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Abstract  

 

Superficial discolored spots on Atlantic salmon fillets is a serious problem for the farming 

industry. Fillets with large dark stained spots are downgraded by the processing industry 

while smaller spots are removed, requiring extra labour. The main aim of the present study 

was to investigate the effect of diet on appearance, location and size of dark stained spots. 

The fish used were Atlantic salmon (Salmo salar L.) fed a standard commercial feed (Control) 

or the same feed added antioxidants (vitamin C, E and selenium) (Antioxidant). The 

experiment was carried out from 7th January to 13th March 2015. The results showed that 

the supplementation of antioxidants had no significantly effect on growth (average body 

weight 4 kg) or other biometric traits, but improved the fillet quality. Significantly lower 

occurrence of spots (31% vs. 45%), lower number of dark stained muscle segments (1.4 vs. 

2.3), smaller fillet spot size (0.6 vs. 2.2 score) and lower fillet gaping score (0.8 vs. 1.0) were 

found of the Antioxidant group as compared to the Control group. Results showed that the 

melanin (40%) and a combination of melanin and scar (25%) were dominating the visual 

appearance of spots. Colorimetric analysis of the dark stained spots of the Antioxidant group 

revealed paler (higher L* value), less redness (lower a* value) and less yellowness (lower b* 

value) as compared to the Control group. Colorimetric characteristics of the dark spots were 

stable during one week of ice storage. Image analysis showed significantly higher lightness 

(higher L* value), less yellowness, larger area and wider width of myocommata of the 

Antioxidant group compared with the Control group. It is concluded that dietary 

supplementation of antioxidants reduced fillet gaping, occurrence of dark spots, spots size 

and number of dark stained muscle segments significantly. 

 

Key words: Atlantic salmon, antioxidant, vitamin C, E, selenium, dark stained spot, 

segment, myocommata, lightness (L*), redness (a*), yellowness (b*) 
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1 Introduction 

 

Aquaculture accounts for almost half of the total food fish supply over the world and the 

percentage is increasing every year with an average growth rate of 8.8 % since 1980 (FAO, 

2012).  

 

Salmonids are popular species in aquaculture economic industries owing to high nutritional 

value with high quality proteins, omega-3 fatty acids (ω-3 FA), vitamins and minerals that 

have benefits to human beings (Børresen, 2008). Taking use of the geographical advantages, 

Norway becomes a world leading producer of farming Atlantic salmon and the second largest 

seafood exporter in the world. In 2012 about 1.23 million tones Atlantic salmon were 

produced in Norway (Fisheries, 2014), which was responsible for more than 60 percent of 

the global total salmon production in the world (FAO, 2015).  

 

Flesh quality of farmed Atlantic salmon involves several indexes including color, texture, 

gaping and drip loss. To determine good appearance of product, consumers use their sense 

for evaluation and will make a decision based on color (Anderson, 2000). Flesh quality of 

Atlantic salmon has much to do with breeding (Gjedrem, 1997), diet composition (Torstensen 

et al., 2008), environmental condition and starvation prior to harvesting (Mørkøre, 2008). 

 

Dark stacked superficial spots are frequently termed as salmon “black spots” or “melanin”. 

The presence of melanin in farmed salmon, especially in the muscle fillet, represents a 

considerable quality problem for the salmon industry affecting up to 20% of the fillets at the 

processing plants (Mørkøre, 2012). Most of the consumers tend to associate any discoloration 

of the muscle with lower product quality, which leads to a reduced price or even rejection of 

the fillets that present melanin spots (Bjerkeng, 2004a, b; Reidar et al., 2007). It is generally 

thought that the main factor causing melanin spots in fillets is related to vaccines containing 
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oil adjuvants (Fagerland et al., 2013), but it was also proved that other factors like PD 

diseases (Bjerkeng, 2004a), environmental conditions and genetics can exhibit the same 

problem even without vaccination (Torrissen and Naevdal, 1988).  

 

Dark stained spots of fillet are a response to tissue damages or local inflammatory conditions 

(FAQ, 2013), and it can occur in mainly three locations: organ, peritoneum and muscle fillet. 

The size of the spots vary a lot from visible minimum size to several dm2. 

 

The main aims of this thesis is to investigate the effect of diet on the appearance, location 

and size of dark spots in fillet by visual observation, colorimetric analysis and image analysis.  
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2 Theoretical background 

 

This chapter is composed of three sections. The first section provides general information 

about flesh quality and quality measurements of Atlantic salmon. The second part gives 

general view of melanin and melanization of skeletal muscle of fish. The final part provides 

information oabout antioxidants.  

 

2.1 Flesh quality 

There are several important attributes of flesh quality of salmon considered by the consumers 

such as appearance, texture, flavor and fat content (Haard, 1992; Thomassen et al., 1997).  

 

2.1.1 Color 

Up to 40 % of the consumers have preferences for red-color of salmon products (Robb, 2001b; 

Skonberg et al., 1998). Astaxanthin is a beta-carotenoid pigment that is most commonly 

found in Atlantic salmon giving the fish its pinkish color (MacDermid et al., 2012). However, 

Atlantic salmon is not capable to endogenously synthesize astaxanthin, therefore it must be 

supplemented in fish feed (Anderson, 2000).  

 

Measurements of color 

 

Pigment content is measured visually or chemically. Traditional measurements of carotenoid 

pigments in salmon fillet was conducted by high-performance liquid-chromatography (HPLC) 

(Bjerkeng et al., 1997). But this traditional method has the disadvantages of low efficiency, 

high cost and destruction of fillet even it is reliable. Mostly used method in industries for 

visual color analyzing is DSM Salmon FanTM card produced in Switzerland that is 
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recognized for color measurement internationally with a value ranging from 20 (very pale 

red) to 34 (highest red intensity) (Forsberg and Guttormsen, 2006). In recent years, 

computational techniques combined with a digital camera, image processing software has 

been applied to measure the color of salmon fillet (Forsyth and Ponce, 2003).  

 

2.1.2 Gaping 

 

Fillet gaping is a post-mortem phenomenon that can deteriorate the appearance of fillets 

significantly and fillets with gaping are downgraded because of rejection by consumers due 

to its unappealing appearance (Pittman et al., 2013). Gaping is mainly because interaction 

between forces pulling the muscle apart and the strength of the tissue, leading to rupture of 

the connective tissue and producing flaking of the fillet (Kiessling et al., 2004). Fillet 

firmness is a critical sensory quality characteristic that can influence gaping considerably and 

fillets with soft texture cannot be sold as high quality product. There are various factors that 

can affect firmness including handling stress, fish size, fish age and protein content of the 

fish (Bremner et al., 1985). Bahuaud et al. (2010) reported that the firmness decreases during 

the first four days of storage as a consequence of protein hydrolysis. 

 

Measurements of gaping  

 

Analysis of gaping includes several methods, but the most used method is on a scale either 

with ranges from 1 to 4, where 1 = gaping, 2 = minor gaping (1-5 cm longitudinally), 3 = 

slight gaping (6-10 cm) and 4 = great gaping (> 10cm) (Kiessling et al., 2004) or from 0 to 

5, where 0 represents no slits, 1= less than 10 small slits (<2 cm), 2 = less than 10 slits, 3 = 

more than 10 slits or some larger than 2 cm, 4 = many large slits and 5 = extreme gaping 

(Andersen et al., 1994). 
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2.1.3 Texture 

Fillet texture is one of the most important quality parameters for producers, processors and 

consumers (Hyldig and Nielsen, 2001). The textural properties of fish is influenced by 

collagen properties. Fish muscles are generally softer compared to land-living domesticated 

animals due to their low content of collagen and fewer cross-links (Liu et al., 2013). 

