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Mosca soldato (Hermetia illucens)
Black soldier fly (BSF)
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CLIMATE CHANGE FOSSIL RESOURCES
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Fonte: Sustainability 2020, 12, 10333; doi:10.3390/su122410333
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Cosmopolita

ITALIA
Prima descrizione di Venturi
in Toscana e nel LAZIO 1956
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Cosmopolita

Primo ritrovamento in
principessa Isabella
d'Aragona (1470-15247)

(Benelli et al., 2014)

Prima descrizione di Venturi,
1956
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HV spot det vac mode WD HFW mag
5.00 kV 5.0 ETD High vacuum 7.4 mm 3.32 mm 90 x

1mm
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UOVA

 SCHIUDONO IN 72H

* >60% UMIDITA’ PER AVERE UNA
SCHIUSA MIGLIORE

* TEMPERATURA TRA 27°CE 30°C
(Tomberlin et al., 2009)

* VENGONO DEPOSTE IN ANFRATTI
E CREPE VICINO AL SUBSTRATO
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LARVA

* CIBO UMIDO

 >50% UMIDITA’ NELLA DIETA
(Cammack and Tomberlin, 2017)

* TEMPERATURA TRA 27°CE 30%
RH (Tomberlin et al., 2009)

* 6 STADI LARVALI -
RICONOSCIBILI DALLUAPPARATO
BOCCALE
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APPARATO BOCCALE

6 stadi larvali — riconoscibili dall’'apparato boccale
A : B

(Bruno et al., 2020)

A. Visione dorsale B. Visione ventrale

Ultimo stadio larvale
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APPARATO BOCCALE

prothorax tergum
frontoclypeal

metacephalic apotome

plate inner labrum

wall

tentorial
phragma

cibarium — e epipharynx
(position) mentum and labral
prementum comb

ventral gula
plate

filtering ridges
(one side shown) _ hypopharynx
pharyngolabial and its

sclerite SUSDENSORUMm (Bruno et al., 2020)
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A. Primo stadio larvale B. Secondo stadio larvale

APPARATO BOCCALE

Macina il cibo in particelle piu
piccole.

(Bruno et al., 2020)
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INTESTINO

Intestino posteriore

Intestino medio

B Ve

> &5 s anlrior

Comidgl Y — |tEStiNO anteriore

(Bonelli et al., 2019)
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basal lamina »

INTESTINO

oo T MmO
secretion of
digestive
enzymes

epithelium »

secretion of
digestive

midgut lumen » | €NZymes lysozyme
a-amylase and activity endopeptidase

lipase activity

AT ‘ MMM |« exopeptidase

Ul oo L L ¢ Vesicles with RN u activity
e ) digestive enzymes B — 0010101006
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and lipase activity

3 MMG2

N

%%
o%\o201o o 0P 102
ALCACIACML AL

secretion of
acidification of digestive
midgut lumen enzymes

endopeptidase
activity

i % (Bonelli et al., 2019)
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PREPUPA

* NON SI ALIMENTANO

e HANNO INTESTINO ATROFIZZATO
 SIDISPERDONO IN TUTTE LE DIREZIONI
e TEMPERATURA TRA127 ED 1 30°C

* CERCANO UN LUOGO DOVE COMPLETARE LA
METAMORFOSI (MAY, 1961; )
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ADULTO

* NON SI ALIMENTANO

e TRAS50E 75% DI UMIDITA’

e (Holmesetal., 2012)

e TEMPERATURA TRA 127 ED130°C

 LUCE NATURALE O LUCE ARTIFICIALE (Zhang et al., 2010)

* | MASCHI CERCANO UNA FEMMINA, SI ACCOPPIANO E LE FEMMINE DEPOSITANO
LE UOVA IN ANFRATTI E BUCHI VICINO AL SUBSTRATO

(Tomberlin and Sheppard, 2002; Sheppard et al.,2002; Meneguz et al., 2022)
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APPARATO BOCCALE

“ Possono ingerire
liquidi

(Bruno et al., 2019)
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INTESTINO
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APPARATO RIPRODUTTIVO

Femmina Maschio

(Chiabotto et al., unpublished)
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CF treatment
terminated

End of
expeiiment

Introduction
of new diets

. SiX;déy 3 x 200 larvae
“old BSFL (|)

Sampling time-points (Days)
GC = taglio dell’erba and FV = frutta/vegetali mix) (Klammsteiner et al., 2020)
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(a) Larvae age (d)
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FATTORI ABIOTICI

( 70% RH e
' umidita
dieta
oH Luce* Fotofobiche
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pH iniziale:
20-40-6,1- 70-7,5-8,0-9,5-10,0

pH finale:

7,5 = 9,2 (Ma et al., 2018; Meneguz et al., 2018b)

