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Column and thin-layer chromatography was. taken ad

vantage of to study the occurrence of particular carotenoids 

in different parts of graylin g body. As a result, 20 caro

tenoids were identified, in this al so salmoxanthin, i.e. the 

carotenoid typical of salmonid fishes .  

INTRODUCTION 

The only representative of Thymallidae family in Polish waters is charact�rized by 

intensive colouring of the body, this being especially true during the spawning season. 

Life cycle or Thymallus thymallus is very similar to that of brook trout (Witkowski et 

al. 1983). so that the representatives of Thymallidae family were classified in the past as 

belonging to Salmonidae family. 

In the recent years, the so-called chemotaxonomic approach became more and more 

important in the systematics. It is based on the presence of certain chemical substances in 

particular species, in this also of carotenoids which are used both in plant (Llaaen

J ensen 1977) and animal world (Kayser 1982). 

During our studie.s on the occurrence of carotenoids :i}l .fishes, in this also inin 
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individuals belonging to the salmonid family ( Czeczuga 1979) we became interested in 

the problem of possible similarities or differences as regards the presence of some 

carotenoids in Thymallus thymallus and other species of the salmonid family. Moreover, 

the results of such studies should be of importance for general knowledge on the 

occurrence of carotenoids in fishes, and on their abundance in biologically active 

substances, such as carotenoids which constitute a source of vitamin A. 

MATERIAL AND METHODS 

Individuals of Thymallus thymallus (L.)(two for each sex) were caught on 12 April 

1980, in the Kamienica River, a tributary of Dunajec River, in Kamienica village. Total 

length ( wngitudo totalis) of the fishes ranged between 34.3 and 36. l cm. 

Equal weighed portions of the tissue collected from each individual of the given sex 

were mixed into one sample, homogenized and preserved in 95% acetone in dark-glass 

bottles. The samples were stored in a refrigerator untill the analysis. Separation of 

particular carotenoids was made with the use of column and thin-layer chromatography. 

The material was first hydrolysed in 10% KOH in nitrogen atmosphere, for 24 hours in 

room temperature. 

Details of the procedure during chromatographic separation of the carotenoids have 

been described earlier (Czeczuga and Czerpak 1976). After the hydrolysis, the extract was 

transferred to a column filled with Alz03 • Length of the columns varied from 15 to 

25 cm. produced by Quickfit, England). Particular fractions were eluted using different

solvent systems (Czeczuga and Czerpak 1976).

Apart from the column chromatography, the acetone extracts were also separated into 

particular fractions taking advantage of thin-layer chromatography. Glass plates covered 

with silica gel were used. Also in this case different solvent systems were applied. Rf was

determined according to standard methods. 

Identification of particular carotenoids was carried out basing on the following 

methods: a) character of column chromatograms; b) maxima of pigment absorption in 

different solvents, determined using Beckman 2400-DU spectrophotometer; c) ratio 

between epiphase and hypophase, determined in hexane and 95% methanol; d) compa

rison of Rf values from thin-layer chromatograms, for the identification of o:-carotene,

�-carotene, o:-cryptoxanthin, �-cryptoxanthin, canthaxanthin, lutein, zeaxanthin, ado

nixanthin, phoenicoxanthin, o:-doradoxanthin, tunaxanthin and astaxanthin cochroma

tography was used with the standards of the firms Hoffman-La Roche and Co. Ltd., 

Basel, Switzerland, and Sigma Chemical Company; e) presence of allylohydroxyl groups 

determined with acid chloroform; f) epoxide test. Quantitatively concentrations of 

. particular carotenoids were determined basing on quantitative spectra of absorption. 

These determinations took advantage of extinction coefficients E 1 %/ cm, at respective 

absorption maxima in petroleum benzin or hexane (Davies 1976). 