Consumers commonly want salmon with firm texture (Merkin et al., 2014) and high juiciness 

fillet rather than dry fillets. Juiciness of salmon fillets is related to the amount of liquid and 

intra-muscular fat (Ofstad et al., 1996). Liquid holding capacity of muscle is highly 

influenced by fibril swelling, contraction and the distribution of fluid between intra and 

extracellular locations (Offer and Trinick, 1983). 

 

Measurements of texture 

 

Tensile texture analysis of salmon is commonly measured by automatic penetrometer using 

various devices like Warner Bratzler shear blade (V-shaped blade) and flat-ended cylinders, 

knifes or Kramer shear cell (multiple blades) (Torrissen et al., 2001).  

 

2.1.4 Flavor 

 

Flavor is crucial for evaluating fish quality and freshness. The flavor, which contains two 

elements: taste and odor, can determine the food recognition, acceptance and nutrient. When 

the fish tastes good and gives pleasant odor, it is more attractive to humans (Ensor, 1989). 

Off-flavor in fish product is associated with deterioration caused by bacteria (Connell, 1990) 

and related to lipid oxidation during chilled storage or transportation (Jones and Carton, 

2015). Odor can be also affected by the treatment of salmon fillet by different sodium salts 

before storage (Sallam, 2007).  
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Measurements of flavor 

 

Measurements of flavor often accomplished by Electronic noses and electronic tongues 

which are typically array of sensors used to characterize complex samples. Array of gas 

sensors are termed as electronic noses while array of gas sensors are termed as electronic 

tongues (Stetter and Penrose, 2002). Electronic noses are used in quality control and process 

operations in the food industry while the electronic tongue are widely used in taste studies. 

2.1.5 Fat content 

 

Fat content is one of the most important characteristics of salmon fillet quality, and may vary 

widely from fillet to fillet. The fat content of Norwegian salmon fillets ranges from 11% to 

19% (Fjellanger et al., 2000). A large proportion of the lipid in salmon fillet is congregated 

in white stripes of connective tissue segmenting the red-colored muscle tissue in vertical 

blocks and giving the fillet a zebra-like appearance (Stien et al., 2007). 

 

Measurements of fat content 

 

Fat content can be measured by chemical extraction methods, Torry Fish Fat meter, 

computerized tomography (CT), near-infra-red (NIR) and spectrophotometry (Fjellanger et 

al., 2000). But chemical analysis is both time-consuming and labor-consuming, and CT and 

NIR have high requirement for expensive equipment. Therefore the image analysis is more 

likely to be favored as it is relatively labor-saving, economical and effective. Recently a rapid 

measurement of fat content in live and slaughtered salmon has been presented by a German 

professor called Bruker, O.G. This instrument is a low field mobile NMR analyzer for 

relaxation measurements in the near surface volume of samples unrestricted in size.  
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2.2 Melanin 

Melanin refers to a group of natural pigments with high molecular weight, complex 

biopolymer of indole quinone, insoluble and stable pigments (Jacobson, 2000) which are 

normally found in most organisms (animals and plants). Melanin is produced in specific cells 

called melanocytes by oxidating the amino acid tyrosine, followed by polymerization. 

Melanin has three main forms including eumelanin, pheomelanin, and neuromelanin (Figure 

2.1), with eumelanin being the most common type found in teleosts (bony fish) (Agius and 

Roberts, 2003).  

 

 

Part of the molecular formula of eumelanin.         Part of the molecular formula of pheomelanin.  

                                                            

                Figure 2.1: Structure of eumelanin and pheomelanin 

 

The synthesis of melanin in mammals happens in melanocytes, of which origin is the 

embryonic neural tube (Sulaimon and Kitchell, 2003). Melanocytes are the cells that are 

responsible for both producing melanin and dark pigmentation of fish (Hearing et al., 1991). 

But others think that melanogensis in heterothermic vertebrates happens in the cells derived 

from mesenchyme of the haematopoietic lineage (Sichel et al., 1997). Melanin can be 
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detected in skin, eyes, and hair, and has various functions in diverse organisms, for example, 

protecting the skin cells against from UVB radiation damage in humans since melanin has 

the capability of dissipating absorbed UV radiation. Furthermore, melanin can protect against 

damage from high temperature, chemical stress, and biochemical threats (FAO, 2015).  

 

2.3 Melanization of skeletal muscle of fish  

Melanin has positive roles in many organisms, but the presence of melanin in fish fillets can 

lead to serious reductions of product quality (Koteng, 1992), thus affecting the economic 

yield. This issue not only exists in salmon along the whole coast in Norway but also other 

dominant salmon farming countries like Chile, UK and Ireland. As was reported, the problem 

caused losses to the Norwegian fish farming industry around one hundred million Euros 

yearly (NMBU, 2015). Light shades, darkly stained spots and grey or red spots on the salmon 

fillets are collectively known as melanin spots, and the darkly stained fillet spots as a result 

of melanin accumulation and red to grey black spots are blood pigment because of the 

formation of haemorrhages or scar tissue or combination of both (FAO, 2013). The occurring 

of spots includes two ways: inflammation effects and scar formation, both of them indicate 

acute and old tissue damage.  

 

The spot can vary from light pale shadow to intensive darkness up to several centimeters in 

diameter or even larger. It will not disappear even after baking or smoking and give 

unsatisfied impression of product quality to consumers (Mørkøre, 2008). The rate of the 

downgrading of salmon fillets because of melanin pigment reached up to 30% in 2006 

(Thorisen, 2006), and nearly 8-20% of the entire fillets with melanin spots was reported in 

2007 in Norway. Most fillets with dark spots were just thrown out (Mathiassen et al., 2007), 

resulting in great economic losses to producers who aim to obtain fast growth and healthy 

fish with great visual appearance, flavor and texture (FAO, 2005; Kiessling et al., 2006). As 

the salmon fillets are stained with dark or pale spots, they are impossible to sell as whole 
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fillets, therefore the spots must be removed before sending them to the market. Trimming of 

spots results in aberrant appearance and economic loss especially for larger or deeper stain 

removal (Figure 2.2).  

 

 

Figure 2.2: Salmon product sold in REMA 1000 with spot removed (Wang, 2015) 

 

Melanin is formed as a support to the defense and repair processes that occur following 

chronic inflammation (NVH, 2013). Undesirable black color (melanin hyper-pigmentation) 

on salmon fillets is the main obstacle for achieving high product quality even though the 

melanin shows no harm or toxicity to humans in many food items (FAO, 2013). The buyers 

tend to consume the good looking fillet product with no discoloration or dark pigmentation 

since they think fillets with dark spots are unhealthy, and they are even willing to pay double 

or more price for the good quality product without stained melanin (Reidar et al., 2007). 

Unfortunately this situation has not improved in recent years, and up to 20% at some fish 

farms exhibits dark spots (Mørkøre et al., 2015).  
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The spot often occurs on the peritoneum and visceral organs as well as muscle tissue of 

ectothermic vertebrates (Mackintosh, 2012). Usually the occurrence of melanin spots in the 

anterior part of the fillet is relatively higher than other areas as reported (Mathiassen et al., 

2007; Mørkøre, 2012). The melanin can be found both around the peritoneal membrane of 

abdominal wall and the surface of fillet or in deep muscle with diameter around 1 - 4cm or 

larger (Mørkøre, 2008). Also, it has been shown that melanin could be found in the location 

of injury or infection area in diverse species. For the whole salmon fillet, the pigmentation 

appears mostly superficially on the anterior part of belly (B1), but one data showed higher 

value for the posterior part of belly (B2), but hardly dark spots are found on the dorsal part 

of the fillet (RYGG) (Mørkøre, 2012).    

