
ACTA ICHTHYOLOGICA ET PISCATORIA 

Vol. XXVill, Fasc. 1 Szczecin 1998 

Bazyli CZECZUGA
1
, Ryszard BARTEL 

2

Fish carotenoids 

THE OCCURRENCE OF CAROTENOIDS IN DIFFERENT-AGE 
INDIVIDUALS OF PELECUS CULTRATUS (L.) 

FROM THE VISTULA LAGOON 

WYSTF.;POW ANIE KAROTENOIDOW U ROZNYCH WIEKOWO 
OSOBNIKOW CIOSY (PELECUS CULTRATUS L.) 

Z ZALEWU WISLANEGO 

1 Department of General Biology, Medical University, ffialystok, Poland
2 Institute of lnland Fisheries, Gdansk

The occurrence and contents of various carotenoids in 
body parts of different-age individuals of Pelecus cultratus

from the Vistula Lagoon were studied with column and thin 
layer chromatography. 

INTRODUCTION 

Biologically active carotenoids are synthesised by plants. When taken up with food 

they accumulate in animal organs. Some of them are used as a source of vitamin A. 

In fishes, carotenoids acquired with food accumulate mainly in the liver and intestines. In 

some species they give reddish colour to muscles (salmonids) or to fins. Recently fish­

farmers have taken much interest in carotenoids (Iorrissen et al. 1989). It has been found 

that feeding fishes, salmonids in particular, with artificial food causes their muscles to get 

pale, thus making them less attractive to consume (Simpson et al. 1981). Therefore, in 

many countries, feeds with supplementary carotenoids (mainly astaxanthin or canthaxan­

thin) are used, which makes the fish more attractive for the market. 

In our studies on the content of carotenoids in respective fish species of the Polish 

waters, this time we concentrate on Pelecus cultratus individuals found in the Vistula La­

goon near the Baltic Sea, a species never examined for carotenoids. We are particularly 

interested in carotenoids specific to different-age individuals of this species in natural con­

ditions. 
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MATERIAL AND ME1HODS 

The investigations included Pelecus cultratus (L.) individuals collected for analysis 

in the second half of May 1994 from the Vistula Lagoon near the Baltic Sea. They were 

divided into three age groups according to the measurements of the body length compared 

with the data of Terlecki (Brylmska 1986) for individuals of this species from the Vistula 

Lagoon. In all groups the following organs were examined: fins (separately--dorsal (D), 

caudal (C), and the remaining ones), skin, muscles, liver, intestine, and in females from the 

last age group-also eggs. 

Tissue samples from each individual were homogenised, placed in a dark bottle, 

soaked in 95-% acetone, and kept in a refrigerator until analysed Carotenoid pigments 

were separated by means of column- and thin layer chromatography. Prior to separation, 

each sample was hydrolysed for 24 h with 10% KOH in nitrogen atroom temperature. The 

details of the chromatographic techniques used are given in one of the previous papers of 

the series (Czeczuga and Czerpak 1976). The hydrolysed extract was transferred to an 

Ah03-filled column, 15-25 cm long, 1.8 cm in diameter. The fractions were eluted with 

different solvent combinations (Czeczuga and Czerpak: 1976). 

In addition the column chromatography, the acetone extracts were separated with 

layer chromatography as well. Silica gel covered glass plates and different solvents combi­

nations were used (Czeczuga and Czerpak 1976). The Rr values were determined accord­

ing to the commonly used procedures. 

Carotenoids were identified on the basis of: 

a) the nature of column chromatograms,

b) absorption peaks in various solvents,

c) epi- to hypophase ratio determined in hexane and 95-% methanol,

d) comparisons of thin layer chromatogram Rr values with standards (Hoffinan-La Roche

and Co. LTD, Switzerland and Sigma Chemical Co_ USA) to identify !3-carotene, 13-

cryptoxanthin, canthaxanthin, lutein, zeaxanthin, a.-d.oradexanthin and astaxanthin,

e) presence of allohydroxy groups determined with acidic chloroform,

f) epoxy test.

Carotenoid contents were determined from quantitative absorption spectra. The as­

says were based on the absorption coefficient E l '%/cm in corresponding peaks of absorb­

ance in kerosene ether or hexane (Davies 1976). 

