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The Role of Carotenoids in Coloring Fish 
 
 

Summary 
 

Xantophylles play an important role as an pigment in coloring fish.  
Xantophylles, such as astaxanthin, lutein etc. are oxy-carotenoids and are derived 
from the food. They can color both the skin and the flesh, but it depends on the fish 
species whether the skin or the flesh is colored. The pigments are located in the 
chromatophores which are highly branched dendrite like cells. 

 
 

Types of Carotenoids 
 

Carotenoids can be subdivided into: 
 
1. Carotenes (oxygen-free carotenoids) such as lycopenes (in tomatoes) and α, β and γ 

carotenes (in carrots). Carotenes have a yellowish color but do not color the fish.  
. 
2. Xanthophylls or oxy-carotenoids (oxygen-containing carotenoids, xanthophylls means 

yellow leaves). These compounds have in contrast to carotenes one or more oxygen 
atoms. These compounds can color the fish, either the fillet or the skin and can also color 
egg yolks. 

 
Examples of xanthophylls are: 

 Astaxanthin (in shrimps and trout, used to color trout and salmon fillet, trade names 
Carophyll pink by DSM or Lucanthin pink by BASF) 

 Canthaxanthin (in cantharelle mushrooms, used to color eggs, trade name Carophyll 
red by DSM) 

 Capsanthin (in red pepper, the capsicum) 

 Zeaxanthin (in Zea Mais, red mais or corn, spirulina, alfalfa, grass meal) 

 Lutein (luteus means yellow, in mais or corn, spirulina, alfalfa, grass meal) 

 Apo ester (used to color eggs, Carophyll yellow, Food Orange 7 E 160f, the ethyl 
ester of β – apo – 8’- carotenic acid). It is only found in small quantities in some plants, 
but is predominantly commercially produced from Βeta – apo – 8 –carotenal, E 160e 
Food Orange 6, that is found in spinach and citrus fruits. 

 
 
 

The Role of Carotenoids in Coloring Fish 
 
 Coloration of animals can be produced by structural colors or by true pigments. 
Structural coloration is the results of the physical structure of tissues or surfaces which reflect 
certain light wave lengths and eliminates others or which scatter the light. Certain colors of 
bird feathers are generated this way. 
 
 True colors are the result of pigments. The pigmentation of warm-blooded animals 
and humans is caused by melanocytes, cells that contain pigment granules (black melanin, 
red/yellow pheomelanin, and brown/black eumelanin), called melanosomes.  The color of 
cold-blooded, poikilotherm animals like fish and crustaceans, on the other hand, is produced 
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by so called chromatophores (“color bearing”) (Bagnara et al., 1968, Fingerman 1966, Wallin, 
Wikipedia, see Fig 1). Chromatophores are highly branched, dendrite like cells that contain 
differently colored pigment granules or chromatosomes. There are various types of 
chromatophores, melanophores (contain brown/black pigment melanine), erythrophores 
(contain red pigment (pteridines and carotenoids), granulas or erythrosomes), xantophores 
(contain red-yellow pigment (pteridines and carotenoids) granulas or xanthosomes), 
cyanophores (contain blue pigment granulas or cyanosomes), and leucophores (contain dull, 
white purine granulas or leucosomes).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 

 
 
Further, there are also the iridophores, cells that contain purine and guanine crystals and 
reflect the light to give a silvery shiny color or to produce structural colors (e.g. blue) by 
scattering light. The pigment patterns in fish predominantly result from positioning of 
differently colored chromatophores. The pigment in the chromatophores can also be 
dispersed or agglomerated in the center of the chromatophores, which may be dependent on 
factors such as temperature, light, or hormones. Dispersion and agglomeration of the 
pigment granules result in a change of the color as seen in some (fish) species that are able 
to modulate their skin color (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 
 

A single zebrafish melanophore imaged by time-lapse photography during pigment aggregation (right 
figure). 
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Sources of pigments:  There are two ways of the formation of the pigments for the body 
coloration. (1) One is produced by synthesis of pigments such as pteridines, melanines, and 
purines in the integument of the body.  (2) The other way is the uptake of pigments directly 
from foods, predominantly carotenoids. Carotenoids can be subdivided into carotenes (e.g. 
α- β-carotenes and lycopenes) and xanthopylles, which are oxy-carotenoids (e.g. astaxanthin, 
lutein and zeaxanthin) (See Appendix 1). Astaxanthin, the major pigment of salmonids 
(pigmentation of the muscles, flesh), is derived mainly from zooplankton and can also be 
synthesized by several microorganisms such as Phyaffia yeast and Haematococcus algae, 
whereas lutein (yellow) and zeaxanthin are predominantly derived from plant sources such 
as alphalpha, corn, yellow corn, and algae. 
 
