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Fucoxanthin and fucoxanthinol fatty acid esters in the clam, Mactra chinensis, were characterized
on the basis of 1H NMR and FAB-MS spectra. 1H NMR revealed that the hydroxy group at C-3 in
fucoxanthin and fucoxanthinol was acylated. 3′-O-Acylated compounds such as fucoxanthinol 3′-
ester or fucoxanthinol 3,3′-diester were not found in the clam. The fatty acids esterified with fucoxanthin
and fucoxanthinol were identified as C24:6, C22:5, C22:6, C20:5, C20:0, C20:1, C18:0, C18:1, C16:
0, C16:1, and C14:0 by FAB-MS data.
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INTRODUCTION

Fucoxanthin, a marine carotenoid possessing allenic, conju-
gated carbonyl, epoxide, and acetyl groups in its molecule, is
widely distributed in marine algae such as Chrysophyceae,
Prymnesiophyceae, Bacillariophyceae, Prasinophyceae, and
Phaeophyceae (1,2). Fucoxanthin contributes>10% of the
estimated total production of carotenoids in nature (3). Fucox-
anthiol, a deacetyl product of fucoxanthin, is also found in these
algae (1, 2). Fucoxanthin has been found to have biological
activities such as antioxidative (4, 5), antitumor, anticarcinogenic
(6-13), and antiobesity (14) activities.

Fucoxanthin and fucoxanthinol were also found in some
marine invertebrates such as shellfish and tunicates as free and
esterified forms (15-18). However, because of a large amount
of lipid contaminants and instability for saponification, detailed
structures including acylation position and fatty acid composi-
tions of fucoxanthin and fucoxanthin esters in marine animals
have not yet been determined. Recently, we isolated these esters
from the Chinese surf clam,Mactra chinensis, which is an
important edible shellfish in Japan and its muscle exhibits bright
orange color, by using gel permeation chromatography (GPC)
and reversed phase HPLC on ODS. The present study was
undertaken to determine the structures of fucoxanthin and
fucoxanthinol esters (Figure 1) by1H NMR and FAB-MS
spectra.

MATERIALS AND METHODS

Apparatus. The UV-vis spectra were recorded with a Shimadzu
U-240 spectrophotometer in diethyl ether (Et2O). The positive ion FAB-
MS spectra were recorded using a JEOL JMS-HX 110A mass
spectrometer withm-nitrobenzyl alcohol as a matrix. The1H NMR
(500 MHz) spectra were measured with a Varian UNITY INOVA 500
spectrometer in CDCl3 with TMS as an internal standard. Preparative
HPLC was performed on a Shimadzu LC-6AD with a Shimadzu SPD-
6AV spectrophotometer set at 450 nm. The column used was a 250×
10 mm i.d., 10µm LiChrospher RP-18 (e) (Cica-Merck, Darmstadt,
Germany). Preparative GPC was performed on an LC-908 HPLC
system using a 600× 20 mm i.d., 16µm JAIGEL 2H column (Japan
Analytical Industry Co., Ltd., Tokyo, Japan) with an IR-5 detector
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Figure 1. Structures of fucoxanthin and fucoxanthinol esters in clam M.
chinensis.

J. Agric. Food Chem. 2007, 55, 1563−1567 1563

10.1021/jf063139n CCC: $37.00 © 2007 American Chemical Society
Published on Web 01/31/2007



(Japan Analytical Industry Co., Ltd.) and CHCl3 as an eluting solvent
at the flow rate of 3.8 mL/min.

Animal Materials. The clam, M. chinensis (Mactridae), was
purchased at a local fish market in February and March.

Quantification of Carotenoids. The total carotenoid content and
the amount of carotenoids eluted from column chromatography were
calculated using the extinction coefficient ofEcm

1% ) 2500 atλmax (450
nm) (19) and 1600 in the case of fucoxanthin derivatives (20). In the
HPLC analysis, the relative amounts of individual carotenoids were
calculated from the peak area detected at 450 nm.

