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WD 2004/ 024930 PCT/JP2003/011744 - 1 DESCRI PTI ON
PROCESS FOR PRODUCTI ON OF TRANSESTERI FI ED O LS/ FATS

WOR0FIBL4380CERI DES 5 TECHNI CAL Fl ELD The pr eseneCT/JP2003/011744

invention relates to a nethodiof inproving

m crobe- produced oils/fats or triglycerides which
conpri se polyunsaturated fatty acids as constituent 10
fatty acids, by |ipase tPERSREPEEPNi cation, as well as
to |nproved oi I s/fats or triglycerides and to human
nutritive conpositions congr|8|no the

oi | s/ f at SEROGASECGRERNDRAR Y gggéﬁégggégpd

(hereinafter refgyrmed toraaoR ATV GRREDES
docosahexaenoi c acid (hereinafter referred to as

"DHA") are the polyunsaturated fatty acids known in
patctusutar, FoeELbhei r nunerous physi ol ogi cal functions,
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approxinately 10% of the fatty aC|ds conp05|ng

ggﬁ%%%ﬁﬁ@ﬁégﬁﬁ§ such as the blood and liver (for

conpositional ratio of fatty 30 acid

human Wices apeogpesiain aeid epedmadhidoriEedd t%%
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pre%gggﬁagﬁﬁﬁifﬁgfﬁf$yggﬁeN¥)@9@&9§249§&H they are often
utilized in drugs and special healthy foods and/or
supplements. Recently, however, the physiological
functions of other polyunsaturated fatty acids have been

the subject of increasing attention.

Arachidonic acid is one of these polyunsaturated
fatty acids and constitutes approximately 10% of the
fatty acids composing important organs such as the blood
and liver (for example, the compositional ratio of fatty
acids in human blood phospholipids is 11% arachidonic
acid, 1% eicosapentaenoic acid and 3% docosahexaenoic
acid). As a major constituent of cell membranes it is
involved in regulating membrane fluidity, and performs
various roles in biometabolism while also serving as an
important direct precursor to prostaglandins. A recent
area of attention has been the role of arachidonic acid

as an infant nutrient and its presence as a constituent
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2 fatty acid of endogenous cannabi noi ds
(2-arachi donoyl nonogl ycerol, anandam de) which

we@zivitho2493@ neurostinmul ating acti on. Consunpt | BOT/@F2003/011744

linoleic acid- rich foods usudl ly results in
conversion to arachidonic 5 acid, but direct ingestion
of arachidonic acid in the fornLof,triegceri%e% IS 1
pEetayr 88 1PephiusrdapeRoNEdGANEFPIRRREEI dR™6F 3FR&SORCY
eRHARA yicRY-lLY ednaRdbimagient hedics iexhddhikt a di sease
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EPA .and , DHA, , . [ -y=d i ol_eni g 1ae) IAhii¢orne
a2, drRgRYI BT ek iRl Fesh ve)
arforal mster ighyeaiicss & nunfernrshbiesiaseiat andeaced
S%Hn%&%orﬁ*oflﬁh%h%n%we%ntiﬂddmed tind DiceyPhdsdisa adult
oils/fats or  triglycCerides whose gfnsgg%%ﬁg% f%f%¥1
adligeasee PafdiepiSs NG FQPT &% ¥ &dids i are
oktiaidiad, Rino,f elsmentraiguit Widdndriter dlsesie fiarieaxarip! e,
accorqgﬂggﬁo one, proposed net hod, various m crobes

c gt 150 85Stuci ng oils/fats or triglycerides

cont ai rHieh cdrladh doniabwslahtasatree afstiRAuaRd DAy but
acid are ultured to vield the.qgils/f or.

trqﬁﬂﬁﬂﬁﬂﬂ' é&oEEBﬁFaFﬁﬁﬁg gfggﬁﬁggﬁﬁg g%ﬁg 389 he

copst '{dﬂeﬂt, Teldok o Aildh+ MU @%&Qﬁs%zm uge) thesealmost

for’ obtaini’ng 25 arachidonic acid-rich oils/fats or

t rirgdlytceiriatds Usiom cdnwryit ifnaheoigeransd N3k | (9wrges. At
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as the constituent fatty acid are used or pur e
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i nbRat pretesdd anedtnsl, pastious anlyrobes nosipdble ofii | k.
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Paé&f%uyga2994§ng§39h5{81£§?99§é03ﬂ7€figlycerides
containing arachidonic acid as the constituent fatty
acid. Such methods include those for obtaining
arachidonic acid-rich oils/fats or triglycerides using
fungi of the genus Mortierella (see, for example,
Japanese Unexamined Patent Publication No. 63-44891 and
Japanese Unexamined Patent Publication No. 63-12290).
Triglycerides containing fermentation-produced
arachidonic acid as the constituent fatty acid are used
for purposes requiring arachidonic acid, such as in the
field of infant nutrition and, particularly, in modified
milk.

Methods of adding arachidonic acid-containing oils

or fats to modified milk have been disclosed in the field

of infant nutrition (see Japanese Unexamined Patent
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- 3 Publication No. 11-151075, Japanese Unexani ned
Pat ent Publication No. 10-191886). The arachi donic

wa@eiodo249ent ai ning oils or fats used as additi VEGT/ar2003/011744

produced by fungi, and from®a +ol ecul ar standpoi nt
are characterized 5 by conprising 6-24% AAA (a
triglyceride with 3 residues of arachidonic acid in
theb bt atLibr) No A hi-ghel07 2 alhPARATE %%a%rh?‘irﬁa?%nt

kpoun; Lo: LERUS. | o A digber. Aviecapecniasilonatsee,
or exan‘p e, Jim n |U e . LVLLIO r |
ofORbAGRALNG| PELS PE L FbTL FORC oRE 1898 VPR ORT % ‘%g&uée_d by
afﬁﬁ%fﬁnhﬁﬁnfﬁgmtéimﬁyégtyaer9tandbe¢ntaares@@@t@@?ey%zed
Am O

Chem Soc,,.7 pp. 507 )i+ BS
FBY SCEBREAERPAGE A2 hP (RPRORRCRE 1 1T SR AT AR 1 Gebddues
f 6omyegat dbhécoatsdahd thesmphepsilagy-redi Bighert o

the.aetlion 8l DUTRO.ALORS! L KeLaBEKTES cR3ACECaRI & Aigher
I?ﬁgg %9 under “physiologi cal conditions, and, . 1
t haAefoneentsathodi (geand Pt §Xamelot JiBalppyLit ot at-y

dkgeéa%goaﬂgdégi%Qggpfbfuha%anbalf@n ahiderkpusibh béw
pancreatic Fipase activity (see, r .example. Ji
Lagaghigonjic A§lfih§°8?"é&ﬁi16‘8nFElé‘Eﬁ’gg&é’ﬁFgﬁh 8Piﬁ§hrr§§g
bugasticd, k. 2R.i 510. BY%enf. Sbe.toval, batEP7abilds1098a) -
for exanple, ristie W,, "The .pasi.t :

di stri B isoﬁngfdgﬁgtgt §°h§\§i/l8§’rﬁgn£t ?lllgl%yg%rhle _glst"raitrjf?n of AARA
Addlfyfeirs foforoiviegeantleadls Baid &@tisy iRakelingn regigtant to
and R 1., I P - e dalzSAdser( pARRreed i
Sgigh%%ﬁgfghéénﬁ?T@%@fﬁﬁ%sﬁggﬁhabl, 25 #her i H;c fore
hilgpers gsr)o atsier Wy@m&r?@l&@écm%&ﬁi%oé’& Frich GHgFetoTes
p%fucthr{ ij&d]_}écearddigarﬂa;l e eld@tﬂwdﬂyalmi@reeaieal and absorbed
arachi doni ¢ aci d _condensation per_nol.ecul. -
dé’é’crlinffé?"é’o&):e.el@%géfqd’ém ;‘L,dowa oalr}c"lroenal{olf% g‘r%'gca{;élég%tcl‘uty
agigbeCOMtcxt rdxtagnpdid s Jamd-Weat SLiobtedi regld Joy fernentati on

30 with fungi to nodified ik si t | i1k
the fdt% ;ﬂgetiadfaccgﬁt é’ﬁ}lqua@nlo# %er{s%%tb%? Hwignnéjg%&égt o
atienpt s hat eclredmtrdd e att e rachds | 389y 0% &XaRisy

IR P TR e PSR e demputay o sy
3md | Ve dt erodreat idemdi 1 AR b1 Q/ég%]t]a%laen%i &Sy
or%d{@éé’bﬁtﬁai}n?ﬁtcﬁﬂ,zmj Carsd Resé 51 pfJ aacamp - 313-339,
a@%&g%g nggllflefﬁ SSeceierflc?er, eﬁ(gr@clar?’ (f@@éap)e,sepresumably
there is a higher probability of one arachidonic acid
residue per triglyceride molecule rather than greater

arachidonic acid condensation per molecule as in AAA
described above. Conseqguently, addition of arachidonic
acid-containing oils and fats obtained by fermentation
with fungi to modified milk simply on the basis of the
fatty acid content is not desirable.

Many attempts have been made to enzymatically alter
oils and fats to enhance their properties (solubility in
the mouth, crystallinity, heat resistance). Most have
involved enzymatic modification of vegetable oils or
fats, such as enzymatic synthesis of cacao substitute
oils (see, for example, Japanese Unexamined Patent
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WO 2004/ 024930 PCT/JP2003/011744 4 publication No.
55-71797, Japanese unexam ned patent Publication No.

woeMAS03) . The production technol ogy di scl oskRCI/E063/011744

Is for vegetable oils and fatg that exhibit high
| i pase reactivity, whereas oils and fats 5 rich in
pol yunsaturated fatty acids with poor reactivity are
p@@bﬂic&&ub&bmb IBSPGﬂﬁ97ofprpasser@@@mamppyd Patent

o /fat L2 12 i Oleicabledas g%fogxwuw&%t Wedhae Logy

ot been use enzymati c
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Aceardi nag:itcts tHewe nmtuumhert hes efchtftor ®yiayeatihaopification
and/ or rtléﬁng)o(g d GlyLard e Ar %d@ﬁ@% been
WlhterF %?C% anoi ¢ aci t]iwere rel easi ng the ree

palyheTgatad at@drdduasy o Wy RREFRSA F5ad [Fatty

ac] fdsqd | G- @l SrOfys i &néﬁﬁnﬁl@l@i‘r@r@m@ i taat
products. Anot her 20 |sadv ntag%b hat

ur t.her
pUrQ Fy A3 B HeRP i e AR ?ﬁ £, by using
d'éiﬁéﬁéﬁ'£ﬁm@%@11£§ﬁIeﬂ@ymﬁsa(smpuJapbmeserunﬁx&mxnﬂﬁ

f fatt F

REAAE R vt SRET Tl Tha CLL B /R cheti LR

oxpckdidEngt Bbi thiy odtixsd potly@l nEat by a2 @dd f t*'yh%c]r‘dsand/or
| he. f

'O|”1?, Sﬁ@é‘lﬁ%né n5g ! 8 agd %H%lyééﬁbdé" £§e(9@§1a@ékh afiwh

e F eadi | OX|d|ze

and
adeqUam@1©xaqa@»vbh%r%%Y|¥@%e%%hﬁ%ttB% LE8R; RYBYIRFFHuTated
adﬁé%%gnaeidént I Pél?@lﬁ‘éét&ﬁ@@edf &t Eyaapiés-r felhioble, or

ects of oil and fa ture.on, 30 o n
stﬁﬁFFl??ethEBF§ﬁﬁ§a?%Faf%@e?g?g Pﬁedagtg S%#gg%eP
andléaduahtygems pPhab3£60thEsakarifidastionl tegorbapen such
Assocj ation.(20 a d
Sta8: PReG nAe araesobtes BY ARRe akpor Far e ey =
andefldget thgl Yreei festyf agedbum chain fatty acids) to

35 Sardbgg @b%o(ékcﬁl'”hBGEy§E§a&HHa&ﬁddéeh&y gRbdeXfects
and con I'ng transesterification wth ROBLLLON ¢
nonfspédi/fag structure on the oxidative sta y o

polyunsaturated fatty acids, in light of the fact that
fish oils (particularly oils rich in EPA and DHA) readily
oxidize and adequate oxidative stability cannot be
achieved with addition of antioxidants (see, for example,
Fujimoto, K., "Effects of oil and fat structure on
oxidation stability of polyunsaturated fatty acids",
Science and Industry, 75, pp.53-60, Osaka Industrial
Research Association (2001)). An improvement in
oxidative stability was discovered by adding special fats
(C8 and Cl14 triglycerides of medium chain fatty acids) to
sardine oil (rich in polyunsaturated fatty acids) and
conducting transesterification with position non-specific
type lipases, and upon examining the ease of oxidation of
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type |ipases, and upon exam ning the ease of oxidation
of WD 2004/ 024930 PCT/JP2003/011744 - 5 the

wW@E bh@aiozabd y synt hesi zed pol yunsaturated fatty BCT/@#2003/011744

triglyceride EEE (tri-EPA), ~apd-conparing types with
the polyunsaturated fatty acids di spersed anong the
nmol ecules and with a higher condensation in the sane
mehecuhemithd 1y5 sginspesdaddt pod yuas asuapitefedatsypacids

sat i V. E§y1 - € kinhiy C atyi@n aheer divselosgdh the
aggéaf%gf%%%&)éeo St zgzl%ltll ?i@%)'oita:r_lg g%&)f ats@i nlﬁﬁder tnL% 1
p bevLynn s agxirddeidorf agt Yp 8Ly ﬁséﬂ@@ﬁﬁ@&dfépﬁfgagi sMopecuLes
fihsh Qiihs andiidre Iddnachsee idapanesadUsexmnimodecule, the
Pat ent Publ i cat’ on hb.é%p 6-%ﬁ759%}. H% i %,O&He
DORFRRTEEG IR PRS PORCIATET, T B SA S THSTANE | f ke
have | qwameaatted ifidaaridrhdad ipeesesligsdpsead as a method
transesterification reacti . sAC ' j
w@%h&gﬁ' éﬁg?é?ﬁfgfba;g%g%bfﬁgQ%%ﬂgafgjafﬁ%#eﬁﬁ gh

| iopeisia triear ta & ol yurs afsedties] £ atdngedffun® tfdsfs o1ls and
di il § ;9N U dTOf £ AR JRARELUEAIRE fRiteht Publication No.
acids-containing oils purified fromfish or the

oi | .
1602876 i er RO EHBurid RSB ISARTAAY LA, otds in
r &Sl ’ojiJ%s iasncllloéhe PO magzdf QLA hiecer iani tiyn cicsasdee
content o vyunsat urated fatt C t :
e et LANEPS L L A8 Bl G aggorains
| tthasmideneflosd, beesref aes rnesbefoble opbropwriegats with
oi.ls/fats or tri cer.l i ni
28 Y RET YT |% &%gﬂgﬁéggg%%?gﬁp%%p?%%¥$§§%§§ﬁaﬁgf .
moiti Fiteel omié ko¥ onoref pavt wIng Ao Predukd St e HEaTqRFaining
f aads, and/ o s supplaepisn And 4hi ol xikS! {n poager ties

g

such as ready estion and absorption, and, resi st ance
t enYxFelal iD2SeaReRet 1VH Br dehS 1D BeRtthe thitS T,
t NEo 301 BT ESEBt abRVERE | O Diievedesd acortémd of

I mprovin oils/fats, or triglycerjides b 0 ;
pobyeaTararRRear Bty il LR A SRR PR pna
bytdtpase transesterification reaction in order to
produce oils and fats with di spersed pol yunsat urat ed
fatty acids, as well 35 as conpositions conprising

t ReRP@haSPTBBAOBr 6HUENSIGN heal t hy foods and/ or

suppl engpt §,600ha-BiEBget BEBh a desired goal to provide
oils/fats or triglycerides containing polyunsaturated
fatty acids which can be applied in the fields of
modified milk for infants, food products and healthy
foods and/or supplements, and which exhibit properties
such as ready digestion and absorption and resistance to
oxidative damage. In order to achieve this goal, the
present invention provides a method of improving
oils/fats or triglycerides containing polyunsaturated
fatty acids such as arachidonic acid by lipase
transesterification reaction in order to produce oils and
fats with dispersed polyunsaturated fatty acids, as well
as compositions comprising them and food products or
healthy foods and/or supplements containing them.

