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(54) Title: ISOLATION OF MICROBIAL OILS
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The extraction of a mcrobial

S

= (57) Abstract: The extraction of a microbial or single cell oil, for example comprising one or more polyunsaturated fatty acids

=~ (PUFAs), directly from microbiat cells is disclosed which avoids the need for solvents. After fermentation, the microbial cells are
pastevrised, washed and the cell walls lysed or disrupted by 2 mechanical {e.g. homogenisation), physical (boiling or drying), chem-
ical (solvents) or enzymatic (cell wall degrading enzymes) technique. The ofl (containirrg the PUFA) is then separated from the
resulting cell wall debris. This fs achieved by centrifugatioti, which resuits is an oily phase (top layer) that contains the oil which that

3 can be separated from an aqueons phase (containing the ceil wall debris}. The oil can then be extracted and if necessary the PUFA
can be purified or isolated from the oil. .




m crobial (or single cell) oil, preferably conprising one or nore

.pol yunsaturated fatty acids (PUFAs), fromsingle cell (or mxwvaeh 2005
~organi sms. The process of the invention involves the disruption or lysis
of mcrobial cell walls, followed by separating the oil fromthe resulting
cell debris, The invention additionally relates to 10 a mcrobial oil
recover ed bYO%¥%B3process, preferably having a PUFA. pcRebyument urated fatty
acids, or PUFAs, are found naturally and a wi de variety of different PUFAs
are produced by different single celljorganisnms (al gae, fungi, etc). They
have many uses, for exanple inclusion into foodstuffs (such as infant
formula), nutritional supplenents and pharmaceuticals. 15 In nost m crobi al
PUPA production processes a mcroorganismis first cultured in a fernmenter
in a suitable nmedium The nicrobial biomss is then harvested and treated
" to enabl e subsequent extr adPPAIGN Of MICROBIATIQIRSt he biomass with a
suitable solvent. The lipid is usually subjected to several refining steps.
Care nust_be takgn during the process because degradation can occur if the
lipids are’ 20 sub]BEFEHt igentipnrelatosip ic evtracsion (ind thagisalatiofl) dfkons, for exanpl e
heating (in ool ¢aeinse o) oi ue to |ipases, or

| i poxygenases.. Th o ?g?egfgﬁlég%%{}%?%ﬁg{ggﬁﬁ%%%egg%'"f“‘(‘%ch as resulting
from br eaki nga%ﬁ%%@ﬁ@%e&%sw&@rmpawmmmmmm to oxygen) PUFAs
can be ext r agivatiof mOsveuR ®ni i€ Sk i vent (see WO A- 97136996
and WO- A-97/37032) .. The use g?l;ng)glty\s}lgﬁ‘t%la?ﬂsﬁa co@ﬁ%@%@ﬁy 25 of renoving

li pi ds from MPEFEEithe oildiosythemssulipgrol. deteis ST iventioAbddituaglly rétess  ext ract i on

pr ocessesishay micasRNoilsaste : e | vent needs to be
removed and this results I{eﬁﬁyeﬁﬁlg@ég%ﬁ.@’q@ih%"%f%iatpi@% if the lipidis to be
~used in a foodstEPWW@f%MQSmﬂPUMBam@enctrahxrallseixd/aaﬁﬁ&vm&'gwh as hexane,

are renovedofelifipnER e AL aréroddld bv & ol ery .s | guantities. If the

hexane is S%E)e e\}/, dget)%aneé\}g%gr at?omﬁ%%lt%€#§%@%% eating, and that
not only addg®t B 8¥es, dsxasmpledusiusiopint foelynifc@ichaninfalur t her nore, with
i ncreasing %ﬂd&mﬁﬁﬁbﬂsﬁ?eﬁ&kméﬁé?ﬁgﬁﬁ 01/ 08903 -2 consi derations, the

use of sqlvents for the extraction o I pl ds is beconi ng
_ 15 most microbial PUFA 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




i ncreasi ngly expensive and unpopul ar. The present invention therefore seeks
to solve or at least nitigate these problens. The applicant 2heschf paosd t hat
| i pids, such as those conprising a PUFA, can 5 be efficiently extracted
~frommcrobial cells without the need for solvent(s). Therefore, according
to a first aspect of the present invention there is provided a process for
obt ai nivageats2ei | frommcrobial cells, the oil ¢epRhlbAY One or nore _
“pol yunsaturated fatty acids (PUFAs), the process conprising (a) disrupti ng
the cell walls of the mcrobial cells to release the oil; and (b)
separating, by centrifugation, tie oil fromat |east part of the cell wall
debris f QR and/or isolate the

(m crobi gf)) oi ?%g@ug%glglﬁgﬂ?t&%@,&s@%¥§ﬁmolg%%d of the oil can be :