Extraction and Isolation of Fucoxanthin and Fucoxanthinol
Esters.The muscle ofM. chinensis(140 g, about 50 specimens) was
extracted with Me2CO at room temperature. The Me2CO extract was
partitioned between Et2O and aqueous NaCl. The organic layer was
dried over Na2SO4 and then concentrated to dryness. The residue was
subjected to silica gel column chromatography on a 300× 20 mm
column usingn-hexane, Et2O, and Me2CO as solvents. The fraction
eluted with Et2O from the silica gel column contained fucoxanthin esters
and a large amount of steroids and lipids. To remove these contaminants
from fucoxanthin esters, this fraction was subjected to GPC on JAIGEL
2H with CHCl3 as an eluting solvent. The orange fraction eluted at 60
min contained fucoxanthin esters, and the colorless fraction eluted at
65-90 min contained steroids and lipids. The fucoxanthin ester fraction
was further purified by preparative HPLC on ODS with CHCl3/CH3-
CN (3:7) at a flow rate of 2.0 mL/min as shown inFigure 2. The
fraction eluted with Me2CO-Et2O (4:6) from silica gel column
chromatography contained fucoxanthinol esters and was further purified
by GPC on JAIGEL 2H with CHCl3 in order to remove lipid
contaminants. The fucoxanthinol esters obtained by GPC (retention time
60 min) was further purified by preparative HPLC on ODS with
CHCl3-CH3CN (1:9) as shown inFigure 3.

Fucoxanthin 3-polyunsaturated fatty acid (PUFA) ester:UV-
vis, λmax (Et2O) 445 and 475 nm;1H NMR (CDCl3), δ 0.96 (3H, s,

H-17), 0.98 (3H, t,J ) 7.5 Hz, CH3 in fatty acid moiety), 1.07 (6H, s,
H-16, 17′), 1.22 (3H, s H-18), 1.35 (3H, s, H-18′), 1.38 (3H, s, H-16′),
1.39 (1H, dd,J ) 12.5, 12 Hz, H-2â), 1.41 (1H, dd,J ) 12.5, 7 Hz,
H-2′â), 1.51 (1H, dd,J ) 13, 12.5 Hz, H-4′â), 1.54 (1H, ddd,J )
12.5, 3.5, 1.5 Hz, H-2R), 1.69 (2H, quintet,J ) 7.5 Hz,-CH2-CH2-
CH2-COO in fatty acid moiety), 1.81 (3H, s, H-19′), 1.86 (1H, dd,J
) 14, 9 Hz, H-4â), 1.94 (3H, s, H-19), 1.99 (1H, overlapped, H-2′R),
2.00 (6H, s, H-20, 20′), 2.04 (3H, s, CH3CO), 2.08 (2H, quintet d,J )
7.5, 1 Hz, CH3-CH2-CHdCH- in fatty acid moiety), 2.11 (2H, m,
J ) 7.5 Hz,dCH-CH2-CH2-CH2-COO), 2.27 (1H, ddd,J ) 13,
4.5, 1.5 Hz, H-4′R), 2.28 (2H, t,J ) 7.5 Hz,-CH2-COOH in fatty
acid moiety), 2.36 (1H, ddd,J ) 14, 5, 1.5 Hz, H-4R), 2.61 (1H, d,J
) 18 Hz, H-7), 2.80-2.85 (about 10H, m,dCH-CH2-CHd in fatty
acid moiety), 3.66 (1H, d,J ) 18 Hz, H-7), 4.88 (1H, m, H-3), 5.37
(1H, m, H-3′), 5.37 (about 12H, m,-CHdCH- in fatty acid moiety),
6.06 (1H, s, H-8′), 6.13 (1H, d,J ) 11.5 Hz, H-10′), 6.27 (1H, d,J )
11.5 Hz, H-14′), 6.35 (1H, d,J ) 15.5 Hz, H-12′), 6.42 (1H, d,J )
11.5 Hz, H-14), 6.58 (1H, dd,J ) 15.5, 11.5 Hz, H-11), 6.61 (1H, dd,
J ) 15.5, 11.5 Hz, H-11′), 6.65 (1H, dd,J ) 15, 11.5 Hz, H-15), 6.66
(1H, d, J ) 15.5 Hz, H-12), 6.75 (1H, dd,J ) 15, 11.5 Hz, H-15′),
7.14 (1H, d,J ) 11.5 Hz, H-10); FAB-MS (Table 1); CD (Et2O), λ-
(∆ε) 230 (-0.5), 250 (-1.5), 270 (-1.0), 300 (-0.5), 320 (-0.7), 380
(0) nm.

