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Carotenoids in Sea Mussel, Mytilus edilus

Yoshito Tanaka and Teruhisa Katayama*

Abstract

In order to study the distribution of the carotenoids in aquatic animals, the
carotenoids in mussel, Mytilus edilus were separated and identified by using co
lumn chromatography. The existence of /?-carotene (10.1^), lutein (b.2%), zea
xanthin (10.9^), isomytiloxanthin (34.7^) and mytiloxanthin (26.6^) in mussel
was confirmed, and the compound produced from isomytiloxanthin by saponifica
tion was presumed to be 3'-hydroxy-7', 8-e, ^-carotene-3-one (isomytiloxanthone)
by MS.

Caroteoids are responsible for the yellow, orange or red color in shellfish, but
there are many non-carotenoid pigments in them. The carotenoids in shellfish
are interesting from a point of view of pigmentation and food chain.

Carotenoids in shellfish were investigated by several workers1'. Shimizu et

al.2_6> studied the carotenoids in five kinds of bivalves and revealed the exis

tence of yff-carotene and lutein in these shellfish, and that carotenoids also
have seasonal variation in relative abundance.

Nishibori7> isolated alloxanthin (pectenoxanthin) from three kinds of shellfish.
Scheer8> investigated the carotenoids of large sea mussel, Mytilus californianus,
and the existence of zeaxanthin, pectenoxanthin and fucoxanthin was confirm

ed, but he could not clarify the structure of mytiloxanthin.
In 1973, Khare et al.9> isolated mytiloxanthin and its isomer, isomytiloxanthin

from mussel, Mytilus edilus and clarified its structural formula.
The present investigation was undertaken to clarify the relative abundance of

the carotenoids in mussel and the compound produed from isomytiloxanthin by

saponification.

Materials and Methods

1) Extraction, separation and identification of the carotenoids: .
The carotenoid pigments were extracted with acetone in a Waring blender.

The carotenoids in the acetone solution were transferred to petroleum ether

from acetone by adding water. The petroleum ether solution of the pigments
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Fig. 1 Chromatographic separation of carotenoids of Mytilus
edulis on columns of magnesium oxide/hyflosupercel and
sucrose. Fractions eluted with acetone in petroleum ether.

was washed with water to remove acetone, dried over anhydrous sodium sul

phate and evaporated under vacuum. The pigments were dissolved in a small

volume of petroleum ether and chromatographed on a MgO column (MgO: Hy-
floSupercel = l : 2), using petroleum ether as developing solvent. Three bands

were obtained: Lower band, middle band and upper band as shown in Fig. 1.
/9-Carotene: The pigments of lower band were rechromatographed on a MgO
column by using petroleum ether as developing solvent. Only one band was
obtained. The absorption spectra and the behavior on the column were all in

agreement with y?-carotene. The Rf value on TLC of this pigment was identic

al with authentic synthesized /9-carotene.

Lutein and Zeaxanthin: The pigments of middle band were rechromatogralphed
on a MgO column by using 10 % acetone in petroleum ether as developing sol
vent. Four bands were obtained.

The absorption spectra and behavior on the column of the lowest band were

in agreement with pure lutein. The Rf value on TLC of this carotenoid was

identical with authentic lutein obtained from marygold.

The absorption spectra of the lower band and its behavior on the column

were in agreement with pure zeaxanthin. The Rf value on TLC of this pig
ment was identical with authentic synthesized zeaxanthin.

Fr-II. The carotenoid of upper band was purified on sugar column and only
one band was obtained. It was difficult to crystallize this pigment from n-
hexane-ethyl ether. This carotenoid could not be identified from the absor-
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Fig. 2 Absorption spectra of Fr-II and its saponified product.

, Fr-II in petroleum ether
t saponified product in petroleum ether
, saponified product in ethyl alcohol

ption spectra and the behavior on the column (Fig. 2). Therefore mass spec
trum of the precipitate of this carotenoid was taken.

