Abstract: A process for preparing an oil nixture of an we PUFA (such as
ARA) with w3 PUPA (such as DHA and/or EPA) is described which can be
i ncl uded into edibl-e formul ations such as foodstuffs, and in_ particul ar-: _
infant. formulas. A crude w6 PUFA (e.g. ARA)- containi ng oi | i 4RdM0ked with

a crude W3 PURS of/@3g  DHA or EPA)-containing oil to producgdﬁ¥ﬁﬁmg$20Il

m xture .(or blend). This- mx_turelsthen purified before ad ronto a
foodstuff. Alternatively, a crude we PUFA:containing oil is treated, and a-
crude w3 PUFA—contalnlng oil is also treafed and the two purified 0|Is;are

t hen bl ended prior to deodorising and then added to a foodstuff. The
pur i fy| ng i ncludes acid and/or -al kali treatnment, bleaching, deodorization,

filtering, pol i shing or coolin The purifying renoves trace netals,
pi gnent s, car bohydrates, prot e%@‘s{IFENK?DEQK_JD&E@F@IOiLS nono- or di-
glycerides fromthe oils which renders them suitable for human.

COﬂSUI’Tpt I on.

5 - 'The present apphcationrelates to oil mimeeS'conta'ining at least two
_ polyunsaturated faty acxds (PUFAS), and processes for. then- prcparauon by
. combmmg a first PUFA-contannng oil with a second PUFA—contammg oil (usually
 containing a different PUFA from the PUFA in the ﬁrst oﬂ) In particular, the
. mventlon relates to prepanng punﬁed oil mixtures (blends) by adnuxmg a orucle w6 |
10 PUFA (e g ARA)-contammg ozl with a crude w3 PUFA (e. g DHA or EPA)
' contaumng oil to form a crude oil mlxture and then processmg (e g punfymg ) the -
oil blend.
- It is known'to blend PUFA oils.. F or example, WO—A-QZ/ 12711 (Martek
o Corporauon) suggests blending rmcroblal oils and usmg such a blend in‘infant _
15 formula. The microbial oils spec1ﬁed contain EPA, DHA or ARA, although ﬁsh and
‘ - vegetable oils are also mentioned. The document teaches the blendmg of the ' '
-microbial oils to mnmc the PUFA content in human breast mllk In parucular 1t'
- advocates bIends of DI—IA and ARA in ratios of 1-5:2-12, such as at a ratxo of about
20  Inthe Exarnplee of Wb-A-92/ 12711 the fermentation methods yield three
| dlfferent microbially derived oils, ARASCO DHASCO and EPASCO, and these are
all in crude forms (see Examples 1 to 3) They are then blended and it is suggested
_ that they can be added to infant formula. However, no infant formula (or other
foodstuff) is actually nrepare‘d and it has been found that these crude oils are not
25 su1tab1e for inclusion into infant formula For example, crude oils can conta.m var1ous, N
' compounds (phosphohplds plgments trace metals, free fatty acids, mono- and '
di-glycerides, sterols, sulphur, oxidation products such as aldehydes and epoxides, -
and various other water or oil insoluble substances) that are undesirabie, especially in .
an oil blend that is to bc incorporated into (baby) food. ' |
30 | ‘When addmg any substance to a foodstuff, care must be taken to elnmnate
| -contamlnants and other compounds that may have adverse effects. This is |

‘ parncu_larly true for substances that are to be introduced into infant formula, because



WO 02/ 10322 1 MAR 2005 PCT/ EP01/ 08902 PURI FYI NG CRUDE PUFA O LS 5 The
present application relates to oil mxtures containing at |east two

pol yunsaturated fatty acids (PUFAs), and processes for their .preparation by
conbining a first PUFA-containing oil with a second PUFA- tdRa? ng oi |
(usual ly cHAtiHEenhg a different PUFA fromthe PUFA in tiex/gEroisgoonil). In
particular, the invention relates to preparing purified oil m xtures

(bl ends) by adnixing a crude we 10 PUFA (e.g. ARA)-containing oil with a
crude w3 PUFA (e.g. DHA or EPA). containing oil to forma crude oil

m xture, and RS : : VAN | It is knowmn to
bl end PUFA o?%ﬂggm%g';ﬂexan% e}%ﬂ%%ﬂf&%iﬁ%%&%ﬂe&%%g%g? on) suggests
bl endi ng mi cF@siagesoltistherpigra aniain ofihe hresenbinaerdion kp 4t dfastmitige fhesenul a. The

m crobial oily rﬁ,&% ikied: 3l lﬁ'ﬁ‘@i ARA, al though fish and oil
bl end. veget a%?e g%'eF’sa%gr %@%&ﬁg one .a?erllrl%ee docunent teaches the
- bl endi ng of the Theipreseldiimleniiin ab its broadesti condehres thlilsdof@rtoeniord N hunman br east

mlk. In partigul ar,.i.t advocat bl ends. of n RA in, rati.os of

T 551, P iR kool o @R8G P Gyl ST e L ot o b

WO A- 92/ 127 1dnitable férétiawesivindtioan infe: fasislayk efhek fobdsedf. Thi bluefyBigtmdyi cr obi al |y
in crude forns

derived oil s, ARASCO. ..DRAS d ASCO and these are . all

(see Exanpl STVt %?l.nﬁoéf%f”énadgﬂ?ﬁﬁﬁfl 8 Aas pEesPE e QY G@sb%ed  that they
can be addedsuitable fifrangestionrbybumansHPoa g mayoctitfagsit colrdiniy the {@de Ot her
foodstuff) is,actuall I1(;§r‘j{espa{')ed, and it has been found that these crude

oi I's are not%PsaspRly|nEedsdo be PEEOFRFAMF Nt o i nfant formula. For exanpl e,

crude oi ks can coptain, various. conpounds. osphol i pids, pignepts, trace
retals. free fastyabPbdt Bie SRR GREPR e pBidR srBo i Rihur
oxi-dation predping suilmisural tHepides dnthrRRexi des, and various other water
or oil insoluble substances) that are undesirable, especially in. an oil

bl end. that is tdabe iGoEdpBE acayleisRs-ptning pdavith Boudkhen PAlAng any
substance to a fo - . S ken . to elimnate contam nants and
o SRS o bRERRLH o

ot her conpounds t adverse e C I'sis
, (b)  purifying the crude oil mixture to produce a purified ARA and @3

° PUFA-containing oil mixture.

The invention thus conducts purifying after the crude oils have been
combined, that is to say it is the crude oil mixture that is purified. This means that
one purifying step may be réquired. Little furtber processing may then be necessary.

20 It also means that one does not have two oils that may be in slightly different

"oxidative states” (for example if the oxidation levels of the two oils differ slightl'y),
and one can avoid the need for two diffefent puﬁﬁcation protocols, siﬁce each
- protocol nigy be different from having been tailored to specific oil being purified.

The process may additionally comprise (for example during purifying)

25  removing one or more of the following components: a phospholipid, trace metal,
pigment, carbohydrate, protein, free fatty acid (FFA), oil insoluble. substance, water
insoluble substance, soap or saponified substance, oxidation product, sulphur, mono-
or diglyceride, pigment decomposition product, solvent and/or sterol. The purifying
may reduce or remove "off-flavours” and/or improve the stability of the oil.

30 To effecﬁ this the process (e.g. purifying) may comprise degumming (or acid
treatment), neutralization (or alkali treatment), water washing, bleaching, filtering,
deodorising, polishing and/or cooiing (or winterization). Preferably the purifying



particularly true for substances that are to be introduced into infant
formul a, because 1 MAR 2005 WD 02/10322 PCT/ EP01/08902 2 10 15 babi es and
infants are particularly susceptible to inpurities or other undesirable
substances. It is therefore an aimof the present inventifo®AR J0lt | east

m ti gat e -tW@8¥103xdi sadvant ages, and if possible prevent por/ephimbaat e t hem
The present invention at its broadest concerns the use of one or nore
purifying techni ques to convert the crude oil into a purified oil, the
purified oil being suitable for inclusion into an infant fornula or ot her

foodstuff. T n V. ies ar ot ndes rabl e
subst-ances, &%ﬁgéss aéwrhe%mlnﬁt at"ﬁlem@%%ﬁn teede%lm%%?lé IHS‘F tion by
hunmans. Puri thxngnlupum@mgmmlﬁddemayoasﬂmﬂae Bigaching aﬁd/udi}:odmﬁdaﬁon. and so only
needs to be d_on e flrst ct. . of resent inyention

t herefore pr%\%/fer %fgrigwﬁ‘r'%g%esp 57E WY Zlel%ﬁe ﬂ&dr CiflPﬂ?aél "H& process
conpri si ng: cﬁ_mi’)naﬁpnﬂ:udl(ijnitmgacad amdul]&lﬁﬁém&ﬁmtme étlnlilﬁmﬁdg inbc)ag By &;1@6@618 ﬁ PUFA;j
cont ai ni ng oi ro m xture; an purifying the crude
oi | nmixtufe 36" d’p Oﬁlﬂﬁﬁ? &f“l“g"d“ BAPSARPeppane W@%B‘Wfé@:ﬁsﬁ‘iﬂﬁa oi | mxture.
The inventi ohe gtbpmme Pedriep Béﬂofe)’doﬂﬂmﬁfgtu@(a? lahi@sdnidtelly B pedfoRReMEnDEEN

conbi ned, thtg?]IStO saylt is the crude ol mxture that |sé‘5)ur|f|ed Thi s

means t hat Gopbioed o1l sy ey themprifydng ia )i Fnthis sitaatiop & if preferred thet ocessi ng

may then be RESRSHMYin (%anlzﬁrs Bifofe d@@d%ﬂ%tﬁ:ﬂ%@teﬁ%ﬁcﬂ&%gﬁ}%ﬂg ayRaf WO Oi | s
that may be in sllghtl different . "oxi dative states™ (for example if the

oxi dat i on | dffatment pleqahingangd/oppqading panrhe pexformgh eifhgy on the sepagatecilsan avoi d t he

need for ot Waheflird {oR{bGI, eyéﬂfhb%ﬁhhﬁﬁrep&ﬁﬁs%o%e'o%reaﬁ?eﬁ%ammOt ocol rmay be
di fferent from having gbeen tailored to specific oil being purified. The

process may d5erderissdpilamhije epirifiadod cpt %ﬁa@@m*t@lbdmengvepu@ﬁmyfﬁgg 25
renovi ng on Fmgg@ f il mﬂg i,d, trace
nmet al , gpl g(ra?g% g@gﬂﬁﬁgﬂg%%ﬁ%@é\% el n, 3 ree %fa('?%g@g‘gltbg %EE,&)& oi | .

i nsol ubl e. §mmnbelthta&¢thennmfwmb(% siendstlamg)@;e@hap:t'm saponi f i ed

decorposi i on pr SR ERHie s Bk era B oo P REURAR 1 bh0 e or

renove "of f bin m@umsfe clitigbiromay bppafoendédrithatoaltid o YUBA-chheingigloail 30 -To ef f ect
this the processnd & BurRUonllinfdi S5 GTR! LS SoSqs Q9 (or acid

A second aspect provides a purified oil mixture comprising ARA and a ®3

TD

- PUFA, which is suitable for human consumption, such as by a baby or infant, and is a
purified oil blend which is preparable by a process of the first aspect.

20 A third aspect provides an edible formulation comprising a purified oil mixture
of the second aspect, a nutritional supplement or a pharmaceutical composition. This
formulation may be a foodstuff, preferably adapted for consumption by humans, and
optionally an infant formula.

