
jfferentiation of Wild Salmon, Conventionally and Organically Farmed Salmon 

mary 
differentiation between wild salmon, conventionally and organically 

med salmon was tried by analysing the ratio of the configurational 
mers of astaxanthin in salmon flesh. In the present study the HPLC 

ethod based on the separation of the configurational isomers of un
derivatized astaxanthin on a chiral stationary phase. In addition, we 
analysed the astaxanthin and canthaxanthin contents of the salmon 
samples with reversed-phase HPLC. Both methods were applied to 
fresh, smoked, graved and deep frozen salmon products offered on the 
German market. 
All studied conventionally farmed salmons were found to be fed with 
synthetic astaxanthin and frequently with canthaxanthin. The diet for 
the organic salmon farmed in lreland in accordance with the standards 
of the Naturland Association contained the yeast Xanthophyllomyces 
dendrorhous. These fishes could be easily distinguished from conven
tionally farmed salmon and from wild salmon. However organic salmon 
from Scotland, farmed according to the standards of the Soil Associa

. tion, were fed with shrimp shells. With shrimp shells one achieves a 
" similar astaxanthin profile as with synthetic astaxanthin. 

Zusammenfassung 
Für die Unterscheidung von Wildlachsen, konventionell gefarmten 
Lachsen und Ökolachsen wurde die Bestimmung des Astaxanthin
Stereoisomerenmusters im Lachsfleisch vorgenommen. In der vorlie
genden Studie erfolgte die Trennung der Astaxanthin-lsomere auf einer 
chiralen Phase. Darüber hinaus wurden die Gehalte an Astaxanthin und 
Canthaxanthin in den Lachsproben mittels Reversed-phase HPLC be
stimmt. Beide Methoden wurden bei frischen, geräucherten, nach gra
ved-Art hergestellten und tiefgefrorenen Lachsprodukten des deut
schen Marktes angewendet. 
In den konventionell gefarmten Zuchtlachsen war ausschließlich syn
thetisches Astaxanthin und oft auch Canthaxanthin nachweisbar. Das 
Futter der von Naturland zertifizierten irischen Ökolachse enthielt offen
sichtlich die Hefe Xanthophyllomyces dendrorhous als Pigmentquelle. 
Dieser Ökolachs war aufgrund seines lsomerenverhältnisses eindeutig 
von Wildlachs und konventionell gefarmten Lachs zu unterscheiden. 
Ökolachse, die in Schottland nach den Standards der SOil Association 
aufgezogen wurden, waren mit Garnelenschrot gefüttert worden. Das 
Astaxanthin-lsomerenmuster dieser nur blass-roten Lachse entsprach 
dem des synthetischen Astaxanthins, so dass eine Unterscheidung die
ser Ökolachse von konventionell gefarmten Lachse nicht möglich war. 

Keywords: Astaxanthin, canthaxanthin, reversed-phase HPLC, astaxan
thin isomers, chiral HPLC, wild salmon, conventionally farmed salmon, 
organically farmed salmon J Astaxanthin, Canthaxanthin, Umkehr
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1 Introduction 

Since 1985, European salmon production has clearly in
creased which resulted in a decrease in farmed salmon 
prices. Limited quantities of certified organic salmon have 
been marketed in Germany. Organic salmon is currently 
produced in Ireland, Scotland and Norway. Organically 
farmed and wild-caught salmon are much more expensive 
than conventionally farmed salmon. To protect the con
sumer against misleading and deception a method is neces
sary which can distinguish between wild salmon, conven
tionally and organically farmed salmon products. 
The characteristic red to pink colour of salmon flesh is due 
to the presence of carotenoids. Carotenoids are a group of 
natural fat-soluble pigments which are produced in bacte
ria, algae, yeasts, moulds and higher plants. Fish like other 
animals are unable to synthesize endogenously carotenoids; 
however, they can absorb these pigments from their diet 
and deposit in their body. Astaxanthin is the main 
carotenoid found in the flesh of wild Atlantic (Salmo salar) 
and Pacific salmon (Oncorhynchus spp.)1- 3). 

