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1. Summary 

Insects are considered a promising alternative to the conventional protein 

sources for feed production. The researches carried out on this topic not 

only increases the knowledge, but also provides a scientific basis for 

legislation. With this purpose, the present thesis is a collection of six 

scientific publications related to both the insect rearing and the use of 

insect-derived products in animal nutrition.  

2. Introduction 

In the twenty-first century, the use of insects for food and feeds has 

emerged as a relevant opportunity, due to the rising cost of protein sources, 

population growth and environmental pressures (Ocha et al., 2022). The 

interest of research institutions and companies in insect farming has been 

growing over time, for both food and feed production. Food and feeds are 

closely linked to each other, because an increase in animal productions 

(meat and eggs) is reflected on the production of feeds. Since the 1960s, 

the global production of livestock has increased substantially, both in 

number of animals and in productivity (Michalk et al., 2019). However, 

the demand for animal products is different in developing and developed 

countries. In the former scenario, the demand is evolving together with the 

increasing population growth, while in the second one, a more efficient 

and sustainable production is requested (Michalk et al., 2019). At the same 

time, the number of feeds should increase in response to the increase in 

livestock production. Consequently, given the environmental impact - in 

terms of deforestation and ecosystem deterioration - of certain protein 

ingredients that are generally used (soybean and fish meals), it will surely 

become difficult and unsustainable to satisfy meet future needs. Moreover, 
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the difficulty of making up for the increase in feed-demand will cause an 

increase in price of the raw feed materials. For all of these reasons, 

research is currently being conducted to evaluate all the different raw 

materials that could be used as valid alternatives. At this juncture, insects 

are considered promising because they are able to transform agro-

industrial waste into an animal protein with a high biological value. Black 

soldier fly (Hermetia illucens – BSF) is the most frequently studied and 

bred of the EU authorized insect species for aquaculture and monogastric 

feed production. There are many reasons why BSF has stimulated so much 

interest: (1) its adaptability, (2) its bio-conversion efficiency and, last but 

not least, (3) the easy management of its life cycle. BSF larvae can feed on 

a wide range of organic waste. Moreover, the high adaptability of BSF is 

demonstrated by its survival capacity, even in unfavourable conditions, 

such as a high density, out-of-range temperatures and low nutritional value 

of the substrate (Diener et al., 2010). Because of the easy management of 

the development stages, yellow mealworm (Tenebrio molitor – YM) is the 

second species considered for feed production, but it suffers from some 

limitations compared to BSF. In particular, YM prefers a dry substrate, and 

in the case of an excessive density or nutrient deficiencies, cannibalism 

can occur (Weaver and McFarlane, 1990). Finally, crickets and silkworm 

are used less frequently in the feed sector, as a result of their restricted 

feeding regimes and the difficulties of maintaining their cycle also with 

low densities (Cappellozza et al., 2005; van Huis, 2022). In conclusion, 

insect products seem to be a promising solution to the present and future 

socio-enviro-economic problems linked to protein source recruitment. 

Hence, the aim of the present PhD research thesis is to contribute to the 

scientific knowledge on this topic. In particular, experimental trials were 

conducted on both insect rearing and on the use of insect-based products, 
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mainly BSF, as a feed ingredient and/or an environmental enrichment 

practice for aquaculture and poultry farming.  

3. The protein ingredients of conventional feeds 

Soybean meal is the most frequently used protein source for feed 

production, and this is followed by fishmeal (FAO, 2015). A total of 44% 

of protein soybean meal is produced by cracking, heating and flaking 

soybeans, and reducing the oil content through the use of solvents: the 

extracted flakes are then ground into meal (International Buyers' Guide, 

2015). Instead, fishmeal is obtained by means of cooking, pressing, drying 

and grinding fresh raw fish or shellfish (anchovies, sprat, herring and krill) 

(EUMOFA, 2021). In some cases, these fish are caught by chance during 

fishing operations, but in most cases the catch is exclusively destined for 

fishmeal production (EUMOFA, 2021). However, both of the 

aforementioned protein ingredients have an economic and environmental 

cost. From an economic point of view, the market demand for soybean and 

fish meal is absorbing the supply (EUMOFA, 2021; Ritchie and Roser, 

2022). From 1960 until now, the annual soy production has increased by 

300 million tonnes. This increase in production is partially derived from 

improvements in the yields and the extension of land use. In the soy 

scenario, the expansion of croplands is clearly the main driver of the 

exponential production that has taken place (Ritchie and Roser, 2022). 