A fourth aspect provides a process for the preparatioh of an edible formulation

B of the third aspect, the process comprising incorporating the oil mixture prepared by a

process as defined above, or a purified oil mixture according to the second aspect into

the formulation. The oil may be added or supplemented to an existing formulation, or

the oil may be added or admixed to one or more (edible) formulation ingredient(s)

and/or component(s) during manufacture.



treatment), neutralization (or alkali treatnment), water washing, bleaching,
filtering, = deodorising, polishing and/or cooling (or winterization).
Preferably the purifying WO 02/10322 3 1 MAR 2005 PCT/ EPO1/ 08902 corrprl ses
aci d treatment. and/or alkali treatment (degumming and neut r al jaragilon) . B
Al ternati vel yw@uozicsyi ng net hods nmay conpri se bl eachi ng andé@iepo1/osenz

deodori zation. Preferably however the purl fying will invol ve bl eachi ng-

and/ or deodori-zation, and optinmally in addition acid and al kali treatnent:
The .combining .in (a) may thus occur 5 aftér one or more of these -

(puri f yi ng) steps, erformed, in other words sone of - the steps may be
per f or med: before—é@%ﬁ&—ﬁé—t (a) and sone may be performed on the
(conbi ned) oi'l mxture in the purifying in (b). In this situation it is
preferred that he conbi n| ng in (a) occurs before deodorization. Steps
such -as- degurrm“??d 'etf’"ffﬁ’f’ treatment, bl eaching and/or cooling can be

performed either on meeeaﬁ@mer@iob@gﬁ&n&efeeemeomafuomnts% on the oil
m xture. Thus a™" "“oil can.refer to a non- _deodorised oil, while a

rude
purified: oil? cafe eefge@ee&mwsgese.wmcﬁwﬁuﬁ%ﬁfwﬁ Ofth-g RES- coeﬁmg se o
conbi ni ng ‘an cakisPUFA-containing oil with an 0 PUFA-containing oil to.:.form
an oil mxture, and then purifying (e.g. deodorising) the oil nixture.
These addi ti onal processes are preferably perforned during purlfylng in

(b), 15 but onpegg,ym,ggg rg@,dtt,lggzmeg%y be perforned either on the w6
PUFA- cont ai ni ng oi I__and/ or the w3 PUFA-containing oil before the oils are

conbi ned in (a). M@Bﬁé@:@”ﬁf?@/ﬁ‘e?é@t}’alfp‘msiaﬂ‘?eééll@laﬁPhﬁSRthpdS,corrpr| sing
ARA d O:5 P [ Bﬁﬂ,@@ b '
babyagr ?nf flzlnt l%Fa%e Eighl%ﬁtrsél fa}b%g}c%?t%ﬁg?/ \Aﬁgoﬁ§| S pr ep %ﬁgeﬁi J ra '
process. of the rbmpm Soa@we@ 1 0f the Gn(dtﬂﬁbbdnﬁsmmthygmmblede@sahohem bTlese

f latio t,

ormul ati-on CorFB]E'bé b&Gu:Ba Q&B%c{] &’s%ﬁ'aésiuﬂﬂ ?ﬁfcfé&f'ableoés %J@lrﬁx?@ﬁﬁg)%fo?c a

nutritional supplenent -or armaceu rnul ation .
may -be a foodstioffiyla.Fhey megplohuse cuupicating mr(lfemmbwd)talleter dﬂgahmenlmestst@nd '

optionally an i e 0 or the
preparation of %&ﬁlg% ]Ibtﬁ&mfrpnﬁm t{oﬁ% Opprgggsg? g(édﬁt% ﬁ]ﬂggﬁﬁgmp ﬁlﬁg{epr ocess
‘conpri si ng incdrpariag ﬁmgleedimzmdnstq)xmmpeoypd eﬂmeﬁﬂhbyﬂsaaqmmleeeﬁnamagefl ned. -
above, or a purle];sl FS%I*?(& elr)ﬂélxéure cor g the second -aspect. into the .
formul ati on. § V& ch{{]b% @%‘é‘ﬂ& BERYan exi sting |
formul ation, or t h@hepiocmpxdﬁeataﬁiﬁedmrthaaaﬂﬂmmdfﬁv@teﬁaﬁﬁ phﬁs;am{oema@dl bl e)

for m“ ati on i n%rtgg Ia&cri't(e( 3P8r5d£/ (iotnﬂoweerf\[n;~ lgecgss rrgwmrnm r!llf]:n%nctalél s

. used this is preferably a 50% aqueéous solution. For phosphonc acid an 85% aqueeus

0 - soluhen can be employed Follomng this the oil may be heated for example to-
| break up any emulsion that has formed. The "gums" or other unwanied substances
- may then be removed, for example by centnfugatlon _
The degumming may first start with heatmg If necessary heatmg may be
_ employed, for example at a temperature of 50 to 80°C, such as 55 to 75°C, optimally
2 ‘from 6010 70°C. I
| The acid can then be added. For phosphonc acid, this may be from 01t -
2.0g, such as from 0.5 to 1.5g, preferably from 0.8 to 1.2g phosphoric acid per lkg
oil. These figures are based on an 85%.phosphoric acid solution and so the amount
‘of acid can vary for different acid concentrations (e.g. 50 to 95%, 70.t0 90%, 8010
30 88% phosphoric acid) and these (pro rata) equivalents are conterplated.
; " In some proceeees water may also be added, although this can usually be

omitted. If employed, the amount of water added may be from 25 to 125%, such as



WD 02/10322 Purifying processes 1 MAR 2005 PCT/ EPO1/08902 Sol vent .
treatment This may reduce or renove guns and/ or proteins. Polar solvents
are preferred, “e.g. acetone: This is particularly suitable for w3 oils,
e.g. .DNA-contai-ning oils. Degumm.ng (or aci.d treatnent)  Thi #ARedlly enove or
reduce a var ive@ y2/wi22subst ances such as phosphol i pi ds, 10 tg@EoeroiBdoqd S, :
pi gment s, carbohydrates and/or proteins.. It is particularly desirable to
renove sone or all of the (hydratable and/or non. hydr at abl e) phosphol i pi-ds. .
These can be coloured conpounds and as stich undesirable, especially in

(white) 10 ant shRum 8 100ACH RNy BONSE AT IJE R LAl Pl OVed) 2

| at er al kali treatnent ecause o Soperties. In

addition, they M%htmjmqareaenlesﬂmaﬁl mrﬂsndnmm dibthé fmeuntleOsMrinzagtheon step is

enpl oyed. - Phosphol i\ni.ds <& 0, s and_ognce this
happens. they ca O%gqcﬁ ﬁf‘S( @gfeﬁ)&i %i&?}%@&ﬁm t PiRibl ves
the addition ofvcmaix@r memho&amhp&f@my%(p}ﬁwoh@) Blighdd6d §-thdHPO4) to -
t he 0|I follog@g E}j&\t'éessary by mxing. If citric acid is usedth|5|s
preferably & 50%X%G "sol ution. For phosphoric acid an 85% aqueous .. 20

sol ution can be enplmyeebatdak aﬂ@fré:ﬁB&n&ﬁl@s@'aﬁhBﬁYs@EaJﬁﬁ'ﬁ?@mﬁu@g exanpl e'. _

to break up- an\é ﬁrmlsmn t hat has_fornmed. The "guns" or .other unwanted. -
subst ances > PR 8RR YES: PESB iy iron ds t‘b@@dﬁ*ﬁ}“@s bihecdenparatig gay be fromTi9do
degunmi ng nay f1l10@¢ dfedabl \/ﬂo&msdﬂtﬁ%m pitnall9eh ‘Fﬁé oeating may be
enpl oyed, for exarrplpz at y rrperatu;t%)o 8 80 b such as .55 to 75C, .
optimally . 25 from- ébnquaalm@n OFfbéeactinais elamtqthlmplm aﬂict&dtheRHtepphﬁshimorl c .
acid, this Ry 58 r ef erably’
from 0.8 to-1. 208&8%%& orl g ph%%ght}h@ﬁcgﬂt%ﬂé?thgf)ﬁg Igs : 8sed on
an 85% phosphom@@d‘r@ngﬁmﬁ%dhyaﬂghtio the anount =~ of acid can vary for
di fferent acid concentrations (e.g.. 50 to 95% 70 t0.90% 80 to . 30 88%
phosphori ¢ aci d) and these (pro rata) equi-val ents are contenpl at ed. In somne
processes wat erfilhdwmhsmrwscaidadwdasaﬁnmgmgh this can usuaLIy be onmitted. |f
Sgyllgggg 1t Rﬁ\RaggggtTh.\smay sober&d Ire%t neugahzagcr)g szxgcetl?mvc)zléeé)an%ﬂcap as: V\D

15 which may neutralise any acid present in the oil. Thm acid may be present asa result

of acid treatment, such as degumrmng as dascussed above.’
" The alkali treatment is intended to remove or reduce free fatty ac:1ds (FFAS),
- _phospholxplds plgments ‘trace metals, oil msoluble -substances and/or water
msoluble substances Preferably th13 stage Temoves some or all of the free faity
o 20- | ac:ds These can cause problems in foodstuffs because of thelr foaming
characteristics. In addition, they can be toxic. _
The alkah treatment preferably converts the free fatty acids (F FAs) mto soaps
~or hydrolyses triglycerides (sapomﬁcahon) This results from reaction of alkali |
. metal ions, especially sodium, with the FFA's, Preferably the concentration of FFAs
25 is reduced to below 0.2%, preferably below 0. 1%, optunally less than 0.05% (by
~ weight), B
' " This stage can be a batch or continubus process. Preferably, before the alkali
is added, the FFA content is estiniated by means of known techniques, in particulaf -
| - acid value. (For example the FFA content can be checked by titration). An excess of
'30_ alkali may be used for example 1f the oil has ah'eady been subjected to acid

treatment, such as degumming.



PCT/ EPOL/ 08902 from 50% to 100% optimally from 70 to 80% of the weight of .
phosphol i pids thought to be present in the oil. In relation to the oi'l the

anount of water nay be from 0. 1to 15% such as 0.5 to 10% optimally from .

| to 5% (either by wei ght or by -volune).. If water is used MAR0Er ef erably '
the (phosphomi)iaeed is-added to the oil -before t he wat erpcriitiofusbseat nent
may take from5 mnutes town hour, such .as from10 mnutes. to 30 m nutes,
preferably from15 to 20 ninutes. The tenperature may be from 50 °to

