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CAROTENOIDS IN FISH. XXXVI. CAROTENOID CONTENTS
IN ADULT INDIVIDUALS
OF SEA-TROUT SALMO TRUTTA L. DURING SPAWNING MIGRATION,
SPAWNING AND POST-SPAWNING MIGRATION

KAROTENOIDY W RYBACH. XXXVI.ZAWARTOSC KAROTENOIDOW
U WYROSEYCH OSOBNIKOW TROCI SALMO TRUTTA L.
Z OKRESU WEDROWKI TAREOWEJ, TAREA
I WEDROWKI POTARLOWE]

Carotenoids occurring in the adult sea-trout in the river
Gowienica during spawning migration, spawning, and post-
spawning migration are presented. Carotenoid contents in the
fins, skin, muscules, liver, gonads, and intestines of 8 males
and females were determined by means of column and thin
layer chromatography.

INTRODUCTION

The trout (Salmo trutta L.) occurs in the river Gowienica catchment (Chetkowski,
1966; 1967 a,b). The Gowienica is a 53km long Pomeranian river draining into the
Szczecin Lagoon. The juvenile sea trout (smolts) descend to the Szczecin Lagoon and on
to the Baltic Sea. After a feeding period in the sea, the adult sea trout come back to
spawn in the Gowienica.

When studying carotenoid contents in various salmonids (Czeczuga, 1973, 1975, 1977,
1979a, b, 1982), we became interested in carotenoid levels in the adult trout caught in
the Gowienica during their spawning migration, spawning, and post-spawning migration.
So far, carotenoids in the sea trout have been dealt with by Andre (1926), Steven (1948,
1949). Thommen and Gloor (1965), Jarzabek (1970), Czeczuga (1975), and Matsumo et
al. (1980 c).
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MATERIALS AND METHODS

We studied carotenoid levels in fins, skin muscles, liver, gonads, and intestines of 8
male and 6 female Salmo truttaL. caught in the Gowienica during their spawning
migration (14 December 1979; 3 October 1980), spawning (14 November 1980), and
post-spawning migration (22 December 1980).

Carotenoid pigments were separated by means of column and thin layer chroma-
tography. Prior to chromatography, the materials were hydrolysed for 24 h with
10% KOH in nitrogen at room temperature. The hydrolysed extract was run through an
Al,0;-filled column. The colamns (Quickfit, England) were 15—25-cm long. The
fractions were eluted with various combinations of solvents (Czeczuga and Czerpak,
1976). The eluent was then evaporated and the evaporation residue dissolved in an
appropriate solvent to obtain absorption curves, its maxima being used, i.a., to identify
the carotenoids.

Apart from column chromatography, the acetone extract obtained was separated to
individual bands by means of thin layer chromatography. Silicon gel (Merck)-covered
glass plates (15 x40 cm) were used for placement, by means of a micropipette, of
acetone extracts, various solvents being used as well (Czeczuga and Czerpak, 1976). The
R, value was determined according to the generally accepted procedures.

The carotenoids were identified from absorption peaks in various solvents, the R,
value being compared to the reference, and also from the epi- vs. hypophase relationship.
The references manufactured by F.Hoffman-LaRoche, Basle were used for p-carotene,
B-cryptoxanthin, cantaxanthin, echinenon, lutein, zeaxanthin, tunaxanthin, and
astaxanthin. The absorption peaks were determined on Spektromom-203 and Specol
spectrophotometers.

Quantitative relationships between various carotenoids were determined as in Davies
(1965).

RESULTS

a) Carotenoids occurring in sea trout during spawning migration (Tables 1, 2, 3)

Carotenoid levels were determined in 7 individuals (2 in 1979 and 5 in 1980). Results
of chromatographic assays made on the 1979 individuals are presented in Table 1.
Various organs of the females analysed were shown to contain 16 carotenoids, 12 being
identified in males. No (-carotene epoxide,  @-cryptoxanthin, lutein, and 3’-epilutein
occurred in the male organs studied. Astaxanthin ester occurred in all the male and
female organs tested. With regard to the total carotenoid content, the highest amounts in
females were revealed in their skin, fins, and liver, the muscles showing the lowest
contents. On the other hand, all the male organs contained, on the whole, less
carotenoids, the highest contents being exhibited by the intestine and the lowest by the
gonads.



