Title: 1 SOLATION OF M CROBIAL O LS Abstract: The extraction of a m crobi al
.or single cell oil, for exanple conprising one or nore pol yurkareh aoed
~fatty acids (PUFAs), directly frommnicrobial cells is disclosed which
avoi ds the need for solvents. After fernmentation, the mcrobial cells are
pasteurised, washed and the cell walls |ysed or disrupted by a nechani cal
(e.q. hom)gg’ Y133 on), physical (boiling or drying), rhepgiseal (sol vents)
or enzymatic (cell wall degrading enzymes) technique. The oil (contai ning
the PUFA) is then separated fromthe-jresulting cell wall debris. This is
achi eved by centrifugation, which results is an oily phase (top | ayer) that
contains the oil which that can be separated from an aqueous phase
(containing the cell wall debris). The oil can then be extracted and if
necessary the PUFA can be gurified or isolated fromthe oil. 2 March 2005
WD 02/ 10423 PCT/ EP01/ 089031 ' QBIAU@EREBI AL O LS 5 The present

I nvention rel ates to the extraction (and then isolation) of a mcrobial

(or si ngl e cell) preferabl conpri sing one or nore poI yunsat ur at ed
fatty aci ds (PUF P“’F' vestionye the extuaetioniand thed) isalatipaifgns. The process of
the ' microbial (or single cell) oil, preferably comprising one or more polyunsaturated

fatty acids (PUFAs), from single cell (or micro-) organisms. The process of the
- invention involves the disruption or Iysis of microbial cell walls, followed by
separating the oil from the resulting cell debris. The invention additionally relates to
10 amicrobial oil recovered by this process, preferably having a PUFA,
Polyunsaturated faity acids, or PUFASs, are found naturally and a wide variety
of different PUFAs are produced by different single celf organisms (algae, fongi,
etc). They have many uses, for example inclusion into foodstuffs {(such as infant
formula), nutritional supplements and pharmaceuticals,

15 In most microbial PURA production processes a microorganism is first
cultured in a fermenter in a suitable medium. The microbial biomass is then
harvested and treated to enable subsequent extraction of a lipid from the biomass
with a suitable solvent, The lipid is usually subjected to several refining steps. Care
must be taken during the process because degradation can occur if the lipids are

. 20 gubjected to lipolysis or oxidising conditions, for example heating (in the presence of
oxygen) and/or due to lipases or lipoxygenases. The art teaches that to avoid -
oxidation (such as resulting from breaking open the cells and so exposing the
contents to oxygen) PUFAs can be extracted from whole intact cells using a solvent
(see WO-A-97/36996 and WO-A-97/37032). The use of solvents is a common way

25  of removing lipids from microbial biomass (WO-A-98/50574).

Although these extraction processes have been used for several years, the
solvent needs to_be removed and this results in extra cost. In addition, if the lipid is
to be used in a foodstudt, it is important that certain solvents, such as hexane, are

~ removed completely, or only remain in very small quantities. If the hexane is

30 removed by evaporation then this may involve heating, and that not only adds to
costs but can cause lipid degradation. Furthermore, with increasing environmental




invention involves the disruption or lysis of mcrobial cell walls,
followed by separating the oil fromthe resulting cell debr2#archheo0s
invention additionally relates to 10 a mcrobial oil recovered by this

. process, preferably having a PUFA. Polyunsaturated fatty acids, or PUFAs,
are found naturally and a. wide variety of different PUFAs are produced by
di fferepdomiosrgl e cell organisns (algae, fungi, ebfedkhgY have many uses, .
“for exanple inclusion into foodstuffs (such as infant fornula),
nutritional supplenents and pharmaceuticals. 15 In nost mcrobial PUPA
production processes a microorganismis first cultured in a fermenter in a
sui tabl e Hhes8% B Q‘Fﬁﬁ vested and treated to
enabl e sﬁg%gaﬁgar?ts extra%’??on orft@a &d}f&ﬂ ?%O&%%onass with a suitable.
* sol vent . inerrasipghpixgensiye auslyapapylars ubj ect ed to several refining steps. Care
nust be_t akendydaginldaRiagss geegmmra% 3aklap.can occur if the

|'i pids are_ 20 subjected SIS or oxi condi tions, for exanple

heating @rok e{“ﬁe%raﬂé’éﬁééﬁ@wm&%ﬁ@@ﬁﬁucanﬂh@ﬂeCQ)B[ELSHI@&PW)*’QSQB or
i pOX)ége'B@&ﬁéienﬂ}Qﬁm@{e&ﬁBﬁﬁﬁm dei]@%tﬁoﬂttﬁe"xﬁ&f’for%ﬁeﬁ{@ {ion (such as resulting
0

from breaki ng open the cel SO exposing t ntents to oxygen) . PUFAs
can be extracted from whol e i nt act cells using a solvent (see WO A-97136996
and WO A-97/ SﬂﬂlswforeTa‘mom&lg tofa fyrel aspertt of ile ReeAnmOentivaher@® of renovi ng

i pids from, robi al nas.s 98/ 50574). Al though these extraction

pr ocesseg%va@eéfao%rgﬁesﬁ (i\t%’t’mgéﬂé’fl%o“i‘/@’é?@blat% s, @gPilent ‘needs to be

renoved. aBghptibing oh€8kinbfe poly@shiliAudOtty alils ﬁftgiFAg)O&e prdeetshe lipid is to be
used in a foodstuff it is inportant that certain solvents, such-as hexane,

are renmso@grigiagaisugtingshe ool Valﬂsewﬁihmmmobie}r sellsmlelegueatht i ti es. | f the

hexane i 5.3 v va ti.on nval ve heating, and that
not onl y%lalﬂ%d@ggepcog?‘é %’u‘fe%%gﬁg%ﬁ’ﬁs L.ipftf %’ga%é“ﬁ i gﬂlecﬁ rthermore, with
i ncr easi ngilliis Kamediela) mmx%@@ﬁ@}é@&%w& koNsi derations, the

use of s Ivents for the extraction of lipids is becom ng increasi ngly

expensi v&MHePig BﬁmwormeBUgééhﬁgwﬂan@lﬁmﬂthml@ﬂmee seeks to solve or
at |east, 1&\969%& FoceRy ¢ nERg g&%%o'h? ap f’re?erstrl %ﬁnd that lipids,
, can 5e%er T £y

such as t ose co rls ng a Icien %tracted from
m cr obi aprocessl(schiditpusges e and €ol) fswol wat-freat (s) .

