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| NVENTI ON The present invention is directed to a process for extracting

| i pi ds f moo1/535m cr oor gani sms Wit hout the use of any si gnp€T/wasmtoisosount of
a nonpol ar organi c sol vent. BACKGRQJND OF THE | NVENTI ON A typi cal

m croorgani smlipid manu duction of onega-3
hi ghl y unsat ur at ed fattyggc:\ﬁi:ﬁl n par 3&??65‘?1'@8%3% xture rich in 10
docosahexaenoi ¢ acid (DHA), involves growi ng m croorgani snms which are
capabl e of uci i lipid in a fermentor, pond or bioreactor,
i sol ating tﬁ@% §F§%f%?ﬁvgﬁgj&ésg drying it, and extracting intracellul ar
lipids with a narhpobrarenongaaﬂhm doldietted t©. g. proc&sextaneaxtr&mgramhy from
intracel ular lipids of mcroorgani sns, are extra ted ai%E pturing

(" 6213, aigsoonbn e Subpu Henot HEMyRERISERY AROUHDT o PRUPRA EreabE B P p s ar e
can be further 15 refined to produce high purity and/or quality lipids. The

m cr oor gani Sns areaeneral:}ﬁEf |soI ated by first diluting the fernentation
broth w t h BaCEGCRQENDQRT TIOR nixture to isolate nicroorgani sns.

The cells are t ey qﬂlc@ergahlfsmt 18d | thdtgsndhg piedes£XutiRGh §foductidedr at el y
or soon thereafter the cells are packaged, for exanple, in vacuum seal ed

bags, to preeeA? degiadusrERicds ftpiagsl PO PERICBIRE uAatiBldy miKkE dRi Ay

o adel I D B R B P IO | bags
may devel opprodugiog, tﬁ@\h‘?%wddmﬂ im&tfmen@égtoa@@rtu*@eﬁﬁm’l {splpting the H@crqbwi ds due
i ot oor gantonass diingy AR ERTHE Mt iy B Sohbiontanic DRMLEL | e
degr aded duextng. efigresallye intcalular dipds @f niprghtganiftos a@SeXémetntbla@er makongnoi ds,
ot on e annkb ARk de R e BilliRms S5 SOIWAGIR G B RuekP |

ex pOfedISt o refilee td rprﬁhhceﬁh(grhqmrlgamdmrmuelam lmeiael”ﬁmtminroatgamrsxys arer merally)n
creating a s er.at or r, in._an
st Car Saare by PR Muet SRt SutPRAR 957 srlhERt He mbRef A mapi o
nonpol ar ortgdsulae sotre@@hnisite d The cdlis pirel thex tdriad tand nif tanipidseat acthaaactedus
operating conditions. The use of nonpol ar of gani solvent. in the chaCtl on
P oCoss T R kieDl R sobn AT alfe S 56| BEIED T SR adb REsaE

t her eby addja@gt&ﬁ}e{zdﬁed&g@;&fan@foflipidgl d recovery. Mreover, use of an nonpol ar

organi c_solvent .in extracting lipids from W) 01/53512 PCT/ Us01/ 01806 2
20 Unfortunately, the drying process exposes the microorganisms to heat, which can

damage, i.e., degrade the quality of, lipids if done incorrectly. The vacuum-sealed bags

may develop leaks, which can further degrade the quality of the lipids due to exposure of

the microorganisms to air. In addition, if the dried microorganisms are not treated with

an antioxidant, lipids can be further degraded due to exposure to air and or light. For

25  example, carotenoids, xanthophylls and long chain fatty acids like DHA may degrade due

to oxidation by air and/or light. Furthermore, in some cases operators who are exposed to

the dried microorganisms can develop an allergic reaction creating a safety and/or health
hazard to operators.

Moreover, in an industrial scale production, the large amount of volatile and

30 flammable nonpolar organic solvent used in lipid extraction can create hazardous

operating conditions. The use of nonpolar organic solvent in the extraction process may

necessitate using an explosion-proof oil recovery system, thereby adding to the cost of

lipid recovery. Moreover, use of an nonpolar organic solvent in extracting lipids from



m croor gani sns generates an nonpol ar organi ¢ sol vent waste streamrequiring
a proper disposal nethod, which further increases the overall production
cost of wW@bdssxiraction. Therefore, there is a need forprarpsooEss for
extracting |ipids from m croorgani sns which does not require the use of a

nonpol &t Or ARl eSS Shernd S SoliPuRloRind BRER (R B LBl SLERFL T ON

process f r oMM G oor I Ss o] require
drying the dmrolsa)cn'regmdj \slmsh furiherr in¢reasescthe amralmodlﬁhMMRVofmildl'bEattWENTl ON One
enbodi nent of tgiglﬁ{)r ese L nventi.on rov or_obt ai ni ng l'i pid

n

10 from nicroor ﬁ‘bﬁ"?g‘ﬂieﬂéora( fcelsilg(ir%tr%gw glplg? frPWemﬁ{o(?F%BIFIE i sms
to produce whitly 86 moetdquifé eWws€of 4 hgnpblag aighiiig sélhent| Thed icalbd a veedtfor £ t o
produce a ph e separated Xture ri a heavy | ayer and a

o 1 WG oL proctse o ironr PGS HENHEgiry MG HpTS HE SRHEYF R d- rf ch
li ght | ayergsfdayife théﬁu&rdargﬁlbi dmlomg, dxkgctionpi d and/ or lipid fractions from
the Iight layer. Another enbodi ment of the present invention provides a

process for obtaining lipids for mcroorganisns conprising: (a) grow ng

M croor gani $HMARY GFirad sNVEdTHON (b) treating said cul ture medi um and
the mcroorganismcells to release 20 intercellular lipids; (c) subj ecting

the cul ture mediQnd @dwdiment ﬁgthermesle@q igyengen prevides 8| Arefess for ioblaming kmid gr avi ty

separat jpn £ r“r%monl - cont ai ni ng phase and a heavy phase; (d)
separatllng s(gp fr?& "t” IJ{ sai d heavy phase; (%z treating said
¢

| i ght phase to lia)eakl)amg@nﬂﬂ@‘ thmmfcmor@alsmetwmdvcsauhdecﬂc lxtuafnd wat er; and

(1) uegovering, 3uprudtadserbl 1A BACHLAR0H Wik DYAR! <SRRI ABAe of the

present inventio rovi recover
m cr oor ganimrisiogpmbzsnyrkg'etheiaslip@cpsch 18ht fa@dr; gr owi ng sai d m croorgani sns in

I di b f .saj d I di
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PCT/ USO1¥ 01806 (3) (c)obsambpgmblhpg ahdiver lipid frectensrEromulm lighntagerni ng t he rel eased
intercellular | i/PIiOELSCI‘ embodiment of the present invention provides a process for obtaining
lipids for microorganisms comprising:

(a) growing microorganisms in a culture medium;

(b) treating said culture medium and the microorganism cells to release

20 intercellular lipids;

(©) subjecting the culture medium containing the released intercellular lipids
to gravity separation to form a light lipid-containing phase and a heavy
phase;

(d) separating said light phase from said heavy phase;

25 (e) treating said light phase to break an emulsion formed between said lipid
and water; and

€3] recovering a crude lipid.

In accordance with another embodiment of the present invention, a process is

provided for recovering lipids from microorganisms comprising the steps:
30 (a) growing said microorganisms in a culture medium,;

(b) treating microorganism cells from said culture medium without drying said

cells to release intercellular lipids;



to gravity separation to forma light |ipid-containing phase and a heavy
phase; (d) separating said |light phase from said heavy phase; 5 (e)

treati ngwabdsidsight phase to break an enul sion forned bet MeBUS&iaiisod i pi d
and water; and (f) recovering a crude I3pid. Preferably, the m croorganisns
are cultured in fe af i;0n i 1 - LY , the
m cr oor gani sns c@n bé&%‘%ﬁﬁéj Irﬂ%dcug%ﬁl%t %@3}%@ h%?ﬁa%g{g{@g?ﬂ&ée% &%@g%agglﬁﬂg%{eact or
or pond. Preferably, tad bevity ssportigatd form alight| lipid-dontdinihg phesecodgahdasys, nore
preferably, the mcr ogarsg‘ani sns are selected fromthe group consisting of

al gae, bacteria, qugl ‘and protists, nore preferably, the m croorgani sns
are sel ected frdd t heepatptingignicioghs psdse igmchiddedyeghaset gae, green al gae,

di nof | agel ates, yeast, fungi, of the genus Mrtjerella nd Str nopi | es.
b ot erabry. the G or BiriRmISEn: BiSe € BreRk o PhblsGhciamie SRR T B U
Mortierella, genus Caypwhtecesi ni um and order Thraustochytriales, and nore
preferably, mcrqorgani sns are selected fromthe genus Thraustochytrium
Schi zochyt ri um 8P m &OYELELRBIE 3P hore preferably, the nicroorgani sns
are sel ected fr gritRBlydHQUmiGOGEAHins greOtulfiitddr B0k ORh&Hioh avbdignt Mea
identifying characteristics of ATCC nunber 20888, ATCC number 20889, ATCC
nunber 20 2GBBBOTATERERRIER, NEOBTIOoRFRISHF (81 hSnBlhred grgwsythstiglhs o

Morti er g) | aphoffbibidbetse b bondS t PrafetBlyD theGhitRioRRRRAE AfeUlipid-ObR nficrobfghiéhs, St r ai ns
derived fromany of the foregoing, and m xtures thereof. The treatnent of
the cel |s imefeuteisrably; theamipreprganisms edre electech Bom the @EouPueIRsigting 9 plggg,

rupturing og,cRREL gﬁg@'d W3 otGts, HRrdIBRErAMY, Ghd midrbt gdn@iniBark ¥Si€oted ¥omN@e | YSed,

etc., will be 251 'eél enerically to refer to a treatnment to rel ease

i ntercel | ul geup reisging pihedldai #lgach ereak ialgae, slinoflagalatesn iypash i fegi tod dhe ggnus |
Preferably, eat rentq, | ct ed g Leomt,heygro I Sti heat i ng
the cells, @ﬂ%ﬁ”ﬁ’g the tggﬁ%es ?’g&basi c %:ondl%‘ti g%s,fﬁ%;%og%ﬁ%&t hét}gnesfs to a
chel ati g corrpoogadisms obnthe ngenue nMortireelof genivbr Erypthedodmalsh,y tdnd loyder ng or
rupturing f the cells ¢ rises. heatin he .cel t whi | e
exposi ng th@“%‘gﬁcgﬁf%e aaéllgcr:g? Nl I%S:fgrﬁggt fné%gérg%{llsg?eis‘eil’rgtsle%&%% ot{r?p%gzéledg%ﬁs

m Xt ur es t hBrreotachiiriemer lizpchyrtben groav imiytuss p ahatefpn noonppief@sblpasthe ng t he
fernmentation. broth. containing.the rel eased .inter rough a

