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Background –Aquaculture Production



Background - Circular aquafeed ingredients

Aquafeed 1.0 Aquafeed 2.0 Aquafeed 3.0



Single cell proteins (SCP) Insects meal

• Composition (high protein 38-68 % dm)
• Balanced aa profile
• Organic agricultural waste valorisation

• Composition (high protein content 50-80%, dm)
• Limited need for arable land and water
• Year-round production at a fast rate, unaffected by

seasonal or climatic variations 

By-product from fisheries 
and aquaculture 

• High protein content 
• High availability 
• Reduced C foot print

β-glucan, nucleic acids, nucleotides, Vit B Chitin, lauric acid 

Functional compounds

Bioactive peptides 

Background - Circular aquafeed ingredients



Background – Fish microbiome

Emerging evidence indicates that microbial
communities both within and surrounding an animal in
aquaculture can contribute directly to productivity in
terms of growth, disease resistance and animal welfare.





The aim of this study is to explore the gut microbiome
modulation induced by circular aquafeed ingredients in
gilthead sea bream and European sea bass by analysing
several dose-response feeding trials

Background - Microbiome in Fish

https://nextgenproteins.eu/https://www.newtechaqua.eu



M&M - Diets

Ingredients % CTRL SCP 10 SCP 15 SCP 20
Fishmeal 18.0 18.0 18.0 18.0
SCP (C. glutamicum ) 0.0 10.0 15.0 20.0
Soy protein concentrate 17.0 8.00 4.00 0.00
Corn gluten 16.8 11.0 8.00 5.50
Sunflower meal 8.61 14.28 16.33 17.13
Soybean meal 14.2 12.8 12.4 12.4
Wheat meal 7.60 8.10 8.40 9.00
Fish oil 4.00 4.00 4.00 4.00
Salmon oil 12.0 12.0 12.0 12.0

Ingredients (%) Control HI5 HI10 HI15
Fish meal 22.0 18.1 14.1 10.1
Inset meal (Mutatec) 0.00 5.01 10.0 15.0
Soy protein Concentrate 13.2 13.2 13.2 13.3
Wheat gluten 3.07 3.08 3.08 3.09
Maize gluten 26.4 26.4 26.5 26.5
Soybean meal 11.4 11.5 11.5 11.5
Wheat meal 9.82 8.47 7.12 5.79
Fish oil 3.22 3.71 4.09 4.56
Rapeseed oil 7.52 6.89 6.37 5.76

Ingredients (%) Ctrl 0FM100FO 0FM0FO 0FM0FO-50SP 0FM0FO-0SP

Fish meal 25.0 - - - -

FM Trimming - 25.0 25.1 25.2 25.3
Fish Oil Extra 14.6 14.25 - - -
FO Trimming - - 14.25 12.5 12.5
Krill meal 2.5 - - - -
Shrimp meal Trimming - 2.5 2.6 8.5 8.6
Soy protein concentrate 8,0 8,0 8,0 4,0 -
Corn Gluten 4,0 4,0 4,0 10,0 15.5
Wheat Gluten - 2.6 2.5 2.75 9.5
Soybean meal 19.2 19.3 19.4 9.6 -
Wheat meal 14.5 14.3 14.4 14.0 18.2

Ingredients (%) CTRL SCP 5 SCP 7.5 SCP 10
Fish meal 22.00 17.94 15.92 13.89
SCP (Yeast) 0.00 4.99 7.47 9.94
Soy protein 
concentrate 13.20 13.17 13.16 13.14
Wheat gluten meal 3.07 3.06 3.06 3.06
Maize gluten meal 26.40 26.35 26.32 26.29
Soybean meal 11.44 11.42 11.40 11.39
Wheat meal 9.82 8.62 8.08 7.56
Fish oil 3.22 3.82 4.08 4.34
Rapeseed oil 7.52 7.09 6.93 6.77

Trial 1 – SCP Corynebacterium glutamicum Trial 2- SCP Torula yeast Trial 3 – Hermetia illucens larvae meal

