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present application relates to oil m xtures containing at | east two A
pol yunsatwpabgesbatty aci ds (PUFAs), and processes for thect/gpogeesati on by
conbining a first PUFA-containing oil with a second PUFA-contai ning oil
(usual ly containing a different PUFA frgmthe PUFA in the first oil). In
particular, the invention relates to preparing purified oil m xtures

(bl ends) by adm xing a crude w6 to 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 then processing (e.g. purifying ) the oil blend. It is known to bl end
PUFA oils. For exanple, WO A9RrddNs CRUYSE PelFA Bargoration) suggests

bl endi ng m crobial oils and ustTngsuch a btend—Tm T Tnfant 15 formula. The

m crobial oils specified contain EPA, DHA or ARA, although fish and 20 25

30 vegetable oilg,are also mentioned., The docunent .teaches the bl endi ng of
the i orbbi al oi R2° PEsiRtapelgahan sliss to s mREes ComainRe sy ALtV 1 k. | n

particul ar, phlufdnsrl ety RRIPUPASDER AddedE¥¥or theirdirbRatRin by 5: 2- 12, such
as at a rat |polslof about 1:3.c Ig theSExarr%ng of V\DeAI-a%ﬁaZﬂ t he

f er ment at i orombiningsfixst BUHArdoninining ol evithra seqdud BUF Ardogtaindng ok (usoallys,
ARASCO, DHASCQ.. and S th .al ] f Exanpl
2 to 3). Thipli SECERERYER Tom ERPRA of s Sl D1 AR 85" be adted:
to infant f giveptich remmwfepaﬂﬁ%bﬁﬁt@datoir Rbittied (KleidsPhy edmik@Rdsdridd b6 i S

actually prepared, and it has been found that these crude oils are not

sui t abl 80 f oPUFAc(ews iAdkA -enntaining ai twithor erudeio3 PEIF AefeeanBIfE) ocEBAR oils can
o 3 v RO BRI AR S 05, e =

fatty aci ds, ycerides, Sterols products
such as al detipitead. and epoxi des, and various other water or oil insoluble
subst ances) that_are undesi rab] especially in oil blend that is to be

i ncorporated int§1§ !Sa‘b‘yl)‘fwfl?)‘é‘aj. Pﬁﬁérﬁ’”ﬁd_ﬁ?ﬁ“@‘w’ a@sﬁ‘ﬁﬁ@@”b(ﬁémﬁ%dst uf f,
care must b@ofg?)?%cﬂ}n &&ﬁk@%féﬁﬁﬁlg%@?@%ﬂ ?ﬁé;ﬁxfdr ﬁsrgtg% é?{cﬂﬁﬁ)éésiltﬁ'mﬂms that may

have adverse IS1S p or su ances that are to
be i nt r osluc éwmiuid. oThenhinsbidl@ilswparifiddeoatateEPA, DWA QAR A32thdagH fikPahd 089( 12

2 babies and infants are, parti.cul ar usceptible to jnmpurities or other
undesi r abl _evgg?%’?% ae a-ls_ “?%m‘f’PF‘éfe’ﬂf%rdéc‘éme‘gﬁt?ﬁc S t_}‘ﬁéiegalé‘gé’ thei hvention to
at | east m Liiggbf bikeRSmikhie %Wﬁﬁﬂéﬁent%ﬁuinfan BRAS e InH{aﬁYc%lH.r, ir

elimnate them The present invention at its broadest concerns the use of
one or nor eadvasates blendgjof RHANANdUARA tioration oft 15:2-h2, suchuaheatairhtio of aboat puri fi ed
oil, the purified oil being suitable for inclusion into an infant fornula
or ot her foc!)t}stuff. The purifying may renove inpurities or other

undesi rapl e subsypieeSanphd B WE-A-93uby1 1 ihe ferinentdibn RRtifods R SirdeOr
i ngestion by humans. Purifying may occur after conbinin e crude oils,
pp

2nd S0 onl y difieens rigrobiallp eriuaail, SRASCQ, 1BHASE0; PREPASEO: endosaae pr ebent

renton | ASELLE Lg% ol e GBS hillgle . (1

with a crudeattidyRhlrBe added to Rifintdornkuttd)) Howsvei md ingand fdrniudn (or othece a crude

ol mxtur eIfOO%Qt?lfﬂ is actually prepared, and it has been found that these crude oils are not

25  suitable for inclusion into infant formula. For example, crude oils can contain various
compounds (phospholipids, pigments, 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 undesirable, especially in
an oil blend that is to be incorporated into (baby) food.

30 When adding any substance to a foodstuff, care must be taken to eliminate
contaminants and other compounds that may have adverse effects. This is

particularly true for substances that are to be introduced into infant formula, because
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15 (b) purifying the crude oil mxture to produce a purified w6 and w3
PUFA- containing oil mxture. The invention thus conducts purifying after

t he crudew@id2modrave been conbined, that is to say it is thpeTatredessw? |

m xture that is purified. This neans that one purifying step may be
required. Little further processing may then be necessary. 20 It al so neans
t hat one does not have two oils that may be in slightly different
"oxidative states" (for exanple if the oxidation |levels of the two oils

di ffer sli gthabigy andhindanghare particulaoly susdeptible salinirawitiesor ethérfundesitableur i fi cat i on

l's, sj : | di fferent .f i ng.. b i | ored
Do speci 1 ¢ PTases ol ipPteRis an T of B BB ikprnh BT b e Ret e *( For
*exanpl e dur igighdpatitadey, dh@)if gossibbEréldil oPElemidhtetRdR. of the fol I ow ng

conponents: a phospholipid, trace netal, pignment, carbohydrate, protein,
free fatty acid (lbeAyesentinvemion|atiss brogdess eansems theauserof ongot mbtee subst ance,

el yoer Sae PR BTG Sor R 2 O oB RO UShet e pBEERL vy
puri fying mayitate forenchisiée iy &n in®idt fotANOoH dilierdostsuff.i W?Mﬁ‘yhﬁ‘ina@t ability

of the oil. 30 To effect this the process (e.g. purifyi ng may conprise
degurmi ng ( GPMAYS ENRUritiss preiher undesirably substances, and@s airesaltithe pidsamkant ), wat er

W nter zati SAAUIER bkt b RumBRe kb thay PO AR R B 68
conpri ses aaild, indeatoniyneeds b e peafokmmbd ohaecat ment (degunm ng and

neutralisation). ternatively purifying nmetho conprise bl eaching

and/ or d€odori zatfhi?rfl.emtﬁs%?céPgﬁﬁe)pr?ﬁﬁﬂémée%upﬂ@aﬁ%gﬁr}a% A PFOCEFHBT ve

bl eachi ng a[PQéeﬂin aReAhi&flre e p@@gsggﬁ{g{mh%y in addition acid and al kal'i
he ¢ [ ’ oc

treat ment. onbining 1n(a) may thu ur after one or nore of these
(purifying) stepgajare cosbimingediude w6tk (g rARABcodaioingtoilevith @ psideny be

performed before ining Lo .(a nd sone be perforned. on the
(combi ned) oi | m“%to’%ﬁ@i(ﬁgth@’*p‘z})r’?@"f?&?%‘ ng g?¥° Piochirs acrufle QAT | s
preferred that thgqconbining in (a) occurs before deodorization. Steps such

as degummi ng, alkali treatnment, bleaching and/or cooling can be perforned
ei ther 04 the seffh) at @uoifyisg the cudsedibmixtare thprednes a purifiad athandadd i xt ur e,
Thus a "crude" oi n refer t. non deodorised oil, while a purified oil
can be a deodori sﬂé‘gp%lﬁ’mglf'g%g‘it”gl\@ﬁtﬁ%bn may thus conprise conbining an w6
PUFA- cont ai ni ng  diile iéenkioA thus@ofiifofs iap Nife theidrudeifsiave B&enoi | m xture,

and then purif i}gg t{(hg..g, deodor | sigrr&g the oil mxture. These additional
processes arcéﬂéi ethabisyo payr if isthe eruge pil myxtyte thetip parified. (Bhis meansghet one or
nore of the . [ £her - L0 ' nd/ or
the wa PUFASSRAL ST 6 ARV RE rEpbiafy LAl hithel Brofefie 2 b Eectiearf 10
aspect WLzeI ﬁtIEslsd gnemspthaﬁ d‘rieer)emildt Imregf\w allschapmayshenigy siighvby Ptﬂféﬂe)nand a w3
PUFA, ich is, advantagequsly sui, e.fqor hunman _(e.g. infant) consunption.
This can be "§XiaiYs %t%t_asgc(?qr Bhply @ﬁlc{agorbﬂgggp_éﬁwé%wllad fesehslgt@f the
first aSpeCtand%Heeaﬂivoﬁdj%lﬁ%g&Forrtﬁb ﬁif?e?er{t?gﬂﬂgﬁﬁﬂh%@coédﬁ,@ﬂc@%h&ﬁ conprising

a purified oill mxture of the second aspe is fornul’ation may be a
foodstuff, retbes]adybeaditiotentiirbmrhavingeemptailoredivy spegifionai] beingiparifiedonal |y an

infant formul a, nut ritional l.enent .or har maceuti cal. .c osition. A
fourth aspect relarzi’teé’sfo‘feas gxaﬁlag@e{gxgal ocf’frigflé%g%%we E%PM‘P%P ation of
the 25 tAhi r dedsiag bne bRRoRs GTRS fol ¢othpbitehtS COPHSPRILIpIY) thabemetal, of the
second aspect into the fornul ation. e oil my be added or supplenented to

an exi st i ng pigient| carbaliydrage, profeinofiee fatty apid (BB @ildnsclehie substanee, graéeror nor e
(edible) Torpuhall QbstREE §8AF N EhoBH QlbsHER0HP SRARSH prdtitde "SifRP HhAGLUr €-

A
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 effect this the process (e.g. purifying) may comprise degumming (or acid
treatment), neutralization (or alkali treatment), water washing, bleaching, filtering,

deodorising, polishing and/or cooling (or winterization). Preferably the purifying
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may reduce or renove guns and/or proteins. Polar solvents are 5 preferred,
e.g. acetwopaaids is particularly suitable for w3 oils, e@Cg/EP01/08902
DHA- containing oils. Degummng (or acid treatnment) This may renove or

reduce a variety of substances such as phosphol i pids,
carbohydrates and/or proteins.3 1t is particularly desirable to

pi gnent s,

1 otrace netals,

renove sone or all of the (hydratable and/ or non-hydratabl e) phospholi pids.

