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FI ELD OF THE | NVENTI ON The present invention Is direct ed to a process for
extracting lipids from5 mcroorganisms wthout the us ]
anount of a nonpol ar organi c sol vent. BACKGROUND OF TH
m croorgani smlipid manufacturing process, such as produl Clrgnaf el

hi ghly unsaturated fatty acid, in particular, a lipid mxture rich in 1
docosahexaenoic acid (Dl - IS@LVEW@%%{WW PROCHESS gani sns whd é&n JiNe 2004
capabl e of producing the desired lipid in a fernentor, pond or bioreactor,

i solating the mcrobial biomass, drying it, and extracti ng intracellul ar

i pi ds with aFiEdHOF AHEINYENTEO™ol vent, e.g., hexane. Generally,
intracellular lip i i turing (i.

| ysing) dried cel :ﬂsjéop?ése eﬁg'n&gzr;'gggr]éigglg%d?ré ﬁ%gegtf%agﬁaé@r{g Wﬁs%ﬁo?ne can be
further 15r e'flicf?et%amléin%)‘f”@@u@ee wE gfrnp signifiganpampuntrof qu@pplﬁyorgarm dhentThe

m croorgani sns are generally isolated by first diluting the fernentation

broth with water, and centri f ugi ﬂ%‘é’lthe m xture to isolate mcroorgani sns.
The cells ar BAGKFRGUND OF THE Mi ds are not extracted i nmediately or

soon thereafter, tah %/pfé@l' h&r@?gﬁn@ﬂqw @rﬁnufﬁdﬂfﬁng)&ﬁ‘fﬂéése Esuc:h nasV?ﬁ&Uég@hﬁ gal ed
ortunately, e drylng

bags, to preven e ation of 20 Un

process expos®¥ g?ﬂ gwg]ér SBPh R sﬁaé‘et 8ithedit ,PRTHTPIH ?:alﬁ"‘&la‘ﬁ’é‘&%e meh” g

degr ade t e qlvabsaliexacabic alcidrxmlisx); ifnvcdm%rdwmg)mio&mt'gayxsma' Riick aed. chphisie af ed bags
may devel op | eaks n.further degra ual. | of, the i ds due
to exposure df® (fuﬁmg\,\pcge(%?dal A Shd TEET T ponﬂ Ortbbo(ﬁ aFTO% %0 ﬂ¥lf‘g tﬁ}?emlarrOL‘ép

m croor gani sneoraase dnadg it, raechdzxeelctmg tnltraahulaﬂmldsmtdamonpolar peasc ohrntheg.f urt her
degraded due {0 .0f enoi ds,
xant hophyl | s anzgl%] ong %ﬁyalu(&ra lllhla?‘ﬂédéjg an| %E%HBE& arg%x%%%% 3 ﬁéﬁ&t

oxi dati on by (aprlyan@/@wd cplistaf theFImC’tOh@meSe Therextgasted 1@@9@5? Q&p@ﬁé@ﬁ'ﬁs who are

exposed t%th%ﬂ&ﬂlt@grd&h&rlﬁﬁhlgﬁw S Gy dpiR! qme%cr@erk/b e Gard EGhiyON
h hazard tqQ operators reover, in‘ an

creatlngasafeé/ gﬁﬁ

i ndustrial scEhM %4‘1“8?& the ffemenizige b‘é?%‘t‘ﬁ‘ﬁh waifr. ) captpifugingibe Mt anmabl e
nonpol ar or gamii®lsomiestigats@s iThe tdllpiad ot d[r&ﬂtah@i’f théfpigd Aatmot hazaedous
operating condl ti.on The ']l}{ e of on Iar O%% solvent in the extraction

process may necs g‘%ﬁeg’a?réo?& W&aﬂﬁ’h 8§feo R OPEMPECBVEF et m

t her eby addi rlggst,@nrmmbgmdaubnbﬂlmdd recovery. Mdreover, use of a nonpol ar
organi c sglvent i / S01/ 01806
m croorga?:(l5 Sns ger@e%ﬁl@%&% %ﬁ%}h?gr§°8{£X§¥6§M§%&r§£§tt%he§?@% %’eqw ri ng
a prop 29 JUNamage i dstade themualitoolf, lipids i idorfetingorrestlyi ribe erapsiom-sedied tager al |

production cogfy dbeibd Ehlg @Bﬁ&ﬂcﬁﬁtfﬂrm@r degrahEhELRES of GRS | 'd§e R ReRee bPr a
pr OCGSS for extracti ng. from m Croor gani sns V\Ih ch does not reCIL“ re

thé use of a th%ﬁlwoa%antﬁwgéﬂwb lpgddiden if trndied migrogrpanisms apforay trpdsed Witls | j pi d
extraction pracassxiddngMpids G400 ﬂaﬁur%@adwldwtodag&uﬁqb alr@@lliof Bglith@oexpensi ve

step of d n e mcro xtra t SUMVARY CF THE
 NVENTI ON“Dn g‘é‘ﬂ%&d’?‘i‘?&eﬂ?ﬁ%g %8{‘%‘? Budiee ‘i fﬂ?’ gey degids disss f or
obt ai ni ng | i piodxilflioh rbgmirandzcrrmghtgamﬂ&nﬁorammesasagope(am)-s \!vycsaragxpaeh ks of the
m croorgani s e Eh%dgmgrohl égms gevel%% an aﬁn Xé bt gregtmg rzll satteéy 21} Sed cel |

m xture to produce separate rec res ef‘yer and a
lipid-rich | |lgmrdt0a>peqators

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

6

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 a nonpolar organic solvent in extracting lipids from
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(c) separating the heavy layer fromthe lipid-rich light Iayer and 15 (d)
obtaining the |ipid and/or Ilpldfractlonsfromthell $ i ﬁ] g‘
enbodi ment of the present invention provides a pr ;ﬁj é i i & éﬁs

from m croorgani sns corrprl sing: (a) grow ng mcroor gamu o
medi um (b) treating said culture nmedium and the nicidef m%c@ﬁi%@z

rel ease 20 intracellular lipids; (c) subjecting the culture nmediug g JUN 2004

cont ai ni ng thmcnroeﬂgea%@dgmmtp-a@elbmﬁ)laarorgaillalsel§ef1f &vage alsamyrequieg APrWEF to form
a light lipi ddl%*ig%i ﬁktﬂ&dqg/hﬁbﬁlg‘tﬁer%%jea?es R AVeta1PRE8ERon(cdst oﬁlﬁﬁ)@é’@ﬁétﬂag said |ight
phase from sal eavy phase; 25 ﬁge) treating said |i phase tq break an
emul si on formed bétlvefer?, bere é5 4 4og épramépcvrav‘%reméw (pl“ﬁ% ‘r"é’c‘B\?@P’igﬁ@“&s crude
lipid. |n accordpmeenWMtdii-dietubess LRadirmRRhic 0dlvdnb eTHRECS €8 a hévdantd on, a
process is provided for recovering |ipids from m croorggni sns .conprising

t he steps: S 30URIGFXTGFHORIPERIeSS dioq ‘ﬁicf?r‘)%‘rlﬂ%ﬁn‘iﬂél%d‘ieﬁ ng rﬁ‘ﬁ’fr?fh;eex??@ﬁl TUMP (b)
treating m crgQhgathéMcRlghSishy @i Hakehetss. t ure medi um wi thout drying said
cells to release intracellular lipids; ~~~~~ l~~~ ~as~~~ ~ ~~~ ~ 3 ~
~~P 3 -.~~ '~ 2004 (c) subjecting the culture nmedium containing the

rel eased i ntrsicEaMARROF THE INGENTION 0 gravity separ ation to forma I|ight

|'i pi d-contai ning ase, and av . phase
fromsaid heavy pr@élgeemb%&?]g? 0?%56{%{?5%8%@%%93%0 r?gégéesg'tgcgsﬁagléﬂlg l%& enul si on
f ormed betIO\eefmrsmmlodrgaprsmsenderiaiager and (f) recoverl ng a crude |ipid.

Preferably, the mgroof gani§0% @ ficoblehtifnido bBdRe b 8RRt Abing Mediumin a
fermentor. Alter na%‘jl ve{y eﬁe r% crgorgganl srr(x)sbcanebg},r cul tured

phot osynt het i cal | yb)i n ﬁeam@% Brolyesdi eilemihiET OPIOgRiTR PRISe SeREAidy MHE
M croor gani S, @i&ink k Rdaty M&Qmﬂa 1%&9&9%%@&, nore pref er ably, the

m croorgani sns are Selected fromthe u Qnsi s I gae, bacteri a,
fungi and protistd9 mreemmﬁfer*ﬁbwwyerfrﬁ%"ﬁrﬁrlsar‘b@%h@ e sel ected from

t he™group jgonsi sti@g ofobgRindeie @imaror lipicfedatias Gam, thedlghdﬁ)reagel | at es, yeast,

fungi of the genus Myrtierella St r il re £

ni croor gani sme corﬁﬂl\’zg‘éee‘f ngr‘ﬁnttf’ﬁg’? er?fnsrlr%vercl)i%n %V‘delsg Lﬁr&rl\/%?ﬂto?lgtr’éé '8, genus

Cr ypt hecodi ni upids mdnm:r@beganfﬁhsmnwmmyt riales, and m)re preferably,

m croor gani snms ar el . ] tochytrium Schizochytrium
O | BRLE ntlgr&{rg 'nFlﬁm Furd edUS!

or m xtures there e m Cr oor gani sns are sel ected from
the group consi stity ofrear‘rirlsrse‘ér@ém!ieswuﬁ‘a\ﬁpﬁqh% Héchfdéﬁ’?tSF‘fﬁ Ingo release
characterigtics of ATCH QuPeNintdd888, ATCC nunmber 20889, ATCC number 20
20890, AT nunber 20891 and ATCC nunber 20892, %he r€| ns, o rti er g IIa

©) subjecting the culture medium containing eased intracellular 11p1

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

® 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 intracellular lipids;
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1 2004 physical processes such as honogenization. In addition to a
chel ator, water can al so bet 9 JUN added to increase the interzfidgiggéic

pressure in order to |lyse the cells. Preferably.,; (el cgolgﬁ
I~ oo hpeadi um
i % @l‘ﬁ 4 Zdand

capable of growth at salinity level of |ess tha~a.s
chloride, nore preferably |ess than abogt 5 g/L afi:k 9 s 2004
nost preferably legs t t /L of sodiumchloride. Preferalf$, e

n croorgani sms ar Zacapgl Cet%gﬁ% gcrughlm?g ﬁneg{ums%loln%‘rﬁ Y ree\%éieg 1%%“‘1”8%’75[‘13’%% about

7 g/L of sodium and | elosgravitaneraboen to2f0n pyight lgfid-cdntapringoghaseRmefacticabl y, t he
chloride is present i”gtﬁfb amount from about 70 to about 150 ng/L.