According to a second aspect of the present invention there is
provided a microbial or single cell oil comprising a PUFA, or a PUFA,
- obtained by a process as defined above. Preferably the oil will comprise a

PUFA, namely one or more PUFAs.

Recent PUFA preparation processes advocate keeping the microbial cells
infact (W0O-A-97/36996). This publication describes a PUFA production process
~ where a microbial biomass is generated by fermenting a microorganism, and
- following fermentation the cells are heated. Water is removed from the biomass, and
. the resulting material extruded to form porous granules. The PUFA is then extracted
- from the intact cells inside the granules by contact with a solvent, usually hexane.




Therefore, according to a first aspect of the present invention there is
provided a process for obtaining an oil from m crobial cell s,2dreh @005
conprising one or nore polyunsaturated fatty acids (PUFAs), the process
conprising (a) disrupting the cell wa?l s of the mcrobial cells to rel ease
the oil; and (b) separating, by cent ?f'ugation, the oil fromat |east part
~of the cell wall debris forned in (a). One can then recover, purify and/or
isolate the (mcrobial) oil (or one or nore PUFAs). A good yield of the
oil can be achieved using this process without the need for a sol vent
Preferably this process (including stages (a) and (b)) is solvent-free.
According to a second aspect of the present invention there is provided a
m crobial or single cell oil conprising a PUFA, or a PUFA, obtained by a-
pr ocess .asTidabkdne ' ferably the. ol wll conprise a PUFA, nanely
one or nore PUFAsg.t@Reggg P‘agﬁﬁ’&?"@?"é 5?"3??‘5%";5?‘&%’%@@@%%@@& e keeping the
mi crobi al Y arekent intagicte PEWDt dey BT HBEORRPsphe bitaBtD theXrl 05 d-plescri bes a PUPA
pr oduct i 0Ny ke Lcrobi.al bjama is generated by fernmenting a
ni cr oor ganj sm %ﬁ?ﬁt%ﬁogl&%ﬁ%‘%%@?sﬁ%ﬁ?%‘*ﬂg?ﬂ R 1 hs ngmbepreat ed. Water s
removed 'f igiiiea sod ity Plitvdoil datnbe dobisvad iff kel it y@aLpyided to form

por ous gr aPidhies oxi I en extracted fromthe intact cells inside
t he granu?)gs byoggﬁagﬁﬁﬁwggg%ﬁ@%ﬁﬁe%ﬁ%??saﬁékéﬁé. - 2a The hexane
is then e?dpsiEr dgveidingthoderd Oraolentsde oi | . Throughout this process the
cells are kept intact to prevent oxygen in the atnosphere contacting the
PUFAs as it was thought that this woul d cause undesirabl e oxidation.
However ; FUFAR@dmgqroprganismst ound that a good quality PUFA oil can be

achi eved if thga.p .2 _j.n_fact ed: an pot ential oxidation by the
at nosphere can 82@?%?;;@%1 ggnbgéglﬁ%%%%%wwr%ﬂr&%%ﬂﬁéé of avoiding the
need for sol vemeer capPURA epnde i tha e ogegiairy. MoeraBlyiA Lerg ei ther be a single
PUPA or: t prey’ | F The or each PUFA can be of the n-3 or
n-5 fani |(3§D Pg?gpg%%a?tgﬁ?gﬁﬂéﬁ%féﬁB carbon atoms and 3 double bonds. _




C20 or C22 PUFA or .a PUPA with at |east 18 carbon atons and 3 doubl e bonds.
2 March 2005 2 March 2005 WO 02/ 10423 PCT/ EPO / 08903 - 3- The 2RidreN 3005can be
provided in the formof a free fatty acid, a salt, as a fatty acid ester
(e.g. nmethyl or ethyl ester), as a phospholipid and/or in the formof a
nono-, di- or triglyceride. Suitable (n-3 and n-6) PUFAs include: 5
docosahexaeM Y&t d (DHA, 22:6 t13), suitably from ah@A@ofiekUNgi , such as
the (dinoflagellate) Crypthecodi niumor the (fungus) Thraustochytrium vy
linolenic acid (GLA, 18:3 f16); a-linolenic acid (ALA, 18:3 03);

conjugated Ii glcl)l [.c, acid (octadecadi enoic acid, CLA); to dihono-y-Iinolenic
acid (DGLA, 2 .%Pe@’@%(%) wﬂdaeawdqbnthgfmioﬂaﬁeemyaa@,:aéan%@fau,%g |
As

Y Cosapent aen@'@(@i‘n&h I%Péih 1 . %ﬁﬁg\§ .ef.er eg)ptEU i nClu e. ar achi doni c.
acid (ARA), docoiohexa%noi ¢ %%lr%as% oti-lplgl"’%c{% %‘g’é’bﬁ’f@i'@f’f&eidﬁ (EPA) and/ or
y-linoleic acPd"§¥Me. | n particular, 15 ARA is preferred. The PUFAs nay

be from a natural s{igbe (n-ySAGiaP d"qﬁ rine) source or may be derived from
a single cell or gicrot()i al so%ri({g. 118&%;. the PUFA may be of (or from

mi crobi al , *al gal B°Bheramoisarid (A, 82:6 98), suttebly frormalPidiof fubgl] @k ast e PUFA may

‘be produced by athbasiofideRate)f eas F | are preferred,

preferably of the grder Eéf_o ?Q/UCE@ra?ogg'?u”%6&8iﬁﬁg@5%’ﬂqt@m¥'& Phyconyces,

Bl akesl ee” Asper gi Tliiplenic agid (Gluis 18365 r i u u, Pyt hium or Ent onophthora. The

preferred source @fiy l- . tierella al pinqg Bl akesl ea trispora,
oA AT 2 1B

Aspergillus terreus or P | losum Al gae can be dinoflagellate
and/ or incl ude PdpHEsatdddinelei add fostizdetidRnoiddcid t hecodi ntum (e. g.