~ achi eved RFERFHREI Grpesive andagpopylpn hout the need for a solvent Preferably this
process (i nclﬂg?ggcngﬁ@&ﬁ&tgégfmggbgks(t@ave oﬁat?e%t\&ﬁfﬂéateftﬂe%e According to a
second aspect 0 he present 1 nvention ere rovided a mcrobial or

si ngl e. c@foblegss-| Thegpglicint hasdouad theytinids, Glﬁchasfh‘zﬁmmpr@hgaf’%ﬁwy a process as
defi ngd gba¥Sentl aqgg{ UFA, nanely one or nore
PUFAS% Rggent P Eﬁﬁg%ggg‘m%‘{?‘g’h@%e?%%g“ﬁ v%gﬁtwgn&eepl ng the m-.crobi al
cells intact (WD A-97136996). This publication describes a PUPA production
process wher dharafiorer as:bblallingjiocalrﬁisfsaspent géﬂer;ﬁésedt inyedt@nnkgt ing a

m croor gani s and vvi.n fermentation e cells are heated. Water is
removed ffOr drf’eprﬁf:?fﬁg ta&?l‘g‘g mierrhig ?Fé]tse‘ihPQF extruded to form

por ous grcamptisie oh&8r B%ﬁdlﬁﬁhﬁt%&ﬁﬁéﬁg@lﬁ&@ tegrddatact cel l's inside
a

t he granules by contact wt sol vent, usually hexane. - 2a The hexane
i s then eymposiaeéd dﬂ&iﬂmimgdh@eelhwalﬂsmfeh@nhcroﬁila}ra;nlﬂghmu‘eleadmhe process the
cells are.k t oxygen.in the atnosp ontacting the
PUFAs as%311 %Rfvx%)g Q%p%gaﬁlg% %Eftko Iobun ableiigadio ? Icéﬁoxi dati on.

However , wall debss ﬂ;@tﬂe@ﬁﬁ@). One can then recover, purify and/or isolate the
(microbial) oil {or one or more PUFAS). A good yield of the oil can be
achieved using this process without the need for a solvent Preferably this

process (including stages (a) and (b)) is solvent-free.

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.




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 Wdren 2005
conpensat ed by the advantage of avoiding the need for solvents. PUFAs and
m croorgani sns The PUFA can either be.,a single PUPA or two or nore
different PUFAs. The or each PUFA caf®be of the n-3 or n-5 fanil y.

" Preferably it is a C18, C20 or C22 PUFA or a PUPA with at |east 18 carbon
atoms and 3 doubl e bonds. 2 March 2005 2 March 2005 WD 02/ 10423
PCT/ EPO / 08903 -3- The PUFA(s) can be provided in the formof a free fatty
acid, a salt, as a fatty acid ester (e.g. nethyl or ethyl ester), as a
phospholipid and/or in the formof a nmono-, di- or triglyceride. Suitable
(n-3 and n-6) PUFAs include: 5 docosahexaenoic acid (DHA, 22:6 t13), :
sui tabl y: fTiRMednd [ ' ch as . the (dipoflagellate) Crypthecodi nium
or the (fungus) T%;Q%eﬁﬁ%gﬁg{iﬁpzﬁ“@?%dmigﬁ%&%ﬁ%@E@@Eﬁ?thqs:3_ f16):

a- | i nol eni CULET kept infan; to PRVt ©F)en ichajtnophad cdntb@leghedraal & if oct adecadi enoi ¢

aci d, CLA) ; wastidught R Yook le eni;c.acid. 20:3 06); arachidonic acid

( ARA, 20:4%8@1%6 ﬁgha(g% )e(‘lml‘cﬂgsapend?@%@??f“‘%&%%ﬁ“%@“@@?ﬂ Preferred PUFAs
i ncl ude ‘arfa@ditipbneeod guality PUERNi canbemhiond MARNRILEar@@ing: | &-@'@

ei cosapent,a@nsil 6xidkios by HE 'ﬂgé or.y-linoleic acid (C£A)'. n particul ar,

15 ARA i's preferred. The rr%a?b%@m?e comprgtarAlythee. 9. vegetabl e or
.mari ne) ;séﬁ‘faﬁ@g“(ﬂfaﬁﬁémg@enwéﬁrvcétbnfsr oma single cell or mcrobial source.
Thus the PUFA may be of (or

PUFAs and microorganisms

The PUFA can either be a single PUFA or two or more different PUFAs.
| The or each PUFA can be of the n-3 or n-6 family. Preferably itisa C18,
- C20 or C22 PUFA or a PUFA with at least 18 carbon atoms and 3 double bonds.




from mcrobial, algal or plant origin (ar source). In Particular, the PUFA
may be produced by a bacteria, fungus or yeast. Fungi are prédsdh 2abs
preferably of the order 20 Mucorales, fore ple Mrtierella, Phyconyces,

Bl akesl ee Aspergillus, Thraustochytriu u, Pythium or Entonophthora. The
preferred source of ARAis from Mortierella alping Bl akeslea trispora,

Asper gi | 1 us REPAYES or Pyt hi um i nsi di osum Al gae canpda@pfidas! agel | ate
and/ or include Porphyridium N tszchia, or Crypthecodintum (e.g.
Crypt hecodi ni um cohnii). Yeasts include those of the genus 25 Pichia or