 

By the statistics of 2013 in Norway, approximately 12% of salmon fillets had light grey spots 

with diameter below 3cm while darkly stained spot smaller than 3cm reaches up to 2% on 

average (FAO, 2013). Geographically, the distribution of the melanin varies in Norway, the 

prevalence of the northern part and southern part are 12% and 22% respectively, while the 

occurrence of melanin in centralNorway has a rate of 15%. The differences between regions 

cannot be explained by temperature (Mørkøre, 2012).  

 

In fish, the melanogenesis occurs in the dermis and the cells of pigment melanin-generating 

called melanocytes (Agius and Roberts, 2003). Some researchers tied the melanosis in 

salmon skeletal muscle to immune and pigmentary systems of fish, summarizing that the 

granulomatous inflammation was related to pigment producing (Larsen et al., 2012). The 

symptom of fish showed darkened skin might be caused by impaired production or 

malfunction of melanocyte-stimulating hormones or broken tyosine phosphorylation 

affecting the regulation of melanosome distribution in melanocytes (Chen et al., 2004). 

Pathological pigmentation like melanin spots can be caused by multiple factors. Normally 

thinking, vaccination is believed to be the one of the causes of melanin spots on farmed 

salmon fillet. Around 13% higher incidence of melanin was shown in vaccinated salmon 
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fillets compared with the unvaccinated (Jafelice, 2014) mainly because the vaccine contains 

non-metabolizable mineral oil consisting of long inert hydrocarbons chains with resistance 

to biochemical reactions which can trigger more intense inflammation response than 

metabolizable oils (Spickler and Roth, 2003). It revealed that vaccine showed no adverse 

effects on fish but specific inflammatory response at the site of injection and the area around 

peritoneum (Mutoloki et al., 2004).  

 

Fish exposed to stressors including artificial stress and physical stress, such as water quality 

variation and handling during the production are more likely to exhibit melanosis since the 

process of response to those stressors can influences fish health and physiology like disease 

resistance, growth, metabolism and behavior (Barton et al., 2000).  

 

Pancreas disease caused by virus is one of the most serious diseases facing the Norwegian 

salmon industries today. The fish infected with pancreas disease are susceptible to parasitism 

and secondary infection like bacterial disease (Ruane et al., 2005). Pancreas disease -induced 

quality downgrading leads to great losses and some anecdotal evidence shows that pancreas 

disease may cause general muscle quality associated with sever discoloration (Hoel, 2007).  

 

Recently, new findings about black spots on salmon fillets have come to light: a large number 

of virus called Piscint orthoreovirus (PRV) was found in these dark spots of farmed salmon 

fillets, and its relationship with inflammation of heart and skeletal muscle (HSMI) has been 

identified previously in farmed salmon in Norway (NMBU, 2015).  

 

2.4 Antioxidants  

 

Antioxidants are a type of molecules that are capable to terminate the process of chain 

reaction during oxidation. Antioxidants have been added to present in farmed fish feeds can 



12 

 

date back to 20 years ago in the USA to avoid rancidity of fats, destruction of vitamins and 

pigment caused by oxidation (FAO, 2015). In Norway, antioxidants are widely used not only 

in livestock feed industries but also in fish feed production, such as Atlantic salmon dietary 

feed supplemented with vitamins and minerals (Hamre et al., 2004). Many studies have 

thought about the effect of feed supplementation of antioxidants on flesh quality in salmonids 

(Jobling et al., 1998). To obtain high health and performance of fish, functional feeds have 

been developed to enhance conventional feeds by inclusion of antioxidants (vitamins and Se) 

(Tacchi et al., 2011).  

 

Vitamin E (VitE) is a lipid-soluble antioxidant that can stimulate the immune system of fish 

and maintain physiological processes like growth and immune function (Andrade et al., 

2007), increasing the tolerance of fishes to adapt the stress (Chen et al., 2004). Besides, it has 

the ability of protecting fish immunity, meat quality and red blood cells resistance against 

hemolysis (Blaxhall and Daisley, 1973). VitE deficiency reveals some symptoms like growth 

reduction, damage to collagen and atrophy of muscle darkened skin. The minimum demand 

of VitE among juvenile salmon has been estimated as 60 mg/kg dry feed (Hamre and Lie, 

1995), a value higher than that for other salmonids. To achieve optimum flesh pigmentation 

and to prevent oxidation of salmon fillet during storage, a dietary supplement of 500 mg/kg 

VitE is needed (FAO, 2015; Woodeard et al., 1994).  

 

Vitamin C (VitC) is a water soluble vitamin widely used in fish diets for obtaining growth 

and development, which can protect phagocytic cells and surrounding tissues from oxidative 

damage. An increased immune response due to high levels of VitC supplementation has been 

demonstrated in several fish species (Gatlin, 2002). Physiological effects of VitC 

demonstrated in fish are related to reproduction (Waagbø et al., 1989), immune functions and 

disease resistance (Hardie et al., 1991), iron metabolism and hematology (Maage et al., 1990), 

and lipid metabolism (John et al., 1979). When fed VitC-deficient diets, reduced reproductive 

performance has also been reported in rainbow trout (Sandnes et al., 1984). The minimum 
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dietary VitC requirement for optimal growth and normal development in Atlantic salmon fry 

ranges from 10 to 20 mg kg-1 (Sandnes et al., 1992) and the requirement for rainbow trout 

between 40 and 100 mg kg-1 (Sato et al., 1982). In coho salmon a dietary content of 50 mg/kg 

prevents deficiency symptoms, 100 mg/kg supports optimal growth, while higher levels are 

needed to maintain high tissue reserves or to promote rapid wound repair (Halver et al., 1969). 

VitC-deficient salmon and trout exhibits structure deformities and internal hemorrhaging 

(Sato et al., 1983) 

  

Selenium (Se) is an essential nutrient in both human and animal diets to fulfill basic 

requirement (Hamilton et al., 2004), which is a component of the enzyme glutathione 

peroxidase that can remove hydrogen peroxide and lipid peroxidases from cells. Se 

requirement among fish varies from 0.1 to 0.5 g / kg (dry mass) (Gatlin et al., 1984). 3 g / kg 

Se is the maximum dosage for carp, and over maximum dosage, Se bio-accumulates rapidly 

and leads to harmful influences on fish, and elevating mortality when using over 13 g / kg 

(Jovanovic et al., 1997). In 2012, the EU has limited the amount use of Se added into the feed 

composition to a level under 0.5 g / kg (dry mass). Recent investigations provided evidence 

that farmed fish required a higher content of Se in diet (Zhou et al., 2009). Se requirement of 

fish subjected to stressful conditions may be up to 4.0 g / kg (dry mass) (Rider et al., 2009) 

and inadequacy of Se will negatively affect the regulated function but too much is toxic 

(Koller et al., 1986). 