No Carotenoid 

I Oi - carotene 

n {3 - carotene 

m Oi - cryptoxanthin 

IV (3 -cryptoxanthin 

V canthaxanthin 

VI 4
1 

- hydroxyechinenone 

vu lute in

vm 3
1 

- epilutein 

IX lutein epoxide

X salmoxanthin

XI zeaxanthin

XU neothxanthin

xm tunaxanthin

XIV idoxanthin

xv phoenicoxanthin

XVI OL - doradexanthin

xvn adonixanthin

xvm astaxanthin

XIX mutatochrome

XX (3 - apo - 2
1 - carotenal

List of the carotenoids from Thymallus thymallus

Structure 
(see Fig.1) 
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D-X-D

F-X-I

H-X-I

D-X-I

C-X-I

I-X -I

A-Y-L 

A-Z

(3, € - carotene 

(3, (3 - carotene 

(3, e - caroten - 3
1 

- ol

(3, {3 ,� caroten -3 -ol

(3, (3 - carotene - 4,4
1 

- dione

Semisystematic name 

4
1 

- hydroxy - (3, (3 -caroten - 4 - one 

(3, € - carotene - 3,3
1 

- diol 

(3, € - carotene - 3,3
1 

- diol (stereoisomeric)

5 ,6 - epoxy - 5 ,6 - dihydro - (3, e - carotene - 3,3
1 

- diol

5 ,6 - epoxy - 5 ,6 - dihydro - (3, € - carotene - 3 ,3
1
,6

1 
- triol

(3, (3 - carotene - 3,3
1 

- diol 

e, e - caroten - 3 - ol 

€, € - carotene - 3,3
1 

- diol

3,3
1,4

1 
- trihydroxy - (3, (3 - caroten - 4 - one 

3 - hydroxy - (3, (3 - carotene - 4,4
1 

- dione

3,3
1 

- dihydroxy - (3, € - caroten - 4 - one

3,3
1 

- dihydroxy - (3, (3 - caroten - 4 - one 

3,3' - dihydroxy - (3, (3 - carotene - 4,4' - dione

5,8 - epoxy - 5,8 - dihydro - (3, (3 - carotene

3'.4' - didehydro - 2
1 

- apo - (3 - caroten - 2
1 

- al

Table 1 



Carotenoid 

Ol - carotene 

{3 - carotene 

Ol - cryptoxanthin 

{3 cryptoxanthin 

canthaxanthin 

4 - hydroxyechinenone 

lutein 

3
1 

- epilutein 

lutein epoxide 

zeaxanthin 

adonixanthin 

idoxanthin 

phoenicoxanthin 

tunaxanthin 

neothxanthin 

salmoxanthin 

Ol - doradexanthin 

astaxanthin 

Carotenoid CQntent found in the investigated parts of the body female, eggs and fry 

of Thymallus thymallus (in % ) 

Unfer-
Fins Skin Muscles Intestine Liver Eggs tilized 

eggs 

13.7 

8.4 11.7 10.0 

6.0 11.3 

12.5 15.4 3.8 

20.0 17.4 19.1 4.3 4.4 

7.3 

3.5 28.3 9.8 

5.4 8.6 

13.3 49.4 21.1 7.6 66.2 

7.7 6.1 4.9 3.0 

20.5 

5.1 

14.9 

55.0 8.2 

13.7 

10.4 

16.4 18.4 10.7 

12.3 5.8 15.2 16.6 37.5 25.1 14.1 

Total content in µg/g wet weight 0.665 0.374 0.198 0.891 0.508 0.855 1.784 

ferti-
lized 
eggs 

15.4 

4.4 

10.9 

2.2 

47.1 

20.0 

trace 

0.929 

month 
old 
fry 

1.9 

12.6 

5.6 

13.9 

25.0 

41.0 

trace 

0.735 

....:i 
Table 2 °' 

fry 

28.0 

56.1 

15.9 

trace 

0.427 
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RESULTS 

20 carotenoids (Tab. 1, Fig. 1) were found in Thymallus thymallus specimens under 
study, in this 18 carotenoids in the females (Tab. 2) .. The group of most frequent 

carotenoids contained canthaxanthin, lutein, lutein epoxide, zeaxanthin and astaxanthin. 

