WO 2011/ 127160PCT/ US2011/ 031407 SELECTI VE EXTRACTI ON OF PROTEI NS FROM
FRESHWATER ALGAE CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s

appl i cat iwo 20i1i2nmot he benefit of U S. Provisional ApplipcatusesniNgi4o7

61/ 321,290, filed April 6, 2010, entitled Extraction with Fractionation of
Ol and Proteinaceous Material from O eagi nous Material, and U S.
Provi si on&ELAGTTVERXFRAC TION ©F PROJEINS BROM FRESHWASTER AlGA
Extraction Wth Fractionation of G| and Co-Products from O eagi nous
Material, the entire contents of which are hereby incorporated by reference
herein. FIELD OF THE | NVENTI ON The invention is concerned with
extracting and fractionating algal products, including, but not limted to,
oi I s and pr ot ei ns.CROSS REEERENGE IT0) REIAELEBDt APRBLHaATREONS0ds descri bed
herein utilize step extraction and fractionation with a slightly nonpol ar
sol vent pro - . bij : GRON - | ON
[OOOZ]AQ@QQIeuEﬁ%%pﬁﬁ%%ﬁhgg?ﬂgg%g%§§gxgﬁﬁgbsedSg%%ﬁ%&ﬁﬁ§h%&§%gdrocarbons.
Ext r actd1rap 150801 filedupridiel, 20 r0p Bhfithel Bardchon &itkpastiohmeon cfamgeidus, and of ten
at the engnse of the environment. Furthernore, world w de reservoirs of

oi | ar rawinzarqusdateril dram Olgsginous Mederiedneht-at RrodisionebApicationNepor t at i on
and pr i { t . e I el s such as
gaso|iﬁgﬁgﬁéﬂﬁéﬁﬁﬁgﬁﬁﬁ%[%§5§Fﬂﬁgﬁkﬁﬁ§%g&%§ﬁﬁé g“@@gﬁf???ﬁﬁgdgﬁportance in
recent Breducss fiomedicidimous Mitictialt thetcatiprcdtens dfivdiidsare \warebh imanpdrgtedbed t o
produce sustai nable biofuel. This ability can be exploited to produce

r enewadFETHGE S educe gl obal climate change, and treat wastewater

Al gae's superiority as a biofuel feedstock arises froma variety of

factors, including high per-aggim OTHEINVESTION ed to typical
terrestrial oil crop plants, non-food based feedstock resources, use of

ot herw se non-productive, non-arable land, utilization of a wide variety of
wat er sour cekhe(inyedinn ipeanekingt With gxirpetingang fingienanas etepl piedueisdnelodings bot h

bi of uel - b - o - ' 1. WO
2011/ 19 BBt PBon 6800 oo BT ORI SRS A SRS AR Ve
been sdicegnadlizngeséchcesh far fradtiohatidarwidh e slignlywnhbolat stevan & plobess past
several decades. O these, about 300 species rich in lipid production have
been i de% PIAES- The i pid conposition and content vary at different stages
of the life cycle and are affected by environnental and culture conditions.
The strategies and appr OaChg%ﬁeR(%NWFiquQ]E’ﬁm di fferent dependi ng
on individual algal species/strains enployed because of the considerable
variability in biochem cal conposition and the physical properties of the
al gae d@092]wal Pctradowrmena hanel roshyrse canpeset paiotarinofdiyscessdwss. Excirctiag
extrusig do n Kk Il with. al gae given.the thickness of,.the cell wall
and ¢ neUnistm Pt hsett b ctbindid MASaR e lFph SRS At ner ror e, "The
| arge anwuohise@f FRgh&moré, ekl Wite@atoiRiol oil age mmiaaﬁgeﬁhpm%.t aestt ¥Rbcal oi l

recovered fromseeds, lead to refining issues. [0005]Upon harvesting,
t ypi calacepgalptecysde ferternpRaitation apd progesingrraagecdrte am vebiorptrofeum qil gito

usable fuels such as gasoline and jet fuel.

[0003] 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 (fresh, brackish, saline, and wastewater), production of both biofuels and

valuable co-products such as carotenoids and chlorophyll.



% (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.
Current | woeriigi2ireg oi |l extracti on methods for ol eagi norsTrsL@nioai487
strictly require alnost conpletely dry feed to inprove the yield and
quality t he _oi l tracted.. Dug to the anount of ener ulred to heat
the al d&&ﬂassS?%?f%lr@ownim@meép ﬂﬁ?fi/haVFWée%F‘d%ﬁnefié%@lsﬁugl% i process is

render ed,4ne6R Wd%@dle ovEY Pde%kﬂ %verhD&h&RI drshax! J%ﬁ?@'o(})%)e&@h@l@ uﬁﬁplﬁ ! 9 h
tenperatures to enhance the ‘extraction. These steps may not work with

exi st i ngodugptiop ey bagneddantificthe Thé hpgideonpbbition endemiternt caryadt drfecraft stiggae.

Furt her al il is very unst abl due to the pr.ese f doubl
bonded ety and ot Adkelediod RORR T shfub GPaB NGRS o s ArF ona
extr aCta‘fp ProaBRIs RSk tfaatisiCard @gthadafft Rt &pchdifg Oh linditiagdiemal kReigaghing t he
costs such nethods. [0006]1t is known in the art to extract oil from

dried aﬂngdq>yq¢d;§§alts9 of ﬁierﬁgnﬁés@ahlé Vagalahtydn\bmﬂlemml eomppastwapnddhener gy
i ntensi Flc%l ?%1551 srﬁ sooff t{{'eaﬁé ell wé’ll aegnvtéﬁég&? (fea,)fgxtgacttlo pPo%%%s%ii I_%BéhOdUCt of

| ower dﬁ processi ng caul

degr adaisie@ftusipn) Ql@ll]oﬁbvgﬁi woll Iwﬂ;h)@tlgaacgtwsnrth@ &ﬂckﬁh@sﬁdf&ﬁ@ tdli wall bt etsallt ypes:
di sruptive or non-disruptive nethods. 1@l[OOOS Di sruptive nethods i.nvol ve cel

li es bﬁl%&%ﬂd@@bwﬂemﬁpf aléﬁzcy‘H«mF hermeige thed age gaeHB o PRBEHPIES 8Y upt i ve
met hods, L.e8H! i 40 rpgfea' ﬁ'tﬁ)en%{)lcﬁleéw#ecbv e@f}?ﬁ%@g&s |48 (Sl EAMIsREOCESS. Al gal

oils contain a e percentage of polar proteirns whi ch enhance
the enul sification of the neutral Iipids. The enuIS|f|cat|on is further
stabilHﬂ@Mﬂby Ubhehwwbﬁhgnnmamudgdkmn&mMpdmﬁhnsuhwksnmgeﬁMBlénmuﬂﬂehO The

| | t tral d ds,
oot o 8. Ena THATBFTA I Bhghet (B R He BRPuR e et b g eBhbbses 1o
i sol at g)¢Renie Yt EdhoveldWefbe aﬁ@hﬁthg"ﬁ?eﬂﬁ@tlér?e@uﬁ&ﬁ& épﬁstﬁ%"ﬁi%;&ﬁ@tld)rﬂt 0

bi of uel . LOOOQ ] Non-di sruptive net hods provide | ow yi el ds. king is the
use of B¢ Q@rfpsol@aglnmsnn@tam@s ploicty requere almest dgmpletaty érygfﬁ@i/\ﬁmglpa¢\@athe

ulture ile o] r act aI roduct s not
vor k ot abi BuSRTEH LT MRk REEd BE anRyBRtr BEBPEGreaTh el I
di sr uptrh&g to di i8 sﬁﬁﬁﬂéhﬂljﬁl ah¢ #lpalBkE® Hldstaelqgwds@ prender&f urdcgBdIRIchIc Process
difficult. Furthernmore, the valunes of solvents required would be

ast r onokresally difie Tecd 1s preirysed iorlakask at A ghaBMaciaBieseRcARrce he¥X tiaRdos ol vent i n
the medy Qé stélg’s%%} %&'&&E@ﬁﬁﬁh@% 1sﬁ1<rfé émé{}ﬂ%g td gléin rﬁf&fdr%{e%c
1 N cessli

distilla |ons ex so ur es mechani sns
for sohmﬁnéofdgaydhyﬂandm&eﬂgﬂkﬂhsVHWSHmuMRsh&m@ﬁquﬁmaaiMhnmbbﬁmmaai|ca

and unecononlc for u n algal oil te hnolo 011] Acc |ngI to
over coniig ﬂ&% faﬁweiﬁ? hg%h teRFratureS use E’e‘EPHIV ’c%‘él %ﬁaotﬁ fﬁlﬁg

et hpd%egfh@aéé&?(t)ﬁ!{@ oflother%ﬁ% FrRedas PP tl@é‘&bs{srd?%é%@ﬁﬂoﬂg al gal products, in
particular algal oil, algal proterns, al gal carotenoids. BRI EF SUNNARY

OF THE | NVENTI ON
[0006] It is known in the art to extract oil from dried algal mass by using hexane as a

solvent. This process is energy intensive. The use of heat to dry and hexane to extract
produces product of lower quality as this type of processing causes lipid and protein

degradation.

[0007] Algal oil extraction can be classified into two types: disruptive or non-disruptive

methods.

[0008] Disruptive methods involve cell lies 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
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[ 0012] Enbodi nents descri bed herein relate generally to systens and net hods
for extracting lipids of varying polarities froman ol eagi nous materi al,

i ncl udi ngwbaniierearepl e, an al gal bi omass. I n particul ar, pewhsdoimost4s7

descri bed herein concern extracting lipids of varying polarities from an

al gal bjomass usi,ng sol vents of .varyi olarity and/or a series of

menbr ara® PyreEraad Sty C%ﬁ%ﬂe@%% inbiseliphe Th PRBISIONGS & ISR,

[ 0013] | fanBAMTRe RETRAY li?i%@,tp%_lé?fli m,epfo%(ﬁrg)ah@anhe@algmy&ﬁw%?bv&a?dﬂtex?éﬁgivwat er are
used to extract and fracti ongte conponents present 1 n an ol eagi nous

mat er i akfinihg poicesses srbboldicrtbaineytral hpide, wioniparecghe el tioit isdenventtd iate not

i m te&g%@,l proteins, polar lipids, and neutral lipids. In still other
enbodi §; nore than one solvent is used. In still other enbodinents, a
m xture of solvents is used. [0014]1n sone enbodi nents, the nethods and
syst eng00@gCr i Ned-di@tpive métBodisblille Iav yRIds! AdlliNGisBO L QMFbEeafs ok i pi ds
from ol eagi nous material. Exanples of such coproducts include, wthout

| i mi t atahemicaprteeairad dipslsdrame aravang atesl eHphyWMhile spractémesorseA & erdract WO
2011/1 / 1/ ! -z r i i || ow for
t he si M%ﬁ%ﬁ%%@%&gﬁéﬁzﬁgp %gﬁ ?%%g%fleosn&%} Sﬁg‘gw ?)drlg%lﬁg%}g éag'raglr% al gal
bi omas<eellnwadl dimnpisn. t et ca@hplicasion araktdihe e cdomhém pf afgehaichprocss diffiadt.
nutritional products. [0015]1n one enbodi nent of the ié{lvention, .a met hod

for selldEPPTROTEXF ¥elutsh obrolpenst EaHECE PamidfcasoRaeralalugde theanpiBymded.

[ 0016] | ks BRI NBhcRAGH HERE s@edth® toM&ihinOn. @ method of sel ectively
renovi ng algal proteins froma freshwater algal bionass or freshwater al gal
culture conprised of substantially intact algal cells includes heating and
m xi ng [00B0]f r e¥hiliaplese ettepationy wordd sequrefexteabiwatistillatiqpal useng ¢ammdet o gener at e

a first heated extraction.mxture, co ised of a first, substapt.ially

Y aut o BLROeE Rl g R B PR s SS afqofoveht &l SREE Al &1 1Y sot i o
phase afskes 8RA &ltlaB@ordtimpRRGEal AnPAhédoabmfal fh@sé inSfal SURSI@BIJgals! Yy 11 quid
phase, enriched in albumn proteins, fromthe first substantially solid
phase. The method also includes mxing the first substanti al I%{ solid phase
wi th sdPP1Uat eAceridingbatq apreqac thesqdatickgciethere ds ¢ Beegdp dicareiof second

heat ed ; i ' i i al: iquid
phase, SHFRRIhARAT ARl U fom RTRL REfn Aha FabR AR, HATLOBLAE N Bt Ol U
phase aihghl 9dpapatprogingfandedsd caompaoidson of the second substantially liquid
phase, enriched in globulin grot eins, fromthe second substantially solid

phase. The method furt HEHIEE, VW§R’X>QE1E}RW¥@NJH Nubst anti al | y solid

phase with water and heating to generate a third heated extraction m xture,
conpri 96117 aEkdbofithhfkaMdidekdin biseio8n RARSH F8mI ah@hdethody st anti al |y
solid phase and raising the pH of the third Heatéd extraction mxture to
enri ch exhecting liddsefbenang pelafiticd fremiad opfagimeuwinaterigl, incdiding farexempls, arThe

met hod al s0.includes separatjng at |eas ortion of the.thir

subst arftFLBIRR g (Y R EAEEL b nEhis g RFngT nPE e RBrBeal St ofne. ¢ r o
subst anftaryhg poladtiéfrghas alganBiofaxd Mgng gvdnkd difdzaﬁy-ﬂ@% pelatityadnldyoraqktiek gthase
with a solvent set and heatiqtlé; to generate a fourth heated extraction

m xt ur Eneipbigne §lersofn spreernbediganss tha filtar iy micepfilgrphase, enriched in
prolam n proteins, and a fourth substantially solid phase. The method still
furt .her[ogf@' udgss RidiRgn@bs IRattenBoR Y ﬁhéi? sQbedtRfid f\x}%'tgrtaﬁe &%g%& antially
| i qui d phase, enriched 1n prolamn proteins, fromthe fourth substantially
sol i d pixérse.antdrastomtaspesinenipréshet in aw eftagmoys maeriol. Inwtler ombbtienents,
separatjng steps is. perfarnmed by at |east one t hod, sel ected frgqmthe
group éhwggcemp BerT inE et s e it?,_tpf%rﬁn&rpﬁ%rﬁ@e%ﬁ gl o
sedi mentatdieR embBdMAE, nRePaeh dnOoll &R id BN QNI ot LRAREMORNS, athixkhe.
first, second, third, and fourth heated extraction m xtures is naintained
at a hedtseldentenpescdt ure below its boiling point prior to separating. In
still other aspects, at |east one of the first, second, third, and fourth

heat ed action m xtures i.s int,ai.ned, at . a heat ed , V\D.

2011/ 1250 KT st e S B Rt Fl R tndf b bl asesed Wour o0
m nut esexphttiy dopraRPpaoflipidg fronfokidihHiBrmasiec Bxamples b€ asdh P dattst he first,
second, third, and fourth heated extraction m xtures is naintained at a
heat ed ehde Mathgpelimiatione paicinacgpeumatesak ghlarphyllomderioieneids. | n st |
further aspects, at |east one of the first, second, third, and fourth
heated extraction mixtures is maintai fed at about



50 C. In yet another aspect, the fourth substantially solid phase is
enriched in lipids. In still other aspects of the invention, the sol vent
set conprweesiian7wbcohol . In sonme aspects, the solvent ®et/UsenpBBIED
ethanol. [0017]In still another enbodi ment of the invention, a method of

selectlvel renDV| g gl obulin ro eins froma freshwater hi omass or
1 eshwdiBbdd Eﬂﬁetn%?%nfclaw opflok (st ﬂﬁna@wx;rﬁftmaﬂgafjbaérwl&aéwrﬂs,

i ncl udeo%aigaq)faﬁu&t@ $rofl ﬁgmvm&rﬁéss% g%anﬁérqmlo% f&rtﬁé ?mh_@tﬁor%f%kh fillst ure

with salt water and Ing to generate a heated extraction m xture
conprlsmdnmﬁﬂamSUMEdGM$lalIy | i qui d phase, enriched in globulin proteins,
and a substantially solid phase; and separating at |east a portion of the

Sunet albbE Y LA SR lRR e of e 08 ion s BB MRl S flPacabh SFbRGas

extraCHhﬁﬂﬁ%Mﬁﬁa&ﬁﬂg&1§§hﬂmﬂﬂned at a heated tenperature, below the boiling
point of the extraction nlxture prlor to separating. [0018]1n yet another

enbodi ment of the inventiaon, d of selectively renoving al bunmn

pr ot ei 180%8lom i 4@@@6@5@#@%% thB .%W&%@n rmethed plwslcHvely gamovipg elgrk
conpri Zﬁﬁteﬂf’ ﬁ%&&? Fﬁvls éﬁax 1 BiGRE a%sr id @Ahv&%%rafggal‘:lﬂﬁlr%'tur f&4tdeng and m xing

the fr ter |ona S or ter a to generate a
heat ed slubsmntdillphmaet adgd callsheeaude Iwatinglaphaseng ﬁlﬁd‘t@hﬁp@tbﬁftlgzﬂ@i@hads @ast a

portio t he heated |iquid e containin bum n role'n romthe
heat ed nfgﬁpwa th galceulie @%%era‘gﬁ?@ hegtedipghast %?éﬂﬁﬂaﬁ c Fbak aeﬁrsr i qui d
phase %ﬂgstﬁtﬁ?dllpqﬁhﬁfblﬁ% IeHriPRASE aMubhi fd?élﬁé RRda @{rstéumzﬁ{tﬁﬁ% K&PHHAL Ur e,

bel ow the boiling point of the heated qui d phase and the heated solid
phase umd@qwangun¢n$t@pm@pnDﬁﬂ@ébamabﬁmgwﬂymqsmhﬁw@nboddwénnsﬂmmnmhe

| f h
or oup. dansins g T FitkehShaR TR | UETRGpaNarS Pt S E R bt ot 0.
and acejpghitlallySoliBphdsk w%%@ﬁ'vﬁﬂr@ﬂd%atﬂé&h@%ﬂ%ﬁi@%n&%ﬂﬂ dghé&atd A 1s a

flowchart of steps i1nvolved in a nethod according to an exenplary
enbodi mepanddicatcl exprativanixgire coawuised off pegedubstanglly: shcau%plwémnmh@ agram

i st oahPeniibsfRy TSttt BRI BRI S50 ABHRL BT e Bl &l Dbl B oo™

diagraﬁh@ﬁaﬁﬂd@Xﬁﬂ@hﬁﬂyh@ﬁb@ﬁ&ﬂ?ﬂﬁumédﬁﬂﬂ&&ﬂﬁaﬁbkﬁm Bsysitteanaoadr di ng to t he
present disclosure. [0022] FI G IS a coq&gratlve graph show ng_ Sohx| et
u

ext r actSubvansially sglid phase; eme&@él fhrthrrdagudesimigingdhareeayd stbstapfipibngalid
enconpagsingith %tc?gﬁ@h%tﬁgr? %@ﬂe‘r&% i ﬁe &Pé%ﬂa& rfébﬁ{)i"@“ ve

al gae dil extraction e cy an fect po’arlt e polar and
non- polthird bulpiadsakx tiqed phawe.anfl QORI ﬁlt@anﬁa@l&Bs@:rd@hgseanidl ralsngphepH rf did ons
show ng[hlrllrg Héa{’tgﬁl egt}a%‘lugf m )’(At\ reF‘zg reh}lgh t%g c‘ghlch gubstantially liquid phase with glutelin
proteins. The method also includes separating at least a portion of the third substantially
liquid phase, enriched in glutelin proteins, from the third substantially solid phase and mixing
the third substantially solid phase with a solvent set and heating to generate a fourth heated
extraction mixture comprised of a fourth substantially liquid phase, enriched in prolamin
proteins, and a fourth substantially solid phase. The method still further includes separating
at least a portion of the fourth substantially liquid phase, enriched in prolamin proteins, from
the fourth substantially solid phase. In some aspects of the invention, one or more of the
separating steps is performed by at least one method selected from the group consisting of
centrifugation, filtration, flotation, and sedimentation. In other aspects of the invention, at
least one of the first, second, third, and fourth heated extraction mixtures is maintained at a
heated temperature below its boiling point prior to separating. In still other aspects, at least

one of the first, second, third, and fourth heated extraction mixtures is maintained at a heated



