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Bianca di Saluzzo: BS 
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Black soldier fly larvae: BSFL 

BPM: Bionda Piemontese male/males 

BPF: Bionda Piemontese female/females 
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BSF: Bianca di Saluzzo female/females 
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b*: yellowness 
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PUFA: polyunsaturated fatty acids 

pHu: ultimate pH 
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1. Poultry production: state of the art and expectations for the future 

Globally, poultry meat represents the main meat consumption exceeding both pig and 

beef meat request (FAOSTAT, 2020b) and this trend is projected to increase in the next decade, 

providing the 41% of all the meat protein source (OECD-FAO Agricultural Outlook 2021-

2030, 2021) (Figure 1). Nowadays, 23 billion of domestic chickens can be estimated to exist 

(Qualman et al., 2018). The reason of preference of poultry meat is attributable to the good 

poultry feed conversion ratios, absence of cultural barriers, brief rearing cycles, and its 

plasticity in terms of rapid genetic ameliorations, animal health and rearing practices on the 

basis of the market requirements (OECD-FAO Agricultural Outlook 2021-2030, 2021). 

Nonetheless, progress in industrialization of poultry production requires excellent and expert 

management technique and even if the supply chain has been improved in efficiency and safety, 

the large and medium scale are favored to the detriment of niche production and small farms 

(FAO, 2023). Particularly, the divergence between this production scales (large/medium and 

small) regards the inclusion of the first type (large/medium) in integrated value chains, while 

the extensive systems (small, which represent the main support to local markets) isolated and 

far from such integrated chains and thus disadvantaged. Moreover, small-scale production still 

maintains a crucial role in poultry sector of developing countries and rural areas, a reality 

characterized by widespread misery and scarce or limited livelihood. Unsurprisingly, 80% of 

poultry production in developing countries derives from rural farms. (FAO, 2023). Considering 

the world meat and eggs production, the United States represent the greatest contributors in 

meat products (17%), succeeded by China and Brazil, while the major egg producers are China 

(38%), United States (7%), and India (7%) (FAO, 2023). Furthermore, considering the 

increasing in their demand, the meat and egg production raised from 9 to 133 and 15 to 93 

million tonnes between 1961 and 2000, respectively (FAO, 2023). Among poultry, chicken 

meat represents the most consumed meat, accounting for about 21 million metric tons of meat 
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produced in the United States and 11 million metric tons in Europe in 2021-2022 (Statista, 

2023). The population growth is the primary factor affecting the consumption of meat together 

with the economic growth of the countries, being both relevant drivers in consumers’ choices. 

Thus, an increase in meat consumption equal to 30% is expected in Africa, 18% in the Asia and 

Pacific regions, and 12% in the Latin American region, while this projection is of 9% in North 

America and 0.4% in Europe in 2030. Similarly, the pro capita meat consumption will be lower 

in high-income countries while the opposite is foreseen for the countries with a low income. 

This prediction is hinged on other drivers, such as animal welfare, environmental, ethic and 

health aspects (OECD-FAO Agricultural Outlook 2021-2030, 2021). 

Figure 1. Chicken meat production in 2021 (source: Food and Agriculture Organization of the 

United Nations). 

The poultry product purchase process depended on various drivers, being this system 

prompted by several factors. Nonetheless, the economic affordability and the preference of 

breast filets over wings, thighs, and whole animals are still the greatest factors of influence in 
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consumers’ purchases, despite the ideal chicken profile has been characterized by good rearing 

practices, appropriate remuneration of the farmers, production transparency, and origin of the 

products close by the geographical location of the consumer (Escobedo Del Bosque et al., 

2021). Furthermore, the products labelling covers a relevant role in the consumers’ perception 

of the products and their acceptance, especially in terms of animal welfare, by dint of its 

potential as a guaranteed product grade. Nevertheless, the labelling could represent a 

confounding element where not properly designed and scant of explanatory insights (Pinto Da 

Rosa et al., 2021), highlighting the needs for clearer labelling system which could improve 

products acceptance and their demand on the market. 

2. Sustainability of poultry production: the challenge of this decade 

Undeniably, poultry production satisfies higher sustainability standards than other 

livestock rearing realities. However, its contribution in terms of global warming, eutrophication 

and acidification must be recognized. A study conducted in the UK poultry sector revealed that 

the global warming can be attributed for the 10% to the feed production process and transport, 

while manure management is responsible of about 40-60% to their eutrophication potential and 

acidification potential, respectively (Leinonen and Kyriazakis, 2016). In the main poultry 

producer countries, as the United States, laying hens and broiler chickens broadly contribute to 

atmospheric pollution due to their excreta nitrogen content (mainly in terms of ammonia 

emissions) (Bist et al., 2023). Various approaches can be adopted to reduce the environmental 

impact, which consider adaptation through genetic selection, efficiency in animal and excreta 

management, and changes in feeding strategies (Leinonen and Kyriazakis, 2016). However, 

livestock sustainability is made surely by several components such as animal welfare, 

economics, environmental impact and social justice (Fernyhough et al., 2020). 

Interventions on the modulation and change of feed ingredients, especially reducing the 

soybean present in the diet, is one of the most efficient strategies to increase the sustainability 
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of poultry production (Etemadian et al., 2021). The popularity and success of soybean can be 

reconducted to the major efficiency of this cultivation than the other crops. Considering the 

land-use efficiency, 343 kg of cattle meat, 600 kg of pork, or 1200 kg of poultry can be 

produced starting from a soy yield of 3000 kg per hectare (Garrett and Rausch, 2016), while 

only 250 kg of cattle meat/hectare can be obtained avoiding the soybean inclusion in the diet 

(Walker et al., 2013). Various economic, environmental and social challenges drive soybean 

production process (Jia et al., 2020), which has a negative impact not only during the 

production process itself but even considering the whole framework and hence its side 

activities. In much detail, the environmental impact and the costs required for the transportation 

to satisfy the worldwide demand is undeniably huge (He et al., 2019). Furthermore, the water 

requirement for soybean crops represents the umpteenth big issue (Eranki et al., 2019). 

Unsurprisingly, the animal feed produced covers 70% of the water and land consumption of 

soybean production (Steward, 2007). Additionally, deforestation (Ferreira et al., 2016) and 

biodiversity losses (Linhares-Juvena & Neeff, 2017) follow the previous exposed problems. 

Moreover, as a deforestation consequence, the reduction in carbon affects both the climate 

change and soil sources in terms of disposable water, sediment composition, and temperature 

(Macedo et al., 2012; Neill et al., 2013). To better understand the impact of this production, it 

is sufficient to think about 58% of carbon dioxide emitted by Brazil in 2005 (one of the main 

soybean producers) predominantly derived from deforestation and land-use conflicts than 

utilization of fossil fuels (Borzoni, 2011). 

3. Quality over quantity: towards alternative poultry genotypes and poultry/avian 

biodiversity conservation 

 “The management for human use of the biosphere so that it may yield the greatest sustainable 

benefit to present generations while maintaining its potential to meet the needs and aspirations 

of future generations. Thus conservation is positive, embracing preservation, maintenance, 
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sustainable utilization, restoration and enhancement of the natural environment.” (FAO, 

2023). This reported above, represent the concept of natural resources conservation defined by 

the International Union for the Conservation of Nature and Natural Resource’s (IUCN) World 

Conservation Strategy. One of the main concerns related to high-production farm animals is 

the loss of genetic variability, related to the disuse of local breeds, less efficient and productive 

compared to the selected hybrids. Consequently to this mechanism, conservation issues arose 

in the last decades to become emergency of primary importance (FAO, 2023). However, face 

the breed conservation topic, includes discussing about sustainability and its several facets. The 

aspects which must be evaluated when the poultry sector is mentioned are various. Firstly, it is 

undeniable that medium and slow-growing chickens do not benefit of fast-growing efficiency. 

Therefore, they are less sustainable in terms of land use (major space for each bird), higher 

feed conversion ratio (Rezaei et al., 2018) longer rearing cycle, greater costs for bird 

maintenance (Tallentire et al., 2018) and lower performance (Fanatico et al., 2008). Moreover, 

due to the costs sustained by the farmers, an increase in the prices is unavoidable. On the other 

hands, the society is nowadays more prone to the ethic constraints (Lund et al., 2016) and 

fortunately, conservation of local genotypes cannot disregard high production standards, 

favoring the quality to the quantity. The conservation of local breeds should be interpretated as 

valorization of native products, strictly ingrained to cultural and traditional aspects proper of 

specific realities. Furthermore, many autochthonous breeds, by virtue of their cultural interest 

among population, may be conserved for their aesthetic features, as demonstrated by the 

amatorial rearing of several ornamental poultry breeds (FAO, 2023). Nevertheless, this sake in 

poultry breeds is still not enough to guarantee a sufficient protection from extinction. 

