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Risk profile related to production and consumption of
insects as food and feed

Abstract

The present opinion has the format of a risk profile and presents potential biological and chemical
hazards as well as allergenicity and environmental hazards associated with farmed insects used as
food and feed taking into account of the entire chain, from farming to the final product. The opinion
also addresses the occurrence of these hazards in non-processed insects, grown on different substrate
categories, in comparison to the occurrence of these hazards in other non-processed sources of
protein of animal origin. When currently allowed feed materials are used as substrate to feed insects,
the possible occurrence of microbiological hazards is expected to be comparable to their occurrence in
other non-processed sources of protein of animal origin. The possible occurrence of prions in non-
processed insects will depend on whether the substrate includes protein of human or ruminant origin.
Data on transfer of chemical contaminants from different substrates to the insects are very limited.
Substrates like kitchen waste, human and animal manure are also considered and hazards from
insects fed on these substrates need to be specifically assessed. It is concluded that for both biological
and chemical hazards, the specific production methods, the substrate used, the stage of harvest, the
insect species and developmental stage, as well as the methods for further processing will all have an
impact on the occurrence and levels of biclogical and chemical contaminants in food and feed
products derived from insects. Hazards related to the environment are expected to be comparable to
other animal production systems. The opinicn also identifies the uncertainties (lack of knowledge)
related to possible hazards when insects are used as food and feed and notes that there are no
systematically collected data on animal and human consumption of insects. Studies on the occurrence
of microbial pathogens of vertebrates as well as published data on hazardous chemicals in reared
insects are scarce. Further data generation on these issues are highly recommended.
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| regolamenti europei pongono le condizioni per la produzione e commercializzazione di tutti i
prodotti del settore alimentare e dei mangimi in maniera trasversale, tra cui quindi anche i produttori
di insetti.

Pacchetto di testi legislativi che definiscono principi e standard generali nel settore della sicurezza
degli alimenti e dei mangimi:

REGOLAMENTO (CE) N. 178/2002 - che stabilisce i principi e i requisiti generali della legislazione
alimentare, istituisce 'Autorita europea per la sicurezza alimentare e fissa procedure nel campo
della sicurezza alimentare

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32002R0178&from=IT

REGOLAMENTO (CE) N. 852/2004 - sull'igiene dei prodotti alimentari

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R0852&from=EN

REGOLAMENTO (CE) N. 183/2005 - che stabilisce requisiti per Uigiene dei mangimi

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32005R0183&from=EN
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Gli insetti e i loro prodotti derivati - esclusi gli insetti vivi - che sono destinati ad essere utilizzati nei
mangimi per animali da produzione sono considerati "sottoprodotti di origine animale"

REGOLAMENTO (CE) n. 1069/2009 - recante norme sanitarie relative ai sottoprodotti di origine
animale e ai prodotti derivati non destinati al consumo umano e che abroga il regolamento (CE) n.
1774/2002 (regOlamento SUI SottoprOdotti di Origine animale) https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1069&from=en

gli insetti e i loro prodotti derivati sono trattati come materiali di "categoria 3" e sono quindi autorizzati
per l'uso nei mangimi per animali da produzione alimentare e alimenti per animali domestici. Occorre
tenere presente la "legislazione sulla TSE" (regolamento (CE) n. 999/2001)

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32001R0999&from=it

REGOLAMENTO (UE) N. 142/2011 - recante disposizioni di applicazione del regolamento (CE) n.
1069/2009 del Parlamento europeo e del Consiglio recante norme sanitarie relative ai sottoprodotti di
origine animale e ai prodotti derivati non destinati al consumo umano, e della direttiva 97/78/CE del
Consiglio per quanto riguarda taluni campioni e articoli non sottoposti a controlli veterinari alla
frontiera

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0142&from=EN
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REGOLAMENTO (UE) 2016/429 - relativo alle malattie animali trasmissibili e che modifica e abroga
taluni atti in materia di sanita animale («normativa in materia di sanita animale»)