Interconversion of xantophylles:  Carotenoids can also be modified and converted into 
each other in the fish.  For example, (1) crustaceans have a high conversion capability and 
are able to convert e.g. the algal carotenoids alpha- and betacarotene into lutein and 
zeaxanthin, respectively, and subsequently into astaxanthin (Latscha). The astaxanthin in the 
exoskeleton of crustaceans is stored in the form of mono and di-esters and in the form of 
complexes with proteins; heating results in degradation of these complexes and the 
astaxanthin gets a bright reddish color.  (2) Goldfish, red carp, and golden-red carp are also 
able to convert zeaxanthine and lutein, and possibly to a lesser extent also β-carotene into 
astaxanthin (Latcha, Ohkubo 1999). (3) Salmonids have more limited modificatory abilities, 
but may be able to convert astaxanthin into zeaxanthin and possibly lutein. The skin of trout 
contain a relative high level of yellow xantophylles, although lutein and zeaxanthine are 
absorbed 10 – 20 times less efficient than astaxanthin in the trout; these yellow xantophylls 
in the skin may be generated from astaxanthin (Schiedt et al 1985). Further, astaxanthin, 
canthaxanthin and zeaxanthin can be converted into vitamin A in aquatic animals (Schiedt et 
al, 1985). 

 
Absorption of xantopyhlles: The absorption of the various xantophylles is dependent on 
the source and the fish species studied. In salmonids, free astaxanthin is absorbed more 
efficiently than astaxanthin in the esterified form. Salmonids appear to have a limited 
capability to hydrolyze esterified astaxanthin in the digestive tract. Carotenoids are 
transported in the plasma in the unesterified form. Further, in salmonids, astaxanthin and 
cantaxanthin are absorbed 10 – 20 times more efficiently than lutein and zeaxanthin, 
whereas in chicken and gold fish, zeaxanthin is 3 times more efficiently absorbed than 
astaxanthin (absorption preference is zeaxanthin, astaxanthin and lutein for goldfish and 
chicken (Schiedt et al. 1985).   

 
Efficacy to color skin or flesh: There is a large variety of carotenoids and the efficacy of a 
carotenoid to color the skin or the flesh (muscles) of a fish is dependent on the type of 
carotenoid and on the fish species. The location of carotenoid deposition is also related to 
the fish species. For instance, feeding the carotenoid astaxanthin to trout or salmon will 
mainly result in coloration of flesh and deposition in (white) muscle tissues, whereas feeding 
astaxanthine to gilthead seabream does not color the flesh or muscles, but predominantly the 
skin (Gouveia et al. 2002, Gomes et al. 2002, Ibrahim et al. 1984). Similary, feeding 
xanthophylles to tilapia (e.g. corn gluten) does not color the fillets. Lobsters for instance, 
have a red exoskeleton due to astaxanthin, but their meat is white and more than 80% of the 
astaxantine in shrimp is localized in the head and the shell (Hertramp 2000). Further, 
astaxanthin is stored in the flesh as free astaxanthin, but stored in the skin as esters. 
 
Gold fish:  Various studies have examined the effects of dietary carotenoids on skin 
coloration of fish. In goldfish, feeding astaxanthin increases the skin color of the goldfish (Xu, 
2006, Paripatananont, 1999, Gouveia 2003). There was an increase in the total skin 
carotenoid concentrations upon feeding astaxanthin to goldfish. It is not clear whether 
astaxanthin or metabolites of astaxanthin are deposited in the skin, but it is known that 
goldfish have a high capability to metabolize carotenoids and goldfish skin contains a large 
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variety of carotenoids (Ohkubo et al 1999). Goldfish may be able to convert various 
carotenes and carotenoids into astaxanthin (see Discussion Chatzifotis et al. 2005).  Further, 
Xu (2006) reported that feeding astaxanthin to gold fish resulted predominantly in 
accumulation of carotenoids in the skin whereas little was retained in the flesh.  
 
Koi Carps: To our knowledge, there is only one study that has examined the effect of 
astaxanthin on skin coloring of kois (Gouveia et al. 2003).  Various types of kois (Kawari, 
Showa, and Bekko) were fed with astaxanthin from various sources (synthetic, spirulina, 
Chlorella, Haematococcus pluvialis). The studies indicated that there was an accumulation of 
carotenoids in the skin, but the magnitude of the accumulation was also dependent on the 
type of koi. The authors conclude that feeding astaxanthin may enhance the coloration of 
kois.  
 
