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Per fare fronte allaumento dei consumi si stima che entro 2050 la produzione di
carne (avicoli/suinifbovini) e d prodotti lattiero caseari dovra raddoppiare

mentre la Produzione di pesce (acquacultura) dovra essere triplicata

IFIF, 2014. http://www.ifif.org/pages/t/The+global+feed+industry
FAO, 2011. World Livestock 2011 — Livestock in Food Security. Food and Agriculture Organization of the United Nations (FAO), Rome



Recorded edible insect species, by country

Edible insects

Future prospects for food and feed security
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Specie commestibili: 2037
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Ketchup: 30 uova di insetto ogni 100 g

Mais in scatola: 2 larve di insetto ogni 100 g
Mirtilli:2 vermi ogni 100 bacche

Burro di arachidi: 50 frammenti di insetti ogni 100 g
Polvere di Curry: 100 frammenti di insetti ogni 100 g
Semi di sesamo: 5% di semi infestati

Caffé: 10% di chicchi infestasti 500 g/ anno
-

“GIANIN”

1/3 produzione alimenti
naturali (impollinazione)






Insetti come materie prime nell’alimentazione delle

specie di interesse zootecnico

Table 2. List of species eaten by wild boar in Europe

Innovative???

s rences mals elerences .

Animiul Reference Animal Referenc Llndner ( 19 19)
Amphibians 4 4
e ; Melolnwila 5p . Production protein and fat by housefly from human excreta
Bufo viridis 5 Nebria sp. 2
Bufor sp 11 Necrophorus vespilloides 2
Ehﬁrh:&'_.:u.wn.f 2 f?.tlm;.’i'rlrrmr eTeRuia 8

AR P X Yl flatimneea 2
Rar csculesto 2 Plyllopert i sp. 2 1969
Rt temgrerrari ) Policies lerdiria 5
Repiles Polvplvlia fullo 2
Angnis frogilis d Prricauiy corfarins 2
Bimns cimencus 9 Frerosticlus piger 2
Leveerta agilis 2 Prevostichees oldangomnetofus 25
Nafriv mairiy Lol Prereesticlus valsaris 8
Prarnanmedrommx @fgims 14 Prerosticlues sp. L
Fish Rivtpiilin sp. B
Cyprimus carpio i Rebrgrior fieole 2
Bird= Rhvizetrogis sp. 8 19
Alectoris i) .h'rmla.-p\:m'pllru S 1%
Anus plasvrinmchey f Sekttosoumies aemens 5
Anser cygnoides domextica 7 Splvinx pirsrsivi 5
Colintbr preifmabas i S}w:mrh'}:r Tugprestofdes 5
Corvns sp. z .\'J'.rpf.l\.'.".lmr,\’ TSI K
}' |'J.'j.'|.'.\ ml'rl.rl| z v .:'rn'pj.'_l.'}'mwh simiilis # 1 ,
Crithaews raberiln 2 Sraplivlines 5 5K : . . 2
Ereciita Mgt : e b ol i Biological Value of Rangeland Grasshoppers' as a Protein Concentrate
“ripgitter eolehs X6 Taprincnn rigerrinngm 1%
Gty chomestivay 5 Tewebrier sp 2
Gl uallus 2 Tutrayrivm sp 5 D. N. UrckerrT, §. P. YANnG, and R. C. ALBIN®
Crrachus gheicaring 2 Thanutephilig sp B *
Phasisns colihions 5 Tipnhe eziezki 5 1972 Texas Tech Uni\'ersity, Lubbock, Texas 79409
Seofopar msticedd o Tipukt farheclana 5
Tiaradeis: plvidewticifocs 2 Tipniler Tivicden 5
Turddes 5 b 17 Tipider mniebercralosa 5
Mlinmuﬁ Tipuiler preafuafios i1
Apoulerms agrenin 5 Tipidde rabripes 2
.l.[nu.ﬂ-rum Torvieollis 2.5, 20 I‘r'.r.'m'rr serifel 2.5
_-I.[In{&'fl;lul. \_1'|'|\-r|‘r'¢'|\n e 1] T .;.{mf.'r virRaler ]
Claprer Fiipyian |7 Tipiehes sp 5
(';.lpr.;'unljr_\. .;".'Prr\ullfl'\. 8 .||"|'|'r|r1'n-_|u|1 r.lrlrm’n e P il 2.8
Crrvee elapling 2 Fithries err.ru.iur'.lf'.\ .
Clethriomonnes ghaneolus 16,20 Zanbrats sp. 3
Criciiey eriviius 2 Chlser invertebrates
Crogidirn sp ] Alllobophora ealiginmse p
Fhnerasy ek k4 Arion rrjus B, 11
Hvsireiv crisgnra ] Iriom 5 .
.f.t";llf.'r AP 1 i |} f'e-lfmmr.:[\. 2 ]OURNAL OF AN[MAL SCIENCE, Vol. 44, NO. 3, 1977
Miereduy egrestiv 3 Dheprefrodaema st ;.
Migroruiy errvalis L 30 Dewrelrobaeii sp, 5
Mais mmeisciilus 1] Efsanige foctioks 11
hrvetlagus cionicalus b, 1% Cilintieris sp. 2 Abdel Gawaad A.A & ane H. (1979)
Sorex araens 20 Helix ponetict 50N . . .
Tapa e 25,611 il ;’fq{-‘ . 18 Insect Protein as a Possible Source of Protein to
Avarithen ol netordlis 2 Lurmbricaes paideil 2
A gewrineri viclerarn b L v ferresteiy 6, 11,20 POultI y
Agricies sp, 2 Lumnbricies ap 519

