;e3ellvli| @6" TVEO 2WD 02/1023 -1 _1-, i PCT/EPOL/ 08903 | SOLATI ON OF .
MCRCBI AL O LS The present invention reI ates to the extraction (and then
i sol ati onyf2/@4330 mcrobial (or single cell) oil, preferatiye@empsossi ng Y
one or nore polyunsaturated fatty acids (PUFAs), from single cell (or )
m cro-) organi snms. The process of the invention involves the disruption or
lysis of mcrobial cell walls, foll ovved'lb'y separating the oil fromthe
resulting cell debris. The invention additionally relates to a m crobial
oil recovered by this process, preferably having a PUFA. Pol yunsat ur at ed
fatty acids, or PUFAs, are found naturally and a w de variety of different
PUFAs are produced by different single cell organisns (algae, fungi, etc).
.They have many uses, for exdbBLATION|QEMIGROBIAL;QHdst uffs (such as infant
formula), nutriti onal suppl ements and pharmaceuticals. 15 20 25 I n nost
m crobi al PUFA production processes a mcroorganismis first cultured in a
sfernentes in a sdihbpidsentTRGENtiGN rdlixes B thé earation (Mdabéa isslatiiprfaar vest ed and
treated to enabl e subsequent extraction of a lipid fromthe biomass with a
sui t abl e somvesepial foresingleeedD)iodl, prefesably coruprisieg ene eranerepelyapsatwptefi ng st eps.

Care nust b had cur if the

lipids are gutbja%cct e@w ?’i%%ﬁ?@%%%gg?%ﬁ?%?dsjfﬁr congl ??I%EQ,Cg%o%rf%eexarml e

heating (i nitveatipn asehes thef diouptiendr ipsidéfmicteidaltosl] iwatlasfoeHowed by poxygenases.

The art teaches tha avoi d oxi dati such as resul i,n f rom br eaki ng

open the celPRIAHE 6013%’55%66%“#@866&@5’5{ '}e? aemallyasianes o

extract r i A- 97/ 36996 and
ag ! gg‘??ci’&rpﬁél%ﬂ B Reted B thiS el ge(f:%g%%ahng%%ﬁw

WO A- 971 e use vents 1s renoving |ipids from
m crobi al bi onas PolybsAuRBdFAGY 40ids, AtPUBAngbfmmdeallycmdcawqdewans@es have

been used for ver ears 0 to be renoved and this
Cooul ta i n QEARErEHHU SRS prdttestby fReiREsindlE RHT piopige gk fingh o
foodstuff, igfc)] qhbﬁﬁwetlﬁmy IRaforSahPldinSlakive mt§ foo%!dﬁllf'fs%.tch% AffEnt are
renmoved corrpl etely, or onl'y remain in very small quantities. |If the hexane

is renoved Hgmuia)onttitional sumelnmmtsgndml;armwmds heating, and that not only
adds to gosts but,_can, caus t her i ncreasi ng
envi ronment al IB\B‘%E‘I&% @Wéﬁb"fﬁ‘ﬁ@%@m S ‘é‘F&%"F g?‘l"%négl\h{sﬂe use of

sol vent s f orcultiv@d ex b férien@ irPd siitabledfediembTho MiftgbiahbioaAss BMen expensi ve
and unpopul ar. The present invention therefore seeks, to solve or at |east

mtigate thélge/eptﬁélanétfﬁateq‘m@bblsubsaﬁverﬁastrac@en@f g ipid fromthpshiomassh as t hose
conpri sing SIS

wi t hout the%‘rrllgleg; 1%a§5f’c2§8 vegﬁt?{e;ﬁﬁq‘ er e%iaﬁ%%feg%ggg éﬁrﬁﬁ%}%}g (gagpect of
t he present mwwbatal@ndnﬁﬁgfhelpsoqesmcdm dagnpdmmfooeumbﬂmﬂmldsgran oil (or
fat or lipid,,the te are us i nt er,changeabl fromm,crobial cell]s, the
process CompHbisFiag 19 lipolypis Pwﬁ&ﬁes@ml iigus, e xphple heping it fhe P(epn%erféfj

m crobi al C%‘x één)%ﬁdfo?h@@ﬁﬁxﬂa@és dr'llBS}E}agteﬁase@”THé art 1 OB RR 16 8Ydi¢- 1 0 The
(mcrobial or”Single cel oi | can be (b) separated fromat |east part
of the resulm(ldagoné‘NChmrdsulﬂmgrfmm bl@ieng:apﬂmthenellswﬁdlse@@p@mg theri fy and/ or

B N e

Preferably tke WO-A%7/369980HR0 WE-A973F7632)N aHehive @mmhtsrmaeoﬂdaﬁava
Preferably this process (including stages (a) and is (b)) is sol vent free.

Recent WFA%F@B%YIEEJWNSM@S@@@%%@%I( QeePAB5te mcrobial cells
intact (WO A- 97/ 3690 htliEg xtpété%oﬁ Potmlaég slga%% Enﬁﬁ&ld%lp sléﬁéaf’%e%?&ﬁ%' on

process where a mcro I omBass S ge erate ernen

m cr oor gani solveatwkefiotd Meﬁ@vé&ﬂ[&this&ésmll i Jsoarm@lst dnadéditibeaf dr.lipihiser i s
rem)vedfromi’hebo tﬁlfgd 2Q the resulting terial é’{erudedtoform
porous grandP&gus 1f Jsdmpestant that eertai spvents sich asdiexang, fE€ | nsi de

© the granul esehygvePOlmgibtely Bpoxﬁﬁffhéi@?’# 'gﬁ 1'q¥iﬁﬁlﬁfé§”ﬁ“thérﬂ& pexane is then

(evaporated to produce a fude process 1e cells are
kept i ntAct mmomcbbyemaporaylgemamm hmyaﬂvuiwhmtmgmdﬁhﬁtmhqﬂy hddsFOFAs as it

