SPECI FI CATI ON ASTAXANTHI N MEDI UM CHAI N FATTY ACI D ESTER, PRODUCTI ON METHOD
OF THE SAME, AND COVPOSI TI ON COVPRI 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
di ester, and a 10 conposition conprising the sanme. Mre specifically, the
present invention relates to a nethod of producing an astaxanthin
medi um chain fatty acid nonoester or astaxanthin mediumchain fatty acid
diester using esterification or trgpgesrechftironti 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 ast axant hins, and the donor of fatty acid residue are a free
medi um chai n f aAEYAIANGHINNMEDI UM-CHRYNeFATGEYf ACTDOESTEHI, UPRODUCDIONL t vy
acid. And 20 nore, the present invention relates to a nethod of producing
an ast axant hi nMBEHODNOENEHE BaMEy AYDdCOMROEITEON COMARISINGt FHRE SAME
mediumchain fatty acid diester by extraction from Crustacea; and a
conpositison conprising these. 25 BACKGROUND ART Generally, a free
astaxanthin is a natural Eignent represented by the followng fornula (1):
- 1 [Fornul BECHNJCAL FIELD
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 fatty 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):



AR v

O OH HOOIt 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 remarkabl e anti oxi dant action and
activity as ggmyhianin) A For its color and physiological function

(anti oxi dant activit;g, astaxanthin is used as a natural pignment, a
cosnetics and a healthy food and/or supplenents 15 For such use, astaxanthin
extracted from Euphausi acea, shrinp, crab, Phaffia yeast or Chlbrophyceae,
Haemat ococcus, is used. Astaxanthin is a reddish pignment, whichlis fpund

wi dely anong Crustacea sugh as shrinps or crabs, the nuscles
redfish or trou 20 sea bream carp or
ot hers. Ast axan 3 VAT RSt 2ad
synt hesi zed ag .hthin has been used as a feed additi pur pose
of coloring cu ed_fish. In the nature, - 2 astaxanthin is present as a
free astaxaﬁihin|or astaxanthin fatty acid ester, or mxture of a free and
ester form Mreover, a fatty acid ester is generally present in a

It is known that the above described 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 acids, 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 physiological 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 is 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. 1In the nature,
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m xture of long chain fatty acid esters such as palmtic 5 acid, stearic

acid, oleic acid, linoleic acid, linolenic acid, EPA and DHA. Mbreover, it
is known that Phaffia yeast contains only a free form astaxanthin, and
further, it is known that such natural astaxanthins are also present in a

m xture 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
al so known that astaxanthin esterified with fatty acids has much intestinal

absorption rateakhabhtiheikr peeashaxast hi freShakiyhkantainKarhaksaxhhoadn
processing and ingradients], Vol. 27, No. 3, 15 38-40 (1992); Kagaku to

Sei but su, VoEat2§, ablad 4st219- 327mik18e6) pf Se¥eral andt kederofoeht ai ni ng the
ester form astaxanthin have been published. That is, a nethod of
esterifyi ng Morastaxanehifatduyd agidoergtelrais Qane¥aadwdpraseng inpase as a
catal yst (Japanese Patent Laid-Open (JPA) 20 No. 11-290094) and a chemically
synt hesi zi ngmasthod P6r lopal gheiln feitdvescad ebtessasuchhies padpatése Pat ent
Lai d- Open (JPA) No. 1-202261) have been published. On the other hand, it

i s known % hagciddi 8fr@Racrnaridyy odeig asiarslineReigsagagri dinellgnie lauric
acid are present in _certain kinds 25 of Chlorop héceae and plants, although

thei r anount 3F$dyeEP2A &Rfl PHA H&FFPEGFarlttﬁé Pewentbast PhaEfdat anoi c

acid ester of asthaxanthin h s on n su %sted hut it _has BOt been

speci fi ed asYSaéanﬁBH%GlPéoﬁB YBPOE%& Bﬁ?sgg axanth4n, BanéD%B PEbhenl
1987 86B( 3), .587-591 reo e ta anthin ne chain

QC|d ésters(ﬁévésngpowgégﬁ syﬁP%ésP? Hrg eﬁnc&ﬁéythﬁhén?§ﬁaﬁg%8|P?eSSH

in a mixture of what is called 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], Vol. 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 acid 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.,

-3 -



accordingly, their physical properties and functions have 5 not been

exam ned. DI SCLOSURE OF THE | NVENTI ON The present invention provides, as a
novel substance, an astaxanthin nediumchain fatty acid ester such as 10
ast axant hi n octanoi c acid nonoester or astaxanthin octanoic acid diester,
which is expected to be applied in the fields of food, cosnetics and

phar maceuticals, and which has better intestinal absorption rate than an
astaxanthin long chain fatty acid ester, having a high accunulation rate in

15 the liverptigsupes. BIBBhEMESEND8T NYEHEBOB) | Us8hes 9Py OVideBedveR] hod of
synt hesi zi ng the astaxanthin mediumchain fatty acid ester using |lipase
reacti on or theethadtakapthdhncimagitmecheinufatthaaoiflaésyensi Haest eotby
extracting it from Crustacea, 20 preferably Euphausi acea, conpositions
conpri si ng these, spnthebboddochensoetiysoroaprysahyjcahkge am@dposi ti ons.

BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a graph showng the results of
measur enent ,ac@sr@hnghywathearr pbyis ool bpropéntias condefenatignavhaiabl e
astaxanthin extracted from Chl orophyceae, Haematococcus (Itano, product
nanme: Asttax900bHpeandedsmarafdthins that are nono- and di-esterified with
caprylic acid (Alta-C8 - 4 nonoester and Asta-C8-diester), diluting these
conpounds with olive oil so as to obtain a ratio of 100 ng/kg in the
conversion of_a free astaxanthinV ﬁt?é y adm nistering the diluted
conpounds t BPFEELOSURE HEalHEi AYVE ntent of 5 astaxanthin in the bl ood

(bl ood pl asrm) Oﬂﬂ%?%&régénpyiﬁggﬁ%ion provides, as a novel substance,

an astaxanthin medium-chain fatty acid ester such as
10 astaxanthin octanoic acid monoester or astaxanthin octanoic
acid diester, which is expected to be applied in the fields
of food, cosmetics and pharmaceuticals, and which has
better.intestinal absorption 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 reaction 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
(Itano, product name: Astax9000H) and astaxanthins that are

mono- and di-esterified with caprylic acid (Asta-C8-
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3, 5, 7 and 10 hours after admnistration; Figure 2 is a graph show ng the
results of the sanme neasurenent in the sane experinent as in the above
Figure 1, wth only the exception that the content of astaxanthin in 10
the liver was nmeasured by HPLC, Figure 3 shows the GC-MS results of

aut hentic octanoic acid nethyl ester; and Figure 4 shows the GC-Ms results
of purified Euphausiacea sanples. 15 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON The present inventors have focused on the fact that the poor
intestinal absorediean ard AstmiCs sdienseder el Twtine hel s acwepdayds of
astaxanthin is inproved in its esters. 20 This is to say, astaxanthin |ong
chain fatty wiihl ebiee socihase detterobhristd neatidsof pte@mgAte imathé ree
astaxanthin. Mreover, as a result of intensive studies directed towards
findi ng out $ARVALILEN refed KEIRY aePreRR YN meatlnadeiribeerbrg rtte, they
have found that the object 25 of the present invention can be achi eved by an
ast axant hi n Ak G SCHBPPIFET t 1P B3 S estet TRAT WL K cER® eFRn T 8RR BseF nal

absorption rate, thereby, conpletjng. the present invention. That is to say,
when an dst SSHEFRHERER Hn i?licf‘g‘?t&’lgo‘g pi;fb?'ﬂabs‘i’%re‘?%h ot | Ry HFLC,
adm nistered, it shows. better _intestinal absorption rate than astaxanthins
derived fron?'F%engt%%%cﬁiéh%&f%t?fik{rP %P*ﬁﬁ%ﬁ%ﬁ??bng chain fatty acid

ester mxture). Muygover, jphen gtaﬁgh(:m%&% itt%edi:%es%lecds o U@ "
medi um chain fatty acid esters Are cleave nto
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 octanoic
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
thehpoor 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 absorption 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 compléting the present invention.

That is to say, when an astaxanthin medium-chain fatty
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free astaxanthins and free nmediumchain fatty acids, and so these are
digested as free forns at intestine. It is well known that even if the
medi um chain fatty acid that is released at this time:is incepted in a

| arge anount, it is 10 deconposed in the body and converted into energy, not
being accunul ated as body fat. Accordingly, this well fits the recently

i ncreased health orientation. Mreover, the astaxanthin nmediumchain fatty
acid ester obtained by the present invention is not only 15 provided as a

novel substagggs bsteRl 56 Gr&DIPOsahiVlsEOFE@] N NGsHds PF&SEsE ast axant hin
medi um chain fatty acid ester can widely be applied, as an alternative of

comerci al | yisvestahh®e apsorpticastaxbetbhas, astataothii®oder besd t fyves,
cosnetics and others, because the present 20 astaxanthin medi umchain fatty
acid ester hasehetdesccustexistibhgabsotipéi matursd e hordg actcartn | 2desy i aacid ver
tissue penetration nmuch better than commercially avail abl e natural
ast axant hi nses¥et ardxthra) nediioneehain Waen ythe i corazawnd 25s Thigested,
astaxanthin nediumchain fatty acid ester, is used in the present
speci fi c&t i oastexaprbhin medpenndhaiepfettyiteedidestrraene ¢beaved 1nYo which
is- nmonoesterified or diesterified by nmediumchain fattg acids. 6 Preferred -
medi um chai nfFeet yshexasthins{apgyfHee qeedtyprhaimgf 8ty aoiear nRd st s,
and they are straight _chaip aturgted %att aci ds. havj ng an_even nupbper of
carbon ~at onEPeERatTPsIIEEPEGT i 2% atT 8 (bREBNOTE TGt RGpr i £t ot vl
(decanoi ackgananaLagéég ff'ghédgggggﬂpéﬁafgl§gtty acid that is
released at this time is 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, as 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 absorption rate and accumulates in liver tissue
penetration much better than commercially available natural
astaxanthins.
Ast th Jium-chain fat % !
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

monoesterified or diesterified by medium-chain fatty acids.
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Further, the term long chain fatty acid, is used in the present
specification to nean a fatty acid containing nore carbon atons than the
medium chain fatty acid. This is to say, it means a fatty acid containing
14 or nmore 10 carbon atons. Synthesis of astaxanthin nediumchain fatty acid
ester The present inventors have found by the above described experinents
that an astaxanthin nediumchain fatty acid ester has better intestina
absorption rate and 15 accunulate in liver tissue nmuch better than those of
a long chairrénétyedcmeditshechalnkfagtynéocideonsreefattpnachds usef ul ness of
the mediumchain fatty acid ester form astaxanthin and the application in
the field ofcOmbainihg 8pteskdtcanbentatemhavangmtieey nerassvrasgtli es
regarding a 20 method of synthesizing an astaxanthin nediumchain fatty

aci d ester ushaiyn| sphvrateddfatty aesdsthavhey amveveronpneetdofheapberent
invention. The synthesis nethod of the present invention includes the
fol | owi ng enbbemgentBat {3) €a3PEYLifcaridn(octapeienpeiifhentabrichacpiesent
invention is a method of  _producing an astaxanthin nediumchain fatty acid
nonoest e ofdﬁgﬁﬁ?éﬁtﬂthﬁedPBﬂ}&%BFﬁcfﬁ?%9 dedearReieracifii ch is

characterized in that a nmediumchain fatty acid is used as - 7 a fatty acid
when esterificat i%‘hra?%eEar&feedt%ﬂP' Bje?%e%‘alé%t Bt A ame® f41¢9 HEi ds

0 St BrERL BRI BF feha 8 PAEEI R RR-EhASLST,
ESterifiCatiﬁgrﬁjégrbgﬂaﬁgoms than the medium-chain fatty acid. This
is to say, it means a fatty acid containing 14 or more
10 carbon atoms.
Syntl . e ! thi jium-chain Fatt id !
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
chain 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 method of synthesizing an astaxanthin medium-chain fatty
acid ester using lipase, and as a result, they have
completed the present invention. The synthesis 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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is carried out while elimnating as nmuch water as possible. 1In the nethod
di scl osed in Japanese Patent Laid-Qpen (JPA) No. 11-290094, an astaxanthin
ester is synthesized by adding a very small anount of water (0.02 to 0.1%.
10 However, in the nethod of the prior art technique, if a nmediumchain
fatty acid is used instead of a long chain fatty acid, esterification is
not sufficiently carried out. |In the present invention, as shown in Table
1, several percent of water is added to a reaction systemto solve 15 this
probl em Thus, fsttPrasidollyen esseebifl €at Domeds f &t i €6t At it weemnd
medi um chain fatty acids. (Table 1) Water added to reaction and

est er - gener ads tagxamthivs tan Or fetit gnaghiés bobmdi 1igecde enzZine médiwmoi C
Cctanoic Water() acid MCT acid MCT O nd nd nd nd 1 4.9 ndndnd 2 6.0 nd
1.4 1.0 5 XkaBnifdtOyldciid ¥s5adsOr@ight. dhdbn Ssal@rateld A BBy 4adBd5 15
3.1 2.0 1.7 10.5 (CQctanoi c-nobnoester-generating rate (%) 20 nd: not
detected 8 contaimimgedtieriiZcoatrenvwwtemsredi umchain fatty acid

triglyceride The above descri bed remarkabl e effect obtained by the
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 of a long chain
fatty acid, esterification is not sufficiently carried out.
In the present invention, és shown in 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($) gg;gmic MCT octenole 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
(Octanoic-monoester-generating rate (%))
20 nd: not detected



addition of water is also found in transesterification 5 using |ipase. That
is to say, evenif a nmediumchain fatty acid triglyceride (MCT) is used as
a substrate providing a fatty acid (fatty acid donor) 'instead of a free
fatty acid, transesterification progresses by increasing the additive
amount of water, and an astaxanthin nediumchain fatty acid 10 ester is
obt ai ned. The anount of water added to a reaction systemin this enbodi nent
will be described in detail later. Esterification can be carried out using
an al kyl est(®) off namdiashestidiiieaftdtony widihd medinal-ichad na fgdivumcsidai n fatty
acid triglyceride, diglyceride and nonoglyceride. 15 Preferred exanpl es of
such an al cooigkzeeridecl ude | ower al cohol esters (e.g., nethanol

et hanol, n-propanol, n- butanol). Esterification can also be carried out,
using |ipase, whheh aboviendsiagined Fiemagiablen &hdecte SPFadmedh &y ithe f or

20 stabilization. Such_imuvbiljzed enzyne can be used, also when a free or
al kyl ester FHhtHR UmBEh *%tqjys%c%r/‘ﬂ"?i 1%5%??9%511‘?%?%%&%‘?@?% cati on.