Preferably, the microorganisms conprise at |east about 20% by wei ght of
lipid, 10 nore préder aisbarating stielght haboinm 86y peseght , and nost preferably
at | east about 40%@) A t}e%.fiﬁgagaidvﬁéhy 1ate loaRsk aﬁQQlHIsioch%?nQ& blehEenl S lgid S

chol esterol, phytosterols, desnnsferol, tocotrienols, tocopherols,

ubi qui nones, car ot enoi ¢ Y458 2xdint hophyl |'s such as bet acar ot ene, | utein,

| ycopene, astaxantd)i n, regRaxantchiddlipigant haxanthin, and fatty acids such as
conjugated linoleic _acids, and onega-3 and onega-S highly unsaturated fatty
aci ds such 15 as é’ire(f‘ifgbé’be‘h? JHABIEILEF e FUlGEYs Bpa ffEEAaie Bedyn g
docosahexaenofeemaeir.d, Alarracdlyd et @icioigahistd @artedamined dadtébynthetically in a

di honoga linolenic acid and -linolenic. acid or, mxtures thereof,

or of or abl y U at PRSESrR T PodtoR SRRAD bF EepelrlpRE s 1R 1A EOUBBIA40% 1 n
one parti cul amoggpdetblnftht hecrpresems afenseleritd dmmt the goug cosisg@nofsaigear e
capabl e of pr Gi N d i g | f a

m xture of i %{égs prgg%%rg%ﬁys’ %%%Jé{gﬁgﬁ%ly ’ngl?c %Fogéatnles!ﬂ%?{e %ﬁ%%ggﬁerﬂg s,
desnost erol , EO¥OEAPIERE|0§ goldcgmagresnaalag linglipgelisiess yeasta fngicaf dhedgenemnd

xant hophyl'| s smeRkr28 bala-GARIBNE: | UbRichRbly! ygf@p%r%too@%iﬁﬁ%anéot}ipﬂse ..
zeaxanthin, canthaxanthin, and fariy acids such_as conjugated |inoleic

aci ds, and’onBifEpomanisms, £ fivegenug Mpgisicla yaous (rripthesodiniymy i gerdeiich as
ei cosapent aenUhrBusteclytaled ORESEAHe Hrede iy, Cmidobidani it Carel 0@ 5aNesn2 BROGBuAC d,

arachi donic agjd, stearidanjc acid, 25 dihono | i nol eni id _and
ganma- | i nol en?}galgéof@%b"fm’ m%gl(’fﬁcgyér e Pl oPXHEY gtg?ﬁo f ePYBI )Pr%‘“tr‘?q%éaé}ﬁe about
0.2 g/ L/h, stmickoorppniemperefseleadsl fromtthd grasi calbistitiy &F. Bicbightismsalmmelingaisd
preferably at;ql 6351, ALQUL:Rehe %EU?mmt)e@ Pl ch X‘F(?g ARRESh0s8s ARG BB

i nvention, the m<croorganismis selecte romithe group consisting of

al gae, fur@i,2084et &7Ca awnebepragBfistand AFEE emabéry 2089Re swiinr obrigatiéreis are 30
of the order Jhnaustaelint bf @hpsecodhum RiR! STl YradddQelNa R 3P are
sel ected fromthe genus. Thraustochytrium Schizochytrium and m xtures
thereof. And fPE8ping 24 BixgBsyheraohe ni cr oor gani sns are sel ected fromthe
group consisting ghe Beatha® 60BN ST aNBatRR th @Ald the/biph sﬁhﬁa@%‘éﬁ@!i stics
of ATCC nunber 2Q888, ATCC nunber 233}29, ATCC mrmber 2 ﬁgo, ATCC number
20891 and ATCEPHOMLYPEIRBEESZingn, A5 Hied JFrety HE 'S {358 dYsiieo iein§ic-ERIERS S~o~T

i 2 9 JUN2200dsed ferichially ar @(oitangireafidht o péleabe efratdlielelyjids, Micriiag alhiyng t he

m cr-eor gani sng_are |lected fromigthe.qgro consi sting of .m cr.oorgani sns
havi ng the i dent ?r?flz}%ﬁxémé htg? acglgs'e mpéet ik ’othl gme’ﬁu‘ﬁbseefr%aﬁ{ﬁ@gx Ko nunber
20889, and noswsiging oEheatingho\FOC exnosibe the 208 88hasis tordlitivgs, efpohibg the edlletd a
schnuckeri, s}l sl I ] A i ved
fromany of t hﬁ%ﬁ%g‘fﬁ%@%@%@%ﬁ?ﬁ;Nr"g%f’ %E%Mé&ﬂyﬁ)l&g r}-l?tlﬁﬁll F TIDE
1)1t AW | el GS i thupells gommsises Hepting tti caliy arat bspst SHE s sabavivatheskliso Sasivent | ess
extractiongpr Qﬁl@ﬁ&sozfchteﬁﬁn\%@%ﬁgﬁﬂa of ARk HRRs 10 | ~E' 1" AL EID

1)ESCI~I P'TI1~1 F TIIE I 1V~ Eh1' ' 11~ The present invention is directed to
a process for ext PEIY, the B rSePRIpLoR sOMmatiseh Paesingo e aferrerttion prods f rom

i Croor gani siMeontaldiy 1hE @SS Rkackiifar NipRIS QRbughNY Edkrifele, hsh apBhikedbie, t o

extracting a variety é)f lipids froma variety of mcroorganisns, for
exanpl e separator- Or decanter-type centrifuges.
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15 extracting lipids containing cholesterol, phytosterols, desnposterol, S
tocotrienols, tocopherols, ubiquinones, car ot enoi ds a%

as beta-carotene, luteinn, |ycopene, astaxanthin, zeax t/%]@%%]éi ®
and fatty acids such as conjugated |inoleic aci ds and onega- and onega6
hi ghl y unsat ur at ed fatty aC| ds such as gi cosapentaenoic ﬁz §N@j L
docosapent aenoi ¢ ﬁoslghe aenoi c. aci ar.achi i C 20 acd @, JUN 2004
steari donic acid, ¢ R R A ‘r‘i IS8RPTEeH d or

m xtures ther eq)rfsqusmnthmpmleétecmaﬂainythe@tﬂﬁgraats%lamrgslultiylg fromathallyaddedils atdtay aci ds,
such as docos enoi i apent aenoi ¢ aci d (EPA),, and/ or
docosapent aonbis AN infen Yoplag TRk R BAARE % Gy Hah pe sl

particul ar |i pinttgugstent arheilingls may &t ammexlnym Iealnlgléecaﬂmunﬁ“ha)lﬁghDHper cﬁrrb):m

mi croor ganb’s”ﬁlrtﬂ&qgééﬁédn\gttﬂ Qlea @Jﬁ@twa@ﬂ&% s%tifu[) Gl R aﬂcﬁb%%n@?su%&anéat LI g
onega- 6 hi ghly unsaturated cl ds, suc as arac oni c acl

docosapent aenBIncemasifEFd( Myra'qu ﬂé? treatnipat nisepli-the Erowlsieio FormPAYst miimg the

i croor gani smempsiewah Rdted Ia@otﬁmeetodé&emtt@femm&frag@E&?éau%m ngbtomOduce a
relatively |arge amount of one hi unsat ur at ed acids are

di scl osed i n SGWRDYPARIQE s FEfratyths, pr‘lﬁﬁtgésnlter fRisd “BthSIZFO‘S‘S@AO@ﬁHT GEBUD, 742,
both issued tg)lteafs@ﬁoaysheam exenpl ary m croorgani sms 30 which produce a
rel ati veI I ar ge l\ﬁt? rachl doni c acid are discl osed . in comonly
assi gned s, Pat e c §§m’(ﬁ‘§l PSSy & o PERSFR | 1RYENton {nchdes g hove
di scl osed pat Rt®ranems Iﬁomr P Gardenedion rebs, thy ekteltdeproeess Banl klej rnclem:t irety.
For the sake Qolublﬂrzﬁt at ¥ast Ea%:f)%tema%&l co%e%l?‘r{dls %da eren§e% tlrotrplb ad in,
invention is esented 1 oses 0 nveni ence and lff’ goan for the
case of extr agqsi: rigle¢tedyifepm 1he~ gt[oum con@stmg ,of . hygroxides, ~Qarlzgﬂates btqarbop@as/ 0O~ ~p 2
~ 2~~ conprisj, Hbgoﬁgggﬁngx@gegmgrgopnsat urated fatty acid from microorgani sms
produci ng t Fae sane particular extracting lipids from

i croor gan? sms t hadie p%ﬁae@haprﬁﬁpta}twmwhPlgwnstﬁéﬁhwurtsfth@mroomam@ to be

under st 0od, h@weRkaturk Bdt 1daiQbdud YT, | BEFe@Sly, 2 BRIA cbfipdial, suit£9ded to be so
limted, and th w || recogni ze that the concept of

skille
5 the present ‘Saﬁ‘{?gfft S gﬂ@t%ﬁﬁl‘qtg%‘df‘%g‘tféheéﬁlllﬁer m croor gani sns
producing a vari etAs @f alleraiict @ORAOR) tieOfSs icah B@@@écﬂ&ﬂﬁ&hé/\/hisﬁtaﬁdé%ftﬁChni ques
di scussed hergj These micr ool S i nel m.cr.o ni sne, . such as
fungi, proti sfehé?gméﬁ GAPou PuE & ‘g‘?f% ﬁmﬁ‘%d@ﬁn E‘F Fe ‘qug\gl B PPye iy g,
such as pRosptedk,i the dhelatcbrs assist ant pPreventingl oxidg®h exf gheofipifia titringapdetssingi tyc| udi ng
triglycerides@faif AbiMind WidlSs g,@t [ and 10
oxycar ot enoi d%) afa{n%l‘(tbotﬁ1 1‘?1)3 S (ﬁéa?h%dlfﬁé agsozl(s)cnﬁggg &%18{133% ssqg}uch as
phytost er ol s, 35IG6F FAPBHI ﬁ@feﬂ}eti feneofsheleiors prg thepg Mmeccam@rqdrf@qdmdngr

bet a- car ot eneGRIASQQEd’etaﬂQ @ta)gmeétd«st QEHP |Eﬁ’é&i|ve ctPraﬁtag%ot@GuAdk RicHde BDEAl | i d
associ at ed CO O s i.ncl are not limte chol est er O|

phyt ost er ol s, 0.8t SRy Lfa%lb% friseditm ehosphsteoplvnhespliate, heragstapkosbiate,
car ot enoi ds aBde,am:mzo,ninyﬁd ®idS ulchD"a& ab(EbtﬁerQilf FRNES, théssbahﬁbundisy appmNe,

ast axant hi n, eaxa nt hi a t d u

conj ugat ed | | ﬂnsti éi"&en ﬁdﬂ?nE%ﬁg H@é %&m (ﬁ%@%a% lgm%aﬁﬁ’ﬁ %%t ed fatty
aci ds such asdiedovsapeniwehosdst ac ihdding sisosdipesils aegetec abé¢ droca@ndan be
docosahexaenoj j4d sfar | d c ' .

di honogamal i &fogr{r;ﬁdcata@%hg’cmn g}gt'gwt?lﬂﬁ% I"eni cbrafé?V b Séﬁr‘lgt)‘éltelsj re étg 1%1 r eof .

t he sake of b¢®ﬁWlonﬂmfe§@T/®t hEerwexaplst aeetiavet foend ehamDHlA-piicm cellseprs to
lipid and PAalN o r rQor gani sns
which mmy e SUPPabTe Bl s AR phe e AL PR e T
appar ent t o tfEs ekithe| ed qffhe frementation pyaspssal A eprcewsistion of 19,080 ppm, is

particul ar ancegiited §OAEiR @h@qmagtm@eag@c ﬁ)°@la%taémanan§@st 0003bfth 5@ ya aci d
such as DHA) manufacturing prqcesses involve grow nﬁlom croorgani snms whi ch

produce DHA i 'ﬁmpgf‘tﬁﬁﬁtaa‘?"e Y%Slaﬁ?eﬁﬁatpﬁseot’nk@febél?a@a Qrppm 215 Eff";‘?i“ﬁg t he

m crobi al bi oORS8oraRsh Bxiddad to the fdrentitidh bawetol tala@rthd tdits dssieMtd Break BON- pol ar
organi c solvent, e.g., hexane. The extracted |lipid is generally further
refined to produce a high purity and/or quality lipid. The isolation of

m croorgani sns involves diluting the fernentation broth with water and
centrifuging the mxture to isolate m croorgani sns. Wien |ipids are not
extracted i mediately or soon after isolating the mcroorganisns, the 30

i solated microorganisms are typically drled for exanple, on a drumdryer,
and sealed in a package, e.g., iQg¥f s@eal ed bags, to prevent
degradation of |ipids. Unfortunaf@S" dryi ng process exposes the

m croorgani snms to heat, which can danage i. e., degrade the quality of,
the lipid if done incorrectly The package may devel op | eaks, which can
further degrade the quality of the lipids. Furthernore, if the dried

For




_ po/ 01 ~; ~.~~ ~ ~~~treated with an antioxidant, 'the exposure of

m croorganisns to air and/or |ight can furth~ 9 J U ﬁ .
Recheri ngAt hedcrudtehoil directly fromthe }‘errrr[ent ai%g?ﬁ&)ﬁwﬁd gt &e
probl ens voi di ng the non-polar organic solvent extraghman @

manuf acturing 5 costs and al so elim nategs operator exp®s PG LRD ?iﬁeﬁiﬁ"gé@“
The. present | RVSH PORESHR QU dSQoHoHERHBE ToFeBBE & hRG T rager plonied 3 SUN T00t
M croor gani snaidetsto i@redseshdiftem tdsr&btlc)prd@ﬁlmﬁbﬁiér toygatk eelis.ol vent fr ee
Tsol vent | ess. ext ST Meduedluihar ne R P BLL RS Spigofus i on,
when an aqueoabsutol2 pdl efrsogmhlvémndﬁ,smmselﬂf;ferabie lasg) e rbowrS pol eff sodimhvent