110C, preferably from80 to 100C, - optlrral‘?y from70 to 90C. -

D O e kﬁ@eﬁ%%ﬁh%ﬂ%ﬁg(ﬁr%ﬁe ShBrAcer sf‘?'aafpﬁeﬁﬂeﬁwﬁe%%i?ﬁ e
bef or e. degunmi lfgam 5\6130 %éCfmmmZSt@s%@Bpt{uWy\mhg’mtt&» 809, katitratioh @@yment (al so
known as refinin gswr% Isob refe to as neutralization, smcelt

i nvol ves an al l?é g"ﬁ P éWeSSE‘% #pdiberelerphoimudhe o | .
This acid may bﬁcaﬁh&@&:@&eﬂaﬁe@ result of acid treat ment, such as degunmmi ng
as dlscussed above. _The kal i eatnent is intended to renove or- reduce

free fatty dcids (FEJ&%}“‘ BROY, 5‘h ¥ with Hhepile Suiable allealis psalidali, alkslipe ,
i nsol ubl'e” Subs k@R 8taPRthRRonNA Rfdrodidss Oh Wali &t B &H&&%]QEP Rhhef AL thi s

stage renoves sone qr all of the free fatty 20 acid se can cause -

probl ens i n. f oGASRHFREe iehaee with ¢ Heqderisegstemiy emelnmddetee rHreferresisis | n -

addi tion, they sghin ROk, C'I‘heﬁll@ah%éﬁs‘e'ad&erd%@ﬁ ERLneRli6 & Rk Yo ﬁq@‘?er ts the

freefatty acids (FEAs) into soaps ~or ses trig cerl

(saponi fi cat i ofgeh aFiios Ve JBYes The W%Qﬁﬂk@rﬁ ¢d lail}klecla cmt@lneutmhse '

especi al |y ;godigiargs. Wi th the FFA's. Preferably the concent ration of FFAs 25 -

is reduced to below 0.2% preferably below 0.1 % optinmally.less than 0. 05%

(by weight). This Fhergeulidrgrsops oasipatifind sibseuws pamtbusbepenaeds: Pref erabl y,

before the al kgl stl mat ans of- known
Sla:a'te% H}Iq%r?ﬁﬁl ﬁ%gl {%[;_—'Aka(}@ rgseﬁ'-c aﬁu g%ﬁ &Eﬁ

techni ques, in rticua can be.
checked by ti tbehwrme;)lcallmeaéedaesbs@ftoa@ﬁdearkaltmﬂmy be used, for exarrpl e if

h I h I d ' d
P L L T R L P

enpl oyed, fior ex@nplge attalempttretnnejf &bt 16120°C, preferably 90 to 100°C. A second " \

cenmfugatlon may then be employed If a water washing stage i is addmonally
employed this may be followed by a drymg stage if appropnate ' ‘ :
An atternative method of removing FFAs either in addition to or 1nstead of
| alkali treatment, is to employ dlstlllatmn or deodonzauon (somet:mes called phys1cal |
20 refining in the art), the latter technique bemg dxscussed later. '
"The crude oil before being subjected to this stage (or any FFA removmg
' treatment) may have aFFA concentratlon of from 0.2 t0.0. 6%, such as from 0.3 to
0.5%. -

. 25 Annoxzdants ,
- Any suitable antioxidants can be employed Examples mclude tocopherol
(e g. 400 to 1200, preferably 600 to 1000, optimally 600 to 800ppm) and/or
ascorbylpalnutate (e.g. 50 t0 150, preferably 70 to 130, 0pt1ma]1y 80 to 120 mg/kg
oil). ' :
30 |
Bleaching



from50 to 90C, such as 55 to 85C, optinally from60 to 80C. A titration -
may- -t hen be performed to determi ne how nuch acid is. present, and thérefore
how much al kali may be required. 5 The alkali may then be nmixed with the
oil. Suitable alkalis are alkali, alkaline earth netal or anpeRi2ih '
hydr.oxi des. M&®1¥32%et al hydroxi des are preferred as thesecmmumosi M se
interference with a deodorising step if enployed later: preferred i's sodium
hydr oxi de.” The al kali may be added at a concentration of from 10 to 15%
such as from 12 to 13% The anpunt of al kali added may be sufficient to -
neutralirse 10 the oi ihilREE j ﬁeﬁ%?ﬂ% - oni fied.substances can

t hen ‘be renoved or. qlgglbsas?%f é§§§§hﬁégg?rl uggﬁe%%;%%f ren{ésk%xrlr%]%gn |W§S’; o

sel f - ¢l eani ng -dene mptalsgadphuT indsiey seys orsepduiffedetddoets (fyr sembkdesttingl osed to

avoi d contact w al e 0N remainin soa be renoved by
washing; for "e\%gr@p?@ﬁg?aﬁg&ﬂlgn %‘g‘g %Léﬁrﬁgl.as S{Ag%’%}ngv?séﬁg@ﬂggﬂ?‘ge f from80 to
120C, - pr ef er ablopm@ourds, HIOPi@ments sk enchratant (dd. Bgaiotan), Bilyroplygn, be enpl oyed. .
If a water washing.stage is addi ti onal | | oyed-thi's be followed by "
a drying stage, (lgl?ma%pr &’8??%%%0.1111’3\%“ 3%%%?%&%@0% ﬁ‘%fﬂpeé‘?xﬁ%%‘@PwyFFAs,* o
ei ther ‘i n addi tundsirtlde oetalsnst ead of° al kal i treatnent, is to enploy: =~
distillation or deogdoji.zation (sonmetines called physical 20 refining ¥n the
art); the latter te%ﬁiﬂ"ﬁ%g Woﬁfﬁfﬂ?%éﬁgaé ngéﬁéP&y}FﬁétacﬁeﬂH@aGﬁOfﬁ@%re; R
bei ng - subj ect ed0t®100NCSprefeasd ﬂ&iﬁ@ﬂﬁﬁ%ﬁpﬁﬁﬂ@‘ﬂdﬂ?ﬁhrmﬁ?ﬁﬁ%r&ﬁﬁy have a
0

FFA concentration of fromO0.2 to 0.6% such as from0.3 to O. 25 30 .
Antioxidants W%ﬁ?@%ﬁ*@%?ﬁ"ﬂ%‘ﬁnt s. can be enpl oyed. Exanpl es include
tocopher ol jge. . 40Bichdhi b5 YisohifGh bRt QP BorPhiicd@! | y 600 to. -
800ppm and/or , ascorb I%%Ilg}%f'e{ag{ye F g.g. 5581%t on150,®£r geg)?g%e% 70 to 130,. - .
optimally 80'-t€n3%16_ TRGUAYAIF JY SBIRPHC fivrg ovggsobent QE@SNARS@OOS_ C
PCT/ EPOL/ 08902 st infh A0ts thby dofuphif £RERF Y God LMY ScrBirc SMBEL RGNS,

oxi dation products, "trace.netals, “sul phur’ and any soaps or saponitied :
products (for éw fnghydiyided Ajurat or apuvated earth, carbon, and/or bleaching earth (e.g. . ‘

: a bleaching clay or bentonite based prqduct) . The oil is mixed with the chosen

15 adsorbent. The amount of adsorbent u_sgd will depend on the colour of the oil and the .
. amount of impurities thought to be in the oil. However, as a guide an amount of 0.25 -
to 5%, preferal:;ly_ 0.5 to 3%, optimally from 0.75 to 1.5% of adsorbent in relation to
: the oil (by weight) can be employed. R N o
| The oilland adsorbent mixture xﬁay then be sprayed, for éxample under -
20 vacuum. This may repove air. The oil then maiy.be heated, for example ;at a |
. temperature of frt;m 80 to 130°C, preferably 90 to 120."C,A or optimally from 100 to |
| 110°C. The contact time between oil and adsorbent may be from 5 to 40 miﬁutes, 7
._ preferably from 10 to 30 minutes, optimally from 50 to 25 minutes. The oﬂ may
 then be cool_'ec.l'-andfor filtered.: S ' .
25  The bleaching may comprise contacting the oil with a.soap-remo;ving
o additive, for example a treated silica product such as Trisylmrespecially if alkali
“treatment has been performed. This may remove metals and/or gums. It may be
added at from 0.1 to Skg, e.g. 0.5 to 3.0kg, per kg of oil. -
This stage can be employed as a batch or continuous process. The bleaching
30 . and/or filtering may be conducted without air being present, for example, under a .

'vacuum or using (a bianket of) an inert gas, such as N



fromalkali treatnment). In particular, this stage renoves not only col oured
conpounds, but pignments such as carotenes (e:g.. P-carotene), chlorophylls,
browni ng conpounds, conpounds that inpart fl avours, hydr.oper oxi des and/ or
any .. undesirable netals. - If drying is enployed prior:to bllestami20§ this
may be at a veorpeosazur e of from 50 to 100C, preferably f rerpE91/499990C,
optimally from70 to 80C.- The drying 10 may be conducted under ‘a vacuum

Bl eachi ng preferably conpri ses adsorption of one or nore-of these -
inpurities. One may use any suitabl e refi her or adsorbent- (the tetms are
used inter chang@oogn % r;[a}ll conprise a finely divided and/ or activated
subst ance, for exzaéﬁ‘frw’fwﬁ%‘f’ﬁ)dl vi ded natural or activated earth, carbon,
and/ or bl'eachi ng earTs c(aﬁr@nove@athia&&ﬁﬁlﬁ@n@ds@b ﬁ{glﬁeﬁ&e@t&lohﬁsaﬁ%&ﬁhl@fwuc'f)

. The oil is mxe t.h.th hosen dsor bent. The armunt of adsorbent:
used will deperl" %%%%1388%5@? aé'ws”ta 15 B FdpT R0 AnpEask the fuhidiipaint es

thought to be in thaheystage mwﬂmh@maom?r&&aﬁy s@ﬂﬁé«tﬂ&staﬂé (cBmprisind e ©%
preferably 0. 3% qptipally fraom0.7
to the. oil (b)f%f’b‘!’#‘ﬁ”éﬁ?ﬂ%ép W%Véhﬂm’ﬁi@e@)@h“&rﬂie gaBYopetHs ni xture may

then be . spr ayetonfaRing4ARat EridR SR 1de2MIMA G Mibed] h oﬂﬁiéy'b@%iéﬁu%%:éc The oi |

then maybe heated, for exanple at a tenperature of from80 to
preferably 90 taédlz‘@EdeTFS%Eﬂt (HeiF Py be pRuisii tenk. Storeue mapHakeqdace duting | me

betueen ol | andasaeih KRt B ihe: S AFtr oL LELANY O 10

to 30 minutes, optimally fromb5 mnu‘tes The™ or | be cool ed
and/ or flltere(Pg Zgﬂa'h@tB’FCéMfSng may conpri se contacti.ng: the oi. | vmth a

soap-removipg -addi ] e

Trisyl especially i ?k Ebl?&?lat gm%recr?ﬁ %e%ﬁ%dé?tﬁgﬁdﬁe&ggé% tﬁé{ﬁr% renove
nmetal s and/ or = guysials ﬁcmnawﬁ@saldﬂ@de agreftendengityihanah&aily, Thes the cfstalst o 3. 0kg,
per kg of oil: as. batch cont | yous process.
The bl eachi ng pg%g%%%}f Q‘éeﬁlg t&%nggﬁ{bgﬂ%gﬁ Tear le(%? E({mtas ﬁ?fmﬁel ng '
present, for exanpl é’reﬁmﬂbrrmeaoﬂ/mcmleﬂswwlysil‘h@ﬁx(aa(dbh@oiétsttemﬁe)au&msl nert gas,

such as N2. WD 3 00 RCT/ EPQ1/,08902 (

wi nterization) pﬁ%ré&@iwmrl%%ﬁ\% ssgajtﬁﬁ Ezhﬁc'r | g ?P@E’ra}lgg %Q‘gé 8tPP‘§‘fgycer i de

from satur altsed cﬁaiﬂg)the oil may be agitated, but preferably only under mild agltahon conditions. :
' : Advantageously hzgh shear rates are avoided. The time taken to cool the oil to ﬂ‘]lS

| temperature may be from 12 to 36 hours such as ﬁ'om 18 to 30 hours, opt1ma11y
~ from 21 to 27 houts, : c ,
_ ' The 011 may then be ﬁltered ’Ifhxs isso that any SGdIIIIB]’}I (or crystals) canbe
20 zjemoved. This may involve standard eqmpment such as a plate and frame filterpress.
' Alternative methods of ;emoving'the sediment or crystals include centrifugation ;)_I‘

vacuum filtration.