The consumer normally expects the flesh colour of farmed 
salmon to be similar to that of free-living salmon. Therefore 
the feed of farmed salmon is fortified with carotenoids. Ac
cording to the Council Directive 70/524/EEC on additives 
in feedingstuffs the use of astaxanthin and canthaxanthin 
as colouring agents in salmon feed is permitted up to a 
maximum level from the age of 6 months onwards. Today 
astaxanthin is the preferred pigment added to salmon feed, 
although canthaxanthin is also used to some extent. Asta
xanthin and canthaxanthin are present in nature, but they 
can also be produced by chemical synthesis ( Carophyll 
Pink®, Carophyll Red®). These synthetic forms are com
monly used in conventional fish farms2'4). 

The first certified organic salmon are farmed at the Irish 
Clare Island Seafarm in accordance with the standards of 
Naturland. The standards for organic aquaculture (eg. 
IFOAM5), Naturland6), Soil Association7), KRAV8), Debio9)) 

lay down that the fish feed shall consist of organically pro
duced products and fishmeal/-oil deriving from the by
products of wild-caught fish for human consumption. Syn
thetic additives like dyestuffs are not permitted. Colourings 
shall have a natural origin. Shrimp shells and the red yeast 
Xanthophyllomyces dendrorhous (formerly Phaffia rhodo-
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fig.1 Configurational isomers of a//-trans-astaxanthin 

zyma) for example are permitted feed additives as source of 
dyestuff for organic salmon farming. 
The astaxanthin molecule has two chiral centers located at 
C-3 and C-3' position and occurs as a mixture of three con
figurational isomers: two enantiomers (3R,3'R) and (3S,3'S) 
and a meso form (3R,3'S) (Figure 1). Synthetic astaxanthin 
contains the (3R,3'R), (3R,3'S) and (3S,3'S) isomers in the 
ratio 1 : 2: 1. The yeast Xanthophyllomyces dendrorhous is 
able to biosynthesize astaxanthin as its principal pigment 
with the configuration (3R,3'R). A study by the U.S. Food 
and Drug Administration showed that the (3S,3'S) isomer is 
the main form found in wild Pacific and Atlantic salmon 
species. The free-living salmons only contain small portions 
of the meso form4•10l. Feeding studies with Atlantic salmon 
have shown that salmon are unable to modify the chemical 
configuration of the astaxanthin molecule. Consequently, 
the relative ratios of the configurational isomers of astaxan
thin in the fish flesh correspond with the isomer distribu
tion in their diet11 l. 

For the differentiation between wild salmon, convention
ally and organically farmed salmon, it is necessary to 
analyse the ratio of the configurational isomers of astaxan
thin in the salmon flesh. The published methods for the de
termination of the configurational isomer distribution are 
based on the diastereomeric resolution of astaxanthin de
rivatives by normal phase HPLC ( developed by Vecchi & 
Müller121) or on the direct chromatographic resolution of 
the isomers on a chiral stationary phase by HPLC10·13- 16l. 

There have been already some reports on the differentiation 
of wild and farmed salmon10·17-19l and about the deposition 
of astaxanthin isomers in salmon fed different sources of 
pigment20,21J. 

In the present study the HPLC method based on the separa
tion of the configurational isomers of underivatized asta-
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and Norway. The organically farm 
salmon (OFS 1-2) (Salmo salar) was 
rived from the Irish Clare Island 
farm, certified by Naturland, and fro 

Scottish fish farm (OFS 3), certified by the SOIL Assoc 
tion. All farmed fishes were purchased as gutted a 
washed fresh wet fish on ice. Mostly 10 to 20 individu 
were obtained from the same location. Only the deskinne 
fillets from all salmons were used for the determination 
carotenoids. The samples were stored frozen at -40 °C un 
analyzed in the laboratory. 
The smoked, graved or deep-frozen salmon products we 
bought as family packages (50 to 250 g) in retail sho 
They were produced of wild ( Oncorhynchus spp. a 
Salmo salar), conventionally and organically farm 
salmon (Salmo salar). 