Lo ot 2 o R RS 1 970 12 D
arachidonic acid (ARA, 20:4 Q6); and '
eicosapentaenoic acid (EPA, 20:5 03). .
Preferred PUF As include arachidonic acid (ARA), docosohexaenoic acid

(DHA), eicosapentaenoic acid (EPA) and/or y-linofeic acid (GLA). In particular,
15 ARA s preferred. :

The PUFAs may be from a natural (e.g. vegetable or marine) source or may
be derived from a single cell or microbial source, Thus the PUFA may be of (or
from) microbial, algal or plant origin (or source). In particular, the PUFA may be
produced by a bacteria, fungus or yeast. Fungi are preferred, preferably of the order

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

~25  Pichia or Saccharomyces, such as Pichia ciforis. Bacteria can be of the genus
Propionibacterivm,
In the process of the invenition the microbial cells (or microorganisms) can
first be suitably cultured or fermented, such as in a fermenter vessel containing an
- (e.8. 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,




Propi oni bacterium In the process of the invention the mcrobial cells (or
m croorgani sns) can first be suitably cultured or fernented2mumhaans i n a
fermenter vessel containing an (e.g. aqueous) culture nmedium The
fermentation conditions may be optimsed for a 30 high oil and/or PUFA
content in the resulting biomass. If desirable, and for exanple after

fer ment at i oWO%%¥nj shed, the nicroorganisms my be Kk nfipgl/ or
pasteurised.. 2 March 2005 WO 02/ 10423 PCC/ EP01/ 08903 -4- This may be to
inactivate any undesirabl e enzynes, fgpr exanple enzymes that m ght degrade
the off or reduce the yield of the PUFAs. The fernentation broth (bionass

and cul ture ridHinpe W@mbmdesﬂﬁhmmeéqorgmﬂpgte%m&m@tt he fernenter,

and may be passsf wldue 3. g 5. equiprent (e.g.
honogeni ser). ?f necesst?b%l?4 dé%‘ﬁ ty water) can (fi rstly) be renoved
therefrom Any sﬂheﬁﬂnenmnbmmmsmwwmm?a@mgu be used. This
. (dewat eri ng) Yet ation and/or filtration. The cells may be
washed, for (gangﬁj%iﬁ%%‘iﬁt"a gﬁf"ﬂfﬁ"&“‘“’&%@i&‘ﬁl’% water) for exanple
to renove 5an9qm1@3@ﬂ?(&gedh0mbgﬂmsvmﬂém%mbumhﬁ(@ﬁdm@f)cm $ibl e conpounds.
lysis lysis (stage

(8)) The cor [ronpiberd h;?%ﬁ%@%%ﬁxgﬁ'ui%ﬁaéﬁuﬁé‘m?mae%m &d (or
| ysed). Thi s(@ ewmmuwwﬁgaﬁmnmﬂmomemam wﬁhwﬁhy5|cal or

ear conditi ons.

nmechani cal ngt Basls: for npl e-at” hi gh
Physi cal techni quegg%lfrl\cﬂ]ﬂgﬁe%}?f}wfl 3“8%%? P%E?rfwl"ttﬁém@éﬁ?m to a sufficient

tenperature el weatee-sadelild orwated-dispaisible cbriidinbtis € Bhe LI Say THRY, bE ORI | S€

boi l'i ng. 1FENZYR ncl ude lysis by one or noré enzynmes, e.g. cell
wal |  degradi ng ernzyﬁe{l&ho&%hie cell wall degrading enzyne may be a Iytic

enzynme. Ot her 20 enzyrres I nclude (eg. al kaline)proteases,

cel lul ases, .dy@EIs& Grdod rqu)ses, -chitinases and/or pectinases. Qher cell wall
degr adi ng substances y be used instead of or in conbination with one or

nore enzymes, e. e celhwalls of the lnicrdbial etisidan the ) Berdiddiiptdd Qb Qysed). This
can be achieved using one or more enzymatic, physical or mechanical methods or
15 techniques, for example-at high shear conditions. Physical techniques include
heating and/or drying the cells to a sufficient temperature whereby the cell walls are
ruptured. This may comprise boiling.
Enzymatic methods include lysis by one or more enzymes, e. g. cell wall
degrading enzymes. The cell wall degrading enzyme may be a lytic enzyme, Otﬁer
.20 enzymes include (e.g. alkaling) proteases, cellulases, hemicellulases, chitinases
and/or pectinases. Other cell wall degrading substances may be used instead of or in
combination with one or more enzymes, e .g. salts, alkali, and/or one or more
surfactants or detergents. A combination of physical, mechanical and/or enzymatlc
methods is also contemplated.

25 If 2 mechanical technique is employed this may comprise homogénisaﬁon,
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/ct® or bar) such as a polytron
... homogenizer. Other homogenization technigues 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




surfactants or detergents. A conbination of physical, nmechanical and/or
enzymatic nethods is also contenplated. 25 If a nmechanical txadci qoes i s
enpl oyed this nay conprise honpbgenisation, for exanple using a '
honogeni ser. This may be a ball m Il or any other machine able to disrupt
the cell walls. Suitable honogenizers include high pressure honogeni zers
(for exanpl ¥ YU2hressure of 300 to 500kg/ cnl or baryegdpehisds @ pol ytron
honogeni zer. O her - honbgeni zation techni ques may involve mxing with
particles, 30 e.g. sand and/or gl ass Beads (e.g. use of a bead mll).

Al ternative nechapical techniques include the use of mlling apparatus,
for exanmpl e h® aé??d@ﬁghpﬁmrmmmm%cﬂieu&mﬁﬁgﬁg:ti Il walls

i ncl ude ul tr asepfdinbd aBRERYreHFY4 d/qar ssing 2 March WD 02110423
PCT/ EPO1/ 08903 -5- or]&appl [ a%%delg%@%ﬁ?dgﬁa@ég‘%gﬁg’g‘ﬁ JTHiphses 186500t echni que i s

call ed col a prEQRnYly flom 3400ker. perforned at pressures of 100 to 600 or

700 bar (Atm or Keomb&ehizati A - 500 ar, optimally from 200-400 bar.

