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What is melanin? 



Where is melanin formed? 



Melanosome: the intracelluar 

melanin producer 



What are the funcions of 

melanin? 

Burkhart & Burkhart. Int. J. Dermatol. 2005:44;340 





Giovanni Sichel – Universitetet i Catania 





Giovanni Sichel  

and co-workers: 
• Melanin poduction in vertebrates is not 

exclusively confined to cells originating from the 

ectoderm. 

• Kupffer cells in amphibian liver my synthesise 

melanin 

• Kupffer cells derive from mesenchyme 

• Conclusion: Populations of immune cells may 

synthesise melanin (contrast to mammals) 





• Primer pairs 

recognising a fish 

CD83 homolog 

  

 

• Primer pair detecting 

Dct/TRP-2 

 

 

 

 

• A; 0,1 mM PTU 

inhibit tyrosinase 

dopachrome 

production from L-

DOPA 

 

• B; a few long cultured 

cells showed melanin 

reduction  potential 

 





Haugarvoll et al. Pigment Cell Res 

2006;19:214-225 

Thorsen et al. Pigment cell Res  

2006;19:327-336  







 

Biochem Cell Biol. 2012 Dec;90(6):769-78. doi: 10.1139/o2012-033. Epub 

2012 Nov 20. 

 

Melanogenesis in visceral tissues of Salmo salar. A link between 

immunity and pigment production? 

 

Arciuli M, Fiocco D, Cicero R, Maida I, Zanna PT, Guida G, Horsberg TE, 

Koppang EO, Gallone A. 

Source 
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Up-regulation of the tyrosinase gene family 

in the black spots 
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Up-regulation of the tyrosinase gene family  

by temperature stimulation in vitro 
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Pathological pigmentation in the hearts of Atlantic salmon (Salmo salar L.) with cardiomyopathy syndrome 

Hilde A. S. Fagerland1, Lars Austbø2, Camilla Fritsvold3, Marta Alarcon3, Espen Rimstad4, Knut Falk3,  

Torunn Taksdal3 and Erling O. Koppang1,5 
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Is melanin always melanin? 









Melanin-containing cells in normal 
and inflamed tissues 

Agnar Kvellestad 
 

 Norwegian School of Veterinary Science  
Department of Basic Sciences and Aquatic Medicine 



Melanin-containing cells 

Normally present in the septum of gills 

Occasionally seen in gill filaments  
– pathology? 



Immune and pigment systems  

Encapsulated 
metacerkariae of 
Cryptocotyle lingua, visible 
as black spots in gills and 
skin of salmon and marine 
fish 



Hepatitis: 
Macrophage-like cells may contain melanin-granules 
De novo synthesis? 



MHC class II molecules in macro-phage like cells 
 

Kvellestad & Koppang 



Chronic peritonitis following i.p. 
Injection of oil-adjuvanted 
vaccines 

Poppe & Breck (1997): Pathology of Atlantic 
salmon Salmo salar intraperitoneally 
immunized with oil-adjuvanted 
vaccine. A case report. DAO 29: 219-226. 

Elongated/flattened cells.  
PAS stain. Photo: Agnar Kvellestad 



2005-09-0476-L6R-40x-Zeiss Axio 2013 NVH-nyre m rikeleg melanin 

2005-09-0476-L6R-2komma5x-Zeiss Axio 2013 NVH-nyre m rikeleg melanin crop mm 

Emaciated post-smolt 

Spleen 

Kidney 



Kidney with degradation of erythrocytes 



Harder 1975 Fig 83 Atlantic 

salmon-axial musculature-

tekst-1000pix.tif 

Anatomy of muscle 



Cross section  

of posterior  

abdomen 

Longitudinal section 

Myoseptum 

Myomere 

Anatomy of muscle 



Red muscle 

White muscle 

Cross section Longitudinal section 



Farm with high prevalence and extensive changes 

Photo: Local Fish Health Service 



Pancreas disease 



Aetiology? 
 

