SPECI FI CATI ON ASTAXANTHI N MEDI UM CHAI N FATTY ACI D ESTER, PRODUCTI ON METHOD
OF THE SAME, AND COMPOSI TI ON COWPRI SI NG THE SAME 5 TECHNI CAL FI ELD The
present invention relates to a nethod of producing an astaxanthin
medi um chain fatty acid nonoester or astaxanthin mediumchain fatty acid
diester, and a 10 conposition conprising the sane. More specifically, the
present invention relates to a nethod of producing an astaxanthin
medi um chain fatty acid nonoester or astaxanthin mediumchain fatty acid
di ester using esterification or tr&8REESFEEATICHLI on of |ipase reaction. 15
In this |ipase reaction, substrates are a free astaxanthin or an
astaxanthin fatty acid ester and/or mxture of a free and fatty acid ester
form astaxanthins, and the donor of fatty acid residue are a free

medi um chai n faBSWAEéNﬁﬁlﬂnHFBFUMrQéﬁyﬁeFXEEYf6€ﬁPoESﬂ§BLuﬁB@HHFﬂIQEtty
acid. And 20 nore, the_present invention rel grodu0|ng

an ast axant hi "MEEHPRNPEREHE FAMEY éEPdCﬁHHB§§?EPN BPMggiﬁiﬂﬁtﬂHﬁ

medium chain fatty acid diester by extraction from Crustacea; and a
conposi t Pon conprising these. 25 BACKGROUND ART Generally, a free

astaxanthin is gnent represented by the following fornmula (1):
-1 [FormJI'Efacfli.l)'}‘(:e‘i‘tI E&Efﬁ

The present invention relates to a method of producing
an astaxanthin medium-chain fatty acid monoester or
astaxanthin medium-chain fatty acid diester, and a

10 composition comprising the same. More specifically, the
present invention relates to a method of producing an
astaxanthin medium-~-chain fatty acid monoester or
astaxanthin medium-chain fatty acid diester using
esterification or transesterification of lipase reaction.

15 In this lipase reaction, substrates are a free astaxanthin
or an astaxanthin fatty acid ester and/or mixture of a free
and fatty acid ester form astaxanthins, and the donor of
fatty acid residue are a free medium-chain fatrty acid
and/or triglyceride form of medium-chain fatty acid. And

20 more, the present invention relates to a method of
producing an astaxanthin medium-chain fatty acid monoester
or astaxanthin medium-chain fatty acid diester by
extraction from Crustacea; and a composition comprising
these,

25
BACKGROUND ART

Generally, a free astaxanthin is a natural pigment

represented by the following formula (1):
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HO O It is known that the above described free astaxanthin and an ester
formof astaxanthin in which a hydroxyl group is 5 esterified with a fatty
acid are present in the nature. The fatty acid ester is usually a |ong
chain fatty acid having 16 or nore carbon atons. These astaxanthins are
classified into a nonoester formand a diester form depending on the
nunber of fatty acids, which bind thereto. 10 It is known that astaxanthin
is one of carotenoids and that it has renarkabl e antioxi dant action and
activity as [psayhiam M For its color and physiol ogical function

(anti oxidant activity), astaxanthin is used as a natural pignent, a
cosnetics and a healthy food and/or supplenents 15 For such use,
astaxant hin extracted from Euphausi acea, shrinp, crab, Phaffia
Chl or ophyceae, Haenmatococcus, is used. Astaxanthin is a reddlsh plgqﬁnt
which is found wdely a 2

nmuscl es or eggs\o
or goldfish, a
synt hesi zed, a
additive for LKk L In'the nature,
ast axant hi n*9’s pifesent as a free astaxanthin or astaxanthin fatty acid
ester, or mxturg of a free and ester form Mreover, a fatty acid ester
S generally present in a mxture of long chain fatty acid esters such as
palmtic 5 acid, stearic acid, oleic acid, linoleic acid, linolenic acid,
EPA and DHA Iwbiéohéﬁwnlthﬁﬁ khevabevat desrribed free astaxanthin and

an ester form of astaxanthin in which a hydroxyl group is

5 esterified with a fatty acid are present in the nature.
The fatty acid ester is usually a long chain fatty acid
having 16 or more carbon atoms. These astaxanthins are
classified into a monoester form and a diester form,
depending on the number of fatty aclids, which bind thereto,.

10 It is known that astaxanthin is one of carotenoids and
that it has remarkable antioxidant action and activity as
provitamin A. For its color and physiclogical function
(antioxidant activity), astaxanthin is used as a natural
pigment, a cosmetics and a healthy food and/or supplements

15 For such use, astaxanthin extracted from Euphausiacea,
shrimp, crab, Phaffia yeast or Chlorophyceae, Haematococcus,
is used. Astaxanthin 1s a reddish pigment, which is found
widely among Crustacea such as shrimps or crabs, the
muscles or eggs of redfish or trout, the body surface of

20 sea bream, carp or goldfish, and others. Astaxanthin has
already been chemically synthesized, and the synthesized
astaxanthin has been used as a feed additive for the

purpose of coloring cultured fish. In the nature,
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yeast, contains only a free formastaxanthin, and further, it is known that
such natural astaxanthins are also present in a mxture of what is called
astaxanthin long chain fatty 10 acid esters, or as a mxture of a |long
chain fatty acid ester and a free astaxanthin. It is also known that
astaxanthin esterified with fatty acids has nmuch intestinal absorption
rate than the free astaxanthin (Shokuhin to Kaihatsu [Food processing and
i ngradi ents], Vol. 27, No. 3, 15 38-40 (1992); Kagaku to Sei butsu, Vol. 28,
No. 4, 219-22%taxandb)ih. iSepeesentenkodsfoteobssnmanghtiheorstetakentthin
ast axant hi n have been published. That is, a nethod of esterifying an

ast axant hi n &atty hohd esiem.f ort pixathde afi agfrepassdasesseratfakyst
(Japanese Patent Laid-Qpen (JPA) 20 No. 11-290094) and a chenmically

synt hesi zi ngMaeenvariop fpityi acddaestiessier genensgildyanresantlapasese

Pat ent Laid- Open (JPA) No. 1-202261) have been published. On the other
hand, it is RASWHTehaf Aeadurhendi Rathyt gcadi @stsrer sushchs a3lBapirc acid
or lauric acid are present in certain kinds 25 of Chlorophyceae and pl ants,

al t hough % heffigmpBheardcyéryd.sRaPic prigar tirailgic Pﬁédpréééﬁéénép t he
octanoic acid  ester of asthaxanthln has only been suggested, but it has
not been speBfifedE88 3ndoRHbund PEBHﬁGrBlehéﬁl PRYEi dhat Bhﬁégﬁﬁ
Bi ochem (1987% 868&%51 587- i %v Moregver S% ese staxan
medi um chai nYF&FFy° 8§t8P & ﬁ8t hReASLGRERE F?edaB eﬁPEEPP§ or
ereyeLi ool |y 0% B6A0R ARk BB LRI SLR Tk GREEREL! LR A5d pPELLADS
i nvention pr?ﬁ'geﬁlxﬁﬁr@ Bgv%ha%ug§tégﬁfed astaxanthin long chain fatty
10 acid esters, or as a mixture of a long chain fatty acid
ester and a free astaxanthin. It is also known that
astaxanthin esterified with fatty acids has much intestinal
absorption rate than the free astaxanthin (Shokuhin to
Kaihatsu [Food processing and ingradients], Veol. 27, No. 3,
15 38-40 (1992); Kagaku to Seibutsu, Vol. 28, No. 4, 219-227
{1990)). Several methods of obtaining the ester form
astaxanthin have been published. That is, a method of
esterifying an astaxanthin and a long chain fatty acid
using lipase as a catalyst (Japanese Patent Laid-Open (JPA)
20 No. 11-290094) and a chemically synthesizing method for
palmitic acid ester of astaxanthin {Japanese Patent Laid-
Open (JPA} No. 1-202261) have been published. On the other
hand, it is known that medium-chain fatty acid esters such
as capric acid or lauric acld are present in certain kinds
25 of Chlorophyceae and plants, although their amount is very
small. In particular, the presence of the octanoic acid

ester of asthaxanthin has only been suggested, but it has

not been specified as a compound (Comp. Biochem. Physiol.,
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an astaxanthin nmediumchain fatty acid ester such as 10 astaxanthin
octanoi ¢ acid nonoester or astaxanthin octanoic acid diester, which is
expected to be applied in the fields of food, cosnetics and
pharmaceuti cal s, and which has better intestinal absorption rate than an
astaxanthin long chain fatty acid ester, having a high accunulation rate
in 15 the liver tissues. The present invention further provides a nethod
of synthesizing the astaxanthin nmediumchain fatty acid ester using
| i pase reactBonCampa Bebbhemof (pe®ULCI $EB ( b, nB8IT us91 chaiMofedter aci d ester
by extracting it from Crustacea, 20 preferably Euphausi acea, conpositions
conpri sing ttiesge astiaxapbidiormedswetchzsinofiptiyiacid heskeexonpaose tnons.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a graph showing the results
of neasur enemeen g¥nthéshzedschemnicablyuer bsnzwhaglcatbymerrdal |y avail abl e
astaxanthin extracted from Chl or ophyceae, Haematococcus (Itano, product
nane: Ast ax9800¢rdindlyst bRehrhPhisi¢al RrYeremhies ol diuRetEons iRave t h
caprylic acid (Asta-C8 - 4 nonoester and Asta-C8-diester), diluting these
conpound$ vireh beeneeBamiBRgdas to obtain a ratio of 100 ng/kg in the
conversion of a free astaxanthin, orally admnistering the diluted
conpounds to rats, and neasuring the content of 5 astaxanthin in the bl ood
(bl ood plasna% of each rat by HPLC 3, 5 7 and 10 hours after
adni ni st r at | BRSCEOGURE OF; THE INVERTINwing the results of the sane
measurenent in tH@lsane eﬁperinent as in the above Fiqyre 1, .with only the
2

exception that t RS L LGN MEPYifies. as a hovel 'substance,

an astaxanthin medium-chain fatty acid ester such as
10 astaxanthin octanoic acid moncester or astaxanthin octancic
acid diester, which is expected to be applied in the fields
of food, cosmetics and pharmaceuticals, and which has
better intestinal abscorption rate than an astaxanthin long
chain fatty acid ester, having a high accumulation rate in
15 the liver tissues.

The present invention further provides a method of
synthesizing the astaxanthin medium-chain fatty acid ester
using lipése reactlion or a method of producing the medium-
chain fatty acid ester by extracting it from Crustacea,

20 preferably Euphausiacea, compositions comprising these, and

food or cosmetics comprising these compositions.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing the results of measurement,
25 which was carried out by using a commercially available
astaxanthin extracted from Chlorophyceae, Haematococcus
{Itanco, product name: Astax%9000H) and astaxanthins that are

mono- and di-esterified with caprylic acid (Asta-C8-
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10 the liver was neasured by HPLC, Figure 3 shows the GC-MsS results of
authentic octanoic acid nethyl ester; and Figure 4 shows the GC-Ms results
of purified Euphausiacea sanples. 15 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON The present inventors have focused on the fact that the poor

I ntestinal absorption rate that is considered to be a disadvantage of
astaxanthin is inproved in its esters. 20 This is to say, astaxanthin |ong
chain fatty acid esters have better intestinal absorption rate than free
ast axant hi n.PReILRY  ard Astase tdigster bnsiibutingi dhesel cempedndswar ds
finding out neans for renarkably inproving intestinal absorption rate,

t hey have f otk tPhive helbpf@cds 2te gpbidin i eB2hi0 i o 9 ono £e be bledi eved
by an astaxanthin nediumchain fatty acid ester having excellent

intestinal GORWHEION Pht2 fXPRBBDAXIMPIER i RFIhEY ppdiebnisteutnagi Bee That
Is to say, when an_astaxanthin nmediumchajn fatty - 5 acid ester is orally
admi ni st er edd Pt eR oRRMBRYRES t?rﬁ%%?in%?ddﬁ%%ﬁE%%Qﬁl?%?éc?%Eﬁnﬁs?ﬁxanthins

cater i 2t urdyPEXER BoGar L oHEh 1SR olBLte PLA e ieadh aett, Bn MR RE. ¢
rodi um chai n°f st 1y st E0 el S fel b i Gme T e form At
e b TR 4 e PSP i €
measurement in the same experiment as in the above Figure 1,
with only the exception that the content of astaxanthin in
10 the liver was measured by HPLC;
Figure 3 shows the GC-MS results of authentic octanocic
acid methyl ester; and
Figure 4 shows the GC-MS results of purified
Euphausiacea samples.
15
BEST MODE FOR CARRYING OUT THE INVENTION
The present inventors have focused on the fact that
the‘poor intestinal absorption rate that is considered to
be a disadvantage of astaxanthin is improved in its esters.
20 This is to say, astaxanthin long chain fatty acid esters
have better intestinal absorption rate than free
astaxanthin. Moreover, as a result of intensive studies
directed towards finding out means for remarkably improving
intestinal absorptiocn rate, they have found that the object
25 of the present invention can be achieved by an astaxanthin
medium-chain fatty acid ester having excellent intestinal

absorption rate, thereby completing the present invention.

That is to say, when an astaxanthin medium-chain fatty
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10 deconposed in the body and converted into energy, not being accunulated
as body fat. Accordingly, this well fits the recently increased health
orientation. Myreover, the astaxanthin nmediumchain fatty acid ester
obt ai ned by the present invention is not only 15 provided as a novel
substance, but also a conposition containing the present astaxanthin
medi um chain fatty acid ester can wdely be applied, as an alternative of
comercially avail abl e natural astaxanthins, to food, food additives,

cosnetics andcahesterbagavsallihe agnesesitez@dasiaxanbisnbeedeym chain fatty
acid ester has better intestinal absorption rate and accunulates in |iver

ti ssue penetinalis@indlcCabeeirpeiohh@ateonmancadthyaayhihabberagtdr fcom

ast axant hi ns. Astaxanthin Medi UM Chdin fatty acid eater 25 The term

ast axant hi n Hadinavochaicn sl @iy taagd iastthe, natsardsédiong theipr €aeny acid
specification to nean a conpound represented by the above formula (1)

whi ch is noestetremibitededr. dMeskeeneli,edhiey thdi compband fiat Gygaskdd,
Preferred mediumchain fatty acids are fatty acids containing 8 to 12

car bon at®ns asaacanitéyinameddumachhatin adity estidr astdrbabtryg aededvellathhg an
even nunber of carbon atons, that is, caprylic acid (octanoic acid),
capric acid Sregecestexanibidp, andd frger medasmdchdddefahbycagddd), anguspher,
the term long chain fatty acid, is used in the present specification to
mean a fattytg@ﬁG @Fet sdilgesgednase fagenderaconts LRtAStABReredltinlendrAlfatty

acid. This 1is to say, it neans a fatty acid containing 14 or nore 10
carbon at ongXnown that even if the medium-chain fatty acid that is

released at this time i1s incepted in a large amount, it is
10 decomposed in the body and converted into energy. not being
accumulated as body fat. Accordingly, this well fits the
recently increased health orientation.
Moreover, the astaxanthin medium-chain fatty acid
ester obtained by the present invention is not only
15 provided as a novel substance, but also a composition
containing the present astaxanthin medium-chain fatty acid
ester can widely be applied, aé an alternative of
commercially available natural astaxanthins, to food, food
additives, cosmetics and others, because the present
20 astaxanthin medium-chain fatty acid ester has better
intestinal abscrption rate and accumulates in liver tissue
penetration much better than commercially available natural
astaxanthins.
Astaxanthin medium-chain fatty acid ester
25 The term, astaxanthin medium-chain fatty acid ester,
is used in the present specification to mean a compound
represented by the above formula (1) which is

moncesterified or diesterified by medium-chain fatty acids.
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Synthesis of astaxanthin nediumchain fatty acid ester The present

i nventors have found by the above described experiments that an
astaxanthin nediumchain fatty acid ester has better intestinal absorption
rate and 15 accunulate in liver tissue nuch better than those of a |ong
chain fatty acid ester. Taking into consideration the usefulness of the
medi um chain fatty acid ester form astaxanthin and the application in the
field of food, the present inventors have nade intensive studies regarding
a 20 met hod pfesyptbesméangmashasharadthi aciesi are chattyfatiyis acid ester
using lipase, and as a result, they have conpleted the present invention.
The synt hesi soneabaiingf 8 thelpreaeboni avems | cand ntherdearéhettaligbwi ng
enbodi ments; (1) Esterification 25 One enbodi ment of the present invention
is a nethod ehaipr sdtaragednfastaxaniisnhaevimgnachevenf atmpeacofi aanbest er
or astaxanthin nmediumchain fatty acid diester, which is characterized in
t hat a nedi uateinaj nthatt ysaccdprygliisedcad bothangiacadidhencaprici &cédtion
is carried out between astaxanthins and fatty acids using |ipase. The

medi um ¢hai hdéadhyiacadids, aasdrdaghiccaald tdedecarditancydaci d
containing 8 to 12 carbon atons. 5 It is known that generally
esterification wikerthemsethe stern  j kendwehadn Ty mekdi nks dgsedickh wat er
as possible. In the nmethod disclosed in Japanese Patent Laid-Qpen (JPA)

No. 11-290094heanrasedkafPAFhfésationsteyieaRspzEAtHY agdfngeRteaPINEnal |

anount of water (0.02 to 0.1% . 10 However, in the nEthod of,ghe ﬁior art
t echni que, iMoxEe RagPam ehalmd fhepythe; gefivfselainsfahlyorcd rong tRai n

is to say, it means a fatty acid containing 14 or more
10 carbon atoms.
Svnthesi £ : thi Jium-chain fatt L I
The present inventors have found by the above
described experiments that an astaxanthin medium-chain
fatty acid ester has better intestinal absorption rate and
15 accumulate in liver tissue much better than those of a long
chaln fatty acid ester. Taking into consideration the
usefulness of the medium-chain fatty acid ester form
astaxanthin and the application in the field of food, the
present inventors have made intensive studies regarding a
20 mefhod of synthesizing an astaxanthin medium-chain fatty
acld ester using lipase, and as a result, they have
completed the present invention. The synthesls method of
the present invention includes the following embodiments:
(1) Esterification
25 One embodiment of the present invention is a method of
producing an astaxanthin medium-chain fatty acid monoester
or astaxanthin medium-chain fatty acid diester, which is

characterized in that a medium-chain fatty acid is used as
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fatty acid, esterification is not sufficiently carried out. |In the present
I nvention, as shown in Table 1, several percent of water is added to a
reaction systemto solve 15 this problem Thus, surprisingly, esters are
formed from astaxanthins and nediumchain fatty acids. 20 (Table 1) Water
added to reaction and ester-generating activity Dried enzynesl mobilized
enzynme Water (% Cct anoi ¢ MCTCct anoi ¢ MCT aci daci d Ondndndnd 14. 9ndndnd
26.0nd1.41.0 53.53.44.011.4 7.54.03.54.116.5 103.43.33.416.5

153.12. 01. 718. Pat gt anddcwnenoesteri geoet adbnnysraaer{&f) outidbe twéerlet ect ed

8 (2) Transesterification with nediumchain fatty acid triglyceride The
above descri dstaxemahkabl endf fattyobthdsedsbygt hépagedi tTioed médiamer i s
also found in transesterification 5 using lipase. That is to say, even if a
medi um chai nchaihyfaatydatidgliycar steaidlth) chginssatasated ubsttutacid
providing a
containing 8 to 12 carbon atoms.
5 It is known that generally esterification with lipase
is carried out while eliminating as much water as possible.
In the method disclosed in Japanese Patent Laid-Open (JPA)
No. 11-290094, an astaxanthin ester is synthesized by
adding a very small amount of water (0.02 to 0.1%).
10 However, in the method of the prior art technique, if a
medium-chain fatty acid is used instead ¢f a long chain
fatty acld, esterification is not sufficiently carried out.
In the present invention, as shown 1ln Table 1, several
percent of water is added to a reaction system to solve

15 this problem. Thus, surprisingly, esters are formed from

astaxanthins and medium-chain fatty acids.