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0429&from=EN

REGOLAMENTO (UE) N. 1143/2014 - recante disposizioni volte a prevenire e gestire Uintroduzione e
la difoSione delle SpeCie eSOtiChe invaSive https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R1143&from=EN

DIRETTIVA 98/58/CE - riguardante la protezione degli animali negli allevamenti

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:01998L0058-20030605&from=FR

REGOLAMENTO (UE) 2017/1017 - modifica il regolamento (UE) n. 68/2013 concernente il catalogo
delle materie prime per mangimi

https://eur-lex.europa.eu/legal-content/IT/TXT/PDF/?uri=CELEX:32017R1017&from=EN
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L177/4 Official Journal of the European Union 4.7.2022
COMMISSION REGULATION (EU) 2022/1104
of 1 July 2022
amending Regulation (EU) No 68/2013 on the Catalogue of feed materials
(Text with EEA relevance) https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022R1104&from=EN
() Without prejudice to mandatory requirements concerning labelling, commercial documents and health certificates for animal
& 1 . : by-products and derived products as laid down in Regulation (EU) No 142/2011 (Annex VIII, Chapter III) and Regulation 999/2001,
9.21 Animal fat th} .FI'CH:I.I.J'l-:I'. EDE-TLPDS'ECI. of fat from land ‘I]'an'E_JS' f:]'I.J-d'E I:'].L_ Annex IV, and if the Catalogue is used for labelling purposes, the name shall be supplemented as appropriate to provide adequate
including invertebrates other than species | Moisture if > 1 % information, by:
pathogenic to humans and animals in all their life the animal soeci q . : - g
. N N — the animal species processed (e.g. porcine, ruminant, avian, insect) and/or
stages. If extracted with solvents, may contain up to — the life stage (e.g. larva) andor
— the material processed (e.g. bone) and/or
0.1 % hexane — the process used (e.g. defatted, refined) and/or
— the naming of the animal species not used in respect of the ban on intra-species recycling (e.g. poultry-free).
941 Processed animal Product obtained by heating, drying and grinding | Crude protein
protein () whole or parts of land animals, including | Crude fat
invertebrates in all their life stages from which the | Crude ash
fat may have been partially extracted or physically | Moisture if > 8 %
removed. If extracted with solvents, may contain up
to 0,1 % hexane
9161 Terrestrial Live terrestrial invertebrates, in all their life stages, () Without prejudice to mandatory requirements concerning labelling, commercial documents and health certificates for animal
& 1 1 H : . by-products and derived products as laid down in Commission Regulation (EU) No 142/2011 (Annex VI, Chapter Ill) and if the
invertebrates l:. h live GI'EI'ETEE'[E Ej?jﬁIES h]:v;lngl_l adverse effects on p]EI.l'!II, Catalogue is used for labelling purposes, the name shall be replaced as appropriate to provide adequate information, by:
AT d uman healt
— the animal species and
— the part of the animal product (e.g. liver, meat (only if skeletal muscle)), and/or
— the life stage (e.g. larvae) andfor
9162 Terrestrial Dead terrestrial jn"r'ETLEI:lTﬂtES-, other than SFIE'EiES Crude PI.'DTEi.n — the naming of the animal species not used in respect of the ban on intra-species recycling (e.g. poultry-free)
invertebrates I:'I:I dead hEI."."LEIg adverse effects on ]]Iﬂ]'ll'. animals and | Crude fat or supplemented as appropriate to provide adequate information, by:
# b — the animal species and[or
human I'.IE.'].]II'.I, in all their life stages, with or | Crude ash — the part of the animal product (e.g. liver, meat (only if skeletal muscle)), and/or
: i — the life stage (e.g. larvae) and/or
WL?DUIIUEEIR]EHI Elut ]E?gpgﬁgése'd as refe to — the naming of the animal species not used in respect of the ban on intra-species recycling.
in ation ol
egu (EC) ! |
~
&
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COMMISSION REGULATION (EU) 2017/893
of 24 May 2017 o :

amending Annexes | and IV to Regulation (EC) No 999(2001 of the European Parliament and of
the Council and Annexes X, XIV and XV to Commission Regulation (EU) No 1422011 as regards
the provisions on processed animal protein