 

VitC can prevent the appearance of VitE deficiency signs in Atlantic salmon in a dose-

dependent way (Hamre et al., 1997). VitC and VitE as antioxidants have cooperative action 

against the oxidation of lipid in solution and lipoproteins, they function at their own site 

individually and furthermore act synergistically (Niki et al., 1995). VitC might increase the 

biological utilization of dietary Se in chickens, and dietary VitC elevates the Se containing 

glutathione peroxidase enzyme activity and reduces the dietary Se requirement of VitE 

deficient chickens (Combs and Scott, 1976).  
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3 Materials and Methods 

3.1 Fish and feed regimes 

This feeding trial was conducted at Marine Harvest seawater research station (Norwegian 

west coast, Averøy) as a part of research project “Dark spots in salmon fillet” funded by the 

Norwegian Fishery and Aquaculture Industry Research Fund (FHF). The fish used were 

Atlantic salmon (Salmo salar L.), vaccinated with a 6-component vaccine from MSD Animal 

Health (Norvax Minova 6) in freshwater (Nofima freshwater research station, Sunndalsøra). 

The salmon were transferred to seawater into two net pens with a volume of 343m3 

(7m*7m*7m) on 26.09.2013. The fish received a standard feed until January 2015, thereafter 

they were randomly distributed six 125 m3 net pens (5m*5m*5m), 180 fish in each net pen 

on average. The fish were fed a standard feed (Control feed) or the same feed added 

antioxidants (Antioxidant feed) and each feed was fed to three pens until March 2015 for 10 

weeks. The average seawater temperature recorded at the depth of 3m during the whole study 

period was 5.5℃. 

 

 
Figure 3.1：Marine Harvest seawater research station, where the feeding trial was carried out (Wangˈ2015). 
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The Control feed used during the time between 7th January and 13th March 2015 was a 

commercial standard extruded 9mm diameter dry feed containing 37.9 % protein, 33.5 % fat, 

7.1 % water, 4.6 % ash 50 mg kg-1 astaxanthin, vitamin C 50 mg kg-1 and 201mg kg-1 vitamin 

E (Optiline V 2500 40A) produced by Skretting AS, Averøy, Norway. The Antioxidant feed 

was the same feed supplemented with 350mg kg-1 vitamin C (ROVIMIX® STAY-C® 35, 

DSM Nutritional Products Ltd, Basel, Switzerland), 500 mg kg-1 vitamin E (dl-α-tocopherol 

acetate-DSM Nutritional products Ltd, Basel, Switzerland) and 0.2 mg kg-1 selenium 

(Organic selenium Sel-Plex®, Alltech). Both the Control and Antioxidant diet were coated 

with rapeseed oil to prevent leaching of nutrients and taste differences, and distributed 

through automatic feeders manufactured by Sterner Maxi, Sterner, Leksand, Sweden. 

3.2 Sampling of fish  

The fish were anesthetized (MS 222 metacaine, ALPHARMA, Animal Health Ltd., 

Hampshire, UK, 0.1 g L-1) and harvested in batches by percussive stunning, two net pens per 

day from 17th to 19th March 2015. Thereafter, both gill arches were cut and the fish were 

put into a rectangular container with circulated seawater, where they were bled to death at 

ambient seawater temperature. Within half an hour, the salmon were weighed whole body 

firstly, followed by gutting and filleting by a professional worker. All the biometric traits of 

salmon including body weight, gutted weight, fillet weight and length were logged, and fillets 

were examined for discoloration before they were individually packed and stored on ice for 

one week.  

3.3 Flesh quality measurements 

3.3.1 Fillet color 

Visual color was assessed by comparing the fillets against the SalmoColour FanTM (DSM) 

with a range from 20 to 34 under standard light conditions in a box within a controlled 

environment (“Salmon Color Box”, Skretting, Stavanger, Norway). Score 20 refers to pale 
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color and score 34 the most intense red color (Figure 3.2). The color card readings were 

performed on the dorsal fillet part: 1) Between the posterior end of the dorsal fin and the gut 

(NQC-Norwegian Quality Cut); 2) Below the anterior end of the dorsal fin. 

 

 
Figure 3.2: SalmoColour FanTM (DSM) (Wang, 2015) 

3.3.2 Gaping 

Degree of gaping was measured visually by using a scale ranging from 0 to 5 according to 

the amount and size of the slits (Andersen et al., 1994) (Table 3.1). 

 

Table 3.1 Scale for fillet gaping (Andersen et al., 1994) 

Gaping (score) Size 

0 No slits 

1 Few small slits (<2cm, less than 5) 

2 Some small slits (less than 10) 

3 Some small slits (> 2cm, more than 10) 

4 Many large slits 

5 Extreme gaping with fillets falling apart 
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3. 4 Visual inspection of hyper pigmentation 

·Size of the spot 

 

Registration of dark spots of each fillet was graded from score 0 to score 8 according to the 

national FHF standard (Norwegian Fishery and Aquaculture Industry Research Fund) 

(Mørkøre, 2012):  

 

Score 0 = no discoloration             

Score 1 = grayish shade  

Score 2 = dark stained spot, < 3 cm  

Score 4 = dark stained spot, 3 - 6 cm  

Score 8 = dark stained, diameter > 6 cm  

 

Registration of dark spots around visceral organs and belly were graded from score 0 to 3 

(Taksdal et al., 2012): 

 

Score 0 = no discoloration 

Score 1 = tiny spots or dots 

Score 2 = observable dark stained spots 

Score 3 = large amount of dark stained spots  

 

·Appearance of the spot 

 

Appearance of the spots was visually recorded: red (defined as blood), black or dark brown 

(defined as melanin), grayish (defined as scar). 

 

·Position of the spot 

 

The location of the each spot was recorded in the anterior part of the belly flap (B1), posterior 

part of the belly flap (B2) and the dorsal part of the fillet (RYGG). Also where the spot started 
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and ended were recorded individually by counting the number of segment from the anterior 

end of the fillet. The distance (mm) from center of the spot to the lateral line of the fillet were 

measured and recorded (Figure 3.3). 

 

 

 

Figure 3.3: Image illustrating how the fillet was divided into areas: B1, B2 and RYGG according to the national 

FHF standard; The area circled with yellow oval shape is a dark spot in the area B1, and the blue vertical line 

illustrates the distance from the center of the spot to the lateral line of the fillet. The number and location of 

dark stained spot was recorded by counting segments from the anterior end. The spot on the image covers 6 

muscle segments, from number 8 to 13. 

 

3.5 Colorimetric analysis of hyperpigmented muscle 

 

Each spot was analyzed by Minolta Chroma meter (CR-400 Minolta, KONICA MINOLTA 

SENSING, INC. JAPAN) (Figure 3.4). The parameters recorded by Minolta Chroma meter 

were L*, a*, b* values; L* means lightness of the sample, a* intensity of red, and b* intensity 

of yellow) (CIE L*a*b*, 1994). Analyses were performed immediately after slaughtering 

and filleting (Day 0) and after one week of ice storage (Day 7). Calibration was performed 

against a white (L=100) and black (L=0) standard. 
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Figure 3.4: Konica Minolta CR400 Chroma Meter used for colorimetric analysis of dark spots on Day o and Day 

7 post mortem. 

 

3.6 Image analysis 

A total of 60 fish were randomly selected for image analysis; 10 fish from each net pen with 

an average fillet weight of 2427 g (Control group) and 2518 g (Antioxidant group). 

Photography was performed by using the equipment provided by AKVA group Software AS, 

described in detail by Folkestad et al. (2008). In short, the system consists of a closed box 

with standardized light and color conditions, a digital camera and a PC for transmitting of 

the image and software for analysis. Image analyses consisted of measuring the color (RGB) 

(R-red, G-green, B-blue), area and width of myocommatas number 10 to 14 counted from 

the anterior end of the fillet. The measurements were conducted by using ImageJ software (a 

java-based image processing program developed by the National Institute of Health, USA). 