(he “yioPd oSid asteadhn nihaRd ums rer farey ot MR halh 4R
ot 9her 1000 Pk fle G OUSES EASE & £ a0 B LR MR R Far Ly
1 B e Epr e e S sptodadk ROt oka,
residues (theradEdHos:0f SCA P56 pFodPOMIES & Palifiited ity RN {3V iMD-
‘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 alcohol ester include lower
alcohol esters (e.g., methanol, ethanol, n-propanol, 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
vield of an astaxanthin medium-chain fatty acid ester of

25 interest 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



11-290094 is a reaction that is the esterification from5 nonoester formto
di ester form astaxanthin, but not transesterification between nonoester
formof astaxanthin and a free or triglyceride formof fatty acid.). In
contrast, according to the nethod of the present invention,, as described
in detail later, the additive 10 anount 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 convetiadd -ioplem & IR N .CHdi 12 FoEtd4y) de dintiyted anseadtecri fication. For
exanple, a chemcally prepared 15 astaxanthin oleic acid diester can be
converted toearterddtiseadniidn mHhaEsmiantdcing mawigst 61 ¢easithxarstildiue snedihem
chain fatty acid ester). In the case of transesterification with other

ast axant hi n eettdvodl disslafddéedn Japanessy Hadaded.aisk-Qnen AF Ry Nor.ef er abl y
be i mmobilized and used. Moreover, the nediumchain fatty acid may be used
as a free fatlly 280084 iy e PridrerdRly i6&s the fstenifdeatdaedigioge, it may
al so be used as an al cohol ester other than triglyceride. As stated above,
the method offolResHedsdit™™ htissHen s Rt a8 tixattiddl. MFaftge, when the

nethod is carried out Jin transesterification reaction. This is because the
e et b o ran At e YA T e e Bt S b ok ferads

ast axant hi n s%tat')faeééﬁsereggqrg t%aixalnrxtcheir:rlr]ip(ﬁer ef%%edoéofag&rygrgcti cul ture of

Chl or ophyceaé& r ausracea, an eca e) 't hese

Zztgﬁgnthins Cont§5nq%ntQEéEgr%c@%ﬂ@i&%eEgnEhEiﬂg%hgh b%th%hﬁkgsgﬁEty acid
invention, 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 medium-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-
chain 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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(the m xture of a nonoester and a diester). Wen such 5 astaxanthins are
used as reaction materials, as long as the nethod of Japanese Patent
Lai d- Open (JPA) No. 11-290094 is applied, astaxanthin diester having both

| ong-chain and nediumchain fatty acids can only be obtained, and further,
the dies ter formcontained in the materials remains 10 unchanged. In
contrast, according to the nethod of the present invention, water is
effectively added as descri bed above, and thereby astaxanthin nmedi um chain
fatty acid esbfrsheasubeupbt afnedlérophpséaxandhi esteattadt£domromthe
nature and nediumchain fatty acids or triglycerides 15 thereof by
transesteri f Enphaosiaseag anpabecalibe phesenastaxenthinspcorntdis a
conposition conprising 0.1%or nore of the astaxanthin nediumchain fatty
aci d nonoest mixvurasvéxdnfficmentdkindshafnléagt ghatndfatitesaeidsgataesi zed
usi ng the above |ipase. 20 The present invention provides a nethod of
produci ng bythatmyxture eft armppanstereandiezafientey)| i p¥isen swuch
astaxanthin mediumchain fatty acid nonoester and an _astaxanthin

nmedi um cHai nashakpnibiasdpest BFedwAr chedahl pe MakpEtadd. t S btORPpRS elilen t he
field of cosnetics or food, 25 and conpositions co i sing. these .
astaxanthinsmetﬂﬁge8§eF?P?H85ﬁrBQEﬁPtrﬁeéﬁf?Bﬁnfgg?ﬁirNﬂro%}ﬂ%%0%94n%§hod of

Bt axant hi n AEGraffenarherarth Boracrtes Ay E8pcpotRr EFEh SEpET ERRat ur a
Dol oL SR AAER b0 eae koA ss 25LA, JRAGESL ool Rl XAy o enLene! <

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 iipase.

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 provides 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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preferably from Euphausi acea. 5 The present invention will be described in
detail below. The production of a conposition conprising an astaxanthin
medi um chain fatty acid nonoester and an astaxanthin mediumchain fatty
acid diester by enzyme 10 nethod is carried out as follows. Enzyne The
present inventors have nmade studies using comercially avail abl e enzynes.
As a result, they have found that enzynes used in esterification or 15
transesterification of astaxanthin include |ipase derived from Candida
[e.g., i pa%i@@féﬂ?dgféﬁé&gﬁﬂﬁi fide I H8O8Ra1 (PRbECcBaBEYan (@stakbftnipr oduct
nane: Lipase OF, etc.), |ipase derived from Candi da rugosa (Meito Sangyo
Co., Ltd., guedhsicN8&SEd hoResstdl, oet &staxbnphse detavedcfsaendCandi da 20
rugosa (Amano Enzyne Inc., product nanme: Lipase AY "Anmano" 30G etc.),

| i pase deri wkikdtem Gapdéxiaraot hont praféNabbdy fnomsCrystpceducindanere

Novozymi35, etc.)], |ipase derived from m croorgani sns of Chronobacterium
[e.g., |ipagerefieravky from Ehpbavbasteaiumvi o m Asahi Kasei 25
Cor poration, product nane: Lipase AC, etc.], lipase derived from

m croor g&ni snms of Th atespinesifwention iywhkle kerdegeriiednnidedidigenes sp.
(Meito Sangyo Co., Ltd., product nane: Lipase PL, etc.)], and |ipase
derived fromP@heW. 12 pancreas of aninals. However, |ipase used in the

present invention is not limted thereto. An Iug?se ngy be used, as long
as it acts on a:ﬁﬂqnﬁ¥ﬂFQHﬁﬂ%ﬂrﬁﬁmft?ﬂ?Rﬁ?kﬁﬁhﬁ) mprising an

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 resulf, they have
found that enzymes used in esterification or

15 transesterification of astaxanthin include lipase dérived
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 Kasei

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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an astaxanthin or esters thereof and the nediumchain fatty 5 acid, and it
can synt hesi zes an astaxanthin nmediumchain fatty acid nonoester or
astaxanthin nediumchain fatty acid diester by the transesterification of
fatty acids. The origin or type of lipase is not |imted. Lipase derived
from Candida is preferable in ternms of yield. In order to 10 enhance
enzymatic activity, suppress the denaturation of materials, or increase
reaction yield, these |ipases may be ©purified before use. Exanpl es of
enzyne puri fparadneds omddnideald.yi Mpwesadrt | rigipade wed dol uwhe gremmitogr aphy.
Li pase used in the present invention can be dissolved 15 or dispersed in an
aqueous sol viantentarordrisechdt pligel e tieratsed 20y slipdssomay wanidss,

i mmobi lized on a carrier and wused as imuobilized lipase. If lipase is used
as i nmobi | i zasl lonpmsas itheaety o § Sahwbidn cehtaining tdwen @k greaysifed,

t hereby reducing production cost. The 20 imobilization of |ipase is carried
out by a kndh Fatawanthim o estueds (tharrpiand dhe medinmahdiay Latitoh as
silica gel, celite, x-carrageenan, chitin or sodiumal ginate can A be used

[ Bi or eacPor 2@t t P by AR SIS 13850 AT S t a3l imediqysmhain ssen

Bi oreactor, edited by The 25 Japanese Research & Devel opnent Associ atjion for
Bi oreactor HEtEARTI ARQRPEH t%,a%@%ﬂe’rﬁ AN Eido LY Mitebver,

Ur 1 11 cat i orhS Vel &Y R (TR C et L=t {OLRE el BT iR 11 zed on
Lﬁf'ogagze‘j iﬂrfgﬁ&&}i%e C&‘f]‘ %Egéaoﬂ anhy, 1*%@irt|°e°&‘.°biﬁ‘ir?aadsse°rd3et£i%d .
gr aphy. ner y, Ti'pase can be 1mmobilized on a resin carrier
from Candida is preferable in terms of yield.  In 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 dissolved
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
Qel,'celite, K-carrageenan, chitin or sodium alginate can
be used [Bioreactor, 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 (1990)].
Moreover, lipase can be immobilized on ion exchange resin

which is used in purification of water. Furthermore,
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capabl e of adsorbing a protein. 5 Reaction material. astaxanthin An
astaxanthin used as a nmaterial for esterification may be either a free
astaxanthin or an astaxanthin fatty acid ester, and it may also use only a
free formor estesifiedformof astaxanthin, and use or mxture of a free 10
formor esterified formof astaxanthin. The free astaxanthin may be either
a synthetic product (a commercially avail able product from Roche, Sigma) or
an extract fromthe nature. Further, an astaxanthin obtained by culturing
Phafi a yeastlipesenzdmtabgp ithe | imoebilboed esn désamduexdract adgooptpomi fyi ng
it therefrom may also be used. Furthernore, an astaxanthin obtained by

cul turi ng orchiovreathgmaphy r@oryadrepeebyeaadsofphien ochpdmategtrapltyare bred
by genetic engineering, and extracting or purifying it fromthese, may also
be used. TheGémrexgylhyi dliRase 3N ape 20mmekipkisedion mayreein epnoéerer,
diester, or a mxture of both esters. Still further, the astaxanthin fatty
acid ester eapabke of RASQrRimgh2atPECPEBYuct or natural extract. For
exanpl e, an astaxanthin fatty acid ester extracted from the nature such as
Haemat oc@ccus f r FRAS A 2 Crirstaeea such as Euphausi acea, shrinps

bs, or-th “of fish is t i xt f ter. form and
et torm | ae prddl Slaneiih \fedd A lia P Dat 0 ok R Cous
fatt i ds. Ho : . i d of t hi
(511 30105 b UEyeE, LUESE LUagsafhesedhd i vacls palta. gt panth

above described LLeerasigxanthhiy 200o33i@xaMPi D FALLYe8Ehdor

- 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 obtéined
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. Still 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 various fatty acids. However, these types of
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esters can be used in conbination. 5 Reaction material, fatty acids As a
medi um chain fatty acid that is the substrate wused in esterification, a
straight chain saturated fatty acid containing .8 to 12 carbon atons is
desired. Specific exanples include a fatty 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. Moreover, in
the present invention, triglyceride or fatty acids having other ester
forns, whi chfattyeabdighestersacofvasyaxambhimecdn dee faseq wtthoutamnyl so 15
be used. Specific exanples include a straight chain triglyceride fatty acid
cont ai ni ng Sprobleémcar Bbhlht Husthed, bwo aPEorere ckires tofr e . alfewet i on
tenperature Transesterification and esterification using an enzyme 20 is
general |y cadeseribed frelerasbagrbihasornd reketankhin chpbinta¢tdof 20C to
55C. The present enzyne reaction is desirably carried out under conditions
in which theespeFfarant Bparad i GABPLRRILPRI mal pH of each lipase are
used. However, if the reactlon tenp i ture i s higher than 50C, a 25

react i on Ssubst r atRESCH A BELVE: gty deconposed or isonerized,

d f
?Sm?"t'h;n' 506 | rzaséﬁeoﬁmﬁr?w%tztageasclam B SRR T T L
acid, - géa' éﬁieglﬁgsn%&s 1B Cogegﬁeamtd ang §9tﬁ£atéaa£§9t ot

preferable T Nt 0 consi era i on ese” poin s enzyne reac isS nore
preferably cgrihedoRbhifing BePBeiat UhBHhOh 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. 1In contrast,
if the reaction temperature is lower than 20°C, lipase

activity decreases and lipid as a substrate (fatty acid,
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37C to 50C. In the present invention, in order to prevent 5 the
deconposition of the astaxanthin due to oxidization, it is also preferable
to carry out the enzyne 'reaction in an inert gas atnosphere such as
nitrogen or argon gas. Amount of |ipase used in reaction The anmount of

| i pase used in the present inventionis 10 100 u (= unit)/nmol to 30000
u/mol, and preferably 1000 u/pnol to 30000 u/pinol with respect to the
anount of an astaxanthin. If the anmount of lipase is |less than 100 u/pnol,
an ast axant htfi §ayéerbde d €5t ) Larwmmés be bt bd neaihd asoaihi hé yled dnothhen a
free astaxanthin is used as a 15 substrate, even if nore than 50000 u/nol of
| i pase I s usgreferabkernr Kidkingf irtt camnibleldrt bopethese poitnt®, i ¢nzywneot
preferable. On the other hand, when a m xture of a free and ester form of
ast axant hi n Teagbken ats ancudspreterablie cammied oittat syheheerabgrerotiuct
is increased, as the 20 anount of the used enzyne is increased. However,
taki ng i nt 03t@hdideéBCi.onInhsheoadesgntiosaventibne . eAnyowdes 40 prevent

i mobilizing carrier or the cost efficiency regarding the anpount of enzyne
used, thé abbhe d@eserPeeitie®upt tRe BFRYMeTRIN tUdetAdRFLAi 22t IHN Rt T O

bet ween astaxanthin and fatty acid in reactian nmol ar rati o petween the

The I
ast axant hi n aRd2t i PEEESTaRL? dkC LSREFY PP het BF cSRAYIE nTBACFOAR | &2 bidadl y

divided into,_several categories, depending on the nunber of fatty acid - 16
groups of tMPGTT SR FETSSRARES THEE 72 vorEagS | vt cARoOB 9aEly be di vi ded

into a case where, falty aciyds £Nsisda oy & fd8gredi um chain fatty acid and

an al cohol ester for
The amount of lipase used in the present invention is

10 100 u (= unit)/mmol to 30000 u/mumol, 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 yield. 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 synthesized product is 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