Sacchar onyces %h as Pichia ciferii. Bacteria can be of the genus _
Pr opi oni bact el Al(ﬁwpﬁﬁv@e@sﬂlemmﬁeﬁéemmmﬁh&@ai%&ea% bial cells (or
- mi.croor gani snégter @ methillopdin %st ul,tured or fermented, such as in a
fermenter vessel, cont ajlfni ng);?gsrfiéi‘j;l é‘a’gl.’%%%ﬂ‘ga‘ﬂ@‘)mégﬁfem@wmom— The -
ferment ati on ¥dHElYEsdns may be optim sed for a 30 high oil and/or PUFA

content in the resutabk@gggjdg[@§m;£$dﬁg_si rable, and for exanple after
fermentation is finished, the mcroorgani sms may be killed and/or

pastte_uri ;sef‘.i.. 2 nﬁ%ﬁ@m@ icv@@idﬂ,atﬁmpﬁi}élﬁfﬁ)d;él Qg&@@mék%sﬁatgss_ ITE%/ bg to |
inactivate any ungegiidoRiteRar for ex nzymes that mg egr ade
the off or reduce t_ﬁlédyi gl dao Pﬁéﬂdgﬁ&&e%ﬂ%ﬁgﬁ cB¥'FigR broth (bi omass

and cul ture nedi uffnoleaip acid .Ad8B@pved (e.g. let out) fromthe fermenter,

and may be passedyj; I L L, sLupting 5. equipnent (e.g. a

honogeni ser). |f necessar sually water) can (firstly) be renoved
therefrom Any suioiagsied ligeltic abid foctedechdaiiedentt COA); t echni que can be used. This

(dewat erifg) may §g '&gﬂ&&c;&ja@gii‘g@@@ [or fi ftrati on. The cells nmay be

washed, for exanple dsing an ution (such as water) for exanple
to remove any exrackideid agldfARAIONGE04dbl € or wat er - di sper si-bl e conpounds.

IQ?) cells my t h%ﬁogﬁﬁengagnoricea%ﬁ%mﬁlgrzo;gigﬁ)r_ qpt ion or lysis. Cell lysis (stage
' 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 dinoflage]late 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

Propionibacteriim.

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.




The cell walls of the mcrobial cells can then be disrupted (or |ysed).
This can be achi eved using one or nore enzynmatic, physical amackomsi cal
met hods or 15 techni ques, for exanple-at high shear conditions. Physical
techni ques include heating and/or drying the cells to a sufficient
tenperature _whereby the cell walls are ruptured. This may conprise
boi | i ng. En?9PHHt%% et hods include |ysis by one or mucespmwges. €. 9. cel
wal |  degradi ng enzynmes. The cell wall degrading enzyme may be a lytic

enzyne. Qther 20 enzymes include (eg,. al kaline)proteases,
cel lul ases, . hem cel | ul ases, -chitinases and/or pectinases. O her cell wall

degr adi ng su&‘tsdlﬁ&égtomﬁmausmﬂwha&dmegfforféﬁaxﬂp&enﬁﬁi{@&ﬂ?ﬁi%lﬂn with one or
surfactants or

nOr e enzynes defadd theddl | e AN one or nore .
detergents. Af%%gﬁgﬁ?f%%ﬁmgbﬁgkygggﬁﬁéﬁﬁ%chanical and/ or enzymatic nethods
is also contenpl rmorsation brathrfsaivanind alliuiesddinglgy ths; 18 d this my
~ conpri se ho%m&ﬂﬁﬁ&ﬁ‘mf Jnte?xaﬁl % us%g}a hgﬁ%enisgﬁ&ﬁi S may be a

ball mill or any other machine apl e e livall igupting | wal |'s. Suitable
h?ngggnizégggzgfwﬁg?ghtghwgmésigfmmhﬂqug?ﬁpﬁam§“ﬁ@ﬁgﬁugéﬁggge at a pressure
o) 0 &l r .a.pol ytron_ honogeni z€r.
O her - honogeni zat i oﬁ%ec%éﬁ%@”ﬁ?géhﬁuh@s@%@mW?ﬁ%r"fﬁ&:l es, 30 e.g.
sand and/ or @P%@E&W@Wﬂga@mﬁﬂaﬂﬁﬁﬁﬁh@h&b&hmﬁ}ﬁ%ﬁ&ﬂ ve mechani cal
t echni ques i febidsl 1 L 1ing apparatus, for exanple honobl enders.
Ot her net hods ofﬁ%isr%éﬁ%%éﬁﬁ%ﬁé%ﬂﬁ#hﬁ%ﬁ&@ 9T SRAmplRdo tAmoFeasUNd, spray
drying and/ o?mme@ﬂaiw@r-aolma:mem&wﬂew_snpegﬂﬁgggdeg@g03 -5- or

e

appl i ancqg of wed¥ %?dﬂfdf;ﬁ .This last technique is call cola pressing: it
may be perfor ?red at p(r%egsf (ifes of 100 to 600 or 700 bar (Atmor kg/cnR),

such as 150-500 bar, optinmally from 200-400 bar. Honobgeni zation is the

preferred nqjeeb(ag,-s?;tggir@}upti ng the cell walls. There s may be froml to 3
passes through 't he %o geni ser, either at high and/or |ow during