Polyunsaturated fatty acids-rich oils/fats or
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Pol yunsaturated fatty acids-rich oils/fats or WO
2004/ 024930 PCT/JP2003/011744 6 triglycerides having

wohe@h/opeByunsat urated fatty acids contents anBCT/JP2003/011744

exhi biting high digestion andeabsorption properties
as well as resistance to oxidative damage were
successfully obtained by transesterification of 50- 180
5tpagilycey iweisghavéhgohd 9br PRBYENSRISIPEES datty act

tEkaéﬁ%@' gys! SQQHEﬁkﬁhﬁgh@bh|%@%bs%g%ho%nd absorption

f ungus- pr oduce ' yunsatyrated fatty ac
c@ﬁpmemtﬁ@SZ@*SoMe{Hf &S PSS D& tﬂ/«?’%‘faﬁﬂ?"ee g6TRIE were
b%ﬂ@%e%@%q 150 i imday b@ewlahs@fstecrrléwaﬁmre of 50-100

etable oils/fats or tri cer|
gﬁpﬁ‘ell?é(t && i €T ° gg pos Ion Spec| trlgl)ycerldes

| iceag@,i ndirtdh zan ]JemcEr‘teMd qfeimm—mqm%r e. BRI EF
=4 I Ry SR _RGirb
tI?gcJER gﬂ pal m o1l Ig% nEadriLify A hons

soybean oil on

r@dnsﬂctuvm qxf mqri%tmmldbm?déc@dld tOn-iﬂ TGP N,%ght of

ID% %th'xa'?fﬁﬁsé &fd Jd 1 1O b NRFFHA N .o Q&Tﬁllﬁrldes, in a
§ I PTI ON OF E | NVENTI ON _Speci fi. aII the e%%ﬂ§

i FPORY AN Prasi Hedt @ UG Ho AT fsoE?eCl
CoOmpYd Al pioductimrr efs el e and o atenparaarted by
transesterification reacti on, which has been
acconpl i shed by: discovering a nmethod whereby an

i IBRIEH iDESCRIRYIGN OmRyTHR DRAGHINGS i ncr ease t her mal

st abi | IEtJ}lq ang ﬂlg\;\%y;%] %%ox henengyfEced & hbdhn oil

reacti enperat u gen In the jmobilize

er‘c"zg/i@@}tl@@arﬁ oRy P redrwsvielpn @f aW%F%&%%?ﬁl% aci

o}ﬁéeff@e Wk ARt B | 2l ¢ F £a8d 4 0@ DF | caBilbh ngeddieion.
react at h|g tenperature, thus preventing

oxi dati ve damage and acconplishing a practical enzyne
3EERCLED NHESORT PT SONVEF | TmE aI Mg DIOMher eby noi st ure

d f f _ |
or i natRet ShHFRHEE . PharP SO TEn Bl obn pLotiaes

el i m na e en o mnimze
t heeeimodnsubtableeéof acoymert Byl mﬁﬁ@g¢¥é@3|§§s°h%% and

d'§£¥§e§bg9§r@ghcg 3DrahScSEEPNERELLYoRT pEHEEHoAS HhEch has

transesterificati oh reaction occurs wth an
eqoeenbacamBeiaBeA RYdrol ysis and ester synthesis

reacti ogsscbbhgiagcanpbibbiinghéreby an immobilized enzyme
may be used to increase thermal stability and allow use
of the enzyme at a high reaction temperature, while
oxygen in the immobilized enzyme itself may be removed to
avoid oxidative damage of the raw material/reacting oil
during the reaction at high temperature, thus preventing
oxidative damage and accomplishing a practical enzyme
reaction; and

discovering a method whereby moisture used for

activation of the enzyme may be efficiently eliminated
after activation of the enzyme to minimize the amount of
free fatty acids, monoglycerides and diglycerides which
are secondarily produced as the transesterification
reaction occurs with an equilibrium between hydrolysis

and ester synthesis reactions, thus accomplishing a
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enzyne reaction. The invention therefore provides a

woreohozhosor produci ng edi bl e transesterified PCT/$P2a084011744

fats obtained by lipase transésterification reaction
usi ng fungus 5 produced pol yunsaturated fatty
acids-containing oils/fats or triglycerides as raw
eRERG Bt G2l aQNABNe ERACHMbusi ti ons cont ai ni ng t he

oi I s anghé aiﬁveﬁtn@e ther af aedi posv tdasi d nothedt £ af

br eas s_|less tha L ks u

t HRt° TChB%tegﬁB; ﬁﬁa%ﬁﬁﬁ%ﬁ l%%nlc %C% rg%?%dgggalned
prbﬁehipaaeearanSesgéynéx¢dblm®I9%@¢e10¢hesh®geﬁQ@%HS—
ﬁ%f ﬁcég 6?1 ghaghhAopis P&t réEDdQLééﬁﬁéiﬁln OLls/fats
produced by ¥ %

mentation of ungus bel ongln o the
gepristnbglyerseifgs GSUNWG@R%?r%?éﬁe ABNEeH ntory

Cocompbditishg bbateinidé the Tobie dndTahte.l Forms of

arachldonlc ac d in SUNTGA40S | ecu specj es

Cont ent StiF8y © ai@é% O&ﬂ%‘%9£g6co&&ﬁ‘§6gg b8 reasE milk

2513§1dkbseleésrehaesenwsﬁarﬁﬁhldoassumeddtbaUndttmost only

triglyceride n rese atty i d

ornnf ehaRRLEPRLR Aoi Rt 450 PR CP s BpL P BEh

trtgigtecedéde Spéechileal | he"mplecnéprespacsed in an

tr 3 a a dues
%QEXﬁfﬁbﬂ%Ui]d rlgéeﬁ?ggsa?éﬁs gkggpega s féPméH@atlon

araéhadénngusc belgsgpeg. *élge‘éhanaeﬁuﬁeé‘fpé‘ﬁéeéﬁléaf atty

aci guRtBgEokhaRraakaghihdopEcsagtdryand., XKAd.) are listed

represents a triglyceride wth 1 arachldonlc aci d

resPdGaPaRdirwo resi dues of a fatty acid other than

arachi donic acid. Triglycerides containing

arachi d aci d titu a

triglycg?kge 1 %gﬁglé%cégggg%éé%gF %ggg2$BX§H§ggf$R
is presurredldl@d:welam epentieisn br eaSlonfienk, (aivd )48% of
AAA or XAA which & believed to be ndtd.Hlesent. |

is thought that aX?d m of arachi donic 3oix$ close t

that in breast XXA 26.52
XXX 25.35

Here, A represents arachidonic acid bound to the
triglyceride, and X represents a fatty acid other than
arachidonic acid bound to the triglyceride.
Specifically, "AAA" represents a triglyceride with 3
arachidonic acid residues in the molecule, "XAA"
represents a triglyceride with 2 arachidonic acid
residues and a residue of a fatty acid other than
arachidonic acid, and "XXA" represents a triglyceride
with 1 arachidonic acid residue and two residues of a
fatty acid other than arachidonic acid. Triglycerides
containing arachidonic acid constitute 74.7% of the total
triglycerides, but this consisted of 26.52% XXA which is
presumed to be present in breast milk, ahd 48% of AAA or
XAA which are believed to be not present. It is thought
that a form of arachidonic acid close to that in breast
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WD 2004/ 024930 PCT/JP2003/011744 - 8 mlk can be
obt ai ned by converting the 48% of AAA and XAA to the

w0 o00a02f30KXA. The present inventors attenpted POT/JP2003/011744

produce transesterified oils&gnd fats with relatively
| ow anmbunts 5 of vegetable oils and fats using
1,3-position specific type lipases in a deoxygenated

straitlek faan thee qhiedbred JIY JaRHIE Y tHRE o BF et XAA

f ungalnparashi dopiegaci d-rich oils/fats and
triglycerides groduced by fernentat. result

the i nvVeHt RECLRRT ebHEd ?F?ﬂ%;Eﬁ@ﬁ?ﬁﬁuipeﬁﬁﬁﬁﬁ%ﬁwnc
acwhrtmmwlezaifﬂed antll 8- podifdtonsyofh arebarivaterled amounts

tr| erid [
it LB ) T | Cotlion sppcissc
abiSm@eUlpa\mﬂi eiml sodepryasnatad ngta e 5o¥ u*é]f-%lr}alFrEQﬁeanf

of 1P§e@§é FtbKeh et ond® FegPl | Sraceidah sc a01d rich
nD t he present transest rificati n net@ A
L AATY | 504 Foro LY GPEAAST RSP hoceghentation.  As

|n&'ﬁé%@gtaﬂﬁétiﬂﬁeﬁ@oﬂ@d$ﬁ¢éﬁbd@&k5nl@lSP@Esih@Id of
infant, nutrition,

f d
ST THLHOBHS i oro Ut ot Entkni &Y 20 RREhOHS B OB, Fa
achavediah and bxygenceen@aaWhl¢hth@dsbuﬁdanprcnlﬁ@ngal

ol | 5. & déﬁié legné%ﬂgt%ﬁd ELa0seshers fh&@ta9§egea& or
Io%@ Beeh described I'n
doabﬂenbsd TWhlbeeeéﬁP anpn%ﬁi@@hm@gaéha $FEHCBPF§la%@Fm of

Aw&ﬁﬂ% %yggsgaﬂylgs(ﬁggghldonlc aci d residues such as

do not readily funpction under BE%SIO ogi ca

| i pase FRacPibf aB@nEPFPoﬁleghﬂdthYstﬂﬁs ASPFt ut ed

a @f@bééméﬁifeaayman meanbdvmay b8 utilized for a wide
transesterificatio

crea .o . ,
(v BREES: OF | PRERPPEN APPTBTERG, AGT FEOBeLP IBALEHgY milks in
|nthevE1€Mdtbé éafentervhangkonat esbyeilimebi EpZi igodhe

§988u8g9 aﬁ8nﬁééﬁkﬁg @88&sr§ﬁH§B§”§8F%9ém@Hts

rease reacti on ture (see exan‘p
Jar.sanbgés UnEx eneHae asttéﬁ@tlpabﬂnéapwaemoregozﬂsg1

PCT/JPO%eQﬁ%Q%)ofk@%§¥%bln@h8ﬂlstEﬁdrﬁaﬁbl59 éﬁzymatlc

conducted at  high tenperature to i nprove

 CREERBRSSPFCHEREy OTL REVEr BORPBRFD APASRPERCH PR are

or geatginpedt he pawomrnketi dbctimadsst 0 Thdepgesexitdati ve
arachidonic acid-rich oils and fats include many
arachidonic acid residues such as AAA which do not
readily function under physiological lipase reaction
conditions, and this has constituted a problem for enzyme
reactivity in transesterification. For increased
transesterification efficiency it is desirable to improve
the ester-exchange rate by immobilizing the lipase and
conferring heat resistance for an increased reaction
temperature (see, for example, Japanese Unexamined Patent
Publication No. 8-214891, PCT/JP02-06702). However, when
the reaction is conducted at high temperature to improve
the reaction efficiency, the arachidonic acid-rich oils
or fats as the raw material tends to undergo oxidative
damage. Particularly when an immobilized enzyme is used,
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damage. Particularly when an i mmobilized enzyne is
used, WO 2004/ 024930 PCT/JP2003/011744 9 a problem

w0 g00po3®80 by renoval of oxygen which has penePCHIRG03/011744

into the immobilizing resin. -Ti%e present inventors
therefore discovered a nmethod for efficiently
removi ng _oxygen fromthe i mobilized enzynme and

develR59Rd e8! & Snised for Rameveds odr ioRivaRn o il das

| o eQ?é\;t&%l Ftéadcqliﬂﬂ'd iiﬂféS-inﬂ'rtt Zrﬂ)ll:i@aél(r@fﬁ:@gltdﬁ V@'Hte)pﬁe%fent

wi de sed as a arangter indicatin egr ee_ ,of,

o T2 o R L S S UV s & TRy it GEEL¢ Lent 1y
ox ygeoviimgt leex yrosac tiram thes istmei ld e edardrenfeoraricheleveloped
tr terd fd cat,i Clis t re

ot A B £ B e i oo SRR Rhvgen,
neasunﬁﬁglﬂﬁb.PCN. The ampbunt of oxygen was adjusted

on the frqld %\Pg(;fbﬂcﬁyiede93va{iﬂ@}esﬂs vﬁ%@ﬁ)&g‘%ﬂﬁid Ay a

| evel = "deairing and nitrogen bl ow', Level 15 with

ni (RGO tEFbSMAIAT oM Dyt st AeRRSP M 1 BGstR Hivsy damage of

" nibdjrlgm@a; tfleawf lmeiee | amnidt ai?@xytg@ry io HHd rageition
substitution of r.eaction vessel = "no _nitrogen .
SUBSI T 1P VAR Qe OI° oA S6T SSRIdH ST e iAo
suppst tthfeordegreter @if top iadatoinzenidamegen culidtd taitled 20 fats
congyd 'C‘U?né):ar"ecé)%f Hd &l r inth & ROV (Rl UG ML RABY &kygen
after reaction r a prescribed period at tenperatures

of Wa@)adm%@%%e /@_Jsﬂmmq it Tepied sz, Iﬂﬁé‘-%\/

M sRSxyderddi@at 1RRPOr I Qedia-ithe AP gdEH 18I, Level
oxygen and, particularly, as the POV rose wth

i nAFdds MG o8 SRS o 4Rt R LNR Th & M5 gFydH oW =

bl gwi‘i_ﬁieﬁy:dd Il%l.ovﬂ'o,ngjd\}dﬂn vt im;écﬁ.\gilaiew tdo ni:‘ttlrmjgg@hf

substi tutiqn rdinary nitrogen blow, r.enmval o

oxyDEE SRR T TR SR e ren i FHI S G46the

t hatulrssadtutdronindérinail sise anfdidnlon aganimotolpirlevaat enzyme
deterd i Oi r..30 f.

r esﬁﬂtpg r?ivfggi g{f n:‘ﬂ'gotl t‘JhOZ %&ﬁ—ril?%%sgeequs% eetuted
supEsitd®hy | TR Heed 'he  ddS(RPBhata Bies gvetre measured
nexdfdeav ele 2t idieaidr Y EE Y gD bl att & i dtures of

gICIT OJ°|5'8,B dl%/a‘%ﬁ f?n];&%g"fci.gl ez{lsg s%uo%;nl tiyn' TV;% lzeo 024,/ Ot e9 PiDOov rises
in direct proportion to the amount of residual oxygen
and, particularly, as the POV rose with increasing
reaction temperature in the "nitrogen blow" deairing
condition at the level with nitrogen substitution by
ordinary nitrogen blow, removal of oxygen was thought to
be insufficient. This means that reaction under this
condition cannot prevent deterioration of the oils or
fats, and these results revealed that the POV increase
can be suppressed by increasing the deoxygenation to the
next level of "deairing and nitrogen blow" to obtain oils
or fats of sufficient quality.
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Table 2 POV with react
30C, 1 day 45C, 3 days

i on-under
55C, 1 da

different conditions
Deai ri ng and

wopdonogweo 0. 87 0.88 0.87 blow N trogen bl ow 1PpOlIP20@33011744

2.75

the case of Rhizopus . d

el emar

No nitrogen 1.28 1.86 3.186 -substitution
Controlled 2.69 4.50 4.05 (POV: nmeqg/kg oil/fat)

(current nane: 5 Rhiz

In

ORUS
or yzZ@PYe Bas&OVa vidFll [T AT sndes; idiferent Sonditions

(approximately 2% nusi] pe°@pdedda @l 4574yNB days | 55°C, 1 day
adalivdinORnd hAkFodeeesSI talgs7a prgcedure, goor 0.87
@Jliow nating the excess | noisture in|the activated
NDBdenz@dognzyne. Thils priq@egdur e [must 1aJ230 be 2.75
aecoipadged by a procedure flargl0 deoxygenad on, Wwhich3.15
cabshe twariioned out simultaneously wth the enzyne

aentratlled or noi sture el i m2nad on. [At the&®Enzyne 4.05

activation stage, the
smal | anpunt of water

actdnald nry

veget abl'e 0|I or fat

oil or fat

raw neoer: aleq/dyd call/fat)

are added to the inmobilized
enzyme and reaction is conducted at 30-45C for about
one 15 day ther casey e &tiaapuoreleaarsi(gplrgent name:

used

fryiiR) 'lr]JHébs‘é Lzae%n?arlz.l?/n@?toggﬁ Idfem@%u%

o PEHRRAE IFBTp s 200 AUGE 28 (Pdescitae: @aﬁyg]emaﬁgtwqtlon

or Tfhats nHi@ s@EY@eR s
or befor

t he sta

d
ik lred $0lthel HEAAS

t he

enMprtc iy P& oraeudmpinadiendy e eixcess

Lot

eies ¢ pdhis

I Muiaddadred mmsy:rrm,lsmslbag aroapammedenyc e suciteaBirae for

r d%%

Va%ﬂﬁﬂ%&% robi T

mat er i

zeéﬂinzyne

B

o il

W' ng

S

taqgously
of wiitthy dg@w enga@a Bsttdat toforaiqr mﬁstwr@ @rlésrgaxaém%

At

res,_thcg %qlzty%ezic‘%ﬁdz'a'ﬁr&h F%.rteasg%” &hel R 10°0£08M ¢ '}atvﬁ%aterlal

i mobj | 1 zéd enzyne

can

be removed

out by repeatl

t hiahd, & FiRldr 8w Qfedfahen iade RosEst e,

thygmoblllzed

Cormiqunie)rarmf rdaet iant iMatdiuaaed i:an,30-4s @ Ifqyr difut one

and t he

R E D et H
Yrstea

tirtute

(n?ﬁgg enagﬁﬁp

ac1

j%%%

en i s

i zed <

&§|Im

nated fr

om t.he

lﬁ%l?qlon of the
r epieatalng itzZesl eafaymeEve et oirrmj{pmmm metgemiegml or fat

g“eoof lxayr? eé?«fﬁééiﬁﬂ.v%atp%ﬁyuns aturated fatty

s-containing oil or fat. The oxygen removal may be

accomplished either during or before the stage of adding

the moisture-containing oil

immobilized enzyme,

vacuum pump for deairing of
and immobilized enzyme, and
gas instead of air when the

ordinary pressure.

using a

or fat raw material to the
vacuum device such as a

the o0il or fat raw material
allowing leakage of nitrogen
pressure is restored to

The oxygen in the immobilized enzyme

can be removed out by repeating this vacuum/pressure

restoration procedure.

After completion of the

activation reaction, the oil or fat is removed, and the

oxygen is eliminated from the oil/fat-absorbed

immobilized enzyme by further repeating the

aforementioned vacuum/nitrogen gas leakage procedure.

