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Identification and Quantification of Astaxanthin Esters in
Shrimp (Pandalus borealis) and in a Microalga (Haematococcus
pluvialis) by Liquid Chromatography—Mass Spectrometry Using

Negative lon Atmospheric Pressure Chemical lonization
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D-70599 Stuttgart, Germany

Negative ion liquid chromatography—atmospheric pressure chemical ionization mass spectrometry
[negative ion LC-(APCI)MS] was used for the identification of astaxanthin esters in extracts of
commercial shrimp (Pandalus borealis) and dried microalga (Haematococcus pluvialis) samples. A
cleanup step using a normal phase solid phase extraction (SPE) cartridge was applied prior to analysis.
Recovery experiments with astaxanthin oleate as model compound proved the applicability of this
step (98.5 £ 7.6%; n = 4). The assignment of astaxanthin esters in negative ion LC-(APCI)MS was
based on the detection of the molecular ion (M*~) and the formation of characteristic fragment ions,
resulting from the loss of one or two fatty acids. Quantification of individual astaxanthin esters was
performed using an astaxanthin calibration curve, which was found to be linear over the required
range (1—51 umol/L; r2 = 0.9996). Detection limits, based on the intensity of M*~, a signal-to-noise
ratio of 3:1, and an injection volume of 20 uL, were estimated to be 0.05 ug/mL (free astaxanthin),
0.28 ug/mL (astaxanthin—C16:0), and 0.78 ug/mL (astaxanthin—C16:0/C16:0), respectively. This LC-
(APCI)MS method allows for the first time the characterization of native astaxanthin esters in P. borealis
and H. pluvialis without using time-consuming isolation steps with subsequent gas chromatographic
analyses of fatty acid methyl esters. The results suggest that the pattern of astaxanthin-bound
polyunsaturated fatty acids of P. borealis does not reflect the respective fatty acid pattern found in
triacylglycerides. Application of the presented LC-(APCI)MS technique in common astaxanthin ester
analysis will forestall erroneous xanthophyll ester assignment in natural sources.
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INTRODUCTION (Figure 1), depending on the respective organism and the

t ite (e.g., flesh, skin, ied).
Astaxanthin, a symmetric ketocarotenoid (3JBydroxy{3,3- storage site (2.9, flesh, skin, ovaried).(

carotene-4.4dione), naturally occurs in a wide variety of marine A natural source of astaxanthin is the green microalga
and aquatic organisms. The bright red to pink color of Haematococcusp., which accumulates high concentrations of

Crustaceae (shrimp, krill) and Salmonidae (salmon, rainbow monoesterified astaxanthirb)( Nonesterified astaxanthin is
trout) results from accumulation of astaxanthi). (Because  found in the yeastPhaffia rhodozyma(Xanthophyllomyces
animals are not capable of de novo synthesis of astaxanthin,dendrorhouy another high-accumulating organisé).(Analysis
microalgae serve as their natural dietary source. Apart from Of the highly complex ester pattern found taematococcus
coloration, astaxanthin is considered to be essential for growth SP- has attracted interest in the past. Yuan ef7aB)(provided
processes and as a vitamin A precursor in figh3). Thus, a high-performance liquid chromatography (HPLC) method for
astaxanthin is commonly used as a feed supplement in world-the separation and analysis of astaxanthin esters preseht in
wide fish farming to grow healthy and well-colored individuals. lacustris but they did not focus on individual ester identification.
The astaxanthin molecule bears two hydroxy functions located However, the authors noted that astaxanthin monoesters were
at C3/C3 of the 8-ionone moieties. Thus, astaxanthin may be the main components, accompanied by only trace amounts of
present in its free as well as in its mono- or diesterified form astaxanthin diesters. Renstrom and Liaaen-Jer@eédentified
xanthophyll esters by means of thin-layer chromatography

T Telephone (49) 711-4594094; fax (49) 711-4594096; e-mail breithau@ followed by gas chromgtographic (G_'C) _deteCtion Of_fatty acid
uni-hohenheim.de. methyl esters. Predominant fatty acids in astaxanthin esters of
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Figure 1. Structures of astaxanthin mono- (1) and diesters (2) (R = saturated or unsaturated alkyl chains).

