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medium chain fatty acids are fatty acids containing 8 to 12 carbon
atons, and they are straight chain saturated fatty 55aci ds having an
even nunber of carbon atons, that is, caprylic acid (octanoic acid),
capric acid (decanoic acid), and lauric acid (dodecanoic acid).
[0011] Further, the twin, long chain fatty acid, is used in the
present &spRGHE G DihckiRd SRRagyar dnainbiialy Gid ocs Oty Ate bHghaFRFRie£nd dfbns
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oreover, wi en the compoundis d:gested astaxanthin medium-chain fatty acid esters are cleaved intofree astaxanthins
40 and free medium-chain fatty acids, and so these are digested as free forms at Intestine. It Is well known that even If the
medium-chain fatty acid that is released at this time is incepted in a large amount, it is decomposed in the body and
converted into energy, not being accumulated as body fat. Accordingly, this well fits the recently increased health
orientation.
[0009] Moreover, the astaxanthin medium-chain fatty acid ester obtained by the present invention is not only provided
45 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 astaxanthin medium-chain fatty acid ester has better intestinal absorption rate and
accumulates in liver tissue penetration much better than commercially available natural astaxanthins.

50 Astaxanthin medium-chain fatty acid ester

[0010] 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. Preferred

medium-chain fatty acids are fatty acids containing 8 to 12 carbon atoms, and they are straight chain saturated fatty
56 acids having an even number of carbon atoms, that is, caprylic acid {(octancic acid), capric acid {decanoic acid), and

lauric acid (dodecanoic acid).

[0011] Further, the term, long chain fatty acid, is used in the present specification to mean a fatty acid containing more

carbon atoms than the medium-chain fatty acid, This is to say, it means a faity acid containing 14 ormere carbon atoms.
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mat ogr aphy. Cenerally, |ipase can be immbilized on a resin carrier
capabl e of adsorbing a protein. Reaction material, astaxanthin [0029]
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t enper atdisiQiidetes [e@mﬁseadn&afr&@&nggggjmsﬂenasangwca mddﬁ&ru&ae&ea.pa@dl_ kit.pdh as
a subst rligasedsfifedrtrdmytheaericdss ot animglh. Yiewerdr, tlese Leddin the pBEntreetmmscidimigotherely. Aand
S0 i t*i dirgspk By bﬁ@?d ﬁﬂ%ﬁ%ﬁ@@l%ﬁ solfipRk topfgningrthe 6H eron Sfiad estaxan®io er e#‘?’%@@ﬁp@iﬂm S,
enzyne redETrBERA fﬂft%a"ﬁﬁ“‘é" éiﬁ’@?sﬁtﬂag priningmgdiypghain, fatty pcig é‘ %“Feé?’ﬂft%‘arﬁi‘l‘”
37C to umf | c:| IPEtfaPﬁ? g tBﬁOTfaFyﬁmﬁrTa%?”g' ?Sty ol z#ﬁfed Lipase

env ed from Can prefergble in te yield. Jn order to enhance tlca press e denaturation
deconposj b oIk ﬁ—gh R "Eﬁa Besllfe bhebit) AL Bl of by b Rl e
pref s a rﬁ,gtsgt 8 B B e tog;gbgyma reac lon in an I nert
at mos pheboes]s Updle @ inthd pr@@ifiiVerBién c8Vbd Bo@a sr dist AV Bueddé soi\rénp&ﬁr&d ipSRdanl N
react i orveu2032] Asblhiearcadunbiizafon b tapiarsed uski@gimimsbilitel EpadariBig@¢lE usbd e @irdobilddd 1 S
100 u ( =irase ke przymerissiabiizes, BOOGOLey¢cRITY therelymaducipp prédestientshsy THeQOMbilirAtiomy livageo
30000 u/*praries ouiky & ownagiheseds ap inmelHienceepriifowp farrien sughsas silea el Bt - chfageteWé
anourft ""10 g "§8‘F?ab§§se ’HFFC‘EW“S&?V&B‘?““’ FUH: Ka%agaai%ﬁ UPR(TE: deP ‘f“tﬂ
est er czﬁﬂ?& o eapER oy PeV%{°P FrOFSQTERRD fy BorgggepSysterp p Boed BAptaFRg Ry

Oreover, Ilpase can be immol ange resif which is used in porific
thermore, llpase can also be immobilized on resin used in adsorption chromatography or hydrophobic dsorption chro




[ 0039] A natural product used as a material includes preferably
Crustacea, and particularly preferably Euphausiacea. As a

Euphausi acea, a commerci ally avail abl e Euphausi acea can be used. As a
sol vent used in extraction, any solvent can be used, as |long as the
extraction of an astaxanthin mediumchain fatty acid nonoester and an
ast axant hatsyrapmyd ebrally; ipaseaanfoainiybilized bich relin@ S tie@fapabia bf alserbiGedpfote®d OUt Wi t h
the solvent A preferred solvent is acetone. In the extraction step,

not onl yﬂﬁ'@@!ﬂwﬂﬁwﬁﬂs but supercriti cal CO2 can al so be used. The
purifi ca t.axant hin di um chain fatt aci d 5nmonoest er

|n € or.es e gitl i or n
g‘[}? t fﬁg ?’fgﬁj Tﬁ] Iﬁ)%%{it‘tﬁai@atrrb orﬁé%}fgfg?n&%é%ﬁi in, a 326:# & 8 Q}eflfioné:a)):'
fas nt era eproduct
chr omat Oﬁfrrﬁ‘@ -Sighia) 9:Gn SEARLH Sk rﬂtgnreCFQm&p§1|a§téx%m(69£me@bﬂhltﬂﬂg ﬁﬁ?ﬁ PradiA SR )
medi um chidb Bin faboiys, M6 bxthactig BQEHnG f thadk6in, a1 A Bk MirtHET:EHe, AR 2staldiBih Botafnad t Y
aci d di estegwringlyt@edngdicioygasine yeret, fned &1 piehts tibOard e byanefic@hedtiad, @1 kxrhcging or
[0040] Crdifgngd frein thead, wayelsa e eeth Fha fihtabieesisnt . reantntiiin maypeeinaersiervéester, of atitye
aci d est @lb"“bt’s"etsi"%'” ’p'i‘hérs@?ﬁs‘ai‘aﬁtt)'@ﬁw el eﬁ‘f‘a‘éﬁé b%u?ﬂ“ﬁ' Prisit”@t]'c e PHFWJ'F'tei“@%t For

use. As g{i sug, as stacea Shl’l FF tdfr |s ftmr |EsatZr?rus
nat e”5a| éndgn@ eri @l';: |tyga%bt E: iiﬁﬁjz&qi% taxla

col or pr&l@@eruie}fw.ﬁsﬂpdﬂﬂor&%@ﬁu%nm §or§\5} de§oftE @ &e¥ b(freé thin
i ght, phlyandksienbd dsarin dbaatorli Ngly, a fia pigment (a free

ast axant hin) and a Haemat ococcus pi gnent (a | ong chain fatty acid
ester fommam have been used as natural pignent(food

addi téi"ves I\/breover si nce the astaxant hin shows strong anti oxi dant
activity [° ”t?é%a'"é i bs%“ "T‘*ﬁtﬁf@taf% Fa'g*“r?at"ttﬁfa ‘EC‘QS[:gng )

do t | i tot ca D tty
t hat has § I'Z % égid*r #da K( Fi’chc‘:t)r(é latwfa & %g?z?tfom bove group.
enzyrm— 'Iﬁ ey |n%1§ r@éfeﬁt n tenor Mtlndﬂgav!ejlﬁ actlwtythan
f unct ongs fre@@d aacscaaalgo@mfect spe@mc tamaéadcn&et ata@m S‘hQEMng%lcéhhéTQ?; tottn%omammg 8to 12
ast axant daibon areeland B (brai elerfiradedty aci d ester havi ng excel [ ent

digestibility could be produced. [0042] The red col ortone of the
ast axant Beegiondempereiwre chai n fatty acid ester is the sane as that of
astaxant h| ns cont aj ned in the conventi onal Phaffi a and Haemat ococcus

pi gment . Py dEnsaReige % PSR} P e SRR B PR R Qungﬂlé’“d e = feAgen

m eratu:’e ..The ten me rea |on ES esirably carfi do ercon tto inwhich h rmal
ast axant f¥-HEAPNR SR P I ALY