_ n g o f(:ellular.li idlsnttlp1
cent 11 f uge, MTROFESASTS (i RUGESH GEm the Gl chpngpine 9! HAEIGHFRITs fyhe e
cent ri f ugesidedt¥Byifd tiaddekristREbf WHCT ih#R620888, ATCC number 20889, ATCC number
20 20890, ATCC number 20891 and ATCC number 20892, strains of Mortierella
schmuckerii, strains of Crypthecodinium cohnii, mutant strains derived from any of the
foregoing, and mixtures thereof.
The treatment of the cells includes a treatment to release the lipids such as lysing,
rupturing or permeabilizing. As used herein, the terms lyse, lysing, lysed, etc., will be
25  used generically to refer to a treatment to release intercellular lipids, including breaking
or permeabilizing the cells. Preferably, the treatment is selected from the group
consisting of heating the cells, exposing the cells to basic conditions, exposing the cells to
a chelating compound or combinations thereof. More preferably the lysing or rupturing
of the cells comprises heating the cells to at least 50°C while exposing the cells to basic
30  conditions, a chelating compound or mixtures thereof.
Preferably, the gravity separation comprises passing the fermentation broth

containing the released intercellular lipids through a centrifuge, such as stacked-disc-,

separator- or decanter-type centrifuges.



The separated |ysed cell mxture conprises a heavy |layer which conprises an
aqueous sol ution which contains the solid materials resulting fromthe

| ysed ceWwa@pi/smsdz a |ight |ayer which contains |ipids. Thectigitoisesd heavy
| ayers can be separated by centrifugat4on. The |ipids nay be present in an
enmul sified stat T, ' [Ter-To Ry o =TT MUT M a [T ' ueous
washi ng sol uti oﬁrhﬁn{a??rgﬂfﬁgsﬁj %IXIS "becones psa%ss% anﬁaﬁwﬁ%%gﬁ%%g? I ed.
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the mxture %0 graw?y separaP| on. Preferably, 1he process 1's perrorned

Wi t hout usi cegtrifagapon. aTholipidnimay bs plegemntits ars erotilsifisd ktetcariéhe g0t Mparcat bhe | i pi d

extraction process,of the present invention ingludes. usin I Cr Qor.gani sne
Froma 1r nbAog: VoRSh ol auitea g ariih i BE TP de ThiERElL
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r ot y addi a .pase s cte romthe grou onsi stin 1ydr oxi des,
car bonat es, er’b‘ﬁ%&’? W&Ré’faéfg’, a C‘gWﬁ;?ﬁﬁ&Tee%r ‘H’ﬁﬂ“%i tﬁ?rg?f(e:aél tSHE‘re%tH‘%.t igl&?wé %rocess
of the presgaiityl RYAMIIOPERMbE), #2 pricebild eHBmiddngitHoleudCAPOBABIgaHE t 0

tenperature of at |east about 50 T. Preferably, a chem cal conpound, such
as a base, SHENIIYIPSNE¥Fe culture nmediumto aid in the |ysing of the

cell's. fig an al twprgatihe gipldo eh%ﬁbmgm&&e of&hd SHréem BRehibpethcidts kil
assistance of a chelating conmpound such as EDTA. In addition to assisting

in |ysing omicrapsganismagrame fepmenigtionsprogepte BhEXECHPDS PEACETSsEan; HSmePdft | ng
oxi dat i on OfofthEidg! s ﬂHHf’fbﬁ)tBﬁéﬁE&fﬁ%bﬁﬁo@Ms Sh@fe%%b&%i&mrﬂg'bglgd&%é R) free

r adi cal-proé)ucm metal Tons’in the fernentation broth such as iron or
copper. Pr effase rgtécedr fremothec gwupt ennsistinge of Hydroxideat carbenagasn dicgeoadies ood

grade or fﬁ@?{,@?ﬂ@ﬁ!’éﬁﬁ%@m zed As Safe). Effective chelating

conpounds citric acid or citrate, lactic acid, trisodium
phosphat®, pol yptheppirasseqf thermsmt apérdioplean elso PElVEGT#tinDTRANICIsleyganismaci d, or
CDTA and ot for f C . . On i has0di um
EDTA o addidrPatiiye ofaf Raf a3 o RRRRMALE b e EmpBlRR R el

di val ent caisiadded tovthie chltvas sieditimi to aidoh thie iygirtghod theeklls.wal | s t oget her. The
process can be erfornmed. at, hj gher te ratures Wwith . less EDTA or. | ower
Penper at uros wi (4 i QHERaE g RS i TBIR, P st o, BEasighicecbs 5.0
found that ¢beting edmpini Suad as3BDBANI [ncdbivibi itai BsBfing dalysing opeuptreaty the zed
and/ or ptured by addition of EDTA.to the cultures at the end.of the

For mant 20§ offiby BESEEH0R BO ShEIERN BHoaen DR g P EHE BY assi st
i n rupturi nghetabifg Midige @ith)304e, radicAlPpsRbihg afetad fondfin he FOGhcppdMbrotid&icRNd  at
t enper at ures above 70C concentrati r}ls of | ower thhan 1000 PB'P %re effective.
VO 01/ 53571 22SpSh/onepppen 14ekerred forms of chelators are those that are considered food grade or

GRAS (Generally Recognized As Safe). Effective chelating compounds include EDTA,
citric acid or citrate, lactic acid, trisodium phosphate, polyphosphate, hexametaphosphate,
25 EGTA, DTPA, phytic acid, or CDTA and other salt forms of these compounds. In one
embodiment, sodium EDTA is added to the cells to degrade the cell walls by chelating the
divalent cations which assist in holding the cell walls together. The process can be
performed at higher temperatures with less EDTA or lower temperatures with higher
concentrations of EDTA. For example, we have found that DHA-rich cells of
30  Schizochytrium sp. can be permeabilized and/or ruptured by addition of EDTA to the
cultures at the end of the fermentation process. A concentration of 10,000 ppm is
required to assist in rupturing the cells at 30°C, a concentration of 5,000 ppm at 50°C and

at temperatures above 70°C concentrations of lower than 1000 ppm are effective.



5 Chel ators can be added to the fernmentation broth to make the cells easier
to break by physical processes such as honopgeni zation. In addition to a
chel at or wovat/s3sizan al so be added to increase the internRCT/OSOMLIB®G
pressure in order to lyse the cells. Prgferably, the m croorganisns are
capabl e of Y, | sodi um
chl ori de, rn@;l!rieg;%IJE ?’grg%fjh&l {gstgé '? %ﬁlemg Oéllut&%ﬁ;l %?@&gféggg%u%Ségt g#lam}yand
nost preferﬁbbyallm@@ssehmhabmumogengz/anomf Insgiditiomte blcbelatds . wakreherlblby, t he

m croor gani s at _sal ini Nt vel s of |ess than about
7 g/L of so?ﬂrgs OIEﬂaasgglféntf‘H%l Bt’%?ref‘gf?“ﬁﬁﬁr Xyse orelﬁ%je Preferably, the
chloride is preswéeferably, the rmm)wghmsrﬂsr ﬂmcahbmof‘gﬁ)vttb aaiadlmlty %€l offf'sh thad O
Preferably, .the m croarganis C |.eas % ht of

1 pi - rortbopt of it odam SleiRaBses Peovey o Gt st kbee! AR abl y
at | east abgudriddQi¥el modt prrfenally 166d maﬁrabélsasg/Laif@udmﬁQ%ormr @rgferabler bl y, at

| east about 20% of the lip chol e ter terol S terol,

t ocot ri enol BICTQOEEBISHE AE @Pah{iiﬂ)?f?ﬁﬁ? }%H?léﬁgﬁé a"a?r‘?&“&-/ mqrﬁ%ﬁ%f% ¥Ps such
as bet a- car {488 thanwb&itN50 hﬁgﬂpﬁ%ﬂﬁrld@SPMﬁ|tHé,ch&ﬁ1@¥?srﬁr$Heﬁhm 4H amount

cant haxanthin, and fatty acids such as conjugated |inoleic acids, and

omega- 3 an r@fﬁéb‘&l”%mrﬁbghqv W¥at urated fatty acids such as

ei cosapgt aenoi Cprafetabiy, %%ﬁﬁ;@?g&h@ﬁ@%&pﬁ&' A, leasﬁMuﬂQ@}QS@h\eéﬁ@ﬂW lgndiC' d,
arachi doni c acid, stearidonic acid, dihonoganmalinaolenic acrd

ganma- | i nol matecPrefsralilyort lemstaboried0% b renght, adanest arsferably af lsa%tabalﬁd%Q% 30%
and more pARLELARLYaAkast GRSk 2000 Yhoré Gbferably] . RAR alaaﬁttzowlo@rth@ﬁpﬁ% of the
present invention the m croorgani sns are capable of producing at |east
about 0.1 g¢teiesterpdrphyfosterolspdesmiostgrol,dcosrianples igeapherpls) nfeinonepreafoiangisls y

i ncl udi ng chal t Qst es o] ol

t ocopher ol SJH& g?%tﬁ(lgpgl %Segg% %gr%[tag!r:]%?ta% alﬁﬁi :lkg%gp%’l gﬁ?%xggtgféh Zg&slxanthm’

bet a- cat’dt ecanthakantien,rand lfwcap@meuchastcmgagmddl Imoleiczzs aig cantl lvimega-8 and hakgaat hi n,
and fatty such ul i nol ei i d n d
omega- 6 hi g(?i hyg%l nSRATF 23 c;ilg#'a 1‘? y S‘écch ¢ elcosc%engagnoé? 3%1§a9°ec(r31”§glﬁ%?n8wa%°%a
docosapent azeﬂo iim:oaihleﬂa,en@ﬂ cheidp aeshiienia el (steal@dcﬂhc Mldgcmhdnogammml,emc

steari donic di h amal i nol.eni c ¢, aci.d

i xtur oot A1 SHPEIRGIET AR S dBE R, AR 3l AR i o
preferably mbrelpeeetablglaolgist Bboat 0%/ h, and nost preferably at I east about