H. pluvialis were C16:0 (7%), C18:0 (7%), C19:0 (6%), C20:0 MATERIALS AND METHODS
(25%), and C18:1 (56%). The presence of oleic acid as the major Chemicals.Light petroleum (boiling fraction 4660 °C), methanol,

fatty acid found in the astaxanthin ester fractiortofpluvialis ethyl acetate, and acetone were purchased from Merck (Darmstadt,

was affirmed by other studied @, 11). Germany)tert-butyl methyl ether (TBME)n-hexane, pyridine (99.8%,
Renstrom and Liaaen-Jens@) grovided further information ~ ©ver molecular sieve), astaxanthin (98%), and acyl chlorides 986

on the astaxanthin ester pattern found in shrifandalus each; lauroyl, myristoyl, palmitoyl, stearoyl, oleoyl, and linoleoyl

. . : s . . chloride) were obtained from Sigma-Aldrich (Taufkirchen, Germany).
borealig. The main fatty acids esterified with astaxanthin were Filter paper (no. 610) was from Schleicher & Schuell (Dassel,

C12:0 (4-5%), C14:0 (2-3%), C16:0 (3-8%), C16:1 (%  Germany). All solvents were distilled before use. High-purity water
10%), C18:1 (1#44%), C22:1 (2+39%), C20:5 (25%), and was prepared with a Milli-Q 185 Plus water purification system

C22:6 (5-19%). Accordingly, oleic acid and C22:1 formed the (Millipore, Eschborn, Germany). SPE cartridges for normal phase
principal part. Polyunsaturated fatty acids (PUFAS) such as chromatography (Sep-Pak; 910 mg florisil plus/cartridge) were pur-
C20:5 (eicosapentaenoic acid) and C22:6 (docosahexaenoichased from Waters GmbH, Eschborn, Germany.

acid), typical native constituents of various fish oils, also  S@mplesFour shrimp sample$ boreali§, produced from different
occurred in significant amounts. In an older study, fatty acids manufacturers (sample 1, without brine; samplesIW, with brine),

. . . were obtained from local supermarkets. The brine was removed and
bound to astaxanthin derived from brown shrinergngon the shrimp were dried with a dust-free cloth prior to homogenization.

vulgaris Fabr.) were investigated by GC'FHI’%)- Aggin, Two driedH. plusialis samples were kindly provided by the Microalgal
C14:0, C16:0, C16:1, C18:0, and C18:1 were identified, but Biotechnology Laboratory (Ben-Gurion University of the Negev, Israel;

guantitative data were not given. A recent investigation on the Prof. S. Boussiba) and by Cyanotech Corp. (Hawaii Ocean Science
red crab langostillaRleuroncodes planipgprovided detailed ~ Technology Park).

information on the composition of fatty acids acylating astax- ~_Preparation of Samples Extraction.Shrimp (150 g) were minced
anthin in three diester fractions and in one monoester fraction With an Ultra Turrax T 25 (Janke & Kunkel, Staufen, Germany) for 1
(13). The main fatty acids found in the diester fractions were min. An aliquot of the homogenate (80 g) was suspended in methanol/

] ] . ] ethyl acetate/light petroleum (1:1:1 v/v/v; 100 mL) by mixing thor-
C14:0 (5-9%), C16:0 (17-30%), C20:0 (6-23%), C16:1-7 oughly by hand. The extract was separated from the tissue by employing