RESULTS 

Thirteen carotenoids were found in the individuals of Pelecus cultratus from the 

Vistuia Lagoon (Tab_ l ). All individuals from the age group II shared f3-carotene, tu­

naxanthin, lutein epoxide, and astaxanthin (Tab. 2). Group IV individuals had 13-carotene, 
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lutein epoxide, 13-doradexantbin, and astaxanthin in common (Tab. 3). Individuals of group 

V shared only !3-carotene and astaxanthin (Tab. 4). 1be highest carotenoid content in 

groups II and IV was found in fins D and C, and liver, while in group V-in fins D and C 

and eggs. Astaxanthin was most frequently a dominant in the respective parts of the body 

(in 12 cases), followed by tunaxanthin and 13-doradexanthin (in 8), and lutein epoxide (in 

6 cases). The data obtained, indicate that in all of the body parts e:xaminoo ketocarotenoids 

were predominant in every age group and included hydroxyechinenone, canthaxanthin, 

a- and J3-doradexanthin, and astaxanthin. Their total content in the material examined

ranged from 21.6% to 72.8% of all carotenoids (Tab. 2-4).

Table 1 

List of the carotenoids from the investigated material 

Carotenoid 
Structure 

Semisystematic name 
(see Fie .. 1) 

1 !3-carotene 
2 E-carotene 

A-r-A

B-r-B
!3,!3-carote ne 
E,E-carotene 

3 
4 
5 

A- r-C
B-r-D
C-r-D

6 

7 
C-r-C
D-r-D

13,13-caroten-3-ol 
E,E-caroten-3-ol 
j3,E-carotene-3,3 '-dio} 
13,fl-carotene-3,3 '-diol 
E,E-carotene-3,3 '-diol 

8 D-r-E
A-r-G

10 

13-cryptoxanthin
neothxanthin
lutein
zeaxanthin
tunaxanthin
lutein epoxide
hydroxyechinenone
canthaxanth.in F-r-F

11 D-r-G
12 C-r-G
13 

a-doradexanthin
j3-doradexanthin
astaxanthin G-r-G

5,6-epoxy-5,6-dihydro-fj,E-carotene-3,3 '-dio} 

3-hydroxy-fl,fl-caro tene-4-one

13,13-carotene-4,4 '-dione
3,3 '-dihydroxy-!3,E-caroten-4-one
3,3 '-dihydroxy-l3,l3-caroten-4-one
3,3'-dihvdroxv-8,8-carotene-4,4' dione

r -

Fig. 1. Structural features of carotenoids from the material investigated 



Table2 

Carotenoid content in the investigated parts of the body of Pelecus cultratus-Il age group 
(total length 19.3-22.5 cm) 

Camteooids 
Major Keto- Total content 

Part ofbody 
(see Table 1) 

carotenoids carotenoids (µg·g
-1

(%) (%) drv wei!!ht) 
First part (n - 9) 

Fins D and C 1, 3, 7, 8, 10, 12, 13 12 (33.7) 44.5 14.54 
Oilier fins 1, 3, 7, 8, 11, 12, 13 12 (37.9) 37.9 5.32 
Skin 1, 3, 7, 8, 11, 12, 13 8 (40.2) 31.8 1.38 
Muscles 1, 3, 4, 7, 8, 12, 13 4 (18.4) 31.0 0.57 
Liver 1, 3, 6, 7, 8, 10, 11, 12, 13 7 (23.7) 35.l 10.41 
Intenstine 1, 5, 7, 8, 10, 11, 12, 13 8 (45.9) 43.5 4.91 

Second pait (n - 9) 
FinsDandC 1, 3, 4, 5, 6, 7, 8, 10, 13 8 (27.1) 27.0 17.10 
Other fins 1, 3, 6, 7, 8, 10, 13 13 (26.7) 40.8 5.16 
Skin 1, 3, 7, 8, 10, 11, 12, 13 13 (23.9) 56.5 1.00 
Muscles 1, 3, 4, 7, 8, 13 13 (47.l) 24.6 0.25 
Liver l, 3, 4, 7, 8, 11, 12, 13 8 (19.5) 27.9 7.15 
Intenstine 1. 4, 5, 6, 7, 8, 10, 11, 12, 13 13 (34.9) 60.0 5.43 

1'able3 

Carotenoid content in the investigated parts oflhe body of Pelecus cultratus-IV age group 

(total length 30.2-32.8 cm) 

Partofbody 

First part ( n - 7) 
FinsD andC 
Other fins 
Skin 
Muscles 
Liver 
1ntenstine 

Second part (n - 7) 
FinsDandC 
Other fins 
Skin 
Muscles 
Liver 
Intenstine 

Carotenoids 
(see Table 1) 

1, 3, 4, 5, 7, 8, 10, 12, 13 
1, 4, 5, 8,10, 11, 12, 13 
I, 3, 4, 7, 8, 10, 11, 12, 13 
1, 3, 7, 8, 10, 11, 12, 13 
1, 3, 6, 8,10, 11, 12, 13 
1, 2, 3, 8, 10, 11, 12, 13 

l, 2, 3, 5, 6, 7, 8, 11, 12, 13 
l, 4, 6, 7, 8, 10, 11, 12, 13 
1, 3, 4, 6, 7, 8, 9, 11 , 12, 13 
1, 3, 4, 5, 6, 8, 11, 12, 13 
l, 3, 6, 7, 8, 10, 11, 12, 13 
1, 2, 4, 6, 7, 8, 10, 11, 12, 13 