Fucoxanthin 3-ester (in the case of fucoxanthin 3-palmitate):
UV-vis, λmax (Et2O) 445 and 475 nm;1H NMR (CDCl3), δ, signals of
the carotenoid moiety were identical with fucoxanthin 3-PUFA ester
described above, and signals of the fatty acid moiety were as follows:
0.88 (3H, t,J ) 7.5 Hz, CH3 in fatty acid moiety), 1.25 (about 28H,
CH2 in fatty acid moiety) 2.07 (2H, t,J ) 7.5 Hz, -CH2-COO in
fatty acid moiety); FAB-MS (Table 1); CD of fucoxanthin 3-ester was
almost the same as that of fucoxanthin 3-PUFA ester described above.

Fucoxanthinol 3-PUFA ester:UV-vis, λmax (Et2O) 445 and 475
nm; 1H NMR (CDCl3), δ 0.96 (3H, s, H-17), 0.98 (3H, t,J ) 7.5 Hz,
CH3 in fatty acid moiety), 1.07 (6H, s, H-16, H-17′), 1.21 (3H, s H-18),
1.34 (3H, s, H-16′), 1.34 (1H, dd,J ) 12, 7 Hz, H-2′â), 1.35 (3H, s,
H-18′), 1.39 (1H, dd,J ) 12.5, 12 Hz, H-2â), 1.41 (1H, dd,J ) 13,
12.5 Hz, H-4′â), 1.54 (1H, ddd,J ) 12.5, 3.5, 1.5 Hz, H-2R), 1.69
(2H, quintet, J ) 7.5 Hz, -CH2-CH2-CH2-COO in fatty acid
moiety), 1.81 (3H, s, H-19′), 1.86 (1H, dd,J ) 14, 9 Hz, H-4â), 1.94
(3H, s, H-19), 1.95 (1H, overlapped, H-2′R), 2.00 (6H, s, H-20, 20′),
2.08 (2H, quintet d,J ) 7.5, 1 Hz, CH3-CH2-CHdCH- in fatty
acid moiety), 2.11 (2H, m,J ) 7.5 Hz,dCH-CH2-CH2-CH2-COO),
2.27 (1H, ddd,J ) 13, 4.5, 1.5 Hz, H-4′R), 2.28 (2H, t,J ) 7.5 Hz,
-CH2-COO in fatty acid moiety), 2.36 (1H, ddd,J ) 14, 5, 1.5 Hz,
H-4R), 2.61 (1H, d,J ) 18 Hz, H-7), 2.80-2.85 (about 10H, m,d
CH-CH2-CHd in fatty acid moiety), 3.66 (1H, d,J ) 18 Hz, H-7),
4.32 (1H, m, H-3′), 4.88 (1H, m, H-3), 5.37 (about 12H, m,-CHd
CH- in fatty acid moiety), 6.04 (1H, s, H-8′), 6.12 (1H, d,J ) 11.5
Hz, H-10′), 6.27 (1H, d,J ) 11.5 Hz, H-14′), 6.35 (1H, d,J ) 15.5
Hz, H-12′), 6.42 (1H, d,J ) 11.5 Hz, H-14), 6.58 (1H, dd,J ) 15.5,
11.5 Hz, H-11), 6.61 (1H, dd,J ) 15.5, 11.5 Hz, H-11′), 6.65 (1H, dd,

Figure 2. HPLC of fucoxanthin ester obtained from clam, M. chinensis.
For peak assignment see Table 1.

Figure 3. HPLC of fucoxanthinol ester obtained from clam, M. chinensis.
For peak assignment see Table 2.