]:I se%g é\nvg n‘q{%q ratgr]e s$|| Fr%
can be ﬁisLﬁ)Qratg %Qanthl Bﬁcr@a@tﬁﬁ)&@ﬁﬁ ke@ ol én%aﬁ ﬁtﬁ fBr%l@lﬁPo%rast ifthe
est er - coich RinReauRid Gt 2@ lasehamiy Bgregandd gl %&Etlstbale (totky el PBglaenbd, et@s
ant i oxi davnesecdoiidvant yo ibis @soaxtpettadle Thidng invrotiapaton2iEkapobis @okybetkdctn istnfvan
t he convrefarably erarted qotebd thriraraipre of FERA to SeTAdN thetpeesdn] ifvention[ Q@GP prertt hedeboynposttidpe
ast axant HhinpEsiEADITfHe Prraiisaton ditstalo mYerale spraPutEd ﬁ'tzﬁ‘?erﬁtaﬁ'g“ gl ing't oA @mpsafers
can be fdﬂ‘éd”'t°89”B@\Fé?gé‘§es such as juice, alcoholic beverages such as
liquag, %m ‘%ﬁ LQDSE Yeacthi Shery products such as fish sausage, and
condi nme ng or ketchup. [0044] The above astaxanthin
medi um qu]n The@nbuyit oBifds€us @S iR ipreSatladion is @ u Qluhig.nantelachod Wamd:, ali pRRrabksiGed | N
t he f or el reanodd Ouedsuithsdsfett@dhephadibCin a@ixaniOWEERY amouhibElipsas lesd tfah @ u/umol,
product =pasteximesinfatyedid esteccatgt bacbdinergt & Hue vidldWheo wirae gstdxatitl lsesed hssisfistatesevéno
the A8t dhuerethian WWd'FQJ priRateds “PPdfaaft"taVabaGifed ceat karexreeitt 2ad 18t i ot BRkrdbleelpidhe
fats anoothgrthfa wh ofrﬁfr% terf gnnSfrseglasF%HratélxmPr'gququtpfg\esynthesmed
per mi (1 mée,,za ttme il tf.v;ita: e T A s
such a gcoq;%,g arycer fatty aclds, "sofbitan
fattye aC| d est ers (span, et c and sucr ose fat t y aci d ester, and
nat ur al ﬂhmﬁﬁw@ehsstamhaaﬁanbaﬁmrmtmm enzymatically treated | ecithin,
gum Arabic, Quillaja saponada extract and egg yol k. 35 Use as heal t hy
f ood andP®?l IneppleEee patvremipe ssiiaehisan DOUSaciqsjubed inghegrefepitingention fstoepdyidivigedt he
ast axant'® ??Vef?é‘d CORAISCASRAN PO PR JHMBRE PidpMaadgouRs f "tet?éa Fe<igadt That iyeTaY. it 639
have *tnl Y4 d"’%g SOIBET MRS PP o at’tgtg:edt"l‘ g "E& LA e h°{ﬁ5?bf°
fi

used as T%T Aol chffé@ﬁ& e A 0 5 i

respect to astaxanthin based ©h a conversion ratio of free astaxanth[n Inthe case ofthe latter, the fatty ac1ds are present




[ 0058] The organi c phase was dried with anhydrous sodium sul fate, and
t he sol vent was renoved under a reduced pressure Thereafter, it was
dissolved in 15 m of nethylene chloride-hexane (2 : 1, VN, and

col um chr omat ogr aphy was carried out using silica gel (250 g). By
elution with ethyl acetate-hexane, a dark red solid (304.2 ng, 22%
of ast axamblirdlio 8GH BB I0Cand@srirdhnl BES § 8b wikaSpRb Rtald@fin st €Eélsion ratio of
acet at e- exansthpl: 2, V/V), and a dark red solid (377.3 ng, 32% of
ast axant [#93d] Oeampiacthicedavd 2 noreoetd Giohevibes the Bioes nerdficdtinoasiatahtain ie hdhyufficiently
acet at e- ﬁ@%\&ﬁéﬂd(a&mfdmgw itis ypdequataferapralion: WhenastanBingR'e 2 eanteclraipp lvrsbandfie above
1H NVR: RZS)‘; grg"yxgtlmprog?_q)ent jlf_em yannoﬁ_bez@eoj_ed@g{tmse%qnﬁcatlorldo?ln()ré)rogrgeﬂjiue to

1. 22(s g%[frea fon gl peaxantily goncenyratisns  o* " 31y 1. 65-1.75(m 5 2H), 1.81(dd,
1H, J=13KZoh3kz) . 1.90(s, 3H), 1.94(s, 3H), 1. 95-2. 1(m 2H), 1.99(s,
6H), 2.00(s, bH), 2.15(dd, 1H, J=6Hz, 13Hz), 2.35-2.55(m 2H),

3.67(d, (héds) JrcHkdzton tind fodRectkilele reawuhm;aﬁzasmmv&m,.sdasﬁm)z holDs doid{getdthe dekktion
J=6Hz, liékdrphort G flotids datSnof pmgredsdd)muctPmoghil & hdt welerabie tivpd tie eBynAsdaaixainioiasses
decanoi crelatvghcsloly end the fecorpestispobastatenthin ¢htsts died tee reeetioplalsrpnoessss elativgldsidvl 59|
In the s%?ﬁ@b'?fﬁfﬁﬁ'é‘?"?%@”f”?? e NG {9 51928 18 et alioryield 4T aprprlyet of lalgrest fythegpreperty 5
g, 563/@ ‘F”t'&”sf’aﬂ%if?tpfﬁ"i‘i‘ "B’&E 'HRSF”{?”%{ P FIpENO pive o aYffeption. TSRSy PIPTRIEpledRRmEpHt

100 1n an ine here such. as nifrogen gra
(9.6 astaxa I'ttgﬁl ngdecanoic agid Tono8st er were obt ai ned

from a_st@megmrﬁlus@aﬁ)re@cua,ano?m’e-aﬁommI ), WsC. HCl (14.9 g, 77.7 mol),
‘decanoi c acrd (9.8 g, 56.9 mml) and DVAP (2.8 g, 22.9 mmuol).

Ast axant 0issl deieangneCeaeticn ittheghtegmiingdntion, 2d drbalBR( <@k bd)sed dBrind M@ actdn. BB Eitieringb H,
J=7 |—|22)7 tiye spBilitylof I@@@ Mrlanctloﬂa @Qp@lgr sol\@H)s pref@rat%@;gmflc @H)mles ts@&ha rl)np?\@(snfyent
4H), 1. 9 ugen h@laue beg_zergg:argonf(rqﬁlonﬁfq..ﬁcetoniargg Anﬁq.LWese@tv%(:%\beL@q,q)butconSJdermg

lie: to fo e Igm efer ms gf t |§y n t|on of the
is?gxzn?g}??ﬂ a& gﬁimc(lv? este sU étraq{ﬁ sa%{gggg J\@g 8‘ Qn IS %& IventBH
SC ofthe
‘] 7HZE)5 |dlr b tri 8, w}’nlch Qs It Irda rea tem
@.me |sllse@5he1|sez (xm;amzéfj)tentl ﬁéﬂ»@dﬁg ) solkml@h‘iﬁ the pkaaERihventian i<HQ4rSoly
3H) l 915(05&; an3ipynt it 18B&erZessli(riad, andirfore pﬂafeﬁ&( 20 orldsh time of QA¢tiSs, oildHnd) fats 2 tdk of
20(dd, ldslaxagthifehd iR aciddi3Eqen)if the BrodBBsoRerBS(ser at 4@ kihount Byt@dahts abdvihmount, 118 Réatial,
1H, J=. 6+t Promgtegs pnd mEchBift i xpentipql to m@e-pexand aftpfLpmplegon pHhegeadtion. AqgprdinglyHys, not
CheniRal *¥5hit ReRsPs of astaxanthin [ono chain fatty acid ester
25Pr oduc taxanthin palmtin acid diester [0060] In
t he Aol °”ﬁ%agr"fl At i on exanple 1, a dark red solid (582.9
ng, 93%[0@’;] ipds@reaidh Rl ahevBabid YededoR 1136 |a|§'ouﬁlc|o%tee§ 1aME She QAL 1S EkartHifHRBaium-
ast axant dadinfatly 3ckBestdrs B hydQlyZa8 Accorimly,)it, hadABEA. ctifrhon 6ddsedBre@ice the 2AOUNTBIWALYr fo the
pal m t i rmidrgimdn s .syhhety reaclion ABramsgtdrificatiam Howbidh\E: stafsd abbverng a re@it @nsivildies by
30Ast axhrrreeant Iyt it Wam fopnd thet ovaterdxpesitivelyidddeilRa ceBETRBY. thE pPBGESEion OBﬂGfer'flcatwn
J= 7HZ oltrazﬁstg_nflqﬂ? ﬁg;;s The Efd’tzg l@untg er lsi!esg@ gta raBlH)f05t$ go rfac% ]

stax id! ratlo °/ Eve ent er exceeds
‘2“'%, 4%- %ggréa ct%] rbgr 52 i %%iéd egl_%’gs 8rogﬁs es gl ?@deneratlon
S asta Zhgﬁfeste | ’re n;lge refo

Production exarrp taxanthin oleic aC| di ester 35 [0061] In the

sane nammﬁat.asaﬁéraon{agmdu%a.an exanple 1, a dark red oily product

(615.6 ng, 879% of astaxanthin oleic acid diester was obtained from

ast axantbi§] E8MPesDf amythoddf EAGIngremith enziAB@adHDl solftion ofBe rpsenPinvErBonnamestaxanthin

ol ei ¢ actedun Era'stﬁv 'd"mma@er?fﬁwa)nthaﬁeﬁmmf dgzesﬁrpwmcwsmapgbymyeyentbmdmg
o @er@% (tlude onjne

ng o f me n
Aiga)iazt%f F‘ngﬁ% %ﬂ] d fné?t g feag%ifatmn %Fte d m@g% %’_Elons iuc
tioR, hroma phy Ilca gel mato Cblned
fétu th
at |s

Iar
6H) 1 53- §s |t mes §ellm a le mnd
5.30-5 nthl bléster tefidién), = fr o fﬁﬁy lebived froma
| mobi | Iri'ea[TJrh ﬂlﬁin faty atid tﬁmsade%[j E}(bﬁczésw&em ah)str’étyma% a@femdm Jpasigty e rigy@ekie
f r om yeastee apdamaheitidreacitar ket , and an exanpl e of such |ipase includes

Li pase OF (product narre) derl ved from Candi da, which can be purchased
fromeVEl_P[ng_ch_ S a_mel -B num__,z. eigestgrang gsiaxa “ue gumichainigihnaeid diestar bya

Li pase G<egigni be expl ai ned bel ow.