Considering the same period, fishmeal has undergone a fluctuating 

production, overall registering an increase of only 7 million tonnes (Pauly 

et al., 2020). The different production patterns for the two protein sources 

are the result of their availability. As regard soybean meal, a production 

increase is still possible, considering natural territories can still be changed 

into cultivable lands, while marine resources are already scarce. This 
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aspect is evident if aquaculture production (increased of 104 million 

tonnes) is compared, again between the 60s and today, with fishmeal 

production (Pauly et al., 2020). Since marine resources are not rapidly 

renewable, the fishmeal production trend cannot follow the aquaculture 

expansion one.  

On the basis of the above-reported background and the importance of 

safeguarding the environment, research is now evaluating new sustainable 

feed protein sources that have comparable effects on livestock growth 

performance, product quality and safety with those of conventional 

sources. Among the protein sources that are available, insects are 

considered to be one of the most promising.  

4. Insect legislation 

Since insects are included in the farm-animal category (animals that are 

kept for the production of food, feeds or other derived products – EU 

Regulation 1069/2009), the raw materials used as a substrate for their 

growth must also be subject to the restrictions on productive animals (EU 

Commission Regulation 2022/1104). Consequently, insects can be fed 

materials of vegetal origin and some materials of animal origin, such as 

milk, eggs and their products, honey, as well as rendered fat and blood 

products from non-ruminants. The use of other slaughterhouse or 

rendering derived products, manure, or catering waste is prohibited, while 

the use of unsold products from supermarkets is possible, but only if these 

do not contain meat or fish.  

EU Regulation 2017/893 authorised the use of insect proteins originating 

from seven insect species – namely black soldier fly (Hermetia illucens), 

common housefly (Musca domestica), yellow mealworm (Tenebrio 

molitor), lesser mealworm (Alphitobius diaperinus), house cricket (Acheta 
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domesticus), banded cricket (Gryllodes sigillatus) and field cricket 

(Gryllus assimilis) – in aquaculture feeds. In 2021, silkworm (Bombyx 

morii) was added to the list (EU Regulation 2021/1925) and the possibility 

of using insect proteins in feeds was extended to poultry and swine (EU 

Regulation 2021/1372). Figure 1 summarises the possible use of insect-

derived products in feed production. As regard live larvae, they can be 

used in aquaculture, poultry, swine and pet-food, but only if authorised by 

the competent national authorities of the country where the product is 

being commercialised (IPIFF, 2022).  

 

Figure 1. Authorized use of insect-derived products as feed ingredient. 

Source: IPIFF – Guide on Good Hygiene Practices (2022) 

5. Waste for insect breeding 

A wide range of waste and by-products have been tested as BSF growing 

substrates, such as food waste, agro-industrial waste, manure, abattoir and 
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municipal organic waste (Siddaqui et al., 2022). The first experimental 

trials mentioned in literature were aimed at assessing the use of BSF for 

waste management purposes, and at evaluating the larva survival rate and 

the growth performance, without considering the nutritional values of the 

substrates (Newton et al., 2005; Lorimor et al., 2006; Sogbesan et al., 

2007I). In such a scenario, the final aim was to determine the feasibility of 

insect breeding. However, to date, the maximisation of production – while 

maintaining the concept of a circular economy - is one of the most 

discussed issues. For this reason, the formulation of the growing substrate 

has become the basis to efficiently link the production, the local waste 

utilisation and the economic and environmental impact. Gold et al. (2020) 

demonstrated that the growth performance of larvae developed on a waste-

mixture is improved, compared to those developed on a single type of 

waste. Moreover, the formulation of a substrate could allow different types 

of waste with a low nutritional value, which alone would be discarded 

because unusable, to be used with others with high nutritional value. In 

addition to the nutritional composition, other aspects should be considered 

in order to obtain an optimal substrate for BSF larva growth, such as the 

moisture content, the water holding capacity of the ingredients, and the 

interaction between the waste and the particle size. Nevertheless, most of 

the above-listed factors still need to be investigated in depth. 