These can beomprisesrasitl treatmpentragd/oaptkal dresirent (degeniningying negtrplisatian) y i n
whi t I nf f | a...Lh j cat i ' I f . I d
ater i kal el gfBE TR SRYSPritnaR SRRy et Bher | o5

In

-addi tion, t Ireyferably Kowtser thegrsityinapivill kvolvie®ackige khd/ar deadaritival afdn step is

enpl oyed. Phospholi pids can settle out VeSS

happens t heypémalpén glditionanid andalkapoatment Lh combirngingppmay Kipsopgus| ves

‘the additio A / LIl 6 -ac) . PQ4) to the

oi 1, ol Povdd?! pEdhod B SRSORRARING VSR peridrhbd RSl hondh ol ot

preferably anhda8psaaaetsiperininetivefore Eamnbingsn (W)l ind sofietnANbSFIforavEOHS 20

solution can be enpl gg/ed. Following this the oi
e

| ma
to break up thacombined) oihmixare mdbe pwitying in {pe In gﬁ?@%aﬁfm siinpicfaipddhated

necessary ric aci S use

segurm na o SRR O e IO U B g

degumm ng nmay
f areaguentybleachingantrpesiaigwas bepeBtinied eBBEE orsthe Repsatdbils,0 7SC,
optimal ly 2 i_prom 60, to 70C. The acid c then be added.. For phosphoric

H%l)s ﬁ%? r iﬂ og_cgnfq;'erlt_o aglo8- preferably

enpl oyed,

acid, t

at i ng. necessary

B ombigpgy 0 on the o3l mxture,, LRusa "oy

in storage_ vessels and once this

be heated, for exanple

from 0.8 to dlodorfke® BASHER & Fuﬁﬁédjoig@a{n b d@kofbdised bite Fie fih SR nA}, Suftased on

an 85% phosphoric acid solu

phosphoric

processes
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I on an

_ | so the ampunt of acid can vary for
di f f er ent aciothprisscenbiningaonsd PEF 4-cobtrining 0 withad w3PdBAsco8Birting GiDtB8%

o o 8 ik O Bt e bbe ik RONFRR B EBIR o ot tea 1T

" be onmitted. |f
enpl oyed, the anmopyate LditfbHabprodeidearaBieriiabll pefordted Rurind PRifAHEh @S,

but one or more of them may be performed either on the w6 PUF A-~containing oil
and/or the ®3 PUFA-containing oil before the oils are combined in (a).

A second aspect relates to a purified oil mixture comprising a w6 PUFA and a
w3 PUFA, which is advantageously suitable for human (e.g. infant) consumption.
This can be a purified oil blend which is preparable by a process of the first aspect.

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

A fourth aspect relates to a process for preparing an edible formulation of the
third aspect, the process comprising incorporating the oil of 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.



WO 02/1t0322 PCT/ EPOL/ 08902 5 from 50% to 100% optinmally from 70 to 80% of
t he wei ght of phospholipids thought to be present in the oil. In relation
to the oiwotchaomaount of water may be fromO0.1 to 15% sueoTaeodosot o 1D%
optimally from1 to 5% (either by weight or by volune). If water is used
then preferably the (phosphoric) acid is added to the oil 5 before the
water. This treatnent may take from5 mé4nutes to an hour, such as from 10
mnutes to 30 m nutes, preferably from15 to 20 m nutes. The tenperature
may be fromPuifiing pragessepr ef erably from 80 to 100C, optimally from70 to
90C. If neutralisation or bleaching is also to take place, either of these
steps can be 1o conbined with degunm ng. The phospholipid content of the
‘oi | before degumvia@gnmemy be from2 to 3.5% (by weight). Al kali treatnent
(al so known as refining) This nmay also be referred _to as neutralization,
since it invol vedhismay kesiure onsmgne evmpragd/orauoteins; Solaasgivents arepr esent i n

“the oil.

dequmm nd adreleteh BBt R CRp Ay Rl Shtttle Bk BUAL L LBRR NI R T o)

reduce freeoilatty acids (FFAs), phospholipids, pignents, trace netals, oil
I nsol ubl e substances and/or water insoluble substances. Preferably this
stage renoves sone or all of the free fatty 20 acids. These can cause

probl ens in

addi ti on,

%@9@2&;&%{@ apgpﬁé@%ﬁ@ their foam ng characteristics. In

e toxic. e alkali treatment preferably converts the

free fatty acids ThishAsy ramdwe o oeise avatisiy obsubstaacdsrsugh gpospledipids,

(saponification

l.kal i.

é‘f‘ﬁ hi s result;{)r m reacti on of ‘ﬁeﬁﬁal I.Og%,
especi ally 4507 efalsypiements cppeanydraips TRSPLNS 1, ‘EB?‘IEE RsHRPISHO FRAs 25
is reduced tgnbal Qdbralh oﬂﬁ@(k@ﬁ?&ﬁiﬁfe i}ﬂll&‘ﬁog}]h%'d%amé)tﬂhﬁ?ﬂhlo}igﬂdﬁsThés@an 0. 05%

(by weight). This stage can be“a batch or continuous "proces

Preferably,

bef ore the ahkb¢ tolpured ¢dmpoundsang@asusbrundesirable, especinlly mdwWhytehisfant of known

t echni ques,
checked by

Pl ey e htiFons s P o FPRAR S b CF el E Bl o 11

the oil has yatdusaepther eindsiftfiohgrofeftienC Iifladditedi, AR maySdaele @flegidimi ng.
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browning if a deodorization step is employed. Phospholipids can settle out in storage
vessels and once this happens they can be difficult to remove.

The process preferably involves the addition of water and phosphoric and/or
citric acid (e.g. H3PQO,) to the oil, followed if necessary by mixing. If citric acid is
used this is preferably a 50% aqueous solution. For phosphoric acid an 85% aqueous
solution can be employed. Following this the oil may be heated, for example to
break up any emulsion that has formed. The "gums" or other unwanted substances
may then be removed, for example by centrifugation.

The degumming may first start with heating. If necessary heating may be
employed, for example at a temperature of 50 to 80°C, such as 55 to 75°C, optimally
from 60 to 70°C.

The acid can then be added. For phosphoric acid, this may be from 0.1 to
2.0g, such as from 0.5 to 1.5g, preferably from 0.8 to 1.2g phosphoric acid per 1kg
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%, 80 to
88% phosphoric acid) and these (pro rata) equivalents are contemplated.

In some processes 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



WO 02/10322 6 PCT/EP01/08902 If necessary heating may (first) be enpl oyed,
for exanple to a tenperature of from50 to 90C, such as 55 to 85C,

opti mal | ywbnemxb® to 80C. Atitration may then be perf or wew/Epor/aodEr m ne
how nmuch acid is present, and therefore how nuch alkali may be required. 5
The alkali may then be m xed with the oil. Suitable alkalis are alkali,

al kaline earth netal or ammoni um hydroxiPdes. Al kali netal hydroxides are
preferred as these can mnimse interference with a deodorising step if

c

enpl oyed | afrem 5030 &9 $00%goptunallyframm/ B {8 Gsei efthe weightpkehosphpdipidse added at a
concentrati f : 7 unt of
alkal i adde r‘%gli’/t t%é’%%%sg?’f:‘?éﬂetég‘%mrs{ggﬁ?a @égq]t%gﬁ‘fgm%?%a maf 88 ng
+soaps or safrom 0.1 ol 154bsichre 85 t0d0%, bptimbkly frenlvd% (cifephy kit byby

centrifugation, for.exanple using self cleaping ¢entrifuges. These may be
her net i cal | yolBg)-eHf waterds ¢ stPralrepily hsr{phosPoR® ok addeddo ghe athy
~(remai ni pg) e renoved by washing, for exanple using 15 water,
e.g. at g tgén%gf%ﬁ%ﬂgf from80 to 120C, preferably 90 to 100C. A second
centrifugation nihisttreammére neryphleyfecin Sinhinatosdd an howasichgs fbmgld mimutes

addi tionall L oyed this be_faoll owed by a drying stage, .if
appropri at e’ %‘%{%Sr’ﬁ 19 %hg%moifd?‘ Xai ﬁ&e ASeTa .etrﬂ‘@gbei f’iorécf@it.?i on to
or instead gfgeql ?ﬁgp ranyet?ffrH%Wto 10t ﬂatﬁﬂml}pﬂoﬂlmttb lgbéttr\il on or deodorization

(sonetines calle ysi'cal 20 refining in‘the art), the latter technique
bei ng di scussed Ifateatralisitien or bldaching is lbisb do takbelacg, eithby afthesd steps tdri Ise st age

0 6% b SPGB ah, T AR LR LAt Ap oSt tELY GoGHTBR dant s
500 10 1000 e T B (O 0y Bl or ascor byl pal i tate. (6. 9. 50 14
150, pref erébl y 70 to 130, optinally 80 to 120 ng/kg oil). 30 Bl eéchi ng
o 02/ 10322Alkali treatment (also known as refining )
This may also be referred to as neutralization, since it involves an alkali,
15  which may neutralise any acid present in the oil. This acid may be present as a result
of acid treatment, such as degumming as discussed above.
The alkali treatment is intended to remove or reduce free fatty acids (FFAs),
phospholipids, pigments, trace metals, oil insoluble substances and/or water
insoluble substances. Preferably this stage removes some or all of the free fatty
20 acids. These can cause problems in foodstuffs because of their foaming
characteristics. In addition, they can be toxic.
The alkali treatment preferably converts the free fatty acids (FFAs) into soaps
or hydrolyses triglycerides (saponification). This results from reaction of alkali
metal ions, especially sodium, with the FFA's. Preferably the concentration of FFAs |
25  isreduced to below 0.2%, preferably below 0.1%, optimally less than 0.05% (by
weight).
This stage can be a batch or continuous process. Preferably, before the alkali
is added, the FFA content is estimated 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 if the oil has already been subjected to acid

treatment, such as degumming.
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PCT/ EPOL/ 08902 In this stage it is intended to renove or reduce pignents,
oxi dati on products, trace netals, sulphur and any soaps or saponified
product s wban/s1éxanpl e resulting fromalkali treatnent). | mrcpapbi/essbar, this
stage renoves not only col oured conpounds, but pignents such as carotenes
(e.g. w3-carotene), chlorophylls, browning conpounds, conpounds that inpart
fl avours, hydroperoxi des and/or any undésirable nmetals. If drying is

enpl oyed prior tg bleaching this nay be at a tepperature of from50 to
100C, "~ pr ef er abl y 1f nessssaty hestingmay &isist) bgiemplasiednior exaneple trc: temperagirgiohig may
be conducte o I e loho & ORI SES adsor ption
of one or rr%r0 gp%{%%ﬂeggﬁwﬁrﬂg?‘? gés@&{éﬁrg}%@héée&g@y%sgi I[Kg}btfazi%%?aslner or
adsor bent ( tief HeGletraédtodfetdmin! DMeatoaad iypreseht)afid tRYefe@ MW mecta finely
di vi ded and/ or_ activated substance, for exanple finely divided natural or
activated eakkeh mayhagsauiredad/ or bl eaching earth (e.g. a bl eaching clay or

bentonite based RiQUHETImay BAPoPhntxcliSwifll K DinshiaBib EnGRORE At APAGLDEN!

