POLISH POLAR RESEARCH (POL. POLAR RES))

1 = 19
POLSKIE BADANIA POLARNE 2= | I =

Romuald CZERPAK!), Hanna JACKOWSKAZ2) . and Anna MICAL!)

1) Department of Biology, Branch of the University of Warsaw, Bialystok

2) Department of Polar Research, Institute of Ecology Polish Academy of Sciences, Dziekanow
Lesny

- Qualitative analysis of caro-
tenoids in particular parts of
body of males and females of
Euphausia superba Dana
(Crustacea) *)

ABSTRACT: In adults of both sexes of Euphausia superba analysed in total without
alimentary tract there were identified with help of chromatographic and spectrophoto-
metric methods: f-carotene, free and ester astaxanthine, cantaxanthine, S-cryptoxanthine,
lutein and dihydroxy-{-carotene, and additionally in females zeaxanthine and flavoxanthine.
However, particular parts of body (with an -exception of eyes, legs and trunk) and
especially the exosceleton cotain less carotenoids, mainly carotene and astaxanthine.
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1. Introduction

It is already known that females of FEuphausia superba have more
carotenoids, qualitatively and quantitatively, when compared with juvenile
forms and with adult males (Jackowska, Czerpak and Mical 1980).
The composition of krill carotenoids depends mainly on age structure, sex,
kind of food and physico-chemical conditions of the environment (Cze-
czuga and Klyszejko 1978, Jackowska, Czerpak and Mical 1980).
It can be assumed that the majority of identified about 10 carotenoids
of studied crustaceans are the precursors of vitamin A for antarctic
vertebrates (Fisher, Kon and Thompson 1955, Herring 1972, Cze-
czuga and Ktlyszejko 1978, Jackowska, Czerpak and Mical 1980).
The distribution of carotenoids in particular organs and parts of krill
body as dependent on sex is also an important problem and this
was the aim of present paper.

*) Research carried out during the Third Antarctic Expedition of PAS to Arctowski
Station in 1978/1979 within the Project MR-II-16.
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2. Materials and methods

Material for studies was collected during the antarctic summer 1978/1979
(from 5 Dec. 1978 to 15 Feb. 1979) in Admiralty Bay, close to Arctowski
Station.

The collected material consisted of adult individuals of both sexes of
E. superba without alimentary tracts, the trunks without alimentary tracts,
eyes. legs and exosceletons, and eyes, legs and exosceletons by themselves.

An analysis of the qualitative composition of carotenoids in the distin-
guished parts of material was done with the help of extraction, ad-
sorption thin layer and column chromatography and spectrophotometric
methods (Gilchrist and Green 1960, Czerpak 1969, Czerpak and

"Czeczuga 1969).

While identifying carotenoids their absorption maxima in respective
organic solvents were applied (Table I) and R, values in particular com-
binations of solvents (Table II), described in detail in following papers:
Gilchrist and Green (1960), Czerpak (1969), Czerpak and Czeczuga
(1969), Foppen (1971), Herring (1972), Goodwin (1976), Czeczuga and
Ktyszejko (1978) and Jackowska, Czerpak and Mical (1980). Details
of methods of carotenoids analysis are to be found mainly in Czerpak
(1969) and Jackowska, Czerpak and Mical (1980).

3. Results and discussion

The following carotenoids were found in studied parts of E. superba
body (Tables I and II):

The adult individuals of both sexes without alimentary tract, studied as
a whole, contained the most of carotenoids: S-carotene, free and ester asta-
xanthine, cantaxanthine, B-cryptoxanthine, lutein and not determined pre-
cisely, probably dihydroxy-{-carotene, and females additionally flavoxanthine.

The trunks without alimentary tracts, eyes, legs and exosceletons of
both sexes contained also large selection of carotenoids: B-carotene, f-
-cryptoxanthine, astaxanthine ester and dihydroxy-{-carotene, the females
additionally lutein. ‘

The eyes of both sexes also contain carotenoids: f-carotene, crypto-
xanthine, lutein, free astaxanthine and dihydroxy-(-carotene, of females
additionally ' flavoxanthine.

Legs of both sexes are characterised by the presence of large selection
of carotenoids, mainly of f-carotene, lutein, flavoxanthine, free astaxanthine
and dihydroxy-(-carotene. In legs of females cantaxanthine and zeaxanthine
were also identified.