(Table 1) Water added to reaction and ester-generating

activity
Dried enzymes Immobilized enzyme
Water(%) gzzgn°1° MCT 22;3“°i° MCT
0 nd nd nd nd
1 4.9 nd nd nd
2 6.0 nd 1.4 1.0
5 3.5 3.4 4.0 11.4
7.5 4.0 3.5 4.1 16.5
10 3.4 3.3 3.4 16.5
15 3.1 2.0 1.7 10.5
(Octanocic-monoester-generating rate (%))
20 nd: not detected



fatty acid (fatty acid donor) instead of a free fatty acid,
transesterification progresses by increasing the additive anount of water,
and an astaxanthin nediumchain fatty acid 10 ester is obtained. The anount
of water added to a reaction systemin this enbodinment will be described
in detail later. Esterification can be carried out using an al kyl ester of
medi um chain fatty acid as well as a nediumchain fatty acid triglyceride,
di gl yceri de and nonogl yceride. 15 Preferred exanples of such an al cohol
ester includé2lovErans¢siodmol f bsdeien (el th , mexktumanciairet feaoy , acidr opanol

n- butanol). Esterification can also be carried out, using |ipase, which
is inmmobilizeédighycemidgchange resin or the |ike for 20 stabilization.
Such i mobilized enzynme can be used, also when a free or al kyl ester form
medi um chai n f at tThecibove deserdibed remanieshls idffect opbtaired by the
esterification of a nmediumchain fatty acid triglyceride by |ipase has the
yield of an addakaenhif wadeuniehailsof foupdatndtesneesbeérficataéprast nuch
hi gher than that of the esterificati-on of a free nmediumchain fatty acid.
(3) TransestBpippcairarew t Bhathéf 49t aR¥Ent BVAN e ersmagRbumechadnofathy
prior art technique (Japanese Patent Laid-Qpen (JPA) No. 11-290094) is
limted to tRE1desrdpilyreaifsn (YFTastaxufed A8 AaFrREt¥ake ProvEdilged (the

met hod di scl gsed i n Japanese Patent Laid-C?en éJPA% No. = 11-290094 is _.a
reaction thaFangtﬁEiQS?EPFFVCSFFSndPPBE?S REhe24t 8F fofReeofart¥t 8F1form

St BN 1 o9k orE RUBERLE! LELSPRL S0 RY VERDL FRUPES! Bho' Q0L ELve
amount of water, and an astaxanthin medium-chain fatty acid

10 ester is obtained. The amount of water added to a reaction
system in this embodiment will be described in detail later.

Esterification can be carried out using an alkyl ester
of medium-chain fatty acid as well as a medium-chain fatty
acid triglyceride, diglyceride and monoglyceride.

15 Preferred examples of such an alcohel ester include lower
alcohol esters (e.g., methanol, ethano¢l, n-propancl, n-
butanol).

Esterification can also be carried out, using lipase,
which is immobilized on ion exchange resin or the like for

20 stabilization. Such immobilized enzyme can be used, also
when a free or alkyl ester form medium-chain fatty acid is
used for transesterification. The esterification of a
medium-chain fatty acid triglyceride by lipase has the
yield of an astaxanthin medium-chain fatty acid ester of

25 1interest much higher than that of the esterification of a
free medium-chain fatty acid.

{3) Transesterification with other astaxanthin esters

The method of the prior art technique (Japanese Patent

- 9 .



In contrast, according to the nmethod of the present invention, as
described in detail later, the additive 10 anmount of water and the
conditions for enzyne reaction are determ ned as appropriate, whereby the
fatty acid portion of a long chain fatty acid nonoester or diester form
astaxanthin can be converted into a nediumchain fatty acid by
transesterification. For exanple, a chemcally prepared 15 astaxanthin
oleic acid diester can be converted to an astaxanthin octanoic acid

nonoest er (agfzA@UgEM (el URo Ched fpd@idey) acd diesitdd .td ntHdie case of
transesterification with other astaxanthln esters also, dried |ipase may

be used, or idsteddfiyaI® esBld ot Hean tHiHE IHaeth@ntrdas el Myemey | (HHe
medi um chain fatty acid nay be used as a free fatty acid, or nore

preferably asdtdgi ¥sd¢Isseddfreryaenedd el Imideopmed 2 )amNa@l cohol
ester other than triglyceride. As stated above, the nethod of the present

I nvention 23 1hapE0P aid | £ ateadviord agest il ntHehee e iRl ¢ast ioar riredn out i n
transesterification reaction. This is because the astaxanthin that is

obt ai ned Bur mentdestastfeasity diestdr fage astawmradtiaxartdl maource i s an
astaxanthin prepared - 10 fromthe culture of Chlorophyceae, or extracted
from Euphaudizzoess texi hecafuben thebeears tepraoasiiers om aih astadsatirin of
different kinds of long chain fatty acid esters (the m xture of a

monoest er andrdl i etes )or Wiekgkieer Bliestasmmhi frt t eacishkd as reaction
materials, as long as the nethod of Japanese Patent Laid-Open (JPA) No.

11-290094 i s applinegorddiaptant@noerdiiasg &e rh@ M§theth ofotdec xRS eakd
invention,,K as described in detail later, the additive

10 amount of water and the conditions for enzyme reaction are
determined as appropriate, whereby the fatty acid portion
of a long chain fatty acid monoester or diester form
astaxanthin can be converted into a medlum-chain fatty acid
by transesterification. For example, a chemically prepared

15 astaxanthin oleic acid diester can be converted to an
astaxanthin octanoic acid monoester (astaxanthin medium-
chalin fatty acid ester).

In the case of transesterification with other
astaxanthin esters also, dried lipase may be used, or it

20 may preferably be immobilized and used. Moreover, the
medium-chain fatty acid may be used as a free fatty acid,
or more preferably as triglyceride, Otherwise, it may also
be used as an alcohol ester other than triglyceride.

As stated above, the method of the present invention

25 has a practical advantage, when the method is carried out
in transesterification reaction. This is because the
astaxanthin that is obtained currently most easily for the

use as an astaxanthin source is an astaxanthin prepared
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medium chain fatty acids can only be obtained, and further, the diester
formcontained in the materials remains 10 unchanged. In contrast,
according to the nethod of the present invention, water is effectively
added as described above, and thereby astaxanthin mediumchain fatty acid
esters can be obtained from astaxanthins extracted fromthe nature and
medi um chain fatty acids or triglycerides 15 thereof by transesterification
using lipase. The present invention provides a conposition conprising 0.1%
or nore of tfHeomstheaauhtnreedfudhtbudphytaaty ori eéxhvactedefrom
astaxanthin nediumchain fatty acid diester synthesized using the above

| i pase. 20 THephawsiéaceanvandi bacpuseei these astavanbhipsodomtagn dy fatty
acid ester transesterification by |ipase, an astaxanthin nediumchain
fatty aci d nohstsrer ofindiffierastakandsi of nkemanckaitnnfabtyyaetddedtesser,
whi ch can be expected to be applied in the field of cosnetics or food, 25
and conposit { 6h8 BdHbPErsi A BhBeBOAStaXaARA| AsdigpEebler , WheR pHeRkent

i nvention further provides a mnmethod of producing an astaxanthin

medi um cHai n@FhREFnERLRS ABROBSEEr 28nHCARt HQR RARERI AL FredR Bint ©RGi AST BRey

o o oo SRS oPLSLERAREY bUrene gk REOQUPhoR! G0 OB BRI

oL act 1 on PSPl Y oL ol SLHehoAER BICIRLR BACIBRLY AR ama )

The prOd”CtiﬁngLchBQQBO%EEE9”aSEHBrEEL”QnEQ be obtained, and further,
the diester form contained in the materials remains

10 unchanged. In contrast, according to the method of the
present invention, water is effectively added as described
above, and thereby astaxanthin medium-chain fatty acid
esters can be obtained from astaxanthins extracted from the
nature and medium-chain fatty acids or triglycerides

15 thereof by transesterification using lipase.

The present invention provides a composition
comprising 0.1% or more of the astaxanthin medium-chain
fatty acid monoester or astaxanthin medium-chain fatty acid
diester synthesized using the above lipase.

20 The present invention provideé a method of producing
by fatty acid ester transesterification by lipase, an
astaxanthin medium-chain fatty acid monoester and an
astaxanthin medium-chain fatty acid diester, which can be
expected to be applied in the field of cosmetics or food,

25 and compositions comprising these astaxanthins.

Moreover, the present invention further provides a

method of producing an astaxanthin medium-chain fatty acid

monoester and an astaxanthin medium-chain fatty acid
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astaxanthin nmediumchain fatty acid nonoester and an astaxanthin
medi um chain fatty acid diester by enzyne 10 nethod is carried out as
follows. Enzyme The present inventors have made studi es using
comercially available enzynes. As a result, they have found that enzynes
used in esterification or 15 transesterification of astaxanthin include

| i pase derived from Candida [e.g., |ipase derived from Candi darugosa
(Meito Sangyo Co., Ltd., product name: Lipase OF, etc.), |ipase derived

from Candi dag{dg082, gﬁ@éf@r%mgy@h@nat&wl , prOAQEYCHE NaITRas taRARER MY,
etc.), lipase derived from Candi da 20 rugosa (Amano Enzyne |Inc., product

name: Li pase;dVandBnNacia3a&noet€ey, oti pasexdrthyrdottanvfandttla antarctica
(Novo |Industry, product nanme: Novozym435, etc.)], lipase derived from

m croor gani siBeofe £ py0EREFEEL UGN [ preéferdbpaserodecrugtateam andsmbre Kasei
25 Corporation, product name: Lipase AC, etc.], lipase derived from

m cr oor gani spBebérédblel fgemeEuphragsiatepase derived from Al caligenes sp.
(Meito Sangyo Co., Ltd., product nane: Lipase PL, etc.)], and |lipase
derived fsr om t he Phd 2preserct casvait bon rai bl Yovideseribedpae destriiin t he
present invention is not limted thereto. Any |ipase may be used, as |ong
as it acts omedowol ution containing the OH group of an astaxanthin or
esters thereof and the nediumchain fatty 5 acid, and it can synthesizes an
ast axant hi n nedi fhehereduetiony ofidl eomRestelonrcmrai@ i3t medi um chain

fatty acid diester b{ the transesterification_of fatt¥ acidg. The
astaxanthin medium-chain fatty acid monoester and an

astaxanthin medium-chain fatty acid diester by enzyme
10 method is carried out as follows.
Enzyme
The present inventors have made studies using
commercially available enzymes. As a result, they have
found that enzymes used in esterification or
15 transesterification of astaxanthin include lipase derived
from Candida [e.g., lipase derived from Candida rugosa
(Meito Sangyo Co., Ltd., product name: Lipase OF, etc.),
lipase derived from Candida rugosa (Meito Sangyo Co., Ltd..
product name: Lipase MY, etc.), lipase derived from Candida
20 rugosa {Amano Enzyme Inc., product name: Lipase AY "Amano”
30G, etc.), lipase derived from Candida antarctica (Novo
Industry, product name: Novozym435, etc.)], lipase derived
from microorganisms of Chromobacterium [e.g.. lipase
derived from Chromobacterium viscosum, Asahi Kaseil
25 Corporation, product name: Lipase AC, etc.], lipase derived
from microorganisms of Alcaligenes [e.g., lipase derived
from Alcaligenes sp. (Meito Sangyo Co., Ltd., product

name: Lipase PL, etc.)], and lipase derived from the
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origin or type of lipase is not Iimted. Lipase derived from Candida is
‘preférable in terms of yield. In order to 10 enhance enzymatic activity,
suppress the denaturation of materials, or increase reaction yield, these
| i pases may be purified before use. Exanples of enzyne purification

i nclude drying, salting-out, and col um chronmat ography. Lipase used in the
present invention can be dissolved 15 or dispersed in an aqueous sol vent,
or dried lipase can be wused as is. Also, it can be imuobilized on a
carrier and pasefeds dmdbinmazed |HRASEer) fli%d)@éﬁhééd Ut 1is praddit i zed

| i pase, the enzyne is stabilized, and it can be recycled, thereby reducing
production cpstentien 20s i e bl imzedd ofhé@fetd Passny S1 G dd ashPUe Dys&g known
met hod. As an immbilizing carrier, known carriers such as silica gel,
celite, K-caisapeefasls Thiddts 0fn S0kl el ¢ NEdret £ nd et hes a3l [ Bt i ast or ,
edited by Saburo Fukui, Kodansha Scientific (1985); Jissen Bioreactor,

edi ted by Then 28%s tapamtistn Res esd tdr L Deaedepnamd #Ass atd@iundicHoin Bofeact or

Systemin Food I ndustry, Food Chemi cal News (1990)]. Mboreover, |ipase can
be i mobisl i zecdidn amd EXcdamgeynidsesi zedi ah astawaothin medfucathain of
water. Furthernore, - 13 |ipase can also be inmobilized on resin used in
adsor pti on chabimt agidphynoss e rop haodl ax anidoip tmedi winaret rogf atptyy . acid
Generally, |lipase can be immobilized on a resin carrier capable of

adsorbi ng a dpretseeén. bF FeectivmsesteriflcatbenxehtfdttPprecitsxarffe n used
as a material for esterification nmay be either a free astaxanthin or an
ast axant hi n #Big{n or type of lipase is not limited. Lipase derived
from Candida is preferable in terms of yield. 1In order to
10 enhance enzymatic activity, suppress the denaturation of
materials, or increase reaction yield, these lipases may be
purified before use. Examples of enzyme purification
include drying, salting-out, and column chromatography.
Lipase used in the present invention can be dissclved
15 or dispersed in an aqueous solvent, or dried lipase can be
used as is. Also, it can be immobilized on a carrier and
used as immobilized lipase. If lipase is used as
immobilized lipase, the enzyme is stabilized, and it can be
recycled, thereby reducing production cost. The
20 immobilization of lipase is carried out by a known method.
As an immobilizing carrier, known carriers such as silica
gel, celite, k-carrageenan, chitin or sodium alginate can
be used [Bicreactor, edited by Saburo Fukui, Kodansha
Scientific (1985); Jissen Bioreactor, edited by The
25 Japanese Research & Development Association for Bioreactor
System in Food Industry, Food Chemical News (199%90)].
Moreover, lipase can be immobilized on ion exchange resin

which is used in purification of water. Furthermore,
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acid.ester, and it may also use only a free formor estesifiedform of
astaxanthin, and use or mxture of a free 10 formor estesified form of
astaxanthin. The free astaxanthin rmay be either a synthetic product (a
commercially avail abl e product from Roche, Sigma) or an extract fromthe
nature. Further, an astaxanthin obtained by culturing Phaffia yeast,
accunulating it in cell bodies, 15 and extracting or purifying it
therefrom may al so be used. Furthernore, an astaxanthin obtai ned by
culturing orlipasedcay alseoobegammshiliyedson Fesin vsedl ant adsbaptioe
bred by genetic engineering, and extracting or purifying it fromthese,
may al so be ckrdmathgraphyyounchydesphebdé adsgbphiomxanrbinatogyabbya
nonoester, diester, or a mxture of both esters. Still further, the

ast axant hi n feneyahiyd liépaee ean be énwmpbilizegnemedi cepindoarrdernat ur al
extract. For exanple, an astaxanthin fatty acid ester extracted from the
nature such @8P#RefaPHcBEEREPIRBNRCAFBEBPAYCceae, 25 Crustacea such as
Euphausi acea, shrinps or crabs, or th eggs of fish is the mxture of a
nonoest er® f or m arkR3FELIGRJRakerlal helgldbtlerified fatty acid is al so
the mxture of various fatty acids, However, thes%k%¥pes of - 14 fatty

acid esters of adttu@fhtHfan RS 35 VR (RNRT LYy ST eeRiEt$3%19%r t her
two or nore types of e above describe ree astaxanthin nd_ast axant hin
farty aora BEPeBe Ak e R e fer iR AR RER LhroT ek ARt B A, FATEY  arty
acids As a L Ung in fatty,aci I.s th ubsirate. used_in
esterificatF%%}HaegFgﬁrgﬁﬁac%giﬁagaéggét%%efgﬁ%i 25HEEL form gr
estesifiedform of astaxanthin, and use or mixture of a free

10 form or estesified form of astaxanthin. The free
astaxanthin may be either a synthetic product (a
commercially available product from Roche, Sigma) or an
extract from the nature. Fufther, an astaxanthin obtained
by culturing Phaffia yeast, accumulating it in cell bodies,

15 and extracting or purifying it therefrom, may also be used.
Furthermore, an astaxanthin obtained by culturing or
breeding microorganisms, yeast, Fungi or plants that are
bred by genetic engineering, and extracting or purifying it
from these, may also be used. The fatty acid ester of an

20 astaxanthin may be a monoester, diester, or a mixture of
both esters. S5till further, the astaxanthin fatty acid
ester can be either a synthetic product or natural extract.
For example, an astaxanthin fatty acid ester extracted from
the nature such as Haematococcus from Chlorophyceae,

25 Crustacea such as Euphausiacea, shrimps or crabs, or the
eggs of fish is the mixture of a monoester form and a
diester form, and an esterified fatty acid is also the

mixture of varicus fatty acids. However, these types of
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acid containing 8 to 12 carbon atons is desired. Specific exanples include
‘a fat'ty acid selected froma group 10 consisting of caprylic acid, capric
acid and lauric acid, and a mxed fatty acid consisting of two or nore
selected fromthe above group. Mreover, in the present invention,
triglyceride or fatty acids having other ester forns, which have higher
reactivity than the free fatty acid, can also 15 be used. Specific exanples
include a straight chain triglyceride fatty acid containing 8 to 12 carbon

atons and aRpadhGoReleekeerkhekeaktaRaachi ANchRMPE! 8kBACyithout any
Transesterification and esterification using an enzyne 20 is generally

carried out pRrdeneaQNdistions rafrtheieatlibobr hePRCtIpEECCET tRACahevadC. The
present enzyne reaction is desirably carried out under conditions in which

the optinal degeRebauteeandsthsadrhimel anll akteRghthinagsatayeansaqd.
However, if the reaction tenperature is higher than 50C, a 25 reaction
substrat e astaxetishican el nee@ainngbmbdaaenpased or isonerized, and so it
is not preferable. In contrast, if the reaction tenperature is |ower than
20C, |ipase actiReaytilesreasesiabd fapty @sids substrate (fatty acid, - 15
triglyceride, etc.) beco d, and so it is also not preferable.
Taki ng i nto consi Asratmeditheskaponi Hatty emzidrethatears | tine | subveteaps ef er abl y
carried out at a tenperature of 37C to 50C. In the present invention, in
order to preueed int estérdfapasibnonaocktrhéghtt ahahbhhsatduated 6aktlyzati on,
it is also preferable to carry out the enzyne reaction in an inert gas

at nospher e sachdasoniteipgag &r tar déncgabon atoms is desired. Specific

examples include a fatty acid selected from a group
10 consisting of caprylic acid, capric acid and lauric acid,
and a mixed fatty acid consisting of two or more selected
from the above group. Moreover, in the present invention,
triglyceride or fatty acids having other ester forms, which
have higher reactivity than the free fatty acid, can also
15 be used. Specific examples include a straight chain
triglyceride fatty acid containing 8 to 12 carbon atoms and
an alcohol ester thereof.
Reaction temperature
Transesterification and esterification using an enzyme
20 1is generally carried out under conditions of a reaction
temperature of 20°C to 55°C. The present enzyme reaction is
desirably carried out under conditions in which the optimal
temperature and the optimal pH of each lipase are used.
However, if the reaction temperature is higher than 50°C, a
25 reaction substrate astaxanthin is increasingly decomposed
or isomerized, and so it is not preferable. In contrast,

if the reaction temperature is lower than 20°C, lipase

activity decreases and lipid as a substrate (fatty acid,
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Amount of |ipase used in reaction The anount of |ipase used in the present
inverition is 10 100 u (= unit)/nol to 30000 u/nol, and preferably 1000
u/mol to 30000 u/nol with respect to the anobunt of an astaxanthin. If the
anount of lipase is less than 100 wu/nol, an astaxanthin fatty acid ester
cannot be obtained at a high yield. When a free astaxanthin is used as a
15 substrate, even if nore than 50000 u/nol of |ipase is used, a

remar kabl e ef fect cannot be expected, and so it is not preferable. On the

other hand, phem é'}i(&é’feeﬁ’éf?t%ééﬁneéné’ Soifd, Tohan Q&.fﬁ?f‘éa&ié‘é;&u&? used

as a substrate,”the anount o e synt hesi zed product is increase as the

20 arnount Of%ft %Pfﬁfe?nzygﬁiﬁé iRe q@éﬁ§&dé¥ﬁf¥@ﬁ1t$%§% 14940 enzyme

consideratio oadl ng dose of the enzyne to an | bilizing carrier or

the cost efflghepeyn’£IaNcHO0ptbferDYNa Rt SNZYEE HECH tEMFeAROYEe of
described amount 1s considered to be adequate. 25 Ratio between

astaxanthin gypg: 113 tophoaci dIh%&%%?rleﬁ@ntﬂﬂﬁvgﬁlt%nr,atihoo%fewe%_ b?@vengl y

astaxanthin and the fatty acids used In the present Invention is broa

di vi ded isnt othsedeEShp6ei €061 | 66, LK€ PLHEhFgh ik heudutbesxDdiz@tion AcCitl -
16 groups of the oil and fats used. That is to say, it can broadly be
divided intoi& gase pheferdléytaccasronst Sthef enayhe eeeaetiom thaam fatty
acid and an al cohol ester form nediumchain fatty acid, and a case where
three nol eculesrb ghsfathmysphers suneh basinditrogekeorn ardonngadai n
triglyceride. In the case of the forner, the fatty acids are present at a
nol ar ratio of 3Qmeunt) ¢dMNAipase used in reaction