Specie polifaga, BSF puo modificare il pH acido durante
lo sviluppo
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(Sheppard et al., 1984 ;
Newton et al., 2005;
Nguyen et al, 2015;

Spranghers et al., 2017;
Niakery et al., 2017;

- Meneguz et al.,

" 2018°; Barragan-Fonseca

et al., 2018; Lalander et

al., 2019; )
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SOTTOPRODOTTI
VEGETALI
AUTORIZZATI
COME ALIMENTO
PER MOSCA
SOLDATO



INVENDUTO COMMERCIALE?
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MiLLIBETER®

1 ton fresh vegetables

b Uy iViat

- Protein (27 kg)
LAY - Lipids (21 kg)
Frass

1 I:;Sh Llarvae - Chitosan (s kg)

160 kg fresh

(~40% DM)
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http://www.millibeter.be/
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RIPRODUZIONE CON LUCE ARTIFICIALE
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Luci
fluorescenti
per crescita
piante

Nuove
sperimentazio
Nni in COrso




RIPRODUZIONE CON LUCE ARTIFICIALE
ARTIFICIALE

Luci sviluppate
v | apposta
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RACCOLTA UOVA

Abbiamo 72
ore prima che
schiudano
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GRANDI IMPIANTI CENTRALIZZATI IN EUROPA

65.000 tonnellate anno di sottoprodotti
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RECIPE PROJECT HORIZON 2020-
Decentralizzare la produzione di mosca soldato

‘ PRODUZIONE
UOVA

. INGRASSO
DELLE LARVE

https://www.dti.dk/projects/recipe-and-8211-decentralizing-black-soldier-fly-production/43163
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RISCHIO MICROBIOLOGICO

 Salmonella sp (Erickson et al., 2004; Lalander et al., 2013, Lalander et al., 2015, Liu et al.,
2008, Lopes et al., 2020) riduzione in letame e scarto di acquacoltura

* Escherichia coli (Erickson et al., 2004)

—{3—Cow, Control
——Cow, Larvae
—O— Chicken, Control
—&— Chicken, Larvae
—— Hog, Control
—&— Hog, Larvae

E. coli O157:H7
(logy, cfu/g)

2
Time (days)

FIGURE 4. Reduction of E. coli O157:H7 by soldier fly larvae in
different types of manure. Two independent trials were conducted
for both chicken and hog manure (n = 2), whereas only one trial
(n = 1) was conducted for cow manure systems. All samples con-
tained 75 g of manure, and treated samples also contained 7 g
of soldier fly larvae. Samples were stored at 27°C.

—{— Control - Not Autoclaved
—— Larvae - Not Autoclaved
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2
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FIGURE 5. Influence of indigenous microflora on pH of stored
chicken manure. Each point represents the mean of six different
trials (n = 6). All samples contained 75 g of chicken manure and
were held at 27°C. Treated samples contained either 7 or 10 g of
10- or 11-day-old soldier fly larvae.
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RISCHIO MICROBIOLOGICO
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FIGURE 3 | Log10 concentrations (CFU g-1) of (A) Salmonella spp., (B) Escherichia coli, and (C) Enterococcus
spp. over 14 days of treatment of aquaculture waste vand bread treated with black soldier fly (BSF) larvae. CT,
wastes inoculated with pathogens without larvae; T1, larvae fed once with inoculated wastes; T2, larvae fed

three times, with wastes inoculated only the first time; T3, larvae fed three times, with waste inoculated all three tim
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PEPTIDI ANTIMICROBICI

Table 1. Antimicrobial peptides from Hermetia illucens.

Peptide

Amino Acid Sequence Immune-Induced Strains Reference

Defensin

MRSVLVLGLIVAAFAVYTSAQPYQLQ
YEEDGLDQAVELPIEEEQLPSQVVEQH
YRAKRATCDLLSPFKVGHAACALH

CIALGRRGGWCDGRAVCNCRR

MRSILVLGLIVAAFAVYTSAQPYQLQY
EEDGPGYALELPSEEEGLPSQVVEQH
YRAKRATCDLLSPFKVGHAACALH
CIAMGRRGGWCDGRAVCNCRR

MRSILVLGLIVAVEGVYTSAQPYQLQ
YEEDGPEYALVLPIEEEELPSQVVEQH
YRAKRATCDLLSPFGVGHAACAVHC
TAMGRRGGWCDDRAVCNCRR

MVHCQPFQLETEGDQQLEPVVAEVD
DVVDLVAIPEHTREKRATCDLLSPFK
VGHAACAAHCIARGKRGGWCDK
RAVCNCRK

Defensin-like peptide 1 (DLP1) Staphylococcus aureus KCCM 40881 [59]

Defensin-like peptide 2 (DLP2) Staphylococcus aureus KCCM 40881 [59]

Defensin-like peptide 3 (DLP3) Staphylococcus aureus KCCM 40881 [56,59]