The anmount of adsorben epend on't he 4d the
amount of | BgtH ivletat 8r aaaioghim hydrGdés) AlRsli fielal hiirorides are peefarr@lusdeszn
amount of 0.25 to 5%. {%Efferabl, 0.5.t0,3% optimally fromO0.75 to 1.5% of
adsor bent i Ry @i nesterange With adsgdapisingtsp i smplayed ropegerredhis oi | and
adsor bent mxi; : L C Thi s
may rompve SR ERAIE The M IARE) B addelly £YAIBL GBI P LUBINE i e o
from 80 to RMGs froefl2ntabBd%. Ihe amohE alkali added mey by sdfficlenilidGetivalist0C. The
contact ti mi.fegﬁ‘tween oil and adsorbent may be from5 to 40 m nutes,
preferaB?y f ‘10 to 30 mnutes, optimally from50 to 25 minutes. The oil
may then be cool ey dhbd @ hibnifcd sBaaRles BRNIEA bERMARMRE | SC
contacting the oil wth soap-renoving additive, for exanple a treated
silica prodeeparated hy eentifigatior Korexpmplieaising set-cldakinigi centrifisgese Theseasaybeen
performed. JThis y _feno metal s, and/or quos... |t may be added at fromO0.1
to 5kg, e g% ?%nngt%kéa 67?56% Qﬁé’iosﬁcgtoo%volﬁf?qn%l:ﬁ%ghﬁrage can be enpl oyed as a

batch or conti nuqus oP kY QEHainiipF séHps afl)ibeGerdBvel Y/ Washirgl FR lekAbpiRaNine
conducted without air being present, for exanple, under a vacuum or "using

(a bl ank®t wflerangi aiertempeisturasefdrona 80 Kp120°Cyprefrratip 90 2o FOPCERFDdec08902

Cooling (or w.nterij.zatio his can .renmove saturated triglycerides (i.e.

triglyceri dé@t?ml%f‘m’g@ ¢ pﬁgyegc dsy er‘l*ﬁ?sg“}gsg?%é? ?ﬁ%l%‘g@gﬂse sat ur at ed

triglyceri d@ﬁlp[@@diﬂﬂghﬁ?%@ fglllm,vgdlgyltg a}'?,;n)g sefpleNif appropatet age i nvol ves cool i ng
co

the oil, preferably so that crystals {(conprising the conpound or inpurity
to be renoved) are dligraasive nethed of eredung BF fs.cqither injaddision tapminstegadsef ur at ed
triglycerid i || pL od S 4 i 0 I: K i f
condi tions g%?%e?m%%t’sl : ??aé;ﬁ@gy gl-rgggﬁg)gio e%% %{%3%1%‘3&@ érgglaié&ﬁ%%at@g BY%$agce
during eool esfintmnihi the afty thef latteraechnfjue beingidigusdedlaér. Al ternatively the oil

can be cool ed, e.g. usjng heat_ exchangers. 10 Preferably relatively |large
crystals form | ﬂ%@@ﬂ}deiogl he@rﬁé?ﬁﬁts‘;@%&étott#ﬁtsﬁgﬁr(@ean& St IEMOVingy myor )
crystals th ?rg?t}?egﬁ xﬁaygﬁa%taquﬁ%@gb t%atti:oﬂ%@ ﬁfoH?%Q'té 0,698 ¥ diGrdrh FS.%ttS' S

preferably r mgrate to t omof the oil, "tor exanple to forma
sedinent. 0.5%.

25  Antioxidants
Any suitable antioxidants can be employed. Examples include tocopherol
(e.g. 400 to 1200, preferably 600 to 1000, optimally 600 to 800ppm) and/or
ascorbylpalmitate (e.g. 50 to 150, preferably 70 to 130, optimally 80 to 120 mg/kg
oil).
30
Bleaching



Preferably the oil is cooled slowy. The final (or cooled) tenperature is
preferably fromO to 10C, such as from3 to 7C, optinmally from5 to 6C.
During 15woarliosxg the oil nay be agitated, but preferably pgiprowosber ml d
agitation conditions. Advantageously high shear rates are avoided. The tine
taken to cool the oil to this tenperature may be from 12 to 36 hours, such
as from18 to 30 hours, optimally fromZ21 to 27 hours. The oil may then be
filtered. This is so that any sedinent (or crystals) can be 20 renoved.
This may i nvol ve I8tkiagtagelitdvintepdedto remene axredugs pigments @xidatine pradugtsr pr ess.

| _ ! tin
cent 11 ugat (0 B SuphET A9 shel of SR Jba L Bt ®ieliiig oy o

‘reduce fatt yroae hikali aretrienee If partigulas itis stap®reovesfotdnlyddesed des, oxi dation
products, pignment deconposition_ products, solvents and/or sterols. In
parti cul ar, SPHPEERAs; befglsmenthaliohad cRICKNSS (S & §-easpiprrliioroplilisex anpl e

Tesulting | TeavERg ERpquiis egpuid: HE R MOOR TR RTINSy e

renoved 30 iurdésichbleshetals] s and t ocopherols. Preferably deodorization
conprises distillation, such as with steam |{ is preferably conducted
under a vacuum d?d%’fng ‘é&g’ﬁ’i]oryéiﬂegﬂtoﬁﬁ%@ ethysgmgy g‘? at@ademperatygsof fregy

be. 1 rom 100 L0 380 Praeegardy 0l bbumplPabRITRORDIC TR 0088 U oou

Thi s stage mmay eecondudted omdér ava@uip@it ch, sem -conti nuous or a conti nuous
process. Preferahly FFA Ievelf are reduced jn the oil to below 0.05%
\/

preferaly 5 bel cHedshmngprelSRORSAMRrIssR A o 990ns By mEse e usi ng Lhe POV
2 : eoet  hina Thi
(peroxi de V%Pﬁl)éti?s'? ?P@??\ég(t%{?%@{ wlﬁﬁle‘f@ﬁfci}?gor gl oAt gﬁi%fng RelSH N9 This may

renove SOnMe O traces I ns substances. 1 o It
may conpri seéntetchangepblyy Ehiemey tomprise acfuzehpiwided iand/onactivai@dt aubstaree, for

e TG el Bl SuEl 875l 2L 2ttt D Aty e (£ 005

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

15  adsorbent. The amount of adsorbent used 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 weight) can be empioyed.

The oil and adsorbent mixture may then be sprayed, for example under

20  vacuum. This may remove air. The oil then may be heated, for example at a
temperature of from 80 to 130°C, preferably 90 to 120°C, or optimally from 100 to
110°C. The contact time between oil and adsorbent may be from 5 to 40 minutes,
preferably from 10 to 30 minutes, optimally from 50 to 25 minutes. The oil may
then be cooled and/or filtered.

25 The bleaching may comprise contacting the oil with a soap-removing

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 5kg, 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 blanket of) an inert gas, such as Na.



(a) conmbining a (crude) w6 PUFA-containing oil with a (crude) w3 15

PUFA- containing oil to produce a {crude) oil mxture. This step can be

per f or medwoaari6se first), or later after one or nore of steeggErchsd® (i)
have been perfornmed. However, conbining should take place before step (j);
(b) purifying, which can be perfornmed either on the separate w6 and w3
PUFA-containing oils or on the oil mxtwe (resulting fromconbining). The
20 purifying can thus conprise; (c) optionally, treatnment with an acid or
degunmi ng, droalisgger wigtgpizasgiol i pi ds, trace netals, pigments, carbohydrates

ARG B LR e M R L
"subst ances agHsPITIAL is wdbful Baﬁhsﬂoéamra@@ﬁigly&ﬁaes da®)in@Bdsk %@du&ﬁidny\ﬁaht ng wth
water and if necessary, drying: gf optional |y, adding one or nore

ant |d 0X |t dant s; (g)Th@wtagmamlyes 4910 d/&hemgl, oreferably 9o ﬁglt pﬂygﬁabr(p;gmpm?@lftteu on
‘products race ur an ona iltering;
(i) cool P ng C8FIP\RH‘| g’“ﬂé’ tg’ errS%Yﬁ Sre %frﬁ? ?@H](s ﬁfe%?‘%%ﬂya%@ If the we
and w3 PUFA- c@ﬁﬁirﬁnhg’lsaﬁﬁa’@d SglheerRles Kill Beprodassd. duehilned; bd ieRdiheynki e WO
02/ 10322 PCT/ EPOL/ 08902 10 conbl ned (as in {a)) to forman oil m xture at
this stage. 20gifenditioss parmit thinmayibe 9n eutpidsttank, Sé@!ag%@l&ym macetdlaring cr ude;
Ot dat i on pridir andifH fobeigh3E duthd Wi Sty BER Khy oot e
sterols; 5 (. usxpgﬂaeata:bcbhangml i shing or removing oil-i nsol ubl e subst ances.

