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y—i described which can be included into edible formulations such as foodstiffs, and in particular infant formulas. A crude mb_ PUFA
- (e.g. ARA)-containing oilis admixed with a crude @3 PUFA (e.g. DHA or EPA)-containing oil to produce 2 erude oil mixtuze (or -
blend). This mixture is then purified before addition to a foodstuff. Alternatively, a crode w6 PUFA-containing oil is treated, and

2 crode @3 PUFA-containing oil is also treated, and the two purified oils are then-blended prior to deodorising and then added to a
foodstuff. The purifying includes acid and/or alkali treatment, bleaching, deodorization, filtering, polishing or cooling. The purifying
a removes Irace metals, pigments, carbohydrates, proteins, sulphur, sterols, mono- or di- glycerides from the oils which renders them
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WO 02/ 10322 1 MAR 2005 ° PCT/ EP01/ 08902 PURI FYI NG CRUDE PUFA QLS 5 The -
present application relates to oil mxtures containing at |least two -

pol yunsaturated fatty acids (PUFAs), and processes for their preparation by N

combi ning a first PUFA-containing oil with a second PUFA:- cont d#AR Ao oil
(usual I y-contwonemga- di fferent PUFA fromthe PUFA in the f’(i[*ffﬁlgt}'l}aéslu%' In

particul.ar,” the ‘invention relates to preparing purified ol mXxtures _
(bl ends) by admixing a crude wé - 10 PUFA &e.“g. .ARA) -containing oil with a
crude w3 PUFA (e.g. -DHA or EPA). containihg oil to forma crude oil :
m xture, and then processing:(e.g. purifying) the oil ‘blend. It is known to .

bl end PUFA oils. For exanple, WD A-92/12711 (Martek. Corporation) suggest s

bl endi ng microbial oils and using such a blend in infant 15 fornula. The
m crobi al oils specified contabFREPANGOERUBE PRAA GALE hough fish and oil

bl end. vegetable Soils are also nentioned.- The docunent teaches .the _
-bl ending of the  mcrobial oils to mmnmc the PUFA content i.n human breast
m | k. 1 n-particul ar,Thetpresent epplicatonitletass oifmifhiftes aomtaidiRdai Ieast ®#d 0s of

1-5:2-12, such ratio of t .3, 20.1n the Exanples of
WO A- 92/ 12711-1@3"@%?%%%?3%@8‘%@@?%& a’ﬂz%%‘f’%?sieﬁ f‘EghB‘?cﬂf?PF{éﬁggELY mcrobially
derived oils, ARABGEE DRASEIFA-aotxERAGIRithaRetohd PBADSindlgloil (@s@npide f or ns

(see Exanples 1 .3). Th re-then bl d and.it is_suggested that- they
can be added to°°Pﬁf”é‘%ﬁa@%ﬁ@ﬁ%&@%@ﬁ%&@mﬁ%ﬁhﬁ her
foodstuff) is aaventibhselpesappiepding aodhddoiasbaeReAdR)Roaduighe b BRIS -6 Ude

oils are not_ 2 | table for inclusiqon into infant formula. For -exanple,
crude oils E:%nsl)c@#’% h %)T%BW&H%W%M@@%@%P&& orfifgent s, trace-
metal's, free fajohisingd 6Bt forWorndbl midthred had@Ed dﬂ@@essiﬁé@.ﬁg%ﬁifyiﬁg'b%ur :
oxi dati.on pr oductﬁ such as al dehydes and epoxi des, 7 . A
- , oil blend. L B : B | |
- Itis known'to blend PUFA oils. For example, WO-A-92/12711 (Martek
~ Corporation) suggests blending microbial oils and using such a blend in infant | | _
15 formula. '_I'hé microbial oils specified contain EPA, DHA or ARA, although fish and ;
‘ - vegetable oils are also mentioned. The document_' teaches the -blehding of the .' '- '

microbial oils to mimic the PUFA content in human breast milk. In particular, i
- advocates blends of DHA and ARA in ratios of 1-5:2-12, such as ata ratib of ébdut A
20  Inthe Examples of WO-A-02/12711 the fermentation methods yield three
different microbially derived oils, ARASCO, D_HASCO‘, and EPASCO, and these .are
all in crude forms (see Examples 1 to 3). They aré_then blended and it is sﬁggested'
_ that they can be added t infant formula. _Hoﬁever, no infant fﬁfmula {or other
foodstuff) is actually f:rebare‘d, and it has been foﬁnd that these crude oils are not
25 suitable for inclusion into infant formula. For example, crude oils can contain .\'Faritous, N
* compounds (phospholipids, pignﬁénts, trace metals, free fatty acids, mono-and
di-glycerides, sterols, sulphur, oxidation products such as aldehydes and eﬁoxides, ‘
and various other water or oil insoluble substances) that are undesirabie, especially in .
an oil blend that is to be incorporated into (baby) food. ' |
30 Whenadding any sbstance to a foodstuff, care must be taken to eliminate
| -contaminan.ts and other compounds that may have adverse effects. This is -

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



and various other water or oil insoluble substances) that are undesirable,
especially in. an oil blend. that is to be incorporated into (baby) food.
30 When addi ng any substance to a foodstuff, care nust be taken to
elimnate contam nants and ot her conpounds that may have! 4MRef® ef f ect s.
This is paEPOMEERaArly true for substances that are to beci/ErRoosbared into
infant fornmula, because 1 MAR 2005 WO 02/10322 PCT/EP01/08902 2 10 15
babi es and infants are particularly sugceptible to inmpurities or other
undesirable substances. It is therefofe an aimof the present invention to

t
I T e L

s € at 1ts broadest concerns the use of
one or nore Systengopi His thereford ansin of e posanbinyvention tocat dedst noifigate these a puri fi ed

oi I, the purjii t. ! S UJ 19k i sion into an infant fornul a
or other foo ?tﬁg??ée%‘hagﬁg}gﬁ@?g%%%%erma\k/é(;tﬁ%”#r‘puriti es or other _
undesi r abl e subst HBreqessentamantion ahits bosdest coheermithe wsanf de or sioket abl e f or

and <o onf y. RAUTREFesiicstd olfnle oREEAt s Free S ofabtiogs of R esont

i nvention t haiieble fer iptheidnde® an infind Gemslafod btherbeRaL. e pri®idy ndyxt ure, the

process conprising: conbi ni crude ARA-containing.oil with a crude O
PUFA- cont ai Bif iy eg]iufugﬁés %roggﬁ%rgfégmg}e&a%mgms, des ﬁFeéfﬂtg’ﬁgﬂ(c?}) burifying the
crude oi | i suitable fdrdngestivabydumanU Pufityd ridfAvcandith) dmbRipAhe aalai ni ng oi |

m xture. The .'h;nv ntion thus gond cts %rifyi ng after the crude oils have
been conbi n®: FIAHRCY LS I BSPaiorpd Q68 crude oi |l ni xture that is

purifiedi This means. that = .0 urifying ste be required. Little
further processing err%’ﬂ?*%ﬁ’%‘ﬁ Ogg"ePPé‘éséegilé’rv .ththP‘?rtg?%T B@Vh‘ggﬁ@‘?‘ﬁéﬁ h’éne does
not have twoprepdringtafatil dMBYurbahé proebistididprisirdt f f erent  "oxi dative states”
(for exanple if the oxidation levels of the two oils differ slightly), and

one can avoi d t hel@heedrombinipga cedefAR Arronaining pid atitharcrpdoed ®8IFA- si nce each

protocol may be di ent.. havi n ntailored to specific oil being
purified. The prgdgé{sagﬂlﬁgéﬂg‘%@‘?ﬁ?%n%flﬁggggrﬁnﬁ?(ﬁg%a or exanpl e during
puri fyi n%) (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



25 renoving one or nore of the follow ng conponents: a phospholipid, trace -
netal, pignment, carbohydrate, protein, free fatty acid (FFA), oi

i nsol ubl e. substance, water insoluble substance, soap or saponified

subst ance, oxidation product, sul phur, nono- or diglyceriid@AR @@nent
deconposiﬂ¥©mﬂwmuduct, sol vent and/or sterol. The puri frgrmpoer/eeg reduce or
remove "of f flavours” and/or inprove the stability of the oil. 30 To effect
this-the process (e.g. purifying) may conprise deguming (or acid
treatment), neutralization (or alkali treatnment), water mashlng, bl eachi ng,

filtering, | i nd/{ or, cool i n ation).

