farm animals. This risk 

assessment was performed based on the four risk assessment steps as defined by 

the Codex Alimentarius Commission (FAO & WHO, 2015). In its assessment, BuRO 

has limited itself to insect species that are suitable for large-scale production and 

that can be reared on FF. It has examined the animal and public health hazards 

associated with the use of FF as a substrate for these insects when these insects 

are used as (raw material for) animal feed and how these hazards change during 

the production process. Subsequently, control measures have been formulated for 

the risks that occur.  

 

The research questions relate not only to the risk assessment and formulation of 

control measures, but also take into account legal aspects. BuRO has examined 

the current legislation and regulations relating to (feed for) farm animals that also 

apply to the rearing of insects on FF, the use of insects as animal feed raw 

material, and the underlying considerations. These are summarised in the present 

advice.  

 

Scope and definition 

The issued advice only assesses the chemical and microbiological animal and 

public health risks associated with the use of feed for food-producing farm animals 

produced from insects reared on FF. This concerns the rearing of larvae of the 

black soldier fly (Hermetia illucens), larvae of the housefly (Musca domestica), 

yellow mealworms (larvae of Tenebrio molitor, the yellow mealworm beetle) and 

lesser mealworms (larvae of Alphitobius diaperinus, the lesser mealworm beetle) 

that are reared on FF of both plant and animal origin. The chemical animal and 

public health risks of substances that may be present in FF packaging material 

residues in the substrate have not been taken into consideration here. It is not 

possible to make a risk assessment of this because of the lack of good exposure 

data and sufficient knowledge of the toxicity and kinetics of the undesirable 

substances in the specific feed matrices and the effect of particle size and shape 

(BuRO, 2006; EFSA SC, 2015; RIVM-RIKILT, 2006). However, a risk identification 

study carried out by the RIKILT Institute of Food Safety in 2011 on packaging 

residues in FF (van Raamsdonk et al., 2011) could provide an initial basis for such 

a risk assessment.  
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A number of other animal and public health risks have not been taken into 

consideration in this advice. Animal and public health risks that may arise due to 

antimicrobial resistance have not been taken into account. Animal health risks due 

to physical hazards such as glass or metal are also not included. Allergy-related 

animal health risks that may arise from feeding animals with feed originating from 

insects are not part of the risk assessment. Health risks to workers in insect 

farms, relating to occupational contact and inhalation allergy, also fall outside the 

scope of this risk assessment. After all, the risk of allergens is not specific to the 

use of FF as a rearing substrate, but to the use and rearing of insects in general. 

Earlier in 2014, BuRO had issued an advice regarding this to the Minister of 

Health, Welfare and Sport and the State Secretary for Economic Affairs (BuRO, 

2014). Furthermore, the present advice does not address the risks associated with 

requirements or aspects concerning animal feed hygiene during the production of 

insects as animal feed raw material as laid down in the EU legislation6,7 for the 

production of all animal feed, which are the preconditions for the rearing of 

insects.  
 

Findings 

The chemical and microbiological composition of insects is mainly determined by 

their diet. Hence, the possible chemical and microbiological risks to animal and 

public health due to the use of insects reared on FF as feed for farm animals are 

mainly determined by the chemical and microbiological agents that may be 

present in the substrate composed of FF. But these hazards may change during 

the production process.  

 

The definition of FF implies that former foodstuffs have the same level of safety as 

regular food. However, food that is safe for humans may not be safe for animals.  

 

Chemical risks 

Concentrations of chemical contaminants in food, and therefore also in FF, are low 

and only occasionally exceed food safety norms.  

 

Black soldier fly larvae, housefly larvae, yellow mealworms and lesser mealworms 

may become contaminated to a greater or lesser extent during the rearing 

process with chemical agents present in the substrate on which they are reared. 

These chemical agents include mycotoxins, plant protection products, veterinary 

medical products, and environmental contaminants such as heavy metals, dioxins, 

polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and 

flame retardants.  

 

Accumulation8 of harmful chemical contaminants in the larvae due to 

contaminated substrates can, to the best of our knowledge, only occur in case of 

 
6 Regulation (EC) No. 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the 
general principles and requirements of food law, establishing the European Food Safety Authority and laying down 
procedures in matters of food safety (General Food Law Regulation, GFLR). 
7 Regulation (EC) No. 183/2005 of the European Parliament and of the Council of 15 November 2005 laying down 
requirements for feed hygiene.  
8 Accumulation or bioaccumulation means that the concentration of a substance in insect larvae is higher than the 
concentration of the same substance in the substrate on which the insects are reared. 
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arsenic, heavy metals9 such as cadmium, mercury and lead, dioxins and dioxin-

like PCBs. 

 

Although the larvae have the potential to accumulate contaminants from the 

substrate, the literature review has not shown that this leads to concentrations of 

these contaminants in insect larvae that are harmful to health. The contaminant 

concentrations in insect larvae are comparable to or lower than the concentrations 

of these substances measured in (former) foodstuffs. In view of the short lifespan 

of insect larvae and the limited extent to which FF exceed the maximum levels for 

these agents, the use of insects reared on FF as animal feed raw material will only 

lead to undesirable effects, i.e. a potential health risk, in very exceptional cases. 

Only in case of prolonged exposure of farm animals to exactly those insect 

products that exceed the maximum levels, there is a risk of undesirable effects. 

However, the burden of disease caused by chemical substances is very small and 

epidemiologically not demonstrable. The chemical safety of insects reared on FF is 

comparable to that of the FF on which they are reared and also comparable to 

that of other foodstuffs. 

 

The presence of chemical contaminants in insects is controlled to a sufficient 

extent via the current control procedures for the presence of contaminants in 

(former) foodstuffs used in the substrate. However, attention also needs to be 

paid to the chemical agents that are known to accumulate in the insect larvae. 

 

Microbiological risks 

Food, and therefore also FF, may contain microbiological agents that are harmful 

to humans and/or animals, i.e. microorganisms10 and prions11. Foods that are safe 

for humans may contain microbiological agents that are pathogenic to animals. 

This particularly applies to foods containing products of animal origin.  

 

Insects are reared at high temperatures (26-32°C), which can lead to pathogenic 

microbiological agents in the FF substrate growing to concentrations that no 

longer meet safety standards for animal feed and food. However, this only applies 

to bacteria, yeasts and moulds, and not to viruses, parasites and prions.  

 

Research shows that harmful microorganisms that may be present in the 

substrate can be transmitted to black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms. In case of prions, transmission from 

contaminated substrate to larvae of a different fly species - Sarcophaga carnaria - 

has been demonstrated. It is therefore likely that prions can also be transmitted 

via contaminated substrates to the larvae that are the subject of this study. It has 

been demonstrated that microorganisms and prions in the larvae maintain their 

biological activity and are able to colonise or infect larvae-fed animals.  

 

These risks can be controlled for microorganisms by using an adequate germicidal 

treatment when making the end product (whole insect larvae, insect meal or 

 
9 Heavy metals are metals with a density of more than 5 g/cm3. 
10 Microorganisms: ‘bacteria, viruses, yeasts, moulds, algae, parasitic protozoa, microscopic parasitic helminths, and 
their toxins and metabolites’ (Commission Regulation (EC) No. 2073/2005 of 15 November 2005 on microbiological 
criteria for food). Helminths are worms. 
11 Prions are infectious proteins (Prusiner, 1998). 



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 5 of 60 
 

protein), by which the number of microorganisms is reduced to an acceptable 

level.  

 

However, there are no suitable methods for inactivating prions in animal feed or 

food. Hence, the only way to control the chance of prion diseases, in order to 

ensure animal and public health, is to prevent the presence of prions in the FF on 

which insect larvae are reared. 

 

Till now, prion diseases or TSEs12 have only been detected under natural 

conditions in higher vertebrates (mammals). Among food-producing farm animals, 

this mainly concerns ruminants: cattle (BSE13 or mad cow disease), sheep and 

goats (scrapie), cervids (chronic wasting disease, CWD). Prion diseases are (not 

yet) curable and invariably lead to a fatal outcome. However, prion diseases are 

almost never transmissible between different animal species, with the exception of 

BSE which can lead to the variant Creutzfeldt-Jakob disease (vCJD) in humans 

through the consumption of contaminated beef products. Naturally-occurring prion 

diseases have not yet been detected in non-ruminant farm animals or in fish, 

crustaceans and shellfish. Prions do not occur in insects. 

 

The main reservoir of prions can be found in the brain, spinal cord, eyes, tonsils 

and parts of the intestines of ruminants. This specified risk material (SRM) is 

therefore removed from the feed and food chain. The reduction of TSE infectivity 

by removing SRM has been estimated to three orders of magnitude. In case of a 

low incidence of BSE in the bovine population, this residual low concentration of 

prions in ruminant meat or products thereof constitutes a negligible health risk for 

humans due to the species barrier14. The species barrier protects humans against 

infection. If this species barrier is absent, as in the case of materials derived from 

animals being used as feed for animals of the same species - a practice known as 

‘intra-species recycling’ - this may lead to the accumulation of prions within the 

species and ultimately to an increased chance of disease. In other words, FF of 

animal origin considered safe for humans are not always suitable for feeding to 

every animal species, due to the hazard of prions.  

 

The chance of the occurrence of prion diseases as a result of intra-species 

recycling is greatest in ruminant farm animals, but intra-species recycling in non-

ruminant animal species could also, theoretically, lead to the accumulation of 

hitherto unknown prions in an animal population. However, there is uncertainty 

about the chance of this occurring. This depends on the lifespan of the susceptible 

animal species, infectivity of the prions and the dose of infectious material fed 

back to an animal population. Prion diseases have a long incubation period, as a 

result of which an infection of the population could go unnoticed until late in the 

process. For BSE, it has been calculated that, with the current level of 

surveillance15, it will take at least 16 years before the reintroduction of BSE can be 

 
12 TSE: transmissible spongiform encephalopathy.  
13 BSE: bovine spongiform encephalopathy. 
14 The species barrier is a transmission barrier that limits the spread of prions between different species of animals; 
the size of the species barrier between cattle and humans is estimated to be 4000 (EFSA BIOHAZ Panel, 2006). 
15 In countries or regions with a negligible BSE risk, surveillance procedures are set up such that, with an assumed 
prevalence of at least 1 case per 50,000, the population of adult bovine animals in the country or region in question 
can be identified with a 95% reliability (Regulation (EC) No. 999/2001 of the European Parliament and of the 
Council of 22 May 2001 laying down rules for the prevention, control and eradication of certain transmissible 
spongiform encephalopathies (extended feed ban or the TSE Regulation); OIE, 2018). 
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detected. This allows the disease to spread easily unnoticed. Given the severity of 

prion diseases and the possibility of them being discovered too late after the 

prions have already spread within the susceptible animal species population, it is 

important to avoid intra-species recycling not only among ruminants but also 

among all farm animals. 

Due to the species barrier between ruminants and non-ruminants, it is highly 

unlikely, but not impossible, that prions can be transmitted to non-ruminant farm 

animals via the consumption of ruminant materials. Since it is not possible to rule 

out the above risk, it is important to continue enforcing current EU legislation on 

the feeding of ruminants and the use of ruminant materials as animal feed.  

 

Since the prions present in the substrate are transmitted to larvae that are 

cultivated on this substrate, animal feed consisting of larvae reared on substrate 

containing prions will contain prions. Therefore, there is a chance of the presence 

of prions if material from an animal species is recycled as feed, via passage in 

insects, within the same animal species. Whether this can lead to an accumulation 

of prions in a susceptible animal population is dependent on the lifespan of the 

animal species, the infectivity of the prions and the dose of infectious material fed 

back to an animal population.  

 

Feeding farm animals with feed produced from larvae reared on substrates with FF 

derived from ruminant meat constitutes a risk for animal and public health due to 

the presence of prions. The magnitude of this risk is unknown. Feeding ruminants 

with feed produced from larvae reared on substrates with FF derived from 

ruminant meat creates the highest chance of infection. The chance of transmitting 

prions by feeding non-ruminants with insect larvae reared on FF containing 

ruminant meat is very small, although this cannot be excluded, due to the species 

barrier between ruminants and non-ruminants. 

 

However, the use of substrates with FF derived from meat from non-ruminant 

animal species and from fish, crustaceans and shellfish poses a negligible risk of 

prions in relation to animal and public health, provided that the species being fed 

with the feed produced from insects is not a ruminant species and does not match 

the species in the FF. It is currently not possible to control this because there are 

no validated methods available for the detection and identification of DNA from 

non-ruminant farm animals in animal feed. Moreover, this requires the separation 

of FF flows by animal species. 

 

Feeding farm animals with feed from larvae reared on substrates with FF of fully 

plant origin, FF from dairy, eggs, honey and rendered fat, and FF containing 

collagen of gelatine from non-ruminants does not pose a risk to animal and public 

health, because these substrates do not contain any prions. 

 

The above risk assessment is independent of what is laid down in legislation. 

However, the EU legislation applies as follows to the rearing of insects on FF 

containing components of animal origin and to the use of insects as animal feed 

raw material for farm animals (regardless of the substrate on which the insects 

are reared): 
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- The Animal By-Products (ABP) Regulation16 only allows  

the direct17 (without prior processing) feeding of FF containing animal 

components to farm animals if these animal components are derived from 

dairy, eggs, honey, rendered fat, collagen and gelatine (see Regulation 

(EU) No. 142/201118). The TSE Regulation19 only allows the use of 

collagen and gelatine from non-ruminant farm animals.  

- Insects are farm animals according to the ABP Regulation and, if used as 

animal feed, may only be fed with the above-mentioned FF. 

- The ABP Regulation sets out conditions for the handling of certain animal 

by-products, including insects, before they can be used in/as animal feed, 

for example, that these by-products must first be processed using high-

pressure sterilisation (see Regulation (EU) No. 142/2011). 

- The TSE Regulation currently only allows a limited number of insect 

species20 to be processed as animal proteins to be fed to aquaculture 

animals.  

 

Just like all other farm animals, insects may be fed with FF of fully plant origin. 

 

Answers to the research questions 

 

1. What are the main risks to animal and public health of insects that are 

reared on FF and that are processed into animal feed for farm animals?  

The chemical risks to animal and public health arising from the feeding of farm 

animals with feed produced from black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms that have been reared on a substrate 

composed of FF of plant and/or animal origin are comparable to the chemical risks 

of (former) foodstuffs, and therefore negligible.  

However, feeding farm animals with this type of animal feed does pose 

microbiological risks to animal and public health. These risks relate to specific 

pathogenic microorganisms and prions that may be introduced into the insects via 

the FF.  

 

Pathogenic microorganisms that may occur in FF present a potential risk when 

using FF of both plant and animal origin.  

 

There is no risk of prions in insects fed with FF of fully plant origin, FF containing 

animal components derived from dairy, eggs, honey and rendered fat, and FF with 

 
16 Regulation (EC) No. 1069/2009 of the European Parliament and of the Council of 21 October 2009 laying down 
health rules as regards animal by-products and derived products not intended for human consumption and 
repealing Regulation (EC) No. 1774/2002 (Animal By-products Regulation or the ABP Regulation). 
17 ‘Direct feeding of FF’ means that the FF have not been processed prior to being used as feed in the manner 
prescribed by Regulation (EU) No. 142/2011 for all Category 3 animal by-products intended as feed material for 
farm animals. 
18 Commission Regulation (EU) No. 142/2011 of 25 February 2011 implementing Regulation (EC) No. 1069/2009 of 
the European Parliament and of the Council laying down health rules as regards animal by-products and derived 
products not intended for human consumption and implementing Council Directive 97/78/EC concerning certain 
samples and products exempt from veterinary checks at the border under this Directive.  
19 Regulation (EC) No. 999/2001 of the European Parliament and of the Council of 22 May 2001 laying down rules 
for the prevention, control and eradication of certain transmissible spongiform encephalopathies (extended feed 
ban or the TSE Regulation). 
20 This is limited to the following insect species: black soldier fly (Hermetia illucens), housefly (Musca domestica), 
common mealworm beetle (Tenebrio molitor), lesser mealworm beetle (Alphitobius diaperinus), home cricket 
(Acheta domesticus), tropical house cricket (Gryllodes sigillatus) and Jamaican field cricket (Glyllus assimilis). 
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collagen and gelatine from non-ruminant animal species. These products are free 

of prions. When using FF containing products derived from animals other than 

those mentioned above (i.e. meat from non-ruminants, and fish, crustaceans and 

shellfish), the risk of prions is determined based on the animal species used in the 

FF on which the insects are reared, combined with the species to which these 

insects are fed. The risk of prions is highest if intra-species recycling takes place 

via passage in the larvae.  

 

2. How can these risks be adequately managed? 

Animal and public health risks arising from exposure to chemical agents are 

adequately controlled via the current control of contaminants in (former) 

foodstuffs that are used in the substrate. However, attention must be paid to 

harmful chemical agents, such as arsenic, cadmium, mercury, lead, dioxins and 

dioxin-like PCBs, that are known to accumulate in insect larvae. 

 

The risks of pathogenic microorganisms in insects reared on a substrate composed 

of FF of plant and/or animal origin can be adequately controlled through an 

effective germicidal treatment of the end product. ‘Adequate control’ means that 

the end products must meet the microbiological safety standards applicable to 

(the currently permitted) processed animal proteins and other feed materials 

derived from animal by-products.  

 

When using substrates with animal components other than those derived from FF 

containing dairy, eggs, honey or rendered fat, or FF containing collagen and 

gelatine from non-ruminant species (i.e. FF with meat from non-ruminants, and 

fish, crustaceans and shellfish), the risk of prions can be controlled by ensuring 

that the FF, which is used for feeding the insect larvae, does not contain any 

ruminant products; that the species fed with the feed produced from insects is not 

a ruminant; and that the non-ruminant animal species being fed is not the same 

as the non-ruminant animal species in the FF on which the insects are reared. 

 

Advice of BuRO 

 

To the Minister of Agriculture, Nature and Food Quality  

- Based on this risk assessment, propose to the European Commission (EC) to 

make a further adjustment in the applicable legislation to allow for the 

following: 

-  In addition to the permitted use of insects as processed animal proteins 

(within the meaning of the ABP Regulation) as raw material for animal feed 

for aquaculture animals, black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms may be fed to all non-ruminant farm 

animals, and adequate germicidal treatments other than those currently 

prescribed in the ABP Regulation may also be used.  

- These insect larvae may be reared on substrates containing FF with meat 

from non-ruminant animals, and fish, crustaceans and shellfish, on the 

condition that the proteins in the FF are not derived from the same animal 

species that is fed with the animal feed consisting of insects.  
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To the Inspector-General of the NVWA 

- Ensure specifically that insect-based products used as raw material for animal 

feed comply with the microbiological safety standards applicable to processed 

animal proteins and other feed materials derived from animal by-products 

under the current legislation applicable to the rearing of insects on FF and the 

use of insects as a feed raw material for farm animals. 

- Ensure the traceability of the animal species in FF derived from meat from non-

ruminant animals, and fish, crustaceans and shellfish for the rearing of insect 

larvae as animal feed, as soon as the legislation allows this. 

- Monitor developments in the insect sector to maintain a good overview of 

potential new risks arising from the introduction of multiple types of insects and 

production methods, such as substrates, resources and veterinary medicines. 

 

 

Yours sincerely, 

 

 

 

Prof. Antoon Opperhuizen 
Director of the Office for Risk Assessment & Research 
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SUBSTANTIATION 

 

Insects in the animal feed chain 

There are more than 2000 edible insect species worldwide (Jongema, 2017). Of 

these, crickets (house cricket, banded cricket, African migratory locust and 

American desert locust), mealworms (yellow mealworm, lesser mealworm and 

morio worm), fly larvae (larvae of the black soldier fly and housefly) and 

caterpillars (silkworm, wax moth caterpillars and lesser wax moth) have the 

greatest potential to be used as food or feed material (ANSES, 2015; BuRO, 2014; 

EFSA SC, 2015; FASFC, 2014).  

 

Insects are a source of high-quality proteins, fats, vitamins, minerals and trace 

elements (Rumpold & Schlüter, 2013a; Rumpold & Schlüter 2013b). Insects 

reared on organic residual and waste streams have a lower ecological footprint in 

terms of greenhouse gases and water and land use compared to traditional 

sources of protein (Gaffigan, 2017; Oonincx & de Boer, 2012). Farmers, 

agriculture sector stakeholders and consumers are positive about the use of 

insects in animal feed (Verbeke et al., 2015). 

 

The black soldier fly (Hermetia illucens), housefly (Musca domestica), yellow 

mealworm beetle (Tenebrio molitor) and lesser mealworm beetle (Alphitobius 

diaperinus) have a short reproductive cycle and their larvae can be reared 

successfully on low-grade organic residual and waste streams (Čičková et al., 

2015; Diener et al., 2009; Diener et al., 2011; Nguyen et al., 2015; Oonincx et 

al., 2015; van Broekhoven et al., 2015; van Huis, 2016; Wynants et al., 2018b) 

to serve as high-quality sources of proteins and fats (Table 1). It also appears 

that the larvae of these insects are suitable for large-scale industrial production 

(Ferri et al., 2019; van Huis, 2013; van Huis et al., 2013; Veldkamp et al., 2012). 

This makes these insect species particularly suitable for being reared by feeding 

on FF so that they can be used as a raw material for the animal feed industry. The 

risk assessment will therefore be limited to the larvae of these insects. 

 
Table 1.  
Protein and fat content (based on dry matter) of larvae of four insect species that are highly suitable 
for large-scale industrial production. 
 

Insect species % Protein % Fat Reference 
Alphitobius diaperinus 45 42 Siemianowska et al., 2013 
Hermetia illucens  42 35 Müller et al., 2017 
Musca domestica 60-64 20-24 Hussein et al., 2017; Rumpold & Schlüter, 2013a  
Tenebrio molitor 47-49 36-43 Rumpold & Schlüter, 2013a 

 

 

Former foodstuffs  

The EU Catalogue of Feed Materials21 defines former foodstuffs (FF) as: 

‘foodstuffs, other than catering reflux22, which were manufactured for human 

consumption in full compliance with the EU food law but which are no longer 

intended for human consumption for practical or logistical reasons or due to 

problems of manufacturing or packaging defects or other defects and which do not 

 
21 Commission Regulation (EU) No. 68/2013 of 16 January 2013 on the Catalogue of Feed Materials. 
22 Kitchen and food waste. 



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 11 of 60 
 

present any health risks when used as feed’. This definition includes FF of animal 

origin, FF containing products of animal origin, and FF of fully plant origin. 

 

Examples of FF are incorrectly packed, labelled, shaped or flavoured foods, 

surpluses of seasonal foods, surpluses due to the discontinuation of a food 

production line or defects in the food (BuRO, 2011; EFFPA, 2014; RIVM-RIKILT, 

2010; Pinotti et al., 2019). 

 

The definition of FF implies that the health risk of food downgraded to FF is the 

same as that of regular food because, just like regular food, FF must also meet 

the requirements of EU food law. Hence, FF offer the same level of safety as 

regular food. A number of products of animal origin may be safe for human 

consumption but not safe for animal health, for example, because they may 

contain pathogens that affect animals and not humans. In particular, this applies 

to foods that (partly) consist of products of animal origin. 