The scale was defined based on a ruler placed next to the fillet in the picture, and results are 

reported in mm. 
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Figure 3.5: Arrangement of fish myotome and myocommata (Kiessling et al., 2006) 

 

3.6.1 Measuring color, area and width of myocommata 

 

A rectangle was drawn 30 mm below the lateral line covering myocommatas number10 to 

14. The height of the rectangle was set as 6 pixels (2.7 mm). The rectangle was cropped out 

and used for analysis of myocommata number 10 to 14 including RGB, area and width. 

Measurements of RGB were performed inside each of the five myocommatas (yellow line 

showed in Figure 3.6). Data was transferred into Excel and further converted into CIE L*, a* 

and b*.   

 

The saturation of the image were then adjusted in order to select the pixels containing 

myocommata for measuring area and width of myocommatas (no pixels in muscle segments). 

The selection of pixels belonging to the myocommata were defined as follows: during the 

saturation adjustment, the number of selected pixels was increased step by step until the first 

pixels which were clearly inside the myotome appeared. The selected area (mm2) was then 

measured (Figure 3.7). The same area selection was used for measuring the width of each 

myocommata at three points by drawing a line, at pixels 1, 3 and 6 from edge to edge (Figure 

3.7).  
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Figure 3.6: Image analysis of RGB values of five myocommatas 

 

  

 
Figure 3.7: Measuring of the area (yellow area) and width of five myocommatas at three points (blue lines) 

 

3.7 Statistical analyses 

Various types of statistical methods have been used in analyzing recordings including one-, 

two-way ANOVA analysis using the Statistical Analysis System program for Windows 64 

bytes (Version 9.4; SAS Institute Inc., Cary, USA). Effects of sampling conditions were tested 

for each trait using the GLM procedure. The alpha level was set to 5% (p ≤ 0.05 was 

considered significant).  
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4 Results  

The results chapter contains two parts. In the first part, general biometric traits of salmon are 

presented between dietary treatments. The second part describes the tissue evaluation of 

fillets.  

4.1 Biometric traits 

The average body weight, gutted weight and fillet weight were 4064 g, 3632 g and 2473 g, 

respectively. The carcass and fillet weight relative to the body weight were 89% and 61%, 

respectively. The average condition factor was 1.36. Dietary treatments showed no significant 

effects on biometric traits (p > 0.35) (Table 4.1). 

 
Table 4.1: Biometric traits of Atlantic salmon (Salmo salar L.) fed a standard feed (Control) or the same feed 

added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before slaughter. Results are 

presented as LS-Means ± SE and different superscripts indicate significant differences between dietary 

treatments (p ≤ 0.0ϱ). 

 

Biometric traits Control Antioxidant 
 
p-value Feed 
    

Body weight, g 4029.1±87.1A 4098.3 ± 93.9A 0.6321 
 

Gutted weight, g 3608.2±77.9A 3654.9± 100.1A 0.7121  

Fillet Weight, g 2426.7±60.0A 2517.8 ± 74.6A 0.3472  

Fillet length, cm 41.2 ± 0.6A 42.8 ± 0.8A 0.2551  

Fillet yield, % 1  60.3 ± 0.6A 60.8 ± 0.6 A 0.5303  

Condition Factor 2 1.35 ± 0.1A 1.37 ± 0.1A 0.4245  

Carcass yield, % 3 89.1 ± 0.3A 88.9 ± 0.2A 0.4228  

 
1 

Fillet yield, FY = Fillet weight, g / body weight, g × 100; 

2
 Condition factor, CF = Body weight, g / (fish length, cm) 

3
 × 100; 

3 
Carcass yield = gutted weight, g / body weight, g × 100; 
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4.2 Tissue evaluation 

4.2.1 Visual appearances of fillet and dark spots 

The average gaping score was significantly lower of the Antioxidant compared to the Control 

group, but no significant differences of color score were found between the dietary treatments 

(Figure 4.1 a, b).  

 

The Antioxidant group (0.6) showed significantly lower average spot score in fillet and belly 

as compared to the Control group (2.2) (Figure 4.2 a, b), but dietary treatments had no 

significant effects on the average score of dark spot on organ (Figure 4.2 c). 

 

The number of fillets with dark spots was significantly lower of the Antioxidant group (31%) 

as compared with the Control group (45%) (Figure 4.3 a). 

 

The distance from the center of dark spots to the lateral line of the fillet was 3.5 cm on average. 

Supplementation of antioxidants showed no significant effects on the distance (Figure 4.3 b).   

 

The Antioxidant group had significantly lower amount of dark stained segments (1.4) as 

compared to the Control group (2.3) (Figure 4.3 c). 

 

The Antioxidant group showed a higher frequency of spots in the B1 (81%), while lower 

occurrence was observed in B2 (17%) and RYGG (2%) as compared to the Control group 

(B1 59%, B2 33% and RYGG 8%) (Figure 4.3 a). 

 

The Antioxidant group showed relatively higher occurrence of melanin spots (44%) and spots 

with a combination of melanin and scar (28%) as compared with the Control group (35% and 

23%, respectively). Neither diets showed incidence of combination with melanin, scar and 

blood spots (Figure 4.3 b). 
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The spots in the RYGG were relatively larger compared with spots in the belly part (in RYGG  

57 % of the spots were dark stained spot with diameter less than 3 cm, i.e. score 2, while in 

B1 and B2 52 % and 56 % of the spots were grayish shade, i.e. score 1) (Figure 4.5 a) 

 

The dark stains were widely distributed and the majority of dark stained segments were 

observed between segment number 10 and 16. Dark stained segments showed a secondary 

peak at segment number 21 (Figure 4.5 b). 

 

 
 

 

 

Figure 4.1: (a) Fillet gaping score; (b) Fillet color score of Atlantic salmon (Salmo salar L.). The salmon were fed 

a standard feed (Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks 

period before slaughter. Results are presented as LS-Means ± SE and different superscripts indicate significant 

differences between dietary treatments (p ≤ 0.05). 
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Figure 4.2: (a) Melanin score in fillet (score 0 - 8); (b) Melanin score in belly (score 0 - 3); (c) Melanin score in 

organ (score 0 - 3) of Atlantic salmon (Salmo salar L.). The salmon were fed a standard feed (Control) or the 

same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before slaughter. Results 

are presented as LS-Means ± SE and different superscripts indicate significant differences between dietary 

treatments (p ≤ 0.05). 
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Figure 4.3: (a) Melanin frequency; (b) Distance from the center of the spot to the lateral line of the fillet; (c) 

Number of dark stained muscle segments of Atlantic salmon (Salmo salar L.). The salmon were fed a standard 

feed (Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before 

slaughter. Results are presented as LS-Means ± SE and different superscripts indicate significant differences 

between dietary treatments (p ≤ 0.05). 
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Figure 4.4: (a) Location distribution of stained spots in the fillets; B1 belly anterior, B2 belly posterior, RYGG 

dorsal; (b) Visual appearance of stained spots of Atlantic salmon (Salmo salar L.), M + B combination of melanin 

and blood, M + S combination of melanin and scar, B + S combination of blood and scar. The salmon were fed 

a standard feed (Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks 

period before slaughter. Results are presented as LS-Means ± SE and different superscripts indicate significant 

differences between dietary treatments (p ≤ 0.05).  
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Figure 4.5: (a) Size distribution of spots within each fillet location; (b) Distribution of stained segments of 

Atlantic salmon (Salmo salar L.). B1: belly anterior; B2: belly posterior; RYGG: dorsal. 
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4.2.2 Colorimetric changes of melanin 

 

·L* lightness 

 

The L* value analyzed on Day 0 showed no significant variation between spot sizes within 

dietary treatments, except for the L* value of spots with score 1 that was significantly higher 

for the Antioxidant group (Figure 4.6 a).  