The molar ratio between the astaxanthin and the fatty
acids used in the present invention is broadly divided into

several categories, depending on the number of fatty acid
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medi umchain fatty acid, and a case where three nolecules 5 of fatty acids
are bound to nake a nediumchain triglyoeride. In the case of the forner,
the fatty acids are present at a nolar ratio of 30 to 10,000, and
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 astaxanthin.
When ast axanghonpsha¥etaecondeahdafiats hsghier Than tibetoabaye tagoahi cati on,
astaxanthin is not sufficiently 15 dissolved, and accordingly it is not
adequat e for breadilyobe dikededstiatanthcasehuiere fehtgntcafisooohenet than

t he above magnification, significant inprovenment of effects cannot be
expect ed, and fraesasténimfcbatinofaddysandtl pndgressldabolloesthe £armf acti on
of astaxanthin concentration. 20 Reaction tinme The reaction tine for the
enzyne react medium-chainpfadént acidentnénai sageswhabpythrepoupsesnlpsnger.
If the reaction tinme is short, the reaction does _not progress very much,
and so it5isofofaftdt 8FdHse 2TS ROENEhECeRZiRea2Belé B FBALRr ogr esses

rel"atively slowy and the deconposition *_of_ astaxanthin_esters during the

reaction al séTpOdyFeESLLs - rgpaggﬁeF9s§l8&ﬁ§Pei Ortefasihgh @t?g §8ﬁdghe

reaction tinme_ rather | onger to.i_ncrease the_generat.i yield of a product -
?Qiﬁg ?Bt§88r698ﬁt

17 of inter85E PFTERE FreSeMP iRy ERETSN oFde t he
?§C§2P?§iLL?B%%%e§%§§§2%?§§%§?3%0?ﬁ%g%9 Q¥EHEta! 18NaskbxahfnthSBaBEET SHAD! €
' 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 astaxahthins have a concentration higher than the
above magnification, astaxaﬁthin 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 yield of a product
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I nert gas atnosphere such as nitrogen or argon gas. 5 Organic sol vent used
In reaction and the anobunt In the enzyne reaction in the present invention,
an organi c solvent can be used during the reaction. Considering the
stability of lipase during the reaction, a nonpolar solvent is preferable.
Speci fic exanpl es of such 10 a nonpol ar sol vent include n-hexane, benzene,
carbon tetrachloride, acetone and others. Any of these solvents can be
used, but considering the application to food or the 1like, h-hexane is nore
preferabl e igr tft@radt I oxiwithe b seaad einverdihitors ol ik i@ tdepastaxant hin
or fatty acid 15 esters (substrate) has a high viscosity. If the substrate
solution is ttid Wetbmpddi Aihomrginiioe sod teerdn tshuidh dse nko hexdiahiezathen yvistcosi ty
of the solution can be decreased, thereby enabling efficient reaction. In
particul ar, henlsd qprefenatve oro |lcaryy @act dthe iepzoes imBpctorchimasn a hi gh
20 nmel ting point and becones a solid at an ordinary reaction tenperature,

i s used, theinget dasimiunesphersydntas nigfdgen ok amen @amni ¢ sol vent
used in the present invention is desirably used at an anmount of 1000 or

| ess tifAes, andORSENIY & = ISV (0 e S Y ANG TN MOMA D5 oj | s and
“fats (a total of astaxanthin and fatty acids). Even if the organic sol vent
is used at an and@htths GREYMS FERAHETaB & BEmdReS etth d WERHIM i3 not
pronoted, and much effort, is expended.t rennvqéhexane after conpletion -

18 of the r¥E¥dttn. SARCESPHI YL i15F% AUt IRV RAT T U Ud so.  Additi ve

arount of ey, &1 ] A 1| RSEnL CRELL LIY & RS 1 8ACL | 0118, A EVRLSLPL G T ogot i on.

nonpolar solvent is preferable. Specific examples of such
10 a nonpolar solvent include 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 more preferable in terms of toxicity and
safety. The solution of the astaxanthin or fatty acid
15 esters (substrate) has a high viscosity. If the substrate
solution is diluted with an organic solvent 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 is used at an amount higher
than the above amount, the reaction is not promoted, and

much effort 1s expended to remove hexane after completion
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anount of water is large, the generated astaxanthin nedium 5 chain fatty
acid esters are hydrolyzed. Accordingly, it has been conmpn sense to reduce
the amount of water to the mninmumin such synthetic reaction or
transesterification. However, as stated above, as a result of intensive
studies by the present inventors, 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 aff GHe treadi%it.0 rAescirndimgiiv,s iand < atot (a@istisvedritehito ated sfoat ty
acids). More preferably, the ratro of 2 to 1596|s desrred Even if 15 the
content of water Adddddne 2 aen Das sion the
deconposition of the generated esters also %rogresses and the generation
yi el d of astaxanthipaseedeantiomails asreverisibledyeagtivner efldr&heit is not
preferable. Purification after conpletion of reaction 20 Exanpl es of a

nmet hod of prARIEIhPHF MG ehelernAkae . i tIderaag iastasfantien

i nvention, an astaxanthin  mediumchain fatty acid nonoester qr astaxanthin

medi um 2haiTaR RAEY AHEGHeT SuATh I}strrPe?d’@e&r HE RN - Bitndi ng of
aStaxanthin 'ecqéeﬁrseé’{ i TRRE QSR (oA TR Ay To s SR f at s
di'sti i at ofo e 48 qrecué’aéﬂae% TR e g R by "
chr omat oot Bt Y s S o 9BlowIT B PUARING o2 O IRA |ﬁ1g;te

a long chainy the present inventors, it was found that if water is : :

10 positively added in a certain range, the progression of
esterification or transesterification is promoted. The
additive amount of water is desiraely 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 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.

Purification after completion of reaction

20 Examples of a method of producing from the enzyme
reaction solution of the present invention, an astaxanthin
medium-chain fatty acid monoester 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, wvacuum precision

distillations such as molecular distillation, purification

- 19 -



i e [ ———— P ST A 585 1 RO

fatty acid bound to a substrate astaxanthin ester formthat 5 is cleaved
during ester transition, a free nediumchain fatty acid cleaved froma
medium chain fatty acid triglyceride, and an excessive reactive substrate
that is a nmediumchain fatty acid triglyceride or free mediumchain fatty
acid. ' 10 Production of astaxanthin nmediumchain fatty acid nonoester and
astaxanthin nediumchain fatty acid diester by extraction fromnatura
products A natural product used as a material includes preferably

Crustacea, dR thf Uk difa S SESBIRP! SuckP FIRNAUSIACRA: Asrdh jpcea, a

commercially avail abl e Euphausi acea can be used. As a solvent used i'n
extraction, %Ol yehikad Pfe UsEhherfe Inthdss t heawdrdigld ab afheéde
astaxanthin nediumchain fatty acid nonoester and an astaxanthin

medi um chai md@tdds Aci€ Heesies sodsileald idihaatd aMlidhd hehasial vent . A
preferred solvent is acetone. In the extraction step, not only organic

sol vent s butfatstiped€id thowld KR £ aguled taatlee assetkanfteipwdtdicatidom tHat t he
astaxanthin nediumchain fatty acid nonoester and the astaxanthin

medi um cbBai nid atleaaed diuriasd exstoan theacwErriiced 26 finde rfediiwwariliny by
silica colum chromatography or GDS col um chromat ography. Food conpri sing
conposi ti on Tartyiacid ebeawehtfiom argsdimctdialn digttymaAaidonoester and a
axan h'n nedium - 20 chain fatty acid diester obtained by enzyne nethod
Use as food ¥et@lvessids | santhRl fXCRUTHVE MaRf tive suhsdarats nthaddi imahain

medium-chain fatty acid triglyceride or free medium-chain

fatty acid. ‘ : f

10

A natural product used as a material includes

preferably Crustacea, and particularly preferably

15 Euphausiacea. As a Euphausiacea, 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. In
the extraction step, not only organic solvents but
supercritical CO, can also be used. The purification of
the astaxanthin medium-chain fatty acid monoester and the
astaxanthin medium-chain fatty acid diester can be carried

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

column chromatography.
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fatty acid ester of the present invention have unlimted 5 possibilities
for use. As a possible use, the oils and fats can be used as food materials
and additives. Astaxanthin has the highest red col or property anong
carotenoids and is relatively stable to heat, light, pHand the |ike.
Accordingly, a Phaffia pignent (a free 10 astaxanthin) and a Haemat ococcus
pignment (a long chain fatty acid ester form astaxanthin) have been used as
nat ural pignent(food additives). Mreover, since the astaxanthin shows
strong anti @tgants Aoty HdN , ok i By @ ZAmed nieidauinct i onal ,
natural pignment that has 15 never existed before. A nediumchain fatty acid
was enzynmati cal pgeegilsemdodedhatterdadls an ast axant hi n havi ng usef ul
functions, and as a result, oils and fats containing the astaxanthin

medi um chai n f at O 1acCiathde Slagrs lcamitad n ievge elhlee pits tdixgashiihi meti umsehaihe
produced. 20 The red color tone of the astaxanthin nediumchain fatty acid
ester is the€sane asid edteaf aSttthermtesent conmegitien ihavehaircigmvidred onal

Phaf fia and Haemat ococcus pignment. Thus, as with the Phaffia and

Haemat ocbccu s Pilyneidties MomsisxantAd i el wihlehaise .f dthey qicisd ammt er 25
containing oils and fats can be added to food. The astaxanthin nmedi-um chain
fatty aci d &ty -2antke IR A9 forhdmFRBIHaviahy g WiviRsstibility as wel |
as antioxidant activity are _expected to function in food better than the -

21 conventi onal AStapREERFNgRET thsd igb stk &edaCOIRF PTOoPRE tYs BRRSt hi n

ggs;r%ggal nca].craotéé/noafésd ar?ftiesr _lgeofgtail'vnélnig sotlallbsleaQ:do fh%ta% ,C nig et ,adp dantdo

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 antioxidént 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 acid 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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such as juice, alcoholic beverages such as liquor, 5 confectionery, fishery
products such as fish sausage, and condi nents such as dressing or ketchup.
The above astaxanthin nmediumchain fatty acid ester- containing oils and
fats can be used in the formof an enulsified product or powder. The

enul sified product can 10 be produced by adding the foll ow ng food

emul sifiers to the astaxanthin nediumchain fatty acid ester-containing
oils and fats and stirring the m xture. Exanples of a food enulsifier

permtted unggﬁv%ggigpgg ' iﬁﬂ?ﬁéw%!gﬁaL%Ké o oni ¢ activators such as

fatty acid nonogl yceri des, polyglycerin fatty acids, sorbitan fatty acid
esters (span, etgeguaing, SUd s fatdntaa eheRSiT-chaiigh FRittaladirgduct s
such as lecithin, enzymatically treated lecithin, gum Arabic, Qillaja
saponari a exssest-aoft£09iye! kilssenasthesal ¢dy vooidad/ €6 SepptLgeat S
materials 20 G ls and fats containing the astaxanthin nediumchain fatty
aci d ester ogutheapr gateé, i aAVeohobic hbseeragesri dwch goskidgadriies for use.
The oils and fats can al so be used as healthy food and/ or supplenents
mat eri al $ andoafldctivesry, Thieshese prodetus eswth tdhe frasin sags &gle endnadf t he
25 astaxanthin nmedi umchain-fatty acid ester-containing oils and fats is
ast axant hi n. casdinantd $wch hasaveesing o8 kéoehupmat eri al s, astaxanthin

receives attention as a functional pigment. - 22 For the use, as in the
case of food mat ePhel abokeheas axantinn MadlyRnFhsd re Af Y iasd bregi®dtter ed f or
addition. In the present_invention, depending on the healthy food

containing oils and fats can be used in the form of an
emulsified product or powder. The emulsified produc¢t can

10 be produced by adding the following food emulsifiers to the
astaxanthiﬁ 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 aléo be used
as'healthy food and/or supplements materials and additives.
The bése structure of the main ingredient of the

25 astaxanthin medium-chéin 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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and/ or supplenents to which the oils and fats are added, an 5 optimal food
emul sifier is selected, and it is used in the optiml anount. An emulsified
product can be produced by adding the follow ng food enulsifiers to the
astaxanthin nediumchain fatty acid ester-containing oils and fats, and
stirring the mxture. Exanples of a food enmulsifier 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 sucro¥erf ahky use ,d asstier thendasat ofalf opdothattesislsh abe | ecithin,
enzymcally treated lecithin, gum Arabic, 15 Quillaja saponaria extract and
egg yol k. Weeid ¢ tmlchsﬁab«sanmém’ rb ereatiwine ichics h dratnowdetet estreraddidritomi.ni ng
oils and fats are encapsul ated, exanples of a protein used as a coating
agent for tHe diles pusbdni sinwrntien ardenandingn on dpie iheal thic| fiaks pl ant
proteins such as 20 soy beans or corns, animal proteins such as skimed

m ik, oval ARA/PT GHRIIEMGHEY & welah i the gHid otand £ats myeradded el es
of car bohydrat e' used in_the encapsul ation include starch fromcorn,

t api oca, SsweRt Imthatied ot 1earivise iRt kit nls U4reDIE theucose,

e pot asel ARG A o R o Jee rprsooéac'aﬁ%”ﬁr% B @GR Y gums.

such o5 U AEINE e RS yg 3o A LR B PV, ST ARG, O, oo

used. Exameedsiumecrpgﬁ?%twvg&aOgsﬁériw&mnﬁpgecaliscaahla/ 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 prodﬁcts such as
lecithin, enzymically treated lecithin, gum Arabic,

