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Nutrient % Fishmeal

Target 
range for 

alternative 
ingredients 

Soybean

Crude protein 65-72 48-80 60

Crude Lipid 5-8 2-20 5.4

Ash 7-15 4-8 8

NFE <1 <20 *

Starch <1 <20 *

Lysine 4.72 >3.5 2.8

Methionine 1.75 >1.5 0.9

N-3 fatty acids ca. 2 * *

The golden standard

High digestibility 

High palatability 

High ease of assimilation in 
animals

Efficient extrusion 

“A feed is only as good as its ingredients”

Gatlin et al., 2007

Glencross et al., 2007



European Fishmeal sourcing
Anchovy Engraulis encrasicolus Subarea 8 (Bay of Biscay)

Blue whiting Micromesistius poutassou Subareas 1–9, 12, and 14 (Northeast Atlantic and adjacent waters)

Boarfish Capros aper Subareas 6–8 (Celtic Seas, English Channel, and Bay of Biscay)

Capelin Mallotus villosus

Subareas 1 and 2 (Northeast Arctic), excluding Division 2.a west of 5°W 

(Barents Sea capelin)

Capelin Mallotus villosus

Subareas 5 and 14 and Division 2.a west of 5°W (Iceland and Faroes 

grounds, East Greenland, Jan Mayen area)

Herring Clupea harengus

Subarea 4 and divisions 3.a and 7.d, autumn spawners (North Sea, 

Skagerrak and Kattegat, eastern English Channel)

Herring Clupea harengus

Subareas 1, 2, and 5, and in divisions 4.a and 14.a, Norwegian spring-

spawning herring (the Northeast Atlantic and the Arctic Ocean)

Herring Clupea harengus

Subdivisions 20–24, spring spawners (Skagerrak, Kattegat, and western 

Baltic)

Herring Clupea harengus

Subdivisions 25–29 and 32, excluding the Gulf of Riga (central Baltic 

Sea)

Herring Clupea harengus Subdivisions 30 and 31 (Gulf of Bothnia)

Herring Clupea harengus Subdivision 28.1 (Gulf of Riga)

Horse mackerel Trachurus  trachurus

Subarea  8  and  divisions  2.a,  4.a,  5.b,  6.a,  7.a–c,  and  7.e–k  (the  

Northeast Atlantic)

Mackerel Scomber  scombrus

Subareas  1–8  and  14,  and in  Division  9.a  (the  Northeast  Atlantic  

and  adjacent waters)

Norway pout Trisopterus esmarkii Subarea 4 and Division 3.a (North Sea, Skagerrak, and Kattegat)

Sandeel Ammodytes spp.

Divisions  4.b–c,  Sandeel  Area  1r  (central  and  southern  North  Sea,  

Dogger Bank)

Sandeel Ammodytes spp.

Divisions  4.b–c  and  Subdivision  20,  Sandeel  Area  2r  (central  and  

southern North Sea)

Sandeel Ammodytes spp.

Divisions  4.a–b  and  Subdivision  20,  Sandeel  Area  3r  (northern  and  

central North Sea, Skagerrak) 

Sandeel Ammodytes spp. Divisions 4.a–b, Sandeel Area 4 (northern and central North Sea)

Sardine Sardina pilchardus Subarea 7 (Southern Celtic Seas, and the English Channel)

Sardine Sardina pilchardus Divisions 8.a–b and 8.d (Bay of Biscay)

Sprat Sprattus sprattus Subdivisions 22–32 (Baltic Sea)

Sprat Sprattus sprattus Division 3.a and Subarea 4 (Skagerrak, Kattegat,and North Sea)

StatusFish species ICES catch area/management areaLatin name

ICES advice is a core principle in EFFOPS sourcing 



Baltic Sea ecosystem 
and management

Important whole fish stocks

1. Baltic Herring: subdivisions 20–24, spring 
spawners (Skagerrak, Kattegat, and western Baltic)

2. Baltic Herring: subdivisions 25–29 and 32, 
excluding the Gulf of Riga (central Baltic Sea)

3. Baltic Herring: subdivisions 30 and 31 (Gulf of 
Bothnia)

4. Baltic Herring: subdivision 28.1 (Gulf of Riga)

5. Sprat: Subdivisions 22–32 (Baltic Sea)

ICES fish stock status is indicated by the colors – green and red:
Green = spawning stock biomass above the precautionary reference point, Bpa.
Red = spawning stock biomass below the precautionary reference point, Bpa.
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Polychlorinated biphenyls and Dioxins

• Polychlorinated biphenyls (PCBs) are persistent toxic 
substances and bioaccumulate in the marine food web

• Dioxins are a family of compounds that share distinct 
chemical structures and characteristics. Numerous 
dioxin-like compounds have been identified that are 
considered to have significant toxicity and can cause 
disease. 

• Some PCB’s have toxicological properties similar to 
dioxins (“dioxin-like PCB’s”)

Polychlorinated dibenzo-p-dioxins Polychlorinated dibenzofurans Polychlorinated biphenyls 1,4-dioxin



Polychlorinated biphenyls and Dioxins

Polychlorinated dibenzo-p-dioxins Polychlorinated dibenzofurans Polychlorinated biphenyls 1,4-dioxin

Characteristic Dioxins PCBs Dioxin-like PCBs

Definition
Polychlorinated 

dibenzo-p-dioxins 
(PCDDs)

Polychlorinated 
biphenyls

PCBs with similar 
toxicity to dioxins

Formation/Usage By-products of 
industrial processes

Synthetic chemicals 
used in electrical 
equipment, etc.

Subset of PCBs with 
structural and toxic 
similarity to dioxins

Toxicity

Highly toxic, can 
cause cancer, 
immune, and 

reproductive issues

Can cause skin 
conditions, cancer, 

immune, and 
reproductive issues

More toxic than non-
dioxin-like PCBs, 
similar to dioxins

Environmental 
Persistence

Persistent, 
accumulate in the 

environment

Persistent, 
accumulate in the 

environment

Persistent, 
accumulate in the 

environment







How can we safely use the 
fish as resources?



PCB and Dioxin removal opportunities in Fishmeal

EFSA Journal 2017;15(7):4961 doi: 10.2903/j.efsa.2018.5174



Hollistic removal opportunities of dioxins in the 
Baltic Sea

Contaminated fish Protein and Lipid 
separation 

Quality assurance Feed production for 
aquaculture 

Disposal



Dioxins and PCBs in the Baltic sea. Now. 2023



Dioxins and PCBs in the Baltic sea. Now. 2023



PFAS



PFAS in global Fishmeals

*
*

**



PFAS in Fishmeal

*
*

**







Marine ingredients have evolved into “Strategic 
ingredients”

Enabling feed producers to utilize lower cost 
ingredients to provide the mass of nutrients in feeds, 
while marine ingredients provide those critical 
nutrients that are harder to replace for ensuring 
optimal animal health and welfare

The future of the animal feed sector will rely on 
increasing circularity in resource use coupled with 
the application of novel extraction technologies 

Marine Ingredients have evolved 
into strategic ingredients 

Alfa Laval April 19 2023 16
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