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Accumulation of astaxanthin and canthaxanthin in muscle tissues of Rainbow trout 
(Oncorhynchus mykiss W.) fed with xanthophyll supplemented feed

M. Tzanova*
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(Manuscript received 17 November 2016; accepted for publication 13 February 2017)

Abstract. In this study the rate of accumulation of both main pigments in Salmonidae - astaxanthin (AX) and canthaxanthin (CX) in different muscle tissues of 
Rainbow trout (Oncorhynchus mykiss W.) and their distribution in flesh and heart was researched.  Experimental fish were reared 100 days in two tanks as two 

-1 -1parallel experimental groups and fed with market feed, containing 40 mg.kg  AX and 25 mg.kg  CX.  The diet was according to the manufacturer's 
recommendations, which are consistent with fish size and water temperature.  The accumulated pigment quantities in the muscle tissues, were measured 
every twenty days by high performance liquid chromatography with photodiode array detection after selective xanthophyll extraction.  The highest rates of AX 

th th -1and CX deposition were recorded on the 60  and 80  day.  The average contents of AX and CX were at the end of the trial 1.943 ± 0.167 mg.kg  and 0.807 ± 
-1 -1 -10.021 mg.kg  in skeletal muscle and 0.683 ±0.055 mg.kg  and 0.280 ±0.017 mg.kg  in cardio muscle, respectively.

Keywords: Salmonidae, Astaxanthin, Canthaxanthin, Flesh, Heart, HPLC-PDA

Abbreviations: AX – astaxanthin, CX – canthaxanthin, HPLC – high performance liquid chromatography, PDA – photodiode array detection, SD – standard 
deviation
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Introduction demand for Salmon trout on the market is huge. However, salmonids 
are not able to synthesize carotenoids de novo, but these species 
are able to absorb carotenoids from their diet. The pigments Global fish production has grown steadily in the last five 
accumulated in largest quantities are astaxanthin and decades, with food fish supply increasing at an average annual rate 
canthaxanthin. A combination of both pigments in the diet gives a of 3.2 percent, outpacing world population growth at 1.6 percent 
higher total carotenoid deposition in the flesh than either one alone.(FAO, 2014). Of the 66.6 million tons of farmed food fish produced in 

In 1994 Meyers (1994) reviewed the factors affecting 2012, two-thirds (44.2 million tons) were finfish species grown from 
carotenoid absorption in fish.  Among them are pigment source, form inland aquaculture. Aquaculture has also been promoted in view of 
and concentration, diet composition, especially fat content, fish size, the fact that it provides consumers with safe, nutritious and high 
physiological state and stage of sexual maturation, and genetic quality food products (Staykov et al., 2013).  High quality 
background. Astaxanthin absorption also depends on the aquaculture products must fulfill several requirements well 
concentration used and whether it is provided in its free form or as appreciated by consumers, including the adequate color, which is 
diester. The effects of abiotic factors, i.e. temperature and salinity among the most important fish quality parameters on the market 
have also been examined in studies involving immature and mature (García-Chavarría and Lara-Flores, 2013). Color is the first 
salmonids.characteristic perceived and is the determinant selection criterion, 

The fish muscle tissues are responsible for the largest body directly related to the subsequent acceptance or rejection.  
pool of this carotenoid (Bjerkeng, 2000). The specific pink flesh color Pigments are responsible for the wide spectrum of colors in fish 
provided mostly by astaxanthin has always been associated with which is an essential prerequisite for quality as they fetch higher 
salmonids and has distinguished salmonids from other fish species.price on the commercial market. 

The aim of this paper was to study the rate of accumulation and Carotenoids are the most widespread and important pigment 
distribution of the two main pigments - astaxanthin and classes in living organisms.
canthaxanthin in different muscle tissues of the most common As for animals, 
freshwater reared fish in Europe, including Bulgaria, Rainbow trout including fish, carotenoids
(Oncorhynchus mykiss W.) fed with xanthophyll supplemented feed.Maoka, 2011). Xanthophyll-

supplemented diet of salmonids is recommended for prevention of 
reproductive syndrome M74 (Atanasov et al., 2015). In the 