[0039] A natural product used as a material includes preferably Crustacea, and particularly preferably Euphausiacea.



Cor poration) was suspended in 80 m (5,760,000 units) of a Candi da
rugosa | i pase solution (Lipase OF bulk, 12.5% 30Meito Sangyo Co.,
Ltd.), and the suspension was dried under a reduced pressure to
obtain an i mobilized enzyne (60.3 g). (HP1M3 35[0069] Twenty-five
gram (wet weight) of a nethacryl adsorptive resin carrier (DI Al ON
HPIMG M ssrupragshtea Gh@iera@ly aGREIPEbAlsiatHa ban RS ed MSHISRE@ERd InBxtr&@ondny solvent
(5, 760, 060 bausddtas png@$ thegext@atiorehf =6 astaxantyio Siediumicissy B0 htrbdseirand b ks din @kdium-
bul k, 12¢c89dativei tiesteSamepcania@out with thegiojent. Aapdenehivaitis grelens| liothe exiestionistéperdt
under a P'@’d[&ﬁf@dm‘tﬁ?‘%@ﬂﬂe'@"“?a&%m‘ alforre ger ThaPHITSPID & BepsieyRiyryRediom-Ghain fajgypcid

40( HPA25TPHE7) 9@7@%’?‘? tojn fpqdiypchgip ﬁmaemetewer b@ﬁ%““)‘*dﬁ‘f fopexpipGHPY 1i5? BHBTFpe
aronmat i cz:a;r BhrypjtiOD °°"mo"%hr°emat8?1“§’ 9e resin carrier (DI Al ON HPA25:

M ?SUbl SEUodgfhl i ] agt%nt%ﬁﬂ%drw&gﬁﬁ gd h&oé@raﬁ&asﬁagntmﬁﬂedgrqo
uni ts) Ofnhaiia i i I pase : %
Mei t oeSangyo Co., Ltd.), and the suspension was dried under a reduced
pressurejges_femlai_fn;an 45i mobi | i zed enzynme (12.3 g). (Filtration

auxi li ar celite) [ 0071] Forty three gram of ceRe (Hyflo

super - ce °°4° %ﬁ”%ﬁ‘w Pae ’ﬂ?éhe a?‘?’i@“ MR- CaT R ARSI Pfﬁ‘eSBsemm"egB’” rETntytes

c b u
uni tS 5 Uﬁ?nlgﬁ]heh %%R col amon %ordsan@ |sirjel¢ |vel st T‘%o eaﬂaht pH and
bul k, 12m e et %EFH:E%E%C&U&&@%% OB eTabeer
under a Htsx% h:@ﬁ:ﬁ&b%wlﬁedtaena% Hrnt(RBY MR Mbrb & CinGd 1He)aBa rﬁ’n@ho'irs& ng
" | mobi | anB@ikdnosativief it rkekipa sentioles b WeathndtibralRailiaGlo®ent 1A fis BdVE existed pdibk7 thedm-

| ar ge nusideityatid Vds papetcaitestéried ¢b siah emseraglinhagingsad tuetions, rains gnearstousande
pr esefit . fatArPntem@ggIaeaxra@mare#urrrpca@eafd eqidj eter dlaving exealldnbrisetivilitygousiéek prergietig

AI cal | efﬁ%‘%] olor igpeQf theggtaxanthin mediugr-chain pttypsid F'%!'Ff’a%ds‘F%“tﬁ?ﬁﬂmetr“ﬁséc’“ﬁaﬂ’gyo

m th ve | delgggmrg rg e % h ﬂﬁ%‘,‘%fi
s anthin medl qi erconta:n orlsan? é Eofoo he in medrumc arn
dESCI’ I be@yﬁ QY. coI: ? anglf ggtr [E’aéaé x: xp@cjcld to function

Al cal & geRfs tettePR:R e bR %\ amdx@ name:
Li pase [oda} \MtSaII)dihSSS&kéﬁtﬁaﬁlmbd‘hm ﬁi.nrrény afd eslérsantaimh@&ls Mqataercan baaddectt&neverages
suspensi st avaige, atoilicyaeegensieraniogin tonfsbtibriary Sishkry @bdudh ssdh bd flbteselisya, ta@icondidértse 1
conpl et | e spfiressihpr igicbysi s, insol uble matters were elimnated using a
cent r| f ulg¥4k Jhﬁsrvarﬁt?xwherne%rﬂcmrﬁﬁ% @'deeirrm"ratﬂng °"méfaﬁafwdrr> e lgrha st

t) G P oRids: Fr?ﬁ “{:é'i“r prrde%qrrtre@rdu #8!?'14@1(1 LBAsTTep e

axa iU as ntaj t t les sifier

Chem cal ; rn?ﬁé rgi'll Ibgg clu :éj ﬁl% r\ra orsfg%#% él@ rlec %ﬁ@ d:;[];@l cerin

susp S'&Qamsso itah & aHE] s( a l—éﬁ cchE @r@sagid gste Qner Erﬁ\p d quch as lecithin,

| mmbl | | heharRanyyeamd 1REHdoul) ABo, KA ARG c@rbot D 334HEX. I €act i on Exanple 1

10 [056)74] Tvvo rrg of a free astaxanthr n (manufactured by Signae) and
zitniood argiol sy s rftedsls fatty acid were placed in a brown

gl ass bottl e. ase derived from Candi da (rmanufactured

by Meto €4 ﬂd%atmtt r&rgf fneq'r r??;?‘“fﬁ_“Y ageer Pfeeaem\ér&aeeveﬂﬁ'er%’to
and 3 ﬁ;‘b tr%uie DEt a ﬁnjf aS@an “'??fjeﬁ JUM- C n.fa aCl r{;ﬁer:'ﬁopr: atg’ll:lf ]S an I:'ilrselss
o tervar wanth G abe Igf S e FACLHO nrrrﬁu% AL B P8

45C. Thrgged ayr%e Lt B hihe t:zi@@of fo@ﬂfﬁ&ehé%nthes@el A et RayWa SmusRds %Fbo@déped foraa@rfitrorlﬁ t he
COMPOSi tihapresdnBidvénBon(ipemfit Bi@ Bdalfy RodakBor BppRMYT@ChhBhddRlaka fatsfe adied, S btibl,

t he conpogietilsiir isrselécied amidtds uSd in@rpist axaniAn emulsGedReRDAORPloeLsd bpading tres S

t han “1% felpengtiesd emfsfiey s the Whaxanthin megign-eaxminty i estexdontaivroets ahd fetmamrﬁrfgrﬂa
yeast wal‘é"mu% 5’&”‘?“??§i @&‘d ersr's'ﬂerrre mittpdeupdertha FAOCRARToR '—%‘Ydﬁ‘ﬁ*d&“ﬁ"ﬂ? wiyatpry sugh

e sucrgge;f egt

al most tHE rodu ssuch as n enz | ?%regﬁe%ﬂcrtrwg 8 %aas @H nufe%"rt%e E'BY H i
case wa % % e m-chiai J Iéfﬁm o{ﬂtna d t%&gng%&lgte ?ﬂﬁ %faer
20 Bxa ro?ern% QJ ting éﬁ@nt 180heQlis 2 f tE 51@ a@aﬁe Etmrlr

Si gne)  ajaghs $E4Hhs ABm rot&n&éu&ﬁ@d’krhhbdhl[ﬁ&al@mhrcb@h Ve brigdiln, inestmsfsmuary e@ﬁrr

wer e pl atetbolytrat@ushd i0 e ergdpatson laitide ls@reh fioRe@orh) tHficka etled WeBbtoy potity, @ilrot pawfa S €
deri ved dexripreu@an dicds. l{cirgenufotiert. inrdsionbas aPdubin stabilizBapiig juoh Epptassiurtpbsphate,
product Sad4Fephosphiats grsediumplrateppatirabgiechaheimerapic or aesth, dun qignate fndgiierean giws
furt Her PR d° R etg o AlOXERTS S1oa gp 1ppntrg e plEcde i8f ds. Thereafter, while
stirring, reaction was carried out at 45C. Three days later, the




[ 0080] Twenty-four nmg of a m xture of astaxanthin esters extracted
fromthe nature (manufactured by Rano, product nane: Astax9000H) and
276 ng of tricapdlin as a triglyceride formfatty acid were placed in
a brown glass bottle. Two hundred seventy ng of |ipase derived from
Candi da (manufactured by Meito Sangyo Co., Ltd., product nane: Lipase
OF) was adelgd thereto, and 22.5 ILL of water was further added
thereto and stirred fully afterwards. Thereafter, while stirring,
react i onlopgs Toarreberd ingstion i furtkbbBecifiatiy deecritgeip the fodidwing produttien exgreples fnd gxamples.

sol ut i onNRASS PaREFsOPRTPIeaHYPrvie [ HiFiRYSIPY RS orbatrt are Bt inlgrdeHX Wi R Poarewa s
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( Table 2 ) Exanples 1 2 3 4 5 6 Reaction conditions Astaxanthin
Type and anount (ng) Free 2 Free 2 OA ester 2 OA ester 2 Astax 24
Astax 24 Fatty acid Type and anount (ng) CO acid 300 C8TG 300 C8
acid 300 CEITG 300 CO acid 276 CBTG 276 Lipase Type and anount (ng)
OF 80 OF 120 OF 80

water. After completion of the dialysis, insoluble matters were eliminated using & centrifuge to obtain a clear lipase
solution. One hundred gram (wet weight} of an ion exchange 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
immoebilized enzyme (62.8 g).