- Multifactorial 

 

- Alternatives: 

- Nutritional 

- Toxicity 

- Infectious 

- Immune-mediated 
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Quantitative genetics of vaccine-

induced side effects in Atlantic salmon 

The Fishery and Aquaculture 

Industry Research Fund  

Bjarne Gjerde 

Tale Marie Drangsholt, Jørgen Ødegård, Hans B. Bentsen, 

Frode Fridell, Øystein Evensen 
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Quantitative genetics 
The study of the effects a large number of  unknown genes  

and unknown environment factors have on phenotypic variation of traits 

 

         Phenotype (P)     =            Genotype (G)     +      Environment (E) 

 
 

 

Sire + Dam + Mendelian sampling 

Survival 
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Background 
 

• Vaccination  
- Negative side effects (adhesions, melanin, reduced growth) 

  

• Adhesions and melanin deposits heritable traits? 
- and thus be reduced through selective breeding 

 

• Magnitude of genetic correlations between traits  
presently selected for (e.g. growth, disease resistance) and 
adhesions and/or melanin deposits? 
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Genetic correlation, rG 
 

 

     P1  =   G1   +   E1 

 

 

 

     P2  =   G2   +   E2 Melanin, score 

rG 
To what degree individuals / families rank 

similar / different with respect to the true 

genetic (breeding) value of two trait 

Adhesions, score 
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• Disease challenge tests 

• Carcass quality traits  

• Vaccine induced side effects 

Traits that cannot/difficult to record 

on the live breeding candidates 
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YC 2007 from SalmoBreed 

150 families from SalmoBreed 

 15 fish/family/experimental group 

 

Vaccine 
• Standard       6-comp. (SV), 0.1  ml/fish 
• Experimental 6-comp. (EV), 0.05ml/fish 
• Unvaccinated control, saline water (Co) 

 

Vaccine induced side effects 
• “Fresh Water” (FW) 

- recorded after 3 months at 17 ºC at Nofima, Sunndalsøra 
 

• “Sea Water”  
- recorded after   6 (SW6) and 12 (SW12) months 
  in a net cage in the sea at Nofima, Averøy 



Recordings of vaccine induced side effects 

Scored by trained persons from PHARMAQ 

Adhesions: scale 0-6 
- in three regions of the abdominal cavity   

 

Melanin deposits: scale 0-3 
- internal organs and abdominal wall 
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Melanin deposits Adhesions 
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Adhesions – in different regions of abdominal cavity 

Sea, Region 1
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Melanin score -  intern organs and abdominal wall 
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Heritabilities and genetic correlations 

Heritability Genetic corr. 

Exp. group Adhesions Melanin Adh - Mel 

FW 0.31 ±0.05 0.27±0.05 0.52 ±0.11 

SW6-SV 0.19 ±0.04 0.28±0.05 0.89 ±0.06 

SW12-SV 0.16 ±0.04 0.30±0.05 0.87 ±0.06 

SW6-EV 0.08 ±0.03 0.11 ±0.03 0.76 ±0.14 
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Genetic correlations between exp. groups 

Adhesions Melanin 

FW vs. SW12 0.48 ± 0.14 0.61 ± 0.11 

SW6 vs. SW12 0.92 ± 0.11 0.89 ± 0.07 
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Conclusions 

• Adhesions and Melanin deposits are heritable traits,  

- can thus be reduced through selective breeding 

 

• Highly genetic correlated traits in the seawater period 

-  thus to a larges extent caused by the same genes 

 

• Substantial re-ranking of families for these traits in freshwater and 

seawater – test of families for these traits should be performed 

based on data recorded in seawater  

 

• Vaccine induced side effects can be reduced through the 

development of improved vaccines  

- thus leaving higher scope for genetic gain for other traits 
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Adhesions Melanin 

Resist, to fur. 

vaccinated fish 0.06 ± 0.16 0.03 ± 0.15 

Resist. to fur. 

unvaccinated fish 0.24  ± 0.16 0.00 ± 0.15 

Growth, SW12 0.08 ± 0.15 -0.04 ± 0.14 

Genetic correlations between resistance to 

furunculosis and vaccine induced side effects 

All correlations not significantly different from zero 
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Conclusions 

 

Selection for increased resistance to furunculosis or increased growth 

is not expected to give any positive or negative correlated 

responses in vaccine induced side effects 

 

This indicates that adhesions and melanin deposits are caused by 

other components of the immune system than those responsible 

for the genetic variation in both innate and acquired resistance to 

furunculosis 
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For more details see: 



Adhesions 

Melanin 

YC 1995 and 1997 from AquaGen 



AquaGen YC 1995 and 1997 
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h2 ± se 

Adhesion, score 0.19 ± 0.03 

Melanin, score 0.19 ± 0.03 

Gjerde, B., Evensen, Ø., Bentsen, H.B., Storset, A. 2009.  

Aquaculture 287, 52-58. 