 

The L* value analyzed on Day 7 decreased with spot size for both dietary treatments, but no 

significant differences were found between diets within spot size (Figure 4.6 b).  

 

The L* value showed no significant changes during storage within spot score for either 

dietary treatments (Figure 4.5 a, b).  

 
·a* redness 

 

The a* value on Day 0 decreased with spot sizes of both dietary groups, but the pattern was 

more pronounced for the Antioxidant group. The a* value of spots with score 4 was 

significantly lower of the Antioxidant group compared with the Control group (Figure 4.6 a).  

 

The a* value analyzed on Day 7 decreased with spot size for both dietary treatments, and the 

a* value for score 4 was significantly lower of the Antioxidant group (Figure 4.6 b).  

 

The changes of a* value during storage showed no significant differences between dietary 

treatments (Figure 4.6 a, b). 

  
·b* yellowness 

 

The b* value analyzed on Day 0 showed a significant decrease with spot sizes. The b* value 

of spots with score 4 was significantly lower of the Antioxidant group (Figure 4.7 a).  
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The b* value analyzed on Day 7 showed a general decrease with spot sizes for both dietary 

treatments. And b* value of spots with score 4 was the lowest of the Antioxidant group 

(Figure 4.7 b). 

 

The b* value of score 4 decreased significantly during storage for the Antioxidant group, but 

no significant changes were found for score 1 and score 2 during storage for either dietary 

treatments (Figure 4.7 a, b). 

 

The correlation (r) between analysis performed on Day 0 and Day 7 for lightness (L*), 

redness (a*) and yellowness (b*) were 0.38, 0.67 and 0.68 respectively (Table 4.2). 
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Figure 4.6: Lightness (L* value) of dark stained spots of Atlantic salmon fillets (Salmo salar L.) on Day 0 and 

Day 7. Results are presented for hyper-pigment areas with increasing discoloration. Score 1 grayish shade, 

score Ϯ ŵarked spot ≤ ϯ cŵ, score ϰ ŵarked dark stained spot 3 - 6 cm. The salmon were fed a standard feed 

(Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before 

slaughter. Results are presented as LS-Means ± SE and different superscripts indicate significant differences 

between dietary treatments (p ≤ 0.05). 
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Figure 4.7: Redness (a* value) of dark stained spots of Atlantic salmon fillets (Salmo salar L.) on Day 0 and Day 

7. Results are presented for hyper-pigment areas with increasing discoloration. Score 1 grayish shade, score 2 

ŵarked spot ≤ ϯ cŵ, score ϰ ŵarked dark staiŶed spot ϯ - 6 cm. The salmon were fed a standard feed (Control) 

or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before slaughter. 

Results are presented as LS-Means ± SE and different superscripts indicate significant differences between 

dietary treatments and spots score (p ≤ 0.05). 
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Figure 4.8: Yellowness (b* value) of dark stained spots of Atlantic salmon fillets (Salmo salar L.) on Day 0 and 

Day 7. Results are presented for hyper-pigment areas with increasing discoloration. Score 1 grayish shade, 

score Ϯ ŵarked spot ≤ 3 cm, score 4 marked dark stained spot 3 - 6 cm. The salmon were fed a standard feed 

(Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 weeks period before 

slaughter. Results are presented as LS-Means ± SE and different superscripts indicate significant differences 

between dietary treatments (p ≤ 0.05). 

 
 

A

AB
B

A

A

C

5.0

6.5

8.0

9.5

11.0

12.5

14.0

15.5

17.0

18.5

Score 1 Score 2 Score 4 Score 1 Score 2 Score 4

Control Antioxidant

Y
el

lo
w

n
es

s,
 b

*
 v

a
lu

e

(a) Day 0

A

B
B

A

B

C

5.0

6.5

8.0

9.5

11.0

12.5

14.0

15.5

17.0

18.5

Score 1 Score 2 Score 4 Score 1 Score 2 Score 4

Control Antioxidant

Y
el

lo
w

n
es

s,
 b

*
 v

a
lu

e

(b)
Day 7



34 

 

Table 4.2: Correlation coefficient and P-value of CIE L*a*b* value determined on Day 0 and Day 7. 

 

  

  Day 0 
  

    L* (Lightness) a*(Redness) b* (Yellowness) 

Day 7 

L* (Lightness) 0.38*** 0.27* 0.29* 

a* (Redness) . 0.67***  0.65*** 

b* (Yellowness) . . 0.68*** 

 
*p < 0.05 

**p < 0.01 

***p < 0.001 
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4.2.3 Image analysis 

 

The average width and area of myocommata was significantly higher of the Antioxidant 

group compared to the Control group (Figure 4.9 a, b). 

 

The average lightness (L*) of myocommata was significantly higher of the Antioxidant group 

compared with the Control group (Figure 4. 10 a). 

 

The average redness (a*) of myocommata showed no significant differences between the two 

diets (Figure 4.10 b). 

 

The yellowness (b*) of myocommata was significantly higher of the Control group as 

compared with the Antioxidant group (Figure 4.10 c). 

 

 
 

Figure 4.9: (a) Average width and area of myocommata of Atlantic salmon (Salmo salar L.). The salmon were 

fed a standard feed (Control) or the same feed added vitamin C, E and selenium (Antioxidant) during a 10 

weeks period before slaughter. Results are presented as LS-Means ± SE and different superscripts indicate 

significant differences between dietary treatments (p ≤ 0.05). 
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Figure 4.10: (a) Lightness (L* value); (b) Redness (a* value); (c) Yellowness (b* value) of myocommata of 

Atlantic salmon (Salmo salar L.). The salmon were fed a standard feed (Control) or the same feed added 

vitamin C, E and selenium (Antioxidant) during a 10 weeks period before slaughter. Results are presented as 

LS-Means ± SE and different superscripts indicate significant differences between dietary treatments (p ≤ 0.05). 
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5 Discussion  

 

The discussion is devided in two parts. The first part describes general biometric traits of 

Atlantic salmon between dietary treatments. While the second part tissue evaluation of dark 

spots and myocommata are discussed.  

5.1 Biometric traits 

 

This result showed that supplementation of antioxidants (VitC, E and Se) had no significant 

effect on average body weight, fillet weight or carcass yield in this trial. The results were 

consistent with an earlier study conducted by Hang (2012) who reported that elevated VitE 

had no significant effect on growth performance of salmon weighted 3.4 kg on average 

(seawater temperature averaged 9℃). Hamre et al. (1997) documented higher growth in 

juvenile Atlantic salmon (body weight 0.2 g, temperature 12℃) when the diet was 

supplemented with VitC and VitE as compared with a deficient diet VitC and VitE. A study 

with African catfish showed that the body weight was not affected significantly by dietary Se 

levels when the feed contained 1 mg Se / kg or 8 mg Se/kg during a period of six weeks 

(Luten and Schram, 2006). Improvement in growth by dietary VitE supplementation was 

observed in some other species such as black sea bream (Peng et al. 2009), juvenile hydrid 

tilapia (Huang & Huang, 2004) and sea bream (Tocher et al. 2003). Gonçalves et al. (2010) 

noted that supplementation of 400 mg / kg VitE improved the standard length and weight 

gain of tambacus. Oppositely, Ruff et al. (2003) reported lower fillet weight for turbot when 

diets were supplemented with VitC and VitE.  