f d |
L{‘hZ?”ﬁdBSL' L b o b Ve e ho St BR: Bideeat 8 pdvanageals et et of med.
in sone eﬁb%siys?ap{ro%msc&%ﬁ?sm&ﬁmt ﬂad«): ﬁ@bﬁé aahk«.- ﬁ' T'El]?sdﬁlon giatively

or in addition step (1) 7S not pre era or both of
steps (f j zpnefen(ab)y hﬂer rmgramptb|t]msnlazdttorrilo‘r‘l:hér hfl fabm;ﬂe mﬂbnﬁca)sedlme(nt) are

applicable to any rifying ot oc For e le t be conducted on
the crude 0|I ‘F‘?? iﬂm Eh“o*?r%%@d@a)t%e(weé%ove can be
per f or med o i I?}ﬁﬂ%

PUFA- cont a| ng C%fé%ﬁg}’{/ﬁ 16)&{'5;?“%? ﬁa():lgr?qtgr?gg e coﬁbl neg and ngBIslg(j)

and/ ](c)_r éllls)_ lpmeoﬁx:ghﬂhemlm{mytl{swagfimatedniéutmfenab%nm T}mr pﬂlﬂlafg%taﬂngn c_(cmddxo&]? [ nba
purified oi e co 0 esir eav me [ referably
si gni fi cant 1YPR@geREY S}EPE{(%‘ES@I‘(%%‘ Q%ﬁﬁ‘ﬁtﬁf?%‘%“stoﬁaéf’aﬁltgt%l ow 0. 2

ppm pref era&hyer%mwapbéfrBM2 RR6 HERL, Yudhek o 1900 mmurf%mdnaﬂg. (Pb) the
amount is preferably below 0.06ppm préferably ow 0. 04pp optimally

bel ow 0. 02pgram Zhéo Pfkdws.red anounts of mercury (Hg) and cadmi um 20 (Cd)

are the sane as 9SG S eif'e for ad, PI unsat.ur at ed Fa Aci ds
(PUFAS) and o |'s THRGTaRACE ke BbRl, TBR TasCm il Bieb o ety i be

di fferenb PYmevedl hivmap asblvdhdamieqhipniht §ilth abaPlatd antt Rarhefiltbipress.
Preferably it is a C 18, C20 or 25 C22 PUFA or a PUFA with at | east 18
carbon at onsﬁléﬁwtlsfefmﬁlaﬂdé of grreevingrthe spdimentor ceysiplpmchide geefsiingation pe f or m of
a free fattx,a ﬁaat ﬂlt as a fatty acid ester (e.g. nethyl or ethyl
ester), as a pho }1 I'pid and/or in the formof a nono-, di- or
triglyceride. SUI tabl e (n-3 and n-6) PUFAs include: 30 docosahexaenoi ¢ aci d
(DHA, 22:6 (err)3),.suitably fromal gae or fungi, such as the

(di nof | agel I%"é’?”@’ﬁ?ﬁt hecodi ni um or the (fungus) Thraustochytriaem

y-linol egic aci d14fd fay fdnobelo?tédub? fatty acids and free fatty acids, mono- and di-

glycerides, oxidation products, pigment decomposition products, solvents and/or

sterols. In particular, it can remove unwanted flavouring compounds, for example
aldehydes and ketones. It may also remove hydrocarbons, for example resulting
from the breakdown of hydroperoxides. Other compounds that may be removed
30 include sterols and tocopherols.
Preferably deodorization comprises distillation, such as with steam. It is

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



WD 02/ 10322 11 a-linolenic acid (ALA, 18:3 (err)3); conjugated linoleic
acid (octadecadi enoic acid ,CLA); dihono-y-linolenic acid (DEA, 20:3
(err)6); woaghoshani c acid (ARA, 20:4 S26); and ei cosapent penaror/ooosl ( EPA,
20:5 (err)3). PCT/EPO 1/089U2 Preferred PUFAs include arachidonic acid
(ARA), docosohexaenoic acid (DHA), eicosapentaenoic acid (EPA) and/or
y-linoleic acid (GA). In particular, ARA is preferred. The PUFAs may be
froma natural (e.g. vegetable or nmarine) source or nay 1 o be derived from
a singl e celas 2do 4mlgar BT tedl tempewanme offthe oiltney Blffcin 16§ td2005C, fueh ak from)

m crobi al, al gal orog?l ant origin §00r source). In particular, the PUFA may
be produced léat%tzﬁ% » aptimally fapuB0dp 208%st . Fungi are preferred, preferably

-of the order Mic i.erel l . kesl ea,
Aspergillus, Thr thcjhg% %%eyr{l?’{ Bﬁ&%fié&mggéﬂcﬁr? F}élk%%qtlz?{&égér)@acmmgé@f erred
source of ARfodess.fPreferably NBAtlewslehre deduiced inathe il akleddwe 8.0604, St Rbly
"Aspergillus terreus or R; uminsidiosum Al gae can_be dinofl agel |l ate

Pyt
and/ or i ficl belovpB ity eptimalky balpw O3 Hor grampls pyingbs FOV (Rerqrddg;value)
Crypt hecodi nj, M &PHRis! j e those of the genus Pichia or
Sacchar orrycgg%1 suc 5&%%@%@%@ Bacteria can be of the genus
Propi oni bacterium 20 The w3 PUFA (e.g. DHA)-containing oil may be a
marine, e.g., fjsh (such as tuna) oil. The w6 and/or w3 PUFA (e.g. ARA, DHA
or EPA) - cont"f§ oi| can be a microbial or single cell oil. Preferably
both w6 and w3 PYffsmf réﬂnov@s&ne%ll%@%eﬁ%@ﬁ&@@o@%il%ﬁl@%ﬁsfaﬁ@%sf ungi ,
such as Mrtierella, t hi um or Ent onopht'’hora. PUFAs of w3 25 (e.g. EPA)
can be pitodutmdy tomprisel daefymngahe aif, fopexpimplé wiingra candid aras(chitadgePfiteer abl y
the w6 or nB (e.g. ARA, DHA or EPA containing) oil is a mcrobial oil,
produced by a m croorganism This may be a bacteria, yeast, algae or fungi.
Preferably therR\diRrbass at | east four (4) double bonds. WO 02/10322 12
PUFA oi | production PCT/EPO 1/ 08902 In the process of the invention a
m cr oor gani sm i s Rseferably the {purifyingd pregssseef, theinypntion thys confusisatint er vessel

containing a cultye } r taf | di.tJ optim sed
contal nTg B 2t € oy TS ERRLL RN bR FReFE oF: L o0
| f desirbl e, an®PURX-centaifiige ollftd prodhes apide) bid miktdre, I THIS el card thee

m croorgani sns nmay be killed or S)asteuri sed. This may be to ihactivate any
undesi rabl e enzy RsEormes nawy. tardiret).«5 Jaferalter pog ormemsoL sleps o & Grhaveduce t he

yield of the PUF ' H(?l bi ﬁ-lnlg I € fernenter,
and i f necessary Fratﬁ}gp E(si'ua Iy%\?\r/é'?%%? r %e‘ggt%\!%grbfg%qgi% %g’ui tabl e
solid I'iquid sepabpti @arifying, which can be performed either on the separate w6 and ®3

PUFA-containing oils or on the oil mixture (resulting from combining). The
20 purifying can thus comprise;

(c)  optionally, treatment with an acid or degumming, or removing

phospholipids, trace metals, pigments, carbohydrates and/or proteins;

(d)  optionally, treatment with an alkali or removing free fatty acids,

phospholipids, pigments, trace metals, water-insoluble substances and/or oil- .
25 insoluble substances;

(e) optionally, washing with water and if necessary, drying:

® optionally, adding one or more antioxidants;

()  optionally, bleaching or removing pigments, oxidation products, trace

metals, sulphur and/or soap; |
30 (h)  optionally, filtering;

@ cooling or winterising or removing saturated triglycerides. If the w6

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



techni que can be used. This (dewatering) may be by a nmechani cal nethod such
as centrifugation and/or filtration. Suitable centrifuges can be obtained
from Westwalohaddybor Tetra Laval TM Centrifugati on may | astpcirgpoing®n 2 to 8,
such as from15 3 to 7, optimally from4 to 6, mnutes. Residence tines are
fromO0.1 to 3, such as 0.3 to 2, optimally 0.5 to 1.0, m nutes. The
centrifuge may operate at from 2,000 tol®, 000g, such as from 3,000 to
7,0009, optimally from 4,000 to 6,000g. Follow ng disruption and separation
the process of tisembingdias ior(2)ay forowanadl mixdurp ot s sager A4t forthis ppint feyi ng or
i sol ating one of popre P ) T, | | y then be washed, for exanple
usi ng an aqueous Oéomjayisgﬁ%%gﬁéﬁd%@a%vegﬁlgr?u or exanple to renove any
-extracel lular wat@@r sadeoddrisigOsmenoving fide &itgrabisymbhe mddiesl €. g.
ARA) - containing oil_ conprises from10 or 15 to 25 or 30% of the PUFA. The
purified (e.g. ARKJdagpp ppdueisy Rismpnidsaprnpesitiontpraducty selvergsandiomssterals; 50% of
‘the PUFA., 2s Pro ti . ) . .l _may be a

m crobi al (e.g. g?ﬁm %ng{‘?l& @?ﬁs&gﬂglo‘?sﬁr;&ggvr‘gé Pﬁﬂq’g;%l‘%’gyg‘%ﬁféf’%eﬁe (e.g. fish)
oi | or veget abl e Inkbmé purdifyéng groveksesatepd &)f (dabhd/ (&) meshct dptiokdeNhitothére W3 and
w6 PUFA-containing oils are preferably froma mcrobial or single cell 30
source (or dOYergs.@ithoygh abaye paly thg deodpiiging Ep §) BIGH LS PRIlARSAZINFOMSES ( DHA

d/ EPA ' i I P i lagd - A s hen th
rude of 1 RSB ePidand! ) S TAANA! Lttt ol S il N (1
sunf | owner, s(t);ibnﬁmpdonzﬂ;iqﬁmeﬁatalbly one\M@othJcﬁ/stb@QE@aﬁt(I[d)EROjotb@ﬁ&m 13 A
o1 conai ni ng AR P HPRdebOdH R aRReale 5 Ay BT RBPAROL B 1
WO- A-91/ 144 ?e%rg/?rrettﬁik: )nagrrtsé doiAudigd MOHecBle bR nirdBHbGEVer ohBBr RLESSNt

Appl i cant has eady described various nethods for extracting PUFA oils
from 5 ni cr clEpalc)do (i ekave candbephdemeadam the cfude nd PUF AAGmaiging36i00@/and

WO A- 97/ 37032 { bo i St -hrocades). .Preparatign of A nd ..