Mass spectrum shows the presence of peak at M+ (598), M-92, M-106, M-191,
M-197. The mass spectrum and the change of absorption spectra before and
after saponification showed this carotenoid to be identical with isomytiloxanthin.
Fr-III. The pigment of upper band was rechromatographed on a MgO column
by using 20^ acetone in petroleum ether and only one band was obtained.
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Fig. 3 Absorption spectra of Er-III.
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Fig. 4 Mass spectrum of Fr-III
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Fig. 5 Schematic representation of the possible ways of formation
of the main fragments on the mass spectrum of Fr-III

The isolated pigment was crystallized from n-hexane-ethyl ether.
The purified pigment has the following characteristics as m. p. 171°C, A max

in petroleum ether 464 mm as shown in Fig. 3. The pigment was reduced by
adding sodium borohydride and the absorption spectrum of the reduced pigment
was shown in Fig. 3. The mass spectrum shows the presence of peaks at M+
(598), M-18, M-33, M-79, M-92, M-155, M-191, M-197 and M-217 (Fig. 4). Among
these peaks, M-155, M-191, M-197 are characteristic and peak M-155 shows the
existence of 3-hydroxy-/e-carotene-4-one end group (Fig. 5)10>.

The NMR spectrum of this pigment shows signals at 0.84 (3H), 1.13 (3H), 1.18
(6H), 1.24 (3H), 1.90 (3H), 1.95 (12H) as shown in Fig. 6n). From the absorp
tion spectra, MS and NMR, the structure of this carotenoid was confirmed to
be 3,8,3'-dihydroxy-7', 8'-didehydro-k, /9-carotene-6-one (mytiloxanthin)
2) The compound produced from isomytiloxanthin by saponification:

Sufficient amount of absolute ethanol was added to the carotenoid of Fr-II for
dissolving it complately, then 60% (w/v) aqueous potassium hydroxide was
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Fig. 7 Mass spectrum fo saponified product of Fr-II

added in the rate of 1ml of every 10 ml of ethanol solution. The alkali mixture

was left overnight in the dark at room temperature. After saponification, the

carotenoid in ethanol solution was transferred to petroleum ether by using se

parating funnel. Then the petroleum ether layer was washed gently with

water to remove the alkali.

The petroleum ether solution of the carotenoid was concentrated under va

cuum. The carotenoids were separated on a MgO column and several bands
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Fig. 8 Schematic representation of the possible ways of formation
of the main fragments on the mass spectrum of saponified
product of Er-II

were obtained. The carotenoid of predominant band was purified on a sugar

column and only one band was obtained. The crystallines of saponified caro

tenoid of Fr.-II were obtained from n-hexane-ethyl ether solution.

The characteristics of this carotenoid showed m. p. 138-142°C, X max in petro

leum ether, 460 nm (Fig. 2). Mass spectrum shows the presence of peaks atM+

(564) M-18, M-92, M-107, M-151, M-153, M-191, M-217 (Fig. 7). The peaks at M-

153, M-191, and M-217 show the presence of 3-hydroxy-7,8-didehydro-^-carotene

end group and M-151, M-191, M-217 shows the presence of 3-keto-e-carotene

end group (Fig. 8). From the visible absorption spectrum and MS, the structure

of this carotenoid was presumed to be S'-hydroxy^',8'-didehydro-e-carotene-

3-one and named isomytiloxanthone.

Results and Discussion

The relative abundance of the carotenoids in mussel is shown in Table 1. In

general, it is not always easy to detect one kind of carotenoid as a main caro
tenoid in a certain species, because of seasonal variation as suggested by Simizu

et al.2-6).

In the case of mussel, mytiloxanthin could be considered to be a main ca-

Table 1. Relative abundance of the

carotenoids in sea mussel,
Mytilus edilus.

Carotenoids
Relative abundance

(5»

yff-Carotene 10.1

Lutein 5.2

Zeaxanthin 10.9

Isomytiloxanthin 34.7

Mytiloxanthin 26.6

Unknown 12.5
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rotenoid of this spesies, because mytiloxanthin was detected in every case in
this experiment, Khre's and Scheer's experiments.

Therefore, it appears that mussel always has mytiloxanthin as the species
specific carotenoid. The most probable precursor of mytiloxanthin is presumed
to be fucoxanthin which is widely distributed in planktonic algae. But the
possible intermediate as shown in Fig. 9 could not be isolated in this investiga
tion.

0 HOx!s^sOHO^!^^ sOCOCH,
Fucoxanthin,

*><<*V'***^,!*!s-xW/^

Fucoxanthinol;

tr

V Mytiloxanthin;

HO'T^'OH

XT

XC

Fig. 9 Possible metabolic pathway and intermediate
from fucoxanthin to mytiloxanthin.

The interesting biochemical correration observed by Scheer8) was the gradual
disappearance of mytiloxanthin during starvation and the replacement by zeax
anthin.

From the viewpoint of food chain, biosynthesis and conversion of mytiloxan
thin are very interesting and the subjects should be solved in the future.
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