"Immobilization on fon exchange resin (column methed)”

[0065] In order to immebilize a lipase on ion exchange resin mare efficiently than by the above described methods,
immoebilized enzyme was obtained by the following immobilization method.

¢ Joos6] Thirty-two gram (11,520,000 units) of a Candida rugosa lipase (powder, Meito Sangyo Co., Ltd., product name:
Lipase OF) was dissolved in 160 ml of distilled water, and the mixture was dialyzed overnight with 10 L of distilled water.
After completion of the dialysis, insoluble matters were eliminated using a centrifuge to obtain & clear lipase solution.
Cne hundred gram (wet weight) of an ion exchange resin carrfer ([Dowex MARATHON WBA: Dow Chemical) was filled
in & column, and the lipase solution was supplied thereto at a flow rate of 1 ml/min so as to adsorb the lipase on the ion

15 exchange resin carrier. The adsorption carrier was dried under a reduced pressure to obtain an immoebilized enzyme
(66.7 g).

“Immebilization on hydrophobic adsomptive resin, adsorptive resin or filtration auxiliary agent"
20 (Phenyl)

[0067] One hundred ml of a hydrophobic adsorptive resin carrier {(Phenyl Toyopear 850S: Tosoh Corporation) was
suspended in 80 ml (5,760,000 units) of a Candida rugosa lipase dialyzed solution (Lipase OF bulk, 12.5%: Meito Sangyo
Co,, Ltd.), and the suspension was dried under a reduced pressure to obtain an immobilized enzyme (24.8 g).

25

{HP20)

[0068] One hundred gram (wet weight) of an aromatic adsorptive resin carrier {DIAION HP20: Mitsubishi Chemical
Corporation) was suspended in 80 ml (5,760,000 units) of a Candida rugosa lipase solution (Lipase OF bulk, 12.5%:

3¢ Metto Sangyo Co., Ltd.), and the suspension was dried under a reduced pressure to obtaln an immobilized enzyme
(60.3 g).

(HP1MG)

35 [0068] Twenty-five gram (wet weight) of a methacryl adsormptive resin carrier (DIAION HP1MG: Mitsubishi Chemical
Comporation) was suspended in 80 ml (5,760,000 units) of a Gandida rugosa lipase solution (Lipase OF bulk, 12.5%:
Meite Sangyo Co., Ltd.), and the suspension was dried under a reduced pressure to obtain an immobilized enzyme

(13.1 g).
a0 (HPA25)

[0070] Twenty-five gram (wet weight) of a high porous-type arematic adsorptive jon exchange resin carrier (DIAION

HPA25: Mitsubishi Chemical Corporation) was suspended in 80 mi (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
45 immobilized enzyme (12.3 g).

(Filiration auxiliary agent: celite)
[0071] Forty-three gram of celite (Hyflo super-cel: Nacalai Tesque, Inc.) was suspended in 80 m| (5,760,000 units) of
5¢  a Candida rugosa lipase dialyzed solution {Lipase OF bulk, 12.5%: Meitc Sangyo Co., Ltd.), and the suspension was
dried under a reduced pressure to obtain an immobilized enzyme (45.5 g).
"Immoebilization of lipase derived frorm microorganisms”
55 [0072] A large number of lipases derived from organisms other than yeast are present. An example Is a lipase derived
from bacteria belenging to Alcaligenes genus, and this lipase can be purchased from Maito Sangyo Co., Ltd, for use,

The example of immoebilizing this lipase is also described below.
[0073] Sixteen gram (1,440,000 units) of an Alcaligenes lipase (powder, Meito Sangyo Co., Ltd., product name; Lipase

10



OF 80 OF 270 OF 270 Carrier of |ipase None None None None None None
Addi tive anount of water (it) 10 10 10 10 7.5 7.5 Solvent Type and
anount None None None None . None None ' Reaction products
Ast axanthin (nmonoester) 6.0 13.6 8.2 15.3 10.5 25.0 Astaxanthin
(diester) <1.0 1.5 <1.0 <1.0 <1.0 <1.0
PL) was dissolved in 80 ml of distilled water, and the suspension was dialyzed overnight with 5 L of distilled water. After
completion of the dialysis, insoluble matters were eliminated using a centrifuge to obtain a clear lipase solution. One
hundred gram (wet weight) of an ion exchange resin cariier (Dowex MARATHON WBA: Dow Chemical) was suspended
inthe obtained lipase solution, and the suspension was dried under a reduced pressure to obtain an immobilized enzyme
5  (84.0 g).

Examples of enzyme reaction

Example 1
0

[0074] Two mg of a free astaxanthin {manufactured by Sigma} and 300 mg of octanoic acid as a free fatty acid were
placed in @ brown glass bettle. Eighty mg of lipase derived from Candida (manufactured by Meito Sangyo Co., Ltd.,
product name: Lipase OF) was added thereto, and 30 pl of water was 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
5 the composition ratio of astaxanthin was analyzed by HPLC. As a rasult, the composition ratio was 94.0% astaxanthin,
6.0% monoester, and less than 1% diester.
[00758] When an astaxanthin extracted from Phaffia yeast was used instead of the free astaxanthin manufactured by
Sigma, almost the same results were obtained. The composition ratio in that case was 93.5% astaxanthin, 8.5% mo-
noester, and less than 1% diester.
20

Example 2

[0076] Two img 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

25 Metto 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
selution was taken out, and the compesition ratio of astaxanthin was analyzed by HPLC. As a result, the composition
ratio was 84.9% astaxanthin, 13.6% monoester, and 1.5% diester.

30 Example 3

[0077] Two mg of the astaxanthin oleic acid diester described in Production example 5§ and 300 mg of octanoic acid
as a free fatty acid were placed in a brown glass bettle. Efghty mg of lipase detived from Candida (manufactured by
Meite Sangyo Co., Ltd., product name: Lipase OF) was added thereto, and 30 pt of water was furiher added thereto

35 and stirred fully afterwards. Thereafier, 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 61.1% astaxanthin, 8.2% monoester, and less than 1% diester.

Example 4
40

[0078] Two mg of the astaxanthin oleic acid diester described 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,, product name: Lipase OF) was added thereto, and 30 plL 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
45 solution was taken out, and the composition ratio of astaxanthin was analyzed by HPLC, As a result, the composition
ratio was 73.4% astaxanthin, 15.3% monoester, and less than 1% diester. The astaxanthin oleic acid diester that was
not converted but remained was 7.9%. [n order to confirm whether the remalning astaxanthin olelc acld diester completely
disappears in the enzyme reaction, the present reaction was carried out for 1 week, and then the composition ratia of
astaxanthin was analyzed by HPLC. As a result, the composition ratio was 72.8% astaxanthin, 27.2% monocester, and
50 less than 1% diester, and the astaxanthin oleic acid diester as a substrate was not detected.

Example §

[0079] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature {manufactured by Itano, product
55 name: Astax9000H) and 276 mg of octanoic acid as a free fatty acid were placed in a brown glass bottle. Two hundrad
and seventy mg of lipase derived from Candida (manufactured by Meito Sangyo Co., Ltd., product name: Lipase OF)
was added thereto, and 22.5 ul_ of water was further added thereto and stirred fully afterwards. Thereafter, while stirring,
reaction was carried out at 45°C. Three days later, the reaction solution was taken out, and the composition ratio of
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Astaxanthin (free type) 94.0 04.9 61.1 73.4 42.6 55.9 40 45 50 55
(Table 3) Exanples 7 8 9 10 11 12 Reaction conditions Astaxanthin
Type and anmount (ng) Free 2 Free 2 Astax 24 Astax 24 Astax 24 Astax
24 Fatty acid Type and anount (ng) C8 acid 300 C8TG 300 C8 acid 276
C8TG

astaxanthin was analyzed by HPLC. As a result, the composition ratio was 42.6% astaxanthin, 10.5% monoester, and
less than 1% diester.

Example &

[0080] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature {manufactured by ltano, product
name: Astax@000H) and 278 mg of tricaprilin as a triglyceride form fatty acid were placed in a brown glass bottle. Two
hundred seventy mg of lipase derived from Candida (manufactured by Meito Sangye Co., Ltd., product name: Lipase
OF) was added thereto, and 22.5 pL of water was further added thereto and stirred fully afterwards. Thereafter, while

10 stirring, reaction was carried out &t 45°C, Three days [ater, the reaction soluticn was taken out, and the composition
ratio of astaxanthin was analyzed by HPLC. As a result, the comnposition ratio was 55.9% astaxanthin, 25.0% monoester,
and less than 1% diester.

Example 7
5

[0081] Two mg of a free astaxanthin (manufactured by Sigma) and 300 mg of octaneic acid as a free fatty acid were
placed in a brown glass botile. Three hundredmg of immobilized fipase prepared by the methed described in the example
of lipase immobilization was added thereto, and 22.5 L of water was further added thereto and stirred fully afterwards.
Thereafter, while shaking (170 rpm), reaction was carried out at 45°C. Three days later, the reaction product was taken

20 out, and the compositicn ratio of astaxanthin was analyzed by HPLC. As a result, the compaosition ratic was 95.8%
astaxanthin, 4.2% monoester, and less than 1% diester.

Example 8

25 [0082] Two mg of a free astaxanthin (manufactured by Sigma) and 300 mg of tricaprilin as a triglyceride form fatty
acid were placed In a brown glass bottle. Thirty L of water was added thereto and stirred fully afterwards. Thereafier,
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 analyzed by HPLG. As a result, the composition ratic was 69.6%
30 astaxanthin, 21.9% monoester, and 2.6% diester.