“dimenticate”




2 miliardi di persone
2037 specie commestibili
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ROteINSECT * o Edible insects

INSECTS AS SUSTAINABLE SOURCES OF PROTEIN

Future prospects for food and feed security
ORGANIC WASTE

INSECT - Enabling the Exploitation
of Insects as a Sustainable Source of Protein
for Animal Feed and Human Nutrition

rreee . .
i B SEvETE FLs bR

This initiative is co-financed by the EC undear FP7.



Ottimo valore nutritivo

 tenore proteico elevato (fin al 70%)
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Do they eat insects?







YELLOW MEALWORM (tewtro momr)  LIFE-CYCLE

Insetti promettenti come FEED

Tenebrio molitor
coleottero (Tenebrionidae)

ospite indesiderato nell’industri agro alimentare
e farine, crusca, pasta, ...

onnivoro: si alimenta di vari substrati (Ramos-Elorduy et al., 2002 ° i
PR A
larva comunemente usata per alimentare uccelli, rettili e pesci di acquario

valore nutrizionale:
* ss:40%
* PG:40-60% ss
e EE: 25-45% ss
e ceneri:<5%
e basso tenore in Ca (possibilita di modificare con substrato; Klasing et al., 2000)

ciclo di vita variabile (T°) (40— 90 sett; Makkar et al., 2014)

da uova a larve mature: 8-10 settimane — peso medio: 0.14 g / larva

k)
'f» ./..:f“- ié -

#



Insetti promettenti come FEED | aé "*

Hermetia illucens ‘(

. . . lI[D \!nmw
e dittero (Stratiomyidae) — /
 adulti: solo compito di riproduzione (importanza luce) PR

 prediligono il materiale organico (frutta, versura, letame, scarti vari...)
e larve: ruolo significativo in entomologia forense (Lord et al., 1994)
* l[arve migrano autonomamente al momento dell'impupamento

* valore nutrizionale:
* ss:55-65%
* PG: 40-45%ss
e EE: 15-50%
e ricchediCAeP(#TM)(5-8% e 0,6 —1,5%)
e ceneri: 11-28%

e ciclo di vita variabile (6 — 30 settimane) (T°) (Makkar et al., 2014)
* da uova a larve matureminimo 14 gg (min) — peso medio: 0.2 g / larva




Insetti promettenti come FEED

Musca domestica

e dittero (Muscidae)

adulti: si alimentano (# Hermetia)
noiosi per uomo

portatori di agenti patogeni

prediligono il materiale in decomposizione di qualsiasi origine (frutta, versura, letame, scarti
vari...)
valore nutrizionale larve:

* SS:40-50%

e PG:37,5-60%ss

e EE:9—-25%ss

* ceneri:5-25%

« CA:0,3-0,8%

e ciclo di vita variabile (5 — 10 gg / 45-50 gg) (T° ottimale: 35°C) (Makkar et al., 2014)
e da uova a larve mature: 4 -13 giorni — peso medio: 0.02 g / larva
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Composizione chimica insetti (%SS £ INA
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Hermetia illucens
42,1 26,0