The cell walls of the microbial cells can then be disrupted (or lysed). 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 enzymatic
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




di sruption (e.g. honpbgenisation) pressures. For exanple one may use a
Gaulin'rm honogeni zer. The pressure during disruption (e.g. 2March 2005
honogeni sation) may be from 300 to 900, such as 400 to 800, and optimally
500 to 600 or 700 bar (Atmor kg/nR). Lower pressures nmay be enployed if

required, e.g. from150 to 300 bar. Hence 10 worki ng pressures can vary
from150 to 142% depending on the type of honogenp&@gpedadgsoer of
passes, etc. Although cell lysis can be performed chem calﬂ y this is

preferably not enployed as (this stage in) the process is desireably
solvent free. The.disruption of the cell walls may be performed either on
the broth 15 P&BRianse Rk high presstuer Rasteshitettminpe & o4lle@ s may still

éiri e
be contai ned peffofnbdtat bressurBB S i u y be presént. One or nore
additives ny be added or pré%@"@%t@ﬁ”;@gﬁ?f%ai%ucthaétléwogal-t, e.g. Nad)
during di srugt-GRigsllyfiom 308-480kded  after disruption (e.g. to a honpgeni sed

or o 61 2y, 10t ﬁ}g?&"ﬁ% B A B Yoot oel wilheteon the
(optional 1y VB OQHdPéPWﬂE@eh&ahmgeﬁﬁepam&tﬁﬁhﬂxdfopioW%%g solid

| i qui d separ alisnfdn (el BddRldi Qi refore perforned on : e. g. aqueous)
conposi tion %%W ris?E|.fﬁ§ ceiﬁéﬁgﬁggmgwg W%EPYﬁﬁﬂﬁ@ﬁgﬂ%g a solvent. In
order to inp CEErt MARprsse durinp disroption (b honpigbAtidBMaPR g fOr med at a dry
broth, for 25 exanet e ter 40 gl Soany Moo f000r Mgr e rdioind: 1 1o he
broth, for e Wﬁlpées‘&ﬁsé%aﬂﬁmldycdithm&eigeﬂmwabmtbﬁgHegcede-watering

and/ or soiei divbikétigiy sﬁﬁﬁéﬁrﬁﬁah% I ssary,.a separation inducer, to
encour age se afggﬁga of the 0|F1P§%2§§ﬁg%qa 198 teng ohe added at this
stage, such AEREHUIchaubsrebresksed naterial . 2 March 2005 WO 02110423

PCTIEEO 005 el oSS D o
formed. At t¥RROYE! a8t sree i) theprotess is desiambloidivendfics | Pi d phase or |ayer (and
this may The disruption of the cell walls 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 afier 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,



5 conprise the PUFA). This may be a top or upper layer. This |ayer can be
above a (lower) aqueous |layer, e.g. containing cell wall debrdgarcilagomily

| ayer (conprising 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. The separation of the oil fromat |east sone of the
cell wall d¥&§R4e4%s 10 preferably achieved or assi st agrhR¥ulphg a

mechani cal nethod, in particular by centrifugation. Suitable centrifuges
can be obt ai ned from WestfalijM (sem.g.and industrial scale) or Becknan
(e.g. laboratory centrifuges). Centrifugation (e.g. for a |laboratory scale
centrifuge) may last for from2 or 4 to 8 or 15, such as from3 or 5 to 7
or 12, opti me$dpyratib A5 ¢ m nutes (residence tine). 15 The .
centri fugal forpceg{:a;]b i “Zd%”r}'éﬁﬁ"%% 0 or 2,000 to 10,000 or 25,000, such
as from 3,000 or Iﬂb@senarazeomm@ueasqmm&@euﬁvamaabﬁsooo to 6,000g,

or from 7 Oqenﬁda A: B2 I e be enpl oyed at

‘g-forces 12, Ooogggetgéréﬂg %%8%% {&g’g?%orgﬂégg“d@ﬁlnﬁﬁugatlon may be
at 4, 000 t 1"3“’@6%5’ the, u%% 6a®DOrupper|1@¢10CIﬁspmrc@.pkhsmghy at from 8, 000
to 10, OOOrpm(loQ&Qa@feol%Qaygp"é@ rgftcfeﬁlgiglhlle%?ns? I?’{aégge necessary . The maxi mum

g force may be I f usin aln cen Pé‘i‘&%rple this may be
6000g i f usi Mf Sy thgnb awl‘@@"ﬁqﬂnﬂlggyeouéhy@(oﬂmde)l O fjore The flow rate
7o D {1 rn BaRcRAd o el SR prSHED o Al g " DL LY from

200 to 4001/ hr Cﬁntr' fugati on
fatty or oily top!iesSRarationnd %Oﬂ&mntlmmuﬁm@ymmabmaﬁ phase 25 system