Additionally, the preservation of genetic biodiversity will be surely demanded in future, when 

different market necessities and external factors such as climate changes, will impact on new 

livestock population required. Animals resistant to disease and adverse environmental 
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condition are essential, enhancing as well the peculiarities for what those breeds where 

originally typified (FAO, 2023). The support of cultural traditions and the linkage between 

consumers and lands would be thereby granted (Sponenberg et al., 2019). 

3.1 Current status of Italian poultry breeds  

As, mentioned above, chickens’ population reared for meat and egg consumptions 

rapidly vary among years, thus the maintenance of alternative genetic options in poultry stocks 

is indispensable. The in situ conservation projects, despite being harder managed than 

cryogenic storage, represents a valid tool to protect endangered breeds (FAO, 2023). Castillo 

et al. (2021) provided a complete overview of the Italian poultry breeds status and current birds’ 

presence on the territory, which revealed a scant Italian poultry breed heritage. A census 

questionnaire has been subjected to the farmers and the scarcity of some indigenous breeds has 

been clarified. Among the endangered ones, six chicken breeds has been revealed as 

particularly critic, with a count from 18 to 186 birds in total (Castillo et al., 2021; Franzoni et 

al., 2021).  Numbers greater than 1000 chickens were identified for four breeds solely, to reach 

the maximum value of 3400 birds. The Bionda Piemontese (BP) and Livorno are the most 

popular ones, reared as a dual-purpose breed and an egg-laying hen, respectively. Some of the 

identified breeds were neither listed by breeders: the Collo Nudo Italiano, Pollo Trentino, and 

Tirolese, and Millefiori Piemontese as chicken breeds and the Castano Precoce turkey breed. 

The issues related to the protection of such breeds is partially related to the wide ignorance of 

both breeders and population. Campaign to promote and spread the information aiming at 

reaching the consumers is required to increase the current population size of some breeds. 

Collaboration among breeders, university research centers, and public entities is needed to 

reach such objective. Information, formation, and education are necessary both considering the 

knowledge in the existence of the animals themselves and considering the animal-derived 

products and the related culinary traditions. Incontestably, the consumers’ palate developed a 
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habituation towards commercial chicken properties. Thus, the indigenous meat sensory 

attributes and quality may be not appreciated or altogether may be disappointing for an 

inexperienced consumer (Pellattiero et al., 2020). For this reason, educate the consumer in 

terms of recipe preparations is fundamental, maintaining, simultaneously, a vivid linkage with 

the culinary traditions. Moreover, clever marketing strategies are needed to promote local 

breeds and the products obtained (Pellattiero et al., 2020). 

3.2 Current statuts of Piedmontese chicken breeds:  

The Avian Conservation Centre for Local Genetic Resources of the University of Turin 

(Italy) located in Carmagnola (TO), Italy, was convened in 2016 by the Italian Ministry of 

Agriculture and Forestry Policies to support the biodiversity conservation of the Piedmontese 

chicken breeds (Figure 2). Two breeds were reared when the conservation center has been 

established: the BP and BS. The center was originally equipped with:  

• a hatchery room, provided of brooders for the breeder’s reform at the end of the 

cycle (on average every two years); 

• a brooding area to allot the chicks for the first weeks in a controlled environment in 

terms of temperature and humidity; 

• a barn featured 24 pens and outdoor access for the rest of the cycle. 

Finally, a subsequent facility has been dedicated to the local breeds conservation, whereas the 

first one has been destinated to the experimental trials. All the animals are subjected at first to 

a phenotypical selection to respect the breeds’ standard and then divided in families, based on 

genetical analysis, thus distributed in different pens. The cockerels elected for the breeding 

program are finally chosen in order to maintain the widest genetic variability, being part of a 

wider reconstituent project on the Italian chicken breeds (Sartore et al., 2016; Cendron et al., 

2020; Soglia et al., 2020; Soglia et al., 2021). 
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Currently, some research is in progress on a third Piedmontese breed which was considered as 

extinct: the Millefiori Piemontese. The breed is considered as a heavy genotype, characterized 

by an inconsistent white-black spotted plumage and red earlobes, observed for the last time in 

the 1990s (Agraria.org. Razze Polli: Millefiori Piemontese). The breed re-emerged thirty years 

later by virtue of small local breeders, who stated to own some specimens. By means of the 

collaboration among the breeders and the university, the first flock hatched in the spring 2023 

and was allocated in the conservation center. The studies are still at the beginning, but the first 

genetical analyses showed the population as different from the Ancona breed, which has a 

similar plumage color but distinct genetic traits (unpublished data). 
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Figure 2. Main native Italian chicken breeds (Source: Razze - TuBAvI – Polli italiani). 

 



14 

 

 

 

Figure 3. Avian Conservation Centre for Local Genetic Resources of the University of Turin and 

its chickens’ population. 
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3.2.1 Bionda Piemontese 

The BP breed (Figure 4), know even as Bionda di Villanova, Bionda di Cuneo, Rossa 

delle Crivelle, or Nostralina, is present on the Piedmont territory since 1930. The first 

conservation and selection program were namely initiated in the 1938 by the Avian 

Experimental Center of Turin. In the post-war period, the breed has been neglected, due to the 

industrialization and introduction of the intensive agriculture. Finally, in 1999, the Professional 

Institute for Agriculture and Environment of Verzuolo (Cuneo, Italy) started a new conservation 

program to create standards ascribable to this breed, then approved in 2007 by the Italian 

Federation of Avian Associations (FIAV). Such breed characteristics encompass a buff-colored 

coat and black or metallic blue tail, with yellow to creamy-white earlobes, red wattles, and 

combs. The birds are characterized by medium dimension, strong conformation, and a F’ 

production capacity of about 200 eggs/year. Usually slaughtered at approximately 180 days of 

age (first profitable slaughter period for the farmers), in some parts of the Piedmont region 

these animals are traditionally reared as seasonal products (consumed mainly during Christmas 

time), and for this kind of product the rearing period could be longer (up to 8 months) 

(Bongiorno et al., 2022). Now considered as not endangered breed, it has been part of the Slow 

Food Presidia until 2017 (TuBAvI – Polli italiani, 2023). 
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Figure 4. Mesmerizing males of BP. 

3.2.2 Bianca di Saluzzo 

The BS breed (Figure 5), known as well as Bianca di Cavour, has a white coloration 

characterized by spotted pale-yellow or cream feathers. The comb and wattles are red with 

yellow to white earlobes and yellow beak and feet. The medium dimension of this breed and 

the balance between the skeleton and muscular profile give it a high resistance to pathogens 

and adverse environmental conditions (De Marco et al., 2013). Moreover, the BS is even part 

of the Slow Food Presidia (Gallina bianca di Saluzzo - Presìdi Slow Food - Fondazione Slow 

Food), an organization which supports local food products linked to the respective territories 

and cultures, with supporters present in 150 countries all over the world. This breed was 

popular in the past between France the medieval marquisate of Saluzzo and Turin, especially 

in the surroundings of Cavour, renowned for its poultry market and traders from every Italian 

region. Typical dishes derive from its meat are the “pollo alla cacciatora” (portioned chickens 

cooked with tomato sauce) and “tonno di gallina” (hen cooked in vegetable broth and portioned 

to be pickled conserved), while the dish “finanziera” (dish prepared staring from animal waste: 
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combs, liver, wattles, kidneys cooked with other beef meat/organs, vegetables and Marsala 

wine). These breeds are thus suitable for a complete utilization of the animal parts, without 

waste, considering both sexes, as well as spent hens. Although the females are mainly reared 

for egg production (about 180 eggs/year) the spent hen is namely intended for boiled meat 

preparation or served with salad, representing another typical regional dish (Slow Food, 2013). 

Figure 5. Nice males of BS breed. 
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4. Insects: a promising ingredient in poultry feed 

Due to the global population increase, together with the raw materials costs and the 

deficiency of protein sources for feed production, alternatives and more sustainable assets are 

pressingly needed in substitution of soybean and fish meal (Lu et al., 2022). The use of insects 

as feed revealed an enormous potential over the past years of research and an expansion in their 

utilization is forecasted despite technical, financial, and regulatory constraints. Insect-based 

diets led to a major efficiency in the use of available nutritious sources, reason why several 

research has been conducted to include insects as feed ingredient and substitute part of the 

common ones (Shaviklo, 2023). Since insects are naturally part of animals’ diet, their 

administration meets animals’ feed acceptance (Sogari et al., 2019). Moreover, insects 

administration is promising in terms of nutritional composition and amino acid profile 

(Makkar, 2018), environmental sustainability with a reduction in the greenhouse gases 

produced (van Huis, 2013), lower surface required to obtain 1 kg of protein (Makkar, 2018), 

and the ability to convert low quality substrates into products with a higher biological value. 