2.2 Reagents and Standards 
Solvents 
The solvents used in sample extraction and chromatogr 
phy were of HPLC gradient grade like acetone, methano 
water and dichloromethane (Mall. Baker, Griesheim, Ge 
many), of high purity like ethanol absolute (Merck, Dar 
stadt, Germany) and diethyl ether (Roth, Karlsruhe, Ge 
many) or of nanograde quality like n-hexane and ethyl a 
etate (Mallinckrodt). 

Chemicals 
Sodium chloride, 2,6-di-tert.-butyl-4-methylphenol (BHT 
(Merck) and silica gel (for flash chromatography, averag 
particle size 40 µm) (Mall. Baker) were of pro analysis 
grade. The silica gel was heated overnight at 110 °C ancl 
then stored in a desiccator before use. 

Standards 
Synthetic astaxanthin (97-103 %, Acros Organics, Geef, 
Belgium) and canthaxanthin (94.5 %, Dr. Ehrenstorfer; 

Augsburg, Germany) were available commercially. 
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e stock standard solutions were prepared by dissolving 
out 3 mg astaxanthin or canthaxanthin and 100 mg BHT 
10 ml dichloromethane and stored at +4 °C. 
1 ml of the stock solution was transferred into a 10 ml 

olumetric flask, mixed with 0.4 ml dichloromethane and 
de up to volume with n-hexane (astaxanthin) or petrol
er (canthaxanthin). The absorption of these solutions 

as measured immediately after preparation by spec
rophotometry at the absorption maximum (approx. 472 nm 

for astaxanthin and 466 nm for canthaxanthin). 
The content of the solutions was calculated according to 
rhe following equation using an extinction coefficient Ei7~ 
of 2100 for astaxanthin and 2200 for canthaxanthin: 

C [µg/ml] = Absorption x 10000 I Ei7~ 

Dilutions of a mixture of both carotenoids were made in 
the mobile phase for HPLC. 
The yeast Xanthophyllomyces dendrorhous was cultured 
according to the method developed by Johnson and Lewis22 ) 

though the standard medium contained glucose instead of 
cerelose. The culture was stirred and gased with air vigor
ously for 72 h at 20 °C. Then the yeast was harvested by 
centrifuging and frozen at -24 °C until analysis. The 

/.carotenoids of the yeast were extracted in the same manner 
like those of fish (see below). 

2.3 Equipment 
The chiral HPLC system consisted of an LDC-analytical 
pump CM 4000, a ThermoFinnigan photodiode array de
tector (Model UV6000LP) and a Rheodyne sample injector, 
equipped with a 20 µl loop. The 5 µm Sumichiral OA-2000 
column (250 x 4.6 mm i.d.) (supplied from Varian, Darm
stadt, Germany) was preceded by a Valco precolumn screen 
filter (Supelco, Taufkirchen, Germany). Data acquisition 
and processing of the HPLC system was carried out with 
the ThermoFinnigan ChromQuest data system (Thermo

Finnigan, Egelsbach, Germany). 
The HPLC system for the reversed-phase chromatography 
consisted of a Beckman pump (Model 126), a Beckman pro
grammable UV NIS detector and a Rheodyne sample injector, 
equipped with a 100 µl loop. The 5 µm Nucleosil 100-5-C18 
column (250 x 4 mm i.d.) was preceded by a guard column 
(10 x 4 mm i.d.) filled with the same material (Macherey

Nagel, Düren, Germany) and by a Valco precolumn screen 
filter. Data acquisition and processing of this HPLC system 
was carried out with the Beckman System Gold data system 
(Beckman Instruments, München, Germany). 
Other apparatus included a high speed homogenizer (Ultra
Turrax, ]anke & Kunkel, Staufen, Germany), a centrifuge, 
a rotary evaporator and a vacuum-manifold for solid-phase 
extraction (SPE) besides the normal laboratory equipment. 
For the SPE we used empty glass columns (8 ml) and PTFE
frits (Merck). 

To avoid contamination from the containers only glass 
vessels were used. 