Recovery in the two step solvent extraction process using nethanol and
petroleumether at three different tenperatures. [0024] FIG 5A&B are graphs
show ng neotal12Fiepi ds (A) Purity and (B) Recovery in tRreTtuseoiggmosol vent
extraction process using aqueous nethanol and petrol eumether at three

different tenp ures JFIG 6 is a graph show ng id recovery in
t he tm&e@P%fﬁt%%f%éﬁftweéQta %é%d?n ab%é@é%mﬂ@g A9 raf‘ﬂ&@?ﬁﬁ%“%tlﬁg HOeT gPRFCts,

petrol %ﬁeagtt&r%rof%e fiRf, @@coﬂﬂftilﬁﬂ efld HhEAPBERLLEESctidPRZ&ITL & mdintathed 285 aPh

showi ng the effect of 'solvents to solid biomass ratio on [ipid recovery.
[ 0027] Fle@ed Serseratugyr fap hetsleombbugit #héo @fcu 8@ oynwes. dinfstid rf@mheraqmtsust least

extractlon ol utjons i a,Ssl e ctlon recover agueous

et andine g T b Enadenl Gty rieh S A SR LRS RiR e BFHER o1

mul ti plsy° gt g yeriddane hsét, HRCLAR SuthntiBly wﬂpﬁlﬁ&é MentiOhadl in ;pRis.d Iyk@l d and
the neutral lipids purity. [0029]FIG 10 is a graph showi ng the cunul ative

r ecovergphafaspicpsi efshaisivaionethetsbivaisist eeraprésch an olcohglode ey @pem, the a graph

show n e extraction tinmes of the m crowave assi sted
extracgpglﬁﬁg%%g%%ﬁﬁ%ﬁghgh% extraction systenms. [0031]FIG 12A is a

flomchart of steps involved in a nethod according to an exenpl ary
[0017] In still another embodiment of the invention, a method of selectively removing

globulin proteins from a freshwater algal biomass or freshwater algal culture comprised of
substantially intact algal cells, includes mixing the freshwater algal biomass or freshwater
algal culture with salt water and heating to generate a heated extraction mixture comprised of
a substantially liquid phase, enriched in globulin proteins, and a substantially solid phase; and
separating at least a portion of the substantially liquid phase, enriched in globulin proteins,
from the substantially solid phase. In some aspects of the invention, the heated extraction
mixture is maintained at a heated temperature, below the boiling point of the extraction

mixture, prior to separating.

[0018] In yet another embodiment of the invention, a method of selectively removing
albumin proteins from a freshwater algal biomass or freshwater algal culture comprised of
substantially intact algal cells, includes heating and mixing_the freshwater algal biomass or
freshwater algal culture to generate a heated liquid phase and a heated solid phase; and
separating at least a portion of the heated liquid phase containing albumin proteins from the
heated solid phase. In some aspects of the invention, the heated liquid phase and the heated
solid phase are maintained at a heated temperature, below the boiling point of the heated
liquid phase and the heated solid phase in combination, prior to separating. In some
embodiments of the invention, the solvent set comprises at least one solvent selected from the

group consisting of methanol, ethanol, isopropanol, acetone, ethyl acetate, and acetonitrile.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1A is a flowchart of steps involved in a method according to an exemplary

embodiment of the present disclosure.

[0020] FIG. 1B is a schematic diagram of an exemplary embodiment of a dewatering

process according to the present disclosure.



enbodi nent of the present disclosure which incorporates a step of protein
extraction. Al of the units in FIG 12A are in pounds. WO

2011/ 12716ORGT/128@011/ 031407 [0032] FIG 12B is a fl owchact/uskogsas?
involved in an exenplary extraction process according to the present

di scl os - [0 JFIG 13 is fl owchart and nmass bal ance di agram
descri dﬁﬁgllonegﬁ(?-%ﬁé S@éwcﬂc paramept ap gEerpp @’eqlﬂlquﬂﬁ‘}%tﬁtq%éﬂ SHHEEN N 1000

I'bs.  ofsyakgalccHiifEms shdRsshf @c8ssird through extraction and fractionation in
order t0 separate neutral lipids, polar lipids, and protein fromthe al gal

bi omass. [0034]FIG 14 is a flowhart describing one of the enbodi nents of
t he prd8822] i nVEmt3 8 cahwewitine graphishewingaodxchextirstipn otewredricd akgoe m

vari ou .ﬁrgstguclts.a [a9r03§]éFIIGnt15 i0§n aniI ot}ﬁ/ckéarrnt egeesqrri.tbirn% one %f t he

enbodi MERTE P ERE rESERVTHY BHOTRA ke VS ARl G AN # S YPBIEs ar e

pr oces shgkimQn Kndiviapt 0ds g Gideatation HIREITY Gnd 4@ cffscttoffpotiteyah thed$ar | bi ng
one of the enbodi nents of the present invention wherein al gae neutral

| i pi ds @@daopmekedipily cxagtiohm f uel products. [0037]FIG 17 is a flowhart
descri bi ng one of the enbodi ments of the present invention wherein al gae

rot ei es CiAd ¥l : f -2 I
[0035] AP FLE S Y B AR e St SN S LSO P BT ER (),
pr esentRdcoventin dre twhetepi solvahgagraptiat gionsss asiag sedtienbl vel petekdunacthedchtf r om a

saltwatﬁr %l al bi omass.
three different temperatures.

[0024] FIG. 5A&B are graphs showing neutral lipids (A) Purity and (B) Recovery in the
two step solvent extraction process using aqueous methanol and petroleum ether at three

different temperatures.

[0025] 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.

[0026] FIG. 7 is a graph showing the effect of solvents to solid biomass ratio on lipid

recovery.

[0027] 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.

[0028] FIG. 9 is a graph showing the effect of multiple step methanol extractions on the
cumulative total lipid yield and the neutral lipids purity.

[0029] FIG. 10 is a graph showing the cumulative recovery of lipids using wet biomass

and ethanol.

[0030] FIG. 11 is a graph showing a comparison of the extraction times of the microwave

assisted extraction and conventional extraction systems.

[0031] 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.



[0039]FIG 19 is a flowhart describing one of the enbodi nents of the
present invention wherein a selected algae protein is extracted froma
sal t wat erwonofwestenat er al gal bi omass. [0040] FI G 20 i spraTfuseewtloars?
descri bing one of the enbodi ments of the present invention wherein a

sel ecte | gae_protein is extracted froma.saltwater or freshwater alga
bi orrass[.go o41ff‘c')—<|['d2 if 2 V%fhﬁlﬁ@f SGPIINON Gl Hy *SEWIEY EXERAHIAE PSS el | 5

before ApdtdafthextiaclisBsytsi Ng the methods described herein. The cells
are substantially intact both before and after extraction. DETAILED

DESCRI PTI ON Definitions WO 2011/127160PCT/ US2011/ 031407 [0042] The term
"conduil003dr ahiGvigris atfiooehett endokss badangs dihghen deseribingsing@édhcany structure

t hr ough ich fluid may .be conveyed. limting exanmples of conduit
e rifaflents G BrdTR P RBM VYRS 1O bl sl oS R ot 60751 The
t er m " rBRREN Ok tiactioh aAdraMtadnafldh Bort&etb 8@paratd dcutsd Giphis! §o1a: ligif; bhigles any
body structure capable of retaining fluid. Non-limting exanpl es of

r eser vdrretsin fiem frealpdfdemassanks, | akes, tubs, or other sinilar structures.
[ 0044] The term "about”™ or "approximately," as used herein, are defined as

bei n to I | i g r: in
one. o T 1§ BT SRR Riscfhetine RE ARGl o B PR iyspfiOR
pr ef er ablhoreiniah higal 6%ss canrbe ppoebedab formwdrtous pidducand nost preferably wi t hin

0.5%
[0035] FIG. 15 is a flowchart describing one of the embodiments of the present invention

wherein algae neutral lipids are processed to form various products.

[0036] FIG. 16 is a flowchart describing one of the embodiments of the present invention

wherein algae neutral lipids are processed to form fuel products.

[0037] FIG. 17 is a flowchart describing one of the embodiments of the present invention

wherein algae proteins are selectively extracted from a freshwater algal biomass.

[0038] FIG. 18 is a flowchart describing one of the embodiments of the present invention

wherein algae proteins are selectively extracted from a saltwater algal biomass.

[0039] 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.

[0040] 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.

[0041] 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.
DETAILED DESCRIPTION

Definitions



[ 0045] The terns "inhibiting" or "reducing"” or any variation of these terns,
as used herein, includes any neasurabl e decrease or conplete inhibition to
achi eve awdesiwvedisnesul t. [0046] The term "effective," agCcudasdothessabn, mnmeans
adequate to acconplish a desired, expected, or intended result. [0047] The

use of word "a" or "an’ when used in conjunction with the term

" conpr .lb{;‘fe\?d hghﬁr%mn@mﬁ@aﬁr -a%gemtwatthqr?of? & wied §erchh &%&%ﬁ@nwwtﬁrﬁe
meani nghRfugh WEcho! 1AMy be @hvERAS NARANEitindRIamPRE 0PIt Endiil@hiple-

[ 0048] The ?ern1"or" as used herein, neans *and/or" unless explicitly

i ndi cattebingochaetdads, or othat ecrelovad stvegussl y or the alternatives are nutually
excl usi ve, although the disclosure supports a definition that refers to

I I i d. "andior. " ) f rm " " d
ner 4 n 0PI o YRR 5PN ks RGY o b Ot s et Sl Sl P ent.

Wat er GentRRd capallc e rdigitmathi@i Nbellinlifhd acehdlel erbier@irsandli@csddduar | y.
[ 0050] The use of the term"solvent set" as used herein, is used to nean

conpositeikgnlakenprisserphamenidar shgeteresol vent s. These sol vents can be
anphi pathic (al so known as anphiphilic or slightly nonpolar), hydrophilic,

or hydr bi c- 0 gﬁﬁgg s r 1 SCi and
in othé?géﬁtheghéggéﬁﬁ§$§2Pﬁﬁi In ﬁ%%g?_ﬁﬂ%ﬁ@ﬁ?ﬁ?ﬁfﬁﬁﬁg¥§%§ﬁ%g%$a§%+@entS
t hat meay ubdersteed by onpohatdimey skl inréichodsndin dnkeonAsieing embvdintentthei ncl ude

met hanol , ethanol, isopropangl, acetone, ethyl acetate, and acetonitrile,
Al kanedC TS ABNCIARPE MAT Lo RRGTordhY HHBJn VasPRRPTE ISR Withe Spemdpyt y)
acet at glost KRIFADES WikRA 0¥, et hyl ketone (MEK), nethyl isobutyl ketone
(MBK)), aromati Cs (toluene, benzene, cycl ohexane, tetrahydrofuran),

hal oal kanes (chloroform trichloroethylene), ethers &giethyl ether), and
m xt ur d8043i eséhe tgrs “mhdlitingyas ordduelng” po@s1jariation ef hesalictms, asuspded her ei n

i ncl udegs_co siktions containing neutral . lipids,.and | ar _Lipids, The terns
2l gae B oA Bpcith e DeOga R ibulcr! b %A PR o ety
[ 0052] The term "diffusate” or "perneate"” as used herein may refer to

mat er i ghoddjat Masterm “cffective,” as used herein, means adequate to accomplish a desired,

expected, or intended result.

[0047] 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

2% ¢

more,” “at least one,” and “one or more than one.”

[0048] 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.”

[0049] 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.

[0050] The use of the term “solvent set” as used herein, is used to mean composition
comprising one or more solvents. These solvents can be amphipathic (also known as
amphiphilic or slightly nonpolar), hydrophilic, or hydrophobic. In some embodiment, 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 acetonitrile, alkanes (hexane,

8



passed t hrough a separation device, including, but not limted to a filter
or nmenbrane. [0053] The term"retentate" as used herein nmay refer to

mat eri al wbavivemsons after the di ffusate has passed t hrougis2@isspar ati on
devi ce. [0054] As used herein, the words corrpri Si ng" (and any form of

conprisin such as npr i onpri ses "havi ny f or m of
havi ng, peg%eﬁ fggt&nﬁw nebﬁatefSr{a@yyacet%t%@mm??F@atek kg %ﬁ@ﬁ f&f(lﬁﬁléﬂ F1R.S udi ng,
such agig 'nié@%ﬁ 150%{}%'1 kétBfd MAMK)), Somati kRN Ben R dy@biexhhL,m of

cont ai n| ng, such “¢contal ns" an contain") are I nclusive or open-ended
and do tnt@ahydmﬂmad)a hald)dlmnezsr(ahlomfnmctrltlddroethertmn) sthers (detld dthst)epsd

[ 0055] Thetter(m. " 1|rﬁp(g or any variation thereof, as used herein,

i ncl udd8*"Bit dlle§ ﬁfei 4%, phosphol i pids and gl ycol i pids. [0056] The
term"neutral |ipi ds" or any variation thereof, as used herein, includes,

but is [0081]! | NTheerinO'oilt b GdTRFdifl aRludds eémp@ﬁticdﬁ%onmm@ﬁemar ]11§i6§and
carotenoi ds, waxes, sterols. [0057] The term "solid phase’ as used herein

ref er s nodardipidst [Tdhetteran glzapratlernchialg @il ps usgdhsrein Pi Usedt Biteyhangeathan not
and is not intended to nmean that all of the material in the phase is SO|Id.

Thus, §2§5 e hayvidd Qi Qt%t’ Pt‘]%ﬁ%egtgm H0Gseq FI%%&Q? refg\(ht'ol t&iedl %e{f 'hng S O me

i qui ds enconpasse vm thin neani ng o at"term anvx/n
term"” Ipaqmddhrpbgls e Scpaagtionsiedichandudingy wft @oslimaeditocofilteatr inomtohnarat er| aI
that is generally nore I|i qui d than not, and such collection may i ncl ude

solid i al 0058 term "bi odi esel " sed rein ref to net hyl
o7 e nyPOED &) Fng terp ot a%u%?sﬁwevélawé?ﬁeaﬁodﬁ@eﬂﬂ%’? tFemain afférthe Y
2011/ 1@1@@@@%3&5@3%%émgzep[a%gg]dm@et erm"nutraceutical” as used herein

refers to a food product that provides
[0054] 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”
(and any form of containing, such as “contains” and “contain’) are inclusive or open-ended

and do not exclude additional, unrecited elements or method steps.

[0055] The term “polar lipids” or any variation thereof, as used herein, includes, but is

not limited to, phospholipids and glycolipids.

[0056] The term “neutral lipids” or any variation thereof, as used herein, includes, but is

not limited to, triglycerides, diglycerides, monoglycerides, carotenoids, waxes, sterols.

[0057] 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.

[0058] The term “biodiesel” as used herein refers to methyl or ethyl esters of fatty acids

derived from algae



heal t h and/ or nedical benefits. Non-limting exanpl es include carotenoids,
carot enes, xanthophylls such as zeaxanthin, astaxanthin, and | utein.

[ 0060] Thewoenmwi2bicof uel " as used herein refers to fuel @emrivsea 1/08ENT

bi ol ogi cal source. Non-limting exanpl es include biodiesel, jet fuel,

di esel, jet fuel blend stock and diesel .blend stoqck. 061] The term
"i rrpuri[pbg(g", &h%l”?l’ﬁsé‘&“?“ﬁue n%%‘t‘ﬁeg Sl ’E??%&Oa? ?qoh;ﬂréfg’,“ tRRO¥ W her ei n,

refers fQ1Rhihd/GOMPARE MeRe At hROnIBAANS PENRSIOGHEREe OfrotcRbRE &S0t Ral are
coextracted or have the sanme properties as the product of iInterest.

[ 0062] Masthophyts'dudlbps zaneghin, sennthsednd lutcionnecti on with polar 1ipids, as
used herein refers to hydrotreated algal |ipids such as Cl6-C20 al kanes.
[0063] T erm., det ergent s.,, . wWh used .  n.cennecti with polar |ipids, as
ised haDsli®; b BHE B BREDCHIR R o R EEN b bR BHf it fer o

[ 0064] Thén-limiting dxanpladalilidvssdicseMientubls edsd NicCRRNBICh QBcariddiBRI Blendii pi ds,
as used herein refers to soy lecithin substitutes or phospholipids derived
from alségk: [0065] The term "non-glycerin matter" as used herein refers to
any inmpurity that separates with the glycerin fraction. A further clean up

t i @ hat i i ¥ : ti |
step Whhef e_rm’fﬁf %@Gf@huﬂm , WiRenRIsEF S \onhBet Clﬁi/h (@flrglg@g%ggbl%glg{e ah eutrca

grade dlycerin. e term"unsaturated fat ‘ein
r ef er s rtferd tatailycoapodsntswthbr thitn Hegsbdduateofdotehdsethatarb cocxienttd oklbavd thei t i ng
exanpl es of unsaturated fatt¥. acids include palmtoleic acid, margaric

aci d, SPESMIPELGSHESs e Pdud of ftergtt adecenoi ¢ acid, linoleic acid,

gamma-linoleic acid, alpha linoleic acid, arachidic acid, eicosenoic acid,

honoganygel|i Noirgé ter@Cilsbricahide RitARIsEd Aldotinc@of AHAPSINANYis, 8Cisdd HRRENI €,
docosadi enoi ¢ aci d, henei cosapent aenoi c, docosatetraenoic acid. Fatty acids
havi ng r2@rote hydrasregteed ataal Hpidpsudhrast(é-Gatadlsones. are generally referred to as
"l ong chain fatty acids". The fatty acids having 19 or fewer carbon atons

in the bon g s r i-nf i.4s".
[ 0067] UG 2 b PR SRERARLY L fere th bR RiorDRK pofir it iSMM REHT
onmega- Jefedd toyslycolipids, phospholipids and derivatives thereof.

[0064] The term “food additives”, when used in connection with polar lipids, as used

herein refers to soy lecithin substitutes or phospholipids derived from algae.

[0065] 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.

