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. Mealworms are species of darkling beetles (Tenebrionidae), pests
% of stored cereals, model species in science, farmed for feed and food

§ S a et Pest control Genetics Ecology

Immunity Physiology Nutrition

4000
3500 |1l R, ¥ \fifi

3000

2500 |0 R o Ik §

SR 2000

1500

1000 :Ef :{:? i o .}:{.;':.“.

SRS 5 o g ]

A database of 500 S e AT o A

Tribolium RNAI phenotypes S LN F s o o g .
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII7IIII|IIIIIII|‘|” g “‘((_‘.(.‘-(-(-‘5(‘_(“‘(‘“““("(‘(\(‘(‘(“\““.\,w*’

1869 1889 1909 1929 1949 1969 1989 2009
—o—Hermetia illucens —0—Gryllus bimaculatus
Tribolium castaneum a— Galleria mellonella

PR R Cumulative number of scientific publications related to
v e iles SRt mealworms and other insects (source: Dimensions)




Georges Tessier

Pioneer in T. molitor
nutrition by publishing
in 1939 with M. Lafon.

They showed that
mealworms need :
< 3% lipids,
>40% carbs (starch
preferentially),
10-15% proteins,
Yeasts as growth factors

Jean Leclercq

He initiated with
GS Fraenkel a
large: study about
T, molitor nutritional
requirements and
particularly their
utilization of proteins.
He proposed to class
the protein value: of
plants in response to
mealworms-growth

Gottfried S Fraenkel

He published several
major studies on
T. molitor nutrition by
finding the importance
of vitamins (Complex B),
fatty acids (linoleic
acids) and sterols
(cholesterol). And above
all, he discovered the
Carnitine and its role
for T. molitor.

GRF Davis

Beginning as the
student of J Leclercq,
he dedicated most
of his work to
T. molitor nutritional
requirements,
especially the needs
in proteins and amino
acids. He was the
most prolific author

on this topic.




Walter R. Terra

His research is
mainly dedicated to the
description of insects gut
physiology (and especially
the one of mealworms),
their ecology and the
digestive mechanisms
involving enzymes and
physiological regulations.
He published a major
article on transcriptomic
analysis of the T. molitor’s
midgut in March 2017,

Midgut

midgut
epithelium

midgut lumen

peritrophic
membrane

Midgut
Malpighian
tubules

Foregut

. . . . i
i - anterior median posterior- i
A, ' B

i -Hindgut - Rectum

anterior median posterior
pH 5.6 | pH 5.6 i pH 7.9
4 ' i |
-I—
= _4— ~f—
| | L L I § |

_ PM thickness

(1 fr r 1 1 1 I 1 & 11 )

39

cleavage into larger
dietary molecules by
solubles enzymes

cleavage into small nutritional molecules
by membrane-bound enzymes,
no uptake of solubles enzymes

secretion of
solubles.enzymes




Rho and Lee conducted a similar

: ; g
study on Tenebrio molitor’s adults
He published several articles these press,
last years on Tenebrio molitor’s AT A e
physiology, and notably conducted = " -
a study about the optimal nutrient g %
balance of mealworms determined 3 A
by the self selection method § s A male
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using n-factors mixture Definition of based on
design and formulation software digestible proteins and metabolizable energy
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e Estimation of mealworms
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Development of a to estimate feed digestibility
specific to Tenebrio molitor, which is essential for diet formulation
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Estimation of its
and isoproteic diets) to compensate deficiency

Ratio AA/Energy

Supplementation in minerals and vitamins with
formulated according to scientific literature
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(on isoenergetic

Mortality

Tryptophan - Threonine

Arginine 4 5500
Lysine 5 869 !
Histidine 6,32% 476% proline

3,26%
,£070. 7,38%
Phenylalanine ‘ "

432%  Serine

. Glycine
3,69% ) ‘ 5,77%
Tyrosine { _
7.22% Glutamic
" acid
/ 11,51%
Leucine
7,89%
’ Alanine
Isoleucine . 8,11%
4,82%
_Cystine+Cysteine
Aspartic acid A ) 0,78%
8,50% Methionine Valine 4
1,40% 7,16%




+-Sourcing / Cartography
»‘Market analysis

- Nutritional composition
+ - Digestibility

* - Quality control

.- Pretreatment

.. .Storage
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+Formulation
+Preparation
/Industrial process

- Texture

* - Water sources

- Vitamins and mineral
Premix supplementation
. Specific diets
(Starter, Grower,
Finisher, Adult, ...)

DIET

«-Water (WTR)
»."Macronutrition
(Prot.; Energy)
» . “Micronutrition. (AAs)
» - Resaurces allocation
+- Digestive-enzymes
.- Feeding regulation
.-Genetics

INSECT

Nutritional requirements

+. Evaluation of physiological
and economical performances

Growth

Feed Conversion Ratio
Profitability

Fertility

* - Final body -composition

Feeding frequency

Feed rationing

Sanitary risk- management
Scalability

PRODUCTION

».-Standardization

of -protocol and methods
- |Indicators

*Quality procedures
»Database

METHODS




< BBI European project to build
O \* JU the first and largest fully automated

¢ X industrial unit specialized in the
ﬁ U production of high quality insect

000@ Fa I"erlg proteins. Co-financed by European

Commission and Bio-based Industries

io-based Industri ' king (BBI f
lo-based Industries mg Joint Undertaking ( JU) for
* Fund-raising of In Series C

funding Iin the largest early-stage
agritech funding deal on record in
Europe. Construction of Ynfarm in
Amiens (France) to produce max
20,000 tonnes of insect protein a year.
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