Preferably t%g%ggésla 19:&%% *’c‘i‘j}/?’i@ga}’zamg{“l Rﬁﬁg%g %ﬁﬁ%&fﬁ 02 conpri ses

%ci d treat mahttl Bdeblmpumﬁyk@IlT]ethoﬂeaiammPr(sdblgabhﬁigbl Iagd/ﬁl_rﬂiaoﬂﬁﬁﬂaﬁ@il sation).
ternative u t hads_may. .co eachi,ng and/ or

deodori zat i o%re%mébé% [% lt‘?lé’li[‘%ﬂi’ qm?bg,q P?O%PH?%{"Q@HQI eachi ng

'?‘Rd/ or nggao_doaptmmﬂ](/ mmddmnﬂam@mﬁd zlbdlﬂt;egm?t?dﬂe tdnetiniag irt(apindy ﬂ;tlukaéchr treatment.
e conbiping.in (a Guf, after_one or nore ese

(purifyiny) SEEFE%A rep‘érﬂtfeﬁ? E@&%@Q SRS 7T PeRigrRRd: Weher B ‘?Stsﬂ@egf eps may be

per f or med beth@gtepswyme PEfEHmien béfte coRBRInEGARY), 'Eﬁd/sd?& B8 bOpeiREn&Ibn t he
(conbi ned) Oh'%? @ xtg(ée in the pur ifying in . Inthis situation it is

preferred t hig ingan (Bs sfeatige Hdopickeaed Bt St eps

such as degundédishinif llﬁqﬁ)loccﬁr& sa&me&donmtﬁﬁcmﬁ&ua{w&guﬁﬁﬁi | f1ga1can be
performed either on the separate oils, .10 before conbining,” or on the oil

m xt ure. Thigeaent plgprbmesmi/of sqpling panybe performad pithepiemn g s¢ @lst, while a

pur | i ediol efiflobirinEOGPME SAhiRe: THG -'bﬁa@maeaarémytofahauﬁ conpri se
combi ni ng an_cob PUFA-containing oil wth an PUFA-containing oil to form

an oi | m xt eedorigeicpils white wmﬁeﬁoﬂgaq@egdeom@WI skheghventien may thes xt ur e.

These additi r g i,fying in
(b 15 but apeepREBages Al & iR o P PO Kb AR b Ve

PUFA- cont ai rforngarmﬂnnahw end thee pudyREKeE. dm@asmg)rﬂ@mlMMor et he oils are

conbined in (a). ed 8! l; grﬂ e conprising
ARA and a 0 PUF Sé tﬂo S(Selg% g’\{%f ﬁ%ﬁﬁl{%n& sx@h as by a
baby or isnf dnt que@nuhoresofahcupmay bé¢ poifoandd dnthﬁrmd t]wm&:PiUFA-cpnmmmgaahﬂ e by a

process of ect ect ovjd an edible _
f or nul ati on a?,‘g?ﬁ)t}“ joﬁ cﬁﬁlfafnf"i’ge@ %el?cfre ﬂxe;zﬁﬁ °° dn‘g‘@econd aspect, a
nutritional suppk“’eﬁ‘?@?ﬁd asped povadesercirified #il mighypye shmpysing R4 and a @3

- 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.



formul ation may be a foodstuff, preferabl y adapted for consunption by
humans, and " optionally an inf ant fornmula.” A fourth aspect provides a
process for the preparation of an edible fornulation 25 of the . third
aspect, the process conprising incorporating the oil mxture yareplibed by a =
process as. de¥onmdsabove, or a purified oil m xture accor dbdigeroPodolte second -
aspect.i-nto “the forml at. on. The oil may be added or supplenented to an

exi sti-ng fornmul ation, or the oil may be added or adnixed to one or- nore:
(edi-ble) fornulation i ngr edi ent(s) and/of conponent(s) during manuf acture..
WD 02/ 10322 PUVJDW Ng processes 1 MAR 2005 PCT/ EP01/ 08902 Sol vent '
treat nent- This . remove guns and/or proteins. Polar solvents
are. 'preferr.ed e.dg. acetone This is particularly suitable for w3 oils, o
e. g.  DNA-cont ai II?F% oils. -Degunmng (or acid treatment) This may renove or -
reduce a vari et ’@fﬂﬁ’g‘t”ﬁnces such.as phospholipids, 10 trace netals, -.
pi gment s, car bohydr atiesmanéiade opfedioé Rns and/or prSteRR! Pbﬁwowehm adesirable to

renove some or: aI}G ‘L t he ydr at abl e, and/ or non hydr at abI e) phosphol i pi ds.
These. -can ‘bt cBFEUPEG-& ?ﬁ?%%’ﬁna}%‘s%f rrartigady pakls e ¢ odpeg; D faifing . i n

(white) infant oifsormul a. They may cause conpli cations in (if. enpl oyed) a .
| ater- al kali treatment-step because of .their emulsification properties. 'In

addi ti o, they may cause undesirable 1S browning if a deodorization step is-

enpl oyed. Phospbg%,w%(opaadsﬁgye% yout 1in storage vessel's and once this
happens they can difficult to renpbve. The-process pref erably involves

t he -addi. t| on of wat drisIAY IsmeEhTarduee ewerof sétistanges sughiag phasphplipidaPO4) to
h |, hi
the oil., folj owe@ehtetattegeglg%ﬁa%\éf@ {éintrttq s g gptafdhd i s 1S

prefer abI y ‘a 50% aqueou or| c a o aqueous .. 20
sol uti on:can becways WFEdr aﬂ@fﬂi@ﬂhydgltabhlasd/omnéwﬂramlz) peosphedipidsl, These exanpl e

to break up' a ' vvant ed :
substances. matr/@étl w‘h %rg&r]%rr%l@&ua&aa?ldwgel%%p Ie '% ntr| %S’%Q e L
degunmi ng may fﬁam@;tla Shhay mapictuse baraitlicatipns inf(lfnmpbsretﬁrayatbr@ltahmqammm '

e rrpl oyed, f_ or %E‘EHBJ—: gf tﬁétr Qmﬁﬁ{ﬁ&ﬁf tpl{) ?m&f Ir?gdc{lt?on&@l%r m%jl 829139 18111(15 s1ra‘3ﬁ: 75C’7 .

optimal |y .
: ‘ ‘15 browmng ifa deodonzatton step is employed. PhOSphthldS can settle out i in storage o

_ vessels and once this happens they can be difficultto remove.
The process preferably involves the addition of water and phosphonc andfor '
citric acid (e.g. H3PQy) to the oil, followed xf necessary by mixing, I£ citric acid is '_ )
- . used this is preferably a 50% aquéous solution. For phosphonc acid an 85% aqueous .
0 - soluhon 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.to 90%, 8010
30 88% phosphoric acid) anti 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



25 from 60 to 70C.- The acid can then be added. For phosphoric acid,-this
may be fromO0.1 to 2.0g, such as fromO0.5 to'1.5g, preferably fromO 8 to
1.2g phosphoric acid per 1kg oil. These figures are based on an 85%
phosphoric acid solution and so the anount .of acid can vary MA8r208 fferent
aci d ‘concent re@dum3zz(e. g 50 to 95% 70 to 90% 80 to 30 @SY%amkesphoric -
aci d): and these (pro rat a) equi val ents are contenpl ated. |In sone processes
wat er may al so be. added, "al though this can usual l'y be omtted. |If enployed, .
t he anmount of water added may be from 25 fo 125% such as WD 02/10322 1 MAR -

2005 PCT/ EPOL/ m 8Q0% of the :
wei ght of - phos ﬁ&??jgui/c}g%@‘ﬁ LP%%{%H)(O Zogtféds}m ﬁ%é %W%PSPg?lf'P“?S%I ation to
the oil the anoheughbfo beanmentrmjhebd Mmhﬂmd}olhddlthé%oﬁlﬂ@ﬂw&éxﬁh Beto 10%.
optimally from (V |th or. I'f water i's used-

t hen preferabl ﬂ?"ﬁg 0 pﬁg %?Xa‘) d‘g mﬁﬂﬁ'e%onﬁlit‘lﬁ/n?%wfbﬁfé’feéﬂbémﬁi’e wat er .

Thi s -t reat ment’ Myné)amwiténﬁu@dmeﬁyieﬁalﬂﬁ% (HRshoriSUR idsidld BMeldh M nut es’

to 30 mnutes, d:%ref&&fabl from15 to 20. minutes. .- The tenperature may be .
from50 to 51 "éﬁtblyfrom80to 100C, optirfally from70 to 90C |f

neutral i sation or b|'IQﬂ£ﬂiﬁa&ﬂcﬂt§1aﬂ{aﬁ@frérﬁStrﬁkﬁepﬂo%%oureéu%ﬁ'ﬁﬂd?ﬁ 16%&%&%“695 |
can be to conbi %d wi.th de. %]un’m n The phospholipid content -0 e oil

bef ore degunmi ri§ 30 FigHtes Prefs lyzfr%q’éf@%qnﬁwemwdmpermwrbefrenatﬁeem (al so
known as refi n'l'l@?CBﬁ’ér@raﬁﬁ')&oﬂﬁptotiﬁmﬁe&lﬂﬁﬁaﬁ?ﬂoﬁl‘ﬁﬁmgwral | zation, since it

i nvol ves an al kali, neuttal i se’any. acid present .in the oil.
This acid may be pr é’%walaﬂ@ﬁ@n wréaéqathung iotlsatni tdkdpla:amm:rto,fﬂsmgmi&gumn ng

as di scusseg, ahg ve or. reduce
free fatty aci % }ﬁ?ﬂgis%made%a m% ?Eépé%géhopﬁﬁ chﬁt?ﬂE%f@gégb%rt af ™R

i nsol ubl e substraaydgdramadtos. S%E(bjewelghthsol ubl e substances. Preferably this
stage renoves sone or all of the free fatty 20 acids. These can cause

problems in foodstuffs because of their foami ng characteristics. In -
addi ti on, theyﬂlaail tb@ztmgm(aisomnwna.}ﬁeﬁhﬁngﬁreat nment preferably converts the -

free fatt ds (F dr ol trigl des
(samont Lag oy, TS A SRS Phsd Pt ok PSS hd53

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

Yoo

of acid treatment, such as degumrmng as dascussed above.’
" The alkali treatment is intended to remove or reduce free fatty ac:1ds (FFAS),
- _phospholxprds prgments ‘trace metals, oil msoluble -substances and/or water
- msoluble substances Preferably thrs 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 s reduced to below 0.2%, preferably below 0 1%, optrmally less than 0.05% (by
~ weight), .
' ~ This stage can be a batch or continuous process Preferably, before the alkah
' is added, the FFA content is esﬁmated by means of known techniques, in particular -
| - 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 already been subjected to acid

treatment, such as degumming.