[0066] The term “unsaturated fatty acids” as used herein refers to fatty acids with at least
one double carbon bond. Non-limiting examples of unsaturated fatty acids include
palmitoleic acid, margaric acid, stearic acid, oleic acid, octadecenoic acid, linoleic acid,
gamma-linoleic acid, alpha linoleic acid, arachidic acid, eicosenoic acid, homogamma
linoleic acid, arachidonic acid, eicosapenenoic acid, behenic, docosadienoic acid,
heneicosapentaenoic, docosatetraenoic acid. Fatty acids having 20 or more carbon atoms in
the backbone are generally referred to as “long chain fatty acids”. The fatty acids having 19
or fewer carbon atoms in the backbone are generally referred to as “short chain fatty acids”.
[0067] Unsaturated long chain fatty acids include, but are not limited to, omega-3 fatty
acids, omega-6 fatty acids, and omega-9 fatty acids. The term “omega-3 fatty acids” as used

herein refers to, but is not limited to the fatty acids listed in Table 1.
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acids, onega-6 fatty acids, and onega-9 fatty acids. The term "onega-3

fatty acids" as used herein refers to, but is not limted to the fatty

acids |isweaoim2Twbl e 1. WO 2011/127160 Conmon nane Li piCa/usane/031407

PCT/ US2011/ 031407 Table 1 Chemi cal nane Eicosatrienoic acid (ETE) i'20.3
(n-3)

Table 1

Common name

Eicosatetraenoic acid (ETA)
Eicosapentaenoic acid (EPA)

all-cis-7,10,13,16,19-docosapentaenoic
tacid
‘all-cis-4,7,10,13,16,19-docosahexaenoic
iacid

Docosahexaenoic acid (DHA)

all-cis-9,12,15,18,21-tetracosapentaenoic
tacid

Tetracosapentaenoic acid Eall-cz‘s-6,9, 12,15,18,21-tetracosahexaenoic
‘acid

[0068] The term “jet fuel blend stock™ as used herein refers to alkanes with the carbon

chain lengths appropriate for use as jet fuels.

[0069] The term “diesel blend stock™ as used herein refers to alkanes with the carbon

chain lengths appropriate for use as diesel.

[0070] The term “animal feed” as used herein refers to algae-derived substances that can

be consumed and used to provide nutritional support for an animal.

[0071] The term “human food” as used herein refers to algae-derived substances that can
be consumed to provide nutritional support for people. Algae-derived human food products

can contain essential nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals.

[0072] The term “bioremediation” as used herein refers to use of algal growth to remove
pollutants, such as, but not limited to, nitrates, phosphates, and heavy metals, from industrial

wastewater or municipal wastewater.

[0073] The term “wastewater” as used herein refers to industrial wastewater or municipal
wastewater that contain a variety of contaminants or pollutants, including, but not limited to

nitrates, phosphates, and heavy metals.
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all-cis-11,14,17-eicosatrienoic acid Ei cosatetraenoic acid (ETA) 20:4 (n-3
all-cis-8,11, 14, 17-ei cosatetraenoi ¢ acid Ei cosapentaenoic acid (EPA) 20:5
(n-3) al Iwoiet151281601, 14, 17- ei cosapent aenoi ¢ aci d Henei cesapsatia@aanT aci d
(HPA) 21:5 (n-3) all-ci s 6, 9, 12 15 18- henei cosapent aenoi c acid

Docosapﬁg_}“aeno aci d, A)

e term “‘e rlched” as used lgerem shall mean about 50% or greater content.
[0075] The term “substantially”, as used herein, shall mean mostly.
[0076] The term “globulin proteins”™ as used herein refers to salt soluble proteins.
[0077] The term “albumin proteins™ as used herein refers to water soluble proteins.
[0078] The term “glutelin proteins™ as used herein refers to alkali soluble proteins.

[0079] The term “prolamin proteins” as used herein refers to alcohol soluble proteins.

Non-limiting examples of prolamin proteins are gliadin, zein, hordein, avenin.
[0080] The term “algal culture” as used herein refers to algal cells in culture medium.

[0081] The term “algal biomass” as used herein refers to an at least partially dewatered

algal culture.
[0082] The term “dewatered” as used herein refers to the removal of at least some water.

[0083] The term “algal paste” as used herein refers to a partially dewatered algal culture
having fluid properties that allow it to flow. Generally an algal paste has a water content of

about 90%.

[0084] The term “algal cake” as used herein refers to a partially dewatered algal culture
that lacks the fluid properties of an algal paste and tends to clump. Generally an algal cake

has a water content of about 60% or less.

[0085] Saltwater algal cells include, but are not limited to, marine and brackish algal
species. Saltwater algal cells are found in nature in bodies of water such as, but not limited
to, seas, oceans, and estuaries. Non-limiting examples of saltwater algal species include

Nannochloropsis sp., Dunaliella sp.

[0086] Freshwater algal cells are found in nature in bodies of water such as, but not
limited to, lakes and ponds. Non-limiting examples of freshwater algal species include

Scendescemus sp., Haemotococcus sp.

[0087] Non-limiting examples of microalgae that can be used with the methods of the

invention are members of one of the following divisions: Chlorophyta, Cyanophyta
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all-cis-7 ,10, 13, 16, 19- docosapent aenoi ¢ aci d C upanodonic acid 22:6 (n-3)
all-cis-4,7 , 10, 13, 16, 19- docosahexaenoi ¢ aci d Docosahexaenoi c aci d (DHA)
24:5 (n-3yoabiverse9, 12, 15, 18,21 -tetraco s ap ent aenoi ®CaAiSA011/031407
Tetracosapentaenoic acid 24:6 (n-3)

all-cis-6,9,12, 15, 18, 21-t et racgsahexaenoi ¢ acid 0068] The term "j.et fuel

bl end JCaRISbagETS av! Herearhomioefidis G ramicamed s t%@l%%aﬁwsewl | engt hs

appr oprh@hRiHoBS oPBE idRnti6 afcUfdiibers of one of the following classes: Bacillariophyceae,
Eustigmatophyceae, and Chrysophyceae. In certain embodiments, the microalgae used with
the methods of the invention are members of one of the following genera: Nannochloropsis,
Chlorella, Dunaliella, Scenedesmus, Selenastrum, Oscillatoria, Phormidium, Spirulina,

Amphora, and Ochromonas.

[0088] Non-limiting examples of microalgae species that can be used with the methods of
the present invention include: Achnanthes orientalis, Agmenellum spp., Amphiprora hyaline,
Amphora coffeiformis, Amphora coffeiformis var. linea, Amphora coffeiformis var. punctata,
Amphora coffeiformis var. taylori, Amphora coffeiformis var. tenuis, Amphora delicatissima,
Amphora delicatissima var. . capitata, Amphora sp., Anabaena, Ankistrodesmus,
Ankistrodesmus falcatus, Boekelovia hooglandii, Borodinella sp., Botryococcus braunii,
Botryococcus sudeticus, Bracteococcus minor, Bracteococcus medionucleatus, Carteria,
Chaetoceros gracilis, Chaetoceros muelleri, Chaetoceros muelleri var. subsalsum,
Chaetoceros sp., Chlamydomas perigranulata, Chlorella anitrata, Chlorella antarctica,
Chlorella aureoviridis, Chlorella Candida, Chlorella capsulate, Chlorella desiccate,
Chlorella ellipsoidea, Chlorella emersonii, Chlorella fusca, Chlorella fusca var. vacuolata,
Chlorella glucotropha, Chlorella infusionum, Chlorella infusionum var. actophila, Chlorella
infusionum var. auxenophila, Chlorella kessleri, Chlorella lobophora, Chlorella luteoviridis,
Chlorella luteoviridis var. aureoviridis, Chlorella luteoviridis var. lutescens, Chlorella
miniata, Chlorella minutissima, Chlorella mutabilis, Chlorella nocturna, Chlorella ovalis,
Chlorella parva, Chlorella photophila, Chlorella pringsheimii, Chlorella protothecoides,
Chlorella protothecoides var. acidicola, Chlorella regularis, Chlorella regularis var.
minima, Chlorella regularis var. umbricata, Chlorella reisiglii, Chlorella saccharophila,
Chlorella saccharophila var. ellipsoidea, Chlorella salina, Chlorella simplex, Chlorella
sorokiniana, Chlorella sp., Chlorella sphaerica, Chlorella stigmatophora, Chlorella
vanniellii, Chlorella vulgaris, Chlorella vulgaris fo. tertia, Chlorella vulgaris var.
autotrophica, Chlorella vulgaris var. 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,
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[ 0069] The term "di esel blend stock” as used herein refers to al kanes with
the carbon chain | engths appropriate for use as diesel. [0070] The term

"ani mal fwedtliar7esed herein refers to al gae-derived sulpsrarse@ds/ostaat can be
consuned and used to provide nutritional support for an animal. [0071] The

term " human.
can belg‘fﬂ?zﬁ

human f.004d.0Podues s ﬁﬂal%?ﬁt@&r{blz%ﬁé %&’Haabu%'ﬁéllaf‘t@tﬁoolas %a%llc?t%hﬁ%ﬁi&' rates,

fats, proteins, vit

ood" as used herein, re rs to al gae-derived subs anc t hat
8”%”8?‘15? Lol umritign fgf@%amltwtﬂols pear Geaalidla vod

or mnerals. [0072] The term "bi orenmedi ati on" as

used helemmfveﬂei/emks tlbmaédlaﬁrtajlw Hyewowttthatim wigdibvErepolsphateamtzs, such as,

but not
wast evvabflzw SO

her ei n @@g&{{ﬁ
a vari (;ﬁ
nitrat g@ﬁa@@ﬁaﬂé@wwaw&wwe 0ﬁﬂ¥&$éﬁcnm@n@waﬂﬁmzmmawmcwﬁwszaﬁyﬁwﬁ1407

[0074] The
cont entff

ed t mtrate hos h

and heav tal s fromlndustrlal
Sl R T URE D [ OGO PErID MEST T s used

a §®, GRAYSLIin®In WaHENREROCQNs pPRANLIE BRhheWenbRNBD ElsotMtis cont ai n
contam nants or pollutants, including, but not [imted to

erm as use erern

%{%{72? %% Ihcdzum sguz\%{t Ei\lgorher ° Z\ri'dnnoch}ﬁ'o TP (Ve ANk b%ﬁacl)cigz B8 r eat er

il nostly.

[ 0076] Tipe Ne®icia z@ﬂc@;ﬁl‘tﬂcﬂ NapicQlaehiskan teﬁc‘fe, ﬂ@%uh@fs&kd@té@ﬂ@ddé& Nevgald sol ubl e

proteins.

[0077]) The term "al bum n proteins"” as used herein refers to water

sol ubl eper’ﬁcg{cgp avicula 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,

Oocystis pusilla, Oocystis sp., Oscillatoria limnetica, Oscillatoria sp., Oscillatoria subbrevis,

Parachlorella kessleri, Pascheria acidophila, Pavlova 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, Tetraedron, Tetraselmis sp., Tetraselmis

suecica, Thalassiosira weissflogii, and Viridiella fridericiana.

[0089]

In other embodiments, the biomass can be plant material, including but not limited

to soy, corn, palm, camelina, jatropha, canola, coconut, peanut, safflower, cottonseed,

linseed, sunflower, rice bran, and olive.

[0090]

Systems and methods for extracting lipids and coproducts (e.g., proteins) of

varying polarity from a wet oleaginous material, including for example, an algal biomass, are

disclosed. In particular, the methods and systems described herein concern the ability to both

extract and fractionate the algae components by doing sequential extractions with a

hydrophilic solvent/water mixture that becomes progressively less polar (i.e., water in

solvent/water ratio is progressively reduced as one proceed from one extraction step to the

next). In other words, the interstitial solvent in the algae (75% of its weight) is initially water
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[0078] The term"glutelin proteins” as used herein refers to alkali soluble
proteins. [0079] The term"prolamn proteins" as used herein refers to

al cohol swbubiiei2preot ei ns. Non-1imting exanpl es of prol aornspeiagians are
gliadin, zein, hordein, avenin. [0080] The term"al gal culture" as used

herein refers to ,algal cells in culture di,um [0081] The .term "al gal

bi omasenddareqlagert R Hisistehiby aampolss saliaerpdially Dhreeretope gh e wrEc al gal

cul tur e .Q08AL I RuikEnThe SavREEE Sfjé'onfi’p%n%t@ doliBlc8it Eheﬁ%ﬁeﬁft? dE@el&ﬂ_%% A eqagval of
at | east sonme water. [0083] The term "al gal paste” as used herein refers to

a part is&dpl, shedibyd tahmritoasingaltancalit aatiohatwinngf the entchcpdapepbhess.t Betacabh ow i t

to flow, CGenerally, an al | paste has a,wat.er,.content of abaut, 90%

[ 0osa) iaraeroout pirtodudtSoy BT 1entR afupta Fariratigior s aPP el tevar er ed
algal culture that lacks the fluid properties of an al gal paste and tends

to cl urppeoGenenaddrye @fibctigahts 6AKR iMamtion WEiRdle SSINER AN SfatcrRLIscB@Y0 O | ess.
[ 0085] Sal twat er al gal cells include, but are not limted to, marine and

br acki shtrastgar fegtenaieconmanenisaiscl] ig 4n okapingugmaterial g other sabadiEants, bodi es

of wat er t o Lim I es.

Non- | i %Sto?‘%%pseegg%%ser g% l}ssa({i EH V\é/a){?%rc ¢ %dgfgaﬁag%aetglg%gﬂ?l}\egﬁﬂgee&ﬁéﬁg%chI or opsi s
Sp., Duwiadgimluk masqrial.[ BODG]cFenatsddivates thal degimoak hataiagisfvostndn othenat ure in
bodi es of ter such as, but not limted to, |akes and ponds. Non-limting
exanpl sdntodimends iigelereinpusdnatedds @lgas ncl ude Scendescenus sp.

Haenot ococcus sp. [0087] Non-limting exanples of mcroal gae that can be

used wiphoihe PBLIAFN r8dovbRBdepends 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 precipitation, and membrane technologies (tangential flow filtration,

diafiltration and precipitation, ultra filtration).

[0093] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the examples, while indicating specific embodiments of the
invention, are given by way of illustration only. Additionally, it is contemplated that changes
and modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.

[0094] Surprisingly, the proposed non-disruptive extraction process results in over 90%
recovery. The small amount of polar lipids in the remaining biomass enhances its value when
the remaining biomass is used for feed. This is due, at least in part, to the high long chain
unsaturated fatty acid content of the biomass. In addition, ethanol extracts can further be
directly transesterified. Furthermore, unlike the existing conventional methods, the methods
and systems described herein are generic for any algae, and enable recovery of a significant
portion of the valuable components, including polar lipids, in the algae by the use of a water

miscible organic solvent gradient.
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WO 2011/ 127160PCT/ US2011/ 031407 and is replaced by the slightly nonpol ar
sol vent gradually to the azeotrope of the organic solvent. This results in
t he extrawoDi2on/afieonponent s sol ubl e at the polarity develraseaiasi4each
step, thereby |eading to sinultaneous fractionation of the extracted
conponents—Extracti-on—of proteinaceoys—byprodyets—by actdleaching, and/ or
al kal ijne extF&®enen i s al so di scl osed.!-4%0091] 11 sone enbodPMEnts of |t he

i nventlion, a single solvent and water are used [to extract and fractionate
CONpoONnNents present in an ol eagi nous material. ITn other enbodi ments, a

sol vent set and water are used to extract and fractionate conponents
present in an ol eagi nous material. In sone enbodi nents the ol eagi nous

mat er i d0098] weDegummmh@hysied ediloe chamicalhef vigetaylemblis doa¢ arardér tbs al gae.

[ 0092] Pol ar |ipid .recover epend inly iits ionic, charge, water

ol ubi eEgve Bl MRS et VodtEnhonn ripoiad atdiel B EREHrine bound)
Exanpl eseliican9ldasurhingll 8stain§g kigdficaijuadtit® of@buthdl Mpt®dTHiOneud@EpO! i pi ds and
gl ycolipids. Strategies that can be used to separate and purify polar

|'i pi ds feastion suyrhgr nemoned fremdhe degynpaedmaisrialcusig soliceus cxtergtian oExanpl es of
bat ch P . [: I I s I % ol vent.: raction
andor yaparog el RAGRIAEARIBR of BidmHeh AR BaRAY Y R S R O
adsor pttheneutfabipids &par af olodgiand abgad biopdsatsi fanmosndfiivaithhantormhackpeabiblgi es
(tangentjal flow filtration, diafiltration_and precipitation, ultra .
filtratqibisydsteasolystothsaresspyeedtlarge muaitifice of aolar bridahirigly feymdiinalgst edent

i nventi i t L Rg; I Fiption. It
Shoul d B8 Tetie? S ane Ronas B ek e L NS B AR afREt Pl

exanpl eshandas the dnndsifedtiongf shpeciufracligdd cthawendlsifioftidnhie finthee stabidbiagd by e gi ven
by way of illustration only. ditionally, it is contenplated that changes
and modhs mesienGHd ol epmRohahls 1651 e Safiiol s The pistertRar PRGE ARSI ¥ibec o
appar enhethiQ, fefA88n Pkdcklstith diffiduls@bi schiabh MPutiehabh 8EndRACHHiRS 1 ON.

[ 0094] Sur prisingly, the proposed non-di sruptive extraction process results
i n overH®ower.deoase polaThpids hravd ansgrosimg nedrkggotharr redopeyswould nédsigrifganti ng

bi omass ﬁ&Qatces igs VFL? when tpe remai ni ng bi omass is used for feed.
This i s dife? "Ht"Fe& %&ga A §0a$ettl,erafeo uFlr‘?e hi gh 1 ong chain unsaturated fatty
acid content of the bionmass. In addition, ethanol extracts can further be
di r ect I[g099]ans eslaelipiids et suFucthite bydagire dud toklecit Mmelceulas §thurgure any Batel ;onal

nmet hods, the nethods and systens. descrijbed herein are generjic for any

al gae, g cuisEng warkst oViapy obthe gxisting fochpalpgichtr prosicwe poke Lipids gegias

conpon . i . a i Dy i : . ter

i oby pi uErial R bRl Aol HEtecd ol fari A0fioRK TRt fiofhias 17

[ 0095] Thainlyealigaealil, batpiil) wheatgtermilointl aiepeablbpilt Mdgaesel yhichthe c@rtaaeatiout

i nvention ossesses a | ow netal content,‘thereb¥ enhancing stability of the
lipid 0382 Vofv/vamalar dgideidapendingsabie specinsorlysiologicad sy of tha eellscylakel t o
make neutral |ipids.,unstabl e due to their.ability tq catal,yze oxi,dation.
For e horaniGong e HAARE R IS NE R tER cfRcknonton, FRBREETERI hor'

r enovalbablefone &f dadheidlldralpid hapi tohorfutey bidi gfodips BEached iledd off ikesSshenstand
nmet hods . di scl osed herein allow for the extraction of netals in the protein

and/ or limdtrpsyiglyceiobi drampeptarifisation qipadan lpidigpamyislienty twedtissof ficdindi ns and

ol ar | |.pi ar Eghl vy af e, [ cases
ore actlion s 2 SR isd s iy AR i 8 T RG o S BR, o ced
her ei n Hanre stabtalvint heovetrylnfameasdar ligdueoilg not only be highly beneficial in

producing high quality biofuels or triglycerides from algae, but also generate value-added co-
products glycolipids and phospholipids, which in turn can offset the cost associated with
algae-based biofuel production. The ability to easily recover and fractionate the various oil
and co-products produced by algae is advantageous to the economic success of the algae oil

Proccess.
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the drying and dewatering costs. Conpared to conventional extraction
processes, the disclosed extraction and fractionation processes shoul d have
rel ati velwolzow/apwpnat i ng costs due to the noderate tenpecatuse@1addopr essure
conditions, along with the solvent recycle. Furthernore, conventional

extracti processes are cqst prohjbitive and capnpt neet the demand of the
mar ket :lﬂf@fdgn Znﬁﬂﬁ@rasaﬁegﬁle&etb () Sy YRS g??&“ﬁ‘?e‘f%%l‘g Tyt aPiBED herein is
the abidd by ﬁr]@teﬁﬁ%mﬁ élfaa@_ﬁ&_lsl HABRL1Y sdchal BigAOhioMEC PrieSmdthEdsSBRASRL i on of

polar lipids fromneutral Tipids during the extraction process. The
di f f er divo@s obettwston af gatcimicbousgeactial fewe aighldrigmesshhodipmea b $leaibtt andget abl e

oils u e%}li n previ pus enbodi nent s i n%lfud th per cent age .of i ndi vidual
ol assed Y FrHvairabEprastah el STy dinind (chighalipny FOERRBETL BROTE conpar ed
Wi th vegeiodhhéntQicktrédiRwant frad@dtaBor oB&Ir@iva sithaRl sep? theP g roximga Hbhly (W W)

Vegetable O (ww Neutral |ipids 30-90% 90-98% Phosphol i pi ds 10- 48% 1- 2%
A ycol igpfieisntTroeess, Rivtgins sourced from such biomass are useful for animal feeds, food

ingredients and industrial products. For example, such proteins are useful in applications
such as fibers, adhesives, coatings, ceramics, inks, cosmetics, textiles, chewing gum, and

biodegradable plastics.