Example 9

[0083] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature (manufactured by ltano, product
3 pame: Astax9000H} and 276 mg of octanoic acid as a free fatty acid were placed in a brown glass bottle. Three hundred
mg of immobilized lipase prepared by the method deseribed in the example of lipase immobilization was added thereto,
and 30 pL of water was further added thereto and stirred fully afterwards. Thereafter, while stirring, reaction was carried
out at 46°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 23.6% astaxanthin, 2.0% monoester, and less than 1% diester.
40

Example 10

[0084] Twenty-four mg of a mixture of astaxanthin esters exiracted from the nature {manufactured by Itano, product
name: Astax8000H) and 276 mg of tricaprilin as a triglyceride form fatty acld were placed in a brown glass bottle. Three

45 hundred mg of immobilized lipase prepared by the method described in the example of lipase immobilization 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. 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 84.0% astaxanthin, 12.2% monoester, and less than 1%
diester.

50

Example 11

[0085] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature (manufactured by Itane, product
name: Astax9000H) and 276 myg of tricaprilin as a triglyceride form fatty acid were placed in a brown glass battle. Eighty
55 g of lipase derived from Alcaligenes {manufactured by Meite Sangye Co., Ltd., product name: Lipase PL) was added
thereto, and 16 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 ratic of astaxanthin
was analyzed by HPLC. As a result, the composition ratio was 79.3% astaxanthin, 4.0% monoester, and less than 1%
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276 CBTG 300 C8TG 276 Lipase Type and anount (ng) OF 300 OF 300 COF
300 OF 300 FL 80 FL 300 Carrier of l|ipase |on exchange resin lon
exchange resin lon exchange resin |Ion exchange resin None |on
exchange resin Additive amountof water (1) 7.5 3.3 10 10 5 $
Sol vent Type and anount None

diester.

Example 12

§  [ooss] 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 triglyceride form fatty acid were placed in a brown glass bottle. Fifteen
wl of water was added thereto and stirred fully afterwards. Thereafter, 300 mg of the immobilized 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 compesition ratio of astaxanthin was

70 analyzed by HPLC. As a result, the composition ratio was 23.9% astaxanthin, 1% monoester, and less than 1% diester.

Example 13

[0087] Two mg of a free astaxanthin {manufactured by Sigma) and 300 mg of tricaprilin as a triglyceride form fatty
15 acid were placed in a brown glass bottle. Three hundred mg of the immobilized lipase, Novozym435 {manufactured by
Novozymes, Japan Ltd.), obtained by immobilizing lipase derived from Candida was added thereto, and 30 pL of water
was further added thereto and stirred fully afterwards. Thereatter, 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 ratic was 99.0% astaxanthin, 1.0% monoester, and less than 1% diester.
20

Example 14

[0088] 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. Three hundred mg of immobilized lipase prepared by the method described

25 |nthe example of lipase immaobilization was added thereto, and 30 plL of water and 12 ml of n-hexane were further added
thereto and stirred fully afterwards. Thereafter, while stirring, reaction was carried out at 45°C. Three days later, the
reaction product was taken out. The immeobilized enzytne 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 64.1% astaxanthin, 23.9% menoester, and 2.3% diester.

30

Example 15

[0088] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature (manufactured by Itano, product
name: Astax3000H) and 276 mg of tricaprilin as a triglyceride form fatty acid were placed in a brown glass botile. Twelve

35  miof n-hexane was added thereto, and 300 mg of immobilized lipase prepared by the method described in the example
of lipase immobilization and 30 pL of water were further added thereto and stirred fully afterwards. Thereafter, while
stirring, reaction was carried out a1 45°C, Three days |ater, 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 HPLG. As a resuit, the composition ratio was 15.2% astaxanthin and 1% monoester.

40

Example 16

[0090] Two mg of a free astaxanthin {manufactured by Sigma) and 300 mg of lauric acid (C12:0) as a free fatty acid
were placed in a brown glass bottle. In the above described examples, an astaxanthin and a fatty acid were in a solution

45 state in this stage. However, since lauric acid is a solid at a lower than reaction temperature, these reaction materials
were in a powdery state in this stage. Thus, twelve ml of n-hexane was added to the reaction materials, so that the
materials became a solution. Thereafter, 300 mg of immobilized lipase prepared by the method described in the example
of lipase immobilization and 30 pl of water were further added thereto, so that the materials finally became reactive.
Reaction was carried out at 45°C, while stirring. Three days later, the reaction product was taken out. The immobilized

50  enzymewas eliminated by decantation, and the supematant hexane was eliminated. The composition ratio of astaxanthin
was then analyzed by HPLC, As a result, the composition ratio was 83.6% astaxanthin, 6.4% monoester, and less than
1% diester.

Example 17
55

[0091] A mixture of two types of medium-chain fatty acid triglycerides (C8:0: tricaprilin and G10:0: tricaprin) Is com-
mercially available, and it can be used as a reaction material. Thus, this mixed medium-chain triglyceride was prepared
at a ratio of 1: 1 as a reagent. Then, two types of medium-chain fatty acid ester forms were synthesized from a free

13



None Non

4.2 21.9 2.0 12.2 4.0 1.0 Astaxanthin (diester) <1.0 2.6 <1.0 <1.0

<1.0 <1.
45 50 55

i0

15

25

ap

40

45

50

55

e None None None Reaction products Astaxanthin (nonoester)

0 Astaxanthin (free type) 95.8 69.6 23.6 64.0 79.3 23.9
(Table 4) Exanples 13 14 15 16 17 le

astaxanthin, That is to say, 2 mg of a free astaxanthin (manufactured by Sigma), 300 mg of tricaptilin 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 80 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 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, 3.0% C10 monoester, and less than 1% diester.

Example 18

[0092] A mixture of two types of medium-chain faity acid triglycerides {C8:0: tricaprilin and G10:0: tricaprin) is com-
meircially available, and it can be used as a reaction material. Thus, this mixed medium-chain triglyceride was prepared
at a ratio of 1: 1 as a reagent. Then, two types of medium-chain fatty acid ester forms were synthesized from a free
astaxanthin. That is 1o say, 2 mg of a ifree astaxanthin (manufactured by Sigma), 300 mg of tricaprilin and 300 mg of
tricaprin were placed in a brown glass botile. Three hundred mg of immaobilized lipase prepared by the method described
in the example of lipase immobilization was added therete, and 30 pL of water was further added thereto and stirred
fully afterwards. Thereafter, while shaking, reaction was carried out at 45°C. Three days later, the reaction product was
taken out, and the composition ratic of astaxanthin was analyzed by HPLC. As a result, the composition ratio was 86.7%
astaxanthin, 7.2% CB monoester, 6.1% C10 monoester, and less than 1% diester.

Example 18

[0093] A mixture of two types of medium-chain fatty acid trigiycerides (C8:0: tricaprilin and C10:0: tricaprin} is com-
mercially 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 madium-chain fatty acid ester forms were synthesized in hexane from
a free astaxanthin. That is to say, 2 mg of & 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 method described in the example of lipase immobilization and 30 plL of water
were further added thereto and stirred fully afterwards. Thereatter, 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 81.4% astaxanthin, 9.5% C8 monoester, 9,1% C10monoester, and lessthan 1% diester.

Example 20

[0094] Forty mg of a mixture of astaxanthin esters extracted from the nature {(manufactured by ltano, product name:
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 of Phenyl
Toyopearl prepared by the method described in the example of lipase immeobilization was further added thersto, and
while stirring, reaction was carried out at 45°C. Four days later, the reaction product was taken out, and the compasition
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

[0095] Two mg of a free astaxanthin (manufactured by Sigma) and 300 mg of tricaprilin as a triglyceride form fatty
acid were placed in a brown glass bottle. Thirty pL of water was added thereto and stirred fully afterwards, Thereafter,
300 mg of the immebilized lipase with HP 20 prepared by the method described in the example of lipase Immabilization
was added thereto, and while shaking (170 rom), 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
96.1% astaxanthin and 3.9% monoester.

Example 22

[0096] Forty mg of a mixture of astexanthin esters extracted from the nature (manufactured by ltano, product name:
Astax8000H) and 1.5 ml of tricaprilin as a triglyceride form fatty acid were placed in a brown glass bottle. Ninety pL of
water was added thereto and the mixture was fully stirred. Thereafter, 300 g of the immobilized lipase with Hyflo super-
cel 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, and the composition ratio
of astaxanthin was analyzed by HPLC. As a result, the composition ratio was 28.6% astaxanthin, 1.8% moneoester, and

14
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Reaction conditions Astaxanthin Type and anount (ng) Free 2 Free 2
Astax 24 Free 2 Free 2 Free 2 Fatty acid Type and anount (ng) COIS
300 COTS 300 C8TG 276 Cl12 acid 300 TG (C8+Cl10) 600 TG (C8+Cl10) 300
Li pase Type and amount (ng) Novo 435 300 OF 300 OF 300 OF 300 OF ao
OF 300 Carrier of lipase Celite

less than 1% diester.

Example 23

5 [0097] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature (manufactured by ltano, product
name: Astax9000H) and 1.3 ml of tricaprilin as a triglyceride form fatty acid were placed in a brown glass bottle. Ninety
pL of water was added thereto and the mixture was fully stirred. Thereafter, 300 mg of the HPA25 resin-immobilized
lipase, which was prepared by the method described in the example of lipase immobilization, was further added thereto.
Thereafter, while stirring, reaction was carried out at 45°C. Three days later, the reaction product was taken out, and

76 the composition ratio of astaxanthin was analyzed by HPLC. As a result, the composition ratio was 39.3% astaxanthin,
2.9% monoester, and less than 1% diester.

