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Background information…
 Estimation of annual animal production: 2010‐2050

 Animal production increase 2010‐2050

 Fishmeal and soya meal price increase!



 July 2017: permission for the use of insect proteins as fish feed (EU Regulation 2017/893)

 Hermetia illucens (Black soldier fly)

 Musca domestica (Housefly)

 Tenebrio molitor (Yellow mealworm)

 Alphitobius diaperinus (Lesser mealworm) 

 Acheta domesticus (House cricket)

 Gryllodes sigillatus (Banded cricket)

 Gryllus assimilis (Field Cricket)

 Bumyx mori (wax moth, 2022)

Three milestone dates (1)



Three milestone dates (2)

 August 2021: Approval of insects in poultry and pig feeds in EU (EU regulation 1372/2021)

 Hermetia illucens (Black soldier fly)

 Musca domestica (Housefly)

 Tenebrio molitor (Yellow mealworm)

 Alphitobius diaperinus (Lesser mealworm) 

 Acheta domesticus (House cricket)

 Gryllodes sigillatus (Banded cricket)

 Gryllus assimilis (Field Cricket)



Three milestone dates (3)

May 2021: Approval of insects as food in EU (annexes of 2015/2283)

 Tenebrio molitor (Yellow mealworm)

 Acheta domesticus (House cricket)

 Alphitobius diaperinus (Lesser mealworm) 

 Locusta morgatoria (Migratory locust)



Insect frass as biofertiliser (more than protein)

 November 2021: EU‐wide insect frass standards adopted

Heat treatment for

1 h at 70°C



Tenebrio molitor (yellow mealworm)
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Number of published articles over the years matching the search for the following key words: ‘’T.
molitor’’, ‘’T. molitor and Pests’’, ‘’T. molitor and Insects as food and feed’’

(Source: Google Scholar, 14 March 2024)



Mealworm facilities in UTH



Evaluation of agricultural
by‐products

in mass rearing protocols

Research 
priorities



Source: Rumbos et al. (2022) Journal of Insects as Food and Feed 8: 9‐22
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Valorization of agricultural by‐products as dry insect feed

Byproduct of the 
raisin production 

Byproduct of tomato
processing

Byproduct of 
date fruit

Whey byproduct of the 
cheese production 

Presscake of 
walnuts 

Presscake of 
sunflower 

Presscake of 
cotton 

Presscake of 
almond 

Presscake of 
sesame 

Press cake of 
pumpkin 

Press cake of 
line 

Press cake of 
thistle 

Press cake of 
sunflower 

Press cake of 
cannabis 



Lipids

0

2

4

6

8

10

12

14

16

18

20

Βran (control) Cannabis press
cake

Walnut press
cake

Thistle press
cake

Αlmond press 
cake

Line press cake Sesame press
cake

Pumpkin press
cake

Valorization of agricultural by‐products as dry insect feed



0

10

20

30

40

50

60

70

Βran 
(control)

Raisin Cannabis
press cake

Walnut
press cake

Thistle
press cake

Αlmond 
press cake

Line press
cake

Sesame
press cake

Carob Pumpkin
press cake

Sunflower
press cake

Protein

Valorization of agricultural by‐products as dry insect feed



0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

La
rv

al
 s

ur
vi

va
l (

%
)

Time (days)

Sunflower press cake

Line press cake

Cannabis press cake

Thistle press cake

Pumkin press cake

Walnut press cake

Almond press cake

Sesame press cake

Raisin

Carob

Bran (control)

Yellow mealworm (YM) 

Valorization of agricultural by‐products as dry insect feed



0

20

40

60

80

100

120

140

0 20 40 60 80 100

In
di

vi
du

al
 L

ar
va

l W
ei

gh
t (

m
g)

Time (days)

Sunflower press cake

Line press cake

Cannabis press cake

Thistle press cake

Pumkin press cake

Walnut press cake

Almond press cake

Sesame press cake

Raisin

Carob

Bran (control)

Yellow mealworm (YM) 

Valorization of agricultural by‐products as dry insect feed



0 20 40 60 80 100 120

Bran (control)

Carob

Raisin

Sesame press cake

Almond press cake

Walnut press cake

Pumkin press cake

Thistle press cake

Cannabis press cake

Line press cake

Sunflower press cake

Time (days)

Development 
time

Yellow mealworm (YM) 

Valorization of agricultural by‐products as dry insect feed



0

20

40

60

80

100

120

Sunflower
press cake

Line press
cake

Cannabis
press cake

Thistle press
cake

Walnut press
cake

Almond press
cake

Sesame press
cake

Carob Bran (control)

FCR

0

1

2

3

4

5

6

Sunflower press cake Thistle press cake Walnut press cake Almond press cake Sesame press cake Bran (control)

FCR
Yellow mealworm (YM) 

Valorization of agricultural by‐products as dry insect feed



Whey valorization as wet feed

Treatments:

1. Water agar (control)

2. Acid whey agar

3. Sweet whey agar

Yellow mealworm (YM) 

Valorization of agricultural by‐products as wet insect feed
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Insect frass… more than 
protein



Source: Barragán‐Fonseca et al. (2022) Trends in Plant Science 27: 7

the leftover of the insect rearing 
process that consists of larvae 

faeces, exoskeletons and residues of 
the rearing substrate

Exploitation of insect frass as biofertiliser



Tenebrio molitor frass (FR): Ν=5%, Ρ=2%, Κ=1,7%

Chicken manure (CM)

YM frass as a soil amendment 

Pepper
 Two local Greek varieties: Florinis, Bahovitiki
 Typical requirements: N = up to 15 kg/ha;

P = up to 10 kg/ha (as P2O5); K = up to 15‐20  
kg/kg (as K2O) 


