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Development of formulations

✓ First customized fish feed formulation in 2016. – experimental field 

✓ Continue optimization of the recipes during year

✓ Development of new formula for meagre – process last more years – final Croar formula finalized in 
2019.

✓ Our own Organic Feed Formulations – Crobo and Crosal customized according to Organic Raw 
Materials Market – in 2018.

✓ Development of feed with „antiparasitic” additive 

✓ Continuously working on feed trails and investigating different approaches for fish feed

Least cost formulation program



Audits – Supplier – Traceability Control 

✓ Constant audits of fish feed suppliers – depends on quantities by quater

✓ Content of audit report: 

✓ Nonconformity 

✓ Fish feed and raw material analysis

✓ Traceability – by batch of feed and raw material 

✓ Quality control 

✓ Production visit 



Traceability Control 

✓ Technical specification, certification and analysis  



Fish feed control / Sampling

✓ Sampling of fish feed – for nutritional and physical control

✓ Sampling method – collect feed samples from different bags of the 
same batch to have referent sample of batch.

✓ Minimum quantity for analysis is 500 grams per sample batch.

✓ During sampling is REQUIRED to enclose label of the batch. 



Fish Feed Control / Analyses

✓ Measuring nutritional parameters 

✓ Control of labeling – crude protein, crude lipid, crude fiber, 
ash and moisture (NIR spectrophotometer)

✓ All samples bigger than 3 mm are grinding before 
measuring on NIR.

✓ New update of NIR – advance course for technical 
calibration the NIR 

✓ Measuring physical parameters:

✓ Vibratory sieve shaker AS 200 digit with new 
sieves – separating dust, broken and different sizes



Fish Feed Control / Analyses

✓ Measuring physical parameters 

✓ Control of agreed technical parameters – pellet size, dust, broken 
pellets, floatability, oil leakage, durability and hardness

✓ Holmen NHP 100 – new device for measuring 
durability / hardness of the pellets – PDI %

✓ Floatability – measuring of each batch in the 
laboratory according to stable salinity and 
temperature of the water



Chemical analysis on fish feed – FATTY ACID

✓ Essential to control EPA and DHA – omega-3 and 
omega-6 FA. 

✓ Implemented in internal laboratory

Method for determination of fatty acids: 

✓ Oil preparation by Soxlet-type extraction in petrol 
ether after acid hydrolysis, derivatization by rapid 
transmethylation with KOH in methanol, 
isooctane layer transfered to vial and separated 
on Rtx-2330 capillary column.

✓ Instrumentation: Gas chromatography system 
with FID detection, Scion 436-GC. 



Chemical analysis on fish feed – AMINO ACID

✓ Essential to control limited AA Lys and Met. 
Implemented in internal laboratory

✓ Method for determination of amino acids:

Acid hydrolysis at 110oC for 24-hour, 
derivatization with ethyl chloroformate at pH 2, 
chlorofrm layer transfered to vial and separated 
on Rtx-1701 capillary column.

✓ Instrumentation: Gas chromatography system 
with FID detection, Scion 436-GC. 
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✓ The batch analysis is intensively implemented throughout the year

Review of analyzed batches

Year N. Input batch Analyzed % Analyzed batch % Nonconformity batch

2016 1.012 752 70,8% 21,9%

2017 916 796 86,9% 14,8%

2018 1.147 1.031 89,9% 4,8%

2019 1.021 955 93,5% 5,1%

2020 781 639 81,8% 6,3%

2021 939 913 97,2% 19,2%

2022 1.219 1.211 99,3% 2,9%

✓ Review of analyzed batch through years

% ANALYZED BATCH Supplier 1 Supplier 2 Supplier 3 Supplier 4

2016 89% 70% 49% /
2017 90% 85% 87% /

2018 94% 88% 90% /

2019 100% 92% 97% 93%
2020 87% 82% 50% 87%
2021 100% 99% 95% 95%
2022 / 99% 99% 99%

✓ Increased number of analyzed batch significant for all 
suppliers

Analyzed; 99%

Unanalyzed; 1%

Analysis of fish feed in 2022
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Fish Feed Control / Objectives 

✓ Development of program monitoring the results of measured parameters in SAP

✓ Development for credit note calculation for nonconformities 

✓ Creating reports and interfaces for faster and easier control monitoring of analyzed 

batch

✓ Objectives for future:

✓ Automatic updating results from NIR to SAP / in progress

✓ Purchasing equipment – fast control oxidative changes on feed

✓ Device for measuring oil leakage

✓ DORIS test



Raw materials in fish feed production

✓ Monitoring of price movements – Holtermann index

✓ Impact of RMC on fish feed cost

✓ Research RM – market situations 

✓ Technical and nutritional specification 

✓ Possibilities in purchasing RM – sourcing of RM

✓ Fish meal and oil – traders Europe, producers – South America, 

Africa…

✓ Soy and soy protein concentrate – origin Brazil, traders Europe

✓ Purchasing RM through traders and producers – safety risk

✓ Calculation of prices fish oil – EPA+DHA 

✓ Latest price for EPA+DHA on market +160 USD per percentage point 

per mt oil

✓ Fish oil Peru – 26% EPA+DHA, better quality

✓ Fish oil Scandinavia – 18% EPA+DHA, higher content of contaminant, 

refining is obligatory

✓ Standardization of fish oil specification – mixed oil according to defined 

specification from buyer (fish feed producer)

Fish oil            Rapeseed oil 

Guar protein  Soybean meal  Wheat gluten



Raw materials in fish feed production

✓ Raw material in fish feed production divided in three groups:

✓ Macro ingredients: Marine ingredients and vegetable proteins (inclusions more than 1%)

✓ Micro ingredients: Additives and premix 

✓ Liquid – marine or vegetable oils

✓ Category group I.

✓ Fish meal and fish oil – continuous presence on the market – follow physical movements and price 

✓ Category group II.

✓ Soy protein concentrate – FM replacer, issue NGMO is falling

✓ Guar protein and wheat gluten – decreasing in fish feed production 

✓ Corn gluten, Soybean meal, Wheat, Rapeseed oil, Sunflower meal – commodity

✓ Land animal protein – increasing demand for fish feed 

✓ New raw material: macroalge oil, bacterial single cell protein, camelina oil, insect meal…

✓ Category group III. 

✓ Micro ingredients – Vitamins, minerals and functional additives

SPC           Fish meal 67%    Fish meal 63%
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Raw materials / Holtermann index

✓ Raw material prices 

from 2015 till today

✓ Fish oil:

- 2021/2022 = +90%

- 2022/today = +35%

✓ Rapeseed oil: 

- 2021/2022 = +33%

- 2022/today = -30%

✓ Fish meal:

- 2021/2022 = +23%

- 2022/today = +4%

✓ Vegetable proteins

- 2021/2022 = +36%

- 2022/today = -14%



Conclusion and further aims

✓ Constant improvement in raw material database 

✓ New calibration packages for RM on NIR

✓ Research of new raw materials

✓ Optimization and improvements in formulations

✓ Education and courses related with production and control of fish feed
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THANK YOU 