15 Quillaja saponaria 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,

- 23 -



described in the foll ow ng production exanpl es and exanples. 5 Needless to
say, these exanples are provided for illustrative purposes only, and are not
intended to limt the scope of the invention. Determ nation of |ipase
activity Five ml 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 enmulsifying the mxture at 5Cto 10C) and 4 ml of a 0.1 M
phosphate buffer (pH 7.0) were placed in a 50 m -vol une Erl enneyer flask
with a grounghtiosidmpes $och oaedtdyophetgl néag nglsdhee,udédt he m xed
solution was placed in a bath with a constant tenperature of 37C, and it
was preheated forExXenpliertutes. Wile stirring, 1 m of an enzyme sol ution
was added to this solution followed by reaction for 20 mnutes. Twenty nl
of an acet one- et HilrlpRasSast saVantgPy dift fiurddasy saedifgcad latet one and
ethanol at a ratioof 1 : 1 (V/V)) was added to the solution to termnate
the reacti ondeseyébad #pophe ofol hpiehpg MW%F%P%O‘P%%‘FWM@W%%f eto,
and titration was carried out with a 0.05 N sodi um hydroxi de sol ution so

as to detder n#‘%%d%ﬁésaﬁﬁuﬁﬁyoft]ée??e%x?"&?}?/s AT BeAetde@dto2s as a result of
l'i pase reactjon est was carried oput by bove olive
oi | emul si onlga%‘dsbﬁﬁgbﬁ%t%uﬁﬂ??%? O%{Rﬁf n‘bm?h%re a%%?oh t%?‘%]%% {1 nf

sol ution, addl ng g gnzi/rr;@ sol ution followed. by titration (the
titration va %8?03 onf |on) Enzyne activity is calcul ated by

the fol I ow ng Determination of lipase activity
Five ml of an olive oil emulsibn (obtained by placing
10 22.9 g of an olive oil and 75 ml of a polyvinyl alcohol
solution 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 thereto, and titration
was carried out with a 0.05 N sodium hydroxide solution 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 oil emulsion and phosphate buffer, adding the

acetone-ethanol mixed solution, then adding the enzyme
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formula: 5 Enzyne activity (unit/g) = (titer value of sanple solution -
titer value of control solution)/(enzyne g in 1 m of enzynme solution) x
2.5 Chenmical synthesis of astaxanthin nediumchain fatty acid ester 10
Production exanple 1 Chemi cal synthesis of astaxanthin octanoic acid

di ester Cctanoic acid (0.73 g, 5.06 mol) and 4- (dinetylam no)pyridine
(DVAP) (218.7 ng, 1.79 mmol) were added to a dry nethylene chloride
solution (20 m) 15 conprising an astaxanthin (995.2 ng, 1.67 mol) and
1-[3- (di net bylLariba) ioapywled3 bet ylltradibadi(itiied ¢ ityditdohnl onilde ofWAC- HC1)
(1.28 g, 6.68 mmmol) under argon at room tenperature. After 19 hours, the
reacti on m xtonérewdsspdutddn)nto 20 ethyl acetate (200 nml), and then the

m xture was washed wth 1 Mhydrochloric acid (100 m ), a saturated sodi um
bi car bonat e sol utEnayfie0@chiyitindia sailanidatddshyi hbhe Soliowbng (100 )
successi vely. The organi c phase was dried with anhydrous sodium 25 sulfate,
and t he sol vERrmuads :r enoved under a reduced pressure Thereafter it was

di ssolved in 10 ml of nethylene chloride-hexane VILV), and col um
chr omat ogt aphy me%néﬁW?réatbﬁﬁtﬁer31§(9?ca éEFt?{73ab¥e of -sampleark red

solid (1.27 90 of astaxant t anoi.c acid drester was obt ai.ned from
et hyl gcetat OHBQE%B (1tltfr'VF@) EP&FHS WO THRR V { AP YRE Batte: hexane.

1 ml of enzyme solution) x 2.5

h ] n h 3 h . ) » -
acid ester
10 ‘ Production example 1 Chemical synthesis of

astaxanthin octanoic acid diester

Octanoic 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&KHJ (1.28 g, 6.%8 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 hydrochloric 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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Ast axanthin octanoic acid diester 5 LHNWVR 8(TMs5) 0.88(t, 6H J=7Hz),
1.20-1.45(m 16H), 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). Production exanple 2 Chem cal synthesis of
10 astaxant hin octanoic acid nonoester Cctanoic acid (0.27 g, 1.87 mol) and
DVAP (107.5 ng, 0.88 mmol) were added to a dry nethyl ene chloride sol ution
(20 M) conprising an astaxanthin (976.2 ng, 1.64 mol) and WSC-HO (0. 48
g, 2.50 nmmol jadvrdeedasgondailcepnyt eope) abir astdbadthen 48t hnois, athe
reaction m xture was poured into nethylene chloride (250 m), and then the
m xture was dwasbed wathobtbihgdrbrbmoetbydcadefd®O-hexana $at urated/vViodi um
bi carbonate solution (100 m) and a saturated saline solution (100 m)
successi vel yby28lihéonr gahhcthhasthwhsadetatienwhekamahydr ous sodi um sul fate,
and the solvent was renoved under a reduced pressure. Thereafter, it was

di ssol ved i nAssarhnghinnechghehe epfidrddeshexane (2 : 1, V/V), and colum

chromat ography was carried out using silica gel (250 g). 25 By elution with
et hyl acet at 81+8%Rined (arde 88dd .sGH.d I(73)..2 1m0 -A2%F (8f, dStHaxarit-f(s,

octanoi c acid _diester was gbtained fron1ethéi acetate-hexgne (1 : 21 VI'V),
and a dark PBd-sélPd(E379H3 . nd: 0324y 73fMastHkant nPR{Sct SRbr c1adPa2: 1 6B:

monoester vag,obtai ggg fromthe sihyl aggtaveshexape (1 iuf: sU¥laa,
2H, J=6Hz, 14Hz), 6.15-6.7(m, 14H).
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+*HCL1 (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 dissolved 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 octanoic acid diester was

obtained from ethyl acetate-hexane (1 : 2, V/V), and a dark

red solid (377.3 mg, 32%) of astaxanthin octanoic acid
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"HHNVR S(TMs) 0.89(t, 3H, J=7Hz), 1.20-1.45(m 8H), 1.21(s, 5 3H), 1.22(s,
3H), 1.32(s, 3H), 1.35(s, 3H), 1.65-1.75(m 2H), 1.81(dd, 1H, J=13Hz,
13Hz), 1.90(s, 3H), 1.94(s, 3H), 1.95-2.1(m 2H), 1.99(s, 6H), 2.00(s, 6H),
2.15(dd, 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).
Production exanple 3 Astaxanthin decanoic acid diester, astaxanthin

decanoi ¢ acid nonoester In the same nanner as in Production exanple 2, a

dark red sqldibddife® whs S90atfe @Stromnitd neoFan St Ad thekoarthh est ef and a

dark red solid (9.6 g, 37% of astaxanthin decanoic acid nonoester were
obt ai ned fromwstaxanthin (20.6 g, 34.5 mol ), WSCHC1 (14.9 g, 77.7 mol),
decanoic acid (9.8 g, 56.9 mvl) and DVAP (2.8 g, 22.9 nmmol). Astaxanthin
decanoi ¢ acixktthesi iR (o ctadddf GIXIIB)mordddiHr 0. 88(t, 6H, 3=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 #HNMRL. 99F(MS)6b) 892t006H, 6EYyHz2,3%-205%( 46 (AH) 8H)5. 533¢dds, 2H,
J=6Hz, 14Hz), 6.15-6.7(m 14H). Astaxanthin decanoic acid nonoester 25
'I—I—NI\/R(Cb)ClB’)H)B(II'J\@(SJ, 88()& 1:34—432()5:,7%) 11 236 (s AS3HY) . 1124-95-1.17!2(1ms, 3H),
1.22(s, 3H),- 1.32(s, h% 3§§ 65- 1.75(m 2 1.81(dd, 1H
J=13Hz, 13HzAH) 4. Jgottls(d ) LH, =91511§Z 31~BHZ)1 915 940(19(m312 ,11990% s,36H) ,
2.00(s, 6H), 27 2.15(dd, 1H,_ J=6Hz, 13Hz) 5( 3. 69(bs 1H),
4.32(dd, 1H19%%re: 1 @A) 5 5RUE - 1@1”0-%1—&0(%4%) n%liﬁg?%d 14H) .

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).
Bxggugzigg_gzgmp;g~§ 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 1H-NMR(CDCl3): 0(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 decanoic acid monoester
25 1H—NMR(CDC13): 0(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-
1.75(m, 2H), 1.81(4d, 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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Chem cal synthesis of astaxanthin long chain fatty 5 acid ester Production
exanple 4 Astaxanthin palmtin acid diester In the same manner as in
Production exanple 1, a dark red solid (582.9 ng, 93% of astaxanthin

palmtin acid 10 di ester was obtai ned from astaxanthin (348.
mmol ), WSC-HC1 (0.46 g, 2.40 mml), palmtin acid (0.46 g,

3 ng, 0.584
1.79 mmol) and

DVAP (57.0 ng, 0.467 nmmol). Astaxanthin palmtin acid diester 1H NVR 8(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(m2 4 (ad, 9K 5,640z, L Bk) 2.20{502 B9 (m 1.09(s.3.89(bs2. Ad()s, 6H),
2.35-2.55(m 4H), 5.54(dd, 2H, J=6Hz, 14Hz), 6.15-6.7(m 14H). Production
exanpl e 5 Asf axafdd) nlw) eleeic) dl4H 2kt 5. 53 (Wa helbanb=-6mnner4dHs) | n

Production exanple 1, a dark 20 red oily product (615.6 ng,

87% of

astaxanthin ®l €6 atb ndieer was obtai ned from astaxanthin (376.1 ng,
0.630 mmol), V\SC~HC1(O 49 g, 256 rrrml) oleic acid (0 53 g, 189 rrrml)
Che s . 5 i ki ; 3 ; :

and DVAP (58.2 nihem : : sHiax aml g
5(TM5) 0.88(t, 6H, J= 7Hz) 1.15- 1 45(m 40H) 1. 23(s 6H)

1. 35(s 6H) ,

1.65- 1. 86( maaky esteo(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
28 14H). i mobi IBERSUCHoN aXanRde doy dSHa¥aRiddnoPalmitdae @ciidved from

yeast are on_the
diester

In the same manner as in Production example

l, 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'HCl1l (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

l, 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+HC1 (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: d(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(d4d, 2H, J=6Hz, 14Hz), 6.15-6.7(m,
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mar ket, and an exanpl e of such |ipase includes Lipase OF 5 (product nane)
derived from Candi da, which can be purchased from Meito Sangyo Co., Ltd.
Exanpl es of the immobilization of the Lipase OF on ion exchange resin or
the like will be explained below. "Imobilization 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 ni
(5,760,000 units) of a Candida rugosa |ipase solution (Lipase OF bulk,
12.5% MeitoifHapgyo Co., Ltd.), and the suspension was dried under a
reduced pressure to obtaln an 15 |nnDb|I|zed enzynme (71.0 g).

"I mobi | i zat i on OIhdsy, B« : esiipd«k al ysis nethod)" Sixteen gram
(5,760,000 units) of a Candi da rugosa | i pase (powder, Meito Sangyo Co.

Ltd., product namevefalitpgses ) ligsask shatireed i fr&f) ydasot aﬁ-sté:ﬁlﬂﬂewat er,
and the suspensi on was di alyzed overnight with 5 L of distilled water.
After conpl enapkebf &hé dnaéysiplei n§obubhelinaser $nchudeselLipireat @8 using a
centrifuge to obtain a clear |lipase solution. One hundred gram (wet weight)
of an ior exthandect2pamedi dezavedef romoGeRdMARATHOACBAANDb® BHEARNESRE was
suspended in the obtained |ipase solution, and_the suspension was dried
under a reduEemptessar 8apgyeptain hhd- |nﬁﬁBWPFQEdOEnEPﬁel@@2b81§¥atl°29

"I nmmobi l i zatign on ion exchange resin écolunn met hod)" In_ord i

i mobi | i ze a®Fi pA€eldRAFBNOExERanGR FPESPANIFOF&SERT PE; Eﬁﬁl}lkﬁawl y PRe

above descrlbedlalkggdgélow

"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 (5,760,060 units) of a Candida rugosa
lipase (powder, Meito 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
ﬁater. 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).

- 29 -



i mmobi li zed enzyne was obtained by the followng 5 inmobilization nethod.
Thirty-two gram (11,520,000 units) of a Candida rugosa |ipase (powder,
Meito Sangyo Co., Ltd., product nanme; Lipase OF) was dissolved in 160 m of
distilled water, and the m xture was dialyzed overnight with 10 L of
distilled 10 water. After conpletion of the dialysis, insoluble matters

were elimnated using a centrifuge to obtain a clear |lipase solution. One
hundred gram (wet weight) of an ion exchange resin carrier (Dowex MARATHON
VBA: Dow Chem cal")Imvedifliildagd on rom icol exchaage tbesin faséusnl uieitdodlds
supplied thereto 15 at a flowrate of 1 m/mn so as to adsorb the |ipase on
t he i on exchange Imesimdegartd gmmokid izdsér giiipasec amr iion washadgieedewider a
reduced pressure to obtain an inmmobilized enzynme (66.7 g). "Imobilization
on hydr ophobﬁ@r%\d%ﬁmiﬁfethésﬂhan B0 s @iave deseiibeast meihada.d on
auxiliary agent” (Phenyl) One hundred m of a hydrophobic adsorptive resin
carrier (PheHyrobl bR r¢nBH0ES: WadH st T Heb i i) feklovsingended in 80 m
(5, 760, 000 units ])P of a Candi da rugosa 25 lipase dialyzed solution (Lipase OF
bul k, 12355% 1MBP 301175%1 methodi g ), and the suspension was dried under a

reduced pressure n an i ilize (,24. 9 g) HP20) - 30 One
hundred gram (wet 6{} ofgrﬁ"m%glrrétzlzo o, g&%‘tﬂ) p%ng;ﬁq_#gegp Al ON

HP20: M tSUbif};t"ase &% c{flér, q@éﬂ% aéén (o] V@OS ,S%Stof.n,deﬁjréé-'uc%:o nrgme(:S’ 760, 000

units) of a
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, insoluble matters
were eliminated using a centrifuge to obtain a clear lipase
sQlution. One hundred gram (wet weight) of an ion exchange
resin carrier (Dowex MARATHON WBA: Dow Chemical) was filled
in a column, and the lipase solution 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 650S: Toéoh Corporation) was
suspended in 80 ml (5,760,000 units) of a Candida rugosa

25 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 (24.9 g).