Deutsche Lebensmittel-Rundschau 1 100. Jahrgang, Heft 11, 2004 

2.4 Sample Preparation 
Carotenoids are sensitive to light, heat and oxygen, therefore 
different precautions were taken to protect them. All proce
dures were performed in a darkened room under yellow 
lighting at room temperature. In addition, we only used glass
ware in this assay which was rinsed with acetone before use. 
Frozen salmons were thawed in a 20 °C water bath. The 
thawed or fresh salmons were filleted and skinned. The de
skinned fillets and all salmon products were homogenized 
in a food processor ( e.g. Moulinette). 

Extraction (Modification of the method evolved by 
Metusalach et al.23 )) 

Approximately 10 g of fish homogenate were accurately 
weighed into an 80 ml centrifuge tube. After addition of 
40 ml acetone, containing 0.05 % (w/v) BHT as an antioxi
dant, the sample was homogenized for 1 min by means of 
an Ultra-Turrax. During homogenizing the tube was cooled 
in an ice-bath. The homogenate was subsequently cen
trifuged for 7 min at 4000 rpm. Each sample was extracted 
with two further 40 ml aliquots of the acetonic BHT solu
tion. The acetone extracts were combined in a separatory 
funnel. Forty ml n-hexane, 100 ml water and 0.5 g sodium 
chloride were added and mixed by careful shaking. The 
lower acetone-water phase was drained and discarded. The 
upper phase was transferred to a sealable measuring cylin
der and diluted with n-hexane to 50 ml. 

Silica gel column clean-up (Modification of the method 
evolved by Sheehan et al. 24)) 

1 g of the activated silica gel was filled dry in a glass column 
for solid phase extraction and contained between two PTFE
frits. The column was conditioned with 8 ml n-hexane. An 
aliquot (4 ml) of the sample extract was evaporated at 35 °C 
under vacuum with a rotary evaporator just to dryness. The 
residue was redissolved in 4 ml n-hexane and applied to the 
column. After rinsing with 8 ml n-hexane and 8 ml n
hexane: diethyl ether (70: 30, v/v), the carotenoid contain
ing fraction was eluted with 4 ml methanol in a 10 ml pear
shaped flask, containing 1 ml of the acetonic BHT solution. 
The solvent was removed at 35 °C under vacuum using a ro
tary evaporator (always ventilation with nitrogen!). 

Chiral HPLC (according to Sanderson et al.14)) 

For the separation of the astaxanthin isomers in the fish 
samples the residue was dissolved in 0.2:...1 ml of the mobile 
phase for the chiral HPLC. Aliquots of 20 µl were injected 
onto the Sumichiral OA-2000 column. The column was 
eluted isocratically with n-hexane: dichloromethane: 
ethanol (24+58+0.3, v/v/v) at a flow rate of 1 ml/min at 
20 °C. After preparation the mobile phase was gently purged 
for 5 min with ultrahigh purity helium. The detection was 
performed at a wavelength of 4 7 4 nm ("-max of astaxanthin). 
Integration was clone by peak area and peak height. The 
peaks were identified by comparison of the retention times 
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Fish homogenate (10 g) 

Extraction of the carotenoids with acetone 

Clean-up on a silica gel cartridge 

carotenoids completely from the fi 
sample. Saponification was not reco 
mended as the interesting caroteno· 
occur in the muscle tissue of salmo 
only in an unesterified form26• T 
carotenoids were subsequently tran 
ferred to n-hexane by the addition 9 

water. The purification of the n-hexan 

Chiral HPLC for separation of 
astaxanthin isomers 

Reversed-phase HPLC for quantification 
of antaxanthin and canthaxanthin 

phase by solid-phase extraction on sili 
gel was necessary for removing partic 
larly less polar lipid compounds. T 
residue of the purified extract was f 
nally dissolved in the eluent for the eh· 

Fig. 2 Scheme for purification and determination of carotenoid in salmon products 

with those of the synthetic astaxanthin standard and the as
taxanthin isolated of the Xanthophyllomyces yeast. 