Table 1
Per cent composition of carotenoids in some organs of pre-spawning Salmo trutta (14 December 1979)
: @, Lc. =49 cm w=1520¢g 3, lc.=69cm, w=3275¢g
Carotenoid
fins skin CT;?S— liver u:it:;: gonads | fins skin mlzzc- liver l?itrz:- gonads
B — carotene 21.3 16.7 16.6 13.9
B — carotene epoxide 37.4
B — cryptoxanthin 23.9 14.7 18.9 40.0
canthaxanthin 8.0 12.5 11.4 11.1 6.0 8.1 e}
lutein 5.3 12.0 g
3’ — epilutein 3.2 3.8 2
lutein epoxide 25.2 11.5 31.3 8.4 1.9 14.1 g
zeaxanthin 15.0 7.5 13.9 22.8 12.7 30.1 41.1 53.4 §
adonixan thin ' 49.1 73 | 450 g
phoenicoxanthin 4.4 20.8 23.1 42.9 35.2 =
diatoxanthin 18.4 30.1 20.8
tunaxanthin 3.8 3.1
neothxanthin 12.2 17.3
0 — doradexanthin 9.1 6.4 10.1 4.4 12.9 10.4 244
astaxanthin 5.8 27.7
astaxanthin ester 14.6 39.0 trace 8.7 trace 34.0 40.8 26.7 trace 4.5 13.3 trace
Total carotenoid content 1.699 1.739 0.375 1.475 1.283 0.412 0.442 0.464 0.340 0.582 0.663 0.121
in ug/g wet weight _
3




Per cent composition: of carotenoids in some organs of pre-spawning Salmo trutta @ Table 2
(3 October 1980)
L.c.=65cm, w=2900g l.c. = 55cm, w=2.200g
Carotenoid it

fins skin | muscles | liver sl?i;e:- gonads fins skin muscles ;E;: gonads
B — carotene 7.9 6.8 13.6 6.1 34 11.1 21.0
o — cryptoxanthin 4.0 6.3 20.0 3.7
f — cryptoxanthin 5.6 3.1 40.3 5.0 8.6 20.2 29 9.4 20.8 33.8
canthaxanthin 1.9 1.8 2.6 10.3 3.9
3> — hydroxyechinenone 2.7
lutein 4.7 5.2 179
3’ — epilutein 6.0 2.7 6.7 11.4 4.9 34.5 8.1
lutein epoxide 25.5 5.3 4.0 46.3 4.1
zeaxanthin 12.2 79.6 15.2 39.4 19.0 10.6 10.1 8.6
adonixanthin 3.0 25.6 6.7 54.2
diatoxanthin 22.1 1.9 13.1 37.0
salmoxanthin 2.6 13.3
tunaxanthin 14.7 3.8 11.1
a — doradexanthin 17.7 8.6 7.0 6.8 5.5 399 59
astaxanthin 7.4
astaxanthin ester 5.9 7.7 46.0 17.9 13.3 8.4 34.1
Total carotenoid content 1.100 2.317 0.931 0.749 1.335 0.144 1.365 4.833 0.960 3.357 0.177
in ug/g wet weight
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Per cent composition of carotenoids in some organs of pre-spawning Salmo trutta (3) (3 October 1980)