 

Supplementation of antioxidants did not affect the condition factor (CF) which agrees with a 

study done by Rafiq (2015), who used a diet supplemented with VitE and Se.  
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5.2 Tissue evaluation 

·Flesh quality characteristics  

 

In the present study, the Antioxidant group showed significantly lower fillet gaping score 

compared to the Control group. Less gaping has been reported when the salmon contained a 

high collagen content in the muscle tissues (Sato et al., 1986; Eckhoff et al., 1998; Hultmann, 

2000). Hang (2012) concluded that dietary supplementation of 1200 mg kg-1 VitE resulted in 

firmer texture but no significant difference in gaping of Atlantic salmon. Therefore, reduction 

of fillet gaping might be accomplished by inclusion a mixture of antioxidants instead of a 

single antioxidant.  

 

The red fillet color of farmed Atlantic salmon is related to dietary administered carotenoids, 

mainly astaxanthin that is an efficient antioxidant. The fillet color in the present trial was not 

influenced significantly by the supplementation of antioxidants in diet. This outcome agrees 

with Jafelice (2014), who concluded that dietary supplementation with antioxidants VitE and 

Se had no significant effect on the cutlet color of Atlantic salmon. However, an increase in 

the duration of feeding carotenoids has been reported to reduce inter-fish variation in 

pigmentation of Atlantic salmon (Torrissen et al. 1995), rainbow trout and chinook salmon 

(March and MacMillan, 1996). In the present study, there is no evidence that extra dietary 

antioxidants are sparing utilization of astaxanthin. 

  

·Visual characteristics of melanization  

 

Thorisen et al. (2006) and Larsen et al. (2012) associated dark staining of salmon skeletal 

muscle to immune and pigmentary systems of the fish, concluding that the pigment-

producing granulomas are an inflammatory reaction. Similarly, Fagerland (2013) pointed out 

that melanin probably arises as a result of chronic inflammations and scar tissue formation. 

Komar et al. (2004) reported that this inflammatory immune response was elicited by intra-
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peritoneal vaccination. However, Mørkøre (2012) reported that vaccination did not result in 

the development of melanin spots. Studies demonstrated that occurrence of pigmented spots 

tended to be increase with age and size of the fish, which might be explained by weakened 

immune response to infections or stress mechanisms with aging of fish (Mørkøre et al., 2012).  

 

·Frequency of the spot 

The study represented that the antioxidants reduced the occurrence of dark spots by 14% 

units compared to the Control group. This result agrees with Rafiq (2015) who concluded 

that feed components such as some vitamins and minerals could reduce the development of 

spots. Lauritzsen et al. (1999) noted that addition of ascorbate (VitC) efficiently reduced the 

incidence of lipid oxidation-induced discoloration by terminating the process of oxidation in 

salted cod muscle. Hence, addition of dietary VitE can sustain the oxidative stability in fish 

tissue and prevent pathological symptoms like discoloration related to lipid peroxidation 

(Sahoo and Mukherjee, 2002; Peng et al., 2009). However, the decreased melanin deposition 

of salmon fed diets supplemented with antioxidants may therefore reflect an upregulated 

immune response (Jafelice, 2014).  

 

·Size of the spot 

The majority of the spots had a diameter less than 3 cm, but the size of the spots varied 

between locations of the fillet. Over 50% of the spots in the belly area (B1 and B2) were 

score 1 (grayish shade). In the dorsal area (RYGG), up to 57% of the spots were score 2 (dark 

stained spot with diameter ≤ 3 cm). Hence the spots in the dorsal region were relatively 

larger than in the belly area of the fillet. Acharya (2011) and Koppang et al. (2005) reported 

that the pigmented areas varied in diameters from pinhead size up to 4 ~ 5 cm in diameter. 

 

· Visual appearance of the spot 

The visual evaluation of the discolored spots showed that melanin (black or brown 

appearance), and a combination of melanin and scar (white or grayish appearance) were the 



40 

 

most common. Only a few spots (4.7% on average) had a combination of blood and scar. It 

is well known that blood spot or blood effusion both on the surface and within the fillets not 

only represent an aesthetic problem but also contributes to reduced shelf life, lipid oxidation, 

muscle softening and loss of nutrients (Vareltzis et al., 2008; Pazos et al., 2009; Richards et 

al., 2009; Maqsood and Benjakul, 2010). However, it is not known whether melanin 

deposition affects the shelf life of the fillets. 

 

·Position of the spot 

The location of dark spots was consistently highest on the B1 (74%) and lowest in RYGG 

(6%), irrespective of dietary treatments. This outcome agrees with Mathiassen et al. (2007), 

Jafelice (2014), Mørkøre (2012) and Rafiq (2015), who reported that most of the dark spots 

in salmon fillets were detected in the anterior part of the abdomen while rarely found in the 

dorsal fillet part. The diet with antioxidants had no significant effects on melanin occurrence 

in belly and organs that is in concordance with a previous study performed by Jafelice (2014). 

The distance from the spot center to the lateral line of the fillet was 3.5 cm on average, 

regardless of dietary treatments. 

 

There is no previous research published regarding to the accurate location of dark spot on 

salmon fillet. In the present study, the melanin mainly occurred between muscle segment 

number 10 and 16 with a peak at segment 12 and a secondary peak at segment 21. The total 

amount of stained  segments was significantly less in the Antioxidant group (1.4) on average 

compared to the Control group (2.3), which is in accordance with earlier study, reporting that 

the involved muscle segments averaged from 2 to 5 myocommatas (Koppang et al., 2005). 

The results indicate that supplementation of antioxidants can reduce the spot diameter.  
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·CIE L*a*b* values of melanin 

 

Generally, the L* value (lightness) decreased slightly with spots size but no significant 

differences on Day 0 or Day 7 between dietary treatments. The relationship of lightness on 

Day 0 and Day 7 was linearly positive correlated but quite weak (r = 0.38, p-value < 0.001). 

This finding implied that neither the supplementation of antioxidants and 7 days ice storage 

had significantly effect on L* value of dark spots. The L* value of dark stained spot with 

diameter 3 – 6 cm (score 4) of the Antioxidant group was higher than of smaller spots (score 

2) on Day 0 which was not in keeping with the downtrend. The reason might be that the score 

2 had higher darkness intensity but smaller diameter as compared to score 4. There is no 

previous investigations are reported on color change of dark spots with storage time, but color 

changes of fish fillet are documented. A study of Atlantic cod showed that the L* value 

increased during the first 4 - 6 hours ice storage post mortem and stayed stable or slightly 

decreased from 8 to 16 h (Mørkøre, 2006). Similarly, one study demonstrated that the 

lightness increased with time of frozen storage of cod (Skjervold et al., 2001 a,b; Choubert 

et al., 2006), saithe and redfish (Mu, 2014). But these results are in contrast with the findings 

of Fagan et al. (2002), who reported chilling storage had no effect on lightness of cod fillet.  

 

The redness (a* value) decreased with spot sizes for both dietary treatments and this decrease 

become more obvious after 7 days ice storage. The a* value on Day 0 and Day 7 was 

positively correlated (r = 0.67, p-value < 0.001). The average reduction of a* from Day 0 to 

Day 7 was higher of the Antioxidant group as compared to the Control group, particularly 

for score 4, where the a* decreased from 6.9 to 3.4 (3.5 decreases) as compared to the Control 

group that decreased from 10.4 to 9.0 (1.4 differences). This result demonstrated that the dark 

spots become less reddish after one week ice storage, regardless of dietary treatment. But the 

grayish shade (score 1) become redder during ice storage. An earlier study pointed out that 

the salmon fillet was most red along the lateral line and in the tail region (Nicell and Bromage, 

1998 b). Therefore, the position of the dark spot may influence the inherent redness and the 

change during ice storage. 
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After the ice storage, the smaller spots (score 1) seemed to be yellower (higher b* value) as 

compared to the larger spots (score 2 and score 4) whether the feed was supplemented 

antioxidants or not. The yellowness of the spots was stable during storage, and the 

predictability during one week storage was high (r = 0.68, p-value below 0.001). 