Table 1. Identification of Fucoxanthin Esters in Chinese Surf Clam, M.
chinensis

peak
MSa m/z

(M+)
HR MSa m/z

(formula, ∆ errorb)
identifi-
cationc

composi-
tiond

1 996 not measured F-C24:6 35.7e

970 not measured F-C22:5
968 968.6542 (C64H88O7, ∆ −0.6) F-C22:6
942 942.6349 (C62H86O7, ∆ −2.4) F-C20:5

2 868 not measured F-C14:1 2.5
3 894 not measured F-C16:1 12.1
4 896 896.6495 (C58H88O7, ∆ +4.5) F-C16:0 7.0
5 922 not measured F-C18:1 10.7
6 924 924.6860 (C60H92O7, ∆ +1.7) F-C18:0 11.7
7 950 not measured F-C20:1 6.7
8 952 not measured F-C20:0 7.7

a Positive ion FAB-MS. b Error indicated as milli mass unit. c F ) fucoxanthin.
d Expressed as percent of the fucoxanthin 3-ester fraction. e Sum of PUFA esters.
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J ) 15, 11.5 Hz, H-15), 6.66 (1H, d,J ) 15.5 Hz, H-12), 6.75 (1H,
dd, J ) 15, 11.5 Hz, H-15′), 7.14 (1H, d,J ) 11.5 Hz, H-10); FAB-
MS (Table 2); CD of fucoxanthinol 3-PUFA ester was almost the same
as that of fucoxanthin 3-PUFA ester described above.

Fucoxanthinol 3-ester (in the case of fucoxanthinol 3-palmitate):
UV-vis, λmax (Et2O) 445 and 475 nm;1H NMR (CDCl3), δ, signals of
the carotenoid moiety were identical with fucoxanthinol 3-PUFA ester
described above, and signals of the fatty acid moiety were as follows:
0.88 (3H, t,J ) 7.5 Hz, CH3 in fatty acid moiety), 1.25 (about 28H,
CH2 in fatty acid moiety), 2.07 (2H, t,J ) 7.5 Hz, CH2-COO, in
fatty acid moiety); FAB-MS (Table 2); CD of fucoxanthinol 3-etser
was almost the same as that of fucoxanthin 3-PUFA ester.

Identification of Other Carotenoids in Clam. R-Carotene,â-car-
otene, crassostreaxanthin A acetate, crassostreaxanthin A, crassostre-
axanthin B acetate, crassostreaxanthin B, halocynthiaxanthin 3′-acetate,
halocynthiaxanthin, alloxanthin, diatoxanthin, diadinoxanthin, heterox-
anthin, and mactraxanthin were identified on the basis of comparison
of spectroscopic data and chromatographic behavior with our authentic
samples obtained from the oyster,Crassostrea gigas(21). Heteroxanthin
and mactraxanthin were isolated as esterified form and were identified
as free form after saponification. Because of the small amount of
samples, fatty acid moieties of those esterified carotenoids could not
be determined.

Carotenoid content and composition inM. chinensisare shown in
Table 3.

RESULTS AND DISCUSSION

Fucoxanthin Ester in Clam. The fraction eluted with Et2O
from silica gel column chromatography contained fucoxanthin
esters accompanied with a large amount of steroids and lipids.
Contaminant lipids were removed from fucoxanthin esters by
GPC. Fucoxanthin esters were further separated by HPLC on
ODS with CHCl3/MeCN (3:7) as shown inFigure 2. The
carotenoids in peak 1 were identified as fucoxanthin 3-poly-
unsaturated fatty acid (PUFA) esters by1H NMR, which was
assigned by COSY and NOESY experiments, and FAB-MS.
The1H NMR signal of H-3 (δ 4.88), which showed a 0.97 ppm
downfield shift relative to the corresponding signal in fucox-
anthin (20,22), indicated that the hydroxy group at C-3 was
acylated. Furthermore, the following series of characteristic1H
NMR signals, 0.98 (t), 1.69 (quintet), 2.08 (quartet), 2.11 (m),
2.28 (quartet), 2.80 (m), and 5.37 (m), indicated that the fatty
acid moiety was consistent with a polyunsaturated fatty acid
(23). The FAB-MS showed molecular ion peaks atm/z 996,
970, 968, and 942, which were assigned to tetracosahexaenoic
acid (C24:6), docosapentaenoic acid (C22:5), docosahexaenoic
acid (C22:6), and eicosapentaenoic acid (C20:5) esters of
fucoxanthin, respectively (Table 1). The carotenoids in peaks