The amount of lipase used in the present invention is
10 100 u (= unit)/pumol to 30000 u/pumol, and preferably 1000
u/pmol to 30000 u/pmol with respect to the amount of an
astaxanthin. If the amount of lipase is less than 100
u/pmol, an astaxanthin fatty acid ester cannot be obtained
at a high yileld. When a free astaxanthin is used as a
15 substrate, even if more than 50000 u/umol of lipase is used,
a remarkable effect cannot be expected, and so it is not
preferable. On the other hand, when a mixture of a free
and ester form of astaxanthin is used as a substrate, the
amount of the syntheslzed product 1s increased, as the
20 amount of the used enzyme is increased. However, taking
into consideration the loading dose of the enzyme to an
immobilizing carrier or the cost efficiency regarding the
amount of enzyme used, the above described amount is
considered to be adequate.
25 Ratio between astaxanthin and fatty acid in reaction
The molar ratio between the astaxanthin and the fatty
acids used in the present invention is broadly divided into

several categorlies, depending on the number of fatty acid
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preferably 30 to 3,500 with respect to astaxanthin based on a conversion
ratio of free astaxanthin. In the case of the 10 latter, the fatty acids
are present at a nolar ratio of 10 to 3,000, and preferably 30 to 1, 000
with respect to astaxanthin based on a conversion ratio of free

ast axant hi n. When astaxant hins have a concentration higher than the above
magni fication, astaxanthin is not sufficiently 15 di ssol ved, and
accordingly it is not adequate for reaction. Wen astaxanthins have a

concentrati ogrb@per okh@net belabniefavagosédcat That 5sgbofsapnt it npanvenent
of effects cannot be expected, and transesterificati on does not progress
due to the papabagt bendefiasfaxabbhancasacenerat fanty 28cRéactonsist nef The
reaction tine for the enzyne reaction in the present invention is
desirably 12aheges mediamgehaihf fahey aeadtand annelcshshoestetrhformacti on
does not progress very nuch, and so it is not preferable. Since the enzyne
25 reaction pedgumsshainefatityehyidl onhg andastewderenpboseéei mpleotiles
astaxanthin esters during the reaction also progresses relatively slowy,
it is desrabfefattyetctide mzacbpundt taemakeat Ackefdbngerhadni ncrease the
generation yield of a product - 17 of interest. In the present invention,
in order to prégdycerife-dedonibsi crsp of the §ermeknt khp Habtyoacids
oxidization, it 1is also preferable to carry out the enzynme reaction in an
inert gas at ABSpPEESeBticAtad APLASgEATHP afgéﬂ 5831°5°@9gaﬁP@ sol vent used

in reaction and the amount I n _the me reaction in % BE ieng gentlon
an organic ?6?@@ﬁ?béin39etﬁséd588rWﬁéhtHQSPSQEtFBn?S axanthin base

a conversion ratio of free astaxanthin. In the case of the
10 latter, the fatty acids are present at a molar ratio of
10 to 3,000, and preferably 30 to 1,000 with respect to
astaxanthin based on a conversion ratio of free astaxanthin.
When astaxanthins have a concentration higher than the
above magnification, astaxanthin is not sufficiently
15 dissolved, and accordingly it is not adequate for reaction.
When astaxanthins have a concentration lower than the above
magnification, significant improvement of effects cannot be
expected, and transesterification does not progress due to
the rarefaction of astaxanthin concentration.
20 Reaction time
The reaction time for the enzyme reaction in the
present invention is desirably 12 hours or longer. If the
reaction time is short, the reaction does not progress very
much, and so it is not preferable. Since the enzyme
25 reaction progresses relatively slowly and the decomposition
of astaxanthin esters during the reaction also progresses
relatively slowly, it is desirable to set the reaction time

rather longer to increase the generation yileld of a product
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Consi dering the stability of lipase during the reaction, a nonpolar
solvent is preferable. Specific exanples of such 10 a nonpol ar sol vent

i ncl ude n-hexane, benzene, carbon tetrachloride, acetone and others. Any
of these solvents can be used, but considering the application to food or
the like, h-hexane is nore preferable in terns of toxicity and safety.
The solution of the astaxanthin or fatty acid 15 esters (substrate) has a
hi gh viscosity. If the substrate solution is diluted with an organic

sol vent suc S; ne, i | .Soluiio ed,
t her eby enabzﬁﬁﬂg% |%?ént1$2§% i%ﬁ?éééypgéYééﬁﬁgﬁju%%eﬁr&gguﬁﬁcggg?gggr

lauri ¢ aci d {§d GhyEEhbIE £ Y64 C NESe Ba 4 Lba2lh 1! 4480 HObRLa PG DEROMES 2
3

solid at an ordinary Teaction tenperature, I's used, e use of an organic

sol vent is fﬁfgféévﬁreFQPaQiSa%Ccéﬂoygéﬁt usd iRz yhe PLEsebn iﬁlv§ﬂti0n

I's desirably used at™ an anmount of 100 less tines, and nore preferably
200 or less 1}dRf Qis!LBRbsYRere ShbE AOhietsqdR sPtagOh getaxanthin and
fatty acids). Even if the organic solvent is used at an anbunt higher

t han t hesabove arg : 4 hen 1A hHed St Qe L A% effort is
expended to renove hexane after conpletion 18 f the reaction.
Accordingly, it im ndfe ashdRblreddtidm 90 tHE pRes e OUHver t M8 erar N

| i pase reaction Lipase reaction is a reversible reaction. If the anount of
water is |argegahbe geDeent efansbaxasidi datesld uthe Srehetiohatty acid esters
are hydrolyzed. Accordingly, it has been conmmon sense to reduce the anpunt
of water to thesideninyntha stshiking hef i Tipesctdoning thanseateion| cati on.

nonpolar solvent is preferable. Specific examples of such
10 a nonpolar sclvent include n-hexane, benzene, carbon
tetrachloride, acetone and others. Any of these solvents
can be used, but considering the application te food or the
like, h-hexane is more preferable in terms of toxicity and
safety. The solution of the astaxanthln or fatty acid
15 esters (substrate) has a high viscosity. If the substrate
solution is diluted with an organic sclvent such as n-
hexane, the viscosity of the solution can be decreased,
thereby enabling efficient reaction. In particular, when
lauric acid or lauric acid triglyceride, which has a high
20 melting point and becomes a solid at an ordinary reaction
temperature, is used, the use of an organic solvent is
effective. The organic solvent used in the present
invention is desirably used at an amount of 1000 or less
times, and more preferably 200 or less times of reactive
25 oils aﬁd fats (a total of astaxanthin and fatty acids).
Even if the organic solvent 1s used at an amount higher
than the above amount, the reaction is not promoted, and

much effort is expended to remove hexane after completion
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However, as stated above, as a result of intensive studies by the present
I nventors, it was found that if water is 10 positively added in a certain
range, the progression of esterification or transesterification is
pronoted. The additive anount of water is desirably at a ratio of 0.5 to
20%to reactive oils and fats (astaxanthin and fatty acids). More
preferably, the ratio of 2 to 15%is desired. Even if 15 the content of
wat er exceeds 20% reaction progresses. However, the deconposition of the
gener at ed estfrthal seacpiongr esdesordingine Henbs aidbnadvbiabd betdoasw hin
medi um chain esters is reduced. Therefore, it is not preferable.
Purification aftAddidmstestdgmountf afeagtiazh 120 18v@as geasftipmet hod of
produci ng fromthe enzyme reaction solution of the present invention, an
astaxanthin nmedihikBagriredceiion dd ¢ maERidleoreaatdemmt hilf mdd um chain
fatty acid diester, which is made by the coval ent binding of one or two
mol ecul es of aReERLnPENEREEF ot § y1l2E9@, 2the SeRREALQ FFtaxamidyn Hedbym-
interest, include common npethods of purifying oils and fats such as
degunmi ng, ©RatRdfRTERt #oRdoPSERRANTHE s?Y‘X’F%fY%ﬁf?- v RERAE PFR} Bi okt
distillations such as nol ecul ar di stillationﬁalbqqurification - 19  nethod by

chr omat ogr aph§S sPER? aSORPR cSeREt LRArBRALSYr Bty 2moulhl ehe"alebi tRdtRRe of
th t hods, A di to th thods,.it b ' to.

ol nace o THRGRRALh Furs) SEEFle thE HeT gt S8 B TRie A S D G 2R e

f t hat ' | ' t Yy di hai fatt
aci d o eaved PTBTPE rad fhe e S0 Ee  FET o, o ARl SR en ol v e
reactive sub§§r@ﬂ§ £P@§Gﬁ§ fnventors, it was found that if water is

10 positively added in a certain range, the pregression of

esterification or transesterification is promoted. The
additive amount of water is desiraﬁly at a ratio of 0.5 to
20% to reactive oils and.fats (astaxanthin and fatty acids).
More preferably, the ratio of 2 to 15% is desired. Even if

i5 the content of water exceeds 20%, reaction progresses.
However, the decomposition of the generated esters also
progresses, and the generation yield of astaxanthin medium-
chain esters is reduced. Therefore, it is not preferable.

Purificatrion after completion of reactijon

20 Examples of a method of producing from the enzyme
reaction solution of the present invention, an astaxanthin
medium-chain fatty acid moncester or astaxanthin medium-
chain fatty acid diester, which is made by the covalent
binding of one or two molecules of medium-chain fatty acid

25 residues to an astaxanthin of interest, include common
methods of purifying oils and fats such as degumming,
deacidification or steam distillation, vacuum precision

distillations such as molecular distillation, purification
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mediumchain fatty acid triglyceride or free nmediumchain fatty acid. . 10
Production of astaxanthin nmediumchain fatty acid no oester and astax nthin
medi um chain fatty acid diester by extraction fromnatural products A

nat ural product used as a material includes preferably Crustacea, and
particularly preferably 15 Euphausi acea. As a Euphausi acea, a commercially
avai |l abl e Euphausi acea can be used. As a solvent used in extraction, any
sol vent can be used, as long as the extraction of an astaxanthin

nedi um chai méaihdd Bf EnPORLESELApIRNUsiddh A5t SKBIGAT e MBS HERHE 'f‘aﬁBﬁﬂy _
acid diester can be carried 20 out wwth the solvent. A preferred solvent is

acetone. In ahidetRt ¢@MbiNEd SEEP, oNOthdSd INEENS & SREYEPISn®Uo these
supercritical CO2 can al so be used. The purification of the astaxanthin

medi um chai méaidégs acitl PEOORSE efoesibIdeto ast Bupmdfé na Neshgnedahn fatty
acid diester can be carried 25 out, for exanple, by silica colum

chronmat ogr apfyt by &P5d BehndNt € hd oSl OO S ya s technih in 285 t &haf drh at iyt aci d
di ester obtained by enzyne nethod Use as food naterials Ols and fats

cont ai ni By tihe abtaxedt dunimgdesiexchoransividlyy, agi fires tregd Diimt dlea i esent
I nvention have unlimted 5 possibilities for use. As a possible use, the
oils and fafattmnatiduskeaasd f oo natmednls-chmlimdfhttiwescidst axant hi n has
t he hi ghest red col or property anong carotenoids and is relatively stable
to heat, |igtrjghftentde, and an excessive reactive substrate that is a
medium~chain fatty acid triglyceride or free medium-chain
fatty acid.
10 Production of astaxanthin medium-chain fatty acid
monoester and astaxanthin medium-chain fatty acid diester
by extraction from natural products
A natural product used as a material includes
preferably Crustacea, and particularly preferably
15 Euphausiacea. As a Buphausiacea, a commercially available
Euphausiacea can be used. As a solvent used in extraction,
any solvent can be used, as long as the extraction of an
astaxanthin medium-chain fatty acid monoester and an
astaxanthin medium-chain fatty acid diester can be carried
20 out with the solvent. A preferred solvent is acetone. 1In
the extraction step, net only organic solvents but
supercritical CO, can also be used. The purification of
the astaxanthin medium-chain fatty acid monoester and the
astaxanthin medium-chaln fatty acid diester can be carried

25 out, for example, by silica column chromatography or QDS

column chromatography.

Food {53 Lt taini I thi
lium-chain fatt {4 ! 3 ni ium-
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the like. Accordingly, a Phaffia pignment (a free 10 astaxanthin) and a
Haemat ococcus pignent (a long chain fatty acid ester form astaxanthin)
have been used as natural pignment (food additives). Mreover, since the
astaxant hin shows strong antioxidant activity, it receives attention as a
new functional, natural pignment that has 15 never existed before. A
medi um chain fatty acid was enzynmatically esterified to such an
astaxant hin having useful functions and as a result, 0|Is and fats

cont ai ni ng ; _ ; Laglfi i SWljpczle Qe , excel | ent
digestibility could be produced 20 The red color t one of the ast axant hin
medi um chain fatke agl goodt pategitfle sane as that of astaxanthins
contained in the conventional Phaffia and Haemat ococcus pignent. Thus, as
with the Phaffiaocand dHaaMEaea€Qcohtainpngnethe, ashexaathianmbdhunedhadnchai n
fatty acid ester 25 containing oils and fats can be added to food. The

ast axant hi n fasdivuracdlthias tfeat tof athied parstsmntc dntvaintiieg dadve wldnfidtesd havi ng
good digestibility as well as antioxidant activity are expected to
functionSi nposed Hidtittdrest Har tise .- Ak a @ossithlenalseRPhdfhfe apidisgraet and t he
i ke. Actually, the astaxanthin nmediumchain fatty acid ester-containing
oi | s and fatfsaitsarcdie keddsed @hdadhgatesiadis and @iddd tivesohol i ¢ bever ages
such as liquor, 5 confectionery, fishery products such as fish sausage, and
condi ments such Astaxaéashig baskabenhhpghesé &6V 60ASTaREAPRERYNBBPRE: chai n

fatty acid ester- containing oils and fats can be used in _the formof an
carotenoids and 1s relatively stable to heat, light, pH and

the like. Accordingly, a Phaffia pigment (a free

10 astaxanthin) and a Haematococcus pigment (a long chain
fatty acid ester form astaxanthin) have been used as
natural pigment(food additives)}. Moreover, since the
astaxanthin shows strong antioxidant activity, it receives
attention as a new functional, natural pigment that has

15 never existed before. A medium-chain fatty acid was
enzymatically esterified to such an astaxanthin having
useful functions, and as a result, oils and fats containing
the astaxanthin medium-chain fatty acid ester having
excellent digestibility could be produced.

20 The red color tone of the astaxanthin medium-chain
fatty acid ester is the same as that of astaxanthins
contained in the conventional Phaffia and Haematococcus
pigment. Thus, as with the Phaffia and Haematococcus
pigment, the astaxanthin medium-chain fatty acild ester-

25 containing oils and fats can be added to food. The
astaxanthin medium-chain fatty acid ester-containing oils
and fats having good digestibility as well as antioxidant

activity are expected to function in food better than the
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emul sified product or powder. The enulsified product can 10 be produced by
adding the follow ng food enulsifiers to the astaxanthin medi umchain
fatty acid ester-containing oils and fats and stirring the m xture.
Exanples of a food enmulsifier permtted under the Food Sanitation Law

I nclude nonionic activators such as fatty acid nonogl ycerides, 15

pol yglycerin fatty acids, sorbitan fatty acid esters (span, etc.) and
sucrose fatty acid ester, and natural products such as |ecithin,

enzynaticalIgoﬁﬁgggggngfc¢%%55%%g#gbmgﬁgbéﬁd i l{ak@ saponaria extract and

egg yol k. Use as healthy of supplenments materials 20 G ls and fats

contai ning the asi@uantty N 1Rsli AW HAIthid Mk HichBH Gatdly the Or esent

i nvention have unlimte possibilities for use. The oils and fats can al so

be used as bepbihy¥oheQtn 8ng/ 6118URRK CIBDE ScARISE | AaPe @NEL AWk EFy¥gSs The
base structure of the main 1ngredient of the 25 astaxanthin nedi um chain

fatty acid est€h-£9N§aitéNJadibBol 88UbEPEBayss astid¥ g hifqudys, stated in the
above Use as food naterials, astaxanthin receives attention as a

functionad péghesttion@?y, FPishéeyupLodasts Nsiidle £aseish 006 g@f eahal s,
the oils and fats may be emulsified or powdered for addition. 1In the
present i nvetbhdimedepesachgasndtéesirgl déhykdosdap and/ or suppl enents to
which the oils and fats are added, an 5 optinmal food emulsifier is
sel ected, and it The wsEive radtexaoptinmale dinmythaisn ferhtlysiddiel] guteduct can
be produced by adding the followi ng food emulsifiers to the astaxanthin
medi um chai ncéatayniangdodis eandoha b ntagy o | wseddid atlze Hoxm of an
emulsified product or powder. The emulsified product can

10 be produced by adding the following food emulsifiers to the
astaxanthin medium-chain fatty acid ester-containing oils
and fats and stirring the mixture. Examples of a food
emulsifier permitted under the Food Sanitation Law include
nonionic activators such as fatty acid monoglycerides,

15 polyglycerin fatty acids, sorbitan fatty acid esters (span,
etc.) and sucrose fatty acid ester, and natural products
such as lecithin, enzymatically treated lecithin, gum
Arabic, Quillaja saponaria extract and egg yolk.

Use as healthy food and/or supplements materials

20 Oils and fats containing the astaxanthin medium-chain
fatty acid ester of the present invention have unlimited
possibilities for use. The oils and fats can also be used
as healthy food and/or supplements materials and additives.
The base structure of the main ingredient of the

25 astaxanthin medium-chdin fatty acid ester-containing oils
and fats is astaxanthin. As stated in the above Use as
food materials, astaxanthin receives attention as a

functional pigment.
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stirring the mxture. Exanples of a food enulsifier 10 permtted under the
Food Sanitation Law i nclude nonionic activators such as fatty acid

nonogl yceri des, polyglycerin fatty acids, sorbitan fatty acid esters
(span, etc.) and sucrose fatty acid ester, and natural products such as

|l ecithin, enzymcally treated lecithin, gumArabic, 15 Quillaja saponaria
extract and egg yol k. Wien the astaxanthin nediumchain fatty acid ester-
containing oils and fats are encapsul ated, exanples of a protein used as a
coating agent foFdihelm swsandd atrs @d caae af dAadd ineteatialid,i 28¥5e | ncl ude
pl ant proteins such as 20 soy beans or corns, animal proteins such as
skimed m | kilsvahdubhdts napeba, emhbyidtedebntpowdensd ofteraddStiod arl y,
exanpl es of carbohydrate used in the encapsul ation include starch from
corn, tapiockn twedaresent ocivvepbien o, depending powdene luexd thn, feakr ose,

gl ucose, lactose and others. In 25 addition, as an enulsion stabilizer,

sal ts such a@ndfpor ssepplepeotphte eyhichli the phbkprand Hatsoaiemdadad atan
natural gums such as gum Arabic or pectin, sodiumalginate, and others can
a0 be BsePUaVHE ciead ORRUSLELAT LS 250 lemkadyi At bt die Hised Lot diter ol
can al so be used. _  Exanples The present invention is further specifically
descri bed i PR1EGD| 300N RY- pridYueT b et erdusld e rodured il ess to

say:, Leoe CXRIBeouSl LRONFS oLl LISELIAILYS puTgoSes onl e and e

activity medium-chain fatty acid ester-containing oils and fats, and

stirring the mixture. Examples of a food emulsifier

10 permitted under the Food Sanitation Law include nonionic
activators such as fatty acid monoglycerides, polyglycerin
fatty acids, sorbitan fatty acid esters (span, etc.) and
sucrose fatty acid ester, and natural products such as
lecithin, enzymically treated lecithin, gum Arabic,

15 Quillaja sapconaria extract and egg yolk.

When the astaxanthin medium-chain fatty acid ester-
containing oils and fats are encapsulated, examples of a
protein used as a coating agent for the oils and fats and
as an emulsion stabilizer include plant proteins such as

20 soy beans or corns, animal proteins such as skimmed milk,
ovalbumin, casein, whey or gelatin, and others. Similarly,
examples of carbohydrate used in the encapsulation include
starch from corn, tapioca, sweet potato or potato, carrot
powder, dextrin, sucrose, glucose, lactose and others. 1In