metal ions, especially sodium with the FFA's. Preferably the concentration .-

of FFAs 25 is reduced to below 0.2% preferably below 0.1 % optimally |ess
t han 0.05% (by wei ght). This stage can be a batch or conti nUOUS .process. . -

Preferably, before the alkal i is added, the FFA content..is estRniiSed by - - |
means of knowo &2aeodmi ques, in particular -acid value: (Forpegiph8et he FFA - .

content can be checked by titration). An excess of 30 alkali may be used,
for exanple if the oil ‘has already been subjected to acid treatnent, such-
as degunmm ng. WD 02/ 10322 1 MAR 2005 PCT? EPOI / 08902 1 f necessary heat i ng

T L 5 0o Bihood PheiBE R ek OB ubSORS, B Hafipblo puhiiinob *°°
perfornmed to détoerﬁﬁtmGQOPﬁ,WucthSa@BﬁCg sptmﬁsmtnsoaadmmem&ﬁroﬁnﬁgw rmch :
al kali may be t%%ll‘e

he "al kal.i n be mxed with the oil. -
Sui tabl e al kal i Fé’e%?‘ﬁ%ﬁ‘iI"E% eilq m @Pﬁﬁ%ﬁ?ﬁw & Taereiors hoM Yl oxi des.
Al kal i met al hy;ﬂ:raﬁmﬁeﬁr@ﬁlaecpreferred as these can mninmse |nterference _
with a deodqrising % %k "@%{f@rﬁwl ater: preferred is sodi-umhydroxide.
The al kal i -y be adfe#f<atmay GgnboREphrTd heotl ﬁ?’éﬁhlel%k@éﬂ@&?ﬂ@h ﬂékﬁéiheas from
12 to 13% Theeeme@&fm&dﬁhﬁh;@ams%aﬁﬁeﬁm}dr&%%é ef ge 10 |
the oil. The resulting soaps saponi fi.ed substances ca 1en e rem) e_d '

or separated 55" RERRRE 1 “6%“@6@3@2%% denid prploxas Iptex: | Reefpiredgs
centrifuges. Toesen ¥roxias, RS MOk ebddRh § dorfbnhi gﬁb&n? @%01' 58, cont act
with air. The or any (renaini ng%l soaps be rermve washi ng; “for .
exanpl e using Suoh adioay 12 tg 13% eam@@frpéaléﬁhﬁdée@ﬁa}f nt o ne@edise -
preferably ;90 @ o400C. A second centrifugation- may. then be enpl oyed. If a -

wat er washing stage is additionally enployed this may be followed by a
dryi ng stage, if apphoissilingsoapser siposifindsibseners tdndberdfe remommdiong  FFAS,

G st 1 ati on or desey oAt AR el By L SRUTE oo PR AR i1 (e

art), .the Iattbq:hmh‘rﬁllqualdz@rnlgseﬁteeméemtdcaweha1rThe crude oil before

bei ng subjected to r enpyv have'a'
FFA concentration o?ﬁ% ronf @g%mmngb%ég%m%yuceﬁmggvﬁd%rﬁaﬁmgg %}exal%lpleu ing |

15~ water, e.g. at a temperature of from 80 to 120°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
ascorbylpahmtate (e.g. 50 t0 150, preferably 70 to 130, eptlma]ly 80 to 120 mg/kg
oil). ' :
30 |
Bleaching



0.5% 25 30 Antioxidants Any suitable antioxidants can be enpl oyed.
Exanpl es i nclude tocopherol (e.g. 400 to 1200, preferably .600 to 1000,
optimal 'y 600 to 800ppm) and/or ‘ascorbylpalntate (e.g. 50 to 150,
preferably 70 to- 130, optlnally 80-to 120 ng/ kg oil). Bl eachmar X% -
02/ 10322 1 MR 20082 PCT/ EPOL/ 08902 In this stage it is imcametiswe renove
or reduce pignents, oxidation products, trace netals, . sulphur and: any -
soaps or saponified products (for exanple resulting fron1a|kaI|
treatnment). In partlcular this stage renbves not onIy coloured conpounds

but pigrents such as, g gg%§m{eg?%ategea€o§£8{]r%§%8 hlQ lﬂllalsﬁ'SFl cgrowm ng-

conpounds, . conpounds that I npart §X| o
undesi rabl e netteremetas; ﬂﬂghmgldasymmwepbnpﬁad@mzﬁmts[foemajﬁpl&gemhhg may be at .-

a tenperature bly from C optlrrally
from 70 to 80C3£¥% grtégnégb%%ggh%e YoCORd %%?%’Oﬁﬁdﬁfmgyﬁﬁﬁﬁ Bl eaching -
preferably compmwd&dmbplgmcmmsmh ammmtmes(a:g e-cmfoténh);sﬁorop]ﬁmjg,rl ties. One
nmay use any sui or ads r.ben ar e

i nt er changeabl 3}# Hfj"r%é o??ﬁlrpo'é% 51“? %&‘?‘W ég%" ‘%sa%‘yf"i%t ed
subst ance, foruném&mﬂbammmmely di vi ded nat ural or activated earth, carbon o
and/or'bleachlng ea cl ay. entonite based product) o
. The oil is nixed \i&tc{%#’%ﬁ%m@}%g‘gw g@ﬁ% ﬁ%%ﬁ%ﬁ?ﬂ%ﬁ@i@@m bent. - -
used- wi | | depersd twrogeteprefetadlyioai 60 o, |opﬁfﬁﬂlytﬁ’&n RWLC.OT]d gities:
t hought: to be in the ojl. However, as a guide an anount of 0.2 to 5%

preferably. .0. @ay&eg%du@,fﬁ@pmpyaopp@m 0.75 to 1.5%of adsorbent in relation: s
to ‘the oilj(by wei giihdni eﬂ@?&bgm&ln &gads-gﬁﬁogbit] o mBASARRENt M xture may _
er o

then be sprayed, for. exanpl e un 0 vacuum IS may renove air. The oil
then: maybe he aﬂlggpﬂt}p@, pr@gms%axgtsuﬁable refiner or adsorbent (the terms are used

mterchangeably) This may comprise a ﬁnely divided and/or act:lvated substance, for
example finely divided natural or acuvated earth, carbon, and/or bleachmg earth (e g

: a bleaching clay or bentonite based product) The oil is mixed with the chosen
15 adsorbent. The amount of adsorbent u_sod 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%, preferably 0.5 to 3%, optimally from 0.75 to 1.5% of adsorbent in relation to
: the oil (by Welght) can be employed. _ L )
‘ The oil and adsorbent mixture may then be sprayed, for example under :
20 vacuum. This may repove air. The oil then may.be heated, for example at a
. temperature of from 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
I_ preferably from 101030 minutes, optnnally from 50 to 25 minutes. ‘The 011 may .
 then be cooled and/or filtered. - ‘ ‘ '
25 . The blcachmg may comprlse contactmg the oil with a soap-removmg
o additive, for example a treated silica product such as Trisyl™ especially 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 bleachmg
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



tenperature of from80 to 130C, preferably 90 to 120C, or optinmally from -
100 to 110C. The contact time between oil and adsorbent may be from5 to
40 minutes, preferably from10 to 30 minutes, optimally.-from50 to 25 o
m nutes. -The o0il may then be cool ed and/or filtered. 25 Thd AR 2005 ng may
conprise cont‘mwmyzt he oil with a soap-renoving - additi vepcﬁ/ﬁrw@gg@grpl ea
treated silica product such as Trisyl especially if alkali - treatment has - .
been performed. This may renmpve netals and/or guns. |t may be added at from
0.1 to 5kg, e.g. 0.5 to 3.0kg, per kg of &il. This stage can be ehpl oyed as
a batch or contt, nyo ? % The bleaching 30 and/or filtering may be
conduct ed vmthou? ob’%’f1 8“2’ sent, for exanple, under a vacuum or using

(a bl anket of) an Iﬂéﬂstcag@ﬁnovﬁ@ﬁhta&&tﬁﬂyoeﬂ@s@ﬁd (3B edrides HWOR s2QB8:d fatty
PCT/ EPOL/ 08902 Co ﬁﬁ nterizatio dr;%{ This can. renove saturate
s E’&ﬁt g

triglycerides (1% PPERYSe § iypendetrap dgcrspse the fuaifity poimts i s 7'

useful because sat urlaztimlag‘é iivglvecaioliiede ﬁafpréfélﬁﬁl?%ﬁmidiﬁtéw(c@nﬂhstﬂg #e! nt.
This st age invol ves preferably so that crystals

l, th |
(conprising hec‘m%’o‘é'ﬁ% I n %F"el?e(rjflﬁ‘ﬁ?'fefig/ﬂf? fred. r%&@%f?mh]ﬁéf}fsﬁtsrred Thus,
preferably.cr ysdoﬁta.ﬁm?ﬁa téutﬁgtysétdumm% prddnbidy G8E bﬂ?n%y%kthreﬁﬁa Plpguced.
re