Table 3

l.c.=52cm, w=1.700 g l.c. =56 cm, w=1900g l.c.=42¢cm, w=03880g
Carotenoid i i - i -
5 mus- . inten- . mus- . inten- . mus: . inten.
fins skin cles liver stine gonads | fins skin cles liver stine gonads | fins skin cles liver stine gonads
B — carotene 20.5 499 10.9 4.5 29.6 18.0 43 6.1 4.9 72 214
& — cryptoxanthin 13.6 30.2
B — cryptoxanthin 14.7 27.8 8.6 10.7 5.8 253 19.7 129 | 30.6 24 18.2 11.1
canthaxanthin 27.6 14.7 39 242 | 16.8 172 | 559 6.6 1.6 6.9 59
echinenone 16.9
3’ — hydroxyechinenone 24 5.5
lutein 20.4 5.1 15.6 74 3.0 89 11.6
3’ — epilutein 16.3 52 79 38 132 3.8 5.0
Lutein epoxide 3.8 12.6 15.3 18.0 10.6 450 | 179 | 441 19.9 10.7 9.3
zeaxanthin 108 | 19.1 1.7 114 | 311 27.0 4.8 12.5 17.2 6.5 258 | 11.8
phoenicoxanthin 14.6 44 3.1 -
adonixanthin 15.7 14.0 7.2 6.0 4.0 5.1 -
diatoxanthin 82
salmoxanthin 7.7 111
tunaxanthin 14.8 21.3
o — doradexanthin 74 334 8.6 244 20.6 8.2
astaxanthin 6.0 30 | 21.8 263 54 6.2
astaxanthin ester 10.7 | 348 | 256 | 67.8 | 49.7 96 | 354 | 122 | 133 13.7 189 42 | 161 35.2 15.7
Total carotenoid content 7.575] 0.846 | 1.408 | 1.049 | 2.279 | 0.150 | 3.369 | 1.699 | 3.389 | 1.603 | 8.131 | 0.132 ]| 4973 | 1.014 | 4.233 | 2.461 | 6.973 | 0.714
in ug/g wet weight
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The results concerning those individuals migrating to spawn in October 1980 are
presented in Table 2. The females and males examined showed the presence of 16 and 18
carotenoid pigments, respectively. Most female and male organs analysed conteined
B-carotene, B-cryptoxanthin, various forms of lutein, zeaxanthin, a-doradexanthin
(females), and estaxanthin ester.

The highest total content of carotenoids were revealed in female skin, fins, and
intestine, and the lowest in gonads. In males, the carotenoid-richest organs were fins,
muscles, and the intestine.

b) Carotenoids occurring in sea trout during spawning (Table 4)

The three individuals analysed yielded a total of 19 carotenoids. Most female and male
organs tested were found to contain fS-cryptoxanthin, cantaxanthin, lutein epoxide,
zeaxanthin, a-doradexanthin, and astaxanthin ester. The presence of salmoxanthin should
be emphasized. The total carotenoid content in both sexes was at its highest in fins, skin,
and the intestine. It was only in one male that the muscles conteined a relatively high
amount of carotenoids.

¢) Carotenoids occurring in sea trout during post-spawning migration (kelts)

A total of 17 carotenoids were identified in both females and males, 2 individuals of
each sex being tested. Most organs were found to contain S-cryptoxanthin, cantaxanthin,
3’-epilutein, lutein epoxide, zeaxanthin, a-doradexanthin, and astaxanthin ester. The
presence of salmoxanthin as well as of parasiloxanthin should be particularly stressed
here, too. The gonads of one female yielded p-apo-2’carotenal.

With respect to the total carotenoid content, the carotenoidrichest female organs were
fins, skin, and the intestine, and in males additionally muscles and the liver (in one
individual).

DISCUSSION

Most carotenoids found in the Salmo trutta individuals tested had been already shown
several times in numerous other fish species (Tanaka, 1978). On the other hand, some of
the carotenoids found belong to the so-called rare carotenoids, e.g., echinenone and its
derivatives 3’-hydroxyechinenone, salmoxynthin, idoxynthin, and parasiloxynthin.

Echinenone was shown to occur in some individuals of carp, Cyprinus carpio
(Czeczuga, 1979 ¢). In salmonids, echinenone was found in Salmo gairdneri from culture
ponds (Czeczuga, 1979 b), in some other freshwater salmonids (Matsuno et al., 1980 c),
and in certain marine species (Matsuno et al., 1980 a; Czeczuga, 1982). The echinenone
derivative, i.e., 3-hydroxyechinenone, was found in some marine salmonids only
(Matsuno et al., 1980 a).

Salmoxanthin has so far been regarded as a carotenoid specific of salmonids only; it
was identified for the first time in Oncorhynchus keta (Matsuno et al., 1980).