 

The use of FF of animal origin or containing products of animal origin as (raw 

material for) animal feed is strictly regulated in the EU (see: current legislation 

and regulations for the use of FF as animal feed raw material). As a result, at 

present, mainly FF originating from energy-rich foods such as cake, bread, 

biscuits, chocolate bars, breakfast cereals, pasta, savoury snacks and sweets 

(Bouxin, 2012; EFFPA, 2014; Pinotti et al., 2019; Schripsema et al., 2015; Tretola 

et al., 2017a; Tretola et al., 2017b) are used as animal feed raw material. These 

FF are processed by waste processing companies and animal feed producers. 

Depending on the type of FF (i.e. packaged versus bulk or dry versus moist versus 

liquid), upgrading of FF to animal feed raw material is done through a combination 

of different processes such as collecting, unpacking, mixing, grinding, and drying 

(Bouxin, 2012; Tretola et al., 2017a; van Raamsdonk et al., 2011). These process 

steps also have an effect on the safety of FF (Tretola et al., 2017a). The 

processed product is delivered either as-is or mixed with other products directly to 

farmers. 

 

Currently, the status of FF is clearly indicated as ‘non-waste’. As part of the EU 

strategy to reduce food waste (part of the EU action plan for a circular economy), 

the European Commission (EC) will take measures together with the Member 

States to clarify EU legislation on waste, food and feed materials and facilitate the 

use of FF in the production of feed without endangering the safety of the feed 

materials (EC, 2015). Recently the EC has published a document23 with guidelines 

for the use, as animal feed, of food that is no longer intended for human 

consumption, which includes not only FF but also residual and by-products from 

the food industry.  

 

Current legislation and regulations for the use of FF as animal feed raw 

material 

The use of FF of animal origin or containing products of animal origin as animal 

feed is legally laid down in the ABP Regulation (Regulation (EC) No. 1069/2009)24 

 
23 2018/c 133/02. Communication from the Commission. Guidelines for the use of food no longer intended for 
human consumption as feed material. 
24 Regulation (EC) No. 1069/2009 of the European Parliament and of the Council of 21 October 2009 laying down 
health rules as regards animal by-products and derived products not intended for human consumption and 
repealing Regulation (EC) No. 1774/2002 (Animal By-products Regulation). 
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and the Regulation implementing the ABP Regulation (Regulation (EU) No. 

142/2011)25.  

 

Former foodstuffs of animal origin or containing products of animal origin fall 

under Category 3 material animal by-products according to the ABP Regulation. 

This means that FF containing components of animal origin may only be fed 

directly26 to animals that are not part of a food chain, except in the case of 

animal-origin components derived from dairy, eggs, honey, rendered fat, collagen 

and gelatine which must be processed as defined in the regulation on the hygiene 

of foodstuffs (Regulation (EC) No. 852/2004, Article 2(1)(m)27. The TSE28 

Regulation (Regulation (EC) 999/200129) only allows the use of collagen and 

gelatine from non-ruminant farm animals (Appendix IV, Chapters I and II).  

 

Current legislation and regulations for the use of insects as animal feed 

raw material 

EU legislation is applicable to the rearing of insects on FF of animal origin and the 

use of insects as animal feed raw material for farm animals30 (regardless of the 

substrate on which the insects are reared):   

- Insects are farm animals according to the ABP Regulation and may only be 

fed directly with FF containing animal components if these are derived 

from dairy, eggs, honey, rendered fat, collagen and gelatine (see 

Regulation (EU) No. 142/2011, Annex X, Chapter II, Section 10). The TSE 

Regulation only allows the use of collagen and gelatine from non-ruminant 

farm animals (Appendix IV, Chapters I and II)  

- The ABP Regulation sets out conditions for the handling of certain animal 

by-products, including insects, before they can be used in/as animal feed, 

for example, through high-pressure sterilisation (Regulation (EU) No. 

142/2011, Annex IV, Chapter III and Annex X, Chapter II). 

- The TSE Regulation currently only allows a limited number of insect 

species31 to be processed as animal proteins to be fed to aquaculture 

animals. 

 

 
25 Commission Regulation (EU) No. 142/2011 of 25 February 2011 implementing Regulation (EC) No. 1069/2009 of 
the European Parliament and of the Council laying down health rules as regards animal by-products and derived 
products not intended for human consumption and implementing Council Directive 97/78/EC concerning certain 
samples and products exempt from veterinary checks at the border under this Directive. 
26 ‘Direct feeding of FF’ is understood to mean that the FF have not been processed prior to being used as feed in 
the manner prescribed by Regulation (EU) No. 142/2011 for all Category 3 animal by-products intended as feed 
material for farm animals. 
27 Processing: ‘any action that substantially alters the initial product, including heating, smoking, curing, maturing, 
drying, marinating, extraction, extrusion or a combination of those processes’ (Regulation (EC) No. 852/2004 of the 
European Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs). 
28 TSE: transmissible spongiform encephalopathy. 
29 Regulation (EC) No. 999/2001 of the European Parliament and of the Council of 22 May 2001 laying down rules 
for the prevention, control and eradication of certain transmissible spongiform encephalopathies (extended feed 
ban or the TSE Regulation). 
30 The term ‘farm animal’ as referred to in this advice means farm animals other than furred animals. The issued 
advice relates to food-producing animals, i.e. animals that enter the human food chain either via direct 
consumption or via products made from these animals. This also includes aquaculture animals.  
31 This is limited to the following insect species: black soldier fly (Hermetia illucens), housefly (Musca domestica), 
common mealworm beetle (Tenebrio molitor), lesser mealworm beetle (Alphitobius diaperinus), home cricket 
(Acheta domesticus), tropical house cricket (Gryllodes sigillatus) and Jamaican field cricket (Glyllus assimilis). 
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The NVWA website includes an overview summarising which farm animal species 

may be fed with processed insect proteins, which animal products may be fed to 

insects, as well as the conditions under which this is permitted (NVWA, 2019).  

 

The legislation and regulations described above (the ABP Regulation and TSE 

Regulation) aim to prevent or minimise the potential risks to animal and human 

health.  

The ABP Regulation came into being after the outbreaks of foot-and-mouth 

disease, the BSE and dioxin crises, all of which arose due to the use of animal by-

products (whether or not FF of animal origin) as animal feed.  

 

The legislation on TSEs originated after the outbreaks of BSE or the mad cow 

disease in the 1990s. BSE is a fatal prion disease32 in cattle caused by feeding 

them meat-and-bone meal derived from cattle infected with BSE. The feeding of 

animals with feed material derived from their own species (known as ‘intra-

species recycling’), in this case of bovine proteins, created a so-called ‘feedback 

loop’ (Figure 1). As a result, cattle were constantly exposed to BSE prions, causing 

accumulation in bovine populations, which in turn increased the transmission of 

BSE and eventually led to an epidemic.  

 

 

  
 
Figure 1.  
BSE infection cycle and exposure of other species to products of bovine origin. Solid arrows (-) indicate 
direct exposure to products derived from cattle (food, animal feed), dashed arrows (-.-.) indicate 
exposure to animal feed for pigs or poultry, and dotted arrows (.....) indicate exposure to animal feed 
produced for pet animals (dogs and cats). Figure from Doherr, 2003. 

 

 
32 A prion is an infectious protein encoded by the Protease resistant Prion (PrP) gene. PrPc is the cellular prion, PrPSc 
is the pathological isoform (Prusiner, 1998). The name ‘prion’ comes from proteinaceous infectious particle, 
actually ‘proin’, but renamed ‘prion’ by discoverer Stanley B. Prusiner because this sounds more melodic. 
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BSE also turned out to be a fatal zoonosis33 that causes the variant Creutzfeldt-

Jakob disease (vCJD) in humans (Bruce et al., 1997; Prusiner, 1998; Scott et al., 

1999). 

 

To control BSE and other TSEs, a ban on the use of animal protein derived from 

mammalian tissues for feeding ruminants such as cattle, sheep and goats has 

been in effect in the EU since 1994 (feed ban, Decision 94/381/EC34). In 2001, 

this ban was extended with a total ban on the feeding of processed animal 

proteins to all farm animals (extended feed ban or the TSE Regulation, Regulation 

(EC) No. 999/2001), with a few exceptions. This was because the permitted use of 

animal proteins in the feed of other animal species (for example, pigs and poultry) 

could lead to the cross-contamination of feed intended for ruminants (Simmons et 

al., 2018). This cross-contamination was a persistent problem in animal feed 

factories. 

It has also been determined that SRM35, i.e. tissues from cattle, sheep and goats 

with the highest TSE infectivity, must be removed and disposed of after slaughter, 

so that they do not enter the feed and food chain. SRM includes the spinal cord, 

brain, eyes, tonsils and parts of the intestines. The TSE Regulation not only 

prevents prions from accumulating in the animal populations and causing a 

burden of disease in these populations, but it is also effective at greatly reducing 

the spread of TSEs to humans.  

 

When this legislation was adopted, insects were not yet in the picture as a protein 

source or as a farm animal. This has led to a situation where the feeding of insects 

as processed protein is limited by legislation, but there is no legislation for the 

feeding of live insects to farm animals. 

 

Just like all other farm animals, insects may also be fed with FF of fully plant 

origin.  

 

Production process of insect larvae  

Insects produced in insect farms are reared in a closed and standardised 

environment. Here, exposure to harmful chemical and biological agents can be 

controlled better than in their natural environment (Belluco et al., 2013). 

 

In general, the production process of insect larvae that are reared on FF to be 

used as animal feed raw material, consists of processing the FF into substrate for 

insect farming, rearing the larvae on the substrate, and then processing the larvae 

to form the end product. This end product may consist of the whole larvae, a 

larval preparation (insect meal) or a larval fraction (protein or fat). The end 

product is then further processed into animal feed, placing it at the start of the 

feed and food chains (Figure 2).  
 

 

 
33 A zoonosis is any disease or infection that is naturally transmissible between vertebrates and humans (WHO, 
2019).  
34 Decision 94/381/EC. Commission Decision of 27 June 1994 on certain protective measures with regard to bovine 
spongiform encephalopathy and the feeding of protein derived from mammalian tissues (feed ban). 
35 SRM: specified risk material. 
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Substrate Insect 
Raw 

material

Feed Farmed 
animal

Pet animal

Aquaculture

Food

FF

Figure 2.  
Schematic representation of the production process of insects reared on FF to be converted into 
animal feed raw material and the further route within the feed and food chains. Fur animals and pet 
animals fall outside the scope of this risk assessment.  

 
 

The various steps or techniques in the production process described below are not 

an exhaustive list of all the possible methods that can be used. 

 

Processing of FF into substrate 

The processing of FF into substrate for the rearing of insects is done in the same 

way as in the case of FF that is used as feed material for other farm animals. This 

is a combination of different processes such as collecting, unpacking, mixing, 

grinding, and drying, depending on the type of FF, i.e. packaged versus bulk or 

dry versus moist versus liquid (Bouxin, 2012; Tretola et al., 2017a; van 

Raamsdonk et al., 2011). 

  

Rearing of insect larvae on substrate 

Rearing conditions 

Black soldier fly larvae are reared at a temperature of 26-32ºC, at a relative 

humidity (RH) of 65-70% in 2-6 weeks (Diener et al., 2009; Hilkens & de Klerk, 

2016; Oonincx et al., 2015; Sheppard et al., 2002; Tomberlin et al., 2002). 

Housefly larvae are reared in 1-2 weeks at a temperature of 26-30ºC and an RH 

of 60-70% (Hogsette, 1992a; Hogsette, 1992b; Hussein et al., 2017; Keiding & 

Arevad, 1964). Yellow mealworms and lesser mealworms are reared at a 

temperature of 28-30ºC and 50-70% RH. Yellow mealworm rearing takes 5-10 

weeks and lesser mealworms can be reared in 3 weeks (BuRO, 2014; Hilkens & de 

Klerk, 2016; Oonincx et al., 2015; Osimani et al., 2018; van Broekhoven et al., 

2015; Wynants et al., 2018a). 

 

Fly larvae are usually reared on moist substrates, while mealworms are usually 

reared on dry substrates (Ferri et al., 2019; IPIFF, 2019). 

 

Most insect producers rear insects using batch farming. Here, the insects are 

monitored at the batch level during the entire rearing process. They are hatched 

in a single batch in a container, reared in the same container, and eventually also 

processed as a single batch into the end product. For the sake of continuity, 



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 16 of 60 
 

several batches of insects are reared side by side, but the batches remain 

separate from each other throughout the entire rearing period. The advantage of 

batch farming (compared to continuous farming) is that pathogens remain 

localised and any bad batches can be removed from the production process, so 

that the entire batch does not get contaminated.  

 

Processing insect larvae into animal feed raw material 

Harvest 

The processing of insect larvae into animal feed raw material starts with the 

harvesting of the last larval stage, where the larvae are separated from the 

rearing residues (substrate, dead larvae, exuviae, pupae, faeces). In the case of 

the black soldier fly and the housefly, this can be done based on the migration 

behaviour of the last larval stage, when the larvae crawl from the wet substrate to 

a dry environment in a collection container (Diener et al., 2011; Hogsette, 1992a; 

IPIFF, 2019). Housefly larvae can also be separated from the substrate by 

lowering the oxygen concentration in a closed container (Hogsette, 1992a; IPIFF, 

2019). After separation from the substrate, the larvae can be easily harvested by 

sieving manually or mechanically. Larvae can also be harvested directly from the 

substrate via sieving, as in the case of a number of yellow mealworm and lesser 

mealworm farms (BuRO, 2014; Wynants et al., 2018a). It is also possible to 

harvest them mechanically on vibratory plates, where the larvae are separated 

from the rearing residues, after which they are sieved via an air stream.  

 

Pre-treatment 

Insect larvae are processed in their entirety, without first removing the gut. 

Larvae can be rinsed with water after harvesting, if necessary after removal of the 

gut contents. For example, yellow mealworms and lesser mealworms are kept 

without food for a few hours to a few days after harvesting, so that they empty 

their guts (ANSES, 2015; BuRO, 2014; Wynants et al., 2017; Wynants et al., 

2018a).  

 

Killing  

The method of killing most commonly used by insect farmers is freezing or freeze-

drying (Erens et al., 2012; Ferri et al., 2019). Other suitable methods are cooking, 

steaming, blanching and grinding (ANSES, 2015; Erens et al., 2012; Hakman et 

al., 2013). Before grinding, larvae can be inactivated by cooling or incubating 

them in nitrogen, as in the case of yellow mealworms (Stoops et al., 2016; 

Wynants et al., 2017).  

 

Processing 

Freeze-drying is used to extract water from insects before they are ground. 

Depending on the method of killing, a drying step by, for example, heating them 

in an oven may be required during the further processing of the larvae in order to 

remove water and prevent microbial growth (ANSES, 2015; Charlton et al., 2015; 

IPIFF, 2019; Rumpold & Schlüter 2013b).  

The insects are usually ground into insect meal (IPIFF, 2019).  

Protein, fat/oil and chitin fractions can be obtained by using physical (e.g. 

centrifugation), chemical and biochemical extraction methods. Mechanical 

separation (pressing), heat treatment or organic solvents can be used to obtain 

fat/oil fractions. The dry residue that remains is fully defatted insect meal. Chitin 

extraction requires chemical and/or enzymatic processing (IPIFF, 2019). 
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Risk assessment 

This risk assessment examines the chemical and microbiological risks to both 

animal and public health originating from chemical and microbiological agents 

present in animal feed produced from insects reared on substrates composed of 

FF. Specific control measures have been formulated for these risks. 

 

In the production chain from insect larvae to animal feed raw material (Figure 2), 

insects can serve as a potential source of harmful chemical and microbiological 

agents transmitted from the substrate, as a result of which these hazards may 

possibly be passed on further in the animal feed and food chain (ANSES, 2015; 

Schlüter et al., 2017). These agents can enter the insects via the FF substrate. 

 

The risk assessment follows the route taken by potentially harmful agents present 

in FF through the various steps of the production chain.  

Feed hygiene requirements/aspects during the production of insect products as 

animal feed raw material, as laid down in the legislation36,37 for the production of 

all feed materials, are preconditions for the rearing of insects as animal feed raw 

material. Hence, the risks associated with this are not included in this risk 

assessment.  

 

Methodology  

The assessment of the chemical and microbiological risks is carried out based on a 

hazard identification, hazard characterisation, exposure assessment and risk 

characterisation as defined by the Codex Alimentarius Commission (FAO & WHO, 

2015).  

 

To assess whether the use of insects reared on FF poses chemical or 

microbiological risks to animal and human health if these insects are used as raw 

material for animal feed, the following data are collected for the first three steps 

of the risk assessment:  

- Hazard identification: data for identifying chemical and microbiological agents 

that are harmful to animals and/or humans that may occur in FF 

- Hazard characterisation: data on how these hazards change while rearing 

insects on substrates composed of FF, i.e. whether there is an increase or 

decrease in the agents in the substrate, whether the agents can be passed on 

to the insects via the substrate, the extent of increase or decrease of the 

hazards in the insects, whether the microbiological hazards remain infectious 

and whether the insects can act as vectors of microbiological agents 

-  Exposure assessment: data on how often and to what extent the hazards occur 

in the reared insects 
 

The above data forms the basis for the last step of the risk assessment:  

- Risk characterisation: an assessment of the chemical and microbiological risks 

posed to animal and public health, including uncertainties, based on the 

probability (chance) of the occurrence of the hazards and the nature and 

severity of known or potential adverse health effects.  

 
36 Regulation (EC) No. 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the 
general principles and requirements of food law, establishing the European Food Safety Authority and laying down 
procedures in matters of food safety (General Food Law Regulation). 
37 Regulation (EC) No. 183/2005 of the European Parliament and of the Council of 15 November 2005 laying down 
requirements for feed hygiene.  
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Chemical risks  

Chemical agents in (former) foodstuffs 

(Hazard identification) 

Foods that are downgraded as FF do not (according to the definition) present an 

increased chemical risk to public health compared to other foodstuffs, since they 

are required to comply with the maximum limits defined in EU food legislation. 

These include limits for mycotoxins38, other chemical contaminants, and residues 

of veterinary medical products and plant protection products39,40,41,42. Therefore, 

the extent to which harmful chemical agents occur in FF is the same as that in 

other foods.  

 

The most important categories of potentially harmful chemicals and the (former) 

foodstuffs of animal or plant origin in which they can be found are shown in Table 

2.  

 

Table 2. 

Categories of potentially harmful chemical agents for animals and/or humans in (former) foodstuffs 

and their sources.  

 

Category Type of substance Sourcea 

Natural toxins Mycotoxins (incl. aflatoxins, 

deoxynivalenol (DON), 

fumonisins, ochratoxin A (OTA), 

zearalenone (ZEA))  

Plants, mainly grains (wheat, 

corn, rice), nuts, figs 

Plant protection products Fungicides, insecticides, 

herbicides  

Residues on crops 

Veterinary medical products  Medicines (including 

antibiotics), growth promoters 

Residues in meat 

Environmental contaminants Heavy metalsb (including 

cadmium, mercury, lead) and 

arsenicc 

Fish, crustaceans and shellfish, 

organ meat, field-grown 

vegetable products (vegetables, 

legumes, grains) 

 Dioxins and polychlorinated 

biphenyls (PCBs) 

Animal oils and fats  

 Polycyclic aromatic 

hydrocarbons (PAHs) 

Vegetable oils 

 Brominated flame retardants  Animal products 
a van Kreijl & Knaap (2004) and the Netherlands Nutrition Centre (2019). 
b Heavy metals are metals with a density of more than 5 g/cm3.  
c Arsenic is a metalloid that is often classified as a heavy metal. 

 

 
38 Mycotoxins are toxins that are produced by certain moulds (fungi). The most harmful mycotoxin is the 
carcinogenic aflatoxin formed by Aspergillus flavus and Aspergillus parasiticus.  
39 Commission Regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum levels for certain 
contaminants in foodstuffs. 
40 Commission Regulation (EU) No. 37/2010 of 22 December 2009 on pharmacologically active substances and their 
classification based on maximum residue limits in foodstuffs of animal origin. 
41 Regulation (EC) No. 396/2005 of the European Parliament and of the Council of 23 February 2005 on maximum 
residue levels of pesticides in or on food and feed of plant and animal origin and amending Council Directive 
91/414/EC. 
42 EU Pesticides Database (EC, 2019). 

https://eur-lex.europa.eu/legal-content/AUTO/?uri=CELEX:32005R0396&qid=1523385206947&rid=1
https://eur-lex.europa.eu/legal-content/AUTO/?uri=CELEX:32005R0396&qid=1523385206947&rid=1
https://eur-lex.europa.eu/legal-content/AUTO/?uri=CELEX:32005R0396&qid=1523385206947&rid=1
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Mycotoxins 

NVWA’s mycotoxin monitoring programme, in which various plant-origin products 

or plant-based foods for the presence of various mycotoxins were samples and 

examined, found exceedances of around 3% from defined EU limits in the period 

2013-2017 (NVWA, 2014; NVWA, 2015a; NVWA, 2015b; NVWA, 2016a; NVWA, 

2017a, NVWA, 2018c). These exceedances were found in nuts, seeds, dried 

subtropical fruits, herbs and spices. In the other product groups studied, including 

grains and grain products (including cake residues), no deviations or very low 

percentages of deviations were found. 

 

Plant protection products 

The number of exceedances of the maximum permitted levels in the EU for 

residues of plant protection products in food (mostly of plant origin) originating 

from the Netherlands and the rest of the EU is very small, i.e. between 2 and 3%. 

Exceedances are mainly found in products from third countries, with non-

compliance percentages between 5 and 8% (EFSA, 2017a; NVWA, 2015c; NVWA 

2015f). 

 

Veterinary medical products and environmental contaminants  

In the Netherlands, veterinary medical products and environmental contaminants 

are found only occasionally in food products of animal origin, usually in low 

concentrations. In the period 2014-2017, the results of 0.2% of the analyses were 

not in compliance with the set EU limits (NVWA, 2015d; NVWA, 2016b; NVWA, 

2017a, NVWA 2018c). In most cases, these involved illegal growth-promoting 

hormones and antibiotics and in some cases, environmental contaminants 

(including lead and cadmium). The total number of non-compliant results has 

remained stable in recent years. This trend is similar to the findings at a European 

level. In the EU, the percentage of samples with non-compliant results was 0.4% 

in 2014 (EFSA, 2016a). In 2015 and 2016, this was 0.3% (EFSA, 2017c; EFSA, 

2018a). 

 

Environmental contaminants (dioxins and PCBs) 

In the period 2001-2011, the fraction of samples in the Netherlands that did not 

meet the European maximum levels for dioxins and dioxin-like polychlorinated 

biphenyls (PCBs) was below 1% for most food products of animal origin, with the 

exception of lamb (Adamse et al., 2017b). In the EU in the period 1995-2010, the 

levels of dioxin and dioxin-like PCBs and those of non-dioxin-like PCBs in food of 

both animal and plant origin were, respectively, 10 and 3% above the maximum 

permitted levels. However, a decrease in the levels of contamination by dioxins 

and PCBs has been observed over the years (EFSA, 2012). More recent data could 

not be found. 