Weight Adhesion Melanin 

Harvest weight - -0.43±0.11  -0.21 ± 0.12 

Adhesions, score -0.26±0.02 -  0.74 ± 0.08 

Melanin, score -0.17±0.02  0.38±0.02 - 
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Dark spots in salmon fillets 

  statistics and status on causalities 

 

Turid Mørkøre 
Nofima 

1 

 DARK SPOTS IN SALMON FILLETS 

Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Common goal 

Sustainable and cost 

efficient production of 

high-quality food 

We are all involved in food production 



Starting point - 2009 
 

• Dark stained fillets are a costly problem for the 

aquaculture industry 

• Dark spots are due to melanin deposition 

• The cause is related to vaccine / vaccination 

• Statistics missing 

 

Melanin i laksefilet – kartlegging av utbredelse og årsaker. 

Park Inn hotell, Gardermoen, tirsdag 27. mars 



FHF project on quality deviations – 

conclusion 2012 

• Dark spots due to different causes   

– NOT ONLY VACCINATION 

 

• The impact of vaccine/vaccine regime is, 

however, still relevant to study 



2012-2015 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 
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Project topics 

Statistics Vaccine and health 

Feed Physical traumatism 

DARK SPOTS 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Parameters being studied in the project 
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Reliable and updatet statistics

Genetic background

Environment conditions

Vaccine

Health status / disease

Farming conditions

Dietary compostion

Slaughter procedure / stress

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Organisation of the project  

 obtain broad information 

 Define causes 



Registrations 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Statistics 
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Seawater farms 
- Updated June 2013 

Nord 
Midt 
Sør 

North 

Mid 

South 

Some farms always 

perform well. Why? 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

All background data are anonymised 

Statistics 

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=mf-iMT-tjaaIxM&tbnid=Jk1MHIuaWd65FM:&ved=0CAUQjRw&url=http://www.ultra.no/Fiskern/Rod-fisk/Laks/&ei=aSJ4Usa2JemN4ATcyoG4Bg&psig=AFQjCNHJPNEmB1DuYf9KtFfkDmlgAlC_nQ&ust=1383691214053362
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Smolt producer – Mid-Norway 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Statistics 



Dark spots - Development 

Frequency Belly flap Dorsal 

muscle 

Number 

reg. 

2011 13.4% 12.6% 0.8% 35.000 

2012 16.1% 15.3% 0.8% 25.000 

2013 ( - okt) 17.9% 16.1% 1.8% 36.000 
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Statistics 

2 1 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Mid- and South:  17-20% (June 2013) 

   Belly flap 1 + 2  

North   13% (June 2013) 

   Belly flap 1 

   - but frequency of dark pigmented dorsal muscle 

   increasing in 2013 



15.11.2013 Melanin i laksefilet 12 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Total score 

Dorsal muscle 

0+ smolts 

higher than 

1+smolts 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Causes largest 

problems  

Most frequent  
(70% of all spots) 

Spots Statistics 

More frequent  

in South-Mid Norway 
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Spots 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Dark spots 
May be difficult to distinguish between blood and melanin 
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«Red spot» 

«Black spot» 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Development ? 

2 

Blood 

Melanin 

Scar tissue 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Magnification 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo 

Airport Hotel 

 November 5th 2013 



Inflammatory condition, dorsal muscle 

- no pathogens detected 

 

Pale, gelly like 

Increasing frequency coinciding with abrupt temperature rise 
Similar conditions seen after PD outbreak 



Seawater temperature 
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Score 0.5 =  

very high 
“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 

Temperature 

induced stress? 



PD 
Other diseases? 
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Melanin i laksefilet – kartlegging av utbredelse og årsaker. 

Park Inn hotell, Gardermoen, tirsdag 27. mars 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



• The impact of health status / disease 

will be studied further 

• VI has the responsibility of the 

diagnostics of selected farms in the 

project 
 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



• Bleeding in the internal musculature afture 

external physical traumatism, mimicing 

pumping, but only minor bleeding in the 

muscle under the skin. The depth of the 

haemorrhages varied  

• Follow up on the impact of stress and 

mechanical injuries/ physical traumatism 

(focus on the impact of sorting fish) 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Stress 
• Mechanical: sorting, injury 

– Does severe muscle contractions cause bleedingpigment 

deposition 

• Disease: stress may induce over-growth of «natural» bacteria.  