\Iflvg\?v ngﬁght cost%tbu¥ can causeuhpld %ggrggatﬂ)gd %u grgllo?e,ox{hdiggrlegsI}ng y‘lﬁf\i\x%nmehtal t has
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25 found that a good quality PUFA oil can be achieved if the cells are in
fact |ysed: any potential oxidation by the atnosphere can be nore than
conpensat w laynodd3e advant age of avoi ding the need for sol verwero1bsdess and
m croorgani sns 30 The PUFA can either be a single PUFA or two or nore

di fferent PUFAs. The or each PUFA can be of the n-3 or n-6 famly.
Preferably it is a C18, C20 or C22 PUFA%r a PUFA with at |east 18 carbon

t d3d le. b : 02/ 1023 PCT/ EP01/08903 -3 The PUFA b
o1 ovi ded | n CPRAEBITRRORe 459 pROARISIDY e Fiecton of RIS Belomie aci 0 estor
(e.g. net hylindyéasﬁltgnyéxﬁﬁgi%hd@ﬁ,ogulaf]osphol ipid and/or in the formof a

mono-, dior triglyceride. Suitable (n-3 and n-6) PUFAs include: 5
docosahexaenoi ¢ d&e grespmAanventios therefaye seelsi to aplivg of atdmashimjtigatethesaingi , such

as the (dinofl.agellate hegodi, ni r the ungus) Thr au hytri urn;

31 ot eni ¢ Deptmery. Ao lER nAF it e T B P od bRk Shdon et BOES 0

"conj ugat ed i ey artiltb@ sbanamstianeliowaRbsl i hodll foddletgro-y- |1 nol eni c
acid (DGLA, 20:3 S26); arachidonic_acid (ARA, 20:4 S26}; and

ei cosapent aenoi c Theredorepaordi 9 adnshaspent of be pegperiUppentiondhaiglé ar achi doni c

id (ARA), : i.C.a6 ' i ' EPA d/
71 inot or & RGP RcBfbile Lo or Bl SARAR AL ARG EA b "Dl T DY
be from a nahaigehblfefrom miegdigllctlts, thie pracdshegmprininigc @) disrupinglfer lgsingyved from
a single cel| Thus_the P be of

or. m.crobi al source. A may be or from
m crobial, Ahggsll Wllsdpgﬁfi naﬁ%’i@i cellsy tassifaselor Hg?ragiﬁl PH ffom ghetcﬁ]és-PUFA may
be prodyged : i j referably
of the 3§der@8ﬁkﬁ@§%§(ﬁes,g}% %griggéaérarﬁpfaeéﬁ%tr(?)igeépée}ﬂeg?iﬂg%é%lg%}%é@?fggakesl ea,
Asper gi | | us restttimgueeil oedly defboris.uOne gt thien o) aecokat, punifytdridéorasolaib éhepr ef er r ed
source of ARA.is from Mrtierell pina, Bl akesl trispora, .Aspergillus
terreus or @%%?‘Z}HLSPW;(PTQ‘?QS’%MO%&&Q’I@S a _a&eda}ﬁffﬁ?ﬁeﬁaemc ° 8%t i ncl ude
Por phyri di Ungsinblichis prdteds withoutineHcle 6sd $3ivemt. (If‘reﬁrab%ﬁﬂtcﬁ‘le&moﬁiﬁﬂé‘acom' DR
Yeasts include thoSe of the genus 2s Pichia or Saccharomyces, such as
Pi chi a ci f eUFA,Baoely one aramorb @ UTAs HeefgrablysthiBmopdes(ibciuding stages (phatidhe
process of tEﬁ.isg)xen;(i on the mcrobial cells (or mcroorganisns) can first
be suitd Iy( t 'glice‘f ermented, such as in a fernmenter vessel containing

an (e.g. aqueous)ReeéittFIIFEA btafibn pRRedseyd ARBEAE k_éﬁpix‘i%z!h@in‘iib@ﬂfql bells be
optim sed for a 30 hi gh oi I and/or PUFA content in the resulting bi omass.

| f desirabl éntagi{WVO-g-9834%)e This publicationslescatbeda PUE A produetiog pregess

m cr oor gani . i1l nd/ i : 2/ 10- 423 PCT/ EPO1
T08008 o4 Ty Rerd BB biofilsPR Yelra R Bl RlipeRfl g mickbStaudigh i S [T F
enzynes t hatfoltowing felaghation tiwcedls hredieated d Wetertib eenyovelddrond theltdorthdsfmd The

e U TERTR NG I M TN
equi pment  ( Gy 4R iﬁ%@lﬁ%ﬁﬁ‘ Erfs?cfe)the Efanﬂﬁg Iﬁf g@fté{ct Wiflh‘ﬂ ﬁl&éﬁ%ﬁ%ﬁislbg W&k ) can

(firstly) be renove erefrom Any su e solli I qui paration
t echni que cdfhelhexarredd thefilwivapdratedvd produce)a erade dik Blyroughviut ilfisipmtesstheand/ or

filtration. The cells, be washed, for exanple using.an. a us sol ution
(such-as watcells aE GepGalRLiePeYsaT Srsa iy stmopacie puedite SUERsE e or

vat er - di spergdshhsush APtk wouldRBuselIntiSsiraBl dkRafoR CHbN V@2 Yad Adw Bb& UPL i ON
or lysis. Cell dIe%ms (stage (a The cell walls of the mcrobial cells can

t hen be i srfopndeiiat mgoddaality, PURA 9ilcan bpachieveddf/ihg cells arg imfast bysedrone
enzymati c, [ .QF . ical h I for exanple at
hi SK shlear dewn%‘l!hg ?‘%‘ﬁ@*“’gﬁ’yg}ﬁ ggﬁﬂ?c}sg%%% F%‘S@esrﬁl&r?(]:q’%déeo%g‘% ‘iﬂﬁ‘gﬁ F’lhgl or )o(lr ;rlp ng

the cells tadeamadd dftiveiding thepecddonselvehier eby the cell walls are ruptured.
This may conprise boiling. Enzymatic methods include |ysis by one or nore
enzynes, e.g. cell wall degrading enzynmes. The cell wall degradi ng enzyne
may be a | ytj ; ; enzynmes include (e.g. al kaline) proteases,
,cellulases,‘%@ﬁggé%ﬁﬁﬁgégg?ﬁ%ﬁ?tinases and/ or pectinases. Oher cell wal
degr adi rap subst arfhePUiBy che eitisse te nniigiaRUUBA ootwo or morendiffatenbPURASh one or
nore enzynes, e. salts, ali, and/or_one o r urfactants, or
detergents. A co%ﬂ]erf’&tela%hp@k‘l&pﬂ"@??@gﬂl,e“rﬁ%%‘%\'ﬁifé‘&ﬂ?'a Be%?ffl{’lé(ﬁ%&?ﬁéf]ise met hods
is al so contEnpbratBApURA drfa FUNR Ghilitt fakt 182afnGsné SnETROWIEFodddl S MRy
conpri se honogeni sation, for exanple using a honbgeniser. This may be a
ball m Il or any other machine able to disrupt the cell walls. Suitable
honogeni zers include high pressure honogeni zers (for exanple at a pressure
of 300 to 500kg/cn2 or bar) such as a polytron honogeni zer. O her
honogeni zati on techni ques nmay i nvolve mxing with particles, 30 e.g. sand
and/ or gl ass beads (e.g. use of a bead mll). Alternative nechani cal

techni ques include the use of mlling apparatus, for exanple honobl enders.