0.4 g/L/h. 30 I'n anot her asgect of the resent invention, the m &ﬁ)grganl sm

is seletded fronfrRePartrul)FsResHY s i V?i’l“@’é@e DYiEFQRREANIFIT 18 FRRE

protists. PRel@imbitVeast ROUITDAT QMY BB HiEB p@tdur 6f a iR 6 lipids, preferably
Thr aust ochyt riales. More preferably the m croorgani sns are selected from

the genus TRFHGEE SEANEFPY rPPWSEﬁPQOHWOF'iC% tFRiriFROky (qeaBherely WHFUINREY npst

preferably, carotenoids and xanthophylls such as beta-carotene, lutein, lycopene, astaxanthin,

zeaxanthin, canthaxanthin, and fatty acids such as conjugated linoleic acids, and omega-3

25 and omega-6 highly unsaturated fatty acids such as eicosapentaenoic acid,
docosapentaenoic acid, and docosahexaenoic acid, arachidonic acid, stearidonic acid,
dihomogammalinolenic acid and gamma-linolenic acid or mixtures thereof, more
preferably at least about 0.2 g/L/h, still more preferably at least about 0.3 g/L/h, and most
preferably at least about 0.4 g/L/h.

30 In another aspect of the present invention, the microorganism is selected from the
group consisting of algae, fungi, bacteria and protists. Preferably, the microorganisms are
of the order Thraustochytriales. More preferably the microorganisms are selected from

the genus Thraustochytrium, Schizochytrium and mixtures thereof. And most preferably,



WO 01/53512 PCT/ US01/ 01806 6 the m croorgani sns are selected fromthe
group consisting of mcroorgani sns having the identifying characteristics
of ATCC muorbes3s2D888, ATCC nunmber 20889, ATCC nunber 208BOT/UANGETsKsUNbDer
20891 and ATCC nunber 20892, nutant str@ins derived fromany of the
foregoi ng, and.m . . e s o3 i .

sel oot ed bt &b SRR o SeAl donshllh JEoLRBIARNNS HRuAY e
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Fi gure 1 i sofahé fopsyothigagidamixafresah@eaiPoctbiably) the inidosaginiem dre sdeated: ft@at i on
process _of the present invention.. DETALLE SCRI.PTI ON OF THE | | ON
The present®f t5OB5SHNg iPISPEANIFES Javing, 55‘3 lgfmge?(klafa&&epfthcd,‘)fr‘gt/@gri ng,
i solating rhfmiRF 208883indl AYCCI fintber L08RY G hReY piRftkdbIys A TOenyilee 2988H)f t he
present invention is_  applicable %o extractipg a variety of lipids froma
variety of BrersHrgafsase fromgny abthefresoings 3qd HEesgheredi ds cont ai ni ng

chol esterol, phytosterols, desnosterol, tocotrienols, tocopherols,

ubi qui nones, carotenoi ds and xant ho hﬁ\l{ls such as beta-carotene, |utein,

| ycopene, aBREBBESCRIPEEN ANt RHE D ING&nthin, and fatty acids such as

conj ugafed 20 |imglehGs 2AbHUiaghRd o LORIRIIANM: SMEdARNLL QR b BRELS at ed
fatty acids such as eicosapentaenolc acid, docosapentaenoic acid, and

docosahexaeefdheprasendinventigehi doni ¢ aci d, stearidonic acid,

di honogammal i nol eni ¢ acid and ganma-1linolenic acid or m xtures thereof,
nore preferably, onega-3 highly unsaturated fatty acids, such as
docosahexacRBTAIBREDD ESHRIP TIONCOE dFHniNMERNIEONci d (EPA), and/ or

docosapent aenoi I 2A) - (4 t - el
particular |ipi gléll%g)éﬁsg Jgﬁﬂfe%é}alsﬁdéﬁeg% ‘lj %/oe{]groggg?%e&g%%{?gzt I%g?%,lsoflir&g%
m cr oor Yani ensbtpining ulipidy fiolve néaowgamamet. e Xithe aprocasg) off i the dsesemomyeition nig
onega- 6 hi ghl sat ur at.ed fat ci.ds, such.as arachidonic acid and
doc aeapent SRBTICR A ) *Erebo idhrosf Ay p AR ARG, BElanite
M Cr 0or gani éx@ctingl dhidsi Ngnialiings adhvlesterod Mpplgtosterals r desnyaterdjrstoadtriedvlyr oduce

arelatively |ar ampunt 30 of o a-3 highly unsaturated fatty acids are
i sl osed | HeaBRBn PSS atoraEs Bad anpHongus SEhany g erafie Lulih 345
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eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic acid, arachidonic
acid, stearidonic acid, dihomogammalinolenic acid and gamma-linolenic acid or mixtures
thereof, more preferably, omega-3 highly unsaturated fatty acids, such as
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and/or docosapentaenoic
25 acid (DPA) (i.e., the omega-3 form of DPA), in particular lipids containing a relatively
large amount of DHA, from microorganisms producing the same; and extracting lipids
containing omega-6 highly unsaturated fatty acids, such as arachidonic acid and
docosapentaenoic acid (DPA) (i.e., the omega-6 form of DPA)from microorganisms
producing the same. Exemplary microorganisms which produce a relatively large amount
30  of omega-3 highly unsaturated fatty acids are disclosed in commonly assigned U.S. Patent
Nos. 5,340,594 and 5,340,742, both issued to Barclay, and exemplary microorganisms

which produce a relatively large amount of arachidonic acid are disclosed in commonly



assigned U S. Patent No. 5,583,019, issued to Barclay. Al of the above

di scl osed patents are incorporated herein by reference in their entirety.
For the satelr/sfSibrevity, however, this detail ed descri pti par/obottigoé
invention is presented for purposes of7 convenience and illustration for
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isolating the m croor ani sns, the WD 01/53512 PCT/ US01/018
compounds. Other lipids ‘and microorganisms which may be suitable for use in the
25  instant invention will be readily apparent to those skilled in the art.

Typical microbial lipid (in particular an oil containing an omega-3 highly
unsaturated fatty acid such as DHA) manufacturing processes involve growing
microorganisms which produce DHA in a fermentor, isolating the microorganisms,
drying the microbial biomass and extracting the intracellular lipids with an non-polar

30 organic solvent, e.g., hexane. The extracted lipid is generally further refined to produce a
high purity and/or quality lipid. The isolation of microorganisms involves diluting the

fermentation broth with water and centrifuging the mixture to isolate microorganisms.

When lipids are not extracted immediately or soon after isolating the microorganisms, the



8 isolated mcroorganisns are typically dried, for exanple, on a drum

dryer, and sealed in a package, e.g., in vacuumseal ed bags, to prevent
degr adat ivom0D$35l1 pi ds. Unfortunately, the drying processPerpssiaasiche
m croorgani sns to heat, which can damage, i.e., degrade the quality of,

the lipid i iy r.ect : Kk Leh can 5
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process. In contrast to the current methods prior art processes such as
t he ext r actmigrpoeganising yisingarsubsiphiesdly snonpelyhorgimie nelvend \fipe saxtracien tpréssss, dr i ed,
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to the extidction process. processes 0 present i nvention are
appl i call e tbanextractiot progess Iwhiihgd whérr gnaguesnscr pblanbolixinb vased, tlerdqaeovsvg  at

| east about_10% wei,ght .ent.rai ter, 25.preferab t _l.east out
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process, t roce@s of tpe Igrles nt a(1'$?nventi on_can i ncl ude .addi n(%c a base to
the fernent dRVSRCEPREHS £8! OGPEREY e 4IRY BT BT ECEELE LohFaTRE FFSS may be
present in THeeprbeedd Bf the Pacset indhfion SdnbiaéladeCatgaining ®R isohting alidtadrzaridasi C)
reactiops inﬁéfaﬁ)eré solutions, i.e. thﬁﬁ attach protons 30 agd di ssoci ate
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sol ubi I'i ze @bcds®RAShcRaPBE tek@4tioh opofd &b Pakfis GO WARHNES sdybadns Rt BE
present in the broth. Bases which are useful for solubilizing proteins are
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lipids from a microbial biomass containing at least about 10% by weight entrained water,
25  preferably at least about 20%, more preferably at least about 30%, and most preferably at
least about 50%. When the microorganisms are obtained from a fermentation process, the
process of the present invention can include adding a base to the fermentation broth to
dissolve any proteinaceous compound that may be present in the broth. “Bases” are
substances which show alkali (basic) reactions in watery solutions, i.e. they attach protons
30 and dissociate hydroxide ions. The base should be strong enough to hydrolyze or
solubilize at least a portion of proteinaceous compounds that may be present in the broth.
Bases which are useful for solubilizing proteins are well known to one of ordinary skill in

the art of chemistry. Exemplary bases which are useful in the processes of the present