‘i ncludes | r t, r.ably |ess
t han about §4‘V0hqgn}§?3%3?lg%gr§eg%%f Fsesrs}gﬁlfqﬁg‘% 3a og’?gdzdgyn?m%%?mg{e% e)?e}%abl y |l ess
than 1 % Howeigeorgarighsaneapatdeael gbevﬂerfﬁalwwvrlﬁofdmﬁm shentm e‘Leb@dsmch as in
a refining proQess had Rut¥sOaRASRhlkAE PM&WEM YAt BBsetBNad SMukide
obtaining or isolating m croorganisns, 15 preferably froma fernentation
process. I n cootrlest7h'akmel Pty art processes such as the extraction of

oils from SOybeansprafaammlusarmrcrbergs&me@ﬂenmueaa&baﬁlzm byt gglpGmas of the

present inyention not irequjre a dr e raction
Pt ocess. | Hhugmom Rt aatea o 1 reueHpet o EeRY ablsr et %o
extracting |i pitasatib¢lpa Rastriabsud 20%! ofbhc()l‘tpﬁ& Ss C!mmstaﬂoljlpmgosﬁérolh akshosebdut 10% by
wei ght entrain ter st. 20 0 re preferably
at least abou? Oglbwals K50 TOIS’ %lélf‘ e(rméa'fjl cam ?noideaasn aﬁﬁl?ﬁ%’yé%"g)mvﬁs et “The
i croor gani sneardtene, lotbmaiympdnet as@mmahm eeaxmnhlatqamhaxpmtmomé fatty heidpsudress of t he
present i nvenéd ﬁgatg@ﬂoﬁe%cic%eanﬁqm %93 ﬁndbo%%ga-g g é‘llg%nga%ﬁ&nfta %]Qcﬂ sgghOt h to
drssolve any protel haceous conpoun resent 1nthe bro

"Bases" arié safrpsqosaneaengip aeith @vapeatperoamac@b@érdeqosrheere@%md |ar$°1rmne°r y

sol utions, i.gq tEsMoAt LAE r&xh@h@ﬁa@rﬁﬁhﬁ’&&x@dcﬁsﬁ@ bahRa- Bl AL sk fkulr@ns. The
base shoul d be $tron enoug ﬁé?’r ol yze or_solubilize at |east a portion

of prot ei naceBErEte)s| @B‘M&'s‘”@ha&?ut 1d MoFR LY At bt 89°8. Bases whi ch
are useful for solwmelpaﬂxbmg 2P0t T kHa Preddn€ invitibn {heemo&gan@xaeareéap@rrrdbmar y
rocesses of ehteEeL AT Pl L T TR A a8 P BraRopt e Py "
hydroxi deg¢ carlbdingitiedeserol phyosterbisndesesstendl, fopdttiinoly) to@Phedsli ubmuinputsassi um
cal cium and CRADGRL R CABBARKE sl Ese beRhicl Sufin” YHBRAET erdxhlifinDAST ©

phosphat e sal such as ¢an al e process
of +he pr esenteakanihémtingaxanthin, alllds@tty ;mqs ta'efé ap eqmsr%@wéﬁw 4cids,iang ompga-el | s of

M CLOOr gani SMegt Qyplepd- @aﬁf%hlryh%niahﬁdtééls MY ClRidar SuchT @§ €Rbos eﬁtﬁén'alct hgiacel | s.
Cells can be lysed Using any of the known nethods includi ng chem cal ;

thermal ; nec h‘é‘?‘iP%‘a‘fmaeBl?&acldaSaﬂgjowsalb’r‘%?n%‘c|aﬁ‘€i grashinic sd, Astridepifiacidd to,
french press, difbhdgammulidolcdRORi€ ahi OGAMNAQKORAE| £l bO NuixtaRs AhdestUbhosd €aM

Pt ot on B SRV b e S B b S b S 7 o

cell walls, ofrefetably@okgsaibosttss giegr ade or br eakdown. Typicall y, t he

fermentation broth is heate of a t. SCC,
preferably at | earshf1 ?Sp?gé e B resem er ) hﬁm"fmor%atmsw lggsjl?weg lEIJ”H)OC, and
nost pref er abgwpug @nastmg eﬁ@gaeaﬂuw,tbam@@@nd mnsmﬂm&nam, tpspiebrgafisnisaee pr ocess

is to maingai Eigg[ e t
extract edI}Pr prgfdéslpgrétj%:e _ 5@%%%}3% 'Wéeéfgé affy‘%/jf{g;@cg&s}g %srﬁst ar%/?élé\k/ghrdlés}%
m cr oor gani sntheigenup dbnaiitasheirivy, Sehiedctittrign pndnigiuess ithyeenf: sMWbBréfe@élYl wal | s

are conposed fenﬂrr&sr %ﬁ:s aP,Usereaai frdbh e %Fogﬁ@&ﬁxsﬁ&%fmcrmgﬂﬁﬁéﬁﬁvu%fthé he
fernment or can nit Cgen or anoth S to pr event

oxi dati on of tdﬁelfrlperlasactsvstwgéw ke 208585 ﬁECSr“B‘PPF’ %‘1@8 A afmbss
proteins and bedopsasod widhtet Z6BOOELQOATCT MBHLRE ROBHS Jmuitde ttdlhs Geivied @bRiangE .

Heati ng of the fermentati on broth step can be achieved by any of the known
met hods, including the use of an in-line heat exchanger, and preferably by
15 sparging steaminto the fernentation broth and maintaining the broth at
a desired tenperature for |ess than about 90 m nutes, preferably |ess than
about 60 m nutes, and
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nore preferably |l ess than about 30 m nutes. The sol ventl ess extraction
process of the present invention can also include at payt,i ﬁd
separating the spent.-fernentation broth fromthe nﬁo@@? @cglf ita 6| S
20 achi eved by centrifuging, e.g., by passing the br m

st acked-di sc, separator or decantor cent6r|fuge and cot I'e

emul si on phase ntrifu them lts in a.two @pm‘[ gﬁ?ﬁ“'&
P of the or goin a% tures ther; ;Ijre?erab?y, e microorgaris T ac

conprising a heav T8 é’r el Fﬁ ayer VISIRE\R AT o (- &4 nIélyer is

an aqueous ph&s@roup/momhcg)nf alcmrgamenmvmgltmwnd@mfmw ¢harlaaensdesbofmsrccr he |ight

| ayer which c I t egdr again

separated int g%%@g@'ﬁ#g:&e{d&f %ntgre gb(g%% a?xﬂ HQFQB% al%é/ er i surg%eéltzﬁégigsol at ed.

Thi s dil uti onswinshofwifprsierells spfamiakerio tramsdof §Ubéeq0élnmm oveissegartisireing washi ng

process) c3n Q&ivae RbR RN raR e USRIt #6doNI wat er and renoving the

heavy | ayer throughout the process or it can be conducted in discreet

steps. The washing process is generally repeated until a substantially

nonenul si f i ed BRIPF BERGREFTION OPrEESKAWakE&Hough ninor anounts of emul si on
can remain. It is 30 belleved t hat {Lﬁg oil-water interface of the emnul sion

is stabilized by rié&raliie Lo fizgrap o FPEOW‘?“&HW?IVF@FFBR/%‘W%‘Q“ PIE*hashi ng
process. Duri ofitht pesew@stehing. pr ocess, the successive anount of water added
is reduced,to increase the lipid content. Wile reducing the anount of feed
wat er too quickly can result in loss of lipids to the aqueous phase,

reduci ng t he BHIWALEDDESERIPTNONOF (IolE INVEMNEIONesul ts in an inefficient

washi ng -- - riate
rate of feed wat errﬂgé)gp SJ'%'I[E ?‘gﬁ Y lsq}gag@@lﬁl{f?%g%f% quéscgé r&gvegiﬁgg%g#l%l ng the
separ at ed aquebabwln@gérpldscfém@rrﬁpmgrgamm | Thyi profesy of the present {niyention ght | ayer,

i's colored; thgfiefRrs ext}a@nﬂg‘%%&%ﬁﬁn&%m%%%%ﬂo@%aﬁ&n@ﬁ%ﬁﬂ{ leate rate
of feed water Teduction by sinply anal yzi ngytor observing the color of the

aqueous | dyer c¥ragigc Hipids §%‘Bﬁ‘?1&$ eﬂ“’feﬁtéfﬁi t RBYtesteRily  desmopteroly fasptiigholsvel y, and

preferably, tRogeMslsS uBiGuifichs, REroRhSIKELBnd RddchoptIls Qidh dsEKe@VAfRAe,UsicRY t he
deoi li ng proc ss outlined.in WO i5196/ 5@5& ich is i ncorg‘frated.her inb

reference in PEPBRAFANND (ZH<AH i, 2 FRY P (B 2% SIIEARY,

al cohol and/ otingdeetaoidg, ards omegzléid afid otnla@-ﬁ)lhhghWauﬁsatuﬂamdl fttpracide docteak t he
enul si on and i r nt.rif i.on. The
isolated |ipi éila eﬁ%&ﬁoﬁ (130?) c@e‘%g Lt%ngm asmds %9@ dg‘%og%g)gaxno(f act“?’aarr&? g&?ﬁat used
to refine 28t and@rsmm@gretaam (bhmogzgnm@mplem 9c1d md@ammmhdolmcf 4ofd egnigpsE es s
general l'y i nV‘Ble)é@? 'mo)’ed feﬁgl P@ﬁe%@@' iy h@s P¥ardstdd NgePhggahoLig aeid to
thellpldfollowe diu droxide to neutralize free fatty
acids. These é@ﬁ?ﬁ?@ﬁ?ﬁﬁ?lca?%d }/ééP%ﬁP%Pt%S‘é?i? wfif (§BA) s/ Hecesapentacpif,

fol lowed by aamtmm)wa@ hmsbﬁggatpfohﬂrot ben), 1 z{rﬁcﬂi&‘{ﬁpﬂﬁlz’on’i&ﬁﬁg Din@vayount s of
hydr at ed phos hoI|

neutral i zed ac apst ock")
in the lipid. °é*§‘u‘r ?’%@?‘i‘%f“d“?%%i%‘é@ﬁé‘ét’“@s f 9%4 ‘T"?Rﬁ("‘&ﬁg‘l’ *standard
bl eachi ng 25l ayonteﬁilhg' iomegGé Chighty ahstiradd ety t @idsemiieasdbndetlidonic agd ahd i ons by

hel at i I th d trati
o produce rofreneieiehitt 3 BraFT B Gtk 6 Tt SERPARRRY Rt o' Tenove
hi gh mel ting pmﬂumngzme powrp Bxangiiry hstoorgayistrewlpehemeduce 2 wlativady kigpadounhowever ,
this step is Q?&S{%QB h@l@qngamtfcﬁﬂﬁ 1f arem‘ﬁlo&ﬁ%%oﬁﬂxﬁm Salssl?%x{tgd 8?254? tfurther

refined by renoving a | ow o ar wei corrponen

present. Typi &&b153405hkerd &éPdRchtlsisgned tOr BWQ*@BCFHQW@MJQWOWWHmSt eam at

hi gh t enpeypat WheA 1prddﬂ&ear remheéfy MRS UrhGhnt l;hhéchmogﬁ%aa o] BRIHKSH O BoAPY 25
per oxi de bonds which mar present and reduces or_ renoves off odors and

hel ps i npr ove 2isigBekY -apFatnt 9‘0 (§F58§ AL pyed t%@l"”ﬁﬁt ikedbiboelisclordpalses added to

the resul ting aQQﬂd%faZeﬁ(ﬁexjeinFB!y%fér&cb mRhévtRiyoduct stability. Duri ng the
refining process, renove hig