2-8 were identified as fucoxanthin 3-saturated fatty acid or
monounsaturated fatty acid esters. The acylated position in
fucoxanthin was also determined to be the hydroxy group at
C-3 by1H NMR spectral data. Compounds exhibiting molecular
ions atm/z952, 950, 924, 922, 896, 894, and 868 were assigned
as eicosanoic acid (C20:0), eicosenoic acid (C20:1), octade-
canoic acid (C18:0), octadecenoic acid (C18:1), hexadecanoic
acid (C16:0), hexadecenoic acid (C16:1), and tetradecanoic acid
(C14:0) esters of fucoxanthin as shown inTable 1. Among
them, the molecular formulas of C22:5, C20:5, C18:0, and C16:0
esters of fucoxanthin were confirmed by HR FAB-MS data.
The composition of individual fucoxanthin esters expressed as
percentage of the total of fucoxanthin 3-ester fraction is shown
in Table 1.

Fucoxanthinol Ester in Clam.The fraction eluted with Me2-
CO/Et2O (4:6) from silica gel column chromatography contained
fucoxanthinol esters accompanied by a large amount of steroids
and lipids. This fraction was also purified by GPC to remove
these lipid impurities. The fucoxanthinol esters obtained by GPC
were further separated by HPLC on ODS with CHCl3/MeCN
(1:9) as shown inFigure 3. Peak 1 was identified as a mixture
of fucoxanthinol 3-PUFA esters by FAB-MS and1H NMR. The
fucoxanthinol molecule bears two secondary hydroxy groups
located at C-3 and C-3′. Thus, two possible structures of
fucoxanthinol monoesters, that is, fucoxanthinol 3-ester and
fucoxanthinol 3′-ester, could be considered. In the1H NMR of
fucoxanthinol ester, assigned by COSY and NOESY experi-
ments, the H-3 signal (δ 4.88) showed a remarkable downfield
shift of 0.97 ppm relative to the corresponding signal of
fucoxanthinol (20,22). On the other hand, the H-3′ signal
showed the same chemical shift (δ 4.32) as fucoxanthinol (20,
22). This clearly indicated that the hydroxy group at C-3 was
acylated and that the hydroxy group at C-3′ existed as the free
form. The 1H NMR signals of the fatty acid moiety were in
agreement with the structure of the polyunsaturated fatty acid.
The FAB-MS showed molecular ions atm/z954, 928, 926, and
900, which were assigned as C24:6, C22:5, C22:6, and C20:5
esters of fucoxanthinol, respectively (Table 2); they were also
confirmed by HR FAB-MS data.

Table 2. Identification of Fucoxanthinol Esters in Chinese Surf Clam,
M. chinensis

peak
MSa m/z

(M+)
HR MSa m/z

(formula, ∆ errorb )
identifi-
cationc

composi-
tiond

1 954 954.6724 (C64H90O6, ∆ −1.3) Fol-C24:6 17.0e

928 928.6575 (C62H88O6, ∆ −0.6) Fol-C22:5
926 926.6429 (C62H86O6, ∆ +0.4) Fol-C22:6
900 900.6248 (C60H84O6, ∆ −2.0) Fol-C20:5

2 826 not measured Fol-C14:0 6.4
3 852 not measured Fol-C16:1 14.6
4 854 854.6460 (C56H86O6, ∆+3.6) Fol-C16:0 8.9
5 880 880.6760 (C58H88O6, ∆ +0.2) Fol-C18:1 12.5
6 882 882.6760 (C58H92O6, ∆ +2.2) Fol-C18:0 15.7
7 908 908.6915 (C60H92O6, ∆ +2.1) Fol-C20:1 6.4
8 910 910.7015 (C60H94O6, ∆ −3.6) Fol-C20:0 7.8

a Positive ion FAB-MS. b Error indicated as milli mass unit. c Fol ) fucoxanthinol.
d Expressed as percent of the fucoxanthinol 3-ester fraction. e Sum of PUFA esters.