Larva
[l Crude protein ] Crude fibre Ether extract [JJj Ash Other

Tenebrio molitor

* 48,1 40,0 Larva
[l Crude protein ] Crude fibre Ether extract [Jj Ash Other

Musca domestica

50,4 18,9 10,1

Larva
[l Crude protein [J] ADF Ether extract [Jj Ash Other

Pupa

[l Crude protein [J] Crude fibre Ether extract [Jj Ash

Bombix mori

& 60,7 25,7 Larva

s e . . . I - . .
= ;EG{ - [l Crude protein ] Crude fibre Ether extract [Jj Ash Other

http://www.feedipedia.org



composizione chimica (%ss) insettl, FP e FS

Proximate anabysis (% dry matter) of selected insects, fish meal and sovbean meal.

Spede ASH % EEX% P MFE %
Phyllognathus excavamis Ped C 7B +£02 158 14 657 +13 106 + 0.1
Shpnshaphamusfamirne us RFLC 66 + 0.6 2 : 2 470 +13
mc 35 +02 80402
T I T ZmLC 25 +03 B0 = . A 6l + 1.1
Caliiphora vicna oiD 80 + 0.1 201 £ 0.7 483 + 08 236 £ 0.1
Chrysomya megncephala CmL D 72 0.1 270 + 3.2 618 =03 40 =34
Chrysomya megocephala CmP D A1 +£01 06 +1.1
ristalis bEm EtLD 139 =04 394 =+ 1.1
HIL D 93+ 03 365 4+ 10
Hermetia ilhicens HiP D 19.7 + 0.1 240 £ 0.7
[CLEa Sericang LsLD 45 + 09 132 =46
pifig cerica LsPD 49 + 0.2 95 + 041
MdL D 65+ 1.5 153 + 40
Musca domestica MdP D 84 =29 337 4+ 0.7 178 £ 03
Promphormia errasnovae PtL D 39 + 0.1 283 06 215 1+ 0.1
Promphormia erraenovie PtPD 88 + 0.1 236 +03 116 +22
Adheta domestion Ada 0 56 + 0.0 1559 + 0.2 731 £33 54 + 03
Anacridium aegyptium AaA O 37 0.1 176 £ 0.2 660 =50 127 =48
Grylhis assimifis GaAad 48 = 0.1 232 +06 6489 =05 70+ 03
Heteracris firramlis HIA O 51 £0.1 88 =00 744 =10 117 £ 10
Locis to migratoria LmA O 40 = 0.0 2949 4 0.5 585 4+ 05 76+ 0.1
Fish meal FIV 180 £+ 0.2 82 + 0.0 730 + 08 08 +07
Soybean meal SM 78 + 00 30 + 0.0 504 +02 388 + 03

Values are means £ SD of riplicate de terminations, EE—Crude fat. CP—Crude protein. NFE-Nitrogen-free extract,

Barroso et al., 2014



. B EllL. Bombyx mori
A m I n O a C I d S =3 O. Acheta domesticus
ElO. Zonocerus variegatus
Some insects cover C30.Locusta migratoria

all fish AA requirements l:'g iﬂph;;l{a mﬂlﬁﬂ
Few deficiencies B3C. Tenebrio molitor

CID. Musca domestica
(MEt’ Thr, LYS’ Tl'p) 33D. Hermetia illucens

BEll]. Macrotermes bellicosus
@l H. bee and ant
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Essential amino acids

Henry et al., 2014



Composizione AG FP- FS vs insetti

Fatty acids (%)

&l I COLEQPTERA . DIPTERA
e ORTHOPTERA === Fish meal
50 Soybean meal
40
30
20
10
n ' e ol
wi* wh Monounsaturated Saturated DEHA 22:6 w3 EPA 20:5 w-3 Unoclenlc 18:3 -3*  Unolele 18:2 w6
-10

Fig. 3. Differences between insect orders studied in the percentage of fat acids (using fish meal and soybean reference).