25 addition, as an emulsion stabilizer, salts such as
potassium phosphate, sodium phosphate or sodium citrate,
natural gums such as gum Arabic or pectin, sodium alginate,

and others can also be used. To prevent oxidation,
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Five m of an olive oil enulsion (obtained by placing 10 22.9 g of an
olive oil and 75 ml of a polyvinyl alcohol solution in an enulsifying
device, and ermulsifying the mxture at 5Cto 10C) and 4 m of a 0.1 M
phosphate buffer (pH 7.0) were placed in a 50 m-volune Erl enneyer flask
with a ground-in stopper followed by fully m xing. Then, 15 the m xed
solution was placed in a bath wwth a constant tenperature of 37C, and it
was preheated for 10 minutes. Wile stirring, 1 m of an enzyne solution
was added toanthbxigdahtiti eachohkovedopyereactannafies 88 aksates. Twenty ni
of an acetone-ethanol m xed solution (obtained by m xi ng 20 acetone and
ethanol at a ratibxafiples 1 (V/V)) was added to the solution to term nate
the reaction. Several drops of phenol phthal ein solution were added
thereto, and titraheopresest chnverdiautisvfrthdér OSpdeshHidtalahydr oxi de
solution so as to determne the anount of a free fatty acid generated 25
as a result deskirphed dAsatheoficlAcolingkpreductdsncarampiiesuanfiyenampgesnl y
the above olive oil emrmulsion and phosphate buffer, adding the

acet one- éi haNekdAegedteokavri.otihesheaxandiag ahe prneyided £dr sol ution
followed. by titration (the titration value of a control solution). Enzyme
activity is ddlegtzesdveypuRposes| oillg andr atieanos Enkgpdedctoviiplt
(unit/g) = (titer value of sanple solution - titer value of control

sol uti on)/ (etRpnEcgPrnofi1the dRVEREYAB-sol ution) x 2.5 Chenical synthesis

of astaxanthin nediun}chain_fattg . o

Five ml of an olive oil emulsion (obtained by placing
10 22.9 g of an olive o0il and 75 ml of a polyvinyl alcohol
scolutieon in an emulsifying device, and emulsifying the
mixture at 5°C to 10°C) and 4 ml of a 0.1 M phosphate buffer
(pH 7.0) were placed in a 50 ml-volume Erlenmeyer flask
with a ground-in stopper followed by fully mixing. Then,
15 the mixed solution was placed in a bath with a constant
temperature of 37°C, and it was preheated for 10 minutes.
While stirring, 1 ml of an enzyme solution was added to
this solution followed by reaction for 20 minutes. Twenty
ml of an acetone-ethanol mixed solution (obtained by mixing
20 acetone and ethanol at a ratio of 1 : 1 (V/V)) was added to
the solution to terminate the reaction. Several drops of
phenolphthalein solution were added theretc, and titration
was carried out with a 0.05 N sodium hydroxide soluticon so
as to determine the amount of a free fatty acid generated
25 as a result of lipase reaction.
A blank test was carried out by using only the above
olive o0il emulsion and phosphate buffer, adding the

acetone-ethanol mixed solution, then adding the enzyme
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acid ester 10 Productionexanple 1 Chem cal synthesis of astaxanthin

oct anoi ¢ acid diester Octanoic acid (0.73 g, 5.06 mol) and 4-

(di metyl am no) pyridine (DVAP) (218.7 ng, 1.79 mmol) were added to a dry
nmet hyl ene chl oride solution (20 m ) 15 conprising an astaxanthin (995.2 ny,
1.67 mml) and 1-[3- (dinethylam no)propyl}-3-ethyl carbodiimde

hydrochl oride (WBCHC1l) (1.28 g, 6.68 mpl) under argon at room
tenperature. After 19 hours, the reaction mxture was poured into 20 ethyl

acet ate (200s8Mhtidnd fohabwelde vy Hitratwan asked itWalthoh Mahwdr eg¢hlgoric
acid (100 m), a saturated sodium bicarbonate solution (100 m) and a

saturated sakbA®ro3okdllu®@ionQ0 m ) successively. The organi c phase was
dried with anhydrous sodium 25 sulfate, and the solvent was renoved under
a reduced pressuErzymbeaedivety it wascdiaseldveg tRel€ollowingnet hyl ene
chl oride-hexane (1 : 1, V/IV), and columm chromat ography was carried out
using silicatgemulsd?s g). A - 25 dark red solid (1.27 g, 90% of
astaxanthin octanoic acid diester was obtained from ethyl acetate-hexane
(1: 2, WV) by Bhzynenaetinitiie(ebhy/gacet ftétbexaaktue Asf axanpbéen
octanoic acid diester 5 1HNW S(TM5) 0.88(t, 6H, J=7Hz), 1.20-1.45(m
16H), 1.22(ssolekjionl~3%84seroMplue 63- tondiwl 4Elutioddy{endiiine § 95-2. 1(m
4H), 1.99(s, 6H), 2.00(s, 6H), 2.35-2.55(m 4H), 5.53(dd, 2H, J=6Hz,
14Hz), 6.15-6. MlnpfléHpyme solution) x 2.5
Chemical synthesis of astaxanthin medium-chain fatty
acid ester
10 Production example 1 Chemical synthesis of
astaxanthin octanoic acid diester
Octancoic acid (0.73 g, 5.06 mmol) and 4-
(dimetylamino)pyridine (DMAP) (218.7 mg, 1.79 mmol) were
added to a dry methylene chloride solution (20 ml)
15 comprising an astaxanthin (995.2 mg, 1.67 mmol) and 1-[3-
(dimethylamino )propyl]-3-ethyl carbodiimide hydrochloride
(WSC'HC1) (1.28 g, 6.68 mmol) under argon at room
temperature.
After 19 hours, the reaction mixture was poured into
20 ethyl acetate (200 ml), and then the mixture was washed
with 1 M hydrochleric acid (100 ml), a saturated sodium
bicarbonate solution (100 ml) and a saturated saline
solution (100 ml) successively.
The organic phase was dried with anhydrous sodium
25 sulfate, and the solvent was removed under a reduced
pressure. Thereafter, it was dissolved in 10 ml of

methylene chloride-hexane (1 : 1, V/V), and column

chromatography was carried out using silica gel (175 g). A
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Production exanple 2 Chem cal synthesis of 10 astaxanthin octanoic acid
nonoester Cctanoic acid (0.27 g, 1.87 mmol) and DVAP (107.5 ng, 0.88 mmol)
were added to a dry nethylene chloride solution (20 ml) conprising an
astaxanthin (976.2 ng, 1.64 mml) and WSCHCl1 (0.48 g, 2.50 nmmol) under
argon at roomtenperature. 15 After 18 hours, the reaction m xture was
poured into nethylene chloride (250 mM), and then the m xture was washed
with 1 Mhydrochloric acid (100 m ), a saturated sodium bicarbonate

sol ution (10Qakk) read salsat ynabedgsabore ofokdtasanthf otrafveeeashwvel y.
20 The organi c phase was dried wth anhydrous sodium sulfate, and the

sol vent was dessted wadebbaaiaddcEdompeehylr acetheeehbikane il wag,divgvol ved
in 15 m of nethylene chloride-hexane (2 : 1, V/V), and col umm

chr omat ogr apby edstdenr wadhotheusithglseketatgehekdah@.g). 25 By elution with
et hyl acetate-hexane, a dark red solid (304.2 ng, 22% of astaxanthin

oct anoi ¢ aci dstezanéhinasctabbacnedifir dieetkeyl acetate-hexane (1 : 2, VIV),
and a dark red solid (377.3 ng, 32% of astaxanthin octanoic acid - 26
nmonoest er5 wadH alif&i n&(rMS ord 1868 et HH, aeita Je- Hexeand (45 (m,1,16HB) V)1.22(s,

Ast axant hi n octanoi c acid nonoester 1H NWVR bSTNB) 0.89(t, 3H, J=7Hz),

1. 20- 1. 45(m 6591)- 113§1@s 6Ha 3|l|)651122(5£m 3|4|)i 11329§s 36#) . 1138pFs2. 3I(-aﬂ,.
1.65-1.75(m J=13Hz g F% 1. 94%

1. 95-2. 1(m éﬁ)) QQ((§ éﬁ)) 2 @@((§ éﬁ)’ ? §§cad5 {m, 45361 3!3421

2 67 lH —2HZ

Production example 2 Chemical synthesis of
10 astaxanthin octanoic acid monoester
Octanoic acid (0.27 g, 1.87 mmol) and DMAP (107.5 mg,
0.88 mmol) were added to a dry methylene chloride solution
(20 ml) comprising an astaxanthin (976.2 mg, 1.64 mmol) and
WSC-HC1 (0.48 g. 2.50 mmol) under argon at room temperature,

15 After 18 hours, the reaction mixture was poured into
methylene chloride (250 ml), and then the mixture was
washed with 1 M hydrochloric acid (100 ml), a saturated
sodium bicarbonate solution (100 ml) and a saturated saline
solution (100 ml) successively.

20 The organic phase was dried with anhydrous sodium
sulfate, and the solvent was removed under a reduced
pressure. Thereafter, it was dissoclved in 15 ml of
methylene chloride-hexane (2 : 1, V/V), and column
chromatography was carried out using silica gel (250 g).

25 By elution with ethyl acetate-hexane, a dark red solid
(304.2 mg, 22%) of astaxanthin octancic acid diester was
obtained from ethyl acetate-hexane {1 : 2, V/V), and a dark

red solid (377.3 mg, 32%) of astaxanthin octancoic acid
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4.32(ddd, 1H, J=2Hz, 6Hz, 13Hz), 5.53(dd, 1H, J=6Hz, 14Hz), 10
6.15-6.75(m 14H). Production exanple 3 Astaxanthin decanoic acid diester,
ast axant hi n decanoi c acid nonoester In the same nanner as in Production
exanple 2, a dark red solid (17.5 g, 56% of astaxanthin decanoic acid 15
diester and a dark red solid (9.6 g, 37% of astaxanthin decanoic acid
nonoester were obtained fromastaxanthin (20.6 g, 34.5 mmol ), WSC HCL
(14.9 g, 77.7 mmol ), decanoic acid (9.8 g, 56.9 nmol) and DVAP (2.8 g,

22.9 mol ). mﬁé@g@é&M@sd@s@mﬁ@daﬂ&ndﬁét@Ehﬁﬂ é&b%%&ﬂe & TV
0.88(t, 6H J=7Hz), 1.20-1.45(m 24H), 1.22(s 1.35(s, 6H),

1.65-1.75(mvAH). 1.90(s, 6H), 1.95-2.1(m 4H), 1 99(s, 6H), 2.00(s, 6H),
2.35-2.55(m 4H), 5.53(dd, 2H, J=6Hz, 14Hz), 6.15-6.7(m 14H). Astaxanthin
decanoi ¢ aciXkstaxoeshibi 85t dib NRAERCIOno&ETdB) 0.88(t, 3H, J=7Hz),
1.20-1.45(m 12H), 1.21(s, 3H), 1.22(s, 3H), 1.32(s, 3H), 1.35(s, 3H),

1.65- 1.75(mu-NMR: B(8M69do. &bl tJ=38Hz 7=%8k7),, 11.-230(18.45gH) 8H)., 95(%1(%"')
1.95-2.1(m 2H), 1.99(s, 6H), 2.00(s, 6H), - 27 2.15(dd, 1H, J=6Hz, 13Hz),

2.35-2.55(m3RH) ,1 32504 bs3H]LH)1.32(82(2Mdl) , 1H,  3966Hz3H L AHz) 65 51 53% dﬁl, 1H,
J=6Hz, 14Hz), 6.15-6.75(m 14H). Chem cal synthesis of astaxanthin |ong
chain fatty 21) acl detddr 1t akahilz n p3ln) 1ih. 2¢isl, W psterodast hedsane
manner as in Production exanple 1, a dark
1.95-2.1(m, 2H), 1.99(s, 6H), 2.00(s, 6H), 2.15(4d4, 1H,
J=6Hz, 13Hz), 2.35-2.55(m, 2H), 3.67(d, 1H, J=2Hz},
4.32(ddd, 1H, J=2Hz, 6Hz, 13Hz), 5.53(dd, 1H, J=6Hz, 14Hz),
10 6.15-6.75(m, 14H).
Produetion example 3 Astaxanthin decanoic acid
diester, astaxanthin decanoic acid monoester
In the same manner as in Production example 2, a dark
red solid (17.5 g, 56%) of astaxanthin decanoic acid
15 diester and a dark red solid (9.6 g, 37%) of astaxanthin
decanoic acid monoester were obtained from astaxanthin
(20.6 g, 34.5 mmol), WSC'HCl (14.9 g, 77.7 mmol), decanoic
acid (9.8 g, 56.9 mmol) and DMAP (2.8 g, 22.9 mmol).
Astaxanthin decanoic acid diester
20 'H-NMR(CDC1,): 8(TMS) 0.88(t, 6H, J=7Hz), 1.20-1.45(m, 24H),
1.22(s, 6H), 1.35(s, 6H), 1.65-1.75(m, 4H), 1.90(s, 6H),
1.95-2.1(m, 4H), 1.99(s, 6H}, 2.00(s, 6H), 2.35-2.55{m, 4H),
5.53(dd, 2H, J=6Hz, 14Hz), 6.15-6.7{m, 14H).
Astaxanthin decanolc acid monoester
25 'H-NMR{CDC1,): &(TMS) 0.88(t, 3H, J=7Hz), 1.20-1.45(m, 12H),
1.21(s, 3H), 1.22(s, 3H), 1.32(s, 3H), 1.35(s, 3H), 1.65-
l.75(m, 2H), 1.81(d4dd4, 1H, J=13Hz, 13Hz), 1.90(s, 3H),

1.95(s, 3H), 1.95-2.1(m, 2H), 1.99(s, 6H), 2.00(s, 6H),
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red solid (582.9 ng, 93% of astaxanthin palmtin acid 10 diester was
obt ai ned from astaxanthin (348.3 ng, 0.584 mol), WSC-HCl (0.46 g, 2.40
mmol), palmtin acid (0.46 g, 1.79 mmol) and DVAP (57.0 ng, 0.467 mol).
Astaxanthin palmtin acid diester "HNWR 8(TM5) 0.89(t, 6H, J=7Hz),
1.20-1.45(m 48H), 1.23(s, 15 6H), 1.35(s, 6H), 1.65-1.75(m 4H), 1.91(s,
6H), 1.95- 2.10(m 4H), 1.99(s, 6H), 2.00(s, 6H), 2.35-2.55(m 4H),

5.54(dd, 2H, J=6Hz, 14Hz), 6.15-6.7(m 14H). Production exanple 5
Astaxanthin ol eb¢aagi dudi gstgs, isukhe §a3r§-ﬂa@51§ﬁ agH) N Brosdussi opypexanpl e
1, a dark 20 red oily product (615.6 my, 87% of astaxanthin ol eic acid

di ester was obsaiaad irpnyaskaxanshin, (8763 dadp, 119, 6396m#Dl ) 4u¥SC- HA (0. 49
g, 2.56 mmol), oleic acid (0.53 g, 1.89 nnDI) and DVAP (58.2 ng, 0.476
mmol ). Ast axanthi6.d5em¢c AgHY. diester 25 "H NVR S(TMS) 0.88(t, 6H, J=7Hz),
1.15-1.45(m 40H), 1. 23(s 6FD 1.35(s, 6FD 1.65-1. 80(n1 4H), 1. 90(5,

6H), 1.95- 2. 15(ghent X(iee s i5H)q G eEn tiidn  1hntb-chdiy( Ma
5.30-5.45(m 4H), 5.54(dd, 2H J=6Hz, 14Ft) 6. 15- 6. 7(n1 - 28 14H)
InnDb|I|th|EDLQLQ£tpHse Several types of |lipase derived fromyeast are on
the market, and an exanple of such |ipase includes Lipase OF 5 (product
nane) deri ved fr cRuashi ) eME h e fragiidsied palminivkigaidangyo Co.
Ltd. Exanpl es of the |nnDb|I|zat|on of the Lipase OF on ion exchange resin
or the like SesteE expl ai ned bel ow.

In the same manner as in Production example 1, a dark
red solid (582.9 mg, 93%) of astaxanthin palmitin acid
10 diester was obtained from astaxanthin (348.3 mg, 0.584
mmol), WSC'HC1l (0.46 g, 2.40 mmol), palmitin acid (0.46 g,
1.79 mmol) and DMAP (57.0 mg, 0.467 mmol).
Astaxanthin palmitin acid diester
'"H-NMR: &(TMS) 0.89(t, 6H, J=7Hz), 1.20-1.45(m, 48H), 1.23(s,
15 6H), 1.35(s, 6H), 1.65-1.75{(m, 4H), 1.91(s, 6H), 1.95-
2.10{m, 4H), 1.99(s, 6H), 2.00(s, 6H), 2.35-2.55(m, 4H),
5.54(dd, 2H, J=6Hz, 14Hz), 6.15-6.7(m, 14H).
Production example 5 Astaxanthin oleic acid diester
In the same manner as in Production example 1, a dark
20 red oily product (615.6 mg, 87%) of astaxanthin oleic acid
diester was obtained from astaxanthin (376.1 mg, 0.630
mmol), WSC-HCl (0.49 g, 2.56 mmol), oleic acid (0.53 g,
1.89 mmol) and DMAP (58.2 mg, 0.476 mmol).
Astaxanthin oleic acid diester
25 ‘'H-NMR: 8(TMS) 0.88(t, 6H, J=7Hz), 1.15-1.45(m, 40H), 1.23(s,
6H), 1.35(s, 6H), 1.65-1.80(m, 4H), 1.90(s, 6H), 1.95-
2.15(m, 12H), 1.99(s, 6H), 2.00(s, 6H), 2.35-2.55(m, 4H),

5.30-5.45(m, 4H), 5.54(dd, 2H, J=6Hz, 14Hz), 6.15-6.7(m,
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JImmobi lization on ion exchange resin (direct nethod)”" 10 One hundred gram
(wet weight) of an ion exchange resin carrier (Dowex MARATHON WBA: Dow
Chem cal ) was suspended in 80 nm (5,760,000 units) of a Candi da rugosa

| i pase solution (Lipase OF bulk, 12.5t: Meito Sangyo Co., Ltd.), and the
suspensi on was dried under a reduced pressure to obtain an 15 i mmobili zed
enzynme (71.0 g). "Imobilization on ion exchange resin (dialysis nethod)"
Si xt een gram (5, 760, 000 units) of a Candifla rjjgD5A 1ipase (powder, Meito
Sangyo Co., L&H), product nane: 20 Lipase OF) was dissolved in 80 m of
distilled water, and the suspen5|on was di al yzed overnight with 5 L of
distilled mater i X D dge dialysis, insoluble nmatters were
elimnated using a centrlfuge to obtain a clear | i pase solution. One
hundred gram (wetSewexil )tyfesnof ohi paeod abepei ve@d frean nyeast i &re (Qoweke
MARATHON WBA: Dow Chem cal) was suspended in the obtained |ipase solution,
and the suspankebn and dni edanpdlerof sedhciilppsessincéutiesobtipraeadF

i obilized enzyme (62.8 g). - 29 "Inmmobilization on ion exchange resin
(col um rfet hépyoduch pauel deriwedbfrimeCanfligasewbihchonasxbhapgechesed
nore efficiently than by the above described nethods, inmmobilized enzyne
was obt ai nedfbgmt Meitel Fanewg C8.i nkbi | | BsanbphefepfioiheThinmpPidheagiam
(11 520,000 units) of a Candida rugosa |ipase (powder, Meito San

Ltd., producPfnkhe: LiPpgaseFCRR $AB BXSBBRIEJTPRiNGOTEhef Laket Wﬂ%dbﬁ/at er,
and

explained below.
"Immobilization on ion exchange resin {(direct method)”

10 One hundred gram (wet weight) of an ion exchange resin
carrier (Dowex MARATHON WBA: Dow Chemical) was suspended in
80 ml (5,760,000 units) of a Candida rugosa lipase solution
{(Lipase OF bulk, 12.5%: Meito Sangyo Co., Ltd.)}, and the
suspension was dried under a reduced pressure to obtain an

15 immobilized enzyme (71.0 g).