Material and methodsaquaculture industry, carotenoids have been included in diets of 
salmonids and other farmed fish mainly as pigments to provide a 
desirable coloration to these cultured organisms. Consumers found Study area 
better organoleptic qualities of the flesh from these fish and the This study is part of a greater experiment of research of 

 Besides the coloration properties, 
carotenoids have major biological functions. 

 are not essential in nutritional sense but 
they are useful for their health (

77

* e-mail: milenatzanova@hotmail.com



78

deposition of xanthophills in different tissues of Rainbow trout Supply water quality
(Oncorhynchus mykiss W.) males and females in different The supply water for the farm facilities was from the upper-
physiological states. The experimental fish was reared in a middle stream of Tundzha River. During the experimental period 
Bulgarian fish farm, situated near Tundzha River and Sredna gora water quality met the requirements of the Bulgarian standard for fish 

3 farm (Regulation 44/ 20.04.2006). The data from the self-monitoring Mountain, south central part of the country, in 20 m  concrete pools, 
in the fish farm for the two key quality indices (temperature and under ambient conditions suitable for the normal growth of these 
dissolved oxygen) are presented in Table 1.species.

Table 1. Water quality by the self-monitoring of the fish farm (Mean ± SD)

*According to Regulation 44/ 2006 (for cold water)

Temperature, °С
-1Dissolved oxygen, mg.l

not more than 20

not less than 9.0

14.6 ± 3.1

10.4 ± 0.4

16.0 ± 2.1

  9.9 ± 0.3

18.5 ± 1.4

9.2 ± 0.2

17.6 ± 1.8

9.5 ± 0.3

Monitoring period
Optimal*

Fish and feeding of methanol HPLC grade. The methanol extracts were stored 
The experimental fish were 36 months old males and females overnight at -12°C prior to the HPLC analysis. A small quantity of 

with body weight of 829 ± 52 g at the beginning of the experiment.  each extract was transferred into a cupped vial and placed in the 
The fish species were reared 100 days from August to November HPLC system autosampler.
2015 in two tanks as two parallel experimental groups, each of them The content of AX and CX in skeletal and cardio muscle tissues 
comprising 20 specimens. The fish diet contained guaranteed of rainbow trout Oncorhynchus mykiss reared in a Bulgarian fish 

-1 -quantities of both xanthophills: 40 mg.kg  astaxanthin and 25 mg.kg farm was measured by HPLC-PDA method, developed by Tzanova 
1 et al (2016).  Analytical HPLC was performed with a C-18 column  canthaxanthin delivered by “Aqua Garant”, Austria, a certificated 

Hypersil Gold (5µm; 150 mm x 4.6 mm) on a Thermo system European producer. It was chosen because of the following 
composed of a Surveyor LC Pump Plus, Surveyor Plus, and advantages: extruded and slowly sinking; high content of fish meal, 
Surveyor photodiode array detector PDA Plus. The mobile phase animal proteins and fish oil of great quality; high digestibility; low 
methanol:water (97:3 v/v) was filtered through a 0.45 μm membrane water pollution and no content of GMOs, according to Regulation 
and degased before use. Under isocratic conditions, the analysis (EC) 1829/2003. The used raw materials for its production are: fish 

-1
meal, animal proteins, fish oil, sunflower concentrate, colza oil, was carried out at a flow rate of 1.0 ml.min  at room temperature for 6 
wheat, wheat meal, hemoglobin powder and rapeseed expeller. The min run time. Chromatograms were recorded at 474 nm with a 
diet was according to the manufacturer's recommendations, which photodiode-array detection system.
are consistent with the size of the fish and the water temperature. The reference materials astaxanthin (min 97%, HPLC) from 

®The fish were fed three times daily, and the average feed ratio was Haematococcus pluvailis and canthaxanthin OEKANAL  (min 97%, 
1.0 kg per 100 kg fish. HPLC), were purchased from Sigma-Aldrich (St. Louis, MO and 

Seelze, Germany, respectively).  All solvents – methanol and 
®Sampling chloroform CHROMASOLV  HPLC grade, ethanol p.a., n-hexane 

Three fishes were sampled from each experimental groups at p.a., i-propanol p.a. were also delivered from Sigma-Aldrich.  
-1the beginning of the trial and every twentieth day of the experiment Deionized water (σ ≤ 0.4 µS.cm ) was used thoroughly.

period. From each fish skeletal and cardio muscle tissue was Stock solutions of AX and CX were prepared by dissolving 2.5 
extracted and the prepared samples were immediately frozen and mg of each pigment (weighed to the nearest of ± 0.1 mg) in 25 ml 
stored for a maximum of 14 days at -12°C prior to the analyses. 
Xanthophyll extraction was prepared according to the method 
developed by Schweigert (2009). 