(a fatty or @tefetablyoRhibwd 6f assised ggldga l.a bottom | ayer,
usual ly contai g?g t he, ceaissll g% lﬁ‘%hlsep e&i”? a?"r‘f r, or agent that
ai ds separ at F’B‘HE}L @Wﬁlgﬂhcmh&abtam@d‘mprmm%maml enent ed during
(a), after a;):ludﬂiIaHscﬁﬁﬁlB%kﬁQﬂW T%ﬂg id the formation
of separate- OEL afqueo%s p as H%g%eﬁua%ugeg} %P&%@ISO the density
of the aqueot ?fﬁ‘a’é’é % fenteifye ylaﬁéwmmmmmsmasﬁl@ﬂaershan the oily

phase. Suit aplmriis o @loHél sa e.g. NaCl. The inducer
‘may 2 March 2005 k02/§o423° B 6 { ol laeriE i)

ntnfugal 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 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




PCT/ EPO1/ 08903 -7- be added at a concentration of 10-150g/1, such as 30-130
g/i, optimally from50- 100g/l. The oil may be free of any cazmaeneoos,

e.g. R carotene. Follow ng disruption and separation the process of the

i nvention may further conprise extracting purifying or isolating the oil or
one nore PUFAs. Sol vent avoi dance One advantage of the process of the

i nvention | ¥ ak42%0ne can avoid the need for a sol Velf{gmp&'m 0]f,hi s cont ext
sol vent excludes water, since the culture mediumis 10 usualTy aqueous and
the cells may be washed with water). Thus, no (e.g. organic) solvent(s) may

be enpl oyed either during disruption of the cell walls in (a), or in the

separ ati on of ba didedRtiFndenemvst 109364/, RaY 45 387301 |l, debris, in. (b).
Preferably, pnpo.f€ 9. organic) solvent is usaeocfh'e(l’p?ﬁléﬂry%%qie extraction, .

purification or-isolation of the oil or one or nore PUFAs. Thus, in
essence, the proc@bsoilmay bbeesFlveitorchsi@Ce o ages.(a), (b) and
optionally ala?ﬁség%ﬁ%ﬂ]% be er([)tLo_r med. W f%%é?’“%%”"?ggfé‘? % °8) sol vent,
for exanpi e w tRGUL § pﬁgggo ¢ Qveageneaytfurthercomprese eitiactigy  PUPA), e.g. an
al kane such gurifyinganisolating thebit ok nlo@ I@FAGEL hanol ) or a bal oal kane (e.g.
chl.oroform. 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 perf dolvodawidiout t he need of a surfactant, for exanple in the

absence of any deéneer ents. A second aspect of the invention relates to an

oi | preparable (of 6?’@%?@& © Bypoesy ofdhegmeeation dsfthat e chn aveid theapedt . | f the oil

conpri ses a RiAAplvinhe thi@nRidshivis cRNA I L nant | 25 (such as
bt e AR AR

greater than 5006 70% or even 90% or 95% i'n : yceri des.
" The oil rr@y %’3‘? 2 Zee"“%‘?“d 5 £lls gnay pewashed withwratey). Eharmade.grogbicps ( or -
conponent s) : solyeays) stipbemloy@l therABHFRBRBER of 18 kel GG 1 IQPL:S o SUCH @s from
0.01 to 1.0%g e ’ |
~separation of the PUFA from at least part of the cell wall debris, in (b). Preferably,
10 (e.g. organic) solvent is used either in the extraction, purification or isolation of
. the oil or one or more PUFAs. Thus, in essence, the process can be solveni-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 |
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 %.




e.g. 0.05 to 0.5% preferably fromO0.1 to 0.2% 30 (b) phospholipids or
triglycerides, such as from0.1 to 2.0% e.g. from0.3 to 1.29%rcHredserably
fromO0.5 to 1.0% and/or (c) diglycerides at no nore than 0.1, 0.05 or
0.001% 2 March 2005 WD 02/ 10423 PCT/ EP01/ 08903 -8- The oil may be refined
and/or treated with an acid and/or alkali if required. The PUFA (or oil
cont ai ni ng WOPUPA) may be subjected to further downgjt, NN CeSSI ng, for
exanpl e degunm ng, neutralisation, bleaching, deodorization,
‘winterization. 5 Overall protocol A QF_ef erred process of the present

I nvention therefore conprises: (a) culturing mcrobial cells, for exanple

under condlt|Bln9ﬂmdwe®edhey0rﬁémuﬁﬁm@1d%%ﬁhdaﬂﬁfr9j€hﬁ” at |east one
PUFA; 10 (b) opti or eur ng t he s, for exanple to.
kill the cells an ﬁ;é%bbx(&(’% @Wﬁ?@@ QP‘?‘%‘H?@Iszrres (¢c)
optionally rdmm@msmmommpiku@mm@m AforlifRLGL 1 Ng) . for exanple

by centrifu n or a suitable solid-liqurd separation
t echni que; g)%g%{gtim ing the mcrobial cells, for exanple with

wat er, pr éf erably to 15 rermve extracel | ul ar wat er-sol uble or

'vvater-dl sper g0l rgtggg?ounds (e) disrupting or lysing the cell walls of the
m crobi al cells, Jor exanple by a physical, enzymatic or nechani cal

techni que (such depréformpenissaf the prescit iffentiohhb@t, Lol eni ser or a ball
S T BRIl el i miespbber ot 1 4 1 or
substit ut ed by cherrabidl oil arvleast oy PUFARL | ¢ di sruption. A separation inducer
g L 3 re . )e?( angp! e(bj 0 Qﬂ[ﬂm{ﬂ?r':h }Ig 8rnpagtgunts}1/1\g th.le ge ¥ , for em:alnlr;)let tg %Ilr;t?excteﬂs aifi/grg ® my be
_ to 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