(Text with EEA relevance)

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0893&from=EN

(12) The amendment to Regulation (EC) No 999/2001 with a view to authorise processed animal protein derived
from insects for feeding aquaculture animals is likely to open the opportunity for bigger production of processed
animal protein derived from insects in the Union. Whereas the current small scale rearing of insects for petfood
can adequately be addressed by existing national control schemes, Union provisions addressing animal health,
public health, plant health or environmental risks are appropriate to ensure that insect rearing within the Union
on a larger scale is safe. With respect to the insect species reared in the Union, these should not be pathogenic or
have other adverse effects on plant, animal or human health; they should not be recognised as vectors of human,
animal or plant pathogens and they should not be protected or defined as invasive alien species. Taking into
account these national risk assessments, as well as the EFSA opinion of 8 October 2015, the following insect
species can be identified as those insect species currently reared in the Union which fulfil the abovementioned
safety conditions for insect production for feed use: Black Soldier Fly (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).

1

REGULATION (EU) No 11432014 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 22 October 2014

on the prevention and management of the introduction and spread of invasive alien species
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R1143&from=EN
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REGULATIONS

COMMISSION REGULATION (EU) 20211372
of 17 August 2021

amending Annex IV to Regulation (EC) No 999/2001 of the European Parliament and of the Council
as regards the prohibition to feed non-ruminant farmed animals, other than fur animals, with
protein derived from animals

(Text with EEA relevance)

(16) Commission Regulation (EU) 2017(893 (*) authorised the use of processed animal protein derived from insects and
compound feed containing such processed animal protein for feeding aguaculture animals. Poultry are insectivorous
animals, porcine animals are omnivorous, and there are no concerns with this feed material. As a consequence,
processed animal protein derived from insects should be authorised to feed poultry and porcine animals, under the

same conditions as required for feeding aguaculture animals.
‘ify poultry of the following feed materials and compound feed:

(i) processed animal protein derived from porcine animals and compound feed containing such processed animal
protein, which are produced, placed on the market and used in accordance with the general conditions laid
down in Chapter Ill and the specific conditions laid down in Chapter IV, Section G;

(i) processed animal protein derived from farmed insects, and compound feed containing such processed animal
protein, which are produced, placed on the market and used in accordance with the general conditions laid
down in Chapter IIl and the specific conditions laid down in Chapter IV, Section F;

{g) porcine animals of the following feed materials and compound feed:
(i) processed animal protein derived from poultry and compound feed containing such processed animal protein,
which are produced, placed on the market and used in accordance with the general conditions laid down in
Chapter IIl and the specific conditions laid down in Chapter IV, Section H;

(i) processed animal protein derived from farmed insects, and compound feed containing such processed animal
protein, which are produced, placed on the market and used in accordance with the general conditions laid

down in Chapter IIl and the specific conditions laid down in Chapter IV, Section F.; D S\e
i
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REGULATIONS

COMMISSION REGULATION (EU) 2021/1372
of 17 August 2021

amending Annex IV to Regulation (EC) No 999/2001 of the European Parliament and of the Council
as regards the prohibition to feed non-ruminant farmed animals, other than fur animals, with
protein derived from animals

(Text with EEA relevance)

