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Alternative protein meals in aquafeeds

Insect meals
Black soldier fly larvae
Mealworm
Cricket

Rendered by-products
Poultry by-product meal
Hydrolyzed feather meal
Blood meal

Vegetable proteins
Soybean meal

Rapeseed meal

Terrestrial/marine 
alternatives

Bacterial proteins
Algae meals
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Environmental impact of aquafeeds with alternative protein meals
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Alternative 
protein meal 
inclusion in 
aquafeeds

Environmentally 
sustainable?

FEW STUDIES

LACK OF EMISSION 
FACTORS from public 
databases related to 
alternative ingredients

FEW PRIMARY DATA

Maiolo et al., 2020; 2021

McKuin et al., 2023

about the impact of 
ingredient production 
from research trials and 
production plants
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3

To evaluate the suitability of the tested diets for a RAS system 
(feed durability and oil leakage, water turbidity, faecal particle size)

To evaluate the effect of alternative protein meal inclusion on 
fish growth performance, feed conversion, and nutrient digestibility

To evaluate the effect of alternative protein meal inclusion on the 
environmental footprint of the diets  

We tested four low-fishmeal (17-30%), market-ready diets:



Diets

  FM PBM FeM FeM+RM

Fishmeal 307 183 198 171

Poultry by-product 61.2 168 61.2 61.2

Hydrolysed feather 0 0 76.5 76.5

Rapeseed meal 0 0 0 60.4

Other ingredients2 632 649 664 631

Ingredients (alternative meals) (g kg-1 as fed)

  FM PBM FeM FeM+RM

Crude fat, %DM 25.8 26.0 25.8 25.8

Crude protein, %DM 48.6 49.0 49.0 48.7

Ash, %DM 7.89 6.77 5.62 5.51

Gross energy (MJ kg-1) 22.8 23.0 23.1 23.1

Proximate composition

Other ingredients: Rapeseed oil (198 g kg-1), porcine hemoglobin 
(115 g kg-1), soy protein concentrate (99.5 g kg-1), bacterial protein 
meal from C. Glutamicum (38.3 g kg-1), wheat flour, vital wheat 
gluten, hydrolyzed fish proteins, fish oil, DL-Methionine, 
monoammonium phosphate, vitamin and mineral premix, Vitamin C
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Experimental trial and results

1020 rainbow trout (17.20 ± 7.50 g)
• 12 RAS tanks (3 tanks/diet)
• 85 trout/tank
• 3 months of trial
• Fed twice a day to satiation

@ Institute of Aquaculture 
and Protection of waters

Experimental trial setup:

FM PBM HFM HFM+RM P-value

Daily weight gain (g d-1) 1.72 1.73 1.69 1.70 0.96 

Specific growth rate (% d-1) 2.20 2.17 2.14 2.12 0.13 

Feed intake (g DM fish-1 day-1) 1.64 1.64 1.66 1.64 0.25 

Protein efficiency ratio 2.13 2.09 2.06 2.07 0.74 
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FU

SYSTEM BOUNDARIES

REFERENCE UNIT

EMISSION FACTORS

FUNCTIONAL UNIT

IMPACT CATEGORIES

From feed ingredient 
production to rainbow trout 

(300 g) leaving the RAS system 

RAS system

1 kg increase of rainbow trout

Databases: Ecoinvent, 
Agrobalyse and Agri-footprint
 

Global warming potential, without 
(GWP) and with (GWP_LUC) 
emissions due to land-use change, 
Acidification potential (AP)

Comparative life cycle assessment

LCA analysis

LCA

FU

CO2
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Impact categories
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GLOBAL 
WARMING 
POTENTIAL (LUC)
With  emissions related to land 
use change 

GLOBAL WARMING 
POTENTIAL
Without emissions related to land use change 

ACIDIFICATION 
POTENTIAL

ENERGY 
CONSUMPTION

EUTROPHICATION
POTENTIAL

LAND 
USE

GLOBAL WARMING 
POTENTIAL
Without emissions related to land use change 

GLOBAL 
WARMING 
POTENTIAL (LUC)
With  emissions related to land 
use change 

ACIDIFICATION 
POTENTIAL

Emission factors for hydrolyzed 
feather meal were retrieved from 

Campos et al., 2020 (global warming 
potential and acidification potential) 

Emission factors for bacterial 
protein meal were retrieved 

from Jarvio et al., 2021

Need for an update of databases and for new 
studies (see Newton et al. 2023 for marine 

ingredients) with emission factors of 
alternative protein and lipid ingredients

Emission factors were not available 
for all the ingredients tested and for 

all the impact categories
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Hotspot analysis – GWP with land use change
Rapeseed oil (≈31%)
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Hotspot analysis – AP
Rapeseed oil (≈36%)
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Fish meal (≈10% to 16%)
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 Main conclusions
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The tested diets resulted suitable for a RAS system. 

The use of alternative protein meal affected neither the quality traits of 
the diets (oil leakage,….)  nor  growth performance and feed conversion 
ratio with respect to the control diet.

The use of alternative protein meal did not influence the 
environmental impact associated with the aquafeed utilization in the 
rearing of rainbow trout in RAS system.

In perspective, the inclusion of environmental impact as well as circularity 
criteria, beyond the existing productive and economic ones, could enhance 
the path of fish production towards more sustainable growth.



Thank you for your attention!
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