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Black soldier fly, Hermetia illucens
• Proximate composition (DM basis):

• Fatty acids: diet dependent

• Excellent amino acid profile

✓ Protein: 36%
✓ Lipids: 18%
✓ Ash: 9.3

Source: 
http://edge.rit.edu/edge/P17422/public/Photo%20Gallery/Lifecycle%20of%20BSFL.jpg

http://edge.rit.edu/edge/P17422/public/Photo%20Gallery/Lifecycle%20of%20BSFL.jpg


Aquafly:

Insects as natural feed ingredients for sustainable salmon farming

Gut health and microbiota

Marco algae

Brewery wastes



Freshwater feeding trial
Diet formulation

Ingredients (% dry matter) REF IM

Fish meal LT94 35 6

Black soldier fly larvae meal 0 60

Soy protein concentrate 29.6 5

Wheat gluten 14.3 14.4

Fish oil 4.6 6.9

Rapeseed oil 12 4.8

Vitamin & Mineral premix 0.3 0.3

Additives 4.2 2.6

Proximate analysis

Dry matter 93.6 95.5

Crude lipids 18 22

Crude proteins 47 44

Glycogen 10.5 11.6

Ash 7.9 6.7

TBARS 6.9 16.9

• Initial body weight, 49 ± 1.5 g

• 4 tanks/diet, 100 fish/tank

• Continuous feeding, 24-h illumination

• Dirdal, Rogaland, Norway

• 8 weeks



Seawater feeding trial
Diet formulation: • Initial body weight, ~1.4 Kg

• 3 net pens/diet, 90 fish/net pen

• Satiation feeding, twice daily

• Inndyr, Nordland, Norway

• 18 weeks

Ingredients (% dry matter) REF IM
Fishmeal LT94 10 0

Black soldier fly larva meal 0 14.75

Soy protein concentrate 25 25

Corn gluten meal 7.5 7.5

Wheat gluten meal 3.35 6.88

Pea protein concentrate 55 8.8 2.84

Fish oil 10.18 14.76

Rapeseed oil 20.95 14.73

Binder 12.32 11.24

Additives 1.89 2.29

Yttrium 1.0 1.0

Proximate analysis
Dry matter (%) 93 95

Crude Protein (%) 38 39

Crude Lipid (%) 29 29

Ash (%) 4.6 4.5

Carbohydrates (%) 11.6 11.4

Gross energy (MJ/kg) 24.6 25.0

TBARS (nmol/g) 3.0 4.9



Growth performance and feed utilization



Gastrointestinal tract of Atlantic salmon
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Organosamtic indices
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Digestive functions: trypsin activity and bile salts in chyme

*



Digestive functions: brush border enzyme activity



Histological examination

Sub-optimal health conditions:

1.Enterocyte hypervacuolization

2.Inflammation



Normal

Histological examination: hypervacuolization

Normal

Source: Hanche-Olsen et al., 2013



Histological examination: hypervacuolization

Normal

Source: Hanche-Olsen et al., 2013
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Hypervacuolization



Histological examination : hypervacuolization

Lipid malabsorption

Source: Hanche-Olsen et al., 2013

“Floating feces” problem



Histological examination : hypervacuolization

*
COMPOUNDS IN LIPID TRANSPORT
Time: Thursday, October 10 14.30 - 16.50
Location: Lounge 1-3

Talk 2. Lipid malabsorption in six, Norwegian Atlantic salmon farms

Talk 3. Effects of dietary cholesterol, phospholipids and bile salts on 
intestinal lipid metabolism

Talk 4. Effects of dietary phosphatidylcholine and choline on intestinal 
lipid metabolism 

Talk 1. Nutrients involved in digestion and transport of lipid across the 
intestinal mucosa of Atlantic salmon: an overview



Histological examination: inflammation

Credits: Elvis M. Chikwati
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Histological examination: inflammation
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Histological examination: inflammation

Credits: Elvis M. Chikwati
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Gene expression profiling
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Gene expression profiling
PI DI



Gut microbiota profiling

Sampling

REF IM IMREF

DIC DIM

REF-DIC

Sample origin

IM-DIC IM-DIMREF-DIM

Diet

DNA extraction

Amplicon PCR

Miseq PE300

Library preparation

(V1-2 16S rRNA)

Phyloseq …



Alpha-diversity



Beta-diversity
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PERMANOVA

Diet: p = 0.001



Beta-diversity

PERMANOVA

Sample origin: p = 0.001
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Beta-diversity

PERMANOVA

Interaction: p = 0.001

Contents

Mucosa



Association testing using MaAsLin2

Freshwater trial:

• Diet effect: 37 differentially abundant taxa

✓ IM: 10 taxa↓, 27 taxa ↑

✓ Reproduced parts of results from the freshwater trial 

↑
↑

↑ ↑

↑

↑



Association testing using MaAsLin2
• Sample origin effect: 48 differentially abundant taxa

✓ Mucosa: 46 taxa↓, 2 taxa ↑



Summary

increased submucosal cellularity in proximal intestine

digestive functions

growth and feed utilization

No or minor diet effect on :

increased relative weight of distal intestine

expression of selected marker genes

However, IM-based diet, 

reduced enterocyte hypervacuolization in proximal intestine

modulated gut microbiota: intestinal contents > mucosa

↑ Bacillus, Oceanobacillus, Corynebacterium, Enterococcus;

↓ Peptosteptococcus, Photobacterium
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