 

The results of the above studies indicate low concentrations of mycotoxins, plant 

protection products, veterinary medical products, and environmental 

contaminants in food, and therefore also in FF. The limits are only occasionally 

exceeded. 
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Chemical agents in substrate and in insects during the rearing process  

(Hazard characterisation) 

The concentrations of chemical agents in the substrate do not increase during the 

rearing of the insects. However, chemical agents may be transmitted to the 

insects via the substrate and as a result their level of concentration may increase 

in the insects (ANSES, 2015). This is known as (bio)accumulation43. 

 

The fact that the chemical composition of the insect feed determines the chemical 

composition of the insects themselves has also been demonstrated for black 

soldier fly larvae, housefly larvae, yellow mealworms and lesser mealworms 

(Barlow, 1966; Latney et al., 2017; Oonincx et al., 2015; Tschirner & Simon, 

2015; van Broekhoven et al., 2015). It is possible that, similar to other animal 

products, chemical agents from the feed accumulate in insect larvae (BuRO, 2014; 

Poma et al., 2017).  

 

The black soldier fly, housefly, lesser mealworm beetle and yellow mealworm 

beetle have a short life cycle compared to other farm animals. Their larvae can be 

reared within a few weeks to few months. For insects with such a short life cycle, 

and therefore with limited repeated feeding, the accumulation of substances from 

the feed in these insects (bioaccumulation factor44, BAF>1) is less likely to occur 

than in insects that are reared over a longer period of time (EFSA SC, 2015; Ferri 

et al., 2019) or in other farm animals.  

 

Several studies are described below involving black soldier fly larvae, housefly 

larvae, yellow mealworms and lesser mealworms which have examined possible 

accumulation in insects when they were reared on substrates that were (in almost 

all cases, experimentally) contaminated with chemical agents, including 

mycotoxins, plant protection products, veterinary medical products, and 

environmental contaminants (including heavy metals). In most studies, 

experimentally contaminated substrates were used or substrates that were known 

to be contaminated, such as manure or seaweed. 
 

Mycotoxins 

In black soldier fly larvae that were reared on a substrate to which the mycotoxins 

aflatoxin B1/B2/G2 (AfB1/B2/G2), deoxynivalenol (DON), ochratoxin A (OTA) or 

zearalenone (ZEA) were added, none of the mycotoxins tested in the study were 

found in the insect larvae (Purschke et al., 2017).  

 

Camenzuli et al. (2018) also showed that there was no bioaccumulation of AfB1, 

DON, OTA or ZEA in black soldier fly larvae or in lesser mealworms reared on 

experimentally contaminated substrate. However, DON, OTA and ZEA were 

detected in the larvae.  

 

In a study in which black soldier fly larvae and yellow mealworms were reared on 

a substrate of chicken feed to which AfB1 had been added, the mycotoxin did not 

accumulate in the larvae (Bosch et al., 2017). AfB1 could be detected in the 

mealworms, but not in the larvae of the black soldier fly. 

 
43 Accumulation or bioaccumulation means that the concentration of a substance in insect larvae is higher than the 
concentration of the same substance in the substrate on which the insects are reared. 
44 The bioaccumulation factor (BAF) or bioconcentration factor (BCF) is the ratio between the concentration of a 
substance in an organism and the concentration of this substance in the food/ingested water (Diener et al., 2015). 
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In yellow mealworms reared on a wheat substrate that had been experimentally 

or naturally contaminated with a high DON concentration, this mycotoxin could 

only be detected in the mealworm faeces and not in the larvae (van Broekhoven, 

2015; van Broekhoven et al., 2017). In another study where yellow mealworms 

were reared on grain contaminated with DON (2 to 12 mg/kg), lower 

concentrations of DON ranging from 0.1 to 0.2 mg/kg were found in the 

mealworms after 24 hours of fasting (Ochoa Sanabria et al., 2017).  

 

A study by Guo et al. (2014) in which yellow mealworms were fed with grains 

containing high concentrations of beauvericin, DON, enniatin A/A1/B/B1 (ENNA, 

ENNA1, ENNB, ENNB1), fumonisin B1 (FB1) or ZEA, the mycotoxin concentrations 

were low in the larvae compared to the concentrations in the grains, with the 

exception of ENNA (30 µg/kg) in the substrate versus 10 µg/kg in the larvae (BAF 

0.33). DON was not detected in the larvae. 

 

Abado-Becognee et al. (1998) demonstrated the presence of FB1 in yellow 

mealworms reared on corn flour experimentally contaminated with FB1, with 

approximately 40% of the ingested FB1 being excreted via the faeces.  

 

Yellow mealworms reared on wheat flour contaminated with ZEN did not show the 

presence of any ZEN or ZEN metabolites. However, ZEN metabolites were found in 

the substrate residue, indicating intensive metabolism of ZEN in the larvae 

(Niermans et al., 2019). 

 

Plant protection products 

In a study involving black soldier fly larvae, where the insecticides chlorpyrifos, 

chlorpyrifos-methyl and pirimiphos-methyl were added to the substrate, it was 

found that the concentrations of these insecticides in the larvae were at least 50 

times lower than the initial concentrations of these agents in the substrate 

(BAF<0.02) (Purschke et al., 2017). In black soldier fly larvae reared on a 

substrate experimentally contaminated with the fungicides azoxystrobin and 

propiconazole, no bioaccumulation of these fungicides was demonstrated. Neither 

fungicide was detected in the larvae (Lalander et al., 2016).  

Chlorpyrifos was also found in yellow mealworms that had been pinned down on 

trees in a citrus orchard treated with chlorpyrifos, but here the concentration in 

the mealworms remained well below the initial concentration (BAF<1) (Brewer et 

al., 2003). 

 

There is no bioaccumulation of the chiral45 fungicides benalaxyl (BAF 0.01-0.05), 

diniconazole (BAF 0.015-0.1), epoxiconazole (BAF 0.01-0.09), furalaxyl (BAF 

0.02-0.06), metalaxyl (BAF 0.015 -0.02) and myclobutanil (BAF 0.08-0.09) in 

yellow mealworms (Gao et al., 2013; Gao et al., 2014; Liu et al., 2013, Lv et al., 

2013; Lv et al., 2014; Yin et al., 2017).  

 

In yellow mealworms reared on carrots experimentally contaminated with a 

mixture of 12 plant protection products, four of these agents (2,4-D, bentazone, 

bifenthrin and clopyralid) were not found in detectable concentrations and the 

 
45 Chirality is a property of molecules that exhibit stereoisomerism. These molecules have the same structural 
formula but a different spatial structure. 
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remaining eight (diflufenican, fenpropimorph, isoproturon, linuron, mefenoxam 

(R-enantiomer of metalaxyl), pendimethalin, pyrimethanil and tebuconazole) were 

well below the initial concentrations in the substrate (Houbraken et al., 2016). 

This study also showed that starving the larvae (24 hours) reduces the amount of 

plant protection products in the larvae, which indicates the presence of these 

agents in the gut contents of the larvae. 

 

Veterinary medical products 

Although transmission of the antibiotics doxycycline, lincomycin and sulfadiazine 

from the substrate (manure) to black soldier fly larvae was observed, there was 

no accumulation of these antibiotics in black soldier fly larvae (Van Linden et al., 

2017). Lalander et al. (2016) observed no transmission of the antibiotic 

roxythromycin from the substrate to these larvae, but did see the transmission of 

trimethoprim, with no bioaccumulation. The drug carbamazepine was also not 

detected in the larvae (Lalander et al., 2016). 

 

Environmental contaminants 

Heavy metals and other chemical elements 

In black soldier fly larvae, housefly larvae and yellow mealworms reared on 

substrates experimentally or naturally contaminated with the heavy metals 

cadmium, chromium, cobalt, copper, iron, lead, mercury, nickel and zinc, or with 

arsenic and selenium, the presence of all of these chemical elements was 

demonstrated in the larvae (Bulak et al., 2018; Bednarska & Świątek, 2016; 

Biancarosa et al., 2018; Diener et al., 2015; Gao et al., 2017; Inouye et al., 

2007; Lindqvist & Block, 1995; Purschke et al., 2017; Tschirner & Simon, 2015; 

van der Fels-Klerx et al., 2016; Vijver et al., 2003; Wang et al., 2017). Of the 

chemical elements mentioned above, arsenic, cadmium, lead and mercury are the 

most toxic. The other elements are trace elements that are toxic only in very high 

concentrations.  

 

In black soldier fly larvae, accumulation of cadmium (BAF 2.3-9.5) and lead (BAF 

1.1-2.6) was observed (Bulak et al., 2018; Biancarosa et al., 2018; Diener et. al., 

2015; Gao et al., 2017; Purschke et al., 2017; Tschirner & Simon, 2015; van der 

Fels-Klerx et al., 2016). For mercury, the bioaccumulation factor was between 0.5 

and 1.1 (Biancorosa et al., 2018; Purschke et al., 2017). The bioaccumulation 

factor for copper varied between 0.7 and 1.8 and that of zinc between 0.4 and 3.2 

(Bulak et al., 2018; Diener et al., 2016; Tschirner & Simon, 2015).  

 

Bioaccumulation has only been demonstrated for cadmium in three and four-day 

old housefly larvae (BAF 1.1 and 1.2), but not in five-day old larvae (BAF <1) or 

for selenium (BAF 1.2) -1.3) (Wang et al., 2017). 

 

In yellow mealworms, only arsenic accumulation (BAF 1.4-2.6) was observed (van 

der Fels-Klerx et al., 2016). 

 

Dioxins and polychlorinated biphenyls 

Polychlorinated biphenyls (PCBs) (Aroclor 1254) were ingested by housefly larvae 

reared on an experimentally contaminated substrate (Chemical Specialties 

Manufacturers Association (CSMA) fly larval medium), but no accumulation could 

be demonstrated (BAF 0.98) (Bryant & Cowles, 2000). Nordentoft et al. (2014) 

found that housefly larvae had a four times higher concentration of dioxins and 
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dioxin-like PCBs than the chicken manure on which they were reared (0.37 versus 

0.09 pg WHO-TEQ/g dry weight). 

 

Till now, only studies involving contaminated mealworms show that harmful 

chemical substances can be transmitted to mammals via insect larvae. Feeding 

bats with mealworms contaminated with the PCBs Aroclor 1254 and 1260 and the 

organochlorine pesticide (OCP) dichlorodiphenyldichloroethylene (p,p’-DDE, a 

derivative of dichlorodiphenyltrichloroethane (DDT)), can lead to their death 

(Clark 1978; Clark & Stafford, 1981; Clark & Prouty 1977; Reinhold et al., 1999). 

However, it is very probable that the effects of chemical contaminants in feed 

containing insects are the same as the effects of chemical contaminants in regular 

feed products. 

 

The above studies show that black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms may become contaminated, to a greater or 

lesser extent, during the rearing process with the chemical agents present in the 

substrate on which they are reared. These agents include mycotoxins, plant 

protection products, veterinary medical products, and environmental 

contaminants such as heavy metals, dioxins, PCBs, PAHs and flame retardants. 

Accumulation of harmful chemical substances transmitted via the substrate to 

black soldier fly larvae, housefly larvae, mealworms and lesser mealworms occurs, 

as far is known, only for arsenic, cadmium, lead, mercury, dioxins and dioxin-like 

PCBs. In case of plant protection products, veterinary medical products, PAHs and 

non-dioxin-like PCBs, there are too few studies available to form an opinion 

regarding this.  

The degree of contamination of the larvae is determined by the degree of 

contamination of the substrate and the extent of bioaccumulation (BAF). 

 

Chemical safety of larvae for the feed and food industry  

(Exposure assessment) 

Mycotoxins 

A study of the chemical safety of reared insects for the animal feed industry 

examined the presence of 69 mycotoxins in black soldier fly larvae reared on a 

mixture of brewery spent grain46, fish feed and yeast and in housefly larvae 

reared on poultry or pig manure. Mycotoxins were only found in two of the five 

housefly larvae samples, where both had been reared on poultry manure. 

Beauvericin (6.9 µg/kg) was found in one sample and ENNA (12.5 µg/kg) and 

ENNA1 (7.3 µg/kg) was found in the other sample (0.7% of the analyses). 

However, these mycotoxins were not present in concentrations that could pose a 

safety risk and these did not include mycotoxins such as the carcinogenic aflatoxin 

for which the EC has stipulated a maximum concentration47 limit for animal feed 

(Charlton et al., 2015). They also did not include the type of mycotoxins for which 

only indicative values for feed and feed materials are available (DON, ZEA, OTA, 

FB1, FB2, T-2 and HT-2) 48,49. 

 
46 Brewery spent grain is a residual product from beer breweries. It mainly consists of the chaff and protein parts of 
the malting barley from which the brewer has extracted the carbohydrates. 
47 Regulation (EC) No. 2002/32 of the European Parliament and of the Council on undesirable substances in animal 
feed. 
48 Commission Recommendation of 27 March 2013 on the presence of T-2 and HT-2 toxins in cereals and cereal 
products. 
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A study which examined black soldier fly larvae reared on a semolina substrate for 

the presence of DON, AfB1/B2/G2, OTA and ZEA was unable to demonstrate any 

of these mycotoxins (Purschke et al., 2017).  
 
Neither could the mycotoxins AfB1, DON, OTA and ZEA be demonstrated in black 
soldier fly larvae and lesser mealworms reared on a wheat substrate (Camenzuli 
et al., 2018). 

 

Plant protection products 

The concentrations of 393 pesticides were measured in black soldier fly larvae 

reared on a mixture of brewery spent grain, fish feed and yeast and in housefly 

larvae reared on poultry or pig manure (Charlton et al., 2015). The only residue 

detected was chlorpyrifos (800 µg/kg) in one of the five samples of housefly 

larvae reared on poultry manure (0.04% of the analyses). The concentration of 

this compound in animal feed is not regulated via EU legislation. The Codex 

Alimentarius recommends that the concentration of chlorpyrifos must remain 

below 5000 µg/kg in alfalfa that is used as feed (FAO & WHO, 2019).  

 

In a study by Purschke et al. (2017), black soldier fly larvae reared on corn 

semolina were examined for the presence of chlorpyrifos, chlorpyrifos-methyl and 

pirimiphos-methyl. These compounds were not detected in the larvae. 

 

Lalander et al. (2016) reared black soldier fly larvae on a substrate of dog food, 

but did not detect any azoxystrobin and propiconazole in the larvae.  

 

Poma et al. (2017) examined commercially available yellow mealworms and lesser 

mealworms (rearing substrate unknown for both) for the presence of nine OCPs. 

The only two measurable OCPs were hexachlorobenzene (HCB) in yellow 

mealworms and lesser mealworms and p,p’-DDE in yellow mealworms, which were 

well below the lowest limit for animal feed. A qualitative pesticide suspect 

screening yielded nine possible identifications for yellow mealworms and seven for 

lesser mealworms. However, the structure of the compounds could not be 

confirmed. 

 

In yellow mealworm that were reared on a substrate with carrots, residues of 

none of the 12 plant protection products tested, were found in measurable 

concentrations (Houbraken et al., 2016). These plant protection products were 

2,4-D, bentazon, bifenthrin, clopyralid, diflufenican, fenpropimorph, isoproturon, 

linuron, mefenoxam, pendimethalin, pyrimethanil and tebuconazole. 

In commercially available yellow mealworms (substrate unknown), no quantifiable 

amounts of these plant protection product residues were found, except for 

clopyralid (Houbraken et al., 2016).  

 

In 2017, the NVWA has had an analysis performed on commercially available 

mealworms to detect the presence of 206 plant protection products, where one of 

the eight samples showed a low concentration of the insecticide tetramethrin 

(0.015 mg/kg) (not permitted in the EU) (NVWA, 2018a).  

 

 

 
49 Commission Recommendation (EC) No. 2006/576 of 17 August 2006 on the presence of deoxynivalenol, 
zearalenone, ochratoxin A, T-2 and HT-2 toxin and fumonisins in products intended for use as animal feed. 
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Veterinary medical products 

In black soldier fly larvae and housefly larvae (five samples) reared on a substrate 

of brewery spent grain, fish feed and yeast, a veterinary medicine screening 

produced quantitative data for 68 agents and qualitative data for 492 agents, 

respectively. The larvae were also analysed for the presence of the antibiotic drug 

chloramphenicol which is banned in animal husbandry. Nicarbazin, a veterinary 

drug added to the feed of fattening chickens to prevent coccidiosis, was found in a 

sample of housefly larvae reared on poultry manure (0.04% of the analyses). The 

other tested agents were either not present or present in concentrations below the 

detection limit of the relevant agents (Charlton et al., 2015).  

 

It is unlikely that substrates of plant origin such as wheat flour or brewery spent 

grain will contain residues of veterinary medical products as opposed to a 

substrate such as manure, which has been demonstrated in the study by Charlton 

et al. (2015) involving housefly larvae reared on poultry manure.  

 

Environmental contaminants 

Heavy metals and arsenic 

The concentrations of 48 heavy metals and trace elements were studied in black 

soldier fly larvae reared on a substrate composed of brewery spent grain, fish feed 

and yeast (Charlton et al., 2015). The concentrations of arsenic (0.142 mg/kg), 

cadmium (0.12 mg/kg) and mercury (0.007 mg/kg) were below the lowest EU 

limits for these elements in animal feed (2 mg/kg for arsenic, 0.5 mg/kg for 

cadmium and 0.1 mg/kg for mercury). The concentration of lead was below the 

detection limit. 

 

The presence of cadmium has also been demonstrated in other studies involving 

black soldier fly larvae reared on chicken feed (Diener et al., 2015; van der Fels-

Klerx et al., 2016) and corn semolina (Purschke et al., 2017). The cadmium 

concentrations were between 0.05 and 0.40 mg/kg. Purschke et al. (2017) and 

van der Fels-Klerx et al. (2016) also carried out studies for the presence of arsenic 

and lead. Arsenic was not detectable in either study. Lead (0.03 mg/kg) was only 

detected in larvae reared on a corn semolina substrate (Purschke et al., 2017), 

where the concentration was well below the limit applicable to animal feed (5 

mg/kg). Mercury was not detected in the larvae reared on corn semolina; 

chromium and nickel, which are much less toxic than cadmium, mercury and lead, 

were present in low concentrations (0.06 and 0.05 mg/kg respectively). Moniello 

et al. (2019) were, however, able to detect arsenic and mercury in black soldier 

fly larvae. But the concentrations of arsenic (0.23 mg/kg) and mercury (0.01 

mg/kg) remained below the lowest EU limits for feed. In addition, cadmium (0.06 

mg/kg) and lead (0.03 mg/kg) were also detected in this study and these 

concentrations were lower than the EU limits for feed.  

 

Cadmium was also detected in all five analysed samples of housefly larvae reared 

on poultry or pig manure, where three of the five samples exceeded the lowest 

limit for cadmium in animal feed (complete feed) (Charlton et al., 2015); 

however, even these concentrations were below the lowest limit for feed materials 

(1 mg/kg). In addition, arsenic (0.1-0.4 mg/kg), cadmium (0.3-0.7 mg/kg), 

mercury (0.002-0.04 mg/kg) and lead (0.06-1.2) mg/kg) were detected in all 

samples, but the concentrations were below EU limits for these elements. 
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In mealworms reared on wheat bran (Adámková et al., 2017), a grain mix (van 

der Fels-Klerx et al., 2016) or an unspecified substrate (commercially available) 

(NVWA, 2017b; NVWA, 2018a; Poma et al., 2017), no arsenic, cadmium and lead 

were demonstrated in relevant concentrations (below the detection limit and/or 

below the lowest legal limit for animal feed).  

 

Arsenic, cadmium and lead were also not demonstrated in lesser mealworms 

reared on a unspecified substrate (Poma et al., 2017). 

 

Dioxins and PCBs 

The presence of dioxins and PCBs was analysed in black soldier fly larvae reared 

on a substrate of brewery spent grain, fish feed and yeast, in housefly larvae (five 

samples) reared on a substrate of poultry or pig manure (Charlton et al. al., 

2015), in commercially obtained mealworms (nine samples) (NVWA, 2018a; Poma 

et al., 2017), and in lesser mealworms (Poma et al., 2017). None of the samples 

exceeded the lowest legal maximum limits for dioxins and dioxin-like PCBs and 

indicator PCBs in animal feed. Even in housefly larvae reared on chicken manure, 

there was no exceedance of this limit, despite a quadruple accumulation of dioxins 

and dioxin-like PCBs.  

 

Polycyclic aromatic hydrocarbons (PAHs) 

The EU has established maximum concentrations for PAHs in foods that include all 

the four PAHs (PAH4, i.e. benzo(a)pyrene, benzo(a)anthracene, 

benzo(b)fluoranthene and chrysene) and a separate maximum limit for 

benzo(a)pyrene (BaP). The maximum limits for PAH4 vary from 1 µg/kg in baby 

food to 35 µg/kg in mussels, and for BaP, between 1 and 6 µg/kg. No maximum 

limits have been set for animal feed. Charlton et al. (2015) reported that, in black 

soldier fly larvae reared on a substrate of brewery spent grain, fish feed and yeast 

and housefly larvae reared on poultry or pig manure, the concentration of PAH4 

varied between 0.3 and 10 µg/kg and the concentration of BaP between <0.05-

2.2 µg/kg. 

 

Flame retardants 

Commercially available yellow mealworm and lesser mealworm larvae were tested 

by Poma et al. (2017) for the presence of 18 different halogenated and 

phosphorus-based flame retardants. Four phosphorus-based flame retardants 

(PFRs) were detected in the yellow mealworms, three of which were also detected 

in the lesser mealworms. The concentrations varied between 8 and 24 µg/kg. The 

presence of PFRs arises due to the use of such PFRs during the processing and 

packaging of the insects, but possibly also of the substrate. 

 

In cases where insect larvae were reared on substrates containing residues and 

by-products from the food industry and/or regular feed, and insofar as legal 

maximum limits are defined for animal feed, the above studies show that these 

larvae meet the lowest limits for mycotoxins, veterinary medical products, and 

environmental contaminants. The only quantifiable plant protection product 

detected was tetramethrin (banned in the EU), low concentrations of which were 

found in the mealworm sample. Just like FF, by-products or residual flows from 

the food industry are no longer considered as food intended for human 

consumption. They are comparable in origin to FF.  
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The concentrations of contaminants in the analysed insect larvae were found to be 

comparable to or lower than the concentrations of these substances that are 

usually measured in traditional feed materials (Adamse et al., 2015; Adamse et 

al., 2017a; NVWA, 2015e; NVWA, 2016c; NVWA, 2017b) or in products of animal 

origin such as meat, fish and eggs (NVWA, 2015d; NVWA, 2016b; Poma et al., 

2017).  

 

What are the risks? (Risk characterisation) 

The chemical risks posed to animal and public health, due to the use of black 

soldier fly larvae, housefly larvae, yellow mealworms and lesser mealworms 

reared on FF as animal feed raw material for farm animals, are mainly determined 

by the chemical composition of the substrate and the extent to which these agents 

are passed on to the insect larvae via the substrate. This risk may be intensified if 

the chemical contaminants present in the substrate are able to accumulate in the 

larvae.  