Attention should be given to the presence of 4'-hydroxyechinenone, 3'-epilutein, 

idoxanthin, and most of all salmoxanthin in the females under study. Total content of 

carotenoids in particular parts of female bodies varied from 0.198 (muscles) to 1. 784 µg/g 

fresh weight (unfertilized eggs). As regards grayling males (Tab. 3), their bodies also 

contained 18 carotenoids. The most frequent were: {3-carotene, {3-cryptoxanthin, lutein, 
lutein epoxide, zeaxanthin, O'.-doradoxanthin and astaxanthin. It should be noted that 

some body parts of grayling males contained 3'-epilutein, idoxanthin,. and salmoxanthin. 

The highest content of carotenoids was found in fish muscles (1.323 µg/g fresh weight). 

Carotenoid content found in the investigated parts of the body male 

Thymallus thymallus (in%) 

Carotenoid Fins Skin Muscles Liver Intestine Gonad 

{3 - carotene 8.7 78.8 13.9 
Cl'. - cryptoxanthin 16.8 
{3 - cryptoxanthin 14.9 28.0 12.3 16.3 
canthaxanthin 7.4 2.8 
lutein 4.5 5.5 6.2 5.6 

3
1 

- epilutein 4.5 17.8 24.8 
lutein epoxide 19.7 10.3 24.6 
zeaxanthin 12.1 17.7 4.8 41.1 
adonixanthin 8.6 
phoenicoxanthin 10.6 11.6 
idoxanthin 11.9 12.8 1.7 
salmoxanthin 10.3 
Cl'. - doradexanthin 14.4 5.2 7.2 

tunaxanthin 6.6 
neothxanthin 18.6 22.1 
astaxanthin 12.2 7.7 trace 17.2 6.5 1.9 

mutatochrome 7.4 
/3- apo - 2

1 

- carotenal 6.5 

Total content in µg/g wet 
0.718 1.323 0.200 0.505 0.978 0.990 weight 

DISCUSSION 

Table 3 

Milt 

7.7 

7.5 
11.2 

4.8 

10.7 

24.0 
12.1 

22.0 

0.371 

Most carotenoids formed in Thymallus thymallus specimens under study belonged to a 

group most frequent in fishes, and only some were those occuring less frequently. The 
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latter were a-carotene, 4'-hydroxyechinenonc, 3'-epilutein, .idoxanthin salmoxanthin 

and neoxanthin. The last carotenoid is a precursor of tunaxanthin, which has been 

previously found in Thymallus thymallus eggs (Czeczuga 1975). As regards a-carotene, it 

was present only in Thymallus thymallus eggs. This carotene has been found only in a few 

fish species (Czeczuga 1980). With respect to echinenone derivative, viz. to 4'-hydro

xyechinenone, this carotenoid occurs in salmonid species, similarly as echinenone. Among 

others Matsuno et al. (1980 b) found 4'-hydroxyechinenone in a few trout species in 

Japanese waters, and Czeczuga and Chelkowski (1984) - in Salmo trutta. Similarly, 

3'-epilutein, an isomer of lutein, and salmoxanthin, a lutein derivative, were found in 

some salmonid species. Salmoxanthin was even recognized as the carotenoid characteristic 

of salmonid species only, due to the fact that so far it was found in some freshwater as 

well as marine salmonids (Matsuno et al. 1980a, 1980b, Czeczuga 1982). 

As regards the two last carotenoids in this group, viz. idoxanthin and neothxanthin, 

they were also found in Salmo trutta (Czeczuga and Chelkowski 1984). Moreover, 

idoxanthin was also identified in some cyprinids. Nagata and Matsuno (1979) found it for 

)( 

Fig. 1. Structural features of carotenoids from Thymallus thymallus specimens. 
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the first time in fancy red carp, and Czeczuga (1981) in specimens of Micropterus 

salmoides, as also in Cyprinus carpio from heated waters (Czeczuga and DcJ,browski 1983). 

With respect to neothxanthin, it is a precursor of tunaxanthin, and is formed from 

e-carotene, the latter being rather rare in fishes. On the other hand, tunaxanthin is fairly

frequent in fishes belonging to various systematic units (Bingham et al. 1979).