The oi'l nmay be sto i.n a.tank; and if conditions permt I's nmay be an

out si de tank. SP8ifsged iHERF Rermb thip a’élébﬁﬂr@#gdef@é’olsé‘?m@mfﬁk@wc dfuing exanpl e |
duri-ng ‘winter. oAhfePERRtHoUS ot ekﬂﬁpl@ﬂﬁnr%%t@te &l%aﬁgely He-off: calﬁ'ﬁé &)%Ide eat |

exchangers. 10 Preferably ‘relatively large crysta orm ndee
advant ageous t%@%b@te@hmﬁls formor crystals that have a greater

density thap the of ks dlifefiaal s REA' Sl ¥ ol Ahlnlcoll 135 L O, L1

bottomof the oil, for ex a sedi nen refer
cool ed slowy. GméﬂSfﬂonaIDr (rﬁsialsﬁl@ﬂwwgempedeamwrtbanthe omﬂ&ﬁeﬁ:abﬂyytalfsr om0 to

10C, such as fr | t 15 cool ing the
oi | may be agi tpa egb S((%ﬂg&’mlgpdréértﬁ b\6tt£ lel’(r)f Orrr?’ﬁaﬁnp 3 ?Og?alaosﬁdlg’g Adli t i ons.
Advant ageousl y hi gh Erbfeablyrth&mk:saoc&ecbatmlgleﬁthe ﬂ'ﬂa@(drrcﬁmed)aétmrme ool the oil

to this tenperatur to 3 as.from 18 to 30

hours, optinmal [Roen 1?13%&%1& oc}o éjtﬁS O @hﬁﬁ pﬁ’ﬁVHY ﬁgw%a 6 (En ]ﬁ‘é‘i“&j This

is so-that any csaﬂigrmeﬂéﬂ By b@ﬁgﬁﬁfeQJ it plﬁﬁfhbtyamly under mild agitation 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 Thls isso that any sedtment (or crystals) canbe
20 removed. This may involve standard eqmpment such as a plate and frame filterpress.
' Alternative methods of temoving'the sedtment or crystals include centrifugation tJ_r

vacuum filtration.

" Deodorization | o .
25 » This may remove ér reduce fatty acids and free fatty acids, mono- and di-
glycerides, ox_idation products, pigment tlecomposition products, solvents and/or
" sterols. In particular, it can remove unwanted flavouring compounds, for example
aldehydes and ketones. It may aiso retjnove 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 stea.rn. Itis

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



20 renoved. This may involve standard equi pment -such as a plate and frame

filterpress. Alternative nethods of renoving the sedinent or.crystals
include-centrifugation or vacuumfiltration. Deodorization 25 This may
renove or reduce fatty acids and free fatty acids, nono- andl MAR @l0yceri des
oxi dati on prodoiet/ms22pi gnent deconposition products, sol vendsy@aaghdbs
sterols. In particular, it can renove unwanted flavourl ng conpounds, for -
exanpl e- -al dehydes and ketones. It nmay al so renove hydrocar bons, for ‘
exanpl e resulting fromthe breakdown  of Pnydr oper oxi'des. O her corrpounds

t hat .maybe r'erm%sﬁg cl de sterols tgnd tocopherol s. Proef erably '
deodori zati on. cBrpPi*d ForPERafEHOf the eihma be fem 109 9 30°C, suches frpmef erably
conduct ed underlﬁ)tgggmnb Al ol PR, sRAECEd pressure (e.g. 1 to 8, such

WO 02/ 10322 1 MAR 2005 CT/E 01/ 08902 .as" 2 to 4 nbar). The teénperature of
the oil may be fromTJmf%em@@efﬁlmhd@saifambmemi-ﬁ@lwlmlﬁm@pormmumml Ly from

180 to 220C T $ uous or a -
continuous " pro e%%g a%r g@%ﬁlﬁ?‘lgﬁgﬁg evel egma&e’m?g ﬁﬁﬁ’%’tm%nr&bﬁ to bel ow
0. 06% - pr ef ef abhejovp).08% @Mlﬁhﬂ@w@@s%r(ﬁirleymhﬂém@h@%(@@d&mwwﬂ@be usi ng
the POV (per om%gme}@g)ﬁdﬁgr}glpe ny Sa zl dine val ue). paraneters). Polishing

This may renove SoOme t traces of) oil insoluble
substances. 10 It may conpri'se cl arlfyl ng the oil, for exarrpl e using a
candl e or a (caﬁ édge) filter. Preferred Process Preferably the
(purifying) proc f the invention thus conprises! (a). .conbining a :
(crude) ¢ a6: PUFA-cdrhIsanaylragomsbm%f ﬂl@ftﬁ@(ﬂasd@ced’ﬁ&) oil sdthidsapabaksni ng oi |
to produce fD égude% oi] - ure EIS step can be perforned now(or S
first), at f &Y ‘E?Pf'éﬁ Hitgdheoi, fore tl%lagwn@w%&a@das

perf or rred However conbl ning shoul d-take pl ace before step U); (b)

puri fying, Wmch ge performed either on the separate w6 and w3 . T
PUFA- cont ai ni- ngP” eT"é T¢6H the oil nixture (resulting from conbining). The

20 purif yl ng can t h PeefGEHIP te $Mirifying ) process of the invention thus comprises:
o (a).. combininga (cmde) @6 PUFA-containing oil with a (crude) ®3
15 ~ PUFA-containing oil to produce a (crude) oil mixture, Thls step can be

- - performed now (or first), or later after one or more of steps (c) to (i) 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 substances;
| (¢)  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



(c) optionally,-treatnment wth an acid or degumm ng, or renoving ‘
phosphol i pids, trace netals, pignments, carbohydrates and/or proteins; (d)
optlonally, ‘treat ment W|th an al kali or rem)vingfreefatty aci ds, , S
phosphol i pi ds, pignents, trace nmetals, water-insoluble substagpgesyand/ or
oil- 25"i nsc')lwbklmusubst ances; (e) - (f) (g) optionally, waspigpoYYodoby VWat er
and if: necessary, drying:  optionally, adding one or -nore anti oxidants;
optlonally, bl eaching or renoving pi gnents, oxidation products, trace :
met al s, ‘sul phur "and/ or soap; 30 optional ISP filtering; (h) (1) cool | ng or -
winterlsmg or .renovj satur.at ed tr erides, Lf the w6 and w3

PUFA- contai ning oils Oﬁn%veakc?tmgﬁz}mg%rg%n@gﬁﬂ%&m’fwet HB§° soippite2/ 10322
10 1 MAR 2005 PCT/ Eﬁﬁﬁa?&ﬁﬂ?mfﬂgﬂbmd)ai(ng&udﬂ (a)) to forman eil mxture

at this stage.. to..thi int-the be re arded as being
crude; (j) deodor| S|(1‘?g o?i $®ﬁﬁwgﬂbreppg§g§m$§yggisd§on '& gpriges,

gl ycerides; . oxidatimfdfoopethds, pighﬁﬂlﬁialzon%@ﬂﬂfpﬁﬁddctsoﬁbl%ﬂ%%ﬁster 1?' vents
and/ or- sterols (k) optlo nal i shing or renDV|ng oi l-insolu

subst ances. fn-some 1 rPBE TOf¥ g oldysolyblp subsiancesy) ar e not
optional . In other wﬁfsﬁlﬁe ﬂiﬂﬁ@@ﬂi&ea@&@%ﬁs({m'w) ah@@)ﬂﬁ%%%tﬁnhﬁglé&ﬁé} (j) may

be perforned, in so odi menpt's steps gp é can be 1'ncl uded.
Al ternatively oFoidf2 iBeveelyhe @fi")hqs?gﬁ Gopey- é‘?\ﬁ‘?r Of’aﬁii/ﬂbﬁﬁﬂt@r ef er ably

one or both of éh@ﬂ%nh@st@@@c)ﬁdﬂ)aﬂ@&ﬂ%e%ﬁﬂ@@l&nﬁﬁvelﬂ_&qnﬁ@ﬂﬂ dpeps (c) '

to (i) are appllcable t.o any purifyirng protocol. For exanple s may be.

conducted on t h@) is peigtienal, apd/er preisrablycme seotlopisteps (franddkipre not 0P121031al o
N ' The above steps (c) to (i) are applicable to any purifying protocol For '

exa_rnple this may be conducted on the crude oil mixture. However one or more of
steps {c) to (i) above can be performed on the crude o6 PUFA—contammg oil and/or
| 'on the w3 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’cnglyc:erlde :

~ 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 austockytrzum |
-lmolemc acid (GLA, 18:3 96),



steps (c) to (i).above can be performed on the crude wé PUFA-contai.ning oil
and/ or on the 0 PUFA-containing crude oil, the oils can then be conbined
and steps (j) and/or (k) performed-on.the oil mixture. 15 After purifying
(and.'so in a purified oi'l), the content: of (undesirable or 1 hgaavid mstals

i s preferabl wsignshi cant I y reduced. For ‘arsenic (As) the g iidos
preferably below 0.2 ppm preferabl y' bel ow 0.1 ppm optinally bel ow 0.05
ppm  For |lead (Pb) the anount is preferabl y bel ow 0. 06ppm preferably

bel ow 0. 04ppm  optinmally bel ow 0: 02ppm ¥he preferred amounts of ner cury
(Hg) and cadm um' 20 s those specified for |ead