Table 1
Farmed animals from which the processed animal protein is | Farmed animals to which the processed animal protein may
derived be fed
Farmed insects Aquaculture animals, fur animals, porcine animals,
poultry
Porcine animals Aquaculture animals, fur animals, poultry
Poultry Agquaculture animals, fur animals, porcine animals
Farmed insects and porcine animals Agquaculture animals, fur animals, poultry
Farmed insects and poultry Agquaculture animals, fur animals, porcine animals
Porcine animals and poultry Agquaculture animals, fur animals
Farmed insects, porcine animals and poultry Aguaculture animals, fur animals’

DSV
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(7)

Official Journal of the European Union

COMMISSION REGULATION (EU) 2021/1925
of 5 November 2021

amending certain Annexes to Regulation (EU) No 142/2011 as regards the requirements for placing
on the market of certain insect products and the adaptation of a containment method

(Text with EEA relevance)

On & October 2015, the European Food Safety Authority (EFSA) published a scientific opinion on a risk profile
related to the production and consumption of insects as food and feed (). Among several insect species, the EFSA
assessed silkworms as a possible source for the production of processed animal protein. Sericulture has a long-
standing tradition in certain regions of the Union. Since the domestic silkworm consumes only mulberry leaves
(Morus alba and Morus nigra), there is no risk of contamination with feed of animal origin, which is not authorised
for the feeding of insects. It should therefore be authorised for processing into processed animal protein intended
for the manufacturing of feed for farmed animals, after the silk has been harvested. It is appropriate to add
silkworms (Bombyx mori) to the list of authorised insect species for the production of processed animal protein
intended for the manufacturing of feed for farmed animals. Annex X to Regulation (EU) No 142/2011 should
therefore be amended accordingly.
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Practices.pdf W - Guideon
T [ A Good Hygiene
: Practices

Authorised Prohibited
Feed materials of vegetal origin d ") /ﬂ’ } ‘Feed Marketing' Regulation - Regulation (EC) No 767/2009 Annex llI: ‘
- Faeces and separated digestive tract content
- hide treated with tanning substances
Feed materials TSE Regulation EEU No 99.9 /2001, Article 7 and - seeds and other plant-propagating materials (treated with plant protection
of animal origin | AnnexIV,Chapter 1and 2:
- H\ﬁdrolgsed proteins, gollagen and gelatine products) ) ) ) )
or blood products derived from non-ruminants -wood or other materials derived from wood, which have been treated with wood
{orf:;\rts of non-ruminants) (including compound feed preservatives
‘—:DHF)I; j;gmgg&‘;‘:cﬁg‘g;‘?rtgh ruminant hide and skins -waste derived from urban, domestic and industrial waste treatment
e - Dicalcium phosphate and tricalcium phosphate of B pack.a_glngfgomagﬁ;fqodgfroducts and p%arrtl's ?ers_c;lf . it d
- M. animal origin (including compound feed containing such - protein products obtained from yeasts of the Candida variety cultivate
phosphates) onn-alkanes.
-Fishmeal ...
Former TSE legislation - RegulaticiitEC) No 999/2001 IEEL(':?,:}L“E 639‘:,'2';"6’;”“’ (ABP) Regulation 2 e~ ¢
Foodstuffs Annex IV, Chapterll: e . - ; ™ :
-Without meatand/orfish e catering waste (Art. 11 (1) (b) '
- only products containing the following ingredients ]
of animal origin: TSE tegis|ation - Regulat[an (EC) No 999/2001 (Annex IV, Chapter 1and 2)
@ eggs and egg products; milk, milk based-products and - Processed'Animal Proteins (PAPs) referred to in Annex |V are prohibited:
milk-derived products; honey; rendered fat: collagen: PAPs from ruminants| PAPs from poultry animals; PAPs from swine
- ' ' ' animals and PAPs from Tamed insects and PAPs from other non-ruminants
gelatine except fishmeal
"these ingredients must have been previously processed - Blood products from ruminant animals
u ® LE'FhEr F"”f»""i Fgﬁ:; '”tmlde{?‘] Ubfe as fgﬂd J;mdu*:t or after - hydrolysed proteins of animal origin and derived from ruminants
eing requalified as animal-by-product).
greq y-p - SO
Residue limits for contaminants and requirements applying to feed The ‘Feed Marketing’ Regulation (i.e. Regulation (EC) Mo 767/2009)
additives provides that animals (including therefore insects) bred in the EU may
be only be fed with safe feed.
Regulation (EC) No 396/2005 - maximum residue levels of pesticides
in feed
‘S Undesirable Substances Directive (i.e. Directive 2002/32/EC)
Feed additives Only the feed additives which are authorised for all animal species may
9' be used as feed ingredient for insects. - Regulation (EC) No 1831/2003. Mo