Finally, research studies on the use of non-authorised waste could 

contribute to the creation of a solid scientific background concerning their 

insertion into the raw material catalogue for feed production. Specifically, 

the assessment should not only consider the larva growth performance, but 

also the microbiological safety of the obtained products. All these aspects 

could support legislators in extending the list of authorised feed 

ingredients. 
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6. The nutritional requirements of insects 

Different factors, such as light, humidity, temperature, strain, substrate 

composition and texture, influence the development of insects, and 

research is focusing on all these aspects (Chapman, 2013; Bosch et al., 

2020). Among the abiotic agents, the determination of the nutritional 

requirements of insects is one of the least investigated. The selection of an 

adequate substrate could guarantee not only growth maximisation, but also 

animal health (Makkar and Ankers, 2014). Some insects, such as BSF, can 

develop on a wide range of organic material, but – as reported in literature 

– the larva biomass can change in relation to the used substrate (Singh and 

Kumari, 2019). As mentioned in the previous paragraph, a reasoned 

substrate formulation could support the selection, in different proportions, 

of several kinds of waste, while maintaining a good production 

performance (Gold et al., 2020). Some nutritional aspects are known and 

have been generalised for all insects and, considering that they are the 

largest class in the animal kingdom, makes this knowledge a suitable 

starting point for specific studies on breeding-interest species. For 

example, some nutrient requirements can be determined for a single 

generation, such as amino acids, carbohydrates and lipids, while 

micronutrients (minerals and vitamins) are only evident after two or more 

generations (Chapman, 2013). The nutritional needs can be determined, as 

for any other livestock animal, by using artificial diets, which are also 

called semi-purified diets, and by establishing the performance of the 

insects (survival, growth and development time) (Chapman, 2013). Semi-

purified diets are composed of natural ingredients (i.e., starch and caseins) 

in a relatively pure form (nearly 100%) (Lagoc, 1989). Research trials have 

been carried out to determine the optimal energy requirement and the 

protein and carbohydrate ratio for BSF (Berragán-Fonseca et al., 2020; 
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Georgescu et al., 2021). High percentages of carbohydrates and crude 

proteins (35-55% and 21.9% on a DM basis, respectively) in the diet have 

been found to increase the development time (Oonincx et al., 2015; 

Cammark et al., 2017; Barragán-Fonseca et al., 2019). Protein percentages 

above 32% determine a reduced growth performance and a lower survival 

rate than 22% (Tschirner and Simon, 2015). On the other hand, since BSF 

larvae are able to metabolise any carbohydrate excess, through their 

physiological systems, and convert them into fat reserves, high 

carbohydrate concentrations (40-60% on DM) do not generate any 

deleterious consequences on larval development (Barragán-Fonseca et al., 

2020; Cohn et al., 2022). The energy content of the substrate is influenced, 

logically, by the macronutrient levels, but the larva weight tends to 

increase as the energy value of the feed increases (Georgescu et al., 2021). 

However, the results obtained so far represent just a small part of all the 

research that needs to be carried out on insect nutrition. Moreover, 

although some macronutrient levels have already been evaluated, the 

specific composition and limiting factors have not yet been identified (i.e., 

amino acids). Finally, the digestibility of nutrients, which affects the 

parameters that are evaluated during the formulation of a diet, is a subject 

that still requires investigation. 

7. Insect meal in aquaculture  

The scientific literature on the use of insect meal in aquaculture is wide 

and varied. Naturally, the most frequently tested fish species are 

carnivorous, that is, both fresh and salt-water fish. Instead, insect meal is 

mainly derived from BSF and YM. In addition to the species variable (fish 

and insect), the insect development stage, the type of meal (whole or 

defatted), the applied treatment method (inactivation and/or 
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transformation), and the level of insect meal inclusion all affect the growth 

performance of fish. The use of whole BSF and YM meal, at an inclusion 

level of 18%, has generated a difference in the performance of rainbow 

trout (Oncorhynchus mykiss). Fish fed with YM in fact performed better, 

in terms of final body weight (FBW), specific growth rate (SGR) and feed 

conversion ratio (FCR) than the BSF ones (Melenchòn et al., 2022). Reyes 

et al. (2020) obtained the same outcomes for seabass with the same 

inclusion level. On the other hand, Józefiak et al. (2019) did not witness 

any insect effect (whole BSF and YM meals, 20% inclusion level) on 

FBW, SGR or FCR. A lower BSF inclusion level (11.9%) decreased the 

growth performance of largemouth bass (Micropterus salmoides), 

compared to the control diet (Fischer et al., 2022). On the other hand, 20% 

and 16.8% of full-fat BSF larva meal inclusion in the diets of Atlantic 

salmon (Salmo salar) and Nile tilapia (Oreochromis niloticus), 

respectively, increased the FBW and kept the FCR equal, compared to the 

control diet (Weththasinghe et al., 2021; Wachira et al., 2021). Therefore, 

the performance results are closely related to the fish species. Defatted 

BSF meal seems to determine a better growth performance in rainbow 

trout than whole meal. In fact, the FCR, feed intake, FBW and SGR of 

rainbow trout did not differ for BSF and YM dietary treatments, in which 

the defatted insect meal was included up to 20% (Tran et al., 2022). 