Per cent composition of carotenoids in some organs of spawning Salmo trutta (14 November 1980)

Table 4

?, L.c.— 69 cm, w—3.640g 3, l.c.—50cm, w— 1310g 3, l.c.—47cm, w—1270g
Carotenoid ] . mus- ] inten- . J— . inten- . mus- | . inten-
fins skin | oo liver stine gonads [ fing skin | oo liver | .o | gonads] fins skin | oo |liver stine | 8onads
B — carotene 8.4 6.8 122 19.7 10.5 5.6 13.2
B — carotene epoxide 10.8
« — cryptoxanthin 717 9.5 7.5 11.0 4;0
B — cryptoxanthin 24.6 8.5 19.1 21.1 10.1 10.0 7.6 8.6 9.0 11.9 31.3 | 229 11.8 17.8 109
canthaxanthin 6.3 24 214 4.0 12.0 | 100 179 15.6 248 | 233 3.0 16.6 20 | 268
lutein 9.1 79 11.5 9.2 10.5 11.0
3’ — epilutein 5.7 11.0 4.0 12.0 278
lutein epoxide 6.0 134 11.6 244 8.0 4.3 6.0 12.1 14 113 349 2.0
zeaxanthin 3.5 31.6 12.3 8.7 13.0 5.2 31.2 8.0 43.0 221 19.3 27.0 23.6 7.1 9.0 10.0
diatoxanthin 9.1
adonixanthin 138 | 95 | 117 | 46 18.0 269 144 290
phoenicoxanthin 3.7 83
idoxanthin 36.5 49.8 1.0
tunaxanthin 438
neothxanthin 74 4.9
salmoxanthin 9.5 18.0 2.8 4.0 4.9
o — doradoxanthin 13.8 6.8 84 23 203 14.0 10.7 79 17.0 6.7 3.2 29 6.6 263 6.7
astaxanthin 7.8 ) 12.8
astaxanthin ester 124 } 21.0 14.2 4.6 26.5 42.6 31.7 250 10.7 3.5 14 11.7 7.0 12.6 22.8 11.8 5.0
Total carotenoid content 1178 | 4761 | 0.687 | 0.565 | 1.002 | 0.403 | 2.786 { 6.574 | 0.322 | 0.815 [ 1.872 | 0.505 | 5.742 | 11.490| 3211 | 2.399 | 2.562 | 1.064
in pgfg wet weight
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Per cent composition of carotenoids in some organs of post-spawning Salmo trutta (22 December 1980)

Table 5

d, Le.=59cm, w=1.800g 3, L.c.=43cm, w=0940¢g ?, lc.=57cm, w=1.700¢g ?, lc.=67cm, w=2550
Carotenoid
fins | skin | ™US" | liver | inten- i oonaq | fins | skin| MUS- | liver| inten- | gonads | fins | skin| MUS- | liver| inten- | gonads | fins | skin| MUS | liver inten- | oopadg

cles stine cles stine cles stine cles stine
B — carotene 49 |121 84| 20.0 (135 113
o — cryptoxanthin 26.3 13.7 7.4 51 | 57
B — cryptoxanthin 5.0(104| 224 |12.8| 83 21.11} 3.8 115 204 154 |21.5(209| 10.8 |17.2| 39.0 15.7 |17.7(12.2| 164 [48.0| 33.5 23.7
canthaxanthin 70| 62| 480 | 3.3 16 |47.5 259 |12.7|11.0| 199 5.0( 132 2.5 17.6 2.7
lutein 19.0| 8.3 29.8
3’ — epilutein 9.0 8.6 13.9 87| 17.0 80| 16.5 6.5 111 11.2
lutein epoxide 58| 187 36.6 36| 70| 46 16.5 120 5.6 14.1(13.3| 120 (21.3| S0
zeaxanthin 13.0(16.5| 4.0 |31.3| 12.6 94| 98| 9.5 |23.7| 12.8 324 [300( 60| 59 (250]| 215 389 [23.8(18.0 9.2 12.8
salmoxanthin 23.8 12.3| 6.0 38 10.6 7.2
tunaxanthin 6.6
adonixanthin 2.2|15.7 7.1 8.3/10.0 11.7 10.3 32
diatoxanthin 59 2.0
phoenicoxanthin 23.5 72 13.7
parasiloxanthin 6.6 7.0
o — doratexanthin 13.4 50 29 56| 4.0 36| 364 204 78| 7.7| 258 |148| 7.1 7.0 11.5 6.0
astaxanthin 1471 9.0 56 |99
astaxanthin ester 7.6(36.3| 20.7 [29.7| 504 18.8 [25.2(58.6| 50.5 260| 25| 90 |30.0| 2.7 22.5 124.6(26.0| 11.4 249 17.9
B —apo—2'—carotenal 11.3
Total carotenoid con-| 2 | & = 312 Q § x Ny 2 * =4 |l 2 3 b 2 = a2l % 2 L ﬁ [
tent in pg/g wet a0 238 2 SISV a S| Al 3|38 |22 3|8 & 122 8|38 3] 3
weight