"Immobilization on ion exchange resin (dialysis
method) "

Sixteen gram (5,760,000 units) of a Candida rugosa
lipase (powder, Meitc Sangyo Co., Ltd., product name:

20 Lipase OF) was dissolved in 80 ml of distilled water, and
the suspension was dialyzed overnight with 5 L of distilled
water. After completion of the dialysis. insoluble matters
were eliminated using a centrifuge to obtain a clear lipase
solution. One hundred gram (wet weight) of an ion exchange

25 resin carrier (Dowex MARATHON WBA: Dow Chemical) was
suspended in the obtained lipase solution, and the
suspension was dried under a reduced pressure to obtain an

immobilized enzyme (62.8 g).
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the m xture was dial yzed overnight wth 10 L of distilled 10 water. After
‘conpl’etion of the dialysis, insoluble nmatters were elimnated using a
centrifuge to obtain a clear |lipase solution. One hundred gram (wet

wei ght) of an ion exchange resin carrier (Dowex MARATHON WBA: Dow
Chemcal) was filled in a colum, and the |ipase solution was supplied
thereto 15 at a flowrate of 1 m/mn so as to adsorb the |Iipase on the
ion exchange resin carrier. The adsorption carrier was dried under a

reduced pressure -ty 0R:3i4l dylddnggny %QCh%5§§”?§§?§ 3 g?upprggggldlzatlon

on hydr ophobi c adsorptlve resin adsor pti

auxi | iary agent' R hydr 0 resin
carrier (Phenyl T5§5%§§¥:kég§%mn#§gb Cglég ggFoﬁﬂ QBH Q?&?%% E%S&%go m

(5,760,000 Lﬂmfé)eph@i@r&u Pasen dhyp! e dfleltd :(1% 12. 5%
Meito Sangyo Co., Ltd.), and the suspension was dried un er reduced

pressure to ﬂhﬁ@bﬂ:@ibd fEFPP;varhéZ@éjs ed}?ﬁ’a[ﬁle(d?‘bﬁ e £d1H%Ghg 30 One
t) o

hundred gram (wet wei gh an aromati c adsorptive resin carr|er (DI Al ON

HP20: M ssubimmhdbp{era€edn kOFmed ati on) was suspended in 80 m (5, 760, 000
units) of a Candida rugosa |lipase solution (Lipase OF bulk, 12.5% 5 Meito

Sangyo Co., Ltd.)rhiane-tthe StsRend10n208900dr uad tender aachedyead Rigessur e
to obtain an imobilized enzyne (60.3 g). (HPIMG Twenty-five gram (wet
wei ght) of alimdd@c(pydwder, Meito Sangyo Co., Ltd., product name:
Lipase OF) was dissolved in 160 ml of distilled water, and
the mixture was dialyzed overnight with 10 L of distilled
10 water. After completion of the dialysis, inscluble matters
were eliminated using a centrifuge to obtain a clear lipase
solution. One hundred gram (wet weight) of an lon exchange
resin carrier (Dowex MARATHON WBA: Dow Chemical) was filled
in a column, and the lipase soclution was supplied thereto
15 at a flow rate of 1 ml/min so as to adsorb the lipase on
the ion exchange resin carrier. The adsorption carrier was
dried under a reduced pressure to obtain an immobilized
enzyme (66.7 g).
"Immobilization on hydrophobic adsorptive resin,
20 adsorptive resin or filtration auxiliary agent”

{Phenyl)

One hundred ml of a hydrophobic adsorptive resin
carrier (Phenyl Toyopearl 6505: Tosoh Corporation) was
suspended in 80 ml (5,760,000 units) of a Candida rugosa

25 lipase dialyzed scolution (Lipase OF bulk, 12.5%: Meito
Sangyo Co., Ltd.), and the suspension was dried under a
reduced pressure to obtain an immobilized enzyme (24.9 g).

{HP20)
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adsor,ptive resin carrier (DIAION HPLMG M tsubishi Chem cal 10

Cor poration) was suspended in 80 m (5,760,000 units) of a Candi da rugosa

| i pase solution (Lipase OF bulk, 12.5% Meito Sangyo Co., Ltd.), and the
suspensi on was dried under a reduced pressure to obtain an i mmbilized
enzynme (13.1 g). (HPA25) 15 Twenty-five gram (wet weight) of a high
porous-type aronmatic adsorptive ion exchange resin carrier (D AION HPA25:
M t subi shi Chem cal Corporation) was suspended in 80 m (5,760,000 units)
of a Candi da rugos@e |hyxedred ofrdm ofwe f Lwepigtet OFo ik, adcindic Mei t 0 Sangyo
Co., Ltd.), and the 20 suspension was dried under a reduced pressure to
obtain an iadsbrptied eazynecdiPi8rgjDIAFONtHRZO onMAtixubiahy ahjemical
celite) Forty-three gramof celite (Hyf to super-cel: Nacalai Tesque,
Inc.) was su€pendedtion3Owat §6sP€01600inndd sl of5a76250@andndlas)ugbsa

| i pase di al yzed solution (Lipase OF bulk, 12.5% Mito Sangyo Co., Ltd.),
and the suspﬁnnﬂmﬂﬂmﬁsggﬂnlédpaﬁﬂesoéutédmcéﬁipa@eSQFebﬂbkobﬂalh%an

i mobilized enzyme (45.5 g). - 31 "Imobilization of |ipase derived from
m cr oor géni skeltoASpagHe ﬁgrrbebtéf )i padethecpuspensiom vagafriag wvnaer
than yeast are present. An exanple is a |lipase derived frombacteria

bel ongi ng t cRAFedRFeEnpEegEnts, tanabtais an| ipackitizefcepareaaten - Br i
Maito Sangyo Co., Ltd. for use. The exanple of immbilizing this |ipase is

al so described bEIRWEK xt een gram (1, 440,000 units) of an Al cal i genes
Twenty-five gram (wet weight) of a methacryl

adsorptive resin carrier (DIAION HP1MG: Mitsubishi Chemical

10 Corporation} was suspended in 80 ml (5,760,000 units) of a
Candida rugosa lipase solution (Lipase OF bulk, 12.5%:
Meito Sangyo Co., Ltd,), and the suspension was dried under
a reduced pressure to obtain an immobilized enzyme (13.1 g).

(HPA25)

15 Twenty-five gram (wet weight) of a high porous-type
aromatic adsorptive ion exchange resin carrier (DIAION
HPA25: Mitsubishi Chemical Corporation) was suspended in
80 ml (5,760,000 units) of a Candida rugosa lipase solution
(Lipase OF bulk, 12.5%: Meito Sangyo Co., Ltd.), and the

20 suspension was dried under a reduced pressure tc obtain an
immobilized enzyme (12.3 g).

{(Filtration auxiliary agent: celite)
Forty-three gram of celite (Hyflo super-cel: Nacalai
Tesque, Inc.} was suspended in 80 ml (5,760,000 units) of a

25 Candida rugosa lipase dialyzed solution (Lipase OF bulk,
12.5%: Meito Sangyo Co., Ltd.), and the suspension was
dried under a reduced pressure to obtain an immobilized

enzyme (45.5 g).
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Jipase (powder, Meito Sangyo Co., Ltd., product nane: 10 Lipase PL) was
dissolved in 80 m of distilled water, and the suspension was dialyzed
overnight with 5 L of distilled water. After conpletion of the dialysis,

i nsoluble matters were elimnated using a centrifuge to obtain a clear

| i pase solution. One hundred gram (wet weight) of an ion exchange 15
resin carrier (Dowex MARATHON WBA: Dow Chemi cal) was suspended in the
obtained |ipase solution, and the suspension was dried under a reduced
pressure to obtai‘hImmobihndtion eslf ehiyaee (GebrDray . £ ko mul @so af gatzivdvies ™
reaction 20 Exanple 1 Two ng of a free astaxanthin (manufactured by Sigma)
and 300 ng of octanbaxgecnumidsr cof reipdsds yWeacivedvefmom pdagsed sns ao fireamwn

gl ass bottle. Eighty ng of |ipase derived. from Candida (manufactured by
Meit o Sangyotlian, y2gstt dre predent.nahn: exapple LF)awdipaddederieedt o, and
30 VL of water was further added thereto and stirred fully afterwards.
Thereafter, @hbhebgcterinagbedenginontoadlcaligénesogenas, 4881 Thite days

| ater, the reaction - 32 solution was taken out, and the conposition ratio
of astadant hinagascanabgzpurshappiciron MaptaubangyheCoconbbdi tfon usei o
was 94.0% ast axanthin, 6.0% nonoester, and |ess than 1% diester. 5 Wen an
ast axant hi n BReraseealer gk PREPPL1jeiBe #hss Lipasenisecalsefdeseribed

ast axant hi n mapufactured by Sigma, alnost the sane results were obtained.
The conposi tP8h®¥ratio in that case was 93.5% astaxanthin, 6.5% nmonoester,

Sixteen gram (1,440,000 units} of an Alcaligenes
lipase {powder, Meito Sangyo Co., Ltd., product name:

10 Lipase PL) was dissolved in 80 ml of distilled water, and
the suspension was dialyzed overnight with 5 L of distilled
water. After completion of the dialysis, insoluble matters
were eliminated using a centrifuge to obtain a clear lipase
solution. One hundred gram (wet weight) of an ion exchange

15 resin carrier (Dowex MARATHON WBA: Dow Chemical) was
suspended in the obtained lipase solution, and the
suspension was dried under a reduced pressure to obtain an
immobilized enzyme {64.0 g}.

Examples of enzyme xeaction
20 Example 1
Two mg of a free astaxanthin (manufactured by Sigma)
and 300 mg of octanoic acid as a free fatty acid were
placed in a brown glass bottle. Eighty mg of lipase
derived from Candida (manufactured by Meito Sangyo Co.,

25 Ltd., product name: Lipase OF) was added thereto, and 30 uL
of water was further added thereto and stirred fully
afterwards. Thereafter, while stirring, reaction was

carried out at 45°C. Three days later, the reaction
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and less than It diester. 10 Exanple 2 Two ng of a free astaxanthin
(manufactured by Sigma) and 300 ng of tricaprilin as a triglyceride form
fatty acid were placed in a brown glass bottle. One hundred twenty ng of
| i pase derived from Candi da (manufactured by Meito 15 Sangyo Co., Ltd.,
product nane: Lipase OF) was added thereto, and 30 VL of water was further
added thereto and stirred fully afterwards. Thereafter, while stirring,
reaction was carried out at 450C. Three days later, the reaction solution

was taken ousol@ffoh hRasotarRent 6@, I &hd OtRE SdmPst Ao b y@scanal yzed by
HPLC. As a result, the conposition ratio was 84.9% astaxanthin, 13.6%

nmonoester, astadanthiheshsranfxapplicop HOC Y B 4 heesisi@xapidl n ol eic
acid diester described 25 in Production exanple 5 and 300 ng of octanoic

acid as a feceepdattyoncrdtiereapl 8¢l iastakiormig) s6sobadnsesEEahty ng
of |ipase derived from Candi da (manufactured by Meito Sangyo Co., Ltd.,
product naneandi passe hanwh% dildeter. 33 thereto, and 30 [iL of water was
further added thereto and stirred fully afterwards. Thereafter, while
stirringS reactiWirerwan cegtdaxahtiuin ax t4ASE t ethriaend P fifdtee ve ddte waseact i on
solution was taken out, and the conposition ratio 5 of astaxanthin was
anal yzed by wred insteadegfil thet fieee caspsdn tlobn rmanuf awtsn1tdd 1y Sigma,
ast axant hin, 8.2% nonoester, and |less than 1% di ester. Exanple 4
almost the same results were obtained. The composition
ratio in that case was 93.5% astaxanthin, 6.5% monoester,
and less than 1% diester.
10 Example 2
Two mg of a free astaxanthin (manufactured by Sigma)
and 300 mg of tricaprilin as a triglyceride form fatty acid
were placed in a brown glass bottle. One hundred twenty mg
of lipase derived from Candida (manufactured by Meito
15 Sangyo Co., Ltd., product name: Lipase OF) was added
thereto, and 30 pL of water was further added thereto and
stirred fully afterwards. Thereafter, while stirring,
reaction was carried out at 45°C. Three days later, the
reaction solution was taken out, and the composition ratio
20 of astaxanthin was analyzed by HPLC. As a result, the
composition ratio was 84.9% astaxanthin, 13.6% monoester,
and 1.5% diester.
Example 3
Two mg of the astaxanthin oleic acid diester described
25 in Production example 5 and 300 mg of octanoic acid as a
free fatty acid were placed in a brown glass bottle.

Eighty mg of lipase derived from Candida (manufactured by

Meito Sangyo Co., Ltd., product name: Lipase OF) was added
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Two ng of the astaxanthin oleic acid diester described 10 in Production
exanple 5 and 300 ng of tricaprilin as a triglyceride formfatty acid were
placed in a brown glass bottle. Eighty ng of |ipase derived from Candi da
(manuf actured by Meito Sangyo Co., Ltd., product nane: Lipase OF) was
added thereto, and 30 L of water was 15 further added thereto and stirred
fully afterwards. Thereafter, while stirring, reaction was carried out at
45C. Three days later, the reaction solution was taken out, and the

conposi tion tréretef aatiazanuhi of weatenakyzeturbyetPh§dedstRer&88! hnat he
conposition ratio was 73.4% 20 astaxanthin, 15.3% nonoester, and | ess than

1% di ester. stheredt exdhyhafitekwacrdaci dTHeesafterhavhivhs avirchnuerted but
remai ned was 7.9% In order to confirmwhether the remaining astaxanthin
ol eic acid dresteionowpketakyiedi sappear 4570, t Ehsw ey s aacidioN, thde
present reaction was 25 carried out for 1 week, and then the conposition
ratio of astexehivnnsedutinnl yasdtaenpPpCt, Asnd theutomposibticnnpasiti on
ratio was 72.8% astaxanthin, 27.2% nonoester, and |less than 1% diester,
and the &st &xBn@ptaxanthiénavad angyyzgileBYeHPRS. a A8bat resel hasthet
detected. Exanple 5 Twenty-four of a mxture of astaxanthin esters
extract ed fr%mmPﬂ%iH&PDréa¥hﬁnHP§c br &8 Bytprxanbhips oBudt moneapber.

Ast ax9000H) and 276 ng of octanoic acid as a free fatty acid were placed in
a brown gl as@PPotere. thap 1KuRdrEHeENnd seventy ng of |ipase derived from

Candi da (nﬁgufaciursd by Meito Sangyo Co., Ltd., product nane:

Two mg of the astaxanthin oleic¢ acid diester described

10 1in Production example 5 and 300 mg of tricaprilin as a
triglyceride form fatty acid were placed in a brown glass
bottle. Eighty mg of lipase derived from Candida
{manufactured by Meito Sangyo Co., Ltd., product name:
Lipase OF) was added thereto, and 30 pL of water was

15 further added thereto and stirred fully afterwards.
Thereafter, while stirring, reaction was carried out at
45°C. Three days later, the reaction solution was taken
out, and the composition ratio of astaxanthin was analyzed
by HPLC. As a result, the composition ratio was 73.4%

20 astaxanthin, 15.3% monoester, and less than 1% diester.
The astaxanthin ocleic acid diester that was not converted
but remained was 7.9%. In order to confirm whether the
remaining astaxanthin oleic acid diester completely
disappears in the enzyme reaction, the present reaction was

25 éarried out for 1 week, and then the composition ratio of
astaxanthin was analyzed by HPLC. As a result, the
composition ratio was 72.8% astaxanthin, 27.2% monoester,

and less than 1% diester, and the astaxanthin cleic acid
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Lipase OF) was added thereto, and 22.5 | AL of water was 10 further added
thereto and stirred fully afterwards. Thereafter, while stirring, reaction
was carried out at 45C Three days later, the reaction solution was taken
out, and the conposition ratio of astaxanthin was analyzed by HPLC. As a
result, the conposition ratio was 42. 6% 15 astaxant hin, 10.5% nonoester,
and less than 1% diester. Exanple 6 Twenty-four ng of a m xture of
astaxanthin esters extracted fromthe nature (nmanufactured by Itano,

product namaiedtk@x8808HsuBBErd¥6 WHsOhotr he@BELEAN as a 20 triglyceride
formfatty acid were placed in a brown glass bottle. Two hundred seventy

mg of |ipaseggdampredsfrom Candida (manufactured by Meito Sangyo Co., Ltd.,
product name: Lipase OF) was added thereto, and 22.5 L of water was

further added theTwéntpntiost img asi falhyxaitersarastadn thiwf esdters while
stirring, reaction was carried out at 45C. Three days later, the reaction
sol uti on wasekakapteduttromnthéhratosposinbhofacghired oby astaxant proaues

anal yzed by HPLC. As a result, the conposition ratio was 55.9% - 35

ast axant H n, n26e@%rstna38600H) and P@§smghafi détdnesteacidEaanal erdeTwo ny
of a free astaxanthin (manufactured by Sigma) and 300 ng of octanoic acid
as a free fafeptiachgidewers placed in a brown glass bottle., Thwee hundred
ng of immobilized |ipase prepared by the nethod described in the exanple
of |ipase inhBbAredagndnseueninded PhRelépaseadgrivedstxpmotandida was

further added thereto and stirred
{manufactured by Meito Sangyo Co., Ltd., product name:

Lipase OF) was added thereto, and 22.5 pL of water was

10 further added thereto and stirred fully afterwards.
Thereafter, while stirring, reaction was carried out at
45°C. Three days later, the reaction solution was taken
out, and the composition ratio of astaxanthin was analyzed
by HPLC. As a result, the composition ratio was 42.6%

15 astaxanthin, 10.5% monoester, and less than 1% diester.
Example 6

Twenty-four mg of a mixture of astaxanthin esters

extracted from the nature (manufactured by Itanc, product
name: Astax9000H) and 276 mg of tricaprilin as a

20 triglyceride form fatty acid were placed in a brown glass
bottle. Two hundred seventy mg of lipase derived from
Candida (manufactured by Meito Sangyo Co., Ltd., product
name: Lipase OF) was added thereto, and 22.5 uL of water
was further added thereto and stirred fully afterwards.

25 Thereafter, while stirring, reaction was carried out at
45°C. Three days later, the reaction solution was taken
out, and the composition ratio of astaxanthin was analyzed

by HPLC. As a result, the composition ratio was 55.9%
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fully afterwards. Thereafter, while shaking (170 rpm, 10 reaction was
carried out at 45C. Three days later, the reaction product was taken out,
and the conposition ratio of astaxanthin was anal yzed by HPLC. As a
result, the conposition ratio was 95. 8% astaxanthin, 4.2% nonoester, and
| ess than 1% diester. 15 Exanple 8 Two ng of a free astaxanthin
(manufactured by Sigma) and 300 ng of tricaprilin as a triglyceride form
fatty acid were placed in a brown glass bottle. Thirty L of water was
added t her etastatlasthined2b ub$ ymahdesvar dsandhbeeaf tiedin 29 $00sver of
I mobi lized |i pase prepared by the nethod described in the exanple of
| i pase | moliixammie op was added thereto, and while shaking (170 rpm,
reaction was carried out at 45C. Three days later, the reaction product
was taken out, &wb trge abrpdside ars traatarotloin aSteareiddtivredh oY Siggwad )yzed by
HPLC. As a result, the conposition ratio was 69.6% astaxanthin, 21.9%
nonoest er, aaud 23600 ng esf eoctakobopaeld Jewatfréoufabigy odchd nwetere of
astaxanthin esters - 36 extracted fromthe nature (manufactured by Itano,
product Snanklaged ake0@0bFowmddlass ngobtlect aforee dvendeed angret fatty
acid were placed in a brown glass bottle. Three hundred ng of imobilized
| i pase prepat@pehilized bipose sbueRaredelly | Bhe hee thegpieseribedate the
i mobi | i zation was added thereto, and 30 ItL of water was further added
thereto and e%¥TR}edof ulipaset Brprbdsizabhirrareeraddpd | Eherete i ngnd
reaction was carried out at 45C. Four days later, the

22.5 pyL of water was further added thereto and stirred

fully afterwards. Thereafter, while shaking (170 rpm),

10 reaction was carried out at 45°C. Three days later, the
reaction product was taken out, and the composition ratio
of astaxanthin was analyzed by HPLC. As a result, the
composition ratic was 95.8% astaxanthin, 4.2% monoester,
and less than 1% diester.

15 Example 8

Two mg of a free astaxanthin (manufactured by Sigma)
and 300 mg of tricaprilin as a triglyceride form fatty acid
were placed in a brown glass bottle. ‘Thirty pL of water
was added thereto and stirred fully afterwards. Thereafter,

20 300 mg of immobilized lipase prepared by the method
described in the example of lipase immobilization was added
thereto, and while shaking (170 rpm), reaction was carried
out at 45°C. Three days later, the reaction product was
taken out, and the composition ratio of astaxanthin was

25 analyzed by HPLC. As a result, the composition ratio was
69.6% astaxanthin, 21.9% monoester, and 2.6% diester.
Example 9

Twenty-four mg of a mixture of astaxanthin esters
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react,ion product was taken out, and the conposition ratio 10 of astaxanthin
was anal yzed by HPLC. As a result, the conposition ratio was 23. 6%
astaxanthin, 2.0% nonoester, and |less than 1% di ester. Exanple , 10
Twenty-four ng of a mxture of astaxanthin esters 15 extracted fromthe
nature (manufactured by Itano, product nane: Astax9000H) and 276 ngy of
tricaprilin as a triglyceride formfatty acid were placed in a brown gl ass
bottle. Three hundred ng of inmobilized |ipase prepared by the nethod

described inekbeagxagrkeoml the PR&EUZE txﬁgﬁ@fééﬁﬁfé@nb%‘\’aﬁté‘ﬁge%f@&ﬁgﬁ01 and
30 L of water was further added thereto and stirred fully afterwards.