Furthermore, the increase of population to 9 billion of people forecasted for the 2050 (Shaviklo, 

2023), will dramatically boost the request for alternative ingredients for farmed animals (Khan, 

2018) and about 1.6 billion tons of worldwide produced food is wasted yearly, although 

approximately 1.3 billion tons is still edible, accounting for CO2 emissions equal to three times 

USA and China (Gligorescu et al., 2020). In this regard, the unsustainability of soybean must 

be stated, being considered as the most critical raw material in poultry diet. Its impact is related 

to deforestation, biodiversity losses, soil erosion, greenhouse gas emissions, water 

consumption and land-use conflict (Jia et al., 2020). The fish meal cannot be considered lesser 

impactful, due to the adopted fishing practices responsible for wild fish population depletion. 

Moreover, fish source are namely far located from poultry diet producers, representing a huge 

resources use for the raw material transportation, and supporting a mechanism more than in 
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contrast with the circular economy (Fanatico et al., 2018). Furthermore, several studies 

presented the BSFL as potential partial replacement of fish meal included in poultry diet 

(Gligorescu et al., 2018), with CP values of defatted BSFL meal close to the ones obtained by 

meat and fish (El-Hack et al., 2020). As reported in the next chapters, the consumers’ 

acceptance of insects will not have such a potential limitation in their use as feed protein 

ingredient. On the other hand, further research is needed to better understand the availability 

of consumers in paying products obtained by insect-fed animals, considering the consumers’ 

sensory perception and the appeal of the final product obtained (Sogari et al., 2019). 

4.1 Insects as food and feed: regulations among countries 

Various reality can co-exist on the use of insects as food and feed all over the world. 

On the basis of what reported by Khan et al. (2018) mealworm, housefly, BSF, earth worm, 

grasshopper, silk worm pupae, pallid emperor moth, cricket and locust are the most popular 

insects integrated in poultry diet. A description of the countries’ allowances is reported in the 

Table 1 and paragraphs below (Sogari et al., 2019; Lähteenmäki-Uutela et al., 2021; 

IPIFF,2023), despite a greater homogeneity and cooperation among countries is needed 

compared to the current overview of the situation, in order to uniform the legislation, hence the 

use of insects all over the world (Veldkamp and Gasco, 2023). 
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Table 1. Current legislation in the matter of insects as feed use all over the world. 

Country  Authority  Regulation  Insects as feed 

European Union EFSA 
European Union 

decisions/regulations 

See Figure 6 for the current 

European legislation 

USA FDA FFDCA 

Additive approval list or GRAS 

needed for insects;                      

BSFL included as ingredient for 

animal food 

Canada CFIA FAFR 

Feed raw material needs 

authorization, HI product 

authorized for poultry 

Mexico SSA and SAGARPA NOMs 
no indication related to insects as 

food and feed 

Brazil Not indicated 
Codex Alimentarius 

standards 
No insects foreseen as feed 

North Korea 
Ministry of Agriculture, 

Food and Rural Affairs 
Not present Prohibited 

South Korea 
Ministry of Agriculture, 

Food and Rural Affairs 
Not present No authorization required 

China Ministry of health Not present 

Authorization required for novel 

feed materials added to the Feed 

Materials Catalogue 

Japan 

 

Ministry of Agriculture, 

Forestry and Fisheries 

 Act on Safety 

Assurance and 

Quality 

Improvement of 

Feeds 

 

Importers and/or dealers must 

submit notification prior to starting 

a business 

Thailand 
 Ministry of Agriculture 

and Cooperatives 

 
Not present 

 
Widely used 

Australia 

 

FIAAA 

 

FIAAA Code of 

Practice and 

FeedSafe Standard 

 No registration for feed ingredients 

naturally part of animal diet.            

Insects may be used as aquaculture 

feed in every state, as poultry feed 

in NSW, ACT, Tasmania, Victoria, 

and Western Australia. 

African 

countries 

 
Not indicated 

 
Not present 

 Great demand for insect protein and 

commonly used as food and feed  

EFSA: European Food Safety Authority; PAPs: Processed Animal Proteins; FDA: Federal Food and Drug 

Administration; FFDCA: Federal Food, Drug, and Cosmetic Act; GRAS: Generally Recognized as Safe; BSF: 

black soldier fly; CFIA: Canadian Food Inspection Agency; FAFR: Food Act and Feeds Regulation; SSA, 

Health Secretary; SAGARPA, Agriculture, Cattle, Rural Development, Fishing and Feeding Secretary; NOMs 

Normas Oficiales Mexicanas; NSW, New South Wales; ACT, Australian Capital Territory; FIAAA, Feed 
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Ingredients and Additives Association Australia; FIAAA Code of Practice, Australian and New Zealand Code of 

Practice for Animal Feed Ingredients and Additive Suppliers. 

4.1.1 European Union: an insect legislation in constant evolution 

The European Union is responsible for the regulations of the insect producers, as part 

of the feed and food business operators, with the aim to commercialize the products obtained 

respecting the European Union standards. The general food and feed safety principles are 

gathered in the ‘General Food Law’ (Regulation N° 178/2002) and the ‘Hygiene Package’ 

(Regulation N° 852/2004 on the hygiene of foodstuffs and Regulation N° 183/2005 for feed 

hygiene) (IPIFF, 2023). On the bases of the above regulations, producers of insects must fulfil 

safety criterions of the obtained products at the distinct stages of the production activity. 

Restriction on the substrates which can be administered to insects are even applied, being 

insects considered as farmed animals (animals kept to produce food, feed, or other derived 

products). Only substrates of vegetal origin are allowed to be used as insect feed, despite milk, 

eggs and their products, honey, and non-ruminants’ rendered fat or blood represent and 

exception. Finally, slaughterhouse or rendering derived products, manure, catering waste, and 

fish/meat derived unsold products from supermarkets or food industries are prohibited. Moving 

further, the insects’ health and biosecurity must be guaranteed by the insect producers to 

prevent the spreading of diseases in the flock (EU Animal Health Law). However, being the 

insects non-vertebrates animals, there are no regulations so far regarding their welfare and 

farmers’ compliances (Barrett et al., 2023). Nowadays, A total of seven species of insects are 

authorized (Regulation N° 2001/999 (Annex IV) amended by the Regulation N° 2017/893 

(Annex X) for aquaculture, pigs and poultry feed (insect derived protein -PAPs- already 

admitted for aquaculture), became then eight with the Regulation (EU) 2021/1925 (IPIFF, 

2023): BSF (Hermetia illucens), common housefly (Musca domestica), yellow mealworm 

(Tenebrio molitor), lesser mealworm (Alphitobius diaperinus), house cricket (Acheta 

domesticus), banded cricket (Gryllodes sigillatus) and field cricket (Gryllus assimilis) and 
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silkworm (Bombyx mori). Finally, the use of processed animal proteins (PAPs) was approved 

in poultry and pig feed by the European Union Member States (Regulation (EU) 2021/1925) 

(IPIFF, 2023). If dead whole insects untreated or treated are still forbidden in the European 

Union, live insects are instead allowed to be provided as feed, despite every state member has 

freedom of adopting national regulations against or in favor to use such products as feed (Figure 

6) (IPIFF, 2023). 

Figure 6. Current insect products allowed and not allowed in the European Union (IPIFF, 

2023). 

4.1.2 North America: the insect legislation and their inclusion as novel feed 

The Federal Food and Drug Administration (FDA) in collaboration with the 

Association of American Feed Control Officers (AAFCO) represent the authorities responsible  
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for the animal feed safety in the USA, concerning feed regulation and novel feed ingredients 

(Lähteenmäki-Uutela et al., 2021). The edible insects can be found among the food additives 

admitted in the United States, despite solely the dried whole BSF and the BSF meal are allowed 

as feed ingredient and only in aquaculture. The Animal Feed Division, Animal Health 

Directorate, of the Canadian Food Inspection Agency (CFIA) dealing with the Food Act and 

Feeds Regulation of 1983, managing the admitted feed and feed ingredients in Canada 

(Lahteenmaki-Uutela et al., 2017). Since in this country insects are classified as novel feeds, 

they devoid of a safety-history regarding their use. For this reason, the authority’s attention is 

centered on animal health and environment risk assessment, focusing on the species and the 

rearing steps required for the specific insect proposed for the registration. The BSF use in 

chicken has been authorized in 2016, to be extended to all poultry in 2018. 

4.1.3 Central and South America: no regulations but will in improve the insect as feed 

sector  

The use of insects as food and medicinal purposes was broadly diffuse in Mexico in the 

past. The regulation of the products which may represent a health threat are controlled by the 

Normas Oficiales Mexicanas (NOMs), mandatory standards which must be respected and are 

revised on a quinquennial base. So far, no indication related to insects as food and feed are 

present. On the other hand, movement towards the insect rearing have been observed in Brazil, 

where companies showed their interest in increases the sustainability of poultry products, by 

replacing the soya bean with the use of insects as feed. The regulation followed by this area is 

the Codex Alimentarius standards, based on what has been reported by Allegretti et al. (2018). 