WO 02/ 10- @3 PCT/EPA /08903 -5 or appliance of high pressure. This | ast
technique is called cold-pressing: it nay be perfornmed at pressures of 100
to 600 orw@f/dbars (Atmor kg/cnR), such as 150-500 bar, optgmegoiysdosom
200- 400 bar. Honogenization is the preferred nmethod of disrupting the cell
wal I's. There may be from1 to 3 passes through the honogeni ser, either at
hi gh and/or | ow during disruption (e. g.'3h'om)geni sation) pressures. For

exanpl e one i nTM ho izer .. T ressu urkng di.sruption
R st O T A S R g e
optimal |y 5Q6tef @.£5@{:t181 of eﬂltybasterm/aa aphbsphelipil)and/p itthe B6raE6{d QfondBYIi-be
enployed if required, e.g. from150 to 300 bar. Hence to working pressures
can vary f r OFiriREycetige.000 bar dependi ng on the type of honogeni ser, nunber
of passes, etc. @qutg'lﬁggﬁ‘écaﬁ I -é)WEsAsCiﬁauﬁ perfornmed chemcally this is
preferably not enployed as {hr's stage 1n) the process is desireably

ssol vent - §r ee. ThelochsaheNatnaio aciti (DHA, 2216 Q¥ klitablyafyorhalgae ot Gingidueh dher on

the broth 15 resultjng fromfernmentatjon, for exanple the cells may still

be contai ned in éléﬂddlﬂoé{a%@réwﬂ’é iwe et the E%eﬁﬂ%%%‘f@’?m@ie or nore
additives ny be ac tqd. .as an al kali netal salt, e.g. NaC)
during disrupti oﬁqglr%?enng(g/afg&e%‘gggéhg'g%’r di sruption (e.g. to a honopgeni sed
broth). During disslinedrioacidALAGa8B3QHe! vent (e.g. MeOH, chloroform is

preferably not present. The di s,ru(f%ti on nay be 2o Eerfor ned on the

(optional Iy washéenyged Hnolgicaskt (ogladeppdisnoirasid .CEAR f ol | owi ng solid 1iquid
separati.gn). Di srgptiop e . d on an (e.g. aqueous)

conposi t1|80n conpr%ﬁﬂhogpthhéleyeh?{cg@@“%{d‘é?%t not containing a solvent. In
order to inprove aérhidonk dcidl{ SRAP0:406);dirsd upt i on may be perfornmed at a dry
matter content of about 10 to 200g/1. This may be on the fernentation
broth, for 25 ex&Fﬁﬁﬁ@ea?a?mlcﬁ@ﬁr@ﬁﬁa%:é@3)0r it may be derived fromthe
broth, for exa”p'P‘?ef@FrE@PU}FPS iQJlR&J‘arQ&Edol?ﬁe&iégﬁkﬁ ]gtd‘aéo fRe:dendfehGlal ng and/ or
solid/liquid separation. necessary a separation 1 nducer, to encourage
separ ati on @DHA)eeiocodapéntaenotidacidl ERA andfony-lineledciatéd (GLA).hinspastiad@, such as
to the honogeni sed g%;tFﬁri al . WO 02/1023 -6 Separation of oil fromcell
debris (Sta Bg pre EPOL/ 08903 The microbial oil is then separated from
at |east part of fRe1aeAd miabb A8GPS hitudaPleE Yegebible b Madhd3BulcBBF fafBY be in
an oily or lipid g{%aslgeorm}égyer and tﬁ?ge@rraflgS conpr | se@t he PUFA)a?raThi S
may be a t opederiughfom|aspmgle calhosmicagbial sounse.bEhudtbe EUKX A maywbe pf Ggueous

layer, e.g. f?o%str%{c?(l)bri]g, §1§L1' orp Anlt oggitrjlr({)rs s'ou;rcré?. i Ipla%ic{lﬁ:}lﬁﬁe ﬁﬁﬁg‘p I{I{I:IYS be'9

produced by a bacteria, fungus or yeast. Fungi are preferred, preferably of the order

20  Mucorales, for example Mortierella, Phycomyces, Blakeslea, Aspergillus,
Thraustochytrium, Pythium or Entomophthora. The preferred source of ARA is from
Mortierella alpina, Blakeslea trispora, Aspergillus terreus or Pythium insidiosum.
Algae can be dinoflagellate and/or include Porphyridium, Nitszchia, ox
Crypthecodinium (e.g. Crypthecodinium cohnii). Yeasts include those of the genus

25  Pichia or Saccharomyces, such as Pichia ciferii. Bacteria can be of the genus
Propionibacterium.

In the process of the invention the microbial cells (or microorganisms) can
first be suitably cultured or fermented, such as in a fermenter vessel containing an
(e.g. aqueous) culture medium. The fermentation conditions may be optimised for a
30  high oil and/or PUFA content in the resulting biomass, If desirable, and for example

after fermentation is finished, the microorganisms may be killed and/or pasteurised.



the PUFA) can then be separated fromthe aqueous |ayer ( or phase). One or
nore surfactants or detergents may be present or added to assist this
process. Weozapas ation of the oil fromat |east sone of tphergedilosv@l |
debris is 1 o preferably achieved or assisted by using a nmechani cal nethod,
in particular by centrifugation. Suitable centrifuges can be obtained from
WestfaliaTM (senmi- and industrial scal e)*or BeckmanTM (e.g. |aboratory

centrifuges),.Centrifugation (e.qg., for, a |aboratory scale centrifuge) ma
| ast for gf r o2 ngY {’9}9 glagw&;e %,@%W%&WB% gor(ﬁ"y@p&c?n?y‘ms Etmlﬁg'h) nal I>/y
from4 or 5d%gra@eg{e&pomm&%ﬁiegsdf(@lmpAg.ne). 15 The centrifugal force