The oxygen-eliminated (nitrogen-substituted) oil/fat raw
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WO 2004/ 024930 PCT/JP2003/011744 - 11 nmaterial is
t hen added for transesterification, which can be

waecwenploseshed whil e preventing oxidative damageCDiP20682011744

oil or fat even under high tenperature conditions. 5
Met hod of elimnating noisture used for enzyne

activation or ellnlnatlng enzyne present, in Lenzy W% n
Thretexaiesls irpitdten @dnest figr dmansested figmtifg - which can

| Ihidd A8 19T aald WA Tl dodieramenidannee of the
procedure.” The presence of excess i sture %ﬁﬂﬁ%&% 10

hydrlol855i fsaboya"lqnpé‘é’@ and Fre SAMREY %@cgﬁ)

production of diglycerides, nnnoglycerldes and free

fat t*)s/h‘?fgc%é dur,i nq: t he tr e trrgfée{d By %zrﬁﬁé?ta{ccﬁlvatlon

I'sture from
r &m:te]mrm;swtﬂem temzyptraav;e:rﬂsemz:mrprmltq on. The

excess ppi Sg&%{e%sc%l@c&e Gld ¥ e el v B | 1¥nt Rehe

oi |l /fat use or activation fromthe activated.

i nirotoli Feeed renamie \REHREShCE Wit akHReTE ey
rﬁiéfFE%Fé”]r@ﬂ%{B%fﬁéﬁ%f(éﬁ“ef&eééﬂmifﬁﬁuﬁelpnnﬂnﬁﬂs

alrea eoxygenated or dehydra an

IR SR A9 ATt e T e i g derion

Suﬁsaﬂﬂ@nicéﬁiués;nmgn@@l&cemidams&mdeﬁréeeﬁhttylaQﬁdS
(3D B S el YT B I id aconsecy

ecworrema‘ire vidye trebi st oré i)rom athe LeeRcsl ol S BFEM ey

DCLrd5E: ! Dol &éu@@}%Penfhaeegeéyy%@m@f@dcmtEev
con or fa

I ng Ol he activation, and
nnektm;@at@dlbﬁrﬁﬁm%@lm@aE$$0%110%?Yeu%%§yﬁ%r activation

a?%faﬁt%ﬁg &&Ehvw@é&rlﬁﬂébbgﬁﬁe%n@@eﬁﬁ@rywamhiﬂ@ case with
of immobilizin el e C r
VP aBE e FAfobt | FISC SRobHeD (FAE SOERH Shalenr of ohel
|IﬁH$GhChaéaBgéﬁ d1Becady- fleoxggenbyed opraerdrated) and
Ing?%a%?nnhelgjwiﬁﬂukﬁ ScPQdQCﬁiY?féQnatmﬁghC“@&ﬁrone

tlve state due to trace anount of
madey pr@bént sihseeentmsBprtied Bheyde. @ HeaRgepterified

exgg%sﬁ g%u%ﬁthsaahéﬁ bpehHdedri AithiceBbdes, etc. 1If
i zed enz , and therefore th nnlstu e nust be

el ERBNRVERCES Fﬁ taclewes GrerPradpER ne?ﬂod
US@@onBﬁ&camlGégéeabléﬁbmatb@nfaaysbehthe paém oil may be

deﬁ%éhblns%eag bf an expensive polyunsaturated fatty acids-
containing oil or fat for the activation and moisture-
eliminating reaction.

While enzyme activation with water has been
necessary in the case of immobilizing enzymes of R.
delemar, a commercially available immobilized enzyme (the
Rhizomucor miehei lipase Chirazyme L-9, c.-f., C2, lyo,
product of Berlinger Mannheim) requires no activation
with water but is in an active state due to the trace
amount of water present in the immobilized enzyme.
However, excess moisture is also included in this
immobilized enzyme, and therefore the moisture must be
eliminated as in the case of R. delemar. The method used
for moisture elimination may be the one described above,
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WO 2004/ 024930 PCT/JP2003/011744 - 12 and no speci al
procedures are required. The elimnation of oxygen

woreop4ak4980 be carried out in the dehydration stREI/JIE2003/011744

this enzyne as well. 5 Reactor2fer enzyme reaction The
enzynme reaction has been expl ai ned above based on
transesterification in a batch system A colum _system,

i snen ral tsEraTAtELy @rog ed Uy s R TSy Seamirgst -t hEhgefdgifGtion

LIy %”%‘%(? 1 fldeﬁ/ata'l%% e @28 Aled & Al Thel@ebiydrattion step
usi'n I'tzed enzynme. Specifically, the

|ﬁﬁﬁbmh%ﬁu?Q%iﬂﬁﬂﬁslye&écked into a col um-type
jacketed container, the oil or fat raw material is
|ntroduced into the co % whi | e i ncubating or

SRATP o Udj T & ot it

um tenperature, and the
transesﬂag|énz¥mannddcﬂlqnsHﬂﬁthﬂ@ﬂ1QﬁH1# ingd thove based

%4 eerel ng passegz%q%roo&u b B W&@ clroul ated

the col um, ncre

e
conver St 6P ¥Elle SHeR Jﬁn@rb.aﬂ/‘q%ﬁn@we rT’Eﬂ & ieg ﬁi’afystem
be, Passe dnd HH QY Hb hﬁ:d&@éﬁﬂéﬁtﬂ’lmm’[ Icymtdrmﬂ @r more oils

noi sture elimnation t pose the |

ey et $HEng rﬁrbr%ng?ooqlgf( e oefl?zyrﬁ‘en c§ |na c’zaeldly’ the
V\':iﬂﬁndk&l_tlliliﬁhdi%lz’ym J&Encbécd{emsdlmm rmgarﬂkgas—ww Itaccketed
el mpate the oxy r

t rEeR et ¢ WP (%[ej?sr ¢ va%&lwgn %ﬁédrir.%ymvall%?r?%ueced into
notlsé ur@luld hild a:tnatav\atcan@rmalhéa)ting to adjust the

tran @ﬁﬁe{%%géfgﬁﬁgb V!Eﬁ'ﬁﬁ? E%aﬁ@%é%é&ifﬂé&“éﬁinat is

tr?g ycerl risin yunsat ur at ed fatﬁgaaCJ ?

astakeonstt t freemn th%\t@yt td 2R SERBELITCHO.Y fac

me%f'Ethfké@lékéﬁ)@K&P@Tﬁélﬁg et g&d ﬁﬁr@m@hOEhmnwﬁiumn

able oils/fats or trlﬁ %cerlde$ hq@ngen fgt raw

I|E®|Hn%¥?a%? the FRVRRTLPNetERRY tTahs esY ¥iTTCcatT on

W hAt 8R1 OX Y@En- b@lpm@m@deﬂhrou@bltheedokmmwnéunsn%as

been hitherto sSC [ ain

 FOETREaOB: P OO e voe Coipararish o Skbord SRLq

f at okt idged em/egm abhethbe| smtarserv@ 2@@%/ @blp3Hn

PCEAHE%QQ%AQﬁl%4éh vacuum deairing and forced nitrogen gas
blow to eliminate the oxygen. The oil or fat may be
transesterified after activation and removal of the

moisture.

0il/fat raw material for transesterification

When one or more oils/fats or triglycerides
comprising polyunsaturated fatty acids as a constituent
fatty acid are mixed at 50-100 parts by weight with 0-50
parts by weight of one or more vegetable oils/fats or
triglycerides, a homogeneous liquid oil or fat is
obtained and transesterification with an oxygen-
eliminated immobilized enzyme as has been hitherto
described may be carried out to obtain a modified oil or

fat containing polyunsaturated fatty acids.

<Vegetable oils/fats>



10

15

20

25

30

35

- 13 The vegetable oil or fat raw material used for
the reaction nay be one commonly used in foods. The

woegehatBe oils and fats used may al so be convRCT/arP003/011744

oils and fats. Such vegetablig cgils and fats are used

as 5 sources of saturated fatty acids for
transesterification. As exanples there may be

ment i omkd bbgetablacbﬂlrbchf@tl§awsméheﬁéa¥oyﬁ%§nf8FlFhe

SaELEOUBE ALl ol bHE BbhmohigeubEaninokbodsesameol |

I c acid- rli an ted oils
suegesnbdef gidy aéddfaFEhuéﬁﬁsméﬁcﬁ 59 8|HPBVFr %o

p%hﬂ‘ F%&Bd @th l‘}é@égamb gﬁzﬂbzeoant—i gbks bhaedusefl aad

t he I Ke, an ol al ne conver

| PPYFGEs: oS SFOgeLall S36FFs G4eh SoT\ansebalificacion.
(nei gbcm@me@e&hmmpmayu bg meatdpaedd lingildm egafnrich oils

fatt b i q
 SPEY e R g P @%;g% gg&;ggaba bran
I

opidi,f beseme Kaﬂt?ndctb§)llgﬁbupéﬁé€ féPPQlScP&l

0inli§ s2RG o At FHR Rl eherkedchiar rikesicilansachoas palm oil,
oxidation and for greater .approximation.to Qﬁ %i& and the

oK e RBP4 L AW 8P §dtiabIC@ G Srtd 1t afs “usa
SQUIKEES 2fd oZ_QsSQi]dﬂaam@dl ot i raveirasi dnorf rom trlglycerlde

| SlR G R P U e Ut

f atatty reec et meﬂnmmdbmm didttit e idsataf cﬂ‘ GRS AR of
duri.ng,t t d
f&@%%#éhﬁ &H ?%%gdédé%EWW6ﬂ%&@ﬁan

ol I's, W no di'f nce 1 n the #%%5
cmunmse;b@f t;hrfd samer @ffordd ffenantydatdie FAUR) t hese
abfféﬁ | effiead dlowwalhca fEde dvghdneferred for
d| gesti bl e and absor babl e oi Verq,%qro@elmatlon o

/
JFAFRRCS S QIR Q@R s’ir%rt a‘ﬁ?:eea
0kt 4 v e HprBgempbiteerits di f f erences in the fatty acids

troduced 30 t
VET, ISR (PREPRRE 1Y (O G ek o 1 g

acd gk asated ofistty Lamsﬁdsf. afoy wmcimsestrl W tevbien are
ESALIO0LC BGLA LLTMVGRILERS: Seey [4ENSORIEK fdmd S and
I Ng

a Sé accor present” i nvent I%gth the
prn@b@bl%@lY rug‘ﬁ@/‘é‘@ﬁﬂé@% %%“Fﬁffél?ﬂ?hﬁ“%i'%]&h‘? PR Rt
aSereCQPS£é&H§BLOﬁaé£YA@§I&urﬁw@htﬁ&ns@#ﬁerlffﬁﬂﬂlon is

Cg%gggﬂfggggelgaggegor bo{hpro u0|ngtg|£g gfgféfgﬁce in the

AAA content seen, and therefore it is believed that these
exhibit an improving effect toward a more highly
digestible and absorbable oil/fat. However, some
difference is found in the resistance against oxidative
damage due to differences in the fatty acids introduced
by the transesterification reaction.

MCT, in particular triglycerides containing octanoic
acid as a constituent fatty acid, and microbial
arachidonic acid triglycerides are transesterified by a
lipase according to the present invention to produce
triglycerides containing arachidonic acid as a
constituent fatty acid, such as "8A8", "8BA". This
method is useful for producing oils and fats containing
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WD 2004/ 024930 PCT/JP2003/011744 - 14 arachidonic
acid economcally wthout waste of arachidonic acid,

w@na4me48hi doni ¢ aci d-containing oils and fatBCT/JP2003/011744

resulting therefrom are usefuli4as novel oils and fats
havi ng i nproved digestibility and absorbability. 5
There may al so be nentioned oils and fats separated
f rama¢hedende | scaddedanenira hbyi wythewet casete saf ur at ed

f aéfé(c ?Qnﬁ&”&@i‘&s %r\{d PRFA bR a by o6 oaspaleeﬂtammms

he usable oils and Tats are not limted. to these

<G, fats EORPHEENB gt ROT GEAAL HF At 88T Rt 1 §5 ARPHl Qils and

10r gooshit uggt 1ﬁ1§£weat0dﬂc§€sub1§le98@ﬂal absbdebabd 1ite.
m cr obes, capabl e oﬁ produc s/ fats

n
[ri ol ycERPaE. BHt SHAPPES (PENEHRnS in bt tr S8 o7 (§FParated
aCfﬂsmashaséoa$Lstaeatféa$tgrahadlngkbnereahedn$@tmmn$£d

ol EabLy' 8LER YOHLERORSy | fak PLOMREdGeRL 1 ER 2 BOugh

Or "¢co3 nsatur at ed
actUs hagbhg Q@leranﬁréabar@bﬁsnahdeNé?eﬁDt@ t@%%%fe

bOQQ:‘Els?EéHBf bbiﬁp§§s§n§rbgiyﬁﬁé‘agﬁrﬁﬁaat Ehueptaciaétys
acid series polyunsaturated fatty

ac?@§5t29uﬁ§§|ﬁ§t28 BFlﬁﬁ?e carbons and 2 or nore
doubl e bends ebb@helﬁaytbecﬁﬁﬂhrénﬁdcrobes capable of

| [ [ 11, 14- . el i LG .
O ORI 87 %1 1451 6L 6038 bEReLEning cae
elpo$§UBBaaamamedaéadyy Zc10s13516- doossatuensefiatty acid.

(2 A,¢ab b bes that duce
(42050, 158, BGteneoatPprsrenaly niggobes thet pro

8, 4t- éeassadnenaypeacitdpénead &g 3 series polyunsaturated

5 8,11-ei gcgsatri enoi acid
8 fatiy, f?lgﬁc ?Xﬁgﬁr28n8ch§EchP§B9&SC8§9,2E9 more
(5d8uble1éoﬁasel@@S&aemﬂgeaeia acidlycBPAdeBconstituent
(7 1% 19- docosapent aenoi ¢ aci d) and DHA

T@ T§ f6 19- docosahexaenoi ¢ acid). 30 According

to the peest i Nvwenthdsediey efciinsayuratat dxectiyayacids
be used which can produce an 0|I/fat or trlgkxcegidg
coﬁ?ﬁ#ﬁﬁnéop@Fy@ﬁ§§tGﬁéP@BSfépéy alrq@ozs go onas

CO@%&:@U% fR/ it En\énacq'oﬁedAalazsmplYEh%wh%o@@ﬁd (8,11,14-
capabl producing oils/fats or triglycerides

coﬁuapﬁﬁmgxgﬁqmqa@ﬁnde@G@Aéa|éré§h&d@@ﬁ§tﬁpaénﬂ5ﬁ§t99 14-
ackd cbiehe trae ke WMAc2@04/ 824930 3RCH-4B820@348EAd4oic acid

(22:4 w6), DPA w6 (4,7,10,13,16-docosapentaenoic acid),
8,ll1-eicosadienoic acid, mead acid (5,8,1ll-eicosatrienoic

acid), 8,11,14,17-eicosatetraenoic acid (20:4 w3), EPA

(5,8,11,14,17-eicosapentaenoic acid), DPA w3
(7,10,13,16,19~-docosapentaenoic acid) and DHA
(4,7,10,13,16,19-docosahexaenoic acid).