– Shown for e.g.aeromonas in carp, causing bleeding 

(hematoidin deposition) 

– Increased growth of such bacteria at higher temperatures 

• Environment: oxygen level, temperature variations, salinity 

• Feed: pro-oxidants etc may leed to increased level of 

haemociderin, lipofuscin,melanin 

– Macrofages from the head kidny may cause severe 

deposition when «cleaning up» affected areas 

– Feeding study: will be possible to study interaction between 

vaccine/feed/stress 
“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



"Studies on stress and innate immunity in 

relation to infectious pancreatic necrosis virus 

 in Atlantic salmon"  2012 

•  

Hun har også vist at kronisk stress førte til høyt kortisolnivå over 

tid, noe som resulterte i økt dødelighet, høy formering av virus 

og kronisk infeksjon. For første gang er det også vist at 

stresspåvirkning av kronisk infisert lakseyngel resulterer i at 

ellers ufarlige varianter av IPN-virus endres til 

sykdomsfremkallende virus. Med andre ord: stress reduserer 

immunforsvaret, øker «produksjonen» av IPN-virus i fiskens 

indre organer og kan føre til «overgang» fra "snille" til "sinte" 

varianter av virus. 
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Aeromonads, Mycobacteriosis +++ 

.are other examples 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Dietary impacts 

• Bleeding / coagulation 

– Nutritional imbalance 

– Fatty livers the fish more vulnerable to 

stress? 

– Relevant minerals: Zn, Cu, Fe (coagulation 

factors) 

– Need more information on vascularisation 

• Why diferences between the belly part and the 

tail 

 

 

 
 

“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Ungoing project 

 



40 grams smolt before vaccination 

vaksinering 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



Summary  

The problem is increasing 

Several causes to dark pigmentation of salmon fillets 

• Inflammation 
– PD (SAV3 vs SAV2?) 

– Vaccine/ vaccination 

– Stress induced (e.g.temperature?) 

• Bleeding 

Geographic variation 

Severe variation between farms 

Higher in 0+ than 1+ salmon 

Not found systematic differences 
– Feeding companies 

– Breeding companies 

– Vaccine producers 
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“DARK SPOTS IN SALMON FILLETS” 
Workshop , BEST WESTERN Oslo Airport Hotel 

 November 5th 2013 



15.11.2013 test 1 

Relationship between melanin 

deposition in various tissues: 

organs, peritoneum, fillet 

Jens Erik Dessen & Thomas Larsson, Nofima 

 

Workshop - Dark spots in salmon fillets 
BEST WESTERN Oslo Airport Hotel, Gardermoen 

November 5th 2013 
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Melanin in organs, abdominal wall 

(peritoneum) and fillet 

Melanin i laksefilet – kartlegging av utbredelse og årsaker. 

Park Inn hotell, Gardermoen, tirsdag 27. mars 

• Increase knowledge 

• Possible implications for industry 

– Demanding markets 

– Sorting 



Quality classes 

- Superior 
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National registration form 
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National registration form 

Filet areas 

Scale 



Quality classes – dark spots in fillet 

• Tendency of higher frequency of dark spots in fillets of Production 

fish 

• No clear differences between Superior / Ordinary 
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Organs and abdominal wall 

• On individual basis (n = 915), the correlation between melanin in 

organs and abdominal wall = 0.24 
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Melanin in organs Melanin in abd.wall 
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Relationship between dark spots in abdominal 

wall and fillet 

- preliminary results  

Melanin i laksefilet – kartlegging av utbredelse og årsaker. 

Park Inn hotell, Gardermoen, tirsdag 27. mars 



• Class: Superior (3.7 – 5 kg) 

• 400 fish, visually evaluated before and after trimming 

• «Shadow» in the abdominal wall and clear spots in the abdominal 

wall and fillet were recorded  

 

Relationship between dark spots in abdominal wall and fillet 

- Test 1 



Relationship between dark spots in abdominal wall and fillet 

- Test 1 



Relationship between dark spots in abdominal wall and fillet 

- Test 1 
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Relationship between dark spots in abdominal wall and fillet 

- Test 1 



Probability – test 1 

• Probability of having a spot in the fillet when there is a spot 

detected in the abdominal wall = 0.69  

 

• Probability of having a spot in the abdominal wall when there is 

a spot in the fillet = 0.41 
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Relationship between dark spots in abdominal wall and fillet 

- Test 2 

• Class: Superior/Ordinary (4-5 kg) 

• 50 fish with (= YES) and 50 without (= NO) spots in the abdominal wall 

• Visually evaluated before and after trimming 

• Highly significant difference    

 



Preliminary conclusions 

• No clear relationship between melanin in organs and abdominal 

wall 

– But appear to have different causes 

• Higher frequency of dark spots (and perhaps also larger spots) 

in muscle than in abdominal wall 

• Sorting based on dark spots in abdominal wall may be important 

for high quality products 
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Thank you!! 