Reversed-phase HPLC (according to Sheehan et al.24l) 

For the quantitative determination of the astaxanthin and 
canthaxanthin content of the fish samples the residue was 
redissolved in 1 to 4 ml of the mobile phase for reversed
phase chromatography. HPLC was carried out by injecting 
100 µl of the sample extract onto the Nucleosil-C18 col
umn. The column was eluted isocratically with ethyl 
acetate : methanol: water (20 + 72 + 8) at a flow rate of 
1 ml/min at room temperature. After preparation the mo
bile phase was degassed by purging with helium. The detec
tion wavelength for astaxanthin and canthaxanthin was 
476 nm. Integration was clone by peak area and quantifica
tion was achieved with the external standard method. The 
peaks were identified by comparison of the retention times 
with those of the synthetic standards. 

Lipid content 
The determination of the lipid content of the salmon sam
ples was carried out according to a modified method of 
Bligh and Dyer25l. 

3 Results and Discussion 

3.1 Analytical procedure 
Three extractions with acetone, containing a small propor
tion of an antioxidant, were enough to remove the 

ral phase HPLC or in the eluent for th 
reversed-phase HPLC. A summary of the purification an 
HPLC procedures is given in Figure 2. 
The conditions for the chiral phase chromatography corre 
pond to those reported by Sanderson14l. The separation 
the configurational astaxanthin isomers was obtained on 
Sumichiral OA-2000 column, which is prepared by cov 
lently bonding 3,5-dinitrobenzoyl-D-phenylglycine to silic 
gel15l. The mobile phase consisted of a ternary mixture of m: 
hexane, dichloromethane and ethanol. The isocratic chiral 
analysis required only 20 min. The isomers were not base 
line separated. Over a period of five months, 50 replicate; 
analyses were performed with the synthetic astaxanthit1 
standard. Integration was clone by peak area and peak 
height. Mean values and coefficients of variation were calcu~ 
lated for the configurational isomers. The percentage of the 
all-trans configurational isomers in the standard solutions of 
synthetic astaxanthin and of astaxanthin extracted from 
Xanthophyllomyces dendrorhous is summarized in Table 1. 
Synthetic astaxanthin contained the RR, RS and SS-form in 
the ratio 1 : 2: 1, whereas the RR-isomer was the only form 
present in the yeast Xanthophyllomyces dendrorhous. 
Total astaxanthin and canthaxanthin contents in the fish 
samples were determined by reversed-phase HPLC with 
UV-detection. Astaxanthin and canthaxanthin were well 
separated from each other. A typical chromatogram for a. 
muscle tissue sample from a conventionally farmed salmon 
which was fed with astaxanthin and canthaxanthin i~ 

shown in Figure 3. 
No suitable, commercially available compound was foun 
for internal standard, so that the external standard tech.: 

Tab. 1 Configurational isomer distribution of all-trans synthetic astaxanthin and astaxanthin extracted from Xanthophy//omyces dendrorhous 

Standard Retention time [min] Area [%] Heighl (%] 

RR RS ss RR RS ss RR RS ss 
Synthetic astaxanthin 

Mean value [n = 501 11.4 12.1 12.8 22.4 50.5 27.0 27.2 49.6 23.3 

CV[%l 3.6 3.7 3.8 2.2 1.0 3.0 0.7 0.6 1.2 

Xanthophyllomyces dendrorhous 

Mean value [n = 51 11.5 100 100 
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ue was used for quantification. In the range between 
3 and 3.0 µg/ml the linearity of the calibration curves 
s good with R2 (coefficient of determination) of 0.99993 
astaxanthin and 0.99977 for canthaxanthin. 
ve replicate injections of a standard mixture containing 

µg astaxanthin and canthaxanthin per milliliter re-
lted in reproducibilities of the peak areas expressed as co
icient of variation between 1.7 and 2.0 %. The variation 
the retention times was small. 

r the determination of the recovery rates a minced mack
el muscle was used as a low-pigment, fatty base material. 
was spiked with different levels of a solution containing 
arly identical amounts of astaxanthin and canthaxanthin. 
ery spiking level was analyzed 4 to 5 times. The results of 
e recovery determinations varied between 84 % and 

106 %. They are compiled in Table 2. 
The carotenoid content of the fish samples was quantified 
only in those cases in which the carotenoid level exceeded 
D.3 µg/g fillet. 