(HP20)
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Candi da rugosa |ipase solution (Lipase OF bulk, 12.5% 5 Meito Sangyo Co.,
Ltd.), and the suspension was dried under a reduced pressure to obtain an
i mmobi li zed enzyne (60.3 g). (HP1IM3 Twenty-five gram (wet weight) of a
nmet hacryl adsorptive resin carrier (DIAION HPIMG 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

enzyme (13.1 g). oddRAZRIrdd gmantwdt weigmam (etanveidiiatid a hi gh
porous-type aromatic adsorptive ion exchange resin carrier (D AlON HPA25:
M t subi shi Chesbeptiterpesshi cayries CDEREOMKP20: BOtshb{Sh760nh&ADcabits)
of a Candi da rugosa |lipase solution (Lipase OF bulk, 12.5% Meito Sangyo
Co., Ltd.), eodpbhat20n3}uspsnsuspemdsddin g0 untets a76edoeceduptesiuos &0
obtain an imobilized enzyne (12.3 g). (Filtration auxiliary agent: celite)
Forty-three Gandidé regose lipase sopetice| (Lipase a0F Melljuel2lbd:) was
suspended in 80 m (5,760,000 units) of a 25 Candida rugosa |ipase dialyzed
sol uti on 5 Li YaskoCPangyR, Ca2, 5bEAMe t andaklyg oswepensieon)wagndrie@ vudeensi on
was dried under _a reduced pressure toobtain an inmobilized enzyne (45.5 -
g). - 31 "Ianbefuredt PEASERTE| basePHeiRvay IMBrP L7088 gRaYeRst60A3| 9) ge
nunber of 1ipases derived from organi sns ot her than yeast are present. An
exanple is a IipaS%?%Mﬁ]ved

Twenty-five gram (wet weight) of a methacryl
adsorptive resin carrier (DIAION HP1IMG: Mitsubishi Chemical

10 Corporation) was suspended in 80 ml (5,760,000 units) of a
Qﬁﬁdida_rugggg 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-fype
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 to 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 Capndida 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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from bacteria belonging to Al caligenes genus, and this 5 |ipase can be
purchased from Maito Sangyo Co., Ltd. for use. The exanple of inmmobilizing
this lipase is also described below Sixteen gram (1,440,000 units) of an
Al caligenes |ipase (powder, Meito Sangyo Co., Ltd., product nanme: 10 Lipase
PL) was dissolved in 80 m of distilled water, and the suspension was

di al yzed overnight with 5 L of distilled water. After conpletion of the
dialysis, insoluble matters were elimnated using a centrifuge to obtain a
clear |ipase sol'urinbil@¥ thividresd Igpase( \delr iweidg Frond fmidrdodiyaeeharrge 15
resin carrier (Dowex MARATHON WBA: Dow Chemi cal) was suspended in the

obt ai ned |i pase olldrgen nuarbent kef lSipsysess iderivesl dirioad ouryderi sasr edheead
pressure to obtain an imobilized enzynme (64.0 g). Exanples of enzyne
reacti on 20chamanptast dwe presént. f rie exanpdamtis e (bpadsadderietedy Sigmm)
and 300 ng of octanoic acid as a free fatty acid were placed in a brown

gl ass bott| efr@ gagtemiafbel prgEng dee | Adeh i genash rapris ( mirliftdtisr ed by
Meito Sangyo Co., 25 Ltd., product_nane: Lipase OF) was added thereto, and
30 L of SwatbiPage ¢aR thRrPEHeRaS eheF Eem W%tsﬁfﬁl%"f@ﬂ’i y Lt fomarage -
Thereafter, while stirri g reactjon was . carrjied out at 45C. Three days -

later, the rERt$PHRL0L cHMMehHHLAERY Hkkh biRas&nkf t#S L dtptssithssh ratio

of astaxant h|£ was anal yzed by HPLC. As a result, the conposition ratio
was 94. 0% ast@x¥t hin, 6. 0% monoest er,

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 centrifugé 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 reaction
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 |l ess than 1% diester. 5 Wien an astaxanthin extracted from Phaffia yeast
was used instead of the free astaxanthin manufactured by Sigma, alnost the
sanme results were obtai ned. The conposition ratio in that case was 93. 5%
astaxant hin, 6.5% nonoester, and |less than 1% diester. 10 Exanple 2 Two ny
of a free astaxanthin (manufactured by Sigma) and 300 ng of tricaprilin as
atriglyceride formfatty acid were placed in a brown glass bottle. One
hundred twenty ng of |ipase derived from Candi da (manufactured by Meito 15
Sangyo Co., &déIlatidgu oduct takem: ot pamed Gf)e vexsn@aktiodi ot hexrteit®,ofand 30 sL of
water was further added thereto and stirred fully afterwards. Thereafter,
whil e stirriagtaxamtein onasesngbyze@dpHPIELE. 45885 dhresuldaystiater, the
reaction solution was taken out, and the conposition ratio 20 of astaxanthin
was anal yzedcoypdPLiGiomsratieswas, 94 hed avmporn thion, ratl% nese st 9ns

ast axant hin, 13.6% nonoester, and 1.5%diester. Exanple 3 Two ng of the

ast axant hi n @t&ikeseitham ekt edi@@be¥i bed 25 in Production exanpl e 5 and 300
ng of octanoic acid as a free fatty acid mereég!aced in a brown gl ass

bottle. Bighty ndf$m |13hAEHHIEE &5%5h PheRdtddeuYE@ Iy Waki t o

S Co., Ltd, d i OF h t d 30
D or vater | WSS AT eSS B aTER oFERS SR R 1o T T3P S e v (et

rgféfaftﬁ;’ V\Tlost ﬁérég 1) regngéoﬁére oé%g{ﬁgg.Cn%héucé%%%sﬁpree days

ratio in that case was 93.5% astaxahthin, 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 placéd in a brown glass bottlé;
Eighty mg of lipase derived from Candida (manufactured by

Meito Sangyo Co., Ltd., product name: Lipase OF) was added
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reaction solution was taken out, and the conposition ratio 5 of astaxanthin
was anal yzed by HPLC. As a result, the conposition ratio was

61. 1% ast axant hin, 8.2% nonoester, and |less than 1% diester. Exanple 4 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 pl aced
in a browmn glass bottle. Eighty ng of |ipase derived from Candi da

(manuf actured by Meito Sangyo Co., Ltd., product nane: Lipase OF) was added
t heret o, andh®ietof ami €0 wis olfs Walreirth eva sadibed: Helre ragtde dartthexteitrar echd ul | y
afterwards. Thereafter, while stirring, reaction was carried out at 45C

Three days Is&tigred e e af tarvantdr 4 offhereatdiesh whitle @fdnHaTonposi tion

rati o of astaxanthin was analyzed by HPLC. As a result, the conposition
ratio was 73esti®mstanartnied WIBRHAOEst eFhraed dass 1ahen . 1986 est er .

The astaxanthin oleic acid diester that was not_converted but renmni ned was
7.9% In ord’@rac’c*d-%rﬁqlr%%t"f?e? taken (BHei 1R %%Mﬁ%%%rbl@fd& d

di ester corrpl et el appears in the actjon, the nt reaction
s 25 v Pl SRETH ot AT rﬁﬁ%ﬁposﬁ% i R

ast axant hi n _was an zedqt% HPLC resul t 05|t|on ratt o was
72. 8% astaxgmoﬁ Hoest & 2 GAP la’ te‘—:lsxsamt lr‘P'l&%o' ﬂoé)roe tnc1r't he

ast axant hi naqll l ?sc'tq'xan%f% eess% as a substrate was not detected.
Exanpl e 5 Twenty-1our a mxture of astaxanthin esters

&_amp_lﬂ

Two mg of the astaxanthin oleic acid diester described

10 in 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., prbduct name:
Lipase OF) was added thereto, and 30 uL 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 oleic 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 oleic acid
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extracted fromthe nature (manufactured by Itano, product 5 nane:

Ast ax9000H) and 276 ng of octanoic acid as a free fatty acid were placed in
a brown glass bottle. Two. hundred and seventy ng of |ipase derived from
Candi da (manufactured by Meito Sangyo Co., Ltd., product nane: Lipase OF)
was added thereto, and 22.5 .L 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
conposi ti on giaid tewfadsd axmthiatevamanadty zettedtieddPLC. As a result, the
conposition ratio was 42. 6% 15 astaxanthin, 10.5% nonoester, and | ess than
1% diester. Exdfatepid & 6 Twenty-four ng of a m xture of astaxanthin esters
extracted fromthe nature (manufactured by Itano, product nane: Astax9000H)
and 276 ng of tr iToeptyl-iflouas mg 26 @&r mgxyoaei o6 Betaxhathynaesdewsr e pl aced
in a brown glass bottle. Two hundred seventy ng of |ipase derived from
Candi da (nare¥taaated fomiihe Saipo (@anufiggturest dauditansanwradystse OF)
was added thereto, and 22.5 L of water was further added thereto and
stirred Pul InaRg 1 AsEAH000H) AR &fh 19 cfhiddtangis jasdd Brsad ifdeanas
carried out at 45C. Three-dggg{laLer, the reaction_solution was taken out,

and the confdstty AFFQTF P Bdkdht f PR A EPT P -HPIEC As a result,

R RE RS R R L i

Si gna) {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 kastaxanthin, 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 Itano, 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 pL 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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and 300 ng of octanoic acid as a free fatty acid were 5 placed in a brown
gl ass bottle. Three hundred ng of 1immbilized |ipase prepared by the nethod
described in the exanple of |ipase i mobilization was added thereto, and
22.5 pL of water was further added thereto and stirred 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 analyzed by HPLC. As a result, the conposition
rati o was 95a$faeshekant h2p, 04. ROnoesoest eand bess | gssnt handidesteester. 15
Exanple 8 Two ng of a free astaxanthin (manufactured by Signma) and 300 ny
of tricaprilExamsle ¥riglyceride formfatty acid were placed in a brown

gl ass bottle. Thirty pL of water was added thereto and stirred fully
afterwards. Ther éafa eng @D B800rewy astaxamihin zZewhryfrastined gy edlidme k he

met hod described in the exanple of |ipase inmmobilization was added

t hereto, andanfhi B@0shakbfgoctanoipnficideagt fohiremstatityi @didoverat 45C.
Three days later, the reaction product was taken out, and the conposition
ratio of5astﬁkéﬁ@@|hnmﬁstSWanaE?ﬁédbﬁytHPLC Thseq headred mﬁeoéonp03|t|on
rati o was 69.6% astaxanthin, 21.9% nonoester, and 2, 6% di ester. 9
Twenty-f our HA@Pilizedt{iBage BEERRLAEHPR EReoPethod sgeseribed: by ?P%n1the

nat ure (manufactured hy.ltano, u ane: Ast ax9000 and 276

oct anoi ¢ aci FEEPHC f?g ll?ﬁ??y g@Pgl&k?ggb?ﬁcgﬁs ﬂég % TGF8ss? %?tle

Three 22,5 pL. 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 ratio 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. lThirty uL 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% diegter.
Example 9

Twenty-four mg of a mixture of astaxanthin esters
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hundred nmg of inmmmobilized |ipase prepared by the nethod 5 described in the
exanpl e of |ipase imobilization was added thereto, and 30 sL of water was
further added thereto and stirred fully afterwards. Thereafter, while
stirring, reaction was carried out at 45C. Four days later, the reaction
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% ast axant hi n,
2. 0% nonoester, and less than 1% diester. Exanple 10 Twenty-four ng of a

m xt ure of XAt t HQHQkﬁﬁhyred by
| tano, pr odﬁe?% narr‘%i: %Argjt%a%%oé%ﬁgn%a(%agﬂlnfgéﬁnxt%c%rﬁa?#'as a

triglyceridedud mAatdyo @) HE PlAGR df RNt HASP ad @ tdRe Three
hundred nmg of 1 nmobilized |ipase prepared by the nethod described in the

exanpl e of lipase 20id ward |pzaddonmas wmated Jikgyetub ey, 3@Hredf water was
further added thereto and stirred fully afterwards. Thereafter, while
stirring, reaagiddws chrimmesbidlized 1i4Hse pnepaiss Yyntitie ndthaaeacti on
product was taken out, and the conposition ratio of astaxanthin was

anal yzedsby @fsdified Am ahesmandmpldie dnpesd iiomatatlizat@iob4diadded
astaxanthin, 12.2% nonoester, and |less than 1% diester. Exanple 11
Twenty-four thexdta@, rand WBE W aStwadat was RBirdher adlied datteratioednid om t he
nat ure (manufactured by Itano, product nane: Astax9000H) and 276 ny of
tricaprilin ssizred riyllie & tRIYHrds § attheRedid afor &vpl e &t inr i@ %r own gl ass

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 immobilization 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. TFour 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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bottle. Eighty ng of |ipase derived from Al caligenes 5 (manufactured by
Meito Sangyo Co., Ltd., product nane: Lipase PL) was added thereto, and 15
L of water was further added thereto and stirred fully afterwards.
Thereafter, while stirring, reaction was carried out at 45C. Three days

| ater, the reaction solution was taken 10 out, and the conposition ratio of
astaxant hin was analyzed by HPLC. As a result, the conposition ratio was
79. 3% astaxanthin, 4.0% nonoester, and |less than 1% diester. Exanple 12
Twent y- f our errettednExpor hef nattizeafmannfestoredl byettract egprodontt he
nature (manufactured by Itano, product nane: Astax9000H) and 276 ng of
tricaprilinnasea Aﬁtﬁgﬁ9@éﬂldénﬂoﬁﬁﬁfagtyfa@rdcﬂﬁrélpnaéédaln a brown gl ass
bottle. Fifteen .sL of water was added thereto_and stirred ful

af t erwar ds. tTRELESETEAS BODTNEastyt RE1ANWEEEl PRegedo in BadEopn ﬁéﬁ&red by
the nethod described_in the exanple of I|.ipase inmobilization was added
thereto, anBo®kilPe EEPPEYNEI P@a&ﬂpéﬁew€§régﬁplgaoﬁuﬁléﬁlégéﬂﬂﬁhree days

| ater, the reaction s, taken out, and e osition rati o of
astaxant$|n(W€§u5ﬁSF§ a gy ﬁgﬁéo §§n§§° CPesuF‘%g ‘th 8r8 Hﬁ&spﬁpﬁﬁ rati o was
23. 9% ast axant hi m, 10 and |l ess than 196d|ester Exanpl e 13 Two
my of a freélagﬁﬁxgﬁthWﬁs(ﬁéﬁ&%a@?&F&&obyagpgﬁé)“L38 Ya&es0yasy of