specific additives for insects have been defined. D s 6-

Prof. Simone Mancini Dipartimento Scienze Veterinarie



https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf
https://ipiff.org/wp-content/uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf

Feed stocks Insect production Target species

Protein Fat Live* Whole insects
Vegetal substrates (dried or

frozen, not mil-

‘ led)
Former foodstuff: @ @ @ @

vegetal, dairy and eggs

meat and fish

Former foodstuff: } f'\ ’y" ©V VWV ®

"
Catering waste and @ @ @ ®
slaughterhouse pro-

ducts .

MO o © ®

According to IPIFF .
members, the most International Platform of

commonly used insect N\ 4 Insects for Food and Feed
species in animal feed

are the black soldier fly, Allowed from the 7th of September 2021 . .
the yellow mealworm ff
and the common I p I

housefly larvae * permitted under national legislation in
certain EU Member States
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IZ5LT - PROT_PROTOCOLLO GENERALE - 1-Amivo - 0006316/23 - 18/09/2023

Ministero della Salute

DIREZIONE GENERALE DELLA SANITA ANIMALE E

DEI FARMACI VETERINART
UFFICIO 7 UFFICIO 2 UFFICIO 3 E UFFICIO 8

DGSAF 15hg

OGGETTO: Allevamento di insetti ed uso di insetti vivi per "alimentazione di animali da
allevamento (pesci, pollame e suini)

2. DEFINIZIONI

Oltre alle definizioni applicabili riportate nella normativa vigente. ai fini della presente nota si

forniscono di seguito le seguent: definizioni:

a) Insetto vive: insetto vivo a qualsiasi stadio di acerescimento (uovo. larva. crisalide/pupa.
adulto):

b) Imsetto trattato: insetto morto a qualsiasi stadio di accrescimento sottoposto a un trattamento.
quale ad esempio disidratazione, essiccazione, fermentazione. frantumazione. congelamento.
surgelazione ecc.. diverso dai metodo di trasformazione di cui al reg. (UE) 142/2011. allegato
IV capo III:

c) PAT di insetto: proteine animali trasformate come definite nel reg. (UE) 142/2011, derivate da
insetti a qualsiasi stadio di acerescimento:

d) Stabilimento: 1 locali e le strutture di qualsiasi tipo o. nel caso dell'allevamento all'aria aperta,

qualsiasi ambiente o luogo i cui sono detenuti insetti, su base temporanea o permanente.

L J
https://www.fnovi.it/sites/default/files/MinSal_0011399-05_05_2017-DGSAF-MDS-P.pdf D s ".
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4. SCOPO

Con la presente nota. nel rispetto della normativa vigente, s’intende ammettere I'uso di insetti
vivi nell’alimentazione di animali da allevamento. restringendo tale possibilita alle specie per cui &
g1a ammesso 'utilizzo delle PAT. ovvero pollame, suini e pesci di acquacoltura. che sono anche le
specie di animali per cui vi € maggiore interesse nella ricerca di fonti proteiche alternative,

Per quanto riguarda le specie di insetti utilizzabili vivi per [’alimentazione dei suddetti animali
da allevamento. si ritiene coerente e cautelativo dal punto di vista sanitario, ammettere

esclusivamente 'uso delle specie di insetti gia autorizzate per la produzione di PAT destinate ad
animali di allevamento ovvero:

¢ mosca soldato nera (Hermetia illucens)
¢ mosca comune (Musca domestica),

e tencbrione mugnaio (Tenebrio molitor)
e alfitobio (Alphitobius diaperinus).