WO 01/53512 PCT/US01/01806 9 invention include, but are not limted to,
hydr oxi des, carbonates and bi carbonates of [|ithium sodium potassium

cal ci um veddi/maEgnesi um car bonate. Qther very basic conporaOsséi/keosbasi c
phosphate salts, such as tri sodi um phosphate, can al so be used. The process
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be achi evede@gﬁgqum@aéqs? th@y a{b@étcﬁonl@mutes preferably less than about 60 minutes, and

more preferably less than about 30 minutes.
The solventless extraction process of the present invention can also include at
25  least partially separating the spent fermentation broth from the lipids. Typically, this is
achieved by centrifuging, e.g., by passing the broth through a stacked-disc, separator or
decantor centrifuge, and collecting lipids as an emulsion phase. Centrifuging the mixture
results in a two phase mixture comprising a heavy layer and a light layer. Typically, the
heavy layer is an aqueous phase, which contains the majority of cellular debris. The light
30 layer which contains emulsified lipids is then diluted with water, again separated into two
phase mixture and the light layer is again isolated. This dilution with water, separation
and isolation processes (i.e., washing process) can be achieved continuously by feeding

water and removing the heavy layer throughout the process or it can be conducted in



wat er and renovi ng the heavy |ayer throughout the process or it can be
conducted in WO 01/53512 PCT/US01/ 01806 10 discreet steps. The washi ng
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refined usipg.R; Sibaf1ate that used to refine standard vegetable
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phosphol i pi ds byAltedutingy.pind Pp¢fenably, dieiehuisiont dan beihuekgn2andf the lodweedvirgd addi ng
sodi um um oXi e ' f: f ' T : are
renoved vi 2&’5 g{ n?’%i ?Jltgigla% ;gsg(#gs 4tl§%gs$?ﬁgn%%?§|7g%ﬁ%§/s ’gga\}g?rgfrégv%%%pg?ep to

f urt her 15 enmfeeenanyn iteemirety.ndn dnoprotess efwatgrdobkdopiposph elgi, piladbol(andlens” ) and
neutralized fatty. acids. (';s0aps K'):in the lLipid Ther [ lipidis
bl eached us‘}"ﬁ%“e’ﬁs yagfi‘fdsTm %’dggwét?gﬁﬁlglrm nbtiogte’ar(e:?'nkl ﬁ]ge %W%ti@lsn éig ? Il:Hli%: r%glltlaéi s al so
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bl eaching clay are.then renoyed via filtration t oduce refined |ipid.
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under high vacuum This process al so destroys any .
further remove any remaining amounts of hydrated “phospholipids (“gums”) and
neutralized fatty acids (“soapstock™) in the lipid. The resulting lipid is bleached using
Trysil™ and a standard bleaching clay. Citric acid is also added to remove divalent metal
25 ions by chelation. The Trysil™ and bleaching clay are then removed via filtration to
produce refined lipid. The bleached lipid can be cold filtered to remove high melting
point compounds that may be present in the lipid; however, this step is generally seldom
required.
The resulting lipid can be further refined by removing any low molecular weight
30 components that may be present. Typically, these components are removed by sparging

with steam at high temperatures, under high vacuum. This process also destroys any

peroxide bonds which may be present and reduces or removes off- odors and helps
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Addi ti onal j ects, advantages, . and nqvel featur e? f this invention wll
become , for example, by draining

eavy layer can be removed from the fermentation vesse
through the bottom of the fermentation vessel, and the remaining light layer can be
further processed within the same fermentation vessel. ‘

25 If the concentration of lipids in the cells of the microbial culture is high (e.g.,
greater than about 20%) but the concentration of cells is low (e.g., less than about 40 g/L),
as in cells grown in continuous fermentation systems, or cultures of difficult (e.g., fragile)
to grow cells, or cultures produced in photosynthetically-based culture systems the cells
can be concentrated, e.g., by centrifugation, filtration, or settling, prior to employing the

30 methods of the invention if necessary.

Additional objects, advantages, and novel features of this invention will become

apparent to those skilled in the art upon examination of the following examples thereof,

which are not intended to be limiting.



apparent to those skilled in the art upon exam nation of the follow ng
exanpl es thereof, which are not intended to be limting. WO 01/53512

PCT/ USO1MQ 80835142 Exanpl es Process reproducibility was pamvaet@siczed by
produci ng three sanples of fully refined oil using crude oil fromthe new
sol vent | esspext naction process. A hexane- extracted sanple was also fully
refined to Ser e as a control. The fernentation, extraction 5 and oil

i sol ati on steps Pvees paprcfdoclbrmy a/as ahdrartcg'eedsbalmpduﬂﬁgl dreehsamplels afefillni ng
studi es were orned a scal e. refined o sanpl es
vere anal y e Robh SR Srite, &1 PR el Sovdiiee et PG ke et o an
oil-rich m@trmagammmw(ﬁﬂm ﬁ?itbycfeﬁhed mmmpas)avmogrﬁmfemnandﬁ@ﬁtr@abﬁ on
fernente pr.ad ceafernent thfor t ol Lowi ng extraction

b ocess cs. R RUTRIEN31PE i Re TSR o b e plae Whie e oY ST BSOS o ¢ he
three sol ventfotdal #¥kmalCtdand  pr ocesses The fernmentation was allowed to
run for 94 hours ile c?n%gol, he 15 gl ucos Iev s at 13 g/L, after
which tine the ddfn Pf'rurﬁlit1 %a“tp mi'¥est etnabred Wy afemograiG SOt el s
dropped to gpro@dibifitpur hours later. This resulted in a final age of 98
hours. The final broth volume was 958 gallons. The final yield was 146 g/L
dry weight of cells. Both in-process contam nati on checks and a thorough
anal ysi fy ofpedmddifih: broth sanple failed to show any signs of

contam nation. 20 Hexane-Extracted Control Sanple: A small aliquot of broth
from the fermenta pdmichanictovgasisar (Sakianchetivanty.) ext gEMedn Wi k200 realleme t o
serve as a I hl d ysing a
doubl e- drurrt}5 ry[eeg.to Iflglasfggﬁ 18{1“?) I p|f ﬁ%r@ﬁb@hglérgﬂél%bﬁgﬁ%\é%g %bl e 1.
Anal ysi s ofsinglaibatey wesjusdhng@rmgtﬁ rthmmrgng)brom toretbe threePspl ventlese extiagtioe  DHA
Qont ent ( FANG.0a8 1 Sthe Runfdfhoh RWEREA %6 i For P8 RSIECWMR UiTRink ' ©

Total Pl at
15  glucose levels at 13 g/L, after which time the corn syrup feed was terminated. Residual

glucose levels dropped to <5 g/L four hours later. This resulted in a final age of 98 hours.
The final broth volume was 958 gallons. The final yield was 146 g/L dry weight of cells.
Both in-process contamination checks and a thorough analysis of a final broth sample
failed to show any signs of contamination.

20
Hexane-Extracted Control Sample:

A small aliquot of broth from the fermentation batch was drum-dried and
extracted with hexane to serve as a control sample. The biomass intermediate was

recovered using a double-drum dryer. Analysis of this lipid is shown in Table 1.

25
Table 1. Analysis of drum dried Schizochytrium sp. biomass.

Parameter Value

DHA Content (FAME basis) 35.7%

Oil Content 62.7%

Peroxide Value (meq/kg) 2.6

Total Plate Count (cfu/g) <50

DHA Content’ 20.3%

FAME Content 56.9%

* cellular dry weight basis



DHA Content 20.3% FAME Content 56.9% * cellular dry weight basis WO

01/53512 PCT/US01/ 01806 13 Solventless Extraction Process: Crude oil was
obt ai ned g ot/s3a1 i ng t hree 400-gal |l on aliquots (approx.) PETARE/01806
fermentation broth. Each 400-gallon alilquot fromthe fernmentor was
processed ¢ Each

—

‘cm[@sg%g(%actghg E;%,bjgg wi th the caustic/heat treatnent steps.

al i quot wasStreated w T ans of 45% KOH per liter and heated to 130C
for about 30 m firnds otbyquadsaunﬂgl bisttreamgttﬂue@u@l@ galien fabquoen(appiosn dfrtbeh. The
crude oil ove t t ofmEr.C | al -scal e
Westfalia I\,-\@Tefga% sté{ggl %cg@e%atur%?faﬁqé& urrmar f{r&gnseﬁfo? Sf@rroc\(/a%tSF?ous
process parsepaatelnys stamtiag mathothé eahsucnheﬁabbaemémt seapel tElaeh hliquat wes treb@edowith

anal ysi S su Tabl.e 3.,10 Tahl . cess ta fromthe
S0 vant Fes ke of 1Sy RO dick Mg feafeasfoR1 BPE 5 Boub TR RtBH BSHEE Vol e
of Broth Preamasthatizk8R fgalenaBén Brath. 258 camk oil Was &dcolerabfred tipHredted bloth 8. 7
Final Vol une. After Heat Treatne 308 Vol une | ncrease
Fr om Conden$4et %"4‘“*?@7“3%5‘321‘/‘%.(95&% ﬁ%gfﬁ)ga‘é"scg%%ﬁ‘é?%‘ a?“"(‘}BFréfrFEs“k ¥al) 180
133 149 Esfor v&didus @@mwa&aﬁdt@@ afeWepdrted 3n GUOR A, 20@ Ue. 1041 chvapailemblylensi ty (
mL) 0.986 0.991 0.999 | solation Total Crude Q| Recovered (I'b) 182 165
174 DHA OIFS“LtélareNﬁ?r‘B’éfn%@B?%ned SF1A SF2A SF3A Table 3. Analysis of Lots
of DHA gy| fromthe Sol ventl ess Extraction Process. Parameter SF1A SF2A

SF3A

1.8 2.0 Aqid Value (mg RO g) ND ND Nefg SFE-2 SFE-3
Broth Treatment
Volume of Broth Processed 288 gal 288 gal 258 gal
Final Treated pH 7.5 8.0 8.7
Final Volume After Heat Treatment 388 gal 398 gal 308 gal
Volume Increase From Condensate 34.7% 38.2% 19.4%
1* Pass Emulsion
Total Volume (gal) 180 133 149
Est. Oil Concentration (w/w) 12.0% 24.5% 16.1%
Apparent Density (g/mL) 0.986 0.991 0.999
Qil Isolation
Total Crude Oil Recovered (1b) 182 165 174
DHA Oil Lot Number Assigned SF1A SF2A SF3A
Table 3. Analysis of Lots of DHA oil from the Solventless Extraction Process.
Parameter SF1A SEF2A SF3A
DHA Content (%FAME) 39.0% 38.6% 39.2%
Peroxide Value (meq/kg) 4.6 1.8 2.0
Acid Value (mg KOH/g) N/D N/D N/D
Moisture Content N/D N/D N/D
15
Refining:

DHA Cont ent ( %aHVB) PRResd VaaGrdYhd RoR ¥atlcBeE A%kt Pfalde (mea/ kg) 4.6

A sample from each aliquot of crude oil was winterized, refined, bleached and
deodorized at a small scale, as was a sample of the crude oil from the hexane-extracted
control. Miscellaneous process data from these small scale experiments is shown in
20  Table 4, including recovery efficiencies for the various processing steps. While it is

difficult to read too much into recovery efficiencies for bench-scale processes, as losses