[0101] Another aspect of the methods and systems described herein involves varying the
ratio of algal biomass to solvent based on the components to be extracted. In one
embodiment, an algal biomass is mixed with an equal weight of solvent. In another
embodiment, an algal biomass is mixed with a lesser weight of solvent. In yet another
embodiment, an algal biomass is mixed with a greater weight of solvent. In some
embodiments, the amount of solvent mixed with an algal biomass is calculated based on the
solvent to be used and the desired polarity of the algal biomass/solvent mixture. In still other
embodiments, the algal mass is extracted in several steps. In an exemplary embodiment, an
algal biomass is sequentially extracted, first with about 50-60% of its weight with a slightly
nonpolar, water miscible solvent. Second, the remaining algal solids are extracted using
about 70% of the solids’ weight in solvent. A third extraction is then performed using about
90% of the solid’s weight in solvent. Having been informed of these aspects of the invention,
one of skill in the art would be able to use different solvents of different polarities by
adjusting the ratios of algal biomass and/or solid residuals to the desired polarity in order to

selectively extract algal products.

[0102] For example, in preferred embodiment, the solvent used is ethanol. Components
may be selectively isolated by varying the ratio of solvent. Proteins can be extracted from an
algal biomass with about 50% ethanol, polar lipids with about 80% ethanol, and neutral lipids
with about 95% or greater ethanol. If methanol were to be used, the solvent concentration to
extract proteins from an algal biomass would be about 70%. Polar lipids would require about

90% methanol, and neutral lipids would require about 100% methanol.

[0103] Embodiments of the systems and methods described herein exhibit surprising and

unexpected results. First of all, the recovery/extraction process can be done on a wet
18



Free fatty acids 1-10% <3% Waxes 2-5% <2% WD 2011/127160PCT/ US2011/ 031407
Pignents 1-4% Ppm [0098] Degumm ng (physical and/or chem cal) of vegetable
oil is dowe2wn/arwer to renove polar lipids (e.g., glyceciraisds 1asdo?
phosphol i pi ds). Vegetable oil that has been chem cally degummed retains a
significant quantity of neutral lipid. This peutral lipid fraction is

furt her?l?l_@ﬁ%vﬁl&lﬁamameeca%ﬁaMHa i FFmY mBRAimERt SEREBE N or
super Crlhﬂgb%ﬁl&lﬁﬂé%?%hérgf ?éqhﬁrb&'t@d@&ha@fs&w@h@éeugﬁﬁteﬁ%%nto%&&@ah@i s |0
contrast,” separation the neutral lipids froman ol eagi nous algal bionmass
is far frone ddy dlghldubmasshafurfmayecHeatpgeatsalgltee syistenfsead stasbddsddi¢he mrescne
presence of. | arge ntities.of polar lipids typically found.in algal
(see Tabreioy” ey B P Elidn R P b e Barfl laef pi e
pr esentpuirdt tRdRAbsQdUtaiRENRNEGS chitshaC Butla2tibh< aLHiOR REadsbeomeUtié |1 pi ds. The
emul sification is further stabilized by the nutrient and salt conponents

| ef t i rextraetiogoiresuicetty reFies ipreasdsiens, ehdgydnsaeonpopceissepHroony axfremcelyet al s,
result%ﬁfﬂuﬁrocessing difficulties for separation and utilization of

neutral "T1prds. However, because polar |ipids have an existing market,

their recovery would add significant value to the use of algal oil to

gener at[@104)el sEx¢pas)] Robatimbntpinty barapped toant ahtas obyomalgae eledgiaotiso t hei r
nol ecul ar structure and have a huge existing market. Many of the existing

t echnolBYFay- %Pmﬁlaaaa@bwgmﬁmwaw 4528 WéFeé'ni“é%L‘ﬁé’iléWSéPO@PTaé gekvent,

pr ohi biif e Al S6MRRIP(] BRIBHOCKahA! isOhbGalol PicEiSn@nthypPhasaABOlgpi ds ar e
nainly]a?gagggyﬁ, oat é?ff wheat’ge?n1b??&égd Veéetg’le3gi%$ Algae oi

t ypi caldcytooumlcaiSpscifib entbo@ifrcdts oy wiew) grpol mnewatpe skdvete pmnblangthammlt Abe

speci es hysi ol ogi cal status . of the. cel ul tur ondj tions, .tjne, of

nar vestle BRI Fatestob ol Pt pEid Sl pbitoiinenit e 15hIRLo
backbongjaf{cigasdhopftatto biiRh&sehdSomphrel & bihePDEbnt AtSscahbrRaNeE sbpgt ead of
three in the neutral lipid triacylglycerol. Transesterification of polar

| i pi ds erapplanetbedimgnisyexirahiiomiandofractionatemacapbgdgrprméd ig onegspdelildvwesd fatty
acids, ;as_conpared t.o t.hat.of..neutral, lipids. .on a per ss. basiss. . Hence,
e R e M TP S S e T e v

benef i cindlcah Be porapleciygridd @hh tasdrichyrgb gl Suesustaldglsyesr i des from al gae,
but al so generate val ue-added co-progucts gl ycol i pids and phosphol i pi ds,
which in turn can offset the cost assqciated wth al gae-based bi of uel

pr oduct P! Thé smq sepriagy sabpiynanise BivspVaRuser e extaiatsethanel Vabrous oi |
and Co‘egf%qﬂﬁ&ﬁ? RLAJUCSA R RHGRR IS, BENRELA0E4S1duth LhE, BGRARTh SHCCESS

of the gae ol process.
heptane, diethyl ether, toluene, ethyl acetate, chloroform, dicholoromethane, acetone,

oi

acetonitrile, isopropanol, and methanol. In some embodiments, the same solvent is used in
sequential extraction steps. In other embodiments, different solvents are used in each
extraction step. In still other embodiments, two or more solvents are mixed and used in one

or more extraction steps.

[0106] In some embodiments of the methods described herein, a mixture of two or more
solvents used in any of the extraction steps includes at least one hydrophilic solvent and at
least one hydrophobic solvent. When using such a mixture, the hydrophilic solvent extracts
the material from the biomass via diffusion. Meanwhile, a relatively small amount of
hydrophobic solvent is used in combination and is involved in a liquid-liquid separation such
that the material of interest is concentrated in the small amount of hydrophobic solvent. The
two different solvents then form a two-layer system, which can be separated using techniques

known in the art. In such an implementation, the hydrophobic solvent can be any one or
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WO 2011/ 127160PCT/ US2011/ 031407 [0100] A further aspect of the nethods and
systens described herein is the ability to extract proteins from an

ol eagi nowsormtienriwh, such as al gal bionass. The net hods pdiraisb@gmsider ei n of
extraction of proteinaceous material from al gal bionmass conprise a flexible

and hi ghl ust om zabl e prqcess of extraction and fractionation. For

exanpl e“,“OIi>é r‘P%% ﬁ@‘a’é?rﬁ&??'ﬁg ﬁtq@,toné x4 HEPRBH afkagey a}“cf’g]éﬁiri Gt CEERFCln a

si ngl e [§&ERe (gﬁ%e&%&y ot Qi @hdgind highly efficient process. Proteins sourced
from such bionass are usefdl for aninmal feeds, food ingredients and

industrial products. For exanple, such proteins are useful in applications
such ad019Her sIn spiegrnbabimentsdhé pgfeaction praseesss désakibed lnweinendogporategkt i | es,

chew ng, gu and bi odel%r dabl.e ]gl stics. [i010%‘1}§n0t I]etr. aspect of the

met hods™ SHA 08y L PBRRT UM e dUREP & RCTROB S BT APV PAG RAR RIS Bt al gal

bi omas smiterigOlly Sthe BABE m@Ats! 1he pESMBAERTERLbO pRReRXS a8 (L4, IckfithaR@bout

enbodi nent, an algal biomass is mxed with an equal weight of solvent. In
anot herd)ekbgunaenbodimants| ha pHnfdhaedracgonpsosessiy tlkalindg (egs ercajpitigir  of

sol venty  Liyet another enbodi nent, an al gal biomass is nmixed with a
greater wei ght of solvent. In sone enbodi nents, the anmobunt of solvent m xed
with an al gal biomass is cal cul ated based on the solvent to be used and the
desi redOp@sjar i Tlc ofe dfhexalcgalcobvanmass /csohat@ntprodedtites eonthmirgtdslalgabt her

enbodi nents, the al gal ss is extracted. in several steps. | n exenpl ary
enbodi WP?SSéH&hih@bﬂgopﬁ?%s@aX %Otg’éd’é%ﬁd%?ﬂ? QTOQR?tF-ahF@B,&anF%Qr} taﬁ Pivsd@bout

50- 60%;R{crtibi aleduPBlioMb fibsa kabiA M 1h¥ JRORRRYLALquineihe Lisdb 56} RLEcRelVARL -
Second, the remaining algal solids are extracted using about 70%of the

sol i ds'rendsir ghaduicts sgiddble frir us@ag fuclsdis evellraadoddsuffssintd mehriepespptameitausi ng about
90% of the solid' s weight in solvent. Having been inforned of these aspects
of the | ion..one of .skill i.n the art would.be able to use different
col vent T RPareif L b ol gy G R BBl 4BRsal b ommss
and/ or ig@ldnibnt@is il 8dspedt @ dhlemedsd beshspah af tht ¥nveRtion, dad vice veshect i vel y
extract_al gal products. [0102] For exanple, in preferred enbodi nent, the

sol ventFuidemers, sstsaref theasgiioanes berasedde aglipecmptheds of the nyeadoby varyi ng
the ratio of solvent. Proteins can be extracted froman algal bionmass with
about 50% et hanol, polar |ipids with about 80% ethanol, and neutral |ipids
wi th about 95% or greater ethanol. If nmethanol were to be used, the sol vent
concentration to extract proteins froman al gal biomss woul d be about 70%
Pol ar |i pids woul d PESGRIBTHONUDF $OOE MPL RS IEMBOQDIMENTS | i pi ds woul d
requi re about 100% net hanol . [0103] Enbodi nents of the systens and net hods

descri erei.n_exhi bit, surprisi and e cted resul.ts. .First .of all,
fhe T edB™ ohBr Sk R RREL Sl Bl erstiRE BT AR Teh Rl S o beriSinidl

2011/ 12 6RRGT EX02651HA OB EKH0 o BI (PAED Sind Téavingl 1 olare]pids LAaT LG ady@dlt age as
exenpl ary enbodi nents avoid the use of |arge anmounts of energy required to

dry andimdssyughes wagesesprods ingthe plggltgel avie higl racpugriasi Phaisecondontipngyquld| gal

bi omass, . e i . g resent
i nvent oo Y R bORFADUE HENBA iR St RERENRATRENRESE foial el

si gni f ireantidgyintiigihecoamyg Therlest optianwohldde tobk@idet tixyligddhmeindcharalery
extracti.ons. This is because conventional extraction frequently results in
enmul si gH8N TSCRYIR I MY USWBSHERt separations extremely difficult:

[ 0104] Exenpl ary enbodi nents nmay be applied to any al gae or non-al gae

ol eagi ngyprmat REfe@Jin%@%EH)FRIMAe,Mc%@%O BRYid43 8n BNYVIRE & thEkRpd bl e
slightly nonpol ar solvent, including, but not limted to, nethanol,

et hanollpvdlsggmmamplary ambodments of methols eset i, thafrectmoetionindrpurgica@peef fi ¢

enbodi nent s. may use a green r.enewabl e sol ven such et hanol . . The al cohol
col vent P Bgn Ege otk HEGREY bt afit 450 st oSh FBRIRue J8R ra

l'i pi ds.subfdaaalstepsl 20eWadet atdoR&OReIabAl cdiB tPYILha36-28%, SliamasRskst ¢n Ot her
sol vents disclosed herein. In sone exenplary enbodi nents, extraction and

fracti ¥t iifna seliiciidaprd exdiapten ispegprenat apthe didnwwe andihefagiertriec based

purifi Cc%h%&Pd.' fn] s%ﬁ%de% d-im%r}‘g'g,%% '1t3b%ll%is%rlﬁ?qﬁg&ﬁteﬁ;'%ésted%Qt‘f&%{n%n%dWat er and

can be conpletely dri ed W I'essér ‘energy n an aqueous al gae Slurry.
fraction collection. Finally, a solid/liquid phase separation, including, but not limited to
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[0105] I n sonme exenpl ary enbodi nents, the solvent used to extract is

et hanol . O her enbodi nents include, but are not limted to, cycl ohexane,
pet r ol eurwwetzhari27went ane, hexane, heptane, diethyl ethercTiusbmuansi4oet hyl
acetate, chloroform dichol oronethane, acetone, acetonitrile, isopropanol,
and nethanol. In SOE]?[ enbogi ments, ﬁihe sanme solvent is_used. in seg%Oenti al
ext r actFoRIacs pech asqiligHtam, denspieg RRA centrifsptied &pay Regteviopned drasterR &Y ion each
ext r actj QRS tERpatafe SltishlallOtIRE SHPGELFENt S, two or nore solvents are m xed
and used in one or nore extraction steps. [0106]1n sonme enbodi nents of the
met hods described herein, a mxture of two or nore solvents used in any of
t he ext[PALR]i onThe elgse bioolasdeberabarkesast instep HPdywpdilyl dopsisslofebdutdndl gdt | east
one hydrophobic sol vent. Wen usi gﬁlﬂsuch a mxture, the hydrophilic solvent

ext r act @tRsolgs-eFhabiomagiganthe nartihy<iewpteacddnsstapstinising Ue, a
relatiwv . f J i | t hation and
is i nv&ﬁ‘%}}e{%ﬁg’?dﬁ ni | qu?%iq @i’ ((qiﬁgoﬂ(]ésaé%gﬁg%fl%% g%@ﬁ) lrétnf]eaftﬂﬁtg %ﬂ’ n@lgf(é @p?ﬁac{%’ of

i nt er estdinencoioo filtar predingnddchtasomdl cecatrfugdtionf Deyditapigobihe rembvant. The

two different solven then forma.fwo-1ayer system _whi ch can separ at ed
1S ng. 1CEnTGYeSt HhOvE AT fiotag polid of ST s T e ERDRd s ifBe

hydr ophpicat SIObMRANTRE dBRateRYe REENQlcs tIRRoRI WAl RbKANRIveARd8RLEr . a

ket one, an aromatic, a hal oal kKane, an ether, or a commercial mxture (e.g.,
di esel ,bipmassf Isiwataymgaki he rarried 007ilsing syrmmearioodicomhing{ion planyxafithet i on
processes, descri hed herei n i ncorpor at H excursion in o r. nore. steps.
Boh: preahedr Eh R iR P 20 sieb g R nsE i e Rt IR S o
enbodi ments, the pH of the extraction process is acid (e.g., less than
about Jp113|n sohedeniedd agat dionidie r@titol fdne stey tl Pashially poasassf awual kal i ne
(e.qg., %(rjeat er than about 10). [0108] The use of hexane I n conventional

ext r actliloA0Prsobies uFlus bisorsaeantherbe eftgpgtcdpyignwetst missible paghtlyawnpelact s may
not be u?ed in foPd roduct s, . Enbodi ments of the %resent i nvention are
super i oPEBIS{ R8s ARA A T I a&retcoﬁ%te‘ECHgﬁmr%tfﬁP’r TRARORIQCEP SePeqtigs

ener gy AR aétRdar cRhQHYE! ThBWiadH Rodels cdhS@d @t HoubtapitaBani)perafifigf 0odst uf f s
and nutrient supplenents. [0109] I't is contenplated that any enbodi nent

di scussEgensas.t i somepadiodinents, sl biamagrealjanpiderangs edidwid/br alsglywoaxtiaetiamy

met hod Qlr.3 g&a?emr%%iﬁrql%teir.g ention, and vice versa. Furthernore, systens of
the i nventrof ‘cal 58" U8€d® o achi eve nethods of the invention. DESCRI PTI ON
OF EXEMPLARY EMBODI MENTS [ 0110] For sol vent extraction of oil from al gae the
best cggel4cendt soind Embodiimbmedewaturily of @h alpial Mehysexhrechsiddrduady! gl ycerol s
(TAG and leaving all polar |ipids and non-TAG neutral |ipids such as
waxes, EREpBihs hapvesed algaghiomast withpsalveRigich arehanal e dhe Higal Wawatids Hi50i on
woul d i ;| 4Rl ral
b1 ds 0ustar sy VEal ST G aRPETighidR s, ARPe RARERLE AR LPHL T on
woul d bet timited ta, agthoaing. fThes dovpl Msthaddf dotvteves hasdywér ghitalendveeitingg one or

two steps. [O0111]Referring nowtpo FIG 1A a. flowchart 0. provi.des an
over vi é«%ﬁféﬁ*%ﬁ@ogﬂléa%tﬁmgw%& ¥ e@%&%ﬁ*ﬁgf@@%&iﬁw& o vamgé%laa@_amed in
the fraghina9aflQ8cPRGcRNST ddcF@ting ol iof el 4l QMR AL §AEr ©WRERRHNY
biomass. In a first step 110, algal cellS are harvested. In a subsequent

step 12G{ragiemeandios sepsmaswach (fatgahrahpeiientselln fact,ot iitledodized thet eyt d
bi omass. | te 30, a solvent-based. extraction.is perfor he
b1 orme SarbreRirER R Bre S R R BRI FS bR R B elPah " Ta0 wir)
al so i NERIMOsATEtPIIdhasatheailiRCGh AfLaBNE clldr@Cn M 2@k |s@EhdcONn skthpal Iy, a
solid/liquid phase separation, including, but not limted to

embodiments of the invention, dewatering methods are combined in order to remove even

more water. In some embodiments, the addition of solvent during the dewatering process

begins the process of extraction.