Ll capri |10 efg el bakuhethde kel Bhbabiagledeatiie plased g a brown gl ass

bottle. Thré&e hun I pase, VOozZy
(manuf act ur@fleP¥arter, while 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, product
name: Astax9000H) and 276 mg of tricaprilin as a
triglyceride form fatty acid were placed in a brown glass
bottle. Fifteen uLbof 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)
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Novozymes, Japan Ltd.), obtained by inmmbilizing |ipase 5 derived from
Candi da was added thereto, and 30 L of water was 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 10 by HPLC. As a result, the
conposition ratio was 99.0% astaxanthin, 1.0% nonoester, and |less than It
diester. Exanple 14 Two ng of a free astaxanthin (manufactured by Sigm)
and 300 ng ofndricephdlon BsicapripliycesidecfogIydatide akdsth £lb:tyeracip aced
in a brown glass bottle. Three hundred ng of imobilized |ipase prepared by
t he met hod dwesceipraced iiea excumpl @lads |heasks | Milirde Zaindredvasy adtied
thereto, and 30 L of water and 12 m of n-hexane were further added

thereto and sherimdobiliyedfltpaee dsNoTheyredds efmanif det @0&HY ri ng,
reaction was carried out at 45C. Three days |later, the reaction product was
taken out. THevérym®s| i Japancht§nk. m%t@imﬁmeumwbnbmmsatlmsmd t he
supernat ant hexane was elimnated. The conposition ratio of astaxanthin
was t hen 5anad92'e‘de®yfmcﬁam@i<éar‘é@wQddwlet@%‘mrpo@mdi%ﬁl #latddH w164, 1%
ast axant hi n,” 23. 9% nonoest er and 2.3% diester. |l e 15 Twenty-four ng

of a mxturevdf SSFERaRtAidedstReEeto apd stirred e%‘”f PRt HRIYREST e

fact , Ast ax9D00H) _ and_ 276 f 1 |
b a iri gl yRartest o m PAEES “ariBPTRY o THETEPY il thoua o dagt af oPHIn

45°C. 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
uL 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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bottle. Twelve m of n-hexane was added thereto, and 300 5 ng of immobilized
| i pase prepared by the nethod described in the exanple of I|ipase

i mmobi lization and 30 L of water were further added thereto and stirred
fully afterwards. Thereafter, while stirring, reaction was carried out at
45C. Three days later, the reaction product was taken out. 10 The

i mmobi li zed enzyne was elimnated by decantation, and the supernatant
hexane was elim nated. The conposition ratio of astaxanthin was then

anal yzed by diftfaciisd af rdiesthd ,nd here omusit aotured i oy Wesadsd, A3cedtexant hin
and 1% nonoester. 15 Exanple 16 Two ng of a free astaxanthin (manufactured
by Sigm) atahe80@dMpaod0dGH) iandc2 e (M 200)tascapfirenfasty acid were
placed in a brown glass bottle. In the above descri bed exanples, an

ast axant hi n endgbydertide atoxin wia ety naei@Owvene uplacedt t ea i browm sgtasge.
However, since lauric acid is a solid at a | ower than reaction tenperature,
t hese reactbhoutiat erTeeltvewnk ¢f r-hexwre \Was addéd tihexeto agand J0s,

twel ve m of n-hexane was added to the reaction nmaterials, so that the

mat eri al § beegnef aimedkilbred 2bLNaRe cRfeRaTeROW nthofmebheb| degedibedase
prepared-by the nethod described in the exanple of |ipase imobilization
and 30 L of imtdhre vexample toerliprieel imeekiblzablomagndh20 Watefiwdterinally

Thr o daye. 1466 LEREIST el Rbate (2hBes PLRER ofR L naEF RRBBFIF zod
enzyme was  gliminated by, Aeeapt ALl oy, a0daLEFoR UPEL "B AN efeRpe, paS
" 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 ratio was 15.2% astaxanthin and 1%
monoester.
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 stagé. 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 immobilization
and 30 plL of water were further added thereto, so‘that the

materials finally became reactive. Reaction was carried
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el imnated. The conposition ratio of astaxanthin was then 5 anal yzed by
HPLC. As a result, the conposition ratio was 93.6% astaxanthin, 6.4%
nonoester, and less than 1% diester. Exanple 17 A m xture of two types of
medi um chain 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 m xed nediumchain triglyceride was prepared at a
ratio of 1 : 1 as a reagent. Then, two types of nmediumchain fatty acid

ester forns %Eeaﬁyasb@simeféﬁ&ﬁdgee ey Natdidt tie to say, 2 ng
of a free 15 astaxanthin (manufactured by Sigma), 300 ng of tricaprilin and

300 ng of trieaptibnwpredpkacwesi hakehrown. gl Bss bombdbieliz&fl gt yymey wés

| i pase derived from Candi da (manufactured by Mito Sangyo Co., Ltd.,
product naneelimpaste@Fpywdscadtietiionhheardothangdupérhabténthaexamnaswasrt her
added thereto and 20 stirred fully afterwards. Thereafter, while stirring,
reacti on wasetamihatiedut &he4sOmpPhitiorayatiatef, ashexanthinieas pthheuct was
taken out, and the conposition ratio of astaxanthin was anal yzed by HPLC.
As a reslit, aphdyze8npygsHPL6n r Aci 8 WASuDB, 1@99599&Eﬂ§hth0nBIQUGQBwaS
nonoest er, 25 3.0% C10 nmonoester, and | ess than 1% di ester. nple 18 A
mxture of t&8- ﬁﬁpé§té¥aﬁ§BFHW}éhéﬁnmPﬁ??§t%ﬁrdan@r4@F§cEP?He%%(@Beﬁter
tricaprilin and Cl0:Q; tricaprin) is - 41 comrercially available, and it
can be used ion material. Thus, this m xed nedi um chain

triglyceride was , pLepared 8 AL AiSeflof reds BF- ARy TSy two types

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 fattyAacid 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 uL 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% Cl0 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

- 41 -



of mediumchain fatty acid ester forns were synthesized 5 froma free
astaxanthin. That is to say, 2 ng of a free astaxanthin (manufactured by
Sigma), 300 ng of tricaprilin and 300 ng of tricaprin were placed in a
brown gl ass bottle. Three hundred ng of inmobilized |ipase prepared by the
met hod described in the exanple of |ipase imobilization 10 was added
thereto, and 30 L of water was further added thereto and stirred fully
afterwards. Thereafter, while shaking, reaction was carried out at 45C
Three days d@idrcidEly eaediDabs odimd MWascdrakien wedd @da theactdoPosi tion
rati o of astaxanthin was anal yzed by HPLC. As 15 a result, the conposition
rati o was 8Gnatémitd hxarnThus, Th29omiCe dromadisinetchdbid %6 U@ yoemwiede ewas and

| ess than 1% diester. Exanple 19 A mixture of two types of medi um chain
fatty acid prepazedrates x@8i®:of ri capkids rm areCI0; 0: Thémaptwe)tyses 20
commercially available, and it can be used as a reaction material. Thus,
this mxed nellinediwna¢hain gfgtly iaidester cpermes were seikesizad: 1 as a
reagent. Then, two types of mediumchain fatty acid ester forns were

synt hesi 2ed fxpm hexERee {293 R i astahthe nto . 13 1 eRy2 Dreg of a

25 free astaxanthin (manufactured b 'Silgma , 300 n@ of tricaprilin and 300
ng of tri capﬁ*??ﬁ’&%‘?%hbll‘a@&@n‘il?ﬁ%ub?%hp R bot 39 ma@¥ vEChFaRFLlhiBexane

R LR R M J R e e
O eraL e v it Ao P! T B U "L Sl oo LT e
method described in the example of lipase immobilization
lQ was added thereto, and 30 HL 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% Cl10 monoester, and less than 1% diester.
Example 19
A mixture of two types of medium-chain fatty acid
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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carried out at 45C. Three days later, the reaction 5 product was taken out,
and the conposition ratio of astaxanthin was analyzed by HPLC. As a result,
the conposition ratio was 81. 4% astaxanthin, 9.5% C8 nonoester, 9.1% C10
nonoester, and |l ess than 1% di ester. Exanple 20 10 Forty ng of a m xture of
astaxanthin esters extracted fromthe nature (rmanufactured by Itano,
product nane: Astax9000H) and 1.5 m of tricaprilin as a triglyceride form
fatty acid were placed in a brown glass bottle. N nety L of water was added
t heret o and méehodi xieseribsd 1on f thé yesampIedof Thipesd t AimoRODL r@t Ddn t he

i mmobi lized I|ipase of Phenyl Toyopearl prepared by the nethod described in
t he exanpl e afidl 3page ofMwdtér zweéreonfwashérrddded adceretd heid®t ot ianed whi | e
stirring, reaction was carried out at 45C. Four days l|later, the reaction
product was fakEwn afitervardsd theereapber:ivnilaitsbiofingt axeatbion vieas

anal yzed by HPLC. As a result the conposition ratio was 61. 6%

ast axant hi n,cddrietinonbest et5’ Gand Thigs dlasst drateExarhilee zERCPA®MY of a free
astaxanthin (manufactured by Sigma) 25 and 300 ng of tricaprilin as a

trigl ycedi dePFRERFEares ’a'élﬁ%ln %Fe PrAchlae i FomPF bRy TSP RE I e. Thirty L
of water was added thereto and_stirred fully afterwards Thereafter - 300

nmg of the i nWPbRFABERIR| PaseaRf1¥2eP 2% Brkpar fFf b7 TFRULT 43theet hod
d bed th bi | t d th t d
deccribed, | i expralec gL pasea HOOLLLERLAGN 5 g Aeretp end

the reaCtlon9.1% 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: |
Astax9000H) and 1.5 ml of tricaprilin as a triglyceride
form fatty acid were placed ih 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 pL 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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product was taken out, and the conposition ratio of 5 astaxanthin was

anal yzed by HPLC. As a result, the conposition ratio was 96. 1% ast axant hi n

and 3.9% nonoester. Exanple 22 Forty ng of a mixture of astaxanthin esters

extracted fromthe nature (manufactured by Itano, product nanme: 10

Ast ax9000H) and 1.5 ml of tricaprilin as a triglyceride formfatty acid

were placed in a brown glass bottle. N nety L of water was added thereto

and the m xture was fully stirred. Thereafter, 300 ng of the immbilized

| i pase w th ndyfhed sdgpser Cieed pirepeiiedetgmp hee oot hiqrh sleb desaly 1 hizlathon he

exanple of lipase immobilization was further added thereto, and while

stirring, reextiabddedsthesetoeccamditwiatlelshalfong (daiG trkr , redetieacti on

product was taken out, and the conposition ratio of astaxanthin was

anal yzed by wid Carsiedresulat 45%5€ .corfosie idays diaterwashz) @& d%on

astaxant hin, 1.8% nonoester, and |less than 1% di ester. Exanple 23

Twent y- f our PEP@HICH WKt tRkeDIOGEL BRtht he eatresition rerttd ¢fom the nature

(manufactured by Itano, product. nape: Astax9000H) and 1.3 ml_of tricaprilin

as a 25 Bri AyeR¥FIYENIRIHRT ARG BESY WP acehf ih TeHbn HR@ss bottle.

Ninety L of water was added thereto apd the mxture was fully stirryed.
%@iﬁg s%‘g%H%B

Thereafter, ZUPPATLbHOR HEa HEAJERS ¢ | AP 13 ; ROGREST -
prepared by %he ggt hg? - 44 described in the exanple of |ipase
i rmobi | i zat i o™ urther added thereto. Thereafter, while stirring,

reaction was carrgd & OUt, e 4pGi HUGE YR { B Blinith S sters 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 uL 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 uL of water was added thereto and the
mixture was fully stirred. Thereafter, 300 mg of the HPA25

resin-immobilized lipase, which was prepared by the method
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reacti on product was taken out, and the conposition ratio 5 of astaxanthin
was anal yzed by HPLC. As a result, the conposition ratio was 39. 3%
astaxanthin, 2.9% nonoester, and |less than 1% di ester. Exanple 24 Two ng of
af ree astaxanthin (manufactured by Signa) 10 and 1.3 g of tricaprilin as a
triglyceride formfatty acid were placed in a brown glass bottle. N nety .L
of water was added thereto and stirred fully afterwards. Thereafter, 300
ng of the HPA25 resin-imobilized |ipase, which was prepared by the frethod
descri bed i gegkei®edambhe tak kexpapdeldfi Mphski zahobhlnaataddedwaber et o, and
whi |l e shaking (170 rpm, reaction was carried out at 45C. Three days |ater,
t he reacti ofiuptbduchddes takezetout, Thedealiteronpbsiilei etirrahgo of

ast axant hin was anal yzed by HPLC. As a result, the conposition ratio was
79. 8% ast axaepthbitdonl 9a2¥%ca@riedoestteat 480C 1. (Phrkesdays liaxempl €h&5
Twenty-four ng of a m xture of astaxanthin esters extracted fromthe nature
(manuf act ur sg¢apfirnaprodycddwers taked oRdt arDOOLORE aABPes3tapnoratipcaprilin
as a 25 triglyceride formfatty acid were placed in a brown glass bottle.