Moi sture Content D NND NND 15 Refining: A sanple fromeach aliquot of
crude oil was winterized, refined, bleached and deodorized at a snall

scal e, awowmssmiszanpl e of the crude oil fromthe hexane- ertT/@st1BdS806CONt I Ol .
M scel | aneous process data fromthese dwall scale experinents is shown in
20 Tabl e 4, | ud ofo) f r e ng
steps. Wi Itgllu?@ I?Esblgkg?#oﬁ? [yyla%terﬂgg tggoﬁsﬁr%d::ﬁ I;a%{%o4 %/}g)yo@lgfva%e? fcf&(s:@lénm es
for bench- ss(oa«leethsm}omséssanmksms@es bmketlﬁlESE,aLlQestﬁsUS(dlfcmlﬁe)Glexaab-tend to
be di sproporti e st e that val ues
For “the.  Sorventy ey i  SeahBrt v WEleauditn” B b rcacur e
for the hexefﬁaeno@xdlrrmgtthd vnmartlzanbn stap tflr t}feehaxam eo«meplmsnoherl than ttivse

W|nter|z n st herec r ficienc t he wint.erization
ot op T ors ¢ RO HRRERE B0 e I e it AR S B it AR PG of ner
three sanpl@sspeétives ThefHigh B dufing Hii \gintehnzaﬁ»ntstefpr@mea thé atzersu reeabery
perspective.__The hfl gh | osses dur| n t i nteri Z&o ,ﬁg ste usefi t he
overal | recdUerFy fafie dpegontgl s WL d%?reVI? ddngher as
wel l. The |gnepedttehdnaveul ighieitant btﬂpzﬁ%l@ﬁ%@dvérﬂl @ligy of Heddll. f uquamtau mpact
on the overal]l quality of tﬁe oi | in all, | fferences in the

processi ng Hfferepges vaﬁh? BoEessing O%ta?rﬁfrré%lswéﬁaénnﬁwqﬁﬁmlm%l Tabl e 4.

M scel | gneous Process Data fromthe Ol Refining Steps. HEX-1 SF1A SF2A
SF3A Processing Conditions Mscella Concentration 45.0% 52. 9% 52. 8% 45. 0%
Steam S ar a Rat e Jahlyfta MisgellancoysProogss Rata fiopythe OflRefinidpSieps Wnteri zati on
80. 6% 92. 3% 87, 7% 85. 5% Refi ni ng 89| HBX8U 8% SF18% 95, 0BF2Mat er| SB34h 90| 6%
94. 5% 95. 8% Mhce’dsing Boaditbasng 86. 1% 89. 2% 87. 3% 84. 1% De¢odori zat|i on 97. 4%
96. 1% 97. 2% WMis&ta CRack@giong 88. 2% 8P450%89. 3%598%8% Oyeeabd 48.485%%6. 9o
58. 5% 51. 8% BwahmySpagkiRaed oi | sanpl es3.ay%0m t he 314% ee sol/ ey | ess| B3%r act | on

runs, and t[ecovery Efficiencies

Winterization 80.6% 92.3% 87.7% 85.5%
Refining 89.4% 84.8% 91.8% 95.0%
Water Wash 90.6% 94.5% 95.8% 81.2%
Bleaching 86.1% 89.2% 87.3% 84.1%
Deodorization 97.4% 96.1% 97.2% 97.5%
Packaging 88.2% 89.7% 89.3% 95.8%
Overall 48.2% 56.9% 58.5% 51.8%

Fully refined oil samples from the three solventless extraction runs, and the
hexane-extracted control, were analyzed and the results are shown in Table 5. Also

15  shown are the corresponding release specifications for each parameter.
A sample of the starting crude oil from the solventless extraction run was also
analyzed for iron content. The iron content of this sample was 0.08 ppm. The

concentration of the other trace metals was all below their respective detection limits.

20 Table 5. QC Results for RBD DHA Oil from the Solventless Extraction Process
compared to hexane extracted oil.
Hexane Solventless Extrac. Process
Run ID # HEX-1 SFA1 SFA2 SFA3
Peroxide Value (meq/kg) 0.28 0.69 0.35 0.34
Acid Value (mg KOH/g) 0.17 0.11 0.57 0.24
Moisture & Volatiles 0.00% 0.06%** 0.00% 0.00%
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the three sanples fromthe sol ventl ess

Tabl e

Conpari son of ANBPHRAN Vahle8ds a mqss diseet eoynRasisen akie pygragsanalysis F”éP%ﬁn@f er

Control Meafe e RaNpI&Virdi thé solventless extraction process versus those for the hexane

10

control.
Table 6. Comparison of Average Values.
Hexane Solventless Extraction
Parameter Control | Mean Std Dev CV %Diff
Peroxide Value (meq/kg) 0.28 0.46 0.20 43.3% 64.3%
Acid Value (mg KOH/g) 0.17 0.19* 0.06 33.3% 11.2%
Moisture & Volatiles 0.00% 0.02% 0.03% 173% ND
Trace Metals (ppm)
Lead <0.20 <0.20 N/A N/A 0.0%
Arsenic <0.20 <0.20 N/A N/A 0.0%
Iron 0.22 0.26 0.27 104% 18.2%
Copper <0.05 <0.05 N/A N/A 0.0%
Mercury <0.20 <0.20 N/A N/A 0.0%
DHA Content (%FAME) 36.9% 37.3% 0.4% 0.9% 1.1%
DHA Content (mg/g) 342 346 4 1.2% 1.2%
Hexane (ppm) <3 <3 N/A N/A 0.0%

15

*

The results from this experiment clearly demonstrate that the solventless
extraction process is both reproducible and lipids from solventless extraction are
relatively indistinguishable from the lipids obtained from hexane extraction process in
terms of process performance and product quality. The final product from the solventless
extraction process is substantially equivalent to lipids from a current hexane-based

extraction process, as determined by similarities between the fatty acid and sterol profiles

of the product from these two processes.

Calculated using the acid value for the re-worked sample.
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permitted, including alternate, mterchangeable and/or equlvalent structures, functions,
ranges or steps to those claimed, whether or not such alternate, interchangeable and/or
equivalent structures, functions, ranges or steps are disclosed herein, and without

20  intending to publicly dedicate any patentable subject matter.
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the i nvemoons3se2 g., as may be within 15 the skill and knp@t/edgerisdis t hose
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VWHAT IS CLAIMED IS: 1. A process for obtaining lipid fromm croorgani snms
Compr i 5i‘h-conpang s iy dBrer dndra gl Bres SHPGIPAberY PUOHRETR hed cel |
m xture; (biqubdue8blufich disgid 1igBasyet drhpri¥tsdaldripid;0 produce a phase separated

m xture 5 conprising a heavy |ayer and a |ight |ayer, wherein said heavy
| ayer conprises @n &P3E0RS saGheavY Byerdrn i et layer arfdayer conprises said

lipid; (c) separ@fi ngpamidd BR3P fr@y &fid figRmysai d |ight layer; and (d)
obtaining said lipid fromsaid |light |layer. 2. The process of Caim]1,
wherein said steép (bfhesrasess 96 §aBnk wheigh sai Sep @) caoprisys eRtriifBging fikt ur e.
3. The pjocesy @i mHt@km 2, wherein said light |ayer conprises an enulsified
lipid. 4. The process of Claim3 further conprising: (e) adding an aqueous
extraction sol utd on {Tbe pedcess|of ghaim| Zyyeherer sasd Bght (layer cernprisesar emulsidigdat i ng
sai d steps lqua’ (d) and (e) until said |lipid beconmes substantially

non-enul si fi‘ed prior to said step (d). 5. The process of Claim3, wherein
said enul sified4ipi @hepmpess sE€laan 3 Surthpesmiponingf said |ipid in an aqueous

solution. S, Th%pr PR bl eheydPOAE EALRIRE A o1 oo
m croor gani snms gf)e olbdpaatingdsaidr depsdc), {d) rand ri¢)atnitib saigh liptietlesom. subktentpplpcess of
Claim7 furrgorg]_eermu ety rgns()irpogsa%dsgépr}g)_a base to a fernentation broth.
5. The process of Claim 3, wherein said emulsified lipid comprises a
suspension of said lipid in an aqueous solution.
6. The process of Claim 1, wherein said aqueous solution comprises solid cell
20  materials.
7. The process of Claim 1, wherein said microorganisms are obtained from a
fermentation process.
8. The process of Claim 7 further comprising adding a base to a fermentation
broth.
25 9. The process of Claim 8, wherein said base is selected from the group
consisting of hydroxides, carbonates, bicarbonates, phosphates and mixtures thereof.
10.  The process of Claim 7 further comprising solubilizing at least part of
proteinaceous compounds in a fermentation broth.
11.  The process of Claim 1, wherein said step (a) comprises heating said
30 microorganisms to temperature of at least about 50°C.

12.  The process of Claim 1, wherein said microorganism is capable of growth

at salinity level of less than about 12 g/L of sodium chloride.



25 9. The process of Caim8, wherein said base is selected fromthe group
consi sting of hydroxi des, carbonates, bicarbonates, phosphates and m xtures
t her eof . WO 01/333¢2 process of Claim 7 further conprising sobPObUbéiziieg at

| east part of proteinaceous conpoundsign a fermentation broth. 11. The

process of Caim,l, erein s@ p f

m cr oor gani sns {P(% terrpelpa Gre (?‘al%{ ?1 ?avziiéﬁsi%:masboulﬁ1 E Zgawi%' Mh%)rﬁggr gtclggsg of
Claima1l, V\If‘Ebb&ﬂZﬁ)‘VSblyﬁelg‘ht(nfdlpidganl smis capable of growth at sal i n| ty level
of less than ab gl'h%pl_ of i.um %R‘ oride, WO 01/53512 g kl 01806
18 13. The pr oc Eﬂcﬁsis rei e} S MTITRYLR Briclessd Ogle

Ieagt abOL@ron&D&&]hy‘tmg&jfgltgae,Cfﬁndgh lbp¢t€haahépr6[ige process of Claiml, V\/nerel n
said mcroorganismis, selecte Sisti of al fungi,
bacteri @ and prdpi st SPrfgeSSWff Cg ggs ‘%’f "’@I?a?af‘f‘{] fﬂlcr‘WéP‘é?“ﬁ %Qg"i‘lifse

m cr oor ganlrgmoegamgﬁllsgethem&f mm@mnmlepf the order Thraustochytri al es.