Although the literature is not exhaustive on the subject, BSF prepupa and 

pupa meals have also been evaluated. Rainbow trout fed a diet with 30% 

of BSF prepupa meal displayed lower values of FBW and SGR than the 

control, but equal FCR levels, while an inclusion of 45% of partially 

defatted pupa meal did not affect the same parameters (Hoc et al., 2021; 

Cardinaletti et al., 2022). In short, whole YM meal had no negative effect 

on the growth performance of the considered aquatic species. On the other 
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hand, in some cases, whole BSF larva and prepupa meals seemed to reduce 

the production performance. Hua (2021), who conducted a meta-analysis, 

described the same scenario, and found that YM seemed to be well 

tolerated by fish, compared to BSF. Since in the trials of both Józefiak et 

al. (2019) and Melenchòn et al. (2022) BSF meal was included in similar 

percentages and in substitution of fishmeal, the observed variable results 

were probably due to the influence of the breeding substrate and the 

processing treatments on the chemical composition of the meal. The 

nutritional and, consequently, the quality variation of insect meal is 

currently the main limitation to the use of this protein source as a feed 

ingredient (Liland et al., 2021).  

The studies carried out until now represent a good basis to understand the 

feasibility of insect meal use, which is possible, albeit with some tricks, 

and to open new research lines about the improvement of its applications 

in aquaculture.  

8. Live larvae as an environmental enrichment practice 

in poultry 

There are several definitions of the “animal welfare” term in literature. 

Animal welfare should be defined in terms of the natural living, feelings 

and functioning of animals or as the union of all these aspects (Fraser, 

1997). Since the issue of animal welfare implies ethical, economic and 

political dimensions, it cannot only be linked to the scientific world (Lund 

et al., 2006). In fact, the origin of animal welfare can be traced back to 

1964, when the writer Ruth Harrison wrote Animal Machines to denounce 

animal abuse on intensive chicken farms. In response to this document, the 

British Government appointed a committee to investigate intensive 

livestock farming and, in the following year, Brambell’s report was 
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published with Five Freedoms in “embryonic form” (McCulloch, 2013). 

This was a list of different types of behaviour that breeding animals should 

have the possibility of attaining: standing up, lying down, turning around, 

grooming and stretching their limbs (Brambell, 1965). The Five Freedoms, 

listed hereafter, originate from the behaviour described by Brambell and 

they are still used today for the analysis of animal welfare: (1) Freedom 

from thirst, hunger and malnutrition, (2) Freedom from discomfort, (3) 

Freedom from pain, injury and disease, (4) Freedom to express normal 

behaviour and (5) Freedom from fear and distress. The fourth freedom 

involves expressing normal behaviour, or rather having the opportunity of 

exhibiting natural attitudes. Considering poultry, the most common types 

of natural behaviour are locomotion activities, feather pecking, aggressive 

behaviour, scratching, dust bathing and nesting (Bhadauria and Bhanja, 

2017). Despite the existence of European Directive 2007/43/EC, which 

guarantees a minimum space for animals in intensive farming (the density 

coefficient cannot be any higher than 33 kg per m2), the natural behaviour 

of poultry is not always manifested nor it is exacerbated and considered 

“abnormal”. For example, feather pecking is one of the most serious 

behavioural problems in laying hen farming. Apart the negative effect on 

animal welfare, feather pecking also has an economic impact. Heat loss 

from defeathered birds can lead to more than 40% higher energy needs or 

27% greater consumption (Bilčík and Keeling, 2010). Several theories 

exist regarding the cause of feather pecking, one of which claims that it 

evolves from redirected ground pecking (Blokhuis 1986; Bilčík and 

Keeling, 2010). Aggressive behaviour is also observed on intensive broiler 

chicken farms. Moreover, in this scenario, the reduced activity of the 

animals, especially at the end of the growing phase, can be considered a 

negative aspect of the animals’ condition (Ipema et al., 2020). 
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Modification of the environment of captive animals to increase their 

behavioural possibilities and, as a consequence, to improve their biological 

functioning is named environmental enrichment (Newberry, 1995). 