EPA cont af nidAghops PUTA SR RTRSEMeinil e tsdaingn s smbineant 8855 ) n ¢ ne
oil, it is phebe(n)gerbAndd sPfe W mixBRe PUFA is in the formof triglycerides.
Thus, preferably at |east 50% such as at |east 60% or optimally at |east

70% of ¥he 1 o PUiesppsfying fandgpye @ prudied ¢bnihe cpmientaf (undssirabloomt  of

R A T
preferably gireftabbtbed®VD.25ppmh, mreferublyl ister 03GHm, apdmaly beteiv 0/05pptheast 60%

of the PUFA js present at the a-position of the glycerol (in_the
triglyceridd %k@é&%\%@? amoup 1} pERiFrakly belew 0.06npmy Pﬁ%f@qa{vw&?iow p-OfeRmpe

preferred t . 0 0 I t | east
40% of t he %%hzﬁ?lg%g%“{ﬁgﬁgpﬁ.( ﬁcg’%ﬁﬁeﬁ%ﬁ‘%@ﬁﬁ? g‘%@@{/%@%‘??&?’l& Oi | will
sol i di f y2oat (€d) axpls simer & thbsefspecifidd fovl€a@. | n the purified oil the
triglyceride content is preferably at |east 90% such as at |east 93% and
optimally at |east 95% The nono-glyceride and/or di-glyceride content is

20 preferabl%ljtl@g&u;ﬁ@dlpzl?Ag,u@hu@pA_.}R%gogman 5% optimally | ess than 3%
The amount of "nonogl éceri es may be [ess than 0.5% such as |less than 0.1

% optimally |essthe fD.cgn@iiheréea@mgteé?w%prgifcwrdnonerdiﬁfwentpﬂwlms.ed oil is

preferably lgss t 0 h | e | % Lekl.y less~then 2% In
the purifi ec;’lEil %ﬂr,egcfarg%é%/%\nct%g%? og?"et%%ﬁfléleagn?rpgé) P%ﬁﬂ?éé I%I)P e gr g%‘?)(?r at | east
25 30% BuchC22sPaFA loeaPIUFSS With@ip tdastell8l curbdh at@@sandDdouble ¥tnds. The anount of
free fatty acids is preferably no nore than 0.5% M xtures (blends) In this

speci fi cat i GRS easrhe Pravided insthe iform ofpdsecfalty atid nsaltops pfatty geidgsies (for 30
| e wh t i f 1] j I; : i nt
hai T orl gi iae BEulor SRy ek e T B o e R RS AR o1 s ar e
i nsepar abl e)trigloeredeanpl e of the forner is where one (or even both) of the

oils are (e.9. MELO (n-3 and n-6) PUFAs include:
30 docosahexaenoic acid (DHA, 22:6 Q3), suitably from algae or fungi, such as

the (dinoflagellate) Crypthecodinium or the (fungus) Thraustochytrium;
y-linolenic acid (GLA, 18:3 Q6);



WO 021 10322 PCT/ EPO1/ 08902 14 encapsul ated so that although the oils are

m xed, they can be separated into the original constituent oils before they
were m xewo jdaeeeger bl ends are preferred, where the oils a@ca/Epot/osvet el y

m xed and separation into the original constituent oils is inpossible. The
m xtures can be of a plurality (at |east tw) oils, although m xtures of 2,
3 or 4 0ils are preferred. Preferably the oils will be microbial or single
cell oils only, in other words oils fromother sources (e.g. nmarine and/or
veget abl e) can bé-linedeniciecdd enbAsB:3863)present. The ratio of we: w3 PUFAs in
the purified oil r optimally from1:1
to 1:2. Pr eferablcy Jﬁgﬁ%&g%@ﬁ a@#d%vxggm&?es%‘gglé?ﬁ?i it is 1o EPA is
at | east 1/5th ofliliohe-phinciehicatid(DGHHE 2R especi al I y if it is ARA) in
the purified oil mxture. Indeed, it is preferred that the w3 PUFA is at

| east 25% such aeachidonicasid BdvA, 201 § ﬁhqﬂﬁ 35% of the w6 PUFA content.
‘Preferred featur ne aspect are applicable to

anot her ?mt atis et ngﬁgﬁa%@éaﬁﬁﬁ%@n wi |l now be described, by way of

exanpl e, with rePesfenePUBAS ﬁlﬁ:llfdéhl‘&ﬁﬂdﬂﬁm@éﬁh@ﬂﬁ&), dudvsoliexaéminadidt o be
construed as_bheing limting, but instead are perely illustratjve of the

present i nvéRHAgreicesapeRipeuor oyl @M@N@Vé@ﬁmi}ﬁ Gt IndpartisBlasi ned usi ng
t he net hod NRE@FE&%&G of the WO A-97/36996 (G st-brocades), using hexane
as the sol vent r extraction. The ARA content was 35% Crude DHA oil (27%
DHA) was obt ai ne@he mpesmagrbmﬁomamauﬂal((blgnaemdb)e drroarine) smoseorBhacar e

2109, N 3202 Sande d, Nor 0525TG)., 25 The ARA-
and DHA! QongaﬁFﬁIYFél fepa s%gi%c% ljﬁ{qﬁ??&s?‘ﬁ %Eﬁ%ﬁ\rﬁ’% l?ﬂgr(ﬂ A sterile
stainl ess stggl) Iﬁlemblmgéllomanp&?glﬂﬁqs%ke) IPpstiollal AR FUIRKSapRR- TO the
tank was added "30kg of crude , h stirring, over a tifme of 15
m nutes (ex ptaslhicq:tbb)aa bacteridy flsnggaoey@schu@ aue prefwmdmefevabbhofathe prdar DHA oi |
(wei ght) ra de oil mxture

f, 1
(e Shen puMittoStien 3 amly Vorirdla ghtestivhis olabedlen oo iR, 15 10825 15
Purifying P@fﬁﬁ%ﬂzﬁ%ﬁ?ﬁﬁﬂ?ﬁ@n 6ORRbMbERh&Ya, TN préteirerdonede oTIATOR is fbinh

i nternedi ate st eps as and” when necessary. The four main st ages wer e: 5

aci d tr dat mMartigedgiminadilakesiennisporq, efhpmﬂluS(tﬁ@msmlﬁy&wm dsjdiospint.
necessary wal&f, Wasll Ao ARALIL MGk inlifiec BXPPhSub NI IR oS 0aPS O soap

resi dues);

Crypthecodinium (e.g. Crypthecodinium cohnii). Yeasts include those of the genus
Pichia or Saccharomyces, such as Pichia ciferii. Bacteria can be of the genus
Propionibacterium.

20 The w3 PUFA (e.g. DHA)-containing oil may be a marine, e.g. fish (such as
tuna) oil. The w6 and/or w3 PUFA (e.g. ARA, DHA or EPA)-containing oil canbe a
microbial or single cell oil.

Preferably both w6 and w3 PUFAs (e.g. GLA, ARA and EPA) can be
obtained from fungi, such as Mortierella, Pythium or Entomophthora. PUFAs of 3
25 (e.g. EPA) can be produced from algae such as Porphyridium or Nitzschia.
Preferably the w6 or @3 (e'. g. ARA, DHA or EPA containing) oil is a
microbial oil, produced by a microorganism. This may be a bacteria, yeast, algae or
fungi.
Preferably the PUFA has at least four (4) double bonds.



bl eaching; 10 (if necessary) filtration, for exanple to renove adsorbents
used in bl eaching; deodorising; (if necessary) polishing; and (if necessary
cool i ng owomanbeni zation). 15 1. Degummi ng (acid treat nentpor/EBioh8890as
performed primarily to renove phospholipids. The oil was heated to 70C
Phosphoric acid was dissolved in water to a concentration of 85% This was
added to the oil (about 3% of the wei gh#2of phospholipids in the oil) at

1. 5g phosphoric acid solution per kg oil. The oil was 20 kept at a
tenperature of 80C far 15 minutes. The m xture of oil and phosphoric acid
initially f n sjon, which was denulsified on further heating. The
guns were tﬁ’é@?é’ﬁ%e@é 'éhcentri fugation. 2. Alkali purifying

‘(neutral i sation) .InAhd protess bDihe W@&ntien 4 aticrdrghnisads suitbliefifstfraemedit of acid
present in the oil, and hence Lo calcul ate the armuni1 %f al kali required '
25 for neut FE¢h 3% agfgrmepder;vigeseheqntainipng ja;cultursdnediymy d e dsreentatieny was added
‘to the ol : ] : I ; L S) were
then sepdr at SO, BE oy o PO e e R T L T
avoi d cont adateniin theaiil).) If desiyable, ane forekamplemfterfeementationsa finestiedydhe by usi ng
hot wat er (94,C2 fol | owed b%/ c,ﬁg(ajrifu at,iﬁ%n. 30 3. ., Bleaching. The oil was
first driedmicropsraniyiinabediied,on paptruriped. oFhis Ay be IJRACIHAEANNN adsor bent
(TrisylT™M Vd 9 S t i iexed in.
The oil was ggét?rea téo Ogsii%efr%&?z%%oi g%@gt\r’rggﬁ?&g i%eudggeﬁc%\%l%gﬁg?gﬂ

PCT/ EPQ / ( 1880RUFAssprayed i nto an agitated bl eaching tank to renove air.

