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Demographic growth and global protein consumption: current 
situation and perspectives

WORLD POPULATION

(ONU, 2023)

2023 : > 8 billions

2050 : > 9,6 billions

of nearly 15% by 2030

WORLDWIDE PROTEIN 
CONSUMPTION

(OCDE et FAO, 2022)

Roots, tubers, and 
legumes

2016-2022 2023-2031

173,7 177,2

62,1 67,9

34,5
35,5

24,9
26,3

18,0
18,510,7
11,4

Eggs

Aquatic products

Meat

Dairy products

Grains and oilseeds

+ 6.5 %

+ 9.3 %

+ 2.8 %

+ 2.9 %

+ 2.9 %

+ 2.0 %

Food consumption by product
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Importance of aquatic protein origins for global food security

Aquatic products

Aquaculture

Captures
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In search of multiperformance

Aquaculture

• Efficient production

• Provide a growing population with healthy and nutritious food

•  Based on resilient and robust animals

• Sustainability

New diets Programming
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New diets
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Evolution of salmonid feed formulation
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Fishmeal
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Plant meals

Plant oils

Starch
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Additives

(adapted from Aas et al., 2022)

Higher level of fishmeal 
and fish oil replacement

• Modulation of feed intake
• Reduction of growth
• Decrease of product quality
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Pathways involved in the acceptance and use of a plant-based diet 
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Low LC-PUFA
ω3 diet

Medium LC-PUFA
ω3 diet

High LC-PUFA
ω3 diet

EPA 0.25 3.39 11.60

DHA 0 1.53 7.66

Feed intake

Juvenile rainbow trout are able to discriminate diets with varying levels EPA and 
DHA and exhibit a preference for diets with high levels of EPA and DHA
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Feed intake

FM/FO diet Plant-based diet

n-3 fatty acids EPA - DHA ALA 18:3 n-3

Expression of free fatty acid receptors in tongue

First feeding to 8 months

Time after the last meal 20 min 4 hours

5-HT 5HIAA 5HIAA/5-HT
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Serotonin in tongue

n-3 fatty acid profile influences expression of free FA 
receptors and serotonin turnover in tongue
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Yeast to promote growth and robustness

Microbiota

Immune function

Gut health

Growth and Robustness

YEAST

Ingredients (%) CTL PAP PAP+YE

Plant protein sources 49 51.4 44.3

Wheat 10.8 9.2 13.0

Rapeseed oil 12.2 10.5 10.5

Fish oil 7.0 7.9 7.9

Fishmeal 19  

Processed Animal Proteins 17 17

YEAST (Prosaf®)   3

AA, vitamins, minerals 2 4.07 4.2

Week
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CTL PAP PAP+YE

a

c

p = 0.014

b

Crude protein (% DM) 71.6 %

Nucleotides (% DM) 8.7 %

Free AA (% DM) 26 %

Total number of  peptides 9 785

Prosaf® (Phileo by Lesaffre)
Cytosolic fraction of Saccharomyces cerevisiae

3% yeast supplementation 
improves growth 

performance of a diet where 
fishmeal was mainly 

replaced by PAPs

Animal nutrition
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Yeast to promote growth and robustness

PAP+YE vs CTL
13

PAP vs CTL
8

PAP+YE vs PAP
7

Fonction putative Gène log2FoldChange

Immunity and 
inflammation

serping1 -6.5

apoa2 -4.2

Coagulation and
 healing

fbg -5.3

cd9 -1.2

RE stress
selenos 8.7

leg1 -5.4

Putative function Gène log2FoldChange

Immunity and 
inflammation c3 2.0

Defense against 
pathogens

hrh1 -1.0

mfap4 1.7

Coagulation and healing serpina10 3.8

Fonction putative Gène log2FoldChang
e

Immunité et 
inflammation

cd3d 0.9

mapkbp1 -4.2

c15orf48 / nmes1 / mocci 1.7

fut8 -0.4

Antipathogène ch25h 1.9

Stress du réticulum 
endoplasmique selenos 22.6

Differentially expressed genes were related to immunity, inflammation, defense 
against pathogens, and wound healing mechanisms