Pol yunsaturat ed Fatt;}gﬁg%n M& 33??’8% | s The PUFA can either be a

si ngl e: PUFA or two ommugat@ilthoieﬁcmceﬂﬂ(bctﬁd&ﬁkn01cihé LuAgach PUFA can be of t he
n-3 or n-6 famly. Prefer Lt 1S 0 or 25 C22 PUFA or a PUFA
with at |east 18 caflSHosr e%‘@?&%b?@ %ﬁds The PUFA(s) can be

provi ded i.n the forma@fhd@m&a@@(Athm)dm@ salt, as a fatty acid ester-

(eg\mathyl or ethy] ester) a_phosp oI|p|d and/ or |ntheformof -a

mono- ;- di.-. Jor. trlgP’%*‘ié’P?IH%ﬁnmS&‘ﬁ@g‘?‘ % and n-6) PUFAs i nclude:’ 30
docosahexaenoi.c aci ﬂre(fé?téaplﬁ%s@n&:?d%)amcﬁu&xﬁ%a AK&”&&Bﬁﬁ&a&?ﬁoxé I, such-as

t he (di nofl agel | ate) Crypt hecodi ni um or. f ungus

aust oc rium .
y-1inol enic am@HéQal_eA(’DSﬂl@n'@elch‘) am“/@Péiﬁlmzﬂma]ﬂMﬁq (Bhite: h!cﬂanlcPﬂ&A 18:3°
03); conj ugat ehd A pYrGbkedCi d (oct adecadi enoi ¢ aci d, CLA);

di honmo-Y-1inol eni c &ci d‘ﬂ("DG_A 20:3 QB); arachi dom c acid (ARA, 20:4 06)
and 1 MAR 2005 PCTIERFDYFA896? bgﬁem@@gmbmgamtable@c H@n{xﬁmmmn&yps) |

(s "o calhpds PAEldRaed aghl ket R m BRRAICARRIRI o P, ¢
particul ar, ARAm) mlprpbthb pigelhr Pléh‘eor@UF(AS SOMEDE): Elepﬂffh@lharﬂhﬂﬁm aiay @e o
\é]?gfggib L; ts){)u Fr%fo'du d bgr L{h t%B%rl'—legrl’r% yr }E:ast g"eun%f#el &et%rreci preferab 19(.{13 0rdé; l‘ I; (_)r-
e Mucorales, for example Mortierella, Phyconiyces, Blakeslea, Aspergillus, -
Thramtochytrzum, Pythium or Entomophthora. The preferred source of ARA is from
15 'Morrierella alpina, Blakesled trispora, Aspergillus terreus or Pythium insz'dz'o;um.. "
| .Algae can be dmoﬂagellate and/or inchude Porphyrzdzum Nztszchza 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.



from mcrobial, algal or plant origin (or source). In particular, the PUFA.
may be produced by a bacteria, fungus or yeast. Fungi are preferred, -
preferably of the order Micorales, for exanple Mrtierella, Phycomyces,

Bl akesl ee Aspergillus, Thraust ochyt rium. Pythiumor Ent ormphmfprzggg,The
preferred- sow@e/f22ARA is from 15 Mrtierella al pina, Bl akesk@ddosd SPOr a, .
Aspergillus terreus or Pyt hi: uminsidi osum . Al gae can: be di nof | agel late -
and/ or..include Porphyridium N tszchia, or = Crypt hecodi ni um (e. g. -

Cr ypt hecodi ni u_m cohnii). Yeasts. include tﬁose of the genus Pichia or
Saccharomyces, -such as Pichia ciferii. Bacteria can be of the genus ~

Pr opi oni bacterl um 20 The G 3 PUFA (e . DHA)-containing oil my be a.
marine, e.g.: f|}§2W*"z( sﬂpfuda&‘zomuna) oil. The w6 and/ or w3 PUFA (e g. ARA, DHA
or EPA)- cont ai ni ng m crobi al or single Preferably
ot b nb and 0 PULs Tt e gReRe beledi el teaRion s Sl brbletit f ongr
such as Morti ers&dzﬂﬂmE}t’érhjeﬂﬂ@”t%seEd&Hnﬁi@@’&éwﬂh&méﬂwﬁi\mffe&eﬁéuéﬁ g. EPA) can -

be produced. fro aI ae such as m or: Nltszchl a. Preferably the -
w6 or 0 (e.g. At WbG@WB‘E%éEHWE@% j qonent i thepsultigib &maéfrﬁaﬂ »pr oduced

by a ni croor ganisNin hBbB). Todeshabid dhblt Sbdle af@PfimentliBAf ﬁﬁshfa&‘@lﬁﬁ
Preferably the PUFA has at .| east four (4) double bonds. 1 MAR

PCT/ EP01/ 08902 TiSTopigepisg map pokitled pramasteuised el mewhato dractivne qnﬁve nt ion a
m croor gani sm iygd&sthbie Bhyndes, TotexhiRplo R Bs that ﬁ%}gﬁhi dé Br Radc HEBAELs Vessel

containing a culture nedium The f'ernentation -~con tlons may be optim sed
for a hi gh PUFAIMKAht in the resul ting bi omass (and | ater, |n ‘the oil).

If desirablg, and fqpe GxamR Rayathdr®e £ E5VER %ﬁvﬁfﬂ}ﬂﬁﬂh&t&, agﬂldsiﬂf‘egess

m croorgani sms may be killed or pasteurise I'S.may to I na tlvate any -

undesi rabl e enignddusuplly weter) Apheved fesefron. tiratsuitibistrolidBgriderpamtion educe  t he
2nd i f necessary g tmitdt MRS RR L) R RO SR S an ol o
solid Ii qui d sepanﬁlggmn antifoe filtiatjore Suitablelventuifiens ciﬁrhesb(amedv&bmr i %g) may be by_ :
a rrec hani cal n%&%ghgu%p T8fa Laval™. Centnfugaﬁon may last for from 2 to0 8, such as from -
S 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 solﬁtie‘n (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.



centrifugation and/or filtration. Suitable centrifuges can be obtained from
Westfalia or Tetra Laval. Centrifugation may last for from2 to 8, such as .
from 15 3 to 7, optinmally from4 to 6, minutes.. Residence tines arefrom -
0.1 to 3, such as 0.3 to 2,, optimally 0.5 to 1.0, minutes. {Thercast rifuge
may operate atofx@s2, 000 to- 8,000g, such as from'3, 000 t@AfdOfGy:
optimally from 4,000 to 6,000g. Followi ng disruption and separation the
process -of .the invention may further conprise -extracting, purifying or E
i sol ating one of nore PUFAs. 20 The cel 'S3may then be washed, for exanple. .
usi ng an aqueous solutiqn (such. -as_.water) for exanple tQ renove any .
extracel lular water ‘AS%WI%E?F éf@ﬁ%%ﬂ?%".“ EF%@@?%W%P Hrrde FUES oBtFA (e g. :
ARA) - cont ai ni ngviiidbil ofiPédnedind ARMarelscREed id WOR-8513086 @IQ%%&?, BRXEeiPUFA: The
purified (e.g. ‘@Rﬁ% ?i | prefer ablc@corr_pri ses from30:or 35 to 45 or. 50% of
the PUFA 25 PréQusdlbfditereen R4 PO -OUALH 8 Madek)-oThe prasenbe a -

m crobi al :(e. g.AppliBsHt Batlehdy debciBE] Wibus Rihdds R tradd 'Pugi:oﬂ@ﬁo&e- g. fish)
oil or vegetable oil (either. crude or partially treated). H ‘ -
W6 PUFA- confaj Ariagbisl saucep.ang thetespnbs fpupd J@M@-Aq-%?/ﬁ@?%and -4r97617832el | 30
source (or origi : i o A OhlrS | L QiR 93 PUEAS - (DHA
and/ or: EPA) cghmﬁgi ﬁfﬁ%&%ﬁféﬁhﬁ&%ﬁ%@%&b&ﬁ&ﬁ?ﬁ?g ctta% co%’iEs glg)# ag%A, then
t he crude oil -Waseribed i WQetrd2/4B11é Meitek)f or exanpl e bl ackcurrant, borage, .-
sunfl ower, soybean | j - W1 ' 201/ 08902 -
13 A nunber of doc%‘n%l%g:%gﬁef%g%gﬁgogﬁ 8?@6%5%%8%§f@&§€$ S. oL
M crobi al .oi |'s Thontpasferably apRat 5% sudhsslebleastl 60%, orOpdmally ot BR8G0YVaf thek) , EPA

in WO A-91/14 AMAL and ok -91/1191. 8 tek). Th resent.
Appl i.cant . hji/g_s gﬁ%a 3]/1;%@ grgli[‘-]%e vﬁ%&@@s?ﬁé’% o%glrghfg%‘%%ta%ﬁﬁ A oils :
from 5 m crobi atchssut bes 85%nptefhblyet bash 908, honspekferabl Vi 14esOT793 699854 and '

WD A- 97/ 37032 ( bo { st -brocades) .. Preparatiqn of. ARA and,” -~ . o |

EPA- cont ai.ni ngﬂéelql% rl?tga“és é%gllyc e‘gecsz’r%%fgraﬁiy ﬁ?{ﬁgﬁﬁ% ikéa/glaile(’"i[\gfgﬁh é’e?)d. In the

oi I, it is-prebptineldy ithautt (0064f tof PUHYeisBd3ént iasthe a-robidod afithe glifcekali(pltcer.i des.
- ! ~No0 . . . 0/n H .