- The exosceleton of krill is, on the other hand, qualitatively poor in
carotenoids, as it contains only p-carotene, free and ester astaxanthine,
and the one of females additionally cantaxanthine.

The comparison of the obtained data on the occurrence of carotenoids
in some particular parts of body of E. superba with earlier own data
(Jackowska, Czerpak and Mical 1980), and data of other authors



141

Carotenoids in body of Euphausia superba

; SUOJI[AISOXd Pur $39 ‘saKd ‘sjovd) AIRJUIUNIR INOYIM (yun

‘s1001) AIRJUDWIIR JNOYIM (4y

) ‘(8L61) 0fozsAyy pue vdnzoaz) (9L61)
urmpoon ‘(zL6l) Butiiay ‘(iLel) uaddoy ‘(961) ©8nz03z) pue yediaz) ‘(6961) Aed1sz) *(0961) UIIID PuUE ISLIYIID ‘(S661) uosdwoy] pue uoy “Jaysiq :0) SupIoRY (4

+ o * + + + = = z z suryjuex auojeoe ILy—OLY 2U012%E 7,06 Ul
-B)Se 231j . HOY %01—S 6
5 — + + - + - — - :  SUIYIUBXOA®R[} [OUBYR $pp—LbY 1P Juo0)aoe Ul
,, fouedoxd-u %0 8
— - - + — — — - — - QuIyjuBXBIZ QUOJdde [8y ‘ISP ‘€TF uo3a0® %001 L
e = + + +.  + = + z z ureIn] YL 9Ly ‘Shb 1Ty Toyro wngfonad ur
wnajonad 2U0JAIE 05—Sh 9
= + — + o+ — = — 2 2 uryjuex Ioyle Sot Ioyjo wnajonad ur ,
-ejued  wngjonad JU01® Y,06—ST S
— — + + + + + + z z (¢) suanored YR 1Th ‘86€ ‘LLE Toypo wmdjonad ur
-2-Axo1pAyip  wndjonad Quoja%e Y6 12
+ £ - e - = + + 2 z 10189 Iy 89 Y wnsfonad ur
N -dumyjuexejse  wnajonad Juojd0® %,01—8§ €
- — — — + + + + yr 5 auryjuex DPYP €8 ISy STY Ioylo wmnosjonad ur
-01dA-g  wmoajonad 3U0IA® Y6—7 4
+ + + + + 4+ + + : audj0180-g ye 8Ly “0Sy 9Ty O.0s—0p utod Surroq
wmnajonad yum 19yl wndjonad I
$9] s3] Bl wwm P s ¢ P (ur)
so[ewr HE5] sajewr s sojew o [ —ewy I -ewy I svanaa]
(x4STEDPIA - (yuon JUOAI0S JO paynuapt jo syunpe parddy juonbasuoo
SUO0)I[IS0X s391 s9ka (xxsSUND pur 29.? -BONuIp] pury PwIIXPw jo sloquiny
- — uondiosqy
[elIg)RW PasATeue Jo pury] . .
Anpwojoyd

-onoads pue AyderSojeworyds uwmjod uondiospe Aq suop Apoq [fuIY jo sired remonied woly SpIOUSIOIBRd Jo UONEBOYNUIPI pue uoneredss Iy

T 2IqeL



Romuald Czerpak, Hanna Jackowska and Anna Mical

142

‘ww ur jods UO IPUIQUIOD JUIAJOS [0 JUOJ| 3Y) O} WIFLIO Y Wolj DdUMISIP

— Iy

W Ul ploudjoted Jemanaed jo purq ay) jo J[PPIW Y} O} UIFLIO Y} WO dULISIp

‘(0861) 1821 N pue yediaz) ‘eysmoyorer ‘(1,61) uaddoq ‘(6961) e8nzd3z) pue yediaz) ‘(6961) Aedioz) :0) FUIPIODY (yus
- ‘SU0}2[03s0Xd pue s39| ‘sakd ‘joen) AIejudWI[e INOYIM (44