 

The aforementioned larvae can ingest various harmful chemical agents and some 

of these agents have been shown to accumulate in the larvae. For the remaining 

chemical agents, there is no data or too little data to be able to conclude that 

there is no accumulation of these agents. However, it appears that the 

concentrations of these agents in fully grown larvae are comparable to those in 

(former) foodstuffs, including those of chemical agents that have been shown to 

accumulate in the larvae.  

 

Given the short lifespan of the larvae and the occasional low rate of exceedance in 

(former) foodstuffs of the limits of these chemical agents, the use of insects 

reared on FF as animal feed is expected to pose a potential risk to animal and 

public health only in exceptional cases. Only in case of long-term exposure of farm 

animals to insect-based feed that exceeds the limits, there is a chance of 

undesirable effects. However, the burden of disease caused by chemical 

substances is very small and epidemiologically not demonstrable. 

 

Conclusion 

The chemical risks posed to animal and public health, by feeding farm animals 

with feed produced from black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms that have been reared on FF of plant and/or 

animal origin, are not estimated as being higher than those of (former) foodstuffs. 

This implies that larvae reared on FF represent a negligible risk to animal and 

public health. 

 

How can the risks be managed?  

Removing the gut contents of the larvae can drastically reduce concentrations of 

chemicals in the larvae, as has been demonstrated in the case of a number of 

plant protection products in mealworms. Moreover, this could also be an effective 

risk-reducing control measure for other larvae and other chemicals.  

 

The presence of chemical contaminants in insects is mainly controlled by 

controlling the chemical risks in the substrate (BuRO, 2014; EFSA SC, 2015). 

When FF is used as a substrate, the current process of controlling the occurrence 

of chemical contaminants in foods provides a sufficient level of control. Over the 

years, a system of regulations has been developed in the EU which has ensured 

that these substances no longer occur in food or are present in such low quantities 
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that health risks are absent or can be considered negligible (van Kreijl & Knaap, 

2004). This means that, in cases where low concentrations of these contaminants 

exceed the EU limits for food, large quantities of these products with increased 

concentrations of chemical substances must be consumed for a long period time 

before there is actually a chance of undesirable effects (NVWA, 2015c). When EU 

limits were exceeded or new potential risks identified, there was no real impact on 

health (van Kreijl & Knaap, 2004). The same logic applies in case of insects that 

are fed to farm animals. Control must be exercised by monitoring the substances 

that are known to accumulate. 

  

Microbiological risks 

Microbiological agents in (former) foodstuffs (Hazard identification) 

Just like food, foodstuffs downgraded to the status of FF must be safe and not 

contain any microbiological agents in quantities that are harmful to health. They 

must meet the microbiological criteria defined in the EU (Regulation (EC) No. 

2073/200550). However, this does not mean - for example, in the case of 

perishable goods - that pathogens are never present. This is evident by the fact 

that, despite ensuring food safety through numerous measures, monitoring and 

adequate behaviour of food companies and consumers, it is estimated that 

650,000 people in the Netherlands fell ill in 2018 by eating food contaminated 

with human pathogenic microorganisms51 (Pijnacker et al., 2019). As stated 

earlier, foods may contain both human as well as animal pathogens. That is why 

(former) foodstuffs that are safe for humans are not always safe for animals. 

 

Animal pathogens 

The most relevant animal pathogens that may occur in (former) foodstuffs are 

identified based on the defined list of infectious animal diseases, outbreaks of 

which must be reported by the EU Member States to the EC via the Animal 

Disease Notification System (ADNS)52 (EC ADNS, 2019). From this list, the animal 

diseases whose causative microbiological agents may be present in former or 

other foodstuffs and which can be transmitted to farm animals through feeding 

were selected (Table 3).  
 

These microbiological agents are the causes of contagious and serious bacterial 

diseases such as bovine brucellosis, brucellosis in sheep and goat and bovine 

tuberculosis; viral diseases such as African swine fever (ASF), classical swine 

fever (CSF) and foot-and-mouth disease (FMD); and prion diseases/TSEs such as 

BSE, scrapie and chronic wasting disease (CWD) (Table 3).  

 
 
 
 
 
 
 
 

 
50 Commission Regulation (EC) No. 2073/2005 of 15 November 2005 on microbiological criteria for food. 
51 Microorganisms: ‘bacteria, viruses, yeasts, moulds, algae, parasitic protozoa, microscopic parasitic helminths, and 
their toxins and metabolites’ (Commission Regulation (EC) No. 2073/2005 of 15 November 2005 on microbiological 
criteria for food). Helminths are worms 
52 The legal basis for the ADNS is Directive 82/894/EEC on the notification of animal diseases in the Community. 
Annexes I and II have been amended by the Implementing Decree 2012/737/EU. 
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Table 3.  
Relevant animal pathogens in Europe that can be transmitted by feeding farm animals with (former) 
foodstuffs, and their sources of contamination.  
 

Organism Source of contaminationa 
Bacteria  
Brucella abortus  Dairy (cattle)  
Brucella melitensis Dairy (sheep and goat) 
Mycobacterium bovis  Dairy (cattle) 
Viruses  
African swine fever (ASF) virus Pigs  
Classical swine fever (CSF) virus Pigs  
Foot-and-mouth disease (FMD) virus Cattle, pig, sheep, goat, dairy  
Prions  
BSE (mad cow disease) Cattle 
Chronic wasting disease (CWD)b Deer, roe  
Scrapieb Sheep, goat 
a GD Animal Health (2019) 
b Not required to be reported in the ADNS (EC ADNS, 2019). 

 

 

Human pathogens 

The most relevant human pathogens that may occur in (former) foodstuffs in 

Europe are identified based on the lists of food-borne microorganisms maintained 

by the Enteric Disease Task Force and the Parasitic Disease Task Force of the 

Foodborne Disease Burden Reference Group (FERG) of the World Health 

Organization (WHO) (Havelaar et al., 2015; Kirk et al., 2015; Torgerson et al., 

2015; WHO, 2015). From the microorganisms included in these studies, the ones 

relevant to this risk assessment have been selected: disease-causing zoonotic 

microorganisms occurring in Europe which may be present in (former) foodstuffs 

fed to farm animals and which can be transmitted to humans through the 

consumption of products from these animals.  

 

The selected microorganisms include the infectious bacteria from the genera 

Brucella, Campylobacter and Salmonella; pathogenic Escherichia coli, Listeria 

monocytogenes and Mycobacterium bovis; protozoans (single-celled parasites) 

Cryptosporidium parvum and Toxoplasma gondii; and the helminth (parasitic 

worm) Trichinella spiralis (Table 4). The most important Cryptosporidium spp. that 

cause disease in humans (90% of cases of cryptosporidiosis) are C. hominis and 

C. parvum (RIVM-LCI, 2012)). Cryptosporidium hominis is mainly transmitted 

from person to person; C. parvum can be transmitted zoonotically, although not 

all C. parvum strains are zoonotic (Dawson, 2005; Smith et al., 2007). 

 

Other relevant microorganisms are the Hepatitis E virus (HEV) and Yersinia spp. 

The WHO pathogen lists do not include these because of the lack of data on 

worldwide disease burden estimates. However, it is known that HEV gives rise to a 

relevant disease burden in Europe, with a high rate of incidence that has 

increased tenfold since 2005 (Aspinall et al., 2017; ECDC, 2017). Yersiniosis is 

most frequently reported in the EU, after campylobacteriosis and salmonellosis 

(EFSA & ECDC, 2018). Despite the current low human disease burden of vCJD - a 

TSE caused by the consumption of meat from cattle infected with the BSE prion 

(Bruce et al., 1997; Scott et al., 1999) - the BSE prion is a relevant human 

pathogen for this advice.  
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Table 4. 
Relevant zoonotic microorganisms and prions in Europe that can be transmitted via (former) 
foodstuffs and their sources of contamination.  
 

Organism Source of contaminationa   
Animal origin Plant origin 

Bacteria    
Brucella abortus/ 
melitensis  

Cattle, sheep, goat, pig, 
dairy  

 

Campylobacter spp. Cattle, sheep, goat, pig, 
chicken, dairy 

Fruits, vegetables 

Pathogenic Escherichia coli  Cattle, sheep, goat, pig, 
dairy  

Fruits, vegetables  

Listeria monocytogenes  
 

Meat products, smoked 
fish, dairy  

Ready-made raw vegetables 
(salads) 

Mycobacterium bovis  Dairy   
Salmonella spp. (non-typhoid) Cattle, sheep, goat, pig, 

chicken, fish, crustaceans, 
shellfish, dairy, egg  

Vegetables, fruit, nuts, grains  

Yersinia spp. Pigs  
Viruses   
Hepatitis E virus (HEV) Pigs  
Protozoans   
Cryptosporidium spp.b Dairy Fruits, vegetables 
Toxoplasma gondii Cattle, sheep, goat, pig, 

chicken, dairy, egg 
Fruits, vegetables 

Helminths    
Trichinella spp.  Pigs  
Prions   
BSE (vCJD) Cattle  
a Hoffmann et al., (2017), van Kreijl & Knaap (2004) and the Netherlands Nutrition Centre (2019). 
b Only the zoonotic Cryptosporidium parvum is relevant to the risk assessment. 

 

Prevalence in food 

Microbiological sampling conducted in the years 2014/2015-2016 showed that 

0.6% to 0.7% of all food batches (of animal and plant origin) tested did not meet 

a food safety criterion. In 3.4% to 9.2% of the batch analyses, the batch did not 

meet a process hygiene criterion. A remaining group of analyses focused on non-

statutory criteria. They relate to pathogens present in lower quantities than those 

known to cause illness. The analysis was positive in 6.5% to 17.2% of these batch 

analyses. The organisms that were found included Campylobacter spp., 

Shigatoxin-forming E. coli (STEC), Salmonella spp. and Listeria monocytogenes 

(NVWA, 2018b). The prevalence of these microorganisms in food is comparable 

with that in the EU (EFSA & ECDC, 2018). 

Prevalence in FF 

From the limited number of studies on the microbiological safety of FF it can be 

concluded that bakery products and cooked materials that mainly represent FF 

can, in general, be considered microbiologically stable. A microbiological analysis 

of FF starting from different food products (e.g. broken biscuits and chocolates, 

confectionery such as croissants and chocolate, surplus bread, rice cake and 

breakfast cereals) (n=6) showed a high microbiological quality for all samples 
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tested (less than 6 log cfu53/g aerobic bacteria). These results were expected for 

this type of FF which has a low moisture content and reaches high temperatures 

during the production process. The FF did not contain any Salmonella and the 

concentrations of E. coli were below the detection limit of log 2 cfu/g (Tretola et 

al., 2017b). 

 
A study of FF of animal origin showed that Salmonella was present in FF meat 

(poultry, beef and pork, sampled from the cold storage warehouses of a 

wholesaler), which had been downgraded to pet food. From the poultry samples, 

11.5% tested positive for S. Derby and S. Typhimurium (n=52), and from the 

pork samples, 13.3% tested positive for S. Typhimurium (n=30). None of the 

tested beef samples (n=30) contained Salmonella. A high prevalence of E. coli 

was found in FF of poultry (100%), pork (100%) and beef (93.3%) (Bacci et al., 

2019).  

 

Microbiological agents in substrate and insects during the rearing process 

(Hazard characterisation) 

Biological activity of microbiological agents in substrate 

As soon as FF are used as a substrate for insect rearing, there is a risk that any 

relevant pathogenic microbiological agents present in the substrate composed of 

FF will no longer remain limited to an acceptable level but will develop further to 

concentrations that are infectious to animals and/or humans. However, this only 

applies to bacteria and not to viruses, parasites (protozoans, helminths) and 

prions, which cannot multiply outside their natural hosts (Dijk, 2014). This means 

that there will be no increase in these agents in the substrate.  

 

The above-mentioned biological agents can, however, ‘survive’ in the environment 

and on food and remain infectious (Dawson, 2005; Pirtle & Beran, 1991; Rzeżutka 

& Cook, 2004; Worley et al., 1985). This is also indirectly evident from the fact 

that consumers can fall ill by consuming food containing these pathogens (van 

Kreijl & Knaap, 2004).  

 

Bacteria 

The most important factors for the growth of bacteria in food are the availability of 

free water (water activity or aw), acidity (pH), temperature and amount of oxygen 

required by these organisms (Dijk, 2014; US FDA, 2012; US FDA, 2019). Although 

each of these factors plays an important role, it is the interaction between these 

factors that determines whether or not a bacterium will grow in a particular food. 

Hence, the form (for example, dried, acidified or unchanged) in which the FF are 

included in the substrate for insects has an influence on how suitable this 

substrate is for serving as a culture medium for bacteria.  

 

The range of temperatures at which insect larvae are reared is favourable for the 

growth of most bacteria (Dijk, 2014; US FDA, 2012). This is confirmed by studies 

on the dynamics of aerobic bacteria in substrates, substrate residues and black 

soldier fly larvae, yellow mealworms and lesser mealworms during the rearing of 

these larvae (see: Bacterial dynamics in substrate and larvae during the rearing 

process). 

 

 
53 Cfu = colony forming unit. 
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Viruses 

The animal pathogenic FMD, ASF and CSF viruses are very stable in protein-rich 

environments such as meat and can survive for a few months in raw meat and 

meat products (Brown & Bevins, 2018; McKercher et al., 1978; Mebus et al., 

1993; Mebus et al., 1997). The ASF and CSF viruses can survive for a number of 

months to a number of years in frozen meats (Blome et al., 2017; Mebus et al., 

1993; Mebus et al., 1997; Ribbens et al., 2004). The ASF virus can also survive 

for 30 days in soybean meal (Dee et al., 2018). In the environment, the CSF virus 

is inactivated at high temperatures. Despite this, the virus can remain active for 3 

days at 50ºC and 7 to 15 days at 37ºC (Ribbens et al., 2004). The FMD virus also 

survives in milk, even after HTST (high temperature/short time) pasteurisation (at 

least 15 seconds at 71.7ºC) and in cheese (Blackwell, 1976; Tomasula & 

Konstance, 2004). Hepatitis E virus can be detected in liver cell suspensions even 

after 43 days at 37ºC and remains infectious in faecal suspensions of HEV patients 

and in pig liver homogenates after heating for at 56ºC for one hour (Emerson et 

al., 2005; Feagins et al., 2008).  

 

Parasites 

The protozoans C. parvum and T. gondii can survive for a few months in and on 

moist foods (Dawson et al., 2005). The oocysts of T. gondii can survive in the 

environment for longer than a year and best in humid conditions at moderate 

temperatures (RIVM-LCI, 2009). Oocysts remain infectious for a long time: 200 

days at 10°C, 15°C, 20°C and 25°C, 107 days at 30°C and 32 days at 37°C. Even 

after storage at -10ºC, the oocysts remain infectious for several months (Dubey, 

1998). 

 

Fifty to sixty percent of the helminth T. spiralis larvae in grizzly bear meat remain 

alive after storage for 27 months at -6.5°C to -20°C. Even after 34 months, this 

was as high as 30% to 50%. However, viable larvae were not found in meat 

products such as pepperoni, salami and sausage (Worley et al., 1986).  

 

Prions 

Prions are very stable in the environment (Wiggins, 2009), as a result of which a 

rearing temperature of 26-32°C has no influence on infectivity.  

 

The above shows that the viruses, parasites and prions relevant to this advice can 

retain their biological activity in food and therefore also in a substrate composed 

of FF. This also applies to bacteria, which can also multiply in food and for which 

the relatively high temperature during rearing is favourable.  

 

Bacterial dynamics in substrate and larvae during the rearing process 

In a study by Wynants et al. (2018a), the concentration of aerobic bacteria in the 

substrate, during the five-week rearing period (one week at room temperature 

and four weeks at 30°C) of lesser mealworms on a dry and moist feed mixture, 

was about 4 log higher than the initial concentration in the dry feed and 2 log 

higher than the initial concentration in the moist feed. It was remarkable that the 

substrate residue, consisting of the remnants of dry and moist feed, including the 

faeces and moulting skins of the larvae, had a low water activity (aw 0.5-0.6) and 

a low acidity (pH 5.5-6), which is not favourable for bacterial growth. The 

concentration of aerobic bacteria in the substrate, measured after two, three, four 

and five weeks, remained more or less the same during the rearing period. The 

concentration of aerobic bacteria of the mealworms was comparable to 1 log lower 
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than in the substrate residue during rearing, where the concentration was 3 log 

higher than the initial concentration in the dry substrate and 1 log higher than the 

initial concentration in the moist substrate. 
 

Moreover, in another study by Wynants et al. (2018b) where black soldier fly 

larvae were reared for three weeks on different substrates with high water activity 

(aw>0.95) at temperatures between 25°C and 29°C, the concentration of aerobic 

bacteria in the residue at the time of harvesting (substrate residues, skin and 

faeces) for all substrates was higher (2.5 log on average) than the initial 

concentration in the substrate. However, no correlation was found between the 

total viable aerobic counts of the substrates and their residues. The concentration 

of aerobic bacteria in the larvae was equal to or lower (on average, 0.6 log lower) 

than in the substrate residue when the larvae were harvested. The concentration 

of aerobic bacteria in the larvae was, on average, 2 log higher than the initial 

concentration in the substrate 

 

In yet another study by Wynants et al. (2019), where yellow mealworms were 

reared at 28°C during a seven-day period, the concentration of aerobic bacteria in 

the substrate (wheat bran supplemented with carrot or chicory) (measured on 

days 1, 3 and 7) remained constant during the rearing period. In this study, the 

initial concentration of aerobic bacteria in the substrate was unknown. The 

concentration of aerobic bacteria in externally disinfected larvae was (1 to 3 log) 

higher than in the substrate residue during rearing. This is in contrast to the 

previous two studies, where the concentration of aerobic bacteria in the larvae 

was the same or lower than in the substrate residue. This study took 

measurements for up to seven days, so it is possible that after an increase in the 

first week, the concentration in the larvae remained approximately the same as 

that in the substrate residue.  

 

When a mixture of Salmonella spp. (S. Enteritidis, S. Infantis and S. 

Typhimurium) was also added to the substrate, the Salmonella concentration 

remained constant in the substrate residue, but it was about 1 log lower than the 

initial concentration Salmonella in the substrate. The concentration of Salmonella 

in externally disinfected larvae was lower than that in the residue.  

 

In the above study, the concentration of aerobic bacteria in the insects 

themselves was higher than the initial concentration in the substrate, but the 

concentration of Salmonella was lower. This could be an indication that the 

dynamics of pathogens are different from that of the total aerobic bacteria 

population.  

 

The above studies do not provide a clear picture of the dynamics of bacterial 

populations in the substrate, substrate residue and larvae. No conclusions can be 

drawn about the degree of transmission of (pathogenic) bacteria from the 

substrate to the larvae. 
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Microbiota and vector potential of larvae 

The gut microbiota54 of adult insects consists mainly of bacteria (Cazemier et al., 

1997; Steinhaus, 1941). Microorganisms that are present on the cuticle 

(exoskeleton) of the insects (van Huis et al., 2013) can contribute to the 

microbiota of insects. For building up the microbiota, reared insects depend on the 

microbiological composition of the culture medium (Bruno et al., 2019; De Smet 

et al., 2018; Dillon & Charnley, 2002; Engel & Moran, 2013; Jeon et al., 2011; 

Rinke et al., 2011; Wynants et al., 2018b; Yun et al., 2014). In case of insect 

larvae reared on a substrate composed of FF, the microbiota will therefore be a 

reflection of the microorganisms present in the FF.  

 

Many insect species can be vectors of a whole range of pathogenic 

microorganisms (Belluco et al., 2013; Schlüter et al., 2017), including plant 

pathogens (Harris & Maramorosch, 1980). Also, black soldier fly larvae, housefly 

larvae, common mealworms and lesser mealworms can be temporarily colonised 

with pathogenic microorganisms.  

 

Below is an overview of the information available on the combinations of 

microbiological agents and insect larvae relevant to this advice and the vector 

potential of these larvae with respect to farm animals. For this overview, studies 

were searched that demonstrate the transmission of the relevant microbiological 

agents to the larvae from experimental or naturally contaminated substrates. If 

this specific information was not available, information on other microbiological 

agents, other insect larvae and/or adults was searched.  

 

Bacteria 

Brucella spp.  

No studies have been published on the presence of Brucella spp. in the insect 

larvae or their adults that are relevant to this advice. However, it is known that B. 

melitensis and B. suis are able to survive in larvae of the wax moth Galleria 

mellonella, which is used as an animal model to study virulence factors of 

pathogens (Sprynski et al., 2014). 

Adults of the autumn housefly (Musca autumnalis), which is related to the 

housefly, are also capable to take up B. abortus (Cheville et al., 1989). Flies which 

were first fed on substrates contaminated with B. abortus, B. melitensis or B. suis 

and then on guinea pigs were able to transmit these bacteria to the guinea pigs, 

demonstrating that the bacteria remain infectious in the flies (Krinsky, 1976).  

 

Campylobacter jejuni 

In housefly larvae reared on manure to which C. jejuni had been added, the 

presence of C. jejuni could be demonstrated up to seven days after exposure 

(Nordentoft et al., 2017). C. jejuni could also be demonstrated in housefly larvae 

that had been kept for four hours on agar plates inoculated with C. jejuni (9 log 

cfu/ml). The concentration of bacteria decreased from 6.5 log cfu/ml to 3.6 log 

cfu/ml within eight hours following exposure (Bahrndorf et al., 2104).  

 

Campylobacter jejuni can be transmitted to lesser mealworms via an 

experimentally or a naturally contaminated substrate (Hazeleger et al., 2008; 

 
54 Microbiota are ecological communities of commensal, symbiotic and pathogenic microorganisms in a given 
environment.  
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Strother et al., 2005; Templeton et al., 2006) and this pathogen can be 

transmitted to chickens by feeding them these mealworms (Hazeleger et al., 

2008; Strother et al., 2005).  

 

The experiments conducted by Strother et al. (2005) and Templeton et al. (2006) 

showed that it was still possible to isolate C. jejuni from the larvae up to three 

days after ingestion/exposure, but this was usually no longer possible after four 

days. Templeton et al. (2006) were able to isolate C. jejuni from the larvae even 

five days after exposure, but only after enrichment. Hazeleger et al. (2008) 

showed that, one week after ingestion/exposure, C. jejuni could no longer be 

demonstrated in larvae inoculated with a suspension of 8 log cfu/ml, resulting in 

initial infection levels of 5 log cfu/larva.  

 

Escherichia coli 

Escherichia coli (including STEC O157:H7) can be transmitted via the substrate to 

black soldier fly larvae (Erickson et al., 2004; Kashiri et al., 2018), housefly larvae 

(Nordentoft et al., 2017; Rochon, 2003; Rochon et al., 2004) and lesser 

mealworms (McAllister et al., 1996). In the study described in Rochon (2003) and 

Rochon et al. (2004), where housefly larvae were administered a single dose of 

8.8 log cfu/ml of E. coli for 20 minutes, the E. coli concentration decreased from 

5.2 log cfu/larva to 3.8 log cfu/larva 48 hours after ingestion. It has also been 

demonstrated that chickens that were fed with E. coli-positive lesser mealworms 

became infected with this pathogen (McAllister et al., 1996).  