N nety L5ofOﬁaﬁéﬁa%é§t§G&eHthéP€QJZ§ﬁdbﬂhEPLﬁixtGFeamé§SP&tht§?irred.
Thereafter, 300 of the:HPIMS resin-immobilized |ipase, which was
oropared by CPRBORGEASE T30 HESAPhEd PAEREPERLHpI & SF MPpasster.

react i on ved EatFrsd B 48 SRE Hrce days later. the o "9
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 pL 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 pL of water was added thereto and the

mixture was fully stirred. Thereafter, 300 mg of the HPIMG

resin-immobilized lipase, which was prepared by the method
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reacti on product was taken out, and the conposition ratio 5 of astaxanthin
was anal yzed by HPLC. As a result, the conposition ratio was 54. 9%

astaxant hin, 5.4% nonoester, and |less than 1% di ester. Exanple 26 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 glass bottle. Ninety L
of water was added thereto and stirred fully afterwards. Thereafter, 300
ng of the HPIMG resin-imobilized |ipase, which was prepared by the nethod
descri bed i nagébereneapie ohel epaspldSof Nhhasdé zhtmopi Wasatdcled wheret o, and
whi |l e shaking (170 rpm, reaction was carried out at 45C. Three days |ater,
the reacti onfprohect addsdt akenedot, Thereabteonpositeostiraing, of

ast axant hin was anal yzed by HPLC. As a result, the conposition ratio was
79. 5% ast axanébcbiod8wd 8o @@rmadester at ads’Cl. 8Whdieastdays Thetaresutes of t he
above exanples are sunmarized in Tables 2 to 6. These results show that the
transesteri f reactdannproddctisvag takeseowt. tard ptlegcpempo sy bhen onatin
effectively synthesize astaxanthin nmedium 25 chain fatty acid esters. - 46
(Tabl e 2)5 Ex@fppétaxanbhingwgsganasyaRanthi P f ee v et TRsektertltp ester

Astax Astax Type and 2 2 2 2 24 24 anount ng% . .
composition ratio was 54.9% astaxranthin, 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 HP1IMG 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 79.5% 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 acid C8TG C8 acid C8TG C8 acid CBTG q Type and 300 300 300
300 276 276 .a anount (ng) Y] Lipase OF OF OF OF OF OF CG o Type and
anount (ng) 80 120 80 80 270 270 0O 'P, Carrier of None None None None None
None O |lipase WAdditive amount of 10 10 10 10 7.5 7.5 water (a) Sol vent
Type and None None None None None None anount Astaxanthin 6.0 13.6 8.2 15.3
10.5 25.0 a to (nmonoester) 0 41 4 Astaxanthin <1.0 1.5 <1.0 <1.0 <1.0 <1.0
b c (diester) mNa P. Astaxanthin (free type) 94.0 84.9 61.1 73.4 42.6 55.9
- 47 (Tabl e(ggbféagpl es 7 8 9 10 11 12

Examples
1 2 3 4 5 6
Astaxanthin Free Free OA ester |OA ester | Astax Astax
Type and 2 2 2 2 24 24
amount (mg)
“|Fatty acid C8 acid| CB8TG C8 acid C8TG C8 acid| C8TG
a Type and
g |-YP 300 300 300 300 276 276
~ |amount (mg)
4
g Lipase OF OF oF OF OF OF
=]
o
o |Type and 80 120 80 . 80, 270 270
= amount (mg)
o
| :
+ Cérrler of None None None None None None
8 lipase
& Additive
amount of 10 10 10 10 7.5 7.5
water (%)
Solvent
Type and None None None None None None
amount
Astaxanthin
¢ @ | (monoester) 6.0 13.6 8.2 15.3 10.5 25.0
2B
£ o |Astaxanthin
8 g (diester) <1.0 1.5 1.0 1.0 <1.0 1.0
O H
K Ai|Astaxanthin
(free type) 94.0 84.9 61.1 73.4 42.6 55.9
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Ast axanthin Free Free Astax Astax Astax Astax
anount (ngy) Fatty acid C8 acid CBTG C8 acid CBTG C8TG CBTG Type and 300 300

276 276 300 276
300. 300 300 300 80 300 O anount (ng) Glon lon lon lon lon

exchange exchange exchange exchange None exchange
resin resin resin

o anount (ng) N Lipase OF OF OF OF PL PL

ro Additive

+I

.11t Type and
.11 Carrier of
| ipase O resin resin
anount of 7.5 3.3 10 10 5 5 water

Type and 2 2 24 24 24 24

(9

Sol vent Type and None None None None None None anount Astaxanthin 4.2 21.9
2.0 12.2 4'0(%'81eC3¥ (rmonoester) o i, +' 0 Astaxanthin <1.0 2.6 <1.0 <1.0
<1.0 <1.0 0'(grestd )
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 C87TG C8TG C8TG
w |Type and 300 300 276 276 300 276
g amount (mg)
g Lipase OF OF OF OF PL PL
Y |Type and 300. 300 300 300 80 300
8 |amount (mg)
5 c . £ Ion Ion Ion Ion Ion
ﬁ 1§rr1er ° exchange | exchange | exchange | exchange| None |exchange
8 ipase resin resin resin resin resin
S |additive
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 u | (monoester)
a6 )
§ g |hstaxanthin | 4 2.6 <1.0 <1.0 | <1.0 | <1.0
d o (diester)
O H
™ fi|Astaxanthin | o5 4 69.6 23.6 64.0 | 79.3 | 23.9
(free type)




Exanpl es

Type and 2 2 24 2 2 2
Type and 300 300 276 300 (C8+Cl0) (C8+Cl10)
Li pase Novo 435 OF OF OF OF OF
anmount (ng) p lon lon lon lon

None exchange

ithm oA e

10 0 P4 Astaxanthin 95.8 69.6 23.6 64.0 79.3 23.9

Ulipase resin resin resin resin
10 10 10 60 {Papyvetey ($) Sol vent n-Hexane n-Hexane n-Hexane n-Hexane Type

(free type) 48
13 14 15 16 17 18 Astaxanthin Free Free Astax Free Free Free
anount (ng) Fatty acid CBTG CBTG CSTG Cl12 acid TG TG
c anount (ng) p 600 300 .°
Id Type and 300 300 300 300 80 300 O U
Carrier of Celite exchange exchange exchange
W P4 Additive anount of 10

and None No
Examples
13 14 15 16 17 is
Astaxanthin Free Free Astax Free Free Free
Type and 2 2 24 2 2 2
amount (mg)
Fatty acid C8TG C8TG_ C8TG Cl2 acid TG TG
w Type and 300 300 276 300 (C84Cl0) | (C8+C10)
§ amount (mg) 600 300
Y |Lipase Novo 435 OF OF OF OF OF
Le]
8 Type and 300 300 300 300 80 300
O |amount (mg)
8 Carrier of Ion Ion Ion Ion
ﬂ . Celite |exchange|exchange |exchange None exchange
o |lipase . : .
o resin resin resin resin
o)
M |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 1.0 23.9 1 c8:3.9 |[C8:7.2
. . .0 6.4
g u | (monoester) €10:3.0 | C10:6.1
]
+ 2 |Astaxanthin
. . 1. . . .
§ g (aiester) 1.0 2.3 <1.0 1.0 1.0 1.0
ooy s
Astaxanthin | 44 , 64.1 15.2 93.6 93.1 86.7
(free type)
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(Tabl e 4)




SR - v i 0l ARVt

amount 12 12 12 12 Astaxanthin CS:3.9 C8:7.2 q m (nonoester) 1.0 23.9 1.0
6.4 O +P C10:3.0 C10:6.1 +i Oa' Astaxanthin Ub <1.0 2.3 <1.0 <1.0 <1.0
<1.0 O u (diester) a CL Astaxanthin 99.0 64.1 15.2 93.6 93.1 86.7 (free
type) - 49 (Table 5) Exanples 19 20 21 22 23 24 Astaxanthin Free Astax
Free Astax Astax Free Type and 2 40 2 40 40 2 armount (ng) Fatty acid TG
CBTG CBTG CBTG C8TG CBTG Type and (C8+Cl10) 1500 300 1500 1300 1300

anount (ng) o 300 .rl rj Lipase OF OF OF OF OF OF ro Type and 300 300 300
300 300 300 (T@bQ@earbunt (ng) |on Phenyl HP20 Celite HPA25 HPA25 Carrier of

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 C8TG C8TG C8TG C8TG C8TG
m Type and (C8+C10) 1500 300 1500 1300 1300
8 amount (mg) 300
o
H |uipase OF OF OF OF OF OF
Le]
8 Type and 300 300 300 300 300 300
O |amount (mg) '
8 . Ion Phenyl HP20 Celite HPA25 HPA25
~ |Carrier of . . .
P X exchange | Toyoyearl| resin resin resin
o |lipase - .
o 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 ﬁ {monoester) €10:9.1
S g Astaxanthin
§'§ (diester) 1.0 2.8 1.0 1.0 1.0 1.0
= ®lastaxanthin | o, 61.6 96.1 28.6 39.3 79.8
(free type) ’ : ’ : : :
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earl resin resin resin p exchange Toyo y lipase (d resin resin a)
Additive anount of 10 6 10 6 7 7 water (8) Sol vent n-Hexane Type and 12
None None None None None anount Astaxanthin C8:9.5 g m (nonoester) 14.1 3.9
1.6 2.9 19.2 o0 4J Cl10:9.1 .i O b Astaxanthin <1.0 2.8 <1.0 <1.0<1.0 1.0 o
(diester) 4) ~q a a Astaxanthin 81.4 61.6 96.1 28.6 39.3 79.8 (free type)
50 (Table 6) Exanples 25 26 Astaxanthin Astax Astax Type and 40 40

anount (ng) Fatty acid C8TG CBTG M Type and 1300 1300

(Table 6)
Examples
25 26
Astaxanthin Astax Astax
Type and 40 40
amount (mg)
Fatty acid CBTQ C8TG
v (Type and 1300 1300
[=]
o |amount (mg)
o
E Lipase OF OF
g Type and 300 300
O |amount (mg)
§ Carrier of HP1MG HP1MG
5 |lipase resin resin
[}
2 |agditive
amount of 7 7
water (%)
Solvent
Type and None None
amount
Astaxanthin 5.4 18.7
g u | {monoester)
2B
£ o |Astaxanthin 1.8
§ E (diester) <1.0 :
[+ e i
Astaxanthin 54.9 79.5
(free type)

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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Q amobunt (nmg) .rl1 " Lipase OF OF .ri ro o Type and 300 300 o anount (ny)

Carrier of HPIMG HPLMG U lipase resin resin

(% Sol vent
(nmonoest er)

79.5 (free type) Exanple 27 Extraction,

Type and None None anobunt Astaxanthin 5.4 18.7 CN

Additive anpbunt of 7 7 water

O+ Uo Astaxanthin <1 (diester) .0 1.8 ro P4 Astaxanthin 54.9

astaxanthin esters fromnatural products 5 A comercially avail able

Euphausi acea (356.3 g) was disrupted in a nortar, using a pestle. Then,

Euphausi aceachesme&gbdgaapled imreee tforsomdindy drdeéenes anount of acetone
foll owed by vacuum concentration. Thereafter

10

15

20

25

1) 1st silica column chromatography

Using silica gel (Silica gel 60 manufactured by Merck,
500 g), column chromatography was carried out. Stepwise
elution was carried out with an elution solvent of
hexane/acetone ih 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
an elution solvent in an amount three times volume of the
column. After each eluate was concentrated under a reduced
pressure, an astaxanthin monoester fraction (116.32 mg) was
obtained. |

2) ODS column chromatography

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
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,

a dark red fraction eluted from the column was dispensed

~and concentrated under a reduced pressure, and an

astaxanthin monoester fraction (2.87 mg) was obtained.

4) 3rd silica column chromatography

- 52 -
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extraction was carried out three tinmes using a saturated 10 saline sol ution
and ethyl acetate, so that a crude extract (52.13 g) was obtained fromthe
ethyl acetate |ayer. The obtained Euphausi acea extract was subjected to
colum - 51 chromatography in the followng order: 1) 1st silica colum
chromat ography Using silica gel (Silica gel 60 manufactured by Merck, 500
g), columm chromatography was carried out. Stepwise 5 elution was carried
out with an elution solvent of hexane/acetone in the order of the
concentrations (94 s85ca Yol 851128 o€ sPhanll¥actibed by Mol -
50, 40 : 60, 30 : 70, 20 : 80, 10 : 90, 8 : 100). Elution with the sane

sol vent syst®in RS ESTirhe cIOtdmPlo SHEIS Shae| ya@elth ddodd. anuelngi on sol vent
in an anpbunt three tines volune of the colum. After each el uate was

concent r at edthewshes / fceBsiuced7 prepsas ean gl disi e agd hveén pneegack f&acti on
(116.32 ng) was obtained. 2) ODS col umm chromat ography 15 Using ODS gel

( ODS- SS- 1020fraxatlibmcd Lueeld bfrGensiiiel cGouremtwds cdopendéd. and0 g), col um
chromat ography was carried out. Using 100% net hanol as an el ution sol vent,
a dark Bed ¢oncenrbravéditwndér om réduecad preseisreli spethsan astaxewmtlicEmt r at ed
under a reduced pressure, and an astaxanthin 20 nonoester fraction (8.84 ng)
was obt ai nednon@gs e £7a¢ieior of UnB g briat By rixkbdly RBTHEY svas caberingdi| i ca

gel 60 manufactured by Merck, 30 g), colunn chromatography was carried out.
Using di ch|m1:ﬁa%%/ &WY%&@? eaypxanthin efter uﬁf%ﬁﬁ%’%‘b‘l‘vent,

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/l
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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25 a dark red fraction eluted fromthe colum was di spensed and
concentrated under a reduced pressure, and an astaxanthin nonoester
fraction (2.87 ng) was obtained. 4) 3rd silica colum chronmatography - 52
Using silica gel (Silica gel 60 manufactured by Merck, 30 g), colum
chromat ography was carried out. Using hexane/acetone (7 : 3) as an elution
solvent, a dark red fraction eluted fromthe colum was di spensed and 5
concentrated under a reduced pressure, and an astaxanthin nonoester
fraction (0.M8 shpwmiim thege pliduneswasd ot dated.comidatd by 28 toialwidits of
astaxanthin ester fraction An astaxanthin ester fraction fromthe

