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recent years given their ability to produce lipids, which can be used to
produce sust ai nabl e bi of uel . i oL xploited to produce
renewabl e fuels, reduce g|o&?ﬁﬁéffﬁg?gi%ﬁ$§§§?q§ﬁﬁ treat wastewater.

Al gae's superiority as a biofuel feedstock arises froma variety of
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[0004] Algae have gained a significant importance in recent years given their ability to

produce lipids, which can be used to produce sustainable biofuel. This ability can be exploited
to produce renewable fuels, reduce global climate change, and treat wastewater. Algae’s
superiority as a biofuel feedstock arises from a variety of factors, including high per-acre
productivity compared to typical terrestrial oil crop plants, non-food based feedstock resources,

use of otherwise non-productive, non-arable land, utilization of a wide variety of water sources



% (W v). This means that as nmuch as 1000 tinmes the anmount of water per unit
wei ght of al gae nust be renoved before attenpting oil extraction.
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quality of the oil extracted. Due to the amount of energy r equi red to heat
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[ 0012] Etﬁfmpdiatrem@edi esmnvbmmbﬂaeemantwlehaﬂmdg ense degrpdatonsy sheeark themebymet hods
for extracti. ngg dsfof varyi ng polarities froman ol eagi nous materi al,

i ncl udllﬁﬁre?sﬁ? p &f sugh M§tHo4S" i ormss. I'n particul ar, enbodi nents
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al gal bi omass using sol vents of varyrl ng polarity and/or a series of
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mat er i adegrddatiod.her enbodl rrents t hese conponents include, but are not
limted to, proteins, olar ids, and neutral lipids, In still other
enbodi n@APY " méveal oblex raﬁewn@eﬁlaswé%eﬂéwwq {YPSY: (I TURSHRF NEREBEINIERL s, a

m xt ur e, of 50! vents is used. The disclosed nethods allow for separation and
fractionatron of the
[0009] Disruptive methods involve lysing cells by mechanical, thermal, enzymatic or

chemical methods. Most disruptive methods result in emulsions, requiring an expensive
cleanup process. Algal oils contain a large percentage of polar lipids and proteins which

enhance the emulsification of the neutral lipids. The emulsification is further stabilized by the

2



conponents of the wet al gal biomass. Another aspect of the systens and

nmet hods described herein is the ability to acconplish prelimnary refining,
because tWO 2h12d38380obi ¢ sol vent in the system sel ecti velPgTASpHNAFYd4 t he
products further into |ipids and non-lipid conponents. The anount of

anphi pat hi ¢ sol vent used will depend on the anount of water in the system

The amount of $éﬂ{30ph0bl&§iﬁ,ve t i.s.mnimzed.in.order to reduce |ater

pr oces STHFEETY 874 #HoerERRe ¢ SOl o't PREHBD Bery BT 110G 144 [0014] I n
sone erddagifBN héutral NEidTBINGdHi AN Prosd S, GAB oGS SEAIRREIREY, @ihithaxeendsef ul  for
extracting coproducts of |ipids from ol eagi nous material. Exanples of such
copr oduefising pedagshes toniselatsurhe heutial Hipiderwhiph atcehe fesd dups ingomaertesd into biofuel.
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al gal hjher@sss tbRxBadtMPRBIfrdnh algrélingWial alltirdewnile dowbtias @ed Bothrdcugksl and
nutritional products. [0015] Under one enbodi nent of the invention, a nethod
for extiradudtomilkirgimpy aetwerkarithorpnet spsries ahdl e diedp salveyuexiphy ard ¢l f r om
ol eagi . i ady i j i met hod
of "sal ey B R T SR o e B e U Lo O TR

subst amturtietyoricnthaebluaicg alf saletits rdgnitdideslddenironcigicalrdualtg dle haxamass and a
first sol ye&t set, tq geﬂirate a first extraction mxture, the first

ext r actati@Hapiecops@tiafen ggiha golyentiip dte eHuManti al Iy solid phase and a first
i quid e 9 1% Berb§ASthede RidneRs Aherle€a hiddsh thd SHFH iRPASEd Of
the fi r[g?ﬁgxt ra??iﬁggltgll"%{ ureér fromet he fci rnst S’su%stlaarlui ally soli dlpEase;
conbi nimethodseantisysttme ferreathétom addstchon4dtiaklajgas ptoddctphiapertmnbir alggbabnd

solvent set, to generate a segond extractio ] xtur.e, the second extraction
i xt ur €I SSBL ATt LN RIS BedBHLEP AT kY SHRBHEE gy
phase, MY bR-pble sSICERNE tHRXdxEaEH IOy sidhX tHét &yl a0l hBebalof thadrdtihe ahlr st
extraction m xture; separating at |east a portion of the second liquid
phase ofcxdiegsbebHy sektentescd dor axteetigre from t he second substantially solid
phase; conbining the second extraction substantially solid phase and a
third solvent set, to g t i -‘ﬁiﬁ*l 1skure, the third
extraction m xture incl % k?ﬂr% @ng&gﬁ?ﬁgﬁﬁﬁm yﬁs(()j)ﬁi d phase and a third
i quid phase, wherein the third extraction mxture is |ess polar than the
second [#812]act Earborinxdnty dgscialnd wepardstcpgnatlly wasystemspod ethodsfort he t hird

| i quid phase of the third extraction m xture fromthe third substantially
soli d ph&seing lgudsef W%B&QOQ%@%{@&P AFHEOHY B Bh Ing! Dot PG thor
conpri Sﬁ%alrb‘?dﬂ?éébnﬁl il RAS EmBoMBHehis Ms@fbell A8refd EohledRxuRingdfidd gfom t he
separated portion of the flrs_t l'iquid phase to obtain a first extraction

pr oductvarying pohaticaSpacnsgal henmss hoog falverties! voypg psksty adinriargriat off east a
portion of.the.second sol vent .set fromthe separated portion of the second
" qui o AL GTE0c af e SabeiBce PEQVEDR FRBALLLT | h still other aspects,
t he netfpees|f ur 1NEIMEQAPEdimeHts be M NGtidh, d 8ASE sélvB@ldhl Matdfard Rt rd
sol vent set fromthe separated portion of the third |iquid phase to obtain
a t hi r exénetraadiiastioptoduaponchBEIstiinyapleginens aepsiet sin athes cadodiemnts et

he sol e oBBbRhTIELE 6 il (RN T RIS AR IR pod BeBAPBEPEE"

wat er m I mm s
sol ventssill dther@ittedinasRe @icse tHah@ns edlverdttis s&t. ¢oRft otheScrabliMeEntsDl Bixt@er
m sci ble WO 2012/ 138380PCT/ US2011/ 059144 sol vents and gne or nore water
i i scidiselvspisviericd. The disclosed methads algyefar separgonranddractiquation @t #ifd/ or t hir d
ext 1 act Ahdfbifk UF fheivver 1RAI St AdbBRPELRLUIEHOSIRI il RARSdNGsARAL. | 1
further aspects, the exttaction mxture Is under a pressure greater than
at nos pherréia ipthe abilityeto dcnoaplish @slpaaiasy, refiningebasthusertbe by drbpiotic savent sethond,
and third sol yvent sets conprise one or nore. apphipathic, solvents. In stil
Fur t heraleBREl Vel SHRRR Bh ool i aT o Pifb A0 Rt L b S BEES s dPBent s | 5
sel ect egdydnPBF érﬁﬁhigétﬁ&%oﬁ%ﬁﬁﬁs%a A0 deHendRInNAO @houRidTaRRrin HRARSERAN .,
acetone, ethyl acetate, and acetonitrile. In other aspects, at |east one of
t he fi ranqungetiyrttophabet soventissuinyeized eerdectompdics daferairpeassing ta renmvelthe ot her
aspects, .the solvent set is added to the biomass in a 1:1 wei ght/wei ght
ratio.EFgﬁfg]ln ot her aspects, the cells conprising the algal bionass are
not dried or disrupted. In yet another aspect, the algal biomass is
unfrozen. I n another aspect of the invention, the nmethod further conprises
adjusting the pH of at |east one of thé first, second, and third extraction
m xtures to optimze protein extraction. In still other aspects of the
invention, the algal biomass is sinultaneously at |east partially dewatered
whil e products are selectively extracted fromthe algal bionmass. In yet
ot her aspects of the invention, the first, second, and third extraction
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fromintact algal cells, conprising providing a wet al gal biomass
conprising intact algal cells which conprise polar |lipids, dewatering the
wet al galwDi201as838By renovi ng extracel lular water to | n®C&ds011/089146l i d
content of the wet al gal biomass to between about 5% w w and about 50% w w
toresult in a partially dewatered wet al gal biomass, mxing the partially

dewat t algal bi i th hi pat hi lvent set and
nyar op OB soft S SaEoE Seiriby ol tad BRI SRCHHSGHET s pr L3ty a
heavi ercxphasg @ptbRclsioB bR f%@@l_%a%m&esrrﬁatenélh@xaﬁ@ws RF siihapPrdaabmr i ses the

anphi pat hi ¢ sol vent set and partially dewatered wet algal biomass and the
| i ght eringlhds evithonphiingation, pwt¢ipencophobictiak chlorphyBeandgadtensidsr | i pi ds,

separating t.he heavi er phase of the tracti mxture from.the .|ighter
ohace. dimadigys SR r AR eon DRy RL PR Ay BB A PR ORI he
| i ght erofpaas grddactd el Abel blosak a naphesthhtr Aetvs @6: thE PEALEHRONSS i adisrent s
of the ing%hggon includg a nethod of separating proteins fromintact algal
cel I's, 8MYHItEANAGPIRAYASS-di ng a wet al gal bi omass conprising intact al gal
cells ‘3{@{)1%1]. CORRGLFhe iima 3 ihcRh bR S: ABM0R b Akirht il HENRIGLLNG ¢ he
wet al gal bi omass by renoving extracellul’ar water to 1 ncrease the solid
con%gn]tolfmﬁlddnﬁq)gmhlgeéoigahllatﬁrghﬁsm dlwgnmlmmmt rﬁ%mgyiﬂlef/otg retsul tdi n ? ! aal
D ommed il ah PdrmpiORRE R0 B omeibed Sl Gty Hr SpeN BOSBHS GRM dot fo-
gener ata@%a%io\ﬁgsg 9&%{3&%%&%%&54%2&%&3@4 Ql?gl%ﬂs SRS boMBintHdnI8al GRS ST NG &
eavi er phase and a |1 ghter phase, wherein the heavier phase conprises the
vat er, adphigaohvont sl twennerstets, firpeaxtraalidnymdewa; the éidst wetraclogahixbiromass, and
and pol B g bR AT ARG AP AL e R R A e P O B ¢
from t hee K@k el pRRass tRE fitshextPactibRGli k@R MUY Brst SBRANBAIGHPaRartial ly
dewat ered wet al gal biomass fromthe heavier phase of the extraction
m xt ur ecombinjepdredirst extipedaresubstntial brselid ohpyeiad ngegmdiselviest sohde apnaise a
oI P SR B ARSI 0FE & o R LSRR
i ncl udghasdmidogtcoid BQpapaiseNgh@edtthe Reohd oxrrdcibaetixtatgidlicss @blas thagaligr i si ng
providing a wet algal bionmass conprising intact algal cells which conprise
wat er, hz&ﬁg@q&apwx fmgream?ﬁ&p%ﬂt heg%lgw@ﬁa% Q&thfgseltCﬁ mldfhwlofmeowﬁ@sd with
an anp h| C . s gﬁﬂgﬁ n
extract ﬁ%ﬁg mnxrg%(r?e%g%ﬁrnp?l%ss Fﬁdél aSﬂPle%v{agP gﬁ%@é&g’n‘yyﬁg}lﬁnﬁgﬁ%@tg‘r&cp ase@h\?\%gr ein
t he heawubsrntpbigselid phyeianéa thinksobadne set, @nehénaet tithard setra@ion nsieture, wed thaddgal
bi omass, and al gal proteins, .and the. ljghter phase conpr.ises. the .
hydr opHEHREIINYEHE taclidiagna 1 Rbstantigl Soligapihede aghehlon &0Psr VBEe of
the extihaahi O uAbad il AMebdisolhd MM B sBRARRxRhctioRnRitrE AmlIsefhring 4T €,
separating the wet algal bionass fromthe heavier phase of the extraction
nixLyrdcmpa@enﬁmaﬁdkahpdd@eﬁhﬂm$«®mmeﬂdmhﬁmeMHgnPWmEShm@ﬂwﬁbm@r and
anphi pat hi.c sol ve et, and separating the proteins fromthe protein
nixturémggmﬁgﬁgﬁgﬁép ®rotein fraction. [0023] Further enbodinents of the
i ncl udegoar7et hogds@he SPRAL 8F ihBGniatbA ahe hietod Fufth@Ebmptistremb@ial aERhtS:,
CATTH) Somgnt st il e b prdsL iRt i P i s gne. v
ic ) r : we
al gal big s wWth fi i pat.hi l,ve j . roophobi c
cof vent "Ser etk afuste PEOWRT P BR i el i S BB skl g e It
heavi erpptiesef o deqanll isolstntlscofidrathpiepaatcdyoetiai of thbieccbhd situidgaxdcad optaais e
conprises the first anphi pathic solvent set, neutral |ipids, proteins, and
wet  al gatecprbardstiomprodag. A piéif ofhegispests ghagesthog fpithe sempreesiipmeying at
hydr op ' L \RlSy, ' ne | i ghter
phase oy AGOIER inBhaaRhS: e LpR AR pdtfRRE AN A RRid itk o
ext r actotosin mitkitdieeracseparaaueing t he wet al gal biomass fromthe first heavier
phase q{ e extraction mxtuyre fo generate a se?arate wet alggl.qunass
conpr i slORBPIneut? 45t A iREREC1SA TG SQVERIOFEFHIRASEE &M e E T PISIOn Y 4 SPBISHE wat er
and t heyofidn t InARRIRALH, theSBIVeBMct 86thpridds XvH WatddenisEPRIALSS walegal bi omass
with a second anphipathic solvent set and a second hydrophobic sol vent set
t o genenmisciblesebend. éxbdthacasports.ithx salvent setroppmipsisesgpne o3 eawe dvates avib@blephase
and a second |ighter phase, wherein the second heavier phase conprises the
second anphi pathic solvent set and sepérated wet al gal bionmass and the
second |ighter phase conprises the second WO 2012/ 138380PCT/ US2011/ 059144
hydr ophobi ¢ sol vent set and the neutral |ipids, separating the second
heavi er phase fromthe second |ighter phase, and separating the neutral
lipids fromthe second |ighter phase to generate a neutral Iipids fraction.
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WO 2012/ 138380PCT/ US2011/ 059144 al gal biomass with a first anphipathic
sol vent set and a first hydrophobic solvent set to generate a first
extracti ONOOIYIBIB0Oconprising a first heavi er phase andPaTfUseell/oFd1ght er
phase, wherein the first heavier phase conprises the first anphipathic
sol vent set, neutral |ipids, proteins, and partially dewatered wet al gal

bi omass and the first |ighter ph C ises.the first dr.ophobi c, sol vent
sl A PR RS S R Sttt A Ry O P AR A

extr aCta{n@J’br RRixd é%tﬁc{iér@ﬂi‘b&ﬂl% if h&sdd t*&@ﬁt%in@éraﬁﬂ@ﬁ@lo&fitst%ﬂir@@diﬁf} trh fﬁﬁﬂf& xture,
separating the partially dewatered wet algal bionmass fromthe first

anphi patshéats, gl axdnactigemixtyretipiender p preshuragraater prasemospherie pexsuracit wme

m xture to. genperate a.separ.ated parti.al dewat ered wet al gal bi omass
conpr 1 SEReRaLERS%e Bp R G Oa Ip bRl Yo B S SR ont 8RRt of o wat et
and t heinphigdthiaRpRemat i gilsfakHenisp&ss, at Fastiond of e onepahdiedaRantiicilé y

dewat ered al gal biomass with a second anphi pat hic sol vent set and a second
hydr opHebicatsdppaleqied Gem thogigup epnising of srcghiob wthapels isepropisalacetorsmsvlsi ng
a Se.corRGtE?eaXﬁcF{tcem:ﬁ?e.qﬂ%tl?er%%fe%%gatl lb%p&% ﬂﬂ@ﬁ?ﬁ’t, s@@cﬁlde Ly 59 SRS
heavi er phase conprises the second’ anp |pat?1| c solvent $et and separated
parti aldoynpiseeadtramd edtilladthal aspdommyasssohnredt ddn s ®ided rckthk bagntss iphade
conprises the second hydrophobic solvent set and the neutral 1ipids,

separ at Vgt weekidetnd heavi er phase from the second |ighter phase, and

separ atjppgort he [Pemes A eét%,_m-l éem‘srcemgmﬁg%ﬁecagg %&@m%femgﬁed ol @R2B%4n some

enbodi nents, the second l'ighter phase rs he prior to separating the
neut r al Inlyieparehshdr mepact, iee & gd dneindss ghtdrozomabeanother sspeet efitho divieetins thet he

second hydrophgbi c solvent. set is re d from.the.second |ight.e hase b
ovapor ATGHT BT STise: A THBF BHPTRb R e aG U Trautsan gt ¢ ot on.

I n ot hesk @At RS o @tinki8@slot@n extedctibh el dtfISdthéNdp&acemee aRphigAkHY C
solvent set is evaporated. In still other enbodi rren{)s, at | east one of the
first cahghldewnrsd ivsjanbpteobsly aslohsi attiapdewateredcviberpsaductsarg selegtvgbr

enbodi nent s t | eas e of the fi n nd h hehi lLvent set
is chi Iqxéréctg?ﬁgmpetc8\#&%’%@1&1%&sI iyle{ 041%%5 %C(r%s éﬁ%gl |Vﬁ8ﬁ§jﬁ§?&aﬁgt’ g?f:og dbannerzi of the
first ahttdseeanidn 3nminpiatiinkelidsHavedongrise bbsedntiblle thtandigaeatver ed. I n

further enbodi nents, at |east one of the first and second anphi pathic
sol vent10824] i s Emheodipesnégiof the ingtanf invepfianasluders sthedraf sepaagtinggnpddr Ipids of t he

first act i on . ' : hee [ ts, at
cast oneSe R F LT AR BRI o £ dfTb ot Erp B RE AT N £

m cr owawkish covapese, padrdaiids, dewdtetingihk wat akghklibmiagd Byyreroningaxeracsiindoat ivagnt s,

at least .one of the first secqnd extractjon mxture is heated at

at mos pheriEyse hsciolid coang itﬁf_F et ﬁ%ﬁ&}oraﬁs R AStoR B STHEY P?i%eboahgj? €econd
ext r acty, QN otk ifa prilRRl&Tatbld & REBEPHbMAGI nli SRS K@paﬁﬂly&&%&é@&@! ment s,

the pressurized reatc)t or 1s a batch or a continuousS reactor.

2012/ 13888 OROTIskIS20 b/ D hiphthi BRYIEENt BESORI I dGN hobic BRI c DRAWONGBcfa00@0] FI G
|Ais a flowhart of steps involved in a t,hod .accor,di ng ..t q an exenpl ary
enbodi TEHECH DR raSart g BEROESS BB ATt SE N1E T LietheRder BRF agr am
of an exeimRisad the@ ﬁgaﬂﬁmol@ént BetdaWRL R dcWhRRASFt AGLObBITAGs 41 thBEghepsent
di scl osure. [0031]Fl 2 is a schematic diagram of an exenpl ary enbodi nent

of an edwsacampises ihsthydrapbebic dplvgntisst asepobhardpedsy saparding g ecavicoplpprf G 3
is a copparati.ve graph.s ' ohxl e xtract. of fr ri e
AT b e e L e e S g o L
show ndipgiafremihdbghteh sHaspiol geacratcgasola lipiéxfriaoni on ef fici ency and the

ef fect of f0| arity on the polar and non-polar |ipids extraction, [0033]FIG
4A&B arl80%HaphSemespedepngt 9idhe InyRpggClude f mpthqd gfisgrarptiye aicinsyfiomng ( B)

Re00V O k0B 08 1SR 6X(: 64T OB BLORERRISHAL A RENZAAL AR

petrol eum etfier at t erent tenperatures. are graphs
showi ngcongutise atatdrj ggad prtéins Bod polyr Emds, (dBvateeiog vierwyetiahgal bentasp by temovsnd vent
extraction cess usin agyeous , met hanqgl and Ret rol eum et her at, t hree
differ eqﬁrag@h\gaér%tgrtgéqc case the solid content ot the wet dlgal biomass to between 5% and

50% to result in a partially dewatered algal biomass, mixing the partially dewatered wet algal

biomass with an amphipathic solvent set and a hydrophobic solvent set to generate an
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[0035]FIG 6 is a graph showing lipid recovery in the two step sol vent
extraction process using aqueous nethanol and petrol eumether at three

di f f er entWOeA12e38380res. [0036]FIG 7 is a graph show ngPCHAIS291flOg14bf
solvents to solid biomass ratio on lipid recovery. [0037]FIG 8 is a graph
showi ng the efficacy of different agueous extraction solutions in a single
step extraction. recovery .of ueous net hanol on dr i omags., [Q038]FIG 9
s R r ARG S EHEP B P A OB ST Bl SRR ARG TSI bR SRUFOR D ¢ he
cunul atdowiris& @k wakd?l SnpiifdteicabR chti@t, partalidldeivhitdsw R aldal BionlQO IR kigd 10
Is a graph show ng .t’he curmul ative recovery of |ipids using wet bionmass and
et hanolprofc0840idrhGlighter phase cempiies dredwidnephabissapyani ssbandpolamepidst r act i on
times of the mcrowave assisted extract.ion and conventional.extract.ion
Sy st e ePYOuHL TP AREO B E P ik i POR LA TRIBRULEN or B2 ibaf
accor difitire, sRpareemibk padtiadirdedhritwafaldahBiopieS 80 tHe Bedvag phescwdfited

I ncorporates a step of protein extraction. Al of the units in FIG  12A are
i N pourfd&actionmxure ta gETBEHPEPIALER 01 UG ooy i DR iamsevatey gnd amphipptdige har t

of st eps%laje'ﬂ%’ ?%It vad sEﬁLf%% er?gﬁ%lté&%frgﬁttﬁ@ﬁoite?ﬂ ﬁ%tﬁ&%%eﬁ&ﬁ%rafb{ir i Qacgfaﬁ.

present i'sclasure. §3 IS a owchart and mass bal ance di agram

descri hioozr]one Sdfl othee embodiments include a method of separating proteins from intact algal
cells, comprising providing a wet algal biomass comprising intact algal cells which comprise
water, algal proteins and polar lipids, mixing the wet algal biomass with an amphipathic
solvent set and a hydrophobic solvent set to generate an extraction mixture comprising a
heavier phase and a lighter phase, wherein the heavier phase comprises the water, amphipathic
solvent set, wet algal biomass, and algal proteins, and the lighter phase comprises the
hydrophobic solvent set and polar lipids, separating the heavier phase of the extraction mixture
from the lighter phase of the extraction mixture, separating the wet algal biomass from the
heavier phase of the extraction mixture to generate a protein mixture comprising proteins,
water and amphipathic solvent set, and separating the proteins from the protein mixture to
generate a protein fraction.
[0023] Further embodiments of the include a method of separating neutral lipids from
intact algal cells, comprising providing a wet algal biomass comprising intact algal cells which
comprise proteins, polar lipids and neutral lipids, mixing the wet algal biomass with a first
amphipathic solvent set and a first hydrophobic solvent set to generate a first extraction mixture
comprising a first heavier phase and a first lighter phase, wherein the first heavier phase
comprises the first amphipathic solvent set, neutral lipids, proteins, and wet algal biomass and
the first lighter phase comprises the first hydrophobic solvent set and the polar lipids,
separating the first lighter phase of the extraction mixture from the first heavier phase of the
extraction mixture, separating the wet algal biomass from the first heavier phase of the
extraction mixture to generate a separated wet algal biomass comprising neutral lipids; and a
protein mixture comprising proteins, water and the first amphipathic solvent set, mixing the
separated algal biomass with a second amphipathic solvent set and a second hydrophobic
solvent set to generate a second extraction mixture comprising a second heavier phase and a
second lighter phase, wherein the second heavier phase comprises the second amphipathic

solvent set and separated wet algal biomass and the second lighter phase comprises the second
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enbodi nents of the present invention wherein 1000 | bs. of algal bionmass was
processed through extraction and fractionation in order to separate neutral
i pids, p¥Dam1yi3pisds, and protein fromthe al gal bi omas®CT[UBRUMRNE 14 s
a flowhart describing one of the enbodi nents of the present invention

wherein an al gal mass can be processed to formvari ous products [ 0045] FI G

15 | t. d h ts af th t
ovent TBIEP BN G HEE PR pido R Bt e sewud TV PeRss HPRHle
productgeod A48 phiae, 41 icpatihg ewaharthl lqﬁéscﬂ'rd)rﬁltlﬁkgs&ﬂﬁi Bihtthasadhemnt s of

the present invention wherein algae neutral |ipids are processed to form
fuel pﬂb@ﬂmﬁhhmﬂﬂﬁﬂ@FﬂIG. 17 is a flowchart descrlblng one of the

enbodi of the ntion mh rei 0 I selectlvely
ext r actBIA orsanf BRI G B foh SRR b SRRl frar
descri bilrgingn@tthg bhﬂoam@dbmmgs Seifl othe epibesigitints ddVERise @dtim@afeel n al gae
proteins are selectively extracted froma saltwater al gal bionass.