[0115] 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,
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WO 2011/ 127160PCT/ US2011/ 031407 techni ques such as filtration, decanting,
and centrifugation, may be perforned in a step 140 to in order to separate
out snal Iwo 2bipizdiceonponents. [0112] The al gae bi onass wrem/usasnmestsed i n
step 110 typically consists of about 1-5 g/L of total solids. The bi onass

can be partjally dewatered in step 120 using.techni ques including, but not
i m t ediceyting; %%@P%éﬁ fratign. dnoge F@#s)&m?ﬁb RaHgered m#%(ﬁ%fﬂter Ioesethiat i on,

sedi menglh@nine aligéltt%mws%ﬁ B wHECHh AL IRRe OWHER ngih'%gﬁtgpat fiRd, thPevat eri ng
is the renoval of sonme, nost, or all of the water froma solid or sem solid
subst ancenveEdbpatemisitis rasfycleh dirpeted nath¢rmgetdubmresit Meamehidie Wet @galng

t echni ques to renoy, ter from arvest ed al gal. bi omass. wat eri ng can
be. car TGRS eGSR STGH 18 o8 oG NB LT O Eh * S BImChEs HEHOds
descri hgdut®el/D (i @S10820% w¥S) DY habn&dnt@tcd il pdste knawntrtfe@R@naf skill in
the art. [0113] The dewatered al gae biomass resulting fromstep 120

t ypi calsolyes igtagobfeniabasgd saimgugsiewplogess 3Fhi s bi onass can then be
extracted with water m scible slightly nonpol ar solvents (e.g., alcohols),
in a i §tage.& rent r ' r I ting the
I e e e A e S B oo Sl S e
oper at iathicex peristse hdvingoweigativoightbtat td iemassoads of Béttseciasher gdes aci d
and/or al kaline extractign to fractionate protein material. [0114]1n sone
enbodi EAs!: 1¢elibt Py nif tosjedfeq ingi ssHus vesash B 3l Yk aWaGE "BYIUESr eat i ng
the harypg k QRRSSIe idHontheSRNF RbeAHAR B SIhaREh |

bi omass%?sg f%éﬁ)egﬁ”oﬁeg t g’\éytlﬁtﬂla’g gﬁa?' Id)(?f IalEcol utton %ﬁ%bﬁﬁg I?F%—%?%?r%y t hen
be renowmddeirygd bpwrddsiosmabchasquebusicinat distilidtioednd/or psivpproationy. THEhi s novel
met hod of dewateri.ng has |l.ower capital and operati costs than kno

ot hods el b wafsnr o iSuyereRg bpdtends Pkt sEigs Sy bagowti%: omass,
and hasythr addesobanelitr Yutdgcr easing the polarity of the al gal bionmass
prior to beginning extraction and/or separation of algal components. In
fact, it is theorized that the sol vent-based sedi nentati on processes

descri H8H1 Her eSplvants idopt ¢ dpvatering aigapdustréhlly commarewstgesolulblg solyerfamiiid

sol vent . r t | e | r ge I surface. In
sone e 8%?%%%&?&& ﬁlfl]lfe&?dr?&/ﬁQ P(I;bzrflﬂdget\?é{né?eisﬁllg&un%tlﬁﬁggé%gé%g%ﬁﬁ?’ned in order
t 0 r enoietotitER, BItGl sediei,.cthanok arshadoh) ddiropdiios hebhewadd(D ) nethflesol vent
during the dewatering process beg’i ns the process of extraction. [0115]FI G
1B shovyeh andiogghicatin.yvE thewnlesnt Aensity dhovr 1dl glaviaihen fheglgncdieagssamyld an

al gal i j i . 1 g/L to about 10 g/L
(i.e., q%ua%%&r\?\’p w)&llé)a\s{é 28 %%t%k%egg&goﬁéfggé %ée%%%l 2719%%% process 320. Process
320 can include centrifugation, WO 2011/127160PCT/US2011/031407 decanti ng,
settlin@l18r f FIG rZatsiapaherhaticohegremvddi ererhplay anbndemed ofeh aktraagioe filter is
used to_se te.the algal biomass fromthe water o e culture. \Wen
ising. USRI et B I8 ate PP i borteg Pl mBhed o B o ot her
al gae GrEILENLESbut MBeImwiEd ® a ﬂhbeing lhgR| a RkEABSE hEC B Bz ardeasm
concentrated to an "al gae paste™ with a algae density as high as about 200
g/ L (i .chambgm- Zboselvent formextraceernis eprircatadadl a0 astqaga tank assignedtq ¢asht ed with
a sol vep 40,1.n a..solvent - d _sedi ne ' I.OC . 350, .

o116) eSO Eeu aRE G Tl bl Ry RLBrBERioias 0litsthek ai gae
past e tigtoabdslevandaxhaextdst dthehel shgage taek gie/sod it the kM @tvetperibdioatBss rati o
of between about 1:1 tq about 1:10, The algae is allowed to settle in a
set t | i rR§SAEUSBE residrgcq tigys|roqpiementor sxtragtivy ke Sggcts dn prchoiasarpipnk mey
exanpl e,.1.si i |

Feused e B RBlcRANANH B AR bRl 1E ARy (R Al RN N A ¢ on.
The r emaduvicnie detndnicamapsscessiflg tisic @xeadt echsticallyavihiacrabddisisntaontpents ©f about
30% to about 60% vvlszOi n_an al cohol .an%zwat er ﬁm u

ion. . .
primary reservoir 210, a transport mechanism a plurality 0% separation devices 241-248
(e.g., membrane filtration devices), a plurality of extraction reservoirs 261-268, and a
plurality of recycle pumps 281-287. In this embodiment, primary reservoir 210 is divided up

into a plurality of inlet reservoirs 211-218.
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[0117] Sol vents ideal for dewatering are industrially common water-sol ubl e
solvents with densities over 1.1 g/nL or below 0.9 g/nlL. Exanpl es include

i sopr opameb,20ucRIBNEe, acetonitrile, t-butyl alcohol, etramaiS2ommestianol ,

1- propanol, heavy water (D20), ethylene glycol, and/or glycerin. If the

sol vent nsity is over 1.1 g/ t hen the al gae bi.omass woul d fl oat_ rat her
t han crighf a é@&ﬁ%@ﬁ?ra%?n,@w@l Bierachm vk 1StPIL?ée§ BTTiRg oRyer .29{ B8 G 2
IS a schamay Io@ngh@gﬂ%@ac%m% 2¥e ML iMor TOREMRRBLs PlacAinfXhl@fdsbRBirSYySt em
200. The wet or dry algal bionmass 1s transported using nethods known in the
art, i dRudhmngscchud emb222 ofitianepbrt mechanwi 22. Blnspod sevhemsmeRVelyoets or

t hrough, extracti on chanbers. The solv for.extr ion i.s recirc ed
from o 185 SeaiomdheaRratr oculin Brb eSS SH B PR st i e Fhct i on
M xt ur ead the faldat BloBfss & elaH§pdR, it E@sséy APRSH tIKOHILASIHPCHK pardtiéh 8Rgccshat- and
the extract into the storage tank. The solids on the belt nove periodically
based cif8tand iy wpritnddatotirasiionseefiNardngnelafibr Therdietatopertimrethetmasact s in
each Sttg{ %gﬁ ép%?%io ch"e.{i‘ T RE,L AR &oY el SalW@ti on or continuously
repl ace Py PHESH S o vent * 5™ woul ¢ als6 7 edice the downst r eam processi ng
time and cost drastically. This enbodi nent conprises a primary reservoir
(210, a [ﬂl?gs poFm;c @]atﬁipamt itl&ndig‘ﬂﬁh.,te por|)tibn| bﬁthietaygaf)bimp%aﬂat {)asﬁesftmdugbﬁleMl- 248
e.g., rane filtration devices), a plurali of extraction reservoirs
261- eél}gta%?aaraﬂw taga 44 (6-rteeprfign _ﬁ@}ﬁﬁgngﬂu nd nagigley enadhiwouehite

Ui MBI SHESRIED 3t dilionad el dicloBiuR BRIV 26T, EiBhfirsl @SGLYPI 'S
211-218. WO 011?127160PCT/U 011/ 031407 [0119] Duri ng operation, alga

bi omas2620theidsffplamgedtien ¢anrtetre¢yvlaelt back sefissoiniet 2dstrvoea0la Fhersteneted 221 of
transport .nechani sm.220. | dition, solv 205 is aced, i nto .inlet
Feaor vgRriog oA iSRG boPhsr TR L re RN Lh 236 HihEpor
nechani §¥ckd Gy dtan§sortmbaRnAhD2I0 BiseeBRSnRl REGVSi: 215 BRI {ccRE ipaiasibh 220 from
first end 221 towards second end 222. As the algal bionmass iS transported,
it pasgigiccRAduyhich hen ginpraciatfijncs sepseghianar fidrmtipaviesksthan the Pygscapdtivs
separah&diiga? fractions of varying polarity. The diffusate portions that
pass th Bdﬁh Separation devices 241-248 are directed to reservoirs 261-268.
[ 0120] For exanple, the diffusate portion of the algal bionass that passes

t hroughot2g fi Taé sqepae af thedifdevicq®rizehlthbepagses thidagpescohd sepamutivaidsyiog
liquid and particles small enough to pass through separation device 241) is

di rect &d2tc8n Ppdirested o sceqndk ipsRTyo1p 892, apd thanfrpeystcdrhask fq secendigiet rgsgpyoir

di ffus i f i ' - i The
Tt ont 12 ROHL A0 oD 2R8. TREVGfH: BRCKrdcRd hofifln STHELIL PRI hacthils T
separ atrniob padehrioogh &tdnd sapatatien doeiceR42 canclat dyectaddyspmsportmmetlanissn2 2P0 t 0

second | nlet reservo 2 and second separati.on device i ch can
o BT BT IH DB PR ParSPORCH Bt et Faf Vot P S B bar ar on
devi ce LfkatidPdAIdeina3 229 IRIM th&fthé ReedHitt hURRLS aQkh k@B hidafircPRE 3¢t hr ough
second separation device 242 can be directed to second reservoir 262, and

t hen r eosiqeehtbalckresavaies omdeitn @ffusats portiony arg irectcdta e yedyeleposgpvd82. The
retenta%g or E%H;agiqﬁrgo&tioq>95 thqralgal bi omass that does not pass

t hr ougH " &RFG SRR AT SHIGUT & ¥4 Ean be directed by transport mechani sm
220 to third inlet reservoir 213. This process can be repeated for inlet
reser vqotz]2 13123 ngidty sadadiatidnty) tibefitkiCsctidd Ivil 48 csuigdicd Wah thdidghiat ent at e
portions at each stage are directed to the subsequent inlet reservoirs,

whi | e tecHPsfigtht ronpeler selMentato, der Brosbrplpignphac  whicthe last Bagtiog; widl bend
recycl . Lol e a

cmbodi ronack il b Rofid Ellen Qrbhpf BAENAL Lo HIRAC IR vater 10
sl i ght Iproceenthetdorezatrv@ntompdricats in the. grderodtdepehsang poladtityrveith thkiffaetidihe | ast
fracti i1l . be extracted wi.th the npst re slightly.nonppl ar sol vent,
et hkhalbaction 5%{ fsﬁﬁwél.l_s %ﬂfﬁﬁgﬁ@s@ﬁﬁw@w@m%@é Siiaece WHPbnents in
the or dgta@fondR6ERaSIRATRAA thhfobivhrd Héh IR 19Ns, WAfe fHeTRal 88ctRinst he
first fraction is to renove the residual water and facilitate the sol vent
ext r actarorclpmommssl lipike fractions that follow are rich in polar lipids,
while the final fractions are rich in neutral lipids. WO

2011/ 127160PCT/ US2011/ 031407
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[0123] The oil fraction can be esterified to |iberate the long chain
unsaturated fatty acids. The carotenoids and | ong chain unsaturated fatty
aci ds camnwbeosigipareat ed from the oil using processes suclhkrCagSouliasiusbar
distillation in conjunction with non-nolecular distillation. Al of the
fatty %ﬁifﬁ can, be. separated from_the carotenojds using the gglecul r

n

di sti | 8%, Theourstion ek lise (¢ Hhetie Sialag chun HEaTaicitly acids.

di sti '%&mt%i&%dtlen%sa%{ @MsGrld18q FAYRLids REH Be E%ra;axe@ﬁbﬁzlsmé Sl udifg i ni ng.
The I ong chain unsaturated fatty acids ' remain as high boiling residue in
t he colmroacessdsGacids molscouter distrldtioniin corgurentioo avithervnsmollehd aedistrliativh ollsyfst em

and netho descri bed herein.incorporate one oy, nore steps. i sQl ate

P ot o1 I RETECC R ohF BB g TRt er rane fos TP Ce g G ahmty - such
prot ei nyig¥latadChh B8 8t RAIRRANRINGY PHpRAiHFLIBNELISMn!E s@fabtEUR 16§ @lairon and
extraction of protein. For exanple, in one non-limting enbodi nent, the pH
of the 8ty gans tor pefiries. fihe dengsehgay unspioraterbiatty acids ramain gs high bodinggevded n
extracqhgp (ﬁ&ﬁglting inafirst fraction that is rich in protein material.
The pH© (%%e protein extraction step is adjusted depending on the pKa of
the proteins of interest. The pKa of a protein of interest may be

ascert gonzt usimgnnetdmeldisitigambodonans tiof exdkiction $ystehhendamtthodnddstdbadg, but
not limted.to using the Poisson-Bosznann equailfn, enpi ri.cal nethods,

nol ecul RFCIRYIFAFROEYC BAS IR G 40 159131 pretays matsyia r?@%??%ﬁa%ﬂ?W%gwa@125]ln
sone e [ e : | S oAl LAe XGHR i
enbodiggggégg?hgng% Vgﬁgﬂgﬁﬁ%ggg%%ﬁ?gﬁ ?ﬁgﬂﬁggghtmﬁo. I%ﬁggﬁgﬁﬁgﬁgodinents,
t he solivdationpdddreatrgesonfafgmotaino tor e about nd@linliting embdbmerntedithent s,

th | 1 H.i t 10, t .11, . t 12. | th nmbodi ts,
the sorlemSiiin e TRRaeragiotaS i wob R A8 Tt aeiey MopBMegt bdet o i s
| ess t hadtisR etk isxichlif p%t@i%rme_ﬁé’@ﬂ.d 'T'IT@?HSOf tﬁehﬁro?e@tll é‘ﬁfﬁcti@ﬁ'streﬁ'iwﬁﬁusfté@m about 2

to about 5. In further enbodi ments, the solvent pHis about 2; about 3,
about 4lepeisbng omths pKarofdhoprotdins afiatersst. r st ider @lor priotsin of intenest friay de
separatjon, device is th di rected .subsequent, i,nl et reservoirs t.o

noht eve S5t B Rorbo kel hdf af ah SR LLREIH Wstigh bud PRREER KSpeife

non- | i rth¢ Pe@scnBelEintAtequitiodl, empirival @Ethadls, nfol&Rpardghasick Badelendthdi] or
separation device by simlar neans (i.e., solvent pH adjustnent).

[ 0126] AB§ ustafdiifation CeiyPyent pH is acconplished in accordance with methods
known to those of skill in the art. For exanple, acid pHis achieved by

m Xt ur §gpisian APRIAPIh RIS dnt K10cH e SAIMERL Bl &abIEAMRlAT Y aci ds
usefquPor]proteQ% extract%%ﬁ Pn%%uﬁ%? W§tLout'IFn1tat 5%, %ﬁ%sphoric aci d,
sul f ur iemtadirdentanit svpdmopHlispicateadiad ab&itntiOl dn bther ainkadimeetsptieisslvanthitbved by

addition and m xture of an propriate base intp the solvent stream
Eeiml ARED om0 0 FSP b hen DR TP eI Has S0 L BHLIF APk 1By 0l n
ext ractiiog it welem whéhenodichéitd, ahd mvenp?H§§ sHMEBY gl den s@hRd sodi um

hydroxi de. [0127]In some enbodi ments, protein extraction is performed in a
syst emasapdrmacngs, fthosalvdne pHxs teagthanabarid. fin athter ombodiorentsy e salvdetsdt i bed

herei n._For .exanpl in s e di ment a | gal bi ss 1s,spaked in a
ot ad) e 57 TBE 240 P 1F B ERCAGmeER: B Aot Rtakin SRS o
separ atdbetit 4, e684BI&r aBord 5. ThRRkrhdtedpdrtion of Mk firktl sepabiicindevicBnetHeaMaI Ni ng
solid is then introduced into an extraction and fractionation system based
on pol ahifeetpd tesubgedient ey reserveing to Shigviegxirgctignrang dipstiention basastoR, t he

remai ni t t o fr e \: - Lonat i r sed on
poIari€8&F§§e§%%§%§r?ghgﬂgﬁﬁééﬁgélggnggﬂgéﬁ?&%$klﬁ?%8 8%92% aﬁgggrotein
mat er i akpahtidrhéevisetbyafimillemeadsiaet sodvenppHCEAStmEdIL 28] As shown in FIG 3,

t he sol vent selection and the theory of fractionation based on polarity

were d ped by extensive anal ysis of.so|vents and the effect on

extr acﬁmﬁusi MY%%G%BEwI@?Ht@ i aectqﬂaﬂ}SE?Jo@ea«%?rdWﬁecwﬂhmﬁwgs g o

separ atth@d dFfskdll iR t6tSarf M6 RaSBlel Qciﬁr?ﬁelﬁ h@lieveliy bt 8F a P rasidtORcigy st em
was utilized for rapid screening solvents for ['ipid class selectivity and
r ecoverigto tBobaleert stréanpnEvempleysacoksawiiub for pretsinastractomnmpesdd, vgthautni de r ange
of polgrities such as al kanes. cycl oal kane, . al kyl. hal i.des, .esters, ketones,
ver ot duplaSReRios Pt ik SR R ny ABShIOP Ao Bl PR RMEERRBES « on o
the bi qiiBRSed By hli€xd 4RCHREIRS ah BSFrBHkidtd bidelildoi th@bdvdis kinghnt. NEx hBRgar d

met hods for algae oil estimation such as the Bligh-Dyer lipid extraction
nmet hod. The bionass contained 22.16% &btal |ipid, of which 49.52% was
neutral Iipid.