Honogeni zation i.s the pref g%ﬁ%ﬁ%@%&g’gﬁ“&s@?@gﬁe@wﬂé thetd wal |s. There

s may be f5rorﬁ‘ﬁybPS“’{’}1&8§§@§¢$M@hh¢ﬁogeﬂh@nﬁgefwﬁjgﬁmdﬂfoa%ﬂ%t hi gh and/ or

llow during  diispdptied (eQMhdnfogbhisaf; j.sation ressures. For €exanple one may
(o ijr?g%%{rgées'sg?fre qnﬁﬁlaﬂ?sﬁﬁﬁp‘ﬂiﬂj{’)b‘n (e.qg.

use a Gaulin'.rm h_om)g%nl zer.

honogeni sat i GAFO%RIFen, dhe prasure dioing ﬂi&ulﬁiﬂﬂ(e@hﬁhﬁbgﬁﬁsaMQmﬁﬁe%Qib and optimally
PO oy RO g by D Bl o o ey
from 150 to SOBTREFSRE R erplayed if fequitey oe. Bim 1008 P@AR, $Bhee NUNDET  Of
Drerorany e SRRl T el Sabty
- sol vent freel® e ohmpariobassos etrhe cel | wall's may be performed either on
DLl 1 ¢ oS L R A S S o
addi tives myHEIEHRRIITage ) bepmeesisdesivably sivenshdedl i Metal salt, e.g. Nadl)
during disrupti omh&distiBibn BEMALH Gus may be performed either on the broth
15 resulting from fermentation, for example the cells may still be contéined in culture
medium or such medium may be present. One or more additives my be added or
present (such as an atkali metal salt, ¢.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)
composiﬁon 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/1. 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,




after disruption (e.g. to a honogeni sed broth). During disruption an
organic solvent (e.g. McOR, chloroform is preferably not praagset 2005e

di sruption may be 20 perforned on the (optionally washed and/ or
concentrated) biomass (e.g.following solid liquid separation). Disruption
I's therefore performed on an (e.g. aqueous) conposition conprising the
cells and WO not containing a solvent. In ordeicriPoioidy Ove cell wal
di sruption, disruption nay be perforned at a dry matter content of about
10 to 200g/1. This may be on the fernmgntation broth, for 25 exanple after
fermentation, or it may be derived fromthe broth, for exanple after the
broth has been subj ected to de-watering and/or solid/liquid separation. If

necessary a SSpadaabi §0il o BShsr g& urage separation of the oil fromthe
debris, may be added atﬁthl S strg agg@@gh as to the honogeni sed material. 2

March 2005 WO 021 1Bgsrobiimilivthe/senned frof aSeqepaaof e fvaidsit F om cel | debri s
(stage (b)) Tiandd akaRis@be ik ed fro | east part of the
cell wall debris_ for mesgée Até%yﬁ’gm%gig ldlpéﬂsﬁ%fﬁayﬁtga‘?%ﬁ“éﬁ%l ly or. lipid
phase or |%hydPmPEsdhaHES). Ejs mag beatep or uppertldyer. PlikByer cabitc§hgvBY be a top or
upper layer. (bwed BB ayedlle. H@R@y I eous | ayer, e.qg.
cont ai ni ng ce( I a%l)l debri s y@fﬂié/egr (ﬁi‘%?f% PE FYRPIBiAg PUFA) can t hen
be 3et)ar at e;j G b I theabe o théaqumuphas@rpgnfa)eOﬁorma&e -?—Erfa(:t ants
or det er gent Surf@iantd 6r RiESQMa S i s process e
separation of the of | fe;%gm at%«gast?sghn%d%fgi%émewsmll debris is 10
preferably achi evgﬁswaﬁw%e@ﬁwaﬂmaoﬁm%mbns@t hod, in particular
by cent ripf ugakd Sbvell 80k S o) ilgﬁ% e, obt fromWestfalijM
(sem - and ?nggzggﬁfl scale) grgﬁég &m%% &H@%&@@ﬂy centrifuges).
Centrifugati 6 fSjtab eéﬁmﬁhwﬁam@aﬁmmmﬂmmﬁwaﬁmh Plgedi-amy | ast for from
2 or4t089ﬂu§;§a150§1é BR&nds™ |mallyfrom4or5
to 6 or 10 m{;gt es (re5| dence ?%%E@Bm%?%%%gﬁtq%ﬁ%?ﬁ‘é% (g) may be
from 1, 000 of %@T@e@mylagﬁqrcﬁmzorgmragsﬁdhwfr&n@eps or 5,000 to
8, 000" or 20, ®0Cur 1B RpliRAl Himby Pmo%P mﬁlﬁte? O%F%ﬁrﬁé from 7,000 to 9,000g,
u

‘al t hough centrifuy atlon can pto 12 000g,
15, 000g, %0, 000g gfce(&tnmhefﬂog:altuoomzmgmeoemmés@@@ to 14,000

such as _ﬁmn 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, 20,000 or 25,000g. Centrifugation may be at 4,000 to 14,000
tpm 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 6000 if using a Westfalia™ centrifuge
(e.g. model NA-7). The flow rate may be from 100-500 litres/hour, such as 150 o
450 I/hr, optimally from 200 to 400 Vhr. Centrifugation may result in either a
2-phase system (a fatty or oily top layer and a lower é,qucous 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 induce;s include alkali metal salts, e.g. NaCl. The inducer may




rpmsuch as 6,000 to 12,000rpm optimally at from8,000 to 10, 000rpm One
or 20 nore centrifugations may be necessary . The maxi mum g fo>maeh mays be

| ower if using certain centrifuges, for exanple this may be 6000g if using
a WestfaliaTMcentrifuge (e.g. nodel NA-7). The flow rate may be from
100-500-1itres/ hour, such as 150 to 4501/ hr, optimally from 200 to