Thus, pr efer abl ot iegst, 89005 HElheRS o8t bARkin00"h nf nOBLIR bk 30 | 0351

' 15 least 20%, such as at least 30%, optimally at least 40% of the PUFA is at the B(2) . '

position.

Suitably the purified oil will solidify at a teinpérahzre 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 dp'tirlﬁally-at least 95%. The monoégl_yceride and/or di-glyceride contentis -
20 -preferably less than 7%, sﬁéh as less than 5%, optinially less than 3%. The amount

of monoglycerides maj' be less than 0.5%, such as less than 0.1%,.o§tima11y less than

0.1%. The content of sterol in the purified pil is preferzibly iess than 5'%, such as less

. than 3%,.optiinaily les_é. then 2%. _ B . o
_ _ | In the purified oil, the contenf of the (desired) PUFA is preferably at least
' 25 30%, such as at least 35%, opﬁmally 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" inblqdes a combination of the oils (for -
30 -example where the oils, aﬂer-Bemg comﬁined, can be separated back into their
- original componenfoils} 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-)

Hence the 0 and



1 o0PUA is intriglyceride form However, the anount of triglycerides my - -

be higher, such as at |east 85%. preferably at |l east 90% nore preferably
at least 95%or 98%of the oil. O these triglycerides, preferably at S
| east 40% such as at least 50%. and optimally at |east 60% PUFA is
present at' tmeoespssition of the glycerol (in the trigl y%{,ﬁgygg kbone) ;

al so known as the .| or 3 position. It  may be preferred that at 15 |east
20% such as at least. 30% optimally -at |east 40% of the PUPA is at the -
f3(2)" position. Sui tably t he purr fired ot will solidify at a tenperature.
of from4 to 6C._ In 5 gllajrr gorl t-he trjglyceride content is
preferably at I@ﬁ%%ﬁ/c?" é‘?eqlﬁé%”tm%gﬁeyéﬁ?d’eéﬁﬁqf Fred infp the | east 95%
The nono- gl yCerdr%@@&@éﬁkﬁcrﬂbﬂﬂﬂ;d&@ﬂieﬁWe&qmiﬁi‘q{dv&v&@l&ﬂﬂr@?%%r}’edl ess than N
7% such-as less than 5% -optimally | ess than 3% The anmoun

monogl ycer i des e e oflpare mtimgislonized and eparation inte the origianl constitgenteilsiinal | y

| ess. than 0. 1% Eﬁh@ol&olﬂe%ﬁm&fs céﬂ?cr@aphﬂal &tﬁhﬁih:@d)%ﬁs Qltﬁodgﬁnﬂ“f grably o
| ess than 5% such as |l ess than 3°/§ pti mal | ess. then 2% In the purified

oi |, the cort erftf 2of of hellyerrEiae blydhey w@}lhwr@galpgaggle cgb0iB0% -such
as at |east 35%niPR er&'dro\fdsaéﬂs ki%ﬁ-ﬁtﬁhe?@o{& (e4 %ang\g@dﬁ:g%g&ab e fatty
ends)” I n

acids is preferabl’y no nore than 0, 5% - Xtu I hi's
speci fi cati on teeludedand sprhgimprgsent. | ncI udes a conbi nation of the oil:s (for

30 exanpl e where theIhQ%eltx%’ofB%B?ﬁ’t@%'s%Pth € EFRISH iR P RERRS ALY, sgck into

their orrgrnal conponent ol where onc the oils
ar e insepar abl €)1, opimalisxaompiid tof:2t ﬁeaférdrlyrﬁnre ainsunkioBe@ePGRA (§specidiyahitibot h)  of

the oils ar ﬁ“‘ 1. 902 -
encapsul at eg) s?ﬁa&t%a&%%w&# Qgﬁ@%ﬁ% %ﬁ@gﬁﬁ gpet%%u; ﬁgi/rsr%%& sl%%ar at ed
into the "ori grpmaﬁecﬂ:mhsrﬁ:ﬁmra.ehﬂead; its mﬂémdahathmm isiakleakt 25%yexkes bl ends
are preferred re.int xed and. separation into -
t he ori gi nal conytgﬁéueh 8?%]%’%?‘2 0% &dsl{{%f %ﬁaﬁ}e m xtures can be of a
plurality (at | east Piamjeddbduses cﬁlchzhmuqlkuéﬁ ofoti¢ BPect Ere@f:p]ﬂ:ablatﬁnoﬂleﬂl |s are

preferred. Preferapl oils will be microbial or.singlecell oils only,
in other words ”m‘l%é”%/’frﬂfﬂeot her- sources. -(e.g. marine and/ or -veget abl e) can

be -excl udeﬂ and -so ’IB@Invﬁftiﬁﬁ Qﬁ!ﬂ now be descnbed by way of example, with reference to -

the followmg ‘Examples, which are not to be construed as bemg I1m1t1ng, but mstead :

—

._.

- are merely 1llustrat1ve of the prcsent mventmn

Ex plc ‘ . _ 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 Sandeﬁord

'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.-



The ratio of w6: 0 PUFAs .in the purlfled oi'l mxture is preferably from1:5
to 5:1; optimally from 1: 1to 1:2. Preferably the anount .of w6 PUFA
(especially if it is 10.EPA) is at |east 115" of the amount of the we .
PUFA (especially if it is ARA) in the purified oil mxture ﬂs it is
preferred thayobhes3 PUFA is at | east 25% such as 'Q%

optimally 35% of the w6 PUFA content. Preferred features or- ¢ aracterlstlcs
of one aspect are applicabl e to.another nutatis nutandis. 15 . The '

invention will now be descri bed, by way off exanple,. wth reference to- the -

fol 'owi-ng Exanpl es, “ which are not to be construed as being Iinmting, but
instead are merely i Ilustrative of the present i nvention. ‘Exanple 1.20
Crude ARA- cont aPwiiftpgoi | was obt ai ned using the method of Exanple 16. of
the WO A-97/.36996. (q}gt br oc 2“ US,j hexa ©.as Ehe sol vent for .
extraction. The sb‘f‘f‘f‘?ﬁtF FEYFIP; BHe ’f‘t? BRI WAL obt ai ned
froma marine SQukEES, (myﬂm@lhin)stafgém@ronova Bi ocare. A.S., P.QO “Box 2109,
N- 3202 Sandefj ord, Norway éﬁEPAXTM 0525TQ). 25 Thé ARA- and 'DHA- cont ai ning
oi I's were then nixed togé‘Flﬁ Atk (EeaWmIERE)h| end. A sterile stainl ess steel -
tank was first char ged wﬂ@lﬁ%ﬂeﬁf(nguﬂgmgﬁdﬁge ARA.  To the tank was added

30kg of crude DHA qil, with stirring, over time of 15 minutes (excl udi ng..:

air). This gave a crude Mpeq?fswumewaﬁlnnewdmmemple(wwmgmsparsat| o of
1: 3 (AFA'DHA ratio of 1: 2r sohp residabk),The -crude oi | nixture 'was then purified
according to the fol | ow ngﬂpr ot ocol WO 02/-10322 15 Puri fying 1-MAR 2005 .
PCT/ EPO1/ 08902 Thi s consibikeddnmf four pri nci-pal- steps, with i'nt er nedi at e

steps as anqavvhen necesghLy e afQHLn BB 13”@;] =] el it,r eat ment -

(degunmm ng); - alkali tre tmscﬁst;s eutr ITlsa ?ﬁ%‘?‘n&ﬁescoergeggﬂﬁghm%t er

Washing and drying, for ékadwlge to renove soaps or. soap residues); -
deodonsmg, o

* (if necessary) polishing; and .
(if necessary coolirrg or winterization). |
15 o o ' o
| 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_lutiori per kg oil. The oil was .

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

2. - Alkali purifying (neutrahsatron) A utratlon 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 centrifuges’ {(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
o 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 mixtire



bl eaching; . 10 (if necessary) filtration, for exanple to renove adsorbents -
used i'n bl eaching; deodorising; (if necessary) polishing; and (if : Lo
necessary cooling or wnterization). 15 1. Degurrm ng (aci d ﬁ}ﬂ%g@g This .
was performed primarily to renove phosphol i pi-ds. The oil d to