i sola id can be winterized t
mel ti ng conmpounds, é%d%%s"gg 0&2{ %ﬁ\%e‘feéttt"ﬁ dﬁ'ﬁilegi des Eowtgfhér]?vfﬁ'ﬂno‘ﬁ process
general |y 30 ipregsmtedeasr plirssal ofi ddfivehidaeel a0 lilakeion if@i the ta3e aNexmagmpilipidsol vent ,
e.g., hexane, cooling the resulting organic solution; and filtering the
solution to renove the high nelting point conmponents of the lipid or
stearine phase. The wi nterization process generally produces a clear lipid,
especially when the isolated lipid is cloudy or opaque. As will be
appreci ated, the use of a solvent such as hexane is acceptable in processes
such as the above descri bed Aas mﬁﬁ@wng
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) ‘'~~p .r pp 1l ~. ~ ~p~~ "refining" process. Alte atively, the

i sol ated |i p| d can be chilled and solidified 2 9 JU~ 1Q4., r| t| es can be
filtered o t, without enploying a solvent. The refini f-%i,ﬁ..e‘ 1 @Q@
deodori zi ng process outlined above woul d be used for
lipid mx res. Alternatively, or in addi4ion to this A i Qisﬁ
5 for exanpl e, m%nts oL ote 0|d e. separ at ed. and UI’If e, JUN gl
by partition i ﬂ‘g CRVE R sh(ﬁhvvemsi rat(?itfa%waatcg froh lcéooﬁ%af’ﬁg‘aé’m Bine tgWﬂ l e,

t he process f strhe ippatent extrwrmgtllpmﬂ foanmicrootgadens Bl paddutga fﬂanv@phxgﬁni sns
froma fernent, ce e a n sent i, nvention
is that it all g’\t?v{énq?’ (faprrr@n Izﬁsl to%@%?%t%o@bhou%g%i élgrrtgg%ﬁlggqué% a? Ae 59k pids to
be carried outnt¢ndedtodeng limitad)andehat ehe skitlod mebtfaam%él refagm@rthzttlﬂe cheeprefit at i on,
one can add bageLendiflRnik MR AbHIRMbIYBITHR! nfithibRhs bldGudH g lya
cells. After se}e)pa{rsatllngnt he asiélsl nto gﬁﬁeav r% ersg gu gXat‘l'%’l&‘@tyl gyer t he
i ght |ayer clipd temppsifiens, éy at???“}&ﬁ‘i?t Méth ‘b@sts‘éllmqwﬁr dipgnsieH ehergip. océ’b@ﬁ ng or

the heavy |a)’%1cr6&gan sl igieeRlicfdoahitie sha SERhA! bR eAsR! andfREeSXAND! €,
by draining thr OS the bottomof th fermentation vessel, and the remaining

light layer caf@rodsesq rarsiof hipide sucherd PigsPiipids: Hise datbrecids erem eh iy n

vessel . |f thaci@Qris@ingairighBeridts bf ﬂhtt@isacldﬁt $td16ls; cggxhanpte g hearsttroid®bnal f
centration o

culture is_ high (e, q.. r er .t bout 209 u

colls s 10w Bl 3ng B Ut B i aid copoith RER GF BT ot | nu
us fernentati ergotjoaineTipoioracid Udntl Lanésxidahts dinélfidig béta- (:seotgle tdcomighdls)and 0 gr ow
cells, or cul L S |caII | £ ur tens,
the cells 20 té(g:n e cg%%gr%(?h%? %Iaq@% a¥(ml%t%cen dﬁ lnaC u|%o’nbulfj?re P?tql t?é‘?)n or
settling, pride rlsteplophyiostadie #esm«vei@rgl otocqtlhwotsn\/cequhmMu ﬁblqaumssary
Addi ti onal Ob]c%{eﬁoldsaqycﬁ m&%ﬁ I}Sag.gh nﬁvﬁéta-éaﬁﬁéngr ﬁﬁexrpfl E(H’JC&C dbld)(dll }llil nwll
become - apparent to those { Int upon éxam nation of the

fol | owi ng 'Exarfpianhiptraptaarpnthipiing fatty peidsiyeh 9sicpripgated lingleip agiglsypnd; qﬁgga%
Exaonpl es Pr 0%@& Sorh@al60 HigiiP1 ursiriratd@s 8P ahadst ez e RioRpafHeEdiN Jactd)r €€
sanpl es of ful refined oj|l rom the new solyentless

rude, of
extraction pr(518 §?e“t?€“ﬂ’8xﬁ‘r‘?e§9(f gfagﬁ‘agngﬁp‘fcéf VEREhIGNIG, 2014, StEaREqNedfit o ser ve
as a control . diHamogainmtindledtid @i ane)ghhmetihdddnicodeid dakdlxtuxsoiha’ebtorrosﬂaememer e
performed at e scal t he, oi l. fi
per formed at %f érr%l p ur?less O&Erwﬁ% SL’% g tIIﬁe tefnclaf]ilprlfg’ e%rlspgll%{a A/or%’ soﬁ'ﬁ ?yzed to
denonst r at2® proopsigds e@th@dmuddoaxiq mycroomlmwhmh @Ry bI§~su1table5for e jn th€~0 0 /
01 ~p O 2 Qb bk (R GE01 B3NS RulePeNeENYL T UM S ) was grown
ina 1200 gallon ~ 9 .~~~ mentor to produce a fernmentation broth
for--the foll ow ng Exwicehaticrealplimd diss paticuler Annejl sonzinias apaemegaddhigdy gener at e

the-starting Qhﬁhhatécprfatﬁyh%clk hyuee aﬁobmmxhﬁﬁﬁacﬁﬁﬁg{ 3edckREs Mv@ﬁ@sér%mg_rhe
fermentation was all ours, while controlling the glucose

to ru
level s at 13 @}'ﬂwrs?nfscs}s wﬁffb ﬁmrf]\*%eD’fiﬁemc%rfﬁmglv?r |59°F‘8’é%| R BICFASFERTIFEY, ed.
Resid ]thaI ngSUC@l@engl &V&hl&oﬁlﬁbﬁﬁﬁﬁks taqd %iﬁtra@ﬁdg 1ho Uritrabedluaf 1ipidb ¥ith aTFclbnsponaesulht ed
ina fina age The fin t. a ns. The
final yield vvasgaTﬁéOl&?’E e&r’;}"%?;g F e%fa’cgéﬁ?lg s g@'&raql?’ rrr(ggléeél P:r8 {°&Ai nat i on
checks and a thighrputityhandfon qyedityslippd. Fhd isaiation lof mdnomgm;she ifvalveeduting lhhow any
signs of cont l. |
al i quot of br g%@%%o%%ﬁﬁ%gﬂn%%% g |C§?r§’]i€3§§%ﬁig ng?tm rtgrﬁ ri eif GOF@“ ‘racted
wi t h hexane t Vkealipds ars nat extsastedainmediatgly er SOQ'Ihé’tebISdmhq miceorgani$mas élevvas
recovered j‘bS' qgla@ed%%&r@m@sﬁﬁé@e@;}{&gy d%a)bya!aﬁzﬁﬂfontamrén Lif'ygxl gnclI s§al§ih9wn in

Table 1. 15 _ ~~
package, e.g., in vacuum-sealed bags, o prevent degradation of lipids. Unfortunately, the

drying process exposes the microorganisms to heat, which can damage, i.e., degrade the
quality of, the lipid if done incorrectly. The package may develop leaks, which can

further degrade the quality of the lipids. Furthermore, if the dried microorganisms are not




1CLULG 1. t1l1lalyJiJ va asauaaa aaa ~~ - Vv Val uePar anet er DHA Content FAME
basi s35. 7% | Content 62. 7%°er oxi de Val ue ne / k2. 6Tot gl ) 60 gi
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Sol vent |l ess Extraction Process: Crude oil was obt al ; %aé(%@ g
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smal | scale (o) act ed
control . cﬁ1 p\é\%gsgﬁg ﬁ%%%%st g’rfv t{&ﬁ ?r%ﬁ? ehdgga g {oﬂ?mg C%H? agé'irhg’re nts is
shown in .hi) Tratfbrably froimracieumghtation psesosse Ay canfrisk tsntéenmoesrt b@pesseh euOhas theus
processi ng st&RstioNbf di flokn doFbeans il which Gdlsbybkshs hiidthe 4Ry, mé%oéeﬁto@ tHe€COVEry
efficiencies for bhench-scal e processes, as | osses tend 't

di spr opor t i orPAEsENtyYeRticgedoes pRs reaxire 8 Snjinesste@cPrion toTtie F@raaﬂ%lrmwew aMugal ues for

t he sol vent| gssces¥d 6foGE g&s@amkxﬁﬁnta@r@pmdablbrt@s%@&untghméa‘rddes migasialr ed for
ne exce

Wt o 28T orPERSh N ot st b by MR FRGIEH Y AT 1 et
W nt eri zatd onabshite2P%f mbretﬂﬂﬁerhlﬁy( atrieasCaboiitr30%s, mandsomirerabllyamehdnamﬁt sserved for
the other thrgg. s c?éorga%;ﬁ}ﬁ ﬁx.%' bea% § 65 dt%mleﬂt%hc?xr#r&!eg Ehe Id;ca{po? the

statistical per spe Ive F'8sses “darin ion step
caused the oxm¢sa¢t|m\reem/@nyn@fdfelaé¢lwe;basred¢ tlteh@mmmmbre@rtp rdgssoleamyl e to be
| ower as wel | rotzng:e(;ug\e@rﬂp&ﬁh@ th W‘Ueq;réa% inPfe %ﬂecﬁfsgs”tagr DBNAc] whi@ni ficant

i npact on the overall quality of 'the oil. Al in all, 20 differences in the
processi ng of$ 9\nélkeaﬁhaa@sreﬁtlpﬁ%lamre@swm@, - Wacprepftach protpys and dissociate

25  hydroxide ions. The base should be strong enough to hydrolyze or solubilize at least a

portion of proteinaceous cojmpounds that may be present in the broth. Bases which are

useful for solubilizing profeins are well known to one of ordinary skill in the art of

chemistry. Exemplary basés which are useful in the processes of the present invention

include, but are not limited to, hydroxides, carbonates and bicarbonates of lithium,

30 sodium, potassium, calcium, and magnesium carbonate. Other very basic compounds like
basic phosphate salts, such as trisodium phosphate, can also be used.

The process of the f)resent invention can also include rupturing or lysing the cells

of microorganisms to relea$e the lipids which are present within the cells. Cells can be

lysed using any of the known methods including chemical; thermal; mechanical,

r
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~0/ L HEX- 1SF1ASF2ASF3APr cessan Conrl|tensM scel |l a
Concentrati on4d5. 09%b2. 9952. 8%45. 0%t eam S ar a Rate3,, ) ~ecove
Ef f ~ci encl esWnt eri zati_.on80. 6992. 3%87. 7%85. S%Refl NI é"/@ﬂzf %/\at
er
Wash90. 6994. 5985. 898l . 298l eachi n86. 1%8942%87. 3%84. | f",]ff' ? 5 ?96. 1%
97. 2997. 5%acka nB8. 2989. 7¥89. 3985. 80/Iyeral | 48, 20/r.'56.e 58" 5% B&@QQZ?
refined oi | sasipfieg bt bthlinHid {h fachseesemtlis U Easaneatian thopagsizaon. sk § WUN Zuvd
hexane- ext r acli&eh &ptibRland Wabtafida kel 1aRchette 1>rsﬁ:§uf&e$15 Aecfesiaiiion N Tabl e
5. Also 5 shown are the corresponding rel gase sSpec ations for each
rtiaaTGeh PGt Rl ot

paramet er. A ahSPUAIBAS PHREOOLFRRETS G hearddatlse Fenteruye
extraction r u&gmeoxedermalwedlyf e farhemtion biodrit heatth o & teoperatortognt of this

sanpl e was ihe trati cwere al |
bel ow t hei 7 Psfngg)n?l 5voe erg%/ A atabg{&%&g g Oﬁea%%%rglg{' to&%@sgﬂt%?o’r RBD DHA
Gl fromthe ﬁdlm®npde&wlyﬂmat h:@it iabrut PPSCe e iopmpat agedt of Hexarressaxtor act ed

il. .
Val e o1 k0. SHBBal® SeBahAc-y N ARCER Ry Y SR depss AR &
Vol at i | es0. 009@radéhs Figroaygyoaodre a@bww@toémgcroorgamsms is particularly useful for

m_ead<0. 20<0. wEE
Coegr :O 05:0 %%3% %Qﬂﬁs %Q&chglﬂ'é&%ﬁ@ax%ocﬁgxggs@fgf B@&%@%M@Qm@%@bc&mhe% 0.02

9%-AVE36. 937 . 3pdpaE of MGWIOB&@B%Q@%‘MQ%é of ﬁlﬁﬂﬁbe&g@ﬁ%%@ PreXgal ye was

reduced to O. g,adaﬁgnmrqun@fby@{yge,epeatl ng the refini ng and bl eachi ng st eps
i ences Anal G oup.