However, most poultry environmental enrichments are still very limited, 

because their use is often restricted to a single or a few locations in animal 

enclosures (Riber et al., 2018). The main enrichment proposals include the 

provision of perches, nesting areas, and dust bathing substrates (Ferrante, 

2008). None of these enrichments pertains to the search for food or 

therefore stimulates ground pecking behaviour. For this reason, the use of 

live insect larvae - if properly administered - could be an excellent 

environmental enrichment practice. Since, in nature, birds feed on insects, 

the addition or inclusion of live larvae to a commercial diet could 

guarantee the manifestation of behaviour that is part of the poultry 

ethogram. A study conducted with older laying hens showed that birds fed 

live BSF larvae (10% of the daily feed intake) had the same production 

performance as the control group, but their feather condition underwent an 

improvement (Star et al., 2020). As far as feed consumption is concerned, 

the use of 10% BSF live larvae in substitution of a commercial feed was 

not sufficient to reduce the consumption of the concentrate, while a level 

equal to 20% determined a reduction of 25% of the ingested feed 

(Tahamtani et al., 2021). The inclusion of 10% of live BSF larvae in the 

feeds of broiler chickens generated positive effects on animal activity and 

leg health, with the best outcome being observed for a frequent 

administration (4 times per day) (Ipema et al., 2020). However, the only 

tested insect species in the above reported trials was BSF.  Nevertheless, 

the use of other live insects could probably affect both the production 

parameters and animal welfare in different ways. Further research is 

needed to assess the insect preference of birds and whether there are any 
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differences in the previously discussed parameters as a result of feeding on 

different insects.  

9. Aim of the project and scientific contributions 

The first of the two aims of the present PhD project has been to determine 

a research method for the determination of the nutritional requirement of 

BSF in order to create a starting point for the formulation of waste-based 

diets that would be able to maximise the larva production performance. 

The second goal has been to evaluate insect meal as a feed ingredient in 

rainbow trout diets and the administration of live larvae as an 

environmental enrichment in poultry farms. 

The present thesis includes a total of six publications:  

• 1st aim: two scientific contributions on the determination of the 

nutritional requirements of BSF; 

• 2nd aim: four scientific contributions on the use of insect-derived 

products in animal feeds: 

o two on the inclusion of BSF defatted meal in rainbow trout 

diets; 

o two on the use of live BSF larvae as an environmental 

enrichment on broiler chicken farms.  

Moreover, other scientific articles related to the PhD project have been 

published, and an exhaustive list is reported on page 103.   
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10.   Discussion and Conclusion  

The scientific contributions of the present PhD thesis follow the two 

essential aspects of the application of insect rearing to the circular 

economy model: the maximisation of the use of waste-based substrates and 

the inclusion or addition of insect-derived products in animal feed 

production. Waste optimisation can be achieved through the determination 

of the nutritional requirements and the substrate formulation (1st aim), 

while the feasibility of use of insect meal and live larvae in livestock diets 

can be determined by testing such products through experimental trials (2nd 

aim).  

Insect rearing 

As far as insect farming is concerned, the two scientific publications on 

the determination of the nutrient requirements of BSF are among the first 

works published related to this research topic. Considering that the semi-

purified diets used for the determination of the protein and lipid BSF 

requirements did not affect the survival rate, it is possible to hypothesise 

that they are suitable for the inclusion of larvae. Since the diets are 

composed by semi-purified ingredients that are meals, the substrate texture 

has some negative aspects. Due to this reason, it is necessary to cover the 

rearing boxes with a lid – which is a condition that is not applicable to an 

industrial rearing. Therefore, the improvement of the physical 

characteristics of the semi-purified diets is important to make the optimal 

trial settings. Among the protein levels that were tested, 16% of crude 

protein on a dry matter (DM) basis seemed to be the best percentage for 

the entire larval stage. Instead, considering the larva days of age - up to 14 

days’ old – protein levels equal to 10%, on a DM basis, showed a negative 

effect on growth, while this difference was no longer noticeable in the later 
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stages - 18 days and prepupa. The same trend was observed during the 