[ 0049] Anghinadhip solycrt setiariaramagaseradpishgicoriarisy indge obths safrastiongnigfure ke

Do Tt vt b Btk SRE6 B'ePiofuciE G186y B BTBIBH@ O P fLL Ahiuith Tom @
delscr [ ménﬂ@dﬁnmtotompleseemﬁmglthenycﬁo%fofbﬁmmlmes@n‘ﬁ an mmemttltfo adJmA;tehepasiaaty

sel ected a t t t t. t I
b1 orms SNPGRS BiIBiehon LS BT RIS SHOG N S LLe ST tdr e
bef ore andpy, %Elilﬁnﬁefteh?o%un%tyaierhgnﬁmﬁaﬁetsmgﬁ SHERGELBRI K SN cthhh6 cel | s

are substantially intact both before and after extraction. [0052]FIG 22 is
a schenmsdrirepanbl, dutaemen ity lesthar awtdi pwopised dehey df.G3-propendd xdoctomitiitm t-btltyl

protei n?col?l psrioggllo? we?clerv Eeavy((ﬁ%ﬂieﬁgr enlecg)yco}/ tlycerln or a combination thereof.
In yet other embodiments, the hydrophobic solvent set is propane, butane, pentane, butene,
propene, naphtha, an alkane, hexane, pentane, heptane, octane, an ester, ethyl acetate, butyl
acctate), a ketone, methyl ethyl ketone, methyl isobutyl ketone, an aromatic, toluene, benzene,
cyclohexane, tetrahydrofuran, a haloalkane, chloroform, trichloroethylene, an ether, diethyl
ether, diesel, jet fuel, gasoline, or a combination thereof.
[0025] In some embodiments, separating the heavier phase from the lighter phase includes
decanting, membrane filtering or centrifuging. In other embodiments, separating the polar
lipids from the lighter phase includes evaporation or distillation. In still other embodiments,
the hydrophobic solvent set is recovered. In still other embodiments, the hydrophobic solvent
sct is condensed and recovered. On yet others, the amphipathic solvent set is recovered. In
still others, the amphipathic solvent set is condensed and recovered.
[0026] In yet other embodiments, the extraction mixture is heated. In further embodiments,
the extraction mixture is heated with microwaves, water, steam, hot oil or electricity. In some
embodiments, the extraction mixture is heated at atmospheric pressure. In still further
embodiments, the extraction mixture is heated in a pressurized reactor. In even further
embodiments, the pressurized reactor is a batch or a continuous reactor.
[0027] Further embodiments include a method of separating neutral lipids from intact algal
cells, comprising providing a wet algal biomass comprising intact algal cells which comprise
proteins, polar lipids and neutral lipids, dewatering the wet algal biomass by removing
extracellular water to increase the solid content of the wet algal biomass to between 5% and

50% to generate a partially dewatered wet algal biomass, mixing the partially dewatered wet
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[0053]FIG 23 is a schematic of an exenplary extraction schene for the
extraction of polar lipids and proteins by a two-sol vent

(anphi patWpeoyd8Iphobi c) system [0054] FIG 24 is a scREFAISREI16F91ah
exenplary extraction schene for the extraction of neutral |ipids and
proteins by a two-solvent (anphipathic/hydrophobic) systen1 [0055] FIG 25

ot o B 5 TR BEk e R e 8t on !
(anphi pahbiag hdr &Rﬁ‘éﬁb&)nn&ﬁl%tc%m r{sﬁl%GﬁH RavRBph 5\0&%@ anda fﬁemighfer phase,

denonstrating the ethanol extractlon concept o
2012/ 138836PUN TiSpieyicohbasssompriass tEOfinESORhPTGNsabednt pitt Retrel 111{1@@57] The

term "condui t ar'a on, thereof ) erein

struet dract iR RR R 48 i Ao URd T R B RSB o
condui tfirktt§ldesiobicResient %bhrﬂgthe @b&a ngids, separaﬁﬁgmlre fRRdlghse Phaderofehidur es.
[0058] The term "reservoir” or any variation thereof, as used herein,

i ncl uF@traﬁyonbﬁwurgtfmth@rfﬁstd@wéu hagg of e sKHAGIgnARiNIUES, sRRwatingthe i ng
exa i |
e R L R e S e R

or "appr X|nate erein, are
def i negphase dthagxtedcoise niivtusstoypdetttaegarhied pagiadlly d@Wdlel’fﬁir wetsikgal bionuss he
art, and in one non [imti emhodi.nent the.terns are defin g@t be within
‘H’g 13t

10%  preomFABIE K Hinicsepd B ABFUCIB B W GEATYPIYAERTR Y, VaiTH° ef erably
W NN BophiBathi@QB0LANE: LALIAE thd LBt fattial B dewaRACAIDE biGtha @Mth/ALLEAd 0N of

t hese t erns as used hérein, udes "any asurab e decrease or conplete

i nhi bi tamphlpabhla(shllvenﬁe;eaarrdlsassep@cﬂ nakophobic solvent set to generate a second extraction
mixture comprising a sccond heavier phase and a second lighter phase, wherein the second
heavier phase comprises the second amphipathic solvent set and separated partially dewatered
wet algal biomass and the second lighter phase comprises the second hydrophobic solvent set
and the neutral lipids, separating the second heavier phase from the second lighter phase, and
separating the neutral lipids from the second lighter phase.
[0028] In some embodiments, the second lighter phase is heated prior to separating the
neutral lipids from the second lighter phase. In some embodiments, the second hydrophobic
solvent set is removed from the second lighter phase by evaporation or distillation, thereby
generating a neutral lipid fraction. In other embodiments, at least one of the first and second
amphipathic solvent set is evaporated. In still other embodiments, at least one of the first and
second hydrophobic solvent set is recovered. In yet other embodiments, at least one of the first
and second hydrophobic solvent set is chilled and recovered. In still further embodiments, at
least one of the first and second amphipathic solvent set is chilled and recovered. In further
embodiments, at least one of the first and second amphipathic solvent set is recovered. In still
further embodiments, at least one of the first and second extraction mixture is heated. In yet
other embodiments, at least one of the first and second extraction mixture is heated with
microwaves, water, steam, or hot oil or electricity. In some embodiments, at least one of the
first and second extraction mixture is heated at atmospheric pressure. In still others, at least
one of the first and second extraction mixture is heated in a pressurized reactor. In some

embodiments, the pressurized reactor is a batch or a continuous reactor.



[0061] The term "effective," as used herein, neans adequate to acconplish a
desired, expected, or intended result. [0062] The use of the word "a" or
"an" wherwQgew/i338¢onj unction with the term "conpri si ngPCRAIS21A/05HY4 mean
"one," but it is also consistent with the nmeaning of "one or nore," "at

| east one,"” and "one or nore than one." [0063] The term"or" as used herein,
means "and/or" unless explicitly indicated to refer to alternatives only or
the alternatives are I i VE, : i scl osure supports a
definition that refer @WEWW.@@%@%&@ " [0064] The use of
the term"wet" as used herein, is used to nmean containing about 50%to
about 990990 WaFRE. 120 (it LM wchabt FTsted® RveRled MY nidghddarabdrdthgatblah@kemplary
intracellularly or extracelluarly. [0065] The use of the term "sol vent set”
as usedmHodEnent of thepsesgnt GsepEiic-a conpositi on conprising one or nore

S gt 19 npor st RRSEAN B SO el P S R R P i 1 7).

| n sonprersedicortingio thbessealisctntis. are water mscible and in others, they
are imm scible in water, Non-|.imti exanpl e of solvents that nmay be used
to pradpﬁilé t hEIGed RodehematiciogT ol R SN VBB SROIRRFRIA FEFREHER Yt Ranol ,
[ soprop&@ﬂlding%%é)&gsen%ﬁmbsﬁg‘et ate, and acetonitrile, alkanes (hexane,
pent ane, heptane, octane), esters (ethyl acetate, butyl acetate), ketones
(et hy[0832y| K&D ohis a(dvBEiprative ghaph shewingtSohxke txareetiovbBiGdze daicd ateiae cs
(toluene, 11 WO 2012/ 1?893;80PCT/ UsS2011/ 059144 nzene, ¢ cl glhexane,

t et rah&ﬂ?lﬁ?ﬁr‘uﬁﬂ})g,anﬁﬁ‘iaﬁg RANEYUS EREMEAST T 10° COPPEL Bt gé‘?’ﬁ?l‘i/g&f PWINEt her s

(di et hytha @& don-&BQpM X418EESI| EetRE6h cffic®incy URY theQeel dfMarity on the polar
[0066] Non-limting exanpl es of anphipathic solvents include nethanol,

et hanolandingpmotasdinels cxgreetodne, et hyl acetate, acetonitrile, and

conbi nat,Lefs t e ood grade et hanols are.also.desir far {n the
i sc od PR, 1B P Ba%T BT Faf ABRaR MoRat ReFBb S RabriRL T Bl o

i ncl uder @bkaes tHchevans, sopent antctibieploads usdghninol &5t gyt ldudt bjibr @acet at e,
butyl acetate), ketones (nethyl ethyl ketone (MEK), nethyl isobutyl ketone
( M BK) )thregdifigientdemperaiuiiesne, benzene, cycl ohexane, tetrahydrof uran),

hal oal (c r i . i

mxt ur S0V conf®” PARBRe pb LB ARL N iy PATIRITy 8P B} PCcoEBSh e

[ 0068] New-dtépndoticngearatipn poceds usmig\agntous ecovaoy ampdt@tsin etbénedehree

evapor at.i.on,
P &1Ifferent temperatures.

[0035] FIG. 6 is a graph showing lipid recovery in the two step solvent extraction process
using aqueous methanol and petroleum cther at three different temperatures.

[0036] FIG. 7 is a graph showing the effect of solvents to solid biomass ratio on lipid
recovery.

[0037] FIG. 8 is a graph showing the efficacy of different aqueous extraction solutions in a
single step extraction recovery of aqueous methanol on dry biomass.

[0038] FIG. 9 is a graph showing the effect of multiple step methanol extractions on the
cumulative total lipid yield and the neutral lipids purity.

[0039] FIG. 10 is a graph showing the cumulative recovery of lipids using wet biomass and
cthanol.

[0040] FIG. 11 is a graph showing a comparison of the extraction times of the microwave
assisted extraction and conventional extraction systems.

[0041] FIG. 12A is a flowchart of steps involved in a method according to an exemplary
embodiment of the present disclosure which incorporates a step of protein extraction. All of

the units in FIG. 12A are in pounds.



pervaporation, selective adsorption of the solvent conponents, steam
stripping, and conbi nations thereof Pervaporation is the process of

sel ecti veWO 202M3938Ag t he vapors of a solvent conponent PETASEN1A5P4 yneric
menbrane by creating vacuum on the perneate side. Sel ective adsorption is
used in the ethanol industry to renove small amounts of water from agueous

et hanol |,ng lite. eam st ri ppi ng can.be used for non-tenperature
Senei ©il0ET oy B ol s palseR & PR P PR T LTIy G hon G her i n
neans tReoke 18RRIt isfes@hd adj oi ning the phase boundary wi thin which
the polarity index of a solvent set are significantly different fromthe

pol ari t[P043dex FiF. BniseHlomcharpad masgbadaicy drgranetesciibmeenties thecer m "pol arity

i ndex" a sed herein refers t.o the di ionl-ess ner Pol arity, | ndex as
dosor | BOTPRgey BE e Préseh thgmiBa Sl TORPhR eRBALBRYRST v i bk s "of
Common thidiidh d&fracioH ki@ Frabionelib® MBdrae taRBYaratd Abwydl 1i3R13; 2k (PVeY ad® prbkein

[0071] The term"oil" as used herein includes conpositions containing
neut r al from ghepdged bippsbar i pi ds. The terns "algae oil" and "algal oil" as

used h ik ar S i - . ] 3 " gl . .
" per rregthga‘nas gls(g her' gogxfcﬁm%'a?%? glr&étocl)l[egr)gt?%re}%lfodﬁrﬁ%{& ﬂgﬂgé géglrggmt]ﬁ%rlgﬁgh a
separ atwlicideviate] masctandicpgocdosed taddrnl varidue@rddac’. fil ter or nenbrane.

[0073] The term "retentagte" as use ,herei{og may refer to_material that

remai nd08#ler FHe i pdloaychar descphinganeoh s gppod mea P hIF GFFseRYGRton
[ 0074] AgpiSRdI S TEhtal 1R MOBMRCS OIS Moy FOsuANY Form of conpri sing,

such as "conpris "conprises"), "having” (and any form of having, such
as "hav@04@nd FHasltis a'flowchad ideg'tib{rerohe ah yhef ambndofentnof thdipngyentsoredntias

"incl udeﬁ" .a% "inc| Liie'.' , or "con(i@i ﬁ%i ncﬁ;" 2012/ 138380PCT/ US2011/ 059144
(and any"FOPHBE "R APHISHLS POGEHe EBAPREUCENG “contai n") are

i ncl usipgg4mr open: BNYadicantad AeReibidnk Wit ehAasliddinaal of e peGEhaRv@kisRENt S
or nethod steps. [0075] The term "polar |ipids" or any variation thereof, as

used hevlkdrein algse|pieteiss atsuselecEvalp extractd feem pdreshvetspiletli pemassand
glsggmhle[ﬁgixjﬂ I[ ﬁg@ﬁﬂ l-ig% fh)ﬁvtrcrﬁ]fl% 'ags%tn%%'g olnie poif *Ehse 'en%od?nqgnty 8f tihgtpire%gnttiﬁ%’nﬁgfl’ as
wherein algae proteins are selectively extracted from a saltwater algal biomass.
[0049] FIG. 19 is a flowchart describing one of the embodiments of the present invention
wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.
[0050] FIG. 20 is a flowchart describing one of the embodiments of the present invention
wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.
[0051] FIG. 21 is a photograph showing Scenedescemus sp. cells before and after
extraction using the methods described herein. The cells are substantially intact both before
and after extraction.
[0052] FIG. 22 is a schematic of an exemplary extraction scheme for the extraction of
proteins by a single solvent (amphipathic) system.
[0053] FIG. 23 is a schematic of an exemplary extraction scheme for the extraction of polar
lipids and proteins by a two-solvent (amphipathic/hydrophobic) system.
[0054] FIG. 24 is a schematic of an exemplary extraction scheme for the extraction of
neutral lipids and proteins by a two-solvent (amphipathic/hydrophobic) system.
[0055] FIG. 25 is a schematic of an exemplary extraction scheme for the extraction of
neutral lipids, polar lipids, and proteins by a two-solvent (amphipathic/hydrophobic) system.

[0056] FIG. 26 is a schematic demonstrating the ethanol extraction concept.

10



not limted to, triglycerides, diglycerides, nonoglycerides, carotenoids,
waxes, sterols. [0077] The term"solid phase" as used herein refers to a
col | ecti oNO@P12/M88380i al that is generally nore solid thaRChaiS201aMm®144 not
intended to nean that all of the material in the phase is solid. Thus, a
phase having a substantial anmount of solids, while retaining some |iquids,

i's enconpassed within the nmeani Q anwhile, the term"liquid
phase", as used herein, ref e?ﬂiﬂg“aéleyﬁ@ﬁ%ﬁwmt erial that is
gener alphfidibss | 1 quid than not, and such collection nmay include solid

materi ars. [0078] The term "bi odi esel” as used herein refers to nmethyl or

et hyl €80%f]s offht &rtny‘candwt’ odeny vathtionshered fyaseuded 0FZS]1T ecludes any structure
"nutraceutical" as,used herein refers to.a food product, tha ravi des

noal t h G S i B a5 R Sey o Mo e e als PESTHat RSP eno ds
car ot engsing XMhMAP Y bindr SMdbkedStré@akant hi n, astaxanthin, and lutein.

[ 0080] The ?erm "biofuel” as used herein refers to fuel derived from

bi ol ogil8858]s oull be teriNoimeseiveirt’ion gme xarasioa shareafl ydescd hegire swsludep eny beds) |

di esel, ,jet fuel. bl end .stock. diiesel bl end stock. [.00 he t.erm

A rpur gl URpat of R RS of R Ry Pl S0 i A e by o,

ref ers lhleesadulbs, G BERA SR ofrii@iirct.han the products of interest that are
coextracted or _have the same properties as the product of interest.

[ 0082] THB5Rer mIhe tasm; ‘ehents or “pReqxigaiely.| #s wehheetl arf dinpd pobane Flops @s, as
used hey.ej : I i P L : : I S.
[0083] ThaFelsEOREE chf gEXRR ALy AR BEUR B ind IircholiER TR ofrbafreh (o HARE
used heretdefinedftebs whthirgl 026 opricfaratdy withosishomofei pdsfeaibtly dehinvids, andsndsher eof .
[0084] The term "food_additives", when used in connection wth polar Iipids,
as usedREFODHWVHBINGL Yot 0 soy | ecit hin substitutes or phospholipids derived
from al [9860] [ 088olcHis “h%iﬂﬂiﬁ%%*‘%cﬁﬁ@ﬁg" Br M&ﬁfa’t’ioﬁéf #3680 NRE QL Dsddalepdis, t o
any inpurity that separates th the glycerin fraction. A further clean up
st ep wiihtludesmmyengmstblofdemleate drsompgemhititomtodehicvoa dessddaesuithar maceut i cal

grade g['o?fgﬁr ! r]The term “effective,” as used herein, means adequate to accomplish a desired,

expected, or intended result.

[0062] The use of the word “a” or “an” when used in conjunction with the term
“comprising” herein may mean “one,” but it is also consistent with the meaning of “one or
more,” “at least one,” and “one or more than one.”

[0063] The term “or” as used herein, means “and/or” unless explicitly indicated to refer to
alternatives only or the alternatives are mutually exclusive, although the disclosure supports a
definition that refers to only alternatives and “and/or.”

[0064] The use of the term “wet” as used herein, is used to mean containing about 50% to
about 99.9% water content. Water content may be located either intracellularly or
extracelluarly.

[0065] The use of the term “solvent set” as used herein, is used to mean a composition
comprising one or more solvents. These solvents can be amphipathic (also known as
amphipathic or slightly nonpolar), hydrophilic, or hydrophobic (also known as lipophilic). In
some embodiments, these solvents are water miscible and in others, they are immiscible in
water. Non-limiting example of solvents that may be used to practice the methods of the
instant invention include methanol, ethanol, isopropanol, acetone, ethyl acetate, and
acctonitrile, alkanes (hexane, pentane, heptane, octane), esters (ethyl acetate, butyl acetate),

ketones (methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK)), aromatics (toluene,
11



WO 2012/ 138380PCT/ US2011/ 059144 [0086] The term "unsaturated fatty aci ds" as
used herein refers to fatty acids with at | east one doubl e carbon bond.

Non- | i m tWOgoexasisPes of unsaturated fatty acids includ@CpalSatiobyue aci d,
margari c acid, stearic acid, oleic acid, octadecenoic acid, linoleic acid,
gamma-1linoleic acid, alpha linoleic acid, arachidic acid, eicosenoic acid,
honoga | i nol ei.c acid, arachidqnj cid, eicosapenenoic I d, heni c,
docos a(r)g%ﬁ%eccyé qh&§al}?er?éﬁaﬁ%§a€‘é?1§2%aﬁ%ﬁa”8nea603’3958?0@57 ﬁ@ﬁgﬁf%e@‘@%@’ %g?rtsy aci ds
having(agﬂgqeﬂ@ﬁgmggﬁggﬂe§$9a§hﬁafﬁaggggﬁxgpne are generally referred to as
“long chain fatty acids". The fatty acids having 19 or fewer carbon atons
in the [88eMbondoarlanigegerahplys eledrephipathicgokysnts snpdede raethanelicthanpl.aci ds" .

[ 0087] Unsat urated | ong,,chain fatt i ds jnclude, byt are-not limted,to,
orega 3apepohar et Sl R Feegnlihd AR ieattr P it R Oer
" onega-age hiab HysiAbledBr uRsin tisedsdieedinteth@fser s to, but is not limted to the

fatty acids listed in Table 1. Table 1 = Eicosatrienoic acid (ETE):20:3 (n
- al | - cil8067], 14 Nop-lapitiss sxamplappichyseerhobi sobsatsdne néagkencashexapepaytane,

5 £ RERALIRL 5L SR o SRCHGRROMBIERORLS, Ak Ao O,
al | - ci sm&th$l, iddbuldd ktibnei(MOBEPE atoaestios GoRehd benzene, cyclohexane, tetrahydrofuran),
all- Cihsa-lo%’ﬂ?dn%sz (c%?o’rg' o}rg,e trr]iec". l%?ose?}?y enI;[e ,eer‘gl?eirg (d-igcﬁgrldether), mixtures (diesel, jet fuel,
gasoline), and combinations thereof.
[0068] Non-limiting examples of solvent recovery methods include evaporation,
pervaporation, sclective adsorption of the solvent components, steam stripping, and
combinations thereof. Pervaporation is the process of selectively removing the vapors of a
solvent component through a polymeric membrane by creating vacuum on the permeate side.
Selective adsorption is used in the ethanol industry to remove small amounts of water from
aqueous ethanol using zeolite. Steam stripping can be used for non-temperature sensitive
operations.
[0069] The term “interfacial layer” as used herein means the region comprising and
adjoining the phase boundary within which the polarity index of a solvent set are significantly
different from the polarity index of another, adjoining solvent set.
[0070] The term “polarity index” as used herein refers to the dimensionless Snyner Polarity

Index as described by Snyder, L.R. “Classification of the Solvent Properties of Common
Liquids” Journal of Chromatography, 92(2): 223-230 (May 1974).

[0071] The term “o0il” as used herein includes compositions containing neutral lipids and
polar lipids. The terms “algae oil” and “algal oil” as used herein are used interchangeably.
[0072] The term “diffusate” or “permeate” as used herein may refer to material that has
passed through a separation device, including, but not limited to a filter or membrane.

[0073] The term “retentate” as used herein may refer to material that remains after the
diffusate has passed through a separation device.

[0074] As used herein, the words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of having, such as “have” and “has”),

“including” (and any form of including, such as “includes” and “include”), or “containing”
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Docosapent aenoi ¢ acid (DPA), :22:5 (n-3)
call-cis-7,10, 13, 16, 19- docosapent aenoic :acid Docosahexaenoi ¢ aci d (DHA)
:24:5 (n-WO0:241%138388- 9, 12, 15, 18, 21-t et racosapent aenoi ¢ a®Cdl/US2011/059144
Tetracosapent aenoi ¢ acid: 24:6 (n-3)
all-cis-6,9, 12,15, 18, 21-tetracosahexaenoi c WD 2012/ 138380PCT/ US2011/ 059144
acid [ term"jet fuel blend stock'. as d herei.n refers to, al kanes

0088] Th « s
W AR GLAPHERa b IRS R MUBRT atl g o boians Gy Yeen regh8 e
term " diesRlex QL& FREK unALittS SdmBAK 8 hetiRiiatpst 0 al kanes with the carbon

chain |l engths appropriate for use as diesel.
[0075] The term “polar lipids” or any variation thereof, as used herein, includes, but is not
limited to, phospholipids and glycolipids.
[0076] The term “neutral lipids” or any variation thereof, as used herein, includes, but is
not limited to, triglycerides, diglycerides, monoglycerides, carotenoids, waxes, sterols.
[0077] The term “solid phase” as used herein refers to a collection of material that is
generally more solid than not, and is not intended to mean that all of the material in the phase is
solid. Thus, a phase having a substantial amount of solids, while retaining some liquids, is
encompassed within the meaning of that term. Meanwhile, the term “liquid phase”, as used
herein, refers to a collection of material that is generally more liquid than not, and such
collection may include solid materials.
[0078] The term “biodiesel” as used herein refers to methyl or ethyl esters of fatty acids
derived from algae
[0079] The term “nutraceutical” as used herein refers to a food product that provides health
and/or medical benefits. Non-limiting examples include carotenoids, carotenes, xanthophylls
such as zeaxanthin, astaxanthin, and lutein.
[0080] The term “biofuel” as used herein refers to fuel derived from biological source.
Non-limiting examples include biodiesel, jet fuel, diesel, jet fuel blend stock and diesel blend
stock.
[0081] The term “impurities”, when used in connection with polar lipids, as used herein,
refers to all components other than the products of interest that are coextracted or have the
same properties as the product of interest.
[0082] The term “lubricants”, when used in connection with polar lipids, as used herein
refers to hydrotreated algal lipids such as C16-C20 alkanes.
[0083] The term “detergents”, when used in connection with polar lipids, as used herein
refers to glycolipids, phospholipids and derivatives thereof.
[0084] The term “food additives”, when used in connection with polar lipids, as used
herein refers to soy lecithin substitutes or phospholipids derived from algae.
[0085] The term “non-glycerin matter” as used herein refers to any impurity that separates
with the glycerin fraction. A further clean up step will remove most of what is present in order

to produce pharmaceutical grade glycerin.
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[ 0090] The term "ani mal feed" as used herein refers to al gae-derived
subst ances that can be consuned and used to provide nutritional support for
an ani mal WO20001B83Bhe term "human food" as used herei n r @&AS52918/059144
al gae-derived substances that can be consumed to provide nutritional
support for people. Al gae-derived human food products can contain essential

[0002) THEBSIer b ao B aeIcare s i vheb i Tl Ba e IGHT =

growt h 4@ doBhR\terbBAlbbHY aRbA-linSHED caSnpl U UMQAtutakdll hd adifs individe PhRSitolcic
phosphates, and heavy netals, fromindustrial wastewater or nunici pal

wast eweicat; ma@mgsapim stepre aaid. odeie eoidt eatadcaenaisetid, Hélpéqmacrléf@rrgnq-bmlﬁl@ust rial

wast ewat e .that .contain a variet nant s
or - pot Rt THER fith g ERUR B Rt HeoRab Bl il AR
heavy %Icﬁbﬁose{p@ﬁ’&ﬂﬁcﬁtﬁd thRhénic, eidtdsabiRboic adRl, H&%d:ob@feﬁtaﬁnms ft&icbsal@ﬁlﬁn@ibom

50% or greater content. %0095 The term "substantl ally", as used herein,
shal | raskh Fastacids hm@g Orgremere casbog [agstng inr fi)'?%?ﬂ(E?IF?saTe gencidborefrareditn 25 ef er s

to sal tq e rein
ot ors 1ot RlrFrRE LR 2 The (RY A AVEHELS pPIaRAPL RG] bR ibcARckRRY, 2E ©
used hq&emllyeéfeﬂ’rsd tomsakkat chmfaﬂiylaeldp’r ot ei ns. [0099] The term "prol am n

proteins” as used herejn refer to ol ubl e proteins. Non-limting
exanpl d80%fl pr Sing#iitsslgperhdn té”‘@} é‘&ﬁ‘ffl g‘éﬁaﬁe nefdipigsdfo, %R}%%ﬂ faty0100] The

term " algal o aUbd b hgh a%ﬁisueﬁﬁfjorﬁ'@g'a% fattg%tﬁl@sm@te%g%hleg@ 1 et ReiGdH ds W&
medi um | 0101]The term "al gal bi omas as used herein refers to an at | east
part i alHeyciolesfatseto,dont &l rpe linuigh teithe. fattyDaGd litted inrable’' dewat er ed" as used

herein refers to the renoval of at Isiggltelsorre wat er .