Many carotenoids identified in grayling are also fairly frequent in salmonid fishes, this 

being especially true of salmoxanthin, i.e. the carotenoid characteristic of the salmonids. 

This fact would justify former taxonomic classification of Thymallus thymallus into the 

family Salmonidae. 

As regards total content of carotenoids in the specimens under study, there were some 

differences between males and females. In males maximal carotenoid contents were found 

in skin, gonads and food tract, while in case of females the highest levels were recorded in 

unfertilized eggs and food tract. Moreover, male fins contained much less carotenoids 

than the skin, whereas the opposite was found in case of females. Differences in 

carotenoid content between males and females during the spawning season have been 

observed previously also in case of Salmo trutta (Czeczuga and Chelkowski 1984); 

Translated: Dr. Maria Bninska 

REFERENCES 

Bingham A. Jr., Wilkie D.W., Mosher H.S., 1979: Tunaxanthin:occurrence and absolute stereoch
emistry.-Comp. Biochem. Physiol. 62B; 489-495. 

Czeczuga B., 1975: Carotenoids in fish. IV. Salmonidae and Thymallidae from polish waters.-Hydro
biologia 46: 223-239. 

Czeczuga B., 1979: Carotenoids in fish. XX. Carotenoids in Salmo gairdneri Rich. and Salmo trutta 
morpha fario L.-Hydrobiologia 64: 251-259. 

Czeczuga G., 1980: Carotenoids in fish. XXVI. Pungitius pungitius (L.) and Gasterosteus aculeatus L. 
(Gasterosteidae).-Hydrobiologia 74: 7-10. 

Czeczuga B., 1981: Carotenoids in fis� XXVIII. Carotenoids in Micropterus salmonides (Lacepede) 
Centrarchidae.-Hydrobiologia 78: 45-48. 

Czeczuga B., 1982: Carotenoids in fish. XXXII. Content of carotenoids in eggs utilized in the form 
caviar.-Folia Histochem. et Cytochem. 20: 63-68. 

Czeczuga B., Chelkowski Z., 1984: Carotenoids in fish. XXVI. Carotenoids content in nrP.snawninl'.!0<: 
and spawning Salmo trutta.-Acta lchthyol. Piscat. 14, 1-2. 

Czeczuga B., Czerpak R., 1976: Carotenoids in fish. 7. The kind of food and the 
carotenoids and vitamin A in Carassius carassius (L.) and Leucaspius delineatus (Heck.). 
Hydrobiol. 18: 1-21. 

Czeczuga B., and D:ibrowski K., 1983: Rapeseed meal in the diet of common carp reared 
waters V. Carotenoids in diets and fish tissues.-Tierphysiol. Tiererniihrg. 

52-61.

Davies B.H., 1976: Carotenoids. (In: T.W. Goodwin (ed): Chemistry and
pigments. London - New Jork - San Francisco, Acad. Press): 38-165. 



80 B. Czeczuga, A. Witkowski, M. Kowalewski

Kayser H., 1982: Carotenoids in insects. (In: Carotenoid Chemistry and Biochemistry, Ed: G. Britton 
and T.W. Goodwin. Pergamon Press, Oxford and New Jork): 195-210. 

Liaaen-Jensen S., 1977: Algal carotenoids and chemosystematics.-Mar. Natur. Products Chem. l: 
239-259.

Matsuno T., Nagata S., Katsuyama M., 1980a: The structure of a new carotenoid, salmoxanthin from 
the salmon, Oncorhynchus keta Walbaum.-Bull Jap. Soc. Sci Fish. 46: 911. 

Matsuno T., Nagata S., Katsuyama M., Matsutaka H., Maoka T., Akita T., 1980b: Compiirative 
biochemical studies of carotenoids in fishes. - XVIII. Carotenoids of cultured fishes, japanese 
char, brook trout, Jake trout, masu trout, red-spotted masu trout, rainbow trout and brown 
trout.-Bull. Jap. Soc. Sci. Fish. 46: 473-478. 

Nagata S., and Matsuno T., 1979: The occurrence of idoxanthin in fancy red carp Cyprinus 
carpio.-Bull. Jap. Soc. Sci. Fish. 45: 537. 