(f) separation of the mcrobial oil (or PUFA) fromthe cell wall debris,
for exanple formation and then separation of an oil phase feasardhh2005
resultant cell 25 wall debris and/or agueous phase. This may conprise
centrifugation, optionally with the addition of one or nore salts, a pH
shift (towards alkaline), and may invol ve the presence of one or nore cel

degradi ng woaymas, surfactants or emnulsifiers. q@ @% an (e.g.
upper) oil phase and an (e.g. |ower) agueous phase he oI l" "phase may
contain the PUFA. 30 The aqueous phase may contain cell debris; (9g)
extraction, purification or i sol ati oi”of the oil (or of the PUPA fr omthe

oil phase), r ﬁm%a% a jl: and 2 March
2005 WO 02/ 10(2)2)3 N 51%,:9 opt. %%a%i"@ am%’%%&mﬁ& %ﬁ‘g‘é Beri ng), alkali
treatment (or neu?lF‘%S‘“P% I(ﬂrﬁglterd@lonﬂo’fhxsma;gpmmol ing (or

W nterisation). Tﬁudssuaﬁymmmgseuhgggﬁ st nces such as free fatty
acids (FFAs), proteins phosphocl | M'??gsggﬁ%g’tp i p| gnent s, :

- car 3o'h%/drat tes Is gpho @%@ﬁf Pllﬁmmmwtkdgfom,o!@a@ﬁent ddec?)ﬁpom 'éll on

products, sster ol sprodafs) @ higrichi BloHHES no-.or di-glycerides.

The heat treat nent. or,thteurgégtlon pf%gg gmsg%?m%ﬂes or denatures

one or nore oil TEYceBEEAR ?fé@“%t@ﬂh@%?@?ﬂres The t enperature of heating

may be from 70 tnmaﬁnﬁamm§w ctivate or denature
h R ety inkdd b bR 8

enzymes such as tol"Pﬁ§ ygenases one or nore
(e.g. water ZHBBPLErFUES) dogradi ge&ﬁﬂ%xmmgphﬁe@fhea&mmylbeﬁvmt anin G,

ascor byl pahpg fodbec, sirdd/29 may_ be ne after stage
£boﬁt%@‘tpa F Her aﬁtié?’%ﬁ; su

(b), or at a_ later_stage for ex #h as before or
after any® rigessspploriwpegenasey. above) 15 There may be one or nore

addi tional heati rmega onEQFm:ﬁé‘(Egmr gxlns)af@&}othe e5| rabl- e

conpounds or conponen s. For exa
example vitamin C, ascorbyl palmitate and/or tocopherol and this may be done aftcr

stage (b), or at a later stage for example after extraction, such as before 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, 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 8 to 13, such as from 9 to 12, optimally at a pit
~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 process
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;




at an acid pH, for exanple to renove conponents such as phospholi pi ds,
~trace netals, pignments, carbohydrates and/or proteins. HereZ2thugch 2005
~tenperature nay be from 50 to 80C, such as 55 to 75C, optimally from60 to
70C. The pH may be froml to 20 6, such-as 2 to 5, optimally at a pH from
3- to 4. This can result in degunm ng-and/or renoval of proteins and/or

wat er - sol ubMO G104t er - di sper si bl e conpounds. Al t er ngd el 1N addition
a further heating step, this time at al kaline pH my enployed. The pH may
be from8 to 13, such as from9 to 12, optimally at a pH of from10 to 11.
The tenperature may be the sane as tha({ described in the previous 25

‘paragraph. PCT/ EPAY 088&fs faeriiineR for Kdimh bitvha r nt) Athird
aspect of the inv L%n. rel %te {é@e‘glé;%é?at us oﬂ‘%ﬁ%@%@%@%‘ﬁe process of
the first aspect. egf“ﬁelq‘ﬁf’ﬁ'?g’é By thus conprise: 7 30 (a) neans for
culturing (or ferf@ntimaysiisefanbbdd (ra@iiteg oif o fer ry, optionally"
- (e.g. directly) I ilﬂgc%ﬂséna; érel\/ar.ch (200% 002/ ﬁ%&@@é&oy 08903 -10- (b)
means for disrupting (o CYereRyiugde . by may by passeddirerttyriotieal cells (e.g. a

honogeni sef ) , meps ingbjaEach of thesesls da8 be fidstiondd ting a (resulting)
be hotiofFRE e G sRBRAL R 1O ° (e.g. broth)