(g) may be from 1,000 or 2,000 to 10,000 or 25,000, such as from 3,000 or
5,000 to 8,000 orlhedemamtatiopthrethi(bipmpssand4nboe medianpody theorbefreraved, 000 t o

9,000g, alt h i fugat i b | t Q- . up to 12, 000g,
T5. 000, 20 6808 B SR e fernRiet. A A gata o Buk-Hl A55UnED 15 000 rp
such as 6, 0QQuipthehi(ed @HdMogembdrTBifn¥cediary ligaidFuifdfly WatelPeldQBFRIRY bne or 20

more centrifugations may be necessary. The maximumg force may be |ower if
usi ng cert airgmevaditherefiges ,Ambsuﬂebzlarspﬁ/cbhqmd sepaggtionge cpt bergsedg This

WestfaliaTM ! e. - flowr be_fraom 100-500
litres/ hour ,(&%’E%#ujig qﬁ?{)betl%’ %"é'ugﬁ%artgﬁé%%ff’ﬁnﬂ{ a)}m*' ‘r\g‘ e%% rfq%y%ﬁtﬁﬁg

Cent ri f ugat iferexaBiple esitg an aduesud sodution (shchlas @ty fir @Rarhple t@tdmbverangi |y top

| ayer and a | ower, agueous I%i/er) or a 3-phase 25 system (a fatty or oily
top |ayer, &xipcedular yeptrasgl %@révatﬁrmspgrwﬁpewpwér The gelts mey bgnbai ni ng
the cell,,dehtis) ﬁﬁﬂﬁ 1 i nducer, or agent that aids separation, nmay
be addedl.0 Tﬁédsd%@?&ﬁe pra{églélr?{ggbr suppl emented during (a), after (a) but
before (b), or during (b). This may aid the formati on of separate oil and
aqueous phas The inducer may increase 30 the density of the aqueous
phase, whi c@z[di}"‘f é‘?getfg)gorre even nore dense than the oily phase. Suitable

i nducers i ncl ude gk iwdi8 btheSAtlobial Belfh cahidfidn beldl g 1y This \O
02110-423 PCT/ EPI)f/ 089“613 be aeddecf%élat % cconcerﬁ reat ?rgh o@gﬁeﬁoﬁﬂs, such as

30- 130 g/ 1, cepbe achityeds nsing 60:100Ydre enAyeatisi physécal beméechapicef methgds or
carotenoi ds, e.q. r)-carotene. .Fol |l ow.ng disruptjon.and.s ration the
o ocess o1 oGttt SRaEie bR shefr <oBsirs cPRLAHBL IR SRR g o1

i sol ating t heatdld arforQiiging eIVl S sutfeieimasinpanirel MheRb Rivalsage of the
process of the invention Is that one can avoid the need for a solvent. (In

thi s cont extrupistede ihismeay ceraprisgdoding. si nce the culture mediumis 1 o

usual | y aqueous i . Thus, (e. 0.
organi c) sol vent %@8%%%@@%? @é‘d@w&%ﬁ‘%&g}e I ruf“)ﬁt f- 'n&gfw%iﬁe cel |

wal I's i n (a)deg@dingrenzi@es e Elealk]l ovalldfegtddimeRdzyme hipbata esizymeal Othdr t he
cell wall debris, in (b). Pref_erable/, no fe g. organic) solvent is used
either i tKBZEReyReldske e pikalinelnrpieaies.dielinlestsahemicelbilasehchiingses, one or
nor e PUFAs. i , 5 us
stages (a), aigg})(5§ g%%ﬂlgget%fs ?r}gﬁ c;?ﬁa gg{ eg%aﬁ%as?\lﬁﬂ%ﬁ%g?ﬁgﬁ@rggeémﬁltgtﬁ%du%&aﬁ (e.q.
organi c) solcembinatibowitixenepirenoxe tiyatesi dig sakis allali, anddarloneotr mooy t he oil (or

PR o o AR08 B8 Ao O PR ol S TR IOR el 2

methods is also contemplated.

25 If a mechanical technique is employed this may comprise homogenisation,
for example using a homogeniser. This may be a ball mill or any other machine able
to disrupt the cell walls. Suitable homogenizers include high pressure homogenizers
(for example at a pressure of 300 to 500kg/cm? or bar) such as a polytron
homogenizer. Other homogenization techniques may involve mixing with particles,

30 e.g. sand and/or glass beads (e.g. use of a bead mill). Alternative mechanical
techniques include the use of milling apparatus, for example homoblenders. Other

methods of disrupting the cell walls include ultrasound, spray drying and/or pressing



chloroform. Preferably, the use of a surfactant can al so be avoi ded, and
each or both of the 20 disruption and separation stages (a) and (b) can
al so be paofenoed wi thout the need of a surfactant, for epamami1bsroshe
absence of any detergents. A second aspect of the invention relates to an
oil preparable (or prepared) by a process of the first aspect. If the oil
conprises a PUFA, then the PUFA is prefeérably predoninantly 25 (such as

t th q 09 90%. 04 .10 . t.ri.gl i des. Th
O P hey haol SRR BEERe P st Bl b SR Plabb o T
(a) st erol sperforgnedde prassirey ¢ff 10006 60@bi 700etiri(Atm SHkgcms), klichmsA 505000 1. 0%

e.g. 0.05to 0.5% ri)refer,)abl%) from0.1 to 0.2% 30 (b) phospholipids or
‘triglyceri db&; ogimallpom Z00r400bar.o 2 00 e.g. from0.3 to 1.5% preferably

from0.5 to 1. 0% %{%- 60 Gl | tf%ﬂﬁiﬁ or

0. 001 % WO 02/ %—4 9%%@&?%6%%5‘5&%?’ T 0e ol @yth%gﬁlr‘g?"i%ﬁe'@mgnd/ or

‘treated st magrbedeoml 1a08/passesthralgh thé horaogeniser eithéreat Righ/niar low dusingt ai ni ng

a PUFA) may .pbe subjected to further downstream processing, for.. npl e

degunmi ng,  HETHAULNI(S&t h%?gemse%ﬁ PFF@,SUIG%?%%X&I& lecome Tz Wi aGaiina | on.