[0129]FIG 3 presents the data gathered by extraction of a dry algal nass
usi ng various polar and nonpol ar sol vents conbi ned with a Sohxl et

extracti onopoacessd Depending on the chain | ength of thecalusamng/osabvent,
60-70% purity of neutral |ipids and 15-45% of total |ipid recovery can be

achieved with di sruption. and sql vent extraction. The |qngest chain

al kane%ﬁé‘?w u&l%%é’ff‘éta{n Fopetiphgnclp %W&P@Hﬁ@ﬁ%%’f’ PPW@‘:‘F@@&’&%“&# Eﬁ‘Es and 42%
of thef%gﬁﬁ{h*ﬁ@hg& As FIG 3 shows, the results of extraction of dry alga
mass using sol vents and conventional extraction nethods such as hexane are
inefficient, expensive, and result in poor yields. The systens and nethods
di scl od882Her eimscmaiternlsalimpats eprptear §xtraciaercis esribymasontarsybtemmmgpahis fpmeporti on

of slightly nonpol ol vent t ter, in order. to separate out conponents
of ai f 1t PYGRBER R Q@i b Reabrinds RGP Eol FuhERE 4 Vo)
2011/ 12:pdidRedts )92 Alabl 01340 is[s041Qlid B H-a98dte £ 1R niki@ ) @llos@ldugnt s wer e

nore selective for polar lipids. The neutral |ipid puri t}slt was 22% f or
net handbolatinh vigag ppipropiisa seitaratios dprhasipe (ak-c 6BTiTugrdom of figrdigninihe

selecti )ity : : 0 1 DI : [ ' % pur e
neutr alr\é]:n%%]f%e%\r{\@ggtchtgg hﬁ%dﬁg%o@%?%c%x\%rc %Jp %1‘;1%%#1‘8ﬁ%£o%[5§?t gﬁrha?%qs so gnd nor e
t han 9Qfdlofty tdselepeibad heiepi. dimilitigriafsome cmiptinamel, tHhesemaingpcedtlaenfronandi dat e

for an enbodi ment of the present inventjian wherein methanol can be used to
sel ect i ERGIANSEctippation Progspyased appalarit) s sypased & wkedjustedsplvsnt t o

extracti gt beisBeR drdleid mRlcHS! HShNGdNERE A0 raLlio . The ot her sol vent
cl asses tesrt edlsdi %tﬂﬁotel shovev any s%%ecti vity at 5%@%2&% pid class since the

neutral lipid purity was close to 49% simlar to the |ipid conposition
pr esent[0128]t he Asshgivmal FISi. GnthsssolvEntr sehestiom ard the tleeory o bfradtiopatibir seden y

hi eved, wi.th th ts T. f bout 15- 359 i.ng t.h
ol vente i et EREapgy bF RRuliPerEhvy STpRARSlat itk o SiiRGHOR kg
cl assesh@Bol:0étaxtrhétRinthreeds§, aatito Mo Ohs dphhioh @F libids fonPaséIEmaRRXI. et

anal ysis were confirned using the standard bench scal e batch sol vent
ext r actThsrSoliplsaedtasson exsdem pag ubBrasvior rpeksergsinangisolverts feplinidslass sel ect ed

were ne r i to. .r ver. |1 Pl . | eum
ethor T PR Bl S kort BB b RE e ML ch R R (B L6

ext r actdfpokrities eucher htkaney cydlddikanclalkl Imdided] cstodsyietbnes akere tedalc IPrivx s act i on
step in this experinent was 1 hour |Iong. O her experinments done (data not

shown) theerteastian.thatividisgnientandromposisiop of hefirmassdo pe pyrastdus tewed thhe

ext r actigRcd oy ﬁ’% &gg&gﬁaﬁ%ﬁh&{y fgli %l%eg i%&f?nattlio ud asqﬁgﬁﬂgﬁ-i’i‘ﬁazegﬂ ffd:‘e heat

and mass transte e system The met hanol extraction e

per f or mxtraaiondnéthed.efhe bienpey antries, 2240 t@AC]pidrd wehchCl9.52 s ovad ecuttd
determ.ne which was optinmal. The petrol eum ether extraction was perforned
at 35C!Nf-0se to the boiling point of the solvent. Petrol eum ether was

chosen because of its high selectivity for neutral lipids, |ow boiling
poi nt, [angh|t he FRG oiptelentidl htk caSRIAShxahét®in Pl drialdaPmasd Bind3ldriots 4A
shows that the neutral lipid purity in a petroleumether extraction carried

out af tnelarandwprpma] sobsnisgemboredsyidpa deh:dgexiractmparo@oy, Depandingtanghe ng t hat
the conbinati t he e tjion e nhance neut.ral .lLipid
ot ontRBAbAAR P lne NGRS b0 S BE Y 31 B ERIROERF 00 AF Wk Binig ' P

neut r alretdviehydcan@eQBicyedvaithdaWiskinstionh@d 8oMast extraétgin. fThedotgesnehant alkdne
neutral lipid loss inthe first step. [0134] To mi nim ze the | oss of neutral
%@ﬁ,@utf?ﬂélp

i pi ds SPhehiestagiiieatsse. resqveerdiG0anok pis12a6 Fe o offthe todaldipidiedt can be
I ncreasqe; B %h@xgéj, ORI kRadtdE oF %V aqgﬁlmzfsg g’sin@@ol@@ﬁ’ts 2 SR G

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.
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results of extracting the aforenentioned biomass with 70% v/ v aqueous

nmet hanol foll owed by extraction wth petroleumether. FIG 5A shows that

t he neut rab 2bimpi2diepuri ty was much hi gher in the petrol eroratshen/ ogadt acti on
than was achi eved by the use of pure nethanol. Moreover, the | oss of

neutral |]pids gr eat | educed by the use of aqueou thanol in the
first éftddlce i She Tl S sleahe ;Sﬁ%ﬁpéw%mﬁ%%eimﬁ o drion 19¢  hi gher
t enper gy 8iStidi By SehsPOv} f&lmétﬁ&bgatﬂfﬁﬂ%{%%ﬂ?an%l.' E%r’o}fylda%l‘orh%ﬁéi%%o% he total

lipid recovery In the subsequent step. [0l n some exenplary enbodi nents
t he t ershewanysecdivitydetesanrmddriaod npndedgpids rasohingah b 3% puronderal tipidensur e

optimal_stabi]) of al gal ents, pr.esent in the algal, bi ss, Al gal
or ot o1 ruSS@h, Mebaftrs®odes GRFBF OGR! RS TRlmhf bar oo 2F o Pl hent o
that exflcRifbrel AIRDRLAY R cBRNSAitdaMditi¥te foanOdniRydiRehdtiEstsent Inkentigmper at ur e
is increased after the tenperature sensitive algal conponents have been

ext r actvelepréipapathane! edngas uspd ensedestivelg £t mokar lipids dromean eleagipousrpaterial

enbodi ihe.te rat ure.. of r Lon.p i i j.n order
o opt 1T PHARHEME TS D Gash R P AE b e T RE TR v BB el o
anbi entdid espbioatanyclaptitity, tolvdids bpidatasstshrice bitd hdungl et Purigf widdo®@xbr act i on
m xture. In still other enbodinents, the tenperature of the extraction

pr oces 49 sERBH R thedipe RAMpRPLdT RraEens B thepripmyl kipmesie Fysthemeereghoiitt . I n
still - ' - ' t 1€ do M dependi ng
on theqﬁ(ggﬁcgg}?gl&n 0 S‘?ﬁ%&glseggr%iegl?%ﬂgﬂ%g %%53@‘%@3%@&%@ élgétgﬁ action

t enper abivees unmdtabisfer tHeesckrotivdadtiatiyorodf ehetsiul erdiptdapoandistoshtiptdeduce t he
viscosity of the extraction m xture enhancing extraction recovery. [0137]In
some erfBHafH¥nts, the extraction is run under pressure to elevate the
boiling point of the extraction mxture. In these inplenentations, the
pressurgi3g i NFheASEHs FOMIAESHIBIERRAINSS QRSEEN T RcPUSHE Me Hdatdbncivhi | €

mai ntai ning the tenperature of the extraction nm xture below a tenperature
at whi cshala?w?wasoltvn@t dasétracnpprothscicscried balopeigi Examplab g gl |vanensel agred,
deconpase, or, be destroyed. [0138]In sonme . exemlary enhodi nents, th

ext r act g B B Pl ACan LoRdNEE e IR S AT R i T YO ot Bae ¢ e
condi t ifenfecovate bf Whlitehlipide AXtofaled éx@nclisnspedt peBehddevith a 1a0XBEPREK e OF

el evated pressures). In other enbodi nents, the extraction is perforned near
t he boiRiiigE#di axtraghon 16p idxthis sEpsrapeniives drhour oggi Pt esperimenss fee @eter
extractj it . hon of the
ol vont AL ouf 45 BuhGEDE! BhE Io1on BECaIROESE ARIGIGIL b

resi st ancessfuf. Thiereotitioacinoin degamdentatnuthe hes aad howedartséer 9if g dysteant | y
exceed the boiling point of the solvent, the solvent-water systemcan form

an aze e. 2011/ 127160PCT/ US2011/ 0314Q7.Thus, nai ntaini, he system
2t or HRLSHIE e THOMEREOSAAE oY ST DETREA of B BEHL IR EHBOG Gaibre <o
enhancenlii¥s *eXxtn@8dri 18 QeteMhink S HI@OWE] S1HineA PEAS BetrdBurAddict EQPactibAGa§o!l UbI Ity
of oil is increased at higher tenperatures, ich can further increase the
ef f ect ipeeloened af3 58Kt alessttd the tatilingepapetraithy sdvanit.oBefraleum kthes why ertseboi | i ng
point. FIG 6.sh the.t.otal lipid recovery.in the agueous .

ot nandiecise 6T TR SN BB ntseP o lEBN e hestlon e Pifneraptine

met hangjbs@xtd adricRBagi@ar its boiling tenperature slightly decreases the

neutral lipid recovery as observed in FIG 5B, it enhances the total |ipid
recover[¥i$%0139 | n ot her enbodi nents, the extraction is carried out under

anbi entlY13Yht i R cBhsheTsdng. the peustah Bpidgwsisainrerits lcunhethenqrgetionogiriied
car | e bhed nBila AR AYHE A 'a@%5%5#;bklﬁla%%,b&&ndh%atuggg{lﬁg% Edmbifafdite!

tube or casing, in or prot ect ght sehsitive a nponents from
degr adatfitione tGacxtranon depacehahcqghthe seuntsil tipidecoategadf thofipeinendsoil pdddet] | n

ot her ary enbodi nents, the extraction take | ace under. nor mal

at nospfrﬁﬁ%é%w bihe b meutr Foiftom Sendp e or¢ Has aRiePyicEilon t akes

pl ace updiiht 8f MukLPESA 1L TPERNB EdpY order to protect al gal conponents
prone to oxidation. 1n still other "enbodi ments, the extraction takes place

under an atnosphere of inert gas in order to protect al gal conponents prone
to oxi d&i34dn. Apgahindeerheresstod newizal lipidghn theemethanmg cxisactivn dtepi bia pokicitude

car ot enocfjtlgessiol&errlllt e ehi%lcgease%%gl aldidfl)ligdﬁater to the solvent. FIG. 5A and 5B show the
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[0141] 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. Wbeorieroal al gal bionmass is rich in carbohydraras2qie/ogi4p7 st ar ch)
and can be used as a feed stock to produce the solvent used for extraction.

[0142] FI G, 7 shows the effect of the solvent to solid ratio he total

i pid reedyef gxiradng e deiceRtions Wy it 1 Qf msaq%ev%ag%aeoqgw&w%; a
cor r es apNdiRe Gt haRd1bEm e SRS siANsHoRLsFhat AP Rirh BERY ity s imicrPel | eved
that thi's was becauSe of the lower solubility of |ipids in nethanol as

conpar dugheo iptheectrelonmmthey cusedionithanexay abidvoh by 8lewsn v psgahetbanohexane.
[0143] The sol uhi Lity .of components is affected by th olarity of, .sol vent
used | Mgiogss Pscerpt S ERBES S rely det e §Y grent PECoB huttiala 1o
det er mipefitdextiRtibR sRp. Welsed ANMAES 5BOMSMBhNARKtradtdh 28 KRN ®mprahB¥ W W wet
bi omass has 40 g biomass and 60 g water for every 100 g of wet biomass. |f

100 g ompeavedmebitraldipidiparity ot slightly dicsceased tha tatal Hpidirecayeryeinibhsibsemicniet
bionas%ﬁgs 1 part wet biomass to 1 part ethanol and the concentration of
ethanol>i™ the mixture is 100/ (100+60) equal s about 62% w w of ethanol in
the liquid phase. 62% w w of ethanol in ethanol water m xture corresponds
to a pdd#d3jty imaex efenfpldy cobbdintcatsatle bynpweitglrtof alne xaraeti@gprogess e
polarities ﬁf the conponents, th%gol, having a polarity . index of 5.2, and
wat er , AP 18 pdarde prsprs erfimel stabdity phalgal gopnenents Breselt i 6 et hanol

and 38% rAr o Al i * . 6.
The pol TtS (SR PR Fine R BRI Whd Bty el SR Im sh o AaRelng?
neut r alexhibpi tdmpérstucabansitiaited It othbecralipgiirnerds, 8harthsraur espechsodelfier then | i ght

of the instant discl osur one of .skill in the, art | d he able to
Cor ot drBRe a0ty Gon i B Crort g By ey B P b el B ei R onent <.
[0144] I n anot her exanple, if the extraction solvent is a 1:1 mxture of

i soprogyi3al conpltilphtfereixBapRry cinBediRRhA! ihkYerdperhticofiRé ¥&RctibS process is
((3.9+5.4)12) which is about 4.65. The ratio of solvent to wet bionass

woul d bdiustaddnordes ¢ esimae 816 yield op Hicadepiredproduy. Fatragtions eapt mmnifrgmi ndex,
we woul e 55% A . \ . t sol vi ng
e S Ao, s AR oL L LA o
(9- 6. 6)ctiQ-embod)mentd) tHeSeiberabife of th¢ @ktradiov @idcerd % chingsdldegsnding ot that er For
a 40% w w wet hiomass, the wet biomass to |PAratio is (1-0.55)/0.6 - 0.75
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.

[0137] 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.

[0138] 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 elevated 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.
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[0145]Wth a 40% w w wet biomass this would correspond to a ratio of 100
parts wet bionmass to 75 parts solvent m xture. A 40% w w wet bionass has 40
g bi omasswendiieR7gowat er for every 100 g of wet bi onmassPCIrfusz@ig3mh7 sol vent
m xt ure is added to this mxture, the concentration of solvent in the

m xt ur s (75/(75+60)) is about 550/ wof SO nt m ture i n the sol vent
mi xt ur el bt BPINEGIRE ey Stem & Of Bar i oI éo SBUVPWd BERgRY cpAvehs ol vent

bi omas Svabéifs'tQ cAlanBOER RXAERAL LWANe %d%gﬁg aRekdser Ineeﬁféiliho‘?lr in%fubﬂﬁ*y LeY is

nonlimting exanples of solveéent sets appear In
2011/ 12agregsednt lugz@rmmpmw@e?s Valzhecag fi@ter gtceqﬂSPﬂmteéfentlﬁnmsaaftevctmctmratts wet

bi I d ts Dr ' Par t t
Sol ventRATAPReate Tl BN a Ut YERE THGF Aoy e BT aregpos i i
100994 Q4488 &RMoL petr 510 Qa4 0 ADBR Qctd. Rlthough 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.

[0139] 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.

[0140] 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
algal components prone to oxidation. Algal components that might be prone to oxidation

include carotenoids, chlorophyll, and lipids.

[0141] 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.

[0142] 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.

[0143] The solubility of components is affected by the polarity of solvent used in an
extraction process. The solubility properties can be used to determine the ratio of wet
biomass to solvent. 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.
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MeOH10093409%0600. 615. 1 Propanol 1005440%40600. 474 1:1 | PA EtOH mi xture
1006840%40600. 534. 55 95% et hanol water m xture 100115 40%10600. 665. 39
et hanol S5%©Ommetiianwh m xt ur e1009940%40600. 625. 195 95% etrlhaniskoi3AB14PA
m xture 100 95 40% 40 60 0.61 5.135 One step Polar |ipids Extraction

62% w/w of ethanol 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. In light of the instant disclosure, one of skill in the art

would be able to formulate a solvent set that can selectively extract these components.

[0144] 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, 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
v
55% W/W* of solvent mix in solvent mix-water
For a 40% w/w wet biomass, the wet biomass to IPA ratio is (1-0.55)/0.6 ~ 0.75

[0145] 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. This calculation 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 3.

29

95%



Et hanol

100 320 40% 40 60 0.84 5.2 | PA 100 101
WO 2011/127160 PCT/US2011/031407
Table 3
z ‘Extraction:

: : : : : ‘Solvent- solvent

.parts wet parts ‘Biomass :Parts Dry Parts ‘water ‘polarity
; biomass solvent dryness Biomass ‘Water ratio ‘index
:One step Protein Extraction ‘ :
Ethanol 100 99 - 40% 40 60 0.62 5.2
R — e s FH T 3o
MeOH . 100 93 40% 40 60 061 5.1
.Propanol 100: 54 40%: 40: 80 0.47 . 4
A1 IPAEtOHmiture 100 68 40% 40 60 053 4.55
:95% ethanol water mixture 100 115 : 40%: 40 60 0.66 : 5.39:
95% ethanol 5% methanol miture 100 99  40% 40 60 062 5195
195% ethanol 5% IPA mixture 100 95 40%: 40 60. 061  5.135
One step Polar lipids Extraction T T — |
‘Ethanol ' : :
PA 100 101  40% 40 60 063 39
:MeOH ' '
‘Propanol

1:1 IPA EtOH mixture
:195% ethanol water mixture

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

SOne step Neutral lipids Extraction
:Ethanol

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

[0146] 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.

[0147] 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% DMSQO increases the lipid recovery 3-
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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.

[0148] 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.

[0149] FIG. 10 shows that recovery of lipids can be made more efficient by the use of
ethanol 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..

[0150] 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

Proccess.

[0151] Another embodiment of the current invention utilizes microwaves to assist

extraction. Based on previously gathered data disclosed in this application, it is shown that
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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.

[0152] 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 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.

[0153] 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.

[0154] FIG. 12A shows an illustrative process 400 for a step-wise extraction of products
from an algae 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
ethanol and 12 pounds of water are combined with the algae and water from the previous
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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 ethanol, 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.

[0155] 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 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 ethanol, 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.

[0156] 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.

[0157] As demonstrated in FIG. 12A, the resulting lipid profile with each sequential
ethanol 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.

[0158] 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
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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.

[0159] FIG. 12B shows an illustrative implementation 500 of one of the extraction steps
of process 400. An algae biomass and solvent mixture 505 is provided to an extraction vessel
510. After the algae 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
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., ethanol) 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.

[0160] 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.

[0161] 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
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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.