Eicosapentacnoic acid (EPA) 20 5(n3) ;jall-czs -5,8,11,14,17-cicosapentacnoic acid

ll-cis-6,9,12,15,18-heneicosapentaenoic

Heneicosapentaenoic acid 21 :5 (n-3)

(HPA) a01d

Docosapentaenoic acid (DPA), 22 5(n— 3) all-czs 7,10,13,16,19-docosapentaenoic

5ac1d

Clupanodonic acid 22 6 (n— 3) all cis-4,7,10,13,16,19-docosahexaenoic

iac1d

Docosahexaenoic acid (DHA) 524:5 (n=3) all-cis-9,12,15,18,21-tetracosapentacnoic

acid




[0103] The term "al gal paste" as used herein refers to a partially dewatered
algal culture having fluid properties that allowit to flow. Generally an
al gal paswe 2peé138380hat er content of about 90% WO PCT/US2011/059144

2012/ 138380PCT/ US2011/ 059144 [0104] The term "al gal cake" as used herein
refers to a partially dewatered algal culture that |acks the fluid
properti es.:of..an.al-gal.past-e-and:-t-ends: {0 clunp:--Generally..an-algal--cake
has a water content of about 60% or | es#¢id[ 0105]Saltwater algal cells
include, but are not linmted to, marine and brackish al gal species. :

Sal t wat eralgalCellsaref@undlnnaturelnbed|es --------- ef ----------- mtersucha.s’ but
not limted to, seas, oceans, and estuaries. Non-limting exanples of

sal t wat | ga ic j n i 1

F0106] HO0S], oF ThE RS A ARIHARURTACRRAHARE TS B apEHRSUUERL Sadl S
as, butchamtlehgths dppdopraate foakesasgndfupBnds. Non-lim ting exanpl es of

freshwa al gal specjes include Scendescenus o enot ococcus sp, .
[0107] I\ﬁbﬁé?]i m tﬂ“ﬁ@f’“@xéﬁ?ﬁ?lége‘%ﬁ#gt%kcraé&? f?lﬂé?fglgéﬂ a@%nm@h CLATORENHBE hods
of the 15,;\%{@@515' Pohr Bt EFTBIDRS BeRf. One of the follow ng divisions:

Chl or ophyt a, a/anophyta (Cyanobacteria), and Heterokontophyta. In certain
enbodi N8R, t Wbe miror ealngd éeads ed uwidt Herdih ecfamsttdalgge-derivddesubstomaes than car lee
menbers of on f thffP f ol | .ow ng. clgssses: fBaci | 1 arli ophyceae,

Eust i gri&l R giscd, dpr@%ﬂd;?%ﬁ'ﬁg%% SPPY IR e nbodi nent s, t he

i cr oal [@ae1|Us eFhvkdri “hfaf 6P AS usdd RdEinirEéRNb aRac ey dRdBehscRfthaden of the
foll ow ng genera: Nannochl oropsis, Chlorella, Dunaliella, Scenedesnus,

Sel enasieragnsungistiolnraide naritiphd spprAiruier pSpile. uhigea-denrgshiviaan fapd POsieBNONas.
[0108] Non-lim tin ] croal Speci . : with the
et hous g o SRR MRS i R FRAM RN RRR e YR, Pt TG | O
Spp., AopHl|pr oMae feyral ‘ibivgemAdiptier aasaodd irbiarreicss to ARP bl galeed i th ecmd s var .

| i nea, Anphora coffeiform.s_ var. punctata, Anphora coffeiforms var.

t ayl or i PoLIntABEe Puchcass Jud npblimited ‘%PaflgrafeénPh%Ph%?ﬁp At Beayxmetals. feam mdustiighnor a

del i caty VA S ARt hora sp., Anabaena, Anki strodesnus,
Anki st rdg%zéswsroﬁé?%na?ﬁs%ogﬁe ovi a hoogl andii, Borodinella sp.,

Bot r yod0093]s b ae tdrin, “vBetemptr'decused Sacbat fofirs fo iBlasttidocastowaser mir namjcipal

Bract eococcus di onucl eat us, fCarter.i a, Chaqe} ocer 0s h%aci lis, 1Ch. et ocer os
muel | erV oSt BEEPBR T ety PL crntamingiys a7 ROHHIaN, Jealiting ot 8o Imigt 9y dorms
peri gr afph@l nolihaRE elnlidedhy hkala, Chlorella antarctica, Chlorella
aureoviridis, Chlorella Cardida, Chlorella capsulate, Chlorella desiccate,
Chl or el 0894I | i Fbotatea enibhed? edslvackheeiwostiall, meml aboel 306 pugrteater Ghitentel | a

fusca v, vacyol at a,.. Chl orel.l.a gl ucatroph Chl orel |.a i nfusi onum

Chl or el @Q%]nf uiﬁ%ﬂ% Vi S.tanélglléﬂpﬁgIuﬁe,dqﬁﬁ?lg’rszwgleiaﬂflﬂ)é*l%‘num var. auxenophil a,
Chl or el lpgodes s M@k kormCplsHusih psottiarophaed hereh RF@$ toxaltubrBIE frb@ing, Chlorella
luteoviridis var. aureoviridis, Chlorella luteoviridis var. | utescens,

Chl or el [089Ai ni dha teraniabruarin araiginst assscdhcremieeretol vatei fokuble poteish| orel | a

e ke

pr ot ot NE09I|des ThEkrar grdlampr Proadie ao uskRishevdn refasitelblcohd soublopreleis.
regularis, Chlorella regtlul aris var, mnim, Chlorella regularis var.
unbr i caen-liewing Gamplgs T HrYpmin pPrefeins et ghiadin ZeWa PgRI0: 478 or el | a

sacchar Al a L} ' ; =] [ ex,

i or ol {ROYI, MRS terfl W E AR o TLPRECRA R ST o RRIE, |

sti gmat[@phbr a, TGhomelalgal bmnmis€l dsivsed WWrbinrrefelatoanlag boabtpart@hlyateelateaed/ul gari s
fo. tertli%ﬁ Chlorella vulgaris var. autotrophica, Chlorella vulgaris var.
viridi s805HWEI | a vul garis var. vulgaris, Chlorella vulgaris var. vulgaris
fo. ter[lmez] ChirRE @l deWa BRI %is Vigdd ho¥dth 98B EsSo HR> rediobhldirsit 1e6tlseg IvkaAer.
xanthella, Chlorella zofingiensis, Chlorella trebouxioides, Chlorella

vul gar i 91033 ofbe tarodimgahpasté crvmssd Bhtiorococtowmnastxlly dematsrestd galipniture

Chr oomgnas_ sp.., Chrysosphagra.sp., Cricosphaer p. t hecaodi.ni.u

conni Rk reEs The afef it Biftoa”OUBTRBAT 2ol Pasie il eRESHT M AR

Cycl ot eloat 8®%, Dunaliella sp., Dunaliella bardawi|l, Dunaliella bioculata,
Dunaliella granulate, Dunaliella maritine, Dunaliella mnuta, Dunaliella
parva, Dunaliella peircei, Dunaliella prinolecta, Dunaliella salina,
Dunaliella terricola, Dunaliella tertiolecta, Dunaliella viridis,
Dunaliella tertiol ecta, Erenosphaera vi¥idis, Er enosphaera sp., Ellipsoidon
sp., Euglena spp., Franceia sp., Fragilaria crotonensis, Fragilaria sp.,

G eocapsa sp., d oeot hamion sp., Haematococcus pluvialis, Hynenononas sp.,
| sochrysis aff. gal bana, |sochrysis gal bana, Lepocinclis, Mcractinium

M cractini um Mnoraphi di um m nutum Mnor aphi di um sp., Nannochloris sp.,

.



[0109] I n other enbodi nents, the bionmass can be plant material, including
but not limted to soy, corn, palm canelina, jatropha, canola, coconut,
peanut, SWORPWSB380cott onseed, |inseed, sunflower, ricePBTAIS201a/091d4 | ve.

[ 0110] Systens and net hods for extracting |ipids and coproducts (e.g.,
proteins) of varying polarity froma wet ol eagi nous material, including for

| | gal _ bi . are disclosed., | icul t t hod d
el Y i IR e g N s e R R T T e
fracti apatifcksig: AhiddeorPTRITERE FraPYastOIHAGSRAY e MnkR! GaetdI Rl DR ciitd Hhsan

anphi pat hi ¢/ hydr ophobi c sol vent and water m xture that becones
pr ogr esswater gontens of pllua pOYsiordess. wat er in sol vent/water ratio is

L vel d . f . i h
ety - PR e eisfiate BB P LRETTE i R ERS b AR SRRt e

al gal igpetibe SHlGACrGBRPEAK A@fRhY i BuRfin bbgicvel ghte) sich agrtadual lintitéefel aced
by the anphi pat hi ¢/ hydr ophobi ¢ solvent to the azeotrope of .the

anphi paehs eL¢srang isebiridcss diarehmitingrxgmples of saltwateriahgal spaciogdglede of

compon | ubl t . rity devel oped at each step, thereby |eading
to simu %@ﬁé@ﬁg&f@ggfﬁgﬂg@@g}n&bf t he extracted conmponents. 10111] This
process0leads Feshwhickhlgalecetioateatbmdia fanre phidsiss, ofaneerl sughbe butind lioried

heavier. The |ighter phases.conprises the hydraophobi ¢ sol vent and the pol ar
i pi ds .tomjswnérporl&qailﬁ%n-ﬁ%ﬂ%a SO eSSBS PRERE inhge M@?Séﬁmﬁhase
conpri sgs A he,, E&ge&éhi c solvent, water, and the remaining al gal bionass.
The preSénce o e hydrophobi c solvent allows for selective extraction of
t he |i g0#0Yonpdioesimsitihg orariples of maroagagahatcempomestt witlptheseethodsofithe t ot al
extract.. This results i ur l.i.pi d product wth al no no .protein or

wat e SBYTOE *5 MO o 0Bt Ounce i ng BREIs Calote et s RAEE of ¢ ne

I nvent i @YanébadichF), 8nd PledpVontpfly aller@inCenitioRifinéRs, QK maGbalgnduskd agthithaat e
conponent's present in an ol eaginous material. In other enbodinents, a

sol ventmetbedssafdhevatventicarase etspfone padre fahevingatassesnBed!/@omponerst s
present.in an, ol eagi no material . ;ln so di ts & I i n

et or 1 g R O BBl b SR PR S e RS RO OB B

[ 0113] Rattasdd dfhéinvesredy niedendst oidionthe following defdth CNGHRCARopsRS er
solubility, and location (intracellular, extracellular or nmenbrane bound).
Exanpl gshlorellgoParaliallgi dsnedesmyt Selasattray. OssdtaterigiRhognidym pwédiiél i pi ds and

gl ycol i pj S at can be used to separate and purify pol ar
| i pids %Jnn%rr%’u&g%d?@g%!é g'iqéls?ded into batch or continuous nodes. Exanpl es of

bat ch node8] i nNoudéenipinhg ckpnplat oOmicr@eacapgeins thasanwbentsyd witblthwemttheds efact i on

and crystallization. Exanples of continugus nodes include centrifuging,
adsor pt 6ﬁfeS?rBélmegeB%wﬁidaﬁmmW@mMégglgad@m@%‘z 'ﬁlﬂé@@’myﬁ%&

preci pi Welal R L&S /i ' AW A L LRk R,
e R LA e A SR A L Y
f eat ur e$mpindta adff@firages:r oy bhie Appésentffeifwers vantenids] Appbowelclppasignt from

the foll ow n tailed description. .It should be understood, however, that
t he d_et‘%{r%éfgggg@ﬁsﬁf”iad’ﬂr 'QWZQ%%A&?_&W @S,X'W%f’f@’ %ﬁ%ﬁ%ﬁ%sﬁl&f’s pecific
embodi %ﬂ&ﬁr&z&smzbs%lcaM@,nmék@;ov@%oglawgﬁ, BOFoMRYIIOSp. | BbASIch@hds DRl Y -
Additionally, it is contenplated that changes and nodifications within the
spi rit Battvosewpe swieticine Brasjeroran mindt, Bhederrecappaadéniticlediushowderdki | |1 ed in

the ar tCIZare oryet Nl cc'%% %hl e 9o Gl i-O(Ii]}f eLooc%l;LOSs]mS&"erll%B/E).r}gbydlsuwe pr oposed

. roS gr cloceros mueltieri
non- di sTuptive extraeti’en process resul'ts 1 n over orecovery. The small

anmount Okadpfledds shl, @G ddNaR @eriemmi i X)L Ml IR & BiteAN) THOSI4 Lbtavalcue when t he
remai ning bionmass is used for feed. This is due, at least in part, to the
hi gh | oWefocalisidyreméidio Gl @g!le &angidgcs Wosdia csmsulate. Chardiasteissate) Ghlgerdior i on,
et hanol - act f . ' 7 [, t e,

ol Ko S FEPERE EHEAMG T, ERPLACRACY CHRDRERMEA MY BluolE OREPRAS. | ped
her ei n @dnetgenerCklofadlu iafiryioaliga€hloedild iefiabhenvec ovepyilafCldoiigunfisicmnt

portion of the val uab) e conpanents, includin |l ar |jpids, in the algae by
the use6f U R Er _ﬁ?)geql@ o B i Oy g%(%_ﬁl{ff} WrIslheHEler al
lipid fr,achy-pf QB &IP8d-BY, ENBra88RbviFIR @P.?%%Q&enlk,rtyﬁﬂﬁe‘llg%igﬂ% esses a | ow

nmetal content, thereby enhancing stability of the l'ipid fraction, and

r educi ngh/stebeenjuetitsinpy, dddesilngustbélps Chivethd sodtomd, ChlorelaenadutCrdrellapi ds
unstable due to their ability to catal yze oxidation. Furthernore, netals
inhibit hydrotreating catal ysts, necesSitating their renoval before a
neutral lipid mxture can be refined. The systens and net hods di scl osed
herein allow for the extraction of netals in the protein and/or the polar
lipid fractions. This is advantageous because proteins and polar lipids are
not highly affected by netal exposure, and in sone cases are actually

T . o



[0117] The systens and net hods discl osed herein can start with wet bionass,
reduci ng the drying and dewatering costs. Conpared to conventi onal

extracti oONORP(I883868s, the disclosed extraction and fracPCHABRIIGMASPAbCcesses
shoul d have relatively | ow operating costs due to the noderate tenperature
and pressure conditions, along with the solvent recycle. Furthernore,

conventi onal . extraction pr sses are . cost prohjpbitive and c ot meet the
denmnd A4 Il Beorops ST Rk e adgaes orehersy el e Hoas
descri Begdi ¥R 6idRs 1, LBicBll ChloYeNOrBGRPRPELBIIRY RLLINAREY niihiaNCARreMhi Ch

I's the separation of polar lipids fromneutral lipids during the extraction
pr ocesgegiihgs dif. irebeineiesChiet iséglgalhlordllaygecharaphélmeaplosslip suachapgphila

2012/ 13838QPCT/ US2 /059144 odi,tents a veget abl e. oi | S in

o ool R e RO TS S i SR PO G SRl

I pi ds.cmr&mjeipﬁ@fcg, ehRdilactidfiRtophbrs CIRRSIlE v @midlEi, COIpalles/viid) veget abl e
a e

oil shown in 2 below,_ Table 2 A gal Crude Ol (ww Vegetable GOl
(W w) Nederedln vigeria o- 30190600 igod PSR U giTarbicrg Chygs id pYyg@ys 6! i pi ds

viridis, Chlorella vulgaris var. vulgaris, Chlorella vulgaris var. vulgaris fo. tertia, Chlorella
vulgaris var. vulgaris fo. viridis, Chlorella xanthella, Chlorella zofingiensis, Chlorella
trebouxioides, Chlorella vulgaris, Chlorococcum infusionum, Chlorococcum sp.,
Chlorogonium, Chroomonas sp., Chrysosphaera sp., Cricosphaera sp., Crypthecodinium
cohnii, Cryptomonas sp., Cyclotella cryptica, Cyclotella meneghiniana, Cyclotella sp.,
Dunaliella sp., Dunaliella bardawil, Dunaliella bioculata, Dunaliella granulate, Dunaliella
maritime, Dunaliella minuta, Dunaliella parva, Dunaliella peircei, Dunaliella primolecta,
Dunaliella salina, Dunaliella terricola, Dunaliella tertiolecta, Dunaliella viridis, Dunaliella
tertiolecta, Eremosphaera viridis, Eremosphaera sp., Ellipsoidon sp., Euglena spp., Franceia
sp., Fragilaria crotonensis, Fragilaria sp., Gleocapsa sp., Gloeothamnion sp., Haematococcus
pluvialis, Hymenomonas sp., Isochrysis aff. galbana, Isochrysis galbana, Lepocinclis,
Micractinium, Micractinium, Monoraphidium minutum, Monoraphidium sp., Nannochloris sp.,
Nannochloropsis salina, Nannochloropsis sp., Navicula acceptata, Navicula biskanterae,
Navicula pseudotenelloides, Navicula pelliculosa, Navicula saprophila, Navicula sp.,
Nephrochloris sp., Nephroselmis sp., Nitschia communis, Nitzschia alexandrina, Nitzschia
closterium, Nitzschia communis, Nitzschia dissipata, Nitzschia frustulum, Nitzschia
hantzschiana, Nitzschia inconspicua, Nitzschia intermedia, Nitzschia microcephala, Nitzschia
pusilla, Nitzschia pusilla elliptica, Nitzschia pusilla monoensis, Nitzschia quadrangular,
Nitzschia sp., Ochromonas sp., Qocystis parva, Qocystis pusilla, Oocystis sp., Oscillatoria
limnetica, Oscillatoria sp., Oscillatoria subbrevis, Parachlorella kessleri, Pascheria
acidophila, Paviova sp., Phaeodactylum tricomutum, Phagus, Phormidium, Platymonas sp.,
Pleurochrysis carterae, Pleurochrysis dentate, Pleurochrysis sp., Prototheca wickerhamii,
Prototheca stagnora, Prototheca portoricensis, Prototheca moriformis, Prototheca zopfii,
Pseudochlorella aquatica, Pyramimonas sp., Pyrobotrys, Rhodococcus opacus, Sarcinoid
chrysophyte, Scenedesmus armatus, Schizochytrium, Spirogyra, Spirulina platensis,

Stichococcus sp., Synechococcus sp., Synechocystisf, Tagetes erecta, Tagetes patula,
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10-40% <1% Free fatty acids 1-10% <3% Waxes 2-5% <2% Pi gnents 1-4% Ppm

[ 0119] Degumm ng (physical and/or chemi cal) of vegetable oil is done in
order to Werewé3psbar |ipids (e.g., glycolipids and pho®cHalSREilgs)144

Veget abl e oil that has been chemi cally degunmed retains a significant
quantity of neutral lipid. This neutral lipid fraction is further renoved
fromt eri al u3|n sol ventz;}(feﬁtractlon or

u
super cr efmégw ﬁmsﬁ%w Flisaes pesicg BY IR HBYANES LSRN SIS 1 n

cont r asgige&RAL.at i on of the neutral [ipids froman ol eagi nous al gal biomass
is far ‘nore difficult than froma vegetable oil feedstock due to the
presend@1¢4] | ailg@thqtlmquﬂmé@s,dhe b@h@ﬁs ¢andieqdantypriterigly 1pclﬂémgdvut lﬁptalm@md oi |
(see Tabl e ecayse t he l.arger

br esentory PPt aREn TP rhetal SR RRFER. SifeRt- SR Rherd Phifds. e
enmul si fgugAbweN rics biadl dddaslivet abi | i zed by the nutrient and salt conponents
left in the solution. The presence of polar lipids, along with netals,

resul t d01H]pr oSxgemp gnchmrawpé@fqneé@aqt@g lipidsaand cppied B (4481 Piosas) Oh verying

neutral 1dng‘E%m &'9)@'?8/18 SI i ?1‘? a1 PAL R 'fo %&n?fl’é’ %n%%agw ké"gre”cﬁ%éi&ted

their récov Wolll d” add cant va hé "us gal
gener atla pfatt&luiia,r th© hiz€Hode had sy}stqmmsaﬂ&:dsmra‘lmcmmhsthbybimi@t wretiderardcoartdhei r

nol ecul structure and have ]z;\ Huge exi st.i ng mar ket .. Many of the existing
t echnol “é%atf/’él?e ahea5 FORINRGCTS PR AONE seqrentiplexrachions diial “ or cost

pr ohi bi f I are
o 2012 B D o g e P P S o e o

and vegettabinsobicht/witegaego ol progyepsively lrgdwodmmntsoramds; fre0-B@§ csarfation)stqpol ar

| ds d di th f th | 1 | t
condi 11BIE M indn Giheh APUBa e TR 51 G G P ZBas U AR on
Further( ISIB%HQJ.I‘[M? e59] om%%?ﬂ?lscgra(ﬁﬁﬁ & RE btk Qnﬁlﬂﬁath%yﬁ%pﬂ%b@m d

groups attached instead of three in the neutral lipid triacylglycerol.
Tr anseswéicinf fodhe repatrope @ﬂlhaﬂmphmaﬂnsc/hmcvogh@m%\rﬂny Thie rashits unst @fsxtméw@nd

pr Odumdf cangohenef‘s %%‘tl)lgl ?t%e ggfaheync?e%'epo ed gfse t%greB leag % u%é}l ous

| i pids, asi ce ennva reco

| i pids ﬁmﬁbdat{uhtof@ﬁti skthetcticghpyndrenef i ci al i n produ0| ng h| gh qual i ty
bi ofuel's or tri g ycerides from al gae, but al so_generate val ue-added

co- prod@&1Y gl JBisinrpsess leadutopHBi s CPRRMNS e IBsesnoralighterand ops Beavigthe
cost aslst%cl qul#eqr%h%}éers Qo gg?‘% etf?%%)?(ﬁ Oﬁio%ﬁd’jﬁ%llve% Qrﬂi"fﬁre Ilp8gr hgﬂg ﬁ%ht Sk 11%)185 8@3' Iy

recover I ona and co-pro S pro al gae
i's advaaiioalgemns1ﬂthlstﬂhaseeciﬁmdrmmespllmessrnp1ﬁsdsInle: aahlgapathmclsokyemcm&:r and the

remaining algal biomass. The presence of the hydrophobic solvent allows for selective
extraction of the lipid components from the other algal components present in the total extract.
This results in purer lipid product with almost no protein or water soluble algal product content.
[0112] In some embodiments of the invention, a single solvent and water are used to
extract and fractionate components present in an oleaginous material. In other embodiments, a
solvent set and water are used to extract and fractionate components present in an oleaginous
material. In some embodiments the oleaginous material is wet. In other embodiments, the
oleaginous material is algae.

[0113] Polar lipid recovery depends mainly on its ionic charge, water solubility, and
location (intracellular, extracellular or membrane bound). Examples of polar lipids include, but
are not limited to, phospholipids and glycolipids. Strategies that can be used to separate and
purify polar lipids can roughly be divided into batch or continuous modes. Examples of batch
modes include precipitation (pH, organic solvent), solvent extraction and crystallization.

Examples of continuous modes include centrifuging, adsorption, foam separation and
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[0121] A further aspect of the nethods and systens described herein is the
ability to extract proteins froman ol eagi nous material, such as al gal

bi omass. WBa0é3Bisds di scl osed herein of extraction of PECHUSEHANETUS
material from al gal biomass conprise a flexible and highly custom zabl e
process of extraction and fractionation. For exanple in sone enbodi nents,
extraction and fractiopation cur in a SI viding a
 gh y TFp R, g peaRene BEaRarpes Lol e ARt drThEth BE" Lsera o
aninalIﬁg§g§mK%oggaqn@&§g®ents and industrial products. For exanple, such

proteins are useful in gPllcatlons such as fibers, adhesives, coatings,
cer am d9114]Inks Othsyohistisc atutf@mmaégant@m@mf ﬂﬂg pg@ﬁmlt iarention ydl geeerad| e

et g T ARG e 0P R SRR, W o

conponeditsict dchieipash kA the@xarhples, Rﬁnwﬁb@ﬁhﬁ@ﬁpemﬁﬁ eﬁib@dimdﬁltsﬁtmiﬁé invéntignxed
with an equal weight of solvent. In another enbodi nent, an al gal bi omass i s

m xed vilre BIVAN braweof jiisgRionenlE opdditonaliy, 1Sﬂé1001&ﬁ@?1f@é¢id tb tsbangesnpd an al gal
bi omas il t he
anDunt%ﬂéé'g%vgﬁyw%$£%% g#ﬁ%&?&m gaﬁkﬁﬁ%ﬁggé%ﬁg%%: icu te gﬁs rE%ﬂfetahe
sol ventintige defrumetlisaleciletdcwdeiptiored pol arity of the al gal biomass/sol vent

m xture. In still Othﬁ; enbodi nents, . the alg mass i s extracted 4@ severa

steps. [OA13n e XBEISHRY- STaPeRsnon éﬁﬂaﬁaa|exts%wa§§oqe§5 cayftranoven 9470

extr aCtI.%gov.eTt?’ rBile Jmarﬁaﬁ]%fﬁ&alﬁﬁp{a@fn the %Mlagﬁma%&ssl cfhaRkiGRYud\ORRO! ar
water m scible so vent Seco t'he remal ni ng solids are extracted
usi ng aboumdaiOitg dbfomdse issokd fu' feaki Ths isi dmeszttlltwehm pagt, tonthe digh¥lom@adtaion i s

then perf or med i ng .about, 90% f t he oIi 'S i in solvent. Having
boen | ASTHBISGHTY HESE0REHEs Bomiae AGHERof Tt B B SR St Y he. ot
woul d Qﬁre@ﬁ% %aﬁé&sﬂéﬁﬁedjl Fir@lcpbres Qhivenths cabtinh ddn€eR¥naPAL@bHY, t1&SmB%ods

adj usting the ratios of algal bi omass and/or solid residuals to the desired
pol ar i tapdispstomsl éqascnbectbftremtar@/mwr@i@rrmtalylegmd qyﬂbléa@qoyery of@ 81gn1ﬁcant

2012/ 1383 011/ 059144 [ 012 e nt,

t he soIR%ﬁ?n Cf_r{l%l Vglg %b]lf’ ﬁ%mg?nen%omcgdﬁié %Oe[ 3}% a1 gthdgta glﬂii/e l|Eisse ol at eége

varyi ngnisbiéld @bafic 68lvemloyaiidnt. Protelns can be extracted froman alga
bi omass with about 50% et hanol , Bolar Elds wi th about 80% et hanol, and

neut r all0 M@. ds The paute dintd fomsios ebiedbarthetsca{dhe PIesenfivsal PUSIES D be
d,

woul @ 087 4RS0EDlsp ARER, Ethh e NI SORE LBLORELES, MG AN AR ubhOTRSS

neutraunbuﬁmdgsmpylNkﬁﬁqmnd&nam&ukmmﬁnﬂmdetmwMMédwi@lmﬁﬂﬂnhqdomemhaeof t he

systens and. ne s descri e exhi bit surprising.and unex ted
resulté”“@?@§t ﬂﬁﬁFﬁgﬂﬁﬁaFEQQ@' Wﬁ%@?wggfﬁaﬁmﬁr%E@%@%E%%gﬁgrﬁB‘%ﬁon a wet
bi Onassoef&lela%lehéalql hf?{m&%%ﬁ%@ﬁ&qvqrﬁ%@g&e@ aﬁfﬁ@ﬂ%ésr ¥isQORANFBAL B0V Oi d
the use of large anmounts of energy required to dry and disrupt the cells.
Ext r actfiootheaiiragionralimdtalpindthe prasemandioy thel pgédr lipidbirag®ns.sThians sdyeetagédusct i ve
usi ng th E%stems an tho s of tF F %%4% H nve tion. The xlelds obt ai ned
from t RECHEOIYERY 2PT Blas s ge gokpighivatie M/nﬂ FEPOURY BATLIOTPRERSY hose
obtalnagebMuggngﬁhi&yﬁyrngﬁgract|ons This is because conventi onal
extraction freqyentl results in enulsions, rendering conponent separations

ext remel0¥1i f f ilbe Isyster{ls)mia}lEJaQM@srlgseérhﬁmn erEnttart weth vt bigpisss. aeducengathy

al gae ofr_nan i al e e an
Al A TR L LT R S
met hanoéxtraeﬁd}ml fradtls@afdnmmksesamn@ heve I%Ialﬂlyblyaﬁ'ﬁto@taﬁtlngﬁdstmw hd i I e.

Speci fic enbodi nents may use a green renewabl e sol vent, such as ethanol.

The al CBAIratE ARGEILTG @étpé%ﬁsvr@wn@@ens Alome gty thy selventapey ofsurfiuredrores ol at ed
neut r al I npared to
ot her so}n\k/]%%tg)sad%tt ?%@e%lo eé%%l aﬁé : nbgog?n(%ggézéﬂnp%g?étqg%o | rrentng%fg%t raction
and framaikonati on can be performed in one step foll owed by menbr ane- based
purification if n ded The resultin nost. dev of water and
can be W et Ampihar paigeygliine pategis by ReRsited heigfbisdae i Efé( Oslurry.

[ 0126] |J&c§ﬁﬁﬁsk@ﬁ?@1ﬁﬂﬁ (AR reERRRAWRRALS thelsBRarSnVE Po |4 IR R B RE GRS lipl B

et hanol er ‘embodi rents include, but are not Ilnlted to, cyclohexane

pet r ol edumngttheextragton am¢SSh§hadéferhwps heteveenl ikghloil ustheexenpinene, et hyl
acetate, chloroform dichol oronethane, acetone, acetonitrile, isopropanol,
and nethanol. In some enbodinents, thel%anme solvent is used in sequenti al
extraction steps. |In other enbodinents different solvents are used in each
extraction step. In still other enbodinents, two or nore solvents are m xed
and used in one or nore extraction steps. [0127]1n sonme enbodi nents of the
nethods descrlbed hereln a nlxture of two or nore solvents used |n -any of

.y o, o, o, .



[0128] I n sone enbodi nents, the extraction processes described herein

i ncorporate pH excursion in one or nore steps. Such pH excursion is usefu
for isol av0rRg12p138388i naceous nmaterial. I n sone enbodi nenPET/USRE1/0F1d4 t he
extraction process is acid (e.g., less than about 5). In sonme enbodi nents,
the pH of the extraction process is alkaline (e.g., greater than about 10).