Thereafter, whinee AbtakbOQOH)eaRl IN6eVAG 68T EEEENOUE 3E1d486 aFPHEe days
| ater, the reaction product was taken out, and the conposition ratio of

astaxant hi n pagstgnatydedeby BPatPaCinAa BrowsUglass hBoEOIPOSI Thegerati o was
64. 0% astaxanthin, 12.2% nonoester, and |less than 1% diester. Exanple 11
Twent y-f our hgnated mgxdfir emmbbasiaxdnlbpasespresared /by ekhie anéeisodr om t he
nat ure (manufactured by Itano, product nane: Astax9000H) and 276 ny of
tricaprilin desaribedgipcthedexéwphefaft yipese immebplazetiom wadradded| ass
bottle. Eighty ng of |ipase derived from8 aligenes 5 (manufactured by
Meit o SangyotBeretbt dandpBodult ofiaweter LvpastuPth)enasdaed ethéhetretand and 15
.,L of water was further added thereto and stirred fully afterwards.
Thereafter, @hirredtfuiiyigafiendards. wathereafeer ouwhile stirring,
reaction was carried out at 45°C. Four days later, the
reaction product was taken out, and the composition ratio
10 of astaxanthin was analyzed by HPLC. As a result, the
composition ratio was 23.6% astaxanthin, 2.0% monoester,
and less than 1% diester.
Example 10
Twenty-four mg of a mixture of astaxanthin esters
15 extracted from the nature (manufactured by Itano, product
name: Astax9000H) and 276 mg of tricaprilin as a
triglyceride form fatty acid were placed in a brown glass
bottle. Three hundred mg of immobilized lipase prepared by
the method described in the example of lipase
20 immebilization was added thereto, and 30 puL of water was
further added thereto and stirred fully afterwards.
Thereafter, while stirring, reaction was carried out at
45°C. Four days later, the reaction product was taken out,
and the composition ratio of astaxanthin was analyzed by
25 HPLC. As a result, the composition ratio was 64.0%
astaxanthin, 12.2% monoester, and less than 1% diester.

Example 11

Twenty-four mg of a mixture of astaxanthin esters
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A5C. .Three days later, the reaction solution was taken 10 out, and the
conposition ratio of astaxanthin was analyzed by HPLC. As a result, the
conposition ratio was 79.3% astaxanthin, 4.0% nonoester, and |l ess than 1%
diester. Exanple 12 Twenty-four ng of a m xture of astaxanthin esters 15
extracted fromthe nature (manufactured by Itano, product nane:

Ast ax9000H) and 276 ng of tricaprilin as a triglyceride formfatty acid
were placed in a brown glass bottle. Fifteen L of water was added thereto
and stirred e¥tigagted tramrihe Miverraf (manuBi0ture dfby het amep bbbt dest 20

| i pase PL prepared by the nethod described in the exanple of |ipase

i mobi | i zat iTFHNGva P LRI THEr caand 2 mdhi ¢ ® tsicaprilgin reaci on was carri ed
out at 45C. Three days_ later, the reaction product was taken out, and the
conposi ti on Y&k GITide S Hi ot Wi feidiwers mladdl dn s %wn rekasd , the
conposition ratio was 23.9% astaxanthin, 1% nonoester, and |ess than 1%
di ester. Exdiffiteders Bhahiy dt9 £F rbPase demivat {ramikealigehey Signa) -
38 and 300 of tricaprilin as a triglyceride formfatty acid were
placed iR a§ ag?‘a*s%epidﬁ%‘%itﬁr%@%d?% FEDi. RIRAYGHGHNG zed

| i pase, Novozynn35é3(153nuf actured by Novozynes, Japan Ltd.), obtained by

i mobi | i zi nd1R35% IS \AAeG dheaid d ks Sadde P wartamo waend 30 L of

URUEn RS, g SR e, Ak AL T e g Tner et e
reaction solgyd Qi Mas. taken . stirring, reaction was carried out at

45°C. Three days later, the reaction solution was taken

10 out, and the composition ratio of astaxanthin was analyzed
by HPLC. As a result, the composition ratio was 79.3%
astaxanthin, 4.0% monoester, and less than 1% diester.
Example 12

Twenty-four mg of a mixture of astaxanthin esters

15 extracted from the nature (manufactured by Itano, preoduct
name: Astax9000H) and 276 mg of tricaprilin as a
triglyceride form fatty acid were placed in a brown glass
bottle. Fifteen pL of water was added thereto and stirred
fully afterwards. Thereafter, 300 mg of the immobilized

20 lipase PL prepared by the method described in the example
of lipase immobilization was added thereto, and while
stirring, reaction was carried out at 45°C. Three days
later, the reaction product was taken out, and the
composition ratio of astaxanthin was analyzed by HPLC, As

25 a result, the composition ratio was 23.9% astaxanthin, 1%
monoester, and less than 1% diester.
Example 13

Two mg of a free astaxanthin (manufactured by Sigma)

- 38 -



:out, .and the conposition ratio of astaxanthin was anal yzed 10 by HPLC. As a
result, the conposition ratio was 99. 0% astaxanthin, 1.0% nonoester, and
|l ess than It diester. Exanple 14 Two ng of a free astaxanthin

(manuf actured by Signma) and 300 ng of tricaprilin as a triglyceride form
fatty acid 15 were placed in a brown glass bottle. Three hundred ng of

I mobi |1 zed | i pase prepared by the nethod described in the exanple of

| i pase i mobilization was added thereto, and 30 iL of water and 12 m of
n- hexane wer enflusdbemgaddetrithpreéldnaad attrigilyfetrifeafbemvwaatsy acid
Thereafter, while 20 stirring, reaction was carried out at 45C. Three days
| ater, the rwearei phapedddint awasovakghassatbofhiel nmDbrée zbdndeadymg ®AS

el im nated by decantation, and the supernatant hexane was elim nated. The
conposi tion kthei dmupbidsredahinanevaovheyméndsl (medubgctPt€&l By a result,
the 25 conposition ratio was 64. 1% astaxanthin, 23.9% nonoester, and 2.3%
di ester. ExalNpvezymeFwedapanobtdny. opbhaimgduby dfmabibkabeai hipasers - 39
extracted fromthe nature (manufactured by Itano, product nane:

Ast ax9000H) dadiped fyonf Candidprwasnadded thergtyceﬂnde3ﬁomh1¢équt@Lid
were placed in a_brown glass_  bottle. Twelve m of n-hexane was added
thereto, and¥380f8ThBesf affRdninerelo| Apdset HFepdr EEthy ehteRErRes:
described in. the xanp i mobilization and 30 L_of water were

e aqdeineherEreM Bndle, bRERR T Reacf fn o0ad Sneriet Cert SR | o

stirring, reac Lon was carried out at
9 L . Three days later, the reaction solution was taken

out, and the composition ratio of astaxanthin was analyzed

10 by HPLC. As a result, the composition ratio was 99.0%
astaxanthin, 1.0% monoester, and less than 1% diester.
Example 14

Two mg of a free astaxanthin (manufactured by Sigma)

and 300 mg of tricaprilin as a triglyceride form fatty acid

15 were placed in a brown glass bottle. Three hundred mg of
immobilized lipase prepared by the method described in the
example of lipase immobilization was added thereto, and 30
nL of water and 12 ml of n-hexane were further added
thereto and stirred fully afterwards. Thereafter, while

20 stirring, reaction was carried out at 45°C. Three days
later, the reaction product was taken out. The immobilized
enzyme.was eliminated by decantation, and the supernatant
hexane was eliminated. The composition ratio of
astaxanthin was then analyzed by HPLC. As a result, the

25 composition ratio was 64.1% astaxanthin, 23.9% monoester,
and 2.3% diester.

Example 15

Twenty-four mg of a mixture of astaxanthin esters
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,45C. ‘Three days later, the reaction product was taken out. 10 The

I mobi | 1 zed enzynme was el imnated by decantation, and the supernatant
hexane was elim nated. The conposition ratio of astaxanthin was then

anal yzed by HPLC. As a result, the conposition ratio was 15.2% ast axant hin
and 1% nonoester. 15 Exanple 16 Two ng of a free astaxanthin (manufactured
by Sigma) and 300 ng of lauric acid (Cl2:0) as a free fatty acid were
placed in a brown glass bottle. In the above descri bed exanples, an

ast axant hi n artiractedt fresi theenetupea(@8nadbhotupadsbgt Ethanot hpsodhage.
However, since lauric acid is a solid at a |lower than reaction

t enper at ur e, naeseAstara8000n) nahér Rabsmpeot tniaapomiiényastate in this
stage. Thus, twelve m of n-hexane was added to the reaction mterials,
so that the naigiyveesifiecfioemafsbtut aond @&réhplaaéfiein 800rognofilass

I mobi lized |ipase prepared by the nethod described in the exanple of

| i pase i mobbbtiaei onTwahde 301t &f oh-hekaneweae addefietheddéd,t ArdeBOD so
that the naterials finally becane reactive. Reaction was carried - 40 out
at 45C, vhi | BgsofriimmgbiThred dipastapeepardd byetbei nathpdddescwiabedaken
out. The imobilized enzyne was elimnated by decantation, and the
super nat ant hexithe wdampééi afndipdseThwmobipbsation enti 30ofiLagfaxahehi n
was then 5 analyzed by HPLC. As a result, the conposition ratio was 93.6%
ast axant hi n. WeT#o¢ HERBESt BAdeanEhPESSO ARA 64 AP ES! EPLIYERARBFEATAsA

m xture of two types of nediumchain fatty acid )
Thereafter, while stirring, réaction was carried out at

45°C, Three days later, the reaction product was taken out.

10 The immobilized enzyme was eliminated by decantation, and
the supernatant hexane was eliminated. The composition
ratio of astaxanthin was then analyzed by HPLC. As a
result, the composition ratioc was 15.2% astaxanthin and 1%
moncester.

15 Example 16

Two mg of a free astaxanthin (manufactured by Sigma)

and 300 mg of lauric acid (Cl2:0) as a free fatty acid were
placed in a brown glass bottle. In the above described
examﬁles, an astaxanthin and a fatty acid were in a

20 solution state in this stage. However, since lauric acid
is a solid at a lower than reaction temperature, these
reaction materials were in a powdery state in this stage.
Thus, twelve ml of n-hexane was added to the reaction
materials, so that the materials became a solution.

25 Thereafter, 300 mg of immobilized lipase prepared by the
method described in the example of lipase immobilizatiocn

and 30 pL of water were further added thereto, so that the

materials finally became reactive. Reaction was carried
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Jgriglycerides (C8:0: tricaprilin and C10:0: tricaprin) is 10 comercially
avai lable, and it can be used as a reaction material. Thus, this nixed
medi um chain triglyceride was prepared at a ratio of 1 : 1 as a reagent.
Then, two types of nmediumchain fatty acid ester fornms were synthesized
froma free astaxanthin. That is to say, 2 ng of a free 15 astaxanthin
(manufactured by Sigma), 300 ng of tricaprilin and 300 ng of tricaprin
were placed in a brown glass bottle. Eighty ng of |ipase derived from

Candi da (man ctur y | o,foﬁgy OO'Th & qgé{qg Ny Lipase OF)
was added ﬁé?e H,ﬁgﬁg @gm?i{ of Wat et %%wtqﬁ§¥- dod thereto and 20
stirred ful'¥eaE%§6wab§8duEhewa§fEakenWBute SThel iRfobil €2681 @RzYME wakri ed
out at 45C. Three days later, the reaction product was taken out, and the

conposi tion éi&menaeédaﬁya&eehhtatmaﬁ apnllyERd BupelCh&tanks Bekadl wast he
conposition ratio was 93. 196astaxanth|n 3.9% C8 nonoester, 25 3.0% C10

nmonoest er, agdilm@ssatedan @%édb@ﬁb@&itlEnaﬁﬁte018an§takanehoﬂ w49 typas of
medi um chai n fatty acid triglycerides (C8:0: tricaprilin and C10:O:
tricaprimg ianalfiedcoyHPLCal | psanarkahle, ahd compasibtonsedtas was
reaction material. Thus, this m xed nmediumchain triglyceride was

prepared at &3r&&i asahxiénthinas6adkengenesténenandwbesyptbanolinmgtieatrechai n
fatty acid ester forms were synthesized 5 froma free astaxanthin. That is
to say, 2 ngEsBmplerdd astaxanthin (manufactured by Sigma), 300 ng of
tricaprilin and 300 ng of tricaprin were placed in a brown gl ass bottle.
Three hundred ng Bdfmixfkebe| PEctwei pares pplepegdtumychyin fatty acid

triglycerides (C8:0: tricaprilin and C10:0: tricaprin} is
10 commercially available, and it can be used as a reaction
material. Thus, this mixed medium-chain triglyceride was
prepared at a ratio of 1 : 1 as a reagent. Then, two types
of medium-chain fatty acid ester forms were synthesized
from a free astaxanthin. That is to say, 2 mg of a free
15 astaxanthin (manufactured by Sigma), 300 mg of tricaprilin
and 300 mg of tricaprin were placed in a brown glass bottle.
Eighty mg of lipase derived from Candida (manufactured by
Meito Sangyo Co., Ltd., product name: Lipase OF) was added
thereto, and 60 pL of water was further added thereto and
20 stirred fully afterwards. Thereafter, while stirring,
reaction was carried out at 45°C. Three days later, the
reaction product was taken out, and the composition ratio
of astaxanthin was analyzed by HPLC. As a result, the
composition ratio was 93.1% astaxanthin, 3.9% C8 monoester,
25 3.0% C10 monoester, and less than 1% diester.
Example 18
A mixture of two types of medium-chain fatty acid

triglycerides (C8:0: tricaprilin and C10:0: tricaprin) is
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sret hod described in the exanple of |ipase inmmobilization 10 was added
thereto, and 30 VL of water was further added thereto and stirred fully
afterwards. Thereafter, while shaking, reaction was carried out at 45C
Three days later, the reaction product was taken out, and the conposition
rati o of astaxanthin was analyzed by HPLC. As 15 a result, the conposition
rati o was 86. 7% astaxanthin, 7.2% C8 nonoester, 6.1% C10 nonoester, and

| ess than 1% diester. Exanple 19 A mixture of two types of nmedi umchain
fatty acid <omgeyebrllesayaiable rjaprit ieame G19ed:asrd cepachions 20
comercially available, and it can be used as a reaction material. Thus,
this mxed rmRfteFdehai nTRYS gl etk imixe@neGrupphainttaighi¢erble was1 as a
reagent. Then, two types of nediumchain fatty acid ester forns were

synt hesi zed BPFEPHeSAnet 13 oft B9 refe kst akatt f rEeagpRt i s Theraytwe wpPed a

25 free astaxanthip (manufactured by Sigma), 300 ng of tricaprilin_and 300
nmg of tricapth H“‘\’v@‘é'%b?%%%‘a #%t%ly tﬁ‘%’vﬁﬁ RS F (g e Te T E9% 18249 n- hexane

dded t her et d th hundr ed f bilized |i db
the - 42° netFRl HeCEP? LRRE RRRR HERucarie of® | YpaRaY | g |95 | BEC and 30
| AL of t th dded t her et d st full f .
Ther oaf tor . WRCFEETHY | AN ERREIERE Uk Yot oo od sE L GEL o
| ater, th ti | 1] | f
et axint b n 08 200 T 05F Y AP AR Bilaodd DA BRI 40F B e n

81. 4% ast axaf fbd): hdn @28 FngOOP S b1 1 £ 40 Hih IOV Sreq Y L£8S than 1%

di ester.
method described in the example of lipase immobilization

10 was added thereto, and 30 pL of water was further added
thereto and stirred fully afterwards. Thereafter, while
shaking, reaction was carried out at 45°C. Three days
later, the reaction product was taken out, and the
composition ratio of astaxanthin was analyzed by HPLC. As

15 a result, the composition ratio was 86.7% astaxanthin, 7.2%
C8 monoester, 6.1% Cl0 monoester, and less than 1% diester.
Example 19

A mixture of two types of medium-chain fatty aciad
triglycerides (C8:0: tricaprilin and C10:0: tricaprin) is

20 commercially available, and it can be used as a reaction
material. Thus, this mixed medium-chain triglyceride was
prepared at a ratio of 1 : 1 as a reagent. Then, two types
of medium-chain fatty acid ester forms were synthesized in
hexane from a free astaxanthin. That is to say, 2 mg of a

25 free astaxanthin (manufactured by Sigma), 300 mg of
tricaprilin and 300 mg of tricaprin were placed in a brown
glass bottle. Twelve ml of n-hexane was added thereto, and

three hundred mg of immobilized lipase prepared by the
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.Exanpl e 20 10 Forty ng of a m xture of astaxanthin esters extracted from
the nature (manufactured by Itano, product nane: Astax9000H) and 1.5 m of
tricaprilin as a triglyceride formfatty acid were placed in a brown gl ass
bottle. N nety L of water was added thereto and the m xture was 15 fully
stirred. Thereafter, 300 ng of the inmmobilized |ipase of Phenyl Toyopearl
prepared by the nethod described in the exanple of |ipase imobilization
was further added thereto, and while stirring, reaction was carried out at

45C. Four dapethaedestrebedadhi @RepediplleWas LajsaBeOiimoB912Rd tBE
conposition ratio of astaxanthin was analyzed by HPLC. As a result, the

conposi tion aadi Gowps, 6%. G¥teasiiaxantlitbhe4adea0PREEEH, aAlUsRiB%Ra
di ester. Exanple 21 Two ng of a free astaxanthin (manufactured by Signa)

25 and 300 mjudfiyt miftepwalids .asThereagtgeer wHeltosmitaihy, aekdctvenewdkaced
in a brown glass bottle. Thirty L of water was added thereto and stirred
fully afterwandsiedhentabtens5°C 300ripeofddne idaveb) |ted-dddesen W th HP 20
prepared by the - 43 nmethod described in the exanple of |ipase

i mobi | i Zat | BRodugs wadedakear end, and @hel gompakihfjohl¥8tipmpf reaction
was carried out at 45C. Three days |ater, the reaction product was taken
out, and the288a¥88ithidnvast ppadyz8dabyalBREhi nAgas neaablytkedthg HPLC. As a
result, the conposition ratio was 96. 1% astaxanthin and 3. 9% nonoest er.
Exanmpl e 22 FEPPPORgtdPnaratirurasofladtaraheipitbiner 8. 8%t €8 crenoester,

9.1% C10 monoester, and less than 1% diester.
Example 20
10 Forty mg of a mixture of astaxanthin esters extracted
from the nature (manufactured by Itano, product name:
Astax8%000H) and 1.5 ml of tricaprilin as a triglyceride
form fatty acid were placed in a brown glass bottle.
Ninety uL of water was added thereto and the mixture was
15 fully stirred. Thereafter, 300 mg of the immobilized
lipase of Phenyl Toyopearl prepared by the method described
in the example of lipase immobilization was further added
thereto, and while stirring, reaction was carried out at
45°C. Four days later, the reaction product was taken out,
20 and the composition ratio of astaxanthin was analyzed by
HPLC. As a result, the composition ratio was 61.6%
astaxanthin, 14.1% monoester, and 2.8% diester.
Example 21
Two mg of a free astaxanthin (manufactured by Sigma)
25 and 300 mg of tricaprilin as a triglyceride form fatty acid
were placed in a brown glass bottle. Thirty uL of water
was added thereto and stirred fully afterwards. Thereafter,

300 mg of the immobilized lipase with HP 20 prepared by the
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from,the nature (manufactured by Itano, product nanme: 10 Astax9000H) and
1.5 mM of tricaprilin as a triglyceride formfatty acid were placed in a
brown gl ass bottle. N nety VL of water was added thereto and the m xture
was fully stirred. Thereafter, 300 ng of the immbilized I|ipase with
Hyfl o super-cel prepared by the nmethod 15 described in the exanple of

| i pase i mobilization was further added thereto, and while stirring,
reaction was carried out at 45C. Four days l|ater, the reaction product

was taken oumethnd tleectabpdsihi bher akamplé ast axpatdi imwebilanaktysad by
HPLC. As a result, the conposition ratio was 20 28. 6% astaxanthin, 1.8%
nonoest er, awdsl| eddeihithet®tdi eahdr whikkashhkidg Tweot ypihour regcefioa

m xture of astaxanthin esters extracted fromthe nature (manufactured by
|t ano, produsts pameieAsbax98004k°and Thiedr dafs tIdtaaps i the BSadt £6n
triglyceride formfatty acid were placed in a browm glass bottle. Ninety L
of water waspaddugtt Wasetakandouhe antixtheecompositignsratiedofThereafter,
300 ng of the HPA25 resin-immbilized |ipase, which was prepared by the
met hod - 44 ag&3&EapbBdn washanak¥Rphebyf HPLPaseds nmobesuthti the was

further added thereto. Thereafter, while stirring, reaction was carried
out at 45C. FAMBESAL}Sn| RREIC VAR 9Pchdt pohapnrobiutt: aRE BaR&nmeneeshad-t he
conposition ratio 5 gf astaxanthin was anal yzed by HPLC. As a result, the
conposition 39. 3% ast axanthin, 2.9% nonoester, and |less than 1%