¢ grillo domestico (Acheta domesticus).
¢ crillo tropicale (Gryllodes sigillatus)

e grillo silente (Gryllus assimilis).

¢ baco da seta (Bombyx mori).

Nello specifico. la presente nota fornisce indicazion riferibili agli msetti vivi delle specie eterometabole
(Acheta domesticus. Gryllodes sigillatus. Gryllus assimilis). e alle fasi larvali vive delle specie
olometabole (Hermetia illucens, Musca domestica. Tenebrio molitor, Alphitobius diaperinus ¢ Bombyx
mort).
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L 393/4 Official Journal of the European Union £.11.2021

COMMISSION REGULATION (EU) 2021 ,I"lﬂ'li
of 5 November 2021

amending certain Annexes to Regulation (EU) No 1422011 as regards the requirements for placing
on the market of certain insect products and the adapration of a containment method

(Text with EEA relevance)

For the purpose of Regulation (EU) No 142/2011, ‘frass’ should be defined as the mixture of insect excrements with
parts of dead insects and feeding substrate. Insect larvae, which are commonly used for the production of processed
animal protein or for human consumption, live in the frass. A definition of ‘frass’ should be inserted in Annex [ to
Regulation (EU) No 142/2011 in order to align the requirements for the treatment and placing on the market of
frass with the requirements for processed manure. Annex | to Regulation (EU) No 142/2011 should therefore be
amended accordingly.

(1) in Annex I, the following point 61 is added:

‘61. “frass” means a mixture of excrements derived from farmed insects, the feeding substrate, parts of farmed insects,
dead eggs and with a content of dead farmed insects of not more than 5 % in volume and not more than 3 % in
weight.’;

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R1925&from=EN D s \6
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> B COMMISSION REGULATION (EU) No 142/2011
of 25 February 2011

implementing Regulation (EC) No 10692009 of the European Parliament and of the Council laying

down health rules as regards animal by-products and derived products not intended for human

consumption and implementing Council Directive 97/78/EC as regards certain samples and items
exempt from veterinary checks at the border under that Directive

(Text with EEA relevance)
(OJ L 54, 2622011, p. 1)

Section 2

Guano from bats, frass, processed manure and derived products from
processed manure

The placing on the market of guano from bats, processed manure, and derived
products from processed manure shall be subject to the conditions set out in the
following points (a) to (e). In addition, in the case of guano from bats the consent
of the Member State of destination shall be required as referred to in
Article 48(1) of Regulation (EC) No 1069/2009:

(a) They must come from a plant for derived products for uses outside the feed
chain or from a biogas or a composting plant or from a plant for the manu-

facturing of organic fertilisers or soil improvers. od

ages

(b) They shall have been subjected to a heat treatment process of at least 70 °C
for at least 60 minutes and they shall have been subjected to reduction in
spore-forming bacteria and toxin formation, where they are identified as a
relevant hazard.

DSV
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- -

. Hermetia illucens

Mosca soldato nera
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Scientific classification

Domain: Eukaryota
Kingdom: | Animalia
Phylum: Arthropoda
Class: Insecta
Order: Diptera
Family: Stratiomyidae
Subfamily | Hermetiinae
Genus: Hermetia
Species: H. illucens

(Linnaeus, 1758)
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Journal of Archaeological Science 49 (2014) 203-205 d0|

10.1016/j.jas.2014.05.015

Contents lists available at ScienceDirect

Journal of Archaeological Science SOSHE

journal homepage: http://www.elsevier.com/locate/jas

Focus article

The death scenario of an Italian Renaissance princess can shed light on
a zoological dilemma: did the black soldier fly reach Europe with
Columbus?