[0129] Th se of xane vent i onal e ction dures cont nlnates
b ol toidaEe Sy e Vet RE P R SO B e PR RO et

Enbodi neal &iuef clhfes HIIGSENTA L BY@BIAQ IS Brud BACORIposifod m%ﬂﬁmtﬂ n the art
as they require the use of far I'esS energy and render products suitable for

use as vegethbleadl shewvh imdabloddstay:f s and nutrient supplenents. [0130]1t is
contenpl ated that any enbodi nent dlsgugﬁﬁe in this specification can be
i npl emented with respect to any met hodl system of the invention, and vice
versa. Furthernore, systens of the invention can be used to achi eve net hods

of theg invention. DESCRI PT| ON\igal EXmMPOARK/&)VBODI Mkid&abRIGil [Wav) sol vent
extradtion of oil from al gae the best case scenario 1s a solvent which

selectL#eLy_exLLem;;;4444y;#LgLyeeLeLs—QIAG}—and—Lea¥+ng—aLL—geLaL—L-pids
and ndn- TAG Wttt Bpidp i pi ds|such as wa¥e¥%sterdls in the 8994t cell {with

hi gh recoveries The second option woul d be seIectiver extract pol ar
| i pi ds|and t CU_purer neutrall ds devoi d of pol ahol i pi dS
resultling in Qgﬁ%kggovery The | ast oﬁ?ﬁén woul d be to ex??é%t all [the

| i pids|_ and achi eve very high recovery in one or| two steps. [0132] Referring
now t g FI G Glkeolipild omchart 100 provilded)%an overvi ew of thel%t eps ipvol ved
in exgnplary enbodlnents of nethods used in the fractionation and
purlfluoulu IL.I IIUIIQII C{I gae €9 AT 11T 17 bi Gnﬂass ||| I;IOL Step
110, 4l gal éF?gmﬁnﬁuﬁarvested In a ZHQééquent step 120, mé er is tenmoved
fromalgal cells to yield a 10-25% solid bionmass. In step 130, a
sol vent - base@,extraction i § perfornedoos,the bijomass and theyfracti pns are
collected. In sonme enbodi nents, step 130 will &l so incorporate pH based
extraction and W) 2012/ 138380PCT/1US2011/059144 fraction collection
Final lly, a Stkingdhtsi qui d phase separatiloeo incl uding, but nBpminite
technilques such as filtratijon, decanting, and centrifugation, may b{
per f ormed—ma step 40to inmorder to separate out—snmatter i pird
conmponents. [0133] The al gae bi omass when harvested in step 110 typically
consists of about 1-5 g/L of total solids. The bionmass can be partially
dewat er[@d19|n sDepurh#ingi@hngcilenbior ghesicalhof utictidle cblﬂs dmé irl ot tedemoye

di ssolved air floatation, nenbrane filtration, flocc i on, sedinmentation,

filter Rﬂleémldﬁg(e o ebvaolinids apd hospholinidyy yeertaple Oﬁé%& : #g Shemigillyr enpval
of Son'edel% am@laI m@flﬁéalﬂ YRS of r{e‘ﬂfﬂllﬁh}ﬁ&’l gﬂls(ﬁreuééﬁ% tg%ﬂloﬁqpﬁfrﬁi@f:e

Enbodi e present AVention utilize dewateri ni ques to
renove ma]beed fromﬁhadé‘@mmei adteahlasingxiotvens sxtrdbembesupng:rmaai/ sobcratanat fled out

usi ng an one of or at| of any of th t hods . descr.i bed herein,

e el 1S iy Eher SREAGRS RIS BHBIGTONRT PRt DRS TRRLSN [ 0154] The
dewat er§eh o &eel 1%ﬁ§a§s fs%%éﬂeraﬂfﬁcm et fBdin 428 divRb 6ﬁlféaaseeleau@fosm@f about
10- 30% so hi s bi omass can then be extrac%e with water m scible

sl i ght Igremnfp@ﬁ largegphntetias o pelaghpldatwﬂlys@und in atgahoil (sestTabls 20odhises cur r ent
solvent extraction [ e the f tians at each . This
type Of &u&e € laEggﬁ ?rggzﬁc%e d:g)ﬁ]ar%gld[ i:sent i a a(f ate}lﬁanc%sx t%g rersnélgsﬁa (?a%on P

enbodi naehSutrdl Ngidei crﬁaeﬁmeifswluﬂﬂd;emgﬁe%taaﬂmdmdﬁ@ﬁutabxktaﬂnd@elt exhpé@ehtson to

fractionate protein material.
left in the solution. The presence of polar lipids, along with metals, results in processing

to

\1 R~

difficulties for separation and utilization of neutral lipids. However, because polar lipids have
an existing market, their recovery would add significant value to the use of algal oil to generate
fuels.

[0120] Polar lipids are surfactants by nature due to their molecular structure and have a
huge existing market. Many of the existing technologies for producing polar lipids are raw

material or cost prohibitive. Alternative feedstocks for glycolipids and phospholipids are
20



[0135] I n sonme enbodi nents, dewatering of an al gal biomass can be carried

out by treating the harvested al gal biomss with a sol vent such as et hanol.
The al galwbi201as8380s t hen allowed to settle out of sol uPCHAUS2IA/08He4 | | qui ds
may then be renoved by nethods such as, but not limted to, siphoning. This
novel method of dewatering has |ower capital and operating costs than known

t hods, . | es .sol vent ling, .red t.h t. of. drying the bi ,
and haghtifl e friif Miegt o ciadREEHE ofloPEIe)! BPIHTE Oyl B mes
prior ty 9y (gmwoﬁﬁi]?iagamﬂdﬁg%qne SRRREL AiHy 9B 1Rl cadbtgRk of HEReNEMSre | N

fact, it is theorized that the sol vent-based sedinentation processes
descri edditensitimegfhasieseend the solvenpgilized fuextractione Hugber, theaglywrelani ¢

sol vent,s reduce or neutralijze t negative charge.on the.al gae surface. In
some emSSHHEE sayP ﬂgq¥ib%ﬁ Pgﬁ¢y8%&&?%??ﬁém#g&Hgggdgng%%WEP%gﬁu?ﬁ or der
t o remuygd auRigkRER| WatRkestdrificatdeoffadipidhsy yichitorad di/d-tiars@ff tiecdndent
during the dewatering process begins the process of extraction. [0136] FI G
1B shovigodustiiel. gsterified (astyiagists capesntprrasrio dtat af ok Bpidh gy RFE 83ss Bos: An

al gal tur i i el . about 10 g/L
(i.e., C%énfg ’1@?1 \?’/} %aﬁl‘?\ééészﬁgﬁe{ﬁt@%ﬁ?lg{%plﬁ%vg{ﬁhsn gg%r 2?) :étcl)l}éh 6?%%:115?21@%0. Process
320 carprothedinglieigh quility bicgadls ontrigtieeaddsi fgn akat, tUut algo goterfte vhluatadded cd-n one

enmbodi nrent, a sintered tal tube filter is used to separate the
2012/ 1339@@1%@%@@@1%@&5@%%%34 Which s ?wfgseh_@w 5@.580&@%@1& g .
Wien usiogy SiBRRI ofdhéﬁog}; gfr%?lﬂf&ﬁP%a%ﬂ??ec%&%nd%%@tibﬁaté gexatiss di sfeded to

ot her al gae cul tures. e, the algal biomass recovered has been
concentpradwests prodared byl adgme ipadtastagedusto thealcgaendensicsyoiabe higgh od pradesnut 200

g/L (i. 10-20% W w) . Thi.g concentrated al gae .paste is then.treated with
2 ol valitzuao Auithedhoest ot edtaheBumiuriian SrepPatedehdshie ity Fahd

[ 0137] SadiciRHd hRBIRERERSHABAN, LKAk WRS] Bfi:0g TR MeRbds3fkisRdhbriRbDae
paste to achieve a mi Xxture having a wei ght/wei ght solvent to biomass ratio
of bet vixémctioefiprateihaeepus briarial from alFH diamhasacoingrisd 4 Bowblerapddeghly e in a
settling_vess and a.sal ven er mxture 360 i or
oxarp! o bFRRE mECEAar SR BB Abe MEUREAI L Y Sni R, PR e
reused dxyravdn andrftafioh RRAMCOMES a slptdistas tiirsyi proaldinga Righllyaffigent\pyapesat i on.
The renmai ning wet bionmass 370 is expected to have a solids content of about
30% t o Rypwins sepmediRm sich Riomass Al usaivd feganinal deadst foed ingredigrs gyl dnttdali deal

for de i re.lndu i 2 - i

densi 110685t ] Far B bRt A T A A R e ol
acet onegoaticgt osrainids) ks, tcokmttids, @kilehahewaighmngland biidbgmddble plaptaspanol

heavy t (D20), ethylene glycol, and/or g]ycerin. Lf.the solvent density
i's pve\r,\[%lgl] g/ Aofhse P\SPFﬁté)r}é]i“‘g%‘éﬁ‘Bfi%%gsé’skﬁBﬁl"IGX‘TI’}%SQPGWH% RIPVERHY Cedii e a
sedi me rFati?‘Bf 11881 HOLAAT QBIvE®aS&Ldd thBHoMpSREks to LR LIRAILEG Indnk InPodRhigat i C
di agram of an exenpl ary enbodi nrent of an extraction system 200. The wet or
dry al gail algil basass ismixed g thomt esglaluiséight ofsbhvedts Tkoethei gmbddemantt an dlgell udi ng,
but not . .limted.to a noving belt, .a . screw conveyor r..throu ext.raction
hanbertiomiiedS Bir Sl F s raliter SutFs” S ERROTHHSE ambieibin e g s et .
assi gned nliQePRRAR a Rk QPR SRigt OF sa10&it! TPbmIBBbEeKmEAS! the BmBLMLfTs6Iviest thixklier ed,
returning the bi omass soli1ds back into the slot and the extract into the

st or agevilapk algrHdomadsiisl saloratc based|on thosa v e belissdlang theadesdedpolamy of
residence ti requi re . for t. t hy XE T Ln. . torage
o e b B B ETER L ERHEE6 oo S IRk SE TR,
fresh sghy@nitepsIh aneRéthplasl Gebddaderteart dlgaldomnsss ieaupittessiraged, ifite and
cost drasticall Thi s enbodi ment coqgrises a primary_reservoir 210

t r anspovth Méﬁi@% obits weighf Wity p shightlyrnogaplar, ézwfemnlaféblecﬁekvezmsmd{fégg. ,

T el SHAR YL P, AL IR OD BN 20
r eser voixtra2ddh i sheai perDededipsingblmua 9p¥oufahd tofidof weiphteh solsetr \iviig: REd- 218.

[ 0140] Duri ng ,operati on, al.gal. bi amass 2Q1 s pl aced ir inlet. reservoir
211 pea}ﬁogmgsipg% eéwpg%iot etﬂ?‘aeﬁgﬁ%ﬂneﬁgéﬂhﬁ? oo i e ablsth PncifbGit en
205 is %h@ﬁ%%ﬂdmﬁf&eﬁtrﬂo%tfe%gwﬁgﬁn th8 rRRof BB EGiBREs LR/ # 28liPfesiduanrspor t
mechani sm 220. Transport nmechanism 220 directs the algal WO

2012/ 138886CT/poB2ity iy @8a1td 4cloéctormhs sxtacbagaltpradispor t  mechani sm 220 from
first end 221 towards second end 222. As the algal biomass is transported,
it passes through the plurality of sepakation devices 241-248 and is
separated into fractions of varying polarity. The diffusate portions that
pass through separation devices 241-248 are directed to reservoirs 261-268.



[ 0141] For exanple, the diffusate portion of the algal biomass that passes
through the first separation device 241 (e.g., the portion containing

| i qui d arMOparyi3gises snal |l enough to pass through separ CTais201a9bdd4 241) i s
directed to the first reservoir 261. Fromfirst reservoir 261, the

di ffusate portion can be recycl ed back to first inlet reservoi r 201 The

retenta[bmort on of he alﬂ ss th t 0es no ss tr}:; rst
separ at dev Bree"??ﬁ’ CANPIRER beén Fﬁ?ﬁt 65 VETH AR 18 %eﬁ 0to
second i\ & sdlQ8iQEIYQidlatéd By @Wlt}%&ﬁ@fb@@&”@@l&@ﬁﬂ PRoERN icEeb@daracy¥di fidin GAN
conprise ‘a finer séparation of Itration media than the first separation

devi ce @gaiblqmammw@osteﬁ%nﬁlaml pder lpids wiheboy $PYd ghanobend pgetsaldipidsr ough
second s r devi 42 fect d,. to se ond reserv0|r 26 and
Chen'r SLJERAR bR A8 cfitfof T ol lF TS o5 B0 PSR Bt 8y *The
r et ent aix@ra@prestns Fon€h agmtbl@mmfw&n@beh&ait 70%0 RS 1iplitastw@lﬂe5eqmﬁb aP@RS

t hrough second separation device 242 can be directed by transport nechani sm
220 t o 0% pethapele end weyiel Bpids ppgld reapize ghogt UL egthael.r epeat ed for inl et
reserv 213 @gg \ tate
portio 2 i% eagﬁn]n%fi ageticﬁgﬁ%?}?seeglﬁke%l%tdé&ﬁ ﬁcesz(g% %ble%&%ﬁlb&@tt Sﬁrgrgseli1 %1?(?5,

whi | e tlexgctddusalls. ;Festtofmrhlstlarreco@ef;e@&tﬁdudmprbb@s ke e enarasewvithiomaand
recycl ed back to the curr i nl et qu rvoir.. [0143] l exe

enbodi nEHt 5,2 PRET pGqnemMiq § BRtEh gy EROPHREH GornE Wé"%llgw@saﬁn%eer to
slightl r , i | ast
Fracti o Ty T ad R Y i g e R e A A 1 et

i . e. tHeomesss fapolae cffeotivasing Thesysteovsesd mdimcbfodrtlm msetnaunvsntmmﬁﬂnent s in

t he order, ,of, decreasin olarjty with the f funtlo of the
et PG AR FER P8 Bl ekt Mot R aneras ot i Ra®l o1 oy
ext ractdyingy W@&@emﬂiﬁl EltaetibNSTHR bt Rlsé XM VBhEorTal 6XtrdchioR Bleglicnllypi ds,

while the findl fractions are rich in neutral |ipids. [0144] The oil
fracti onsudtann b@ulesxne;neﬂd@mgtcemppb@rté@l@rattvéls Ie@tmgnelminfﬁcwlhs at urated fatty

aci ds. car teno ds a turat

separ at @g;ﬁ]r om t heP ar}i © uﬁs]?dﬁré&gtrgoc s aé’ BQ%@‘}? As arﬁ)aleec uig feaglgalh on in
conj unchitefalMBxBmpRRy Mbediticars rﬁhysllde|ah@WawﬂwmléélbleQﬂlghﬂbencﬁtqfolaf saletits can be
separated fromthe carotenoids using the nol ecular distillation. The

di sti | |ia¢ladinggbptpet Fimged fop Hethagoly §thﬁgolalseprﬁm@1m0§ftopﬁ | sl gfetatsl an t o
separ at

noat ar'Se o r st epeEe Shibol ik 28 i { fbel FrbRlIg kIR, HRAT: EBAA, The
2012/ 138880POT B2 4tdd %ﬁﬁémm[lﬁglﬁbidhd srmhplrnp bf Isbhitddi regtrelntiyodk. néthas] i he
extractlfm system ano| rret%gds descri bgn rein mc(gﬁgosﬁaghg one or nore
steps t6AESY SLARIGHLP RUREREAS SPIPRISHS AlCHIAYGT fiy Insemg. | al gal
bi 0Mas SYyen g eﬂb@&ﬁieﬂtseé‘)&fa%ﬁ&ﬁ il ﬁﬁ&fbﬁa@d@éaﬂ%e?@ri@ﬁhé@ﬁl%@%{ )foﬂ&wéEP eve
i solation and’ extraction of protein. For exa in one non- | mti ng
enbodi meembrantrbaged pofificiteonsid heastad. The tdveltihg rbsctmzsse paalaobtatevdigwif petéraind

optlmzedfor ei,n ction, ultin first fraction that is
rich ir aBrb8t08T“B eﬁﬂi’@??i tlil%s °h qyfegcy ﬁﬂealb?‘(g'te@il%a &EYUY i on step is adj ust ed
dependi 26N t hesdleeRindlhe cRIBHRASS, Be JoRlcBf @& to ThtacPKatitihoR @fhet i n of
interest may be ascertained using met hods known to one of skill in the art,
i ncl ud|emgoodluucntﬁmclud|erfwt@¢ e ligjioddo 1 dyelobeians opetiRbduny pther erere: hexrne,

eITP! ! IR 908 B, B IR E o R RIS R Al N ogR O

For exadmlogitrilc)isspitpasrod m@him. th@nsodnvisstimprds, Itﬁe gineadodvent Basedbout 10.
I n other enbodi nents, the solvent pH ranges_from about 10 to about 12. In

f ur t herSCEREHi| FEREEON StRRs- dpothsh empreimenigpditierent solygstierepscd Breaghout 12. 1n
ot her

erbodi renp st oy I8 R KFbAPIrkS pREb mpi o GAATR: fipddbo B Linoe el 1 he
sol ventmpid axaagem stepem about 2 to about 5. In further enbodl ments, the

sol vent bout out 3,. abou ut, 4.5, or. about 5. The

oxt 1 actdB Hor  Fospris Shanis oF UEDRT e GO TS, HATRPE B Teis
subsequ@ifentslsed if HSAIRE ExSrabBorPGB)EUBUE! dt RGLI AR I@B‘f'bﬂhﬂﬁcsfol\%ﬁﬁ&ﬂcpﬁ 1based
on polarity. In another non-limting enbodi nent, protein material is
separaUHalnwﬂnmebmmnbmnbé@h@emmmmmmbwnneubyth¢hwme@mheaﬁsmﬁbxewﬁS%@lvent pH
adj ustnment). [0147] Adj ust nent of solvent pH is acconplished in accordance
with nethods known to those of skill i#the art. For exanple, acid pHis
achi eved by m xture of an appropriate acid into the solvent stream

Exenpl ary acids useful for protein extraction include, without limtation,
phosphoric acid, sulfuric acid, and hydrochloric acid. Simlarly, alkaline
pH |s achleved by addltlon and m xture of an approprlate base |nto the

o Y e 1 o,



WO 2012/ 138380PCT/ US2011/ 059144 process based on polarity is exposed to a
pH adj usted solvent m xture to isolate protein material at the end of the
extracti ONORP(IS8380 [ 0149] As shown in FIG 3, the sol veRCTASREA0FYA4 and t he
theory of fractionation based on polarity were devel oped by extensive

anal ysis of solvents and the effect on extraction using the Sohxl et

extracti on.process,, .whi ch.all.ows t separatipon of lipids fro soljd
ot o' SO RS A st R e SRR 6By s st gl S BBahicng
sol ventgg e ishs® & ©hdefatidslaftd MidVedth KREQYGHM scRhi¥@ ush k@ Mcvar i ous

chem cal cl asses enconpassing a w de range of polarities such as al kanes,
cycl oalatasal odlikgiestiakonpentrated trethg smild aoeust, ofberdeophekic salvemy iIde twe t he

extractj. the lipid content and conposition of the bionmas 0 be

ext r aot ikt SPuatsahSy o B SR g SR B nerdFu MR b ePEa gae oi
est i matindnSHERE @6 Inh@ctBhi Qi;plEM@ﬂitaﬂi&Q itik Ipdidpobicanlveat fdthe ahl@nbbpARss
contained 22. 16% total |ipid, of which 49.52% was neutral |ipid. [0150]FI G
3 pr esenta aflgac.qarostcan irbonsgamgromatic achalepikane. an ofhr, ar yeamppgeedal guxiyee

vari ou ol sol vents conmbined with a Sohxl et extraction
procesggng%%ﬁggﬂgﬂ%gg%ﬂgk%hain | engt h of the al kane sol vent, 60-70% purity
of neut0a28]l i pidsoranemBddidhbits ahe bxiakioh ppicdsscedaeabyd loaeinbecoaedrate\péd

wi t hout disruption and sol vent extraction. Th? | ongest. chai n al kane sol vent
t est ed, XABPIOAHR ONF BEHPET UePse SYbPHHEUTNON s WicTylifp) §QIaURRIPRRIBASFOYShe t ot al
lipid. AschiliGin SoROOMBodihifits! B8 EBH S tBE cBydctiBR Ef&@ssqg adliYe 8l 834 tHRSBoHS NY
sol vent's and conventional extraction nethods Such as hexané are

i nef fi ci)emt sorex pehedientsathd pHexfitht extracpoprogeslisislkalifve( ey, greater thardaboet hods
di scl os herein address these inefficiencies by controlling the proportion
of sligﬁ¥1y nonpol ar solvent to water in order to separate out conponents

of diffgi29)9 prhanidéamxitdii Bhiint®hall RE8ctRh frOCBAGRE RbSamifdidkiddne | ower
carbon al cohol solvents were nore selective for polar |ipids. e neutral

|i pi d puetngss swelsthapospreduciraninane|bearnel WSvpd prodeethaRalbodinaamty ofghe pegbeshol

did not. show any sel.ectivit et ween pol and .nonpol I pl ting
" om0 M PRIFC bl PR IE B DRl AROwERE R G teb BisSFrerhERA L

| i pi ds randbr pesdRictshanaf®torake hdhtucpaksavelll dspbstistuffnmdahaicdt suppldhash@. i s an
excel l ent candi date for an enbodi ment of the present invention wherein

met hand013¥n bé ig seemplated thatiany empodigang discyssedin this sperafigationcan sl eagi nous
mat er i j . i FRI | or hexane.
The. ot naiifed BifiGhaqid A hbolBLfim of Bl L A AL 08 e de |1 pi d
cl ass shkurtherrhdre, sistehrsalf thd ipivehtjpurdah Yo wesl tolaokievd meth@8s oSthoivantioro t he i pid
conposition present in the original biomss. Furthernore, the total lipid

hese sol vent o unsultiyt BT (IO G BFan P AR ETBRIBHENTS 20t cuiar 11 pi'd
classes or total lipid extraction. WD 2012/138380PCT/US2011/ 059144

[ 0152] Tjoe3r)es uEbssdivamekinetior bRbR FroaNALYSths beR c8scC@BiidrioTBd stistmavitibe _
standard bench scal e batch sol vent extracti on apparatus described below in

Exanpl esclectiTiip extoofeiniesy|sbicereotsdd Atoraad desvingrid) pdlerlini¢reand;nogt TAGasurd
recover,.pol ar, Lipids, .an | eu her: in. the.se r ery
of meataf® iepietasS peBEs LS B R HEieh RS SR SSShF RSy SGE LT o
sol ventsctaativély ckiagdd pebat lipids amhtheh eptradd pliket sc@tidd éipidi@vtoidas pdlahbpids,| ong.

Q her experinents done (data not‘shomm%H;ndicate t hat _about 45 m nutes or

| onger Fsuliigghin iglbirgavers: Theastortipnsiopthbate enad gd dasinids andrghicveaflnt i on
time is,; . and mass transfer of the system [0153] The
nethan?nggﬁggc ?%§§3§2§QQ%§%Torned at different tenperatures, 40C, 50C,
and 65 [@]132]n oRdénrih@naletteFHi.ne\, whicithaed 00 pravidds.an Divervipet obthe wtepet her

extractio s perforned, at. 35C, close to the boiling.point of.the splvent.
Pot r of cIH BEQEr XoRE T BOB BEER R M ho e iighe Cartsarit L3 REHISHERR ol
l'i pi ds, ;)i @W:HQiahi e%hﬁinin%%n{a§§ B 2B StefURD, d1Yal @PEELIV BFRSEE In a

extraction. [0154]FH G 4A shows that the neutral Tipid purity in a
pet r ol ewbsaEuberstexi20avticors rcmovékiiomwgadtelbsrto yigldn HARS00 sotidrtaemasn It ep at
65C i s over, 80%, denonstrati t hat. t he copbi, nati on these two extraction
oteps eMarha SoESHEE aitoelidh b EtRira SOPe R Aaf e tEoH € or oducs

FI G 4Bo3lbews. Iﬂ'@fmetéiﬂoddﬁl’hé‘ﬂts,%%t1r3ﬁ|wiﬂliaﬂldodné&ﬁ@r‘é%rp1{ib@s%d|e&’b¥a@ﬂﬂ dnfere was a
significant anmount of neutral lipid loss in the first step. [0155]To
mnimze the loss of neutral lipids i *the nethanol extraction step, the
polarity of the solvent can be increased by adding water to the sol vent.
FIG 5A and 5B show the results of extracting the aforenentioned bi onass
with 70% v/v aqueous mnethanol followed by extraction with petrol eum et her.
FIG 5A shows that the neutral lipid purity was nuch higher in the



[0156] I n sone exenpl ary enbodi nents the tenperature of the extraction
process is controlled in order to ensure optimal stability of algal
conmponentWORPEEIBRI80Ii n t he al gal bi omass. Al gal protei nsPCFAS218M081d4, and
chl orophyl | are exanpl es of algal conponents that exhibit tenperature
sensitivity. In other enbodi ments, the tenperature is increased after the

te er ure sensitiv ts have been extr fro he al gal
bi onms ST 91 S9aCH 08 Fink 1D ash QLRR RSy SSHB BHOLIne: Fit PPLHBRRA LY e of t he
ext r actib@hiqfe® SEhSasi ftrashny 8&&%!@ 08 d8ftrifuPafet, Nl yZR fdiRrvib@lth akp 14®t0

desired product. Extractions can be run from ambi'ent tenmperature up to, but
bel ow, itleeddste $qpﬁ@tq3@1trsma8¢r lime cemperetts on mi xture. In stil I ot her WO

/ d
or oces Ul hat et s BORI L "o ke e ot 1By BFRBF 258 7t Sl 1 "

still abhaesolRRDTHE BRMaSs cdnfig: @xﬁﬂ@mm&r&&ﬁwpatw@mgsmaﬁﬁqw&zlﬁqiucd@g;endu ng
on the algal strain of the biomass to be extracted. El evated extraction

t enper dutipeilimited wadissalyre abfleasatian: yrepbrensdiliratipre Sepoltes. sdimetdicte t he

vi SCOS'nf%lYe gﬁesklpg cf‘e%%{té‘t? &%eﬂ?rff%éﬁ&ﬁnem%%r ‘ﬁg IS ARbV QB ERHEOVRISY. or bR158] In
some enbodi men eex ractionis run un pressuretoeévaé t he

boi | i ngpfples whtepfrothesotidtor derhisokid mbstamce Embodiheas dof mipd @oesnt alvieotis), uttlize
pressure is jncreased to the de e neﬁessag% to prevent_  boiljng, ggl | e

mai nt ai BIRERCTBIAYS Iy TR VEIY qﬁ ogx# haprestethal s hbiQmessp DR EINE LA &F at ur e
at whi Cdan@éwo&ﬁmh %m?s&é bES apcrom&&ten\mhyome it s Ye e ALE hedBN 8l %ﬁ

deconpose, royed. 59] I'n sone” exenpl ary enbodi nents, the
extractasdxyansoﬁarhmthmidkne‘antdmcbfcsikﬂlmgh@mtnt of the sol vent used at the

conditi und ich th tractlonls erfor spher

el ovat dli§fless b &P gTune Do amiineaFoTt AP 40 patsetiorytoar A
the boijoongolRRI MhisHiohbE cax iHeadel e@ﬂa&bdwlewat@fgﬁfsabw@mw héepol@lsoREMET
extraction conditions. At such tenperatures, vapor phase penetration of the
sol vent(eigntatcohhls), an gauligesgescopstereusicat sofeat @ﬁracbmprqmssegrﬁaﬁmgéhe
resist ext rac rat I n Ly
exceedaf?%'uc%ogmtlelaﬁ Stf)%ei ﬁlg‘;ycﬁte r?tég% Vet redtuﬁgbg%lc\?} a£8 éérgt I;‘,%% gj%ﬂézegn form

an azedhlsome .cmbodincn@ i HomhiGidong dsidtemidiindor ameafnetelsaea&zmnlto figcciand oOf
sol vent woul d gener at e enough vapors to enhance the extraction, while
r educi nYoERpBASEAL | n addition, the sol ubility of oil is incr eased at hi gher

tenper 154 ;M;SG Jﬂﬁ [ €dewid I|n %%1 ﬁlohﬁ'%t gvle%ecaﬁle%fou%ﬁgmgﬁﬂ n at

t enperatu fe solvent I nt t ot
lipid rthehmegted ﬂghlﬁ:&or&ﬁmemﬂsa srﬁbdsmmdhqmthanb]edﬁhwﬁ:lgeelblmass actheoallsediene.