different instar development stages of the larvae for the lipid levels. On the 

basis of these outcomes, it is possible to hypothesise a greater lipid 

requirement (4.5% on a DM basis) during the first stages of growth, which 

becomes less evident in the later larval instars. Moreover, the size and the 

development time were negatively affected by a lipid level equal to 1% on 

a DM basis. Further research is needed to evaluate a wide range of nutrient 

levels and also their quality (amino acid and fatty acid profiles). Moreover, 

given the lack of scientific information on the physiology, metabolism and 

digestibility of BSF, it is currently difficult to understand what factors 

influenced the trial results. For this reason, in addition to the nutritional 

requirements, further studies on the texture and digestibility of substrates 

are necessary to create a clearer scientific framework and facilitate the 

basic choice of a farm: the breeding substrate. 

Insect meal in aquaculture 

The effects of different BSF defatted meals included as substitutes of 

fishmeal in low fish-based diets for rainbow trout have been discussed in 

two scientific contributions. The first trial was conducted with lower 

inclusion levels (3 – 6 – 9 – 12 and 15%) than the second (8 – 16 – 32%). 

Both trials showed that increasing the BSF inclusion levels had no effect 

on the growth performance, the dry matter, protein, ether extract and gross 

energy apparent digestibility coefficients, the histomorphological features 

of the animals or the physical and chemical composition of the fillets, 

although the fatty acid profile was an exception. In particular, a decrease 

in PUFA and an increase in the total SFA and MUFA were observed as 

the BSF inclusion was increased. The results obtained agree with Renna et 

al. (2017), in which the inclusion of 20% of defatted BSF meal did not 

affect all the above reported parameters. On the other hand, the authors 
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observed reduced protein and ether extract apparent digestibility 

coefficients with the 40% inclusion level (HI40) and a large difference of 

the fillet fatty acid profile between the control and the HI40 treatments 

(Renna et al., 2017). On the basis of the above reported outcomes, and 

since the use of insects can reduce environmental impacts and support a 

sustainable aquaculture production, BSF defatted meal can be considered 

a promising and suitable ingredient for rainbow trout diets.  

Live larvae as an environmental enrichment practice in poultry 

The two scientific publications regarding the supplementation of broiler 

chicken diets with live BSF and YM larvae covered different but equally 

important aspects, such as the growth performance, the health status and 

animal welfare, which need to be considered to fully evaluate the use of 

live larvae as an environmental enrichment practice. The growth 

performance of the birds was not negatively affected by the administration 

of 5% of the daily feed intake of BSF and YM larvae. Furthermore, the 

birds administered TM larvae showed a better overall FCR than the other 

groups. The larva ingestion time variable revelated that the broiler 

chickens were eager to eat live larvae. Moreover, birds spent less time 

ingesting YM larvae than BSF larvae. This result could be explained as a 

preference of the birds for larvae, probably due to their movement, colour 

and flavour. As regard the health status (histomorphological 

investigations, haematological and serum parameters), no relevant 

differences were observed between the control and the live insect larva 

groups. Finally, many different behaviour patterns were influenced by the 

administration of live larvae. In particular, in agreement with Ipema et al. 

(2020), the foraging behaviour and activity were stimulated by such an 

environmental enrichment. The plumage status, the leg health and the 

excreta corticosterone were instead comparable between treatments. In 
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conclusion, the administration of live larvae as an environmental 

enrichment practice seems to positively affect animal welfare, and even 

result in some performance improvements linked to the used insect 

species. 

11.   Overall conclusion 

The nutritional levels determined until now for the BSF are general 

guidelines to be deepened. Specifically, the assessment of the limiting 

factors (amino acids, vitamins, minerals) will be an important step for the 

research. At the same time, this research issue is closely linked to other 

lines of research such as genetics and insect digestibility of nutrients and - 

for this reason - it needs to follow their path. The research applied on the 

use of insect-derived products is advanced when compared to the insect 

rearing, but it still needs to answer several questions – such as the 

identification of an optimal method for the meal processing and, 

consequently, a maximum inclusion value for the various meal 

(whole/defatted; different species). Finally, considering the use of live 

larvae as environmental enrichment in poultry farm, they seem to have a 

positive effect on the animal welfare. Further researches will be needed in 

order to assess the feasibility of this type of production, such as storage 

method and the safety risks. 
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