4001/ hr. CeMOGzRYgati on may result in either a 2-phq§§ggm%hﬁ€1(a fatty or
oily top layer and a | ower aqueous |ayer) or a 3-phase systiem (a fatty
or oily top layer, a m ddl e agueous Lgyer and a bottom |l ayer, usually
containing the cell debris). A separation inducer, or agent that aids
separ ati on, nbsaddel stgceentrafibh 6f 10850 S0t engnted during (a),
after (a) butuﬁﬁﬁore (b), or durin&ﬂ%%$3&$ﬁ?@gﬂﬁ%&aggﬁkpggﬂfornation of _
separate oil and ‘aqueous phases. The inducer may increase 30 the density of

t he aqueous phase Thevii mdy beBye df BB CaRRGAIE e £ nse.than the oily
phase. Sui tab%]g él:\%]%&l%%’s inclgg%ﬂal kal {E?errgzégc?m%g{?g,ﬁo %dlsr NP The i nducer
may 2 March 2805 CPERes 0 ppiay g doter cpmpriseextactag, at a concentrati on
of 10- 15097 1,pusifyirg oaiscldBlg #30il 6 dne nRIPUFAL! Y from 50- 100g/1. The oil may be
free of any carotenoids, e.g. R-carotene. Follow ng disruption and
separation the process of the invention may further conprise extracting

puri fying or Soletatdidageet he oil or one nore PUFAs. Sol vent avoi dance One

advant age of the @ﬁeoaﬁestg of..the invention is that one can avoid the need
for a solvent. (In thyaRageHftheprocessphthainveationlis fens snevant mwid tsd e t he cul ture

medi um i's  1@oraselsdnt. Winahisie@iest soReht bR ; shed with water).
walwﬁﬁpi oyéejcgm\g?fnﬁ@?mé%ri ng di sruption

Thus, no (e. nic ol vent (s) may be € _
~ of the cell \%%ufiﬁ%g‘lﬁer?“?%‘f,ﬁ'CB?lﬁiq?YiﬁE’aSh@éﬁW)oﬁht@,fmt(hgongEie)from at | east
part of the edvdnt(Syaiay beckiiploly&d eithét-dudk R)aisnBe! £hid o a)(gr_iﬁ%or gani c)
0

solvent is u I ther i he extraction, purificatio lation of the
oil or one o?éf)%&oél OE’%E@A #?fﬁgt,leqswagggtbﬁ@g Yl iebrip imofbl Syefeably.be
sol }/ ent - 1; r eeno (¢, dfunk) Sivag eSusédither iPhe SRFcHBR bl nYor %Algt%n(o?) can be
performed w an (€. . '
| _ {hp 81*1'& one or(moregPUFAs. Thus, in essence, the process can be solvent-free,
15 Thus stages (a), (b) and optionally also (c) can be performed without an (eg.
organic) solvent, for example without the need of a. solvent for the oil (or PURA)
. e.g. an alkane such as hexane, an alcohol {e-g. methanol) or a haloalkane (e.g.
chloroform).

Preferably, the use of a surfactant can also be avoided, and each or both of the

‘oot o 20 disruption and separation stages (a) and (b) can also be performed without the need.

of a surfactant, for example in the absence of any detergents.
| A se.cqnd aspect of the invention relates to an oil prepatable (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 N
components): '
(@  sterols, e.g. desmosterol, or cell debris, such as from 0.01 {o 1.0%,
eg. 0.05t0 0.5%, preferably from 0.1 o 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 |
(©)  diglycerides at no more than 0,1, 0.05 or 0,001 %.




organi c) solvent, for exanple wi thout the need of a solvent for the oil (or
PUPA), e.g. an al kane such as hexane, an al cohol (e.g. nethamdrgh eoosa

bal oal kane (e.g. <chloroforn). 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 also be perforned w thout the need of a surfact ant, for
exanpl e i n Waeyapsence of any detergents. A second asp @ he i nvention
relates to an oil preparable (or prepared) by a process orFhe first
‘aspect. If the oil conprises a PUFA, then the PUFA is preferably
predonminantly 25 (such as greater than 50% 70% or even 90%or 95% in the

fﬁr m oI tri ?I%elzmebdsmﬁﬁ&mdfmheammaﬁ/iﬁmigow th;a fo: | owi ng ¥
characteristics onent s erols esnosterol, or ce .
debris, such as fﬁ{)r%ﬁgﬁgﬂmt% &'ﬂ%éﬂb‘émbb‘lﬁ J?%edéoﬁwélerpr eferably from 0.1
to 0.2% 30 (dbymﬁptwmwm*sumﬁim:@hplbﬂé  nbi@Bsati from0.1 to 2.0%

e.g. fromO. dbSeaton rably from0O.5 to 1. % and/ or (c)
di gl yceri des%g‘%Bno r‘r’b"{9 ?‘ﬁ%’ﬁg 1, 0.05 or 0.001% 2 March 2005 WO 02/ 10423
PCT/ EPO1/ 38903 -8- The oil may be refined and/or treated with an acid

~and/ or al kal iy érgll}ﬁlgﬁyolrw The PUFA (or oil containing a PUPA) may be
subjected to downst ream processi ng, for exanple degumm ng,

neutralisation, B eeeiidpgoessdehelpredeiiaivetion terefold dfuffidegat i On. 5 Overal |
" 2t e OB ol s o it 1y
y ey
produce - a -m cr obmidrobal bil orratmhstbﬁﬁEIFApne PUFA 10 (b) optionally heating or
gﬁ;t lejldale?%, Pg Qeg@b@’ egn?lé or )élgtn:%smg Elgcelfls for eia&%lectgllqlllstheigl(ljs/ag{i/or to fnactivate
_ t0 inactivate any undesirable enzymes;

(c)  optionally removing an (aqueous) liquid (such as dewatering), for example by
centrifugation, filiration or a suitable solid-liquid separation technique;

(d) optionally, washing the microbial ceils, for example with water, preferably to

5 remove extracellular water-soluble or water-dispersible compounds;

{e)  disrupting or lysing the cell walls of the microbial cells, for example by a
physical, enzymatic or mechanical technique (such as homogenisation, e.g.
with an homogeniser or a ball mill). This can release some of the oil and/or
'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 resuitant 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 involvé the presence of one or more cell degrading
enzymes, surfactants or emuisifiers. 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