Al th h f th t t | t
11 oht 19 sBEE PEb S Th98 S dhe g BRUTCBCs aRg dvgbehPentch s pRETOtsE, | ¢
enhanceg,kheot le%nullé PTids ﬁ@&‘é? Yi&tiod c[le%%leh'ﬂ YR Tele] M&rat{ﬂéecosts

extraction 1s carried out under anbient |ighting con Itions. In other
enbodi nbhm knowhmethotls, @osblensoleent eacy¢let, msﬂmcersrthenosopéd]uyelg:tbﬂbainm& asddahs as,
but not 1ted to, st eel ube. or ¢ n order to rotect

censi e 06l TRnt st Ene e mblsly SOBE Albat biBuPs Bhosi G LBHPURE by

sensi t i i@/dlsgRirattraranantsmpd a8 11 facotingth@¥iesPihat thegpRestismed s, the
extraction takes place under nornal at rmspherl c conditions. In still other

enmbodi msdinecntatioa pemes@@ﬂﬁmb@@herglnpﬂreeﬁeqﬁmen rartnduertodlenfagt thelsgaate in
order tol\pen%trg &ceaor ?utr T2 IR £1t§veonfh%p notag nggggur aQte rﬁso%éé boocfu}ﬁg ts

enbodi ment s e ex Ton ta ere Of inert gas in

order tdfthe Divestion, Weva0dad 1113&38986'66@5&&&111 Gﬁ&itfbflreﬁiogalevaoﬂﬁp&nméls Iprone to
oxi dati on. Al gal conponents that m ght be prone to oxidation include
car ot eng@mfsemt&‘iillrﬁ?lﬁf) Hl;,q additgeigof) siobiea'gdurmg the dewatering process begins the process of

extraction.

[0136] FIG. 1B shows an illustrative implementation of a dewatering process 300. An
algal culture 310 having a final dry weight of about 1 g/L to about 10 g/L (i.e., 0.1-1% w/w) is
subjected to a water separation process 320. Process 320 can include centrifugation, decanting,

settling, or filtration. In one embodiment, a sintered metal tube filter is used to separate the

24



[0162] I n exenpl ary enbodi nents, the solvent-to-solid ratio for the
extraction is between 3-5 based on the dry weight of the solids in the

bi omass. Whaor2ésBisaal al gal biomass is rich in carbohydP&Tas2¢ia/0§0144 st ar ch)
and can be used as a feed stock to produce the solvent used for extraction.
[0163]FIG 7 shows the effect of the solvent to solid ratio on the total

l'ipid | ti i d, t
cor r es pORMPIRETiSh e Be e dhecalus Viet Bing v MEEGBRRGO e FeRE e eved
that thisecyaied RBEAUSR Ghertdl@iclAnBlcs SR dRhild, YhOfigd ibRdiHSss irébolBlch ARObecAS

conpared to ot her connDnIy used oi | extraction solvents such as hexane.
[ 0164] Teacasiatedith ian yalghe paskyorieng elgks dettsﬂe e bighlay abas 20 12dr (itey 18f20801 vent

d I d
o7 aduct R S el Bl Pl bl PR RS sl BRBlacs 1o

sol ventscilitncatioh pistesetFct i vel y extract the desired product. In the instant
two solvent extraction system_ the hydrophobic solvent anount is cal cul ated
based dA13He s&rdibicniatign ﬁfOOFWé59ﬁ%Yﬁlb%§talﬁiﬁ@g§élV\¢éfrﬁ40dﬁdhq 3lpacrasierfo paldeve
hy dr O RO s AR b w i AAARARBIBR] b Y%id RS Yok o3 O} Padut £.16: 7
extracts protelrns~an her alcoho er| u sugars an

sal ts. THe digs ibekswddtanditichat saﬂtr%rvetsm amemmhtenmwabmmthreaﬁd 1qowentoeeahs
from such an ext[acthon m X t he renafnlng material is an excel

ur S,
f er ment 3 fAFxABAICuBPhory feem%d e P ERE RS FEROR TR PR R oY BT
pol ar 'kn%%%@lﬁ‘i’qd%@ UhEhs thtﬂma%n aﬁd@ﬁh&%ﬁ&%ﬁ Orﬂ%ereaetnmgewe@&&%ss%@ i{ o
5.9 and b. .5 respectively 0 extracting the desired
conponeaxpscteétotlmvnamokndﬂ @mneent héatmut &@%ttty alpdut 10A% et maat dlgrhohinxd water by
varying he anounts of hydrophobi c and anphi pathic sol vents, al ways
account®if'®for the water present in the wet algal biomass. By using the
known p@iag)i tySbRERX i@fal fordehiRAhg at8dRFRUR coffmdNRaRRkYEIE Sokaits REth
adjusted to achieve the desired extraction m xture polarity. [0166] For
exanpl elensitiapoyan/iv gletl & bstavs 9. Sretml4 Exgmiplas el edeaineprepangLggetenc.f or every
100 g of. wet ) 0 et hanol | s ded t t he
ratio 6¥G%Pﬁngbfgqgﬁ%ﬁﬁhqﬂ %ﬁ%g%9$%mgmggrro%épﬂgtg ng{ghinpéﬁﬁgéfhanol and
t he congeslradicrletriet anebolidnt UBBityixburd . 1 §mllOdeh HAHER)bieguslveouddout
62% w w of ethanol in the |iquid phase. 62% w w of ethanol in ethanol water
mi xt ur eﬂ%rq’%@ﬁmee@)aa@%@m&ta}tmﬂ batwaxolghe setBingvgpselil at ed by wei ght and
aver agi he t t

R L L R S

cont ai ri0og m%@bh aryod] g ibr3B8%aseins ponteisusirtgsmethods fmivarinttlye amdecdudihg,
(0.62*5. 2+. 38*9) about The olarity index of the.m xtur
extracﬂﬂ%ﬁob@ﬂﬁﬁtgﬁ”@Pﬁmﬂgeﬁ FWHFY]ing@DP%hﬁﬁﬁfﬂ?%éﬁﬁmFH;leabout 5.8
and 5. %ots%ﬁpﬁ%kef@dt%n is %éQr&ﬁé{%& HofnPAb Qgé té%%%él 96 44cH BLREL 6t 65%%@16’3' e a
40% w w wet bi omass has 40 bi omass an ter for every of wet
bi omassThd a‘xtmmtgrnodtureuhﬁh@bd |rstuadn|@dlettmomaHS§0htilsxbaqk énto ttltfeslmtaﬂnddhmxtletzhanol

t t .bj 1 t bi t 1 C 1 h dt .
concent P8 PoSOEES ataet ST eRUTt mbee Tutotiss)F povas Pefuibiesivte 6296
W w of @fhaidnt Fdt dkhgctiondThélcRRRE&an cBAYstivaie et]ketatwtmkr tenregtemﬁed athat er

m xture corresponds to a polarity index of 6.6, calculated by weight and
aver agi sagiratips cpcyloatniutquelsz refplagadebyclsesp onlants Thispradrlso Falurngicalopasiagan y

i ndex of 5. 2

cont ai g Sas R BN gl RNUEP B PR LR R i ol 216 «

(0.62* araﬁrsp%ﬁﬁbhaﬁtmmﬁ(ﬁ abplurdhig df&l:@rrattqn deﬂdﬁs( 24Df 2431@ g mbmbemé @iltration
extraction of polar |ipids and neutral glds is calculated to be about 5.8

and 5. Adevispea Plugglity of prtragHan siservepp 86%36 sod aduphly Hyemskrasms 288138

the a ahgut unt
of et haar s BB R kS e o 18 L R R B BT R PR SRV ce
the anoligt of water in the ethanol/acetonltrlIe/mater azeotrope mhlch i's

about 2% [0168]1n anot her ex | e, 40% w/ bi omass |onass
g 60 148 or thisie 20gey o oferd PBimie 0 b gited a Mt bl goir of haroi: 1S aaded
to thi sehiDoh Wrranddas: héhhRisRi 220t IAB@itibS sYREnIBMRPRckSinto f?@é’ttres‘éﬁfonbl 1@MBSS
to 1 part ethanol and the concentration of ethanol in the mxture is

100/ ( 10@e68pcoogd ahd 2 2bhofurandpor weehapfisne 2Panbitansport mechango 2R Ophewsts. thé@dgew w
of ethanol in ethanol water m xture corresponds to a polarity index of 6.6,
cal cul ated by wei ght and averagi ng thez%olarities of the conponents.

Et hanol, having a polarity index of 5.2, and water, having a polarity index
of 9, in a mxture containing 62% et hanol and 38% water results in a
polarity index of (0.62*5.2+. 38*9) about 6.6. The polarity index of the
ntxture for extractlon of polar |IpIdS and neutral |IpIdS |s calculated to

- I T . o o o o o "



WO 2012/ 138380PCT/ US2011/ 059144 we woul d need to nake a 55% w w of
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parts WeParplen deviesl 3Ad fe-g., the portion containing liquid and particles small enough to pass
through separation device 241) is directed to the first reservoir 261. From first reservoir 261,
the diffusate portion can be recycled back to first inlet reservoir 201. The retentate portion of
the algal biomass that does not pass through first separation device 241 can then be directed by
transport mechanism 220 to second inlet reservoir 212 and second separation device 242,
which can comprise a finer separation or filtration media than the first separation device 241.
[0142] The segment of the diffusate portion that passes through second separation device
242 can be directed to second reservoir 262, and then recycled back to second inlet reservoir
212 via recycle pump 282. The retentate or extracted portion of the algal biomass that does not
pass through second separation device 242 can be directed by transport mechanism 220 to third
inlet reservoir 213. This process can be repeated for inlet reservoirs 213-218 and separation
devices 243-248 such that the retentate portions at each stage are directed to the subsequent
inlet reservoirs, while the diffusate portions are directed to the recycle reservoirs and recycled
back to the current inlet reservoir.
[0143] In exemplary embodiments, the first fraction will be extracted with the highest
water to slightly nonpolar solvent ratio, i.c., most polar mixture, while the last fraction will be
extracted with the most pure slightly nonpolar solvent, i.e. the least polar mixture. The process
therefore extracts components in the order of decreasing polarity with the fraction. The
function of the first fraction is to remove the residual water and facilitate the solvent extraction
process. The fractions that follow are rich in polar lipids, while the final fractions are rich in
neutral lipids.
[0144] The oil fraction can be esterified to liberate the long chain unsaturated fatty acids.
The carotenoids and long chain unsaturated fatty acids can be separated from the oil using
processes such as molecular distillation in conjunction with non-molecular distillation. All of
the fatty acids can be separated from the carotenoids using the molecular distillation. The
distillates can be fractionated using a simple distillation column to separate the lower chain
fatty acids for refining. The long chain unsaturated fatty acids remain as high boiling residue in

the column.
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[0145] In some non-limiting embodiments, the extraction system and methods described
herein incorporate one or more steps to isolate protein material from the oleaginous material
(e.g., algal biomass). Such protein extraction steps employ pH adjustment(s) to achieve
isolation and extraction of protein. For example, in one non-limiting embodiment, the pH of
the solvent in the first separation device is optimized for protein extraction, resulting in a first
fraction that is rich in protein material. The pH of the protein extraction step is adjusted
depending on the pKa of the proteins of interest. The pKa of a protein of interest may be
ascertained using methods known to one of skill in the art, including, but not limited to using
the Poisson-Boltzmann equation, empirical methods, molecular dynamics based methods, or
the use of titration curves.

[0146] In some embodiments, the solvent pH is alkaline. For example, in some
embodiments, the solvent pH is greater than about 10. In other embodiments, the solvent pH
ranges from about 10 to about 12. In further embodiments, the solvent pH is about 10, about
11, or about 12. In other embodiments, the solvent pH is acid. For example, in some
embodiments, the solvent pH is less than about 5. In other embodiments, the solvent pH ranges
from about 2 to about 5. In further embodiments, the solvent pH is about 2, about 3, about 4,
about 4.5, or about 5. The extracted portion of the first separation device is then directed to
subsequent inlet reservoirs to achieve extraction and fractionation based on polarity. In another
non-limiting embodiment, protein material is separated in the final separation device by similar
means (i.e., solvent pH adjustment).

[0147] Adjustment of solvent pH is accomplished in accordance with methods known to
those of skill in the art. For example, acid pH is achieved by mixture of an appropriate acid
into the solvent stream. Exemplary acids useful for protein extraction include, without
limitation, phosphoric acid, sulfuric acid, and hydrochloric acid. Similarly, alkaline pH is
achieved by addition and mixture of an appropriate base into the solvent stream. Exemplary
bases useful for protein extraction include, without limitation, potassium hydroxide, and
sodium hydroxide.

[0148] In some embodiments, protein extraction is performed in a system separate from the
extraction and fractionation system described herein. For example, in some embodiments, an
algal biomass is soaked in a pH-adjusted solvent mixture, followed by isolation via an
appropriate separation technique (e.g., centrifugation, or filtration). The remaining solid is then
introduced into an extraction and fractionation system based on polarity, as described herein.

Similarly, in some embodiments, the remaining extract from an extraction and fractionation
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process based on polarity is exposed to a pH-adjusted solvent mixture to isolate protein
material at the end of the extraction process.

[0149] As shown in FIG. 3, the solvent selection and the theory of fractionation based on
polarity were developed by extensive analysis of solvents and the effect on extraction using the
Sohxlet extraction process, which allows the separation of lipids from a solid material. The
Sohxlet extraction system was utilized for rapid screening solvents for lipid class selectivity
and recovery. Solvents from various chemical classes encompassing a wide range of polarities
such as alkanes, cycloalkane, alkyl halides, esters, ketones, were tested. Prior to the extraction,
the lipid content and composition of the biomass to be extracted was tested in triplicate using
the standard methods for algae oil estimation such as the Bligh-Dyer lipid extraction method.
The biomass contained 22.16% total lipid, of which 49.52% was neutral lipid.

[0150] FIG. 3 presents the data gathered by extraction of a dry algal mass using various
polar and nonpolar solvents combined with a Sohxlet extraction process. Depending on the
chain length of the alkane solvent, 60-70% purity of neutral lipids and 15-45% of total lipid
recovery can be achieved without disruption and solvent extraction. The longest chain alkane
solvent tested, heptane, recovered 60% of the neutral lipids and 42% of the total lipid. As FIG.
3 shows, the results of extraction of dry algal mass using solvents and conventional extraction
methods such as hexane are inefficient, expensive, and result in poor yields. The systems and
methods discloses herein address these inefficiencies by controlling the proportion of slightly
nonpolar solvent to water in order to separate out components of differing polarities with
minimal loss of components.

[0151] The lower carbon alcohol solvents were more selective for polar lipids. The neutral
lipid purity was 22% for methanol and 45% for ethanol. Isopropyl alcohol did not show any
selectivity between polar and nonpolar lipids, resulting in a 52% pure neutral lipid product.
Methanol recovered 67% of the total lipids and more than 90% of the polar lipids. Therefore,
methanol is an excellent candidate for an embodiment of the present invention wherein
methanol can be used to selectively extract polar lipids from an oleaginous material prior to
extracting the neutral lipids using heptane or hexane. The other solvent classes tested did not
show any selectivity towards lipid class since the neutral lipid purity was close to 49%, similar
to the lipid composition present in the original biomass. Furthermore, the total lipid recovery
achieved with these solvents ranged from about 15-35%, rendering these solvents unsuitable

for the selective extraction of particular lipid classes or total lipid extraction.
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[0152] The results from the Sohxlet analysis were confirmed using the standard bench scale
batch solvent extraction apparatus described below in Example 1. The solvents selected were
methanol for the first step to recover polar lipids, and petroleum ether in the second step for
recovery of neutral lipids. All of the extractions were performed with a 1:10 solid:solvent
ratio. Each extraction step in this experiment was 1 hour long. Other experiments done (data
not shown) indicate that about 45 minutes or longer is long enough for the extraction to be
successful. This retention time is dependent on the heat and mass transfer of the system.
[0153] The methanol extractions were performed at different temperatures, 40 °C, 50 °C,
and 65 °C, in order to determine which was optimal. The petroleum ether extraction was
performed at 35°C, close to the boiling point of the solvent. Petroleum ether was chosen
because of its high selectivity for neutral lipids, low boiling point, and the product quality
observed after extraction.

[0154] FIG. 4A shows that the neutral lipid purity in a petroleum ether extraction carried
out after a methanol extraction step at 65°C is over 80%, demonstrating that the combination of
these two extraction steps enhanced the neutral lipid content of the final crude oil product.
FIG. 4B shows that the total neutral lipid recovery was low and there was a significant amount
of neutral lipid loss in the first step.

[0155] To minimize the loss of neutral lipids in the methanol extraction step, the polarity of
the solvent can be increased by adding water to the solvent. FIG. 5A and 5B show the results
of extracting the aforementioned biomass with 70% v/v aqueous methanol followed by
extraction with petroleum ether. FIG. SA shows that the neutral lipid purity was much higher
in the petroleum cther extraction than was achieved by the use of pure methanol. Moreover,
the loss of neutral lipids was greatly reduced by the use of aqueous methanol in the first
extraction step. As seen in FIG. 5B, methanol extraction at higher temperatures improved
neutral lipid purity but slightly decreased the total lipid recovery in the subsequent step.

[0156] In some exemplary embodiments the temperature of the extraction process is
controlled in order to ensure optimal stability of algal components present in the algal biomass.
Algal proteins, carotenoids, and chlorophyll are examples of algal components that exhibit
temperature sensitivity. In other embodiments, the temperature is increased after the
temperature sensitive algal components have been extracted from the algal biomass.

[0157] In still other exemplary embodiments, the temperature of the extraction process is
adjusted in order to optimize the yield of the desired product. Extractions can be run from

ambient temperature up to, but below, the boiling point of the extraction mixture. In still other
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embodiments, the temperature of the extraction process is changed depending on the solubility
of the desired product. In still other embodiments, the extraction temperature is optimized
depending on the algal strain of the biomass to be extracted. Elevated extraction temperatures
increase the solubility of desired compounds and reduce the viscosity of the extraction mixture
enhancing extraction recovery.

[0158] In some embodiments, the extraction is run under pressure to elevate the boiling
point of the extraction mixture. In these implementations, the pressure is increased to the
degree necessary to prevent boiling, while maintaining the temperature of the extraction
mixture below a temperature at which any of the desired products would begin to degrade,
denature, decompose, or be destroyed.

[0159] In some exemplary embodiments, the extraction is performed near the boiling point
of the solvent used, at the conditions under which the extraction is performed (e.g., atmospheric
or clevated pressures). In other embodiments, the extraction is performed near the boiling
point of the extraction mixture, again accounting for other extraction conditions. At such
temperatures, vapor phase penetration of the solvent into the algal cells is faster due to lower
mass transfer resistance. If the extraction temperature is allowed to significantly exceed the
boiling point of the solvent, the solvent-water system can form an azeotrope. Thus,
maintaining the system at or near the boiling point of solvent would generate enough vapors to
enhance the extraction, while reducing expense. In addition, the solubility of oil is increased at
higher temperatures, which can further increase the effectiveness of extraction at temperatures
close to the solvent boiling point. FIG. 6 shows the total lipid recovery in the aqueous
methanol-petroleum cther extraction scheme. Although performing the methanol extraction
near its boiling temperature slightly decreases the neutral lipid recovery as observed in FIG.
5B, it enhances the total lipid recovery.

[0160] In other embodiments, the extraction is carried out under ambient lighting
conditions. In other embodiments, the extraction is carried out in an opaque container such as,
but not limited to, a steel tube or casing, in order to protect light sensitive algal components
from degradation. Carotenoids are light sensitive algal components.

[0161] In other exemplary embodiments, the extraction takes place under normal
atmospheric conditions. In still other embodiments, the extraction takes place under a nitrogen
atmosphere in order to protect algal components prone to oxidation. In still other

embodiments, the extraction takes place under an atmosphere of inert gas in order to protect
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algal components prone to oxidation. Algal components that might be prone to oxidation
include carotenoids, chlorophyll, and lipids.

[0162] In exemplary embodiments, the solvent-to-solid ratio for the extraction is between
3-5 based on the dry weight of the solids in the biomass. The residual algal biomass is rich in
carbohydrates (e.g., starch) and can be used as a feed stock to produce the solvent used for
extraction.

[0163] FIG. 7 shows the effect of the solvent to solid ratio on the total lipid recovery. As
the solvent to solid ratio was increased, there was a corresponding and drastic increase in total
lipid recovery. It is believed that this was because of the lower solubility of lipids in methanol
as compared to other commonly used oil extraction solvents such as hexane.

[0164] The solubility of components is affected by the polarity of solvent used in an
extraction process. The solubility properties of a desired product can be used to determine the
appropriate ratio of wet biomass to solvent in order to selectively extract the desired product.
In the instant two solvent extraction system, the hydrophobic solvent amount is calculated
based on the solubility of the amphipathic solvent and lipids in the hydrophobic solvent.
[0165] A polarity index of between about 6.5 to 6.7 extracts proteins and other alcohol
soluble materials such sugars and salts. It has been found that after the removal of alcohol and
proteins from such an extraction mixtures, the remaining material is an excellent fermentation
medium. The polarity index of the mixture for extraction of polar lipids and neutral lipids is
calculated to be between about 5.6 to 5.9 and 5.3 to 5.5 respectively. The key to extracting the
desired components is to manipulate the polarity of the extraction mixture by varying the
amounts of hydrophobic and amphipathic solvents, always accounting for the water present in
the wet algal biomass. By using the known polarity index of a solvent, the amount of the
solvents can be adjusted to achieve the desired extraction mixture polarity.

[0166] For example, a 40% w/w wet biomass has 40 g biomass and 60 g water for every
100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to wet
biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the mixture
is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of ethanol in
cthanol water mixture corresponds to a polarity index of 6.6, calculated by weight and
averaging the polarities of the components. Ethanol, having a polarity index of 5.2, and water,
having a polarity index of 9, in a mixture containing 62% cthanol and 38% water results in a
polarity index of (0.62*5.2+.38%9) about 6.6. The polarity index of the mixture for extraction

of polar lipids and neutral lipids is calculated to be about 5.8 and 5.4 respectively.
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[0167] For example, a 40% w/w wet biomass has 40 g biomass and 60 g water for every
100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to wet
biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the mixture
is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of ethanol in
cthanol water mixture corresponds to a polarity index of 6.6, calculated by weight and
averaging the polarities of the components. Ethanol, having a polarity index of 5.2, and water,
having a polarity index of 9, in a mixture containing 62% cthanol and 38% water results in a
polarity index of (0.62*5.2+.38%9) about 6.6. The polarity index of the mixture for extraction
of polar lipids and neutral lipids is calculated to be about 5.8 and 5.4 respectively. If
acetonitrile is used as the hydrophobic solvent, the amount of acetonitrile would be between
about 2% and 4% of the amount of ethanol, because there would be an interfacial layer volume
almost twice the amount of water in the ethanol/acetonitrile/water azeotrope, which is about
2%.

[0168] In another example, a 40% w/w wet biomass has 40 g biomass and 60 g water for
every 100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to
wet biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the
mixture is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of
cthanol in ethanol water mixture corresponds to a polarity index of 6.6, calculated by weight
and averaging the polarities of the components. Ethanol, having a polarity index of 5.2, and
water, having a polarity index of 9, in a mixture containing 62% ethanol and 38% water results
in a polarity index of (0.62*5.2+.38%9) about 6.6. The polarity index of the mixture for
extraction of polar lipids and neutral lipids is calculated to be about 5.8 and 5.4 respectively. If
hexane is used as the hydrophobic solvent, the amount of hexane would be between about 6%
and 12% of the amount of ethanol, because there would be an interfacial layer volume almost
twice the amount of water in the ethanol/hexane/water azeotrope, which is about 6%. This is
because the size of the interfacial layer is related to the miscibility of the two solvents used in
the system, and is further affected by the detergent-like effects of the proteins and various
lipids present in the extraction mixture. The size of the interfacial layer is also related to the
temperature of the mixture. As the temperature is increased, the two solvents become more
miscible, thereby increasing the size of the interfacial layer.

[0169] In another example, if the extraction solvent is a 1:1 mixture of isopropyl alcohol
and ethanol, the polarity of this solvent is ((3.9+5.4)/2) which is about 4.65. The ratio of

solvent to wet biomass would be calculated to match the polarities. To get a 6.6 polarity index,
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we would need to make a 55% w/w of IPA-water mixture calculated by solving the following
algebraic equation:

x*4.65+(1-x)*9=6.6

X = (9-6.6;/(9-4.65) =0.55

55% w/w :f solvent mix in solvent mix-water
[0170] Therefore, for a 40% w/w wet biomass, the wet biomass to IPA ratio is (1-0.55)/0.6
~0.75.
[0171] With a 40% w/w wet biomass this would correspond to a ratio of 100 parts wet
biomass to 75 parts solvent mixture. A 40% w/w wet biomass has 40 g biomass and 60 g water
for every 100 g of wet biomass. If 75 g of solvent mixture is added to this mixture, the
concentration of solvent in the mixture is (75/(75+60)) is about 55% w/w of solvent mixture in
the solvent mixture-water solution. These calculations can be used to obtain the solvent
biomass ratio at cach extraction stage and for each product. A few nonlimiting examples of

solvent sets appear in Table 3A and 3B.
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Table 3A
..................................................................................................................................................................................................... o
5 : ; : : ‘Solvent- solvent

‘parts wet  parts ‘Biomass Parts Dry Parts ‘water

‘biomass solvent dryness Biomass Water iratio

:One step Protein Extraction

;Ethanol

11:1 IPA EtOH mixture
:95% ethanol water mixture

:95% ethanol 5% methanol mixture
:95% ethanol 5% IPA mixture

‘One step Polar lipids Extraction

Etharol ....too 320 40% 40 60 o084 52
PA 100 101 40% 40 60 0.63 3.9
MeOH 1000 . 274 A0% 40 60. . 082 .. o1
‘Propanol 100° 107 40%: 40 60 0.64 4
11 PAEOHmixture ....too 154 40% 40 60 072 4.55
195% ethanol water mixture 100 468 . 40%. 40 60 0.89 . 5.39.
195% ethanol 5% methanol mixture 100 317 40% 40 60 0.84 . 5195
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Table 3B

: : Extraction : :
PartsDry :Parts  :Solvent-water solvent polarity :Solution polarity :
ter iratio i ‘index :

‘parts wet biomass :parts solvent ‘Biomass dryness Biomass ‘Wa

Propanol

LLIPAEOHmixture

'95% ethanol 5% methanol mixture :
95% ethanol 5% IPA mixture :

:95% ethanol 5% IPA mixture :
One step Neutral lipids Extraction :

:95% ethanol 5% IPA mixture

[0172] The extraction mixture described in all examples, is made up of a substantially solid
phase and a substantially liquid phase. These phases are then separated post extraction. This
can then be followed by removal of the liquid solvent from the liquid phase, yielding an
extraction product. In some embodiments, the solvent is evaporated. In such an
implementation, a liquid-liquid extraction technique can be used to reduce the amount of
solvent that needs to be evaporated. Any solvents used can be recycled if conditions allow.
[0173] It was theorized that treatment of the algal biomass prior to extraction would
enhance the productivity and efficiency of lipid extraction. In this direction an experiment was
done comparing the effect of adding a base or another organic solvent to an algal biomass to
change the surface properties and enhance extraction. A variety of treatments including
aqueous methanol, aqueous sodium hydroxide, and aqueous DMSO were attempted. As FIG. 8
demonstrates, the addition of 5% DMSO increases the lipid recovery 3-fold. These extraction
steps may be exploited to dramatically reduce the methanol extraction steps. However, the
solutions used in the above experiments may not be ideal for use on larger scales due to the

high cost, viscosity, and ability to recover and recycle DMSO.
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[0174] FIG. 9 is a chart showing the effect of an eight step methanol extraction on the
cumulative total lipid yield and the purity of the extracted neutral lipid. In this embodiment,
112 grams of wet biomass (25.6% dry weight), was extracted with 350 mL pure methanol and
heating for 10 minutes at 160 W irradiance power in each step. This resulted in an extraction
temperature of about 75°C, which was near the boiling point of the extraction mixture. Using
this process, it was determined that it is possible to obtain highly pure neutral lipids from algal
oil once the majority of the polar lipids have been extracted. FIG. 9 shows that it is possible to
isolate high purity neutral lipid once the polar lipids are all extracted. In this case a 5% yield of
total biomass was achieved with over 90% neutral lipids purity in methanol extraction steps 5
through 8. Furthermore, due to the boiling point of the extraction mixture, most of the water in
the biomass is completely extracted in the first extraction step, along with carbohydrates,
proteins and metals.