@ CrossMark

Giovanni Benelli **, Angelo Canale °, Alfio Raspi °, Gino Fornaciari ”

2 Division of Entomology, Department of Agriculture, Food and Environment, University of Pisa, Via del Borghetto 80, 56124 Pisa, Italy

® pivision of Paleopathology, Department of Translational Research on New Technologies in Medicine and Surgery, University of Pisa, Via Roma 57, 56126
Pisa, Italy

“In close proximity of the Isabella's skull, two
body parts belonging to a Diptera larva were
found.”

“Isabella dAragona died in February 12, 1524,
Jjust 30 years after the America's discover by
Columbus. In that period, many Spanish
commercial “galleons”visited the port of Naples,
allowing us to suppose that H. illucens could be

accidentally transferred to Europe in those

Italian Renaissance princess Isabella years.”
d'Aragona (1470-1524)

Prof. Simone Mancini
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PUPAL STAGE
Lifespan: 10 days to months

Lifespan: 5 to 8 days

N
EGGS
Number: 500 to 900

Hatch time: approx. 4 days

PREPUPAL STAGE
Lifespan: approx. 7 days

. I*instar
6™ instar
Life cycle of
H. illucens
2 instar
5% instar
3" nstar
% LARVAL STAGE

4t instar Five instars
Lifespan: 13 to 18 days
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doi: 10.3923/je.2020.117.127

BSF mating sequences (personal drawing), (a) Orientation, approaching and following (¢ to 2), (b) Chasing (in-flight
approach) and attempt mounting, (c) & Attempt copulation: wing fanning, abdomen curling male mount the female,
tap the female abdomen with the tarsi, @ Wings extention, decrease locomotion, (d) D1: Reverse coupling, D2:
copulation, genital contact and spermtransfer, antennal waving (2 and ), (e) End copulate/end genital contact, (f)
Grooming with the tarsi of its third pairs of legs and (g) o and # move away, walking then flying
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— Optimal moisture content of the feed: 70%
- Protein level=16% on DM
Light: not necessary
— Optimal temperature: 27-33 °C

— Low temperatures cause a slowdown in metabolism and growth

— Diapause: generally defined as an arrest of the direct development that

proceeds with an alternative program of physiological events
— This natural phenomenon is used for the transport of live larvae at
the temperature of 12-16 °C
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Manure Sludge Feed Organic Formulated
byproduct waste diets

doi: 10.1186/s401 04-022-00682-D s\"
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Research Article “sci

Revised: 20 September 2016 Accepted article publishect 13 October 2016 Published online in Wiley Oriine Library: 14 November 2016

Received: 12 January 2016

(wileyonlinelibrary.com) DOI 10.1002/j5f2.8081

RESULTS: Protein content of prepupae varled between 399 and 431 g kg™ dry matter (DM) among treatments. Differences In Nutritional composition of black soldier ﬂy

amino acld profile of prepupae were small. On the other hand, the ether extract (EE) and ash contents differed substantially. (Hermetia illucens) prepupaerea red on
Prepupae reared on digestate were low In EE and high In ash (218 and 197 g kg~ DM, respectively) compared to those reared on H H

vegetable waste (371 and 96 g kg~ DM, respectively), chicken feed (336 and 100 g kg~ DM, respectively) and restaurant waste different organic waste substrates

(386 and 27 g kg~ DM, respectively). Prepupal fatty acld profiles were characterised by high levels of C12:0 In all treatments. Thomas Spranghers,>? Matteo Ottoboni, Cindy Klootwijk,4 Anneke

Ovyn,*® Stefaan Deboosere,’ Bruno De Meulenaer,9 Joris Michiels,® Mia
Eeckhout,® Patrick De Clercq® and Stefaan De Smet®

doi:10.1002/jsfa.8081

Table 4. Fatty acid composition of the tested substrates (Subst.) and black soldier fly prepupae (Prep.) (g kg~ fatty acid methyl esters)
Chicken feed Digestate Vegetable waste Restaurant waste