Euphausi acesa@xtedrer pr dparkarent BeihPealR ines Hikkdaedhsemved gf 10
met hanol, and while stirring at 80C, 0.5 m of 1 nol/l sodjum nethoxi de was
added t her et® By E rigpoi TREGIMEDS At i SHP LT r iR GUtSRRFHG @t hyl acetate
and water to elimnate alkali confained in the reaction product. The ethyl

acetate | ayerT3PReRd} % RAT RN otk MasiaRieTved atPg 4% fhei d
| ysi i ed i - 800A fact db

o St t - Baciaiith L4ite dBerSs | b T 18 T T HREb AT et ee fatty
' . o ! [ h ) Fvsi

fas . carri ed it o O St BEED IS0 RORER, Send R QYed | AR event

et hod dat a’| ) ecliold COREr AU &'n P00 P Gl £ RIPSLALLI S oo 300G

Initial colum tenperature: 4 %ncr ease t enper at ure: n., Colum

size: 30.0 myafyZed Mo &SSrediSdndiRPgfeald Wbraich L rdds; thdeddy mn.,
Mass range: .
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.
A lipstick was produced by the following method, using
15 a composition containing a 1% astaxanthin octanoic acid
monoester, which was obtained by carrying out enzyme
reaction and then carrying out purification operation.
The below-indicated oily 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 oil
(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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25 45 : 200 mz, waiting tinme for solvent: 5 mnutes The GC- M5 data of

aut hentic octanoic acid nethyl ester are shown in Figure 3, and the GC- M5
data of Euphausi acea- derived astaxanthin nonoester sanples are shown in
Figure 4. - 53 As shown in these figures, both data conpletely match with
each other. No parent ion peak (nmfz 158) was observed in either the

speci nens or the sanples, but a specific fragnentation pattern (nfz 127) was
observed, and at the 5 sane tinme nmlz 55, mz 59 and nfz 87 derived froma
fatty acid scetfade esderhdatesd prioduc smexld dhemareredin Morstowetr | timdeto sanpl es
that were not nethyl esterified were also analyzed, no correspondi ng peaks
wer e observauit thesleine ttheféeomi rep tdmttnoetftrasien cetbipstieki d and no
octanoic acid 10 nethyl ester were present in the sanple. Fromthe above
results, it was dgafingmatieatofawilyssaesraitiesSoct anoic acid ester is
present in Euphausi acea. Exanples of application to cosnetics A lipstick
was produced by Be€s#% owi ng net hod;%u¥ing 15 a conposition containing a
1% ast axant hin octanoic acid nonoester, which was obtai ned by carrying out
enzyne Peaction &@¥¢%#en carrying duf Burificati on operation. The

bel owi ndi cated ojly sybstrates wer xed, and the m xture was dissol ved
by heating. A pié%ﬁ%@‘ 20 ahd agconposition (150 ng) containing a 1%
ast axant hin OCtaEEhP]%S{d nonoesterlmgrg fully mxed with castor oil (2.1

g) in advance. The Sbove di ssol ved an i spersed product was added to the

m xture foll owed L@Dﬁu%.td rﬂd'rt}&fi% pegf_ygeg(150 ng) and an antioxi dant (50 np)
wer e added

Eosin acid 0.25 g

10

n r

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

15 reaction and then carrying out purification operatiﬁn.

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 Examples of the use as food material

An example of preparing 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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25 thereto, and the m xture was further stirred and m xed, so as to nake
the m xture honbgenous. The obtained liquid was poured into a nold foll owed
by quenching. The lipstick obtained by cooling was placed in a container,
and the - 54 surface was heated with a small burner in a short tinme to put
a shine thereon, so as to obtain a lipstick. Mxing ratio of oily substrates
Beeswax 1.0 g 5 Ceresin 2.4 g Carnauba wax 0.8 g Lanolin 1.0 g Liquid
paraffin 2.05 g Eosin acid 0.25 g 10 Exanples of application to food Soft
capsul e usedid adedepdvdy BoDowand/ or suppl enents A soft capsul e was
produced by the followi ng nmethod, wusing a conposition containing a 10%
ast axant hi n oct armhec medtiall nMesxesitteyd iwhiEctampdse dbt aieged ddyn g @mrapmeg  out
enzyme 15 reaction and then carrying out purification operation. A substrate
was prepar edreadctien fods ofiinghentsoglehdip. cBnpostam ort (B0natyritaht ai ning a
10% ast axant hin octanoic acid nonoester was added to the substrate, so that
a soft capsitee etiatanthinewss Wedebed andlir36Q pp| @hehtmedim 2ohaiRpar ed.
Preparation ratio (amount per capsule) Substrate (plant oil): 130 ny
Emul si fi &r (FReENXTid3brhglYeati®e. nardrahtey Zerat e hpinreliomecEs 100/ 35) :
150 ; )
o 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 molecular distillation at
130°C, 0.2mmHg, so as to obtain 10 g of an astaxanthin
10 medium-chain fatty acid 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, so as to obtain 3%
astaxanthin medium-chain fatty acid ester-containing oils
15 and fats. The total astaxanthins had a concentration of
10%. The oils and fats were defined as food materials
(astaxanthin medium-chain fatty acid ester-containing oils
and fats), which are used for various purposes.
I t of di tibilit £ taxanthi
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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25 Exanples of the use as food material An exanple of preparing an
astaxanthin nmediumchain fatty acid ester-containing oils and fats as food
materials in order to use themfor food, cosnetics, feed and others - 55

i s described bel ow. The method described in Exanple 14 regardi ng enzyne
reaction was further scaled up. Two gramof a material free astaxanthin was
reacted with 300 g of a nediumchain 5 fatty acid triglyceride, and after
the elimnation of hexane, approximtely 300 g of oils and fats were

obtai ned asrige r&sutdnofof hestLe@itoin CHPradned am deiel wpsed brédg the
reaction was distilled by nolecular distillation at 130C, 0.2nmmHg, so as to
obtain 10 g wia$a pSded attidi i vddr nefli eaelt heath Wad tnye aurk@sieing HPRE NI ng
oils and fats. The obtained oils and fats were subjected to a steam
distillatiomhandldhdraad t kiverd Ovgreofsampisd at chai h, fatdnd Hrilburs
triglyceride was added thereto, so as to obtain 3% astaxanthin nmedi um chain
fatty acid estieer come ahdminiotratiion andFigese hshoews atheisameent whsthed a
concentration of 10% The oils and fats were defined as food materials

(ast axanBhi resleakamtiehai baker tin athel RLeed -RH¥IR ni #RA Higurend $RewS, which
are used for various purposes._ |nprovenent of digestibility of_ astaxanthin
20 Using a conderearbenyin e abltehst HAnTeWR it rtIeees 1+ AREN or'dpefceae

o FECTRL 0CoC e LA RiPe RGSUCL. i JSLoXS000K) a0, St prantii e, oo
Asta-C8- diegtep) LN8-JLESS! PhL1 Syt Qlat 165F ASEANRNGILLS M8ty acia
esters showed much better digestibility. In 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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25 studied using rats. For the experinent, these astaxanthins were diluted
wth 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 bl ood
(blood plasm) and the liver of each rat was nmeasured using HPLC. The

bl ood and |iver were sanpled at 3, 5, 7 and 10 hours after the
adnministration. Figure 1 shows the amobunt of the 5 astaxanthin taken in the
bl ood pl asmaneant Fogui e 2ddddwso 4 hfvod akenhéaltine foamkrandsoshown in
Figures 1 and 2, when conpared with the astaxanthin extracted from

Chl or ophyceaupmienen bm. or ocesme hkCast Ak apahi profedie ntvdsg ncdmt 2yn deg d
esters showed nuch better digestibility. In particular, 10 the nonoester
form of theiﬁtt%ﬁ%ﬁﬁ¢@ﬁh%@d¢@ﬁi%%a?%ﬁ¢£}??t tyers ek ek stivaandotiseigest ed.
Further, the adm nistered ester form astaxanthin was detected as a free

ast axant hi n.PefHEF 36k it was found that the astaxanthin medium chain
fatty acid nonoester is an astaxanthin having 15 excellent digestibility.

| NDUSTRI AL APPLI CABI LI TY According to the nmethod of produci ng an astaxanthin
medium chain fatty acid ester of the present invention, 20 reaction can be -
carried out under mld condition, using |lipase, and the astaxanthin
medi um chain fatty acid ester can be produced at a high yield w thout

i nduci ng the deconposition or isonerization of a material astaxanthin.

Mor eover, the nethod of the present invention can extract 25 and produce the
astaxanthin nediumchain fatty acid ester
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fromnatural products. Furthernore, if a conposition conprising the
astaxanthin nmediumchain fatty acid ester of the present - 57 invention is
added to a food, a healthy food and/or supplenments or cosnetics, it can
provi de those containing an astaxanthin having excellent digestibility and
tissue penetration. 58 CLAIM5S 1. An astaxanthin mediumchain fatty acid
ester produced by using a lipase, and a conposition conprising the sane.

2. The astaxanthin nmediumchain fatty acid ester and the 5 conposition
conprising the sane according to claim ELAIMSerein the mediumchain fatty
acid ester is a nediumchain_ fatty acid_nonoester or nediumchain fatty
acid di ester.13. Pie afdEssadrittion meskiumedRditn fedtey agdidd es$tedr papftuaad
conposition conprising the sane according to claim2, 10 wherein the

medi um chai n FAt¥SARE Y 15P25¢ at3RA R ¢ Hgtos FIPBL L PotP et tBe - 4. The

astaxanthin nmedium.chain fatty acid ester and th conpaosi tion conpr,i sing
the same accofdi ng % a3T%aE l%ﬂ%%'t%lﬁeéia&}ycﬁ%&% LY &5% s an

even nunber of 15 carbon atons..5. .The astaxanthug. iumchain fatty acid

ester andt heCORRABOT TR PO T3¢ Y HALari SOt f (ot 4,
ecbrng. o HEHELE 8 A S50 P HORD ALEIE 1 2.0 eSO
medi um chai n EQ{{Y Q&i& monoester or medium-chain fatty acid diester.
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 octanoic acid monoester, 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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ester in an anount of at least 0.1% 7. Astaxanthin octanoic acid nonoester,
astaxanthin octanoic acid diester, or a conposition conprising at | east

ei ther one of these conpounds. 25 8. A nethod of producing the astaxanthin
mediumchain fatty acid ester and the conposition conprising the sanme
according to any one of clainms 1 to 6, by using a lipase. 9. The nethod
according to claim8, wherein an - 59 esterification and/or
transesterification is carried out wusing one or nore astaxanthin materials
sel ect ed fr ovatewifigaiirr @nd QT nfranses terkl atiemt b rcazmiedtart f orm
astaxanthin different froma nmediumchain fatty acid ester, 5 and a m xture
of ester fordfidd HBMNF MROER fFTF PR M BA LR R i ThEE FLeAt EXPRCTRE est er ;
and one or nore nediumchain fatty acid materials selected fromthe group
consi sting ETOUP eSSt Aha ntFes t S WRFP L e AURSHRTF f95R ty aci d
nonogl yceride, a ne i_umg,h in fatty acid di Jl¥ceri de 10 nmedj um chai n

fatty acid t39 SRR, ZeHedt IO ch APt %T?V%i%?%cna OHtE est er .

. Th hod di | ai wherein the . L] i
of 11 pasie S A TONT (7 G btp * eoRt el TRy Bt 19 bk ERaG (e 9 om

yeast belong) ”@i&rf?-&r?aﬁ?i”%tg@ dAéPé‘sésE&fi Ve?rgdfér%“c?rg rﬂn&f@%%@%ﬁ%lﬁ%i ggi ng

to Chronobacterium a errved froma m croorgani sm

Alcal i genes. £ i 2l @a5ee SE{A¥eUs L1081 801 FBln BRECEESS, ddnsIbE Bt
according to clal m10, erein the lipase 20 is derived fromyeas
bel ongi ng t oy GaRch dRedium-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:gmgbﬁgiexium, 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
26 is 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 medjium-chain fatty acid material is a medium-chain
25 fatty acid triglyceride.
13. The method according to any one of claims 8 fo 12,

wherein water is added.

14. The method according to claim 13, wherein water is
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12. The method according to any one of clains 9 to 11, wherein the
astaxanthin material is free astaxanthin and/or a m xture of different
types of ester form astaxanthins, and the nediumchain fatty acid materi al
is a nediumchain 25 fatty acid triglyceride. 13. The method according to
any one of clains 8 to 12, wherein water is added. 14. The nethod according
to claim13, wherein water is - 60 added at the amount of 0.5 wwto 20
ww %wth respect to the anmount of the oil material. 15. A food

conmposi ti on added netl Bie Mmooyt t¢8 9 cdd"Andte RO WonpbsTitrerastt sthg the
astaxanthin nmediumchain fatty 5 acid ester according to any one of clains
1 to 6 or thehecmpRaRtidh EeempPisimyteRPtonposition according to claim?7
for specific_nutritive requirenents, aqr [foad.thereaof. ) f ood additive,
whi ch conprikes thé Rt T ¥b ARG DS Pﬁe“&ﬁ%#ﬁﬁ %Or?éidi & n
fatty acid ester 10, according to any one of clains 1.10 6.or.th

conposi tion C%TR&E+E+?Q;??EP%%ﬁb%%if?éu?%ﬁﬁ%ﬁ?ﬁ?ﬁft?F%%%W?ﬁﬁﬁlﬁjng¢Y
cosnetic,. which.co ise . sitio onpr i sl Ny t in -

medi um cRai na?h?t?/gg% %%é%?”g@g%?d‘%% (ﬁ)& éa?r?yé%énggsoff C %iassms 0416 or the

e y o . ! o o
o el f eod, SPoRELLS [ Supd PoERTTOR CORDSEFRIM Moot Sl N cltm i
medi um chai ne§at tye @6f £ 69t €F 1 t 6 OF i ROrd ey, O Aod! Aldmede 10 6 or the

conposition conprising the conposition according to claim7. 20 19. A
met hod of progucingdde ard B hivhiH Fwiprid®sd the composition
comprising the astaxanthin medium-chain fatty acid ester

10 according to any one of claims 1 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 producing 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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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 following steps (a) and 25 (b): (a) a step of
extracting said conpound from Crustacea using a solvent or supercritica
CO'" and (b) a step of purifying said conpound fromthe extract - 61
obt ai ned by the step (a). 20. The nmethod according to claim19, wherein

Crustacea is Euphausi acea. 62
obtained by the step (a).

20. The method according to claim 19, wherein Crustacea is

Euphausiacea.
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