Overall pro r ¥ : f -' i efore
%12@8%%:}3%&. %g bE&EanE&‘fr@cggﬁ%Pg?ﬁf‘eég hgggw%%?xhd%‘ﬁj‘hﬁ Be R ¢

conpri ses: uring m crobl a e under’ condi tjons
wher eby t he$0®ta200; such asi400 sk 80, and bptimaliy 50GESA00amFOPUEA(A a0 (Kgfm?).

optionally heating or pasteurising, t.he cells 1%Oor to.kill the cells
ondl or 1o i RaveT kedeay fenPbR i Ramssthece 188 LSER Bty BbStovi ng an
(aqueoug) | indikiflg pPagsitePSandRYREEII 130)to 90® barcdepbilify B tHedyd d&ff ugat i on,
filtration or a suitable solid-liquid separation technique; (d) optionally,
washi ng t hehainogerises) nuraher of passes, elganpl e with water, preferably to 15

i srupting or 1y fguBRRALGRS cHEbadfpBhEhlcB T B oA PEBRAR S ol ¢ by

a employed as (this stage in) the process is desireably solvent-free.

The disruption of the cell walls may be performed either on the broth
15 resulting from fermentation, for example the cells may still be contained in culture
medium or such medium may be present. One or more additives my be added or
present (such as an alkali metal salt, e.g. NaCl) during disruption or may be added
after disruption (e.g. to a homogenised broth). During disruption an organic solvent
(e.g. MeOH, chloroform) is preferably not present. The disruption may be
20 performed on the (optionally washed and/or concentrated) biomass (e.g following
solid liquid separation). Disruption is therefore performed on an (e.g. aqueous)
composition comprising the cells and water but not containing a solvent.
In order to improve cell wall disruption, disruption may be performed at a dry
matter content of about 10 to 200g/l. This may be on the fermentation broth, for
25  example after fermentation, or it may be derived from the broth, for example after
the broth has been subjected to de-watering and/or solid/liquid separation.
If necessary a separation inducer, to encourage separation of the oil from the

debris, may be added at this stage, such as to the homogenised material.



physi cal, enzymatic or nechanical technique (such as honpgeni sation, e.qg.
with an honogeniser or a ball mll). This can rel ease sone of the oil
and/ or PURRD ¢resent in the mcrobial cells. The (nechani capgr/gp@fogqii on may
be 20 supplenmented with or substituted by chem cal and/or enzymatic

di sruption. A separation inducer (for exﬁarrple to aid formati on of two

| ayers, in the next stage, nmay be added),” (f) separation of the m crobial
oil (or PUFA) fromthe cell wall debris, for exanple formation and then
separation of an oil phase fromthe resultant cell 25 wall debris and/or
aqueous phasepark¥ios of'8 fieiaellidebric @figei(h))gat i on, optionally with the
addition of one or nore salts, a pH shift (towards al kaline), and ma

) >al 13 . may
i nvol ve the presédieanisrobig) eilds thep peparated framet leaptngrtcd ymeed] wallidehsist ant s or

enul sifiers C ' : l: . | ower)
aqueous phag%&@hé@t gpﬁ%%a%g@g?@nrg§§gg}] %F%H%rel%{bp%}g%h%%(aggakégalglyphase may
contai n sel lcod@bisé the AUPA )X XThivwahy béa tapiod dppelayern This lagaicah boabofe 4 he oi |
(or of the PUFA fromthe oil phase), for exanple resulting in a,,

PUFA- cont ai flafigraqueousayer, e contamingeell walbdghrispdhe o8y dayer omgpsisingnal | v

acid treat %P@PQ Qﬁgﬂ&mé‘ﬁ%para?éd%xhtﬁé Hﬁél%ye(r{glror %ﬁ#&i@ﬂeﬁ%&@)’

bl eachi ng, dorising, coolrng (or wntetisatio may renobve
undesi r abl e sarfbettusts ordetengetts amy fbe pecstuit dryadded WsasistFlis procpsot ei ns,

phosphol i pids, trace netals,,. pi nts, ,carboh te s, .oxidation 5
Pt oduct s, " sul phurltesrames dreBo b Bom ftFhrutn e SOt wab RIS L at eq
triglycqpi dfiﬁei%fh@i}pz{chi@@&)or &%isfékl‘tﬁ'u‘éﬁx%rd HEhanitiEm&8ad, if pakaR by OF
pasteuri zation preferably inactivates or denatures one or 1ol € Oi | (or

PUFA) degr adientyifegatipne Suitabilecentrifpgesatanrbe obfainedftam estfplin & (semimand t o 90C,
such as about,8 [

o on | o BB stle i Be R Bl iaBayng Pt EuegS” KIS TR o R | PO

oi | - sol ubl e)a 1apdrhx %ame%mrffgge)wﬂaﬂt@owﬁérﬂmid} 4Go 8% Q9) fivh apdbiti 3 8¢ & and/ or
tocopherol, and thi's nay be done after stage (b), or at a later stage for

exanpl e af t ép 7extlPaentineally fsara f 0a$ to 6ol € nenutes (residendg timedi ni ng (step (h)
above) . 15 Ther e o e ke (B ufhy Witidth 978 o S0 891 6665r 2860, X P! &
such as from 3,000 or 5,000 to 8,000 or 20,000, optimally from 4,000 to 6,000g, or
from 7,000 to 9,000g, although centrifugation can be employed at g-forces up to
12,000g, 15,000g, 20,000g or 25,000g. Centrifugation may be at 4,000 to 14,000
rpm such as 6,000 to 12,000rpm, optimally at from 8,000 to 10,000rpm. One or

20 more centrifugations may be necessary. The maximum g force may be lower if using
certain centrifuges, for example this may be 6000g if using a Westfalia™ centrifuge
(e.g. model NA-7). The flow rate may be from 100-500 litres/hour, such as 150 to
450 l/hr, optimally from 200 to 400 V/hr. Centrifugation may result in either a
2-phase system (a fatty or oily top layer and a lower aqueous layer) or a 3-phase

25  system (a fatty or oily top layer, a middle aqueous layer and a bottom layer, usually
containing the cell debris).