(12-15%), and C18:1 (1524%), whereas C20:5 (47%) and  a Bichner funnel covered with a filter paper under vacuum (500 mbar).
C22:6 (11%) were predominant in the monoester fraction. Direct homogenization of shrimp samples with the ternary solvent
Recently, the fatty acid pattern of esterified astaxanthin of mixture resulted in a slurry, which easily blocked thécBoer funnel.
Antarctic krill (Euphausia superhawas published 14). Mo- Thu's_, this meth_od was not applicable. To allow for comp!ete extraction,
lecular masses of the carotenoid esters were measured by fielddditional portions of solvent were poured onto the filter cake and
desorption mass spectrometry. The fatty acid moieties Werevacuumed until the filter cake was completely colorless (800 mL).

o The resulting extract was transferred into a separating funnel. To assist
additionally transmethylated and analyzed by GC. The authors 556 separation, 4 mL of a saturated sodium chloride solution was

reported only five fatty acids in the mono- and diester frac- added. The water layer was discarded, and the organic layer was
tions: C12:0, C14:0, C16:0, C16:1 and C18:1. Surprisingly, transferred into an Erlenmeyer flask, dried with anhydrous sodium

PUFAs were not found in the respective fractions. sulfate, filtered, and evaporated to dryness. For cleanup, the residue

The present study uses HPLC coupled to mass spectrometricwas dissolved im-hexane (3 mL)H. pluvialis samples (150 mg) were

. . o . . suspended in water (10 mL), mixed with an aliquot of a saturated
detection to obtain a deeper insight into the astaxanthin estergogiym chioride solution (4 mL), and extracted with methanol/ethyl
pattern ofH. pluvialis andP. borealiswithout time-consuming  acetate/light petroleum (1:1:1 v/v/v; 20 mL each) in a separating funnel
isolation steps of individual esters and without the use of until the extracts were colorless (3 20 mL). To ensure complete
transmethylation of fatty acids. For removal of accompanying extraction, sonification (30 s) was applied prior the last extraction step.
lipids, normal phase solid phase extraction (SPE) was applied The upper organic phases were combined and treated as described
as a single cleanup step. Because reference substances were nt°ve- . ) )
available commercially, astaxanthin mono- and diesters were _Cl€anup Procedurefive SPE columns were directly coupled in-

. . - . . _line by sticking them together and conditioned withhexane. The use
syntheS|zeq mdeper!dently tq facilitate peak aSSIQn.ment |.n of five columns was necessary to provide sufficient sorbent for good
complex mixtures. This study did not focus on the stereoisomeric separation. Each entire extract was poured completely onto the first

profile of astaxanthin esters or on the presence of minor column using a syringe. For removal of interfering compounds, the
xanthophylls (e.g., echinenone, canthaxanthin). whole column was washed with-hexane (30 mL) and mixtures of
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acetone inn-hexane [10, 20, 30, 40, and 50% (v/v); 30 mL each].

Breithaupt

Table 1. Negative lon LC-(APCI)-MS Data (CV 45 V) Used for

Elution of astaxanthin esters adsorbed between columns two and four|gentification of Astaxanthin Esters in H. pluvialis and Shrimp (P.

was performed with pure acetone (30 mL). Colored fractions were
combined, the solvent was evaporated (50 mbafC30and the residue
was dissolved in TBME/methanol (1:1 v/v; 3 mL). After membrane
filtration (0.45um), samples were subjected to HPLC with diode array
detector (DAD) or liquid chromatographymass spectrometry using

an atmospheric pressure chemical ionization interface [LC-(APCI)MS]
analyses. All procedures were performed under dim light. Samples were
analyzed immediately after cleanup.