RNA seq
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Eco-formulation

Contribution to environmental impacts of rainbow trout production

Fish rearing Feed production Equipement Infrastructures Chemicals Transport

Feed is the most important contributor to environmental impacts 

Adapted from Aubin et al., J. Clean. Prod. 2009
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Cost of raw materials + nutritional requirements

Lower cost formulationMulti-objective formulation

Eco-feed Traditional feed

Lower cost feedFeed with less environmental impact 
and controlled cost

Eco-formulation

Cost of raw materials + Nutritional requirements 
+ Environmental impacts of raw materials

PROTEIN

LIPID

ENERGY

PROTEIN

LIPID

ENERGY



p. 14Sandrine Skiba-Cassy
EAAP, WAAP, 2023, Lyon, France

Eco-formulation

• Reduction >50% of fishmeal and fish oil
• Elimination of soybean meal and soy protein concentrate
• Introduction of a new ingredient : yeast
• Reduction of feed cost (8%)
But  :
• Increase in the number of ingredients (16  23)
• Significant use of animal by-products : hydrolysed feather protein, poultry blood meal, 

poultry oil

Eco-diet

CC NRE AC EU LO NPPU WD PD 
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79

C-diet   ECO-diet 

Eco-diet composition

Relative environmental impact of the diets

The multi-objective formulation reduces 
the environmental footprint of the ECO-
diet compared to a commercial-like diet
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Zootechnical and environnemental performance of the ECO-diets
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Growth

Environmental performance per kg of weight gain 
at the farm level

The multi-objective formulation strongly reduces the 
environmental footprint of the production without 

affecting growth performance
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Early programming
Early programming is the concept that all events and environmental modifications occurring during 

embryonic or early development can influence the phenotype of an animal on the long-term

Epigenetic mechanisms
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 Epigenetic consequence of digestible carbohydrates ? 

0% CHO (NC)

30%  CHO (HC)

4 days

NC HC
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NC HC
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5-mdC (%)
* * Phenotype found in Type 2 diabetes 

and hyperglycaemia
(Olsen et al. Diabetes 2012, Dhliwayo et al. Diabetes 2014; Williams et al. 

J Nutr 2008; Tu et al., J Physiol. Bioch. 2015)

Global DNA hypomethylation with HC diet

Is the phenotype transmissible and can it induce programming 
mechanisms in offspring?
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Epigenetic consequences in offspring of broodstock fed a HC diet

NC diet

HC diet

One reproductive 
cycle

NC diet

HC diet

One reproductive 
cycle

Commercial diet

 3 months feeding

Challenge
100% plant-based diet

6 months challenge

NC HC

5mC C 5mC C
5mC C

Broodstock HC diet induced DNA 
hypomethylation in offspring

Washout
Reactivation of hypomethylation pattern 

by a plant-based diet challenge

49 dpf

(Callet et al., in preparation)
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In conclusion…

Feed intake

Paying attention to the FA profile
Introducing of alternative sources of EPA and DHA 
(such as algae or GMO oils) in new diets

Growth and robustness

Use of immunostimulant additives such as yeast 
extracts or probiotics

Environmental footprint of aquaculture

Using multi-objective formulation

Parental or early programming

Research tracks to explore in order to 
adapt fish to new feeding and farming 
conditions



p. 20Sandrine Skiba-Cassy
EAAP, WAAP, 2023, Lyon, France

Thank you very much for listening my talk
I'd be happy to answer any questions or comments

Sandrine Skiba-Cassy

sandrine.skiba@inrae.fr
INRAE, NuMéA, Aquapôle INRAE , 64310 Saint Pée sur Nivelle, France
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