16. The process of Caim 15, wherein said mcroorgani sns are sel ect ed from

the genus Thraudfochyhf PIASESSSE Kilaimchy theigin seihmigroqrganismsyase sedesfed fiom The

process of (Gl 8l Formau DS Bhbh, SBHifbcRiRkR M ORRnEEShatsr, sel ected from 10 the
group consi sting of m croorgani sns having the identifying characteristics

of ATCC nunber 170888he pcessmifdiem b sdoreinsspidomitieorsganispedud selesteddranber
20891 apg gi%m %pﬁgtm%%%cro%ﬁ%s ﬁNn?g e lé&&lsymgicﬁamf&@m Afatde

f or egoi ng, xtures her eo proces Claim1l1, wherein said

m cr oor gani Weaﬁ@g@aﬁﬁﬁenmber 10389y 6@G§| Iwglbat 208985 ATES wmber 20894 a#pé per
liter per Q%Equnﬁgpb@@beﬁl%am %{s h%{f)hﬁm ang m%#%@@d%tag(g%{thr%gm S,

t ocopher ol i qui nones caroten0| and xant
bet a- car ot ethereofl ut ei n, | ycopene, ast axant hi n, zeaxant hi n, cant haxant hi n,

and fatty aci ds Sucg}h? )S})roces gp%tla%g I nﬁ)érgl saﬂiC (,?Oorga{h%n%n?rggbagabqp%f ormega- 6

hi ghl y unsat ur at ed f such’as ercosap en
docosapent geodicimgast di:astaﬁbtud@clogmhfsxpc&nmlec palCIhdur 80 cholasrd:rbt;lqmytosmmlsj
stearidoni c,aci d ol.enic acid an

|
i xtur oot g it SRR Tarob RO Gt SRR Troae P B 2056 of
said |ipid beta-caesteres Sitein lycopuny,t &&kﬁftmhSzeadz&ﬁlimswhﬁﬁkantﬁlﬁmﬁtdr fa&;mlcﬁis

t ocopherol s, ubi qui none arot ntho such a
bt o ar ot oW 3 GPHPEE] Yedb Ao ot oorutier A SRS bR Ssauited faty
acids such as eicosapentaenoic acid, docosapentaenmc ac1d, and docosahexaenoic acid,
20  arachidonic acid, stearidonic acid, dihomogammalinolenic acid and gamma-linolenic acid
or mixtures thereof.

19.  The process of Claim 1, wherein at least about 20% of said lipid is
cholesterol, phytosterols, desmosterol, tocotrienols, tocopherols, ubiquinones, carotenoids
and xanthophylls such as beta-carotene, lutein, lycopene, astaxanthin, zeaxanthin,

25  canthaxanthin, and fatty acids such as conjugated linoleic acids, and omega-3 and omega-
6 highly unsaturated fatty acids such as eicosapentaenoic acid, docosapentaenoic acid,
and docosahexaenoic acid, arachidonic acid, stearidonic acid, dihomogammalinolenic
acid and gamma-linolenic acid or mixtures thereof.

20. A process for obtaining lipids from microorganisms comprising:

30 (a) growing said microorganisms in a fermentation medium to produce a
fermentation broth;

(b) solubilizing at least a part of any proteins present in said fermentation

broth;



25 cant haxanthin, and fatty acids such as conjugated |linoleic acids, and
onega-3 and onega- 6 highly unsaturated fatty acids such as

ei cosapemwa@ensdse2 aci d, docosapentaenoi c acid, and docosabherasoaiigocaci d,
arachi doni c acid, stearidonic acid, dihenogammalinolenic acid and

gama- | i nol eni c acid 1oxt W : : . S - t ai ni ng
lipids fromm cr( or gé’ﬁl{%?%m@gﬁ%? Fé%}%rg%%ns(%g)prdg}l ge\r/mé)&gé%scgi;l g{”ﬁﬁg{%f oor gani sns
in a fernmentati ¢d) nedeatimgt @idohysetlicel anixtheer e ptodticeom fhaset beparatell wodtwbi | i zi ng
at | east aC_pPart. of agg@ggrlot ein éf)ti. S et inhsai d f.(grhrrent [’;lti on_ broth; WO
01/ 53512 PCPMBSHF G el (a8§ JERt Y Lo MhErely SAG NG BY St YHRIEE" t o
produce a |agaeshs@alutiondndtsaid dight(sher tongaisesngmsified lipidsed cel | m xture to
produce phase separated m xture . conpri si a, heavy | ayer and a |ight

| ayer, v?ﬁer ein s@ d RPAS ]?ea%]r‘ﬁﬁ?rir}g’&s ‘Eﬁ]ghélfﬁgo sol ution and said

| i ght |ayer congfi sesbrimtgshililips lilopi sdiel;light kager. separ ating sai d heavy | ayer
fromsaid light |ayer; and (f) obtaining said |jpids fIr,om said |ight

| ayer. 21. The &rloceérée HOEFR0f QBim il rEteeIR el SR pofo fistaluag | RFPUHGS

proteins  CRMPFk&EOnh&HaAsH fdthesdidh Ureth RBMtadakON broth with a base. 22. The
process of Claim?21, wherein said base is selected fromthe group 10

consi sting of hydr oxiTheProcesrfdrlaiite 21.bVhepip saidt kase iptrdesisH rus then&onP xt ur es

ther eof 4 23con£aﬁ§mf99@r§§id&t cab ) BlarbMARE HhBsphitbdardilBRRSs thet&itng cel | s
conprises heating sald mcroorganisns to a tenperature of at |east about

50C. 24. The pr@3ess Tb¢ parcassne20laimydy evheresmiseid stappololysipe oliv icoyprisse phase
separated m xt . LSE: i i i ogel | m xture. 15 25.
The pr ocesrsﬂeé@l&%%%%,&g%ﬁmﬁgggoirgntgllgg#gﬂu%%ef%ﬁg?st (%%%%g?(%l?hg said lipids from
said |ight |ayerdconghe guecess( aj Clainti AQ wheraigussadi stepaethpreduaiag titei pkase o sai d

l'i ght |ayer, 3 ' | d. . ' lution fromsaid |ight

| ayer; and S,(:B%rgt)r:%%z’g@{e%é}n@rgsleg%snggg@}{?%@g%\%ﬁ%g?ﬁﬁéﬁ% | said |lipid becones
substanti al | y n@i:- 2Q@hepricsssfof €aim2B), whieinpsait etefs oDbbtGhmg rsridJipidstfemei n sai d
aqueous sol utj.o onprises solid cell materials. 27. The process of Claim
20, wher ei rfagia{}ggt ﬁ,yegrcgglplasgﬁ-i smis capable of growth

(a) adding an aqueous washing solution to said light layer;
(b) separating said aqueous washing solution from said light layer; and
{©) repeating said steps (A) and (B) until said lipid becomes substantially non-
20  emulsified.
26.  The process of Claim 20, wherein said aqueous solution comprises solid
cell materials.
27.  The process of Claim 20, wherein said microorganism is capable of growth
at salinity level of less than about 12 g/L of sodium chloride.
25 28.  The process of Claim 20, wherein said microorganism comprises at least
about 20% by weight of lipid.
29.  The process of Claim 20, wherein said microorganism is selected from the
group consisting of algae, fungi, bacteria and protists.
30. The process of Claim 29, wherein said microorganisms comprise
30  microorganisms of the order Thraustochytriales.
31.  The process of Claim 30, wherein said microorganisms are selected from

the genus Thraustochytrium, Schizochytrium and mixtures thereof.



at salinity level of less than about 12 g/L of sodiumchloride. 25 28. The
process of Caim 20, wherein said m croorgani smconprises at |east about
20% by waw@ht/s3iz2 1 i pid. 29. The process of Caim 20, wherBCTVUS@I/d806

m croorganismis selected fromthe grQop consisting of algae, fungi,
bacteria and prag,i st . . S . i i L

m cr oor gani sns ggfrpr ?g%§%§ﬁ1%?ﬁ%%$§a§%h§{%nq§?d ﬂcgogdéga\g‘ggs%ﬁ{%%%{tegcf ci/n{lri al es.
31. The pr obegsoupfcotdistingoFGnicrabrepmbms baiing the ddantihgegclsnsteastiss 6| ATEE@d from

t he genus Thraus vyt c hi h lum and, g xt t here VO

01 59512 PCHPTRD 1R OECt Rym3ar 28 rE AR 2ot AFES MfRer Rse &

m cr oor gani ANMSCatuenbse L8R ethufahOstrairts deriged fipmcaog sifhé Rgeglingnand adxtgeni sns
havi ng tAgﬁre Lden i fying characteristics of ATCC nunber 20888, ATCC nunber
20889, cCfiE¥ber * 20890, ATCC nunber 20891 and ATCC nunber 20892, nutant
strains derived 3Br omraayréeksst sreClah @90 iwhgreinafhild Mikborp@ismD ateh@patslé .of 33. The
process of Caim 20, wherein said m croQrgani sns are capabll e of producing
at | east abyofucane)aigiesttsalout Otli ggmsprsr WsuPeh oW, 8t chelergrl APss%r ol s,
desnost er ol desk04&b1, kRBBiesols, kRSP, AUbfyuindhés birBeMAEs and Xafhes9118suchng

xant hophyl | s such as_ beta-carotene, |utein, |ycopene, astaxanthin,

zeaxant hi n, betagrreienea hteinnlycensac.f agtaxgnthip graxanthis, eithgsantm; ygatelty acidhol ei ¢
aci ds, gnd éaeﬁ_g@-cénjagﬂedomae Qcidl, olYorkpaat s@bmehal@hiphly @khilmtUaby as

ei cosapent aenoi ¢ aci d, docosapentaenoi ¢ acid, and docosahexaenoi c acid,

ar achi doni cacigsisich 83 eigpsapticaoia @fid, defioprpaRraRIRitedcid 6ne dpeosahexeengiscpcid,
gamma- | i nol eni.¢ id. 1 Xt UL.8S 4 he.: 55t L m:20,
wherei n at %geugg(%oggbagﬁif 9:5%@??(1;1 ldélg’l %B(Flﬁ%%%g%agﬂoﬁ%pgﬁg e(g Ter oﬂ‘“b%@% (Q)aslfzer ol s,
desnost er ol gr migweasithiessvd! s, t ocopherol s, ubi qui nones, carotenoids and

xant hophyl I's sucy as Rela.car of e Joi\lin b/ RORGBGu: AFh BB &5
zeaxant hin, canthaxanthin, and Tatty’ acids such as conjugate nol ei ¢
aci ds, End dwiegtaroB phpdstenvisgdesmdsthiot) iboptrienslat tocapherdlsf atiquinanes, dgrogmoids as

ei cosapent aenoi ¢ tﬁ"Ci[hdl do osapbeenay_g?oqoiec 1ac{nd,1 . anrcllle dé)sgag(glgp.exazggx%i Lcﬁinaci d,

ar achi doni c&9c FEBPELS ST FE K A0 o IS Tana P e | BRFAT Sy 532Nk
gamma- | i nol @nthaxaachin] aad fatlyatids aghtab esrgudatedJinoRicpicids emd ohepa-dhhdomegrg | i pi ds