Evaluation of the Cleanup Sted.o determine possible losses of

astaxanthin esters during the cleanup procedure, recovery experiments A-C18:
using synthesized astaxanthin oleate as reference compound were A-C20:0 (7)*

performed. Aliquots (2 mL) of an astaxanthin oleate solutior-(75
ug/mL in n-hexane) were placed with a syringe directly on the SPE
column and eluted as described (final volum& mL). The concentra-
tion of this sample is referred to as For preparation of a reference
solution, another aliquot (2 mL) was evaporated under vacuum and
redissolved in TBME/methanol (1:1 v/v; 2 mL). The concentration of
this reference solution is referred to @s Recoveries of astaxanthin
oleate were calculated as follows: % recoveryc, x 100k:. The
following recovery was obtained(= 4): 98.5+ 7.6%.

Quantification of Astaxanthin Esters by HPLC-DAD. The
concentration of an astaxanthin standard solution was determined
spectrophotometrically. Because the solubility of astaxanthin is rather
poor in most solvents, astaxanthirnZ0 mg) was dissolved in toluene
(50 mL), although noemo value was available. The concentration
calculated using the data set given for canthaxanihipn € 118200;

480 nm) @5) was 51.2umol/L (30.6 mg/L). Because the influence of
the two hydroxy groups of astaxanthin on the spectroscopic behavior
is negligible, quantitative results are considered not to be influenced.
For calibration, an aliquot (40 mL) was evaporated to dryness,
redissolved in TBME/methanol (1:1 v/v; 40 mL), and further diluted
to the required concentrations (%81.2 umol/L). Aliquots were
subjected immediately to HPLC-DAD analysis. For quantification, the
calibration curve was created by plotting the peak area (mAld)
versus the concentratioprfiol/L). The calibration graph was found to
be linear over the required range—31 umol/L; r? = 0.9996).
Concentrations of astaxanthin esters were calculated according to th
respective molecular masses.

Synthesis and Isolation of Astaxanthin EstersAstaxanthin (1 mg)
was dissolved in dry pyridine (5 mL) and reacted with the respective
acyl chloride as described earlier for zeaxanthin esié)s ixed esters

were prepared by adding both acyl chlorides dropwise one after another.

The crude products were subjected to semipreparative HPLC on C30
material as described by Weller and Breithaup6)( For elution,
isocratic solvent mixtures consisting of TBME and methanol (v/v) were
used (for peak numbering s@able 1): 50:50 @, 9, 13), 40:60 @, 4,

5, 15, 16), 30:70 (L2, 18, 20, 21), 20:80 (L0, 11, 19). Retention times
were between 5 minl6) and 29 min {1). After isolation, combined
fractions of multiple separations were evaporated to dryness, im-
mediately redissolved in TBME/methanol (1:1 v/v; 3 mL), and stored
at — 20 °C. All standard solutions were analyzed by LC-(APCI)MS.

HPLC and LC-(APCI)MS. The HPLC consisted of a modular
system HP1100 (Hewlett-Packard GmbH, Waldbronn, Germany) with
diode array detector (480 nm). A 2504.6 mm i.d. YMC analytical
column (YMC Europe, Schermbeck, Germany) equipped withrb
C30 reversed phase material including ax1@.0 mm i.d. precolumn
was used (38C). The mobile phase consisted of mixtures of methanol/
TBME/water [81:15:4 v/vlv (A) and 6:90:4 v/v/v (B)]. The following
gradient was used (min/% A): 0/99; 39/44; 45/0; 50/99; 55/99. The
flow rate was 1 mL/min and the injection volume, 20. LC-(APCI)-

MS was performed on an HP1100 modular HPLC system, coupled to
a Micromass (Manchester, U.K.) VG platform Il quadrupole mass
spectrometer. The following MS parameters were used: APCI source,
150 °C; APCI probe, 400°C; corona voltage, 3.7 kV; HV lens, 0.5
kV. Nitrogen was used as sheath (75 L/h) and drying gas (300 L/h).
Various cone voltages (CV; 30, 45, 60 V) were tested in the positive
and in the negative ionization mode. Further details were given by
Breithaupt et al. 17).

e

borealis) Extracts?