Major carote- Ketocarote- Total content 
noids noids (µg·g·l

(%) (%) drvweimt) 

12 (24.4) 53.4 9.86 
13 (17.6) 42.7 2.29 
12 (17.8) 38.8 1.57 
7 (24.6) 39.9 0.59 

13 (28.7) 61.6 9.86 
13 (30.4) 72.8 3.61 

13 (24.4) 38.5 6.21 
13 (29.9) 46.1 3.53 
6 (23.8) 36.0 1.27 
4 (21.7) 21.6 0.65 

13 (22.8) 49.4 11.56 
12 (41.6) 56.6 2.47 
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Table4 
Carotenoid content in the investigated parts of the body of Pelecm cu/tratus-V age group 

(total length 33.4-36.5 an) 

Carotenoids Major carote- Ketocamtc- Total content 
Part ofbody (see Table 1) noids noids (µg-g -1

(%) (%) dry wei!!ht) 
First Dart (n - 5) 

Fins D and C 8 (31.1) 39.7 13.29 
Other fins 12 (20.2) 51.2 3.22 
Skin 8 (26.1) 36.0 3.78 
Muscles 10 (30.8) 66.3 0.61 
Liver 10 (24.9) 59.5 4.65 
In tens tine 7 (33.8) 40.2 2.94 
Elms 

1, 2, 5, 6, 8, 10, 11, 12, 13 
1, 3, 5, 6, 7, 8, 10, 11, 12, 13 
1, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13 
1, 3, 7, 8, 10, 11, 12, 13 
1, 3, 5, 6, 10, 11, 12, 13 
1, 3, 4, 6, 7, 11, 12, 13 
l, 2, 3, 5, 7, 9, 10, 12, 13 9 (27.1) 69.3 6.36 

Second Dart (n - 5) 
Fins D and C 12 (32.4) 43.9 10.58 
Other fins 7 (36.5) 33.5 3.14 
Skin 7 (38.5) 23.7 3.42 
Muscles 7 (40.4) 37.6 1.04 
Liver 12 (21.5) 55.1 2.40 
Intenstine 13 (37.8) 66.5 2.76 
E�m: 

1, 4, 5, 6, 7, 8, 11, 12, 13 
1, 4, 6, 7, 8, 10, 13 
1, 2, 4, 6, 7, 8, 12, 13 
1, 3, 4, 7, 8, 11, 12, 13 
1, 3, 4, 7, 8, 9, 10, 11, 12, 13 
1, 4, 6, 8, 10, 13 
1, 3, 4, 6, 7, 8. 10, 13 7 (36.7) 38.6 6.26 

DISCUSSION 

The knife (Pelecus cultratus) spends most of its life in desalted areas of the Baltic 
Sea, the Black Sea, the Sea of Az.ov, the Caspian Sea, and the Aral Sea (Berg 1948; 
frctsowska 1962). Individuals of this fish are encountered in such lakes in Russia as La­
doga, Onega, or Ilmien (Koncevaja 1972) or Balaton in Hungary (Jokiel 1956) and in some 

dammed reservoirs (Taoasijcuk 1973). However, for the spawning time it always enters 

a river. In Poland, it is mainly found in the Vistula Lagoon, the Baltic Sea (Jokiel 1956; 

Terlecki 1979), and in the Polish rivers distant from the Baltic Sea. It has been caught in 

the Vistula River in its mouth (Pliszka et al. 1951), near Tczew (frctsowka 1962), and even 

near Warsaw (Backiel and Kossakowski 1949; Pliszka et al. 1951). It has been also ob­

served at various sites of the river Warta (Jaskowski 1962; Penczak 1969) and in the 

Wirynka, a left tributary of the Warta (Kaj 1958). Moreover, it has been found in the river 

San near Przemysl (Rolik 1971). In all reservoirs, the knife starts to feed on plankton, 

mainly on crustaceans, while in older age-on small fishes (Koncevaja 1972; Tanasijcuk 

1973), mainly the gobid fish supplemented with invertebrates. In the Vistula Lagoon, the 

gammarids and chironomids are the supplementary food (Brylinska 1986). 