The adsaqrbent was_.al.l.owed to st in contact. w.th the oitl.for about 20

i nut es Ouher eupcPberHiB oY 5eNer BORUBF Faner apdiagcessity

Wnteri zat| qiq]u{d:@@bamg@ateﬁ h@n&ield thepoitord! AR Quitable ﬁlﬁ)liqgaﬁseph@%ﬁ cooled to
S 4C under m’ld agitation conditions. This took about 24 hours. The oil was
kept at 4C fteshnigustcar be psedh diiss(dewatering) masake bhemeehanical wmathedisneh 28 pl at e

and frame filter. press r.essure of 200ka/nP (0,2 .to, 0.5 bar). S.
Deodori zat i (S’ﬁptrﬂéau(?f‘Ian&}ggﬁg‘t%gg’f‘f\%ld]i‘tgﬁeICFéﬁl%ﬁ%ag?‘n léea%bﬁ lrn11eda ron t enper at ure of
180C and | owypstRgistM 6r Tetrd Caval M @ehtrifkgatidbnepayiiastifsiofiora 2 ta8abuehes fidin t he
crude ARA before purifying and the purified and bl ended ARA and

DHA- contli ni3ng 7eptimpldly FemA @ minutyn HResidencertimesare frgnpdd 4¢desugh@s 8dount ARA

Crude O ( ore: I & ¥l ) Bl.ende i . rifyVi ol i pi ds
(A2 - 3. 50952%19%’%‘?;?‘Z‘*lgpolﬁhhu%gpﬁggi°é‘§£‘ﬂ§5"§%a¥>%8ﬁ‘%%ﬁ%d%§m?2E% 0.
5- 2. 0<0. 05C8,{00gn$uch.a8 Troth 500G T,000egrptnddly frdiRA, (080 G000g.t Bolddwihgt t y
aci ds) 389. 5Water . (% |0.50, 1Peroxi de value (POV)5-10<1.0 15 Exanple 2 A
crude ARA- c SHTHPHATARdsepargiion tgF Bf?&?séd)le?f‘c'é‘?’?ﬂ%@ Ray fgﬁé“r?é’f‘%’ae of
Conpar at i ve Exaip . Ll i 362 (G st-brocades). This
cont ai ned agpr oxl %P%;?@&%gﬁg%&@oﬁéb%@ﬁy@

20 The cells may then be washed, for example using an aqueous solution (such

as water) for example to remove any extracellular water soluble compounds.
Preferably the crude PUFA (e.g. ARA)—cdntaim'ng oil comprises from 10 or
15 to 25 or 30% of the PUFA. The purified (e.g. ARA) oil preferably comprises
from 30 or 35 to 45 or 50% of the PUFA.
25
Production of Crude Oils
The or each crude oil may be a microbial (e.g. single cell) crude oil, or it may
be a marine (e.g. fish) oil or vegetable oil (either crude or partially treated). Hence
the w3 and w6 PUFA-containing oils are preferably from a microbial or single cell
30  source (or origin). In particular, crude oils containing 3 PUFAs (DHA and/or EPA)
can be marine oils. If the PUFA oil is to contain GLA, then the crude oil may be a

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



WO 02/10322 17 PCT/ EP01/ 08902 A DHA crude oil was obtained using the

prot ocol described in Exanple 21 of WO A-97/36996 (G st-brocades). This oil
cont ai nedw@Qfmnsngl yceri de, 12% di gl ycerides and 3. 7% st erpghrgpofi®oPHA
concentration was 32.6% Each of the crude oils were then treated using the
sanme protocol as Exanple 5 1, with the followng variations: (i) in the
acid treatnent, 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 citric
acid (50% was udenunbertefdecymantsdescribesthe pedpetiqn ofjcrade RURA gilkal i t r eat ment

t he concent h 30/

treatnent (wa %ao(r%m\‘}v%gﬁig&?ﬁm M%ﬁ 8%)18\%3 lh QV(E%)I e‘g%ﬁ?ﬁ%é @ﬁmﬂ:ﬁ){; Eg%gq
adsor bent TawoLA DY/ 143N EI) 8nd DHRAI @hW(ﬁEemHmys)lsa(Mnmp Blie phBGt f or 15
m nutes. Ten kil ogrames of each of  the two resulting crude oils were

bl ended i n &ppbcanthasalieady dgicrihedyarjoyy meihpds é?rrﬁxgﬁctm&moﬂbfmw une)

‘bl end of 1: %E 5 he. t S was

t hen deodor grlslélﬁggé[l a %Sf’r%ﬁec?%l éu%rcglfl B%f%’g g&angnflg? 3%2%@{“1‘%%%@32
cartridge f(bdtRGistEracades). Trdparuﬁbnbf AR AR Aiaad BPiAatontiihing 3ilB oA A)
derlvedfromNbrtler |l a a, 20 s obtained (5kg) fromDSM N. V., Food
Speci al t i es dgseEid §‘?Hh&’Q’A§2/%% liM%gg MA Del ft, The Netherlands under the
trademar k OPTI MA [ b fp f
Bcampl o 1. A pur i T pyias Bisferadhal R B DURA 1474 18 e Pt RE e

cont ai ni ng This mfﬁfe(aEB'Aa(TMsﬂﬂP/ﬁT@hmﬂaledseﬁO%l mujmdlaﬂiyahleaﬂé’om of theed ARA

oil. The t vmt each ot her i ess eel vat
oqut ppoddw PHEA ift iy SriEod o viies e Aibyteds sttt Boy BOREHER e Ama
oi | enpl oyedudiadat 260 £5%, peferad dtfléa‘é‘@(}%'rﬁgretﬂi‘&'eﬁb@t@%ht 95‘%6%93%'& 1,

with the foll ow ng vari ations: Oé ) phosphoric aci'd (80% was added at 2%
of the vol uthe ail. Ofithess triglycerigest prefezatitn bt leags $0%OPRch e o least S0P, end 10322

PCT/EPI) 1/ 0898ma111y at least 60% of the PUFA is present at the c-position of the glycerol (in the

triglyceride backbone), also known as the 1 or 3 position. It may be preferred that at
15  least 20%, such as at least 30%, optimally at least 40% of the PUFA is at the R(2)
position.

Suitably the purified oil will solidify at a temperature of from 4 to 6°C. In
the purified oil the triglyceride content is preferably at least 90%, such as at least
93%, and optimally at least 95%. The mono-glyceride and/or di-glyceride content is

20  preferably less than 7%, such as less than 5%, optimally less than 3%. The amount
of monoglycerides may be less than 0.5%, such as less than 0.1%, optimally less than
0.1%. The content of sterol in the purified oil is preferably less than 5%, such as less
than 3%, optimally less then 2%.

In the purified oil, the content of the (desired) PUFA is preferably at least

25  30%, such as at least 35%, optimally at least 40% or 45%.

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

Mixtures (blends)
In this specification the term "mixture" includes a combination of the oils (for -
30  example where the oils, after being combined, can be separated back into their
original component oils) 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-)



(iii) water washing was at 85C but with a snmall volunme of water so no
subsequent washing was required; (iv) bleaching was at 90C for 30 m nutes;
and (v) cwaldngsmwas down to 5C and kept at 5C for 2 days. PeT/iiHoh®s9d2 gi ves
t he anal yses of the oil before and after purifying . Table 2 Substance and
anount Crude G| (before purifying )Purified O Phospholipids (%2 -

3.50. 05FFA' s (% 0. 4<0. 05Phosphati de (P/ ppn) 60- 100<8Fe (ppm 1. 0<0. 05Cu
(ppm 0. 06<0. 02ARA ( g/ kg) 350175ARA (9% 3 819Wat er 0/%0. 50. 1Per oxi de val ue
(POV) 7<1. 0 enhapsulatedesoths abbhoughrtiewilsaaplized? thesisan hesepatatest intdshect ed,

separately and | nde de to.the sane he crude ARA oil .
The resul ti fy'8aBA %r%?ﬁ} P?Ig%qgg re {hey ‘Y‘H’SH‘%&’ ﬁ%oev&evﬂﬁlﬁ (iﬁ‘f’éep l’sé *ng DHA oi |
"(33% DHA, | Sigbre 1RGOk fa@rmumaﬁl Blcllafg §ep%f£i%h lma&heetﬁ;glﬂmdnmtﬁém gil$tsi rrer.
The bl ended oil had an ratio of 1:1. 16 and was then subjected to

deodor i zat i gmpassileo&he mlmﬁ &4 oy off aeluralify @h@atﬁ GVPX ilsn glthaugh saistlugesi s shown

15 nsa. 8 %00 D8RRt e R i T b Bl bR o o o

KO-Vt er  wasdiily) 4@ 4B8H BRI oils ROMORhdrGduRed @& . £ GlrinPelld/0804p2taBiy) ichrybergExanpl e
No. St epl124Dryi Qg?OC vacuunv0C vacuunNo |~ Bl eaching [|1% adsorbent 105C,
20m nsl. 5% esueedad somoypresgmyi ns19% adsor bent, 90C,

30m nsFi | teri ngYepy %%Y@iggﬁmm@ln&l?e@gf@a%ﬁlﬁgggéﬁpﬁg@@ oGS 24

hrsAs 1Cool to 5C over kee
Deodor i si ngNol J@ﬂﬁi\é@ RO CNao Izom&e%wam@aﬁmmumqemu}eﬂ%w

Pi JFADHA (20 339 2. :1.091: 1. .54
10( ?A) is at leastt?@h%e( amoﬁnt of the mg 1?61518 ](espegigl}y 1;If it 1s ) in the
purified oil mixture. Indeed, it is preferred that the ©3 PUFA is at least 25%, such as
at least 30%, optimally 35% of the w6 PUFA content.

Preferred features or characteristics of one aspect are applicable to another
mutatis mutandis.
15 The invention will now be described, by way of example, with reference to
the following Examples, which are not to be construed as being limiting, but instead

are merely illustrative of the present invention.

Example 1
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 oil (27% DHA) was obtained from a marine
source (tuna oil) from Pronova Biocare A.S., P.O. Box 2109, N-3202 Sandefjord,
Norway (EPAX™ 0525TG).

25 The ARA- and DHA-containing oils were then mixed together to form a
blend. 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 (excluding air). This gave a crude oil mixture with an ARA:DHA oil
(weight) ratio of 1:3 (ARA:DHA ratio of 1:2.31).