3.2 Carotenoid contents in fresh salmon 
The astaxanthin and canthaxanthin contents and the ratio 

·of the configurational isomers of all-trans astaxanthin in 
the muscle tissue of ten to twenty wild, conventionally and 
organically farmed salmons are summarized in Table 3. 
Two pooled samples of five or ten fresh fish were used in 
each case (exception: only one fish from the Baltic sea). 
Each sample pool was analyzed in duplicate. Results are 
mean values. 
The total carotenoid contents of the most farmed salmons 
were higher than those of the studied free-living salmons. 
The pale-coloured tissue of the organically farmed salmon 
from Scotland contained in addition to astaxanthin another 
unidentified carotenoid. 
Whereas wild and organically farmed salmons contained at 
best traces of canthaxanthin, in the muscle tissue of conven
tionally farmed salmons higher amounts were determin
able. Unlike the conventionally farmed salmons from Ire
land, which included more canthaxanthin than astaxan
thin, the salmons from Norway contained more astaxan
thin than canthaxanthin. 
In the muscle tissue of all conventionally farmed salmons 
the meso-(3R,3'S)-astaxanthin was the major isomer 
(47-50 %) and the both enantiomers ((3S,3'S) and (3R,3'R)) 
were present in comparable amounts. These results indicate 
that the fish feed was always supplemented with synthetic 
astaxanthin. The naturally occurring astaxanthin extracted 
from the flesh of wild caught salmon contained predomi
nantly the (3S,3'S)-isomer. On the other hand in the fillet of 
organically farmed salmon from Ireland, certified by the 
Naturland Association, the (3R,3'R)-isomer could be de
tected nearly exclusively. The diet for these salmons con
tained the yeast Xanthophyllomyces dendrorhous as pig
ment source. These fishes could be easily distinguished from 
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Fig. 3 RP-HPLC chromatogram of a conventionally farmed salmon muscle 
tissue sample (content of astaxanthin: 2.1 µg/g fillet and canthaxanthin: 
3. 7 µg/g fillet) 

conventionally farmed salmon and from wild salmon. The 
chiral HPLC chromatograms clearly show the differences 
between the configurational isomeric ratio in the different 
kinds of salmons (Figure 4). 
However organic salmon from Scotland, farmed according 
to the standards of the Soil Association, were fed with 
shrimp shells. Some shrimps like Pandalus borealis contain 

Tab. 2 Recovery rates 

Compound Spiklng Replicates Average CV[%] 
Level Recovery 

[µg/g filletJ [%] 

Mackerel (fat content: 8 %) 

Astaxanthin 0.25 4 84 3.1 
1.5 4 96 1.6 
3.4 5 93 1.6 
5.5 4 93 4.0 

15.9 4 94 1.5 

Canthaxanthin 0.24 4 85 3.4 
1.5 4 106 1.6 
3.6 5 97 1.8 
5.8 4 96 4.2 

16.5 4 97 1.3 

Salmon (fat content: 14 %) 

Astaxanthin 4.3 4 - 1.0 
(natural content) 
Canthaxanthin 4.7 3 96 0.2 

CV, coefficient of variation 
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Tab. 3 Carotenoid content and distribution of configurational isomers of a/1-trans astaxanthin in the muscle tissue of fresh salmon of different origin 

Salmo salar Fat [%] Canthaxanthin Astaxanthin Astaxanthin isomers Astaxanthin isomers 
[11g/g lillel] [11g/g filletl [Area %] [Height %] 

RR RS ss RR RS 

Ire land 

CFS 1 14.4 5.1 2.4 21 47 32 25 47 
CFS 2 14.3 6.5 2.9 26 48 26 30 47 

Norway 

CFS 3 15.8 0.4 5.1 20 48 32 24 48 
CFS 4 21.6 2.1 3.0 18 50 32 23 49 

lreland 

OFS 1 16.3 6.0 93 5 3 91 7 
OFS 2 17.0 6.3 99 1 99 

Scotland 

OFS 3 13.8 1.3 27 36 37 30 37 

Ire land 

WS1 17.8 3.7 9 10 81 13 12 
WS2 15.0 4.4 24 76 22 

Baltic sea 

WS3 13.8 1.4 99 

CFS: Conventionally farmed salmon; OFS: Organically farmed salmon; WS: Wild salmon; - not detectable or determinable ( < 0.3 µg/g fillet) 