" Deodorization | o .
25 » This may remove ér reduce fatty acids and free fatty acids, mono- and di-
glycerides, ox_idation products, pigment &ecomposition products, solvents and/or
" sterols. In particular, it can remove unwanted flavouring compounds, for example
aldehydes and ketones. It may aiso reﬁ:;ove hydrocaﬂ:ons for example resulting
from the breakdown of hydroperoxides. Other compounds that may “be removed
30 include sterols and tocopherols. '
Prcferably deodorization compriées distillation, suéh as with sfea.rn. Itis

preferably coﬁducted under a vacuum, or at least reduced pressure (e.g. 1to 8, such

5% of adsorbent 1n relation



acids). This is useful because saturated triglycerides can increase the
turbidity point. ‘This stage involves cooling the oil, preferably so that
crystals (conprising the 5 conpound or impurity to be. renoved) are forned.
Thus, preferably crystals containi.ng saturated triglyceride$ WiR R00be -
pr oduced. Theveolnery be stored in a tank;. and if conditiQAgeigsddhd . this
may be an outside tank. Storage may take pI ace during cooler-conditions, .

for exanple during winter. Alternatively the oil can be cooled, e.g. usi ng e

heat -exchangers.. 10 Pr ef er abl y relativel y9l ar ge cryst als form Indeed, it
i s advant ageous_t, |.ar.g gthC st al S&flr orm-or cr tals that have a greater

density. than th® ﬁ°I4 bRy, B tgemb‘iné!fhﬁ'r }Oqtaﬁpo"&r:s?ﬁh@!?ﬁp@ to the

bottom of the O]_ﬂo,tobg(lj"(_ﬁW]?ﬁB& fearsmaegedi nent. Preferably the oil is
cooled slowy.. The final (or cooled) tenperature is preferably fromO to-

10C, such as from 3ﬁh@?%eﬂwpbﬁnﬁfdrsyledaxﬂhaﬁhisynﬁﬁnnmusmgacdrﬁmuml ing the. -
oil may be agit r I ] I dltlons K
Advant ageousl'y “lﬁlrh&ﬁ Iﬁearran t@slggé}%ar%{\}gyﬁggldﬁffﬂﬂ%b m?g @ Q%TPI? the oil

to this terq)ermiw@%%wmemﬂybﬂwm%%(ﬁﬁekmnp‘lsusmgxhanlaﬁ (f)d’rﬁlsmlel*&lﬂe@ 30

hours, optinal | % _hour The oil may ‘then be filtered. This
is so that any ésﬁéldmpﬁ%u%gjme%ﬁ e? ean be. 20 renoved.. Thi's may invol ve

st andard' equi prrent such as a pl ate and frame filterpress. Alternative
met hods of renoyi,n t he sedinment or crystals include centrifugation or
vacuumfiltrati or{ f’%odorl zation 25 This may renove or reduce fatty acids .

and free fatty aci dghismyaemandotic ogﬂy@mam:smlmemb@aﬂ in@cﬂu'ﬂé%ﬁdﬁh&s pi grfent
sterqgls. In

deconpositign roducts nts. angd/ : icular, it can:
remove u nvvaﬁ"t LR, GRRATISR é@%}?ﬁ&%ﬂg forexampls using "’ecanglF aeh &Fé’@édg&hﬁk% et ones.
It may al so renpve hydrocarbons, for. exanple resulting from.the breakdown
of hydroper oxi des, %Eer corrpounds t hat naybe renoved 30 include sterols:
and t ocopher ol TeBE F94615y deodori zation conprises. djstillation, such as’

with steam It is’ m@ér@mme %yg @6ksHPEIRE inferiBh UiSLorbrisad: | east reduced
pressure (e.g. 1 to such 02/
4 mbar). The terrperé%ure"%‘! 1‘%1%36?4‘13}1‘& PHRAfcowpining@ilthadondesiich as from

150 t0.250Gs opt i m?bl“ﬁ-doﬁﬁ]n%%%ﬂ%ﬁé’&@ea@?ﬁ&%)&ﬁgﬁm@y}npﬁeﬁ%fb%r med .as a.
batch sem’- contl nuous or a continuous -
- performed now (or first), or later after one or more of steps (c) to (1) have

been performed. However, combining should take place before step (]),
'O ‘purifying, which can be performed- either on the separate @6 and ©3
PUFA-containing oils or on the oil mixture (resultmg from combn:ung) The
20 N ‘purifying can thus comprise; -
1 (e optxonally, treatment with an ac1d or degumiming, or removmg
phOSphthldS trace metals, plgments caxbohydrates and/or proteins;
(d) optlonally, treatment with an alkali or removmg free fatty acids,
o phosphohplds plgments trace metals, water—msoluble substances and/or 011- .
25 insoluble substanc;:s _ :
| (¢)  optionally, washing with water and if nece_ssary", drying:
()  optionally, adding one or more antioxidants;
| (g)  optionally, bleaching or remmrmg plgments oxidation products trace
metals sulphur and/or soap; '
30 () ,opt;onaﬂy, ﬁltenng,
- 7(1') cooling or winterising or removing saturated triglycerides. If the w6

and 3 PUFA-containing oils have not yet been combined, then they are

1 MAR 2005 . PCT/ EP0O1/ 08902 as. 2 to =



process. Preferably FFA |l evels are reduced in the oil to bel ow 0.06% o
preferably 5, below 0.04% optinmally bel ow 0.03% (for exarrpl e using the POV
(peroxi de val ue). and AnV (ani si di ne val ue) paraneters). Polishing This"
may remove some or.all of the (last traces of) oil insoluble ggogpgnces. 10
It may conpriweorimrzz fying the oil, for exanple using a capelPisom

(cartridge) filter. Preferred Process Preferably the (purifying) process of . .

the invention thus conprises: (a)-conbini ng a (crude) ¢ a6 PUFA-cont ai ni ng
oil with-a (crude) n8 15 PUFA—contal ni ng!%il to produce a (crude) oi |

m xture. This step.can now (or. fir or later after one or
nore of steps (c) to"%(n$eﬁg ?aégg 5)1 a?—%’%l&-:‘%? pé&niisperg tehoul d
t ake place before stcabmd)rstﬂlbb)egmdédés)blemgmuum ch can be performed either on

the separate w6 and PUFA- contalnlﬁﬁ |I$ro n the oil mxture =
(resutting from conb¥ni ngfOCOFHRE OHmQVITE 165 Aty ?‘ﬂ%?sa%‘ﬁ‘pglﬁgf‘éldeg( c)

optional ly; treat ﬁerﬁmdmbﬁlpm&u@&piénﬁﬁt de GBIt pro@iots! @R&ﬂis%dfor sterpls; -

phosphal i pi ds, trace taI S, carbohydrat es_and/ or protelns; ' (d) "
optional Iy, treatmer Pﬁh%?ﬁé%?ng%nw renayRgicHduehdle sebtangesaci ds,

phosphol i pi ds, pi gmiﬁisﬁmepﬂrﬁ?ﬁ @Efc@éﬁ&,s’c ?r(d)laﬂas@)uﬂln%té;%ﬁsraﬁp&ﬁe and/ or’
oi |- 25 insol ubI e s ces, % 1(1 optional ly, washing wth water

and i f necessar JordgA ‘?‘r@ ab%\&qnb'ﬁgqs Vdomrsrrgﬁémybrpmecbmrom dant s; -
optional l'y, bl e@ﬁwdﬂﬂeﬂstép@@v%mﬂmg%ﬁlﬂéﬁmmeeﬁ e}l 6&%%5(1[ forl $iEAC" ngf o

nmet al s, sulphur and/-or soa

tronal filtering
wi nterising or $BfBY 9950%@9#/&{ p;g&a,b}ygqnyg@qﬂu@gepq ¢0) Qlﬁékme aﬁ@PWBlal e

E(L)JFA- cont ai @(b ng oi | srlaaNsieRRps ¥Fto (ORI appRERI: S shy pﬁJBﬁrihgtﬂ}g%ccﬁr for O 02710322
- ‘ exa_rnple this may be conducted on the crude oil mixture. However one or more of o

steps {c) to (i) above can be performed on the crude o6 PUFA—contammg oil and/or
~ onthe &3 PUFA-containing crude oil, the oils can then be combmed and stcps )] |
- and/or (k) performed on the oil mixture.
15 o Aﬂer punfymg (and so in a purified oil), the content of (undesuable or .
: heavy) metals is preferably significantly reduced. For arsemc (As) the amount is .
‘preferably below 0.2 ppm, preferably below 0.1 ppm, optimally below 0.05 ppm.
. For lead (Pb) the amount is preferably bélow 0.06ppm, preferably below 0. 04ppm,' N
_ .optlmally below 0. 02ppm. The preferred amounts of mercury (Hg) and cadrmum t
20 ' (Cd) are the same as those specified for lead. '

| Polyunsatumz‘ed Farty Acids (P UFAS) and oils
' "The PUFA can either be 2 single PUFA or two or more different PUFAS
. The or each PUFA can be of the n-3 orn-6 family. Preferably it is a C18, C20 or
25 C22 PUFA or a PUFA with at Jeast 18 carbon atoms and 3 double bonds. The
"PUFA(s) can be provided in the form of a free fatty acid, a salt as a fatty acid ester
(e.g. methyl or ethyl ester) asa phosphohpxd and/or in the form of @ mono-, d1 or
T’cnglyoende :
~ Suitable (n-3 and n-6) PUFAs mclude :
30 ~ docosahexaenoic acui (DHA, 22:6 Q3), suitably from algae or fungi, such as
S the (dinoflagellate) Crypthecodinium or the (ﬁmgus) Thr ausrockytrzum |
-lmolemc acid (GLA, 18:3 96),



1 MAR 2005 PCT/ EP01/08902 conbined (as in (a)) to:forman oil mxture at
this stage. Up to this point the oils may still be regarded as bei ng
crude; (j) deodorising or renoving free fatty acids, nono- and di- |
gl ycerides, oxidation product s, - pi grrent deconposi ti on produgis, 2 oI vent's
and/ or ster ohmom@ka)z opti onal I'y, pol i shiing or renoving oi |l pdsdi -
subst ances. "|.n-sone purifying processes steps (c), (d) and (g) are. not ,
optional. In other words, -al though above only the deodori'sing step (j) nay
be perforned, in sone errbodl rrents steps }c), (d) and (g) can be incl uded.
Al'ternatively or in s not optional, and/or preferably
one or beoth of stepsei%?H3 °a&1 ga%##é optional. 10. The above steps (c)-
to (i) are appli cabbm:uugatairi;nomacfd;(nugiemdahmcahd LEI0K); exarrpl e this may be
conducted on the cryde xtur e or nore of -steps (c) to . .
(i) above can be peH'ﬁi’B %L(P&‘gﬁga%gkcont aining oil and/or on -

t he .0 PUFA- cont ai ni a;gcm@;d@a@atmm@md)smmn then. be conbi ned and st-eps”

(j) and/or (k) performed on the oil mixture. 15 After purifying (and S0 in

a purified dil), theeERerRobrod@bslidile or heavy) nmetals is -
preferably signifi Cﬁ%éﬁedrmluﬁgfacﬁﬂm&i B&gs@%éﬁ& % ﬁl 0 05
el ow

preferably below 0.2 ppm preferably below 0.1 t
ppm - For | ead (Pﬁ@? qigpsa ic pedd éﬂé‘?%ﬁ;lmbélwddﬁgﬁbphpamﬁEMrabl y

bel ow 0. 04ppm ArOpid Jyq bel ow 0. 02ppm The preferred anounts of -nercury |
(Hg) and cadmium 2 E%}arethe sane as those specified for lead, -~ .
Pol yunsat ur at ed Fat The REF4s mepbrfien aaarabielgs vegstab OF ragee) seljredmaye a

l'e PUFA T be of the
STl e PUANOL bWl BT £ L 8B s, T e AL BB AT Do (e
with at Ieast 18 anitrobiaki nlgaor piut ﬁlgnoﬁob*wrcbbhdﬁarnﬁﬂw R PUFA maghn be
e ottt oS BelE Sl B B8 e fbened Sl b Sl 3? Zr |
mono-, di-. or Mutmgﬂleypﬁr bxteaple Bhrtteaiﬂhﬂ’iﬁzmn@caﬂﬂ!akesﬁ); ByeAdhisncl ude: L
docosahe aeno aci d tabl n S ch a
the (di n)(;f I agia ﬁ”%tfc% Iﬁé’@'é’ﬂ” ﬂﬁ%’%@%{h %GQ#P&@M %"i“h y :
y- I) i nol eni asac briépeifa alpBia3Blhfslea PO, w@%ﬂhﬁﬂﬂm bERytkiuR Ghstllidstind\, 18 3
03 : .