According to the present invention, therefore, any
microbe may be used which can produce an oil/fat or
triglyceride containing polyunsaturated fatty acids as a
constituent fatty acid. As examples of microbes capabie
of producing oils/fats or triglycerides containing
arachidonic acid as a constituent fatty acid there may be
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- 15 nentioned m crobes belonging to the genus
Mortierella, Conidiobolus, Pythium Phytophthora,

w@emito24980 um G adosporium Mucor, Fusarium PCT/JP2003/011744

Aspergillus, Rhodotorula, Entgnophthora,

Echi nospor angi um or Saprol egnia. As 5 mi crobes

bel onging to the genus Mrtierella subgenus

Moetriteircaidca ntierabermybdi@nmmd dreed-hvbradmase|ortierella,

eQP%%ﬁfﬁqofﬁgf' é%iﬁh(”@q¥¥$pﬂ%ﬂgﬁé”‘%éﬁh&h@ﬁﬁﬁh'|a

I"'erella 4l ha,” and 't i ke eC|f|caI erel
ﬁﬁﬁiﬂmﬂmﬁilﬁhed"-’léqcl’%n A8 sArciiMs W@H’Qé?]elfq%' lH’riJgf}OaFu ar
| RBShph b MpT tE@Hﬁbéé}o&)@@&mn& &S@dprmgmﬂ el Iz

hygrophlla IF05941 1I\/brtlerel q Elna '%§F5§§mgenus
CB&?IZLA&&?&I @Sﬂ@ré&nay %&ﬁﬁﬁqn@ﬂﬁ?ﬁtﬂ@ella elongata,

CBS529, 72 S608. 70, 5
u%@ﬁﬁiﬁﬁﬁ*i?;%¥%?%%é§%%%ﬁé?é¥ﬁaté?é%?neﬁ§¥gﬁg£%%ﬁgﬁgla
bed miypang drod ttiee gtk es Spqqmtﬂﬂet@dlam uphere may be
-”Hé%%(éﬁggr%ﬁggléghé rgngég%lé%gfﬁéaelongata IF08570,

Japono and i ke.

t or oS, }
sthaKhSeJa@élél exa%@lg%@%f%m HéRAt +%‘§?% %t%%roﬁr”i?lo%ﬁ
t hfgdmut u}tasrépér&ewempim@mv@wa (AEE)1626@, 20

SR TR Lo SR S TR Ol LABRGpey | Neas2s0.53,

addmswm 661 hepespay7he (RSS2 St T2 nCRHEOB e @) | @BS754.68,

el 012(]9 S'fo‘%/g%ﬁ%g %Fgﬁ“ﬁzﬁg@é”aué %ﬁ%?@r&@ég) tlrrl]ere may be

resear group o
prmemhionadehhgss be$0F@¥n@u¢Quthﬁgg%ﬁu$ﬁ§ SryRthgcodenium,

rEQEoEFEtkEMEntS@ano&ﬁﬁtﬁ@@heSUlhéﬁﬂé , OTap8Blchytrium,

ture soltution obtal ned preculturlng or cells
coHﬁééPbéhPrQﬁvtﬁ§ds§88 %Hk?ure solution are

i nocul t ghedet 8tkh@HEda0E 5011 gvarlablefwitheatnrestriction
cul turing.

| th di h
CaFEoh L85 EBshagnthagoner rythnfbfRy HEhK0T ) cptne
aSAmgtMeaﬁemyﬁeucumserexgbb$e¢t$anchawﬁéé apdl thee,
so%u rlze rg%ﬁrg brnghﬁ %1cﬁh¥ﬁ§é§'ﬁcﬁ?nn'tﬁh Q8dition,

ar ¢ ere is inmtation to
th@bereAmaM|beogéﬁdséﬁFéég MﬁéFéeﬁﬁﬁlﬁee&?éﬂaGPgéﬁVQZ19

69&&54099@7%@9%@%»4' Reludzng Babaﬁsalteal Fre@eBoil by the
rces such ept one, yeast extra mal t extract,

neé?séﬁFPQCBrou@aQéwFHS BE?aenEoFHV§P%85 I'i quor,
soybeanrprOt@ilRuring of the strains used for the invention,

the spores, hypha or seed culture solution obtained by
preculturing or cells collected from the seed culture
solution are inocultured to liquid or solid medium for
main culturing. 1In the case of a liquid medium, the
carbon source used may be any commonly used one such as
glucose, fructose, xylose, saccharose, maltose,
solubilized starch, molasses, glycerol, mannitol or
saccharized starch, although there is no limitation to
these. As nitrogen sources there may be used organic
nitrogen sources, including natural nitrogen sources such
as peptone, yeast extract, malt extract, meat extract,

casamino acid, corn steep liquor, soybean protein,
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WD 2004/ 024930 PCT/JP2003/011744 - 16 defatted

soybean, cottonseed neal or the |like, as well as
wa@e@a/024sd i norgani ¢ nitrogen sources such as BOOIR203/011744

nitrate, amoni um nitrate aadiamaoni um sul fate, and in

particul ar there may be nentioned soybean-derived 5

ni trogen sources such as soybean, defatted soybean,

sagatf@artefd aﬂ@éoeam» bt et eenARath BRack @, tf&a#%ke, as well as

(gan; zlucf»&alc SoyDesr d - de ciesh Sa)é/t@fsmlum
flour and the i k Nbre(gartlcularhé+there

ST 1GHEE o ra R el uTp yivelr % I%os’ﬂ]e#%ﬁ‘%/'eoand in
Soyeaibu B I e J;@apr@é afirbt Morekef add sk spydeaivdiat

treated at about 70-9 and r.enpved
et%wq%rblsufb?rec%%rﬁ‘b‘ﬁ%n?§ SQ¥Pean o3 H & J?%dnss%ﬂ?%ar%’he
zﬁswyﬁﬁﬂnlfnmkbm;te@gbheswmyhﬂﬁn ptOMQb@ssak@ra (bean-curd

phosphoru e&’r?trﬁ‘ffku\';%%xf&e& anloﬁrﬁg&?&'%

i oh an caIC| mion as 1o of netals
suttkas iMore poppeeularhy, th‘q%ffr@dﬂ@éebe n‘il%%%lon%ofb‘élfﬁore

angdogde & kige OF aéﬁéferwéd ”&é’fa’ﬂi’é‘@d b@oj&&S@Qn Asahd agere
nutTi1 ent Sour ces. m CO oneg g a£e not
r

DaRTF LA HPTY OFESEFFR: SaVRRR O BerTREparat apbote 70-907C
CO@@@“ﬁéﬁ@V@@Somhiﬁh dﬁhaﬁ@ln@¢lmhhebcomgon&nhsofothe

bes
gererarrgt bangatohn s fra phoERhaRbopel SRibkbtey soprocs
anﬁfpmeéesabry,1p268ph@&uandomhepqt@$@g@m lggurggd;uma;on,
to%g& QEPHHt B%5c§ﬁﬁzéﬁdl8ﬁef§§3Qé¥lzaéolon§¢8@ metals

nor e pre era initial carbon source is 25
Adeech a8s 11500 GERHEERCZERFL | BRNGAREEBYenniBliPée GPPalt and

3- BheM Yecabl-eyivhinehst Reycal beNbandsalt hegeRageUnGErient
and nore preferably only the carbon source is added

duPPRgC€Re culturing. In order to increase the
polyunsahééatﬁddlﬁmtbympohdnySehde fiot paantptelaaly

rocar bon .such 3Q._h ecane.or
fgf?ﬁ ﬁé?geguéﬁ lgﬁ |g§0%§§9d895 a? c8ﬁEéH€g§? on? which do
sahott hehébft grouthapﬁytheumléspbes suéh §§aﬁﬁl§?hthe

esEgEboH|¥BﬁEb@ @@ﬁﬁyg@9b9a§§§ebeoéddéarthéntEQEEYamount
acld ester; or an oil "such as oli

i
r apésBed- éplWtéoﬁpén§§@éeéﬁplﬁr16350WG%'0F98 §§enﬁ§£589en
usgduaseafnnuasabirat egolatt prag-dspwesunsadr pre€etrhbily 2-10 .

alogi g%d'nm%%gbbgg%ggnﬁly,h%hgngﬁgglaa Sugﬁtkaggurce is
added at 1-5 wt% and the initial nitrogen source at 3-8
wt%, after which the carbon and nitrogen source and more
preferably only the carbon source is added during the
culturing. 1In order to increase the polyunsaturated
fatty acid yield, for example, a hydrocarbon such as
hexadecane or octadecane; a fatty acid such as oleic acid
or linoleic acid or a salt thereof, or a fatty acid ester
such as an ethyl ester, glycerin fatty acid ester or
sorbitan fatty acid ester; or an oil such as olive oil,
soybean oil, rapeseed oil, cottonseed oil or coconut oil,
may be used as an unsaturated fatty acid precursor,
either alone or in combinations. The amount of substrate
added may be 0.001-10 wt% and preferably 0.5-10 wt% with

bl
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added may be 0.001-10 wt % and preferably 0.5-10 wm %
with WD 2004/ 024930 PCT/JP2003/011744 17 respect to

wo b@4pdBum Any of these substrates may al so POBIROEH11744

as the sole carbon source foricw turing. The cul turing
tenperature for the polyunsaturated fatty

aci ds-producing mcrobe wll differ depending on 5 the
nrespbet bot thaymbdi8m40CAadofr theFabFybebrases Bay also
thy Sgghsaga¥PgesggEt%%§goﬁtS%QT§QCEBQrcﬁ&QWan@Dd the
cul'turirng continued at 5-20C to produ

i ge thﬁg ted
unsat uFhBe@ultaripdadielPesaEHreehPEr A Gr BOMYHEGEERE
C‘?flrét‘%ks thl.?ﬁstiég@]gutc?_nign ﬁﬁ%&%@gt helpr aflﬁffta'tro depkending on
pol yuhsaturated fa ci ds anmong or. Cel _-no
f &by TAEE @B 1 TRE f?iehg-ﬁédfluﬁflﬁayreﬁgrﬁié 330°c, or
prefkecably B9, bandultered tur 20g308Chdermayovisd and the
submerged cul tur.ing, ake LGult e [ i@ ated
orcﬁélgilgﬁarcfrﬁ |lé1lﬂl|%§ 2"31 It%urzi(bng. L&'?h ggu%?&lr fir?%uvl\ln I Iat a=e 4
usizaitlyy alog dconducthe ¢ eivpe rALYE &) P2 ISNENdr SBITYy GO be use

Rﬁ%p-D%Qe%%%§tQEpEﬂ?ﬁﬁ¥ﬁﬁ§ﬁpQﬁb@ﬁg&@msitbﬁa&axzfatty acids
crobes belonging ta the genus rtier

MATANSF dibiea DROSUG RS A i A GBes dXiSa e Tt %B}%ﬁ‘%@#a‘ may
oiges/4];]_qtos aQ1d tgﬂ;gﬂe&%li}de?-%,or}imi rihreg cm]axémid@intg’tém'dd may
as t mai n const.ituent tt t Y. AUt At :
e FOPHRGE e A o r e Mg A i aring
haye stehfiaimad, i bk sowapabine of Hreodud Wy 619 $¥ e s

or _triglyceride onpri Sj 'tggg¥ - ' iy 5-20
as g4t L ngfﬁc%%ﬁi é#tnﬂééﬁzgﬁ%? acl yé%%ﬂﬁgggﬁgggghg
Unibegesri avet]l mde eprte femablution MNol> 5amsa7) and

capabl %ﬁr&&%@%fﬁn&?ﬂ@:iélﬁc@% sg@{ugarﬂ]g@f?'g@féﬂ? subgenus
conprising co9 series polyupsaturate y_acids, as.

{ hbmd a7 Sbha (a1 cHIOT 15 T GREY SAP iR ProadEing
Unexadit fieck Radt ept i Pt éeadéoncdiocaini®d 88fychidonic acid as
addition, the inventors_have obtained mcr '

r e8P MR TR HHERD cfe?w%?%t?%%éc%lr? ’onn%§ s%%%%gt he

( P&Ho Pahent i Gubd | statadns WS/ BoA68)t whi ¢enees have

m cr obe ' t e j I bgesus

VP Erasrd ahCGpoBEs Sap 1 aUoE e ERIIG BhG oRLSpDACE her

| i gt glyder tiles obespoisihe gehomonbriinglanis afigemss the

L R e
Patent Publication No. 5-91887) and capable of producing
oils/fats or triglycerides comprising w9 series
polyunsaturated fatty acids as the main constituent fatty
acids (see Japanese Unexamined Patent Publication No. 5-
91888). 1In addition, the inventors have obtained
microbes with resistance to high-concentration carbon
sources (PCT Patent Publication WO 98/39468) which are
microbes belonging to the genus Mortierella subgenus
Mortierella. The present invention, however, is not
limited to microbes of the genus Mortierella subgenus
Mortierella, and any microbes capable of producing
oils/fats or triglycerides containing polyunsaturated
fatty acids as the constituent fatty acids may be used.
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fatty acids as the constituent fatty acids may be
used. WO 2004/ 024930 PCT/JP2003/011744 - 18 As the

woredohozhiosd obt ai ning the crude oil fromthe nPCT/aikRe03/011744

cultured in the manner descki hgd-above, the cultured
solution is subjected to ordinary solid/liquid
separatlon means such as natural sedinentation, 5

cent ri fARjathes aretnd @f akifakning thha iGmdeiahkrfron the

digectine Qrafisd & togatiBMtes Wb @s dErdbdval it
concentration, acidification or_ the Iur to ob.];}r q
t e leuedireal et en . 15 FURISG et RoGG I 1akY P %’I ifa%ﬂl
al §é>pa1b@tﬂ§id&1€éézllrgs ]{Tﬂmm i ?@tﬁaﬁ&hﬁa.‘ﬁd&cﬁiﬂlemtﬁon,

ar at j occul at e
us %ntJFJOi? @Qfﬁﬁ%ara’%&% %%M%ﬁaigfﬂ:éatlori é@é’hgf" directly
chborafiecr ad gimat:mm‘osamnlanms smilmtmm ltering

0

ear§%$5$% '%%% ure @9?*5&%10& e il OMBSEOMSain the

S are preferably, tinsed,

crashedrehocekled. Hhﬁlwwh@nw bel HEPEHRT | 2 JIAY biyLso
|y198|hé{i(dé<§t’&c9nfa@i9¥\(:§"£é“ﬂﬁe é&)yicﬂ/lzﬁﬂlmdseﬁéﬁaﬂgo@r As

t he . The neans for_, obtaini grug {on1
L hELOF T Eh DT Syt oL BSTE JREY OTE i1 antCT, O
sojay@mnm @@I@fﬁaé; otia 1 bithim pelel e £ y aekgxmptclmnt0$sn and
pe a anlc S e i

R 18 LA LR S et S VAR Sk
hegaamplaﬁt@ambbmachbosoé@rhh d|%h¢cﬂw¢mwr©@ecells are
pe#%@k@#%%ef ?ﬁse&ce QHShQ& Lhe hik&d. anghe drylng may be

ano eum et alternating extractign
chFéFéi%@n@%%thﬁnbYOEb%é%Zﬁﬁh@Pay%%o%d@V%h?gna§l%F§bzed bed

bedﬁgPEQYSQ tﬁ@mﬁyﬁé‘ thRe ﬁéaﬁ%tf@ﬁthﬁaﬂﬁiﬂgdthéedrude
to obtain the crude _oil _is not

mePhbdEr BNt angr Heeh6a! ﬁrmEYfPﬁl%ﬁYraggf?chfgﬂ af
OIngaﬁdcfavaéﬁenbEebbmpnaysbenusbﬂt Poeferahhypl extraction

ercritical ,extraction . he e a :
ef 8cPPY Oﬁ%%ﬂszgﬁ ?ﬂe°5§§¥%§ds§?€ ggo?Pgégngb%ltrogen
obsameam byAsegpgiangc shévengantbesel vant berused ethanol,

Bg&gﬁétlﬁé %hBhd EHﬂBQBEBEﬁ éi@ﬂl&f@m@%ﬁﬁﬁ@ﬁ petroleum

al ne I‘aCfI on wt an organi c sol vent " of
suséh@rhtﬁéatoﬂﬁupﬁ tbﬁdé#kﬁedééédmﬁF€§§9FéPetrOleum ether

Coﬁﬂhékﬁaﬁlﬁﬁ therbtkeonEskr aslbesrosBy-AbsRahel-water

per for 1ed 39,43, 00 "eL ,CEhLS B8 ML ALLEEM3t h¥Gebr! NEne

mefiRBAgayer SO y plo ,
extraction method used to obtain the crude oil is not
limited to these methods, and any method for efficient
extraction of oils and fats from cells may be used. For
example, supercritical extraction may be employed as an
effective means.

The desired crude oil can be obtained by removing
the organic solvent or supercritical fluid components
from the extract obtained by extraction with an organic
solvent or supercritical fluid, under reduced pressure
conditions or the like. Extraction may also be performed
using wet cells as an alternative to the methods
mentioned above. 1In this case, there is used a water-

compatible solvent such as methanol, ethanol or acetone,
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menti oned above. In this case, there is used a water-
conpati bl e sol vent such as nethanol, ethanol or

wa@e@hoew30 WO 2004/ 024930 PCT/ JP2003/ 011744 - BOT/JRR003011744

wat er - conpati bl e m xed sol ventjgcanpri si ng such
solvents with water and/or another solvent. The
procedure is otherwi se the sane as descri bed above. A
pupicf hedavel-ocompatibhst madedf salventeconbriagngssafso

beF8§9QP@§ &E@hSHQ§E£aEEd(BE 5589@8§t§61$éﬁ@t'0@he The

catiton s e aCCOHD|IS ed %
or mrﬁaeylumt hedetBaEnigs Héguﬁﬁi“ﬁgas deassaiPreatPBRe

st leam fikabhkh?i}elano;Lde@@I erat iaBtesal tugnategaaaenu may
nol ecu di st i a ng or e
<L?6§Qe ey 88gds Bf %b §8§%g %?cg?Foﬁ§a$§e§§Sﬁﬁ%gga8%on

| i pagesilloobefusegutafitheibnventponayt ber ecoappbéshed by

t d.th d
GoRhET AR BRERoRR CHERS o8 aRLERATES, 8.8y Rdches bh?
asstekn déspiylpanoneaticcollopasasn, Saehuns FFB&§@§nﬁay

Ingﬁ@%@%&ﬁkahh¥t§gﬁﬁk§ghe Ra8gerEXaTBLeEhot hekeol

I ZOpus emar pase (Tali pase, product of
Taﬁ&é@agéﬁyﬁ§8? ?Pﬁet€éP§éﬁFeF&féﬁéﬁﬂen>cIaSS|f|cat|on

of Rhi zapusxdabeasr otfsmbhé@awoob;ézaebd Rbirz @pes invention

n|v us Ilpas Newl ase roduct
BeunSrERRTBn GLoRy BAGREES RE B4ngSpes
tak@n@m@aab tbashief geatiso®Rhdg oRluisz 0Bl zoelueway,, Aspergillus

b t
o0 A0 e LA Sebg R 1B guen
orlugqsﬁgzpﬁy pech@me¢01a¢2y pygll@plgepppﬁgerExamples

Na%gl%%ltéaff and 1%@&%&%%@%1@@@& |l'l@@.§@ ((map_a@asé,,
product o

n
paPodncr off; Wﬁpépﬁo§eﬂaaﬁﬁésétk@nfyﬁ§§nt §a59?°mlc
1 %mltﬂl@rata@@%ffl RHIRDUS prREmaray sh&hiteets Hhyzae),

whi d f bl
an AHAAGE PhysepddBaee UNVRes BoSngtpllck offafitno
or dryzyin@ icecr,edsel .t)hg Rhgacibduen .rﬁﬁ)felurSI éuasy ther steime
po'tyau%sh%tm &eg:la%ts%l%%ltq% %% tl'\%l %Eaf %prlé}zl t3}’30*:h

for—rep eat ingre |ns ere rmay
usé:ﬁlrtmldqsegma@@deﬁ@hﬁig@qpéﬁ r@yZ@@r)amR@slzomucor mlehel

pr oti§idkAqsQYzRhe IM by Novo Nordisk Co., Ltd., or
Chirazyme L-9, c.-f., C2, lyo, by Berlinger Mannheim) and
Aspergillus niger lipase (Lipase A, product of Amano
Enzyme Co., Ltd.), with no particular limitation to these
enzymes, as any l,3-position specific type lipases may be
used.