m/z
compound Me~ [M* = FA{]~ [M* = FAy~
A-C18:4 (1)* 854.6 (100%)  578.4 (85%)
-C18:3 (2)* 856.6 (100%)  578.4 (90%)
A-C18:2 (3) 858.6 (100%)  578.4 (130%)
A-C18:1 (4) 860.6 (100%) 578.4 (75%)
A-C16:0 (5) 834.6 (100%) 578.4 (127%)
(6) 862.6 (100%)  578.4 (114%)
890.7 (100%) 578.4 (33%)
A-C18:1/C18:3 (8)* 1120.8 (100%) 838.6 (32%) 842.6 (26%)
A-C18:1/C18:2 (9) 1122.9 (100%)  840.6 (12%) 842.6 (14%)
A-C16:0/C18:2 (10) 1096.9 (100%)  840.6 (10%) 816.6 (25%)
A-C18:1/C18:1 (11) 1124.9 (100%)  842.6 (22%)
A-C16:0/C16:0 (12) 1072.8 (100%) 816.6 (18%)
A-C18:0/C18:1 (13) 1126.9 (100%)  842.6 (13%) 844.6 (16%)
A(14) 596.4 (100%)
A-C12:0 (15) 778.6 (24%) 578.4 (100%)
A-C14:0 (16) 806.6 (30%) 578.4 (100%)
A-C20:1 (17)* 888.7 (31%) 578.4 (100%)
A-C12:0/C:12:0 (18) 960.7 (100%) 760.5 (173%)
A-C12:0/C14:0 (19) 988.8 (100%) 788.6 (74%) 760.5 (63%)
A-C12:0/C18:1 (20) 1042.8 (100%)  842.6 (71%) 760.5 (109%)
A-C12:0/C16:0 (21) 1016.8 (100%) 816.6 (71%) 760.5 (49%)
A-C12:0/C20:1 (22)* 1070.8 (100%) 870.6 (46%) 760.5 (68%)
A-C12:0/C22:1 (23)* 10989 (100%)  898.7 (43%) 760.5 (52%)
A-C18:1/C20:1 (24)* 11529 (100%)  870.6 (76%) 842.6 (77%)

aFA, fatty Acid; A, astaxanthin. Masses of the fragment ions and the signal
intensities (in parentheses) are given. Assignment of 1-24 corresponds to peak
numbering in Figure 3. ° The asterisk indicates that assignment is based on the
fragmentation pattern of LC-(APCI)MS analyses only.

Optimization of LC-(APCI)MS ParameterBo optimize conditions
for LC-(APCI)MS analyses, a standard solution containing synthesized
homogeneous astaxanthin diesters was used in preliminary experiments.
Because xanthophylls are well-known to form protonated quasimo-
lecular ions [M+ H]* (16), the solution was first analyzed in the
positive ion mode (CV 30 V). As expected, the quasimolecular ions as
well as the respective fragment ions formed by loss of one or two fatty
acids were generated. However, when cleaned shrimp extracts were
analyzed, an extremely high background noise hampered the interpreta-
tion of the fragmentation pattern. These interferences may originate
from residual triacylglycerides, also forming positive ions. Increasing
the energy imparted to the analytes from 30 to 60 V enhanced
xanthophyll ester fragmentation. Subsequently, the standard mixture
was analyzed using the negative ion mode (CV 30, 45, 60 V). Under
these conditions, negatively charged molecular ions\Mere formed,
whereas [M— H]~ ions were present with low intensity. The same
pattern was found with free astaxanthin. The mass spectra obtained
from standard solutions of free astaxanthin showed the predicted
molecular ion anv/z 596.4 (100%) and a M- 1 signal with a relative
intensity of 16%.