Example 24

5 [0098] Two mg of afree astaxanthin (manufactured by Sigma) and 1.3 g of tricaprilin as a trighyceride 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
immobilization was added thereto, and while shaking (170 mpm), reaction was carried out at 45°C. Three days later, the
reaction product was taken out, and the compositicn ratio of astaxanthin was analyzed by HPLC, As a resuli, the

20 composition ratio was 79.8% astaxanthin, 19.2% monoester, and 1.0% diester.

Example 25

[0099] Twenty-four mg of a mixture of astaxanthin esters extracted from the nature {manufactured by ltano, product
25 name: Astax9000H) and 1.3 ml of tricaprilin as a triglyceride form fatty acid were placed in a brown glass bettle. Ninety

pL of water was added thereto and the mixture was fully stirred. Thereafter, 300 mg of the HP1MG resin-immobilized

lipase, which was prepared by the method described in the example of lipase immobilization, was further added thereto.

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 54.9% astaxanthin,
3¢ 5.4% monoester, and less than 1% diester.

Example 26

[0100] Two mg of a free astaxanthin (manufactured by Sigma) and 1.3 g of tricaprilin as a triglyceride form fafty acid

35 were placed in a brown giass bottle. Ninety pL of water was added thereto and stirred fully afterwards. Thereafter, 300
mg of the HP1MG resin-immobilized lipase, which was prepared by the method described in the example of lipase
immeobilization was added thereto, and while shaking (170 rpm), reaction was carried out at 45°C. Three days !ater, the
reaction product was taken out, and the compeosition ratio of astaxanthin was analyzed by HPLC. As a result, the
composition ratic was 79.5% astaxanthin, 18.7% monoester, and 1.8% diester.

46 [0101] The resuits of the above examples are summarized in Tables 2 to 6. These results show that the transesteri-
fication method using lipase of the present invention can effectively synthesize astaxanthin medium-chain fatty acid
esters.

45

50

55

15



| on exchange resin lon exchange resin |Ion exchange resin None |on
exchange resin Additive amount of water (% 10 10 10 10 60 10

Sol vent Type and anmount None n-Hexane 12 n-Hexane 12 n-Hexane 12

n- Hexane 12 None Reaction products Astaxanthin (nonoester) 1.0 23.9
1.0 6.4 C8:3.9 C10:3.0 C8:7.2 C10: 6.1 Astaxanthin (diester) <1.0 2.3
<1.0 <1.0

(Table 2)
5 Examples
1 2 3 4 5 6
Astaxanthin Free Free |OA ester |OA ester| Astax Astax
10 Type and 2 2 2 2 24 24
amcunt (mg)
Fatty acid C8 acid| CBTG C8 acid C8TG C8 acid| CBTG
E Type and ‘
5 3 amount (mg) 300 300 300 300 276 276
Fs}
o |Lipase OF OF OF OF OF OF
e
)
o |Type and
o amount (mg) a0 120 80 a0 270 270
2 "?‘ Carrier of
3 .
S lipase None None None None Nonhe None
2 [Additive
. |amount of 10 10 10 10 7.5 7.5
25 water (%) '
Solvent
Type and None None Neone None None None -
amount
30 Astaxanthin :
gﬁ (monoester) 6.0 13.6 8.2 15.3 10.5 25.0
o 0
+ o |Astaxanthin
9 2 | {aiester) <1.0 1.5 <1.0. <1.0 .0 | <10
o M
35 m | Astaxanthin ’
[free type) 94.0 B84.9 6.1 73.4 42.6 55.9

40

45

50

55
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<1.0 <1.0 Astaxanthin (free type) 99.0 64.1 15.2 93.6 93.1 86.7 40

45 50 (Table 5) Exanples 19 20 21 22 23 24 Reaction conditions
Ast axant hin Type and anmount (ng) Free 2 Astax 40 Free 2 Astax 40
Astax 40 Free 2 Fatty acid Type and anmount (ng) TG (C8+Cl0) 300 CSTG

1500

{Table 3)
Examples
5
7 8 9 10 11 12
Astaxanthin Free Free Astax Astax Astax Astax
Type and 2 2 24 24 24 24
10 amount (mg)
Fatty acid C8 acid C8TG C8 acid C8TG C8TG CBTG
n |Type and 300 300 276 276 300 276
g amount {mg)}
-l -
5 # |Lipase OF OF OF OF PL PL
T |Type ana 300 300 300 300 80 300
8 amount (mg)
- Ton Ion Ion Ton Ion
<)
20 ;j f:r:i.:r of exchange | exchange | exchange | exchange| None | exchange
g P resin resin resin resin resin
& |adaitive
amount ,of 7.5 3.3 10 10 5 5
water (%) :
25
Solvent .
Typa and None None None None None None
amount
Astaxanthin
a0 83 {moncester) 4.2 21.9 2.0 12.2 4.0 1.0
- U ! ,
3+ 0 |Astaxanthin
g.g (diestex) <l1.0 2.6 <1.0 <1.0 <1.0 <1.0
QN
R feiAstaxanthin . .
35 {free type) 95.8 69.6 23.6 64.0 79.3 23.9

40

45

50

55

17



C8TG 300 C8TG 1500 CB8TG 1300 cri TG 1300 Lipase Type and anount (ng)
OF 300 OF 300 OF 300 OF 300 OF 300 OF 300 Carrier of lipase lon
exchange resin Phenyl Toyoyearl rAsin HF20 resin Celite HPA25 resin
HPA25 resin Additive anmount of water (8) 10 6 10 6 7 7 Sol vent

(Table 4)
Examples
5 13 14 15 16 17 18
Astaxanthin Free Free Astax Free Free Free
Type and 2 2 24 2 2 2
amount {mg}
10 Fatty acid C8TG COTG €876 {C12 acia| TG 16
" Type and 00 300 276 300 {C8+C10) | (CB+CL0)
g amount {mg) 500 300
H
15 5 Lipase Novo 435 OF OF OF OF OF
& |Type and 300 300 100 300 80 200
U |amount (mg)
=
o Ion Ion Ion Ion
2 ﬂ ;-:zr:::r of Celite |exchange|exchange |exchange None exchange
o4 P resin Tesin resin resin
@
K |Additive
amount of 10 1o 10 10 60 10
water (%) '
25 : :
Solvent " n~Hexane |n-Hexane |n-Hexane |n-Hexane
one None
Type and - 12 12 12 12 .
amount
Astaxanthin . €8:3.9 |C8:7.2
" « | (monoester) 1.0 23.9 1.0 6.4 10:3.0 | €10:6.1
o & . iy il
A O i
+ D IlAstaxanthin -
g'g (diester) <l.0 2.3 1.0 <1.0 <1.0 <l1.0
& & ' '
Astaxanthin
25 (free type) 99.0 64.1 15.2 93.6 $3.1 86.7
40
45
50
55
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Type and anpunt n- Hexane 12 None None None None None Reaction
products Astaxanthin (nonoester) CB:9.5 C10:9.1 14.1 3.9 1.6 2.9 19.2
Astaxanthin (diester) <1.0 2.8 <1.0 <1.0 <1.0 1.0 Astaxanthin (free
type) 81.4 61.6 96.1 28.6 39.3 79.8 40 45 50 55 (Table 6)

Exanples 25 26

(Table 5)
Examples
5 .
19 20 21 22 23 24
Astaxanthin Free Astax Free Astax Astax Free
Type and 2 40 2 40 40 2
10 amount (mg)
Fatty acid TG CBTG C8TG CaTG C8TG C8TG
" Type and {CB+C10) 1500 300 1500 1300 1300
5 amount {mg) 300 :
w -
5 + |Lipase OF oF OF OF OF OF
:u .
g Type and 300 300 300 300 340 300
0 |amount (mg)}
]
_g Carrier of Ion Phenyl HP20 Celite HPA2S HPA2S.
20 ¥y ipase exchange | Toyoyearl| resin resin resin
g _resin resin
[]
R |Additive
amount of 10 6 1o 6 7 7
water (%)
25 ;
Solvent n-Hexane
Type and 12 None None " None None None -
amount '
- Astaxanthin |CB:9.5 e _— 1.6
30 . . . 2.9 19.2
53 {monoester) €10:9.1 ‘
A O
+# 2 |Astaxanthin .
g'g (diester) <1.0 2.8 <1.0 <1.0 <1.0 1.0
& &
Astaxanthin
35 (£ree type) 81.4 61,6 86.1 28.6 39.3 79.8

40

45

50

55
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Reaction conditions Astaxanthin Type and anount (ng) Astax 40 Astax

40 Fatty acid Type and amount (ng) C8TG 1300 C38TG 1300
Li pase Type and anount (ng) OF 300 OF 300 Carrier of |ipase
HP1MG resin HP1IMG resin Addi tive anount of water (t) 7 7
(Table 6)
5 Examples
‘ 25 26 |
Astaxanthin Astax Astax
Type and 40 40
10 anmount (mg)
Fatty acid CB8TG CaTG
v |Type and 1300 1300
§ amount {(mg)
» 5 Lipase OF OF
g Type and 300 300
o |amount (mg) )
S |carrter of | HPIMG | HPIMG
2 + [lipase resin resin
o -
8 |aaditive
amount of 7 7
watexr (%)
= Solvent
Type and None None
amount
Astaxanthin 5.4 18.7
30 o n | {monoester)
3%
¢ o |Astaxanthin
8'8 (diester) 1.0 1.8
¢ H
= A |Astaxanthin
5 (free type) | 54°° 79.5

Example 27 Extraciion, fractionation and purification of astaxanthin esters from natural products

40 [0102] Acommercially available Euphausiacea (356.3 g) was disrupted in a mortar, using a pestle. Then, the Euphau-
siacea was extracted three times with Stimes amount of acetone followed by vacuum concentration. Thereafter, extraction
was carried out three times using a saturated 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 chromatography in
the following order:

45
1} 1st silica column chromatography

[0103] Usingsilica gel (Silica gel 60 manufactured by Merek, 500 g), column chrematoegraphy was carried out. Stepwise
elution was carried out with an elution solvent of hexane/acetone in the order of the concentrations (90 : 10, 85: 15,
50  B80:20,75:25,70:30,680:40,50:50,40:60,30:70,20: 80, 10:90, 0: 100). Elution with the same solvent system
was carried out by successively adding an elution solvent in an amount three times volume of the celumn. After each
eluate was concentrated under a reduced pressure, an astaxanthin monoester fraction {116.32 mg) was obtained.