[0164] 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
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after solvent renpval .is,, optionall assed tg a centrjfuge 525.. Any
ol s PRIERHHE T ik o Bk ¥ hs o STEE aitePa S b EBRIP TR deu
Cent ri fougecan 2endseSolbwed By & 8PlRERLIREH $ceratles bf 8d atlodadl soRidsIpieteifLoalled
proteins or lipids) fromany renaining water and/or solids in the liquid

phase. Hroesos-|Ihe remaigimigompassaxaipbe rieh icasbdydedessmd liydswhi ch an al gal
mass can be
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processed to formor recover one or nore algal products. In this exanple,

an algal biomass is extracted in a step-wise manner in a front-end process
605 usi ngvohelmetrtsods di scl osed herein. The extracti on aod/UGSe@anatson steps
are followed by an esterification process 610, a hydrol ysis process 615, a

hydrotr j.ng process 620, and/aqr dj stillatiaon process 625 to further
i sol at elﬁ%pon FRinS '?:?r%&&tﬁg?mii’fha@th8#%@&“&r}5?ﬁéwbtreb@8@t°§’llﬁ’ﬁéIS al gal

l'i pi ds, i @1@8! 1 P4RL B, Nhe FEXAEL bNGIt i M QLBRKHBloa NI RCE WidhRs 3 fk&s the | ONY
chain unsaturated oils and/or esters), fuel esters (generally, the esters

havi ng axhra¢tronl afnigfif¢rsntaflasg20ofgrotsimpbutehd mefhodb disclosral heacldichablesne toapht ha,
and/ or Ilgy%g Qetr?le nls#bsth%utfs In]Pr%ferred enbodi nents the fuel
est er s SSISETETE STHRET RTOMARGERD P ISP Rer A HE 4% esters are C18 chain

lengths. In still other enmbodinents, fuel esters are a mixture of chain
I engt hg01 4340 Ofy SN &rfibodid@rkS 1T 2SS Srbibins FohPRedMvRtE SFaP ddis jiydr ol ysi s
process 615, hydrotreating process 620, and distillation process 625 are

opt i onalccemplishad b ¢haumadl procasashousindfliflern §. Fiisbwatashlgal @ils ons frastovatot t ed

arrows indicate so ut .not all. .of the options for when the drol ysi s,
Py ot FUE PGS B it At Phifh st Bomal e B arparived moiie

pr ocessindenah th@t ducRiad but heCihRabto, SIRFinSXRMRlidh, ahd rxRIE. amROstos®Et s of the
invention, after extraction and/or separation are carried out, the neutral

| i pi ds denergtels grirsidigatse cxirpasion Inyixwyelpolvieatcomprinebeicetirst sibyakealbyulequir oduct s
and/ or itives, Alternativel I N -9t her. i: S neutral, lipid
fract oot AEE AN SR bhwiel a7eaRlia FERECLTREY R v B EBMERY | ot on
pr ocessScpdftiembar Bcdddd@ipticed myquesicknsfwicthddstkhewarih thesdtCihchigings bat rlot base
catalysis, and can_include transesterification. Al though base catalysis is

not exdinpidsdos gntrfugeting derasgHandlaiines scdipeitationapad {iTagions Thisdiel r ed as

t hose t i : i : ormed during base catalysis,

whi ch 5§ﬁQ%%%%§?%@#@%g§%§%g§g%§§P%p%%ggéﬁﬁéagEnzynatic esterification
techni ques can al so be used. Esterification can process substantially pure
l'i pi d metwe]i al The¥ier stankiuldy cblidgshassBdhdemBicd withAaltevat@in@hichte¢al i on,

gl yceri ne byproduct can be renoved. The esterified |lipids can then undergo

nol ecul S8PCTaifd WEombmwdextmpetforgnisyre g sluey, qoprsised of &sepnd substaadally o
car ot erEPERL WL sccol Sbefinly (HdTHh st TPl SRR MRl Swater o

be passedndydbdanciqatssatit aglupomcas sx&Aplctod sgenesohitéon veduld vemprid abduesel , and
ot her fuel products. Any hydrotreatin rocess, known in the art can be
used; suRely %f glesinsilng %%}alrycpg‘_i\ﬁa_dlogfhg olfq ey BRAIPRYC Ad FRHBVEs
oxygen 1pl SRUhESubsRXEAR) Adiia SRR Bhed B IBVDNERAKI Nd compr i se reacting
the triglycerides, fatty acids, fatty aC|d§esters w t h hydrogen under high
pressure in the range of 600 psi and tenperature in the range of 600F.
Conmmonl[91THed Tat adcysd sutatamtiNiyviol@rph@eds thdnQhB3d Myithrvedteeaidi egtetihe f uel

esters rather than the raw |ipi.ds has several .advantages. First, th
esteri fgeear@tecﬁwﬁlaaée@gg CHAFT PR AUEWE QU camgrizd @%’Fﬁ& ﬁutﬁﬁ?@&ﬁﬁb Pﬁ‘é“gand

metal s s&%@&f&%ﬁ@ rs%s%tﬁahg sﬂk@é@{asei The %ﬁ Reafs Mekhafondh&nRebP apﬁyt 0
catal ysts typically used | ydrotreating processes. Thus, esterification
prior tisthepdaietd teabbnty grotaegsntidheng the ¢hiof subktentialrlofwéphdsagritaglatclnst .

Al so, terificati d th I I i ght. of . the. b

nydr ot MEREE, Thner Bhyr RSB iig e er PO e turd SR P R TRy

procesqmﬁggﬁnﬁg&iﬁgﬂu@ﬁﬁbhﬁdhg i s advantageous to retain the fuel esters
|

fromthe stillation process 625 to be hydrotreated in a vaporous form as
doi ng so reduces the energy needed for hydrotreating. [0164]1n sone

enbodi MBATE of Thathijdspbsipntaly sphé Phesgtiy ticn aliged with piselycrirset aidrhsateryo

hydr ot ' : Y i nt.o. f yel :

e +1 VERU G Pufh fleq SARINE o AL o Bl A8 B QiEL S

esteri fligaid ptide sepafairtcdubsiittiatiarsolié pidsds In brengefeh@d embodiaicut, aiesblaster s,

ei cosapent aengi ¢ aci &EPA) esters, and/or fuel esters via distillation

pr oces SCEIBNPIERS thpnols npths psdmitmesmbadiments, (s aang 4l IcamPEHPSIAE 194t | on as
well a : / P i,sii .| atqi on techni ques
known ?%&?ﬁggggﬁhgﬁg¥£%§%%%l%%&%ﬁ@’ﬁ?é%?%?g%ggééégﬁ%ga?%%%t?%%ated using a
si npl e aditehittileatlihonolodhnthingutid pbaspaaattiecrt sepatatede Thohainh fatstaptialcy dguifior
refining. The long chain unsaturated fatty acids remain as high boiling
residue in the colum. In sone enbodi A&¢nts, the remmining 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.
[0165] I n sonme enbodi nents of the invention, polar lipids (and, optionally,

o o ~ A -



[0166] FIG 15 is a flowhart showi ng a process 700 for producing
nutraceuti cal products fromneutral lipids. In one inplenentation of
process A0,20nen2treal |ipids are fed to an adsorption pr@ceas20i@H3t4hat
separates carotenoids fromEPA-rich oil. The neutral |ipids can be from an
al gae squrce generated by any of the selective extraction techni ques

i ScT odBe e B e b RN e el F iR deutn! 5@??1%1&;%05}5@@?86 W ces,
such a%e@nﬁeﬁeﬁaqu@(ﬁ,sdeﬂeﬁéﬁgbﬁ(ﬁ%@é&ﬁﬁd@ﬁm@r&@ﬁ&%&ﬁ algdPbigARSs. contacting the
neutral lipirds with an adsorbent to adsorb the carotenoids, such as beta
carotene and xant hophylls. In one inplenentation, the adsorbent is D aion
HP2G0SS [0tTaTTer &i sinheyerab@iimaink eextrction FfpcbicinCtiem cadwatohnbyal calsis nc. ). The
neutral 1ipid n contact the adsorbent in bat ch-type process, in which
the _neL?tCP%fPPlI‘%%ﬁ& gyéh?&%&%ﬂPB@ﬁtSh%’Y%mh@E‘H15113;“‘%@5 gélfcs_ﬁsar%&?f@@feéd anount
of ti MeyoMpidthast BR HeORHARY nﬁké&?,MBJih?% b Refthpiidd Ib%fgLuaﬂet?ro?n%@lRﬁlrsat ed

usi ng techniques known in the art. |In other |n%lenen ations, the adsorbent
i s hel cknomwnan tledsbsusbns, e dot landed foestmang.ragitatiorpianid ravkgp ddseptotdss ough t he

d bent bed. i . thr. h t d b th t id
o ez SRR Rl o SR o M RSBl o Brst bR B S 1
EPA. [ Q468 aHae: Giar Qibenmiisls, ofa phesd eaR\ueH@ehd FaMmi hhscadsarbenbamriser i al by

treati ?Bg t he adsorbent with an appropriate solvent, including, but not

| i mi t edbepatatign eghled accemphshed bataheaniaty, ofisghedsdyiowalis dhvoidrt inclydingnbit nogst er s
such as..et hyl s . or ;but yl. t ,ad k S hexane,~ and
pent aniﬁ%ﬁtgg%%ﬁ@%%g%i’ (siecg %}lgﬁgﬁ%ﬁo Sﬁe(;%\}mm%ggtzonpk‘{%@ggﬁm@ﬁo%ﬁ 1osrﬁr?)tr oduci ng

fuel preaBseitill§3IQuid shsaBhrighed ih RletwliB@ooteihhle neutral |ipids can be from
an al gae source generated by any of WO 2011/127160PCT/ US2011/ 031407 the

sel ective extraction techni ques disclosed herein. However, the neutral

| i pi ds [0&%0]be Thofrsdsihstansally sdsl phaseis then pixadwvidousteeand hrawdhe gencadte| i pi ds
are treated jn degummi ng. process. 810, in Fch the lipids,are.acid washed
o r oot omb e B RO B SRR e B GeeobhE b el fge >
sone i mpdensessndtsubstsntiallylseli@phasel Thelkblid shdslafuid pleRedire prasppatted. Taisd i S
added to the neutral |lipids, and the m xture is heated and agitated. The

pr eci piseeandcbupsiae liqgidazhasnts creekadsingtanip prpteidpar at ed from t he remai ni ng
oil, for exanple, by centrifuge. [0170] The treated oil is then passed to

bl hi 8 I hy | h I ds.
come. 1 toPEHen: 40y s bt ee e AR B e P B e ot

with cl@yerafcth @irddkied cageobhalktufbd ey}, cstplisaisofldl BRe Bitieanehay lihide.
bentonite or fuller's earth), which reduce the | evels of chlorophylls and

ot ger dRest andonthd aestantiatly )éél_éq phasqrhghg pld &f dus Biind exfaetiansmiziys et sigy
component s oo FL8TEPF oy MR RIS Rl ARBEXPERS BPebiE

m xt ur geotcthse @t sélikindditgiid pvses @andhgprsopanted, tha tradikubstam;alfyH ejuid/pliast r eat i ng
process 820 aJEo ca%se sone cracking and the creation of smaller chain
conpourf§¥e Qichedi® gIBEIRAWIHADt ha. Any of the hydrotreating processes
descri bed herein can be used for hydrotreating process 820. [0171] The

m Xt ur qop§2)CONMPANARRI CbaatRMlyiBlil BRatYHihel hRAld WEh REOGES S84 RhRJRGSSed to
a distillation process 825 t0 separate theminto various fuel products 830.

Di sti | Iggnérete ploovh bsated Bxteamtion nuktutteorashyryo Comhusadoifadoiugh sehsthntialy nol ecul ar
6 AL PO AR P ReATchBS o IR "
pr ot ei ngt BRYprizes s@h@st Ty 6thyr 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.
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extracted froman al gal bionmass. Extraction of proteins using the disclosed
nmet hods of fers nmany advantages. In particular, algal cells do not need to
be | ysed Wwoi2or/m2016ext racti ng t he desired proteins. ThisPsgirmskeiiogsioand
reduces costs of extraction. The methods of the instant invention exploit
the solubjlity profiles of different. classes of. proteins in qrder to

sel ect i[ﬁgf:{) exT Pagisclanial Trieds Sraprevidkdny F STtPEYCargattionnf diff @entdyRitasss,

paste, &g aslsRdRIIPIG. %3 £y é’ﬂ"{hé‘ktgﬁ‘él othO RIS IRYnEL-HRliGEt €d T O

heating and mXxing to extract water and salt soluble proteins called
al buni meoamsical lodpdrionscd Tdpastety Litonr the cem of thentdpe isaldpetotsetctivela cxtirmnge i n

Ht t.h | kali | ubl t el th | utelins. Thi t
Can ¢ noaRer s GRuCEy v ST Bk SPSe AP 138 ! iR onol ol ubl 6
pr Ot o1 Al RE BF leay0S boT 4Rl oSS woul d be ri ch i

car bohydrates and |ipids. W) 2011/127160PCT/US2011/ 031407 [0174] Pr ot ei ns
can be extracted fromboth saltwater and freshwater algal cells, as shown

in FI 301841 ankn a gon-irpeting ewetie clbuliaproteins eaneboswlaciizels extarged fremiat ure or
bi omas r ' i ff el n, t he

ot nods AT Rabagy ePr B dhink ala ks G ofil SERER b oudenttl | Mo
ei t her Henredhxwict®almiwaireor dlngaeon|pbitdddf nsubetantid ybiagiidpindss angéxt racti on of
proteins fromfreshwater _algal cells.is acconp]ished by the nove| process
shown iSwartgaﬂﬁohqkplégﬁmE?%ﬁ&ad@@ih%@ phasey cay tJf‘?I’e‘%f}ﬁﬁﬁ_ﬁréFedalTéléﬁqu}dorrass are
heat ed aick i ithed'th ¥Idbelif BRolifs REEPT! 172 Bthchitn el ety of met hods known
in the art such as, but not limted to, stirring, agitation, and rocking
This process generates a first heated extraction mxture or slurry,

conpri dO8Af alif another sahdinziting axdnyplé.iadfinginphetsios aabasdiéatiselysubatteht i al | y
solid ase. The sqglid.and lLiquid phases are then separat.ed. Separation can
e ncc i fsHBaTESh DG Py b hePRRRE A o R Eh AhRaL RRRET bt ot
|'i m t echehRd c&@idtHoh fbigAré BNslulhe CRRpAsEPHE a §ubofantidIBNique€phdteRh@hI Oon, and
filtration. This first substantially |iquid phase is enriched in al bumn

pr ot ei rigbstpgialg]sThé phisesThe selat andlicuid phased ¢aa theralescparatded hgiligeid wi th sal t

wat er . h Xt raction mxture or slurry,
conpri @gs%ﬁ%gﬁgleegglﬁg%gﬁ[%@%goﬁ%}lgﬁ%g@ i qﬁgﬁé%gahcgl)séésaﬁdlaa second substantially
solid phase. The salt water may be natural seawater or may be an agueous

sal t sdbugé]on. IrAmfietharpbre linfitirgidanels pralimmproritdsdan bopelecarehhottactey pi cal |y
35 g/L conprjsin inly of NaCl, The solid and . |liqgquid phases are then
separ at’&m St sl SuBLPAR ple _Qlomaamscﬁh_awaé%Ff@ ]_gnr REECHYF gl obul i n
pr ot ei NStraftbhfid hdRepIREQNEY, I%BQ{%% ﬁl@ta('l]g"all b¥oneQl WithRRBRENT St 5maﬁh%€cﬂ Wi th

wat er and heated to generdte a third heated extraction mxture or slurry,
conpr i ssedemafe ahdatrdredtrectiyst ranturalol ylutry geentprphdis€a autdtaatially higuid phsseantiaal | y

solid phase.,.. The f this thjrd extraction mxture or slurry. is then

"o sed B il SRS e e dhE stk B SO Gagusit g o
phase Wwihbte @lehti&lcdnn Pfa¥BinSeteile solid and |iquid phases are then
separated, the third substantially |iquid phase being enriched in glutelin

pr ot ei ns. {0178] The third substantially solid phase is then mxed with a
sol vent[0k&H] anhl yé apethict ronglémiingtesamplcot Proicip daeden eantbegetecdyelextrasied or

slurry, i nt.i i qui fourth
ubst arT e agesafts bEMiA A BOhE, Akl th BIGTAR IRMIBVE T oy
conpr i sesagidnanatconphishdédigyr miang theraldal bynesbeith asotvent dch® gobmein set

conprises one or nore of th ol | owi ng sol vents: nethanol, .i sopropanol,
acet oneéXUaHRM MEHE 9F %‘,u“&ﬁ‘ag stiettmgi A ph changgpthe gnixgre nfihg MEEHE Hhases are

then seRafk&flof A fibStah@HI 3¢ pRisaahd 85bstdntidtl Sblid phase. The solid and liquid

phases can then be separated. The liquid phase is enriched in proteins

[0188] Having been informed of these aspects of the invention, one of skill in the art
would be able to selectively extract a desired protein from either a freshwater or saltwater
algal biomass by either a single step extraction process, or a multi-step extraction process. In

light of the instant disclosure, one of skill in the art would be able to interchange the order of
40



WO 2011/ 127160PCT/ US2011/ 031407 phase is enriched in prolamn proteins. The
remai ning fourth substantially solid phase may be enriched in |ipids,
dependi ngwonotihe7wonposi ti on of the starting al gal bi onee3/USp@1/H914bN sone
enbodi nents, extraction of proteins fromsaltwater algal cells is
acconpl | shed b he noyel process shown in FIG 18 Saltwater algal cells
o a Sdlt feave 13&le8‘|1 R X G EOR SEIERES B i Hi theipkpthig coafsnpel the

acconpl dl?«ﬁ' SthsOMnPh¥ 35 1uBHYy BlopBRILDOLH HRAMAS bPintd?6st 3 tafiGRtAR ol NOt
limted To, stirring, agitation, and rocking This process generates a first
heat ed @thtr @ubadoments »f thealisstossd methpds caypriospatatefa veashisteptbesudzsteadt i al | y
quuidfphase and a first substantially solid phase. The solid and liquid
phases AF8 YWt Psepar at ed. Separation can be acconplished by a variety of
met hods known in the art including, but not limted to, centrifugation,
decant g0189], f Fet @yl sTiihe 8iSelbsBNPrétcinAkiradiitth hbthbd | thcdXiradtidrSmixitird/slu
substantially liquid phase is enriched in globulin proteins.‘[018%%:he
first Sobsbamensging aglhiceted kaareratyretfaen periodeef e hingamerenzhodimerds éle t o

gener at C tor i ] I i f a
second egttj %t Ogln]??(a rF’i ?%ba?%dpﬁgglgag% g'g @egaggrgﬁér Eél} S%‘g%t%“ﬁg?‘wyﬂ@g I tg phase.
The soldbdu@eddminutgsi dn pdras epeats aht betmcsiop atigfuedis nldintsinsé¢ aoabeasedost anti al | y

| i quid phase is_enriched in _albumn proteins. [0181] The second

subst arftMasRES B batvwasa sboytLUmpiantespadabant PR Mipyter Tadha@srets ths generate a
third -1 on qQuPkd j:
substaE??gﬁﬁgﬁﬁ%g%?3h%%£ggﬁgﬁ%%§£§%?&%ﬁ%%%g%ant|%ﬁ§§l§%w?é§g%§ggﬂoThe pH of
t hi s t habodt Bkinrmaedsi on mi xture or slurry is then raised to pH 9 or greater
enriching the third substantially liquid phase with glutelin proteins. The
solid and |iquid phases are then separated, the third substantially liquid

phase UMY enfn wmeembpdmantel thaoprastien RYxturodesy mi bereiigd Qubst ant i al Iy
sol i d qgrgggfg{ csLIB&Mn 2ttt Yook 1R s59k xfal”ﬁ:trs,smg amﬂnﬂ,eg&ﬁﬂifnt, fhf gfegiﬁt e a

fourth extraction mxture or s y, conprised o
subst anirotainsyrd ¢xguacetd phesweetadeaof lossthin shdaws 6@t i lalother solbbdinpngsstee | n one

preferred embodi nen t he, sol vent set co i ses. et hanol ..l n_.other.