Defensin-like peptide 4 (DLP4) Staphylococcus aureus KCCM 40881 [59]

Defensin 1 (HiDef1) unknown Lactobacillus casei

Cecropin

GWLKKIGKMKFILGTTLAIVIAIFGQCQ

CecropinZ1 AATWSYNPNGGATVTWTANVAATAR Escherichia. coli and Staphylococcus aureus

[29]

Cecropin 1 (Hicecl) unknown Lactobacillus casei [57]

MNFTKLFVVFAVVLVAFAGQSEAGWRKR
Cecropin-like peptide 1 (CLP1) VEKPVEKFGQRVRDAGVQGIATAQQGA Staphylococcus aureus KCCM 40881 [55]
NVLATARGGPPQQG

MNFAKLFVVFAIVLVAFSGQSEAGWWKR
Cecropin-like peptide 2 (CLP2) VFKPVEKLGQRVRDAGIQGLEIAQQGAN Staphylococcus aureus KCCM 40881 [55]
VLATARGGPPQQG

MNFTKLFVVFAVVLIAFSGQSEAGWW

_etd A /T TN T/ DUTL/ DUTDT AADIIDMA ATAAT TTTA N Ot e W/ OON K ANOOA reel
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PEPTIDI ANTIMICROBICI

Gram-negative bacteria Gram-positive bacteria

Peptidoglycan
Cell wall

Lipopolysaccharide (LPS)
Peptidoglycan
Lipoteichoic acid

Teichoic acid

Antimicrobial peptides
(AMPs)

DNA
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Heat shock protein
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RISCHIO METALLI PESANTI

Scarto di mensa in
Sannazzaro de’ Burgondi

Esperimento: da Ottobre 2020 a Settembre 2021

25|/ mese in fusti di plastica alimentari
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RISCHIO METALLI PESANTI

Il cibo e stato tritato e usato negli 2000 g di CW e 2000

stesso giorno come cibo per le di larvae : e
larve di BSF (5 giorni di eta) Esperimento di 7 giorni
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Fattore di bioaccumulo (BAF) rubio et al, 2021
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Bioaccumulo larve
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Bioaccumulo larvae
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ALIMENTI PER
INSETTI

SUBSTRATI VEGETALI

SOTTOPRODOTTI
VEGETALI, LATTICINI
E UOVA

SOTTOPRODOTTI A
BASE DI CARNE E
PESCE
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PERCHE’ E” POSSIBILE ALLEVARE LE LARVE DI MOSCA
CARNARIA PER LA PESCA SU PRODOTTI ANIMNALI E NON LE
LARVE DI MOSCA SOLDATO?
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IL REGOLAMENTO 1017/2017 INDICA AL PARAGRAGO 9.16.1:
“INVERTEBRATI TERRESTRI VIVI, IN TUTTI GLI STADI DI VITA,
DIVERSI DALLE SPECIE AVENTI EFFETTI NOCIVI PER LE PIANTE,
GLI ANIMALI E LA SALUTE UMANA.”

IL LOMBRICO E UN INVERTEBRATO E LO POSSO ALLEVARE
SUL LETAME, PERCHE NON POSSO ALLEVARE LA MOSCA
SOLDATO SU UN LETAME SE E UN INVERTEBRATO?
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NO LIMITAZIONI GENERICHE PER I RIFIUTI

SCOPI NON ALIMENTARI COME NON-FOOD: CHITINA,
BIOPLASTICA

SELEZIONARE | RIFIUTI PER CODICI CER PER AUTORIZZARLI
CON UN END OF WASTE PER PRODUZIONI NON FOOD

POSSIBILE USARE GRASSI, PROTEINE E FIBRE (CHITINA) DI BSF
PER APPLICAZIONI INDUSTRIALI
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European institutions & other EU stakeholders.

International Platform of Insects for
Food and Feed (IPIFF)

IPIFF is an EU non-profit organisation which represents the interests of the
insect production sector towards EU policy makers, European stakeholders and
citizens. Composed of 85 members, IPIFF promotes the use of insects for
human consumption and insect-derived products as a top tier source of
nutrients for animal feed.
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Insect Protein Market Size, By Region, 2016 - 2028
(USD Million)
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: The exponential increase in capital flowing to insect farming companies
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Source: Crunchbase, Dealroom, Rabobank 2021
Source: Polaris Market Research Analysis




A market potential of half a million metric tons for insect protein is possible by 2030

Animal feed

Aquaculture

Scale-up phase:
EUR 3,500-EUR 120,000
5,500/metric ton

Wider-use period:
EUR 2,500-EUR 200,000
3,500/metric ton

Maturity phase:
EUR 1,500-EUR 500,000 150,000
2,500/metric ton
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Source: Rabobank 2021

POCHE MIGLIAIA DI TONNELLATE PRODOTTE IN EU NEL 2022
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