 

·Myocommata evaluation 

 

Lipids stored in the muscle of farmed Atlantic salmon is affecting the texture, flavor and 

color (Borderias et al., 1999). High levels of PUFAs make salmon fillets easily susceptible 

to oxidation, leading to quality deterioration of salmon flesh (Burgaard, 2010). Lipofuscin 

results from the oxidative polymerization of PUFAs and it may accumulate in fish as a result 

of dietary VitE and VitC deficiency (Agius et al., 2003). The aquaculture industries and 

researchers investigated options to reduce lipid oxidation by including antioxidant (VitE) in 

the diets or injecting mixtures of antioxidants (VitC and citric acid) into fish fillet (Stéphan 

et al., 1995).  

 

The Atlantic salmon stores most of its exercise energy as lipids in the skeletal muscle and 

viscera predominately as triglyceride (TG) (Polvi and Ackman, 1992). In the fillet, the fat is 

predominately stored in the myocommata (Zhou et al., 1995). Hence, the myocommata of 

salmon fillets are commonly used as an indicator of fat content. Estimation of the white 

striped myocommata can be standardized by determining the area of the stripes 

(Sigurgisladóttir et al., 1997). 

 

The present study showed that supplementation of antioxidants resulted in significantly wider 

myocommata with higher lightness (L*) and lower yellowness (b*) compared to the standard 

feed. Sigurgisladóttir et al. (1997) reported that the fat content and the diameter of the fat 

stripes of salmon generally increase with fish weight. Also it has been reported that the size 

of myocommata was correlated positively with fat content of the fillet (Stien et al., 2007). 

The Antioxidant group showed 90 g higher body weight as compared to the Control group, 
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but this weight difference is not likely explaining the higher width and area of the 

myocommatas. The L* value was positively correlated with fat content (wider width and area 

of myocommata) of the Antioxidant group, which was supported by the findings of Marty-

Mahe et al., (2004), who documented that L* value increased with lipid content, and there 

was high correlation between fat level and areas of myocommata (r = 0.77). Because thick 

fat stripes will lead to higher mean L* values (Stien et al., 2006), it is possible that the wider 

width, larger area, higher lightness (L*) and lower yellowness (b*) of this trial were 

associated with prevented oxidation of lipids in the myocommata. As Abreua et al. (2011) 

reported that the additions of antioxidants to fish can slow down the rate of oxidation.  
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6 Conclusion  

 

Supplementation of antioxidants (vitamin C, E and selenium) improved the fillet quality of 

farmed Atlantic salmon. The results can be summarized as follows:  

 

· Supplementation of antioxidants in farmed salmon feed decreased the incidence of dark 

stained spots by 14% units and also reduced the size of dark spots significantly.  

 

· Most spots were grayish shades or dark spots less than 3 cm in diameter, and located in 

the anterior belly of the fillet (B 1). Dark stained muscle segments were most prevalent 

between muscle segment number 10 and 16, regardless of dietary treatment. 

 

· Melanin and a combination of melanin and scar were the main visual color of the dark 

spots. The appearance of dark spots maintained the same after 7 days ice storage.   

 

· Supplementation of antioxidants increased the myocommata width, area and lightness 

(higher L* value) significantly, and decreased yellowness (lower b* value) significantly.  

 
· Supplementation of antioxidants decreased the fillet gaping significantly. 
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10 Appendixes 

Appendix A 

 

Visual characteristics and image analysis of dark spots of Atlantic salmon (Salmo salar L.) fed a standard diet 

(Control) or the same diet added VC, VE and Se (Antioxidant). Results are presented as LS-Means ± SE and 

different superscripts indicate significant differences between dietary treatments (p ≤ 0.0ϱ). 

 

Parameters Control Antioxidant P-value 

Melanin frequency, % 45 ± 0.05A 31 ± 0.04B 0.0417 

Melanin score in organ, score 1.36 ± 0.08A 1.21 ± 0.08A 0.1559 

Melanin score on belly, score 1.88 ± 0.08A 1.61 ± 0.08B 0.0156 

Melanin score on fillet, score 0.7 ± 0.07A 0.5 ± 0.08B 0.0256 

Distance from the spot centre to 

lateral line of the fillet, cm 

 

3.54 ± 0.10A 

 

3.45 ± 0.11A 

 

0.6520 

Number of dark stained segments 2.3 ± 0.17 A 1.4 ± 0.21 B 0.0246 

Myoc_Area (mm) 30.9 ± 1.19 B 34.8 ± 1.29 A 0.0301 

Myoc_L* 49.8 ± 0.42 B 51.4 ± 0.5 A 0.0202 

Myoc_a* 20.3 ± 0.45 A 20.4 ± 0.43 A 0.8047 

Myoc_b* 16.4 ± 0.45 A 14.9 ± 0.38 B 0.0178 

Width of Myoc (mm) 2.2 ± 0.16 B 2.6 ± 0.12 A 0.0229 

Spots location, B1, % 59 81 . 

Spots location, B 2, % 33 17 . 

Spots location, RYGG, % 8 2 . 

Melanin, % 34.8 44.4 . 

Scar, % 12.5 9.3 . 

Blood, % 14.3 7.4 . 

Melanin and scar, % 23.2 27.5 . 

Melanin and blood, % 9.8 7.4 . 

Blood and scar, % 5.4 4.0  
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Appendix B 

 

Colorimetric analysis (CIE L* a* b*) of different dark spot size of Atlantic salmon (Salmo salar L.) fed a standard 

diet (Control) or the same diet added VC, VE and Se (Antioxidant) on Day 0 and Day 7. Results are presented 

as LS-Means ± SE and different superscripts indicate significant differences between dietary treatments (p ≤ 
0.05). 

 

Parameters                                                       L* a* b* 

Control 

Day 0 
Score 1 49.96 ± 0.36A 13.41 ± 0.37 A 17.04 ± 0.38 A 

Score 2 49.66 ± 0.69 AB 12.02 ± 0.55 AB 14.74 ± 0.71 A 
Score 4 49.44 ± 0.87 AB 10.08 ± 1.17 AB 12.87 ± 1.38 A 

Day 7 
Score 1 50.81 ± 0.59 A 13.51 ± 0.39 AB 18.01 ± 0.52 A 
Score 2 49.75 ± 1.14 A 10.39 ± 0.72 AB 14.16 ± 0.97 B 
Score 4 48.12 ± 1.79 A 8.99 ± 1.26 A 12.65 ± 1.70 B 

Antioxidant 

Day 0 
Score 1 50.92 ± 0.44 A  12.93 ± 0.53 A 16.34 ± 0.71 A 
Score 2 48.11 ± 0.10 B 11.4 ± 0.85 AB 14.86 ± 0.90 A 
Score 4 48.74 ± 2.05 AB 6.93 ± 1.94C 7.62 ± 1.03 C 

Day 7 
Score 1 50.26 ± 0.71 A 13.39 ± 0.78 A 17.87 ± 0.99 A 
Score 2 48.2 ± 0.97 A 11.01 ± 1.44 A 14.07 ± 1.33 B 
Score 4 47.66 ± 2.12 A 3.37 ± 0.85 C 5.5 ± 1.35 C 
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