 

Listeria spp. 

In a study in which yellow mealworms were reared over a one-week period on a 

substrate to which L. monocytogenes had been added, the bacterium could be 

detected in the larvae during the entire rearing period (Mancini et al., 2019). 

Several studies have shown that lesser mealworms can be infected with Listeria 

spp. (Garofalo et al., 2017, Grabowski & Klein, 2017, Wynants et al., 2017). The 

same applies to adults of the black soldier fly (Pava-Ripoll et al., 2015a; Pava-

Ripoll et al., 2015b).  

 

Listeria monocytogenes can infect wax moth larvae (Fedhila et al., 2010; Sprynski 

et al., 2014). 

 

In adult horseflies fed with substrate (saline solution or blood) contaminated with 

L. monocytogenes, growth of the bacteria could be demonstrated up to 24 hours 

after ingestion (Krinsky, 1976).  

 

Mycobacterium spp. 

Mycobacterium spp. can be transmitted to yellow mealworms from an 

experimentally contaminated substrate (Fischer et al., 2004). In a source-tracing 

study for mycobacterial infections in pigs, Mycobacterium spp. was detected in 

Musca spp. larvae that were present in the stables (Matlova et al., 2003).  

 

Salmonella spp. 

Black soldier fly larvae, housefly larvae, yellow mealworms and lesser mealworms 

are able to take up Salmonella (including S. Enteritidis and S. Typhimurium) 

(Crippen et al., 2012, Erickson et al., 2004, Gabler, 2014, Hazeleger et al., 2008, 

McAllister et al., 1994, Leffer et al., 2010, Nordentoft et al. 2017, Roche et al., 

2009, Wynants et al., 2019, Zheng et al., 2012). A study by Hazeleger et al. 
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(2008) showed that one week after ingestion, S. Java was still detectable in larvae 

inoculated with a 7 log cfu/ml suspension, resulting in infection levels of 

4 log cfu/larva. 

 

It has been demonstrated that lesser mealworms are able to transmit this 

bacterium to chickens fed on the infected larvae (Hazeleger et al., 2008; Leffer et 

al., 2010; McAllister et al., 1994; Roche et al., 2009). 

 

Yersinia spp. 

The presence of Y. pseudotuberculosis has been demonstrated in housefly larvae 

contaminated via turkey bedding (Zurek et al., 2000). Yersinia pseudotuberculosis 

can survive in wax moth larvae (Sprynski et al., 2014).  

 

Viruses 

No studies have been published on the presence or the vector potential of the 

viruses relevant to this advice in the relevant insect larvae or their adults. 

However, it is known that lesser mealworms can get infected by viruses from 

vertebrates. The infectious laryngotracheitis virus can ‘survive’ in and on lesser 

mealworms and the virus can be re-isolated from homogenised mealworms 

inoculated on chicken embryos (Ou et al., 2012). When lesser mealworms that 

ingested turkey enterovirus and rotavirus from manure from turkeys with enteritis 

were fed to healthy turkey chicks, this caused enteritis in these animals (Despins 

et al., 1994). 

 

In addition, it has been shown that larvae from other insects, i.e. the flesh flies 

Lucilia sericata (common green bottle fly) and Calliphora vicina (red-cheeked blue 

bottle fly), reared on ASF-infected liver can carry this virus (detected by a 

PCR55test, infectious virus could not be detected) (Forth et al., 2018). The CSF 

and FMD viruses could be detected in the larvae of the screw-worm fly 

(Cochliomyia hominivorax) reared on medium to which these viruses had been 

added (Chaudhury et al., 2008). 

 

The Stomoxys calcitrans (stable fly) which, just like the housefly, belongs to the 

Muscidae family of flies, is capable to take up the ASF virus (Guinat et al., 2016; 

Mellor et al., 1987). It has been shown that pigs fed with Stomoxys flies, which 

have fed on blood contaminated with the ASF virus, can become infected with ASF 

(Olesen et al., 2018). 

 

Parasites 

Cryptosporidium spp. 

Oocysts of the protozoa C. parvum were present in the intestinal tracts of housefly 

larvae that were reared on a contaminated substrate (Graczyk et al., 1999).  

 

Toxoplasma gondii 

Housefly larvae were able to acquire T. gondii oocysts from a substrate 

contaminated with T. gondii oocysts. Mice fed with these larvae were found to 

have a Toxoplasma infection (Wallace, 1971).  

 

 
55 PCR: polymerase chain reaction, a method for specifically multiplying (amplifying) one or more segments from 
very small amounts of genetic material. 
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The Toxoplasma and Cryptosporidium-related protozoans of the genus Gregarina 

(eugregarine) and Farinocystis tribolii (neogregarine) can occur in lesser 

mealworms (Apuya et al., 1994). These are the frequently occurring parasites of 

this insect species. The bird parasite Histomonas meleagridis can be found in 

lesser mealworms from farms where a histomonas outbreak has occurred and in 

experimentally infected lesser mealworms (Huber et al., 2007). 

 

Trichinella spp. 

No studies have been published on the presence of Trichinella in the insect larvae 

or their adults that are relevant to this advice. However, larvae of Sarcophaga 

argyrostoma (type of flesh fly) reared on meat infected with T. spiralis were able 

to infect mice (Maroli & Pozio, 2000). 

 

Prions 

No studies have been published on the presence of the TSEs relevant to this 

advice in the relevant insect larvae or their adults. However, the scrapie prion was 

detected in the larvae of a parasitic fly species (Oestris ovis) isolated from the 

nasal cavity of sheep with scrapie (Corona et al., 2006). 

 

In larvae of another parasitic fly species (S. carnaria) reared on brain tissue from 

scrapie-infected hamsters, not only could these prions be detected in the larvae 

but it was also demonstrated that ingestion of the internal organs of these larvae 

could cause clinical symptoms of scrapie in hamsters (Post et al., 1999). 

Mites - which are arthropods just like insects - originating from farms with a 

history of scrapie, can also transmit scrapie to mice (Rubenstein et al., 1998; 

Wisniewski et al., 1996) and thus cause scrapie in mice (Carp et al., 2000).  

These results suggest that insect larvae and mites may play a role in the spread 

of TSEs (Corona et al., 2006; Lupi, 2003; Lupi, 2005; Lupi, 2006). It cannot 

therefore be excluded that black soldier fly larvae, housefly larvae, mealworms 

and lesser mealworms may also be vectors of TSEs. 

Replication of prions in an insect is considered impossible because PrP molecules, 

the building blocks for prions, are not present in insects (Forrest, 2003) and 

because PrP-coding genes (PRNP) have not been identified in any insect or other 

invertebrate animal (Málaga-Trillo et al., 2011; Post et al., 1999). 

 

The above shows that a number of microorganisms relevant to this advice can be 

transmitted via the substrate to black soldier fly larvae, housefly larvae, 

mealworms and lesser mealworms and they can also remain biologically active. 

For prions, this transmission has only been demonstrated for larvae of a different 

fly species. 

 

Although scientific literature only provides evidence of the survival of 

Campylobacter spp., E. coli, Salmonella spp. and T. gondii and preservation of 

their capacity to infect black soldier fly larvae, housefly larvae, mealworms and 

lesser mealworms and does not provide a definitive answer on the potential 

survival of the other microbiological agents relevant to this advice, it is possible 

that these agents may be transmitted passively to animals fed with these insect 

larvae and form a risk to animal and public health.  

For C. jejuni, S. Java and E. coli, it has been shown that they not only survive in 

larvae during exposure to substrates contaminated with these bacteria, but that 

they can also survive in the larvae for a few days after exposure of larvae to 

substrates contaminated with these bacteria. It seems that they are not actively 
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replicating in the larvae and are only colonising the larvae temporarily. This could 

explain the decrease in Salmonella in larvae observed by Wynants et al. (2019) 

with respect to the substrate and substrate residue. 

Prions cannot replicate in insect larvae either. Insect larvae can, however, act as 

vectors of prions. It cannot therefore be excluded that black soldier fly larvae, 

housefly larvae, mealworms and lesser mealworms may also be vectors of TSEs. 

 

There is uncertainty about the extent to which the microbiological agents can be 

transmitted to the insect larvae (and also ultimately about the extent to which the 

microbiological agents can be transmitted to farm animals fed with these insects). 

During the processing of the insect larvae into animal feed raw material, the 

larvae are used in their entirety, as a result of which all microorganisms and 

prions present in the digestive tract and on the cuticle of the larvae may end up in 

the animal feed.  

As indicated earlier, it is not clear whether the concentration of bacteria in the 

insect larvae will be higher than, lower than or equal to that in the substrate. 

Nothing is known about the dynamics of the relevant viruses and parasites in the 

insect larvae. Prions cannot multiply in insect larvae. It is assumed that the 

degree of transmission of viruses, parasites and prions via passage in insects is at 

most equal to the degree of direct transmission of these pathogens via the direct 

feeding of FF to animals.  

The relative share of the pathogens in the animal feed depends on the relative 

share of the larvae in the feed after further processing of the larvae into feed 

(from whole insects to the processing of ground insects or insect protein into feed 

materials). 

 

Microbiological safety of larvae for the feed or food industry  

(Exposure assessment) 

Fresh and freeze-dried black soldier fly larvae, housefly larvae, yellow mealworms 

and lesser mealworms obtained from insect farms contain large numbers of 

bacteria. Values for the aerobic bacteria count lie between 7 and 9 log cfu/g, and 

for Enterobacteriaceae, this is 7 to 8 log cfu/g. The larvae contain 2 to 6 log cfu/g 

of endospores and up to 3 to 7 log cfu/g of moulds and yeasts (Agabou & Alloui, 

2010; BuRO, 2014; Caparros Megido et al., 2017; Caparros Megido et al., 2018; 

Greenberg, 1959; Kashiri et al., 2018; Klunder et al., 2012; Osimani et al., 2018; 

Stoops et al., 2016; Stoops et al., 2017; Vandeweyer et al., 2017a; Vandeweyer 

et al., 2017b; Wynants et al., 2017; Wynants et al., 2018a; Wynants et al., 

2018b). These analyses involved larvae that were reared on plant-based 

substrates consisting of residual and by-products from the food industry, which 

are similar to FF in terms of origin. Just like FF, they are no longer considered to 

be food intended for human consumption. 

 

Black soldier fly larvae reared in a laboratory experiment on vegetable and fruit 

waste, supermarket waste and restaurant waste of both plant and animal origin, 

chicken blood and chicken manure contained, per gram, 9 to 10 log cfu aerobic 

bacteria, 8 to 10 log cfu Enterobacteriaceae, 6 to 8 log cfu endospores and 4 to 7 

log cfu fungi (Wynants et al., 2018b). Three batches of commercially obtained 

black soldier fly larvae from this study had 1 to 2 log lower bacterial 

concentrations than larvae reared on waste substrates: approx. 8 log cfu/g 

aerobic bacteria, approx. 7.5 log cfu/g Enterobacteriaceae, 4 to 6 log cfu/g 

endospores and less than 3 to 5 log cfu/g fungi. 
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The concentration of Enterobacteriaceae in all the insect larvae analysed in all 

studies were well above legal microbial limits for Enterobacteriaceae in feed 

materials derived from animal by-products (300 cfu/g) (Table 5).  

 

Until now, no Salmonella spp., L. monocytogenes (BuRO, 2014; Garofalo et al., 

2017; Grabowski & Klein, 2017; Klunder et al., 2012; Osimani et al., 2018; 

Vandeweyer et al., 2015; Vandeweyer et al., 2017b), E. coli (Grabowski & Klein, 

2017) and STEC (Osimani et al., 2018) had been found in fresh or freeze-dried 

housefly larvae, yellow mealworms and lesser mealworms reared for the feed or 

food industry. A number of studies were based on DNA analyses.  

 

In dried larvae of the black soldier fly reared on barley chaff, average levels 

detected per gram were 5.9 log cfu of E. coli and 6.1 log cfu/g of Salmonella spp. 

With these levels, these larvae did not meet the legal microbiological limits for 

either Enterobacteriaceae or Salmonella spp.(Table 5). Listeria spp. were not 

detected (Kashiri et al., 2018). In the study by Grabowski and Klein (2017), no E. 

coli, L. monocytogenes and Salmonella spp. were found in commercially available 

black soldier fly larvae. Wynants et al. (2018b) also did not detect any  

L. monocytogenes and Salmonella spp. in seven batches of black soldier fly 

larvae. However, the rearing residue of one of the three batches of commercially 

available larvae did contain S. Agona (Wynants et al., 2108b). This suggests that 

this pathogen was either present in the initial substrate or had been excreted by 

the larvae. In black soldier fly larvae reared on food waste, calve forage or cooked 

rice, DNA of E. coli was detected (Jeon et al., 2011). 
 
Table 5.  
Microbiological standards for feed materials from derived products (Source: Regulation (EC) No. 
142/2001, Annex X, Chapter I)  
 

Microorganism Standard Additional requirementsa 

 
Enterobacteriaceae 

 
300 cfu/g 

 
n = 5, c = 2, m = 10, M = 300 

 
Salmonella spp. 

 
Absent in 25 g 

 
n = 5, c = 0, m = 0, M = 0 

a n = number of samples to be tested; m = threshold value for the number of bacteria; the result is considered 
satisfactory if the number of bacteria in all samples does not exceed; m; M = maximum value for the number of 
bacteria; the result is considered unsatisfactory if the number of bacteria in one or more samples is M or more; and 
c = number of samples the bacterial count of which may be between m and M, the sample still being considered 
acceptable if the bacterial count of the other samples is m or less. 

 
 
The studies described above show that fresh or freeze-dried larvae do not meet 

the microbiological standards applicable to Enterobacteriaceae in feed materials 
derived from animal by-products.  
With the exception of Salmonella, no pathogens have been found so far. However, 
there are too few studies to conclude that the other pathogens cannot occur in 

animal feed made from these insects.  

Larvae reared on waste substrates of animal and/or plant origin had 1 to 2 log 

higher bacterial counts than those reared on residual and by-products from the 

food industry. The latter are comparable in origin to FF. Just like FF, they are no 

longer considered to be food intended for human consumption. 
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What are the risks?  

(Risk characterisation) 

The microbiological risks to animal and public health, due to the use of larvae as 

animal feed raw material for farm animals, are mainly determined by the 

microbiological composition of the substrate (FF) and the vector competence of 

the larvae: i.e. the extent to which the microbiological contaminants that are 

present in the substrate can be passed on to farm animals by feeding them the 

larvae.  

This risk can be increased if the animal species that is fed with the insect larvae 

(including the gut) is the same animal species as that processed in the FF. In such 

cases, there is a question of intra-species recycling via passage in insects (see 

Box 1: Insects as animal feed and intra-species recycling). When infected animals 

are fed back (feedback loop) as FF to insects that are subsequently used again as 

animal feed raw material, animal pathogens can spread easily in animal 

populations. 

 

Box 1: Insects as animal feed and intra-species recycling  

 

Intra-species recycling or cannibalism refers to the feeding of material from a particular animal 

species to other animals within its own species. This allows the accumulation and/or amplification 

of known or as-yet-unknown species-specific infectious agents through the continuous recycling 

within a species sensitive to the agent in question (EC SSC, 1999a). 

 

A striking example of how intra-species recycling can lead to self-perpetuating epidemics is the 

aforementioned prion disease in BSE in cattle. Outbreaks of other animal diseases, such as swine 

fever, were also caused by intra-species recycling via feed from contaminated slaughter and food 

waste (swill made from e.g. meat product leftovers). It is theoretically possible that as-yet-unknown 

infectious agents can cause epidemics through intra-species recycling.  
When feeding animals with feed originating from insect larvae (including the gut) reared on a 

substrate in which material from their own species is present, there is - strictly speaking - no 

question of intra-species recycling or cannibalism. However, the recycling of species-specific 

infectious agents within a species may occur indirectly, via a so-called ‘two-species feedback loop’.  

 

This is a feedback loop where infectious material from an animal species is consumed by a second 

animal species, the tissue of which is again consumed by the first animal species. Insects are 

consumed in their entirety, so microbiological agents present in their digestive tracts are 

transmitted to animals that are fed with insect products. However, this does not necessarily imply 

that the second species will get infected. A BSE modelling study shows that, for a feedback loop 

(both one-species and two-species), there are critical combinations of the life span of the 

susceptible animal species, the extent of infectivity and the dose of infectious material that is fed 

back into the loop determine below which the number of infections in a population may decrease 

over time and eventually disappear and above which the infection may spread epidemically (as in 

the case of BSE) (Barnes & Lehman, 2013). The model shows that it is mathematically possible to 

spread BSE in a population via a two-species feedback loop. 

 

Since insect larvae can be vectors of microorganisms and prions, feeding animals with insects 

reared on a substrate containing FF derived from animals of the same animal species can therefore, 

via a two-species feedback loop, lead to an epidemic of a currently unknown pathogen as well as 

another BSE epidemic. As soon as the incidence among cattle reaches a certain threshold, the 

consumption of beef and products thereof also poses a health risk to humans. 
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However, there is uncertainty about the chance of this occurring. This depends on 

the lifespan of the susceptible animal species, the infectivity of the agents and the 

dose of infectious material that is fed back to an animal population. Moreover, the 

chance of the transmission and spread of infectious diseases is also uncertain. 

 

With respect to the inventory of the available information on the occurrence of 

microbiological agents in and on black soldier fly larvae, housefly larvae, yellow 

mealworms and lesser mealworms and the vector potential of these insect larvae, 

insufficient information is available for many combinations of pathogenic 

agents/insect larvae relevant to this advice to be able to make a proper 

assessment of the risk in terms of the vector potential of these insect larvae for 

the types of microbiological agents in question (bacteria, viruses, parasites and 

prions).  

However, based on the inventory, it is evident that different types of pathogenic 

microorganisms and prions can be transmitted from their growth substrate to the 

insect larvae that are reared on them and remain biologically active in the larvae. 

The vector potential of insect larvae to farm animals has also been shown for all 

these types of agents.  

 

Conclusion  

Feeding farm animals with feed produced from black soldier fly larvae, housefly 

larvae, yellow mealworms and lesser mealworms that have been reared on FF of 

plant and/or animal origin may entail microbiological risks to animal and public 

health. These risks may arise due to pathogenic microorganisms and prions that 

could be introduced into the insects via the FF.  

 

Microorganisms 

Pathogenic microorganisms may also pose a risk when FF of either plant or animal 

origin are used.  

 

Prions 

There is no risk of prions in insects fed with FF of completely plant origin and FF 

derived from dairy, eggs, honey, rendered fat, collagen and gelatine from non-

ruminant animal species. These products are free of prions. When using FF that 

contains products derived from animals other than those mentioned above (i.e. 

meat from non-ruminants, and fish, crustaceans and shellfish), the risk of prions 

is determined by the species of animal processed into the FF on which the insects 

are reared as well as the animal species fed with these insects.  

 

How can the risks be managed?  

Microorganisms 

As indicated earlier, whole insects are used as animal feed raw material, including 

their guts. An option for reducing the microbial contamination of the larvae could 

be to empty the gut contents before harvesting. This is a common step in the 

process for producing animal feed raw material from insect larvae. Starvation of 

yellow mealworms and lesser mealworms has no effect (Wynants et al., 2017; 

Wynants et al., 2018a). 

Washing mealworms and black soldier fly larvae is also not effective for reducing 

the amount of microbiological contamination (Van Linden et al., 2017; Wynants et 

al., 2017). 
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The microbiological risks of microorganisms can be limited by ensuring that the 

end product undergoes a germicidal treatment.  

 

Freezing and freeze-drying has hardly any effect on the microbial quality of insect 

larvae (mealworms) (FASFC, 2014).  

 

A number of studies on the effects of different methods of heating of yellow 

mealworms and lesser mealworms have been described. In these studies, the 

initial level of infection of these larvae was around 7-8 log cfu/g for the aerobic 

bacterial count and 6-7 log cfu/g for the Enterobacteriaceae count. 

 

Oven-drying (110 minutes at 90ºC) of yellow mealworms reduced the aerobic 

bacterial count by 2 log and the Enterobactericeae count by 3 log (FASFC, 2014) 

and roasting (10 minutes, temperature unknown) of yellow mealworms reduced 

these counts by 3 log and 4 log, respectively (Klunder et al., 2012). A wet heat 

treatment (boiling for 10 minutes) of these larvae was more effective, resulting in 

a reduction of the counts by 5 log and more than 7 log, respectively (Klunder et 

al., 2012). Blanching (40 seconds in boiling water) of yellow mealworms resulted 

in a reduction of the counts by more than 5 log and more than 6 log, respectively 

(Vandeweyer et al., 2017a). Blanching lesser mealworms in water at 90ºC 

(approximately 5 minutes) resulted in a reduction of the counts by 4 log and 6 

log, respectively (Wynants et al., 2018a). To meet the microbiological standard for 

Enterobacteriaceae in feed materials derived from animal by-products (Table 5), a 

reduction of >5 log from the initial contamination level is required. 

 

The bacterial pathogens relevant to this advice (Tables 3 and 4) are not spore 

formers, so a pasteurisation (which is a 5-6 log reduction of the most heat-

resistant organism) should be sufficient to reduce these bacteria to an acceptable 

level (Dijk, 2014).  

 

The ASF, CSF and FMD viruses, HEV, C. parvum and T. gondii and T. spiralis are 

inactivated at temperatures between 60 and 70ºC for one to five minutes (the 

higher the temperature, the shorter the time required for inactivation) (Anderson, 

1985; Dubey, 1998; Dubey et al., 1990; Feagins et al., 2008; Gubbins et al., 

2016; Kotula et al., 1983; Turner & Wiliams, 1999; Turner et al., 2000). An 

adequate germicidal treatment of the larvae can stop any indirect recycling of 

microorganisms from (former) foodstuffs via insect larvae to animal feed and the 

animals fed with this feed. 

 

Conclusion  

The microbiological risks arising from pathogenic microorganisms in insects reared 

on a substrate composed of FF of plant and/or animal origin can be adequately 

controlled via an effective germicidal treatment carried out while producing the 

end product. ‘Adequate control’ means that the end products meet the 

microbiological safety standards applicable to processed animal proteins and other 

feed materials derived from animal by-products.  

 

Prions 

Prions are extremely resistant to standard inactivation methods such as heat, 

radiation and chemicals (Sakudo et al., 2011). Even heating to 133°C for 20 

minutes at a pressure of 3 bar, which is the most stringent processing method 

required under EU legislation for processed animal proteins (Regulation (EC) No. 
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142/2011, Annex IV, Chapter III), only inactivates 2 log (RIVM-LCI, 2007). No 

suitable sterilisation techniques are currently available for the inactivation of 

prions in feed materials and food. 

  

Prions in insects can only be controlled by preventing their introduction into the 

insects via the substrate.  

Among farm animals and under natural conditions, TSEs only occur in ruminant 

farm animals, and lead to a fatal disease in both these ruminants and humans. In 

cattle, the majority of the BSE cases that are currently occurring are atypical BSE 

cases (EFSA, 2016b; EFSA, 2017b; EFSA, 2018b). The epidemiology of atypical 

BSE is still unclear (Requena et al., 2016; Tranulis et al., 2011) and experts in the 

field of TSEs expect these to remain present in the bovine population (Requena et 

al., 2016). 