** Sanpl e anal yze go Fer ment atl on S t
15 S5Vl o e Hlediedhe bR ASOSTT HPER SRR STHG e R PR TG and
bl eachi ng st efsludidg protéins.THbdtiag 41 thMeemaitdnammthsteBrcmmhx%ﬂayfanmﬁ thdhe QO |

Rennin Ste s. ~ S5 Sho T r o

conpari son of k‘f(Wé’ gvg?dgggc{g%g ysel gerestl {n'hn? qleae[ g‘ﬁ%ﬁgef’og@ ? hfe%lrat% ﬁ' ltQ’e sanpl es

fromthe 46| vemtgingsseapx int@dhei fermgueation dsotly ends mlmmtmwomm & dosuere
control. 5 TaRlBebure MRA hatibofl o0 HRIRY PrellePRss than abbBXA B0 bivent | ess

Extract ionParanet er Control Mean ff Peroxi de Val ue ne

/ k0. 280. 460. 2@ore preAgatiy/ g tpmabug 38 ainyes- m

I\K/EO{#P 170. 19* 0. 0638¢ 39 dnt@0RIrskib BrofesVal aligrRaR iR LARRIsO a3 WNDTr ace
al s

mLead<p. 20c0. FENPHRFIXCePrAng difi sy frmenation RIANFND R5oiPidsnd YB3 288 9710404 8.

290 er <p,205<tchtodd HNARiNRIPE 6.LIsPpadAnthe Bidth Ah¥oAgh © IMIad-disd) tsepatator or

0 0 0
niéi/gﬁvepﬁv/ig é@n g'r%%ntx%h/xge ar@_(i)'ﬁec(tlr)xg tllplBS as%dér%éidsﬁoé %‘ha%g/dc %g)gr%qge mixture

results in a two phase mixture comprising a heavy layer and a light layer. Typically, the
e heavy layer is an aqueous phase, which contains the majority of cellular debris. The light
layer which contains emulsified lipids is then diluted with water, again separated into two

25 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 bei conducted in

discreet steps. The washing process is generally repeated until a substantially non-

emulsified lipid layer is obtained, although minor amounts of emulsion can remain. It is

30 believed that the oil-water interface of the emulsion is stabilized by residual cellular

debris which is removed by the washing process. During the washing process, the
successive amount of water added is reduced to increase the lipid content. While
reducing the amount of feed water too quickly can result in loss of lipids to the aqueous

phase, reducing the amount of feed water too slowly results in an inefficient washing

I
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Cal cul ated using the acid value for the re-worked sanple. The results from
this experinment clearly denonstrate that the solventless extraction process

is both reproducible and |ipids from sol ventl ess %ﬁ@k@f@lefB 06
a

relatively indistinguishable fromthe |ipids obtai

extraction process in terns of process jerformanc ﬁd{, ﬁ @@ iy The
final product fromithe solventless extraction rocé 'S C\ f‘b
equi val ent t P"PI°Pt ds"F FENTE ‘Bu?‘efeé’m“e ﬁgfﬁ?fggrffé eF%@?febedb‘i“B'&é’g agJN 2004

det er mi ned byotsérving ar adaiyeisg ldetsmmnedtalqeeoﬁsataw &ehdaln the dipiriofer, p@ofhlel es of

t he product fr t hese .t esses. nt _iLnventi. var| ous
enbodi rent s, |HEtAes BAREHPS M AgtnEaE ip B EREie CYBREHES o

appar at us sub&tcawatmadeﬂlsctlas b epiplyt aadlyamloxd@swmb@d dodr off the aqmohutdyeng vari ous
enbodi nent s, @Mgﬁ?g@h&@ﬁerﬂ%eli@ﬂqﬁngsetS t hereof. Those of skill in the
art will understan use the present invention after

under st andi ng t he Aferastvaly, ahidsedferahly.ahe ephdsiquraan bpibrokeny entt theail receveredr i ous
enmbodi ments, gy tH&'Q&lex%%Y&c@és%tl%@d dewics 65058 WAlRGE §R6PorkiBd bt dysence of
itens not depl cted and/ or described herein or in various enbodi ments

her eof , i ncl u@ferges i iF 15atiras dh B RS?cegswc\nat?rtseH%le &epa)d iy slcpb Andi@ed i n

previ ous devi&esndlis add@@e@sr@smwatg emd’l&fn foNRELRVIhE @mBBioh %M&C@sm@fghl eving
ease and/ %b reduci ng cost of Ierren

010 p 16 mixture_is jepagisd bﬁ‘f&“ ?aé‘ﬁ‘bl %ﬁ ‘G?q%tﬁq.ﬂépé‘il W%fﬁ”iﬂ}‘?&ref ﬂ??ie‘ﬁ‘t“rgén has /
been present ep)‘O(feﬁhl’snﬁilHr p@t:hesus@cf toZefhe, stdoldrd izetgsﬁanslabils) NB:detly, tlesipidi |r¢ﬂnmgn The

i sl osed herldiees SIS TE Er e piofroTETD filed Pretabfns SR BE p Mtea
descri pti on ofollovd lnradmgg @od@mbbwrmus namhzr:efretea"atry apaim 5t1¢sg|qgmamlds

the. | nvent | ont™ Srvid 8 V@GRS TR BREkIGER 40 Sall Bl e See i n
the art, aft clemay ity ﬁr@ﬁmwwmoﬂryé@@ﬁph@p%p@%g@nS”} andinguafized e t o
obtain right s,k écsbaﬂs{é@ll demalibRr Mol MQuiREIDMA 1@%%@:16@ Qsifid) ?rﬁﬂ“"eiﬁﬁ a

permtted, inclu al t er nat e i nter changea bl e and ui val ent
structures, fianeEd Jirechingafigies CHic agid faliayaddpd, o remoxs ﬁﬁﬂle‘ﬂvﬂ‘f’é"(‘ HE® By not
such al t er nat gelatidit erl&h&pmbhcﬁblw%gblaﬁ.ﬁre&mﬂ fembetvis filtraidn b epmduéeunct i ons,

anges or ste re.di scl ose i ntendi.n ublicly
ded| cate any %g?e niPih| ?‘%3’ f‘%‘&‘r%ﬁﬁt% pe C%d\gkfereg% rf)‘?‘bqu‘i el Y L
~3' | ~. ~T R& Glomhbirds 'thet ynay Sre ;Stes@ntJnhll‘tlle‘Zﬁﬂd, llqweﬁerpﬁ@ces;smfgmerdlyt gldomng i pid
fromm croorggg‘h%ﬁns conprising: (a) lysing cells of the mcroorganisms to
produce a lysed cell mxture; (b) treating said |lysed cell mxture to
preduce a phase sdpareulteg lipidc ean be ﬁs’cheroq@egWrﬁgn%ms@awo“{ molequlag aight | i ght

| ayer, wherei gnghdlseR Yy lb@m;enp omarcmgeg)emo&g&ﬁg@%r&%&%a spafighgsai d
light |ayer conprises said |I (c) separating, said heavy layer fromsaid

light |ayer; ¥itstean abﬁs‘aﬁmpﬁr@mgea. wpderi w*uvacwa?n 1 PrIoESs S°|d§§}@ Sy The
process obs C gdrdkidk, bostke vhich ngaiti 1 ;&ése:a a(nb)re@aemfmsﬁs\/eeam loldrsighdBelgsai d 10

l(:)(;rsne)(rjl gglsl arrP }Xér}tgumr g ﬂ'ﬁ %tabllhty ort) rtt%cc?l ant%m&ant may ‘Ml,r‘? rb%'aﬂdesdatloqhel {'egmtmgl ayer

deodorized lipid to improve product stability.

During the refining process, the isolated lipid can be winterized to remove high

melting compounds, such as saturated fatty acids. The winterization process generally

30 involves dissolving the isolated lipid in an organic solvent, e.g., hexane, cooling the
resulting organic solution, and filtering the solution to remove the high melting point
components of the lipid or stearine phase. The winterization process generally produces a

clear lipid, especially when the isolated lipid is cloudy or opaque. As will be appreciated,

the use of a solvent such as hexane is acceptable in processes such as the above described

4
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lipid. 4. The process of d ai
extraction solution to said

said steps (c), (d) and (e) u
non-emul sified prior to said
said enulsified lipid conpris
solution. 6. The process of C
conpri ses sol efinég | ProgysspatAdie
M Croor gani sngnpafies etwRifmedd b
Claim?7 further c risingwgg]

process of daim 3?3\‘}&1:“8‘6‘@1'

m 3 further conprising:

(e) adding an_aqueous

ght layer of step (c¢); and 15 (f) repeating

..

til said lipid becofsT&8iBsnamt/ Al
e (37 5 e ool AL 6 0 b, |

es a suspe@si on of

aim1, wherein sai %ﬁ%;%ﬁmgo@ggous

mafively, Zhe TRisteprliidesan ¢ oblllad rand. solivhifexdel B H4N 02004
ft,%h@utfeﬁl'b@i'ﬂ%
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Aing dsedorzing progtse eethipdiabeyn wowd ber wad feronsi st i ng

atdiep: process. 8. The process of

a base to a fernmentation broth. 25 9. The
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~~E~ o~~ 0 14. The process
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€
erel sai d m croorganrsmis
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e order. Thraustochytri al es.

Epxribedightfayr eandis trgasirerhio anptheryessel dordurtiier prasessing oglinus

€ process

Thr aust ochyt rtieshi) lafae iad ®6 iyrhdvied! MoaiNthe Meoslehtit®n Vel 26 exdrfiple, THEdRMAEESS Of

Claim16, wh

ei ai,d _nmcroorgani sns are. selected fromth ro
consi sti ng oﬁﬁrﬁi‘@‘r g’SIrbﬁg?W é’ﬁf?hehgwér?&“?%éesfe&eﬁ?ﬁit ?f%‘“&ﬁa‘r‘é&ﬁ‘é i?gﬁ’és of ATCC
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20BB8, furtEC orrssel) evithid @@B8me farisGtariomizesel. 20890, ATCC nunber

10 ATCC nunber 20892, SLLALAS,
nut an

Crypt hecodi ~i um cohni 1, t

and m xt ur es FEF tat abon20%jh

M croor gani s ifdefls §oRAR Snitu
per hour of chol esterol, phyt

pny
t ocopherol s, RBYUcHd B IuESP

20  can be concentrated, e.g., b
methods of the invention if

Additional objects,

which are not intended to b

25 Examples

20891 and
f.. Mar.ti.er el l huc st,r.ai ns of
&s}fpfll\%iléléh% glrlsl g%agh%%rhl% 'stlﬁ% @&f’egoi ng,
ther conerntsation ofBield isloy, (c:ah Brsgthan abait d0 g/L), _
RIrGedGh R s?sftenls,eé}%ﬁla@é%%%if&uﬂc(egg:.],g}f%ﬂe‘?er liter

sterols, desnpsterol, tocotri
wisd irbopnamthedsaliybased, pultresysimsate cells

centrifugation, filtration, or settling, prior to employing the

&l
Ny of

ecessary.

dvantages, and novel features of this invention will become

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

limiting.

Process reproducibility was characterized by producing three samples of fully

refined oil using crude oi

extracted sample was also

from the new solventless extraction process. A hexane-

lly refined to serve as a control. The fermentation, extraction

and oil isolation steps were |performed at a large scale, while the oil refining studies were

"30 performed at a small scale.
The fully refined

reproducibility.