961
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Mean carotenoid in some organs of Salmo trutta males and females in different periods

Tabie 6

(in pg/g wet weight)
Period Fins Skin Muscles Liver Intenstine Gonads
Males
Before spawning 4.089 1.005 2.342 1.423 4.511 0.297
Spawning 4.264 9.032 1.766 1.607 2.217 0.784
After spawning 2.724 2.930 3.034 2.108 4.174 0.371
Females
Before spawning 1.388 2963 0.755 1.058 1.564 0.244
Spawning 1.178 4.761 0.687 0.565 1.002 0.403
After spawning 1.343 1.186 0.526 0.484 1.607 0.384
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Subsequently, it was found to occur in a number of other marine salmonids (Matsuno et
al., 1980a; Czeczuga, 1982). According to the present knowledge, this carotenoid
pigment is a derivative of lutein epoxide (Fig. 1).

Idoxanthin was identified in a marine crustacean Idothea metallica (Herring, 1969)
and was subsequently found in carp and sea lamprey (Nagata and Matsuno, 1979;
Matsuno and Nagata, 1979), and also in Micropterus salmoides (Czeczuga, 1981).

Parasiloxanthin was found for the first time by Matsuno et al. (1976) in Parasilus
asotus; later, the presence of this carotenoid was revealed in Lota lota (Czeczuga, 1983).
This carotenoid is a derivative of zeaxanthin (Fig. 2).

The highest total contents of such biologically active compounds as carotenoids varied
in various organs of Salmo trutta, depending on the life history stage and sex. In the
spawning males, carotenoids seem to aggregate particularly heavily in skin, fins, and less
so in gonads, the contents decreasing at this time mostly in muscles and in the intestine.
The spawning females show the highest contents of the pigments studied in skin and
gonads, the contents in fins, muscles, the liver and intestine decreasing. General
comments about carotenoid dynamics in the spawning Salmo trutta are given by Steven
(1949). Additionally, the spawning Omncorhynchus nerka showed carotenoids to be
transferred from muscles to skin, particularly in males (Crozier, 1970; Jarzabek, 1970).

In summary, when examining the total carotenoid contents in various organs of the
8 males and 6 females studied, carotenoid transfer among various organs is observed
(Table 6). The carotenoidrichest organs of Salmo trutta during their stay in the
Gowienica differ from one individual to another, depending on their sex and physiologic
condition. During the spawning migration, carotenoids tend to aggregate in the male
intestine and fins, and in the female skin and intestine. During spawning itself, the highest
levels of carotenoid pigments are found in skin and fins of both males and females. At the
kelt stage, males show the highest amounts of carotenoids in the intestine and muscles,
while females — in the intestine and fins. At this time, large amounts of carotenoids
remain in the skin of both males and females. A similar type of changes in female and
male carotenoid contents during the spawning migration, spawning, and post-spawning
migration was found in the intestine and gonads only, the remaining tissues tested
showing sex-dependent differences. They may be accounted for by sex specificity
involving, perhaps, a differential inter-organ transfer velocity of various carotenoids, or
differing carotenoid-aggregation patterns in various organs.
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Bazyli Czeczuga, Zygmunt Chetkowski

ZAWARTOSC KAROTENOIDOW U WYROSELYCH OSOBNIKOW SALMO TRUTTA
Z OKRESU WEDROWKI TARLOWEJ, TAREA
I WEDROWKI POTAREOWE]

STRESZCZENIE

Stosujac chromatografi¢ kolumnowg i cienkowarstwowa autorzy badali wystgpowanie poszcze-
gblnych karotenoidéw u wyrostych osobnikéw troci (Salmo trutta L.) obu ptci, bedacych w okresie
wedréwki tartowej, tarta i wedréwki potartowej (u keltéw). Badaniami objeto ptetwy, skoére,
miesénie, watrobe, jelito i gonady 8 samcéw i 6 samic pozyskanych w pomorskiej rzece Gowienicy.

