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Introduction
Aquarium fish keeping has evolved as an indispensible part of 

interior decoration in the 21st century.1 Colour is one of the major 
factors which determine the price of the ornamental fish in the 
world market.2,3 The color of fish skin is primarily dependent on 
chromatophores (melanophores, xanthophores, erythrophores, 
iridophores, leucophores, and cyanophores) that contain pigments 
such as melanins, carotenoids (e.g. astaxanthin, canthaxanthin, lutein, 
zeaxanthin), pteridines, and purines Goodwin4,5 established that fish 
do not possess the ability to synthesize carotenoids. The carotenoid 
pigmentation of fish results from the pigment present in the diet.6 
Many reports have demonstrated that skin color change over time 
depended on the level of carotenoid in the diet and differed among 
species.7-11 Therefore, to increase the skin and flesh colour in captivity, 
fish must obtain an optimum level of carotenoids in their diet.12

Diversity of carotenoids in fish
Species specific carotenoids are known to occur in fishes.13,4 The 

diverse carotenoids commonly occurring in fishes with their colours 
are tunaxanthein (yellow), lutein (greenish yellow), beta carotene 
(orange), doradexanthins (yellow), zeaxanthin (yellow orange), 
canthaxanthin (orange red), astaxanthin (red), eichinenone (red) 
and taraxanthin (yellow).4,13,14 Accumulation of carotenoids in fishes 
mostly occurs in their integuments and gonads.4,5 With few exceptions 
of Salmonidae fish where astaxanthin accumulates8 in muscle.5,9,15 
Moreover in catfish, an esterified form of carotenoids exists in the 
integuments.5

Carotenoids absorption and transport
There is profound influence of age and physiological state of fish, 

type of feed and the dwelling environment and not merely species 
on the absorption and distribution of carotenoids in fishes.15-19 Being 
hydrophobic in nature carotenoids are not easily solubilized in the 
aqueous environment of the gastrointestinal tract. So carotenoids are 
associated with the lipids to carry out transportation.2,11,20 Several steps 
are involved in the intestinal absorption of carotenoids with inclusion 
of disruption of matrix, followed by dispersion in lipid emulsions and 
subsequent solubilization into mixed bile salt micelles, before being 
absorbed in enterocyte brush border.2,21,22 Moreover the absorption 
of carotenoids is a much slower process in comparison to other fish 
nutrients.2 For example approximately 18 to 30 hours are required for 
absorption of approximately 35% astaxanthin in Salmonids through 

the proximal intestine.2,24-30 In addition the process of passive diffusion 
is involved in the intestinal absorption from micelles.30,31

Carotenoids metabolism and deposition
In fishes there does not exist any universal pathways for metabolism 

of carotenoids in tissues and its subsequent transformations.9 It is 
suggested that organs such as liver or intestine where metabolites of 
carotenoids exist the metabolism of carotenoids take place.2,32,27,33,34 
Studies indicate fish classification based on capacity of metabolism 
of carotenoids.10,23 One type of fish requires inclusion of specific 
oxygenated derivatives in diet as it is unable to perform the oxidation 
of ionone and the another type of fish such as gold fish or the fancy 
red carp are capable of oxidation of 4 and 4´ positions of ionone ring 
and hence have the potentiality of conversion of zeaxanthin and lutein 
to astaxanthin.10,35

Enhancement of fish pigmentation
Significant work has been done on pigmentation of many 

commercial fish species using carotenoids. In this respect, Mircoalgae 
such as Chlorella vulgaris is as effective as its synthetic counterpart 
in pigmentation of two most important ornamental fish species, 
Cyprinus carpio & Carassius auratus.36 Enhancement of pigmentation 
was observed in Xiphophorus helleri when fed with formulated feed 
containing  Calendula officinalis  concluding that this lutein can be 
used as pigmenting source are some examples.37

Natural sources of carotenoids
Animals are incapable of biosynthesizing carotenoids, so diet is 

their sole source as only plants, bacteria, fungi and algae have the 
capacity for its synthesis.38 However certain synthetic carotenoids 
are being developed for commercial utilization. However synthetic 
carotenoids have several limitations, firstly, synthetic processes have 
only specific carotenoids such as beta carotene; moreover they involve 
petrochemical solvents as well as complex organic solvents causing 
residual problems. Additionally synthetic carotenoids are costly to be 
used in many aqua feeds. Contrary to it natural sources contain varieties 
of carotenoids such as astaxanthin, alpha carotene, beta carotene, 
zeaxanthin etc. Specific plants such as paprika (Capsicum annuum) 
only contain Red xanthophylls (capsanthin, capsorubin) possessing 
pigmentation efficiency of canthaxanthin nearly half to a third.39-41 
Phaffia rhodozyma a microorganism contain around 85% astaxanthin 
have much significance as pigmenting source in commercial 
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Abstract

In recent decades aquariculture has emerged as a globally growing million dollar industry 
comprising cultivation of various freshwater and marine species of finfish as well as 
shellfish. Pigmentation is one of the major quality attributes of the aquarium fish for market 
acceptability. Carotenoids are responsible for pigmentation of muscle in food fish and skin 
color in ornamental fish. Like all other animals fishes are unable of de novo synthesis of 
carotenoids and rely on diet for fulfillment of carotenoids. Properly formulated feed is 
the major backbone of successful culture of ornamental fish in confined environment. In 
this review paper an attempt has been made to prioritize the importance of carotenoids in 
aquariculture.
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aquariculture.2,42 Diet comprising of 1.5-2% carotenoids enriched 
strain of  Spirulina platensis  with  Haematococcus pluvialis  for a 
duration of three weeks significantly improves colour intensity in 
swordtail (Xiphorus helleri), topaz cichlids (Cichlasoma myrnae) and 
rainbow fish (Pseudomugil furcatus).43

Conclusion and recommendations
Detailed study on ornamental fish nutrition and colour enrichment 

is lacking. The above study depicts that carotenoids are indispensible 
part of commercial ornamental fish industry. Owing to the adverse 
effects of synthetic carotenoids on aquatic environment, natural plant 
sources can be harnessed and incorporated in formulated feeds for 
colour retention or enhancement in captive environment. It will create 
avenues for promotion of the ornamental fish industry as well as 
colour enhancer feed industry and employment generation.
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