AGPI w6: FS (50%) > Insetti (fino a 30%) > FP (2,5%)

Insetti: minore contenuto in AGPI w3 vs FP

C18:2 wo6: FS > Insetti > FP

C18:3 w3: FS 2 Insetti > FP

EPA e DHA (insetti terrestri): assenti (grande limite!) (AGE x pesci marini)

= possibilita di modulare la composizione AG via alimentazione
Influenza su qualita dei prodotti!

Barroso et al., 2014



Produzione di massa

Production Extraction Conversion

P ™

HIGH VALUE

OILS
SUBSTRATE

WASTE : BIODIESEL )
el Lo PRODUCTION . \

sindustrial [m— OF INSECT ANIMAL FEED
veg. wastes BIOMASS X )

-domestic

~
CHITOSAN

PRODUCTS ANTI-

MICROBIALS

60%
REDUCTION
IN MASS

Compost

Organic fertiliser

Anaerobic digestior

http://www.proteinsect.eu/index.php?id=35




Produttori

fondata nel 2009

AgriPritein

tre hemdog e

AgriProtein is leading
o new Industry colfed
nutrient recycling

using fly larvoe fed
on abundant waste
nutrient sources.

2015 (/j): 7 ton di MagMeal ™
3 ton di MagOil™

0 ton di MagSoil™

Substrati: “clean” organics, vegetable food
processing & restaurant waste

www.agriprotein.com

AgriPrltein

technologies

Sustainable Feed Ingredients

AgriPr  tein
Method of Preparation:

Our larvae are washed and then
dried under strict environmental
conditions at a very gentle heat
to yleld the highest quality
protein. The protein contents of
the final product are higher than
whole dreld larvae and have a fat
content below 12%.

Guaranteed Analysis:

Crude protein (min)
Moisture (max)
Crude fiber (max)
Crude Fat (max)
Calclum (max)
Phosphorus (max)

“If a chicken was meant
to eat fish it would be
called a seagull”

Jason Drew - The Protein Crunch

MagMeal ™

Description:

MagMeal™ is our core product consisting of
dried defatted larvae that is ground into a high
protein larvae meal.

Appearance:

Dark rich texture with a slightly nutty flavour.
Product can be supplied either crushed or milled
for blending into animal feeds.

Uses:

MagMeal™ can be blended into a variety of
animal feeds and used just like any other protein
such as fishmeal its nearest nutritional
equivalent. It is specifically useful for the
feeding of monogastric animals including
chickens, pigs and fish



USA

fondata nel 2009

EnviroFlight, LLC focus is on producing environmentally sustainable plant and animal
feeds by processing waste distillers grains using black soldier fly larvae



Black soldier fly. A, Adult female.
8, Larva. C, Puparium.

Substrates: traceable organics
(grocery stores, food processors,
stale dated includes fruits,
vegetables, bread, fish &
seafood)

Enterra Meal Product (20 kg bags)

Enterra Feed produces sustainable
ingredients for food production,
including high quality protein and
fatty acids that are used in animal
feed, and an organic natural
fertilizer used for soil conditioning.

Our unique process deploys the
larvae of a common beneficial
insect, the Black Soldier Fly, grown
in a fully controlled environment
using a fixed feedstock recipe
sourced from clean, traceable
streams of pre-consumer fruits,
vegetables, fish and grains.

Enterra provides:

« high-quality feed products with
a consistent nutrient profile

« guaranteed quantities, available
through all seasons

« predictable, stable prices

Enterra Feed Corporation
134—887 Great Northern Way
Vancouver, British Columbia
604.888.4327

info@enterrafeed.com

Renewable Food™
For Animals and Plants

Enterra Meal™

Product Specifications

Description:

Intended use:

Chemical Analysis:

Physical Standards:

Storage:

A dry, powder product derived from larvae of the Black
Soldier Fly (Hermetia illucens).

A source of crude protein and fat for use as a feed
ingredient in aquaculture, poulitry feed, and other animal
feed.