[rom m 7 0% el TR OB LALnG La) 8 SR Sl L %L AB0LEIR

and docosahexaenoic acid, arachidonic acid, stearidonic acid, dihomogammalinolenic

20 acid and gamma-linolenic acid or mixtures thereof.
35. A process for obtaining lipids from microorganisms comprising:
(a) growing said microorganisms in a fermentation medium to produce a
fermentation broth;
(b) contacting said fermentation broth with a base to dissolve at least a part of
25  any proteins present in said fermentation broth;
(c) increasing the temperature of said fermentation broth to at least about 50°C
to lyse cells of said microorganisms to produce a lysed cell mixture;
(d) separating substances of different densities from said lysed cell mixture to
produce a phase separated mixture comprising a heavy layer and a light layer, wherein
30  said heavy layer comprises an aqueous solution and said light layer comprises emulsified
lipids;
(e) removing said heavy layer from said phase separated mixture;

® adding an aqueous washing solution to said light layer;



(b) contacting said fernentation broth wwth a base to dissolve at |east a
part of 25 any proteins present in said fernmentation broth; (c) increasing
t he tenpavaobusainf said fernmentation broth to at | east abpor/US@®18di0 | yse
cells of said mcroorganisnms to producela |ysed cell mxture; (d)

separat i ng substances, of;di Li.8LEAL o FRRSIR BR4 QMDA Ll ¥3E s 681 fp M Xt ur o
to produce a phase sé’par ed m xture conprising a heavy Tayer ‘and a |ight
| ayer, wherein (B0 saintbvingawid heawydayec rorshidpbasanemegiouxtwsglaud i on and sai d

light |ayer conprises ermulsified lipids:.(e), r.enqving sai.d heavy |ayer
from sai d phasgqgepafeﬁ%grﬁaﬁ SFRs (6'@?)) u’%cﬁa@gfl%{ﬁ%ﬁa %§U§Ub\7\}§§tfﬁ?lﬁgno§bl ution
to said light |ayer; eM@s#i2d. 53512 PCT/ USO01/ 01806 21 (g) separating
substances of differgpt densities fromsaid mxture of step (f); h)
Cooving said hafvy TR @rocrath GBS pruGEYE SPd St el o ety
repeating Sanélstalo@Paydrbliddshdarbtnbict, biaitdntbpbrell AREAERBersdfbSt anti al |y non-
emul sified. 5 36. The process of Claim35, wherein said base is sel ected
fromthe group 3consil8iniesesst ohrdaitik B e Whergig 9ith ater of Brogugingo gt BRRase and

m xtures thepgeby m%&ureI&ﬁereQE&n%ﬁu?ﬁg GdidiyRad3en miigreei N sai d step of
produci ng the phase separated m xture conprises centrifuging said |ysed

cell mxture. 388 ThéhgmircesssobClaimgpin whereiphwidepgiegys goluirresfistegolddt i on of

step (d)g ]T%rrrp%ggggrswcp"selﬁggté'rglsgell materials. 39. The process of Caim 35,
wher ei n sai 1croorganismis capable of growth at salini tagl | evel of less
€

t han about 12 g/38. of Thopioesss ehClam da whegein Sihdmisrensgasisnois cataglernf 3BWnher ei n
said mcroog b I tor sQRaH by weight of lipid. 15 41.
The pr ocesse{tgig{)lktfZlglvfg{rlﬁggefsg \?\ﬁg?ﬁu#%%ﬁﬁ?ﬂ cr og?lglggrﬁ'sm is selected fromthe
group consi stingOof Ahgamcess whilaimbfs tvéheiein sand mprodrgstisn cafpristhet loasocess of
Cl ai m 35, V\/nertej'or% al d ?Eigiﬁr gani sns conprise mcroorganisnms fromthe

group consiasbto}lng 0 yﬁ%lfglcqpé’n gae, green al gae, dinofl agel ates, vyeast,

fungi of5 the gemis Mih¢ peresk bAClain 35 Syhaeie nopinligsorg@0sm &. selthted irooctbss of

Cl ai m 35, wherein .said g{ggr org%m sns %Fn(grs se mcroorgani sns of the order

Thr aust ochy#PR§eREStng T algac, AR 43, wherein said

m croor gani sns are s&hecprecks§ ramClaim 35, wherein said microorganisms comprise
microorganisms from the group consisting of golden algae, green algae, dinoflagelates,
yeast, fungi of the genus Mortierella, and Stramenopiles.

20 43,  The process of Claim 35, wherein said microorganisms comprise
microorganisms of the order Thraustochytriales.

44,  The process of Claim 43, wherein said microorganisms are selected from
the group consisting of microorganisms having the identifying characteristics of ATCC
number 20888, ATCC number 20889, ATCC number 20890, ATCC number 20891 and

25  ATCC number 20892, mutant strains derived from any of the foregoing, and mixtures
thereof.

45.  The process of Claim 35, wherein said microorganisms are capable of
producing at least about 0.1 grams per liter per hour of cholesterol, phytosterols,
desmosterol, tocotrienols, tocopherols, ubiquinones, carotenoids and xanthophylls such as

30  beta-carotene, lutein, lycopene, astaxanthin, zeaxanthin, canthaxanthin, and fatty acids
such as conjugated linoleic acids, and omega-3 and omega-6 highly unsaturated fatty

acids such as eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic acid,



t he group consisting of m croorgani sns having the identifying
characteristics of ATCC nunber 20888, ATCC nunber 20889, ATCC nunber
20890, Awmawonsasber 20891 and 25 ATCC number 20892, nut antpeT/nadéimasaberi ved
fromany of the foregoi ng, and m xtureQ2 thereof. 45. The process of Claim
35, wherein I.0 -k bout
0.1 grans pe?ﬁi {pa&d 85%%8%1150 ldbﬁg?rg%?loaﬁ?g F gtgﬁdr:g%ﬂlﬁlggﬁgé (grol
tocotri enoltﬂmkam@;ﬂ’w&'roﬁl s, ubi qui nones, carotenoids and xant hophylls such

as 30 bet a- carot ut ei n en staxan hin,, z hin,, .,.

cant haxant hi n, gk‘? PROEy 8%/%2 h%as SEHI (7 ;aét h?quﬁ?ﬁ%@i Sﬁ@i BRid i5 g
ormega- 3 and:h@tmg@i ffbhthﬂoghlols desaabterod tteudtrfeadls yrocopierds, sbiqin@ss, carotenoids

ei cosapent aenoi ¢ acg}g docosa nt aenoi c 1aCI d, 3 and docosahﬁxaenm ctham d, W
01/ 53512 PCRAUSHTIB B SUB2 28 6%?%?1‘}6 Uiy YPED | BERPUNIGcj7gexanthin

di honogamedahih@taathif aAE Fatty abids g&mcbmmteemnmembms 48 offiefd-8aRG ot bigr eof .
46. The process of Claim35, wherein at |east about, 2(?%)f sai d I|p|d i's

chol est er ol © higAly Wsplaratdsfatty @iy, §pebr 351 cicqseReBiaFoin 8id, dacatappizsmicgacid,

ubi qui NONeSydCIcOL 8BRS acid2 AfhchiastibO ABAY kle&ridoHihacd8 BRSAogann@liffenic | ut ei n,
| ycopene, astaxanthin, zeaxanthin, canthaxanthin, and fatty acids such as
conj ugat ed <idasd grEmadinglenic apid op MHESthael onega- 6 hi ghl y unsat ur at ed
fatty agjds suchsas @uﬁ@&e@m%a%ﬂmgqlpﬁgmmme%maﬁm@m@ing acid, and
docosahexaenoi ¢ acid, arachidonic acid, stearidonic acid

di homogammal i nol(®ni cgroaerig:rnamrgjammamwm@%u d or mxtures thereof. 10
47. A process fgt;) oDkl "Gid Bl e &1@0%% B RRITRESS (d Geleast 3)

growi ng m croor gani sns | a culture medium ) treating said Tture

medi um and t he mtercelbiagdipidsm cells to release intercellular lipids; (c)

subj ecting the épj' t”ﬂ%ﬁ?ﬁ%ﬂ{@ Gt 31}1&11 Fﬁkﬁm d&' & eeféjaséd“ n‘?errﬁe‘i’lggygﬁigs' I pi ds

15 to gravity s ar at orma con alnin a heavy
phase; (&) sepanatianigy ss:aardtldrltglﬁdmrmlaghehmd@mt&alng phasawayd ph%@pha(se) treating
said |light phase,to break an for bet en said lipid and water;
and (f) recoverle@g a %?f‘ﬁ&%gf%“gr%“l’% ggm#xﬁg\e%vryg &5 of O ai m 47 wherein
sai d m croorgani§ms atainkispiddight phase 10 biealo bfamuBivh. fodRed Hdneednr atielysd of