4.1.4 Asia: contrasting scenarios among laws absence and prohibitions 

The concept of insects used as food and feed is faced differently in Asia. In numerous countries 

their inclusion is well accepted, being the insects a good source of protein. In China, the novel 
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raw feed materials must be approved by the Ministry of Health and added to the Feed Materials 

Catalogue (Lahteenmaki-Uutela et al., 2017), whereas in Japan, feed suppliers must notify their 

activity to the Ministry of Agriculture, Forestry and Fisheries prior starting their business. 

Regarding Korea, defined legislative boundaries divide the territory. In other countries, some 

species of insects are traditionally mass-reared as feed and detailed protocols are already 

followed. For instance, Thailand is the greatest cricket producer in the world and own a 

Standard for cricket farming (Good Agricultural Practices for Cricket Farm, Thai Agricultural 

Standard 8202-2017), which foresees regulations on the farm management and facilities and 

animal health, aiming at obtaining good quality crickets. Although the preparation of this 

country in terms of animal feed legislation, for which the Ministry of Agriculture and 

Cooperatives regulation is responsible, indication about insects as feed are missing 

(Lähteenmäki-Uutela et al., 2021). The North (Democratic Republic of Korea) and the South 

(Republic of Korea) have namely an opposite overture to insects as food and feed. Since insects 

represent animal-based protein, the North Koreas regulation forbids the use of insects as feed 

(Jo & Lee, 2016). By contrast, the opposite is valid in South Korea, where insects are part of 

the culture as human and animal diet, despite no specific law are present after the deregulation 

of insect related law applied by the South Korean government in 2015 (Han et al., 2017). 

Recently, a review on the updated situation about insect as food and feed has been provided by 

Kwon (2022) from the South Korea. Since 2011, various governmental funds were dedicated 

to the research, despite the approach to the industrial sector has not been completed yet. Most 

farmers are represented by small holders in Korea, although the 300% increase in the number 

of insect farmers, with an ongoing development of the insect industrialization legislation. 

Failures in the Korean government can be attributed to the facilitation of insect use spread, 

such as the allowance in the use of insects as food source (Kwon, 2022).  
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4.1.5 Oceania: what is naturally present in animal diet is allowed to be used as feed 

ahahahConsidering Australia, feed ingredients and additives provision are regulated by the   

Feed Ingredients and Additives Association Australia (FIAAA) by means of the Australian 

New Zealand Code of Practice for Animal Feed Ingredients and Additive Suppliers (the 

FIAAA Code of Practice) and the FeedSafe Standard (https://fiaaa.com.au/about/#bg). 

Nonetheless, this country does not require a registration for feed ingredients naturally part of 

animal diet, despite the strict legislation regarding bovine spongiform encephalopathy. Meat, 

meat and bone meal derived from all vertebrates, including fish and birds represent namely 

forbidden ingredients for ruminants. Moreover, the use of insects is limited to aquaculture in 

all states, whereas it is allowed as poultry feed in New South Wales, Australian Capital 

territory, Tasmania, Victoria, and Western Australia. Precise rules are defined for the use of 

insects as feed. They cannot be fed with meat, manure and catering waste, similar to Europe, 

whereas the use of live and heat-untreated insects is forbidden in Australian territory 

(DiGiacomo et al., 2019). On the bases of the information provided by the Institute Public 

Administration Australia, research aimed at developing the insect sector is conducted by five 

major commercial fly farms and various small-scale farmers. 

4.1.6 African countries: insects among traditions and development of industrial-scale 

production 

Africa is characterized by a huge insect biodiversity and a surprising request of insect 

protein with the objective to replace the food and feed importation and create a local job 

network which can guarantee an income. The territory is characterized by an inconstant 

regulation pattern with no specific laws related to the insect prodcution. In South Africa, the 

insects as food are regulated by various organs, but the legislative framework lacks of 

indication related to insects used as feed, despite the presence of emerging industries, which 

already produce insects as feed at a commercial scale, focusing in particular on the BSF 
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production as monogastric feed ingredient (Niassy et al., 2018). Similarly, a lack of information 

is described by Nakimbugwe et al. (2021), in the Sub-Saharan countries in general, with no 

official regulations from governments, although insects represent a natural component in terms 

of both food and feed in those countries and the abundance of projects designed at establish 

policies on the insect use. In countries like Nigeria, Coleoptera, Isoptera and Hymenoptera, are 

considered as food and the indigenous experience on insect harvesting combined with the 

research could lead to the development of this sector on an industrial scale (Lähteenmäki-

Uutela et al., 2021; Usman and Yusuf, 2020). 

4.2 Insects as feed? The floor to the consumers 

Although a various range of studies is available regarding the consumers’ appreciations 

and preferences towards the use of insects as food (Sogari et al., 2019), little information is 

disposable regarding the consumers’ acceptance of insects as feed and derived products. The 

PROteINSECT European project carried out two surveys between 2013 and 2014, and in 2015, 

revealing a general approval among population in the use of insects as feed for farmed animals 

(Sogari et al., 2019). Interestingly, 64% of participant did not show health concern regarding 

the topic, while 88% asked more questions, demonstrating interest and curiosity, highlighting 

even a lack of information and formation in the matter (Sogari et al., 2019). In Belgium, among 

various farmers, agricultural stakeholders, and citizens, a higher level of acceptance in the use 

of insects especially as fish and poultry feed has been overall observed (Verbeke et al., 2015). 

Two surveys were instead conducted in 2016 in Italy (Laureati et al. 2016; Mancuso et al., 

2016). Laureati et al. (2016) considered a population sample made of Italian students and 

employes from the University of Milan, and respondents unconnected to the academic field, in 

order to compare the different consumers’ perspectives regarding the use of alternative meal 

for reared animals. As a results, 53% of the interviewed were amenable to the inclusion of 

insects in livestock’s diet, maintaining the same opinion in eating animals reared that way. 
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Similar results were gathered in other research conducted in Poland (Kostecka et al., 2017) and 

United Kingdom (Popoff et al., 2017). Similarly to the study carried out by Verbeke et al. 

(Verbeke et al., 2015), poultry were the preferred species in which propose insect inclusion in 

diet (58.1% of the interviewed), followed by fish (56.7%). By contrast, a retention in the 

consumers’ consumption of products obtained was observed comparing these species with 

cattle and pigs. The most conceivable explanation is reconducted to the natural evolution of 

these species, being the insects commonly present in birds and fish diet both in the wild and in 

free-range or organic systems. In addition, the attitude towards insect inclusion in animal diet 

could be sponsored and encouraged by means of public communications and events created for 

the promotion of such products, enhancing their sustainability in comparison with products 

derived from traditional feeding systems (Sogari et al., 2019).  

5. Black soldier fly 

5.1 Overview: life cycle and general traits 

The BSF, which origins are neotropical, had the capability to propagate through the 

entire American continent, preferring temperate-tropical climates with optimal condition 

between 27-30°C (Sheppard et al., 1994; Sheppard et al., 2002; Marshall et al., 2015). 

Furthermore, due to its climate adaptability and flexibility (in terms of light, temperature, and 

humidity), and due to antrophization, it reached Australia, India, Africa, and Europe (Gujarathi 

& Pejaver, 2013; Martínez-Sánchez et al., 2011). Undeniably, at present, the BSF represents 

one of the most auspicious insects suitable for animal feed purposes, by virtue of its prominent 

food waste bioconversion capacity. BSF is a holometabolous insect, belonging to Diptera 

species. The rearing cycle of BSF is composed by various phases, which comprehend the egg, 

the larvae, the prepupae, the pupae and the adult fly (Figure 7). Two days after the 

metamorphosis, the mating starts among males and females,and on average five hundred white-

creamy eggs are laid by the adult females (Diclaro & Kaufman, 2009) closed by decaying 
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organic substrate, essential for the growth of the larvae from the hatching till the prepupae 

stage. The eggs hatch after 4 days and the maximum length reachable by the larvae is 27 m and 

6 mm in width, with a white-pale yellow coloration and a chewing mouthpart. A total of six 

larvae instars (about 14 days) are part of the cycle (Hall & Gerhardt 2002), which will eat to 

store enough nourishment for the other phases, in which the insects will not eat (Newton et al. 