The form in which the lipase is used is preferably
as an immobilized lipase on an immobilizing resin, in
order to increase the reaction efficiency for the
polyunsaturated fatty acids and to confer stability for
repeated use. As immobilizing resins there may be used
celite, ion-exchange resins, ceramics, protein-adsorbing
adsorption resins and the like. As examples there may be
mentioned powdered diatomaceous earth and granular
diatomaceous earth as Celite, Dowex MARATHON WBA (Dow
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35 adsorption resins and the |like. As exanples there
may be nentioned powdered di at omaceous earth and

w@e@nnk#s0 di at omaceous earth as Celite, DowexPOEIRR06ION1744

VBA (Dow WD 2004/ 024930 PCTLJPg003/ 011744 - 20
Chenical) and DI Al ON WA30 (M tsubishi Chemcal) as

i on- exchange resins, SM10 (N hon Gaishi) as a
ce:rramxx:aa]n)d ardl mmqapma(qvl (it i s Ioh dhassidalas agn 1on-

S}?&P&ﬁ%{ feesslr& Eﬂg ]]EH o(exa 'é%ﬂ.esdn d)oré.se)éC@“x%nlc and

resi ns new | roved
r &IA@&r@%n&MMh%ﬁh%&hﬁjﬂ% c?g?etﬁfhr?disé?@tlon resin.

comrer i | ¥ SVl d Al she PUh - d AR DVRM Hesis, ree alae
be conS|dered suitable for use. _<Reaction te Iﬁ{aturfay

arRRYY X amR1e% o s (EY FIRKG S HeRtns are continuad
t sasest @véiepdd omd Sae efaninadyt i alond uotaidl sgle 10 Such

SR e ST D e e e T SHEHE | i cabde ddr use.
cmmajetmm oremferstute |dnd ofme héor rivtibl g4 st ehigation
when t N, L earli ok d ey i £ALIL ath oM ééﬁﬁéfaﬁﬁvﬂéggaﬂéﬁbd at

an i nmo ize enz%ﬁlT time required for

r 3@t 6 OFC | i pretek E}/Ua%ns‘h%r’% e gEZYRe JRAG Ity It is
tr‘rﬁof@%fé@é‘ré@l@&%r&!@b&dd condzct el d oin dor?sij@eyﬁat:tbn of
consideratio cont ent, of

CrRRRRLL OFY (PR | TFRRO R 70 | o TRactTOh, T cgagrion is
th@afﬁmeaabetlamntdmu@m@lyamsimglqmnsmmmbalgmedaﬁm@yme

Ache LL60 RLLS: 208 LQL )Y L REONG |05 AALI ARy a5 short

ereaC|on en 1I's {rerme
| nas hposahbe, ldle‘scth©exje@<bb¥@nah-‘él Ph%f¢3é%l@ Y ofepducted for

preferably EﬁrééﬁgldgyétyggeéfO%MgeﬁX£r§@ AONOEbh 088t of

<Purifrcation ter transesterification reactlon> The

oi tBeokrpassstanibied oyl{Fansaiteri Fieareantian- 5Because

t hi §eMBARCHaBBYi HE 8§§|éﬁdsﬁﬁﬁrébéﬂyﬁﬁ@ﬂtﬁhﬁted fatty
i mobi lize e enz

nz [ re whe
coPEﬁﬁSFEéE?lBhlgo?n%afﬁg S) Rt BE??e %?d?%%on during
coansneahetmbnthexpgenaiedpnéferablyaremmmed be thethanner

(OGILAL cnbh! SLUGET LSS aNdoLlesE, TBY BEcPUELELSdohrica

ods " Used for puri |cat on o
f abst sondhrasxydencfueei eanfldnioddgumi ng,

deQ?h?&gEFgﬂioﬁt S@%rdbﬂah&é@%é,@ﬁ!fﬁagtwﬁ réketiodhe

Theaoilg og %a%gvggééggegrgylg?ansesterlflcatlon in
this manner may be easily separated from the immobilized
enzyme in the enzyme reactor (whether a column reaction
or batch reaction). Most of the components of the
prepared oils or fats will be in the form of
triglycerides, and these may be purified by ordinary
methods used for purification of oils and fats, such as
deacidification, degumming, decoloration, steam
distillation and the like.

The oils and fats of the invention are improved
oils/fats or triglycerides obtained by lipase
transesterification of oils/fats or triglycerides
comprising microbe-produced polyunsaturated fatty acids
as the constituent fatty acids, and they are oils/fats or
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oils/fats or triglycerides obtained by |ipase 35
transesterification of oils/fats or triglycerides

W@ 09pi02498g M cr obe- produced pol yunsat ur at ed fRECT/§P2003/011744

acids as the constituent fatdy -acids, and they are

oi | s/fats or WD 2004/ 024930 PCT/JP2003/011744 - 21
triglycerides containing at |east 20% of
pmkyqﬂyabmnd@edcohaanylagld§ deasai ARgofopeLyRpEaturated

Q% SN tW%nQ%lHQEEI2@OBQ|%OQ@n@%mb@ﬁ§ biher ewdbyr more

tioned transesterified _oils/fats or

tﬁO@bﬂ@ehqm§§,c@ﬁda¢ﬁﬁﬁg QPYI@&smeééqpapd5transesterlfled

tiiglayaiddes wirtily, l?@@rﬁ.@.%'sd wonehipanyunrsallensted0% of
fatty _ acids, containin

re car.bon
S B ISR RAen £ osaray . ERPEERltate Yatey
t haldd %%rﬁj‘amlrmgglzwcem thes ewictalr bd nise sinduésrooort here

ﬁgg@diﬁ uns tura: q}%%l%ga%i§%¥?qfngE%ézqh%B 4.0% of

oitlrsi Nyt efraitde ofivittihe 3i mesridues mleftdicalsiape PoRyrsatarated
l efaasct’ct h%/alc#é ijo)ﬁct%,rl'n S 2000k ARGfidns oY th® @1y more

f orm t'her €o in t e present invention, they
c@WN@%ﬁahﬁ%ﬂ%cerldes monogl yceri des, and possibly 15

a tracerdmyints aind rf%&:sf 23 B ytk%:ildﬁferaﬂ.dresiﬁdf&nably

{Jrﬁo(géjct S e O%Etjgéans}e er fi cat g:l()?g%l%]e\pggh a?qhtlrl:e alnd fats
anehy B afy thern mrmﬁaam a:ua; ffrorthex amsisent Ginwemrtaon -
gﬁta}tb% on| JH:QeeS J.ngt:};é,ﬁétﬂcﬂags aly Ar?@qsleyc’)él"{?cfgs 2Qnd possibly

acl ransest er I's/fats or
t rd gt yaee | Aesumbrhifier) Batteatidnat 199t EadHr iRpeducts

;wndy @P&é@é&&f‘@fﬁa@f&l@h'aﬂ@%éﬁm%@ e the Jjentides as a

no nmore than 4. 0% of AAA have unlinited

'pd%%]?ﬁIP?@%%C¥o?hQEﬁ9§xs raw materials and additives

in 25 f@l%ls@ﬁ@eﬂsd FOSITRS f CiSh@n;dn\&hattimemé,caﬂcst example,

Furtherpore, there are no, limtatio PASE
orOl%ﬁéﬁﬁF§ of ??&ﬁfyﬁﬁﬁﬁd%& % @t ﬁangf'¢ Jﬂy{ ot
coapashidonsct heid, nmyd bErammﬂﬁt@wmiﬂQQnWﬁﬁﬁﬁﬁﬁkﬁ or

prQQ#é%éﬂ??l&@él éﬁ%%ﬁﬁ%ﬁio$%lle§9tf@@gsofr%%iéi?é&ﬁ&des

supp | mmat ure, i nfan
nDdLER edner FRSLGHe | of A achicenhe 36b4 l%r%*b%dﬁ%lecue

met g5 N3 HOOHSrOr 98k | Al ¢4 Cof ORAS. h&Fe ex@IDhESed
possibilities for use as raw materials and additives in
foods, feeds, cosmetics and pharmaceuticals.
Furthermore, there are no limitations on the purpose or
amounts of their use.

As examples of food compositions there may be
mentioned common food products as well as functional
foods, nutritional supplements, modified milk for
immature infants, modified milk for infants, infant food
products, maternal foods oOr geriatric foods. As examples
of food products containing oils or fats there may be
mentioned natural foods which naturally contain oils and
fats, such as meat, fish and nuts, food products with
oils and fats added during preparation, such as soups,
food products using oils or fats as heating media, such
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of food products containing oils or fats there may be
nmentioned natural foods which naturally contain oils

wapa48598@t s, such.as neat, fish and nuts, f ooPCT/JP2003/011744

products with oils and fats &&ded during preparation,
such as soups, food products using oils or fats as
heating nedi a, such WO 2004/ 024930 PCT/JP2003/01 744
2285 adOHBRAE sO1bj Pr oF 2} aFOPRD R PHBEES t SUSh FS JRutter,

bupf@éess@aogsééegré&m&kéwwﬁ%mt§lmst@rOfASSoaddédsdurlng
added durlng groce33|
ay

h
O o LAy B 28 S EES  F oF PO P Pp R g P rayed o
fi@ahtedOWESBioglssurhfass5d@a1mgbfsnmltﬁrodhsglmmy such as
| ' food ,
| S8sfoRREREOEE” nEedaboatog, S8 TiarE BB M ffiqeRbera
cohtadn, nbeoinested favds, TheyeﬁbQChlégodﬁe haripR feeds or
Ofbéygfn%?Qa%P%eﬂd QQPﬁtﬁooélPQaéfafgﬂg'Caf§e¥aﬂgy also

for exa ormof enteral 10 nutrie
poflets, @PaﬁBFESOfI%%@%Eé%na%rﬁPogoPﬁ?ﬁBﬁES or
SU§H§Bﬁaeaatl@amb$|@ﬂ@ féﬂr@ﬁémplethen|tké £dhe of enteral
present gvent OH%MA|| now be explained in %Le futlons

PEFFl?H BugROYAET T ol Po Ry Bxanpf 88941 t R*
undespbaedong t batlshens pveptups 08 thendikay

restric e L
Prepara?ﬁ%np%ESBXt £§Y$§g én§11EX€§§ Eé Eéf&?ﬁ&d in
st abkhtey dﬁuadéokbg@uahubheb§0lhﬁﬁbn9|@&@mbhe@f Wigh the
ZouﬁﬂggbgbﬁdhhgaﬁﬁitAéﬁér1§9§§€Eghn9slgﬁ HoO0fafNrestricted
i on-exchange résin (Dowe HON VWBA: Dow Chemi cal)
i nNPBOthe BFaRRLZ8pus delenar I|pase sol ution (12.5%
Tal i pase powder, product of Tanabe Seiyaku), the
su ' was dried under 25 reduced pressure to

gggﬁébﬁg i mobi | i zed enzyne. Next, a triglyceride
coBkampilrg 140%xapachtdoni of atintob{ SUREGA20Symer fdenferred

na t 5,9) 508) 1. 3-
thg%g g%? n?ﬁénggoxxﬁog?%%ééd |%2@gbgllgéklg% ga%e?
(8eper)fver éimesghed out into a seal able 30 bottle.

The hal hrerenshgpthgingsipba egf'ﬁnalgﬁsékéﬁhﬁ?e rabén
a vacuun1§ gg was connécted fo the de35|%

pr é5SHEE tPYnWBR : t ReWcGREBAFEL) (BBD

delemar lipase solution (12.5% Talipase powder, product

?eRhlzopus

of Tanabe Seiyaku), the suspension was dried under
reduced pressure to obtain the immobilized enzyme. Next,
a triglyceride containing 40% arachidonic acid
(SUNTGA40S, trade name of Suntory Co., Ltd.) (25 g), palm
oil (15 g), the aforementioned immobilized lipase (4 g)

and water (800 ul) were weighed out into a sealable

bottle. The half-open bottle was placed in a dessicator,
and a vacuum pump was connected to the dessicator for
pressure reduction of the contents. (Bubbles were
produced in the oil from the immobilized enzyme resin
placed in the bottle inside the desiccator together with
the oil, thus releasing the air containing the
immobilized enzyme.) Nitrogen gas was then leaked into
the desiccator to restore the interior of the desiccator
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produced in the oil fromthe inmobilized enzynme resin
pl aced in the bottle inside the desiccator together

wWowah/0303¢ he oil, thus releasing the air cont aP@i/mpoedie1744

i mobi | i zed enzyne.) Nitrogen2gas- was then | eaked into
the desiccator to restore the interior of the

desi ccat or WD 2004/ 024930 PCT/JP2003/011744 - 23 to
or 4Pnargippe¥spressThes pFotedprecefupeesfypeessure

regé&&b@ﬂoﬁnQn&e§E§E@EhQEoMﬂ§a§ePSﬁéSQeEOEor substitution
substitution of nitro for the oxy gn BBresent
b

het | FbEPEFRedOr! EBPNOTUIPT DL SRENE hOnpbRI ot [ized
seakegfln matraet i uati @neSbottlbewasnebileded Eﬁzyaetlvation

the_.bpottl e h hak t

o o Ehks EnfBRIIIERe; BRESRe. (PP, BBIkAR! vRE shfh, lgken
fox1a6t rpmdi en BASCr énpvad hndrstheAdéeXygemaﬁebmon of
pr98€§vgglﬁﬁs Eﬁéerg QuLqORsE HEE?gﬁeloﬁb%ﬁbanH8ved and

acti vate i ze enzyne.
t r ARsedeeKYERBALILOR nrpﬁeéﬂﬁ@rW@égeﬁasnedopptopnﬁatmore to

tthtsgaeEﬁelacEabaQédOhhmyﬁeﬂlEea bhayﬁ@sterflcatlon

used i nstead 0|I for act i on
o BRRPsta Lk aons ophis th ot nPE BESEhabaENTiaEs T35, the
g)vegéegblabEetObE e1d g%edlﬁﬁBbtkaﬁedskepafécéﬁlgm was

obBoEe ShatRab’oh: Bhafcrltoneti Sebsvakabh, BEkhanee

inmmmpbuiedednzyugmeacunvatmmxtpreceduths MNEGBAPEI €45 9) .
ou a steri Lijcatj ; a tR9d RE wat
negSEgFRSE a??g égﬁdggén%gﬂ?glggzgé ER%?SESW$h§9fgt oya er
oiK8ﬂﬂsu3&npbeW1mh aheappiloxoidt meptioned abkgveerawnd the
cap .t est t ano 1 f

o BrpERbrbERsnetuare Y aREn  IPRe ~fah ThrePRs rBe, oRhpme
25awasvaeabedpr@n@dmeastwenemasrc@aduouedfar 50C for 3
hog&gnségggglgqgg%gghon of the reaction, the m xture

was cool

to roomtenperature and then hexane was
added for extraction of the fatty acid nmethyl ester

an§x5ﬁ$1@0ble@b%®o@66@nﬁeb§ﬁean@a$aQ ?Cﬁﬁﬁﬁab%ﬁtéﬂﬁgrof
reduced 30 pressure. The obtained fafty acid nethyl

esParS&&tSdi ssol ved in hexane to a total fatty acid
met hyl egkeratc@ic&itllr gasoBanplabdoin 1% apprpxiwadedy 10-20

fognggscrew cap test tube, 2 mL of methanolic HCl and 1 mL
of dichloromethane were added, the top of the test tube
was sealed, and reaction was conducted at 50°C for 3
hours. After completion of the reaction, the mixture was
cooled to room temperature and then hexane was added for
extraction of the fatty acid methyl ester and the
collected hexane layer was concentrated under reduced
pressure. The obtained fatty acid methyl ester was
dissolved in hexane to a total fatty acid methyl ester
concentration of about 1% and provided for gas
chromatography (GC) analysis. The GC analysis conditions
and component identification were according to "Fatty
Acid Composition by GLC (Method Ce 1b-89)" of Official
Methods and Recommended Practices of the AOCS, 5th
Edition (American 0il Chemists' Society, 1998), a
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chromat ography (GC) analysis. The GC anal ysi s
conditions and conponent identification were

w@ewenziony to "Fatty 35 Acid Conposition by GECT/e0é8n1744

Ce 1b-89)" of Oficial Methoglg and Recommended
Practices of the ACCS, 5th Edition (American Ol
Chem sts' Society, 1998), a WO 2004/ 024930

PG pERZA08 011107 4fb 1 umi? 4va sSupselde.oweBhel O edoilauraf wdee

used. T 100 arzgsq%j | ' Lyl riRie
peag%cahrltelgo r\{/ﬁ hacrlecg pr{iagc\lﬁn%lo t eIOI gucftégi %ﬂeﬁr@ée}g : °
dether tteat pa et crerdl deradted ataHasdehd s dnt ent

i nthe Qiddf@tac fhecdatdnt ag dife eont A, ofrHatiatty acid
aci'ds ot her than arachj doni acgcg1 wer e et er m ned ‘bé'were
£ FROTSRARE Syt h G Bk hoddt TG Gt

angd tyessi iRl Gyneh o sé amenvase tdaydluct ed under t he

following 10 conditions to nmeasure the content of each
triglyceride in the oils or fats nodified by the

erisyanep Yeadt i et ha@d| efmt r iRelygesel geh aaea 0% 1em

( Cosnosihr, & @nélflé{_)sé%s X WR)e Al V@M the following

Acet one: acet oni t 1 mM/mn 15 Anal ysjs LI (o
53R gl CHRIMERVBRR $ &FP FRE (FP ORI ety triglyceride in

Reff&Csi Ve bPOEX: deh6aiPled A8} |thd esmeymé UFeac¥ls).
Sanple: 51 of 10% sol ution Of?iﬁllf

2
triglyce?t B i RRERFHF OTRIGS Elct H1T g?@%%ﬁ?%Pmﬁsei x 250 mm

anst ygads ynder the above- nentioned nmeasuring

conditigns. The pol a i £S. a :
trigIycg?f%%ngasﬂg%ﬁéﬁéi%%%Qgg%gfh?%g(?beh% ﬂ%{ %%
di scl oskuaiysJapohese EmexEmi ned Patent Publication

No. 25 2000513525, + Seesidi6abl vagtde peaks of each

triglyceride were separated,, and h drolgsis \NB.{SJ t hen
f ol I oweBebgChet hyReEEREE1¥INIRIRY oRet§RECHDI €8 UL ar

speshgsrieteedetgrayned by GC. By anal yzing the
triglycerides of the oils/fats 30 obtained with
SUNTGA488MBAE : t PakseSfet Pt i 2@t W bROBYCE nell fbdhodr

ot B A BB e O e SLNTGA0S

Each triglyceride was analyzed under the above-
mentioned measuring conditions. The molecular species of
each triglyceride was determined according to the method
disclosed in Japanese Unexamined Patent Publication No.
2000-513575. Specifically, the peaks of each
triglyceride were separated, and hydrolysis was then
followed by methyl ester conversion. The molecular
species were determined by GC.