70C.- Phosphorjeenfish Was di ssolved in water- to a concent rlﬂ{.ﬂ 85%
Thi s 'was added to ‘the oil (about 3% of the wei ght of phospho s |n t he
oil) at 1.5g phosphoric acid solution per kg oil. The oil was’ 20 kept-at- a
t enperat ure of 80C for 15 minutes. The ni¥ture of oil and phosphoric acid
initially formed an, enul siqn denul sified on further heating. The
gums ‘wer e t hen TSRS de fﬂ/a%fé‘f?fl\rﬁﬁf“g‘b‘%t 0 removapik.4 he giserbeny pagatlowed to :
(netit r al i'sat i ONjtay i chifaétaHikaRe ¥ifor ARG R ARiGeS,  HERL S thd 8 ‘Fv&eduo@fﬂ)ﬂdnt of

acid present in .the oil, and hence to cal cul ate the amount of a kal i . )
required 25 fofooh@ukiiliredsation. To the oil alkali (sodium hydroxide, 15%
was added to thg oils Wi ; |ed

subst ances) Werﬁ t hen sepé@éit(g %@dngPlﬁgﬂDW%ﬁduP ?fgs%ée‘ﬁl? c?uges :
(hermetical | ¥ c46selet mildsgiiatiorcantitions. ihishooki ab):ut ZAr}nyurstTImmswasfke;StQap wer e

t hen washed out usi 94C cent ation 30 3.
Bl eachi ng. The % %yfo g%f’?’g%‘o‘ﬁ?lﬁ{? gt“’a?g@g!ﬁ c{éf%net BToil was
t hen added .an a@sgrab@pﬁesﬁydmbkg/m{@oqqgo@q,\ﬁ)son 1% based on the vol une of
the  oil) and m xed _in. The oil was heated to 105C and the oil adsorbent

mxture 1 MAR 2905 W@%ﬂ%ezﬁwwewaeﬁ@méewwrwwﬂwaaﬁea@. t at ed

bl eachi ng .t ank fg@o% &ﬁésfsnre-&‘@: bent was allowed to stay in contact -
with the-oil . for out - 20 m nutes reupon the oil was allowed to  cool -

and filtere® 4. Wn%mmsmmf@d@oﬁt@cmmwbbfo(qMMgm 35C) was
| oW l'ed t d t.00k about - 24
s 570 R AT 2 1

hours. The oi'l anot was then
flltered usmgaplate andfranefllter ‘

. ~ Table 1 1 _
Substancs md ot | ARA Crade 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 Ghkg) 350|855
ARA (a5 % of toml T — 55
| Batty acids) | |
[ Water %) 05 01
| Peroxide value POV) | -~ 5-10. - <it.0

15
E}iamgle 2 .
A crude ARA-containing ofl was prepared according to the method of
Comparative Example 1 as described in WO-A-97/43362 (Giét—brocades). This
contained approximately 30% ARA. |



press at a pressure of 200kg/n2 (0.2 to 0.5 bar). 5. Deodorization. The oil

was steamdistilled under -vacuum at a tenperature of 180C and | ow pressure 3

(2 to 4 nbar). 10 A conparison of analyses of the crude ARA before .
purifying and the purified and bl'ended ARA and DHA-contai nnm@RoEﬂUB are .
provi ded i n- Vabbedz Tabl e 1 Substance and anmount ARA O udep@ipeBldepded O I
(before purifying)(after purifying ) Phospholipids (%2 -3.50. 05 FFAs .
(% 0. 4<0. 05 Phosphatide (P/ppn)50-100<10 - Fe (ppm0.5-2.0<0.05 Cu
(ppn) 0. 07<0, 02 ARA (g/ kg) 35085.5 ARA (as 96 of total 389.5 fatty aci ds) ..
Water O ,)0. 50. 1 Per,0xi.de val 10<1.0 15 Exanpl e 2 _A crude

ARA:- cont ai'ning oil. h%r% é&%@%ﬁ@ﬁ%ﬂ&%ﬂ PWB"’?H‘F?FHBW Exeppgal of i ve
Exanple | . as dGNOFAbeQGB% O@tu%ro%Zdegﬁm&laoﬁfanleﬁ cen@ﬂ@’ cont ai ned
approxi mat el y 2110322 MAR 2005 " PCT/ EPOL 168902 A DHA

30% ARA.
crude oi | was’ cfg@%‘?eﬁgﬁF %334 o §iffe p?%?ggélcoﬂ‘ée@ﬁt}%é‘&sﬁ% Bxanple 21 of
VO- A- 97/ 36996 (G StEEEIQ@ﬁH@&ﬁdeoTlBb&re&h&nt?e@ﬁﬁ%ﬁ@@xe@@r@ﬁr&ﬂo%l%ﬁﬁd&e 12%

di gl ycerides and 3. 7% sterols. The DHA concentration-was - ach of
the cr ude 0|5I 5 il thefellowing sarislionsisi ng t he .sane protocol as Exarrpl e.

(@) ~ intheacid treatment, the contact time with phosphonc acid was 20 -
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 eaeh 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 Mortzef 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 protoeol of Example 1. A punﬁed DHAfeontaxmng 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_eesf
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%);



1, with the followi ng variations: (i) in the acid treatnment, the contact

t| me Wi th phosphoric acid was 20 mnutes and the oil. t enperat ure was 70C
for the ARA oil, and for the DHA- oil citric acid (509 was used instead |
(20 minutes, 750) (ii) in‘the alkali treatment the concent fa¥ARR00Bf SOdI um
hydr oxi de was;;zod;@w;ﬁ% and the hot water treatnent (vvater WOQ -
omtted; (iii) bleaching used 1.5% of adsorbent Tonsi | -~ ( Sud- Chem e, I\/Unlch

Gerrrany) and was at 100C for 15.nminutes. Ten kil ogramres of each of the tvvo-_"'i
resulting crude oils were blended in a 308 litre tank-with mixing, .to form ..

an ARA: DHA ( by vol ume)) blend of 1:1 (ARA DHA 15 ratio-of 1:1.09). The

bl end of the two oi ) wa¥aennshingymsal @e@battmﬁl%@?ﬁﬁeﬁ&w@‘fﬁmw@@c and
then clarified. USi REbBuEAl fdshBlgfiad fehhifda; Exanple 3 A purified ARA

m crobial 0il (38% ARA) derived fromMrtierella alpina, 20 was obtained
(5kg). from DSM N. V. (wrooblle@bmguwai%gcmvnmmoms,Endo Box 1, 2600 MA Delft,.
The Net-her| ands und t he rade ORJ. had been purified
usi ng the protocol g¥) ExSIore Ve D,Kmpt “Jf'fq@ﬁ;r%—ﬁ;%%fgd?ﬁ *hg oil (10kg) from -
Pronova, Norsway, comaﬁemgmsaﬁ%dl%es6£Eéallﬁ%miﬁeemﬂyﬁgded with the - = .
purified ARA oil. The two oils were m W|th each other in a stainless.
25 steel vat equi pped vmth a stl rrer. ( ,rat,l‘o of 1: 1.54) "Exanpl e 4
The crude ARA oi |l enpl Oy tibstd {pee =ncn e TG T3 BIGE oy ot ocol- of
Exanmpl e 1, vmththefﬁ (80% was. ...
109%; 1 MAR -

e (5
hosgdhori c aci dj

2005 WO 02/ 10322 PCT/

cput with .a -
smal | - vol ume of wat er A fig ‘ 1) ' oo
bl eaching was at 90C fd?rFA’ﬂ)(%p nut es; and (v) codling.vas elown to 5C and
kept at 5C for 2 days. th__alg_l_baﬁore and”" -
after purifying . Tal s B B
. | S <0.05 '
<(.02
o B VEE
ARA (%) T 38 19
| Water %) , X 0.1
) 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




Subst ance and anmountCrude O | Purified G| (before purifying)

Phosphol i pids (10)2 .3.50.05 FFA's (% 0.4 .<0.05 Phosphatide :

(P/ ppm 60-100<8 Fe (ppr’r)l 0<0.05 Cu (ppm 0. 06<0. 02 ARA (g/kg). 350175' ARA
(% 3819 Water (9%0.5.0.1 Peroxide value (POV)7. <1.0 The. crud@rDies oi | from
Exanpl e 2 wasyd hesnal so subj ected, separately and i ndeperkgkerpéfj é o e the '
same protocol as the crude ARA oil. The resulting ARA oil 't0 ? ?( §

then bl ended with the resulting DHA oil (33% DHA, 15kg) ‘together in a

stai nl ess steel vat equipped with a stirr@r. -The blended oil had an

ARA: DHA ratio of—1-1 16 and was then subj ected to deodorization at .220C.

A review of the |var P88 %urifyi ng prot ocol s Bxem@éRewn in Table 3. 15 Table 3.
Puri fyi ngExanpl § No. Stebt epl2Z AT Uy Trearmem l—5°7§—8ux, TESTTTS 5%~170C, ‘
20mi ns2% 80C, lihmins Alkalil treatnent15% NaQHI3% NaQH1Q% KOH Wt er s
washi ng94Co4C85C D2/ 10322 190°C, WARIPO05 . PETNVERGS/ 08902 PYPi fyi nlgExarrpI e
No. Stepl2 4 Dr Y HHEAMe VaCyumieSvarrmNo—Bsasg 2 al“/”ﬂdsb’fﬁéh‘f, H 5% 3
adsaorbent, - o ' o , - e -
- _ 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%)
o6 @3 ratio 231 | L9 | Ti%

_ 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



1% adsor bent, 105C, 20m ns110C, 15m ns90C, - 30m ns FilteringYesYesYes .Cool
to 4C over 24 ‘Cool to 5C over Coolinghrs, keep at 4C-f6r As 112 hrs, keep
at 24 hrs5C for 2 days PolishingNoYesNo Deodori si ngl8OCZOOCZZOC w6 PUFAARA-
(35%ARA(30%ARA(38% w3 PUFADRA (20% .. DHA (32.6% DHA (339 e W3

rati ol: 2. 311y, gg 54 Exanpl e -3 uses the same purifyi ng]g e l, -
except uses cru i\ (38% - and DHA.(25% oils (ARALDHA r 'ﬁ 03/ ?—76). 5
Exanmpl e 5. The protocol of Exanple |- repeat ed except. that crude EPA
contai ning oil (obt ai ned by using the Exnn*pl e of WO A-91114427 to obtain.
an extracted si cel'l oill, Mrtek) was used instead of crude DHA oil.