[0175] FIG. 10 shows that recovery of lipids can be made more efficient by the use of
cthanol to extract lipids and protein from wet biomass. By using ethanol, 80% total lipid
recovery can be achieved in about 4 steps rather than the 9 generally needed by using
methanol. This increase in recovery may be attributed to greater solubility of lipids in ethanol
as compared to methanol. Furthermore, the boiling point of aqueous ethanol is higher than
aqueous methanol, facilitating further recovery of lipids. This is because the higher
temperature renders the oil less viscous, thereby improving diffusability. Another distinct
advantage of this process is using the residual ethanol in the oil fraction for transesterification
as well as lowering the heat load on the biomass drying operation.

[0176] Further, FIG. 10 demonstrates that the initial fractions are non-lipid rich, containing
proteins and other highly polar molecules, followed by the polar lipid rich fractions and finally
the neutral lipid fractions. Hence with a proper design of the extraction apparatus, one can
recover all the three products in a single extraction and fractionation process.

[0177] Another embodiment of the current invention utilizes microwaves to assist
extraction. Based on previously gathered data disclosed in this application, it is shown that
methanol is the best single solvent for extraction of all lipids from algae. Hence, a single
solvent multiple step extraction, as described in Example 1 of the instant application, was
performed in order to gather data on the efficacy of a one solvent microwave extraction system.
[0178] FIG. 11 is a logarithmic plot comparing the extraction time and total lipid recovery
of conventional extraction and microwave-assisted extraction. Based on the slope of the curve,

it was calculated that the microwave system reduces the extraction time by about five fold or
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more. While the conventional methods have a higher net lipid recovery, this is due to higher
recoveries of polar lipids. Based on these results, the conditions for extraction of dry algal
biomass using solvents with and without microwave assistance have been optimized. Some
embodiments of the invention use traditional microwave apparatus, which emit wavelengths
that excite water molecules. Further embodiments of the invention utilize customized
microwave apparatus capable of exciting different solvents. Still other embodiments of the
invention utilize custom microwave apparatus capable of exciting the lipids present in the algal
biomass. In some embodiments, the lipids present in the algal biomass are excited using
microwaves, thereby enhancing the separation and extraction of the lipid components from the
algal biomass.

[0179] Moisture content is another parameter of biomass that will influence the efficiency
of oil extraction. In some embodiments of the present invention, dry algal mass is extracted
and fractionated. In other embodiments, the algal mass is wet. Biomass samples with algae
mass contents of 10%, 25%, and 33% were used to investigate the influence of moisture on
extraction performance.

[0180] FIG. 12A shows an illustrative process 400 for a step-wise extraction of products
from an algac biomass. All units in FIG. 12A are in pounds. FIG. 12A shows a mass balance
of the process 400, while the details of the equipment and/or systems for performing the
process are described elsewhere herein. A biomass containing 5 pounds of algae has about
0.63 pounds of polar lipids, 1.87 pounds neutral lipids, 1 pound protein, and 1.5 pounds
carbohydrates. The biomass and 1000 pounds of water is processed in a dewatering step 405,
which separates 950 pounds of water from the mixture and passes 5 pounds of algae in 45
pounds of water to a first extraction step 410. Any of the dewatering techniques disclosed
herein can be used tin dewatering step 405. In the first extraction step 410, 238 pounds of
cthanol and 12 pounds of water are combined with the algae and water from the previous step.
The first extraction step 410 has a liquid phase of about 80.9% w/w ethanol. A first liquid
phase of 231 pounds of cthanol, 53 pounds of water, and 0.5 pounds of algal proteins are
recovered, from which water and ethanol are removed by, e.g., evaporation, leaving a protein-
rich product 415. Solvent recovered from the evaporation can be recycled to the first extraction
step 410.

[0181] A first solid phase from the first extraction step 410 is passed to a second extraction
step 420; this first solid phase includes 4.5 pounds of algae, 2.6 pounds of water, and 10.9
pounds of ethanol. Eighty-six pounds of ethanol and 4 pounds of water are added to the first
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solid phase from the previous step. The second extraction step 420 has a liquid phase of about
93.6% w/w ethanol. A second liquid phase of 85.9 pounds cthanol, 5.9 pounds water, and 0.6
pounds polar lipids are recovered, from which water and ethanol are removed by, e.g.,
evaporation, leaving a polar lipid-rich product 425. Solvent recovered from the evaporation
can be recycled to the second extraction step 420.

[0182] A second solid phase from the second extraction step 420 is passed to a third
extraction step 430; this first solid phase includes 3.9 pounds of algae, 0.7 pounds of water, and
11 pounds of ethanol. Seventy-found and a half pounds of ethanol and 3.5 pounds of water are
added to the second solid phase from the previous step. The third extraction step 430 has a
liquid phase of about 95.4% w/w ethanol. A third liquid phase of 78.9 pounds ethanol, 3.9
pounds water, and 1.6 pounds neutral lipids are recovered, from which water and ethanol are
removed by, e.g., evaporation, leaving a neutral lipid-rich product 435. Solvent recovered from
the evaporation can be recycled to the second extraction step 430 A solid phase of 2.3 pounds
algae, 0.3 pounds water, and 6.6 pounds ethanol remain.

[0183] As demonstrated in FIG. 12A, the resulting lipid profile with each sequential
cthanol extraction step was largely influenced by the moisture content in the starting algae.
Models of process 400 were run on three different biomass collections, each having a different
initial water content. As the initial water content decreased, the maximum lipid recovery step
changed from the third extraction step to a fourth (not shown). However, the overall lipid
recovery from these three biomass samples were quite similar, all above 95% of the total lipid
content of the algal biomass.

[0184] When algal mass with higher moisture content was used, the ethanol concentration
in the aqueous ethanol mixture was much lower, and consequently the neutral lipid percentage
in the crude extract was also lower. It has been reported that dewatering an algae paste with
90% water is a very energy intensive process. The methods described herein unexpectedly can
be used to successfully extract and fractionate an algal mass containing mostly water. As
overall lipid recovery was not significantly influenced by starting from an algae paste
containing 90% water (10% algal solids), unlike conventional extraction methods, the methods
disclosed herein do not require the use of an energy intensive drying step.

[0185] FIG. 12B shows an illustrative implementation 500 of one of the extraction steps of
process 400. An algac biomass and solvent mixture 505 is provided to an extraction vessel
510. After the algac is extracted (as described elsewhere herein), the mixture is provided to a

coarse filtration system 515, such as a sintered metal tube filter, which separates the mixture
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into a liquid phase and a solid phase. The solid phase is passed to a downstream extraction
step. The liquid phase is passed to a solvent removal system 520, e.g., an evaporator, to reduce
the solvent (e.g., cthanol) content in the liquid phase. The liquid phase remaining after solvent
removal is, optionally, passed to a centrifuge 525. Any solids remaining in the solvent removal
system are recycled or discarded. Centrifuge 525 assists in separating the desired algal product
(e.g., proteins or lipids) from any remaining water and/or solids in the liquid phase.

[0186] FIG. 14 shows an example of a process 600 by which an algal mass can be
processed to form or recover one or more algal products. In this example, an algal biomass is
extracted in a step-wise manner in a front-end process 605 using the methods disclosed herein.
The extraction and separation steps are followed by an esterification process 610, a hydrolysis
process 615, a hydrotreating process 620, and/or a distillation process 625 to further isolate
components and products. The components and products include algal lipids, algal proteins,
glycerine, carotenoids, nutraceuticals (e.g., long chain unsaturated oils and/or esters), fuel
esters (generally, the esters having chain lengths of C20 or shorter), fuels, fuel additives,
naphtha, and/or liquid petroleum substitutes. In preferred embodiments the fuel esters are C16
chain lengths. In others, the fuel esters are C18 chain lengths. In still other embodiments, fuel
esters are a mixture of chain lengths, C20 or shorter.

[0187] The esterification process 610, hydrolysis process 615, hydrotreating process 620,
and distillation process 625 are optional and can be used in various orders. The dashed arrows
and dotted arrows indicate some, but not all, of the options for when the hydrolysis,
hydrotreating, and/or distillation processes may be performed in the processing of the lipid
fractions. For example, in some embodiments of the invention, after extraction and/or
separation are carried out, the neutral lipids fraction can be directly hydrotreated in order to
make fuel products and/or additives. Alternatively, in other embodiments, the neutral lipid
fraction can be passed to esterification process 610.

[0188] Esterification process 610 can include techniques known in the art, such as acid /
base catalysis, and can include transesterification. Although base catalysis is not excluded for
producing some products, acid catalysis is preferred as those techniques avoid the soaps that
are formed during base catalysis, which can complicated downstream processing. Enzymatic
esterification techniques can also be used. Esterification can process substantially pure lipid
material (over 75% lipid, as used herein). After esterification, glycerine byproduct can be
removed. The esterified lipids can then undergo molecular and/or nonmolecular distillation

(process 625) in order to separate esterified lipids of different chain lengths as well as
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carotenoids present in the lipid fraction. The esterified lipids can then be passed to
hydrotreating process 620 to generate jet fuel, biodiesel, and other fuel products. Any
hydrotreating process known in the art can be used; such a process adds hydrogen to the lipid
molecules and removes oxygen molecules. Exemplary conditions for hydrotreating comprise
reacting the triglycerides, fatty acids, fatty acid esters with hydrogen under high pressure in the
range of 600 psi and temperature in the range of 600°F. Commonly used catalysts are NiMo or
CoMo.

[0189] Hydrotreating the fuel esters rather than the raw lipids has several advantages.
First, the esterification process 610 reduces the levels of certain phosphorus and metals
compounds present in algal oils. These materials are poisons to catalysts typically used in
hydrotreating processes. Thus, esterification prior to hydrotreating prolongs the life of the
hydrotreating catalyst. Also, esterification reduces the molecular weight of the compounds
being hydrotreated, thereby improving the performance of the hydrotreating process 620.
Further still, it is advantageous to retain the fuel esters from the distillation process 625 to be
hydrotreated in a vaporous form, as doing so reduces the energy needed for hydrotreating.
[0190] In some embodiments of the invention, the neutral algal lipids are directly
hydrotreated in order to convert the lipids into fuel products and additives. While in other
implementations, the neutral lipids are esterified and separated into carotenoids, long chain
unsaturated esters, eicosapentacnoic acid (EPA) esters, and/or fuel esters via distillation
process 625. Distillation process 625 can include molecular distillation as well as any of the
distillation techniques known in the art. For example, the distillates can be fractionated using a
simple distillation column to separate the lower chain fatty acids for refining. The long chain
unsaturated fatty acids remain as high boiling residue in the column. In some embodiments,
the remaining vapor can then be sent to the hydrotreating process. Two of the advantages of
the present invention are that it yields pure feed as well as a vapor product, which favors the
energy intensive hydrotreating reaction, as described above.

[0191] In some embodiments of the invention, polar lipids (and, optionally, neutral lipids)
are hydrolyzed in hydrolysis process 615 before being passed to the esterification process.
Doing so unbinds the fatty acids of the algal lipids, and enables a greater amount of the algal
lipids to be formed into useful products.

[0192] FIG. 15 is a flowchart showing a process 700 for producing nutraceutical products
from neutral lipids. In one implementation of process 700, neutral lipids are fed to an

adsorption process 705 that separates carotenoids from EPA-rich oil. The neutral lipids can be
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from an algac source generated by any of the selective extraction techniques disclosed herein.
However, the neutral lipids can be from other sources, such as plant sources.

[0193] Adsorption process 705 includes contacting the neutral lipids with an adsorbent to
adsorb the carotenoids, such as beta carotene and xanthophylls. In one implementation, the
adsorbent is Diaion HP20SS (commercially available from ITOCHU Chemicals America,
Inc.). The neutral lipids can contact the adsorbent in a batch-type process, in which the neutral
lipid and adsorbent are held in a vessel for a selected amount of time. After the contact time,
the absorbent and liquid are separated using techniques known in the art. In other
implementations, the adsorbent is held in an adsorbent bed, and the neutral lipids are passed
through the adsorbent bed. Upon passing through the adsorbent bed, the carotenoids content of
the neutral lipids is reduced, thereby producing an oil rich in EPA.

[0194] The carotenoids can be recovered from the adsorbent material by treating the
adsorbent with an appropriate solvent, including, but not limited to, alcohols such as ethanol,
isopropyl alcohol , butanol, esters such as ethyl acetate or butyl acetate, alkanes such as
hexane, and pentane.

[0195] FIG. 16 is a flowchart showing a process 800 for producing fuel products 830 from
neutral lipids 805. The neutral lipids can be from an algae source generated by any of the
selective extraction techniques disclosed herein. However, the neutral lipids can be from other
sources, such as plant sources. The neutral lipids are treated in a degumming process 8§10, in
which the lipids are acid washed to reduce the levels of metals and phospholipids in the neutral
lipids. In some implementations, a relatively dilute solution of phosphoric acid is added to the
neutral lipids, and the mixture is heated and agitated. The precipitated phospholipids and
metals are then separated from the remaining oil, for example, by centrifuge.

[0196] The treated oil is then passed to bleaching process 815 to remove chlorophylls and
other color compounds. In some implementations, bleaching process 815 includes contacting
the oil with clay and or other adsorbent material such as bleaching clay (i.e. bentonite or
fuller’s earth), which reduce the levels of chlorophylls and other color compounds in the oil.
The treated oil then is passed to hydrotreating process 820, which hydrogenates and
deoxygenates the components of the oil to form fuels products, for example, jet fuel mixtures,
diesel fuel additive, and propane. In addition, the hydrotreating process 820 also causes some
cracking and the creation of smaller chain compounds, such as LPG and naptha. Any of the

hydrotreating processes described herein can be used for hydrotreating process 820.
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[0197] The mixture of compounds created in the hydrotreating process 820 are passed to a
distillation process 825 to separate them into various fuel products 830. Distillation process
825 can include any of the molecular and non-molecular distillation techniques described
herein or known in the art for separation of fuel compounds.

[0198] In some embodiments of the instant invention, proteins may be selectively extracted
from an algal biomass. Extraction of proteins using the disclosed methods offers many
advantages. In particular, algal cells do not need to be lysed prior to extracting the desired
proteins. This simplifies and reduces costs of extraction. The methods of the instant invention
exploit the solubility profiles of different classes of proteins in order to selectively extract and
fractionate them from an algal culture, biomass, paste, or cake.

[0199] For example, an algal biomass may be subjected to heating and mixing to extract
water and salt soluble proteins called albumins and globulins. This mixture can then be
subjected to a change in pH to recover the alkali soluble proteins called the glutelins. This step
can then be followed by a solvent-based separation of the alcohol soluble proteins called
prolamins. The remaining biomass would be rich in carbohydrates and lipids.

[0200] Proteins can be extracted from both saltwater and freshwater algal cells, as shown in
FIGS. 17 and 18. The presence of salt in the saltwater algal culture or biomass affects the
extraction of different classes of protein, but the methods disclosed herein enable one to
selectively extract proteins from either fresh or saltwater algae.

[0201] In some embodiments, extraction of proteins from freshwater algal cells is
accomplished by the novel process shown in FIG. 17. Freshwater algal cells or a freshwater
algal biomass are heated and mixed. Mixing can be accomplished by a variety of methods
known in the art such as, but not limited to, stirring, agitation, and rocking. This process
generates a first heated extraction mixture or slurry, comprised of a first substantially liquid
phase and a first substantially solid phase. The solid and liquid phases are then separated.
Separation can be accomplished by a variety of methods known in the art including, but not
limited to, centrifugation, decantation, flotation, sedimentation, and filtration. This first
substantially liquid phase is enriched in albumin proteins.

[0202] The first substantially solid phase is then mixed with salt water and heated to
generate a second heated extraction mixture or slurry, comprised of a second substantially
liquid phase and a second substantially solid phase. The salt water may be natural seawater or

may be an aqueous salt solution. An example of such a solution would comprise about
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sol vent that needs to be evaporated. Any solvents used can be recycled if
condi t i[0283]al | dWac second substantially solid phase is then mixed with water and heated to
generate a third heated extraction mixture or slurry, comprised of a third substantially liquid
phase and a third substantially solid phase. The pH of this third extraction mixture or slurry is
then raised to about 9 or greater, enriching the third substantially liquid phase with glutelin
proteins. The solid and liquid phases are then separated, the third substantially liquid phase
being enriched in glutelin proteins.
[0204] The third substantially solid phase is then mixed with a solvent set and heated to
generate a fourth heated extraction mixture or slurry, comprised of a fourth substantially liquid
phase and a fourth substantially solid phase. In one preferred embodiment, the solvent set
comprises cthanol. In other non-limiting embodiments, the solvent set comprises one or more
of the following solvents: methanol, isopropanol, acetone, ethyl acetate, and acetonitrile. The
solid and liquid phases are then separated. This fourth substantially liquid phase is enriched in
prolamin proteins. The remaining fourth substantially solid phase may be enriched in lipids,
depending on the composition of the starting algal biomass.
[0205] In some embodiments, extraction of proteins from saltwater algal cells is
accomplished by the novel process shown in FIG. 18. Saltwater algal cells or a saltwater algal
biomass are heated and mixed. Mixing can be accomplished by a variety of methods known in
the art such as, but not limited to, stirring, agitation, and rocking. This process generates a first
heated extraction mixture or slurry, comprised of a first substantially liquid phase and a first
substantially solid phase. The solid and liquid phases are then separated. Separation can be
accomplished by a varicty of methods known in the art including, but not limited to,
centrifugation, decantation, flotation, sedimentation, and filtration. This first substantially
liquid phase is enriched in globulin proteins.
[0206] The first substantially solid phase is then mixed with water and heated to generate a
second heated extraction mixture or slurry, comprised of a second substantially liquid phase
and a second substantially solid phase. The solid and liquid phases are then separated. This
second substantially liquid phase is enriched in albumin proteins.
[0207] The second substantially solid phase is then mixed with water and heated to
generate a third heated extraction mixture or slurry, comprised of a third substantially liquid
phase and a third substantially solid phase. The pH of this third extraction mixture or slurry is
then raised to pH 9 or greater, enriching the third substantially liquid phase with glutelin
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was rruc1 O\kgrasedcaorrﬁdﬁ %8%%%%82%? ﬁé/mtgﬁ@t\]%{gtﬁ? ?gfé%l%?ﬁn%élrﬂ?gglt%gg% nQ% he crude
ext r actconsistsalf an amphipathid folvms, vearndepoet e hhdbpheatayer nguapedtigagzhpast e
with 90% water_ iS a,very ener i ntensive cess. The net hods, descri bed
her ei n UNSKBOLIIRI Y 50 E SR YCUEBURR UMY yl HeXEPY Preahia i ABLEB A & an
al gal  "as%r¢2y9 bR RGTRE Fof YRR THRSeQNR! i§hlcohddntrdicBRRYiSIY Gy Polar
significantly i1 nfluenced by starting froman al gae paste contai ni ng 90%

wat er (lifdgs. altgaicasiot plabsy js entlette ircoheldmanko@al s )exat! paoipcd throeghvosidid ltqued

met hods di scl osed herein do not require the use of an energy intensive
drying step. [0185]FI G 12B shows an il ustrative i npl enentati on 500 of one
of the extraction steps of process 400. An al gae bionass and sol vent

m xture 505 is provided to an extraction vessel 510. After the algae is
extracted (as described el sewhere herein), the mxture is provided to a
coarse filtration system 515, such as a sintered netal tube filter, which
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into a liquid phase and a solid phase. The solid phase is passed to a
downstream extraction step. The liquid phase is passed to a solvent renoval
syst em 5280 2812¢13838a4n evaporator, to reduce the sol vent PETHIS201a0KHADI )
content in the liquid phase. The |liquid phase remaining after sol vent
removal is, optionally, passed to a centrifuge 525. Any solids remaining in

th | vent | . . | ed di ded., .Centr, f 525
hosi ot Sepiach ERIAE T HY THED e Pt i B disdroesghich b H8ReT T pi as)
from anyheeRbPimngl, WeHeAlquaF6rfibn EPas el thRdukR 8 sbdofbindatbh@s o) dndisela1 G 14

shows an exanpl e of a process 600 b{ whi ch "an al gal mass can be processed
t o for rceendrsebonerccoyrey oystern (23 1d).ghhe prnotiuices thik Ay stemn sracpessadl through aal gal

bi omass i s extra in a steps;W s nner,..in.a frant-gnd process 605 using
the nechbad LS usParh SR M BeTRORT IR 4o LRk AR A SR o83

f ol | owedrYhksigtd B the kslatrtescopegassts 610, a hydrol ysis process 615, a
hydrotreating process 620, and/or a distillation ﬁrocess 625 tq further

i sol at d02BHponEHE 24ing sphrasepiictod an TremplanpaHasian whemp fgdhe exracHer alle al gal

i pids, . t el NS i i: i.cal ard ON
chat n’ ais@rpinifl BlaGhPRing Skl 8 cnf AERLGAM Ry BIRIBORYIER Fhelcfeflplapy 009
ha\éi/ ng %ybtahl.r‘colnmgénlm ﬂ@ae(ﬁ%tuﬁey (tzg? oy, mltc)h, miw?d pum%aniairi%eadyl firt dn;/rﬁa.y bma?i‘a:tilha,
an or .11 qgul etroleums I Tut es. n erre e | nts ue
esters 13@31%%5@%%1‘1%&@&@. ). Py o2 e fisanebrib gg%tet@%é}a & n
| engt hsg e Rbbddr s9§té1ﬁr(zmgg,oadem&t@z;m{),%eﬂml&%&&r@wgg,ea I 1@&{ §&pfatdrhai n

hs, C20 . [0187] T

| engt hs, or shorter he esterification process 610, hydrolysis
pr ocess260%, a kacdndheaat RAtP)pr scvesd s@2Mt renvateystein] (241 1 omdprsecaslschdlX ar e

ti d d.ir ' . The dashed d dotted
ar t owe \PAGDIC AEEs b7 B ook esolha S 5HaTONS RO AREihe. hydr o yoi s,
hydr ot r@a{9|ng, FRGI Pk adbiidnhdtic@ilaRRxBhAERESR/RNTRY cReachRs hRItEMS polr lipRIs

processing of the lipid fractions. For exanple, in sonme enbodinments of the
i nvent i and neafraldipidsdromactct slgabbidmess, segpading fooencaxempkty pabodment. t e neut r al

i pids fraction can be direct hydr ed .in_order I ducts
ot or SanPiry SetaRefEpAtt Balge RIS SR SoEEr R iE bubBr LB il R or RS
fracti we €@8d hea peigsamt tacccsifegd QIS0 ko Bxtprca€35039,10dechME BB, ahicdtecat i on
process 610 can include technigues known in the art, such as acid / base
cat al ys2305)amgolrem reserpigysteny @Ae@s & ehiller @aP7 b hold teplp(rgRShasali¢ Hawdysi s is
not exc r.o, | , I l.YSLS 4 as
hose ¢ EhaEtb: (S00RACHSI RO 1B] AIESR soREhEreCBR U (51175 Ehecfla’

whi ch caiille@2pl2)cat ed downstream processing. Enzymatic esterification

t echni can_al sp be use sterifjcati an process substantially pure
i pid nMEEN; al Theokac subire ?%05 IsSniREEgPdH P 19 oDTAI teronsSHtBRS ¢ Phsie D

gl yceri; ' i ieisHi | bO}G$ t,REMg under go
D B S T e O S e K

separ atsepastoesudh ad hempbrse gfstatn bf edssilvehar Hofatog s ons flogdulatias WO

2012/ 138380PCT/ US2011/ 059144, carotenoi ds.present. in the.lipid fraction. The
e e e R R R R R R

gener atige b@tackdtehe HitRdior skes MAhes AR solutRdn BF PHKEL Sme ARY IRY thafiiceat i ng
process known in the art can be used; such a process adds hydrogen to the

| i pi d rhelileegipaant afriblc sadvan euxtuxy dba heasingean be actEseadplislt yariws dethasl sughogs

hydr ot reati,ng..conprise re [ t triqgl j des . f aci ds .. f aci d
L PRE G EREh O DR SRS i e A e

t enper adtthb§phichic phBsuradgende pelQrizeCosmditibns tosabhneatial offctvalces Mt or CoM.
[0189] Hydrotreating the fuel esters rather than the raw |lipids has several
advant ag&actiqy. r e cxtragt 16 dregpupipedinte A dssatade sepmte Bydighier pheheaisg) s of
certai S I jd l.o ik S These

at or 1 AR T AR R R b RRE Rl B 2 B0 G Bl D 10

pr ocess[@221]ThuThe éighter pliase abmprisgproif dre Hydrdphdbietsoant ang the pblenigsds. Adgel i f e of
the hydrotreating catalyst. Alsp, esterification reduces the nolecular

wei ght RSRVIERBNSBRPRANTRT LUTPRIPHY G PeBAeLe aph @@é%@q\eﬁyﬁwﬂqﬂ@gﬁ ris

per f or TAReR43hrolBea 'H_XQE‘O(%'S 89t dnAGnBraQeRAt REver BRI 5®Y.I THe vabbrsiase

advant ageous to retain the fuel esters fromthe distillation process 625 to
be hydrmissedahedgh a chillea(@d0duasmd reconeraisfod icpge sbherresideets atdopcentiategy needed
for hydrotreating. [0190]1n sone enbodi ments of the invention, the neutral
algal lipids are directly hydrotreated4§n order to convert the lipids into
fuel products and additives. Wiile in other inplenentations, the neutral
lipids are esterified and separated into carotenoids, |ong chain

unsat urated esters, eicosapentaenoic acid (EPA) esters, and/or fuel esters
via distillation process 625. Distillation process 625 can include

o o B Y b1 - - - o .




WO 2012/ 138380PCT/ US2011/ 059144 from an al gae source generated by any of
the selective extraction techni ques disclosed herein. However, the neutral
| i pi ds camoORe1% 138380 ot her sources, such as plant sourcesPCTUBBAIEGS pti on
process 705 includes contacting the neutral lipids with an adsorbent to
adsorb the carotenoids, such as beta carotene and xant hophylls. In one

i npl enent ation, the sorbent .is,. D ai on HP20SS (commer ci.a ilabl g from
| TR (e ot o ipids TR BB irare 1 ol redang o Pk FokEand

adsor beffmped tRrolgh £ Bl RR1i PEQRLIS: (2500)WIHEEH 110 8oMpHEd ¢l thé bRitdangsRdsor bent
are held in a veSsel for a selected anount of tine. After the contact tine,

t he abduemesstwhighican kpifugtherrextraeipd prdiael. Uoe higuidawmtings @esské dwpughne sasendr t .