By analyzing the triglycerides of the oils/fats
obtained with SUNTGA40S and transesterification by the
method described above and performing calculation, it was
possible to determine the form of the SUNTGA40S
arachidonic acid and the proportion and content of each
XXA triglyceride. XXA represents the total weight
percentage of LLA, PGA, OLA, PLA, OOA, POA, PPA, SO0A,
PSA, SSA and LC22A. The notations used here are as
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arachi donic acid and the proportion and content of
each XXA triglyceride. XXA represents the total

woweioghr493b per centage of LLA, PGA, OLA, PLA, QOREy/JIRQ¥s/011744

PPA, SOA, PSA, SSA and LC22A. 2The notati ons used here
are as WD 2004/ 024930 PCT/JP2003/ 011744 - 25

follows. L: linoleic acid, P. palmtic acid, G y-

| i niodlekoves acild; Dineolelie awid, IS mbmit:tc aatid, 22:y-

li u f CI d CI d ot h
thgﬁﬂ{oafegﬁz ég%%%cg%l ngI‘%/ ar ac on| c (i C22:

bi nEinRpS posirdoed Of éa’ctwfmi@, agi dfa’e‘SYd@I@lantlh@r than

gl y. st 4 [
SEanS, Aol PUGR oGRS IR JpgdAN

ap ROt et yoUooAeR Brchiafo] crespluRien e nglycerin were
actndﬁugxhpﬁqgﬁéajged i pase obtained in Exanple 1

Enzyme reaction was conducted by shaking (100 rpm at

30C with the raw material conposition shown in Table

3 t@ta}wpl@n@l tited 1 £Acd ¢ oon VelS sxoad h indredi ovhad Bd-sesrdd ging

reaéljtl on. {r%%%\ée o’nv"!ie]?p()gmglr}r%l %2% Zdﬁl’fl o O JSC

of aqid ylysiny cestoraterd Sumiidd asnd . lipdde @om:wxed in
matgrd@b1conposi tion for reaction SUNTGAAOS 25 g Pal m

oi |l or soybean oil | mobi | i zed I|pase

Fig. 1 s@%%ém%o?ﬁ/%?@% VS RN D rﬁh%}b%ﬁﬂ 100 rpm)
colrﬁad mm‘g: ant: | rmeﬁmrmafﬁéﬂﬁgaweg:ﬁih ]_:ghiﬁt.{_tbﬂ ShiGih a8 Table
pa or_s ean oil, with arachidonic

Do e g e read i, e F R Pl o e panpling o
f ataqpi‘ax:rrrdsthe ostvcmm‘d faf tdre 2 dnsa tymeif deat Fvereaction.

?%?&%—{Z%{ m OI res %tl‘%e%l %&r% %%C?I on rate

VVI tWJEQﬂeYCQMSJr@f ethe azamplad dd¥ich linoleic

aci d- based soybean oil. This denonstrated that the
rate of AAA_di sappearance 30 according to the

i nvent i oR2PSe &engﬁi&’af“aitéﬁéﬁéll ESEPeEithen £ppergpction

veget abl esorTcaged, so Tong as the M xXing 25 g
Palm oil or soybean oil 15 g
Immobilized lipase 2 g

Fig. 1 shows conversion of the AAA content upon
combining and transesterifying vegetable oil such as palm
0il or soybean oil with arachidonic acid-containing oil
as a type of polyunsaturated fatty acids-rich oil/fat or
triglyceride. Even transesterification with the
saturated fatty acid-rich palm oil resulted in the AAA
reduction rate with the unsaturated fatty acid-rich
linoleic acid-based soybean oil.

This demonstrated that the rate of AAA disappearance
according to the invention is identical regardless of the
type of vegetable oil used, so long as the mixing
proportion is the same.

Example 5 CDM test
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proportion is the sanme. Exanple 5 CDMtest WO
2004/ 024930 PCT/ JP2003/011744 26 |In order to confirm

W b@4ox498@t i ve stability of the enzyne-converP@dJP2003/011744

arachidonic acid-rich oil, a-t26t-sanple was prepared
and the oxidative stability was neasured by a CDM
test. The CDM test was conducted hy heating the 5 oil

sanpl e iR &TASIcTOr RRL IEENILENOXLEHTEVR FTSP I Ye of the
bl :E\Mz!ylglei—@éﬂﬂv%a:l‘teai: raredtth iGRDL G ialk d-T i\ea eft_;th,h% test sample
vol atil e decomposition pr.oducts produce

oxi"dat ipgﬁ.pafﬁéﬁpa&daﬁq% t‘{})‘lég%rlﬂ& §I9PPS; Ye)é(ﬁfs measured by
expr €Ddedest .t el @M hestt v lcapsected dyt heattimge the
point ich.the I\ f .t { .
chg%gle%%gl qs?t iqcnal% leeoaﬁcts ottt%fatr ‘éotr%&%q%ﬁ:{%@iﬂ?eﬁtgge& IWhl%e
mord Csiidge g I1l@aro aght dald veptyatage inBavdeorthe volatile

EXd@lcfipds it idrf PrdRuntfauclie bdymsiiddized enaye
(activated) was added (4 g) .to the raw 15 materi al

oi ISt@ﬁ’Gld)t,Y &fd thea&lilo s afipd ec ¥Rgu S esseshdr tegms of the
r proiméf tlepstehey &aﬁtﬂgmw,c%ﬂw @lolindnGt RmkH it&ﬁﬁ

enz r.e .separat wi_th _a decant, to ohtain.the

o SUTHR TG ARR MBHCanE o e ORERIGAI IS faghorter
andliyweed nigy claRle amd dilie metrabishisty pied lree asurced dayt iave
CDya?u% est. The reaction tinme was varied to obtain

nodi 11 oil 1 and nodified oil 2 having different

AAA conBasesl onTimampieAfa @ortrdmtlsl ampusrtalsid ithees of

modinrio®d 1Qizle®  efzyaes G{%t&_rilvfa%%%%o Wa®) adRigd § C ADAthe raw

cont nt.(rlc/{?).(% Pal m oi ] / SUNTGA40S Mbdi fi ed mc{ 1 o

6. Fa3eggalygils (6@ G 208l ¥eACKAONURRSUICAMER RIS #1630°C,

6.460 S@ynb_eamfﬂ:idn’ WWiM@F’i ftih@d o_ﬁJ']J ahd . ilhndHE9 ized

Nb%'nfz'y%% g}elrez sse'p%rdéitzesd wLJ'!r%rIrlD %.I fd'e%%n%' |t03 'o%tZa'i%l th2e5
reaction oil. The AAA content of the obtained oil was
analyzed by HPLC and the stability was measured by a CDM
test. The reaction time was varied to obtain modified

0oil 1 and modified oil 2 having different AAA contents.

Table 4 AAA contents and stabilities of modified oils
(transesterified oils)

Sample CDM AAA content

(hr) (%)

Palm o0il/SUNTGA40S

Modified oil 1 6.4 3.90

Modified oil 2 5.7 4.44

Unmodified oil 4.6 6.46

Soybean 0il/SUNTGA40S

Modified oil 1 4.1 3.69

Modified oil 2 3.6 4,28

Unmodified oil 3.5 7.01

As shown in Table 4, when the saturated fatty acid
oil, palm o0il, was used as the raw material vegetable oil
for reaction, the problematic AAA content was reduced and
the stability of the oil against oxidation was increased.

On the other hand, when the linoleic acid oil,
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As shown in Table 4, when the saturated fatty acid
oil, palmoil, was used as the raw material vegetable

W@R004/024980 r eacti on, the probl emati c AAA cont enPCTNEER2003/011744

reduced and the stability of 2’he-oil agai nst

oxi dation was increased. 30 On the other hand, when

the linolei¢c.acid oil, WD 2004/ 024930 ) )
PcfP§E2663P6i17W&S ussd agoyREahayi PatREdagséQrasepfsion, a
rawindieri aedhaotibeadhi AAA @asSkBehabsr edtat padim biAMbut
wa e W_t h m. Qi |, _hu h ffec n

o LR EReBR bkl SRALTIILY: A heablBel] L Lol was pot as
wi nhtphlem esl wishEpadpl €18 .Changes in conponents with
time for transesterification of arachi donic acid-rich
oi | (SUNTGA40S) diluted with pal moil The
fuﬁ@é@PéﬁoéucQaaﬁﬂﬁéhﬂéoﬁP@PSEPBt?iHHtSiFlmfofor

cort-anhBedtakurdant iAAAorandathesshete atha -AMAKWAS 1

co \.by l.ipase transesterification
re2§$®g§g4b%)§é§&P¥F8 g&%ﬁogéﬁmtﬂé&forn1of ar achi doni c
acid (X¥Ag funghseasbduickld, aaadhtenprogrdssirdehandl
ChEBRESiHRa, BOTRERNE, aBicnanh SNS-BL el LA MRS oo
trpngeétEQeF@oﬁpanbﬁtéiwpéh tirppsegeiragication reaction
coaseaes b apenaegaeongTlbe heplibfuctide )
4. 33 Bragestymilis. 89d1§heoPIPIBESEAORG anRXANESIEE in
29c3apdheft HRoportdOnEheiiAMebinki #edeeRLYER iNRStally

of MSBRYERGOS and 16 g of palm o were added fo 2 §

0 an g of palm oil were added to 2 g

of the activated i nmobilized enzyme and deoxygenati on
was followed by reaction at 30C. 25 Sanpling was
conducted at various tines, the triglycerides were

anal f2bdeby t REapseRodrdéséailearide Erapprents( MPLE time
anal ysi s), andueasl @rahRes¢arBgneltion reaction

Time (hr)
Triglyceride component 0 hr 48 hr 96 hr | 176 hr
(%)
AAA 6.37 5.16 4.33 3.41
XAA 23.19 19.09 17.00 14.86
XXA 16.11 29,33 35.41 40.55

The immobilized enzyme was activated by the method
in Example 1, and then 25 g of SUNTGA40S and 15 g of palm
oil were added to 2 g of the activated immobilized enzyme
and deoxygenation was followed by reaction at 30°C.
Sampling was conducted at various times, the
triglycerides were analyzed by the method described in
Example 2 (HPLC analysis), and each of the component
contents were calculated. As shown in Table 5, AAA
decreased with time while the presumed conversion product
XXA increased. Under these conditions, a period of 1
week was required for approximately 1/2 reduction of AAA
and at least doubling of XXA, from mixing of the oils.
The following example was then carried out to determine
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contents were calculated. As shown in Table 5, AAA
decreased with tine while the presuned conversion

w@e@dozto3B0 XXA i ncreased. Under these conditiPCEJP2003/011744

period of 1 week was requi+e2l8for approximtely 1/2
reduction of AAA and at |east doubling of XXA, from

m xing of the oils. The follow ng exanple was then
c amrtiiad zeiaro afettdvaiiRAGAE PO AMPELSdyire and amount of

PGHnH2AA03 /R WiAme 2B1it0¥d.m zation of the reaction

tenperature and anount of i mobilized enzyne
addition. Exanple 7 Effect of reaction tenperature
dugstdigpled 1 r aj”ﬁ&%dterdﬂ‘ i 10t & tiro 1 eamtpmt‘lthfe idomoind i zed

enzyire. prepar n. Exa used to exam ne the
epcf%aﬂ egsf ]:rfetelr eaat o aecfe;tplé ature on
tr anseSltl”eH i fringee i Drzed tens yam e paRPd Ay xaprle 1 was

d ere ©f
SRR B EOmR sttt a e o

th@awswwqwi i 78R AR P Y HEER A Fon
Waset fved d nvas, byhé ersthed ot Eita‘.nﬁ;ﬂ@nl tenpermenras.g of

h
T A SEEIEC, 0 158 AEELER ST Sl E5o5T4 U cne
d&s@tfi\kwﬁed ndmoliekhhpéd énf it Qrahalgskpenantion HEaNAA

[ oLt i8S,y CALEUL Led,  Tabl e Bl TobhSo£aElfEE! Ofne

erl |cat|on reac eact
t ermmmwrelkﬁwm esampbed M texiuttdan of geagtier, 2ghe
N8l SEIOLE AEATHLOD £ndTyPOE By Bbnhe 864 4a80c2980d in

ransesterlflcatlon reaction
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confirmed. As shown 1n the table, the

transesterification reaction was confirmed to proceed
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t lu ¥ Oeiratl 1 et T Eoduct
R Bl ERE Sran oL ot vent | 10 10vbeat ienee)

\

dafrage- giir iMoo TEartf o at i ghgt g{peratur

30°C 5.86 9%
45°C 4.50 29%
55°C 2.43 62%

Since a transesterification reaction is ordinarily
conducted at below 60°C, the reaction was conducted at
30°C, 45°C and 55°C and reactivity was confirmed. As
shown in the table, the transesterification reaction was
confirmed to proceed more efficiently with a higher
reaction temperature. The deoxygenation step is
therefore important from the standpoint of prevehting
oxidative damage during reaction at high temperature.

Example 8 Examination with enzyme agent comprising
immobilized Rhizomucor miehei lipase

In the same manner as Example 5, with the enzyme
added at 10% and using SUNTGA40S (trade name of Suntory
Co., Ltd.) diluted with palm oil, a comparison was made
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Example 9

by transesterification reaction

Improvement of arachidonic acid

The present inventors have developed a method for

obtaining microbes capable of producing oils/fats or

triglycerides containing arachidonic acid as the major

constituent fatty acid and for obtaining purified oils

and fats by fermentative production on an industrial

scale, by culturing microbes belonging to the genus

Mortierella (see Higashiyama et al.,

Enhancement of

Arachidonic Acid Production by Mortierella alpina 1S-4,

J. Am. 0il Chem. Soc., 75, pp.1501-1505(1998)).

Using a

oil/fat or triglyceride containing arachidonic acid as
the main constituent fatty acid obtained by the
aforementioned method as the raw material oil/fat and a

deoxygenated, activated immobilized enzyme (R. delemar
lipase) obtained by the method of Example 1,
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af orenmentioned nethod as the raw material oil/fat and
a deoxygenated, activated immobilized enzyne (R

wa@ledoenomt930 | | pase) obtai ned by the nethod of Exeempirods/o11744

WD 2004/ 024930 PCT/ JP2003/ 01473 -- 30
transesterification was acconplished wth palmoil as
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pr SEAGNG SEIHAS) f &t-$ 3G ARPO andi Gy Sér X¥ds (MMATAGkY donic
di hemer Yrahiife enisd neQicd HdAded) adachl@oMBiOlacid residue).
constituent fatty acid and for obtaining purified
oils and fats by fernentative production on an
| NdYsinp1adl 19Calihp Ay Ml iId¥ dThenegs 19abeBgi R ab9d
the genus Mortierella subgenus Mortierella (see
Jap@éde -25 clin@ddisi/fed sPatve rrr apgisisiteaniifoir ays.on

5-91887 j [ r gl [ | S
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as f Meqel@li Oiddd alat TS FAreftla G 'ﬂfﬂd%kf%%ﬁMS@ an
DAA as the nmain constituent fatty 25 g), palm

oi |in(ij:%t®iaétn(§;qq;@,i AoBatatdqg micr%%les (belonging to the

genus Mortierella subgenus Mortierella (see Japanese

Unexamined Patent Publication No. 5-91887). Using a
oil/fat or triglyceride comprising DGLA as the main
constituent fatty acid obtained by the aforementioned
method as the raw material oil/fat and a deoxygenated,
activated immobilized enzyme (R. delemar lipase) obtained
by the method of Example 1, transesterification was
accomplished with palm oil as a vegetable oil/fat. The
oil/fat comprising 40 wt% DGLA as the main constituent
fatty acid (25 g), palm oil (15 g) and the immobilized
enzyme (4 g) were reacted at 45°C for 48 hours. At the
start of the reaction, triglycerides constituted 97.2%,
DGLA constituted 25% of the constituent fatty acids, and
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35 start of the reaction, triglycerides constituted
wW©®7002004930DG_A constituted 25% of the constituePCT/iEN03/011744

aci ds, and WD 2004/ 024930 PCT/31P2003/011744 - 31

tri-di hono-y-linolenic acid (DDD) constituted 6.09% of

the triglycerides. Upon reaction, triglycerides
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FGcose,
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subnerg ;1,00 t dgeClibiu ol ut i-gR
(first s age E% 12 gg% nfhgggiggag ge% ﬁggabu%tﬁrlng
(serenbidpage) awagl podugiad gtraisti r Thegpregesyegs cells