A separation inducer, or agent that aids separation, may be added. This may
be present or supplemented during (a), after (a) but before (b), or during (b). This
may aid the formation of separate oil and aqueous phases. The inducer may increase

30 the density of the aqueous phase, which may then become even more dense than the

oily phase. Suitable inducers include alkali metal salts, e.g. NaCl. The inducer may



ot her undesirabl e conmpounds or conponents. For exanple, heating may take

pl ace at an acid pH, for exanple to renobve conponents such as

phosphol i pige/iogace netal s, pignments, carbohydrates and/ arcpemii@ssng. Here
the tenperature may be from50 to 80C, such as 55 to 75C, optimally from 60
to 70C. The pH may be from1l to 20 6, such as 2 to 5, optimally at a pH
from3 to 4. This can result in degunm hb and/or renoval of proteins and/or
wat er - sol ubl.e ar. ter-di rsi ounds ernat i v n addi tion
a further he’ﬁtagﬂ A llcﬁ"iﬁpgo?PﬁL&ég&rgF R 4% e%Oé';tqug érﬁglrl‘%ﬁeﬁl Orhe pH may
be from8 taopdpgy. such as from9 to 12, optimally at a pH of from10 to I |

. The tenperature nmay be the sanme as that described in the previous 25

par agr aph. Equi prighstoil mapibsfree off anyrearadenoids, egt ﬁ-cammer Holelgwmgtdlsrflpmcrre

i nvention rel at t.0 ara for conduct i of. the first
aspect. The af’:ﬁi % %%oﬁq@? torﬁt}%e ’88‘?%’3&9?% yn@ﬁﬁ g W D&ul t ur | ng (or
f er menti Bg) mﬁiﬁgbﬁisoﬁﬁhgme(@cﬁonenfuﬁérremer) 0ptl onally (e.g. directly)
| i nked to; /1023 -10 PCT/ EPO1 /08903 (b) neans for disrupting (or

|l ysing) cell walls of the mcrobial cells (e.g. a honogeniser), optionally
| i nked to; separating a (resulting) oil from(resulting) cell
debris The cé’?‘iegﬁg‘;nb? %’g ture medi um (e.g. broth) may be passed directly to

the nmeans in (D). Olﬁ%ﬂ%ﬂﬁ% ¢ RthepaRsssaTthdinvanivhtis Haeschd cantabeidahélgged
specified, so follown e order of the stages of the process of the first

aspect . Mearfer # snlvensy £18this sentasobentaxeludes Wﬁ@r Singe s qubMremedigeyisr at i on
steps asjgde I dd a
separ at |Slon ﬁ%gﬁgg%u?gﬁg#natt%yﬁ%ﬁogeﬁ eg‘)g%fﬂrgr&ai%’vgpr at@( 6ﬂgﬁr}usf o gso{ %r m@ng any of
t he steps desbwentigdnaynbe dneployeat eithier mmingxhsﬂupt(ml of thd cell mm 1nr(g), paft thar i si ng

EﬁZ”Zsp28L' Ssm'oér ior oUBRET B S B sanetist e ST Gt Frodn BL PR s
mut andi s. (hrgvggtmfa soMdrlt lmrsﬁ RELISS Bef &ﬁgetlowe&?gcgﬂ nsrﬁmh§n oM th

referencetot ng Exanpl es which are provi y way o
i |'lustrati ortheail yr ouéolﬁncamﬂlﬂms ’l‘-huspareasmm; tlm‘procasslearﬂhmlﬁemﬁ)eeoi | froma

fermentatio bro @thler 8‘?{]“3 fer nbrohof
l\/brtiere‘lla &P Bt ﬂ'é% ¥ contai ni ng
ar achi doni ¢ @ganﬂc)(seR/éht T&Sexbﬁﬁmﬂh&ﬁﬂle%@@obysdlm%ﬁﬂe 6l ((PUEAY APV

Gaul i N'TM honogeni zer at 600 bar (600 Atm to disrupt the cell walls. NaCl
was added t c-8-198 allane gucki asd@xaneotmaleehal (¢-grasthanoharthalpalkane é¢-8100g/ 1.
Subsequentlyhﬁ(? rl]@gogenr zed broth was centrifuged by nmeans of a Sorval RC
SB centri fuge m nutes at 9, 000rpm (equi val ent to about 20, 000g)
resulting in an arrefehiblnrhecuseefd-sarfadtaiiedn alsb e befidddyad efuhchrdothoofate
aqueous Iayer containing the 25 cell depris. Crud egtl; FA oil was recovered.
The yi eld ofdigptiqpandgopaptienyagss (Drawd4b) canslsorhe negformed withoytdhg yeedayer had
t he

of a surfactant, for example in the absence of any detergents.
A second aspect of the invention relates to an oil preparable (or prepared) by
a process of the first aspect.
If the oil comprises a PUFA, then the PUFA is preferably predominantly
25  (such as greater than 50%, 70% or even 90% or 95%) in the form of triglycerides.
The oil may have one or more of the following characteristics (or
components):
(a) sterols, e.g. desmosterol, or cell debris, such as from 0.01 to 1.0%,
e.g. 0.05 to 0.5%, preferably from 0.1 to 0.2%;
30 (b)  phospholipids or triglycerides, such as from 0.1 to 2.0%, e.g. from 0.3
to 1.5%, preferably from 0.5 to 1.0%; and/or
(c)  diglycerides at no more than 0.1, 0.05 or 0.001%.