Claim 47 wherein gai d m'groorgani sns are selected from
' and water; an

® recovering a crude lipid.
20 48.  The process of Claim 47 wherein said microorganisms are lipid-rich
microorganisms.
49.  The process of Claim 47 wherein said microorganisms are selected from

the group consisting of algae, bacteria, fungi and protists.
50.  The process of Claim 47 wherein said microorganisms are selected from
25  the group consisting of golden algae, green algae, dinoflagelates, yeast, fungi of the genus
Mortierella, and Stramenopiles.
51. The process of Claim 47, wherein said microorganisms comprise
microorganisms of the order Thraustochytriales.
52.  The process of Claim 51, wherein said microorganisms are selected from
30 the genus Thraustochytrium, Schizochytrium and mixtures thereof.
53.  The process of Claim 52, wherein said microorganisms are selected from
the group consisting of microorganisms having the identifying characteristics of ATCC

number 20888, ATCC number 20889, ATCC number 20890, ATCC number 20891 and



the group consisting of algae, bacteria, fungi and protists. 50. The
process of Caim47 wherein said mcroorgani sns are selected from 25 the
group comvedst/f3see of gol den al gae, green al gae, dinofl agel B¢EESOyES®B, fungi
of the genus Mortierella, and Stranengpiles. 51. The process of Caim47,
wher ei n sai RCI OQr j L se, M r i .he er

Thr aust ocny el g beg 20U BGRT RELR s b B O 89 VAR r3hedhllD o itk

m croor ganithesofare sel ected from 30 the genus Thraustochytrium

Schi zochytrium agnd mxtures th of . ..53. The ocess of. Claim5 erein
Sl ey oor gan s Tk PERuOCGIRD 4 SPRER FE B ReRtT geoferatie OF

m cr oor gani sduchgV ath gasthgboutl@nlt igfaisnpercivar deit @birs bf @ioledterAll Ghytostarviser
20888, ATCC, nunber 20889, ATCC u&ber.20890, ATCC.(S%{T‘(&er Lﬁolﬁﬁg/ﬁ and WO

01/ 53512 PCEFTRTAPH LspEenasy loepprerpls, Hhiqunopese sarotaidy And Xaphepiw Iy MCh 28 g r om
any of the feol @@y luteindlydbpehtll R%xarithiff 8kantfid, cahhax@iiasest Bity Getm 47,
wherein said m croorganj sns are capable of producing at |east about 0.1
grans per |Sel@s semugasesh lingleig reidesingdr gmegapnindodegad] gl,ghIYS‘“Hé%‘Wff‘é‘t fatyl |

t ocot ri enol &idstQ6P R EibNapentdtfbid LkiA0 88D sapeRERbR R SndRdcasAkhaBRYdcles such
as beta-carotene, lutein, |ycopene, astaxanthin, zeaxanthin, canthaxanthin,

and fatty asaqhonisiasld, siearidenic agidt @homesssmaiipolenic acd anghearypelaclaniardd onega- 6

hi ghly ppsagytitud ufedloky acids such as ei cosapentaenoic acid,
docosapent aenol ¢ aci d, and docosahexaenoi c acid, arachidonic acid,

stearidoni c aci @3- di Aberpgeenssadl Rblireide vdieieth anltasjzabrnt P%holfesaidclipidiisl 10 or
m xtures t f I | t 20%
h hc?lgfae?tgrol,%ﬁ&o%@%lspﬁfﬁ?ﬁ%ﬁroﬂ tocg{r%h%,ﬁé?gmgfseﬁﬁ%ﬁodeg‘%ﬁttote?lpl{ayl

of said lip stefo yt'ostero snost er tocotrienol s,

t ocopher ol sandubkanghriphylise sychc as obetmcardene, dndink dp¢dpeph yistaxagthioh zaaxanthin,

bet a- car ot en I 20 N Iy e i nt hi n,
and Tarty aargetbl by RGARACG IS BRI SIS M e SRS OREAT D 0 15
6 hi ghl 15 un aigulyatmsetufaxidt fattparids ssahcds a@ssgiconamie atidedm@bsapagaatpic acid,
docosapent ae c acid, .and. .doco

0j , .ghexaenoi c_acid, arachidonic acid..
St ear foni oo oS i ERUG ARG TRDRER, AConCPH Rl §aml YT RBT I OGS o or
m Xt ures t heienl gatmalinelepicacid®s miftured teol 7, wherein said treat nent
includes a treatnent  selected,_ f ongﬁe roup .consj sting. of heating said
cells, exposing Cai dTE%M%ceiSpo%C_ﬁ?é‘Ei e IS A< dBL e oEedm Is to
a chel at i NGsefeRlP GroAH tHR! er6 @ TBIMRREAD BB hdakiRy €08 cel! exptIRMgRARICRES tOh bediai m 47,
wherein said treatnent, conprises heating the _
20  compound, exposing said cells to a chelating compound or combinations thereof.
57. The process of Claim 47, wherein said treatment comprises heating the
cells to at least 50°C before, during or after exposing the cells to a basic compound, a
chelating compound or mixtures thereof.
58.  The process of Claim 47, wherein said gravity separation of step (c)
25  comprises passing the culture medium containing the released intercellular lipids through
a stacked-disc, separator or decantor centrifuge.
59.  The process of Claim 47, wherein the treatment of step to break the
emulsion comprises mixing the emulsion with water, alcohol and/or acetone and

subjecting the mixture to gravity separation.

30 60.  The process of Claim 59, wherein said gravity separation comprises
centrifugation.
61.  The process of Claim 60, wherein said centrifugation includes treatment in

a stacked-disc-, separator- or decanter-type centrifuge.



cells to at | east 50C before, during or after exposing the cells to a basic
conpound, a chelating conpound or m xtures thereof. 58. The process of

Claim47wohessin said gravity separation of step (c) 25PCDUPOII/EE® passi ng
the culture nedi um containing the releaged intercellular |ipids through a

st acked-di sc, arator or dec entrifuge The process . of aim
47, wherein the ?reaﬁgn%r?foce? st?(g%n? o9 ‘r’véa Ty ld trea%m Py lgﬁgpggtﬁgra?sleeagt % Xi ng
the emul si aimesits bbtuiatsaid cnale tipidol and/ or acet one and subj ecting the mxture

Separati on compises M BREFMIUGHETEH, T FRYLLRS o MR 80V hicr oi n”

said CentI’iéﬂgﬁgbmo&dgﬁhglmwﬁrﬁeﬁﬁﬂﬁﬂtpldn a stacked di sc- separator- or
decanter-type ce tr| S01/. cess of

e. 01/ 5351 / U 1806 . .2
d ai m 59 wher ei® sal tH‘%‘iﬁSmQ?; (ﬁ %@pg’gfr&il éal‘glcé‘é‘gt ligid s Wﬁ%ctﬁ?‘ba{} tain

sai d crude debdrited 63. The process of Claim47, wherein said crude lipidis
subjected to further refining or processing to obtain a refined lipid. 5
64." The process %8f CraRTR8SIOr fiTeYEns iidt HOBMIEOIEAYIBS i s bl eached and
deodori zed. Co%mﬁgg{egge%s for recovering lipids fromm croorgani sms
conprising the steps: a. grow ng said mcroor%anlsms in a culture medium
10 b. treating m crodr gEPVEESHS MGOoqTERHMSAR & Celfire HeduRedi um wi t hout dryi ng

sai d ce{s to releasg 'tretaeﬁg% ckdblrgahsm d%nsi%omcsaldsame%émnfvmoﬁtar;,luge
medi um cont ai ning the released intercellular Tlipids to grawty Separation

to forma light |ipid-cetcgilriongeqshimtescednldr bpidieavy phase; 15 d. separating
said light phase from Ssgbjgap'%een ol mfd?ul téo‘ﬁ%dd é%tt%akﬁeakéiﬂp&er%ﬁﬁ? to

break an emrul sion for d an recovering a
crude lipid. 66. The pripusgs gmfvnﬁ:b@anm@ﬁtovﬁnen eilighslgiidicontaniog phpapasds ar e

lipid-rich 20 mcroorqlanls
eavy phase;

15 d. separating said light phase from said heavy phase;
e. treating said light phase to break an emulsion formed between said
lipid and water; and
f. recovering a crude lipid.
66.  The process of Claim 65 wherein said microorganisms are lipid-rich
20  microorganisms.
67.  The process of Claim 65 wherein said microorganisms are selected from
the group consisting of algae, bacteria, fungi and protists.
68.  The process of Claim 65 wherein said microorganisms are selected from
the group consisting of golden algae, green algae, dinoflagelates, yeast, fungi of the genus
25  Mortierella, and Stramenopiles.
69. The process of Claim 65, wherein said microorganisms comprise
microorganisms of the order Thraustochytriales.
70.  The process of Claim 69, wherein said microorganisms are selected from
the genus Thraustochytrium, Schizochytrium and mixtures thereof.
30 71.  The process of Claim 70, wherein said microorganisms are selected from
the group consisting of microorganisms having the identifying characteristics of ATCC

number 20888, ATCC number 20889, ATCC number 20890, ATCC number 20891 and



67. The process of Cl aim65 wherein said mcroorganisns are selected from
the group consisting of algae, bacteria, fungi and protists. 68. The
process o¥O@i/sd5m 65 wherein said mcroorgani snms are sel ecpenubeiansoe he
group consisting of golden al gae, greensal gae, dinofl agel ates, yeast, fungi
of the genugrc$ MLl batos! hilnPllins! SAYEMBA! £3-0r38e rol0GY AL R Ohs O 81 M
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75.  The process of Claim 65, wherein said treatment of the cells comprises
heating the cells to at least 50°C before, during or after exposing the cells to a basic
condition, a chelating compound or mixtures thereof.

76.  The process of Claim 65, wherein said gravity separation of step (c)

25  comprises passing the culture medium containing the released intercellular lipids through
a stacked-disc, separator or decantor centrifuge.

77.  The process of Claim 65, wherein the treatment to break the emulsion
comprises mixing the emulsion with water, alcohol and/or acetone and subjecting the
mixture to gravity separation.

30 78.  The process of Claim 77, wherein said gravity separation comprises
centrifugation.

79.  The process of Claim 78, wherein said centrifugation includes treatment in

a stacked-disc-, separator- or decanter-type centrifuge.
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comprising greater than 15% docosahexaenoic acid and less than 0.2 ppm residual

nonpolar organic solvent.