~oil from(re |- cell .debris

may be passecsiédw%l??Q?Sf'g%séﬂge@fﬂ’égwgesf?ft'E@d')fStﬂEa@hMcﬁusfohe neans can be
posi tioned i rretfbrelingradpor atlpethié disréition 8 skyatatiohedOas a1 6, Of t NE stages of
t he process.%pltogﬁ L8t pect . ans for er?sorm ng any &% all of the
di sruption and" sepa a({lléaﬁl%%lnmt f &PegndRtluess felg. torhommeggnisdde provi ded, for
exanpl e nmeansnatesialidfoapsmnginy ofithd 6L ERErbeCmIhe o Qe sed material),
or o1 peff 8l LS SHERGISELL Ca ), hl e OVET S Protacal (e

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, ) '




to heating/ pasteurising neans, solid-liquid separation neans, etc). 7
Features or characteristics of one aspect of the invention arevagpboaabl e

to another aspect mutatis nutandis. The invention will now be descri bed,
by way of exanple, with reference to the follow ng Exanpl es which are
provi ded by way of illustration only. 15 Examle 1: Preparat i on of crude

PUFA ARA oi Wofie/tz3a fermentation broth of Mrtierel lapalpin

fermentation broth of Mortierella alpina (previously pasteurl zed at 65C for

~one hour) containing arach| doni c acid (ARA) was honpbgeni zed once by neans

20 of an MC-4 APV Gaulinr' honogeni ze’l’1 at 600 bar (600 Atm) to disrupt the
) fi

cell walls. Né&@m C nal
concentratlon Og/ g pyent Zet—t h was
centrifuged by—"ﬁ%’-'gﬁa%‘gﬁﬁ'a Sorval RC 513 centri fuge for 10 minutes at

9, 000r pm (equi val Arférmtmationhiotlof 2o R0k Q%Fitéﬁn%ﬂ % chi doni ¢
acid-enri cheq‘ Ol!i(lfér)to l.ayer and a Iovver agueou ayer &y ining the 25
cell debris. & ﬁ%}-’{m&\ )éas homegenjredbmte bf meant ofwas 9% ( based
on the oilsi mnm4QEV|(%uhnmﬁm{0génhzhét@mr g@q,] 25 appr oxi mat e
conposition: S(?xb%% s_/,tg%jast eroJ s, 0.7% phosp 313&8{#15@1 ‘gl yceri des;
0.1 %diglycéri M@mM@sﬁmﬁ‘ﬂ cell debris. 2
Mar ch 2005 V\ﬂ&?ﬂﬂdb@ﬁﬁﬁx@&&hﬁ@&%@%@@@gg@éﬁm%g ﬁ re aration of crude
PUPA ARA oi | 056’ fJermsta%dlﬂa of tlere a "ha A fermentation

broth of NMorfie 45 %‘\‘}%éféqhwmﬂ‘a@tde@nﬂméqﬂya@ lﬁj&fﬁha& or 1 hour)
cont ai ni ng ama&:ﬂamde’radﬁ:mﬁﬁabebn (rifR6) andR BwBCHRIRTZE &E]ﬁ ans of s an
M- 4 APV Ig:‘au I\A 7il at 600 bar 600’%((/il EB“%?’H& t he cell
wal |'s o1l 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 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




Subsequently the honogeni zed broth was centrifuged by neans of a
WestfaliaTM NA-7 disc centrifuge at maxi num speed (about 8, (DRafkprro0s

equi val ent to about 8,000g at the disc stack) resulting in an arachidonic
acid-enriched oily top |ayer (that was recovered fromthe centrifuge) and
a | ower aqueﬁ3§ﬂh%¥er containing the cell 10 debris. A crude PUFA oil was
recovered: the'yrerd of oil was 95% (based on the oil pcipoigzcel | ). The
crude oil had the follow ng approxi mate conposition: Ito 2% sterols and
~cell debris; 3 to 4% phospholi pids; 4%nonogl ycerides; 6% di gl yceri des; -

and the remai nder being triglycerides. '15 Exanple 3; Pre on of crude PUFA
-1 A oil from’%c"f’%?ﬁ’élﬂ %{abiﬁﬁe@ﬂ@ﬁlae@‘echrﬁh’?‘m%ﬂﬁmanggﬂg i Fol | owi ng
fernentation-BQSMMmp&ﬁm@&wﬁﬁ&ﬁﬁﬂﬁ@§&9ﬂ)br th steuriséd at 65C for one

i 0 AbgBRALetchehr ee ti nes by 20

hour) of the %%g%ﬁuCr t hecodi ni um cO

‘neans of an A ferprude il rdgdetez mpeapt Mipre: A ke GU6QELQ TB SX), each
tinme.at 600 haowhﬂmﬂhﬂﬁmmyﬁﬁﬁ@ihe al gal cell wails. Subsequently NaCl was
added to the honogenized broth to a final concentration of 50g/l. Gl was
recovered using a |abscale centrifuge (Beckman T JM 6E) by centrifugi ng
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 | ayer.
~Crude oil was recovered fromthe fatty top layer. Examle 4: Pre oration of
crude PUPA HA oil froma fermentation broth of Crypthecodi nrum cohni
Following fernentation 20 litres of a fernmentation broth (pasteurised at
65C 30 for 1 hour) of the algae Crypthecodi ni um cohnii was honopgeni zed
three tines by neans of - an of APV Gauli 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 WD 02/ 1042. 3 PCT/ EPO1/ 08903 -12
recovered using a |labscale centrifuge (Beclnmaarjm 7M 6E) by centri fugi ng
the broth ' '