Naturally-occurring prion diseases have not yet been detected in non-ruminant 

farm animals or in fish, crustaceans and shellfish. 

 

TSEs are controlled by implementing the applicable legislation and regulations to 

combat TSEs. As a result, not only has the incidence of BSE in the bovine 

population decreased (from more than 2000 cases in 2001 to 1 case in 2018) (EC 

ADNS, 2019), but the human disease burden of vCJD has also declined sharply. 

This has been achieved through the feed ban which (with a few exceptions) 

prohibits farm animals from being fed with other farm animals, thus preventing 

the accumulation of prions in populations of farm animals that may be susceptible 

to this. In addition, this is the result of the mandatory obligation to remove 

specified risk material (SRM) from the feed and food chain. SRM includes the 

spinal cord, brain, eyes, tonsils and parts of the intestines from ruminant farm 

animals. Together, these tissues are responsible for 99.7% of infectivity in a BSE 

case (EC SSC, 1999b). Lucker et al. (2011) have estimated the reduction of TSE 

infectivity through the removal of SRM to three orders of magnitude. As a result, 

there is only a very small chance of BSE being present in the feed and food chain. 

Prions may also occur in the muscle spindles of muscle fibres (Okada et al., 

2014). These are not homogeneously distributed in the muscle, but are 

concentrated around the tendon junctions, which form the least edible part of a 

muscle.  

 

The risk to humans is further limited by the species barrier. The species barrier is 

a transmission barrier that limits the spread of prions between different species of 

animals. The species barrier between cattle and humans is estimated at 4000 

(1=no species barrier) (EFSA BIOHAZ Panel, 2006). Inter-species transmissions of 

prions are very inefficient and have longer incubation times than intra-species 

transmissions (Béringue et al., 2008; Requena et al., 2016). Controlling human 

exposure to BSE is due to the low incidence of BSE in cattle, the removal of SRM 

from the feed and food chain and the species barrier. As a result, there is a 

negligible risk to humans for contracting vCJD after consuming beef and other 

ruminant meat. The EFSA BIOHAZ Panel considers the removal of SRM as the 

most important public health measure for controlling TSEs (EFSA BIOHAZ Panel, 

2014). 

However, there is no species barrier between ruminants, as a result of which 

intra-species recycling can also lead to TSEs in the bovine population via passage 

in insects.  
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Due to the species barrier between ruminants and non-ruminants, it is highly 

unlikely, although not impossible, that TSEs will be transmitted to non-ruminant 

farm animals via the consumption of ruminant meat and vice versa, and therefore 

also very unlikely , although not impossible, that this will occur via passage in 

insects. Since it is not possible to completely rule out this risk, current EU 

legislation concerning the feeding of ruminants and using ruminant products as 

feed must continue to be enforced. The chance of transmission of TSEs from non-

ruminants to non-ruminants is negligible as long there is no intra-species recycling 

(EFSA BIOHAZ Panel 2007a; EFSA BIOHAZ Panel, 2007b); this should also not 

occur via a two-species feedback loop with an insect in between. 

With both forms of intra-species recycling, there is uncertainty about the effect: 

the increase or decrease of prions in an animal population depends on the dose of 

infectious material that is reused as feed, the degree of infectivity of the agent 

and the lifespan of the susceptible animal species.  

Prion diseases have a long incubation period, as a result of which an infection of 

the population could go unnoticed until late in the process. For BSE, it has been 

calculated that, with the current level of surveillance 56, it will take at least 16 

years before a reintroduction of BSE can be detected. This allows the disease to 

spread easily unnoticed (EFSA BIOHAZ Panel, 2014). Given the severity of prion 

diseases and the possibility of them being discovered too late after the prions 

have already spread within a susceptible animal species population, it is important 

to avoid intra-species recycling not only among ruminants, but also among all 

farm animals. 

Given the aforementioned conditions for the safe use of FF as feed for farm 

animals, it is necessary to separate FF based on the type of animal protein 

processed into the FF. This traceability requirement relating to the origin of the 

food waste streams is difficult to guarantee, because there is limited insight into 

the previous links in the chain (Schripsema et al., 2015).  

 

Providing safeguards against the hazard also includes monitoring its occurrence. 

The EC therefore states that, the lifting of the ban on the use of processed animal 

proteins from non-ruminants in non-ruminant feed while maintaining the existing 

ban on reuse within the same species, would only be acceptable if validated 

analytical methods are available to identify the animal species from which the 

processed animal proteins in the feed is derived (EC, 2010). At present, validated 

methods are only available for the detection and identification of ruminant DNA in 

animal feed (Fumière et al., 2016).  

 

Conclusion 

When using substrates with animal components other than those originating from 

FF containing dairy, eggs, honey, rendered fat or FF containing collagen and 

gelatine from non-ruminant species (i.e. FF with meat from non-ruminants, and 

fish, crustaceans and shellfish), the risk of prions can be controlled by ensuring 

 
56 In countries or regions with a negligible BSE risk, surveillance procedures are set up such that, with an assumed 
prevalence of at least 1 case per 50,000, the population of adult bovine animals in the country or region in question 
can be identified with a 95% reliability (Regulation (EC) No. 999/2001 of the European Parliament and of the 
Council of 22 May 2001 laying down rules for the prevention, control and eradication of certain transmissible 
spongiform encephalopathies (extended feed ban or the TSE Regulation); OIE, 2019). 
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that the FF, which is used for feeding the insect larvae, does not contain any 

ruminant products; that the species fed with the feed produced from insects is not 

a ruminant; and that the non-ruminant animal species being fed is not the same 

as the non-ruminant animal species in the FF on which the insects are reared. 

 

Uncertainties 

The risk assessment of the chemical and microbiological risks of the use of FF-

reared black soldier fly larvae, housefly larvae, mealworms and lesser mealworms 

as animal feed raw material involves the following uncertainties:  

 

- There are no studies available on the accumulation potential with respect to all 

the relevant combinations of insect larvae/chemical agents. 

- There are no studies available on the vector potential with respect to all the 

relevant combinations of insect larvae/microbiological agents.  

- The extent of transmission of microbiological agents from the substrate to the 

insect larvae is unknown. 

- Data on the occurrence of chemical and microbiological agents in the insect 

larvae is very limited: data is not available for all agent/pathogen combinations.  

- There is no information about the possible formation of process contaminants 

during processing into animal feed raw material.  

- There is uncertainty about the effect (increase or decrease of microbiological 

agents in the population) of feeding farm animals with insect larvae that have 

been reared on FF containing meat, fish, crustaceans and shellfish belonging to 

the same animal species. This depends on the dose of infectious material that is 

recycled, the infectivity of the agent and the lifespan of the susceptible species.  

- There is no information about the extent and frequency of the use of the insect 

larvae as animal feed raw material. At present, only the use of the larvae as 

feed for aquaculture is permitted (and where the FF, with which larvae may be 

fed directly, must be of completely non-animal origin, with the exception of FF 

derived from dairy, eggs, honey, rendered fat, and FF derived from collagen or 

gelatine from non-ruminants).  

- There are no epidemiological data on incidents and outbreaks of disease caused 

by the use of insect larvae as animal feed (raw material).  



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 46 of 60 
 

Literature57 

Abado-Becognee K, et al. (1998) Effects of fumonisin B1 on growth and 

metabolism of larvae of the yellow mealworm, Tenebrio molitor. Entomol Exp 

Appl 86, 135-143. 

Adámková A, et al. (2017) Welfare of the mealworm (Tenebrio molitor) breeding 

with regard to nutrition value and food safety. Potravinarstvo Slovak J Food Sci 

11, 460-465.  

Adamse P, et al. (2015) Concentrations of dioxins and dioxin-like PCBs in feed 

materials in the Netherlands, 2001–11. Food Add Contam Part A 32, 1301-

1311. 

Adamse P, et al. (2017a) Cadmium, lead, mercury and arsenic in animal feed and 

feed materials–trend analysis of monitoring results. Food Add Contam Part A 

34, 1298-1311. 

Adamse P, et al. (2017b) Levels of dioxins and dioxin-like PCBs in food of animal 

origin in the Netherlands during the period 2001-2011. Food Add Cont Part A 

34, 78-92.  

Agabou A & Alloui N (2010) Importance of Alphitobius diaperinus (Panzer) as a 

reservoir for pathogenic bacteria in Algerian broiler houses. Vet World 3, 71-73. 

Anderson BC (1985) Moist heat inactivation of Cryptosporidium spp. Am J Public 

Health 75, 1433-1434. 

ANSES (French Agency for Food, Environmental and Occupational Health & 

Safety) (2015) Opinion on the use of insects as food and feed and the review of 

scientific knowledge on the health risk related to the consumption of insects. 

Request No. 2014-SA-0153. Retrieved from 

https://www.anses.fr/en/system/files/BIORISK2014sa0153EN.pdf. 

Apuya LC, et al. (1994) Prevalence of protozoan infections in darkling beetles from 

poultry houses in North Carolina. J Invertebr Pathol 63, 255-259. 
Aspinall EJ, et al. (2017) Hepatitis E virus infection in Europe: Surveillance and 

descriptive epidemiology of confirmed cases, 2005 to 2015. Euro Surveill 22, 

pii=30561. Retrieved from 

https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/22/26/eur

osurv-22-26-

3.pdf?expires=1549635848&id=id&accname=guest&checksum=614828A66067

D5AF32D403D8FA14DBEF. 

Bacci C, et al. (2019) Occurrence and antimicrobial profile of bacterial pathogens 

in former foodstuff meat products used for pet diets. J Food Protect 82, 316–

324.  

Barlow JS (1966) Effects of diet on the composition of body fat in Musca 

domestica L. Can J Zool 44, 775-779. 

Bahrndorff S, et al. (2014) The effects of temperature and innate immunity on 

transmission of Campylobacter jejuni (Campylobacterales: 

Campylobacteraceae) between life stages of Musca domestica (Diptera: 

Muscidae). J Med Entomol 51, 670-677. 

Barnes R & Lehman C (2013) Modeling of bovine spongiform encephalopathy in a 

two-species feedback loop. Epidemics 5, 85-91.  

Bednarska AJ & Świątek Z (2016) Subcellular partitioning of cadmium and zinc in 

mealworm beetle (Tenebrio molitor) larvae exposed to metal-contaminated 

flour. Ecotoxicol Environ Safety 133, 82-89. 

 
57 Web page links have been checked on 27/8/2019. 

https://www.anses.fr/en/system/files/BIORISK2014sa0153EN.pdf
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/22/26/eurosurv-22-26-3.pdf?expires=1549635848&id=id&accname=guest&checksum=614828A66067D5AF32D403D8FA14DBEF
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/22/26/eurosurv-22-26-3.pdf?expires=1549635848&id=id&accname=guest&checksum=614828A66067D5AF32D403D8FA14DBEF
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/22/26/eurosurv-22-26-3.pdf?expires=1549635848&id=id&accname=guest&checksum=614828A66067D5AF32D403D8FA14DBEF
https://www.eurosurveillance.org/docserver/fulltext/eurosurveillance/22/26/eurosurv-22-26-3.pdf?expires=1549635848&id=id&accname=guest&checksum=614828A66067D5AF32D403D8FA14DBEF


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 47 of 60 
 

Belluco S, et al. (2013) Edible insects in a food safety and nutritional perspective: 

A critical review. Comp Rev Food Sci Food Safety 12, 296-313. 

Béringue V, et al. (2008) Prion diversity and species barrier. Vet Res 39, 47. 

Biancarosa I, et al. (2018) Uptake of heavy metals and arsenic in black soldier fly 

(Hermetia illucens) larvae grown on seaweed-enriched media. J Sci Food Agric 

98, 2176-2183. 

Blackwell JH (1976) Survival of foot-and-mouth disease virus in cheese. J Dairy 

Sci 59, 1574-1579.  

Blome S, et al. (2017) Classical swine fever—an updated review. Viruses 9, 1-24. 

Bosch G, et al. (2017) Aflatoxin B1 tolerance and accumulation in black soldier fly 

larvae (Hermetia illucens) and yellow mealworms (Tenebrio molitor). Toxins 9, 

185. 

Bouxin A (2102) Feed use of former foodstuffs. Converting food into food. 

Retrieved from https://ec.europa.eu/food/sites/food/files/safety/docs/adv-

grp_wg_20121005_pres_2_fefac.pdf. 

Brewer LW, et al. (2003) Chlorpyrifos residue levels in avian food items following 

applications of a commercial EC formulation to alfalfa and citrus. Pest Manag Sci 

59, 1179-1190. 

Brown VR & Bevins SN (2018) A review of African swine fever and the potential 

for introduction into the United States and the possibility of subsequent 

establishment in feral swine and native ticks. Front Vet Sci 5, 11. 

Bruce ME, et al. (1997) Transmissions to mice indicate that ‘new variant’ 

 CJD is caused by the BSE agent. Nature 389, 498–501. 

Bruno D, et al. (2019) The Intestinal microbiota of Hermetia illucens larvae is 

affected by diet and shows a diverse composition in the different midgut 

regions. Appl Environ Microbiol 85, e01864-18.  

Bryant EH & Cowles JR (2000) Differential responses of wild and laboratory strains 

of the housefly to PCBs. J Chem Ecol 26, 1001-1011. 
Bulak P (2018) Hermetia illucens as a new and promising species for use 

in entomoremediation. Sci Total Environ 633, 912–919. 

BuRO (2006) Advies over tolerantiegrens van verpakkingsmaterialen in 

diervoedergrondstof [Advice on tolerance limit of packaging materials in animal 

feed raw material]. The Netherlands Food and Consumer Product Safety 

Authority, Office for Risk Assessment & Research, 18 December 2006.  

BuRO (2011) Advies over alternatief gebruik van voormalige voedingsmiddelen 

[Advice on alternative use of former foodstuffs]. The Netherlands Food and 

Consumer Product Safety Authority, Office for Risk Assessment & Research, 22 

March 2011.  

BuRO (2014) Advisory report on the risks associated with the consumption of 

mass-reared insects. The Netherlands Food and Consumer Product Safety 

Authority, Office for Risk Assessment & Research, 15 October 2014. Retrieved 

from https://english.nvwa.nl/about-us/office-for-risk-assessment--research. 

Camenzuli L, et al. (2018) Tolerance and excretion of the mycotoxins aflatoxin B1, 

zearalenone, deoxynivalenol, and ochratoxin A by Alphitobius diaperinus and 

Hermetia illucens from contaminated substrates. Toxins 10, 91. 

Caparros Megido R, et al. (2017) Microbiological load of edible insects found in 

Belgium. Insects 8, 12. 

Caparros Megido R, et al. (2018) Effect of household cooking techniques on the 

microbiological load and the nutritional quality of mealworms (Tenebrio molitor 

L. 1758). Food Res Int 106, 503-508. 

Carp RI, et al. (2000) Characteristics of scrapie isolates derived from hay mites. J 

Neurovirol 6, 137-144. 

https://ec.europa.eu/food/sites/food/files/safety/docs/adv-grp_wg_20121005_pres_2_fefac.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/adv-grp_wg_20121005_pres_2_fefac.pdf
https://english.nvwa.nl/about-us/office-for-risk-assessment--research


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 48 of 60 
 

Cazemier AE, et al. (1997) Bacteria in the intestinal tract of different species of 

arthropods. Microb Ecol 33, 189-197. 

Charlton AJ, et al. (2015) Exploring the chemical safety of fly larvae as a source of 

protein for animal feed. J Insect Food Feed 1, 7-16.  

Čičková H, et al. (2015) The use of fly larvae for organic waste treatment. Waste 

Manag 35, 68-80. 

Chaudhury MF, et al. (2008) Screwworms, Cochliomyia hominivorax, reared for 

mass release do not carry and spread foot-and-mouth disease virus and 

classical swine fever virus. J Insect Sci 8, 62. 

Cheville NF, et al. (1989) Uptake and excretion of Brucella abortus in tissues of 

the face fly (Musca autumnalis). Am J Vet Res 50, 1302-1306. 

Clark DR (1978) Uptake of dietary PCB by pregnant big brown bats (Eptesicus 

fuscus) and their foetuses. Bull Environ Contam Toxicol 19, 707–714. 

Clark DR & Prouty RM (1977) Experimental feeding of DDE and PCB to female big 

brown bats (Eptesicus fuscus). J Toxicol Environ Health 2, 917–928. 

Clark DR & Stafford CJ (1981) Effects of DDE and PCB (Aroclor 1260) on 

experimentally poisoned female little brown bats (Myotis lucifugus): lethal brain 

concentrations. J Toxicol Environ Health 7, 925–934. 

Corona C, et al. (2006) Could Oestrus ovis act as a vector for scrapie? Abstracts 

Prion 2006, Torino 4-6 October 2006, p 133. 

Crippen TL, et al. (2012) Transient gut retention and persistence of Salmonella 

through metamorphosis in the lesser mealworm, Alphitobius diaperinus 

(Coleoptera: Tenebrionidae). J Appl Microbiol 112, 920-926. 

Dawson D (2005) Foodborne protozoan parasites. Int J of Food Microbiol 103, 

207–227. 

Dee SA, et al. (2018) Survival of viral pathogens in animal feed ingredients under 

transboundary shipping models. PLoS ONE 13, e0194509. 

De Smet J, et al. (2018) Microbial community dynamics during rearing of black 

soldier fly larvae (Hermetia illucens) and its impact on exploitation potential  

Appl Environ Microbiol 84, 202722-17.  
Despins JL, et al. (1994) Transmission of enteric pathogens of turkeys by darkling 

beetle larva (Alphitobius diaperinus). J Appl Poultry Res 3, 61-65. 

Diener S, et al. (2009) Conversion of organic material by black soldier fly larvae: 

establishing optimal feeding rates. Waste Manag Res 27, 603-610. 

Diener S, et al. (2011) Biological treatment of municipal organic waste using black 

soldier fly larvae. Waste Biomass Valor 2, 357-363.  

Diener S, et al. (2015) Bioaccumulation of heavy metals in the black soldier fly, 

Hermetia illucens, and effects on its life cycle. J Insect Food Feed 1, 261-270. 

Dijk R (2014) Safe food (Veilig voedsel). Microbiologische principes, chemische en 

fysische factoren, tweede druk [Microbiological principles, chemical and physical 

factors, second edition]. Boom Lemma uitgevers, The Hague. 

Dillon RJ & Charnley K (2002) Mutualism between the desert locust Schistocerca 

gregaria and its gut microbiota. Res Microbiol 153, 503-509. 

Doherr MG (2003) Bovine spongiform encephalopathy (BSE) Infectious, 

contagious or production disease? Acta Vet Scand Suppl 98, 33-42.  

Dubey JP (1998) Toxoplasma gondii oocyst survival under defined temperatures. J 

Parasitol 84, 862-865. 

Dubey JP, et al. (1990) Effect of high temperature on infectivity of Toxoplasma 

gondii tissue cysts in pork. J Parasitol 76, 201-204. 

EC (European Commission) (2010) Communication from the Commission to the 

European Parliament and the Council. The TSE Roadmap 2 - A Strategy Paper 

on Transmissible Spongiform Encephalopathies for 2010-2015. Brussels, 16 



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 49 of 60 
 

December 2010. COM(2010)384. Retrieved from https://eur-

lex.europa.eu/legal-content/en/TXT/PDF/?uri=CELEX:52010DC0384&rid=1. 

EC (2015) Communication from the Commission to the European Parliament, the 

Council, the European Economic and Social Committee and the Committee of 

the Regions. Closing the Loop - An EU action plan for the Circular Economy. 

Brussels, 2 December 2015. COM(2015)614. Retrieved from https://eur-

lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-

01aa75ed71a1.0012.02/DOC_1&format=PDF. 

EC ADNS (Animal Disease Notification System) (2019) Retrieved from  

https://ec.europa.eu/food/animals/animal-diseases/not-system_en. 

EC (2019) EU Pesticides Database. Retrieved from 

http://ec.europa.eu/food/plant/pesticides/eu-pesticides-

database/public/?event=homepage&language=EN. 

ECDC (European Centre for Disease Prevention and Control) (2017) Hepatitis E in 

the EU/EEA, 2005–2015. Baseline assessment of testing, diagnosis, surveillance 

and epidemiology. ECDC Surveillance Report. Stockholm. Retrieved from 

https://ecdc.europa.eu/sites/portal/files/documents/HEV_Surveillance-report-

2005-2015.pdf. 

EC SSC (Scientific Steering Committee) (1999a) Intra-species recycling – Opinion 

on: the risk borne by recycling animal by-products as feed with regard to 

propagating TSE in non-ruminant farmed animals. Retrieved from 

https://ec.europa.eu/food/sites/food/files/safety/docs/sci-

com_ssc_out60_en.pdf. 

EC SCC (1999b) Opinion on the Human Exposure Risk (HER) via food with respect 

to BSE. Retrieved from 

https://ec.europa.eu/food/sites/food/files/safety/docs/sci-

com_ssc_out67_en.pdf. 

EFFPA (European Former Foodstuff Processors Association) (2014) What are 

former foodstuffs? Retrieved from https://www.effpa.eu/what-are-former-

foodstuffs/. 

EFSA (European Food Safety Authority) (2012) Update of the monitoring of levels 

of dioxins and PCBs in food and feed. EFSA J 10, 2832. 

doi:10.2903/j.efsa.2012.2832. 

EFSA (2016a) Report for 2014 on the results from monitoring of veterinary 

medicinal product residues and other substances in live animals and animal 

products. EFSA Supporting publication 2016: EN-923. Retrieved from 

https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/sp.efsa.2016.EN-923. 

EFSA (2016b) The European Union summary report on data of the surveillance of 

ruminants for the presence of transmissible spongiform encephalopathies 

(TSEs) in 2015. Boelaart F, et al. EFSA J 14, 4643. 

EFSA (2017a) The 2015 European Union report on pesticide residues in food. 

EFSA J 15, 4791. 

EFSA (2017b) Scientific report on the European Union summary report on 

surveillance for the presence of transmissible spongiform encephalopathies 

(TSE) in 2016. EFSA J 15, 5069. 

EFSA (2017c) Report for 2015 on the results from the monitoring of veterinary 

medicinal product residues and other substances in live animals and animal 

products. EFSA Supporting publication 2017;14(11):EN-1150. 69 pp. 

doi:10.2903/sp.efsa.2017.EN-1150. 

EFSA (2018a) Report for 2016 on the results from the monitoring of veterinary 

medicinal product residues and other substances in live animals and animal 

https://eur-lex.europa.eu/legal-content/en/TXT/PDF/?uri=CELEX:52010DC0384&rid=1
https://eur-lex.europa.eu/legal-content/en/TXT/PDF/?uri=CELEX:52010DC0384&rid=1
https://eur-lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-01aa75ed71a1.0012.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-01aa75ed71a1.0012.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-01aa75ed71a1.0012.02/DOC_1&format=PDF
https://ec.europa.eu/food/animals/animal-diseases/not-system_en
http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=homepage&language=EN
http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=homepage&language=EN
https://ecdc.europa.eu/sites/portal/files/documents/HEV_Surveillance-report-2005-2015.pdf
https://ecdc.europa.eu/sites/portal/files/documents/HEV_Surveillance-report-2005-2015.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_ssc_out60_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_ssc_out60_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_ssc_out67_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_ssc_out67_en.pdf
https://www.effpa.eu/what-are-former-foodstuffs/
https://www.effpa.eu/what-are-former-foodstuffs/
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/sp.efsa.2016.EN-923


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 50 of 60 
 

products. EFSA supporting publication 2018:EN-1358. 75 pp. 

doi:10.2903/sp.efsa.2018.EN-1358. 