‘en Aruawie noyum (,

_m 0 080 — — T€0 870 6
9€°0—8C°0 suljluexeise 331 €0 [€0 0£0 €€0 80 — . — — L£O 8
0r'0—9¢°0 JuliuexoAey —  —  6¢0 8O0 .~ T T L e
7' 0—0t'0 sumpuexesr — —  — |y PO LV¥O  — KO0 950 S¥O 9 _o_seum_..w..ung_w
6v'0—€1'0 womn] — — gy spo 090 190 650 090 ¢ LSO S Frs.
L 19°0—LS°0 suryiuexo1dKio-g — — — — — €90 790 650 090 F 1Aya-auaziiaq
99'0—09'0 85 sumpuexeise 090 90 — — 4OL0 —  — iSO TLO 890 3 e
SL'0—L9'0 sumpuexejueds —  ; — g90 6 80 & 180 080 80 z
$8°0—8L°0 (;) audjoued-3-Ax0IpAylp — — 780 o080 P60 S60 S60 960 L60 860 I
66'0—¢€6'0 suaoled-g $6'0 S60 860 960 ST0 LTO0 — . ST0 670 6
SE'0—ST0 sumjjuexeise 391 ¢€°0 620 920 8Z0 €0 — — — 9€0 3
170—£€°0 sumpuexoaey —  — o0 S¢0 T L (e
LY 0—EP'0 sunpuexesz — — — ¢po PO 0S0 — 050 S0 TSO 9 ucoswa-_mﬁu
5 0—<t'0 wom] — —  $5'0 ss0 S90 T90 SS90 v90 ¢ 290 S wnaponad-ouszuag
0L'0—279°0 aurjiuexoydAn-g — — — — e — — {9L0 IL0 SLO 14 -
9L°0—0L0 sumjjuexelged — ;70 — IL0 T — 080 6L0 €80 180 3 1
£€8°0—LLO 19189 suiyjuexeise 9/.°0 78O0 — — A 880 ¢ 760 680 €60 C
$6'0—58'0 (i) suar01ed--AX0IPAYIP — 060 980 960 80 960 860 860 L60 I
86'0—6'0 sudored-g L60 960 L60 860

$3] s3] $3| s3] s3]
sa[ew sa[ew sa[ew sajewt sajew
(swxSON[RA Y JO i M i i B Spusq suoneuIquoOd
safuey SPIOUROIES SUOJ3[3050X2 s39] Y €] (x4SYUND (ssrenp . JusA[0S

-IAIpUI d[0ym JO SIQUINN

(sjuswaInseaw G—¢ Wolj aFeisAe) sonjea Jy

11— suoneuiquod sjuaajos ul Aydeidojewotys 1oke; wiyl Aq paynuapr ‘Apoq [y jo sired senonsed ur sprousjoie)

‘11 ?1qeL



Carotenoids in body of Euphausia superba " 143

(Fisher, Kon and Thompson 1955, Herring 1972, Czeczuga and
Ktlyszejko 1978) showed that adults of both sexes and juvenile forms of
E. superba and E. crystallorophias and adult E. crystallorophias contain
a large selection of carotenoids indentified previously in other crustaceans,
especially in crabs, shrimps and crayfishes.

The most common carotenoids occurring in juvenile forms of E. superba
and E. crystallorophias and in adults of these species are the free and ester
astaxanthine, f-carotene, f-cryptoxanthine and dihydroxy-{-carotene. The
lutein, cantaxanthine, flavoxanthine and zeaxanthme occur rarely and only in
some parts of body of E. superba.

The adult female individuals studied in total, and some parts of their
bodies, are much richer in number of carotenoids, especially xanthophylls,
as compared with male individuals. It is known from the literature data
(Rakusa-Suszczewski and Opalinski 1978) that female individuals
consume more oxygen while breathing than males, and this can result in
their larger amount of oxidized forms of carotenoids (xanthophylls).

The obtained results allow to state that the whole individuals of both
sexes of E. superba, and eyes and legs of especially females contain larger
selection of carotenoids than exosceleton and the trunk.

Astaxanthine and f-carotene are the most common carotenoids of studied
parts of body of juvenile and adult forms of both sexes of E. superba.
.- The whole adults, and especially the females and their eyes are the most
rich in carotenoids, which are the provitamines of vitamin A.

The whole adult individuals of both sexes of E. superba, as well as their
eyes and legs are much richer, as compared with the trunks and exosceletons,
in various forms of intensively oxygenised xanthophylls. Also, the studied
parts of body of adults of E. superba (except of eyes and legs) of mainly
male individuals, contain much smaller assortment of carotenoids as com-
pared with adult individuals studied in total, especially females, and with
previously studied by the authors juvenile forms of E. superba and
E. crystallorophias and adult E. crystallorophias.