In other ] ntations, the.adsaorbent is i A an. adser bent hed, and
the' nedpf o ok EF Beol S PP Bl R e tuddar b o Dl BRI b6,

t hr oughpatded tR@agk BesdonB eHillct (D512 ploatavel Sal eoydleiie aafphipachisalieml TR pids is
reduced, thereby producing an oil rich in EPA [0194] The carotenoi ds can be

r ecoversHcr angrretams Aersn hsaptidypain dhq salvamy racpety Al Threcxigsise selids figrp thean

appr oprJ | i i L . . -

ot Paanor Tt S Bskbithor K00 ke Tehncehyr Rk pdo M rbio & R OP IR REnt Lty
acet at ep tlid kaoes thelsystas ihéxac®nd arta@enan®). AlLd@h] dixGire db6amphipathiccamdhar t
showi n process 800 for producing, fuel products 830 from. neutral |ipids
805. T_ﬂy%mbplm&wo}we iiaad O BRE FLOH GiiragionaEN SR Farr Bt aBY Bty ¢ he
sel ecti ye XAtk QMihE GV EEn MK RREShiRESthdsccbRMBN &It pliliGrdIguEral

| i pi ds can be from ot her sources, such as plant sources. The neutral |ipids
are tr eatedl dxtract id dgupuinpgd prto e eseond W cariter (A1 Do sdperdté hicdighter endib¢ayianashed

t d t he, | | f t al h l.i pids i h ral, Lipids.
R T e S S R R S RS T T
added tiRalRepReLtsRistd d')ﬂf)eirpaﬁnp@@hib REIVEREX veie ahBalBRATRE haMdpREdit alyeslis The

preci pi tated phospholipids and netals are then séparated fromthe remaining
oi |, farunediipoagh bheaerp?9)ugd intp @BOBkTHECceves ayséem 61321).sThehepopassed to

bl eachi n rpcess 815 { ve. chl oraphyl | d ot.her. cal ounds. In
sone | 2?% t%?&??% é&bbﬁggg ?ﬁﬁeﬁP8§%@§r§T§ Pnceﬁgég&%%%fgg%?%gg?he oi

Wi th cl@ynpidthgahowlyig theattsetbiesits. Mk échvdtr hachisascyldlcdas fiengtat@ay (2511 8 por
bentonite or fuller's earth), which reduce the | evels of chlorophylls and
ot her cHicdr PuBips6eds assest ithmowing therpredugtoheach 1 totthepext stepassed to

hydrotr alel : i e

compondipzdlof PGS a3ehmMe EhoihRRTREH S FRERAAT 2R fogmount

m xt ur esf ctidinebiglchinget impaipbition,to drchnprumpafneatet mdblddirdphobic sohenhindhot r eat i ng
process 820 al so causes sone cracking.and the creation of smaller chain
corrpour?éfét,emsag??r%{g COBROREIE FRPERECCRYRY B¥rackd: hydr ot reati ng processes

descri émgdzéaer eifdyfidhe nffél%df&rthéwqwfs%@rtmava{tgﬁ,e&?e 2Rl inWR art would
2012/ 138380PCT/ US2011/ 059144 [ 0197] The m xture of conpounds created in the
hydr ot rteatblaiy splcotedy c82@t adesipdgyobd lipal @ pdotsin frdmteitber piresbestsr 825 t o
separate then1fn Q various fuel.g%oﬂuct? %30. Di stiIIatH?n(pro ess 825 can
i ncl ude @ gHGCh e oM sy e & NgRe ST AL RO & Y s h T SRR Yues
descri hggdcdigr Bi 1%1@ of KRAMarit RidcBuR! énd sk PRah@hi QduRf bd 48 toGAERMARES -
[0198] I n sone enbodi nents of the instant invention, proteins may be

sel ect ithepydeerf thaebe: disdescdmuligip dBirachpaschemes awmvidsd tert thy proiths usi ng

t he di scl osed t hods of f er .advant age arti I .cells do
ot nead gt Bae yLaliaR s G CRNIARPRY RS tre BroRal ofiiell w@'lih 16

si npl i ficesun Ot dubosdint@sd & thé dBxbsaichéthods rhiyeingBitpoadsa fash ftep berstcamt
invention exploit the solubility profiles of different classes of proteins
i n or defach gxtezotigrsichel y extract and fractionate themfroman algal culture,
bi omass ste iPXRIRk i :

subject@éﬂﬁo hggf%ﬁgﬁﬁﬁ%d%gégﬁgﬁg%ngxtra%@lggggg&g%%@QQP@B§%$%E¥gmgpbteins
cal | ed mhpbwrimamtane gladizated nempcrituse fior x puried cfaime.hbrsoloe suilijdentes tho a
change in pHto.recqver. the alkali soluble proteins called the glutelins.
Thi s vl Bhemope ol G syl dommiiviyRs Beveep drad FBimBr S RedaHConol
sol ubl eyPHh&lsNSn §éthé g%e&@,%@ Bk thsttion RExuRMRIniNginkh SRR MRt kgh 1N
car bohydrates and |i pids.
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[ 0200] Prot ei ns can be extracted from both saltwater and freshwater al gal
cells, as shown in FIGS. 17 and 18. The presence of salt in the saltwater
al gal culwOnre126Bsyromass af fects the extracti on of diff@CEAS2¢1ASBes of
protein, but the nethods disclosed herein enable one to selectively extract
proteins fromeither fresh or saltwater algae. [0201] I n sone enbodi nents,

extraction of proteins fro reshwat er a cells is acconplished .by the
aver - s B e B g Bt PP eRpe e T STRATT PR 2
al gal b gaRsRdak & hbfad RethRAMudIHEshiwdMrdbodt £PMiRResa6 aBoRIdThiadicby a variety

of nmethods known in the art such as, but not limted to, stirring,
agi t at i [0R25]and I sohd ¢rgborhingntprtbe exteaciien arsuesslarry magtbehisaied &b ErpeEEEON

m xture or, slurr o rised of, L a.firpst .substantiall 1 qui,d phase and a
i rst dendpdihilich) sy ER bRS Rao kol (IGHAM bBLeihh HEnBHE T hon
separ atgehactSe peeaipbRureLor 188 tRacasnt §&0edn Byhea cmbbdigic)itsahe dRtddacls known in
the art including, but not limted to, centrifugation, decantation,

f1 ot at iTBHuresIYEhheatedie, 2 tamaciyre £lass Brihe bpiliag pping of eipstiampgireslurgui d
phase i ri ' M - Ot el L i ally.solid
phase H@s? gg]%?%%ggﬁfélH@% Pﬁ&g?géQ%ﬁﬁhﬁggﬁ%ﬁ&?%Lﬁé%%?gﬁgﬁg%gg@%ﬁﬁ teated
ext r actofahe gdtpectioemdttul/siurty , Inaohgrenbedinadnta tiogaessdresisbstentd @ovy |1 qui d
phase and a second substantially solid phase. The salt water may be natural
seawat é1M@IPhTHG PEFESWHF W0 &BH & cdiding, o0ptit fusie tl@&”%tla&ﬁ% MEFINE SRS 2 sol ut i on
woul d cOmptdcs&yaQeMt WO 2012/ 138380PCT/ US2011/ 059144 typically 35 g/L
conprising mainly of NaCl. The solid and |iquid phases are then separ at ed.
Thi s sd0dda] sulbe almdlf lafielof ah iatgal biophssenits ieereasethby rémogll obuntdrstitpal evdi ns.

0203] Th d sub tiall li.d ph is t i xed Wi t d
heat ot PUUGRGH a¥ESs T ettt S8 mistePACE T mdrrEnro thiPs Boebinr | sed
of a thivefa peitast Gntth@l Tivis ehfibd SchRRag By 3mding anhinkhifls baRédtatityansabdld

phase. The pH of this third extraction m xture or slurry is then raised to

about Sultpreprdaeraass usder unhipaied eonglitidnsr Nogubducanare akiracted puihes pyaesss twitt h

gluteli roteins. The solid. and |igui aye. rat t he

Phira <IpSeaE Ahey e Fafitht BiedlSs bty R RRERRed Fid M CaRERe bRt e,

[ 0204] Tdmebddithérds, 3hbsdladit keplldcgs SEOOY, GRS Gates i the algai xddirabit biomasollwent set

and heated to generate a fourth heated extraction m xture or slurry,

conpr i seacTmbpdiaents Mesumbinathic solyont iy efhanelseaenc.aarihapol.degiropaggbst anti al | y

solid I L en 1set i
%ng,tdarélg{ﬁﬁgﬁtglﬁ rgﬁrl‘% ?%B%gg@gféﬁ% b réﬂ}?ﬂlzgtlsse\f {rllé,q bufy? TR6hs

e$.
et hanol .  I'n ment's, ol vent’ set conpr%Zes one
or nor epropariohevdtal hewy 1D,Q ) lethghins ;glyvet, lpgyrvotin, dracpidpanioh thaeost dmnsgmet hyl
acetate, and acetonitrile.. The solid and |iquid.phases ar hen separ at ed.
Thi s f SWRAeHs theriphinahie ?‘g_ﬁ?lél ﬁgw%&n e o S?momﬁnafaﬁwhifsr otei ns.
The remnghpydidediQund &wmgiwrbgdnloy Bkl tRB 3 HRYenRE RNV HER ag{aedutspmis,
depending on the conposition of the starting algal biomass. [0205]1n sone
enbodi mitlt ferthencnrtadimants, dlie proivel ofsntersotmisaldtontrae lubir gaker gepdréoringd under
acconpl i d by. the novel, process, sho in FIG 18  Saltwater alga ells
or o Seiihcentions T rudioRdR S 2Rt of st 167 iR Hhe st Shelt
acconpljigghed by a variety of methods known in the art such as, but not
limted to, stirring, agitation, and rocking This process generates a first
heat ed extraction m xture or slurry, conprised of a first substantially
i quid phase and a first substanti aEkampklli d phase. The solid and Iiquid
phases are then separated. Separation can be acconplished by a variety of

t hod in_the. i ncl udi but not imted to,, . i f i on,
docant PR, s KBeS Fishoedeci i th o aha P Skt vugheor R0 foop bR °
subst anfHo@dUidrehdtéid] SDRARDEesioF veRingigd chitetts ARud hdtvestat ed s reh0R06F Dl

first substantially solid phase is then mixed with water and heated to
gener at\satar Bieewsirdfubetiane theengal senplen Weioaered ab-Ssany plegge cakehpl 8&durfl use.

g oy A . ‘ . '
The.so R REHAN R kholh bl BAPRARAN & s3RER0G, SRR AR u RRLAABOZPP
| i qui d jphafethasolenhicahwal iddedlimho aitirepnodleflask.cqiPPET ithe osdmerimechanical

substantjally solid phase is then m xed with water d ated to
stirring glnd a therrné)couple. In one experiment, the rmhxture was r&[l]uxeg Pfor 10 rn}n under

microwave irradiance. In a second, the mixture was refluxed for 1h with electronic heating.
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generate a third heated extraction mxture or slurry, conprised of a third
substantially liquid phase and a third substantially solid phase. The pH of
t hi s thi rOgrtY13838on m xture or slurry is then rai sed POTAN2@10891d4 eat er
enriching the third substantially |liquid phase with glutelin WD

2012/ 138380PCT/ US2011/ 059144 proteins. The solid and liquid phases are then

separated, th hird substantially |iquid phase being enric in glutelin
o ot e kT aRBal PR R pa Sl e ey Sar B b TR e sl dt 1
sol ventrcgatarandif@abged to generate a fourth heated extraction mxture or

slurry, conpri'sed of a fourth substantially liquid phase and a fourth
subst arl02281l y ¢ tadalgipedseof algal epreplpy wetsranelyzedrony srelorofeineneeshapehtwaiet

compr i Sasef e e Gk A OYRE B Ry urUBRReT PP S el s 86
acet ones réfcfinke asehAligid réddsledcRatc@nitibhi Tetal ipies sekd firthttschadtdddniphreesl are
then separated. This fourth substantiall gqgl I quid phase is enriched_ in

pr ol ami i andenolas LipTsyrseadpid Godrmp chromatngiphy megthed yoing0q-d0B mesh sikigy be
Srihi g ; S . L A pase ey
b oot [stsbernE: GPERARE, B4 BScARIR Akl Aclin WS WA 4 0

ext r actiniallpkvaporfted a0 Wi ofotpfyaiveporstor 3ichh Gmritzerartd) @Gnd thén2iBied Any of
the steps of. the aforenmenti oned extractjon process can erfornme

separ at®@ydgr high yaquen. Bl drepd refqatalesepge piacet wdder piéroget %‘{‘f ﬁ%@‘gwlgg‘f@-r i&? a
singl e ﬁ{t%ﬁg?rcml@gy%&ch saBlEYARLESHQS by BCSMIRRERAHcVALF Han ihib BRdadi8 as

1
the as de rate y the dashed box around extraction step la. 10210]In a
non- | i matthplesexanphgehepgddsbarioinagd 6F El:sasebaintena etapdaidvel y extracted from a

fresh al bi o b ] Xi .ai d,hi onass with salt water and heatin
o oomangin®, O e saMRGE e FhatmiodiiE P ERaRpive SoRficalifn @hdencat ! 19
subst ant} alnhdtal btdE foRPASIEs ANle FirURELARNIsRIp] ¥n BRI HRNRSEfliOe flthd and

i qui d phases can then be separated. The |iquid phase is enriched in

gl obul isspprderedirsutrgelipigy. & ledtponiekeatiag i mwareswoapisieat in[eggactionreiigabraness.
non- 1 i mti ex l e, al 1 roteins can. | i tract froma
cal t vt e AR STRER shme Bl B R gh b e SR S RO b L P e T
gener atRsigtch erfriot Xbut A ick ®iaviEi asdiste € cracsibhl iy gnificanplyifagel, of a
substantially |iquid phase and a substantially solid phase. The solid and
liquid phases can then be separat edgxdiplel2 qui d phase is enriched in
globulin proteins. See FIG 18, extraction step la. [0212]1n a further
non-limting exanple, prolpapieth AiPi&ionSr&ahRE biGhaGt | vel y extracted from
either a freshwater or sa}i)?\/\/aet er a gé’P B(?lgrra%g as gﬁown in FIG 19. The
sel ective extraction is acconplished by mixing the algal biomass with a
sol vent[0234] and!)head iLngching: gdga badmasa wae aoakad ex watee v it 4 fot WiheuorThsl urry,
conprised of a sybstanti.ally Liguid phase and a substantially solid phase.
The solvaniats fin oo e 00t iner R dtSe Bl AP ARG Rk Ds

enr i cherhd RmAlAAB1As Netd Rhdhed 3[trdk3YitNdivet adnepmars)naa fiebsd dricddg exanpl e, a
protein fraction can be sel ectivel é extracted fromeither a freshwater or

sal t watl823HI gal2)nhIbatiresexagctitio idedl higmass wag soakied i ehist 8 pfé 14 4or Mgyur.
2012/ 13t%ﬁ§v951%TtﬁéJ §c¥(9t]folr{ gtsp%%-%éjusted water. The samples were then centrifuged at 3000 rpm

for three minutes, and the supernatant removed. The supernatant was neutralized with acid (pH
4.5) following the centrifugation. The remaining solids were washed 3 times with dilute acid

(pH 4.5) and freeze dried.
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extraction is acconplished by m xing the algal biomss wth a solvent set
to generate an extraction mxture or slurry and effecting a pH change in
the m xt WO.20%8838xt ure is conprised of a substantial | PCriUse¢id/opHase and a
substantially solid phase. The solid and |iquid phases can then be

separ at ed. The liquid phase is enriched in proteins. [0214]FIG 22 is a
schemat i exe a tractio ste for t he extraction roteins
by o siEH sombereoRamplerings L uflie Shatioeatiy Sey ShTgURdl (ses an
al gae culture (2201) whi ch may be pgpped directly in or may be stored in a
hol d tank, a centrifuge (2202), an extractor (2203), a solids separation
filter (2204), aPreatser (2205), a BuiteiarXieldecoverPmteindmrit2206), and a
chiller (2207). Punps (2213) assist in noving the product of each step to
the next step. [0215]FIG 23 shows ex lary sys r.extracting
proteins and pol ar |ipids froniwet(gnagﬁg omass, ¥é% E@Q 8 to one

exenpl ary embodi nent. The exenpl ary systenlconpripgﬁeﬂnwak@ae cul ture,

whi ch may be punped directly in or nay be stored in a hold taffl( (2301), a
centrifuge (2302), an extractor (2303), a decanter (2304) a heater (2305),
a sol vent recoveXkalipsthafipeth@ne), a chifi ler (2307), a%hol d tank (2308), a
solid separator (2309), a second heater (2310), a second sol vent recovery
system (2311) an chiller (2 ). Punps (23 assi st in noving

t he product of eg% E?%g o the next zigp. [0216]The%§Fgae culture, which
may be punped directly in or may be stored in a hold tank, (2301) is
centrifuged (2302) to obtain a concentrated paste which is punped to an
extractor (2303). The centrifuging unit (2302) may be replaced by a solid

separ at uch as ved .air flot n|t or a
P becul 023 8n” s BETSRIay Mk CRTY el S e et i e iR M ¢ “and
hydr ophfidGoE@ teand wleﬁghﬁ@lﬂﬁel a 5@1 516&21%1‘[0@@6 Qdakinkhia pekidjagtdwaftt XB®tand
heats the solution for a fixed tine and at |less than the boiling point of

t he solRMEIY W sirtelfnenedrhﬁétheé&ﬁﬁrcwé Mathpdg! the Amevisen QiliGhopusts cesichet such
as heatﬂSggmgﬂshH%@hg NESE nitB, 1n tﬁé fralk dﬁ%& sc(?ﬁ(is’of% ch%rggésg' 9&' :pyot%l-ﬁg'e
extract’ one at atnosSpheric pressure or er- pressurize
conditumeSnﬁﬂp@ﬂhﬁp@ﬂuﬁhﬁﬂeﬁﬂemmhueﬂeesfﬂgmqhemRXEﬂamhomnhmhﬁ%ﬁﬂhﬁme
extract is then punped int ecanter to separate the |i heavi er
phases. 2lipHisosthe yscanfegdsiop ?wﬂg Prepaac el REPLTHR h%ihé%s‘?@g cgilie@wg%r by
centriﬂﬂgﬂggdh&%ﬁll|ghter phase conprises the hydrophobic sol vent and the
pol ar 11 pi e heavi er phase consists of an anphi pat hic sol vent, water
and al gae. The hydrophobic | ayer is QMHE through a heater (2305) and into
a solvent recovery system (2306). e pors are passed through a chiller
(2307) and recover edEx@acti@cyfP@teind froneSaltwater AlgalBiomasd r at e conpri si ng
nostly polar |ipids. The heavier phase is collected in a hold tank (2308)

d th lid | 2/ 13 / 11/.05914
oo b B 15 50 I n St s i dDy FRAC WO bl Q) ey Brlksﬁagéﬁmteh can
be fur t\b@srhe%wt@@b@aﬂrmﬂua% ol Ofis iehgieia@ure%ti RN T BaISEOsILhY QM

second heater (2310) and into a seco sol vent recovery systen1(2311) The
vapor s dengifugddite ssg/asate mhealntellqbaksaésedronhih@uglhd ahaeecﬁhdhqmdlek‘eact(vm12) to

recover  an hic ol vep vater. and proteins form
e r esiedmifad s Fsh it eRBRIR EBR Y e % epte ot St P B fiiae f ¢ o
an exerngHoial af4t bidedakHn schene for the extraction of neutral |ipids and

pr ot ei ns a two-sol vent (anphipathic/throphobic) Sé?tEﬁl The exenplary
systenﬂ@é#ﬁrisé@e@ﬂﬂﬁhgﬁeﬂ@ﬂwvﬂﬁed%tmdﬁ¥ wekdr@nd hedteb e aborplCdindect |y in

a decan %P%é gﬁsMﬂm?% erlgggﬁﬁﬁ@fgﬁﬁ%hégg reé%%é%msys%%&%ggﬁg@ﬂﬁgﬂog)

chi |l erfrérd4kk/3olidphbsd. drhteaquuio( pHa24 Q83 detarnsiatd @ Bd rifihi idl aflripein ptaacing 2400) , a
second heater (2410), .a second solvent recover system (2411) and a second

chiller(F29ﬁ§¥thUWﬁ?H§ZET§?t%§§?§@gpﬁfh%0|Hﬁmﬁﬁb product of each step to
the nexg4ep. ﬂ@%&@dsﬁiﬁ% A shisheAdPRRARLFiollen e EYBTAVAL riHAL erﬁlig‘ or
extracting proteins i pirds and neutr al |p| s fromwet alga
bionassmnaweuwdmngeda)ﬂmmte%éhpwangnwnhddtﬁmnknqﬁhmueﬁen@bauymsysﬂem

conprises an al gae culture 2501) be pu dir

be 5t origeh!iihe Juith s capfR fuge t%erwrar@rf&la qr@?%%l T e tl@ésdo@)
decanter (2504), a heater (2505), a solvent recover system (2506), a
chiller (2507), a hold tank (2508), a lid |l i quid separator (2509), a
second heater (2510), a second solvent recover system (2511) and a second
chiller (2512). [0220] The al gae culture (2501) is centrifuged (2502) to
obtain a concentrated paste which is punped to an extractor (2503). The
centrifuging un|t (2502) may be replaced by a SO|Id separator such as a

oy o a4



heavi er phase consi sts of a anphi pathic solvent, water and al gae. The
hydr ophobi ¢ | ayer is punped through a heater (2505) and into a sol vent
recover sWOeryi32806). The vapors are passed through a ®RITUS2011(0288¥) and
recovered for recycle. The residue is a concentrate WO

2012/ 138380PCT/ US2011/ 059144 conprising nostly of the polar |ipids. The

heavi er phase iis collected in a hold tank 08).a punped t hrou a solid
i qui d ¥&giicrminedto %6 é‘fﬂ U] pigict Jﬁg?qtgéé"o‘?f)tklﬁg’q%ﬂ?qg@? BEFS%ﬂtd‘gg‘ebi OMBSS
whi ch caihe vfosdser extracted or dried. The liquid portion is passed
through a second heater (2510) and into a second solvent recover system
(2511) .[025H vapbe solidsorare Hics suspicndedtia affadisetition (avghussNa@Hopld 9¢ ind heated
(2512) to,r ver and. recycl.e the anphi pathic | vent.. The.wat.er and

br ot of b pafidyGand BEENEY o JSuBTRUERS Shf IpUEnTne TNRER RS

sol i ds deh@ifuddito Sepdrale kicaijuid sepanatsiid AhRBOThaligid phdsbevas etcrramiet Bgai n
with a ratio of the anphi pathic solvent to the water in the systemin the

second Tesktip ghitelin progim)(about SBXofdherokel preicins PeaspIHilh ferITtiRph 819MAdslophobi ¢
solvent is added to the second extractor. The second extractor m xes and
heats the solution for a fixed tineExamipleess t han the boiling point of the
second sol vent m.xture. .The, seco extract, i en pu into a second
decanter (2519) mlSHep ﬁﬁf‘ﬁ'ﬁ'@“l‘h’é‘“{]ﬁﬁﬂf“é@ %A%@Lgf"é?fsﬁﬁgzﬁgg?‘nﬂlhe |i ghter
phase conprises of the hydrophobic solvent and the neutral |ipids. The

heavi erjopfgise ©RB%hsEndPboubs NN ARLDISpsHBiVBRSs.(cWRired framdtalngme.o, The
hydr ophobi ¢ | ayer is punped through a heater (2520) and into a sol vent

r ecoverobigingdefipin292pna Swie Unaystiity, hlwrgassion Algredingerreh el Blosgchpglsgn) and
recover r |l e ' [ r h S 'y of
e S T e e S e
or dri emou35%sv/¢2nd Fendfasilgtfrazen.novi ng t he product of each step to the
next step. [0222]FIG 26 is a schematic, denonstrating the ethanal

ext r actl0&30]cond&pextraggion sepawsiscriormed a0 gadloppagkgied kehleprigplypesbon to

the a t A | 4N i

componeits e P ke RORUARIER B 0 SR SEHET b BBt TR Flen it Sl heg
t hese aspectvithaf2 hidiepoweeatplagn poef mbtos kiithl a two blhde saft. Wholfidzéealgid e to
selectively extract. g.desjire olar lipid or protein fromejther a

T e el BN S aniHisd o ghan Bcorthaaby St ool My P BREEL SRERact | on
ProcesSynefmafic AMlnd purfp .F’F’h@ﬁfafe?ﬁi WRDStREQGES $5 miflitéd egllatth@{ackélﬁleht@§ 3t

t
di scl osure, one of" ski in the art would be able to interchange the order

of the sbove ditys tiesdedireditenipesttop absachastrigivnstdpe nidhs deprashicaperatiiats t he

protein content of..the al gal Ss an e sol ubi.lit roperti.es of .the
proteiHEaBP“?HF@REQPngézoﬁiﬁéﬁﬁFﬁﬂﬁngetgﬁﬁ?%“EfJ%?“éﬂ@%%ﬁ%éﬁ? 3%?fﬁhe

di scl osgglpbRENE AisdiffBdn ACAEHDOIALRoPst¥RENhS bERInRPor ONtIRARRNRX LA N St ep.
[ 0224] For any of the disclosed protein extraction methods, the extraction

m xt ur ehe prapestionenyf chenatis shatgaed Unen scanbiag sbp deshpdicatngrasueohe sY$emived of
time. In odi { t he. i ) I i i heat ed
termper atiing pafUROR RN G b s REHLER 8 abhfisgo Tl B Bliofhy
aspect sof thdectx tvieacdnifomiy bdatede i s mai ntai ned at a heated tenperature for
WO 2012/ 138380PCT/ US2011/ 059144 bet ween about 20 m nutes and abogt 60

mi nut es!024 ot Hbe cartpris pEtheksitlcavqre oninymnse euiefdhe extiacting Xpvielndintd aheat ed
t enper : 1 et 9 it € 5]1n sone
e e B N R B R B o e ot L e

| ess t hamuabolitc &0fited censdnge aspepts], wiswet @l dboni 6000gbob ulhersplidsaegl ut el i n

proteins are extracted t epper at ur es. of SS n about 50C. .l n ot her
bboa MOHESSH ALATEIoRed PBr AR onriy of Eoave a0 B Posalds Branite RS ose
to the Ball veg LRI BfthErdil @GHHRAN RIS RIned EXtractiBn SRPEwRRAGHFdatad. t he
prolam n proteins are extracted at tenperatures close to the boiling point

of the Bhetliqued storammiramuhededanter yas tollasteddantoanfoedifank mas and Henpedkwdhe e | s

i ncreased above, at nospheri ressure, up to i din 50psi urjng
the. heat RO ol R ee JLE PR R st i p Do S DD enianhiaefd 12 of
an al gady GiReEsschaaldgRe. THE bFas@t dnditRADwale 6°Cinsoer fidivitiahn artage
extracellular water. This results in less mcrobial growmh and

cont ani Biatsiesreradicntad 49ipshakly ragebrage pestene tvap bagkwashedhoyt egry bemadHteved by
m xi ng an anphi pathic solvent with an algal culture or biomass under
unheated conditions. No products are extract ed by this process, but the
water is renoved fromthe biomass or culture and replaced with the sol vent.
In sonme enbodi nents, the solvent replaces 50-90% of the water in the al gal
culture or bionmass. In sone enbodi nents the anphipathic solvent is ethanol,
acet one, nethanol, isopropanol, butanone, dinethyl ether, and

o o o e o




phot obi oreactors. SD sanples of varying |ipid contents were harvested.
After renoval of bulk water by centrifugation, the algal sanples were
stored asw@-2812¢1383Pgae cakes at -80C until use. A pre-c&CElSae1a8584bunt of
wet al gal biomass (15 grans dry al gae wei ght equival ent) and 90 niL of

et hanol sol vent was added into a three-neck flask equi pped with condenser,
mechani ¢ stirr and a th oup one e m xture was
o | i GREGSH A o o B besieeih SRS oD ais HEOrHE SIS ar 6
was refaxed Jrah ggrtl\éhfatb Bh€G!t MARkGeMeRtWAZolled¥d and recycled to the decanter.

2012/ 138380PCT/ 011/ 059144 Afterwards, the m xture was cooled to room

t enper d0244 an@hiseptretioacnid Arastienation fividust te tlamdlanm Temqa@l’éy oy ﬂfel sptvieat i on.