Seabream: In seabream, skin coloration is also important. Gomes et al. (2002) fed gilthead 
seabream (Sparus auratus) diets with various sources of carotenoids, i.e. synthetic 
astaxanthin (carophyll pink), canthaxanthin (Carophyll red), a synthetic carotene (Carophyll 
yellow) and (synthetic) lutein (Flora glo). Total carotenoid content of skin increased on all the 
diets, but the muscle carotenoid level was not affected and was very low. Further, they found 
that the composition of the carotenoids in the plasma were similar to that in the diet, but the 
composition in the skin was different; the skin of the seabream fed the astaxanthin and 
canthaxanthin contained predominantly lutein and epilutein esters, and the skin of the 
seabream fed the carotene and lutein contained exclusively lutein. In trout, lutein is a putative 
reductive metabolite of astaxanthin, and a similar reductive pathway may also take place in 
seabream. Further, this study suggests that the seabream is also able to convert carotene 
into lutein. Gouveia et al (2002) fed seabream with astaxanthin or with Chlorella Vulgaris.  
The pigments in the Chlorella were lutein (0.3%), β-carotene (1.2%), canthaxanthin (36.2%), 
astaxanthin (55.0%), and other pigments (7.2%). The carotenoid pigments were substantially 
deposited in four defined skin zones during the feeding trial: the forefront between the eyes, 
the opercule, along the dorsal fin, and the abdominal area. However, the amount of 
deposition of pigments in the muscle (flesh) was very low. Ibrahim et al (1984) studied the 
effect of raw krill, krill meal and a aceton extract from krill meal to red seabream.  The 
reported that feeding raw kril resulted in a higher deposition of carotenoids and a distinct 
coloration of the red seabream, whereas feeding krill meal or an aceton extract from krill 
meal resulted in a varied concentration of skin carotenoids and a faint skin coloration. 
 
Red Porgy:  Chatzifotis et al (2005) studied the effect of astaxanthin, β-carotene and 
lycopene on coloration of the red porgy (Pagrus pagrus). Only astaxanthine significantly 
increased the total carotenoid levels of the skin and had an effect on skin coloration. Thus, 
this study suggests that β-carotene and lycopene are not deposited in the skin of Pagrus 
pagrus and are also not converted into other types of carotenoids. 

 
Sources of xantophylles: Feed ingredients that are rich in carotenoids are algae (spirulina), 
red paprika (capsanthin) extracts and alphalpha (xantophylles). Further, astaxanthin, a major 
carotenoid coloring the flesh of salmon and trout but also coloring the skin of seabream and 
goldfish, can be derived from shrimps and krill which contain astaxanthin in their exoskeleton.  
In addition, astaxanthin derived from several microorganisms such as Phyaffia yeast and 
Haematococcus algae and synthetic astaxanthin can be used as a coloring agent for the 
flesh or the skin. Further, feed ingredients such as yellow corn, corn gluten and alphalpha 
are rich in carotenoids (xantophylles). Marigold is also rich in carotenoids. Thus, all these 
ingredients may enhance the coloring of (ornamental) fish, since they are rich in carotenoids.   
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Appendix 
 
 

The chemical structure of various types of xanthophylles 
 
 
 
 
 
 
 
 
 

Beta carotene 

 
 

Capsanthin 
(in red peppers or paprika) 

 

 
 

Zeaxanthin (orange color) 
(in spirulina and mais) 

 

 
 

Lutein (orange – red color) in Marigold flowers 
(Flora Glo by Kemin or Xangold by Cognis) 

 
 
 
 
 
 
 
 
 

To color trout and salmon (Carophyll pink of DSM or Lucanthin pink by BASF) 
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Canthaxanthin 
To color egg yolk (Carophyll red of DSM) 

 
 
 
 
 
 
 
 
 

Ethyl ester of β – apo – 8’- carotenic acid (Apo Ester) 
Food Orange 7 

To color egg yolks (Carophyll yellow of DSM) 
 
 
 
 
 
 
 
 
 

β – apo – 8’- carotenal 
Food Orange 6 

(used to produce Apo Ester) 
 

Many of the xanthophylls have an E-number and are used as a food coloring agent. 
 

 E 160e  Beta – apo – 8 carotenal 

 E 160f  Ethyl ester of β – apo – 8’- carotenic acid made from Beta – apo – 8 
carotenal (can be prepared synthetically from beta – apo – 8 – 
carotenal, DSM) 

 E 161a  Flavoxanthin 

 E 161b  Lutein 

 E 161c  Cryptoxanthin 

 E 161d  Rubixanthin 

 E 161e  Violaxanthin 

 E 161f  Rodoxanthin 

 E 161g  Canthaxanthin (can be prepared synthetically, DSM) 

 E 161h  Zeaxanthin 

 E 161i   Citranaxanthin (can be prepared syntheticaly) 

 E 161j   Astaxanthin (can be prepared synthetically, DSM 
 