EFSA (2018b) Scientific report on the European Union summary report on 

surveillance for the presence of transmissible spongiform encephalopathies 

(TSE) in 2017. EFSA J 16, 5492.  
EFSA BIOHAZ Panel (2006) Opinion on the quantitative assessment of the human 

BSE risk posed by gelatine with respect to residual BSE risk. EFSA J 312, 1-29. 

EFSA BIOHAZ Panel (2007a) Opinion on a request from the European Parliament 

on the assessment of the health risks of feeding of ruminants with fishmeal in 

relation to the risk of TSE. EFSA J 443, 1-26. 

EFSA BIOHAZ Panel (2007b) Opinion on a request from the European Parliament 

on certain aspects related to the feeding of animal proteins to farm animals. 

EFSA J 576, 1-41.  

EFSA BIOHAZ Panel (2014) Scientific Opinion on BSE risk in bovine intestines and 

mesentery. EFSA J 12, 3554. 

EFSA SC (Scientific Committee) (2015) Scientific Opinion on a risk profile related 

to production and consumption of insects as food and feed. EFSA J 13, 4257. 

EFSA & ECDC (2018) The European Union summary report on trends and sources 

of zoonoses, zoonotic agents and food-borne outbreaks in 2017. EFSA J 16, 

5500.  

Eilenberg J, et al. (2015) Diseases in insects produced for food and feed. J Insects 

Food Feed 1, 87-102. 

Emerson SU, et al. (2005) Thermal stability of hepatitis E virus. J Infect Dis 192, 

930-933. 

Engel P & Moran NA (2013) The gut microbiota of insects – diversity in structure 

and function. FEMS Ann Rev 37, 699-735. 

Erens J, et al. (2012) A bug’s life: Large-scale insect rearing in relation to animal 

welfare. Wageningen UR Project 1052. Retrieved from http://venik.nl/site/wp-

content/uploads/2013/06/Rapport-Large-scale-insect-rearing-in-relation-to-

animal-welfare.pdf.  

Erickson MC, et al. (2004) Reduction of Escherichia coli O157:H7 and Salmonella 

enterica serovar Enteritidis in chicken manure by larvae of the black soldier fly. 

J Food Prot 67, 685-690. 

FAO (Food and Agriculture Organization) & WHO (World Health Organization) 

(2015) Codex Alimentarius Commission. Procedural manual. 24th edition. 

Retrieved from http://www.fao.org/3/a-i5079e.pdf. 

FAO & WHO (2019) Codex Alimentarius Pesticide Index. Retrieved from 

http://www.fao.org/fao-who-codexalimentarius/codex-

texts/dbs/pestres/pesticides/en/. 

FASFC (Belgian Federal Agency for the Safety of the Food Chain) (2014) Food 

safety aspects of insects intended for human. Advice of the Scientific 

Committee of the FASFC and the Board of the Superior Health Council. 

Retrieved from http://www.favv-

afsca.fgov.be/scientificcommittee/opinions/2014/_documents/Advice14-

2014_ENG_DOSSIER2014-04.pdf. 

Fedhila S, et al. (2010) Comparative analysis of the virulence of invertebrate and 

mammalian pathogenic bacteria in the oral insect infection model Galleria 

mellonella. J Invertebr Pathol 103, 24–29. 

Feagins AR, et al. (2008) Inactivation of infectious hepatitis E virus present in 

commercial pig livers sold in local grocery stores in the United States. Int J 

Food Microbiol 123, 32-37. 

http://venik.nl/site/wp-content/uploads/2013/06/Rapport-Large-scale-insect-rearing-in-relation-to-animal-welfare.pdf
http://venik.nl/site/wp-content/uploads/2013/06/Rapport-Large-scale-insect-rearing-in-relation-to-animal-welfare.pdf
http://venik.nl/site/wp-content/uploads/2013/06/Rapport-Large-scale-insect-rearing-in-relation-to-animal-welfare.pdf
http://www.fao.org/3/a-i5079e.pdf
http://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticides/en/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticides/en/
http://www.favv-afsca.fgov.be/scientificcommittee/opinions/2014/_documents/Advice14-2014_ENG_DOSSIER2014-04.pdf
http://www.favv-afsca.fgov.be/scientificcommittee/opinions/2014/_documents/Advice14-2014_ENG_DOSSIER2014-04.pdf
http://www.favv-afsca.fgov.be/scientificcommittee/opinions/2014/_documents/Advice14-2014_ENG_DOSSIER2014-04.pdf


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 51 of 60 
 

Ferri M, et al. (2019) Insects as feed and human food and the public health risk – 

a review. Berl Münch Tierärztl Wochenschr 2019, advance online publication. 

Retrieved from https://www.fve.org/cms/wp-

content/uploads/BMTW_AOP_18064_Ferri_Gabrowski_Proscia.pdf. 

Fischer OA, et al. (2004) Beetles as possible vectors of infections caused by 

Mycobacterium avium species. Vet Microbiol 102, 247-255. 

Forrest RA (2003) Chronic Wasting Disease: a working hypothesis: the agent and 

its transmission. Novel Vectors. Retrieved from 

http://www.stopcwd.org/library/cwd_paper2.pdf.  

Forth JH, et al. (2018) Evaluation of blowfly larvae (Diptera: Calliphoridae) as 

possible reservoirs and mechanical vectors of African swine fever virus. 

Transbound Emerg Dis 65, e210-e213. 

Fumière O, et al. (2016) Validation study of a real-time PCR method developed by 

TNO Triskelion bv for the detection of ruminant DNA in feedingstuffs. European 

Union Reference Laboratory for Animal Proteins in feedingstuffs. Walloon 

Agricultural Research Centre. Retrieved from 

http://eurl.craw.eu/img/page/interlaboratory/Ruminant%20Validation%20Stud

y%20-%20final%20version%201.0.pdf. 
Gabler F (2014) Using black soldier fly for waste recycling and effective 

Salmonella spp. reduction. Thesis. Swedish University of Agricultural Sciences. 

Retrieved from https://www.slu.se/globalassets/ew/org/inst/energy-

technology/research/environmental-engineering/kretsloppsteknik/cecilia-

l/gabler-2014-using-black-soldier-fly-for-waste-recycling-and-effective-

salmonella-spp.-reduction.pdf 

Gaffigan M (2017) Is insect protein a sustainable alternative to soy 

and fishmeal in poultry feed? Thesis. University of Colorado. Retrieved from 

http://scholar.colorado.edu/cgi/viewcontent.cgi?article=2622&context=honr_th

eses. 

GD (GD Animal Health) (2019) Informatie over dierziekten [Information on animal 

diseases]. Retrieved from https://www.gddiergezondheid.nl/dierziekten. 

Gao Y, et al. (2013) Enantiomerization and enantioselective bioaccumulation of 

benalaxyl in Tenebrio molitor larvae from wheat bran. J Agric Food Chem 61, 

9045-9051. 

Gao Y, et al. (2014) Enantiomerization and enantioselective bioaccumulation of 

metalaxyl in Tenebrio molitor larvae. Chirality 26, 88-94. 

Gao Q, et al. (2017) Influences of chromium and cadmium on the development of 

black soldier fly larvae. Environ Sci Pollut Res 24, 8637-8644. 

Garofalo C, et al. (2017) The microbiota of marketed processed edible insects as 

revealed by high-throughput sequencing. Food Microbiol 62, 15-22. 

Grabowski NT & Klein G (2017) Microbiology of processed edible insect products – 

Results of a preliminary survey. Int J Food Microbiol 243, 103-107. 

Graczyk TK, et al. (1999) House flies (Musca domestica) as transport hosts of 

Cryptosporidium parvum. Am J Trop Med Hyg 61, 500-504. 

Greenberg, B (1959) Persistence of bacteria in the developmental stages of the 

housefly. II. Quantitative study of the host-contaminant relationship in flies 

breeding under natural conditions. Am J Trop Med Hyg 8, 412-416.  
Gubbins S, et al. (2016) Thermal inactivation of foot and mouth disease virus in 

extruded pet food. Rev Sci Tech Off Int Epiz 35, 965-972. 

Guinat C, et al. (2016) Transmission routes of African swine fever virus to 

domestic pigs: Current knowledge and future research directions. Vet Rec 178, 

262-267.  

https://www.fve.org/cms/wp-content/uploads/BMTW_AOP_18064_Ferri_Gabrowski_Proscia.pdf
https://www.fve.org/cms/wp-content/uploads/BMTW_AOP_18064_Ferri_Gabrowski_Proscia.pdf
http://www.stopcwd.org/library/cwd_paper2.pdf
http://eurl.craw.eu/img/page/interlaboratory/Ruminant%20Validation%20Study%20-%20final%20version%201.0.pdf
http://eurl.craw.eu/img/page/interlaboratory/Ruminant%20Validation%20Study%20-%20final%20version%201.0.pdf
https://www.slu.se/globalassets/ew/org/inst/energy-technology/research/environmental-engineering/kretsloppsteknik/cecilia-l/gabler-2014-using-black-soldier-fly-for-waste-recycling-and-effective-salmonella-spp.-reduction.pdf
https://www.slu.se/globalassets/ew/org/inst/energy-technology/research/environmental-engineering/kretsloppsteknik/cecilia-l/gabler-2014-using-black-soldier-fly-for-waste-recycling-and-effective-salmonella-spp.-reduction.pdf
https://www.slu.se/globalassets/ew/org/inst/energy-technology/research/environmental-engineering/kretsloppsteknik/cecilia-l/gabler-2014-using-black-soldier-fly-for-waste-recycling-and-effective-salmonella-spp.-reduction.pdf
https://www.slu.se/globalassets/ew/org/inst/energy-technology/research/environmental-engineering/kretsloppsteknik/cecilia-l/gabler-2014-using-black-soldier-fly-for-waste-recycling-and-effective-salmonella-spp.-reduction.pdf
http://scholar.colorado.edu/cgi/viewcontent.cgi?article=2622&context=honr_theses
http://scholar.colorado.edu/cgi/viewcontent.cgi?article=2622&context=honr_theses
https://www.gddiergezondheid.nl/dierziekten


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 52 of 60 
 

Guo Z, et al. (2014) Effect of fungal colonization of wheat grains with Fusarium 

spp. on food choice, weight gain and mortality of meal beetle larvae (Tenebrio 

molitor). PLoS ONE 9, e100112. 

Hakman A, et al. (2013) Toelatingsprocedure voor insecten als mini-vee. Het 

plaatsen van nieuwe insectensoorten op de lijst voor productie te houden dieren 

[Authorisation procedure for use of insects as mini-livestock. Adding new types 

of insects to the list for animals kept for production.] Wageningen University & 

Research (WUR), commissioned by the Ministry of Economic Affairs. Retrieved 

from http://edepot.wur.nl/353333.  
Harris KF & Maramorosch K (1980) Vectors of plant pathogens. Academic Press, 

New York. 

Havelaar AH, et al. (2015) World Health Organization global estimates and 

regional comparisons of the burden of foodborne disease in 2010. PLoS Med 12, 

e1001923. 

Hazeleger WC, et al. (2008) Darkling beetles (Alphitobius diaperinus) and their 

larvae as potential vectors for the transmission of Campylobacter jejuni and 

Salmonella enterica serovar Paratyphi B variant Java between successive broiler 

flocks. Appl Environ Microbiol 74, 6887-6891. 

Hilkens W & de Klerk B (2016) Insectenkweek: kleine sector, grote kansen [Insect 

farming: small sector, big opportunities]. ABN AMRO and Brabantse 

Ontwikkelingsmaatschappij Report. Retrieved from 

https://insights.abnamro.nl/2016/12/insectenkweek/.  

Hoffmann S, et al. (2017) Attribution of global foodborne disease to specific foods: 

Findings from a World Health Organization structured expert elicitation. PLoS 

ONE 12, e0183641. 

Hogsette JA (1992a) Autoseparation method for harvesting house fly (Diptera: 

Muscidae) pupae of known age. J Econ Entomol 85, 2295-2297. 

Hogsette JA (1992b) New diets for production of house flies and stable flies 

(Diptera: Muscidae) in the laboratory. J Econ Entomol 85, 2291-2294. 

Houbraken M, et al. (2016) Pesticide contamination of Tenebrio molitor 

(Coleoptera: Tenebrionidae) for human consumption. Food Chem 201, 264-269.  

Huber, K et al. (2007) A preliminary study of natural and experimental infection of 

the lesser mealworm Alphitobius diaperinus (Coleoptera: Tenebrionidae) with 

Histomonas meleagridis (Protozoa: Sarcomastigophora). Avian Path 36, 279-

282.  

Hussein M, et al. (2017) Sustainable production of housefly (Musca domestica) 

larvae as a protein-rich feed ingredient by utilizing cattle manure. PLoS ONE 12, 

e0171708.  

Inouye LS, et al. (2007) Assessment of lead uptake in reptilian prey species. 

Chemosphere 68, 1591-1596. 

IPIFF (International Platform of insects as food and feed) (2019) Draft EU guide 

on good hygiene practices for producers of insects as food and feed. Retrieved 

03032019 from http://ipiff.org/wp-

content/uploads/2019/02/IPIFF_Guide_A4_2019-v4-separate-2.pdf. 
Jeon H, et al. (2011) The intestinal bacterial community in the food waste-

reducing larvae of Hermetia illucens. Curr Microbiol 62, 1390-1399. 

Jongema Y (2017) List of edible insects of the world (April 1, 2017). Retrieved 

from https://www.wur.nl/en/Expertise-Services/Chair-groups/Plant-

Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list.htm. 
Jung J, et al. (2014) Gut microbiota of Tenebrio molitor and their response to 

environmental change. J Microbiol Biotechnol 24, 888-897. 

http://edepot.wur.nl/353333
https://insights.abnamro.nl/2016/12/insectenkweek/
http://ipiff.org/wp-content/uploads/2019/02/IPIFF_Guide_A4_2019-v4-separate-2.pdf
http://ipiff.org/wp-content/uploads/2019/02/IPIFF_Guide_A4_2019-v4-separate-2.pdf
https://www.wur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list.htm
https://www.wur.nl/en/Expertise-Services/Chair-groups/Plant-Sciences/Laboratory-of-Entomology/Edible-insects/Worldwide-species-list.htm


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 53 of 60 
 

Kashiri M, et al. (2018) Use of high hydrostatic pressure to inactivate natural 

contaminating microorganisms and inoculated E. coli O157:H7 on Hermetia 

illucens larvae PLoS ONE 13, e0194477.  

Keiding J & Arevad K (1964) Procedure and equipment for rearing large number of 

house fly strains. Bull World Health Organ 31, 527-528. 

Kirk MD, et al. (2015) World Health Organization estimates of the global and 

regional disease burden of 22 foodborne bacterial, protozoal, and viral diseases, 

2010: A Data Synthesis. PLoS Med 12, e1001921. 

Klunder HC, et al. (2012) Microbiological aspects of processing and storage of 

edible insects. Food Control 26, 628-631. 

Kobayashi M, et al. (1999) Houseflies: Not simple mechanical vectors of 

enterohemorrhagic Escherichia coli O157:H7. Am J Trop Med Hyg 61, 625-629. 

Kotula AW, et al. (1983) Trichinella spiralis: Effect of high temperature on 

infectivity in pork. Exp Parasitol 56, 15-19.  

Krinsky WL (1976) Animal disease agents transmitted by horse flies and deer flies 

(diptera: tabanidae). J Med Entomol 13, 225-275. 

Lalander C, et al. (2016) Fate of pharmaceuticals and pesticides in fly larvae 

composting. Sci Total Environ 565, 279-286. 

Latney LV, et al. (2017) Effects of various diets on the calcium and phosphorus 

composition of mealworms (Tenebrio molitor larvae) and superworms 

(Zophobas morio larvae). Am J Vet Res 78, 178-185.  

Leffer AM, et al. (2010) Vectorial competence of larvae and adults of Alphitobius 

diaperinus in the transmission of Salmonella Enteritidis in poultry. Vector Borne 

Zoonotic Dis 5, 481-487.  

Lindqvist L & Block M (1995) Excretion of cadmium during moulting and 

metamorphosis in Tenebrio molitor (Coleoptera; Tenebrionidae). Comp Biochem 

Physiol 111C, 325-328. 

Liu C, et al. (2013) Enantioselective bioaccumulation of diniconazole in Tenebrio 

molitor larvae. Chirality 25, 917-922. 

Lücker E, et al. (2011) Detection of neuronal tissues and other non-muscle tissue 

with respect to TSE. In LM Nollet & F. Toldrá (eds.) Handbook of analysis of 

edible animal by-products (p 301-314). CRC Press, Boca Ragon, Florida, USA. 

Lupi O (2003) Could ectoparasites act as vectors for prion diseases? Int J 

Dermatol 42, 425-429. 

Lupi O (2005) Risk analysis of ectoparasites acting as vectors for chronic wasting 

disease. Med Hypotheses 65, 47-54. 

Lupi O (2006) Myiasis as a risk factor for prion diseases in humans. J Eur Acad 

Dermatol Venereol 20, 1037-1045. 

Lv X, et al. (2013) Bioaccumulation and excretion of enantiomers of myclobutanil 

in Tenebrio molitor larvae through dietary exposure. Chirality 25, 890-896. 

Lv X, et al. (2014) Stereoselectivity in bioaccumulation and excretion of 

epoxiconazole by mealworm beetle (Tenebrio molitor) larvae. Ecotoxicol Environ 

Safety 107, 71-76. 

Málaga-Trillo E, et al. (2011) Fish models in prion biology: Underwater issues. 

Biochim Biophys Acta 1812, 402-414. 

Manicini S, et al. (2019) Listeria monocytogenes contamination of Tenebrio 

molitor larvae rearing substrate: Preliminary evaluations. Food Microbiol 

83, 104-108. 

Maroli M & Pozio E (2000) Influence of temperature on the survival and infectivity 

of Trichinella spiralis larvae in Sarcophaga argyrostoma (Diptera, 

Sarcophagidae) maggots. J Parasitol 86, 633-634.  



Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 54 of 60 
 

Matlova L, et al. (2003) Mycobacteria isolated from the environment of pig farms 

in the Czech Republic during the years 1996 to 2002. Vet Med (Praha) 48, 343-

357. 

McAllister JC, et al. (1994) Reservoir competence of the lesser mealworm 

(Coleoptera: Tenebrionidae) for Salmonella typhimurium (Eubacteriales: 

Enterobacteriaceae). J Med Entomol 31, 369-372. 

McAllister JC, et al. (1996) Reservoir competence of Alphitobius diaperinus 

(Coleoptera: Tenebrionidae) for Escherichia coli (Eubacteriales: 

Enterobacteriaceae). J Med Entomol 33, 983-987. 

McKercher PD, et al. (1978) Residual viruses in pork products. Appl Environ 

Microbiol 35, 142-145. 

Mebus CA, et al. (1993) Survival of foot-and-mouth disease, African swine fever, 

and hog cholera viruses in Spanish serrano cured hams and Iberian cured 

hams, shoulders and loins. Food Microbiol 10, 133-143. 

Mebus CA, et al. (1997) Survival of several porcine viruses in different Spanish 

dry cured meat products. Food Chem 59, 555-559. 

Mellor PS, et al. (1987) Mechanical transmission of capripox virus and African 

swine fever virus by Stomoxys calcitrans. Res Vet Sci 43, 109-112. 

Moniello G, et al. (2019) Intestinal morphometry, enzymatic and microbial activity 

in laying hens fed different levels of a Hermetia illucens larvae meal and toxic 

elements content of the insect meal and diets. Animals 9, 86.  

Müller A, et al. (2017) The black soldier fly, Hermetia illucens –a promising source 

for sustainable production of proteins, lipids and bioactive substances. Z 

Naturforsch 72, 351–363. 

Nguyen TTX, et al. (2015) Ability of black soldier fly (Diptera: Stratiomyidae) 

larvae to recycle food waste. Environ Entomol 44, 406-410. 

Nielsen AA, et al. (2011) Persistence of low-pathogenic avian influenza H5N7 and 

H7N1 subtypes in house flies (Diptera: Muscidae). J Med Entomol 48, 608-614. 

Niermans K, et al. (2019) Feeding study for the mycotoxin zearalenone in yellow 

mealworm (Tenebrio molitor) larvae—investigation of biological impact 
and metabolic conversion. Mycotoxin Res 35, 231-242. Retrieved from 
https://doi.org/10.1007/s12550-019-00346-y. 

Nordentoft S, et al. (2014) Accumulation of dioxins and PCB in house fly larvae 

(Musca domestica) reared in poultry manure and used in feed for organic laying 

hens. Proceedings of the 34th International Symposium on Halogenated 

Persistent Organic Pollutants, Madrid, Spain. Retrieved from 

http://orbit.dtu.dk/files/103601076/Dioxin2014_Dioxins_in_fly_larvae.pdf 

Nordentoft S, et al. (2017) Reduction of Escherichia coli, Salmonella Enteritidis 

and Campylobacter jejuni in poultry manure by rearing of Musca domestica fly 

larvae. J Insects Food Feed 3, 145-153. 

NVWA (2014a) Multi-Annual National Control Plan (MANCP). Annual Report 2013. 

Retrieved from https://english.nvwa.nl/about-

us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-

annual-national-control-plan-the-netherlands-annual-report-2013. 

NVWA (2015a) Multi-Annual National Control Plan (MANCP). Annual Report 2014. 

Retrieved from https://english.nvwa.nl/about-

us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-

annual-national-control-plan-the-netherlands-annual-report-2014. 

NVWA (2015b) Mycotoxinen in levensmiddelen in 2014 [Mycotoxins in food in 

2014]. 

NVWA (2015c) Residuen van gewasbeschermingsmiddelen op groenten en fruit 

[Plant protection product residues on fruits and vegetables]. Overview of results 

https://doi.org/10.1007/s12550-019-00346-y
http://orbit.dtu.dk/files/103601076/Dioxin2014_Dioxins_in_fly_larvae.pdf
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2013
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2013
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2013
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2014
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2014
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2014


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 55 of 60 
 

from NVWA inspections during the period from July 2013 to June 2015. 

Retrieved from https://www.nvwa.nl/onderwerpen/inspectieresultaten-

bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-

drinken-roken/bestrijdingsmiddelen/publicaties/residuen-van-

gewasbeschermingsmiddelen-op-groente-en-fruit-juli-2013-juni-2015. 

NVWA (2015d) Nationaal Plan Residuen 2014 [National Residues Plan 2015]. 

NVWA (2015e) Resultaten Nationaal Plan Diervoeders 2014 [Results of the 

National Feed Materials Plan 2015].  