.Algae can be dmoﬂagellate and/or inchude Porphyrzdzum N:tszchza or :
* Crypthecodinium (e.g. Cryprhecodzmum cohm:) Yeasts mclude those of the gcnus o
| 'chhza or Saccharomyces such as chhxa ciferii. Bacteria can be of the genus -
Prop:onzbacrerzum . _
 : 20 : The ®3 PUFA (e g. DHA)-contalmng 011 may be a marine, e.g. fish (such as
' rtuna) oil. The w6 and/or @3 PUFA (e. g ARA, DHA or EPA)- contalmng oil can bea
mcroblal or single cell oil. -
Preferably both w6 and w3 PUFAs (e.g. GLA, ARA and EPA) can be
obtamed from fungi, such as Mortierella, Pythium or Entomophthom PUFAS of m3 E
25__ | (e.g. EPA) can be produced from Ialgae such as_Porphyrzdzum or Nitzschia. |
' Preferably the w6 or w3 (e.g. ARA, DHA or EPA containing) oil is a
. microbial oil, produced by a nﬂéroorganism. This may be a bacteria, yedst, algae or .
fongh, - B
Preferably the PUFA has at least four (4) double bonds.



conj ugated |inoleic acid (octadecadi enoic acid, CLA); dihonp-Y-Iinolenic
acid -(DAA, 20:3.0Q6); arachidonic acid (ARA, 20:4 06); and 1 MAR 2005
PCT/ EP01/ 08902 5 ei cosapent aenoic acid (EPA; 20:5 p3). Preferred PUFAs

i ncl.ude arachi doni c acid (ARA), docosohexaenoic acid (DHA)1 MAR 2005

ei cosapent aemvo e/sagizd (EPA) and/or y-linoleic acid (GLA) PERRL hdog | ar,
ARA is preferred. The PUFAs - may be froma natural (e.g. vegetable or -
mari ne) source or may 10 be derived from a single cell . m crobial. -
source. Thus the PUFA may be of (or. .  f¥om microbial, aI gal ~or plant
origin (or-source). In particular, the PUFA may be - produced by a bacteri a,
fungus or.yeast. Fungi are preferred, preferably of the order Micorales,
for exanpl e MorRUBY el pesdubiopconyces, Bl akesl ee Aspergill us, '

Thr aust ochyt ri um um or o] ht hora The | ref err. d so rce of ARA is
from 15 Mrtierell Z&%Ipﬁoacessgﬁ}gé@j a‘rIP"gf?S‘fgém t@"? EFB‘F s or
Pyt h|h um d nsi di cathnas nﬁAlf@rﬁﬁmemsthdﬂtaﬁﬂié aa@ﬁﬂufe?h@h@ﬁldm feﬂﬁitﬁ{ag&i? : ) ' . o
Porpyrl ium - Nitszchia, ' m(e.qg. Cyp ecodi ni um cohnii).
Yeasts incl dde PR E‘%nsdrf‘aﬁ]?‘?é)ljﬁ}@ffy&or F’g’&ﬁlp S}F coniepidp fheg biompen(aad Pichia
ciferii. Bactenitar, Goihe BB). af ddshibld) efliHr B{a%lé%ﬂepﬁﬁﬁﬁﬁdﬁ'dﬂls #fshddlend 3 PUFA
(e.g. DHA) - contalnlng oil may be a marine, . fish (such as tuna) oil.

The W6 and/ or WHCIORFEARicRS gray Mllewﬁt@msﬁﬁh%w%@%hﬁtqaﬂﬁan be a -
mi crobial or siyAgdsaaigkhz@ick, fofesceilﬁé ebéymepehgm%tr %ggofwﬁ ﬂ{f;ﬁmgd of LA ARA

and EPA) can be obtained fromfungi, such a I'la, Pythium or _
Ent oropht hor a. #PUAMASF 0 25  (e.g. EPA) can .be produced, from al gae such as-

Por phyri di ug or Ni t 536 Blofrass Iﬁ)a{y%é%r hlove ?roﬁﬁhﬁfenﬁerﬁ& G £3Ress: EPA

containing) oil is a. mcrobial oil, produced by a mcroorganis ThIS rray-

be a bacteri a, liguiddnsually gaier)apmaiad QlereﬁPnJefﬁewabﬂf%bletﬂqed bmmsema@um | east four
(4) double bonde%hmé BR 20 ﬁﬁégf%ﬂ%ﬁ%@z frg%::tﬁm? |at(5)n In-the
process Of the 1 nv ntion a mcroorgani s ta II’S errren ed,, .
_ cenmmganon and/or filiration. Suitable centnﬁlges can be obta.med from
Westfaha or Tetra Laval™. Centnfugaﬁon may last for from 2 to0 8, such as from
15 3to 7 optunally from 4 to 6, minutes. Res1dence times are from 0.1 to3, such as 0 3 .
_ to 2, optimally 0.5 to 1.0, minutes. The centnﬁlge may operate at from 2,000 to
8,000g, such as from 3,000 o 7,000g, Optlmally from 4,000 to 6,000g. Followmg '
- disruption and separatlon the process of the invention may further compnse '
_ extractmg, urlfymg or isolating one of more PUFAS.
20 The cells may then be washed, for example using an aqueous soluﬁdn (such
as water) for ekample to remove any extracellular water soluble compoﬁnds. :
Preferably'the crude PUFA (e.g. ARA)—co;ltaining oil comprises from 10or .
151025 or 30% of the PUFA. T he purified (e ARA) oil preferably comprises
from 30 or 35 to 45 or 50% of the PUFA. '
25
Prociuctwn of Cmde Oils
The or each crude oil may be a mxcrobml (e.g. single cell) crude oil, or it may
be a marine (e.g. ﬁsh) oil or vegetable oil (either crude or partlaﬂy treated). Hence
the @3 and w6 PUFA—contaJmng oils are preferably from a microbial or single cell
30 _source (or origin). In particular, crude oils containing ©3 PUFAS (DHA andjor EPA)
- can be marine oﬂs. If the PUFA oil is to contain GLA, 'ghen the crude oil may bea

vegetable oil, for example blackcurrant, borage, sunflower, soybean or primrose oil.



such as in a fernenter vessel . containing a culture nedium The-fernmentation
conditions may be optinised for a hi gh PUFA content in the resulting

bi omass (and, later, in the oil)y. If desirable, and for .exanple after
fermentation is fini shed the mcroorgani sns may . be killed pmma@%eurl sed.
Thi s rray'be o dmass:i vat e any unde5| rabl e enzynes, for e H1/64836y es

t hat- m ght degrade or reduce the yield of the PUFAs. 10 The bi onass- may
then be .renoved fromthe fermenter, and if necessary |iquid (usually

wat er)  frenoved t herefrom Any sui tabl e sdfid liquid separation technique.
can be used: This (dewateri a mechani cal nmethod:such as = - »
centrifugation and/ ¢t” I?EFPgﬁ"B‘H &EF?@%F}@PEWWW%QE’QEB%ABQS -obt ai ned . from -
Westfalia or TeMiceobiavad eon@@ﬂtgmﬁetm@msm w@sat-gif@zosts tzqmtéi? tipBm such as
from 15 3 to 7%{9 tlmall from4 t Residence tines are from

0.1 to 3, such 95/1%2 @%P‘F@WW(W@A&/P%S (Mariel)-eShe presenent ri f uge -
may operate at Agpli h@s%eacg deﬁsn@&ﬂ&no&%ﬁéth&é f&ﬁe&ffhc%ngﬁﬂﬁ%ﬂ? #0409,

optlrrallyfrom 000t060 | ow n |sru§t|on and separation the

process of the IRiERPEI FOTFCCrd %etcnrebefga in We-A-%/BEWe e Y O-peAVIBRg or 5
i sol ating one %otﬂ%ﬁ—b%é&ﬁ) P%%aﬂﬂ@n Gﬁm &@E@AQ@%MQ&Q%& 1sfa?sro exarrpl e.

usi ng -an aqueous sol ution (such as water) exa renove
extracel | ul ar - watcaibed iy Wor4-%8 X8 (Mesek) Pr ef erabl y the crude PUFA (e

our i1ed (oo, are) "oRPoL S artptuatar sk 2 i o Repiag E’?JF’QO%TQS

t he PUFA. 25 Pﬂbuu@tqfcmblmfat latsuﬁwé,@l¢1@3'ﬁh]easb60%mﬂ0ptmaﬁkﬁt teadt 7ﬂ‘é€yoﬁthe a o
m cr obi al U?’r"Anﬂnf cLﬁdeCfErH(d o%ekfer eaxno}nf{%ﬁnrgg%?r?dgf R ﬁ%iéﬁ : hef i sh)

oi |l or veget ab € ol e or. partia 0 and-
w6 PUFA- cont ai sughgsat lesstaﬁ% pﬂﬁfaékyableyst%%;marem«femﬂﬂyaﬂleasw% agd8sseel | 30 -

source (or ori patticul, n| n PU o “
and/ or EPA) cgh %I (Ilznarl S5 %’ﬁeﬂ estﬂ‘%‘if.@yﬁffﬁﬁé&% s %B'ﬁggfn“g} then

the crude oil - mspct;unhlgraleame@eﬁ :a*hlhed’ImA is pfﬂnéntekﬁﬁﬁlrﬂstﬁbmﬁﬂthmglywﬁﬂ (inkibg age,
sunf | ower, soy ean ar 10322..1 P01/.08902
2 A hanber Rt R BBE &P kot L adOP G of et DORRORARET o
M crobi al akl sleﬁ@trﬁtoaft @udhgaséﬂéasas&%,dipﬁmhlqsa%abﬂﬁmmhmm@&&ﬁﬂkMﬂz)t ek) EPA o
in - -

posmon
Suitably the puriﬁed oil will solidify at a tetnperattzre of from 4 10 6°C. In B
 the purified oil the triglyceride content is preferably at least 90%, such as at least
7 93%, and eptirlrtally-at least 95%. The monoégl_yceride and/or di-glyceride contentis -
20 -preferably less than 7%, sﬁeh as less than 5%, optinially less than 3%. The amount
of monoglycerides maj' be less than 0.5%, such as less than 0.1%, ojjtimally less than
0.1%. The content of sterol in the purified 011 is preferably 1ess than 5%, such as less -
. than3%, optlmally less then 2%.
_ _ | In the purified oil, the content of the (desxred) PUFA is preferably at least
' 25 30%, such as at least 35%, opttmally at least 40% or 45%.

The amount of free fatty acids is preferably no more than 0.5%.

. Miﬁtures.(blends) .
-In this specification the term "mixture" includes a combination of the oils (for -
30 -example where the oils, after-‘t;eing comhined, can b‘e separated back into their
- original componentoils} and blends (where once combined the oils are inseparable).