Fermentation:

oil samples were analyzed to demonstrate process
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15 beta-carotene, lutein, |ycopene, astaxanthin, zeaxanthin, canthaxanthin,

"~ and fatty acids such as conj ugated linoleic acids, and onega-3 and onega- 6

hi ghly unsaturated fatty acids such as ei cosapent aenoi ¢ acid,

-.z.docosapent aenoi ¢ aci d, and docosahexaehoi ¢ aci d, -arachi donic acid,”

stearidonic acid, di hormgarmal inolenic acid and ggerRiti e |

m xtures thereof. 20 19. The process of Caim 1 ng fﬁiltagm ut 20%

of said lipidis cholesterol, phytosterols, desnmgpieffls

t ocopherol s, ubi qui nones, carotengids and xant hophyll's su?$3@mﬁf

bet a- carot ene, |utein, chopene astaxanthin, zeaxant 2[][]4

cant haxant him, oilerishl nfigroerganien @ichigerkHriyg Seg,ﬂaﬁg%‘f ‘Pr%?)? %k)?ic? c?s JUN

omega- 3 a%%opwga&cbhmnﬁmr%%me ffatowmgamtrd@loswme%@§ e&‘hcosapent aen0| c
0
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St ear i ciinglecbatehivers UesHo BENTEHF F‘ﬁ%‘P%R'iogl %Eﬁl %a&g%gb%eﬁﬂégbféﬁgﬁem c acid or

m xtur ep?oée&@sr eqhe fe?rQantaAOIDM§eB<SNeﬂ06 rorb fomi i hegrs| iejeontrpllipg Hiecr oor gani sns

conpri si ng ro d m cr.0or Iy Qeni,@latg@nkatdugn medi um t o

prooﬁJceg‘éPOF“elFYFlirF?é%\é\ﬂ&n ﬁhtg’ﬁt o 2| gg?elduftg % a part of any

pr ot ei ngudkEIseNtdrdppedsai<d mmommﬂ@ rseuifed in@)finplag ﬁfg" 81 F's of said

m cr oor gan roduc |l yidid whsti46 Wexghto@dt&l@ 19 ~ 2 9 JUN
il o Bap e By el o, o

2004 (d m xt'ure to rOdH has«la separ at ed

M xt ur eBe@Ppiosdss onmntietioy chieakseand arfbpfﬁpgplaﬁﬂi’ml %ﬁ/% oL elm sai d heavy

| ayer c i ses an Sidigti on and said Iight | ayer conpri ses
enul si f?gg‘hf’smwaany s‘?’gs)%?g%{%%r atll ng sai d heavy layer fromsaid |ight layer;
and16 (f) obtaining said |lipids fromsaid Iight layer. 21. The process of

daim?2@, ﬁ?%&ﬂclgdégﬁn@l §at,f% of dissolving proteins conprises contacting

said fe Qe£SGuMidriéd @hdn 21, wherein
. said base |sAssma%caﬂlé‘ﬁ’tquol?f?tf‘h’gmba'%%&ng%nﬁasnf)gﬁaﬁé oas hydr(rjlm des, carbonate,.

_ bicar bonatLed wilarRAa e Serdnds Wicatiol emnpldh e Tlobiomasy iptgfmediglg ﬁ’ta%cess of daim
20, wherein said ste sin i is S @iy sai d microorgani sns
to a ter‘i‘ff@Y“é?dd‘ls’égﬁﬁ“gF qf%g %n%§514§%89&§m 24. The process of Claim20,
whergin said step of producing the phase - separated m xture conprises z,
centrifuging saig i L mréﬁh{{d%*chz?o'éhytﬁmsppbleﬁ@sss of G aim20, wherein
0 . Tprus TTOMe 5> Sal d Tight |ayer gonprises: (a)
i oS sotutTomT TP 8@,d 11gnt layer; (b) deparating said
agueous pwas : t om sard Vo, ayer, and (c) repedting said
st eps (e\O‘v..., teytb.lh <'J"‘ f:k) sara—t+ipirdbeggmes substantially nongnul sified. 20
26. The |PFOXEE Laug e M $& d agueous sol ution canprises solid

AW

T 20, VV]IIEI Bi
él,ogaz lgte Count (chi'g)
cell mat DHA Content 20.3%
FAME Content 56.9%

* cellular dry weight basis

L LR

Solventless Extraction Process:
20 Crude oil was obtained by treating three 400-gallon aliquots (approx.) of the

AT

fermentation broth. Each 400-gallon aliquot from the fermentor was processed
separately, starting with the caustic/heat treatment steps. Each aliquot was treated with
20 grams of 45% KOH per liter and heated to 130°C for about 30 minutes by passing
steam through the fermentation broth. The crude oil was recovered from the treated broth
25  using a commercial-scale Westfalia HFA-100 stacked-disc centrifuge. Summary results

for various process parameters are reported in Table 2, and the final crude oil analysis

results are shown in Table 3.




27. The process of Claim 20, wherein said mcroorganismis capable of
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observed for the other three samples, this difference is insignificant from a statistical

perspective. The high losses during the winterization step caused the overall recovery

efficiency for the hexane-control sample to be lower as well. The lower yield would not

be expected to have a significant impact on the overall quality of the oil. All in all,
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differences in the processing of the various oil samples were minimal.




(g) separating substances of different densities fromsaid mxture of step
and .

(f);
(i)

nonenul si fi ed. . <<n

~Q O |

sai d I|p|d bec

(h) renoving said heavy | ayer from said phase sepag
repeating said steps (f)-(h) until
~0z1
of Claim 35, \/\herel n said base is seleqgyed fromthe group cons

~i HW 9(}

;Jr

[';’ él/ agr Ogegé

5 &y

OCé?SS

hydr oxi des, carbonates, bicarbonates, and m xt ures t hereof. w

of d ai m 35, wherei Jaéfgﬁdl\/kfrcsl}anﬁms Pﬁo $|Dilt?ﬂﬁf0m Mmmﬁsﬁhﬁ’ at Eu'ﬂ
COITpI’i ses cef d.1 \IQPd m: HEXrlyf LLL SFM\ 38 @EZ‘I}W Qc JSE?’AS)f
35, wherein 4;&[&5‘5}@&3“@“&% ution of | st ep. (d)! canpriseg solid cell
materi al s. 39 Misallagoneeptations () ai m R4S. O%her e} 2% i d ni Se8Yr ganitEOhei s
capabl e of gr_omﬂ&e:ﬂaﬁem ty |evel gf 4%ess t haf%abhout 23%y/ | 0R.2%0di U
chl ori de. 40 WemrMﬁewneﬁf (aim35__whereih said nid¢roorganism conpr
at | east 10 ?hWInteruMWhv weight of 1 @860 41 | $h¥opr 0ceSL.T% 8350035,
wher ei n sai d | nRef#r gani smis sel ect d894%om t &.8% oup ¢8h8Yst i nBS-Bh al
fungi, bact et WaghWasly ot i st s 42 The9%¢%cess| #5%1 ai m| 858%uwhet 81.-26sai d
ni cr oor gani sm:B}emhwg. se microorganis 80-1% om t 9.1 oup ¢d8Advest i nd*Bk go
al gae, green apﬁpﬂﬂﬂlaﬁvﬂ'\nf L agel Lates, 954%east | 96 1ingi  ofl 9 B% genfE5%
Mortierel | a, |aPkaginganenopiles 43 TB®2%r ocek®. B O ail#93%  wh8$.&bn s
i cr oor gani smoﬁﬁﬁuﬂl se m croorgani sii8-2% t hel 3rer Thr A88Ynchy 8%l es

aim

i ses
ae,
den

id
44.

The process of Cairn 43, wher ei n sai d i croorgani sms are sel ected fromthe

group consi sti ng pfilyMNefiiéd0si0 MpiIBirda HeN@rek nilvl&rgﬁgat ér;(%rxaleg reRabRACHRr i sti cs
nu er

of ATCC 20 n 2088

nmber ATCC nunb 8
20891 and AT%@“‘HE. FRpted Gerrol, vespe aa §e<’(2>1‘“"|\}g? fosusATs Sha¥Eni

90, ATCC nunber

S‘éri APy ai ns of

Cr ypt hecodi nlshkmmehuhe torrespshding rekhseapadificalidnd foedci llsataane@dity of the for egm ng,

and m xtures therg
m sam

croorgani sns ar€ “eap ﬁ?g’ %ﬁﬁﬂgor&?cloﬁgﬁoé’f theéggfnrﬁgﬁoeﬁfrac@o‘i“ﬁ

n Sal1

5

per hour of chdyzdtfer aby cpikigt.osTher wbrs cor®nt dé ship simplo Iwas t0Bopm. erihies,

tocopherol s, Yhi.Qui;BQNe ﬁ1§; gglgr;l&t:gﬂgtjalg e

ast axant
and fatty acids such as conjugated |inoleic acids,

bet a- carot ene, luteln, ne

R@iéw

Zzeax

cant

Ihg? peg ec!n?e d%i!égtgn{ﬁ its.