Detection Limit of Astaxanthin Esters [LC-(APCI)M&)r estimat-
ing the detection limits of astaxanthin esters and astaxanthin, synthesized
astaxanthirrC16:0, astaxanthinC16:0/C16:0, and free astaxanthin
were employed as model compounds in equal concentrations (stock
solutions of 1umol/L each; TBME/methanol, 1:1 v/v). Solutions were
further diluted with TBME/methanol (1:1 v/v). On the basis of the
intensity of the respective molecular ion (N, a signal-to-noise ratio
of 3:1, and an injection volume of 26L, the detection limits were
estimated to be as follows: free astaxanthin, Q@&l/L (0.05 ug/
mL); astaxanthirrC16:0, 0.33umol/L (0.28 ug/mL); astaxanthin
C16:0/C16:0, 0.73mol/L (0.78ug/mL).

RESULTS AND DISCUSSION

Fragmentation of Astaxanthin Esters. An example of a
mass spectrum obtained from a mixed astaxanthin ester
(C12:0/C16:0) determined in a shrimp.(boreali§ extract is
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Figure 2. Mass spectrum of astaxanthin—C12:0/C16:0 [negative ion LC-(APCI)MS; CV 45 V], obtained from a shrimp (P. borealis) extract (A) and from
a standard solution (B). Assignment of the respective ions (m/z) is as follows: 1016.8 (M*~); 1015.8 (M — H]7); 816.6 ([M* — C12:0]7); 760.5 ([M* —
C16:0]7); 564.4; 560.4 ([M* — C12:0 — C16:0]).

shown inFigure 2A. For direct comparison, the mass spectrum time window between 15 and 25 min, whereas diesters typically
of the chemically synthesized compound is presentédgare showed retention times of 2535 min (Figure 3A). All UV —

2B. The formation of M~ molecular ions has been described vis spectra featured one broad maximum at-4882 nm (DAD,
previously by van Breemen et all§), who analyzed free = measured in the eluent), which is typical for the astaxanthin
xanthophylls in the negative mode. Liquid chromatography skeleton {5). To unequivocally allocate identification based on
coupled to particle beam MS has been used earlier in the LC-(APCI)MS, astaxanthin mono- and diesters, presumed to
negative mode for analyses Bfcarotene solutionsl@). The be constituents of the extract, were synthesized independently
fragmentation pattern of astaxanthin esters was dominated byand added to aliquots of the extract. Cochromatography was
loss of fatty acids as neutral molecules, resulting in the case ofconsistent with assignment of the respective compounds.
mixed diesters in the formation of two v FA]~ ions. Unfortunately, only a few acyl_ chlorides were ayaila_ble com-
Enhancing the CV from 30 to 45 and 60 V resulted in a decrease Mercially. In particular, fatty acids of the C18 family with more
of the molecular ion intensity and in an increase of the fragment than two double bonds or compounds with chain lengths over
ion abundance. The ion representing the backbone of astaxanthiri-8 ¢arbons were not obtainable. Accordingly, three astaxanthin
(m/z 560.4) was present in all spectra but varied in intensity monoesterd, 2,7) and one diestes] were identified only on
and was accompanied by fragment ions with low intensity the basis of their fragmentation pattern. Structural assignment

(Figure 2). Additionally, a fragment ion atvz 564.4 was of compounds marked with an asterisk Table 1 is conse-

present, even forming the base peak in some experiments. Thequently not confirmed by an independent method. Interpretation
origin of this ion is as yet unknown. To obtain the best ratio of the mass spectra of the broad péaduggested the presence

among intensities of molecular and fragment ions, the CV was of_a Coe'“_“”g component, Wh'Ch was presumeq to be astaxan
. . thin—C22:0. Synthesis of this ester was not possible, forestalling
set to 45 V in all subsequent experiments. The mass spectro- S e !
. . e - . conclusive identification. However, the main monoesters! of
metric data used for the identification of astaxanthin esters in S . : .
pluvialis unambiguously contained the acyl chains C1&8 (