2) ODS column chromatography

55
[0104] Using CDS gel (OCDS-33-1020T 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 frem the column was dispensed
and concentrated under a reduced pressure, and an astaxanthin monoester fraction (8.84 mg) was obtained.

20



Sol vent Type and anobunt None None , Reaction products Astaxanthin
(nmonoester) 5.4 18.7 Astaxanthin (diester) <1.0 1.8

Ast axanthin (free type) 54.9 79.5 Exanpl e 27 Extraction,
fractionation and purification of astaxanthin esters from natural
products 40[0102] A commercial ly avail abl e Euphausi acea (356.39) was
di sr upt esl ohdRiid cllHh bidmatogtihyg a pestle. Then, the Euphau- siacea was
extracted three tines with Slinmes anount of acetone foll owed by
vacuum ciorske nisingdivagnl. (Siifdgerag abiuietyreddX MareG0 hlomlumadbronaggrapte gasgartied birUsiey

ti mes usfithigrometapa/etyiatetstt (& 8] 4 areelugeiseiteitortiar red iraston gliteddrera theygolimn was digdarsed g
cr ude® ext¥ &BteEED ””i“:’s 2 )"‘CW@?SS&'BFQH 3 BB FrPeprsT EETRY/ P SLeR YL Py er

The obt aj '3%9. cal‘E‘%an oma aTextract was subjected to col umm

chr omat od 'h ThE“ TG Yowi ng order: 45 1) 1st silica colum
chronat o A fle £ ]Sll eltd mﬁﬂu‘a&tlﬁé@b ﬁérck(S& ldo@rﬁn cgl%llnat Q &%&rﬁ’e%w@ by
Mer ckip 5%%0?5%&0&@@ &aaa%antﬁdbmw&pgﬁﬁ@mgm&mg)wm@dmwmﬁ d%ﬁ&ﬁﬂn&@n&r{trﬂ% on
was car ringgla @dlicedptetshre, il @ bdexantin msrobsteeiation. 48 g @i @igraoed ves eotaingn. t he
order of the concentrations (90 : 10, 85 : 15, 50 80 : 20, 75 : 25,
70 : 30 —"GMA@'YS‘EB{D“FMBW“ESZFOfrBCﬁ"'BO 30 : 70, 20 : 80, 10 : 90, O :

100) WI tamthllng er :ftrrefro% he rflztaumas a:setxt(lf"arclf1 ye"p?é?ed %%I’ ! I g:[was l?v!dl 1 mk of
S“CCGSS' .anrrﬁ'i&‘ oIS hor § VS rhelhorfbn wib L W v ers ractlon
vol ume H BBy t £iBing SAG D RhIR aFor WA B AN E B |a tate

reduced IWeﬁﬁ§§dﬁj&ted 3 PacAlcansaaidithi hd B RALSLYEE wds bakh b@uam& ddl@s (a%o anRS
obt ai nedwred by Hewlett-Packard). Mareover, in order to confirm whether or not a free fatty acid was mixed in the astaxanthin
20 monoester fraction, the GC-MS analysis was carried out without carrying out methyl esterification.

"Measurement method data"

[0108] Injection temperature: 200°C, Detection temperature: 300°C, Initial column temperature: 40°C, Increased tem-
25 perature: 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; 45 ;

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

[0109] The GC-MS data of authentic cctanocic acid methyl ester are shown in Figure 3, and the GC-MS data of

Euphausiacea-derived astaxanthin monoester samples are shown in Figure 4. As shown in these figures, both data

completely match with each other. No parent ion peak (m/z 158) was observed in either the specimens or the samples,
30 but a specific fragmentation pattern {m/z 127) was observed, and at the same time m/z 55, m/z 59 and m/z 87 derived

fromn a fatty acid methyl esterified product were observed. Moreover, when samples that were not methyl esterified were

also analyzed, no corresponding peaks were observed, thereby confirming that no free octanoic acid and no octanpic

acid methyl ester were present in the sample.

[0110] From the above results, it was confirmed that an astaxanthin octanoic acid ester is present in Euphausfacea.
35

Examples of application to cosmetics

[0111] A lipstick was preduced by the following method, using a composition containing a 1% astaxanthin octanoic
acid monoester, which was obtained by carrying out enzyme reaction and then carrying out purification operation.

40 [0112] The below-indicated oily substrates were mixed, and the mixture was dissolved by heating. A pigment (60 mg)
and a composition (150 mg) containing a 1% astaxanthin cctanoic acid monoester were fully mixed with castor oil (2.1
@) in advance. The above dissolved and dispersed product was added to the mixture followed by stirring. A perfurne
(150 mg) and an antioxidant (50 mg) were added 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

45 cooling was placed in a container, and the surface was heated with a small bumer in a short time to put a shine thereon,
50 as to obtain a lipstick.

Mixing ratio of oily substrates

Beeswax 1.0¢
50 Ceresin 249g
Carmnaubawax 0.8g
Lanolin 1.0g
Liquid paraffin  2.056 g
Eosin acid 0.25g

55
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2) ODS col um chronmat ography 55 [0104] Using ODS gel (ODS-SS-1020T
manuf actured by Senshu Scientific Co., Ltd., 50 g), colum

chromat ography was carried out. Using 100% net hanol as an el ution
solvent, a dark red fraction eluted fromthe colum was di spensed and
concentrated under a reduced pressure, and an astaxanthi n nonoester

f ract i onefaBpi&4t apRatiskdsoddbt ai ned. 3) 2nd silica colum chromat ogr aphy
[ 0105] Using si I | ca gel (Sr I | ca gel 60 manufactured by Merck, 30 g),
colum c -‘-.1:’ (il haaithinfeed angior guppleinentsit . Usi ng di chl or onet hane/ et hyl
acetate as an elution solvent, a dark red fraction el uted from

Che cl ulfitdh M erwﬁ“%d?%é %ica%“qfw“ ﬁ‘” LN %‘°"'°%"“'¢ iR rﬁ i

d o] anmc{%‘,‘{i Il oute ion encar
and an a ’EL} trthefgll %ﬁﬁjzﬁ ajl "ﬁﬁf ia%h nast i
silica c awmc.@ oerd@a@ Yhesub .sapsg.e fbr%@rea% 00 Eﬁﬁengﬁ

60 manuf agbhrped. PRyardvli &K eme Bt paic apsa@ umm chronat ography was carried

out . dsi agstde penanesapet one (7 :3)as an elution solvent, a dark red
f ract i onErelisifigréedesippdntiche col untm was di spensed and concentrat ed under
a r educetlep¥ egieighizatinghieingn 1RSPERYNE hi n nonoester fraction (0.48 ny)

wi th high LIII‘I'[ was . opt ai rlred Exanpl e 28 Anal ysis of astaxanthin
ester, fr%r%ﬁ—éﬂ—’yféﬁﬁﬁ#%a astaxanthin ester fraction fromthe
Euphausi gReR BXLEA orBLeRALEG: mémmneaﬂ,zdz.dé@e&omrﬁaakyn@r!ts bdfoodmdlrialdf
net hanol in o w¥iHeh @ Bdd] dodnlefE 16dd and Afers ilieseribBd be@l. 1 Masodi um rre%ﬂoxr
was addem11bh en@temodngscibieOpmdasi 1y regakitl Enaerk te@ionWasSurBachlbdRipl TR kamdSinagrial

et hyl aciee adtaantin drasveected with 800 @ bfi ammetiant-eaidiktly adid trigyceridecdnihaiel theriintidaten pfderetel on
produit . aPFpEmaety BSPlY Ofaztfﬁet'cmt%rereayened waseseteb'}eemﬂefdcﬂpm“cv%dﬂmd during the reaction
concent r‘&ﬂSF'SFdeH??BCUFaé‘i'SE" t'°&§|“(9°aﬁ%2aéll11 %F%asmggzﬂaﬁrfﬁ'e?amggtﬁé” a 'Ff?r a&?@%‘%
(Gl 800A mediu charnfl’jyamgﬁam?y\z;np?mad ed th re?goaa?s c:btaln oas axan mmedl a a:tld}gss:
confirm W?c‘% ;P%ﬁs oM fatE‘Gr e té&art&a"xﬁnh Xcﬁrgén tisdP104! 7h i

Zom%esﬁwﬁernar (BRedntnfd PhedidhRail ey Mﬁ eﬁ&@énbéﬁ.hg%um&a@%hfch § rvé%u%
carrying out nmethyl esterification. "Masurenent net hod data"