foll owi ng approxi mate conposition: 0.1 % desnosterols; 0.7% phospholi pids;
6. 7% triglycerides; 0.1 %diglycerides, 70% water and 20% nedi um conponent s
and cel | debei®423 WO 02/ 10- 123 PCT/ EPOL/ 08903 - 11 Exanpl ep@r/EPrimpasat i on
of crude PUFA (ARA) oil froma fernentation broth of r Mirtierella alpina.
A fermentation broth of Mortierella al pipa (previously pasteurized at 65C
for 1 hour) containing arachidonic acid {ARA) was honpgeni zed once by neans
of an MC-4 QT i . r i srupt the
cell walls. @Léﬁ)(sﬁgﬁ%#eﬁ? ﬁ%ﬂ? %gﬂﬁégrr%%%(ﬁéﬂé@gg?ggﬁné/ggggé%ﬁrﬁlﬁﬁe d by nmeans of
a WestfaliaTM NAThe PUIA (@diY ddntidsing b PTHRA) My epbibotedlao diirthé: 000 r pm

equi val ent to about 8,000g at the disc stack) resulting jn an araehidonic
:aci d- enr i chelVHSISAM BLOCEssINgs f%’@ﬁﬁpwgw&%ﬁ%#?ﬂiﬁ%h agliBg.r i f uge) and a
| ower aqueo i pnkng: the cell to debris. A crude PUFA oil was
recovered: téﬁgbdgl}?ég"ugi%?%ﬁgh\%%S&QS%(based on the oil in the cell). The
crude oils had the foll ow ng approximate conposition: 1 to 2% sterols and
cell debris; 3 tr 4% ?osphol i pids; 4% nonogl ycerides; 6% diglycerides; and
the remai ndéf" B H§9%0f gl ycerides. 15 Exanple 3: Preparation of crude PUFA

(DY) of | from a A giofGliprbOdls B lbranhydhlibF AR Bidtofgiaai | Fol | owi ng

fermentation 20 litres of fernentation broth (pasteurised at 65C for one

hour) of thdanl gaslt@iygpmicroidl ¢ellsfor etamigile wader horditiensi wistehyhthee ptodness by 20
means of an APV Gaul inT hl;)rmg nizer )e: Lab 60/60-10 TB SX), each tine
at 600 bar (Atn),ar{“(‘f'“?% Ol F T FgfLne wal | s. Subsequently NaCl was added

to the homogsni zeptibhidfyhdaing of ﬁd%?éuﬂ@iﬂ?@lﬁﬁell&tfbpékaﬂ{pléﬂﬂﬁﬂl thd¥ells WAdor
recovered using a | abscale centrifuge (Beckman TM JM 6E) by centri fugi ng
the broth in 800 insstvate angurdesisalile enaymesnt ues at 5, 000g. This resulted in

a DHA-enric fatt.y. t [ . Of n l. r er.
Crude oil ngfjr ecoé)%}élrkégprf b’%g}ghaéﬁ% @?et% i/lg)fl %9%54 ‘)5‘;}%%95 szhwoﬁ 5)’3&1 %g)zlaér i on of
crude PUFA (DHA) cehtrifiigafioh afiliatioR ol asiinblelohdNiqeid sepatatitteroighigueym cohni |

Following fernentation 20 ljtres of a fernmentation broth (pasteurised at
65C 30 for Adhouroptighally,wvaghige theanigpabial calds, for sxamplemyith Watker. ais b Ped

three tijes by e-ItIR g ' s.Lab 60/ 60-10
T8 S0, Bach 1i nachrEoutefiipCieitiibe SENARERRER e el iips U7 P

Subsequent | Wep crdistepting onigsing thAell 294118 of #3 riCiobiP@all) 8@0Xamplehby a ecover ed
using a |l abscale gentrifuge (.Beck T™ JM 6E) b entrifuging.the broth in
800ml portions eég‘HS‘F’i‘)‘r e‘!fg'l‘ﬁ PEIeG a‘%‘@%ﬁﬁg’lw éu‘iﬁbmctn%g%ﬂ?g%‘”b% enri ched
fatty top layer (giinaiehéthbgeniRflofa bAVRIIATHRAUMS rt12YR som® oF sl &ididh O | was

PUFA present in the microbial cells. The (mechanical) disruption may be

20 supplemented with or substituted by chemical and/or enzymatic disruption.
A separation inducer (for example to aid formation of two layers, in the next
stage, may be added);

® separation of the microbial oil (or PUFA) from the cell wall debris, for
example formation and then separation of an oil phase from the resultant cell

25 wall debris and/or aqueous phase. This may comprise centrifugation,
optionally with the addition of one or more salts, a pH shift (towards
alkaline), and may involve the presence of one or more cell degrading
enzymes, surfactants or emulsifiers. One can obtain an (e.g. upper) oil phase
and an (e.g. lower) aqueous phase. The oil phase may contain the PUFA.

30 The aqueous phase may contain cell debris;

(g) extraction, purification or isolation of the oil (or of the PUFA from the oil

phase), for example resulting in a PUFA-containing oil; and



recovered fromthe fatty top | ayer. WO 02/1023 -13 CLAI M5 PCT/ EPU1/ 08903
1. A process for obtaining an oil frommcrobial cells, the process 5
conpri si ny.o ap+423i srupting the cell walls of the m crobi alP@REPRR/08®3r el ease
the oil; and (b) separating the oil fromat |east part of the cell wall
debris fornmed in (a). 2. A process according to claim1l wherein the cells
are physically, to enzymatically or mecHani cal | y disrupted. 3. A process

r ocess. scclih ngPignaliR SebiimibolaRnri AR kRt R e g, -
extracting, puri blatliing) deodeNidhd, REoliMdoriveteiNafibn R Thisthayidgodt NMore 15

PUFAs. 5. A process according to any preceding claimwherein the separation
in (b) is by cenuni¢sirgbleisuhstages suchap tee BatyassisdFRYs) pradeips,pr ecedi ng cl ai m

wherein the separai | N lts 1n.fhe f | f oily .aver and an
aqueous | ayer. Zé’ﬁé‘%p%gh%l‘lag’é{reagé n?(t:aé%P?ﬁ%e%{%&é?@fcﬁnatgg\%ﬂ%ﬂseé{}ﬂd% & oi l y |ayer
i's an upper | ayepratouesilpleurppig@entsictayipdsitidh pradistqcessls,aanedted ng to any
precedi ng clai mwherein the oil conprjses gne or nore polyunsaturated fatty
aci ds (PUFAs). olriglypsriies aad/armenetiondi-glycenidespr ecedi ng cl ai m wherein t he

oi | conprises 25 | ' : (AT ) -6 PUFA
(optionally ARA @Eﬁgﬁéﬁ%ﬁgﬁgﬁ gPa%ng ;&f()&g %rﬁ%%éé&az%sc%r P%Ieé §ﬁ%ny
precedi ng cloamorewié (@i FUFApdegradingéraymes| Tle tempesahas bf héminpenaydie, fromngal or
algal cells._ 11 A process according to any preceding claimwherein stages
(a) and/ or 7039901, sueheas ghout B9°Cy It may iRetivate of JeRiurs snzymes sichasocess

accor di t Al 7 wherein no solvent (such as for the oil

or PUFA;]gi S%g%%%gﬁ(g/gﬁllﬁé@g%aeség(a) and (b), and optionally also in (c).