Witkowski A., Kowalewski M., Kokurewicz B., 1983: Lipien. [The grayling]. PWRiL. Warszawa. 

Translated: Dr. Teresa Radziejewska 

B. Czeczuga, A. Witkowski, M. Kowalewski

KAROTENOIDY U RYB. XXXIX. OBECNOSC SALMOKSANTYNY 
U OS0BNIK6W THYMALLUS THYMALLUS (L.) 

STRESZCZENIE 

Autorzy stosujqc chromatografiy kolumnowq i cienkowarstwowq badali wystypowanie karote
noid6w w poszczeg61nych czysciach ciala samic i samc6w lipienia. 

W wyniku badari. ustalono obecnosc takich karotenoid6w jak: a- i (3-karotenu,, a- i (3-kryptoksantyny, 
kantaksantyny, 4'-hydroksyechinenonu, luteiny, 3'-epiluteiny, epoksydowq formy luteiny, salmo
ksantyny, zeaksantyny, neotksantyny, tunaksantyny, idoksantyny, foenikoksantyny, a - doradeksan
tyny, adoniksantyny, astaksantyny, mutatochromu oraz (3-apo-2'-karotenalu. Podano r6wniez 
stosunki procentowe poszczeg61nych karotenoid6w oraz og6ln<1 ich zawartosc w badanych czysciach 
ciafa lipieni. U samic najwiycej karotenoid6w zawierala ikra, zas u samc6w - miysnie. Ponadto 
autorzy zwracajq uwagt, na obecnosc u badanych osobnik6w lipieni salmoksantyny - typowego 
karotenoidu ryb lososiowatych. 
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qeqyra E., BHTKOBCKH A, 

Ko B aJie B CKH lVI. 

HAPOTHHOlf,Il;bI Y P1Il3 XXXIX. 

IJPHCYTCTBI1E C.AJibMO.KCAHT11HA Y OCOEEH 

THYMALLUS THYMALLUS 

P e 3 10 M e 
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AB Top1r, npHM8H.iih KOJIOHHYIO H T OH.K'.OCJIOHHYID xpoM a

TorpacpHIO, 11ccJie.n;oBa1rn npncyTCTBHe pH.n;a Kaponrno

n.n;oB B H8KOTOphIX opraHax C81v!OK H CaMIJ,OB xapHyca. 

YcTaHOBJI8HO rrpHCYTCTBHe CJie.n;yro�HX KapoTHHOH.TI;OB: 

Ol' r-, - KapoTHH ' 0( ' f.> - KpHIITOI{C&HTHH' KaHTaK-

c 8H THH' 4' - rH.n;poKClI8XHH8HOH' JIIOT8lIH' 0
' 

-811H-

JIIOT8HH, 8IIOKCH.TI;H8Ji cpopMa JIIOT8HHa, caJibMOKC8-HTHH, 

seaKC8HTHH, H80 TKC8HTHH, TYH aKc aHTHH, :11.n; 0 KC 8H Tirn, 

q)08HlIKOI{C8.HTHH, 0( -,n;opa.n;oKcaHTHH, 8.n;OHHKCaHTHH,ac

TaKC8HTHH, MyTaToxpoM, a TaK>Ke � -arro-2
' 

-KapoTe

HaJib. 

ABTOpbI rrpHBO.TI;JIT TaK)Ke rrpOIJ,8H TH08 H o6�e e co.n;ep

iK8.HH8 KapoT.11HOli.TI;OB B pa3JIHqHhIX opraHaX xapHyca. 

0Ka3 8JI0Cb' qTo y caMOK HaHOOJiee 6oraTOH 1zapOTHHO

H,Il;aMH JIBJI.iI8TCJI mzpa, y CaMD;OB - MblIIIIJ;bl. 

KpoMe 8Toro, aBTOphI o6pa,maroT BHHMaHHe Ha rrp11-

cyTCTB.l18 y oco6eil xapHyca CaJibMOKCaHTHHa THIIHq-

Horo KapoTH:HOH,n;a JIOCOC8BbIX pbl6. 
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