ZOQeE@"hnBCEQEE%HaEBr% Q% %ggs%néx%ﬂab%teQ@ablucose medium
pressure of 0 kPa, and_conti nued

7565 Biiof - Redrih eREdi GIRLAUT 272G &5155%@5&0%)0&'@5 igiziated
EgatKﬁgBQ&rg%na @ ebaCh2. l@HFmegaﬁdk%zfgﬁ?%r%Hﬁﬁe b4 28°C

g _sqybean s -steri at Qr

m Al §°nﬂﬁg8e%868rwg SEYS- sebé%gFepﬁggaﬁ%Wﬁwgl - R
10§ekgtobxhydeays 23glolaeser ,Was 1$t eoiylbieaad cdtl egdufoRt pH
40 6S§C d d 18 A Vi [ t
preﬁgrggwéd%§W1cg%iggé %u%ggrgéﬁ c%%%g%@%d“@a% Qhe feed
t heudsad ec gt urtd ogol (dtiireh g@ae§écm§ ) t\nﬁe’co and seed

transkgrhiad R@%%%%@.%Qa@e%obﬂb Q&f@ﬂﬁled—dﬁ a Ridiiraling

cul turing volunme (10 kL culturin

CulPP&eEN§Ewg9 0 & 'aﬁb&egpeéatgﬁ%éth '@n' 6@ ipfernal

ai iiregwuele 4% NBB/ KPagndnan contdmusd p?roe:ssajrctaytsf Nkt ,

k qu'S Ol(:)eid iol}g m%lélilitulrjnr e(ﬁgad%u%e rAf:orzn;%d k%s s%%%n-r%.lo%r%’ 16.2 kg
KH,PO,, 2.7 kg MgCl,-6H,0, 2.7 kg CaCl,-2H,0, 54 kg soybean
oil) was sterilized at 121°C for 20 minutes. Also, 800 L
of a separate medium (Medium B: 108 kg of hydrous
glucose) was sterilized at 140°C for 40 seconds and added
to the previous Medium A to prepare Medium C. After
adjusting Medium C to pH 6.1, the seed culture solution
(second stage) was transferred thereto to a total of 5400
L of initial culturing volume (10 kL culturing vat
volume). Culturing was initiated at a temperature of
26°C, an airflow of 49 Nm’/hr and an internal pressure of
200 kPa. Feeding culture was performed as shown Table 8,
and the main culturing was conducted for 210 hours.

After completion of the culturing, the culture solution
volume was 7100 L as a result of the increase due to
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After conpletion of the culturing, the culture

we o2t vol une was 7100 L as a result of theCT/JP2003/011744

i ncrease due to WD 2004/ 02493B82P€T/ JP2003/ 011744 - 32

f eedi ng culture and the reduction due to evaporation.

Tabl e 8 Feeding culture of Exanple 1 Main culturi Hg
on.
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| ocati on. The obtained dry cells were packed into an

approx'ﬁg%é%ycéﬁglétYQﬁu@P @E@n&@PQ&PPHQh s%@ﬁflbﬁ&tlon was
W th nitrogen ¢ apd after sea Bg mout h | of
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Thea Oy %E&késcbakesteatwothther Coneai peesbagniedeied to a

subjected to e tiLo ' exane, .and .after .
IR Ertoge |t ralchE Lorth | WiT8 Fr 0 tarhedlpeq frier,
poaﬁcﬂ of, phéumasicheahedyondeas resedetopcesgeayethe dry cells

ve the_h xane, 2 t |
Rt BalEXAR®1 3005 801 21 908 SEUAELQl GEQNERL DL ere
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Transesterification of f
pr@%aﬁ%ﬁ PAg, EXEnPRE storpd ERuBerBErig8RRAPRiI A 2918%
argghitdonic acid prepared in Exanple 11 (94%

triglycgggdSE; ggiléuggﬁgﬁegut of the container bag were
subjected to extraction with hexane, and after filtering
the hexane solution to remove the solid portion, it was
heated under reduced pressure to remove the hexane and
obtain a crude oil containing arachidonic acid as a
constitﬁent fatty acid.

Analysis of the crude oil revealed 94% triglycerides

and a 29.6% arachidonic acid content of the total fatty

acids.

Example 12 Transesterification of oil prepared in
Example 11

The crude oil containing 29.6% arachidonic acid
prepared in Example 11 (94% triglycerides) was subjected
to lipase transesterification without addition of
vegetable o0il or fat, to attempt improvement of the crude
oil. In immobilized lipase of R. delemar was used for
deoxygenation and activation by the method described in
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to lipase transesterification wthout addition of 30
vegetable oil or fat, to attenpt inprovenent of the

wW@erwd®24980 | . I n i mobilized |ipase of R del eneCT/iR003/011744

used for deoxygenation and acBBvation by the nethod
descri bed in WO 2004/ 024930 PCT/JP2003/011744 - 33
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was used, it was foun ha I mprove
t r nSETPOSIGIaR of B127 Pék REd dihsidst SR ibvardaopleftion

Oi loF emepresiotd ot Mutieabener eguerd Q! VS A8 84 was
fatto)(]]n%mtsa the main contlt ent fatty acids as in

Exanpt es B8 IRHYGE Odfe P%ﬁﬂm gpesfterified
vegeénmddlag did tdre ftaians@s&mmllélb&b&dm taforpitles m'dniprli%i/ﬁg

0. |
0, M SRS Sl BBy gcign aggpe main
t 0 CONSE 1gusm tp drddive dioridisk aso 1pr @ﬁ@m@l@smﬁduafnde@ niwlikhout

apppexiifalc RARETRA eqe ge@hbﬁe Bhe mpdidied mlk
conpri sed arachidonic acid in a proportion of 0.5%

with 20 respect to the total fatty acids. Exanple 14
Addixbin@l et @ 3butHidRYitAch 26 @ip@rtion of modified oil 1
(novel tragﬁesterlfled 0|I% %btal i.n Exanpl 9 was

added t& rsiogytefo ﬁFﬂhchnPW@lbutter
m Itkahaestteenfn.embmd)bpbthmnedngndtﬂzﬁdan@lteh@ Frtast aﬁded to

pr@%CE 82 RLORTEd mdtd Egegg}aglggf S el rked e

hompgeneols “conposi ti on
ac?apaeaéaaﬁapgebum@@ E%&ﬁﬁtemiﬁkAddEheomOdoﬂladcmlAkZ

g @@mkaBe@fa&%CQQbehe é@%daQHeQ b?o%gr@Eo?fOQ 028% with
aqueous and t hen modi fied

ut
0|Feip€ﬁ v@P gk&n%@§@gggﬁléﬁ BFPFSobtalned in Exanpl e

9, containing 0.05 w% vitamn E, was added thereto

“hhkgmg 8554rr'ﬁ%1WHoﬁ %osgu££ and the m xture was

i ncu
A 1.97 g portion of modified o0il 1 (novel

transesterified oil) obtained in Example 9 was added to
100 g of butter fat from which the butter milk had been
removed by churning during the butter production process,
and the mixture was worked to a homogeneous composition
to obtain arachidonic acid-added butter.

Example 15 Addition to juice
A 2 g portion of PB-dextrin was added to 20 ml of a

20% aqueous ethanol solution, and then 100 mg of modified
oil 1 (novel transesterified oil) obtained in Example 9,
containing 0.05 wt% vitamin E, was added thereto while
stirring with a stirrer, and the mixture was incubated at
50°C for 2 hours. After cooling to room temperature
(approximately 1 hour), incubation was continued at 4°¢C



10

15

20

25

30

35

50C for 2 hours. After cooling to roomtenperature
(approximately 1 hour), incubation was continued at 4C

wWO\D0200495024930 PCT/ JP2003/ 011744 - 34 for 1BCT@RR063/011744

while continuing to stir. The ptoduced precipitate
was recovered by centrifugal separation, and after
washi ng with n-hexane, it was |yophilized to obtain

1 gox d0 hyry oduixie |aPrdlianting dd EdriFoundtheo mRadiang
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eoxygenation an
actﬁr@atﬁ%teraﬂefcﬂcﬁcamglto Exanpl e 1. Specifically,
triglyceride contains 40% arachi donic acid
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et rens i am et o darasidrs oty

t hameafmrnermfammnwtynmds zatl %(ralcmm:(cﬁf%cg:)d aml 'the same
water, (8 .m) Iaced i a.seal abl e t

SunRat o he A B Ay R L fr e o2 ene
pr@mddﬁkﬁ:descrlbed in Exanple 1. The oil used for t he

(200 5) "B NS0 oy e 38 9n 20 P o of

i AENR e dl éms/r@ﬂ%:tﬁﬁfaqch.frfg dRAXY NP IR éerefi SHEK; R Lon
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e

reaction bottl e

K f
PRt 0 S A et (AR £ 1 Hme of
anaxyﬂﬁﬂ:ﬁycd h,e HRALO des0r ided MO | (CdoagRE Br, Mirxade name

ﬁgﬁg?{aﬁ% aﬁ(?OShOV\n:ﬂ Tﬁprl el‘ithI?Gd I_ﬂm?ob:l.l:l.zed

epara e ana
trilgipeses i (d%% @bmracii r &g e umﬂ»x:rveﬁune frtagedcinsa grhlable

ar %ﬂ@'&n@%ﬂo% @Ee&X@mrfe ddd S yoti dss d henzyme

octanoic acid ositions 1,2 and "arachi doni c aci d "at

35 §50siiatolP B pIErgdure |4 SRR sI i BFrBR Nbi ¢ aci d

at The oil used for the activation procedure was
removed, and then SUNTGA40S (200 g) and MCT (200 g) were
freshly added to the immobilized enzyme-containing bottle
prior to shaking at 30°C for 48 hours (100 rpm).

After completion of the reaction, the oil was taken
out from the bottle and the triglycerides of the
transesterified oil were analyzed by the HPLC described
in Example 3. The analysis results are shown in Table 9.
The HPLC method does not allow separate analysis of
triglycerides containing medium-chain fatty acids and
arachidonic acid (for example, triglycerides with
octanoic acid at positions 1,2 and arachidonic acid at
position 3 (88A), triglycerides with octanoic acid at
positions 1,3 and arachidonic acid at position 2 (8A8),
etc.) obtained by transesterification. This was



10

15

20

positions 1,3 and arachidonic acid at position 2
(8A8), etc.) obtained by transesterification. This
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conbined with GC (conditions ¥hown bel ow) analysis
for separate analysis of 88A and 8A8. 88A appeared on
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i GRiazatiicon wakb adetshetwor JinCalakler lfas: hel i um Line

S : ' le: Injection of 1 1 of 1%
sgﬁﬁsiaélﬁaqa?%ﬂ& ; E r E‘gl yceride) dissolved in hexane

The tr ateslasirey iBrentiein Wema AAP G P! Trayd dfndst® ™ ¥
sypj.ect ed | ecular distillation to renove
aggfgifﬁ%féﬁ§ﬂgd§§%f the MCTs remai ning after the

react i aroluid 208dd Q24986 PCH UFR200B7 O/mizmuy-220 36

e G P K Bt O LA ter v eacti on react] on
(W% (AMm2BysBAStimec. 4D 00015287 8P8 0.00 6.96 8LS8
0.00 6.pf5ection port temperature: 310°C
Detector temperature: 370°C (Hydrogen ionization
detector)
Carrier gas: helium

Line speed: 40 cm/min
Sample: Injection of 1 ul of 1% solution of oil

(triglyceride) dissolved in hexane

The transesterified oil remaining after analysis was
subjected to molecular distillation to remove
approximately 85% of the MCTs remaining after the

reaction.



808 0.00 15.23 AAA 4.84 1.67 B8AA 0.00 6.25 GAA 0.79
0.00 LAA 3.06 2.86 PAA 5.55 4.71 SAA 3.97 1.45
wWEC2RAH3B0 0.28 C24AA 3.72 0.52 LLA 0.55 1.EGr/JRms/011744
1.88 0.91 OLA 0.67 0.28 PEA38.64 1.01 OOA 0.60
0.00, POA 2.97 0.84 PPA 1.32 0.41 SCQA 0.90 0.70
PSA 1.30 0.23 SSA 0.93 0.44 LAC22 0.57 0.27 888
50. 00 23. 27 O Frdtett | GFgRGIET o cf 2t ggLlycawtdenAs,
etc.: Mxture of 8A8Ré§ﬁAs &A&)?LC&@,’LyﬁBS 5 The fatty
aCIdS wer e +neh alpn Iu“glfL:llULa[TAEE kwnlnout
speci fying|the g¥ ng p03| ti onrggcgﬁg gl vieeklibn
backbone). |(The gI ycerin backpone.pos! tijons gt he
triglyceri dggs0GREr than 88A [and o848 | N t hes fsabl el are
not specifigdsin the table.) Fattw.acid [notad.isens:| 10
8: octanoi ¢sagid, A arachidopic aped, D DGLAS P:
palnmitic aciedg S: stearic acid, @:%9leilc a@ﬁ e’F3 G
y-linol eni ¢28&id, L: linoleic|acid 8C22:
saturated I|BA®ar fatty acid, (24: 9c9% satura@%@ Ilnear
fatty aci diﬁ@) 2004/ 024930 PCT/ JP@O %/ 01]1744,
Tabl e 10 Prgpgrtions of triglycerisdes Resulis;lof GC
and HPLC ar@,E§si s Triglyceritle Before Aftersrsactjon

reaction C22AA 1.30 0.28
c24an 3.72 0.52
LLA 0.55 1.45
PGA 1.88 0.91
OLA 0.67 0.28
PLA 3,04 1.01
00A 0.60 0.00
POA 2.97 0.84
PPA 1.32 0.41
SoA 0.90 0.70
PSA 1.30 0.23
SsA 0.93 0.44
LAC22 0.57 0.27
888 50.00 23.27
Other triglycerides 12.04 7.81

8A8, etc.: Mixture of BA8 (88A, 8AB), BGB, 8DB

The fatty acids were indicated by alphanumeric notation (without
specifying the binding position on the glycerin backbone) .

(The glycerin backbone positions of the triglycerides other than 88A
and 8A8 in the table are not specified in the table.)

Fatty acid notations:

8: octanoic acid, A: arachidonic acid, D: DGLA, P: palmitic acid, S:
stearic acid, 0: oleic acid, G: y-linolenic acid, L: linoleic acid,
C22: C,, saturated linear fatty acid, C24: Cp saturated linear fatty
acid



10

15

20

25

(W% (W% 88A 0.00 8.36 8AB 0.00 5.37 88G + 8G8
0.00 0.35 88D + 8D8 0.00 1.79 88L + 8L8 0.00 6.58

w@3P402088 0. 00 6.96 880 + 808 0.00 15.23 8SAACHIRB#S/011744

0.00 6.25 AAA 4.84 1.67 XAA3¥ AXA 18.39 9.82 XXA +
XAX 14.73 6.54 888 50.00 23.27 Oher triglycerides
12.04 7.81 The triglycerides are represented by their
consti t uent fatTFJyleaégd Prgppytiess off tRIEWESHIRAi ng
positions of eachréatity ecicd shiDWRLE Rnblysis table in
_the or ger 1," ol"‘" o,d%,l Fh Tlégflll.lull ot Uip)f‘tgfin
ina ftrigl ycer? de-1s an asynmet L G Gar bon, aBgetion
therefgre the 1- and 3- positionsgake sterical fws)
differgggaim the Strict Sensg. Howevwer, as the.3s an
3- posi tigams are basically equival enboi n physi ols0g7 cal
10 ternssas- ews denced by recpgniti®roby |ipased,. 35
triglycesbdesbptre considered the G&fe even if d?h
end posieBlongl@re switched afound °-©Re center fsaf"?y
aci d (p@g?ﬂ 8R82). Explanatipn of hi@Pati ons i

15 Fattﬁ ¢l §8s8 represent ed a phanu(h‘@loi cal lly n]Fr'a

aci d notationg, 8: octanoic pacid, Agpar achl don|6c:_2§c:| d,
D: DGL/& paﬁ\mtlc acid, S stepryc acid, 0:1.@veic
acid, Gxa¥-4 aRQlenic acid, L} linpd.aoc acid, @282 C22
sat ur atjedal+ xear fatty aci d, | C24:14£23 sat ur at ecb.-bénear
fatty |288acid XAA + AXA: Total 0$0.GAA, LAA, PRAZ7SAA,
C22AA, |C2hsA txdgiveenistes Total of 13-4 PGAl QLA 7-BEA
OCA, POA, PPA, SOA, PSA SSA, LAC22 25 The fa% t% 4
b| R r‘fgl?)]é’§Ff’rd6ﬁs % ePFed By iﬂii ﬁ‘ﬂnaéﬂstue(‘ Gt &

hown in this
ordeb? d f

. i ycerin in a
SP%@ 85 ’ SRECEEIL eégi it Bkt b TAST RS 5"
té i g@é@uﬁ JcP%Q’Q r&llr‘z%e stz%.%t sense. However, as
the 1- and 3-positions are basically equivalent in physiological
terms as evidenced by recognition by lipases, triglycerides are
considered the same even if both end positions are switched around
the center fatty acid (position 2).