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



Exanpl e 3 uses the sane purifying as Exanple 1, except uses crude ARA (38%
and DHA (25% oils (ARADHA ratio 1:2.6). 5 Ex~-le 5 The protocol of Exanple
1 was repoat@tosxcept that crude EPA containing oil (obtaipgdemyossmbng the
Exanpl e of WO A-91/14427 to obtain an extracted single cell oil, Mrtek)
was used instead of crude DHA oil. The ARA oil (35% ARA, 10kg) was then

bl ended with the EPA oil (37% EPA, 5kg) fogether in a stainless 10 steel
vat equi pped with a stirrer. The resulting purified and bl ended oil had an
ARA: EPA ratio of 1:0.53. Exanples 6 to 8 The oil blend of Exanple 1 (0.5kg)
was m xed wipllgyi]? tose particles (10kg) 15 in a Lodige m xer by adding the
oil blend at a“rate.of 10 kil ograns per m nute. The resulting powder was
stored under ni t rhgeconsishel qfdonkepradipa steps; evithdstetrinsiiate digpslad mdavipawder ed
infant formul a s%20k of . SMA Gol dTM United Kingdom). The sane WO 02/ 10322
PCT/ EPO1/ 089558 Wp%@@éawrfaalﬁé?ge%waﬁﬁbt ed using the purified ARN DHA bl end
rof Exanplge 4 and the i b ?Fﬂﬁé P nd of Exanple 5. Exanple 9 s A
bat ch of 5200 kg of po%égdr{é%ﬁ@rel antér‘@?%ﬁa cont ai ni ng 2kg of a DHA/ ARA oil
bl end as a honpgeneousalkilifnéatimentnentrapisatiod);accor ding to the fol | owi ng
protocol. To the infant,.fornula the oil blend.was. added,.to a tenperature of
50C. The bl end was spr aesi?ryaw?tﬁtt‘gasb*ngcﬁngr&ﬂlp%(??’é‘?w&? OTEWPVRHIREBS i nf ant
formul a noving throughorodp tésiuend bed at a rate of 50 kil ograms per hour.
The 1 o tenperature was set so that the water |oss fromdrying was between
1 and 2% Exanple 10 Algaehing; of 1, 000kg of infant fornula was suppl enent ed

with an gil blend accorgdi nmple- 2 as follaows. A pr.enm x s first
pr epar edfbcont ai ni ng Zﬁfgjneggss&&% E@iﬁa&mh&f W%‘f }o rsplgxagdﬁﬁl?eglltqus\é\%& al so
contained vitam ns andbledchiiggl s and | actose, and had a total weight of

200kg. The prem x was then _added to 800kg of spray dried infant formula,
and then mixed in a CeoAPEYIRENaut a 50 RK mi xer. This powdered instant

formul a was nade into 4 ; n by babi es by adding sterile
wat er (13g of powder eoﬁ?dr??%sfﬁ%?g@w: Q’ oCPQOrrfL water). 20 WO 02/10322 21
CLAI M5 PCT/ EPOL/ 08902 (if nefegstuiye@slng o wintezjzatio)g an oil m xture, the

process conprising: (a) conbining a crude w6 PUFA-containing oil with a
crude W3PUFA' S containing oil to produce a crude oil mxture; and

1. Degumming (acid treatment). This was performed primarily to remove

phospholipids. The oil was heated to 70°C. Phosphoric acid was dissolved in water
to a concentration of 85%. This was added to the oil (about 3% of the weight of
phospholipids in the oil) at 1.5g phosphoric acid solution per kg oil. The oil was

20  kept at a temperature of 80°C for 15 minutes. The mixture of oil and phosphoric
acid initially formed an emulsion, which was demulsified on further heating. The
gums were then removed by centrifugation.
2. Alkali purifying (neutralisation). A titration was performed to determine the
amount of acid present in the oil, and hence to calculate the amount of alkali required

25  for neutralisation. To the oil alkali (sodium hydroxide, 15%) was added to the oil
and well mixed. The resulting soap (saponified substances) were then separated by
using self-cleaning centrifuges (hermetically closed to avoid contact with air). Any
traces of soap were then washed out by using hot water (94°C) followed by
centrifugation.

30 3. ‘ Bleaching. The oil was first dried at 70°C under a vacuum. To the oil was

ITM

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 mixture



(b) purifying the crude oil mxture to produce a purified we and w3
PUFA-containing oil mxture. 2. A process according to claim1 wherein: (i)
t he puri fywiong/eapri ses renovi ng phosphol i pi ds, trace net @ca/epbPoPognent s,
soaps, carbohydrates, proteins, sul phur, sterols, nono- or diglycerides,
saturated triglycerides and/or free fatty acids; (ii) the oil mxture is an
oil blend; (iii) the w6 PUFA is ARA andior the w3 PUFA is DHA or EPA

and/ or (|v) the conbining in (a%ﬁ;s of only two or three oils, all of which
are 15 si nglsprayed intopn agitatesbbleachise tank t® remoys et eEbe adsothedt wes allowetidom 1 t o

neut a1 Sat ot copr AERPRY Sf By i, FRGknad! 6ol F0bPRLl

"bl eachi ng angblamdddesay.i zation. 4. A process according to any preceding
clainms which additionally 20 conprises: (c) optionally, treatment with an
aci d or degudmmi ngVinterizetiem(doaingh ddwiedi(hew g,tabout 3TE) s slowly poajedior s,

Terovi g o r deCradp R PR RpalfbeT prCioos Al AHEOE de SHarRer o kali or
wat er - i nsol tabb%%@meilaa%u@n%eroﬂgus%n'm%émlfgdéyﬁ&tﬁaﬁt A8 one o

optionally, ing wth water necessar ng,;
nore anti OX|11desmtsap(egs)ur®pf2(tﬂkg!m7y(0 2@t bay).Wi t h wat er, bl eaching or

renovi ng p| xi.dati o ducts trace .metals, sul hur and/ or _soap;
30 (h) opti 33 OBP’il%aé’PPng' otl g Gieppshistiled Bngeraewin) 2} Bigonps rapyre of
optionally, 1%9‘&‘ LD Bé’%s’ﬁ}@( | 514N A, removing saturated triglycerides; (j)
deodori sing or renovi fatty acids, nmono- or di- glycerides,

oxi dati amo pr oductAscompagtﬁenbfdeOB’lhbIcmdep’dmlbeﬂom pwifyingnami thend/ or
sterols; (k) aqptiong]l poli shin r rempving oil -insol ubl e substances. 5
5. A pr ocesé’“‘a‘g‘ A st AR 9 1CRBIRENDE O AgHER EiGH u]t Fetlhe crude w6
PUFA {e.g. ARA)-containing oil contains from15 to 25%of the w6 PUFA;, (i1i)
the purified we PUFA oil contains from35 to 45% of the w6 PUFA; 10 (iii)
one or nmore of {c), (d) and/or (i) of Tabkilm 4 are not optional; (iv) one or

more of (), __ one
o o) the 1 b Srbetaae Rod smombi ngA%A|Cm@q1@11re<u|thag‘eacb”oﬁ?“}?é’”t pon "

oil and/or the crudg

mbi ned i dth I t ateel. t '
andlor (10 and o ?“m both the b o b pnoka” HERrApRRIALP oD, ()

doubl e bonds. 6. A PPhésphsligiaeOnyl Ng t 0 ary-psecedi g cl a.08 whergin either:
(i) the w3 PUFA (e. oil is a fishloil andlor the we or w3
PUFA {e.g. ARA, DHA|BFAg ﬁz) cont ai ning oi I 04 a m i crjobi af ar08p1;: ahd/or 20
(ii) the crude wo PPg S riaped—frgm-a—fungus—o] the order
Mortierella, optiong ’Fﬁbépﬁ?‘t&)ﬁ(’? ﬁ&f)untgus Nb%pttl % el l alal pi nza]lwand/ br t he w3

PUFA- cont ai ni ng oi l Fs(ﬁﬁn) ved fromthe or)gRrDiOsm Cr;wpt heeoddsni unj cohnii; or
(iii) either the wo| RUEA or w3 PUFA-lcontaining oil ils a veqgetablg 25 oil.

7. A process accord| &4 ®PMany preced] ng ol & whereiln i n<PR8 purlfied oil

m xture: (i) the anpgmtipiipSPUFA— ERfR s —at—teastgz209of{ t he anount
of the w6 PUFA (e.g %fgk%};d/or 30 (||) ﬁ?() puri fijed oi%sﬁﬁas ap we: w3
(e.g. ARA:DHA) rati pA®A {ds@ooficalt 0 b I, opsgonallTyfof freosm I:1 fo 1:2.

fatty acids)
Water (%) 0.5 0.1
Peroxide value (POV) 5-10 <1.0

15
Example 2
A crude ARA-containing oil was prepared according to the method of
Comparative Example 1 as described in WO-A-97/43362 (Gist-brocades). This
contained approximately 30% ARA.



WO 02/ 111322 23 PCT/EPU 1 /118902 8. A process according to any preceding
claimwherein the purified oil has at nost 0.1%free fatty acids, at npst
0. 2% of pWesRhe3Z2pi ds, a phosphorus content bel ow | Oppm arTFRYegent ent
bel ow 0. 05ppm a copper content bel ow 0. 02ppm and/ or a peroxi de val ue (POV)
below 1.0. ' S 9. Apurified oil mxture conprising a w6 PUFA and a w3
PUFA, which is suitable for human consuipti on, such as by a baby or infant,
and optionally is a purified oil blend which is preparable by a process
accordi ng to any AHDP¥bedindg odiwdswbtairgd usimgdlk priotocbbdaserilediin Kxemplerdlsofng a

purified oi |, xtur rdin Q aim9, for le a.fo tuff

(pr ef er abl yVg@&giﬁéf@gg?@’Egb{?%ﬁchsbzhlﬁ/oﬂﬁﬁgﬁ@egﬁgﬁ%g@ﬁﬁ%ﬂgﬂ°y an i nfant
‘formula) a rd&%&ée&id@é‘ﬁﬁd SUPRHGORNThe DA BhciR&RIN W42 gposi tion. 11. A
process for the preparation of an edible fornulation, the process

conpri si ng i ncor gachof thy capdediils wersthen tregied psing thetspmg ppotoed es Esaropledi ng t o
rany of claigs J,[ tﬁ) §moor. aaguriifi_ed oil mxture according to claim9, into
a formul &t hwlll% 92 K’“&% B4 ccor di ng to claim11l wherein the