WO 02/ 10-123 - 10OeGidERlode0B e (HBg. watgrrandas silesobuble)iantiotidants) Yoipr ecedi ng

Cnder condi €FORBEHATIAL} BHORpORIBNAG DT KREDLEPT aBp O oy BE Rt
past euri si ngia0@\0br AeAMePBtafd'for €8IthSle after extraction, such as befote or after any
refining (step (h) above).

15 There may be one or more additional heating steps, for example to remove
other undesirable compounds or components. For example, heating may take place
at an acid pH, for example to remove components such as phospholipids, trace
metals, pigments, carbohydrates and/or proteins. Here the temperature may be from
50 to 80°C, such as 55 to 75°C, optimally from 60 to 70°C. The pH may be from 1 to

20 6, such as 2 to 5, optimally at a pH from 3 to 4. This can result in degumming and/or
removal of proteins and/or water-soluble or water-dispersible compounds.

Alternatively or in addition a further heating step, this time at alkaline pH,
may employed. The pH may be from 8 to 13, such as from 9 to 12, optimally at a pH
of from 10 to 11. The temperature may be the same as that described in the previous

25  paragraph.

Equipment (industrial process plant)
A third aspect of the invention relates to apparatus for conducting the process
of the first aspect. The third aspect may thus comprise:
30 (a) means for culturing (or fermenting) microbial cells (e.g. a fermenter),

optionally (e.g. directly) linked to;



14. A process according to any preceding clains wherein the disruption ' s
of the cell walls is assisted by one or nore cell wall degrading enzynes or
surfact ant® o02lfe423A process according to any preceding cl ai rombenmsssa
separation inducer is present during (b). 16. A microbial or single cell

oi | conprising a PUFA, or a PUFA, 10 obt ai ned by a process according to any
preceding claim 17. Apparatus for obtai 1B ng an oil frommcrobial cells,

conprising: (a) ans for rin roobj al
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and 15 (c) neans ph{o 51@]@@[5%]15&1@%,1@&]0 fromat |east part of the cell

debris resulting fromthe di srupfi on. % paratus according to claim 17
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25  cell debris. Crude PUFA oil was recovered.
The yield of oil was 9% (based on the oil in the cell). The (oil) layer had the

following approximate composition: 0.1% desmosterols; 0.7% phospholipids; 6.7%
triglycerides; 0.1% diglycerides, 70% water and 20% medium components and cell
debris.,
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5  an MC-4 APV Gaulin™ homogenizer at 600 bar (600 Atm) to disrupt the cell walls.
Subsequently the homogenized broth was centrifuged by means of a Westfalia™

NA-7 disc centrifuge at maximum speed (about 8,000 rpm, equivalent to about
8,000g at the disc stack) resulting in an arachidonic acid-enriched oily top layer (that
was recovered from the centrifuge) and a lower aqueous layer containing the cell

10  debris. A crude PUFA oil was recovered: the yield of oil was 95% (based on the oil
in the cell). The crude oil had the following approximate composition: 1 to 2%
sterols and cell debris; 3 to 4% phospholipids; 4% monoglycerides; 6% diglycerides;

and the remainder being triglycerides.

15 Example 3: Preparation of crude PUFA (DHA) oil from a fermentation broth of

Crypthecodinium cohnii

Following fermentation 20 litres of fermentation broth (pasteurised at 65°C
for one hour) of the algae Crypthecodinium cohnii was homogenized three times by
20  means of an APV Gaulin™ homogenizer (type: Lab 60/60-10 TB SX), each time at
600 bar (Atm), to lyse the algal cell walls. Subsequently NaCl was added to the
homogenized broth to a final concentration of 50g/l. Oil was recovered using a
labscale centrifuge (Beckman ™ JM/6E) by centrifuging the broth in 800ml portion s
each for 5 mintues at 5,000g. This resulted in a DHA-enriched fatty top layer (crude

25  oil) and a lower aqueous layer. Crude oil was recovered from the faity top layer.

Example 4: Preparation of crude PUFA (DHA) oil from a fermentation broth of

Crypthecodinium cohnii

Following fermentation 20 litres of a fermentation broth (pasteurised at 65°C
30  for 1 hour) of the algae Crypthecodinium cohnii was homogenized three times by
means of an of APV Gaulin™ homogenizer (type: Lab 60/60-10 TB SX), each time
at 600 bar (600 Atm), to lyse the algal cell walls. Subsequently a crude oil was
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2. A process according to claim 1 wherein the cells are physically,

10 enzymatically or mechanically disrupted.

3. A process according to claim 2 wherein the disrupting comprises
homogenisation.
4. A process according to any preceding claim which further comprises:

(© extracting, purifying or isolating the microbial oil or one or more
15 PUFAs.
5. A process according to any preceding claim wherein the separation in
(b) is by centrifugation.
6. A process according to any preceding claim wherein the separation
results in the formation of an oily layer and an aqueous layer.
20 7. A process according to claim 6 wherein the oily layer is an upper
layer above the aqueous layer.
8. A process according to any preceding claim wherein the oil comprises
one or more polyunsaturated fatty acids (PUFAs).
9. A process according to any preceding claim wherein the oil comprises
25  aPUFA which is a Cy3, Cyg or Cy; Q-3 or Q-6 PUFA (optionally ARA, EPA, DHA
and/or GLA).
10. A process according to any preceding claim wherein the microbial
cells are yeast, bacterial, fungal or algal cells.
11. A process according to any preceding claim wherein stages (a) and/or
30 (b) are free of any organic solvent(s).
12. A process according to any of claims 1 to 7 wherein no solvent (such

as for the oil or PUFA) is employed in stages (a) and (b), and optionally also in (c).
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17.  Apparatus for obtaining an oil from microbial cells, comprising:
(@)  means for culturing microbial cells;
(b)  means for disrupting cell walls of the microbial cells to release oil
from the cells; and

15 (¢)  means for separating the oil from at least part of the cell debris
resulting from the disruption.

18.  Apparatus according to claim 17 wherein (a) comprises a fermenter

vessel, (b) comprises a homogeniser and/or (c) comprises a centrifuge.