—

Explanation of notations in table

Fatty acids represented alphanumerically.

Fatty acid notations:

8: octanoic acid, A: arachidonic acid, D: DGLA, P: palmitic acid, S:
stearic acid, 0: oleic acid, G: y~linolenic acid, L: linoleic acid,
C22: C,, saturated linear fatty acid, C24: Cp; saturated linear fatty
acid

XAA + AXA: Total of GAA, LAA, PAA, SAA, C22AA, C24AA

XXA + XAX: Total of LLA, PGA, OLA, PLA, OOA, POA, PPA, SOA,
PSA, SSA, LAC22

The fatty acid binding positions of specific triglycerides
(for example, PGA) represented by XAA or XXA are not specified. The
specific contents are shown in Table 9.



10

15

20

25

30

35

CLAIM5 1. A production process for a transesterified
oil/fat or triglyceride, by transesterification of

wG010M93parts by wei ght of one or nore fungusPET/orRMEHD 1744

oils/fats 5 or triglycerides @&@nt-ai ning at | east 20%
of polyunsaturated fatty acids containing 20 or nore
carbons and two or nore double bonds and 0-50 parts

by wei ght of one or nore véad&Id® e oils/fats or

It riglycer Bdgﬁa%t@a@%'tﬁ?n lpBoPesSst R §p@§éﬁé@?£é’@|ﬁfj_ed

I pa . oauct lL.on I OCEessS accor n O Cla

B8 b ol el OTErEELagT BY CEFRSacT Eabf T it foff' 8t Bo-100
copdutsedyi weightdeofkygeaadednstat funGusAppoddeedi onls/fats
prQGess. ' t i or, 2 esein_ the

P36 e BEAPEELARs | Qoft B g OhrroadfCs 5 ok
pobglyeasatarated afajtuchaide opentai pgn202 droxppere carbons

CagRENEwoahe Hh¥Pe OloiBIE HOHAL CaRQNES50 4pa BT BPUGELEAL of
process according to claim1l or 2 wherein th '

, ) [ € .
fuﬂ@ﬁsoﬁr6ﬂﬁ%eﬁe$%ﬁﬁ?l%c?al§éfQBSS%FiE%lglycerldesr uslng a
pohygﬂﬁaéﬂtﬂb@dsﬁééifi@ctﬁﬁgcngagglng 20 or nore

oubl e

b 20 d , ds. 5. A ,
R duct Pon ohorteRuSkidRiPRaCEEs crafarding 50 clRtPetn

t hehéunadnstheotiveedestetryfacatios aeachionnis casddcted in

6'aAdBEQ?ﬁé£%g€?5§9§§%§ according to claiml or 2, 25

wher ern acrd is arachidonic acid produced by
a nicrébe bRl BREfugtient RECGEABSARPPYAERE| Fa. CFaim 1 or 2,
pr LQn 0 C | t [ 0f .2 : BN
A R T T M R s
acpdlydfs8tuAapeddfiattpnapidsesontetninyng0t orcharen ¢arbons

Or 28a SWBCSLE! Rotheabungusppraduced fatty acid is mead
acrd.” 9. "A’productron process according to any one of
claims %.to B, pwhduethonhprprpaseateondingate piaducédor 2,

o BherooR s i dEh et g OB e b ET e ELEPY Bhr g

Zae. ransesté
Oi bbliguneathrhgbiiceatde NOiaB046A24980ng 20 or more carbons

PCILdP20836914448 aouBle bonas.

5. A production process according to claim 1 or 2,
wherein the fungus-produced fatty acid is arachidonic
acid.

6. A production process according to claim 1 or 2,
wherein the fatty acid is arachidonic acid produced by a
microbe belonging to the genus Mortierella.

7. A production process according to claim 1 or 2,
wherein the fungus-produced fatty acid is dihomo-y-
linolenic acid.

8. A production process according to claim 1 or 2,
wherein the fungus-produced fatty acid is mead acid.

9. A production process according to any one of
claims 1 to 8, wherein the lipase is a lipase produced by
Rhizopus delemar, Rhizopus niveus, Rhizomucor miehei or
Rhizopus oryzae.

10. A transesterified oil/fat or triglyceride
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obt ai ned by a production process according to any one
of clains 1 to 9. 11. Atransesterified oil/fat or

wWo pdoglog49eo i de which is an oil/fat or triglycerCHar2003/011744

contai ning at |east 20% of .53polyunsaturated fatty

acids containing 20 or nore carbons and two or nore
doubl e bonds, obtained by a production process

acobtdined tly amypoeduct ioh aprecdss ;aecordinghtehany one of
cogigiﬁé gtt$e st 40% of triglycerides with one

resi yunsat ur at ed fatt¥ aci ds contalnlnﬁ % hich
or nnrello c r%%%%S%ﬁHe¥%Bl%@ Ak L b UBT et HLAYEC PRI IR M LC

nn%ﬁcghe®1lgﬂgﬁOérn@rﬂ@l?cébﬂﬂe4c@ﬁ&@{n1ﬂgg%ygﬁf?dE8206 of
W res| dues 0 nsat ura a
acPﬂ%YEBﬁ?EPﬁ?FﬁdZBaBFY Rores ﬁ?%gﬁﬁnéﬂﬁ %@DO hghe jcarbons
douhaetbonds md2e dotbaasbehési foktabnédfhy arproductlon
trlg % g§c$@aEH %g gﬁgtghgsoftcigfﬁé 20%% and which

céd cob serie gunsaturated
accqgteanSaahlhgaED éﬁﬁn@fetéag pASridag W%EhoPnﬁDF@Sldue

doH?'go?9ﬁg§at995€é8ega9¥¥aa9&9gUébh@ﬂln@ﬁ@CQGSor more
accordi ng to _an one O

and
CORPAPABS aPDfoBYP QGW@BFetanE}@eﬁPﬂgg ﬁﬂgnEOlecule'
re&hd“@rzﬁooﬁoﬁébtﬁaﬁlQsoeobyuﬁsaQMyaéeddéatWythCBdse51dues

t_ai ni 20 . ;
boRic \PR £AES ROLEEOPE=SaRaRa: CAD Foro il ChCasEiany 20 oF
t r mglrgcenirdeaswahld t@or esi togs dbubhe bands. _
fungus- produged WR-S8ELES 100! YR ALY! BLeY L3 ¥eaThdSwhich

contai ning 2 nore car ons two or
dogbhe abandat 13asA Qoansésﬁanbﬁbegrodhbédtw@rseries
triglyceride which_ contai ast

f uRGITVpFERtEEd o f§é’rF¥e§‘01§8| §8ﬁ EAhiaRedt: aF: JloxE; Ggroons
conhnadl rivbgo20moet-endbabdar bonsis ,anttbwnedr byoere pdodisicg ion

bond bt di
tgggﬁfe%ﬁe%g?%gﬁg¥ﬁst%r%%§C%h%n8% Eﬁgﬁgignﬁgfgr bﬁ@ which
| easmt40%soRtt ﬂ.e@lsgccérou%d@é \Mrtllql(mérllé@SdM’éthoPn\ﬁg residue

ot o Bt ST S S s Yarad nofis g 20

noleecwoze @agbonsn (anldiD rcezot lvan mbreYudolibilel dopder iigeshe

Sl PAS B 2083 0P T050 BCTE) PB00 0L L 70T L g voetides with

polzy unRsdAlduest oF frald ¥ aael daneuzt-girodaged0 ol sexries

Ca&&%@insaturated fatty acids containing 20 or more carbons
and two or more double bonds.

13. A transesterified oil/fat or triglyceride which
contains at least 15% of fungus-produced w9 series
polyunsaturated fatty acids containing 20 or more carbons
and two or more double bonds, obtained by a production
process according to any one of claims 1 to 9, and which
contains at least 40% of triglycerides with one residue

of w9 series polyunsaturated fatty acids containing 20

or more carbons and two or more double bonds in the
molecule, and/or no more than 4.0% of triglycerides with

3 residues of the same fungus-produced w9 series
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and two or nore double bonds. 14. A transesterified
oil/fat or triglyceride containing at |east 20% of

w@e@ale49sni c aci d, obtained by 5 a producti onP@I/aR2063011744

according to any one of clains4@ to 9, and which
contains at |east 40%of triglycerides with one
resi due of arachi donic acidk%? t he nol ecul e and/ or no

morRO P 3 WA tHd ARK YA 3559 et g R 3 FediQhfesarbons
of aral aslu donim>Ecidbubld heormed .ecul e). 10 15. A

transesterified oil/fat or_trjagl.yceride aont ai_ni ng at
| east 2d°o'of Adithoar{{oﬁl’-ey%efrglo leenci g”‘ac/iefrc"f\,t Ogbtgcénﬁr@(}moe&q"élae

pr oxtucta ioviny eoesle e Ak mf taor syl dumdl ofaasidi mptained by
9, | | t 5gy§- % f rdH yeerd 1

W t%%ﬁﬁrﬁ%ﬁﬁ?@%ﬁ&é&y- J’lnﬁlggI‘@eo(r)liacnytacc%rg4 di% c‘:l%eit%hse ,to
rm!%m:lﬂ@ aﬁwcd“f Oerltrﬁ)Trrés t%far?—ezﬁsd%‘]&fﬁ Blij(J%\l_glycer_ldeS with
tr !cg{e/cxearsitiﬁﬁlémcltﬂl éiafcﬁﬁid&ﬁ?cw AQ{ciQH fi@im:t Hé_/]:n_ldl(rjé&@llr% ]Ehnd/or no
aci | e ol ecul e). . transesterifi Oi a

o e AT D Gy AR St Thend arianes of
obtatavddidonia 2 ipt ciductheomgireaadss) .accordi ng t o any

one of clai mhi ch -C ai . %

of tri glcly%'e ??‘d (J;tsga\?\} %hs toeﬁ%df Jg‘geasi ule/qgé]aftt r%ra%dt q'lalé l‘éﬁcls%m?%e

nol emt el randy art reedwy € thast i Himoefy-Mildo(l@nic acid,
triglyceride with 3 residues of nead acid ., in the

ol i@ed Ry B PIRAGHNQIL tRHIQFS By a599%Hngrto any one of
triglasmey ildeo contaidiwigicl dasdind0%fleast 40% of

pol yunsaturated fatty acids containing 20 or _nore .

c ar BorBELYGRF 4R d?l%r@%o‘tﬁﬂJé@lueod}fdéﬁé?i@'xmiléﬁdenlc acid

Conf QiR dlol&asie 4004 Alx Lﬂd HACLTIHIES 4 Wd b OMbD (a
resi due of polyunsaturated fatty acids 30 contal ning

20 origapcegiadonissant temldresmre diddie-y-Bdmdd enic acid
t hei rrq‘_!he(_zc%l1 S qlrf/)or no nore than 4. 0% of

tri grfyceri s W1TH 3 residues of the sane

pol yunsaltéw atredrdretesteaci tised antlai it wirg Ipreride

car%ﬂ% : r I v 3 :
oi | 7t at fﬁ?ﬁ#Y%ﬁg%ﬁgggguﬁgﬁﬁgﬁﬁ%ﬁy%ﬁhqbgﬁg%ﬁﬁ%%AP’a
ar RINBEH IOTaRTPCFR aFTrddehttd mnatonesi dmingl to 9,

2004d D2AN RGHHZAOH Ol 209 br HrifiweeriddAefith one

with one resjdue of arachidaonic acid.n
residue o meaé)ac{ ih the molecule and/or no more than

4,0% of MMM (a triglyceride with 3 residues of mead acid
in the molecule).

17. A transesterified oil/fat or triglyceride
containing at least 20% of polyunsaturated fatty acids
containing 20 or more carbons and two or more double
bonds, and which contains at least 40% of triglyéerides
with one residue of polyunsaturated fatty acids
containing 20 or more carbons and two or more double
bonds in the molecule, and/or no more than 4.0% of
triglycerides with 3 residues of the same polyunsaturated
fatty acids containing 20 or more carbons and two or more
double bonds.

18. An oil/fat or triglyceride containing at least
20% of arachidonic acid, and which contains at least 40%
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the nol ecul e and/ or no nore than 4.0% of AAA. 19. An
oil/fat or triglyceride containing at |east 20% of

waledvenopi9ye | i nol eni ¢ aci d, and whi ch contai ns aPCBJIr206311744

40% of triglycerides with one 4kest due of di hono-y-
l'inolenic acid in the nol ecul e and/ or no nore than
4. 0% of An oil/fat or trlgl¥cer|d

oREntALAGYSE RGeSt ViSEo BE FERATE BY SRacHifoRic acid in
cothal A latulleasnddd® ab hArer ikfhycariodesfWARA .one

R

t r ansestredihoad-yollhbatnde acig) yaﬁdi‘dmcnoabatamg at
pol yunsaturated fatty acids containing 20 or nore
carl@@ﬁé; 40& oo tar ghyicerifegoubitld @@ﬁdgeén@lu@n@foldlhomo-v-

BERRT GA3LRNhL AEhda.dn ARANSY LU 4,08

r 8hsEstier | ion-o
\NeiO@hDD@f one or nore fungus-produced 0|Is/fats or

triglycepi de xgont %VQ%ngétt&?%i?c%g%ﬁgfcontalnlng at least

0
pol yunsaturated fatty acid ai ni.n nor €
ca@@én@fZGGéﬁdaPW@roﬁnﬁDW@lﬁéuBPQt@éﬁésaén&e@St g§* of

papctragnyc\eg@l@féts wqftwm@&e@aaewa@l mdaehaicldf att the

acid . _tri ycer| des ZZZ SI n ition

spBGLE FBqﬁy Pﬁa§€ Pogu@ﬁ|8% 3&@%ess

accordi ag toAﬂpmdndatuxm@ﬂebesbhéomoby&abmm&@&@naﬂﬂéd
contgini 0 I

do%ﬁ /I%bon s% |t(}rl Cl%réonl ch@@gxﬁqggt \B%l gg%&%rgﬁed tatty
pr Geesls @@@msmrnglq @ 0clogi moze @Iarb@ZlS\Mﬁ’@ldelth lpg more

e i en @orﬂldfsatatrﬁﬁ i drf @ C el @l halif f%&tt@n QicGds as
acid gl yceride . Atransesterlfled oi | /fat aor

trF@?ﬁﬁ%ﬁqﬁét3§a&ﬁﬁéﬁﬁ%ﬁsby ¥ SrGAseStet ifisaddon of 50 -

acqandipag tiso BNwedrthtofof enal B8 Zbrieo fZﬁlgL%«pD@sduced
tran esterified . oil/fat -ar, triglycer.ide ntalnl g4 al at
Py thg * 8

ST TR, &Y d4ciP e 1S & i'dé'd &j}nt
ar @mﬂyuhmmatlmaﬁﬂad Aateryd am@sumocnltaumm t230 3:6: awirgé carbons

(Z) n t&’(%gl gjues%af Joq%)%am%c al n%ﬁ%t (Oa aC| d %ﬁ;&@ %37 \‘Kﬁlght
20@45/ @24930 RO RESHIMOTh?4a fatdy alcé-ﬁ dud . gdfycerides
ar aGfyzdoniG iy & MRS tAIACRIEARNIFG Adyhd Sipase.

22. A production process according to claim 21
wherein the polysaturated acid containing 20 or more
carbons and two or more double bonds is arachidonic acid.

23. A production process according to claim 21 or
22 wherein the medium-chain fatty acid triglyceride is
tri-octanoic acid glyceride.

24, A transesterified oil/fat or triglyceride
obtained by a production process according to any one of
claims 21 to 23.

25. A transesterified oil/fat or triglyceride
containing at least 1 wt% of each of a triglyceride
containing arachidonic acid (A) and medium-chain fatty
acid (Z) as constituent fatty acid, ZAZ (a triglyceride
with 2 residues of medium-chain fatty acid and one
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bound to the position 2) and ZZA (a triglyceride with
2 residues of nediumchain fatty acid and one residue

wo@toodme4ahi doni ¢ aci d, wherei n arachi doni ¢ aci PCT/$P2003/011744

bound to 5 the position 1 o~ 32 -26. A transesterified
oil/fat according to claim?25 wherein the

medi um-chai n fatt{ acid is octanoic acid. 27. A human,
nuFepifve e&npsarbigAnéenpFidi nghaReiBi pFpGhigpnic acid is

trb@huaetdehaC§@édtm@nt@)a@udomonﬁactaLgﬁy&erlde wbth 2
sLn

0|F?$3938F °FrP§P§8@réB818c£%$g? éc%gogﬁ gﬁélr?sgdgg of

cl arashifohdc2@cadd wBdrebn2éra@hiddnfioodcédnpesboinnd to

acggédggglggoﬁlglgkzg) 15 characterized in that the
ositionis a’ functional food, nutritiona

supplenﬁﬁt f Bodrapsertreaiing| R144E2pr eREPEANENEANESaIM 25

Moghbir-gdnmihk ﬁealuﬁteﬂa§n faeé?nac&aoﬂs petanbat heod.
or gerlatrlc f ood. ni ma gpr|5|n
n

o | PFat 36r 58 PRmgRyGBEF dE HeCBPBPRG E60MGODRE LR an
cl simBri@ be 2@igNgce24deo0adbording to any one of claims 10

to 20 and 24 to 26.

28. A food composition comprising an oil/fat or
triglyceride according to any one of claims 10 to 20 and
24 to 26.

29. A food composition according to claim 28,
characterized in that the food composition is a
functional food, nutritional supplement food, modified
milk for premature infants, modified milk for infants,
infant food, maternal food or geriatric food.

30. An animal feed comprising an oil/fat or
triglyceride according to any one of claims 10 to 20 and
24 to 26.