An example of the former is where one (or even both) of the oils are (e.g. micro-)



WO- A- 91/ 14427(Martek) and DHA in WO-A-91/1191 8 (Martek). The present. ..
Appl i cant ‘has al ready described various methods for extracting PUFA oils
from-5 nicrobial sources, and these can be found in WO A-97/ 36996 and
WO A-97/.37032 (both Gst brocades). Preparation of ARA, 200
EPA-cont ai ni mp evlszi s also described in WO A-92/ 12711 (m ,08 N
oil, 'is preferred that nost of the PUPAis in the formof trig ycerldes
Thus preferably at | east 50% such as-at |east 60% or optimally at |east"
70% of the 1 o PUFAis in tri glycer_l de ##orm However, the anount of '
triglycerides e hi gher s .at- least 85% -preferably at |east’ 90%
nor e. pr ef er abl yené"i’ps}ﬂéﬁgg g‘g%hg ggéb/%%ga‘et%e%ﬁeycﬁbf’ﬁ?@é@ﬂ xfhgceri des,
preferably at |&gstal &ﬁ%maﬂemmrathe&%&tm&wm@mab%ti&ﬁeb}e)fer?efd | east 60%
of the PUFA |s‘§]ke§ ﬁlgt at the a-position of the glycerol (in the’ _

a

triglyceride b & S%{FE’E}%&?&bwa%aﬂdrﬁémrawHéotésgﬂweiﬁonwumgdsm R
preferred that iafpodsiblé. eﬁfetmﬁﬁ%s B bFaphidlity @aﬁast w&“@%’{ﬂs gﬁﬁdﬂgghﬂ%m% | | east
I ed ol

40% of 't he PUPA is at the f posi tion. "Suit he puri

solidify at %a t¥rpdrat @#Sér%wmfﬂrrédn Brefeppblyche qﬂkiwﬂtl h@mwmhnfl oeeinglp pelt oils -
triglyceride COIME R othe vRIRES B 2BkY 93% and
optinmally at Ieasj'ta 9%% Tﬁe nono- g()lﬂ%gél?%g a%g]?éh r@ gggrblléae content is o

20 preferably |eskdedrad syostpmstntas | ess than 5% optl rrally | ess than 3%

The amount of mnog'hgﬁa% oﬁgé?g@@geuhﬁé urtfh R Gsathe ioHERBR rifi 154 han

0.1% optinmally les con purified oil
is preferably Iiehswptmdlvm15111@&12a§’rdfaabiytﬂeamo@ﬂ/q)fo@PUEﬁl(ttqnedmbﬂftthen 2%

D50 Bur i el bl PSR il DL dESE R MBI RR Y 2
anount of free ﬁuaﬁbd/ozhmwdmu hdpadei‘t@rméﬂexycd'thammans RUTHNIsQf Bast 258 oxsuch s -
(blends) In t hi ;he  ter i ncl udes a conbi nati on of
the oils (for. %&age%gg @1%1338 mﬁ eé‘fqur&?@gpgbel ng conbi ned, can be

separ at ed back. |ntomdfaradfemegjrmaimﬂ&mﬁwmheﬁpé@)reappiwbﬂﬂemﬁﬁmﬂmhere once

conbined the oils are |r$eparabl e). An exanple of the forner is where one
(or even both) "BF*PRES1#s are (e.g. micro-) WD 02/10322 14-.1 MAR 2005 -

PCT/ EP01/ 08802 encapmselm@étidn $6il h&\abe Astineadly WAL Otdnfpl@ eth FeféRbce hey can’
be separated into hhe i _nal nstl tuent oils b%f or? t hey were nxed.
Howev er bI ends ﬂéq,fg gws%#?fga‘es wh1 are not to be construed as emg 1tin, ,but mstead .

_are merely 1llustrat1ve of the prcsent mventmn

Ex ple ‘ . _ o
20 Crude ARA-containing oil was obtained using the method of Example 16 of -

- the WO-A-97/36996 (Gist-brocades), using hexane as the solvent for extraction. The
ARA content was 35%. Crude DHA ofl (27% DHA) was obtained from 2 marine
source (tunz oil) from Pronova Biocare A.S., P.O. Box 2109 N-3202 Sandeijord

'Norway (EPAX™ 0525TG) ,

25 - . The ARA-and DHA-containing oils were then mixed together to form a
' biehd. A sterile stainless steel tank was first charged with 10kg of the crude ARA.

To the tank was added 30kg of crude DHA oil, with stirring, over a time of 15
minutes (excludmg al.r) This gave a crude oil mixture with an ARA:DHA oil

' (Welght) ratio of 1.3 (AR.A DHA ratio of 1:2.31). _

30 The crude oil mixture was then purified according to the followmg protocol

will



where-the oils are intimately mxed. and. separation into the original
constituent oils is inpossible. The nixtures can be of a plurality (at

| east two) -oils, although m xtures 5. of 2, 3 or 4 oils -are preferred. .
Preferably the oils will be mcrobial or si ngl e cell oils Nl V., b1 Ot her
wor ds oi I's f regupioker sources (e.g. marine and/or veget ahi& ggg e -
excl uded and so-not present. The ratio of w6:0 PUFAs in the purified oil
m xture is preferably from1:5 to ‘5:1; optimally from1:1 to 1:2. oo
Preferably the anount of w6 PUFA (espem ably if it is 10 EPA) is at |east
115" of 'the anount of the we PUFA (especially if it is ARA) in the
purified oil mixture, Indeed, it is preferred that the w8 PUFA is at. | east
25% such as athﬁﬁzgt 30% optl mal ly 35% of the \/\/6 PUFA-content. Preferred
f eat ures or charact i.stics ne aspect are able to another .
nutatis mutandis. SGPH@‘#%%%HW" ISFeP?aB‘WhB‘g é’(ﬂelsf?@ﬂas B whawy of
exanple,. with ﬁ@éﬁﬁ@nmefcﬂrmhiﬁ%tafgéﬁ‘b@w ng -Exanpl es, which are not to-he .
construed as _bei.ng Ilmtln but instead _are rrerely illustrative of the . = .
present invehtion. Exarrpl""é1 fresiger, (BWCOM aining oil was obtained using -
t he met hod of "Exanpl e 16&511&&41@3%@&&%%996 (G st-brocades),. using. .
hexane as the solvent for extraction.. The ARA content was 35% Crude DHA
oi | (27% DHA) - was obt ai n@énrqewaﬂaﬁﬁwaﬁeng@ém farigmemple (o remprRomsonova
Bi ocare A:S.; P.O Box 21,9&,3 %Sglggsg Sandefjord, . Norway (EPAXTM 0525TG). 25
The ARA: and’ DHA- cont ai ni ng 0|Is Wer e then i xed together to form a i
bl end. A sterile stainl eblsadingz| tank was first- charged with’ ‘10kg of the
crude ARA: o the tank i rring,
over a time %—f 15 m nut gﬁﬁ( ex%l‘?’gg?h%g&é?& eﬁ#ﬁcﬁg%‘g agsoéfr%ﬁlgehs‘?)% m- Xt ur e'
Wi th an ARA: DHA oi | (web@mh)ne,atuo of 1:3 (AFA:DHA ratio of 1:2.31).

The crude oil mxture- vvaﬁ urified according to-the fol | ow ng .-
protocol. WO 02/10322 15 ur| y?ng 1 MAR 2005 PCT/ EPO1/ 08902 This =
consi sted of four princi fifihecstseqy} polishing andit er nedi at e st eps as and when -

neceesary. ‘The four . mai nr(i%ecgsesgryv(\:%cr}lmgmmgmzatreat ment (degumm ng)

- 15
B 1. ' Degumming (acid treatment) T}ns was performed pnmanly to Temove
~phospholipids. The oil was heated to 70°C Phosphoric acid wag d1ssolved in water
- toa concentrauon of 85%. This was added to the oil (2bout 3% of the welght of
| phospholipids in the oil) at 1.5 g phosphoric acid so_lutiorr per kg oil. The oil was .

20 kept at a temperature of 80°C for 15 minutes. The mixture of eil and phosphoric
acid initially formed an emulsmn, which was demulsified on further hea’ang 'I'he
gums were then removed by centrifugation.

2. - Alkali purifying (neutrahsatron) A utratron was performed to determine the
~amount of acid present in the oil, and hence to calculate the amount of alkali requrred

25  for neutralisation. To the oil alkali (sodmm hydroxide, 15%) was added to the oil
and well mixed. The resulting soap (saponified substances) Were then separated by
usmg self—cleamng centnfuges {(hermetically closed to avoid contact with air). Any
traces of soap were then washed out by using hot water (94°C) followed by -
ceninfugatron ' ‘

.30 3. Bleachmg The 011 was First dried at 70°C under a vacuum. To the oil was
' then added an adsorbent (Trisyl™, Grace Davison, 1% based on the volume of the |
oil) and mixed in. The oil was heated to 105 °C and the oil adsorbent mixtiure



al kali treatnent ‘(neutralisation); (if necessary water Washing and drying, -
for exanple to renove soaps or soap residues); bleaching;, 10 (if
necessary) filtration, for exanple to renove adsorbents useg 'n:hg gachi ng;
deodorising; (if necessary) polishing; and (if necessary c of r |
Wi nterizati ORyo oddpss. Degunmmi ng (aci d treatment). This wa L
primarily to renove : phospholipids. The oil was heated to%%?ﬁogﬁsg?ghori c
acid was dissolved in water to a concentration of 85% This was added: to
the oi |l (about 3% of the WEI ght of phosphlﬁl ipids-in the oil) at '1.5g9 .-
phosphoric acid_sol The oil. was _20 kept at a tenperature

gtl on eﬁg nF
of 80C for 15 niHE o g {?F‘&“%ftm&t? TERMHE Bifro StAsEoTpen wpspliowrd foal |y .
formed an enul signin colbewiake SEMHH AL 106HinHes, mefenfantﬁ@arwmﬂowmogmAwe;

then rermoved by centrifugation. 2. Akali purifying (neutralisation)
titration was p #drfter deternmine the anount- of acid present in the

oil, and hence the oy o
neutralisation. &To t ieﬂt%lﬁg&nl(ggqlﬁ sq%%j?fg Dﬁ)ydérgﬂ())dgg ?}éf/gio‘v/\é%ml%{dted to the
oil ‘and viel |5 m 40€tinddheild egitation wugdmomp Thi[ss*.@qhnbnﬁtlzﬂdhomb’sheed’ihmke e then

separ.at ed by . sel.f am ntrifu her meti.c clgsed to avoid
contact with ai Fr}%ﬁf&? ef?%ﬁ eé’gd‘ﬁsﬂﬁ?gﬁ?rﬁ‘iﬁ%ﬂétaaﬁ{% ®¥8i ng hot =

wat er (94C) folﬂ:@mﬂabﬁésﬁ&rﬁﬂmm@ﬁ%mqnoo?s@aé Bl eaching. The oil was first " -

driedat 70C under a vacuum To the oil- was_ then added an adsorbent
(Trisyl , Grace> mVl%ﬁoan@@baE“@d’ﬂdWSﬁ%@ﬂ?’éP@ﬁ@né?wﬁﬁ@m%F‘Fefnpﬁﬁaﬂw&ed in.
The oil was heaig dcragdﬂ,g,%ge {3@4 alr adsorbent m xture 1 MAR 2005 V\D o
02/ 10322 -PCT/ EPC] / 08902 spr yed I?l?lto an agitated bl eaching tank to-
renove air. 10The adsﬁmwmofahﬂmdthm@tﬁ&mbnfomﬁamg wedthe t he oil for

Whter vat] on (RBSFIRLRUERRI A SRSt ER skt R M | coolod 105

4C under mld aglrtatl on condi tions.. Thi's took about 24 hours. The oil was

kept at o A .I@_e_l'_
. TSibstancs md mmemt | ARA Crode O | Blonded O
- (before purifying ) (after_purifying )}
Phospholipids (%) - 2-35 . 005 -
FFAs (05 Y R 0.0
[Phosphatide Pppm) |~ 30-100 | <10
{Fe (ppm) T 0520 0.0
Cu (opm) . 007 T 0
ARA (gkg) 350 T | ESS
[ARE s % of ol T — 55
| Batty acids) | |
[ Water %) 05 01
| Peroxide value POV) | -~ 5-10. - <it.0
s -
E}iampleZ

A cmdé ARA-cbntaﬁﬁng oil ' was prepared according to the method of
Comparative Example 1 as described in WO-A-97/43362 (Giét—brocades). This
contained approximately 30% ARA.