2005b), despite recent studies revealed better performance in adults provided with sugary water 

or honey (Barragan-Fonseca et al., 2017). Afterwards, the prepupae migrate toward sheltered 

and dried vegetation, to allow the initiation of the pupation phase, characterized by darkening 

exoskeleton. The pupae phase requires approximately two weeks for the adult emergency 

(Tomberlin & Sheppard 2001; Hall and Gerhardt 2002). Subsequently, the life duration of the 

adult last for about 8 days, for a total duration of the cycle of approximately 45 days. The 

bioconversion capacity of BSF is impressively high, with a feed conversion ratio ranging 

between 1.7 and 3.6 on DM (Gligorescu et al., 2020), reason why has been effectively 

employed to convert low-value materials in protein with a prestigious biological value 

expendable in animal feed sector (Barragan-Fonseca et al., 2017; Gold et al., 2018; Lalander 

et al., 2019; Makkar et al., 2014; Singh and Kumari, 2019; Wang and Shelomi, 2017). The BSF 

can indeed be fed a wide range of side stream, such as abattoir waste, food waste, human feces 

and a mixture of abattoir waste, fruits and vegetables, biogas digestate, manure, and municipal 

waste (Gold et al., 2018; Lalander et al., 2019; Singh and Kumari, 2019), despite as mentioned 

previously, not all the substrate are allowed in the European Union. Based on this peculiarity 

the BSFL have been successfully used not only to degrade food waste but even to expend swine 

and poultry manure in commercial farms (Newton et al., 2005b; Diclaro & Kaufman, 2009). 

Moreover, the greater sustainability of BSF compared to other protein source, such as fishmeal, 

has been demonstrated in different studies (Smetana et al., 2019). Discussing the use of this 
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insect as feed, its utilization has been broadly debated both for poultry, swine and in aquaculture 

(Barragan-Fonseca et al., 2017; Makkar et al., 2014; Wang & Shelomi, 2017). 

 

5.2 Nutritional aspects and larvae processing 

Overall, insects can be a valid alternative to soybean by virtue of their fat and protein 

content (30-40% and 40-60% on DM bases, respectively) (Khan et al., 2018). In particular, 

BSF is rich in protein (from 37 to 63% DM), and fat (from 7 to 39% DM) (St-Hilaire et al., 

2007; Zheng et al., 2012; Barragan-Fonseca et al., 2017), based on the instar (to late ones 

correspond high DM) and the substrate on which the larvae are reared. The DM values range 

from 90 and 93%. The content of ash varies between 9 to 28% DM, while the lysine represents 

the most abundant amino acid among the ones present in larvae (6-8% of protein content) 

(Sheppard et al., 2008). To make a comparison with the soybean meal, BSFL are richer in 

Figure 7. Black soldier fly rearing cycle (Source: Protix, Bergen op Zoom, 

The Netherlands; ). 
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alanine, methionine, histidine, and tryptophan, whilst they contained less arginine (Barragan-

Fonseca et al., 2017). Regarding the fatty acid profile, the saturated fatty acid proportion 

amounts to 58%-72%  and 19-40% monounsaturated and polyunsaturated fatty acids (on the 

total lipidic fraction) (Li et al., 2011; Kroeckel et al., 2012; Makkar et al., 2014), with greater 

level of lauric, palmitic and oleic acid (Surendra et al., 2016). Moreover, the fat contained in 

high-fatty diets is mostly turn into lauric acid, make challenging the modulation of fatty acids 

profile contained in the larvae (Oonincx et al., 2015b). On the other hand, the lauric acid is 

even well known for its antimicrobial properties, having a beneficial effect on the immune 

system (Fortuoso et al., 2019; Londok & Rompis, 2019). The mineral composition of BSFL 

encompasses relevant levels of manganese (Mn), iron (Fe), zinc (Zn), copper (Cu), phosphorus 

(P) and calcium (Ca), present in a greater proportion than other insects and that could vary on 

a substrate used base (Dierenfeld & King, 2009; Chia et al., 2020) withtin a range of 2%-10% 

DM. Nevertheless, the digestibility and availability of nutrients should be improved in further 

studies, focusing on nutrient composition and larvae processing method used. Factors as 

substrate provided to the larvae, amount provided, and environmental drivers, such as 

temperature, moisture, and larvae density can affect the larvae performance and chemical 

composition. Undeniably, the wide variation of protein and especially fat composition depends 

on the substrate used to feed  the larvae, in terms of quantity and quality (Newton et al., 2005a; 

Nguyen et al., 2015). The technological treatment on the larvae can affect their composition as 

well. For instance, Zulkifli et al. (2022) showed that spry-dried larvae displayed a higher 

content of amino acids than the oven-dried larvae, and the saturated fatty acids were more 

abundant than unsaturated ones in oven-dried larvae. Additionally, variation in the larvae 

composition occurs within the larvae life stages, with a protein content reduction proportional 

to the larvae growth (5 days old, 61%; 15 days old, 44%; 20 days old, 44 %, while, on the other 

hand, a higher DM characterizes the later instars. By contrast no great variations are reported 
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in the amino acid profile (Barragan-Fonseca et al., 2017). In the Figure 8 the processing path 

of BSFL is depicted. The chitin is another important component in the BSFL. It is a linear 

polysaccharide of the amino sugar N-acetyl glucosamine, highly present in disparate 

invertebrates such as sponges, mollusks, nematodes, arthropods, and fungi (Moussian, 2019). 

This component covers a primary role in the external protection of these organism. Generally, 

chitin is an important component of protective or supportive extracellular matrices that cover 

the tissue that produces it or the whole body of the organism. Moreover, being the chitin a 

pliable extracellular polysaccharide, defines the mechanical characteristics of tissues, once 

combined with proteins (Moussian, 2019). In the insect regard, chitin is a component of the 

BSF exoskeleton, capable of immunomodulatory effects in mammals (Komi et al., 2018), and 

antimicrobial peptides with a chitin content up to 9% (De Souza Vilela et al., 2021).  In the 

Table 2 the main composition of BSF is reported 
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Figure 8. processing path of BSFL and derived products (Shaviklo, 2023). 
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Figure 9. Black soldier fly phylogenesis starting from holometabolous insects (©Grimaldi and 

Engel, Evolution of the Insects, Cambridge University Press). 
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Table 2. Main composition of black soldier fly larvae 

Abbreviations: DM, dry matter; LF, lipid fraction; CP, crude protein; Max., maximum; Min., minimum. 

6. Poultry production and BSF: a multifaceted opportunity 

6.1 BSFL meal influence on birds’ performance  

Various results are available regarding the use of BSF as feed ingredient and soybean 

substitution in poultry diet, despite more data are disposable on the use of the BSFL meal than 

the live larvae (Dörper et al., 2021). Most studies were conducted on broiler chickens and 

laying hens, despite publications are available on other species including turkeys, ducks, and 

quails. Moreover, the BSFL meals employed embedded full-fat, partially defatted, and defatted 

meals (Dörper et al., 2021). Starting from broiler chickens, the data gathered are inconsistent. 

Attivi et al. (2020), highlighted a reduced body weight gain at 2%, 4%, and 6% inclusion of 

full-fat BSFL meal in broiler chickens (reared from 14 to 56 days of age), while an ameliorated 

feed intake and feed conversion ratio, without thwarting the final body weight of the birds, was 

Item Unit Average Min. value Max. value Literature 

Dry matter % DM 10 8 12 (Chia et al., 2020) 

Ash % DM 18.5 9 28 (Sheppard et al., 2008) 

Crude protein % DM 50 37 63 (Barragan-Fonseca et al., 2017; Queiroz et al., 2021) 

Ether extract % DM 23 7 39 (Barragan-Fonseca et al., 2017; Queiroz et al., 2021) 

Saturated fatty acids % total LF 65 58 72 (Li et al., 2011; Kroeckel et al., 2012; Makkar et al., 2014) 

Mono-polyunsaturated 

fatty acids 
% total LF 29.5 19 40 (Li et al., 2011; Kroeckel et al., 2012; Makkar et al., 2014) 

Chitin % DM 15 5 25 (McKay, 2018) 

Gross energy MJ/kg DM 6 5 7 Bellezza Oddon et al., 2021 

Lysine % of CP 7 6 8 (Sheppard et al., 2008) 

Minerals % DM 6 2 10 (McKay, 2018) 
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observed at 6% and 8% of inclusion. Positive effects on the body weight gain have been 

observed instead at 8% inclusion. Similarly, Dabbou et al. (2018), declared an increase in the 

feed intake and average daily gain of birds (reared from 1 to 35 days of age) during the first 

rearing phase, with not beyond 10% partially defatted BSFL meal inclusion, used in 

substitution of soybean meal, soybean oil and gluten meal. The hematological parameters were 

even consistent with the physiological range available in literature (Dabbou et al., 2018; Elahi 

et al., 2019). However, over this inclusion (until 15%), the broiler chickens performance 

resulted instead encumbered, with a lower live weight during and finisher period, together with 

a worse feed conversion ratio. Additionally, bacterial heterogeneity in the caeca and a inhibition 

of intestine mucin production has been detected at those level (Biasato et al., 2020). An 

inclusion of 0%-5%-10% and 15% was considered in the study conducted by Schiavone et al. 