TAENL. ADe. AL MR AL AL Aar Al AL AN AL e i pHosphac acid was 20

: . A9e. AL, . . AFsr . : : . AL. A&;

L. AYL. AFuLl . A" . Agninptes agd the giltemperaturg was 70°Cdgr/e @RA oil, and for the DHA

uvz kf a\ . < Ra
ca oa] cal ca] cal o A CATEaF I Th PEs A Fb Ol SRReFarRaEs oo ) el calcal
} xrmheYkf a\ W cajiral GahfeadiediMlaah&r tAddheéntlasian of sodium hydroxide was

V] c”a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal] ca]ca

FI LI C' " "itb#v###$]18%% ndgslsdgovater treatment (water washing) was omitted;

&a&& ' h' ' l.gb al ca al.cal c ca c alcal call.ca] ca]ca]c
aV] ca] ca] 021/]( f:g]( E:X?’eg] ]@X%Qg@f%gf%ﬁﬁ‘%]%g?%g?%ﬁ?%gﬁl@ﬂ%ﬁﬁahq M«Wﬂl‘* % ., ] (-} -
----. Yo 1001 THRghyy HaGra$ W 1 Grlasl sahgali&al cal ca] ca] ca] ca] ca] ca] ca] cal]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 02~223¢c333G4W44B5
E5CBR575nb57V7 77 Seakildgiammes of each of the two resulting crude oils were blended in a 30
<<=B=~ytoj e,] V] cg] ca] calca] ca] ca] calc alcalc al.cal,c caUcalc
aV] ca] %:/a] {:af%%qt?fg%ﬁv@gﬂgflgg?%ﬂéq %% JQM%@@&@?@&@%C_&DYB
Dz DDEEF$ko ikt 621 pkob). [ Micmbspdfithaivwditad sethemdsorbaisdda Whsapdaahiadtca) cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] cal] ca] ca] ca] ca! 7Gb HsHHH 191 ~1'1 J/
KOKKk LLLL<MYRRO°C and then clarified using a cartridge filter.

N( NPPQ~-RSTDVTVdV~yt oi d*Ykf " [ V] c] caV] ca] caV] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] caV] ca] ca] ca] ca] ca]ca

ﬁg%é]éYr_‘g)(YYYZZ[ INZr 272727777
[[[ ~ysnhc] XoTd [ V]] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca]
caV] ca] caV] ca] calcniiagdcARAanissabial 2jld33% hilaald ttierella alpina,

X[ K[\ \ \ e e ]
AT @ aa Y STk o PSM ML Eped Sessiali vt BQRN LAY cav) cal ¢
aV] ca] ca] caWiad)ethVThelNembitaks ahda ieatddeaiaclaUPTEUARME This oil had been
abHccc*dRdUdnddei eef j f nf f si nn* nwooooqqr s: ssss<t ~vtoj e ZU calcaV] ca] ca]ca]ca
] ca] ca] ca] cRpeteqd B%i]’&ME&PE@]@&FE@P@Z‘U}%QPEET‘EQ?’@E]’Q!ET‘E@F@&\@&%)CM calcalc

a] ca] ca] ca! n * ~ ' cal ca
CLU] I:a] I:a] c%ﬁ%ggﬂ%%gﬂ cai ca?%g%m‘éﬁ@g]gg??gmmﬁga%gfﬁ%%g] c!at] c!at
] ca] ca] ca] catitr'th patikied- AR Aqdiy.Theywoloids Werk mibied alithadaclabthaMincedtainless* a] ca] ca] ¢
a] calcalcalc al calcal calcalcalcalc caUl ca c"a] ca]ca] c”a]ca] ca] ca
71;10"!J~y%26j ]e‘s%f\?k]eﬂ @P%fgrhg?]@gﬁ’%'a@]é}d%ﬂ&ﬁgkﬁ]"c ]lé‘]:;l§®]a] ca} ca} ca} caU} ca} ca} caj
ca] ca] ca] ca] ca] ca] ca]caU] ca]ca] ca] ca]c™a]cali #&p{e_b, D wlga\Vje ZU V]ca]ca
V] ca] caV] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca]c”a]ca
]Jca]c”a] cal 4a] ca

D&e b, D l ga\V] e, Z .
O O 061 ol omt sl sl Lam ) ol ket ag heghaalead ool oo
I K-10%<& () Bt vith the ¥1¥6wing ¥ ariitiond:0%& () -

" 10%<& () - 109%<& () -*109%& (). _
" KSVi K- 8209%x& () (D109sRhosphotiEacidk8%) was adsing gt 2%.0f the volume of the oil;
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The crude DHA oil from Example 2 was then also subjected, separately and
independently, to the same protocol as the crude ARA oil. The resulting ARA oil
(10kg) was then blended with the resulting DHA oil (33% DHA, 15kg) together in a
stainless steel vat equipped with a stirrer. The blended oil had an ARA:DHA ratio of

10

1:1.16 and was then subjected to deodorization at 220°C.

A review of the various purifying protocols is shown in Table 3.

15 Table 3
Purifying Example No.
Step 1 2 4
Acid Treatment 1.5%, 80°C, 15mins 1.5%, 70°C, 20mins | 2%, 80°C, 15mins
Alkali treatment 15% NaOH 13% NaOH 10% KOH
Water washing 94°C 94°C 85°C
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Polishing No Yes No
Deodorising 180°C 200°C 220°C
o6 PUFA ARA (35%) ARA (30%) ARA (38%)
o3 PUFA DHA (20%) DHA (32.6%) DHA (33%)
06: ®3 ratio 1:2.31 1:1.09 1:1.54

Example 3 uses the same purifying as Example 1, except uses crude ARA
(38%) and DHA (25%) oils {ARA:DHA ratio 1:2.6).

5 Example 5
The protocol of Example 1 was repeated except that crude EPA containing

oil (obtained by using the Example of WO-A-91/14427 to obtain an extracted single
cell oil, Martek) was used instead of crude DHA oil. The ARA oil (35% ARA,
10kg) was then blended with the EPA oil (37% EPA, 5kg) together in a stainless

10 steel vat equipped with a stirrer. The resulting purified and blended oil had an
ARA:EPA ratio of 1:0.53.

Examples 6 to 8
The oil blend of Example 1 (0.5kg) was mixed with lactose particles (10kg)

15 in a Lédige mixer by adding the oil blend 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
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formula moving through a ﬂuldlsed bed at a rate of 50 kilograms per hour, The

10 temperature was set so that the water loss from drying was between 1 and 2%.

Example 10
A batch of 1,000kg of infant formula was supplemented with an oil blend

according to Example 2 as follows. A premix was first prepared containing 27kg of

15  the ARA/DHA oil blend. This premix also contained vitamins and minerals and
lactose, and had a total weight of 200kg. The premix was then added to 800kg of
spray dried infant formula, and then mixed in a Chronicle Nauta 50 RK mixer. This
powdered instant formula was made into milk for consumption by babies by adding
sterile water (13g of powdered infant formula to 90ml! water).

20



-10 Y10%4&' () -, F10%4& () -, MLO%H&' () - MLO%H&' () - "L10%H& () -
-109%14& () - XXZr ZK[[\dEr S4 10 -10, F(10%4& () - & 10%1& () - @ 310%K () -
1094 () - wiDeshds) - 10%4& () -\ & e\\] D] JdEr S4 10 PCT/EP01/08902
-10, 1G10%4& () - 010%4& ()-.10%4& ()-G -Z10%& () -+10%4& ()-,)
10944& ()-11111111 ~bC 10 -13"L10%& ()- @109%& ()-109%& ()-L10%& ()- 10H
10H 10H, 510%&' ()- ~"Z»_@ "~ ~adEbC 10 21
-1@10%& () - @0%& ()- @0%& ()-110%%& i -@0%& ()-109%& () -
~aabHccc*ddEbC 10 - 1fl +10%& ()-,)GlL -S3(10%& ()- &s!'10%& ()-@
109%6& () - & 10%&' () - *dRdUdnddei edEbC 10
-1S5109%& () -S310%& ()-, 110%& ()- @Q010%& ()-.10%& ()-S 109%& ()-ieefgfh
fifjffg_= 10! L 1Q¥%& ()A bidcd@fpiSicpiringldd il tiir® 3RS pidess&ofmpris@B 1096 & () - 6
"109%& ()-gphsij/ 'IMmﬂé%,{; T
1!, 3"10% H, H& () @ , 3°9B9iRe ¢ pride ©8-PLEY)-contpining qibwith g epdae3 BURAL1 10044Hs:
() - =L 10%HHE () iRl oM &Y poltde\d¥rude oiPmbitfe hdd& 10
(b)  purifying the crude oil mixture to produce a purified w6 and »3
PUFA-containing oil mixture.
2. A process according to claim 1 wherein:
@) the purifying comprises removing phospholipids, trace metals,
10 pigments, soaps, carbohydrates, proteins, sulphur, sterols, mono- or di-
glycerides, saturated triglycerides and/or free fatty acids;
(i)  the oil mixture is an oil blend;
(iii)  the 6 PUFA is ARA and/or the »3 PUFA is DHA or EPA; and/or
(iv)  the combining in (a) is of only two or three oils, all of which are
15 single cell or microbial oils.
3. A process according to claim 1 to 2 wherein the purifying comprises
acid treatment, alkali treatment, neutralisation, water washing, filtering, polishing,
winterization, bleaching and/or deodorization.
4. A process according to any preceding claims which additionally
20  comprises:
(c)  optionally, treatment with an acid or degumming, or removing
phospholipids, trace metals, pigments, carbohydrates and/or proteins;
(d)  optionally, treatment with an alkali or removing free fatty acids,
phospholipids, pigments, trace metals, water-insoluble substances and/or oil-
25 insoluble substances; '
(e)  optionally, washing with water, and if necessary drying;
@ adding one or more antioxidants;
(g)  optionally, washing with water, bleaching or removing pigments,
oxidation products, trace metals, sulphur and/or soap;

30 (h)  optionally, filtering;
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claim 9, for example a foodstuff (preferably adapted for consumption by humans and
10  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 to any of
claims 1 to 8, or a purified oil mixture according to claim 9, into a formulation.

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

food or infant formula.