?h pluvialis afmd:;' tl)orealtl)seﬁracts afre preser:ted Tralble Il . (C18:2 B), C18:1 @), and C16:0%). Thus, the predominance
€ reason for the low abundance of monoester Molecular NS¢ aic acid, stated in the literature (e.g., Bfwas confirmed

in the case ofl5—24 (P. borealig is not yet clear. However, by the results of this study

identification w. hievable in m Ldtm mpha- . . - .
dentification was achievable ost cases. It must be empha Astaxanthin Esters in P. borealis Figure 3B shows a typical

sized that relative fragment ion intensities are given for cleaned chromatogram of a shrimp extract. In contrasHoplusialis,

real samples, not for synthesized reference compounds. Theastaxanthin diesters clearly formed the main components. Free
backbone massesvz 578.4 (monoesters) andvVz 560.4 y P '

. ) astaxanthin 14) appeared as a minor constituent. Chromato-
(diesters) were used to scan the total ion current (TIC) trace 14) app

. . graphic resolution in the rear part of the chromatogram was
for the existence of astaxanthin esters. In a subsequent step

individual di ks with ab ~~“nhot excellent, but identification of some astaxanthin esters was
individual mass spectra corresponding to peaks witl a Sorpt'onpossible: five astaxanthin monoesteds®, 15-17) and eight
at 480 nm were produced. Because only mass differences

g ' astaxanthin diesterd {, 18—24) were identified. Lack of acyl
between quasimolecular and fragment ions were used for corides impeded cochromatography of three esters comprising
assignment of acyl chains, LC-MS does not allow for double- ~5g-1 (L7, 22, 24) or C22:1 @3). Coelution with other
bond location. If this information is required, GC represents components was observed f@2 and 23 because signals
the method of choice. Alternatively, LC-M®xperiments have  consistent with the fragmentation pathways of astaxanthin
to be carried out. C14:0/C18:1 and astaxanthi©14:0/C20:1, respectively, were

Astaxanthin Esters inH. pluzialis. Astaxanthin monoesters,  found. Although it was not possible to calculate the complete
the main derivatives of astaxanthinh pluvialis, eluted in a astaxanthin ester pattern Bf borealis lauric acid was found
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Figure 3. Chromatograms (DAD, 480 nm, extended sections) of an H. pluvialis extract (A) and of a shrimp extract (P. borealis) (B). For peak assignment
see Table 1.

Table 2. Concentrations of Astaxanthin Esters (Micrograms per 100 g Table 3. Concentrations of Astaxanthin Esters (Micrograms per 100 g
of Dry Matter = SD; n = 4) in H. pluvialis? of Wet Matter + SD; n = 4) in Shrimp (P. borealis)?
compound sample | sample Il compound sample | sample Il sample Il sample IV
A-C18:4 (1) 268+2.7 342406 A (14) 10008 141+18 180+26  54+06
A-C18:3(2) 179.3+134 76.8+18 A-C12:0 (15) 48.0+3.2 53.0+25 595+21 447+18
A-C18:2 (3) 372.7+30.6 1352+238 A-C14:0 (16) 5709 57+03 49+03 34%01
A-C18:1 (4) 525.2 + 37.7 173.0+5.7 A-C18:1 (4) 257+15 283+16 262+08 15403
A-C16:0 (5) 182.6 £11.3 1395+4.2 A-C16:0 (5) 57+03 6.5+0.2 92+03 56+0.1
A-C18:0 (6) 1232+95 325+08 A-C20:1(17) 6.6+£05 6.4+0.2 41+04 36+02
A-C20:0 (7) 63.9x52 49.7+13 A-C12:0/C:12.0(18) 129.1+48 146.2+7.4 1162+32 151.1+38
A-C18:1/C18:3 (8) 16.8+ 1.0 122+0.3 A-C12:0/C14:0 (19) 227+15 236%17 9.0+04 144%07
A-C18:1/C18:2 (9) 87.6+8.0 47711 A-C12:0/C18:1 (20) 923+53 1006%29 81.1+24 772+18
A-C16:0/C18:2 (10) 17.8+22 23.0+04 A-C12:0/C16:0 (21) 242+14  286%0.8 332+11 295+0.7
A-C18:1/C18:1 (11) 36.3%£26 17.0+0.3 A-C12:0/C20:1 (22) 388+£20 379x27 127x11 23808
A-C16:0/C16:0 (12) 175+238 16.7+0.3 A-C18:1/C18:1 (11) 17715 23.0+07 246+0.38 179+04
A-C18:0/C18:1 (13) 18.6+1.4 6.5+03 A-C12:0/C22:1 (23) 16.8+1.0 198+1.4 155+0.5 126 +0.3