[ r. Ex I 4
dieste anpi e Eorty mg of a mixture of astaxanthin esters extracted

from the nature (manufactured by Itano, product name:

10 Astax9000H) and 1.5 ml of tricaprilin as a triglyceride
form fatty acid were placed in a brown glass bottle.
Ninety pL of water was added thereto and the mixture was
fully stirred. Thereafter, 300 mg of the immobilized
lipase with Hyflo super-cel prepared by the method

15 described in the example of lipase immobilization was
further added thereto, and while stirring, reaction was
carried out at 45°C. Four days later, the reaction product
was taken out, and the composition ratio of astaxanthin was
analyzed by HPLC. As a result, the composition ratio was

20 28.6% astaxanthin, 1.8% monoester, and less than 1% diester.
Example 23

Twenty-four mg of a mixture of astaxanthin esters

extracted from the nature (manufactured by Itano, product
name: Astax9000H) and 1.3 ml of tricaprilin as a

25 triglyceride form fatty acid were placed in a brown glass
bottle. Ninety pL of water was added thereto and the
mixture was fully stirred. Thereafter, 300 mg of the HPA2S

resin-immobilized lipase, which was prepared by the method
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.Two ng of a free astaxanthin (manufactured by Sigma) 10 and 1.3 g of
tricaprilin as a triglyceride formfatty acid were placed in a brown gl ass
bottle. Ninety i.L of water was added thereto and stirred fully
afterwards. Thereafter, 300 ng of the HPA25 resin-immobilized |ipase,

whi ch was prepared by the nethod described in the exanple of |ipase 15

I mobi | i zati on was added thereto, and while shaking (170 rpn), reaction
was carried out at 45C. Three days later, the reaction product was taken

out, and theiofPDséd i DN thatéRalhl @SsLXRIPdd Watowed yzehby #HLC. As a
result, the conposition ratio was 79.8% astaxanthin, 19.2% 20 nonoester,

and 1.0% di eRirther Rxdded etRErdvent YPhotdafeOf whil ¥ S0fngast axant hin
esters extracted fromthe nature (manufactured by Itano, product nane:

Ast ax9000H) wurbdich ha®fcdrtLe@roht naesasec25 trhirgly GRkisde af@rm kbt y acid
were placed in a brown glass bottle. Ninety tL of watér was added thereto

and the m xteaetivas prodyctstwas edekdhereaf taard 300 campd's iR o
resin-immbilized |ipase, which was prepared by the nmethod - 45 descri bed
in the ekanpife aftaxaragein madidnekyieh, bnadtPLG.ur thera addedl tt hertet 0.
Thereafter, while stirring, reaction was carried out at 45C. Three days
later, the GueResBHLGN ohfcio s t3ket Artaxanthine chifogiaricestreati o 5 of
astaxant hin was anal yzed by HPLC. As a result, the conposition ratio was
54. 9% ast ax@hiIess. g édtegterand less than It diester. Exanple 26
Example 24
Two mg of a free astaxanthin (manufactured by Sigma)
10 and 1.3 g of tricaprilin as a triglyceride form fatty acid
were placed in a brown glass bottle. Ninety plL of water
was added thereto and stirred fully afterwards. Thereafter,
300 mg of the HPA25 resin-immobilized lipase, which was
prepared by the method described in the example of lipase
15 immobilization was added thereto, and while shaking (170
rpm), reaction was carried out at 45°C. Three days later,
the reaction product was taken out, and the composition
ratio of astaxanthin was analyzed by HPLC. As a result,
the composition ratio was 79.8% astaxanthin, 19.2%
20 monoester, and 1.0% diester.
Example 25
Twenty-four mg of a mixture of astaxanthin esters
extracted from the nature (manufactured by Itano, product
name: Astax9000H) and 1.3 ml of tricaprilin as a
25 triglyceride form fatty acid were placed in a brown glass
bottle. Ninety ulL of water was added thereto and the
mixture was fully stirred. Thereafter, 300 mg of the HP1MG

resin-immobilized lipase, which was prepared by the method
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Jwo ng of a free astaxanthin (manufactured by Sigma) 10 and 1.3 g of
tricaprilin as a triglyceride formfatty acid were placed in a brown gl ass
bottle. Ninety L of water was added thereto and stirred fully afterwards.
Thereafter, 300 ng of the HPLMG resin-imobilized |ipase, which was
prepared by the nethod described in the exanple of |ipase 15 inmobilization
was added thereto, and while shaking (170 rpn), reaction was carried out
at 45C. Three days later, the reaction product was taken out, and the

conposi tion qéaékPped st enanéRhampyesoanel yzesl Mimdtlliz4A6ién] epagt, the
conposition ratio was 79.5% astaxanthin, 18.7% 20 nonoester, and 1.8%

di ester. TheriphbtSa@fiied hehabaeve. eXDHPLESE B6E, Swtilbe | geilriing Tables 2 to
6. These results show that the transesterification nmethod using |ipase of

the present rigyenbhoRasapaptieat biel ¥t systidiesiTharetsidaantitvemedingn 25
chain fatty acid esters. (Table 2) Oto o4 r{ Uro O wN P4 aixanpies
12 3456 Ast axaatbionFpeefuet WAsestkeffoes| cardt thxé\starpdypeiamdraRi@22424
amount (ng)
5 of astaxanthin was analyzed by HPLC, As a result, the
composition ratio was 54.9% astaxanthin, 5.4% monoester,
and less than 1% diester.
Example 26
Two mg of a free astaxanthin (manufactured by Sigma)
10 and 1.3 g of tricaprilin as a triglyceride form fatty acid
were placed in a brown glass bottle, Ninety uL of water
was added thereto and stirred fully afterwards. Thereafter,
300 mg of the HPIMG resin-immobilized lipase, which was
prepared by the method described in the example of lipase
15 immobilization was added thereto, and while shaking (170
rpm), reaction was carried out at 45°C. Three dajs later,
the reaction product was taken ocut, and the composition
ratio of astaxanthin was analyzed by HPLC. As a result,
the composition ratio was 79.5% astaxanthin, 18.7%
20 monoester, and 1.8% diester.
The results of the above examples are summarized in
Tables 2 to 6. These results show that the
transesterification method using lipase of the present

invention can effectively synthesize astaxanthin medium-

25 chain fatty acid esters.
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Fatty acid C8 aci dCBTG C8 aci dCBTGC8 aci dCB8TG Type and 300300 300300276276
anount (ng) Li pase OFOF OFOFOFOF Type and 80120 8080270270 anount (ng)
Carri er of NoneNone NoneNoneNoneNone |ipase Additive amount of 3.010
10107.57.5 water ($) Solvent Type and NoneNone NoneNoneNoneNone anount
Astaxanthin 6.013.6 8.215. 310.525.0 (nonoester) Astaxanthin <1.01.5
<1.0<1.0<1.0<1.0 (diester) Astaxanthin 94.084.9 61.173.442.655.9 (free
type) (Table 3) Exanples 789101112 Astaxant hi nFreeFr eeAst axAst axAst axAst ax

Type and2224242424 unt (ngy) Fatty aci dC8 aci dCBTGC8 aci dCBTGC8TGCBTG
Type and300300376276800276

Examples
1 2 3 4 5 6
Astaxanthin Free Free OA ester |0A ester | Astax Astax
Type and 2 2 2 2 24 24
amount (mg)
Fatty acid Cc8 acid C8TG C8 acid C8TG C8 acid C8TG
n
g |Type and 300 300 300 300 276 276
+ |amount (mg)
o+
o |Lipase OF OF OF OF OF OF
=
& |Type and 80 120 80 80 270 270
a amount (mg)
o
3 Carrier of None None None None None None
g lipase
2 |aaaitive
amount of 10 10 10 10 7.5 7.5
water (%)
Solvent
N
Type and None None None None None one
amount
Astaxanthin 6.0 13.6 8.2 15.3 10.5 25.0
g | (monoester)
35
© 5 |Astaxanthin <1.0 1.5 <1.0 <1.0 <1.0 <1.0
U B l(diester)
o H
™ fi|Astaxanthin 94.0 84.9 61.1 73.4 42.6 55.9
{free type)
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amount ()

Li paseOFOFOFOFPLPL  10Type and30030030030080300 anount (nm)
I onlonlonlonlon .rqCarrier ofexchangeexchangeexchangeexchangeNoneexchange

| i paseresinresinresinresinresin Additive anount of7,53. 3101055 water (t)
Sol vent Type andNoneNoneNoneNoneNoneNone anount
Ast axant hi n4. 221. 92. 012. 24. 01. 0 - (nonoester) O+ -H O
yAst axant hi n<1. 02. 6<1.0<1.0<1.0<1.0 b o(diester) ma
04Ast axant hi n95. 869. 623. 664. 079. 323.9 (free type) (Table 4) Exanples
131415161718(f§59éa§5hinFreeFreeAstaxFreeFreeFree Type and2224222 anount

()

Examples
7 8 9 10 11 12
Astaxanthin Free Free Astax Astax Astax Astax
Type and 2 2 24 24 24 24
amount (mg)
Fatty acid C8 acid C8TG C8 acid caTG C8TG CBTG
n |Type and 300 300 276 276 300 276
g amount (mg)
ﬂ Lipase OF OF OF OF PL PL
-~
© |Type and 300 300 300 300 80 300
8 amount (mg)
g Ion Ion Ion Ion Ion
- Carrier of exchange | exchange | exchange | exchange | None [exchange
5 lipase resin resin resin resin resin
[i+]
& |adaitive
amount of 7.5 3.3 10 10 5 5
water (%)
Solvent
Type and None None None None None None
amount
Astaxanthin 4.2 21.9 2.0 12.2 4.0 1.0
o w | (monoester)
9% |
v g|Astaxanthin | ) 4 2.6 <1.0 <1.0 | <1.0 | <1.0
9 g |(diester)
O H
P Fu|Astaxanthin | o 4 69.6 23.6 64.0 79.3 23.9
(free type)




JFatty

anount ()

| onl onlonlon Carri er

aci dCBTGC8TGCBTGC12 aci dTGIG Type and300300276300( C8+C10) ( C8+C10)
anount (ng) 600300 LipaseNovo 435CFOFOFCFOF Type and30030030030080300

of Cel i t eexchangeexchangeexchangeNoneexchange | i paseresi nresinresi nresin
Addi tive anbunt of 101010106010 water (% Sol vent
n- Hexanen- Hexanen- Hexanen- Hexane Type andNoneNone 12121212 anobunt
Ast axant hi nC8: 3. 9C8: 7. 2 (nonoester)1.023.91.06.4 [ D) C10:3.0C10:6.1 O +,
YH U 4J) aAst axapihi g)UMC

Examples
13 14 15 16 17 18
Astaxanthin Free Free Astax Free Free Free
Type and 2 2 24 2 2 2
amount (mg)
Fatty acid C8TG CaTG CBTG Cl2 acid TG TG
m Type and 300 300 276 300 (C8+C1l0) | (C8+C10}
8 amount (mg) 600 300
-
Y |Lipase Novo 435 OF OF OF OF OF
Lol
g Type and 300 300 300 300 80 300
U |amount (mg)
8 Carrier of Ion Ion Ion Icon
ﬂ Celite |exchange|exchange|exchange None exchange
o |lipase
@ resin resin resin resin
Q
@ (additive
amount of 10 10 10 10 60 10
water (%)
Solvent n-Hexane [n-Hexane |n-Hexane |n-Hexane
None None
Type and 12 12 12 12
amount
Astaxanthin C8:3.9 C8:7.2
1.0 23.9 1.0 6.4
g @ (monoester) €10:3.0 [ C10:6.1
)
+ 3 |Astaxanthin
% E (diester) <1.0 2.3 <1.0 <1.0 <1.0 <1.0
me
Astaxanthin 99.0 64.1 15.2 93.6 93.1 86.7
{free type)




(diester)<1.02.3<1.0<1.0<1.0<1.0 0 H Astaxanthin 99.064. 115. 293. 693. 186. 7
‘(free type) (Table 5) Exanples 192021222324

Ast axant hi nFr eeAst axFr eeAst axAst axFree Type and240240402 anount (ngy) Fatty
aci dTGCBTGC8TGC8TGCBTGCBTG Type and( C8+C10) 1500300150013001300 anount ( nm)
300 LipaseOFOFOFOFOFOF  Type and300300300300300300 amount (ng) Carrier

of  onPhenyl HP20Cel i t eHPA25HPA25 | i paseexchangeToyoyear | resi nresi nresin

resinresin

Addi tive amount of 10610677 water ($) Sol vent n- Hexane

(Table 5)
Examples
19 20 21 22 23 24
Astaxanthin Free Astax Free Astax Astax Free
Type and 2 40 2 40 40 2
amount (mg)}
Fatty acid TG CBTG C8TG C8TG C8TG C8TG
o |TYPe and (C8+C10) 1500 300 1500 1300 1300
t
§ amount (mg) 300
Y |tipase OF OF OF OF OF OF
ke
g Type and 300 300 300 300 300 300
0 |amount (mg)
=1 .
3 Carrier of Ion Phenyl HP20 Celite HPA?S HPAZS
£ |13 exchange [Toyoyearl| resin resin resin
13 ipase
@ resin resin
Q
& |Additive
amount of 10 6 10 6 7 7
water (%)
Solvent n-Hexane
Type and 12 None None None None None
amount
Astaxanthin |C8:9.5
14.1 3.9 1.6 2.9 19.2
8 ﬂ (monoester) C10:9.1
S g Astaxanthin
(a3 =] N B . N .
g 8 (diester) <1.0 2.8 <1.0 <1,0 <l.0 1.0
[+ ="
Astaxanthin
(free type) 8l.4 61.6 96.1 28.6 39.3 79.8
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T ————————————..
. .and12NoneNoneNoneNoneNone anpbunt AstaxanthinC8:9.5
Zﬁgﬁogster)l4.13.91.62.919.2 0 4JCl0:9.1 "i o + Astaxanthin U0
(diester)<1.02.8<1.0<1.0<1.01.0r 0 G ~4 Astaxanthin (free 0
type) 81. 461. 696. 128. 639. 379.8 (Table 6) Exanples a43 rl U 4J 0 o] Ui base
Ast axanthin Type and anount (ng) Fatty acid Type and anount (ng) Lip
Type and anount (ng) Carrier of

(Table 6)
Examples
25 26
Astaxanthin Astax Astax
Type and 40 40
amount {(mg)
Fatty acid CBTG CBTG
v |Type and 1300 1300
§ amount (mg)
Y |Lipase OF OF
L=
g Type and 300 300
O |amount (mg)
_§ Carrier of HP1MG HP1MG
bt |lipase resin resin
[
2 |rdaditive
amount of 7 7
water (%)
Solvent
Type and Ncne None
amount
Astaxanthin
g u | {monoester) 5.4 18.7
2 b
+ 3 |Astaxanthin
§ § {diester) <1.0 1.8
& 6| Astaxanthin
(free type) 54.9 79.5

Example 27 Extraction, fractionation and purification of

astaxanthin esters from natural products

5 A commercially available Euphausiacea (356.3 g) was
disrupted in a mortar, using a pestle. Then, the
Euphausiacea was extracted three times with 5 times amount
of acetone followed by vacuum concentration. Thereafter,
extraction was carried out three times using a saturated

10 saline solution and ethyl acetate, so that a crude extract
(52.13 g) was obtained from the ethyl acetate layer. The

obtained Euphausiacea extract was subjected to column
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R ..
[ It 300 HP

e Additive anount of water (t) 25 As tax 40 C8 TG 1300 OF
EkE??eS|n 7 26 As tax 40 CS TG 1300 OF 300 HPIMSG resin 7 Solvent Type and

anmount None None

chromatography in the following order:
1) 1st silica column chromatography
Using silica gel (Silica gel 60 manufactured by Merck,
500 g), column chromatography was carried out. Stepwise
5> elution was carried out with an elution solvent of
hexane/acetone in the order of the concentrations (90 : 10,
85 : 15, 80 : 20, 75 : 25, 70 : 30, 60 : 40, 50 : 50, 40
60, 30 : 70, 20 : 80, 10 : 90, O : 100). Elution with the
same solvent system was carried out by successively adding
10 an elution solvent in an amount three times volume of the
column. After each eluate was concentrated under a reduced
pressure, an astaxanthin monocester fraction (116.32 mg) was
obtained.
2) ODS column chromatography
15 Using ODS gel (ODS-SS-1020T manufactured by Senshu
Scientific Co., Ltd., 50 g), column chromatography was
carried out. Using 100% methanol as an elution solvent, a
dark red fraction eluted from the column was dispensed and
concentrated under a reduced pressure, and an astaxanthin
20 monoester fraction (8.84 mg) was obtained.
3) 2nd silica column chromatography
Using silica gel (Silica gel 60 manufactured by Merck,
30 g), column chromatography was carried out. Using
dichloromethane/ethyl acetate (8 : 2) as an elution solvent,
25 a dark red fraction eluted from the column wags dispensed
~and concentrated under a feduced pressure, and an
astaxanthin monoester fraction (2.87 mg) was obtained.

4) 3rd silica column chromatography
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-18.7.a7 H Wr4 Astaxanthin (nonoester) Astaxanthin (diester) Astaxanthin
(free type) 5.4 <1.0 54.9 1.8 79.5 Exanple 27 Extraction, fractionation and
purification of astaxanthin esters fromnatural products 5 A conmercially
avai | abl e Euphausi acea (356.3 g) was disrupted in a nortar, using a
pestle. Then, the Euphausiacea was extracted three times with 5 times
anount of acetone followed by vacuum concentration. Thereafter, .
extraction was carried out three times using a saturated 10 saline sol ution

was obtained fromthe
cthyl acetate |ayB Orpatich é.e%SZSéééﬁﬁﬁéﬁacgrﬁdggpﬂ%epﬂgggf by Bt o
gﬁlrggt og?é&hﬁ%%ﬂg{ | ca g Lé(?%ﬁf 3’0\39@ SO ek zﬁéﬁrr edTH9verck, 500
g) . col um GEQFRQARINe YBS CaNY 80 QUi [ FLeRwW so‘ivent a dark red
fraction eluted from the column was dispensed and
5 concentrated under a reduced pressure, and an astaxanthin
monoester fraction (0.48 mg) with high purity was obtained.
Example 28 Analysis of astaxanthin ester fraction

An astaxanthin ester fraction from the Euphausiacea
extract prepared in Example 27 was dissolved in 1 ml of

10 methanol, and while stirring at 80°C, 0.5 ml of 1 mol/1
sodium methoxide was added thereto by dropwisely.

Extraction was carried out using ethyl acetate and water to
eliminate alkali contained in the reaction product. The
ethyl acetate layer was subjected to vacuum concentration,

15 and fatty acid analysis was carried out using GC-MS (G1800A
manufactured by Hewlett-Packard). Moreover, in order to
confirm whether or not a free fatty acid was mixed in the
astaxanthin monoester fraction, the GC-MS analysis was
carried out without carrying out methyl esterification.

20 'Measufement method data”

Injection temperature: 200°C, Detection temperature:
300°C, Initial column temperature: 40°C, Increased
temperature: 2.5°C/min., Column size: 30.0 m x 0.25 mm,

‘Gas: helium gas, Flow rate of gas: 1.0 ml/min., Mass range:

25 45 : 200 m/z, waiting time for solvent: 5 minutes

The GC-MS data of authentic octanoic acid methyl ester
are shown in Figure 3, and the GC-MS data of Euphausiacea-

derived astaxanthin monoester samples are shown in Figure 4.
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S5 elution was carried out with an elution sol vent of hexgge{ aczzgt 098 |_n3ghe
order of the concentratiggs ggo :730,2085 5015i089 9020,0 : 160).’Elution ,
: : 0, 40 : , : , 0 : , : , .0 _
\E/S\noth tAfge 52an135$ol vent systemwas carri ed O:Jt by ?utcﬁessl:\cl)let)r/rnadg\:‘tngrlgagﬂ
[ | vent in an anobunt three tines volune o e .
glﬂgégnng concentrated under a reducstDgre5fuL§,Cﬁpoﬁziggfggﬂ;nlgnﬂg?ﬁger
[ [ 2 colu
fraction (116.32 ng) was obtained. am _chr omat og A
| (ODRSSsHORATineoNESEt HL§GrdY  SEOSNU;, SC aitd- o 80
cac?lsu?rﬁ célromat ogr aphy was carrlgg out . @?ng DR TR RESEY Bateh withion

- | was di spensed and
solvent, a eack otiefr acd opacbit efof r%ér?d\& gﬁnf;zgt%%tw% SENRfE sk

concentrated under a reduced pressure,

TR etk ol i g e o
zlhlrl)ﬁgt gglraiﬁsilgéé;lg;lgtidmcbmﬂdbo?ﬂ& dlcbfﬁglgﬁsgﬁ%é%dﬂp I ?q%gttg{ﬂeu(nﬁ \:/vas
él) ngnggael g;i["?ldﬂofgcloﬁ?ﬂg!wvteﬂpéi GEEBSM?IWTraaa :agermjg,g@4§gr7§?d%grsiﬁ%{l?1&nﬁn%%[t%>§ant hi n
oot o e o it i coth I sl b
50'5) < v srvomm e gy vas cared oit UoriS Rt tFE

di spensed a%%alyzed, no corresponding peaks were observed, thereby
confirming that no free octanoic acid and no octanoic acid
10 methyl ester were present in the sample.
From the above results, it was confirmed that an

astaxanthin octanoic acid ester is present in Euphausiacea.