(c) optionally renoving an (aqueous) liquid.(such as dewatering), for
exanple by centrifugation, filtration or a suitable solid-I| 2a4sah 2005
separation technique; (d) optionally, washing the mcrobial cells, for
exanple with water, preferably to 15 renpove extracellul ar water-sol uble or |
wat er - di spersi bl e conpounds; (e) disrupting or lysing the cell walls of the
m cr obi al ceblesiesfsor exanple by a physical, enzymat il‘f:’rl%m%ﬁ ani cal

techni que (such as honpgeni sation, e.g. wth an honogeni ser or a ball
mll). This can release sone of the ojl and/or PUPA present in the

m crobial cells. The (mechanical) di §?'upti on may be 20 supplenmented with or
‘substituted c hegogaly.acid G4t %@Mﬂ j tion. separation inducer
(for exanpl'eb(%oo e%ﬂ ,orymati QY?H%I]E@{% aﬁ’r@%ﬁg&ﬁgﬁmﬁ%e, may be
added); (f) sepa?ﬁ'ﬁc §iFodortngngopling i avintesisation)oThiFlsAyméveom t he cel | wal |

osul tant Cel | 28wl L e R o <y compr i s

resultant cell (Z)é{ov@ | .debris and/or
- centrifugation, PROAURIqsy trage mpfaly, RigmentislFartobyrirasés, mae, axidaicar e salts, a pH
shift (towards aprbds Mlphuri Eineﬁﬁ%cohzg' % ence of one or nore cell
b aIﬁlEts or e sﬁié’li{?mh&%’&{ﬁgs%

degradi ng enzynes,, sur.factan . sitiers: btain an (e.g.
upper) oil phase m%fﬁ‘&f“ﬁ?‘?“(‘@?@’?“”‘l’“@ﬁ\éﬂ}ﬂﬁlﬂeﬁeous phase. The oil phase may

contain the PUFA Th3@eal Bentrshd SGhde aj |1 debris; (g)
extraction, puri fiii t"ngAor i sol ation 5# tHleﬁ%lrul% SEESW%‘BRPUPA fr omthe
oi | phase), %FBF°8 &1‘%% } degiafipg eagymien, The Rupremmmf béatingyopy bt ipmand 2 Mar ch
2005 WO 02/ 190/330°C9 such f3boXRe4 O I trent (or .degunm ng), al kali
treatment. (or neutral | sat ioon) bl eaéﬁl ng,tga;e%g%lyfag%é”ﬂ%&fi ng (or

wi nt eri safi ofipEsesprf/er ipaxpeenasesve undesirabl e substances such as free fatty

oo b Bt AORSHAAE dSSETAEBE Scompos o
products, st@BPIE Vitamip Gy secsey! palmilatrl apdientociplsrod and this nisp Bedonosfesli - gl ycer i des.
'Cl)'gg heat tr amgBTd)lor @ a IRBSEEBL for gx%tnbl@ Ehepgﬁ];&rog,bs{léfx als nggrte Iorv E:rea%y‘ or denatures
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, frace
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 fo
20 6y5uchas2to 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 § to 13, such as from 9 to 12, optimally at a pi
~of from 10to 11. The temperature may be the same as that described in the previous
25  paragraph.

Fquipment (industrial process pldm?
A third aspect of the invention relates to aj)paratus for conducting the p@ess
of the first aspect. The third aspect may thus comprise:
3_0- (@  means for culturing (or fermenting) microbial cells (e.g. a fermenter),
optionally (e.g. directly) linked to;



or nore oil (or PUFA) degrading enzynes. The tenperature of heating may be
~from 70 to 90'C,. such as about 80C It nay inactivate or demérer 2008nzynes
-such as to lipases and/or |ipoxygenases. One nay add one or nore (e.g.

wat er and/or oil-soluble) antioxidants, for exanple vitam n C, ascor byl
pahni tate and/or tocopherol, and this nmay be done after stage (b), or at a
| ater stage Wt 1&Ranpl e after extraction, such as befgug g{mﬁgter any
refining (step (h) above). 15 There may be one or nore ag Itional heating
steps, for exanple to renove other gﬂfi_esi rabl e conpounds or conponents.
For exanpl e, heating may take place at an acid pH, for exanple to renove

conponents such agbphoaghoi dngSng F 968 cdiBlaRL Spned t car bohydr at es

and/ or proteins. Iﬂg&%t.hg) %ﬁgg’ﬁr t%re m?ly be %?f(;hrﬁ%%gﬁ ﬁiﬁéﬁ-asuch as 55 to

75C, optimally from 60 to" R ’iﬁ‘é‘%ﬁ may be from!| to 20 6, such-as 2 to

5 optimally at a(®H fm@mfarseﬂa&ﬁﬁgaﬁfésﬁlﬁng?amﬂ&ﬁ?&gm%%)@dp&ggmﬁ ng- and/ or .
er-

- renoval of protei d/ qr ter-saol uble or wa speréibl e conpounds.

Al ternat i veloy or %ﬁﬁ%&@%ﬁ%&ﬁ%a@Ywmﬂ%ﬁb&eti me a{mal kal i ne
pH, may enpl oyeds inThje Epdil oftbym&as dah 5Bt %] 38ed LOM 9 to 12,
“optimally at fgﬂ% fﬁéorarogt}llo to %}1. ThEé&{iin?theeorcﬂgtl%t9 re ﬁ%/o be the sanme as

that described in the praViHifgesed eB@P’é@?fékﬁgSthBﬁm@w% Equi pnent
(i ndustrial meé‘ore@gapj(arﬂl)ofiﬂedihﬁpﬁdnaﬁﬁﬂﬁiaﬁ&iste?g'ﬁdw&ﬁte;rﬁ& relates to
appar at us forbe?l%gﬁg‘ﬂ,i n t?e rocess of the Tirst aspec T0%e third aspect
may thus conpri se: %E%@e“}%éﬁ?dﬁéﬁepé‘ﬁmqﬂm%(%gowhﬁmogwﬁmdi ng) microbi al
cells (e.g. anateelnlbc@nfoepf)rformirm:ﬁnyeﬂmééteﬁsﬁ@e;g,edgitﬁe%%rh@mh&pé%d to, 2 March
2005 WO 0g/ 1?&%& E&%{JI%PO_U 0890||3 -10- (b) means for disruptihg (or |ysing)
cell walls of t gl OIi§ S ad-iquidsepyration mepasysigkeni ser ), optional Iy | i nked
t o; Features or characteristics of one aspect of the invention are applicable to

 another aspect mutatis mutandis.

The invention will now be described, by way of example, with reference to
the following Examples which are provided by way of illustration only.
15 '

Example 1: Preparation of crude PUFA (ARA) oil from a fermentation broth of
Mortierella alpina.

