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Norwegian salmon farming in search of alternative feed ingredients =4
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Black soldier fly, Hermetia illucens
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* Proximate composition (DM basis): N—

v Protein: 36%
v’ Lipids: 18%
v’ Ash: 9.3

* Excellent amino acid profile

e Fatty acids: diet dependent
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Insects as natural feed ingredients for sustainable salmon farming  ~—
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°7) Gut health and microbiota




Freshwater feeding trial
Diet formulation

Ingredients (% dry matter) mm

Fish meal LT94

Black soldier fly larvae meal

Soy protein concentrate 29.6 5
Wheat gluten 14.3 14.4
4.6 6.9
Rapeseed oil 12 4.8
Vitamin & Mineral premix 0.3 0.3
Additives 4.2 2.6
Dry matter 93.6 95.5
Crude lipids 18 22
Crude proteins 47 44
Glycogen 10.5 11.6
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
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Seawater feeding trial

Diet formulation:

Ingredients (% dry matter) mm

Fishmeal LT94 10 0
Black soldier fly larva meal [[i 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
G 10.18 1476
Rapeseed oil 20.95 14.73
Binder 12.32 11.24
Additives 1.89 2.29
Yttrium 1.0 1.0
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

Initial body weight, ~1.4 Kg
3 net pens/diet, 90 fish/net pen
Satiation feeding, twice daily

Inndyr, Nordland, Norway

18 weeks




Growth performance and feed utilization
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Gastrointestinal tract of Atlantic salmon
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Digestive functions: trypsin activity and bile salts in chyme

Trypsin activity
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Digestive functions: brush border enzyme activity —u

Leucine aminopeptidase activity
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Histological examination
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I°Sub-optimal health conditions:

1.Enterocyte hypervacuolization

2.Inflammation

!

Distal intestine (Dl)




Histological examination: hypervacuolization

Source: Hanche-Olsen et al., 2013




Histological examination: hypervacuolization

Hypervacuolization
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Source: Hanche-Olsen et al., 2013



Histological examination : hypervacuolization

“Floating feces” problem

Source: Hanche-Olsen et al., 2013



Histological examination

Hypervacuolization
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COMPOUNDS IN LIPID TRANSPORT

Time: Thursday, October 10 14.30 - 16.50
Location: Lounge 1-3

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

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



Histological examination: inflammation Submucosal cellularity
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Histological examination: inflammation Lamina propria cellularity
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Histological examination: inflammation
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Gene expression profiling
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Gene expression profiling
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Gut microbiota profiling T
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Amplicon PCR
DNA extraction (V1-2 16S rRNA)
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Alpha-diversity
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Beta-diversity
Unweighted-UniFrac distance based PCoA
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Beta-diversity
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Beta-diversity

Unweighted-UniFrac distance based PCoA
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Association testing using MaAsLin2
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Association testing using MaAsLin2
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Summary

No or minor diet effect on :

I growth and feed utilization

I=°digestive functions
I expression of selected marker genes
However, IM-based diet,
I="increased submucosal cellularity in proximal intestine
IZ"increased relative weight of distal intestine

I°reduced enterocyte hypervacuolization in proximal intestine

I"modulated gut microbiota: intestinal contents > mucosa

1 Bacillus, Oceanobacillus, Corynebacterium, Enterococcus;

| Peptosteptococcus, Photobacterium




The Research Council

The Nutrition group, NMBU vet. School
B of Norway

Erik-Jan Lock, Rune Waagbg , Robin @rnsrud, Heidi
Amlund , Ikram Belghit , Irene Biancarosa , Elisa Menchitti

Ashild fKro‘gdtahI Tond Kortnfer Nicole Nyquist ~ GUro Lekka  ajey Torres “' gﬂ% UNIVERSITYOF  Andre Gilburn,
oor oy Assgc pro, Rescarsher Post doc. Bio Or SK Christian Brickner & STIRLING Isobel Swinscoe

Nutrition Mol biology DVM Mol biology DVM

NIBIO ivar Pettersen Christoffer Troedsson
NORSK INSTITUTT FOR

BIODKONOM uniResearch

STy e , ! Q4 <./ Roger Strand, U "B Mario Gi -
I‘T_'g(celtn]nl?cailar? Kirsti Preesteng  Elin Valen Jintao Liu Anne K Hansen Dorothy Dankel, o ario Iarrllile ro,
Lableader ~ 'echniclan  Technician Visiting PhD stud. Matthias Kaiser niversitat Autonoma Sandra Bukkens

researcher Biology

NUI Galway Svenja Heesh ﬁh Johan Johansen

Yanxian Li Jie Wang i \\ ) . . . .
PhD stud. PhDstud. e !% PROT XTarlque Arsiwalla Cafglll Huibert Everdingen

Biology Biology Biology




. f| gshare

Contact: yanxian.li@nmbu.no