Examples of application to cosmetics

A lipstick was produced by the following method, using

15 a composition containing a 1% astaxanthin octanoic aciqd
monoester, which was obtained by carrying out enzyme
reaction and then carrying out purification operation.

The below-indicated 0lly substrates were mixed, and
the mixture was dissolved by heating. A pigment (50 mg)

20 and a composition (150 mg) containing a 1% astaxanthin
octanoic acid monoester were fully mixed with castor oll
(2.1 g) in advance. The above dissolved and dispersed
product was added to the mixture followed by stirring. A
perfume (150 mg) and an antioxidant (50 mg) were added

25 thereto, and the mixture was further stirred and mixed, so
as to make the mixture homogenous. The obtained liquid was
poured into a mold followed by quenching. The lipstick

obtained by cooling was placed in a container, and the
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.5 concentrated under a reduced pressure, and an astaxanthin nonoester

fraction (0.48 ng) wth high purity was obtained. Exanple 28 Anal ysis of
astaxanthin ester fraction An astaxanthin ester fraction fromthe

Euphausi acea extract prepared in Exanple 27 was dissolved in 1 m of 10

met hanol, and while stirring at 80C, 0.5 m of 1 nol/l sodium nethoxide

was added thereto by dropw sely. Extraction was carried out using ethyl

acetate and water to elinmnate alkali contained in the reaction product.

The et hyl ametﬂi@eI@a@rhwﬁeéq@i@g@dsrﬁﬂl%%%i%ggatglﬁ%ﬁpﬁg %db
- r y

fatty acid analysis was carried out using

Hew et t - Packputd)a Sbim®ViEierddh Orgier jar ther. or not a free
fatty acid was m xed in the astaﬁgnat%liq:no (r;‘lyrﬁ)dels er rlgsglr@ﬁ, the GC- M5
anal ysis was caMibeithgoutataid RFULIAH BULHRGra¥ksmet hyl esterification. 20
"Measurenent nethod data" Injection tenperature: 200C, Detection
tenperature: 30B€eskaitial colum fegpgrature: 40C, Increased
tenperature: 2.5C/mn., Colum size: 30.0 mx 0,25 mm Gas: helium gas,
Flow rate of gasCere@imi /min., Mass2rénge: 25 45 : 200 nmiz, waiting tine
for solvent: 5 m nutes The GC-MS data of authentic octanoic acid nethyl
ester are shownCRAngEugar wad and thes GC- MBS dat a of Euphausi acea- derived
ast axant hi n nonoester sanples are shown in Figure 4. - 53 As shown in
these figures, bbBRO&&Ra conpl etel yl Matech with each other. No parent ion
peak (m z 158) s observed in either the specinens or the sanples, but a
specific fragrre\r,:lﬁéfﬂl&ﬂ Baraéfin( m 2 .1057)9 was observed, and at the

Eosin acid 0.25 g
10 Examples of application to food

Soft capsule used for healthv food and/or supplements

A soft capsule was produced by the following method,
using a composition containing a 10% astaxanthin octancic
acid monoester, which was obtained by carrying out enzyme

15 reaction and then carrying out purification cperation.
A substrate was prepared at the following ratio, and a

composition (30 mg) containing a 10% astaxanthin octanoic

acid monoester was added to the substrate, so that a soft
capsule used for a healthy food and/or supplements was
20 prepared.
Preparation ratio {amount per capsule)
Substrate (plant oil)}: 130 mg

Emulsifier (beeswax): 30 mg

Coating material (zelatin/glycerine = 100/35): 150 mg
25 ExamnlQs_Qf_th&JuﬁLjuLimgd_maIe:ial
An example of pPreparing an astaxanthin medium-chain
fatty acid ester-containing oils and fats as food materials

in order to use them for food, cosmetics, feed and others
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. ime mlz 55, mz 59 and mz 87 derived froma fatty acid nethyl
25?2??f}ed product were observed. Moreover, when sanples tEat wer e not
nmethyl esterified were also analyzed, no corresponding peads WeretanoiC
observed, thereby confirmng that no free octanoic acid and no oc note
acid 10 nethyl ester were present in the sanple. Fromthe above resu ,
was confirmed that an astaxanthin octanoic acid ester is present in duced
Euphausi acea. Examml AE-of application to noRMtinn A lipstick was pro

I8LRG Pﬁﬁ it taining a It
by the foll 15 a conposition cont _
agtaxanthlnq£23210|é'a0| monoest er, whi ch was obtai ned by carrying out

TRl R R A

bel ow-i ndi cated oily substrates were m xe e
196 ast axant b et mnore autgher sAlea uBl P A%l 9P A @ Dhteadedr of |

1% ast axant hi n oct anoi c aci i
(2.1 g) in &deanestakd® tRRQVGaQi %%%'e‘ﬁ%ﬁ ?ECEhd'(a§§erse¥ gp@g ﬁﬁFﬁn\f@%ﬁggﬁt 0
the m xture followed by stirring. periunme n

(50 ny) Swer azdgedcl tthtalgaweraa@,tEﬁd”hfw!i:em’gsoggﬁﬁﬁﬁé 13! Hred and

i m I'qaird was
i xed, so as to nmake the m xture honpbgenous Rined Piqff

d i b 1 I t i by gool i ng
pour ed i nt ohexaoked Applrowgdaky QUQDthngf dhes! bRa EEE ?9%3 Qﬁg Xgﬁ

: - - face
B i s Fonb o i zoaghic e s6bustar SeSERGLE AubLFEH
Mxing ratio of oily substrates Beeswax 1.0 g o .

the reaction was distilled by molecular distillation at
130°C, 0.2mmHg, so as toc obtain 10 g of an astaxanthin

10 medium-chain fatty aciad ester-containing oils and fats.
The obtained oils and fats were subjected to a steam
distillation, and thereafter, 10 g of a medium-chain fatty
acid triglyceride was added thereto, s0 as to obtain 3%
astaxanthin medium-chain fatty acia ester-containing oils

15 and fats. The total astaxanthins had a concentration of
10%. The oils and fats were defined asg food materials
(astaxanthin medium-chain fatty acid ester-containing oils
and fats), which are used for various purposes.

I t of di tibilit £ I thi

20 Using a commercially available astaxanthin extracted
from Chlorophyceae of Haematococcus (Itano, product name:
Astax9000H) and astaxanthins mono- and di-esterified with a
medium-chain fatty acid (Asta-C8-monoester and Asta-C8-
diester), the digestibility of these astaxanthins was

25 studied using rats. For the experiment, these astaxanthins
were diluted with olive o0il so as to obtain a ratio of

100 mg/kg in the conversion of a free astaxanthin, and the

diluted astaxanthins were administered to rats (Wister rat}.
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. resin 2.4 Carnauba wax 0.8 g Lanolin 1.0 g Liquid paraffin 2.05 g
Eog?ﬁeacid 0.2% g 10 A soft capsul e was produced by the follow ng nethod,
using a conposition containing a 10% astaxanthin octanoic acid nonoester,
whi ch was obtained by carrying out enzyne 15 reaction and then carrying out
purification operation. A substrate was prepared at the follow ng ratio,
and a conposition (30 ng) containing a 10% astaxanthin octanoic acid
nonoest er was added to the substrate, so that a soft capsule used for a

¢ Preparation rati o (anmount
SRE RO oy v g e
Coating mat g le?éma()z%rﬂili nﬂ{nc%dlyﬁ%f B = g:alggrgﬁ e(gior\{]%?}ﬂ Ifi1s and

preparing an astaxant umechal It

f ter I for, f 7 COS tics, feed and
L?chr SS- gg@h{% t:sc?iLedscc?;dr ﬁ) rhbgl;%\?vw#%e %H%%ce'f{n Ss e'd % RO bl @uffﬁ I
regardi ng eRgHE- trlf@%d:ﬂ'hi?_@caft# er ﬁ?ﬁir%dne%’hoﬂs ram of %t na er| a

free astaxanthin was react 300 ¢
triglycesi dewstaihrafiigl tdk@re!inmed@al g oo plasma, and Figure 2 shows

that taken in the liver. As shown in Figures 1 and 2, when
compared with the astaxanthin extracted from Chlorophyceae
of Haematococcus, the astaxanthin medium-chain fatty acid
esters showed much better digestibility. 1In particular,

10 the monoester form of the astaxanthin medium-chain fatty
acid esters was most digested. Further, the administered
ester form astaxanthin was detected as a free astaxanthin.

Therefore, it was found that the astaxanthin medium-
chain fatty acid monoester is an astaxanthin having

15 excellent digestibility.

INDUSTRIAL APPLICABILITY
According to the method of producing an astaxanthin
medium-chain fatty acid ester of the present invention,
20 reaction can be carried out under mild condition, using
lipase, and the astaxanthin med}um-chain fatty acid ester
can be produced at a high yield without inducing the
decomposition or isomerization of a material astaxanthin.
Moreover, the method of the Present invention can extract
25 and produce the astaxanthin medium-chain fatty acid ester
from natural products.
Furthermore, if a composition comprising the

astaxanthin medium-chain fatty acid ester of the present
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-hexane, approximately 300 g of oils and fats were obtained as a result of
the reaction. Caprylic acid released during the reaction was distilled by
nol ecul ar distillation.at 130C, 0.2nmHg, so as to obtain 10 g of an
astaxanthin 10 mediumchain fatty acid ester-containing oils and fats.
The obtained oils and fats were subjected to a steam distillation, and
thereafter, 10 g of a nmediumchain fatty acid triglyceride was added
thereto, so as to obtain 3% astaxanthin nediumchain fatty acid

est er - cont aiifivd o il Ak s.. The total astaxanthins had a
concentration of t‘QLdon‘?/oljs'lsl'he 0|4 ?;ctoar?d é]aot Vet addiivh & oss ansbidmat er i al s

(ast axant hi gy g@dgﬁgﬂﬂgﬂd}f ter-contalnln oils and fats),
whi ch are used for various pé%%ggg? %% é@Wﬁgﬂ&ﬁﬁlqpﬂﬂﬂmﬂxﬂgea

ast axant hi n agx talsa Gl + Hih [NoTgeTslp\Y of Fbe corcu-q (Itano, product
nane: Astax9000H) and alsffalnfgr}ﬁ% ns rrngLgE% A (ﬁ’is%éﬁtff 88 ditdls sare

medi um chai pehettivataend (Ast a- C8- nonoester and Asta-C8- diester), the
digestibility of these astaxanthins was 25 studied using rats. For the
experinment, these astaxanthins were diluted with olive oil so as to obtain
a ratio of 100 ng/kg in the conversion of a free astaxanthin, and the
diluted astaxanthins were admnistered to rats (Wster rat). - 56 The
content of astaxanthin contained in the blood (blood plasna) and the liver
of each rat was neasured using HPLC. The blood and |iver were sanpled at

3, 5, 7 and 10 hours after the adm nistration. Figure 1 shows the anount
of the 5 astaxanthin taken in the blood plasm, and Figure 2 shows that
taken in the liver. As shown in Figures 1 and 2, when
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| [ Chl or ophyceae of

: red with the astaxanthin extracted from _
ﬁggﬁgtococcu&, the astaxanthin nmediumchain fatty acid este;stﬁgomed much
better digestibility. In particula_r,OI 10tthe QEQOﬁggfrdrgéglgd N her  the
astaxant hin nediumchain fatty acid esters : thih

I Ni tected as a free astaxan

nistered ester form astaxanthin was de ( _ _
?ﬂg}efore it was found that the astaxanthin nedlyn} cha!n.fattyN%65$RlAL
monoester is an astaxant hin havi ng 15 excellent digestibility.

' i ast axant hin
BI LI TY According to the nethod R duci ng an _
ﬁggfhgfchain fatty acid ester of the p?@éeﬁg I nvention, 20 reaction can be

L e e ey L S
e T iy S S AU L
(he-aat i 1 ! evvaharahial nhoscudegbiateg IRAULEL Br SO0
(a1 a4 eonmebichs cpmpaentnShe Likanhietesy 44800 5 (00,
S oot ST S Eh R e

i i i hain fatty acrd esf
ation. CLAIMS 1. An astaxanthin WEQ|pn}c f at
B?gghged b§aG§Vn§°édlmpaQG§tandoa medmﬂmpbhaﬂncpgpfySéggdtggeggggl
3. The astaxanthin medium-chain fatty acid ester and the

composition comprising the same according to claim 2,
10 wherein the medium-chain fatty acid is a fatty acid having
8 to 12 carbon atoms.
4, The astaxanthin medium-chain fatty acid ester and the
composition comprising the same according to claim 3,
wherein the medium-chain fatty acid has an even number of
15 carbon atoms.
5. The astaxanthin medium-chain fatty acid ester and the
composition comprising the same according to claim 4,
wherein the medium-chain fatty acid has 8 carbon atoms,
6. The composition according to any one of claims 1 to 5,
20 which comprises the astaxanthin medium-chain fatty acid
ester in an amount of at least 0.1%.
7. Astaxanthin octancic acid moncester, astaxanthin
octanoic acid diester, or a composition comprising at least
either one of these compounds .
25 8. A method of producing the astaxanthin medium-chain
fatty acid ester and the composition comprising the same
according to any one of claims 1 to 6, by using a lipase.

9. The method according to claim 8, wherein an
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;2. The astaxanthin nmediumchain fatty acid ester and the 5 conposition
conpfising the sane according to claim1l, wherein the mediumchain fatty
acid ester is a nediumchain fatty acid nonoester or mediumchain fatty
acid diester. 3. The astaxanthin nediumchain fatty acid ester and the
conposition conprising the same according to claim2, 10 wherein the
medi um chain fatty acid is a fatty acid having 8 to 12 carbon atoms. 4.
The astaxanthin mediumchain fatty acid ester and the conposition

conpri sing téereaei 8068 A9a) Or CL AhAtSs t e WL Sd 1 S08; Sedi m ghalpy fatty
acid has an even nunber of 15 carbon atons. 5. The astaxanthin

medi um chai nué aitg YoRei 6ir b L8 28€akhetn LOMMOEL L1 Ol Cﬁé@éégéﬂggftﬂﬁcar on

according to claim4, wherein the nmediumchain fatty aci

atoms. 6. Therewwposnsiorisgcof dinfréd asaeaectofn Ol &l Wsded Oy 20 which
conprises the astaxanthin nmediumchain fatty acid ester 1n an anmount of at

least 0.1t. dstawambtait MiIFDetandi Ero6i 4 MONNasi@ial@staxaptdiiy Sotanoic
acid diester, or a conposition conprising at |east either one of these

conpound§. 25@.a Anivetuwosl @f s etticf oo tdet Bed Pt i dY FERGHHE i o fatty
acid ester and the conposition conprising the same according to any one of
claims 1 tomdbynishatp £dipasecid Sestidwe; retdashaenombRg e Gl dAin
wherein an - 59 esterification and/or transesterification is carried out
usi ng one orfaiie aetdueatdrinintseleatted of mol erthd rqaUR ecorgy iy P st i ng
of a free astaxanthin, an ester form
a free medium-chain fatty acid, a medium-chain fatty acid
monoglyceride, a medium-chain fatty acid diglyceride, a
10 medium-chain fatty acid triglyceride, and a medium-chain
fatty acid lower alcohol ester.
10. The method according to claim 8 or 9, wherein the
lipase is one or more of lipases selected from the group
consisting of a lipase derived from yeast belonging to
15 Candida, lipase derived from a microorganism belonging to
Qh:gmghag;g:inm, a lipase derived from a microorganism
belonging to Alcaligenes, and a lipase derived from animal
pancreas.
11. The method according to claim 10, wherein the lipase
20 1is derived from yeast belonging to Candida.
12. The method according to any one of claims 9 to 11,
wherein the astaxanthin material is free astaxanthin and/or
a mixture of different types of ester form astaxanthins,
and the medium-chain fatty acid material is a medium-chain
25 fatty acid triglyceride.
13. The method according to any one of claims 8 to 12,

wherein water is added.

14. The method according to claim 13, wherein water is
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»astaxanthin different froma nediumchain fatty acid ester, 5 and a

m xture of ester formastaxanthins different froma nediumchain fatty
acid ester; and one or nore nediumchain fatty acid materials sel ected
fromthe group consisting of a free mediumchain fatty acid, a
medi um chain fatty acid nonoglyceride, a nediumchain fatty acid
diglyceride, a 10 nediumchain fatty acid triglyceride, and a nedi umchain
fatty acid | ower al cohol ester. 10. The nethod according to claim8 or 9,
wher ei n t he addgihse: ithedREnRIn e Pfs | S 53 d the rou
consisting of a |ipase derived froé?i%gg?ﬁgglo?ghﬁgt%o ﬁ@l g FPpase
derived frorhhee mmouear @ENitHB RallonG g9 | Chronnbacterlun1 a |lipase
derived froma m croorganism belonging to Alcaligenes, and a |ipase
derived fromSani ArEoopanompasitidn dbeaintl ngyLo im10
wherein the |ipase 20 is derived fron1yeasog%2ﬁgﬁéﬁ%gg?% Ea£§'%%& t3e The

met hod accocompgstid iany comprdfs inlgaitte %st@xéﬁthiﬂhﬁéﬁhﬁmtEﬁaﬁﬁtﬁéégﬁh
material is free astaxanthin and/or a mxture of different types of ester

f or m astaxafCAfnesteandcrhediegi tm ahgi bnkabkycagifls"at €6 8l okStfe
medi umchain 25 fatty acid triglyceride. 13. The met hod accordlng to any

one of cl ai FEMBCEdtion comprésangatbe cempddﬂdloﬁ4a0589dﬂﬁgh99 aegepdeng to
claim 13, wherein water is - 60 added at the anmount of O wwto 20 ww %
with respecF°FoSPPﬁéféﬁDBHFrét1Vher©qb1namental o#5fo0dédf PREreFPOSI ti on

obt ai ned bylEIXIKQféggi;éﬁ?kfggtt£§ach comprises the composition
comprising the astaxanthin medium-chain fatty acid ester
10 according to any one of claims 1l to 6 or the composition
comprising the composition according to élaim 7.
17. A cosmetic, which comprises the composition comprising
the astaxanthin medium-chain fatty acid ester according to

any one of claims 1 to 6 or the composition comprising the

15 composition according to claim 7.

18. An animal feed, which comprises the composition
comprising the astaxanthin medium-chain fatty acid ester
according to any one of claims 1 to 6 or the composition
comprising the composition according to claim 7.

20 19. A method of pProducing the astaxanthin octanoic acid
monoester, the astaxanthin octanoic acid diester, or the
composition comprising at least one of these compounds
according to claim 7,

said method comprising the following steps (a) and

25 {b):

(a) a step of extracting said compound from Crustacea
using a solvent or supercritical CO,, and

(b) a step of purifying said compound from the extract
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,conposi tion conprising the astaxanthin nediumchain fatty 5 acid ester
according to any one of clains 1 to 6 or the conposition conprising the
conposition according to claim7 for specific nutritive requirenments, or
food thereof. 16. A food additive, which conprises the conposition
conprising the astaxanthin nmediumchain fatty acid ester 10 according to
any one of clains 1 to 6 or the conposition conprising the conposition
according to claim7. 17. A cosnetic, which conprises the conposition
conpri sing ti%}ih i u hain fatty acid ester according to any
one of cl ai %ﬂﬁaﬁé%ﬁ%ﬁ‘ % %%?%og%fi on conprising the 15 conposition
according ;¢! aighe! method h A Blnd G c14Ih N ORI CiasiamRashly on
conprising the astaxanthin nediumchiain fatty acid ester according to any
one of clai B;phdPsHBadathe conposition conprising the conposition
according to claim7. 20 19. A nmethod of producing the astaxanthin octanoic
acid nonoester, the astaxanthin octanoic acid diester, or the conposition
conprising at |east one of these conpounds according to claim?7, said

met hod conprising the followi ng steps (a) and 25 (b): (a) a step of
extracting said conmpound from Crustacea wusing a solvent or supercritical
C®2, and (b) a step of purifying said conpound fromthe extract - 61

obtained by the step (a). 20. The nethod according to claim 19, wherein
Crustacea is Euphausi acea.
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