- o - A-C18:1/C20:1 (24 120+08 13.2x04 6.7+05 69+03
3 A, astaxanthin. Quantitative amounts were calculated on the basis of the (24)

respective molecular masses. Numbers of the compounds correspond to Figure 2 A, astaxanthin. Quantitative amounts were calculated based on the respective
3A. molecular mass. Numbers of the compounds correspond to Figure 3B.

to be one of the prevalent fatty acids. PUFAs, formerly regarded geneous diester astaxanthi612:0/C12:0 {8) to be the pre-

as typical components in the astaxanthin ester fractioR.of 45 minant compound, followed by a mixed diester astaxarthin
borealis (9), were not found as main fatty acids in this study. ~12.0/c18:1 20). Notably, the results of samples-IV, which
Thus, the distribution of fatty acids bound to astaxanthin seems ., ,.~io o4 brine. did not differ from those obtained for sample
not to reflect the native pattern of PUFAs found in the [, containing no brine. Although preliminary saponification

glacylglyce_rldfe frsctlon qu)' Hovyevecr;éhls olbservatflon hﬁslto q experiments using methanolic potassium hydroxide solution led
e proven in further studies using GC analyses of methylated, y,q gisappearance of the respective peaks ipluvialis and

fatty acids and the method presented here. Discrepancies in thg, borealisextracts, total free astaxanthin was not quantified

fatty acid pattern of the triacylglyceride fraction on the one hand because special care has to be taken to avoid byproduct
and the xanthophyll ester fraction on the other hand were already.

observed by investigating the lutein ester patterrTafetes formation @1).
erecta(17) and seem to be also valid fér. borealis Taken together, negative ion LC-(APCI)MS provides a

Quantification of Astaxanthin Esters. To determine the possibility to analyze astaxanthin esters in extractsHof

concentrations of individual astaxanthin esters by HPLC-DAD, pluwahs_ an_d P. _boreahs a_fter_ SF.)E cleanup W'th.O.Ut time-
free astaxanthin was used to create a calibration curve (mAU consuming |solat_|on or derlvat_lzatlon steps. Quantlfl_catlon can
x s vsumol/L). Assuming similar extinction coefficients of t_>e performed using astaxanthin as referencg matt_erlal. Applica-
free and acylated forms, this method allows for quantification tion of th? presented L.C'(APCI)MS technique in common
of individual esters, considering the respective molecular masses.‘FJ‘S'[""X"’mth.In ester f’*”a'ys's will forestgll Erroneous xgnthophyll
Quantitative results are presentedbles 2(H. pluvialis) and ester assignment in natural sources in future experiments.

3 (P. borealig. In bothH. pluvialis samples, astaxanthtC18:1

(4) was the main astaxanthin ester; however, concentrationSACKNOWLEDGMENT

varied considerably between the two samples (525 vsultj’3

100 g). This may be due to unknown growth and/or storage Thanks go to Professor Dr. W. Schwack, University of Hohen-
conditions. Quantitative data &. borealisproved the homo- heim, for the excellent working conditions at the Institute of


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/jf049780b&iName=master.img-002.png&w=347&h=209
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Food Chemistry. Special thanks are due to Annépigkd for
the ambitious work during her research course in food chemistry.
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