Xanthophyll quantification 
The samples were thawed at room temperature, 2.0 – 2.5 g 

were weighed to the nearest ± 0.0001 g, and homogenized with 
3 3mechanical tissue homogenizer in 4 cm  1N urea and 10 cm  of a 

mixture of ethanol-i-propanol-n-hexane (1:2:6 v/v/v) for 3 min in ice 
obath.  The homogenized samples were centrifuged for 2 min at 4 C 

at 600 g. The suspended samples were vortexed for 30 s with the 
solvent mix and centrifuged at the same conditions.  This procedure 
was repeated. The extraction step is crucial for the analysis of these 
compounds because they are light and oxygen sensitive. The 
extraction procedure was carried out as quickly as possible in a dark 
room to minimize xanthophyll exposure to air and sunlight and to 
avoid compromising the experimental results.

The solvents were removed from the collected supernatants by 
3rotary evaporator at 40°C and the dry residue was dissolved in 2 cm  

Figure 1. Typical chromatogram of standard solution 
-1 -1containing 1 mg.l  AX and 1 mg.l  CX The results in mg.kg  

-1were calculated by the formula: Xanthophylls, mg.kg  = 
-1 -1Xanthophylls, mg.l *V*M , where: V is the volume of the 

3methanol solution in cm  and M is the mass of the sample 
in g.
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chloroform (HPLC grade) and stored in dark at –12°C.  The standard Windows.  All analytical determinations were performed in triplicate 
solutions used for the calibration were obtained by diluting the stock and the mean values ± standard deviation (SD) were reported. All 
solutions in methanol yielding a final concentration of 0.10; 1.00; data were statistically compared by one-way variance analysis 

-12.00; 4.0 and 10.00 mg.l ) of both, AX and CX.  Each of the (ANOVA).  The significant level was set as P ≤ 0.05.
calibration standards was run triplicate.  The correlation coefficients 

2(r ) obtained for the regression lines were calculated: 0.9995 for AX 
and 0.9997 for CX demonstrated an excellent relationship between Results and discussion
peak area and concentration according to the International 
Conference on Harmonization (ICH) guidelines.  Typical Typical chromatograms of sample solutions (row data of the 
chromatogram of standard solution is illustrated in Figure 1 (the quantity measurement by HPLC) are illustrated in Figure 2.  Each of 
retention times were approximately 2.7 min for AX and 4.2 min for the chromatograms clearly shows the presence of two well 
CX). separated peaks at 2.7 and 4.2 min.  This sufficiently proves the 

Statistical analysis existence of the two pigments in the tested samples.
The statistical analyses were performed using Statistica 6 for 

Figure 2. Typical chromatograms of sample solutions of (A) and (B) - skeletal and cardio muscle at the beginning of 
the experiment, respectively; (C) and (D) - skeletal and cardio muscle at the end of the experiment, respectively
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The content of astaxanthin and canthaxanthin in skeletal The average contents of AX and CX were at the beginning 
-1 -1muscle of Oncorhynchus mykiss is presented in Table 2. 0.202 ± 0.014 mg.kg  and 0.037 ± 0.006 mg.kg  in skeletal and 

Table 2. Content of astaxanthin and canthaxanthin in skeletal muscle of Oncorhynchus mykiss (Significance level, P ≤ 0.05,

n = 3)