(2019), in which broiler chickens were reared from 1 to 35 days of age and fed defatted BSFL 

meal in replacement of soybean meals, soybean oil, and corn gluten meal. By contrast, recent 

research reported a maximum inclusion of full-fat BSFL equal to 20% in the diet, which can 

guarantee an equitable broiler chicken diet, without impairing the performance and health of 

the birds. Moreover, if this percentage decreases at 15%, a positive effect on the immune system 

can be observed, by lowering the energy required by the immune system (De Souza Vilela et 

al., 2021). Other studies conducted on laying hens, reported no negative implications on feed 

conversion ratio and laying performance, in the partial (50%) or full replacement of soyabean 

meal by BSFL one, when related to an organic common diet (Maurer et al., 2016). In addition, 

De Marco et al. (2015) reported how the good  apparent metabolizable energy and the amino 

acid apparent ileal digestibility coefficients of BSFL meal, should warn the feed industry about 

the treasured utilization for diet formulation in broiler chickens feed. Contrastingly, Attivi et 

al. (2020), observed a decrease in the protein digestibility at any inclusion of BSF, with a 

reduction in the gizzard weight and intestinal length. Finally, Martínez Marín et al. (2023) 
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ideated a regression model applicable for the estimation of the apparent metabolizable energy 

in BSFL meal, which could be relevant for future improvement in this sector. Other research is 

available on Muscovy duck reared from 3 to 50 days of age (Gariglio et al., 2019) with no 

negative performance implications observed for 9% inclusion of partially defatted BSF meal 

substituting corn gluten meal (0-3%-6%-9% of inclusion). Comparingly, no changes have been 

seen in Japanese quails reared from 10 to 28 days of age fed 0 to 10% BSFL meal in alternative 

to conventional protein and fat sources (Woods et al., 2019). In this research, the BSF was 

reared for one treatment 100% on layer mash, while for the second one 50% on layer mash and 

50% on fish offal. However, the gross and metabolizable energy of BSFL reared on 100% on 

layer mash boasted greater digestibility than control groups, while a worsened body weight 

gain were recorded in the BSFL raised 50% on layer mash and 50% on fish offal than controls. 

Nonetheless, finding the right balance of BSFL meal in poultry diet remains an unsolved query, 

being involved several environmental and management factors, and meal processing and 

properties, which make challenging providing a defined percentage inclusion in poultry diet 

(Dabbou et al., 2018). 

6.2 Poultry rearing and live BSFL: an intriguing tool to improve growth performance 

and welfare of the birds 

During the past three years the research made huge progress in the BSF sector, enriching 

the disposable knowledge, thus started exploring the use of these insects as a tool to improve 

birds’ welfare. Therefore, the idea to provide live BSFL as environmental enrichment, 

considering even the effects on the performance and health of the birds, became firstly reality 

in a trial conducted on turkeys by Veldkamp & van Niekerk (2019). Afterwords, Ipema et al. 

(2020a) provided to broiler chickens two or four times per day 5% and 10% live BSFL based 

on the daily feed intake, with no influence on the other parameters, while Bellezza Oddon et 

al. (2021) found a major relative weight of spleen in broiler chickens fed 5% live BSFL (from 
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4 to 39 days of age) compared to the control groups. Finally, Ipema et al. (2022) replaced 8% 

of the DM in the diet with live, dried or meal of BSF from 1 to 35 days of age of the birds. 

They proved the live larvae scattering as the most efficient and functional method to maintain 

broiler chickens active, followed by the scattering dried larvae, rather than using a distributors 

or feeders. The foraging behavior during the whole cycle namely increased in the supplemented 

birds, complemented by a reduction in resting behavior in favor to standing idle and walking 

at the end of the rearing period. Moving to the laying hens, Star et al. (2020) provided live 

BSFL in substitution to soybean meal and nor the feed intake, feed conversion ratio, body 

weight, laying rate, egg weight, egg mass, egg quality parameters, neither the mortality 

displayed affection by the supplementation. Finally, a lower feed conversion ratio, improved 

feed intake and body weight gain were detected in turkeys fed 12% live BSFL in substitution 

to soybean meal, from 1 to 35 days of age (Veldkamp & van Niekerk, 2019).   

The sustainability concept must be applied not only to the production itself but also to 

the animal welfare, in order to satisfy good welfare standards and guarantee the health of the 

flock. The degree of welfare encompasses ethic, productive, and commercial standards which 

are linked one to each other and must be achieved and maintained overtime. Primarily, poultry 

can experience pain and suffering in relation to inadequate welfare and health conditions. 

Therefore, poor rearing conditions led to a reduced production, with a reflection on the farmers’ 

profit. Moreover, as reported in the overall discussion, the welfare conditions sway consumers’ 

purchase decisions, affecting thereby the product demand (FAO, 2023). An increase in 

alternative rearing systems, promoting local breeds and slow-growing chickens, has been 

observed due to arising welfare and environmental issues noticed in intensive rearing systems, 

such as a reduction in the birds’ activity and resistance against diseases, an increase in 

dermatitis and ascites prevalence, leg weakness, and overall a greater mortality incidence 

(Wallenbeck et al., 2016). Although the mentioned negative aspects the fast-growing systems 
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are anyway the most abundant in Europe (90%-95%) (Augère Granier, 2019; Van Horne, 

2018). Good welfare conditions can be achieved following good management practices and 

choosing alternative hybrids or local breeds which are less prone to broiler chickens’ health 

issues. Furthermore, the introduction of environmental enrichments covers a relevant role in 

guaranteeing the welfare of the birds. In this thesis, the promotion of local chicken breeds and 

the combination between the use of an alternative genotypes and live BSFL as environmental 

enrichment are enhanced. Nevertheless, alternative rearing systems like organic and free-range 

should not be consider as equal to sustainable systems (embracing the sustainability concept 

mentioned above), inasmuch the production and welfare outcomes relies on good management 

practices (Van De Weerd et al., 2009; Riber et al., 2018). The major challenge is combining 

exploitable environmental enrichment with poultry strain efficiency, in terms of production and 

utilization of resources. In addition, a relief of the feed producers is needed and could be met 

by proposing and introducing  greater environmental friendly protein ingredients than what 

currently available and mentioned above (Dörper et al., 2021). For the above-mentioned 

reasons and renowned market necessities, the use of live insects is an ideal solution which 

could satisfy the different sector enquires (Carr et al., 2016; Gasco et al., 2020; Purkayastha 

and Sarkar, 2022). Unlike the common environmental enrichment, including moss-peat 

shavings and wood, sand, and rice husk, live larvae present the prestigious attribute of being 

mobile, increasing the attraction of the birds and reducing them to perform one of the most 

ancestral stimuli: foraging and more generally, explorative behavior (Clara et al., 2009; Riber 

et al., 2018; Star et al., 2020). In the broiler chickens investigated in the study of  (Ipema et al., 

2020a) a greater ground pecking and overall foraging activity were observed in all the live 

larvae supplemented groups (the larvae were distributed two or four times per day 5% and 

10%). Moreover, ameliorations in the hock burn score were detected in the live BSFL provision 

two and four times/day, compared to the control groups, whit higher gait score in control groups 
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than the groups in which 5% of larvae were provided 4 times/day, or 10% both two and four 

times/day. Furthermore, Ipema et al. (2020b) noticed a broadly higher activity and more 

foraging displayed, in broiler chickens fed 5% or 10% live BSFL. Similarly, Biasato et al. 

(2022) found 5% live BSF provision in broiler chickens as functional at increasing their activity 

and foraging behavior. Moreover, the administration of larvae in this research resulted 

proficient in contrasting birds’ fear as well. Nevertheless, no changes in the excreta 

corticosterone metabolites of heterophile/lymphocyte ratio were detected (Bellezza Oddon et 

al., 2021; Biasato et al., 2022).  Finally, it has been demonstrated that live or dried BSF had a 

beneficial effect on the production performance of the birds compared to the control groups 

(Ipema et al., 2022). Regarding the laying hens, a reduction in feather pecking was recorded in 

white laying hens fed live BSFL in substitution to soybean meal from 67 to 78 weeks of age in 

the study conducted by Star et al. (2020). Curiously, the number of eggs laid on the floor in the 

morning was greater than in the afternoon, moment in which the live larvae were distributed. 

Tahamtani et al. (2021) focused their research on white laying hens administered 10%, 20%, 

or ad libitum live BSFL with no changes in birds’ behavior. Veldkamp & van Niekerk (2019), 

reared turkeys until 35 days of age and fed 12% live BSFL. Despite the low occurrence of skin 

and plumage damage, they noticed a reduction in feather pecking, resulting in an improvement 

in plumage condition of the back and tail of the birds at the fifth week. By contrast, an increase 

in feed pecking during the first week was observed, while a reduction of feed pecking and 

drinking was reported at the third week of age. Finally, the pecking object frequency decreased 

during the fifth week.  
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Figure 10: live BSFL provision to a medium-growing genotype (picture taken during our trial).
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7. Objectives of the research 

The main aim of this thesis is the implementation of poultry production sustainability. 