nt hi n,
and onega-3 and onega-6

axant hi

hi ghly ungat ur atﬁ@efsabtﬁleﬁ’tﬁﬂs@tfrW@ll@hﬁﬁﬁ@ﬂﬁ%@&@@h&c%'ﬁocess

n,

Ber liter

docosapent aenoi ¢ _aci d, and docessHhenerRalex@died oilar achi doni ¢ acid,

stearidoni c &cid, drhonogammal I NOf&BaeL at Bslveaiéls BaradBrrhdettol eni ¢ adi d 30 or
m xtures thefeahiD46. The proces$sEXii U a| fpap, WIESEiN at [g@alxt agout 20%
of said lipigrTs cholesterol, pnytosterols, desnogterol, tjcotrrenols,
t ocopherol s, |PRoGH VAREEeq/&ke OF €0280S anto ¥@Nt NOPNy33S SUCIy §F
bet a- car ot en¢ Acldifafleimg ENef past axani fii1, Zeaxgst ni n, Icegy haxgnt hin,
and fatty acildgislteR VsatiledN) Ugal @@odsl NOT €p.66%@eH dS| 0.6 ONEGR0G3, angd onega ~
~~~~~ S r~. . [ Trace Metals (ppm)

Lead <0.20 <0.20 <0.20 <0.20

Arsenic <0.20 <0.20 <0.20 <0.20

Iron 0.22 0.21 0.56%** 0.02

Copper <0.05 <0.05 <0.05 <0.05

Mercury <0.20 <0.20 <0.20 <0.20

DHA (%FAME) 36.9 373 37.0 37.7

DHA (mg/g oil) 342 345 343 351

Hexane (ppm) <3 <3 <3 <3

*
steps

&k

gk
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Value was reduced to 0.22 mg KOH/g after repeating the refining and bleaching

Sample analyzed by the San Diego Fermentation Sciences Analytical Group.
Value was reduced to <0.02 ppm after repeating the refining and bleaching steps




~'~~""~p 1~ ! 0 ~. ~ 22 ~. .2 9 JUN 2004 6 highly unsaturated fatty acids
such as ei cosapentaenoi c acid, docosapentaenoi C aci d, ma ocosahexaenoLc
acid, arachidonic acid,. stearidonic acid, dihonmoganr
gama-|inolenic acid or mxtures thereof. 47. A pr océ?%"ﬁ‘@ gmp%
Iipids from m croorgani snms conprising: ;§ (a) grow ng ey ,@@7
cul ture nmedi unm ( tretln said culture nedium and the mcroor i

cells to rel ease ?‘i)‘ﬂ“fndﬁ kaﬁ &2 prgidgpect compansamt dieav ergect maly dsesulis g?gem%[ml‘
cont ai ni ng t hie thedecamples from e liedilads extrapicdSproc@sseus thvseS pP&edicka8 to form
a light lipi d gont ai ni ng phase and a heavy phase; 10 (d) separating said

l'i ght phase oM sai d heavy phase; (e) treating said |ight phase to break
an emul sion formed between said |ipid and water; and (fJ recovering a crude

l'ipid. 48.5 The process of qﬁle%@mangog pA‘§egaggy3pfgr oor ganllsms are

i pid-ri ch 1% mrcroor gdlu SIS 497 e PL 9ette sE’xtraéfoﬂ'i‘nﬂL:' n':met—ei—ﬁ—’ sai d
m cr oor gani st 'Pax‘iha'é'te?"‘" EL.L Uu fro b1 9 Mp;}r’l LLI@B v IIJCY arga ﬂ;u cteria,
fungi and pr oty ) \1 3, ot of T WherE -grarg- ~90r gani sns
are sel ect od LEERxide yal ue(,m,@gf.ﬁg)hm-ﬁgi e ol 00 oy oL a33%, | 6a3% 1
. Aciﬁ a‘luefmé D 007 30 19*0 1008, « of 33.8%  Llhe% o]
di nof | agel | at¢ A R prpr ieLLLs p‘obi’ﬁ 205 g %: e ER 3 ﬁ -
Stranenopi | eg= Ot eSS—oT—Cat4T, ISP b A1 i b Ber-gdni sns

; ; race Metalstppm), “,"  — L o ol e s T ol o
conprise m Crugeaﬁalll OoT—t1e -“<b‘§ III&C St6 z&tl o m Syan ) e Rr ocess of
ClaimsS 1, V\nlck;éiérﬁg‘sai t—r-eroot ;go':;'oarrs 5 s¢et mt ed N7 t Hga%nue
Thr aust ochyt i 21 Scht-zochyt+itH g e XL HT€s Oﬂer €0 IQ{“/E 5\,[8'2»/“6 process
of Caimb52, WRET s et wc;@ggn—sn%@h» AeCtejNZA&m W.?: group
consi sting of—ffcrgorgantss haig&ﬂ"uthq' et /.‘5,% e} :mact Qo"‘tics of ATCC
nunmber 20888,mv TRes 069 S RRer 5590, 5 Fra ﬁ,:” 20891 and

5 ont 9. e ;-.,2.. I‘AQL...*‘}QA., W)vn 1 /.O.-F
ATCC nunber T PP ont (al ! LAY TR SeriHcKer e S50t
Lo : ien mglﬁja it 3‘,\: As-Heriv ,44:..,\.,“ ‘liﬁa; 2\0 ad H

Crypt hecodi hi ﬂéka o Y TotTatt L<3 ar S uet \N/Al oAty o, Of egol ng,
and m xtures the Y Culat’"‘sglé Ta ‘V“"""re =p - of e m 4 '?‘.c. e-—4ai-e
m cr oor gani sns aré capglbul pro U ng at (ilégs éebout 0.1 grans per liter

per hour of chol esterol, phyt osterols, desnosterol, tocotrienols,
t ocopherol s, ubi qﬂlit’néﬁfié@ fromyr @Eseﬁmed@elande@(’anﬂmﬁwel ghas b selentless

bet a- car ot en%xtrzlcﬁ&?'pfbcesg Yi& Gl ?epr(ﬁﬁ&ﬁé aiﬁ'lﬁ P s ﬁf&ﬁxs%m:megb RaRAaxant hin,
and fatty aC|ds such as conjugated |inoleic acids, and onega-3 and onega-6

hi ghl y untOat gelafively 1fua§t¥1§;msha le. \g)mJFBe lipids gbtpined fyorg hgwane extraction processin  — g JUN
Q04 aci ds sugts aﬁprede%q&ﬁf&ﬁﬂh@%ﬁ@bx‘édﬁﬁiqﬁhtydQﬁ@ﬁﬁpﬁﬁaﬁﬁﬂ&h @edblihilesNd
docosahexaenoi ¢ aci i.doni ste é?lc ac

di homoganmal iSAGI°EM Broé‘?f‘f’ dS é’fﬂﬁm@ ?ﬁ?‘rdaquﬂ‘&t dhi ’é"dé o 8r°“|‘ﬁe‘3‘<‘t hexanebpsedy eof . 55.
The_..process ccf(mfahm Mrodeds, asndeermingd Bisithiksités beteed the %y adid sad stbrdl ipfoifilesi S 5

chol esterol, % L&k %‘leS§W§ rosctstsagsol tocotrienols, tocopherols,
ubi qui nones, car en0| S ‘an

nt ophyl I's such as beta- carotene, |utein,

| ycopene, 13ast axanTii presenteinveationhim yaroanerhizodamentsi ingludes dompaneyts, awsitods, such as
conj ugat ed | iRQE&IC s@AfnfiSandRPY %\%asﬁstﬁ’xﬂgll? TRQRScdl I Yig%gl?eﬁt%ge% ed fatty
aci ds such as el cosapent aenol ¢ acl docosapent aenoi ¢ aci
docosahexaendieudig various emberimes subsembinatignse él}dl sefespi cheggef. dThose of skill in

di honoganmmal itRell Gindest-A8 héw B Hakd 3N Re |t HRdse irfverdoh S indbksthlih e t her eof .
56. The process of wherein said treatnment includes a Ireatnent

m 4
sel ect ed fromfeHEd @?CF%‘IEF caﬁ%Prﬁeph‘Q"‘iﬁ‘f“"hé'éY*}rﬁbs ghodimep's, iacludey po¥iding sai d

cells to 2 basvices aphpoctasds uﬂh@ﬁlﬁ;bxﬁl oS Adnth b Hdpeted And@orcdesdridtd Rgei€oound or
conbi nati ons there erein said, treatnment

ot | 2es. nedPTiy PhAREI HARL e i dbe GOt LI GuPp GYOPeer ¢ er
exposi ng t he ws@l ihprédvoua dbéss or procgesesingg., far nfipedvarigi petforrmni®o uchikbving emgeXt ur es

t her eof . and/or reducing cost of implementation.
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58. The process of Caim47, wherein said gravity separation of step (c)
conpri ses passing the culture nmediumcontaining the released intracellular
|'i pi ds through a stacked-disc, separator or decanter ?@@W@S u‘gé‘ /2@158&@%
process of Claim47, wherein the treatnment of step tgyBreA enul s
conprises nixing the emul sion with water, al cohol anHliefVe tﬂ)ﬁa\f@fwzmg
subjecting the m xture to gravity separation. 60. The process of C,aim 59,
wherei n sai d gr avitefossepiag iscespior shihe iiRweationghs Pesnypratentsh forammmses ofde JUN 2004

process of Glﬂt&S%t@)@@MNﬂ%&%ti@ﬂSa“héifo@e%ﬂﬂhﬁ lisf @ Rtdn@éd ﬂonﬁﬁlu&l@%véﬂt@attmet in a
stacked-di sc-, separatgr- or decant er@p%pe centrifuge. . . The process of

O aimb59, wheP@i pr feamslitclosed iy 4ldhopghye deseripgen P%*égfnvgltw ﬁ‘é“smflbdeébt ain

salb d cr uge I |c1cabcﬁptrx1(ﬁ3>f§;0[&6r x};ﬂbx@%ﬁxﬁ@dnﬁémSQnalcéﬂaﬂivanM@E gﬁmmsaﬁain%sm@eél : pi ddl S
subjected to further refinin ocessing.to obtain a refine i pi
5. The: pribo el et siaion, e Shin Bearape of Baamer Gier §-05 Bk B HBG" and
deodori zed. Ghe sk ¢ Gia@gisdge ©F thb&ﬂtwlﬁ I’artn@tei irfded@ndingode ﬂﬂeﬁhtam’cg)@lnh SIB

conpri sing thlg'\ 1§t¥3n%@§ "to I%Tfa?n Tig l?ts Wthh nclude alternative embodi ens to Ltjﬂx\le %x({)t(e)% 24 2 (a)
growi ng said m Croorgani sns ) o Gre fedium (nb)) Tre I ng m Croorgani sm
cell s from saiedntsag) un@hlémamitprmmvmtenmeabkyand/gr saudﬂe@ebtmtum, fuette&ase
intracel I ul ar, i Rdi t he

rel eased int rgAgleﬂ)rd%pS(t ?%?eumlﬁg& (‘))JFI S‘Pi{g’? tngyésug%g%atl o%@o%&% gd d{rb?ght

| i pi d- contlai rrawidlesh tracterpy fandiensy yangera gle stepsd presdifpdased herging 4R Withgiit phase
from sai d heayyndfgaseio (epudiicgat | fgicedi d dnl htpaRh@sE t Qubje&ak @fleenul si on
formed between said |ipid and water; and recovering a crude lipid. 10 66.
The process of O aim65 wherein sai d m croorgani sns are lipid-rich

m croorgani sns. . 67. The process of Claim 65 wherein ,said m croorgani Sns
are selected fromthe group consisting of al gae, bacteria, fungi and
protists. ,f 68. The process of Caim65 wherein said m croorgani sns are
selected from 15 the group consisting of gol den al gae, green al gae,

di nof | agel | ates, yeast, fungi of the genus Mrtierella, and Stramenopiles.
69. The process of Cl aim 65, wherein said mcroorganisnms conprise

m croorgani sns of the order Thraustochytriales. 70. The process of Claim
69, wherein said mcroorganisns are selected from 20 the genus

Thraust ochytrium Schi zochytrium and m xtures thereof. 71. The process of
Claim 70, wherein said mcroorganisns are selected fromthe group

consi sting of mcroorgani sns having the identifying characteristics of ATCC
nunber 20888, ATCC nunber 20889, ATCC nunber 20890, ATCC nunmber 20891 and
ATCC nunber 20892, strains of Mrtierella schnuckeri, strains of

Crypt hecodi ni um 25 cohnii, nmutant strains derived fromany of the

foregm ng, and m xtures thereof. 72. The process of C aim65, wherein said
m croorgani sms are capabl e of producing at |east about 0.1 grans per liter
per hour of chol esterol, phytosterols, desnosterol, tocotrienols,

t ocopherol s, ubi qui nones, carotenoids and xant hophylls such as
beta-carotene, lutein, |ycopene, astaxanthin, zeaxanthin, canthaxanthin,
and fatty acids
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30 such as conjugated linoleic acids, and onega-3 and onega-6 highly

unsaturated fatty acids such as ei cosapentaenoi ¢ aci d, docosapentaenorc
acid, and docosahexaenoi c acid, arachidonic acid, stea

PLIIS 667hB1g 6

dihonngannalinolenic aci d and ganma-linolenic acid oF
~~l' e~~~ e~ f ~~e~~~ ~ 2G-~ 25 2 9 JU-1 2004 73. Ihe. R& c ss of 3@@{1
72, wher ei n at Ieast about 20% of said i7pid is chol ;..?i §
desm)sterol viEp k@copherol s, ubi qui nones, car ot enoi ds and

xant hophyl | s such as Ae)ﬂta caér)otene |utein, |ycopene, astaxanthd JUN 2004
zeaxant hin, cant héxantfhpwcesafvdolrtmmgrhra@fr@m m@qﬁgaaememmgxag ed linoleic

acids, and onega- 3,)andyQiEgfs &t uf hibghk %lgﬂ@:%ﬂﬁrwrew sdd@kil Hixfed; IS such as
elcosapentaen0|c aC|d docosapent aenol'c aci d, ocosahexaénoi ¢ aci d,

ar achi doni ¢ aci d, @t eaFsathensad Aesddcellamsinn faRivdice roPlass eepaeied mainre

gama- | i no} eruoenpaﬁhgd aOfeaVyl K& B8 4 Kok @8br, wWitkreinTRRI RaOF @58 &dmpekal 4n 65,
wherein said treat mfnt of the cells includes a treat nent sel ected fromthe
group consi stiHEUdI° Yo prdsgiddightdavergoperiseg sty said cell's to 10 basic

condi tions, exposid)g SpdatiagkdiGhdady dyee rerth adid Mg BOsPnd or conbi nati ons

thereof. 7s. The oce n said treatnent of the cells
conpri ses heati ngl?({) Oijeﬁ‘q"égﬁagﬁjatdffoghg'\tgh‘§%% Before, during or after

exposi ng the cell 8. to Ehelpasess of Chitn i) iiereirasatihsedpab) cogpo@spatrifagioy saidi Xt ur es

t her eof . I@ lgggcamg(g&s of Caim65 wherein said gravity separation of
step (c) rrses passing the culture nmedi um containing the rel eased
intracel lular Ii p|3ds t Fhecugghssaf $1adr Rehedéis exid Behp dayertcompuses reernirtibed
centrifuge. 7fyqThe process of Caim65, wherein the treatment to break the
emul si on corrprr ses m xing the enulsion with water, al cohol and/or acetone
and subj ecting thé ni xEhepeocess obFlaim 1 b sempitsingn. 20 78. The process of

Caim77, whereinai thddingh wﬁe&eearaetdn@&umrwram%m 193e%rsna‘plegaatnuon 79. The
process of Claim 78, wherein said cS’ntrlfu atli) Jf %H es tr B’ in a
stacked- di¥c-, sefr atTEPeating saifetonn{Qr (@} )t fai {}lj ec8pes Sp séa“ﬂ?l cess of