The authors are grateful to R. Stgpnik, M.Sc., member of the Third Antarctic Expedition
of PAS to the Arctowski Station, for collecting the material for this study.

4. Summary

The occurrence of cartenoids was studied with help of adsorption column and thin
layer chromatography and spectrophotometry in whole adults of both sexes of Euphausia
superba and in their eyes, exosceletons, corps and legs, separately. The following were
identified: f-carotene. B-cryptoxanthine, free and ester astaxanthine, cantaxanthine, lutein,
flavoxanthine, zeaxanthine and not determined precisely, probably dihydroxy-(-carotene
(Table 1 and II).

It was found on the basxs of the obtained results that adult females analysed in
total and some of their parts, especially eyes and legs are much richer in assortment
of carotenoids than male individuals, expecially sexually mature.

It- was found that eyes and legs of adult individuals of both sexes are much richer
in assortment of carotenoids than exosceletons and trunks.
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5. Pe3rome

Hccnenys ¢ nomombio MeToAa aACOPOLMOHHOW KOJIOHHOH M TOHKOCIOEBOH XpOMaTo-
rpaduu a Takxe CIEKTPOGOTOMETPHH COLEPKAHUE KAPOTHHOMIOB Y LEJbIX B3POCIbIX 0COGei
oboux nonoB FEuphausia superba a Takxke HEKOTOPbIX 4acTAX Tejla Kak [Jja3a, NaHIMUPb,
KOPIYC ¥ KOHEYHOCTH HMACHTHQUUMPOBAHO CJIEAYIOIIHE KAPOTUHOMABI: ff — KAPOTHUH, KPHITO-
KCAHTHH, CBOGOIHBIA M S(UPHBIA ACTAKCAHTHH, KAHTAKCAHTHH, JIOTEHH, (JIABOKCAHTHH, 3ea-
KCAHTUH U Heonpele/IEHHbIH BEPOATHO NABYrHAPOKCU-(-kapoTuH (Tabiuua I u II).

Ha ocHoBaHMH NOJIyYEHHBIX PE3yJbTATOB HMCCJIEJOBAaHMH KOHCTaTHPOBAHO, YTO B3POCIbIE
0coOK XEHCKOTO TMO0Jia HCCIEAOBaHHbIE B LIEJIOM a TakXe HEKOTOpble HX 4YacTH Teja, OCO-
GeHHO IJla3a M KOHEYHOCTH COJEpXaT 3HAYUTEJbHO OOJiblile KapOTHHOHIOB B CPaBHEHHH
C MYXCKHMH OCOOSIMH, OCOGEHHO 3pEJIBIMHU.

Cpeau uccieOBaHHBIX YacTell Tesia 3pesibiXx ocoGell 0OOOMX MOJIOB KPBUISA JOKa3aHO, 4TO
rj1a3a ¥ KOHEYHOCTH COJEPXKAT 3HAYUTEJIILHO 60nbme KapOTHHOMIOB B CPaBHEHHMH C KOpITy-
COM U NaHILMUPEM.

6. Streszczenie

Badajac za pomoca metod adsorpcyjnej chromatografii kolumnowe;j i cienkowarstwowej
oraz spektrofotometrii zawartos¢ karotenoidow w calych osobnikach dorostych obu pici
Euphausia superba oraz w niektOrych czesciach ciata jak oczy, pancerz, korpus i odnéza,
zidentyfikowano nastgpujace karotenoidy : f-karoten, f-kryptoksantyne, wolna i estrowa astaksan-
tyng, kantaksantyne, luteing, flawoksantyne, zeaksantyne i dokladnie nieokreslony, prawdo-
podobnie dwuhydroksy-{-karoten (tabela I i II).

Na podstawie uzyskanych wynikow badan stwierdzono, ze osobniki doroste pici zenskiej
badane w catoSci oraz niektore ich czegsci ciala, zwlaszcza oczy i odndéza sa znacznie
bogatsze w karotenoidy w poréwnaniu z osobnikami meskimi, zwlaszcza dojrzatymi piciowo.

Sposrod badanych czgéci ciala u osobnikow dorostych obu pici kryla wykazano, ze oczy
i odndéza sa znacznie bogatsze w karotenoidy w poréwnaniu z pancerzem i korpusem.
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