Day
Group 1 

Mean ± SD
Group 1 

Mean ± SD
Group 2 

Mean ± SD
Group 2 

Mean ± SD
Average 1 & 2 

Mean ± SD
Average 1 & 2 

Mean ± SD

1

20

40

60

80

100

0.206 ± 0.016

0.263 ± 0.014

0.318 ± 0.022

0.750 ± 0.123

1.585 ± 0.173

1.906 ± 0.170

0.039 ± 0.005

0.074 ± 0.011

0.111 ± 0.012

0.240 ± 0.015

0.742 ± 0.061

0.815 ± 0.018

0.035 ± 0.007

0.075 ± 0.009

0.120 ± 0.017

0.232 ± 0.012

0.766 ± 0.097

0.799 ± 0.025

0.037 ± 0.006

0.075 ± 0.009

0.115 ± 0.014

0.236 ± 0.013

0.754 ± 0.074

0.807 ± 0.021

0.197 ± 0.013

0.259 ± 0.016

0.319 ± 0.018

0.747 ± 0.150

1.716 ± 0.090

1.981 ± 0.190

0.202 ± 0.014

0.261 ± 0.013

0.319 ± 0.018

0.748 ± 0.124

1.650 ± 0.143

1.943 ± 0.167

-1 Astaxanthin, mg.kg -1 Canthaxanthin, mg.kg
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-1 -1 in the flesh. Presently, on the market feed supplemented with 0.254 ± 0.031 mg.kg  and 0.047 ± 0.009 mg.kg  in cardio muscle, 
-1 astaxanthin and canthaxanthin is available, because a combination respectively and at the end of the trial 1.943 ± 0.167 mg.kg  and 

-1 -1 of the two pigments in the diet gives a higher total carotenoid 0.807 ± 0.021 mg.kg  in skeletal muscle and 0.683 ± 0.055 mg.kg  
-1 deposition in the flesh than either one alone. The quantities of these and 0.280 ±0.017 mg.kg  in cardio muscle, respectively (Tables 2 

pigments are guaranteed and they are in a form protected from and 3).
sunlight and oxidation. To achieve the desired effect of reddish flesh, Data from similar xanthophyll-supplemented diet tests with 
the producer recommends a diet period of 4 - 6 weeks. Economically other fish species were reported: Garner et al. (2010) carried out a 
this period is reasonable.carotenoids-supplemented diet trial with female Chinook salmon 

The obtained results correspond to those reported by Torrisson Oncorhynchus tshawytscha and the established carotenoids were 
et al. (1995) and Garner et al. (2010). Comparative results of stored primarily in the muscle early in the breeding season, with a 

−1 accumulation of AX and CX in the skeletal and cardio muscle tissues concentration of 9.9 μg g  in fish fed a high carotenoid diet compared 
−1 of rainbow trout Oncorhynchus mykiss) are presented in Figure 3.with 1.9 μg g  in fish fed a low carotenoid diet. Torrisson et al. (1995) 

Astaxanthin accumulations in salmonid in different muscle have studied the deposition of astaxanthin in flesh of Atlantic salmon 
tissues at every stage of the experimental period are larger than (Salmo salar L) in relation to dietary carotenoid levels in the 0 – 200 

−1 those of canthaxanthin. They conform to the statement by Foss et al. mg kg  range and feeding times of 3 – 21 months. The determined 
−1 (1987) and Torrissen (1989) that astaxanthin is deposited in the flesh amount of astaxanthin in the flesh ranged from 0.7 to 8.9 mg kg  at 

of rainbow trout Oncorhynchus mykiss more effectively than the termination of the experiment. The recommendation made is, 
canthaxanthin. Foss et al. (1987) explained this by the better ability Atlantic salmon should be fed astaxanthin-supplemented diets 
of the muscle actomyosin to bind astaxanthin, and the higher during the whole seawater stage in order to obtain maximal AX level 

Table 3. Content of astaxanthin and canthaxanthin in cardio muscle of Oncorhynchus mykiss (Significance level, P ≤ 0.05,

n = 3)