Trial 4 - By-product from fisheries and aquaculture 

Gilthead sea bream 



M&M – Fish and experimental set up

45 fish per tank
 Initial weight 75 g
 12, 500  L tanks
Temperature  23 ± 1° C; 
Triplicate treatments 
Satiation twice a day
The trial lasted 108 days

40 fish per tank
 Initial weight 25 g
 12, 500  L tanks
Temperature  24 ± 1° C; 
Triplicate treatments 
Satiation twice a day
The trial lasted 76 days

50 fish per tank
 Initial weight  98  g
 12, 500  L tanks
Temperature  24 ± 1° C; 
Triplicate treatments 
Satiation twice a day
The trial lasted 113 days

50 fish per tank
 Initial weight  75 g
 15, 800  L tanks
Temperature  24 ± 1° C; 
Triplicate treatments 
Satiation twice a day
The trial lasted 119 days

Trial 1- SCP C. glutamicum Trial 4 – By-productTrial 2- SCP T. yeast Trial 3 – H. illucens



Growth Performance 
Parameters

Gut microbiome

FBW, SGR, FCR, FI 

DNA extraction from distal intestine 
content (15 fish/treatment)  

Illumina NGS of the V3 and V4 regions of the 
16S rRNA  gene (QIIME2; PANDAseq, VSEARCH)

Prediction of metagenome functions using Picrust2

Douglas et al 2020 Nat. Biotech (2020)

M&M – Fish and experimental set up



Results/Growth -Trial 1 - SCP Corynebacterium glutamicum

P > 0.05

P > 0.05 P > 0.05



SCP groups showed a significant
variation compared to the control group,
in terms of overall microbiome
composition

Results microbiome - Trial 1 SCP-Corynebacterium glutamicum

Inclusion at 10 and 15% 
showed a reduced alpha 
diversity indexes



SCP led to increase 
• Bacillus
• Oceanobacillus

Prediction of metagenome functions 
Results microbiome - Trial 1 SCP-Corynebacterium glutamicum



Results Growth  - Trial 2 SCP Torula yeast 
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p=0.34

Results Microbiome - Trial 2 SCP/Torula yeast



Prediction of metagenome functions 
Results Microbiome - Trial 2 SCP - Torula yeast



Results Growth  - Trial 3  Hermetia illucens larvae meal 



Inclusion of Hermetia Illucens 
showed a reduced alpha diversity 
indexes

SCP groups showed a
significant variation compared
to the, control group in terms
of overall microbiome
composition

Paenibacillus
Actinomyces

Bacillus
Oceanobacillus

Results microbiome - Trial 3 Hermetia illucens larvae meal



Prediction of metagenome functions 

Results microbiome - Trial 3 Hermetia illucens larvae meal
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Results growth - Trial 4 By-products from fisheries and aquaculture



Results microbiome - Trial 4 By-products



Prediction of metagenome functions 

p > 0.05

Results microbiome - Trial 4 By-products from fisheries and aquaculture



Conclusion 

• Inclusion of SCP from C glutamicum (up to 20%) and insect meal (up to 15%) led to equal growth
and feed utilization in comparison to control diets

• In both trial fish were associated to a gut microbiome reconfiguration enriched by potential 
beneficial taxa Bacillus, Oceanobacillus, (both); Paenibacillus (HI) 

• Predicted metagenome functions indicated an increased in amino acid metabolism such as 
tryptophan, valine, leucine and isoleucine (both)  histidine (SCP), methionine (HI)

• Bacterial tryptophan metabolites, such as indole and indolic acid derivatives, are potent bioactive
metabolites that affect intestinal barrier integrity and immune cells in mice



Future perspective

Development of welfare indicators microbiome-based 
in farmed fish species 
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• Thanks for the attention!

• luca.parma@unibo.it

Laboratory of Aquaculture-Dept. of Veterinary Medical Sciences Microbiome Science and Biotechnology unit – 
Dept. of Pharmacy and Biotechnology
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