W wyniku badan ustalono obecno$é takich karotenoidéw jak: g-carotene, g-carotene epoxide,
a-cryptoxanthin, g-cryptoxanthin, echinenone, 3’-hydroxyechinenone, canthaxanthin, lutein,
3’-epilutein, lutein epoxide, zeaxanthin, diatoxanthin, adonixanthin, a-doradexanthin, phoenico-
xanthin, salmoxanthin, tunaxanthin, neothaxanthin, idoxanthin, parasiloxanthin, astaxanthin,
astaxanthin ester i g-apo-2’-carotenal.

Podano réwniez ogélng zawarto$¢ karotenoidéw oraz stosunki procentowe poszczegélnych z nich.
Okazato sig, ze w okresie zycia rzecznego troci nasttepuje przemieszczenie si¢ karotenoidéw miedzy
poszczegdlnymi czesciami ciata. Ogdlna zawarto$é karotenoidéw w badanych czeséciach ciata troci
jest rézna przed, po i podczas tarta i zalezy to réwniez od ptci. Jesli chodzi o tarto, to u osobnikéw
obu ptci najzasobniejsze w karotenoidy sa ptetwy i skora.

Yeuyyra B. u Xeaxoscku S

COLEPXAHHE KAPOTWMHOUNOB ¥ B3POCJIHX OCOBEH KYMMU
SALMO TRUTTA 3B IIEPHONH; EEPECTOBO«4 MHI'PALUMH,
HEPECTA ¥ TOCJEHEPECTOBOY MUIP ALK

Pesawwme

[IpMMeHeHUA KOJOHHyI0 ¥ TOHKOCJO{HyK XpomaTorpagui aBTODH HCCIELO0BalM IpH=
CyTCTBE OTIENbHHX KAPOTHHOHIOB y B3DPOCIHX ocolei kymxn ( Salmo trutta L.
o6euXx NOJOB, KOTODHE HAaXOLHJIHCh B NEpHOLE HepeCTOBOW MHIpamuu, Hepecra H
nocJeuepecToBOf Murpanuy {y KeJbTOB). MccleloBaHuAMH OXBATHBAJH INIABHAKH,
KOXY , MbIH, MEeUYeHb KHIKy M IOJOBHE Xele3H 8 caMuoB M 6 CaMOK OTJIOBJEHHHX B
pexe T'OREHHIIW Ha B3MODPLE,
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B pesynbTaTe ucciefOBaHHiIl yCTAHOBWIM HalHuyMe TakWX KapPOTHHOHLOB
p—xapornn, [> -xapoTHH JMOKCHLE, (- KPUNTOKCaHTHUH, (5 —-KDUNTOKCAHTHH, 9XH=
HeHoke, 3’-THAPOKCHIXMHEHOHE, KAHTEKCAHTHH, JOTeHH, JMHINTEHH, JEKTEHH BIO-
KCHL, 3€aKCaHTWH, LWaKCaHTHH, ANOHMKCAHTHH, OC¢ -LOPaNEeKCaHTHH,

KCaHTHH, CaJbMOKCAHTHH, TIOHAKCaHTMH, HEOJKCAHTHH, HILOKCAaHTHH, napacwio-
KCaHTHH, aCTaKCaHTMH, ACTAKCaHTHH HCTED U ﬁ -ano-2’ axpgerui KapoHOHZAa,

B crarbe NpuHRejeHH TakXe; obmee coXepxkaHHe KapPOTHHOMILOB M NPOLEHTHHE OT-—
HOWEEYU OTNEeNbHHX KapoTHHOUZOB. Hamau, 4WTo B DeuHOM HepHOLE XU3HH KyMEKH HMe-
eT MecTO nepeuemeHHe KapOTHHOKJOB MEXLY OTAeNbHHMU uacTAMH Teda. O6mee co-
IepxaHue KapOTHMHOMJOB B HCCHeLyeMHX YacTAX Tella KyMXM pasJjiHuHOe INepex,
noclre W BO BpeMd HepecTa. 3aBHCHT 5TO Takxe OT noJa. Yzo kacaeTcd  Hepe=-
cra, To HaMboxee SoraTsMH KapOTHHOMZaMHM y ocobeit o6eHMX NOJOB ABIADNTCH NAaB-

HHUKH M KOXa.

llepepol K.T.H 36urHeB llerp [mh6nmeBckH
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