Two factors affecting such multifactorial issue are discussed in the following chapters: 

promoting the use of local chicken breeds in order to support both environmental sustainability 

and genetic biodiversity, together with the employment of alternative feed ingredient which 

can reduce the soybean inclusion in chickens’ diet. It needs to be specified that for this research 

we worked both with birds slaughtered at 7-8 months of age and at about 3 months of age. For 

this reason, even if a slaughter age of 82 days identifies internationally a slow-growing broiler, 

we will consider it as a medium-growing hybrid, in order make possible the comparison with 

our slow-growing genotypes BS and BP.
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8. Carcass Yield and Meat Composition of Male and Female Italian Slow-Gro wing 

Chicken Breeds: Bianca di Saluzzo and Bionda Piemontese  
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9.  Black soldier fly larvae used for environmental enrichment purposes: Can they affect 

the growth, slaughter performance, and blood chemistry of medium-growing chickens?
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10. Organic medium-growing chickens fed live black soldier fly larvae: towards fear 

reduction and enhanced activity and explorative behaviour 

 

(submitted to Journal  od animal Physiology and Animal Nutrition on  July XX, 2023. 

Revision R1 submitted on October 10, 2023; current status revision R2; change after revision 

are in blue)
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11 Overall discussion 

In the following chapter, an overall discussion about the studies included in this thesis 

will be provided, in order to offer a comprehensible overview of the PhD objectives. Moreover, 

tools to understand the prominence of the local breeds’ conservation will be explicated, 

clarifying the strategies to maintain them on trend in a reality that leaves scant space for these 

niche productions. Finally, the benefits in the use of BSFL as feed and environmental 

enrichment on growth and slaughter performance, welfare, and meat quality will be 

emphasized. 

Nowadays, the consumers’ attitude towards meat is changing due to the elevate environmental 

impact derived from its production. The major concerns are mostly directed to the global 

warming, which sees the meat sector as an important contributor to the issue. The current world 

development and the increasing meat request is attributed to developing countries, such as 

Africa, Asia, Pacific regions, and Latin American region, covering the 60% of the total meat 

demand in 2030 (OECD-FAO Agricultural Outlook 2021-2030, 2021). The poultry, and 

especially, the chicken meat, would represent the first protein source in those world areas, for 

the same reasons it became the most consumed meat in developed countries: low production 

cost and rearing cycle, protein quality source, and absence of cultural barriers (EC, 2018; 

OECD-FAO, 2019). However, developed countries, such as the North America, have been 

predicted to contribute for about 10% of the increase. Different projections have been made in 

other developed countries. For instance, the meat consumption increase predicted in Europe is 

close to 1% in 2030 (OECD-FAO Agricultural Outlook 2021-2030, 2021). Such differences in 

meat consumption in developed countries are surely related to the population awareness about 

the dietary habit impact. Although the percentage of people who already choose a more 

sustainable approach, its adoption remains currently limited. A study involving 34 papers 

devised a detailed eco-friendly profile (Sanchez-Sabate & Sabaté, 2019), which corresponds to 
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young non-vegan/vegetarian women, more probably from European or Asiatic countries than 

U.S., who reduced the amount of meat assumed as ecological approach. Moreover, such 

research demonstrated a change in the willingness of the consumers, currently oriented to stop 

or minimize the amount of meat consumed (Sanchez-Sabate & Sabaté, 2019). However, it must 

be underlined that the culinary education represents a delicate topic, being difficult to modulate 

consumers’ choices and tastes. Considering the sustainability, the chicken meat should be 

devised as the favored one, being less impactful than the other animal products (Leinonen & 

Kyriazakis, 2016). Thus, the promotion of local genotypes represents the logical prosecution, 

favoring the quality over the quantity and safeguarding, as a natural consequence, the 

biodiversity heritage presents on the territory (Cendron et al., 2020). Moreover, as Zanetti et 

al., (2010) and Cendron et al. (2020) reported, the intensive rearing systems radically interfered 

in the biodiversity structure, threatening the autochthonous genotypes subsistence. Considering 

the next steps in poultry production, such biodiversity might be necessary for the next chickens’ 

generations, in order to cope with future challenges (e.g., resistance and adaptability to climate 

changes and diseases). Nonetheless, formation and information campaigns must be at the basis 

even of future measures in regard to this topic, aiming at increasing the awareness of the 

consumer in terms of environmental impact and biodiversity tutelage (Cendron et al., 2020). 

From the research point of view, it is extremely difficult to completely safeguard the livestock 

species worldwide, considering even the absence of fundings (Zhao et al., 2021), making thus 

necessary a rational selection based on the population structure, conservation priority, and runs 

of homozygosity is the only solution (Gao et al., 2023). Undeniably, a responsible consume of 

meat, rather than a complete withdrawal, in favor of local breeds instead of fast-growing 

broilers, would support the maintenance of a connection with the market, being the major 

number of breeds reared and retrieved as egg and meat producers. Moreover, it must be stated 

that the local chicken breeds’ products were surely more expensive than the commercial ones, 
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but comparable to the ones obtained by niche poultry as the Poulet de Bresse (in France) or 

from organic systems (reference). Such information represents the evidence of real niche 

creation opportunity in the market in support to the biodiversity (Franzoni et al., 2021)  

In our first trial, differences are reported not only between the studied genotypes BP and 

BS, but also in terms of slaughter age. Overall, the study aimed at providing useful information 

for the breeders, to be able to select the most efficient slaughter time compatibly with their 

necessities. The crucial point lies in the balance between the obtainment of an appreciated good 

quality product and the efficiency of the breed itself, in an effort to sustain the farmers and, as 

a consequence, the breed. 

The main results of our first experiment, in terms of yield at slaughter, showed a 

significant effect of the breed on the carcass yield at 5, 7 and 8 months of age (P<0.05), resulting 

in a better performance of the BP breed on the BS one. The carcass yield values corresponded 

to 60.28%, 58.53%, 58.44%, and 55.88% for BPM, BPF, BSM, and BSF, respectively. 

Moreover, the BPM and BSM and F showed higher values in breast yield at 7 and 8 months of 

age (P<0.01) and generally F displayed higher values than M (P<0.01). The opposite has been 

observed for the thigh yield, where the M displayed higher values than F (P<0.01). Differences 

among meat quality attribute have been even observed in BP and BS, presenting the M a higher 

redness of breast, whereas the opposite was observed for both breast meat b* and L* (P<0.001). 

Regarding the meat proximate composition, the moisture and CP values were higher in the M 

than the F (74.26% vs 73.37%, and 25.31 vs 24.79, respectively; P<0.01), and a major moisture 

level was detected in animals slaughtered at 5 than 7 or 8 months (P<0.01), reflecting possible 

differences in meat juiciness. Relevant differences were noted in the breast CF content, lower 
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in M than F (1.75% vs 4.4%; P<0.01), and the fatty acids composition differed between M and 

F in a similar way in both breast and thigh. Particularly, the SFA were predominant in M 

compared to F (48.79% vs 46.54; P<0.05) as well as the PUFA (27.93 vs 10.18; P<0.001), while 

the MUFA were more abundant in F than M (34.30 vs 40.69; P<0.001). Numerical differences 

have been recorded even in the fatty acid composition of the breast and the thigh in the BP and 

BS, being the PUFA higher in the breast (19.94%) than the tight (4.20%), despite no statistical 

analysis have been performed on these parameters. A comparison of our results with other 

studies is provided in the following tables.
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As it can be understood from the previous examples, several difference could characterize 

a local breed, and infinite is the potential of each sensorial attribute. The age of slaughter of the 

birds can vary from a couple of months until 7-8 months of age, as in our research. By contrast, 

the carcass, breast and thigh yield are fundamental contributors to the maintenance of local 

breeds, being directly related to the farmers’ income, especially in developing country, where 

the food quantity rather than food quality still represents the first purchase driver, despite the 

cultural habits and local traditions widely leverage on the market demand of various countries. 

For instance, in African countries, several chicken strains present a reduced growth which leads 

to scant carcass yield, as underline in the review by Kpomasse et al. (2023). Thus, a selection 

of such breeds designed to improve their performance is required, to guarantee both the breed 

conservation with its attributes (e.g., high temperature resistance) and the farmers’ income. The 

results reported in our study related to the carcass yield were few percentage points far (about 

2-3%) from some medium-growing hybrids, despite wide differences can be observed among 

other local breeds, with differences in carcass yield of 10-15% (Table X); however, the 

differences in the age of slaughter must be taken into account. A similar consideration can be 

given to the meat quality parameters that can be observed and appreciate by the consumers. 