According to the data obtained, carotenoids found in different body parts of Pelecus

cultratus individuals from the Vistula Lagoon are derivatives of f3-carotene (f3-crypto-
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xanthin, zea:xanthin, hydroxyechinenone, canthaxanthin, f3-doradexanthin, and astaxan­

thin), E-carotene (neotbxanthin, tuoo.xanthin), and a-carotene (lutein, lutein epoxide, and 

o.-dorad.exanthin). All these three carotenoids and their derivative have been found in the 

living organisms of the Baltic Sea. Those organisms were found to be food items of 

Pelecus cultratus (Czeczuga 1976, 1978). Only a-carotene was not found in the examined 

individuals of the knife, though its derivatives were present in all parts examined. 

a-Carotene is transformed into lutein or its epoxy form both in plants and animals (Good­

win 1980). i,-Carotene and its derivatives-neothxantbin and tunaxanthin are common in

freshwater fishes (Czeczuga 1979, 1981) and in sea fishes (Bingham et al. 1979). However,

in the individuals examined, f3-camtene and its derivatives prevail, mainly ketocarotenoids

with astaxanthin constituting the majority. These carotenoids are known to depend on the

transformation pathway of 13-carotene into astaxanthin. However, both in marine fishes

(Miki et al. 1984; Matsuno et al. 1985), anadromic fishes (Kitahara 1983), and freshwater

fishes (Katsuyama et al. 1987) such ketocarotenoids as astaxanthi.n and canthaxanthin can

be reduced; astaxanthin-to zeaxanthin and canthaxanthin-to 13-carotene. In the group of

-carotenoids found in the Pelecus cultratus individuals, 13-carotene and !3-cryptoxanthin are

provitamins of vitamin A One molecule of 13-cryptoxanthin gives one molecule of vitamin

A, while one molecule of !3-carotene produces two vitamin A molecules (Bauernfeind

1972).

A comparison made of the total carotenoids content in the respective body parts of 

the Pelecus cultratus individuals examined, indicates that in all age groups the highest 

concentration of carotenoids occurred in fins D and C, while the lowest in the muscles. 

In the remaining body parts in the first two age groups, the concentrations were similar. 

However, in group V (females with mature eggs) the distribution of carotenoids content in 

the respective parts changed compared to the other age groups. A significant decrease in 

carotenoids was observed in the liver, while their amount increased in the skin. The high­

est concentration in sexually mature females was still maintained in dorsal (D) and caudal 

(C) fins, and very high in the eggs. It seems that the carotenoids accumulated in the liver in

sexually immature Pelecus cultratus individuals i.n the prespawning season shift to other

organs, in the case of females-to the eggs and skin. Carotenoid shift in the prespawning

time has been already observed only in salmonid fish species. It was found by Crozier

(1970) in Oncorhynchus nerka individuals, by Czecmga and Ch:el:kowski (1984) in Salmo

trutta morpha trutta before and after the spawning time, and by Czeczuga and Bartel

(1989) in Salmo trutta morpha lacustris in the spawning time. Hence, the literature data

have attributed this phenomenon to the salmonids (Torrissen et al. 1989). The present

studies support the assumption that carotenoid shift in the spawning time occurs also in the

cyprinid fishes, a representative of which is the knife. It should be assumed that carote-
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noids in the knife, like in salmonids (Ando 1986), move in the organism together with 

blood, combined with particular serum proteins. 

CONCLUSIONS 

A total of 13 carotenoids was found in the individuals of knife (Pelecus cultratuv L.) 

from the Vistula Lagoon. The highest carotenoid content was fmmd in fins D and C, liver, 

and intestines, while the lowest-in muscles. In sexually mature females in the prespawn­

ing season carotenoids shift from the liver to the eggs and skin. 
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WYS�POW ANIE KAROTENOIDOW U ROZNYCH WIEKOWO OSOBNIK.OW 
CIOSY (PELECUS CULTR4.TUSL.) Z ZALEWU WISLANEGO 

STRESZCZENIE 
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Autorzy stosujJlC chromatografiv kolumnowit i cienkowarstwowit badali wystypowanie po­
szczeg6lnych karotenoid6w w pletwach, skorze, mit;sniach, wittrobie, jelitach i gonadach osobni­
k6w trzech grup wiekowych Pelecus cultratus (L.). 

U stalono obecnos6 nastyp1tj!lcych karotenoid6w: 13-karoten, e-karoten, f3-kryptoksantyna, neo­
ksantyna, luteina, zeaksantyna, tunaksantyna, lutein epoksyde, hydroksyechinenon, kantaksantyna, 
a-doradeksantyna, f3-doradeksantyna i astaksantyna.

Podano r6wniez og6lnll zawartos6 karotenoid6w w poszczeg6lnych czy:§ciach ciala ciosy oraz
udzial procentowy poszczeg6lnych karotenoid6w. Wraz z wiekiem ryb wzrasta ilos6 karotenoid6w 
ornz ogolna ich zawartos6. 
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