in 800mL portions each for 5 minutes at 5000g. This resulted in a
DHA-enriched fatty top layer (crude oil) and a | ower aqueoug MamhePO0O5A.
crude PUFA oil was recovered fromthe fatty top layer. 2 March 2005 - 13
CLAIMS 1. A process for obtaining.an oil frommcrobial cells, the oi
conprising one or nore polyunsaturated fatty acids (PUFAs), the process
conprising: (a) disrupting the cell walls of the microbial cells to rel ease
the oil; and (b) separating, by centrifugation, the oil fromat |east part
of the cell wall debris formed in (a). 2. A process according to claiml
wherein the cells are physically, enzymatically or nechanically disrupted.
3_ A process according to claim2 whékein the disrupting conprises

honogeni sation. 4. A process according to claim 3, wherein the disrupting
conpri ses honogeni sation at a pressure from 150 to 900 bar. 5. A process
according to any preceding cl ai m whi £kA®3 t her conprises: (c) extracting,
purifying or isolating the mcrobial oil or one or nore PUFAs. 6. A

process acgor di o) ecedi ng cl ai m wherein the separation results in
the fornatﬁbn 0 qﬁ%*ﬁ?ﬁ%OﬁgwEWJ%h%'@ﬂnaaﬂEQGEX#%yB@pﬂ¢9mmn%mm@@%s accor di ng
to cl & foE° pRleinsphiratad faliylagidsdPUFAB) tanpropgsicolpyisihg: above the agueous
| ayer. 8. pro . r di t ny. pr.ecedi clai mwherein the oil
conpri ses Qa) PU@iﬁ%ﬁiﬁgi(_gh glg&(ﬁttﬁ%%ﬁ:?% g’@?%@flﬁs & Eef'F"U"I‘—i'A (optionally
ARA, EPA, (HA asepasatingGhapentdfugation, teesisront aDieditparttoptingenpr ecedi ng cl ai m

wher ei n t hg, sk, g.h £l are yeast, bacterial, fungal or algal cells
10. A process accoro |%gﬁt(‘(1")fany precedi ng clai mwherein the source of the
2. A process according fo claim 1 wherein the cells are physically,

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
results in the formation of an oily layer 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 aceording to any preceding claim whérein thé cil comprises a
PUFA which is a Cqg, Cy 01 Cpy Q-3 or Q-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, Blakeslea, Aspergillus, Phythium,

Entomophthora, Porphyridium, Nitszchia, Pichia, Saccharomyces or Propionibacterium.

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




PUFA is fromMrtierella al pina. Phyconmyces, Bl akeslea, Aspergillus,

Phyf hi um  Ent omopht hora, Porphyridium N tszchia, Pichia, Saddhar eongces 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 of clains 1 to 7 wherein no sol vent
(such as for the oil or PUFA) is enployed in stages (a) and (b), and
optionally also in (c). 13. A process according to any preceding claim

‘whi ch corrpm sesp pRRESY £ch@ing to%ybwéuam pﬁoﬁ@ﬁé@ﬂtdd%ld&i:g%ﬁ@é cel I s under
condl s that aI | ow production of the oil I f necessary pasteurising

and/ o A9 § U Re 1sqiniievedyn stages, (@) @ad &) a%’!fb‘?ﬁiﬁoﬁélwaiscaﬁjc)pr eceding claim
wher ei n t hgs. pr Qﬁﬁﬁ‘éessﬁél:i@fdn%et&anpgfé&éﬁiné Blairk BB WO hkiBEs, %@ﬂfr@(a)heat' ng the
cells. 15. A Pr ocetss accor. to an%/%cﬁr ecedi nﬂ clainms wherein the

di sr U?HHIUBW &t 'HRE" '“@ewcw&aﬂ% dndecg S At Hew Broduplian @fdne oifyg| |

- degr asfidinerzyarg pasieursitigf Aeamiestinkfthe LelRr ocess according to any preceding
claimwherein a separation inducer is present during (b). 17. A process
‘accor di ng o é‘rﬁfoﬁiﬁsé@éa?fﬁﬁ‘gdPQPYrPWﬁé?'@Qﬁ'aﬁﬁé’\"@ﬁfe'ﬁﬁh%w%ﬁﬁ actants are

' Pr eSeBinpAYsd, BEfoRd eag@aétemnzl& afti/Bi KPRhY fe &Jnss' ngle cell oil conprising a
PUFA, ~or aISPUF'%( pr%@és%' él%grd[rpé to anP pa%%g Sg g]%l%)srwﬁergm tf?eg YUp%r(\a Si‘e tﬂl 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.