Day
Group 1 

Mean ± SD
Group 1 

Mean ± SD
Group 2 

Mean ± SD
Group 2 

Mean ± SD
Average 1 & 2 

Mean ± SD
Average 1 & 2 

Mean ± SD

1

20

40

60

80

100

0.262 ± 0.021

0.353 ± 0.019

0.398 ± 0.010

0.501 ± 0.008

0.515 ± 0.047

0.694 ± 0.072

0.044 ± 0.009

0.063 ± 0.005

0.088 ± 0.003

0.138 ± 0.017

0.190± 0.017

0.273± 0.013

0.050 ± 0.009

0.068 ± 0.008

0.089 ± 0.014

0.145 ± 0.022

0.188± 0.009

0.286± 0.018

0.047 ±0.009

0.066 ± 0.007

0.088 ± 0.009

0.141 ± 0.018

0.189 ± 0.012

0.280 ± 0.017

0.246 ± 0.042

0.338 ± 0.027

0.409 ± 0.021

0.509 ± 0.019

0.508 ± 0.018

0.672 ± 0.046

0.254 ± 0.031

0.346 ± 0.022

0.404 ± 0.016

0.505 ± 0.014

0.512 ± 0.033

0.683 ± 0.055

-1 Astaxanthin, mg.kg -1 Canthaxanthin, mg.kg

2.0

1.5

1.0

0.5

1 20 40 60 80 100

Ax Flesh

Cx Flesh

Ax Heart

Cx Heart

Accumulation of Ax and Cx in muscle tissues of rainbow trout
Wilks lambda = 00025, F(20, 90.499) = 50.871, p = 0.0000

Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

0.0

Day

-1
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Figure 3. Accumulation of astaxanthin and canthaxanthin in the skeletal and 
cardio muscle tissues of rainbow trout Oncorhynchus mykiss
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metabolic turnover of canthaxanthin. concentration levels have been almost reached (Table 4). The 
- thThe total xanthophyll content in the cardio muscle (0.301 mg.kg experiment was terminated on the 100  day, because the sexual 

1 maturation/spawning migration period started shortly thereafter.  ) of salmonid was greater than that in the skeletal muscle (0.239 
-1 Garner et al. (2010) and Rajasingh et al. (2006) explain the mg.kg ) at the beginning of the trial (Figure 4). The obtained results 

dynamics of asthaxanthin in the different organs of fish including correspond to the higher cell concentration per volume of cardiac 
th salmonids by thei r  metabol ism: dur ing the sexual  muscle tissue. This trend continues until the 40  day from the 

maturation/spawning migration the astaxanthin is redistributed from beginning of the trial. After that the accumulation of the determined 
the muscle to the skin and gonads. pigments in the skeletal muscle was ahead of this in the cardio 

muscle towards the end of the experimental period: in the cardio 
muscle the measured total xanthophyll concentration was 0.792 

-1 -1 thmg.kg  against 2.750 mg.kg  in the skeletal muscle. After the 40  Conclusion
day, the xanthophyll concentration level continued to increase in the 
two muscle tissues, but the accumulation rate in the skeletal muscle In this study for the first time in Bulgaria the rate of accumulation 
was greater than that in the cardio muscle. The measured deposited of the two main pigments in Salmonidae - astaxanthin and 
quantities of astaxanthin and canthaxanthin in the two muscle canthaxanthin in muscle tissues of rainbow trout Oncorhynchus 
tissues showed high significance, P<0.001. mykiss (Walbaum) and their distribution in flesh and heart was 

Compared to accumulation of AX and CX in the cardio muscle researched. The highest rates of xanthophyll deposition were 
th th thtissues, this deposition in the skeletal muscle tissues after the 40  recorded on 60  and 80  day. The xanthophyll accumulation after the 

-1 thday increased abruptly, from 0.319 ± 0.018 mg.kg  to 0.748 ± 0.124 80  day in the skeletal muscle kept going, but not so intensively, 
-1 -1 -1mg.kg  for AX and 0.236 ± 0.013 mg.kg  to 0.236 ± 0.013 mg.kg  for probably the maximum concentration levels have been almost 

CX. reached. A period of 4 - 6 weeks, recommended by the producer, 
Astaxanthin and canthaxanthin concentration levels in flesh was not sufficient to accumulate the maximum xanthophyll amount 

th thwere doubled once again after the 60  day and reached at the 80  in the muscle tissues and the accumulation continues after this 
-1 -1day 1.650 ± 0.143 mg.kg  and 0.754 ± 0.074 mg.kg , respectively. period.

These pigment quantities in the heart remained almost equal, ca 
-1 -10.50- 0.68 mg.kg  for AX and 0.15- 0.28 mg.kg  for CX, as if the 

saturation of the cardio muscle tissue was achieved.  Information Acknowledgments
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