[0108] | mpreethénodt ditestviestattaangin 200C, Det ection tenperature: 300C,
Initial colum tenperature: 40C, Increased tenR5perature: 2.5C/ mn.
Col umm sﬁ“‘z‘él Usite aForpreseialy aveiebla ag gy e’“’Ff@PIfclﬂrﬁh@fél@we#el%iﬁ%m_%f”w@é@ml 0
m / mi%. §a"? é“d aﬁ%a’““ ®'B°"W%d°" SRS ‘I“id 'fB el (e tam@‘t’

[0109] ﬂbe i AR B B e

estrbrl he Qé: o&;ﬁ P rng
shown i N, J(anglrrsterg adnﬁrﬁ&ireti ggf:% 1) t of WbBin&a ﬁiﬁd’lo'oa/ (@[g)d plasma)
ast axant 4abi e IV BREH FBias SIS RPE. rs‘hb am addrweﬁregurnelealats A afdOWMrs bffdr the

t hesesf | guihiaston Fairk1 devshe et bt @dtagantii tagdd in\tte bibbd @lasah, amirryee 2 shiN@ thaaakent
| on peakin halyer. Ak Si@)n mEigures i grd Rawéseh compaed vith e astakepthis pretetamsChipophlydas of Hae-
npl es, M&Eﬁheﬁtﬂéaﬂ@@mﬁuo chanZereihesiars Fhaved pieh begyr fioe WW"R@‘FBBYW&@nOBStEF
observeo“’"“éﬁ'gl)za *art;'rren;g' aip g W§°"r‘ﬁtﬁriw§5“°5‘ﬁ‘?eite‘5§‘”%€ﬁ © Rmiisigrpd qiariery AR
from‘!@‘ ﬁ%& T{&Eﬂg ﬁﬁﬁl 53’13 Eﬁr I’ ax%nﬁqsrr[z%r%nld alnf Va\lgrr?rgrg)na Sl{)lé;/%nag an er%\\("er?r
correspondr ng peaks were observed t her eby confr rmng that no free
oct anoi cnausTRARAFBLICABILOET anoi ¢ add net hyl ester were present in the
sanple. [0110] Fromthe above results, it was confirned that an
ast axantBinfl deerdingp e ragtiog]of argdugng ap sstapqn@'s apriumicppinfalfy frid gsiér sidhe areseBfvention,
Exanpl esrsfen ﬁ? rae'aﬂtq“bﬂdefo'deoer?eef'wp DI P asixqnih ﬁq'whw@tetw "(féﬁiré@d
by the f |p1'o bz r.l \chong thﬁde? rioris rrz(rirta)ﬁ f&nﬁier?t%asaxa Moreover
o of é1resen IV

tron can tand rod astaxant in |um-cha| id ester from natural
ast axant was 0 ar ne y carrying out

ENZYrge T[@I@@]t 'F%enﬂ@grfetcbﬁﬁsrﬁ%oﬁr &rﬁ@he@&a&arﬁ\ﬂ%’e&rﬁnﬁéﬂfﬂ?m@%éﬂhé ent |r4VQnt|on
[0112] Tihgiddaad e Ardkispbadnds oIS bR iSs, VR Brovit %6 confiflg dnhGaxanthin

M Xt ur e ha@g edkiBs Gifestdity Dy tidaeatretgen. A pi gnent (50 ng) and a conposition
(150 ng) containing a 1% astaxanthin octanoic acid nonoester were
fully mxed with castor oil (2.1 g) in advance. The above di ssol ved
and di spersed product was added to the m xture followed by stirring.
A perfunme (150 ng) and an antioxidant (50 ng) were added thereto, and
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15 [0115] An exanple of preparing an astaxanthin nediumchain fatty
acid ester-containing oils and fats as food materials in order to use
them for food, cosnetics, feed and others is described below [0116]
The net h8|d described in Exanpl e 14 regarding enzynme reaction was
further scé"lsed up. Two gramof a nmaterial free astaxanthin was

react ed A -~ <
2, Sl oty 0 LB e AR
fats were obtained as a result of the reaction. Capryllc acid

I el eased2d i sfexantienadenoe tshy sl sstedpostrdiria hoestimtsywharsih the esbezanthigl mgditimtchataton
al 130G Osdtmels ssw-tncabinmray guofip=dgedhieni n medi um chai n

fatly acid ester con ali oils and fats
Wer e sub e@t %ﬁ;{;mas‘iﬂiﬁe coéqugto ha‘r t\H’r 3 §f fséefanthri@ed&mgpalnéaﬁy

er rs astaxan hm monoese oras éxan in decanpic acid mon
nmedi um chaf n atty yceri de was d‘é%of % Sso as to

obt aia 3% mtaemmtmea.umlh Hﬁ?a@rhl@dtenacf:&dinfg)ﬁ ol 10 .@%i‘ae@eﬁn't&%l&x@rlﬂ{hl rGurRénkiS
and fats. Eecieleal astsdnb arhdtinsddied a concentration of 10% The oils
and fats were defined as food 25materials (astaxanthin medi umchain
fatty ac$ dAewtrsitencommrigiothe agpxoihin giedymebhirg et jicid egibriresbrdimrteanud eans 1dy 4.

vari ous ur poses. I nprovenent of digestibility of astaxanthin [0117]
Usi nd®a it ?”l??sétﬁ'] ageodHP Fab ‘é"'%%%%&ﬁtteﬁft?fa@%‘t’}e%t‘@tféﬂ“ Ry gfyigyester in an amount
Chl orophyc%é ¥ ™ Haemat ococcus (Itano, product 30 name: Astax9000H)
and aSta?(aRFoEHcQépoEﬁBF‘tham%@yﬂrkmg‘?r%tfo%ﬁ énfdth@gommsirtm aorlBRG] dbrp@i n fatty
acid (Asta-C8-nonoester and Asta-C8-diester), the digestibility of

t heser ast. ax antahditRs a WaBetis bria6l iredl febS, I whigh dodriSes thE-@npdsing =2@% e dm@Hor 6.t hese
astaxanthins were diluted with olive oil so as to obtain a ratio of
100 ny/ kY Ametioref predyringdhe §etasaithis feciunt ghaindatiy acjdgxtes prediding to apweck of dignsd foldtheseln
ast axant hr’rfé'"\ﬁ)é‘?dé°'&°d§?f‘ﬁ?%9€é'ﬁ'@ﬁ“ﬁaﬁf‘°?ats (Wster rat). The content of

ast a)ggntnl ﬂ]e met tdg‘c!cor n toclnmtél Wﬁ en ton I"I OI’PE sesterr am%rscarrledoutusrn one ar ore
each T at_WaS, AEARL &0 Ms i gl G
at 3, 5,7 AR mb srrfanyaé.aeesr 'atn emrﬁtiea ramttrxa.tumemﬁereﬁlfrgw eedtmsm\rt@y
t he anount ac@tstdrRmi orssh @otaRkiltvh-Ehaih RIYQE hdferidid deledb AR GheRloRStBistin@dishreEngme 2
shows t hat chtiadgacid, amédu@-chanagy acid Asnogiyrerine a madiufictpinTatgach dgiperid, a medhetthain
conpdf ed weitylacid thoyoesidst sast unediuinahaifetty aad towed alfanddepieCh| or ophyceae of
Haemat ococcus t he astaxanthin nedr um chain fat acid esters showed
much bet't'ef"™@f 8%?f‘11jt§tgl°F't 9°ri°“’“ '?“e“t“f’f \‘FB%%‘-‘@'E?"-&F°“T"8|9W¥P61 Slgtipge

a derive eﬁenved rom a micrgorgapism be| hromo
ast axant hi ct Eé @e%f ?om ({” irégg‘fom anrmal
Further, the.adm stered ester ormas xant n vvas etecte
free astaxanthin. 40[0118] Therefore, it was found that the
ast axantai The freuhd edaraiyad cairf1a whyteiratt lighs D NRORS fro@iyedsiDelagingts Camant hi n
havi ng excellent digestibility. I NDUSTRI AL APPLI CABI LI TY 45[ 0119]
Accor di g Themethpd agsesdingdacmine PeiRPRIC forlg) whareindretasisxantiniviaiariahigiee aprati pnglor a
fatty aci driEgt @At ippet ‘ﬁ}e@%"@ AEXPENRE 379 theredimschein by it igh s 2 Padiyryoaa
out under AVFY@BHE® i on, using |ipase, and the astaxanthin
medi umquaﬁgm%nttcxore@toqnfﬁtetla.nqsagnonerhgrtpggmgdd@nt a high yield without
i nduci ng t econpositi'on or isonerization of a materi al
ast axant1s) The mbdub e Eig to daliersMREE06ktedE addbtxt P £BENG 0.5 MW HD WAV Wiffl Fespect to
extract anekspwottitediiaeizast axant hi n medi umchain fatty acid ester
fromnatural products. 50[0120] Furthernore, if a conposition
conpr i siligh Tehed & RPUKAREHRINPERPIERAYEIRRETEr ?@t‘t"?’“@é@ﬂ"’"@@t“ destehf t he
present i nYERTTBIET"S hHeErrt @ 4" ¥bod, a heal thy food and/ or
supp erren_t S as% é%&clh % dJorInpog [ﬂ‘orpér(ﬂ-l) %%sug g?&v ntgr%ﬂ' rlrtrpallgt% aﬁy
ast axant hi n aii H.bta @ le sss etration.
Claims 1. An astaxanthln me |umcha|n fatty aC|d ester sel ected from
ast axantihi e B&ft.aBodrdng BClith 1 TBRRAESInRlacea R SlpA@dttdhi N oct anoi ¢ aci d
di ester and astaxant hin decanoic acid nonoester. 2. The
astaxanthin nediumchain fatty acid ester according to claim1,
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