[ 0228] ids o

hi or o GmeRuR iRt 8 8oy BRI Bs aRn R PG S Racen pogn

ext r actwiemaeri DOeH by hdfsvdt @tgal blbhﬁlssjcd@(l@dulﬁﬁg \ae@utt@s Lacs wfaw‘rﬂ m&ewfargalt he
l'ipid recove(ralg1 cal cul ation. Total I|ipids were further separated into

neut r alsoliflpi ddisawies Poedwith §§0dss. wdertaémaﬁ@aw(%ﬁ cthmehandotye apMRanabt hod
using 60 19%%315 ixFre c8ﬁ‘taﬂl‘ﬁl SO¥RI & A,Qg{léb us ofFahOP AL sofi@CHhd! 1] ol i \)Geggc“ on
was trans oapre |ghe Vi Inrtially evaporate C using
a rot argpauaposapardetBitéreiRidesdsibied zbcwear‘idl)e vaandolﬁd]pcsmdn medghum daf 1tsi ghl wacuum

The dried retentates were ace er. nitrogen a The fatty
aci d pri¥ e @Fsseaﬁs??tasle%ﬁizg G P%té}méfﬂ%%op/@a%ﬁ“fdg? t‘d@% giiﬁi szat i on
into f %Mﬁl@%{nda B ¥|rnﬁ% ﬁro? aH@dt@QWtﬁglteéﬁjse&ﬁﬁB'l CTREIHHAS Gid lilid@§cthe

i nt ernal dard 0229] The results ata not shown) indicated that

m cr owasczparasdlusmgd éexantata&desnribaé abest Hmmohfépmwlah v@ﬁglteldéSﬁéllasr ah{l piads i n
the fir xtractl n, ste ess fect vef t he aration
o neutdibt 515 Bis TOM BRSO TR A0 1y, v hiREdsunor ¥ Erden HRER o

ef f ect I HRAGS B UM 95 4RucistithnbB maam@h JIRER sBhHtONaYiIRg aYstak@d
extraction and el ectronic heating assisted extraction, but, ncrowave

assi st exy dexaribad bove. i Thegpsydiife ids wgre aboned(% EmammiSe Thiphigmepsreayiresact i on
from al bi omass 230 Leac s soaked in
wat er @@) ﬁsﬁe%er@b (gyho%‘%&?}tel‘ﬁgasgcaogﬁeeg atevvgtrleeAlf gfzvﬁatcl%%nriga&? u\ggove?d at 3000 rpm
for thri@e42yi nutiesomedetibRnsypas Aat shotvn) ey Sgcs Jihdnatrai dhdhgl Sotdtesd.wer e
washed 3 tinmes with dilute acid (pH 4.5) and freeze dried. [0231](2).

Al kal i reensgirgethpr comfaiang H eﬁﬁ@golmé S BRBDY hil gehiod vag psedtin pa exigpctionpoyr |
fol I owiyhg f d I h

centrif unggQ lﬂ]ggigg{oo&m&feg%ﬁ{ﬁgdesw %&?@cg%hggéh ‘?‘ﬁ@g@pgﬁﬁ\géﬁ?%@%&%
super nat @Eferﬂ@ﬂ%nrbedirmaﬂt bZthd préstit iacindiof it 4s gonefadllyInonavaglableelue to cost
centrifugati.on. The remaining solids were washed 3 tinmes with dilute acid
(pH 4. 5° SN ceze dried. WD 2012/ 138380PCT/ US2011/ 059144 [ 0232] The

aesgl Lls[ogzis]am Ghb GETIIAGRIG Rk @ld MEMBhE JrkdrRNvagEGapdRANL AR ANnLibuTab! e

fabricated batch still. The operating conditions were about 80°C during the vacuum distillation.

All of the ethanol in the permeate was evaporated. These extraction steps were repeated three
times, resulting in four product pools, as shown in FIG. 13. This is because with each
extraction step, the polarity changed with the addition of water to the mixture, allowing for the
extraction of different components with each step. Product 1 contained the algal proteins, and
as a result, retained excess water in the system that could not be vaporized under the operating
conditions. Product 2 contained the polar lipids. Product 3 contained the neutral lipids.
Finally, Product 4 was the residual biomass, containing potential coproducts such as

carotenoids.
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ProcessProtein YieldProtein Purity (% wei ght) (% wei ght of protein yield)

Al kal i ne Extractionl645 Acid Leaching7032.5 [0233]Protein yield was

cal cul at ad0@p124138880ght basi s, conparing the wei ght of tRETUS2eI205U44 ed
solids to the weight of the algal biomass prior to soaking in pH adjusted
water. Protein purity was determ ned by the O ficial Mthod of the Anerican
Ol Chem sts' Society (Ba-2a38), suri t he anbunt of nitrogen in the
freeze dried solids of each proces .X%EPG%ot eins are an inportant product

that adds to the v %tgin%agl@]@f{hggm%tof% L1381 2%s b{, RitSarloff Or mati on al | ows
for the use of feedstocks th varying levéls of protein in the systens and

met hods di scl osed herein. Exanple 3 Extraction of Proteins from Saltwater
Al gal H0¥Hss [pa84jaTirstisalalgehbomaas typicalnicontrias befmtcicmbbaut fedie A.ph%of about

1-10% ol.ids in saltwater s. heated to 50C and nmaintained at this
enper aUPESHES Thih ARk 08 BraRing S0 o B R TR LS B8 eBbubit o« e
l'i qui d iphagiagf Mot MRitsPld MembARE filtfidn] éattflgawn! Redinpardhedneitisned to be
rich in globulin proteins (about 10% of the total proteins present in the
ori gi ndfotatiayalFlegeylasion pan pigfras§sivhén Sotation onwedenertigtions (Jdwdyiied resultfof sueh

wat er X t . I i f.or

rasal ¢ gerar D olls SR conRn AR AdE kL NEe Ty BUpRhe R wedl

sol i d pleasecringhigcthéditmad bp hesiao wasovtedodted Medrdnmikifg fice vaton tagdiug n pr ot ei ns
(about 10% of the total proteins present in the original algal bionass).

[ 0236] TIRBECHWIatigR ofeids closer t8 d8 e dHPW R hlR §PStad aWAFEIR INETeAO%h W w

m xt ur .S, h 7 i i t,fhat

t enper getxgzrylgén%gg}g %{Jl}tﬁ © ng}g%ﬁ}ﬂ%{s&gﬁﬁgﬁu Figgg Iag{r)%; dgtﬂzéeﬁ?%l uaélgd to
separ atmecthbds discjosied hbretmistthe tisodllody foln slseextribigor amgiuirabtiphasa of\WDalgal mass
2012/ 13g%§@0PCT/ US2011/ 059144 avagddet ermned to be rich in albumn proteins
(about BHRRSHdFEORCANLY O oUBS REIYULUME i n the origi nal bi omass).

[0245] An example of such a process might be that in the first extraction round, following
the protocol described in Example 3, 1000 1bs. of wet biomass containing 90% pure water and
is mixed with 1000 Ibs. of denatured ethanol (95% EtOH and 5% MeOH), resulting in a solvent
mixture of about 50% aqueous ethanol. The resulting biomass (350 1bs.) is 40% dry. The
solvent composition of these wet solids is 50% aqueous ethanol. With another 350 Ibs. of
denatured ethanol, the composition of the mixture would be about 81% aqueous ethanol. The
resulting biomass (235 1bs.) is 40% dry. The solvent composition of these wet solids is 81%
aqueous ethanol. With another 470 1bs. of denatured ethanol, the composition of the mixture
would be about 95% aqueous ethanol. The resulting solids would be 40% dry with about 95%
cthanol. This wet biomass requires 60% less energy to dry based on the latent heat of water
and ethanol. In this case, 100 Ibs. of algac would have been extracted using 1820 Ibs. ethanol.
When compared with Example 3, wherein the starting material was 40% algal solids, 350 lbs.
of the dry algae equivalent was extracted with 2085 Ibs. ethanol.
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[ 0237] The solids were then suspended in al kali solution (agueous NaCH, pH
9) and heated to about 50C and nmi ntained at that tenperature for about 1
hour. ThewOe81#/13838¢ sl urry was centrifuged to separate PREUSRQUIOMIH4 om t he
solid phase. The liquid phase was determned to be rich in glutelin
proteins (about 50% of the total proteins present in the original bionass).
Exanple 4 Step Fractionation and Extragfi.on of Al gal Bi omass by Ethanol

[ 0238] One t housand pounds of Nannochl ortfpSi®8¢Hi onass (cultured from strain
202.0, obtained from Arizona State University, Laboratory for Al gae

Resear ciheXdHoRingtreehinebLay hediiGacsRpRsdd byNerde ce i ek lddfbty: Was harvested
and dewatered until al gae conprised about 35% w w and then finally frozen.
[ 0239] The extraction steps were performed in a 400 gallon jacketed kettle
wi th hihgeBatentds14813® | i ds were tied down with straps and sealed with
silicone. The system al so contained a mxer with a 2 horsepower expl osion
pr oof i I Sshaht 0060 : : ial enpti ed
Mo t nePanecknaPERRes PREL TR0 2000 SRR EDH BARMIPHEL @ i

pneunat i cbodisselphisg, YT(RO0ApBeodiede] fias micraalgd. Biovreckbo/mdv25e3948d.t-he j acket
heat ed mﬁ%% steamto obtaiarthe de ir%ﬂﬁée erature at each extraction
step. The GBS EY PR URE OPTABLF DIQREAI ng within 3C of the boiling
point of the m xture, but not boiling. This desired tenperature is

differ e@ﬁn@%@@m&wwsmah@ge Sem3as184ve 200 ldcneriR i & udiRealghxiour e
changes as the proportion of ethanol is changed. Upon reaching the desired
t enper at ur e, produscdyeivemndass stirred continuously hel d at the desired
tenperature for 60 mnutes to ensure that the contents of the kettle were
uni f or %é{ckﬁ)%?et &9 i.%?éﬁ%%@ﬁti{a‘?ﬂu?gﬁﬁﬂfn—%@) LTI EéF"t%fbésP%xtE’éb@iBﬁ%fOUt of
the extraction vessel "and i1nto a Sharples déecanter centrituge, using a
pneumati c Vidpedigltyvhpids punp at about 1 gallon per mnute. The decanter
centrifuge rotor speed was set to about 6000 rpm The solids were collected

in an clo astj ¢ drum.and consi st Qf about 5Q% w.w sol.jds to

| qur ad e B EEa B0 3 o dopdtasiao aef Rediealibion A BN ar GRedant | oned
extraction sggpS@SsioEReed917Thesdi quid stream fromthe decanter was
collected into a feed tank was and then fed to the nenbrane filtration

system The nenbrane used was a 0.375 ft2 SS nenbrane manuf actured by

G aver GlattinoWod¥ esipidhralvrierdad phgOdp Raiss Bdgowetas, BRC0BCAEMd with an
average pressure gradient of 40 psi. The nenbrane system was backwashed
about e ] 8 P ' ed air
R X T e L L B Tl SR Ll
free of any Mar t1beuAAIR NMRitiodrs8-fhe retentate was collected and recycled to
the decanter. [0241] This extraction and fractionation is due to the change

in polarity of t so] vent rough the pr.oce in each.extractjon. In the

extract IB’H%E‘O%\#E?‘?S}AC@OI& ,tlﬂf’%8g’ﬁ’? 83511 @é‘ﬁownpﬂié%& ]—rﬂé’@@%s. of wet

al gal bi oma h@ﬁﬁ;@% %ﬂ’h&%?ﬁﬁ%s-@@{’ﬁmﬁ’/%v\@t er (35%ww algal solids). This
S. 0O

was m xed w denat ured et hanol (95% et hanol and 5% net hanol ),
resulting in a m xture containing about 55% aqueous et hanol. The solids and
| i qui ds were separated using a decanter as described above. The wet solid
portion weighed 525 | bs. and was 40% dry nmass. A total of 525 | bs. of 95%
the denatured ethanol was added to the solids, resulting in a m xture nade
up of about 85% aqueous et hanol. The solids and |iquids were separated
usi ng a decanter as described above. The solid portion wei ghed 354.5 | bs.
and was 40% dry mass. To this mass, another 700 |bs. of denatured ethanol
was added, resulting in a m xture of about 95% aqueous et hanol. The solids
and |iquids were separated using a decanter as descri bed above. The
resulting solids were about 40% dry nmass. This biomass requires 60% I ess
energy to dry, calcul ated based on the | atent heat of water and ethanol.
[0242] I n sone experinents (data not shown) other types of denatured ethanol
were tried. Denatured ethanol containing 95% et hanol and 5% i sopr opyl

al cohol was used in an extraction, but was found not to be as effective as
95% et hanol and 5% net hanol . Use of 100% et hanol is a preferred enbodi nent
of the present invention, but is generally not available due to cost
constraints. [0243] The perneate stream fromthe nmenbrane system was
evapor at ed usi ng an i n-house 54




fabricated batch still. The operating conditions were about 80C during the
vacuumdi stillation. Al of the ethanol in the perneate was evaporated.
These extWaep12613838veps were repeated three tines, resul PCHGS2O11/08UA4 pr oduct
pools, as shown in FIG 13. This is because with each extraction step, the
polarity changed with the addition of water to the m xture, allow ng for
the extraction of different conponents with each step. Product 1 contained
the algal proteins, and as a result, retained excess water in the system
that c : : apori zed under the operating conditions. Product 2

cont ai %gttlﬁgfaggfdal\ré' i pids. Product 3 contained the neutral |ipids.
Finally, Product 4 was the residual bionass, containing potential

copr odulct & metbhd afsaparating neiterd lipidpdropoingdct 3@3BGHCTYOUS2 B! 059144 Exanpl e 5
Dewat eri ng and Extragti on q[f Al gal Bi onmass ]lgog Et rt1a1noll @02 f%lu(%on i
harvesting, al galPBYSHgEsV ek RISt SHPRTHE BROAEAT SHS JC PS8, 5 06
(W w) sol i dsprotbiHsspdianifigs dRvauenEagigsi ng any of the methods known in the
al gae industry, including, but not limted to nenbrane filtration,
centrifugation, Hisatiqige kewriderl Riomass by remexiag porceiylacwatcrto isereasn

ei ther assist _in: i ' L 0 ' f such
nmet hods i s a&ﬁe 3 bJaéeO%gq%EPE{éeg%eﬁ %glr]ﬁﬁgltdgsbtgg)? tvi%go%vé gvrpdsg(%é[éga{%&%gmt er
further, angidigdllydRwateed wot digilbadhassy be used to renove some of the

remai ning free water to get. the concentration of soljds, closer to 40% w w.

However, the costMNLBaRIER|IKeWrETed e 8lesk piorwst Wih pyirramphinadct j ¢ st
dewat ering i ' i =hal

di scl osed he@é‘%ﬁ{%%gﬁgg }Sttﬁg@raoﬁ OWEI%%?&}[t%gettht:@?ez%tﬁag{r@aﬁgq ? E@ct?{g%gti on of
an al gal masenipaingharsundeicgphescand y fostdighten pblasef whlewattbe firsg hefv0@4hhsen
exanpl e of such a process mght .be that in the first extraction round,

f ol I owi ng tI‘FQHB’F’&’%%SI “ﬁé‘gg’]lhﬂﬁ c ?ﬂvﬁéﬁp’il@tr ,Fhli‘é@)d’r‘?tﬁgl.s’ B R omass
contai ni ng 9Q.RYELWWRL184] badHHask andineathsidher FAOQ doBsrised the eRathyaR@nsiBanol
(95% Et OH and 5% MeOH), "resulting in a solvent mxture of about 50% aqueous
et hanol . Theohestset amdythisipohaidipids350 | bs.) is 40% dry. The sol vent
conposition of these wet salids.is 50% agqueous et hanol . Wt ot.her. 350

| bs. of denatur ecFeB?rﬁté%ﬁh,e ?{rﬁglgglbewg%sleto?ghe B fo%tlrﬁ rflgmmglﬁﬁgs%hg Yhout
81% aqueous @akadhe et tib sikfutddg bi omass (235 Ibs.) is 40%dry. The

sol vent conposition of these wet solids is 81% aqueous ethanol. Wth,

anot her 470 | bs. sspardergthgmeriadly fawatcred:wiet atgshposiass Gamdhe {iks ampRipathéc woul d
be about 95% (- i i I 400 Wi t h
about 5% ot Many o i P Heryighial e b BBl O n BB ARG (04
on the | at enfartidBtdedfatared @t Agd badrha ebmptising hewrat dipels; d{dh protin mfixtategae
woul d have been extracted using cﬂ,th%,‘rl bs. ethanol. Wien conpared with
Exanpl e 3, VIOBHEISHEMRCES aVRiEhgnhiae SFst ampiipethiosalygng ¢t sol i ds, 350 1 bs. of
the dry al gae equj Sat€XbArAGH P et bRgss €ltha00dond VO

2012/ 138380PCT/ U%@%%S%ﬁa ngé ere cg%%T%ed%%% ol\b\nﬁir%lsgs refer er?(T:les are herein
i ncor por at echniphipathieselver scnartdreesecomhbydrephobiddoBenPsit éngeneratet8 s&@66d Rhodes,

Sci ence Progress, 92@%‘1)‘: 39-9Q,. 2009. gg@er.i C hrevi ew on u‘i! al gae to
produce bi odi*E@EIENT: 117 CYIP(208 7T BEIEMESR T G IPLEPD 1@@8{?1’ Pot echnol
Adv 25, 294-3Q8einthCRREA RedvRY pBY¥cQBmpsiAGhakadRd hRpRIpARUCH I RInOStangl Am n,
Energy Conyers. Manage., 50:1834-1840, 2009. Ceneric review on using al gae

to produce bicpirats paritilly dswastaspesladgadbioalass anyl theseug dighict phasalcompusags,

47:591-597, 2009. based extraction of cialty lipids Bligh E G &
Dyer WJ. " Aﬁ?ﬁ%cioaggiirﬁgéobé? S‘ﬁ%?ﬁlsetlaingiﬂbe Ié%??ﬁ%@@ﬁ%n and purification.” Can.
J. Biochem PhysjcphratiBy the3ddonBhéavidOfifise £ thé b@on¥Vighter phdsgi shdAnal ysi s,
3rd ed., Oly Press, Bridgewater, UK, 2003, 416. Approved Mt hods of the
AACC, 9th ed., Arspiigting hesseiraldinigs form dersegonddfevisrathase. St Paul, MN, 1995
AACC Met hod 58-19.

2. The method of claim 1 wherein the dewatering of the wet algal biomass includes

centrifuging, filtering, settling or float fractionating.
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Snyder, L.R "Cassification of the Sol vent Properties of Conmon Liquids"
Journal of Chromatography, 92(2): 223-230 (May 1974) WO

2012/ 138380RO/13&B011/ 059144 What is clainmed is: 1. A meCRAB2¢fl/089par ati ng
neutral lipids fromintact algal cells, conprising: providing a wet algal

bi omass conprising intact algal cells which conprise proteins, polar |ipids

d t i gi ds; terin t al i b i
xt r acer ! dhsmelbacar ot nehealat i G st oS AR R AP 5P bras
to betweepy aré(é/fbﬁ@,%er:tﬁaoﬁotl,céﬂ%ﬂﬁ H@)ﬁ)?olﬁnf@lf)ﬁtiaﬁ’éﬂe}’dﬁ%%ﬂ%ﬁ _iRe B lraigaldday@rass;

m xing the partially dewatered wet al gal biomass with a first anphi pathic
sol vent satpreprdoh agdteitrilpyterugyltabisihel, 4 airoranpl, setert beage hlarQ, ethylonp ghcol,
extraction nigﬁure cq&gg&s“ggeaffirst heavi er phase and a first |ighter
phase, whBPEF PHECHTYRIIPMNTRL  shase conprises the first anphi pat hic

sol vent4 s&he nideidldroFlcldim pi Wisereipra@leabtishe ot M dndakbohddsedtiod seBicnadcgal

bi omass and the first Ii%hter phase conprises the first hydrophobic sol vent
set and t HePrpRyings butpnsy, gentane, butene epeeat nghthreanfglkape. hgxgnpg.denigpaderignc.t he
extractio ] r r [ [ 1.Qn. [ Xk ur e;
cepar at o Fis e, ) Afl thH gRERK. FleBi RN AOPKANAS AR AL
anphi pat hketosglaerdmaes, tdlienichieenzenes ty dietaxbey, t@iahgdrobirat, achadoalilcanct i on

m xture to generate separated parti.all ewat ered al gal bi onmass
conpri si nghlA ?%Im?‘fﬁﬁ'ioag‘?’{eélﬁcﬁnaet‘b?fo@éihﬁy?Fﬁ%\t,va’reée1d8h%‘§f’ SPnEABE BIHCS wat er
and the fiystranphi pathic solvent set; mxing the separated partially
dewat ered al gal biomass with a second anphi pathic solvent set and a second
hydr ophobiTbe swthodntf chem 1t whegeinghasaond Bevomgheasctis sepriated fromtthe secomhpri si ng
a second heavi er ase and a second.]ighter phase, .wherein the second
heavi er pﬂa@ifﬁ%ﬁgpyga?nﬁﬂ%lgﬂ%ﬁﬁﬁaQhﬁﬁPB&fﬁ$ “é@ﬁ@%ﬁt set and separated
partially dewatered wet al gal biomass and the second |ighter phase

conpri ses the second hydrophobic solvent set and the neutral |ipids;

separ att.nd’he hethndadsthimdavhaeinghasssond bghteheghase sdwedtetl ipgiht orscprrages thand
separating_ the.neutral .lipids . fromthe second |ighter phase. 2. The nethod
of claim etng8§§%; eﬂlg%%ngﬁﬁérgkmghe wet al gal biomass incl udes
centrifuging, filtering, settling or float fractionating. WO

2012/ 138380PCT/ US2011/ 059144 3. The nethod of claim 1l wherein at |east one
of the *i Ag¢ mehpddchiva lavpeirmdhnpeconbhydaphabeg sqleenh settinisaovad fIRENHE

th | . di et hvil . .QDi _
2 pr opanol’ > oas SRR b 8pAREicH Rkt PR ANRARLRERHTIE: 020y
et hyl ene dlayté@l., gl ycerin or a conbi nation thereof.

8. The method of claim 1 wherein at least one of the first and second amphipathic solvent set

is evaporated.

9. The method of claim 1 wherein at least one of the first and second hydrophobic solvent set

18 recovered.

10. The method of claim 1 wherein at least one of the first and second hydrophobic solvent set

is chilled and recovered.

11. The method of claim 1 wherein at least one of the first and second amphipathic solvent set

is chilled and recovered.
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4. The nmethod of claim 1l wherein at | east one of the first and second
hydr ophobi ¢ sol vent set is propane, butane, pentane, butene, propene,
napht ha, W0 281438380 hexane, pentane, heptane, octane, aRCE&4iSa011/0891ky |
acetate, butyl acetate, a ketone, nethyl ethyl ketone, nethyl isobutyl

ket one, an aromatic, toluene, benzene, cycl ohexane, tetrahydrofuran a
hal oal kgn chlorofo chl orpet h an ether, die ese
ot T uel The SBHHHSrS g Ry s o Ble SRR i e b n
t he secong, heant@r phase is separated fromthe second |ighter phase by

decanting, nenbrane filtration or centrifugation. 6. The nethod of claim1
wherein the second | i ghter phase is heated prior to separating t he neutral

| i pids econd L ter ereln t he
sebond HyPbpRTIRET ebimd g  L8SEms Se gt e s i A i ace. by
evapor at i ggatéd. dlstlllatlon, t her eby generating a neutral I|p|d fractlon

8. The nethod of claim1l wherein at |east one of the first and second
anphipathic solvent set is evaporated. 9. The nethod of claim1l mherein at

| east fier i | r 10.
The et Todtseug dnepimAdREEAIe U R AR (Gl iRl o AEALETCC

hydr ophobheatsdivite mici®etavess wakdr) dteh,andor @Covee@dcityll. The nmethod of claim 1
wherein at | east one of the first and second anphi pathic solvent set is
chilled and recovered. WO 2012/ 138380PCT/ US2011/059144 12. The net hod of

cl ai m 1; 3VpgE Gickh tof'caaatn%&rah at ﬂ:@stfdnﬁ oF (1R SHABh AR AR & O v ent

set is recovere 13. The nethod of claim1l wherein at | east one of the
first andh&ﬂebﬂdmmxﬁﬂmntpﬁmmmwxture is heated. 14. The nethod of claim 13
wherein at | east one of the first and second extraction m xture is heated
Wi th mcrowaves, water, steam or hot oil or electricity. 15. The nethod of

cl ai m 13, WRERRARIF LA \IRSciffat [ Jhb 05 theamdk HEGORFRKErEARI ARFE K Ur e i S
heated at atnospheric pressure. 16. The nethod of claim13 wherein at |east

one of thé&edted iwta prassusewbisactet raction nixture is heated in a pressurized
reactor. 17. The nethod of claim 16 wherein the pressurized reactor is a
batch or a continuous reactor. 18. A nethod of separating neutral I|ipids

from i nt7aThe ade@d ofeldim, | 6ColaREh ShdBressariosd dhatgr B aatchadr@aontin@iB s&ctor.
conprising intact algal cells which conprise proteins, polar |ipids and
neutral |ipids; m xi ng the wet algal biomass with a first anphipathic

sol ventygsal 3 gd%fgé atsattln?%gﬁt?aqh@ﬂs%o%?Ln‘f@c@Eﬂé%%%ltso Sﬁ@te a first

extraction mxture si'n rst heavi ase first lighter
phase, wherein t h&owdr@ta \hetalrgaé bigpieas eorapriping sesct blgel dalls sthicdng@mpat hi ¢
solvent set, neutral |ipids rotein and wet al gal biomass and the first
lighter pha§§°@8ﬁp@?§%@£@%@KVf g?“ﬁ?@%ophobic sol vent set and the pol ar

l'i pi ds; mixing the wet algal biomass with a first amphipathic solvent set and a first
hydrophobic solvent set to generate a first extraction mixture comprising a first heavier
phase and a first lighter phase, wherein the first heavier phase comprises the first
amphipathic solvent set, neutral lipids, proteins, and wet algal biomass and the first
lighter phase comprises the first hydrophobic solvent set and the polar lipids;

separating the first lighter phase of the extraction mixture from the first heavier
phase of the extraction mixture;

separating the wet algal biomass from the first heavier phase of the extraction
mixture to generate a separated wet algal biomass comprising neutral lipids; and a
protein mixture comprising proteins, water and the first amphipathic solvent set;

mixing the separated algal biomass with a second amphipathic solvent set and a
second hydrophobic solvent set to generate a second extraction mixture comprising a

second heavier phase and a second lighter phase, wherein the second heavier phase
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separating the first |lighter phase of the extraction m xture fromthe first

heavi er phase of the extraction m xture; separating the wet al gal
bi omass fWO12488380r st heavi er phase of the extraction RCX{Use@100891dener at e
a separated wet algal bionmass conprising neutral |ipids; and a protein

m xture conpri sing proteins water and the first anphipathic sol vent set;
m xi ng the separate al wi.th a second i,c _sol vent, set
Tha 8 second RytRErHE B0 Td BMPBR TSRO S S el STerAeD BEpER SHarpaRs FHhe

m xture Com%b&idﬂ%h@er%ﬁm ¥ @k sRbag ByaRPhebis S61084 ski SRS nRaAS e,
wherein the second heavi er phase conprisés the second anphi pathic sol vent

set and sepdimadsed wet al gal bi omass and the second Ilghter phase conpri ses
par ati ng

t he second hydrophobi¢c s Ive tral
t he second heaV|é?p%ﬁ%@%tFFgﬁwpﬁlaw%%% FP ﬁﬁ%ﬁmﬁﬂ hgm£%wﬁm%é%'ratlng t he
neutral 1ipids frepahiig Heeemealllipghtfeim ﬂfm&ﬂﬂlgm%aie&o@emw&raaieu{ralpl ds

fraction.
lipids fraction.
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