The ARA oi | (35?/32@4{8 Waidkwcﬂﬁﬁgsmwéﬁpwﬁ@ﬁdé’delﬁﬁi@f@ﬂmdpI4 ap@ihes EPA;

5kg) together i fufies hRlATRA Sichobliéfipis2t equi pped wi'th a stirrer. The
resulting purified and blended oil bad an ARA EPA ratio of 1:0.53: -
Exanpl es 6 to 8 The oil blend of Exanple 1 (0.5kg) was m xed with lactose =
particles (10kgpy E#}’JE%gn a Lodige mixer by adding the oil blend at a rate of -
10 kil ograms pe . The resulting powder was stored under nitrogen. "
The powder ed mi xt ur e baieh of26 ke dffenivdeted infany éwwivlaednthiningr?kg bba mul a (20kg of

SVA Gol dTM  Uni T _

PCT/ EPO1/ 05902 %ﬁg‘/‘ﬁﬁ‘drg \Xﬂ/la?‘sla‘%o d&%@&(&,}%@g& ‘a’g’fpﬁ%’a%gra% elﬁg%%ﬁ? DHA bl end of’ |

Exanpl e 4 and t fologing pfotazdl. AR%ER&nbfomula tife obsbéemp wes Bdded to a temperature. : :
' of 50°C The blend was sprayed at a rate of 0:5 kllograms per hour onto infant

formula movmg through a ﬂu1d15ed bed at a rate of 50 kﬂograms per hour, The

- 10 'temperamre was set 50 that the water loss ﬁ'om drying was between 1 and 2% ,

'"Examgiei | |
- Abatch of 1,000ke of mfant formula was supplemented w1th an 011 blend

| aecerdmg 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 T’Ius "
powdered instant formula was made into milk for censumptxon by bables by adding
__sterﬂe water (13 gof powdered mfant formula to 90mi water)

20 .



-Exanple 9 5 A batch of 200 kg of powdered infant formula containing 2kg of
a DHAIARA oil blend as a honbgeneous |iquid was prepared according to the
following protocol. To the infant formula the oil blend was add¥R 8®5a
tenperature of 50C. The bl end was spkhyed at a rate of 0.5 kil ograns per
hour onto infant fornula noving through a fluidised bed at a rate of 50
kil ograns per hour: The 10 tenperature was set so that the water | oss from
drying was between | and 2% Exanple 10 A batch of 1,000kg of i nfant

formul a was. supplenented with an oil blend according to Exanple 2 as
follows. A prem x was first prepared ChAIME ning 27kg of 15 the ARA/ DHA oi l
bl end. This prem x also contained vitam ns and mnerals and | act ose, and
had a total weight of 200kg. The prem x was then added to 800kg of spray
dried infant %or nfiPEcessier RerangarxeiniKtiredheRIOERTSIOBPREINEa 50 RK nixer. This
powder ed i nsignt i d Lk ﬁﬂ:{éﬁ:H i=an by babi es by
addi ng steri faz vva,%ﬂﬁ@dﬁav%fﬁd%&ﬁeépg%ﬂ}lﬁgwmféfw a F%U m water). 20" 1
MAR 2005 21 CPHfIRRS 9t topr agude gh mtugeaans g an oil nixture; the process
conpri sing: () cpunbiry the cade sildiRtuAROpOMRa puirifigl @ARAWAdwEPURAIde W3 PUFA-
cont ai ni ng oi Intt.olgﬁr.gdu e a crude oil mxture: and (b) purifying the crude
oil mxture t8 %’P fic! r%urified ARA and w3 PUFA- containing oil m xture.

2. A process according to claiml wherein: (i) the purifying conprises

renovi ng pho%Ph()'Astogéssaf:E&]ﬁiﬁ [EdAh S white@iment s,  soaps, carbohydrates,

proteins, sul phur, sterols, n_%no- Ol’_wgl -gl ycerides, saturated

triglyceri ded) andh®purifyiagcomprisss mupvies phosahplipidre trage matls: RigRents an o |

bl end; (iii) sbdps, cafboRidirétet,ordtbis, @lipHurAlerdd) Glonb- dridiylytdiides @atldiaidng in (a) is

of only two el t hree o'llgfe :il%{ of which are single cell or mcrobial oils.

3. A process rgyﬁ%ﬁdﬁ?ﬁb&?f By 3e95t o 2 wherein the purifying conprises acid
(i the oil mixture is an il blend:

(iii) the w3 PUFA is DHA or EPA; and/or
(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,



treatnment, alkali treatnment, neutralisation, water washing, filtering,
polishing, wnterization, bleaching and/or deodorization. 4. A process
according to any preceding clainms which additionally COHDfiSQS'MQQﬁ%
optionally, treatment with an acid @p degumm ng, or renoving pﬂosp ol i pi ds,
trace netal s, pignents, carbohydrates and/or proteins; (d) optionally,
treatnent with an alkali or renoving free fatty acids, phospholipids,

pi gnents, trace netals, water-insoluble substances and/or oil- insoluble
substances; (e) optionally, washing with water, and if necessary drying;

(f) adding one or_nore antioxidants: - i I Wasftkng With water,
bl eachi ng or rer?éf\??"i'ﬂ‘j‘pﬁ?@'ﬁt@rﬂgg‘,eg%mé%ﬁﬂByﬁggﬁ{g@s&@tt race netals, sul phur

and/ or soap; (h)stegs;i onally, filtering; (i) optionally, cooling or

Wi nterisi ngélgr rer{%x%{ 1gp 2&;%@&@,@%& g;gingaﬁ}ﬂé g@stancdsj ) deodori si ng or

removing fr fa??& no- or di- glycerides, 22 oxidation products,
pi gnment deconposition products, solvents and/or sterols; (k) optionally,

pol i shing oy r enpdigsickorting@laHppreceifpsdiaims ebereld: MAR 2005 5 A process
according to any preceding clains wherein: (i) the crude ARA-containing oil
contains fr@am 15tHeocraddnBA-cbREining bil gontaies frami 15 OZSARA{ A cont ai ns from 35
to 45% of ARA; (iii) one or nore of (c), (d) and/or (i) of claim4 are not

optional; (iv) one or_mpre of (c).t ' Hi WA are perfornmed on the
crude ARA- didnt athe; %‘f’ggﬁﬁﬁrﬂﬂ'lcgppaﬂ?grﬁéags 65%?%% containing oil, the
resul ting ophys abge éritdre olioyid) areitbr dpofidairg d)are ast@rianal oi | mixture is then

treated according to g‘l&)r%gg(gg@;(i)%éém ?%gé ?éﬁérﬁ'ggd:)d?leth@g[uaywas at | east

four doubl e(Bbnd&nesr Lo any preceding cl ai m wher ei n
either: (i) cérit@nin@oiPAddAr (he.cgue BERVFAanttainingrl, Be resuting.oils A8 | and/ or t he
ARA or 03 PUEA \ or - i, ni Iohed dtcatdifg (P Bhdir (B | ; and/or (ii)
the crude Aﬁﬁn@%@'ﬁﬁ‘gﬁgﬁeoﬁ@%ﬁﬂg&e om a fuiﬁggus@of t he order

andfor

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



Mortierella, optionally fromthe fungus Mrtierella al pina, and/or the w3
PUFA- containing oil is derived fromthe organi sm Crypt hecodi ni um cohnii;
or (iii) either the ARA or w3 PUFA-containing oil is a vegetal?lh?r\.ob 5 /- A
process according to any preceding clapinwherein in the purified o

m xture: (i) the anmpbunt of w3 PUFA (e.g. EPA) is at |east 20% of the anount
of the ARA; and/or (iii) the purified oil has an ARA.-DHA ratio of from1:5
to 5:1, optionally of from1:1 to 1:2. 8. A process according to any
preceding claimwherein the purified oil has at nost 0.1 %free fatty
acids, at nost 0.2% of phospholjpids, .a phosphorus content below 1 OQopm
an iron cont m/%él%wlegﬂﬁﬂﬁ&%g%%ﬁ& content bel ow 0.02ppm 23 1 MAR 2005
and/ or a peroxide value (POV) below 1.0. 9. A purified oil mxture

conpri sing ARA ands guRdRiimixtuvditahprisingsAiRA abti @ WwHPUFAuwEIGN &oviiahision,
such as by a baby or infant, and | s rif] [P 0 i | Which is
prepar abl e by“"»&“%%ﬁf@%‘p%bél"a? ﬁ@ln{ B%SEQJJOpIHaa?gC??]HéS %Fgﬁﬁ%ﬁm%%dm edi bl e
formul ation coapsiablety Pprbbsdsizoedrdiglto mny pracedagetdin$ng to claim9, for
exanpl e a foodstuff (preferably adapted for consunption by humans and
optionally an infant forrmula) a nutritional supplenent or a pharmaceuti cal
conposition. {d. Arudesesmulsion tdrAprising padfieid o mixture ACCOEHNA 18 CBE Trul at i on,

t he process onprising incor j i ! e homeRedreld by a process
according to éﬁ?ﬁ&?ﬂfe%@ﬁ#@&gﬁé&yﬁgﬁg%ﬁﬁsﬁ%ﬁ#ﬁ m xture according to
daim9, intoomichallyamingrit fomuld)2 nuititional eerplemeab iaiMAT %" Fai m 11 wherein
the formnul atig&ndéiﬁgn_baby food or infant formula.

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.