Protein: 60%

Fat:15%

Ash: 10 %

Carbohydrates: 15%

Energy:- 1,800 to 2,200 kJ/100g

Colour: Light to tan

Texture: Free flowing powder
Odour: No foreign odours
Moisture: 8-10%

The product is to be stored in 2 cool dry area.

www.enterrafeed.com



Gaobeidian Shannong Biology CO., LTD (Cina)
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Produttori EU
IpIff

International Producers of Insects for Feed and Food
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bioflytech e.n.fqn:\qs -
Hermetia
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SUBSTRATI EU  Reg. 68/2013 - Reg. 999/2001 — Reg EC 56/2013 — Reg EC
1069/2009 — Reg EC 767/2009

prodotti di origine vegetale
ex-prodotti (incl. prodotti lattiero-caseari e uova)
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Ynsect is a biotech company. We design, build, and operate insect production and processing
facilities, to create high-value products for several applications.

Our first lead product is a Protein-Rich Insect Material (PRIM). This product is aimed at livestock
nutrition, and especially aquaculture. Not only is our product composed of high-quality proteins with
high digestibility, but it also has very interesting bioactive functions.

Products

The main nutritional product developed by Ynsect is a Protein Rich Insect Material obtained from
insect larvae. It is a mix of high-quality proteins, and bioactive molecules to improve fish growth and
survivability. Our product also have very interesting nufritive properties, with a high digestibility
ratio.
Our range of products is actively growing. Due to the European regulatory framework, we exclusively
focus on animal feed.

http://www.ynsect.com



Hermetia

Insektenproteine auf der Basis von Fliegenlarven
sind hochproteinreich und erfillen die
ernahrungsphysiologischen Anspriche karnivorer
(rduberischer) Fischarten, wie sie die meisten der
geschatzten Speisefische (Lachse, Steinbutt,
Forellen, Grouper, Snapper, Wolfsbarsch, Dorade,
Adlerfisch, Kabeljau etc.) darstellen. Auch fur die
Geflugelzucht und die Schweinemast sind
Insektenproteine sehr gut geeignet. Die
stoffwechselphysiologische Eignung eines solchen
Proteins fur Gefligel und Schweine steht aul3er
Frage. Auch fir Vogel, Reptilien, Hunde und
Katzen sind diese Eiweil3e, die reich an
essentiellen Aminosauren sind, bestens geeignet.
Somit stellt ein Futtermittel auf der Basis von
Insektenlarven eine geradezu optimale Alternative
zum Fischmehl dar.

Adresse: An der Birkenpfuhlheide 1015837 Baruth / Mark+49 (0) 33704 675 50

info@hermetia.de

http://www.hermetia.de/
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HVAC technologies
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NUTRIRE IL PIANETA CON NUOVE FONTI SOSTENIBILI

MICROVITA

2050

277 INCONVENTIONAL 7
Stratio meal ’

55-65% PG " DIRPTE=RA . -

10-15% EE
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Larvae production

DANISH
TECHNOLOGICAL
INSTITUTE

+ +
Water: 20 L
Poultry manure: 80 kg Fly eggs: 1 mio (100 mL)
Theoretic outcome:
34 daYi 10 gram larvae pr.
@ 25-40 °C hen pr. day

Compost: 50 kg Larvae: 8 kg



Black Soldier Fly larvae production

100 Kg brewery
waste

33 kg fertilizer

"X

bioflytech

Alicante, Spain

0,4 kg seed larvae

33 kg larval biomass

12 kg fly meal




MiLLIBETER®

www.millibeter.be
Belgium

1 Million BSF eggs

1 ton fresh vegetable
(13 % Dry Matter)

/ days @ 25°C

| - Protein (27 ko)
sakgdryl - | IpidS (21 ko)
Frass

100 kg fresh .
(70% M) Parae - Chitosan (s ko)

160 kg fresh
(~40% DM)




Frysimtar larea

S
=
S
=)
!
S
b

"—
,;"Q" v
A f

£GG
ﬁALWCh

sour BEETLELIFE Lgwa

\CYCLE
PUPA /

www.huffingtonpost.com



ISTITUTO DI SCIENZE
DELLE PRODUZIONI D |SAFA

ALIMENTARI Universita degli studi di torino

Research on insects




HI: accrescimento su substrati diversi













Accrescimento larve HI: relazione peso (g) — eta delle larve (giorni)
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Accrescimento larve Hl: relazione lunghezza (mm) — eta delle larve (giorni)
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# Insec Team

ISTITUTO DI SCIENZE
DELLE PRODUZIONI

ALIMENTARI

Universita degli studi di torino