n;iturally the meso form as the dominant isomer4,29). Crus- achieve a similar astaxanthin profile as with synthetic a 

tacean waste products often contain mainly Pandalus bare- taxanthin. This result corresponds well with the results 

alis261. Therefore with shrimp shells in the feed one can ported by Lura et al. 17). 
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fig. 4 Chiral HPLC chromatograms of a conventionally farmed, organically farmed and wild 
salmon 
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3.3 Contents of salmon products 
Both HPLC methods were also applie 

to 35 different family packages pu 

chased on the German market. T 

products came from different com 

nies, mostly from Norway, but also fro 

some other countries. The salmon fill 

were predominantely smoked and so 

of them were of graved-kind, fresh 

deep frozen. Each sample was analyz 

in duplicate. Results are given as me 

values as compiled in Table 4. 

In Norway, Faeroe Islands and Chile t 

predominant pigment in conventiorn~I 
farmed salmon was astaxanthin, but 

Ireland, Scotland and France far 

salmons were fed with a mixture of a 

taxanthin and canthaxanthin. In all eo 

ventionally farmed salmon products t 

meso-(3R,3' S)-astaxanthin was the 

jor isomer (47-50 %) and the both ena 

tiomers ((3S,3'S) and (3R,3'R)) we 

present in comparable amounts. The d 

tribution of the configurational isom 

of astaxanthin in these products sh 

that all analysed conventionally farm 

fishes were obviously fed with synth 

astaxanthin. 
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The tested products of wild Atlantic (Salmo salar) 
and Pacific (Oncorhynchus ssp.) salmon were actu
ally very different in the fat content, but the distribu
tion of the configurational astaxanthin isomers were 
similar and corresponded to the results for Atlantic 
and Pacific salmons reported in other publications 
(Table 5). 
In the products of organically farmed salmon from 
Ireland, certified by the Naturland Association and 
the Organic Food Federation, the (3R,3'R)-isomer 
could be mainly detected. The diet for these salmons 
contained obviously the yeast Xanthophyllomyces 

dendrorhous as pigment source. These products 
could be easily distinguished from conventionally 
farmed salmon and from wild salmon products. 
All studied salmon products were with regard to 
their production form labeled in the right manner. 

4 Conclusion 

Conventionally farmed salmon fed with synthetic as
taxanthin and organic salmon fed with a diet con
taining the yeast Xanthophyllomyces dendrorhous 

could be easily distinguished from each other and 
from free living salmon with the distribution of con
figurational isomers of all-trans astaxanthin. In the 
case, that shrimp shells were used as astaxanthin 
source for farmed salmon, a differentation between 
conventionally farmed and organically farmed 
salmon was not possible. The detection of a high 
content of canthaxanthin is a good indicator for con
ventionally farmed salmon. Wild salmon did never 
contain high amounts of meso-astaxanthin. 
In the future, other microbial sources of astaxanthin 
like the alga Haematococcus pluvialis may become 
an alternative to synthetic astaxanthin for farmed 
salmon. When usmg this green alga as pigment 
source in the fish feed a differentiation of a farmed 
salmon and a wild salmon will not be further pos
sible in the described manner. Haematococcus pluvi
alis produce astaxanthin exclusively in the (3S,3'S)
form, that's the same isomer one predominantly find 
in the muscle tissue of wild salmon10•20J. 
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Tab. 5 Compilation of published levels and percentage ratios of configurational isomers of a/1-trans astaxanthin in the muscle of wild salmon 

Salmon Astaxanthin (3R,3'R)- (3R,3'S)- (3S,3'S)- Ref. 
[mg/kgl astaxanthin [%] astaxanthin [%] astaxanthin [%] 

Salmo salar(Atlantic salmon) 3-8 
Oncorhynchus nerka (Sockeye salmon) 26-59 
Oncorhynchus kisutch (Coho salmon) 10-28 
Oncorhynchus gorbusha (Pink salmon) 3-8 
Oncorhynchus keta (Chum salmon) 1-8 
Oncorhynchus tshawytscha (Chinook salmon) 1-22 
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