For instance, similar values of breast L* index within the slow-growing genotypes were 

depicted, while wide variations for a* index were recorded, from a minimum of 0.40 for our 

BS to about 1.7 for a Thailandese local breed.  The meat b* index varied instead from about 

4.3 to 14.1 within all the slaughter types included. However, considering the developed areas 

of the world, the sustainability key should be the meat consumption reduction, sponsoring a 

moderate amount of quality food purchased, compatible with the population’s economic 

availability, thus supporting small farms and autochthonous chicken products. 

With a view to provide new tools to improve sustainability and welfare and alternative 

poultry farming, as the biological system employes slow and medium-growing birds, a second 
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trials carried out with the aim of evaluating the use of insect larvae on chickens’ performance, 

welfare, and meat quality, as reported in the chapter 9, 10, and 11. 

Overall, the use of insects as livestock feed or environmental enrichment revealed a 

great potential (Gligorescu et al., 2020). Firstly, the natural presence of insects as poultry feed 

in nature cannot be ignored. Moreover, the insects’ motility represents one of the key aspects 

for such success. By virtue of their motion properties the live BSFL attract chickens’ interest 

more than any other inanimate environmental enrichment, being a constant stimulus for their 

explorative and foraging behaviors (Clara et al., 2009; Star et al., 2020). Furthermore, in 

modern commercial farms, included the slow and medium-growing rearing systems, the birds’ 

possibilities in  availing live larvae naturally is improbable, making the live BSFL 

supplementation a valid tool to overcome this lack (Riber et al., 2018; Star et al., 2020). 

Various studies have been carried out on the live BSFL as well, with positive effects or 

either way no interferences reported on growth and slaughter performance, and blood traits of 

broiler chickens and turkey poults  (Bellezza Oddon et al., 2021; Ipema et al., 2020a; Ipema et 

al., 2020b; Ipema et al., 2022; Veldkamp & van Niekerk, 2019). No information was instead 

available on medium-growing hybrids. Thus, our second trial connects the sustainability 

concepts described so far in this thesis, resumed, with supportive literature in the table below.
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Further research is surely necessary in this field, to investigate how the live larvae can impact 

on the growth and slaughter performance of slow-growing genotypes, in which rearing systems 

the live larvae could apport beneficial effects on their health and welfare, without unpaired the 

performance of the birds or in case improve them. To conclude, it would be an utopistic 

statement saying that a total conversion of consumers’ habits and rearing system realities will 

be obtainable in the brief period, especially considering the constant population increase and 

the current modernization of developing countries (OECD-FAO Agricultural Outlook 2021-

2030, 2021). Therefore, the insect supplementation in chickens’ diet, by virtue of their protein 

composition, represents a valid and sustainable alternative to conventional protein source, 

being advantageous from an environmental point of view, without neglect the supporting role 

in improving social condition and livelihood of developing countries populations, in which 

however, the insects have often been considered as food and feed since antiquity (van Huis et 

al., 2013). 

Moving forward, the live BSFL not only represent a feed ingredient, but even an 

environmental enrichment, by virtue of larvae’s motion ability which is the matter of interest 

for chickens (Clara et al., 2009; Star et al., 2020). The choice of a medium-growing hybrid 

reared in our second study has been dictated both by the lack of information on this kind of 

genotypes and by the underestimated welfare conditions in which these animals often live. In 

fact, they have been ideated to be adaptable to organic and free-range rearing systems, but often 

raised in sub-optimal conditions (Van De Weerd et al., 2009; Riber et al., 2018). Various studies 

reported the effectiveness of live BSFL in improving chickens’ welfare, with better plumage 

and skin damage score than the control groups and a reduction in the aggressive behaviors in 

turkeys poults and broiler chickens (Veldkamp & van Niekerk, 2019; Star et al., 2020; Ipema 

et al., 2022), despite no differences were instead identified in our study. An amelioration of leg 

health and birds activity, in relation to the larvae provision frequency was observed in broiler 
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chickens (Ipema et al., 2020b), and a fulfilment of explorative behavioral needs in laying hens 

(Star et al., 2020). Similarly, both physical activity and explorative behaviors were enhanced 

in our research, the latter especially in females. In addition, a general implemented foraging 

behavior (Ipema et al., 2020a; Biasato et al., 2022) and a reduction of fear of the birds was 

observed (Ipema et al., 2020a), corroborating our results obtained with both video-recordings 

and acoidance distance test. Although the organic and free-range rearing systems should imply 

better living conditions than the conventional systems, the welfare of such birds is often taken 

for granted, while more attention and dedication in terms of environmental enrichment and 

birds’ management should be ensured (Van De Weerd et al., 2009; Riber et al., 2018). In the 

Table X the welfare results obtained from our second trial, compared with the available 

literature. 

The presented results corroborate the potential of live BSFL use as environmental 

enrichment, demonstrating outstanding results on birds foraging and explorative behaviors and 

the maintenance of physical activity during aging, moment in which the sedentarism of such 

birds tend to decrease (Bokkers & Koene, 2003; Jacobs et al., 2021). Moreover, the higher 

efficacy of scattering live larvae compared to dried or live ones administered by feeders (Ipema 

et al., 2022), routes future research to this kind of provision even for this hybrid, despite the 

distribution during the day and the entire life-cycle remained so far unknown and necessitate 

further investigations. Overall, these conditions effectively satisfy the birds’ welfare and could 

meet the consumer’s expectation. However, since questionnaires or records on consumers‘ 

perception have not been included in this research, further data should be collected to provide 

a response. A better understanding of the consumers’ opinion and attitude in purchasing 

products derived by insect-fed chickens represets a fundamental step. Such way, new tools 

would be accessible to face and overcome the challenges related to the public acceptance of 
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insects as animal feed, which are endowed of valuable benefits for environment and animal 

welfare.    
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12 Overall conclusions 

To provide an overall conclusion, the poultry production sustainability represents surely 

a complicated and faceted topic. However, efficient and effective approaches can be adopted 

to promote it. The valorization of local breeds could be a valid tool to support a sustainable and 

responsible meat consumption, sustaining, at the same time, the biodiversity. The steps to 

accomplish this aim encompass the characterization of breeds’ performance and meat quality. 

The growth and slaughter performance of local breeds, such as BP and BS, can vary among 

genotypes and can be improved by means of genetic selection, but the meat composition and 

the meat quality attributes require to be valorized, in order to make the product recognizable 

and secure to these animal products a stable market niche. The objective of this research is to 

provide valuable and spendable information for the breeders. Additionally, the farmers’ income 

must be considered, despite we did not evaluate in this study the economic aspects related to 

such productions. Nonetheless, this aspect that can be sustained by the research, for instance, 

providing information on the best slaughter age and underline the main meat characteristics 

that could affect the consumers’ appreciation and purchase. Thus, we overall identified the most 

suitable period for the slaughter at 7 months of age based on the cold carcass weight, which 

remained unvaried from that moment on, and the distinct red and yellow meat coloration of 

males and females, respectively, which characterized the final product. Furthermore, 

amelioration in the sustainability can be apported by favoring of organic and free-range rearing 

systems, in which slow and medium-growing genotypes are preferred compared to the fast-

growing commercial lines, especially if combined with alternative feeding strategy. On this 

purpose, the use of insects revealed to be an intriguingly means to achieve this goal even in 

medium-growing chickens. In particular, the inclusion of 10% BSF live larvae in chickens’ diet 

showed beneficial effects on the growth and slaughter performance as well as the health blood 

parameters with no compromission of the quality attributes and in vitro protein digestibility of 
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meat. It must be underlined that in our study we were able to appreciate improvements in the 

performance and welfare of birds despite the optimal management and welfare conditions 

usually not as good in big farms, underlying the potential of live BSFL administration. Since 

the BSF can be satisfyingly reared on food-waste in a circular economy context, the costs for 

the supplementation can be compensated and the profit of farmers can be guarantee. Finally, 

advantages have been observed even on the birds’ welfare, including in our study a reduction 

of females fear towards the operator, which means improved welfare of the animals and 

management practice, by virtue of the better relationship bird-operator than in the control 

groups. Finally, the implementation of exploratory and foraging frequency demonstrated the 

contribution in the exploitation of birds’ natural behavioral repertoire and in the maintenance 

of the animal’s health and active till the end of the cycle. To conclude, this thesis encompasses 

the themes of the biodiversity conservation and insects as feed and environmental enrichment, 

which constitute high value tools to cope with the world challenges nowadays, related 

especially to climate changes and the necessity of alternative and more sustainable protein 

sources. Moreover, this work represents even a fundamental contribution in the support and 

improvement of chicken welfare, filling the knowledge gap on the effect of live BSFL in 

medium growing chickens. 
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