A fermentation broth of Morfierelin alpina (previously pasteurized at 65°C
for one hour) containing arachidonic acid (ARA) was homogenized once by means
20 ofan MC-4 APV Gaulin™ homogenizer at 600 bar (600 Atm) to disrupt the cell
‘walls. NaCl was added to the homogenized broth to a final concentration of 100g/1.
Subsequently the homogenized broth was centrifuged by means of a Sorval RC 5B
centrifuge for 10 minutes at 9,000rpm {(equivalent to about 20,000g) resulting in an
arachidonic acid-enriched oily top layer and a Jower aqueous layer containing the
25  cell debris. Crude PUFA oil was recovered.
The yield of oil was 9% (based on the 6il 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, ) '




(c) nmeans for separating a (resulting) oil from (resulting) cell debris
The cells and culture nedium (e.g. broth) may be passed di r ecxiarch aotshe 5
means in (b). Each of the neans can be positioned in the order specified,
so following the order of the stages of the process of the first aspect.
Means for performng any or all of the disruption and separation steps as
descri bed ewologem23mray be provi ded, for exanple rreangc%fgl,ﬂ%!gma separati on

i nducer (e.g. to honogenised material), or for performng any of the steps
~described in the overall protocol (e.ﬂ. to heating/ pasteurising neans,
solid-liquid separation neans, etc). Features or characteristics of one

aspect of 't heExanylt PrparaifoftRiab PORLIAR A 81l s 9 ERE L ASDES | ofrutat |'s nutandis.

The invention tzjer! N w be described,” by way ol —exanpre—w+ h reference to

the foll ow ngﬁa—%ﬂé@%ﬁi ch are provided by way of illustration only. 15

Exam | e 1. Prepar tfermentaion 5ofSeMBEAN AR by :§gs@ﬁ,,F-§erd tation broth of
' cgklll%ér"{sg re a-gﬁ’gi(ﬁ

Mortierella na. A fernentation broth a (previously
past euri zed Zij?lpf(i@&r) cquiprnng aechidanioacid ¢ARAY e bagnogenigehomoby meancofd ( ARA) was

“honogeni zed endMC-HnPVEREIR™ ; \VA lLinr: . ho ni zer .at 600
: Arves Qg il (AT 2

bar (600 At di srupt the cell walls. e honogeni zed

broth to a P?Sﬁé f"Hég‘ﬁloF‘ﬁgePW[E?tthed@ms&qM¢sﬁﬂhﬂ“é honogeni zed

broth was ceiNA-7 fisgrehrifige sreadifmus spedd @Ry $600 rifuge for 10

m nutes at 98%@%9%%%1\{/& ent 1o. ?g{)utf 23%%%‘55‘1"%@%?0{‘{ ng in an

ar achi doni ¢ atrd-e )desilying ig 30 prachidenieaidl-earithodheily teyslayeo (tat | ay er

cont ai ni ng thesﬂ&ve:edhﬂﬁbé&nﬁﬁg@dﬂ@@la@%ﬁx&&kg}é@&n@g&%r . The yield of
ol ay

oirl was 9% ( ed, on.t oi.l inthe cell). Tr . had t he
fol | ow négapgeig%iwge%ﬁwﬂaﬂWﬂ@. thoieldefiol stae95%h ©pse@oe pihosphol i pi ds;
6. 7% tri gl yimehd @i)s Thderdde¥il Bidthe/®Revi ,z,ga{%o . an % medi um
conponent s aqgolceldl I?getﬁﬁslﬁ ‘g Narcrﬂ?’%g%%mv\o %ﬁtﬂ% g&%%POl/ 08903 -11-
Sterols and cell ; 3 to 4% phospholipids; 4% monoglycerides; 6% diglycerides;
and the remainder being t{iglyc_:erides_

‘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 Galin™ homogenizer (type: Lab 60/60-10 TR 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 usinga
labscale centrifuge (Beckman ™ JM/GE) by centrifuging the broth in 800ml portion s
each for 5 mintues at 5,000g. This resulted ina DHA-enriched fatty top layer (crude
25 | oil) and a lower aqueous layer. Crude ol was recovered from the faity top layer.

Example 4: Preparation of crude PUFA (DHA) oil from a.fennentation 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




Exanpl e 2: Preparation of crude PUPA ARA oil froma fermentation broth of
Mortierellaqgtina A fernmentation broth of Mrtierella al pina (pmexchaesy
pasteurized at 65C for 1 hour) containing arachidonic acid (ARA) was
honogeni zed once by neans of s an MC-4 APV Gaul i nTM honogeni zer at 600 bar
(600 Atm to‘ggioﬁfo t the cell walls. Subsequently the honogeni zed broth was
centrifuged ans of a WestfaliaTM NA-7 disc cent pefki@fosdds Maxi mum
speed (about 8,000 rpm equivalent to about 8,000g at the disc stack)
“resulting in an arachidonic acid-enrighed oily top layer (that was
recovered fromthe centrjifuge) and a | ower aqueous Iayer contai ning the

cel | 10 debri ™R ¥ 8e e@mflﬁlga@ewlmmﬂfslvmjz) gﬁ;FqJ[ ﬂPI| was 95%
ad t he I ow

(based on t he imB0OmI potidnb &,

appr oxi mat e c SI ![)I 0 I%%Lg%%ut:sg%agrs@% i gRHAregrichad t o 4%

_phosphol i pi ds ﬁb@?"?“c@) 0W®9@MameAbﬂ@§megshe remai nder bei ng
triglyceri desrecox&e&dﬁ)@mmfaty?w 1§ on of crude PUFA |-TAoil froma
fermentation broth of Cypt hecodl ni um cohnii Foll ow ng fernmentation 20
litres of fernentation broth (pasteurised at 65C for one hour) of the

al gae Crypt hecodi ni um cohnii was honogeni zed three times by 20 neans of an
APV Gaul i nT"4 honogeni zer (type: Lab 60160-10 TB SX), each tine.at 600 bar
(Atm), to lyse the algal cell wails. Subsequently NaCl was added to the
honogeni zed broth to a final concentration of 50g/I. Ol was recovered
using a |abscale centrifuge (Beckman T JM6E) by centrifuging the broth in
800m portion s each for 5 mntues at 5,000g. This resulted in a
DHA-enriched fatty top layer (crude 25 oil) and a | ower aqueous Iayer
Crude oil was recovered fromthe fatty top layer. Examle 4: Pre oration of
crude PUPA HA oil froma fernmentation broth of Crypthecodi nrum cohnii
Follow ng fernmentation 20 litres of a fernentation broth (pasteurised at
65C 30 for 1 hour) of the al gae Crypthecodi ni um cohnii was honobgeni zed
three tines by nmeans of an of APV Gaul i nTm honogeni zer (type: Lab 60160-10
TB SX); each tine at 600 bar (600 Atm), to,lyse the algal cell walls.
Subsequently a crude oil was 2 March 2005 WO 02/1042. 3 :