NVWA (2015f) Report of pesticide residue monitoring results of the Netherlands 

for 2014. Retrieved from 

https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-

voedingsmiddelen/documenten/consument/eten-drinken-

roken/bestrijdingsmiddelen/publicaties/national-control-program-of-pesticide-

residues-results-2014. 

NVWA (2016a) Multi-Annual National Control Plan (MANCP). Annual Report 2015. 

Retrieved from https://english.nvwa.nl/about-

us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-

annual-national-control-plan-the-netherlands-annual-report-2015. 

NVWA (2016b) Nationaal Plan Residuen 2015 [National Residues Plan 2015]. 

NVWA (2016c) Resultaten Nationaal Plan Diervoeders 2015 [Results of the 

National Feed Materials Plan 2015]. 

NVWA (2017a) Multi-Annual National Control Plan (MANCP). Annual Report 2016. 

Retrieved from https://english.nvwa.nl/about-

us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-

annual-national-control-plan-the-netherlands-annual-report-2016. 

NVWA (2017b) Resultaten Nationaal Plan Diervoeders 2016 [Results of the 

National Feed Materials Plan 2015]. 

NVWA (2018a) Resultaten Nationaal Plan Diervoeders 2017 [Results of the 

National Feed Materials Plan 2015]. 

NVWA (2018b) The first Food Safety Statement. Retrieved from 

https://english.nvwa.nl/documents/consumers/food/safety/documents/food-

safety-statement. 

NVWA (2018c) Multi-Annual National Control Plan (MANCP). Annual Report 2016. 

Retrieved from https://english.nvwa.nl/about-

us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-

annual-national-control-plan-the-netherlands-annual-report-2017. 

NVWA (2019) Regels gebruik dierlijk eiwit in voeding landbouwhuisdieren [Rules 

for the use of animal protein in feed for farm animals]. Retrieved from 

https://www.nvwa.nl/onderwerpen/diervoeder/regels-voor-

diervoederbedrijven/regels-gebruik-dierlijk-eiwit. 

Ochoa Sanabria C, et al. (2017) Insect larvae fed mycotoxin-contaminated wheat 

– a possible safe, sustainable protein source for animal feed? J of Animal Sci 

95, Issue suppl_4, 36. 

Okada H, et al. (2014) The presence of disease-associated prion protein in 

skeletal muscle of cattle infected with classical bovine spongiform 

encephalopathy. J Vet Med Sci 76, 103-107. 

Oonincx DGAB & de Boer IJM (2012) Environmental impact of the production of 

mealworms as a protein source for humans – A life cycle assessment. PLoS ONE 

7, e51145.  

Oonincx DGAB, et al. (2015) Feed conversion, survival and development, and 

composition of four insect species on diets composed of food byproducts. PLoS 

ONE 10, e0144601. 

https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/residuen-van-gewasbeschermingsmiddelen-op-groente-en-fruit-juli-2013-juni-2015
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/residuen-van-gewasbeschermingsmiddelen-op-groente-en-fruit-juli-2013-juni-2015
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/residuen-van-gewasbeschermingsmiddelen-op-groente-en-fruit-juli-2013-juni-2015
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/residuen-van-gewasbeschermingsmiddelen-op-groente-en-fruit-juli-2013-juni-2015
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/national-control-program-of-pesticide-residues-results-2014
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/national-control-program-of-pesticide-residues-results-2014
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/national-control-program-of-pesticide-residues-results-2014
https://www.nvwa.nl/onderwerpen/inspectieresultaten-bestrijdingsmiddelen-in-voedingsmiddelen/documenten/consument/eten-drinken-roken/bestrijdingsmiddelen/publicaties/national-control-program-of-pesticide-residues-results-2014
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2015
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2015
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2015
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2016
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2016
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2016
https://english.nvwa.nl/documents/consumers/food/safety/documents/food-safety-statement
https://english.nvwa.nl/documents/consumers/food/safety/documents/food-safety-statement
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2017
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2017
https://english.nvwa.nl/about-us/documents/nvwa/organisation/annual-reports/documents/mancp-multi-annual-national-control-plan-the-netherlands-annual-report-2017
https://www.nvwa.nl/onderwerpen/diervoeder/regels-voor-diervoederbedrijven/regels-gebruik-dierlijk-eiwit
https://www.nvwa.nl/onderwerpen/diervoeder/regels-voor-diervoederbedrijven/regels-gebruik-dierlijk-eiwit


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 56 of 60 
 

OIE (Office International des Epizooties) (World Organization for Animal Health) 

(2019) Terrestrial animal health code. Chapter 11.4. Bovine Spongiform 

Encephalopathies. Retrieved from 

http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_bse.htm. 

Olesen AS, et al. (2018) Infection of pigs with African swine fever virus via 

ingestion of stable flies (Stomoxys calcitrans). Transbound Emerg Dis 65, 1152-

1157. 

Osimani A, et al. (2018) The bacterial biota of laboratory-reared edible 

mealworms (Tenebrio molitor L.): From feed to frass. Int J Food Microbiol 272, 

49-60. 

Ou SC, et al. (2012) Detection of infectious laryngotracheitis virus from darkling 

beetles and their immature stage (lesser mealworms) by quantitative 

polymerase chain reaction and virus isolation. J Appl Poultry Res 21, 33-38. 

Pava-Ripoll M, et al. (2015a) Detection of foodborne bacterial pathogens from 

individual filth flies. J Vis Exp 96, e52372. 

Pava-Ripoll M, et al. (2015b) Ingested Salmonella enterica, Cronobacter sakazakii, 

Escherichia coli O157:H7, and Listeria monocytogenes: Transmission dynamics 

from adult house flies to their eggs and first filial (F1) generation adults. BMC 

Microbiol 15, 150.  

Pijnacker R, et al. (2019) Disease burden of food-related pathogens in the 

Netherlands, 2018. RIVM Letter report 2019-0086. 

Pinotti L, et al. (2019) Review: Insects and former foodstuffs for upgrading food 

waste biomasses/streams to feed ingredients for farm animals. Animal 2019, 1-

11  

Pirtle EC & Beran GW (1991) Virus survival in the environment. Rev Sci Tech Off 

Int Epiz 10, 733-748. 
Poma J, et al. (2017) Evaluation of hazardous chemicals in edible insects and 

inset-based food intended for human consumption. Food Chem Toxicol 100, 70-

79.  

Post K, et al. (1999) Fly larvae and pupae as vectors for scrapie. Lancet 354, 

9194. 

Prusiner SB (1998) Prions. Proc Natl Acad Sci USA 95, 13363-13383. 

Purschke B, et al. (2017) Impact of substrate contamination with mycotoxins, 

heavy metals and pesticides on growth performance of black soldier fly 

(Hermetia illucens) for use in the feed and food value chain. Food Add Contam 

Part A 34, 1410-1420. 

Reinhold JO, et al. (1999) Transfer of microcontaminants from sediment to 

chironomids, and the risk for the Pond bat Myotis dasycneme (Chiroptera) 

preying on them. Aquat Ecol 33, 363–376, 1999. 

Requena JR, et al. (2016) The priority position paper: Protecting Europe's food 

chain from prions. Prion 10, 165-181. 

Ribbens S, et al. (2004) Transmission of classical swine fever. A review. Vet Quart 

26, 146-155. 

Rinke R, et al. (2011) Microbial diversity in the larval gut of field and laboratory 

populations of the sugarcane weevil Sphenophorus levi (Coleoptera, 

Curculionidae). Genet Mol Res 10, 2679-2691. 

National Institute for Public Health and the Environment (RIVM) - National 

Coordination for Communicable Diseases Control (LCI) (2012) (April 2018 

version) LCI-richtlijn Cryposporidiose [LCI guideline for Cryptosporidiose]. 

Retrieved from https://lci.rivm.nl/richtlijnen. 

http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_bse.htm
https://lci.rivm.nl/richtlijnen


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 57 of 60 
 

RIVM-LCI (2007) (March 2018 version) LCI-richtlijn ziekte van Creutzfeldt-Jakob 

[LCI guideline for the Creutzfeldt-Jakob disease]. Retrieved from 

https://lci.rivm.nl/richtlijnen. 

RIVM-LCI (2009) (March 2018 version) LCI-richtlijn Toxoplasmose [LCI guideline 

for Toxoplasmosis]. Retrieved from https://lci.rivm.nl/richtlijnen. 

RIVM-RIKILT Food Safety Front Office (Frontoffice Voedselveiligheid) (2006) 

Risicobeoordeling inzake aanwezigheid van verpakkingsmaterialen in reststoffen 

voor diervoeding [Assessment of the risks to animal feed due to the presence of 

packaging materials in residues], 9 February 2006. 

RIVM-RIKILT Food Safety Front Office (2010) Risicobeoordeling inzake alternatief 

gebruik van voormalige voedingsmiddelen inclusief groenten en fruit [Risk 

assessment of the alternative use of former foodstuffs including fruits and 

vegetables], 22 July 2010.  

Roche RJ, et al. (2009) Transmission of Salmonella to broilers by contaminated 

larval and adult lesser mealworms, Alphitobius diaperinus (Coleoptera: 

Tenebrionidae). Poultry Sci 88, 44-48. 

Rochon K (2003) Persistence and significance of E. coli in house flies (Musca 

domestica) and stable flies (Stomoxys calcitrans). Thesis. Université de 

Sherbrooke, Quebec, Canada. Retrieved from 

https://opus.uleth.ca/bitstream/handle/10133/233/MR03045.pdf?sequence=3&

isAllowed=y. 

Rochon K, et al. (2004). Persistence of Escherichia coli in immature house F 

fly and stable fly (Diptera: Muscidae) in relation to larval growth and survival. J 

Med Entomol 41, 1082-1089. 

Rubenstein R, et al. (1998) Potential role of mites as vector for scrapie 

transmission. Alzheimer Dis Rev 3, 52-56. 

Rumpold BA & Schlüter OK (2013a) Potential and challenges of insects as an 

innovative source for food and feed production. Innov Food Sci Emerg Techn 

17, 1-11. 

Rumpold BA & Schlüter OK (2013b) Nutritional composition and safety aspects of 

edible insects. Mol Nutr Food Res 57, 802-823. 

Rzeżutka A & Cook N (2004) Survival of human enteric viruses in the environment 

and food. FEMS Microbiol Rev 28, 441–453. 

Sakudo A, et al. (2011) Fundamentals of prions and their inactivation (review). Int 

J Mol Med 27, 483-489. 

Schlüter O, et al. (2017) Safety aspects of the production of foods and food 

ingredients from insects. Mol Nutr Food Res 61, 1600520. 

Schripsema AS, et al. (2015) Verwaarding van voedselreststromen uit 

supermarkten. Beheersing van voedselverspilling: belemmeringen en 

oplossingen [Upgrading food residual flows from supermarkets. Control of food 

waste: obstacles and solutions]. Wageningen UR Food & Biobased Research, 

Report 1549. Retrieved from http://edepot.wur.nl/340319.  

Scott MR, et al. (1999) Compelling transgenetic evidence for transmission of 

bovine prions to humans. Proc Natl Acad Sci USA 21, 15137-15142. 

Sheppard DG, et al. (2002) Rearing methods for the black soldier fly (Diptera: 

Stratiomyidae). J Med Entomol 39, 695-698. 

Siemianowska E, et al. (2013) Larvae of mealworm (Tenebrio molitor L.) as 

European novel food. Agric Sci 4, 287-291.  

Simmons M, et al. (2018) DISCONTOOLS: Identifying gaps in bovine spongiform 

encephalopathies. Transbound Emerg Dis 65(Suppl. 1), 9-21. 

Smith HV, et al. (2007) Cryptosporidium and Giardia as foodborne zoonoses. Vet 

Parasitol 149, 29-40. 

https://lci.rivm.nl/richtlijnen
https://lci.rivm.nl/richtlijnen
https://opus.uleth.ca/bitstream/handle/10133/233/MR03045.pdf?sequence=3&isAllowed=y
https://opus.uleth.ca/bitstream/handle/10133/233/MR03045.pdf?sequence=3&isAllowed=y
http://edepot.wur.nl/340319


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 58 of 60 
 

Sprynski N, et al. (2014) Galleria mellonella as an infection model for select 

agents. Meth Mol Biol 1197, 3-9. 

Steinhaus EA (1941) A study of the bacteria associated with thirty species of 

insects. J Bacteriol 42, 757-790. 

Stoops J, et al. (2016) Microbial community assessment of mealworm larvae 

(Tenebrio molitor) and grasshoppers (Locusta migratoria migratorioides) sold 

for human consumption. Food Microbiol 53, 122-127. 

Stoops J, et al. (2017) Minced meat-like products from mealworm larvae 

(Tenebrio molitor and Alphitobius diaperinus): microbial dynamics during 

production and storage. Innov Food Sci and Emerg Tech 41, 1-9. 

Strother KO, et al. (2005) Reservoir competence of lesser mealworm (Coleoptera: 

Tenebrionidae) for Campylobacter jejuni (Campylobacterales: 

Campylobacteraceae). J Med Entomol 42, 42-47. 

Templeton JM, et al. (2006) Survival of Campylobacter spp. in darkling beetles 

(Alphitobius diaperinus) and their larvae in Australia. Appl Environ Microbiol 72, 

7909-7911. 

Tomasula PM & Konstance RP (2004) The survival of Foot-and-Mouth Disease 

Virus in raw and pasteurized milk and milk products. J Dairy Sci 87, 1115–

1121. 

Tomberlin JK, et al. (2002) Selected life-history trait of black soldier flies (Diptera: 

Stratiomyidae) reared on three artificial diets. Ann Entomol Soc Am 95, 379-

386. 

Torgerson PR, et al. (2015) World Health Organization estimates of the global and 

regional disease burden of 11 foodborne parasitic diseases, 2010: A data 

synthesis. PLoS Med 12, e1001920. 

Tranulis MA, et al. (2011) Atypical prion diseases in humans and animals. Top 

Curr Chem 305, 23–50.  

Tretola M, et al. (2017a) Former food products safety evaluation: computer vision 

as an innovative approach for the packaging remnants detection. J Food Quality 

2017. 

Tretola M, et al. (2017b) Former food products safety: microbiological quality and 

computer vision evaluation of packaging remnants contamination. Food Add 

Cont Part A 34, 1427-1435. 

Tschirner M & Simon A (2015) Influence of different growing substrates and 

processing on the nutrient composition of black soldier fly larvae destined for 

animal feed. J Insects Food Feed 1, 249-259. 

Turner C & Williams SM (1999) Laboratory-scale inactivation of African swine 

fever virus and swine vesicular disease virus in pig slurry. J Appl Microbiol 87, 

148-157. 

Turner C, et al. (2000) The inactivation of foot and mouth disease, Aujeszky's 

disease and classical swine fever viruses in pig slurry. J Appl Microbiol 89, 760-

767. 

US FDA (Food and Drug Administration) (2019) Fish and fish products hazards 

and controls guidance. Fourth edition. [Appendix 4, Bacterial pathogens growth 

and inactivation]. Retrieved from 

http://www.fda.gov/downloads/Food/GuidanceRegulation/UCM251970.pdf. 

US FDA (2012) Bad bug book, foodborne pathogenic microorganisms and natural 

toxins. Second edition. [Appendix 3, Factors that affect microbial growth in 

food]. Retrieved from 

https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/UCM2976

27.pdf. 

http://www.fda.gov/downloads/Food/GuidanceRegulation/UCM251970.pdf
https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/UCM297627.pdf
https://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/UCM297627.pdf


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 59 of 60 
 

Van Broekhoven S (2015) Quality and safety aspects of mealworms as human 

food. Thesis. Wageningen University. Retrieved from 

https://edepot.wur.nl/363193. 

Van Broekhoven S, et al. (2015) Growth performance and feed conversion 

efficiency of three edible mealworm species (Coleoptera: Tenebrionidae) of 

diets composed of organic-by-products. J Insect Physiol 73, 1-10. 

Van Broekhoven S, et al. (2017) Degradation and excretion of the Fusarium toxin 

deoxynivalenol by an edible insect, the Yellow mealworm (Tenebrio molitor L.). 

World Mycotoxin J 10, 163-169.  

Van der Fels-Klerx HJ, et al. (2016) Uptake of cadmium, lead and arsenic by 

Tenebrio molitor and Hermetia illucens from contaminated substrates. PLoS 

ONE 11, e166186. 

Vandeweyer D, et al. (2015) Microbial quality of insects for human consumption 

reared on industrial scale in Belgium and the Netherlands. Proceedings of the 

twentieth Conference on Food Microbiology, Brussel, 8-9 October 2015. 

Vandeweyer D, et al. (2017a) Effect of blanching followed by refrigerated storage 

or industrial microwave drying on the microbial load of yellow mealworm larvae 

(Tenebrio molitor). Food Control 71, 311-314. 

Vandeweyer D, et al. (2017b) Microbial counts of mealworm larvae (Tenebrio 

molitor) and crickets (Acheta domesticus and Gryllodes sigillatus) from different 

rearing companies and different production batches. Int J Food Microbiol 242, 

13–18. 

Van Huis A (2013) Potential of insects as food and feed in assuring food security. 

Ann Rev Entomol 58, 563-583. 

Van Huis A, et al. (2013) Edible insects. Future prospects for food and feed 

security. FAO Forestry Paper 171. Retrieved from 

http://www.fao.org/docrep/018/i3253e/i3253e.pdf.  

Van Huis A (2016) Edible insects are the future? Proc Nutr Soc 75, 294-305. 

Van Kreijl CF & Knaap AGAC (2004) Ons eten gemeten. Gezonde voeding en veilig 

voedsel in Nederland [Assessing our food. Healthy nutrition and safe food in the 

Netherlands]. RIVM Report 270555007. Retrieved from 

https://www.rivm.nl/bibliotheek/rapporten/270555007.pdf.  

Van Linden V, et al. (2017) Insect rearing on manure – Are micro-organisms and 

antibiotics transferred from the substrate to the larvae? International 

Association of Food Protection, 13th European Symposium on Food Protection, 

Brussels, 29-31 March 2017 (poster). Retrieved from 

https://pure.ilvo.be/portal/files/5517666/2017_IAPF_Poster_Van_linden_et_al_

v05.pdf. 

Van Raamsdonk LWD, et al. (2011) A risk evaluation of traces of packaging 

materials in former food products intended as feed materials. RIKILT report 

2011.002. Retrieved from http://edepot.wur.nl/171617.  

Veldkamp T, et al. (2012) Insects as a sustainable feed ingredient in pig and 

poultry diets – a feasibility study. Wageningen UR Livestock Research, 

Agricultural Research Service (Dienst Landbouwkundig Onderzoek), Report 638. 

Retrieved from http://library.wur.nl/WebQuery/wurpubs/fulltext/234247.  

Verbeke W, et al. (2015) Insects in animal feed: Acceptance and its determinants 

among farmers, agriculture sector stakeholders and citizens. Anim Feed Sci 

Techn 204, 72-87. 

Vijver M, et al. (2003) Metal uptake from soils and soil-sediment mixtures by 

larvae of Tenebrio molitor (L.) (Coleoptera). Ecotoxicol Environ Safety 54, 277-

289. 

https://edepot.wur.nl/363193
http://www.fao.org/docrep/018/i3253e/i3253e.pdf
https://www.rivm.nl/bibliotheek/rapporten/270555007.pdf
https://pure.ilvo.be/portal/files/5517666/2017_IAPF_Poster_Van_linden_et_al_v05.pdf
https://pure.ilvo.be/portal/files/5517666/2017_IAPF_Poster_Van_linden_et_al_v05.pdf
http://edepot.wur.nl/171617
http://library.wur.nl/WebQuery/wurpubs/fulltext/234247


Office for Risk Assessment 

& Research  

Date  

October 16, 2019 

Our reference 

trcnvwa/2019/6200/EN 

 

 
 
 

 Page 60 of 60 
 

The Netherlands Nutrition Centre (2019), Voedingscentrum Encyclopedie 

[Nutrition Centre Encyclopaedia]. Retrieved from 

http://www.voedingscentrum.nl/encyclopedie.aspx. 

Wales AD, et al. (2010) Review of the carriage of zoonotic bacteria by arthropods, 

with special reference to Salmonella in mites, flies and litter beetles. Zoonoses 

Public Health 57, 299-314. 

Wallace GD (1971) Experimental transmission of Toxoplasma gondii by filth-flies. 

Am J Trop Med Hyg 20, 411-413. 

Wang W, et al. (2017) Tracing heavy metals in 'swine manure - maggot - chicken' 

production chain. Sci Reports 7, 8417. 

Wiggins RC (2009) Prion stability and infectivity in the environment. Neurochem 

Res 34, 158-168. 

Wisniewski HM, et al. (1996) Mites as vectors for scrapie. Lancet 347, 1114. 

WHO (2015) WHO estimates of the global burden of foodborne diseases: 

foodborne disease burden epidemiology reference group 2007-2015. Retrieved 

from 

http://www.who.int/foodsafety/publications/foodborne_disease/fergreport/en/. 

WHO (2019) Zoonoses. Retrieved from http://www.who.int/topics/zoonoses/en/. 

Worley DE, et al. (1986) Survival of sylvatic Trichinella spiralis isolates in frozen 

tissue and processed meat products. J Am Vet Med Assoc 189, 1047-1049. 

Wynants E, et al. (2017) Effect of post-harvest starvation and rinsing on the 

microbial numbers and the bacterial community composition of mealworm 

larvae (Tenebrio molitor). Innov Food Sci Emerg Technol 42, 8–15. 

Wynants E, et al. (2018a) Microbial dynamics during production of lesser 

mealworms (Alphitobius diaperinus) for human consumption at industrial scale. 

Food Microbiol 70, 181-191. 

Wynants E, et al. (2018b) Assessing the microbiota of black soldier fly larvae 

(Hermetia illucens) reared on organic waste streams on four different locations 

at laboratory and large scale. Environ Microbiol 2018.  

Wynants E, et al. (2019) Risks related to the presence of Salmonella sp. during 

rearing of mealworms (Tenebrio molitor) for food or feed: Survival in the 

substrate and transmission to the larvae. Food Control 100, 227-234. 

Yin J, et al. (2017) Enantiomerization and stereoselectivity in bioaccumulation of 

furalaxyl in Tenebrio molitor larvae. Ecotoxicol Env Safety 145, 244-249. 

Yun JH, et al. (2014) Insect gut bacterial diversity determined by environmental 

habitat, diet, developmental stage, and phylogeny of host. Appl Environ 

Microbiol 80, 5254–5264. 

Zheng L, et al. (2012) Evaluation of Salmonella movement through the gut of the 

lesser mealworm, Alphitobius diaperinus (Coleoptera: Tenebrionidae). Vector 

Borne Zoonotic Dis 12, 287-292.  

Zurek L, et al. (2000) Diversity and contribution of the intestinal bacterial 

community to the development of Musca domestica (Diptera: Muscidae) larvae. 

J Med Entomol 37, 924-928. 

 

http://www.voedingscentrum.nl/encyclopedie.aspx
http://www.who.int/foodsafety/publications/foodborne_disease/fergreport/en/
http://www.who.int/topics/zoonoses/en/