AC for another 24 hours. The oil was then filtered using a plate and frane
filter press at a pressure of 200kg/n2 (0.2 to 0.5 bar). 5. Deodorizati.on...
The oil was steamdistilled under vacuumat a tenperature of '180C and |ow
pressure (2 to'4-mbar). 10 A conparison of anal yses of the ¢ rieARe 200RA before

purifying anavé tueosurifi ed and bl ended ARA and DHA- cont ai giyigho g?sgmare ,
provided in Table 1. Table 1 Substance and ambunt ARA Crude O | Bl ended G |
(before purifying)(after purifying ) Phospholipids (%2 -3.50, 05 FFAs
(99 0. 4<0. 05_Phosphat i de (P/ppm 50-100<10 ¥ Fe (ppm 0. 5- 2. 0<0. 05 Cu

0. 07<0. 02 ARA ( ) 35085. 5 % of total, 389.5 fatty acids).
6@? 2 'd,)0.50. 1 Pet‘ﬁ’o%lﬁ%e |°&é”a€%'§g‘i%‘lﬂl %)Pff?%@awbghﬂwepleaéof
ARA- cont ai ni ng WOLAMBGWWt%Ech&GPFmLm doBtalnB @ 60¥8 e, 15gNPar ati ve

A-97/ 43362 .(G st .brocades Thi's contained

Exanple | as de |
approxi mat el y @%3\/\?‘-1&@9122%@?% CRIFRNBHNY WapgdPBPOL/ 08902 A DHA

crude oil was obtai Eﬁ&bﬁh@&u&é’tﬁlsﬁkﬁ&tﬁ&ﬁ%&ﬁ@%ﬁﬁéﬁ@%ébr@éé’ﬂ%ﬁ &%mgf
WO A- 97/ 36996 (G st-brocades). This oil contained 60%triglyceri 12%-

di gl ycerides arfdwihhg foliewisg Yarialigrs: DHA concent rati on-was 32. 6% Each _of
the crude oils wer e Neniheakeebatith M dolo Rl fHogtlc At Fiep e 1

with the foIIovm ng varlatlons
minutes and the oil temperature was 70°C for the ARA oil, and for the DHA
oil citric acid (50%) was used instead (20 minutes, , 75°C);
- (@) in the alkali treatment the concentration of sodmm hydromde was ‘
10 | 7 '13%, and the hot water treatment (water washing) was omltted _
- (iiiy . bleaching used 1.5% of adsorbent Tonsﬂ (Sud—Chemle Mumch,
-Germany) and was at 100°C for 15 mmutes
- Ten kﬂogrammes of each of the two resultmg crude oils were blended ina30
 litre tank with mixing, to form an ARA:DHA (by volume) blend of 1:1 (ARA:DHA
15 ratio of 1:1 09) The blend of the two oils was then deodorised at atemperature of o

200°C and then clanﬁed usmg a cartridge filter.

Exam ample 3 .
A purified ARA mlcrob1al oil €] 8% ARA) denved from Mortzer ella alpma
20 was obtained (Skg) from DSM N.V., Food Specialties Division, P.0. Box 1, 2600
MA Delft, The Netherlands under the trademark OPTIMAR™. This oil had been .
purified using the protocol of Example 1. A punﬁed DHAfcontaxmng oil (1 Okg)
from Pronova, Norway, containing 27% DHA (EPAX™ 0525TG) was then blended
_ with the puﬁﬁed ARA oil. The two oils were mixed with each other ina stainl_eésf
25  steel vat equipped with a stirrer (ARA:DHA ratio of 1 1 54),

- Example 4 |
~~ The crude ARA oil employed in Example 1 was punﬂed usmg the protocol of
Example 1, with the following variations: '
30 . (@ . phosphoric acid (80%) was added at 2% of the volume of the oil;
(i)  the alkali was KOH (10%); | |



(i) in the acid treatnment, the contact.tinme with phosphoric acid was 20 :
m nutes and the oil terrperature was 70C for the ARA oil, and for the DHA. ~
oil citricacid (504 was used instead (20 -m nutes, 750) (ii) in the

al kali -treatnment the.concentration of sodi um hydroxide was 11@“&@% and the
hot wat er tremm@zz(water washi ng). was omtted; (iii) blegehi 8/% d 1. 5% -
of adsorbent Tonsil (Sud-Chem e, Minich, Germany) and'was at 1 8

m nut es.. Ten kil ogrammes of each of the two resul ting crude oils were.
blended in a 30 litre tank with mxing, o forman ARA: DHA (by vol.une) .
blend of 1.1 (ARA'DHA 15 ratio_of 1:1. 09 The blend of the two oils was.
then deodorised at &1 enpaearasiedts abiie Htrmﬂ’ﬁafféﬁﬂlc“&?mﬁf‘?@@tﬂ@glnﬁg a
cartridge filter. ExgumlfnSvhilWaf e EQRQRA m crobial  oil (38% ARA) deri ved
fromMrtierella-alpina, 20 was obtained (5kg). fromDSMN. V., Food - .
Speci al ties Divisiofiv)P. @eatﬁmg‘@s aB00 forA nidedtés; andThe Net her | ands under the

t rademar k OPTI MARTM,__ .Thi s ha t he pr.otocol of
Exanple 1. A purifi &4 Dl—ﬁ? %"’8?%1“%13 chED'(Hl {g%%g #&’521g?y50nova Nor way,
cont.ai ni ng. 27% DHA (IERA)Zgﬁdemandljfbefloﬂlh@ﬂdwore\ﬁhdﬁeiﬁmﬂﬁﬂgl fied ‘ARA oil.
The.two oils were m-xed with each othe{, in a stainless. 25 steel vat

equi pped with a stirrer. (ARAIDHA rati oldped 1. 54).. Exanpl e 4 The crude ARA

oi | enpl oyed in Exanpl S sl H 2o UF! ngcmasmmmaﬁpl el .
wi th the.foll ow ng varjations: 30 (i) phpsphoric acid [(80% was jdded at 2%:..
of the volume of the gil; (||) the al ka i afgrs prediing 149 ; 1 IVAR 2005 WO

02/ 10322 PCT/ EPOL/ 0890z e —ng—m?s—gt-—%é—bﬁ(—qg%a'snall T
vvashi ng was rg uired; (iv) bleaching was -

vol ume of water so no
at 90C for 30 ninutes;|®E@4) cooling Was down4t o 5C |and<@ept af 5C for -2
days Table. 2 gives t

. bl e. 2 g WW%{@%M 7 ifying ;=
Tabl e 2 Substance and SRbE EP | Purifie (bdf ore“Puri flyi ng 9 o

Fe (ppm) o 1.0 ' <0.05 .
Goopm) ] 006 | 00
ARA (kg) S 1 I VL
ARK (%) — 38 BRIt
A Water %) 05 01
) Peroxide value-(POVj o 7 T<1.0

_ The crude DHA oil from Example 2 was then also ,sri_bjécted_, éeparafely'ah& B
| independently, to the same protocol as the crude ARA oil. The resulting ARA oil
10 (10kg) was then blendéd with the resulting DHA oil (33% DHA, ISitg) together ina
stalnless steel vat equipped with a stirrer. The blended oil had an ARA:DHA ratio of
~ 1:1.16and was then subjected to deodorization at 220°C. '

~ Areview of the various purifying protocols is shown in Table 3.

15 ‘ : - Table3
‘ Purifying - o "~ Example No.
Step . 1 _ 2 T 4
Acid Treatment | 1.5%, 80°C; 15mins | 1.5%, 70°C, 20mins | 2%, 80°C, 15mins
Alkall treatment 15% NaOH 3% NaOH 10% ROH
Water washing T 98¢ o B5°C

or . o



Phosphol i pids (10)2 .3.50.05 FFA's (99 0.4 .<0.05 Phosphati de

(P/ ppnm) 60-100<8 Fe (pprr)l 0<0,05 Cu (ppm 0. 06<0. 02 ARA (g/ kg) 350175' ARA
(993819 Water (990.5.0.1 Per oxi de value (POV)7. <1.0 The c¢rude DHA oil from’
Exanpl e 2 was then also subjected, separately and independeniaRy20030 the
same pr ot ocohy@fzok® crude ARA oi | . The resulti ng ARA oil. & {é] Aokg), was
then bl ended with the- resulting DHA oil (33% DHA, 15kg) toge n a

stai nless steel vat equipped with a stirrer. -The blended oil had an -

ARA: DHA ratio of 1:1.16 and was then subected to deodorization at '220C.
A review of the yvarious purifying protocols is shown ip: Table 3. 15 Tabl e 3

Puri f yi ngExanpl ¢ NoP““%‘E%plA Aci d Treat rrentElca@“JﬁNQOC 15mi ns1. 5% 70C
20mi ns2% 80C, 135mi nsitepl kal i NaOHT S NaOHTO 9RO Water
washi n994(394085(.,,,AAQD?/1m?ﬂ> 19 1 _MAR 200k .~ PCT/'EPQ1/ Q8902 Purifyi rquxarrpI e .
No. Stepl2 4 DryiBgmC, vacuumﬁ@"@,vff&é‘!mm\lp B7&&oniung 1% adsoMbent 1| 5%
adsorbent, 1% AL ERTE - 103C O st O O o it 30 S dsom
Filteri ngYes-Yes ‘es 'Co.ogll to ALC over 24 Cool to 5C over e gm’,
S S o 105°C, 20mins 110°C, 15mins 90°C, 30mins
Filterimng Yes Yes 1 . Yes
Cooling . Cool 10 4°C over 24 Asl - - | ool to 5°C over
' hrs, keep at 4°C-for R {12 hrs, keepat
24hrs - [5°CTor2 days
| Polishing -~~~ No Yes No
{Deodorising .~ | 180°C T 200°C 220°C
o6 PUFA - - ARA (35%) ARA (30%) - 1 ARA (38%)
@3 PUFA | DHA (20%) DHA (32.6%) | DHA 33%)
06 w3 ratio 231 | L9 | T34

_ Example 3 uses the same punfymg as Example 1, except udes crude ARA
(38%) and DHA (25%) oils (AR.A DHA ratm 1:2.6).

5. Examgle 5
. The protocol of Example 1 was repeatcd except that crude EPA contammg
: oil (obtamed by using the Example of WO-A-91/1442710 obtain an extracted single
cell xﬁl Martek) was used instcad of crude DHA oil. The ARA oﬂ- (35% ARA,
lﬂkg) was then blended with the EPA oil (37% EPA, 5kg) together in a stainless
10 steel vat eqmpped with a stirrer. The resulting punﬁed and blended oil had an
_ARA EPA ratio of 1 :0.53.