PCT/ EP0O1/ 08903 - 12 recovered using a | abscal e centrifuge-(Becl maarj m 7M 6E)
by centrifuging the broth. in 800nml portions each for 5 m nuResrat 26800g.
This resulted in a DHA-enriched fatty top layer (crude oil) and a | ower
aqueous | ayer. A crude PUFA oil was recovered fromthe fatty top layer. 2
‘March 2005 - 13 CLAIMS 1. A process for obtaining an oil from m crobi al
cells, the oil conprising one or nore polyunsaturated fatty aci ds (PUFASs),
the process conprising: (a) disrupting the cell walls of the m crobial
cells to release the oil; and (b) separating, by centrifugation, the oi
fromat |east part of the cell wall debris formed in (a). 2. A process
according to claim1l wherein the cell$ -are physically, enzymatically or
nmechani cal 'y disrupted. 3_ A process according to claim2 wherein the

di srupting conprises honngenlsatlon 4. A process according to claim 3,
wherein the disrupting conprises ho ation at a pressure from150 to
900 bar. 5. A process according to any precedi ng clai mwhich further

conprises: , (c) in urif isolating the mcrobial oil or one
or- nnégvgu ﬁ; Aﬁi?%?ﬁ?%cgggﬂg%%bgh?ﬂﬂ"Pﬁngﬂvx%?ég%eﬂﬁ@m@m%meMMerein t he
~ separ P peyilispgiraind faty dcpisrBUFAR), te ﬁmcem | and an aqueous | ayer.
7. A procegs acgerahngebaflaidn G, ShRr Sy Eq "ﬁg |9 an upper | ayer
above the gaéue ous % g % 07 SRR IR SR Rdeieeed écﬂra&%dl ng clai m
wher ei n t héd)oi | S%I@ﬁfpﬁmgsb}scmtnﬂagﬁmm\khecdni frgn at l@é&pa@ﬁth&rce@zm 3 or 92-6

PUFA (opti %@Hgy%%eﬁﬁ )DHA and/or G.A). 9. A process according to any
precedi ng clai mwherern € mcrobial cells are yeast, bacterial, fungal

or al gal cé] | s A process according to claim 1 wherein the cells are physwally,
enzymatically or mechanically disrupted.

3. A process according to claim 2 wherein the disrupting comprises
homogenisation.
4. A process according to claim 3, wherein the disrupting comprises
homogenisation at a pressure from 150 to 900 bar.
5. A process a-ccorc-:ling to any preceding claim which further comprises:

(c extracting, purifying or isolating the microbial oil or one or more PUFAs.

6. A process according fo any preceding claim wherein the separation
resuifs in the formation of an oily fayer and an aqueous layer.

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 precedlng claim whereln the cil comprises a
PUFA which is a Cq4, Cy o1 Cpo Q-3 or (3-6 PUFA (optionally ARA, EPA, DHA and/or
GLA.
: 9. A process according to any preceding claim wherein the microbial cells

are veast. bacterial, funaal or alaal cells.
10. A process according to any preceding claim wherein the source of the

PUFA is from Mortierelfa alpina. Phycomyces, Biakeslea Aspergillus, Phythiumn,

Entomophthora Porphyridium, Nitszchia, Pichia, Saccharomyces or Proplombactenum.

11. A process according to any preceding claim wherein stages (a) and/or (b)
are free of any organic solvent(s).




10. A process according to any preceding .cl ai mwherein the source of the
PUFA is from Mrtierella al pina. Phyconmyces, Bl akesl ea, Aspergildrdhuggos

Phyf hi um  Ent omopht hora, Porphyridium Nitszchia, Pichia, Saccharomnmyces or
Propi oni bacterium 11. A process according to any precedi ng clai mwherein
stages (a) and/or (b) are free of any organic solvent(s). 2 March 2005 -
14 12. A process according to any_qfy clainms 1 to 7 wherein no sol vent
(such as for the oil or PUFA) is enployed in stages (a) and (b), and
-optional | y1al sos pRcksd acc@at%hngato%rn %9§|§|m%olct‘érﬂvﬁ@efn%oa§yvem E‘.ﬁ@ﬁib?g claim

whi ch_ ¢ rrprl sesF before 36‘6‘) tur| ng) fermenting cell s under
condi f 8L BUFAY Iseippip dEFfaﬁﬁ ) apf ) opnd Opt’ﬁﬁﬂlyéﬂs%@d@ssary past euri si ng
and/ or heat3.ng A peces dlcf‘cordlrfb toAnpP hALLgis @%ﬁﬁ%lcﬂ&oﬁ%n@é&’ bRf#Sedi ng claim.
wher e| t.he {ﬂ_cess r| se fore asteuri zi n and/ or_heating the

cel | s %”9 'BELY 5’ ?fﬁ’? ¥ eéﬁ?/" E tﬁﬁo"&PéﬂdHE It filt he
- di sr ugntd ibnecebsdrp pastedisingmldl Hestirasthe sélkd by one or nore cell wall
degr adi ng enzynes or surfactants 16. A process according to any preceding
¢l ai m wherldi nAPreessaR5EPTEIRgith 40K Brecetisg ﬁPéﬁé’Fﬁefﬁﬂﬁh%@r‘?@%S 17. A process

‘accorgipgsdy bafve (H)%ﬁ@t@bﬁh@n&bﬁdlm NMB@EH& QMg or more surfactants are
pr esent duir| rising a

PUFA, or PB%K\s E'%g%e‘ﬁ neglr%fﬂg o a%P’E?E% [29 38%%‘3?%8'“ tﬁ gﬁg}'plﬂlf"égfg@ ng claim
cell walls is assisted by one or more cell wall degrading enzymes or surfactants.
16. A process according to any preceding claim wherein a separation inducer
is present during (b). _ |
17. A process according fo any preceding claim wherein one or more
surfactants are present dunng stage (b)
18. A microbial or single céII oil comprising a PUFA, or a PUFA, obtained by

a process according to any preceding claim.