Table 3. Carotenoid Content and Composition of Chinese Surf Clam,
M. chinensis

muscle
digestive

organ gonad

total carotenoid content (mg/100 g) 0.62 0.53 7.3
carotenoid composition (%)

R-carotene 0.5 0.5 0.5
â-carotene 1.0 2.5 2.0
fucoxanthin 3-ester 45.5 2.0 nda

fucoxanthin 3.0 10.0 7.8
fucoxanthinol 3-ester 25.0 2.5 nd
fucoxanthinol 2.0 6.0 14.7
crassostreaxanthin A acetate 2.0 5.5 2.0
crassostreaxanthin A 2.5 5.5 5.3
crassostreaxanthin B acetate 1.0 3.5 3.3
crassostreaxanthin B 0.8 6.5 8.2
halocynthiaxanthin 3′-acetate 1.0 6.2 3.2
halocynthiaxanthin 1.0 11.0 10.5
alloxanthin 2.0 8.0 7.0
diatoxanthin 1.5 10.0 12.5
diadinoxanthin 1.5 5.0 9.0
heteroxanthin 3,3′-diester 3.0 2.0 nd
heteroxanthin 1.0 10.4 10.4
mactraxanthin 3,3′-diester 2.0 nd nd
unidentifieds 3.7 2.9 3.6

a Not detected.
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The carotenoids in peaks 2-8 were identified as fucoxan-
thinol 3-saturated fatty acid or monounsaturated fatty acid esters.
Compounds exhibiting molecular ions atm/z910, 908, 882, 880,
854, 852, and 826 were assigned as C20:0, C20:1, C18:0, C18:
1, C16:0, C16:1, and C14:0 esters of fucoxanthinol as shown
in Table 2. The acylated position in those fucoxanthinol esters
was also determined by1H NMR spectral data. Neither
fucoxanthinol 3′-ester nor fucoxanthinol 3,3′-diester were found
in the clam. Therefore, it was concluded that only the hydroxy
group at C-3 in fucoxanthinol was esterified in clam. The
composition of individual fucoxanthinol esters expressed as
percentage of the total of fucoxanthinol 3-ester fraction is shown
in Table 2.

Concerning the carotenoid ester in marine animals, astaxan-
thin esters in Crustaceae (shrimp, crab, and krill) have been
investigated by several authors (24-28). On the other hand,
there are only a few reports on the fucoxanthin and fucoxan-
thinol esters. Only 19′-hexanoyloxy fucoxanthin and 19′-
hexanoyloxy fucoxanthinol from marine algae (29, 30) and
fucoxanthinol 3′-sulfate from fucoxanthin supplemented hens’
egg yolks (31) have been reported. To our knowledge, fucox-
anthin 3-ester and fucoxanthinol 3-ester have not yet been
reported (32).

Carotenoid content and composition of muscle, digestive
organ, and gonad inM. chinensisare shown inTable 3.
Carotenoid content in gonad (7.3 mg/100 g) is higher than that
of muscle (0.62 mg/100 g) and digestive organ (0.53 mg/100
g). In gonad and digestive organ, fucoxanthin, fucoxanthinol,
halocynthiaxanthin, diatoxanthin, and heteroxanthin were found
to be major carotenoids, and they are mainly present as the free
form. On the other hand, in muscle, fucoxanthin 3-ester and
fucoxanthinol 3-ester were found to be major carotenoids, and
they consisted of>70% of the total carotenoids. The major food
sources of the clam are microalgae such as diatom, which
contains fucoxanthin as a major carotenoid (1, 2). From the
carotenoid composition in muscle, digestive organ, and gonad
described above, the following metabolic pathways of fucox-
anthin in clam might be proposed. Fucoxanthin accumulated
from dietary microalgae was metabolized to fucoxanthinol and
halocynthiaxanthin in digestive organ, and they were mainly
deposited in gonad. On the other hand, some of the fucoxanthin
and fucoxanthinol was esterified with fatty acid and deposited
in muscle.

In conclusion, fucoxanthin 3-ester and fucoxanthinol 3-ester
were isolated from the muscle ofM. chinensis. The acylation
position of these compounds was characterized by1H NMR
data. The fatty acids esterified with fucoxanthin and fucoxan-
thinol were identified as C24:6, C22:5, C22:6, C20:5, C20:0,
C20:1, C18:0, C18:1, C16:0, C16:1, and C14:0 by FAB-MS
data.
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