Claim77, Vm%cﬁleﬁlu&&ledpﬁér&ﬁiaﬁﬂfﬁp(d)s repeated at least 3 25 tinmes to obtain

sai d crudelrprd 81 he praoce m.6s ere dcr lipidis
subj ected to furt her r—g i R nés S?S%ﬂrrnl 9 Whefrem SL‘@utdo ‘b%lhe% ?éd ﬁ%g i pi d.
82. The pr ocesispendionGifazidligid jn avhaweenssoktiond crude lipid is bl eached and
deodorized. 30 834 A |fiyth BRAPCHYY | %e,@rn%%@ems sBilifon BQJes Shigkdp 1-82.

84. Alipid derrved frommcroorganrsm; wth Tess than ppm resi dual
nonpol ar 8¢ gamiterialel vent. 85. A |ipid conprising great er than | s%

chol esterol, phytgst erpleprod@oresifi theretixpﬁmtrﬁlbea@&ﬁsmstae@m&a@ﬂoﬁm

ubi qui nones, carotenoi ds and xant hophylls such as .~~~7~a.dr~~~ R~-:~ -..
Uu 26 ' ~ ~ -lsupgplationprocess.j 59 1 '
o 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.

13.  The process of Claim 1, wherein said microorganism comprises at least

about 20% by weight of lipid.
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bet a-carotene, lutein, |ycopene, astaxanthin, zeaxanthin, canthaxanthin,
and fatty acids ~ 9 such as conjugated linoleic acids, and onega-3 and,

~onmega-6 highly unsaturated fatty acids such as ei cosgpesy ﬁg{$|1d8 0@

docosapent aenoi ¢ aci d, and docosahexaenoi ¢ aci d, aratM&h
stearidonic acid, dihomgamualinolenic acid and ga :

i Xt thereof wjth thap 0, 2 dual - noniBi P t
36 A 1T pt o conpr bl nghEpBstLrleRinn SBR RS AamS  seret ess“?ﬁ 20
0.2 ppm resi Galp cOdRMY dhalghy, GRAB, Bac&ﬂ!a Mﬁlﬁiotxstélla([j) S]17M ] ;Ml\/h(]] ;wbﬁ/]M?g/]NZg/] ™
7 17M 7NM50] 7 7 IVF*B 7M 7
\]]7|v| ] gl\/g] 7|v9€] 7%:5] 'VlFr] © RS, § ‘ﬁ‘ghllé 2]“]8 H’\grl?m"r isms “comprise
a] cal c&a] ca] ca}merkmashsa]mabﬂia]ﬁme]uctac]}@a]a&a] ca] ca] c*a] ca] ca] ca] ca] ca]ca] ca] ca

LNl o G R AR
0 2318&2]2%2‘222‘?22?53?‘5%%%2]%@? ?ﬁ;ﬁ;ﬁi\%m%&w%“ alc aJc
of T6, ‘W are

NaU]lc a]ca]calca]ca]calc ca ca ca
a] c, a] ca] caV]kagrew @a}xttlg]; @©f microorganisms having the identifying characteristics of ATCC

L>>?BCCPGGGk In@anMJz&é%sL R%HUH%WLATGC] nu&l]U& ki gé(o;/%ﬂgg?lcrg%éc}%b?;]aégg ]a]C ; ]a]C ; ]alcg
al ca] ca

]a ]Cg]a ]Cgla] CI;;/]abAtﬁf\ al c8a Ca%z,a]st(r:a?nscc?fl A(/:[or\t/z]eiglla schmuckeri, strains” of Crypthecodinium

kr } ttt } tt } tt ]uumazw\mm]ammﬁms[dvax@a]f@a]aw ar] tﬁ@]oﬁ'e@%}ﬂug? a]&aﬁ&ﬁ@]tme]olﬁ a] c&a] c, a] ca] ca]

ca]c”a]ca]ca]ca]c,a]c calcalc cal XXXXXX

yyyyyyyyyh( 1w ] Sﬁl~al te °5T%<§?vfg?<‘h x 5?%31' éﬁ%l SrRb e R

U] c”a] ca] c"a]pealhcsg aajeast] abajtco.a] g(rﬁs] pa| Litar pé}al]ana]ocabhclaétaa] phjtesterdlf,cal] ca

]U]cg] 22] gg] (l:J]a]:c Lg]sgla l[Jg\\éL \qlc% c?p%e %g‘]‘%t‘eédja&%ea]?"éi %{{d xﬁ]’h‘ﬁ’&]’lcsﬂ%’aa@] ca] ca] ca

] c~a] ca] cha] cbat]acca]vtseq dla]ln/‘la]qpa]ec éslaxm)(hxsﬁﬁh@ngm@ vpkisxatitiih,cand fatty acids

] caV] ca] caV] GadncaohataaUifml CaddsC aldcal,%gbcab% nﬁ%lx%aufﬁ(lrg@(l @ cal ca] ca]

ca] cal ca] c(a] ca] ca]}c( aJ calUl ca]lca w. a| E/ *S | wr
] c] ca] ca] ca] &t &#ce & E‘&WEP&]&%N] i é@ﬁ?f%’&]‘%?&]‘% ea] cand docosahexaenoic acid,

a] caV] ca] ca] cakkiadhedcraiteamliond &id hhonadammalitotdnfcdlAahe gMialinolenic acid

IRZAY! c{}xsnl d Z %J

a]J ca] ca] c*a] o) af%ec%?fca] ca] caV] caV] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca
]ca]c aV]2d a] c*a] ta] ca]ne@]ccesh 'of/m&)m—fytvl&]rdn it tkasf e \Vioealo€ 831 dipidcig] cal ca] ¢

&a
2‘:]| gg‘} g ( 2‘} ga] ]Cg%a%eﬂ]e}] %aoste rol tx} céIT %clo%hejols, ublgumones carotenoids
9% ?El Al s~yt ojagd Waethmyldﬁav]@a}sc aw-ca]t@ac} deffioa]wopehe apstaxanthin, zeaxanthin,
a]] ca] ca] ca] CRlrRl G, Gad ﬁxﬁ?]acg? saé aﬁ%])rﬁ@éaped #hididd&as, and omega-3 and omega-

a] caj caV] ca] caV] ca] ca] ca] ca
6 highly unsaturated fatty amds such as eicosapentaenoic acid, docosapentaenoic acid,

25 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:
(a) growing said microorganisms in a fermentation medium to produce a
fermentation broth;
30 (b)  solubilizing at least a part of any proteins present in said fermentation
broth;

©) lysing cells of said microorganisms to produce a lysed cell mixture;
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entation broth with a base.

comprises contacting said ferm

22.  The process of Claim 21, wherein said base is selected from the group
consisting of hydroxides, carbonate, bicarbonates, phosphates and mixtures thereof.
10 23.  The process of Claim 20, wherein said step of lysing cells comprises
heating said microorganisms to a temperature of at least about 50°C.
24.  The process of Claim 20, wherein said step of producing the phase
separated mixture comprises centrifuging said lysed cell mixture.
25.  The process of Claim 20, wherein said step of obtaining said lipids from
15  said light layer comprises:
(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-
emulsified.
20 26.  The process of Claim 20, wherein said aqueous solution comprises solid
cell materials.
o 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.
28.  The process of Claim 20, wherein said microorganism comprises at least
25  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
microorganisms of the order Thraustochytriales.
"~ 30 31.  The process of Claim 30, wherein said microorganisms are selected from
the genus Thraustochytrium, Schizochytrium and mixtures thereof.
32.  The process of Claim 31, 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
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acids such as eicosapentaenoic acid, docosapentaenoic acid, and docosahexaenoic acid,

arachidonic acid, stearidonic acid, dihomogammalinolenic acid and gamma-linolenic acid
10 or mixtures thereof. |
34, The process of Claim 20, 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,
canthaxanthin, and fatty acids such as conjugated linoleic acids, and omega-3 and omega-
15 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.
35. A process for obtaining lipids from microorganisms comprising:
(a) growing said microorganisms in a fermentation medium to produce a
20  fermentation broth;
(b) contacting said fermentation broth with a base to dissolve at least a part of
any proteins present in said fermentation broth;
o (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;

25  (d) separating substances of different densities from said lysed cell mixiure to
produce a phase separated mixture comprising a heavy layer and a light layer, wherein
said heavy layer comprises an aqueous solution and said light layer comprises emulsified
lipids;

O] removing said heavy layer from said phase separated mixture;
© 30 @ adding an aqueous washing solution to said light layer;
(g)  separating substances of different densities from said mixture of step (f);
(h)  removing said heavy layer from said phase separated mixture; and
() repeating said steps (f)-(h) until said lipid becomes substantially non-

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

40.  The process of Claim 35, wherein said microorganism comprises at least
10 about 20% by weight of lipid.
41.  The process of Claim 35, wherein said microorganism is selected from the
- group consisting of algae, fungi, bacteria and protists.
42.  The process of Claim 35, wherein said microorganisms comprise
microorganisms from the group consisting of golden algae, green algae, dinoflagellates,
15 yeast, fungi of the genus Mortierella, and Stramenopiles.
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
20  number 20888, ATCC number 20889, ATCC number 20890, ATCC number 20891 and
ATCC number 20892, strains of Mortierella schmuckeri, strains of Crypthecodinium
cohnii, mutant strains derived from any of the foregoing, and mixtures thereof.
s 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,
25  desmosterol, tocotrienols, tocopherols, ubiquinones, carotencids and xanthophylls such as
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,
arachidonic acid, stearidonic acid, dihomogammalinolenic acid and gamma-linolenic acid
30 or mixtures thereof.
46.  The process of Claim 35, 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,

canthaxanthin, and fatty acids such as conjugated linoleic acids, and omega-3 and omega-
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microorganisms of the order Thraustochytriales.

1}
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)_

52.  The process of Claim 51, wherein said microorganisms are selected from
the genus Thraustochytrium, Schizochytrium and mixtures thereof,

25 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
ATCC number 20892, strains of Mortierella schmuckeri, strains of Crypthecodinium
cohnii, mutant strains derived from any of the foregoing, and mixtures thereof,

30 54.  The process of Claim 47, 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
beta-carotene, lutein, lycopene, astaxanthin, zeaxanthin, canthaxanthin, and fatty acids

such as conjugated linoleic acids, and omega-3 and omega-6 highly unsaturated fatty
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0 10%&' () - @ ROmprises passing the culture medium containing the released intracellular lipids through

a stacked-disc, separator or decanter centrifuge.

20 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.

60.  The process of Claim 59, wherein said gravity separation comprises
centrifugation.

25 61.  The process of Claim 60, wherein said centrifugation includes treatment in
a stacked-disc-, separator- or decanter-type centrifuge.

62.  The process of Claim 59, wherein said treatment is repeatéd at least 3
times to obtain said crude lipid.
63.  The process of Claim 47, wherein said crude lipid is subjected to further

30 refining or processing to obtain a refined lipid.

64. The process of Claim 63, wherein said crude lipid is bleached and
deodorized.
65. A process for recovering lipids from microorganisms

comprising the steps:
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T g#10%VE) M&' () - 75v ! Gl P8sedsy sRCla)m 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)
15 comprises passing the culture medium containing the released intracellular lipids through
a stacked-disc, separator or decanter 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.

20 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.

80.  The process of Claim 77, wherein said treatment is repeated at least 3

25  times to obtain said crude lipid.

81.  The process of Claim 65, wherein said crude lipid is subjected to further
refining or purification to obtain a refined lipid. |

82.  The process of Claim 81, wherein said crude lipid is bleached and
deodorized.

30 83. A lipid made by the process of any one of claims 1-82.

84. A lipid derived from microorganisms with less than 0.2ppm residual
nonpolar organic solvent.

85. A lipid comprising greater than 15% cholesterol, phytosterols,

desmosterol, tocotrienols, tocopherols, ubiquinones, carotenoids and xanthophylls such as
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86. A lipid comprising greater than 15% docosahexaenoic acid and less than

0.2 ppm residual nonpolar organic solvent.
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