Examples 6to 8 .
The oil blend of Example 1 (0.5kg) was mixed with lactose particies (10kg)
15 in a Lodige mixer by adding the oil blerd at a rate of 10 kilograms per minute. The

~ resulting powder was stored under nitrogen. The powdered mixture was then added
to a powdered infant formula (20kg of SMA Gold™, United Kingdom). The same



Cool i nghrs; keep at 4C-f6r As 112 hrs, keep at 24 hrs5C for 2 days -

Pol i shi ngNoYesNo ‘Deodori si ng180C200C220C W6 PUFAARA (35% ARA. (3099 ARA (38%
W3 PUFADRA (2099 . DHA (32.69% DHA (33% w6:.w3 ratiol:2.311:1.091: 1. 54
Exanpl e 3-uses the sane purifying as Exarrpl e 1, except uses c

(38%- and. DHQ,Y 0 0|Is (ARA:DHA ratio 1:2.6). 5Exarrp|e5 tocol
Exanpl e | was 6rggdéeat ed except that crude EPA containing %(WEP(O %ﬁ ned by
usi ng the Exanpl e of WO A-91114427 to obtain an extracted single cell oil, -
Mart ek) was used instead of crude DHA oil2t The ARA oil_ (35% ARA, - 10kg) was
t hen bl'ended with the EPA ojl éS?% EPA, 5kqg) together in a stai nI_ess 10
steel vat equi pPREFIHCTRS ondupte &?mgthﬁﬁuﬂf@dm Jilendraf Egamgpld 4ohétded oil
bad an . ARA: EP,AplﬁggﬂmfﬁﬂAghﬁgofwses 6. to 8 The oil blend of Exanple 1
(0. 5kg) was mixed-with | actose particles (10kg) ‘15 in a Lodige m xer by-
adding the woil blend at a rate of 10 kil ograns per mnute. The resulting - .
powder was - storgdarg*r%r ni trogen. The powdered mi xture was then added to- a_.'
powder ed i nfant™ a (20kg of SMA Gol dTM United Ki ngdom) . . The same WD

02/ 10322 20 3 MAR 200BatchrER0ERD of BBGeRd | medmnbcmmrﬁ&gofed using the

Do Eea R AP ARy S ARREED B or o

cont ai ni ng- 2kg fioﬂmamgf:}dchRAl‘aihct mtﬁdnefmhmlstt& oﬁ(btmgmeamk:dlm qten:qiem& pr epar ed -

according to th rotoc infant f e oi'l blend.
was added to a ‘{%‘éﬂp‘g@?%ﬁg at'lahréteﬁ’ Qﬁdﬂ‘&%%m%ltﬁrg‘? tate of 0.5
ki | ograns per lteuﬁutmbﬁngmxa[ghaﬂtﬂﬁgmlbadmwataefsdmmgﬁ&seettdednfeed bed at a

rate of. 50~ kllosrams hour: The 10 tenperature was set Sso that: the vvater
| oss fromd Myi b %‘“Igé?fa\ﬁégdol %WG“?%I"S OmdrymgwaSbetweenlandZ% :

Examgle 1 _ :
- Abatch of 1,000ke of mfant formula was supplemented w1th an 011 blend
' accerdmg to Example 2 as follows. A prermx was first prepared containing 27kg of
15 _the ARA/DHA oil blend _ This premix also contained vitamins and mlnerais and
lactose, and had a total.welght of 200kg. The premix was then added to 800kgof . - -
' spray dried infant formula, and then mixed in a Chronicle Nanta 50 RK nﬁxer This ;
powdered instant formula was made into milk for consumptxon by bables by adding
__sterﬂe water (13 gof powdered mfant formula to 90mi water)
20 .



Exanpl e 10 A batch of 1,000kg of infant fornula was. supplenmented with an
oil blend according to Exanple 2 as follows. A prem x was flrsMreEared
containing 27kg of 15 the ARA/DHA oil blend. This prem x al sd WP ned
vitam ns and mnerals and | actose, an#l had a total weight of 200kg. The
prem x was then added to 800kg of spray dried infant formula, and then

m xed in a Chronicle Nauta 50 RK m xer. This powdered instant fornula was
made into mlk for consunption by babies by adding sterile water (13g of
powdered infant fornmula to 90m water). 20° 1 MAR 2005 21 CLAIMS 1. A
process for preparing an oil m xture, CLAMSrocess conprising: (a) conbining
a crude ARA-containing oil wth a crude w3 PUFA- containing oil to produce
a crude oil mixture: and purifying the crude oil m xture to produce a
purified ARA 1and MK’PEFAQFFEW@WRWé“'&Me the REogesE comprigingr ocess according to

claiml whergyn: &dr?ublﬁM@apél‘ﬁdiéXRﬂQ:oﬁ%”ﬂﬂ‘idS’P\ﬁutﬁS'EHYde’lE?p'ﬂ@%DhO"p' ds, trace

netals, pig nts car épra es ot el ns phur, sterols, nono-

or di-gl ycer|°8'ét§'"'"%8‘f)'t9rpé?‘¥:’aeaP‘f”F B and/or free fatty-acids; (ii)
the oil m xtybe I[S.lnqn'nthé clabietithidutd to protile avdirifkdrASARA EldArPURERA, and/ or

(iv) the Conb':Qaiﬁiﬁ lg fxg?rels of only two or three oils, all of which are
single cell LPoB ‘oils. 3. A process accordlngto claiml to 2

wherein the purifying conprises acid treatnment, alkali treatnent,

neutralisati 3} : gﬂ&&%’%@brﬂiﬂ%wfdk‘uﬁi@h&gm pol i shi ng, wnterization,
or

bl eachi ng an deodor rocess according to any preceding

cl ai ms whi ch {hddithe BwHYing conmses re@aving R’Eﬁphﬁﬂ“i%ﬁﬂ‘l’q petals, RgeHHt with an
acid or deguipapsGartebydreie® \tritdng BABIRIAGIdN, Efbno- dridigRcdtidbs ssturapidgent s,

car bohydr at egi Flndl or Iot ein 5%8%1 optionally, treatnment with an al kali or
removing fre gyge“d§sa %{Jree %"f ol i pids, pignents, trace netals,

wat er - i nsol ulfil e Shbeit mixtesisandliblendii | - i nsol ubl e substances; (e)

optionally, w@shifg 4 POFAAL BHa &EbA fanRFESsary drying;
(iv} - the combining in (a) is of only two or three oils, all of which are single cell or
microbial oils.

3. A process according to claim 1 to 2 wherein the purifying comprises acid
treatment, alkali treatment, nettralisation, water washing, filtering, polishing,
wintetization, bleaching andfor deodorization.

4. A pmoess’ ':'Q:ccording to any preceding claims which additionally comprises:
(c) optionally, treatment with an acid or degumming, or removing phospholipids,
trace metals, pigments, carbohydrates andfor proteins,

(d)  optionally, treatment with an alkali or removing free fatty acids,
phospholipids, pigments, trace metals, water-insoluble substances and/or oil-
insoluble substances,

(8)  optionally, washing with water, and if necessary drying;

(f) adding one or more antioxidants;

(@)  optionally, washing with water, bleaching or removing pigments, oxidation
products, trace metals, sulphur and/or soap;

) opticnally, filtering;

(3] optionally, cooling or winterising or removing saturated trigtycerides;

i} deodorising or removing free fatty acids, mono- or di- glycerides,



(f) adding one or nore antioxidants; (g) optionally, washing wth water,
bl eachi ng or renoving pignents, oxidation products, trace netals, sul phur
and/ or soap; (h) optionally, filtering; (i) optionally, coolinﬁM@Qmm
winterising or renoving saturated tppgl ycerides; (j) deodorising or
removing free fatty acids, nono- or di- glycerides, 22 oxidation products,
pi gnment deconposition products, solvents and/or sterols; (k) optionally,
pol i shing or renoving oil-insoluble substances. 1 MAR 2005 5 A process
according to any preceding clainms wherein: (i) the crude ARA-containing oi

contains from 15 to 25% of ARA; i) t i Ll ARl contains from 35
to 45% of ARA; (dafordgiedugs. W@tagepm%-%tasglﬁ?gkgdgﬁg% g‘?’ (i) of claim4 are not

optional; (iv) amgoler nore of (c) to (i) of claim4 are perfornmed on the

crude ARA- cgntaj ning, olk; Aol ofinbslani® siidefcazont ai ni ng oi |, the
resul ting o%css a?%'of'%igﬁdolhsco q’lénea lgg in (a), and the oil mxture is then
treated according to (j) and/or (k); and/or (v) the w3 PUFA has at | east

four doubl e ghondg prRRessadBbrdifERSnpeeosdiigueine wherginpr ecedi ng cl ai m wher ei n
either: (i) the PUFA (e.g. DHA)-containing oil is a fish oil and/or the
ARA or 03 RBUFA (HaHhuds ARRApNtowgbihcensaios froms1aatodSes 83N oi | ; and/or (ii)
the crude ARA-containing oil is derived froma fungus of the order

Mortierella, optionally from.the fu E@rgladra: al pi na, and/or the w3
PUFA- cont afiihi ngth6i Ff““f’éd 'q}'ecﬁntfaﬂr}?%ﬁgygé %gﬁji sm Cr ypt hecodi ni um cohni i ;

or (iii) eifier bhcoriRie oFf(cnE) RidRAGEdHam diargn@ioptianal a vegetable oil. 7. A
process according to an eceding cl ai W rirfd.ed oi l

m xture: (iY¥khe °§ﬁ€ﬂm°¥%${%t°g@ﬁgdfﬁ argr%g%?%dac{?‘_trggrsu{agfg’% of the anount
of the ARA; cordiflh@bil 4rididr Jhetchele p&i PUFAedniginingipdtharesyution ot AN o of from 1:5

to 5:1, optionally aof fr o . 1 1 REOERS fo (ReAdMsrdkIAg t o any
precedi ng CF%W%W'?% P ‘at%ﬁ}ar%ﬁﬁﬁ "F?a%tﬁ? t“?‘eﬁas at rr%st@O. 1 %free fatty

aci ds, at masdfor0. 2% of phosphol i pids, a phosphorus content
v) the w3 PUFA has at least four double bonds.

6. A process according to any preceding claim wherein either:
(i) the @3 PUFA (e.g. DHA)-containing oil is a fish oil and/or the ARA of ®3
PUFA (DHA or EPA)-containing oil is a microbial oil; and/or
(i) the crude ARA-containing oil is derived from a fungus of the order
Mortierella, optionally from the fungus Mortierella alpina, andfor the o3 PUFA-
containing oil is derived from the organism Crypthecedinium cohnif, or

(iif) either the ARA or w3 PUFA-containing oil is a vegetable oil.

7. A process according to any preceding claim wherein in the purified oil
mixture:
(i the amount of w3 PUFA (e.g. EPA) is at least 20% of the amount of the ARA;

and/for
(i) the purified oil has an ARA:DHA ratio of from 1:5 to 5:1, optionally of from 1:1

to 1:2.

8. A process according to any preceding claim wherein the purified oil has at
most 0.1% free fatty acids, at most 0.2% of phospholipids, a pnosphorus content
below 10ppm, an iran content below 0.05ppm, & COppPeT content below 0.02ppm



below 1 Qopm an iron content bel ow 0. 05ppm a copper content bel ow 0. 02ppm
23 1 MAR 2005 and/or a peroxide value (POV) below 1.0. 9. A purified oil

m xture conprising ARA and a WB PUFA, which is suitable for 2005
consunption, such as by a baby or infap, and is a purified oil end whi ch
is preparable by a process according to any preceding clains. 10, An
edible formulation conprising a purified oil mxture according to claim?9,
for exanple a foodstuff (preferably adapted for consunption by humans and
optionally an infant fornmula) a nutritional supplenent or a pharnmaceuti cal
conposition. 11. A process for paration of an edible fornulation,

t he process W@Pi%ﬁﬁ&?@‘f@d?ﬁgﬂﬁ?vﬁg&an oil mxture prepared by a process
according to any of «clains 1 to 8, or a purified oil mxture according to
Claim9, inta fox pulikicimmixtles cohpishipesRA aod ered RYFAoWBICAISSUtEPIRHET ei n

the formiati i‘?urr]nalmscoansgr?lggorr, Cs).gc gsf by L%EB‘P E)r 1‘1%’nﬂléllna'is a purified oil blend which is

preparable by a process according to any preceding claims.

10.  An edible formulation comprising a purified oil mixture according to claim 9,
for example a foodstuff (preferably adapted for consumnption by humans and
optionally an infant formula) a nutritional supplement or a pharmaceutical

composition.

11. A process for the preparation of an edible formulation, the process
comprising incorporating an oil mixture prepared by a process according fo any of
claims 1 to 8, or a purified oit mixture according to claim 9, into a formutlation.

12. A process according to claim 11 wherein the formulation is a baby food or

infant formula.