Fatty acid Subst. Prep. Subst. Prep. Subst. Prep. Subst. Prep.
C10:0 1.4 14.3 85 11.7 23 16.3 133 203
C12:0 14.5 5735 975 436.5 21.3 608.9 154.9 5756
C14:0 33 734 431 68.7 12.8 948 59.0 714
C16:0 160.0 96.5 2363 101.2 305.2 87.0 231.2 1029
C18:0 251 13.6 38.5 17.5 31.8 11.1 &67.5 9.8
SFA 2146 7744 4832 6482 406.8 B28.0 5405 7829
lso- and ante-iso 0.5 1.0 BO.3 64.6 4.6 7.1 6.0 29
C16:1 2.0 19.7 8.8 75.8 15.3 293 17.2 33.4
c9C18:1 2396 75.4 119.3 793 66.0 56.6 251.3 79.7
c11C18:1 8.4 23 35.7 232 283 33 99.0 1.2
MUFA 255.3 100.1 189.8 190.8 119.6 954 2894 1199
C18:2n6 4999 1155 163.5 9.0 312.2 452 138.3 783
n-6 PUFA 501.0 1159 175.6 80.4 3193 46.2 142.4 80.0
C18:3n-3 243 7.0 173 83 116.4 13.7 163 1.0
C18:4n-3 0.5 0.7 0.8 6.5 44 87 2.1 0.5
C20:5n-3 0.2 0.6 1.3 1.1 1.3 0.1 0.7 2.3
C22:6n-3 3.2 0.1 35.0 0.2 15.0 0.1 1.4 0.1
n-3 PUFA 28.5 8.6 711 16.0 1497 233 21.8 143
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BSF larvae meal
BSF larvae fat/oil

native after centrifugation

Full-fat
Partially-defatted
“Totally” defatted

liquid (t = 40 °C) solid (t = 20 °C)
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BSF frass

Black Soldier Fly

Parameter unit Meanjterature (CV) La pvas Frass
Physical parameters DM % 78.03(0.25)

om % DM 84.93(0.03)

pH 6.80(0.18)

EC msem™! 3.24(0.42)
Macronutrients N % DM 3.35(0.32)

NH,*-N % DM 0.64(0.57)

NH,*-N % of N¢ 16.21(0.48)

C:Nratio 15.73(0.36)

P % DM 1.50(0.27)

K % DM 2.99(0.41)

Mg % DM 0.42(0.97)

Na % DM 1.07(0.79)

Ca % DM 0.64(---)

S % DM 0.65(0.34)
Micronutrients Cu mgkg™! 16.33(0.28)

B mgkg! 16.00(0.80)

Zn mgkg! 85.33(0.54)

Mn mgkg”! 81.00(1.19)

. o8
Fe mgkg! 855.67(0.43) . - - - D s L 3
w
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Tenebrio molitor

Tarma della farina
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* Crucial for growth, development and
reproduction

* Digestible carbohydrates are a primary energy
source for mealworm

* Protein-to-carbohydrate ratio lies between 1:1
and 1:3

* Mealworm are able to synthetise fat even if they
are fed low-fat diets

* Particle size below 2mm for optimal growth

* Water sources: vegetables or fruits, hydrated
gels or sprays
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Frass

Fertilizer and phytofortifier

Enhance plant tolerance to abiotic stresses and
resistance to biotic stresses by directly supplying
nutrients to the soil and plants, along with chitin and
microorganisms

Ryegrass Barley
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Other applications

Polyether (PE) Polistyrene (PE) Polyvinyl chloride (PVC)
AT |

(1) Consumed PVC

: B e . o
R R G A o R
Sub-micron microplastics and small microplastics are found in
the frass of mealworms fed with PE, PS, and PVC D S\'
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Life Cycle of a Silkwormm
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