on- |1 TP POOUF MEFRas hofiet G sieraBt Closmph he LOTHREORY OFEHECHRD ¢ he

fol | owi RgnFOLNERt 35 soMRE RaRels, tht PREAREHNcinsAGEEANBcd &t W peAt@tatBse Mnd
acetonitrile. T d and liquid phases are then separated. This fourth

e soli
subst arth¢ beilipg ppigtipGthpleaisection neinirgbladyi in pihot embadiperss.ahapressteisr emai ni ng

o RELAIRO B RO T PR GO EL Sl e o o

2011/ 124keQReIs US2Hahc O 34t vioh 0183] The di scl osed net hods al so provide for
the selective extraction of different types of proteins, as shown in FIG

17-20. Any of the steps of the aforenentioned extracti on process can be
performed separately fromthe rest of the steps in order to selectively
extract a single protein product. Two exanples of this appear in FIG 17
and 18, as the as denonstrated by the dashed box around extraction step |a.
[0184]In a non-limting exanple, globulin proteins can be selectively
extracted froma freshwater al gal biomass by m xing said biomass with salt
wat er and heating to generate a heated extraction m xture or slurry,
conprised of a substantially |liquid phase and a substantially solid phase.
The solid and |iquid phases can then be separated. The |iquid phase is
enriched in globulin proteins. See FIG 17, extraction step |a.
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[0185] I n another non-limting exanple, albumn proteins can be selectively
extracted froma saltwater algal biomss by m xing said bionmass with water
and heat iwgQ2o/gerser ate a heated extraction m xture or ®CUUS)11061PTi sed of
a substantially liquid phase and a substantially solid phase. The solid and
| i qui d phases can then be separated. The liquid phase is enriched in
globulin proteins. See FIG 18, extxamploh step |a. [0186]1n a further
non-limting exanple, prolamn proteins can be selectively extracted from
ei t her esh r A I The

sel ect i[gleélgxt rg}?‘%eﬁlomnﬁfosﬁ ccc;‘s‘&?rﬁpﬁ%mﬁ %‘a}bﬂmﬁ;ﬂgﬁz@ﬁe &hﬁ(amallh%fl@ror% a?n\%ll th a

sol ventphseibiaoattdre.as Drsgmiptes @€ nmyatgdlpid beates wext h[a@etstecdn Aftectremevadbof sl urry,

conpri of a subst. ntlaII uid phase and a ubsta tlaIIy solid phase.
The so|hl@< WA PY gentd u@ﬁ’é%é ec CltSﬁ@ﬁi%Béveg%ﬁaﬁeétaéé aluep §ekd abtidse i s

enr i chegdyi Hseowgﬁe”éa”aﬂz{té’d SOt o&%@Z Llﬂ)lb‘l%glssgn?? argabme&%mg exanpl e, a
protein fraction can be selectively éextracte ome her a freshwater or
sal t wateguivalegglan 9o mels sf ahamid\@memtrwdélaﬁdecizmto THecsrdadlask eqerpedaeith on i s
acconpl i shed bhfn}ém ng t he aI bi ONBsS S th a solvent set. tt oeh!%ener ate an
ext r actPBATRF% flFFRHE é‘i“i{i%n]gfn ﬁ&heé?’Pé%lt naonﬁﬁXB?{HHﬁlg PRSI ure. The
M Xt ur QcflgxGFBPI 0 f@duRier thisteRal@itddainkcy. hi AsdcEn @ hias@i-and whssidslcamsd al |y
solid phase. The solid and |iquid phases can then be separated. The |iquid
phase il &t plopteeni¢ heq@mgt éuft%vv{mdwgq maxtiregyasecenledne svame tpnaferatiesad aspect s

of the slegavr ehlng[o ageanﬁl%letlentaj[r\%tﬁ%ago woul d be able to selectively
extract esired pro einfromei ther ‘a treshwater or saltwater al gal

bi omass by either a single step extraction process, or a nulti-step

ext ract[0d92]pr odas sotalllipids (falgadfanifles waetaaatyzel mrhgas clilerofeme nodthaiold | i n the

art would be able to.interchange the order of ove di scl.osed
mul ti - SY&EH SREMREPingsedtan 3 Y(S’\fnsck’@%ji W&@tl%@eﬁpet anfs teightRidtvalye t he

al gal i t are
Cabon 1opsBf lRfeRQ ik bl REOREY LiGfafln, "RAEAALAE finc, BiBhasd
i ncor ponttreutaligsds mdmmldwémw@dry mxdhrdeocﬂurmm thromagteeqphy [mdBe] Eorg 61(h3206f t he

di scl osed, pr.ot ei tion netho t.he xtractlon Lxtyre/slurry may be
ot Rt e 0k Lt G S B g B R P i g

enbodi BAESod Jlﬁeln%ﬁlfya&hp&ﬂtemaﬂ(v”@ ublﬁ% q%ﬂagaédaggraaﬁ (Euélﬁ‘ %&@zefrlﬁﬁclbearn@t ure
for betweén abolUt 20 °minutes to about m nutes. In sone aspects, the

ext r actthendmddxingeehigh vaeium. al nediicsh retentagestveste plaggbvzden ngrogon abthaeen about

h
R L e R R e e VG R

90 m nuhSatty B Alciy] 0B 18MRARbIAEEIaR0ictadR] (€XT1006S tHRMnfinal Wthedsd urry may be
heated to tenperatures | ess than about 50C. In sone aspects, the al bum n,
globulin, and glutelin proteins are extracted at tenperatures, of |ess t han

about d@t? I n dbnessulinisiats nes shayvi)Hedigsted Bt m&ﬁow‘sawléveé|ef3m;10p§wﬁé>3§ted to
a te”p%ﬁ%eﬂ{o%apé]ﬂﬁgpé 9% fr“hﬁs ROk iRRY eQQéd?lfon%Ie eXid Dot XL S kithy - In

sone aspects roteins are extracted at t enperatures close to
t he boisepargtigoofiteuttl lifids. ﬁd’emtmnm eating x¢ moe/ ®hsisteyt. inlertradtioarcfeotdadessent s,

t he pr e i s jhcrease ove atnospheric essure, up to a |nclud|ng,
Sopst . -ty EHLE KRR g R et eps Bl Errdtichabls b duiion e

2011/ 12&%31@@5’ St ddH8R kit Ak ARWave assisted extraction is significantly faster,
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Exanple 1 [0191] G een m croal gae Scendesnus di norphus (SD) were cultured in
out door panel photobioreactors. SD sanples of varying lipid contents were
har vest edwoAbtien7réenoval of bul k wat er by centri fugati orCTiuseo1alogah7 sanpl es
were stored as 3-5 cm al gae cakes at -80C until use. A pre-cal cul ated
anount of wet algal biomass (15 gr%gs dr% al gae wei ght equival ent) and 90
nL of ethanol solvent was added i nf328Pl? ee-neck flask equi pped with
condenser, mechanical stirring and a thernocouple, In one experinent, the
mxture was refluxed for 10PR9WImgIgeactipn dramales! plomassance. In a second,
the mxture was refluxed for Ih with electronic heating. Afterwards, the

m xtur qoye copl)edtid Pci AR %@%@?%E&ﬁd&é Qa8 kg Rahaled: s Br dihbiusaie and
retentate by filtration. [0192] The total |ipids of algal sanples were

anal yzedmpkis ngrathchlcortofugerhah2@amol for iaeemisysst el the sopatnatgntrom@ddgh and
Dyer's J.ipid extraction nmethod, This total |lipid, value was used as

rot r ert i BRI e 3t Rir Ceedatp st S oAt €l 40 B PEEERE Tor  ner
separated into neutral |ipids and polar |ipids by standard col um

chr onat[ogysphy (2yef1RgItheltsitragidhd A2 bivesdls Siak keuked el walvBack CoKg-. 1, hdeer many) .
Each lipid fraction was transferred into a pre-weighed vial, initially
evapor afglé@lwawg thpadditiey) ofgpHradigbtad yatayapbe sarepley weiecthen cogiifuged 33989 'Ad t hen
dried i i e I .1 ni trogen
and ¢ nedl 5 eSS ool Sty ThBL G SRISREREIVRART e 320,
GC- M5 gpHet.5)deilowaigi tEaténormfugaian. fHictrgmamirg sobitlhwereesishes 3usiadgvith dilute

hept adeca(P(oi c acid (C17:0) ,as the internal standard. [0193] The results
(data ri6td @Rbhw) andftseadeed-t hat ni crowave assisted extracti on was best for
removal of the polar lipids in the first extraction step, and sonewhat |ess
effectijgeod|or THE SERASBICiPRaindS d1RdlinkicRirfGionEkEHMI VLo EATINIZ4I S NOT €
consistent in extraction effectiveness. The final yield is conparable

bet ween m crowave assi sted extraction and el ectronic heating assisted
extraction, but, microwave assistedIabledction is significantly faster, WO
2011/ 127160PCT/ US2011/ 031407 Exanple 2 Protein extraction from al gal

bi omass [0194] ( i.d Leachi ng: i Ss in water at pH
4.5 for 1 hour. jﬁlrk?ggéssanpl es were ?kg%incg%e?ri fugé?%@ﬂgiéﬁgt)’r pm for three

m nutes, and the supernatant renoved. The remaining solids were washed 3
times with dilute acid (pH 4.5) anofweigh® dri ed. (% Gdedglit(aZ) Al kal i ne
extraction: Algal biomass was soaked in water at pH 11 ]‘? 1 hour.

foll owi ng the addition of pH adjusted water. The 3?ﬁ5‘?¥‘§‘£)ﬁere t hen
centrifuged at 3000 rpmfor three m nutes, and the supernatant renoved. The

super nat ant was Q@utikakizRdom th acidigpH 4.5) foll owsng the
centrifugation. The remaining solids were washed 3 tines with dilute acid

(pH 4.5) and freeze dried. [0196] The results of acid | eaching and al kal i ne
extraction are shodhepdiiegy i n Tabl e 470 325

[0197] Protein yield was calculated on a weight basis, comparing the weight of the freeze
dried solids to the weight of the algal biomass prior to soaking in pH-adjusted water. Protein
purity was determined by the Official Method of the American Oil Chemists' Society (Ba-2a-
38), measuring the amount of nitrogen in the freeze dried solids of each process. As proteins
are an important product that adds to the value of algal product extraction, this information
allows for the use of feedstocks with varying levels of protein in the systems and methods

disclosed herein.
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Tabl e 4 ProcessProtein YieldProtein Purity (% wei ght) (% wei ght of protein
yi el d) Al kaline Extractionl645 Acid Leaching7032.5 [0197]Protein yield was
cal cul at estoantiziznssoght basi s, conparing the wei ght of treTfuse@am3dn? ed
solids to the weight of the algal biomass prior to soaking in pH adjusted
water. Protein purity was determ nEdSI%%/ the O ficial Method of the Anerican
O | Chemists' Society (Ba-2a38), neasttdM@léShe amount of nitrogen in the
freeze dried solids of_each, process. As proteins
that adds to the val ugtxractionof Broteinstrom Saltyatep Algal Biamasst or nat i on al | ows
for the use of feedstocks with var%{i ng levels of protein in the systens and

ot hoddOM8c| oTbesHeraeIeal netro T fialb medPeTy Lok 11 05140V Sads Dl & 3

Ext r actd, a0l WBL RLALNS SFOT PRl INARS! MR BIATRSS: | hPLPR) Taginaliat er

al gal culture init y nmade up o out W w solids 1n sa r was
heat ed wa a0 faged toaepirae dediqitd phvss fioenthe salidipleasé.oThd lidid eXtngct measul t i ng

slurry s centrifuged to separate e Liqui hase fromthe solid phase.
The 11 dlitamarabt S BbERhR R Gopy 1P%hfdtf1§t0@%sl@wﬂnﬁ PEPERIERN S (about
10% of Jrfygnd fodl viBFALGI Ns present in the original algal biomass). [0199] The
solids were then suspended in fresh water and heated to about 50C and

[0199] The solids were then suspended in fresh water and heated to about 50°C and
maintained for about 1 hour. The resulting slurry was centrifuged again to separate the liquid
from the solid phase. The liquid phase was determined to be rich in albumin proteins (about

10% of the total proteins present in the original algal biomass).

[0200] The solids were then suspended in ethanol to achieve a 70% w/w mixture. This
mixture was heated to about 75°C and maintained at that temperature for about 1 hour. The
resulting slurry was centrifuged to separate the liquid from the solid phase. The liquid phase
was determined to be rich in albumin proteins (about 30% of the total proteins present in the

original biomass).

[0201] The solids were then suspended in alkali solution (aqueous NaOH, pH 9) and
heated to about 50°C and maintained at that temperature for about 1 hour. The resulting
slurry was centrifuged to separate the liquid from the solid phase. The liquid phase was
determined to be rich in glutelin proteins (about 50% of the total proteins present in the

original biomass).
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mai nt ai ned for about 1 hour. The resulting slurry was centrifuged again to
separate the liquid fromthe solid phase. The |iquid phase was determ ned

to be ri cWoi2ntizi2biemi n protei ns (about 10% of the total pCotuszag/opr4esent in
the original algal biomss). [0200] The solids were then suspended in

et hanol to achieve a 70% w w m xture. This m xture was heated to about 75C
and mai ntai ned at that tenperatureEf8MP¥dut 1 hour. The resulting slurry

was centrifuged to separate the liquid fromthe solid phase. The liquid

phase was del er 1P PridioReioh §fia ke BYTo AR BlAssADLiHangD% Of the total
proteins present in the original biomass). [0201] The solids were then

suspendggold|n aphakioufld4iduBs §RNHERLRING biREhR) caRfeBahed i 2lput  50C
and maintained at that tenperature for about 1 hour. The resulting slurry

was cenbtdifiedgieemt/oizep St Eniviessitlyi lahiodatbrydior Abge Reb¢adctpérakBioteTheolbgyjui d

phase erm ped.to ri in glutelin otein bout 50% .of  the
Poral prbcCioont SOmpe’p RR HO) i Hatv Srd bl Rt A ampitla

2011/ 12:p460CT o294 MAFLADY tlxaqpl € 4 Step Fractionation and Extraction of
Al gal Bi omass by Ethanol [0202] One thousand pounds of Nannochl oropsi s

bi omass écul tured fromstrain 202.0, obtained from Arizona State

Uni ver dP2931 | aBBe axtsrofion siepnigiee crosaed v Hifeaion jackpisd keigy Wilmeredeposi t
Nunber lﬁgAﬁ%ﬁé%%ﬁe‘r’,@% QRS RL g@a;?%ggg% \%{etggirlfg%é. | 712 QARLCHGPT | sed about

35% w w an y frozen. ction steps were perforned
in a 400ngalddamijxackéhad hetdpbacnetplodivmgedt mbtds withhetwd dsdosdng. Thed down
with straps and sealed with sj]icone. The system al so cg}gtali ned a m xer
with a ZO7RBREAP BRI BPUSH BIOGF HRsHA aRicnala Hst ob FRGRO!SHARRUMPFAe
frozen gl gag s FREEHLA dNBSHERP TRIMbREY WA H-REFor M mAt QAU dVaLight  of

et hanol was punped 1 n using a pneumatic drum punp. The material was stirred
for 15 hehtedtveth sieran tohebtjiacheedeshrediteathemittrh as tawhroxtractmintsédpn Theelesiesd r ed

tenperature at each extracti.on st The..desired.tenperatyre i § near,
roan ngCHPEALES Sact THBRRAT MG G HE Doping ReiPLIE AR Rh Bubat SoDF ng.
Thi s demi§ 8hirkb® rRSScadtircas HFfeiért faﬁéa@ﬁ%x@&cﬂ%ﬁ%&p&%&H@@iii@?&hﬁ‘& tAS nfiXtBre
boiling point of the m xture changes as the proportion of ethanol is

changedhangssns theaqupparon peetbensl iseehanggdy d/panueeching tbe dgsredrismperaird, thed
continuously held at the desired tenperature for 60 rjnutes tq ensyre that
the. convarrerar Tl RbifoBSRep B MBS Mhbstdlie WATAMAS S ShEERIC of "The
kettl e theesntéhenf thykpeld vawé udforhiighexéd. acti on vessel and into a Sharples
decanter centrifuge, using a pneumatic Viking vane punp at about 1 gallon

per mnute, The decanter centrifuge rotor speed was set to about 6000 rpm
The sollP&¥lvwer dhe sonients %Iﬁ’ﬁ ketils vete ﬂ@g@anwpggw f the exHagHeN ¥eieliaad defo g

chovt, S Sttt s e, Sl ghuiimy A aad e ket 1o
minute. The decanter centrifuge rotor speed was set to about 6000 rpm. The solids were
collected in an enclosed plastic drum and consisted of about 50% w/w solids to liquids.
These solids were returned to the kettle, where the aforementioned extraction steps were
repeated. The liquid stream from the decanter was collected into a feed tank was and then fed
to the membrane filtration system. The membrane used was a 0.375 ft* SS membrane
manufactured by Graver Technologies. The operating conditions were 60°C + 5°C and with
an average pressure gradient of 40 psi. The membrane system was backwashed about every
15 minutes with compressed air to maintain the flux. The permeate collected from the

membrane system was free of any particulate matter. The retentate was collected and

recycled to the decanter.

[0205] This extraction and fractionation is due to the change in polarity of the solvent

through the process in each extraction. In the extraction shown in FIG. 13, the process began
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repeated. The liquid streamfromthe decanter was collected into a feed
tank was and then fed to the nenbrane filtration system The nenbrane used
was a 0. 3wb 21122880 enbr ane nmanuf actured by G aver Techmaolrase@s/o3iibe
operating conditions vvere 60C 5C and with an average pressure gradi ent of

40 psi. The ne ane sy s backwashed about every 15 m nutes with
conpr es¥idyabguf | "&59 Tt Al ﬁ@omamcon%ngéﬁl%ééé RBF P’Vé‘Eetrég% B Al

membr af‘s%hés‘gs &g x)&\@ssmfx"eé%vl&fz%@flus B@Héﬁa@&f%@%ﬁ'ﬁaﬁ@} b8, cthHA8I J&itﬁﬁh?efﬂ?anwﬁs
collected and recycled to the decanter. [0205]This extraction and

f ract i onaiimgnini ssmoitnge contamenctmny S % nqpaiuacihayolofThe elidsadnddmuidshwasegh t he

began: A8PHIR iR EoTbrO BaToet THEE ARG By Shat Bob Bt st osctltk "85t
pure wayRr4003aM%e mhdy. A @all 0593 1) of 95 &e%ﬁatﬁ}@ﬂ%ha‘ﬂbt WaP&llcl BstheQblids,

denatured ethanol (95% ethanol and 5% nethanol), resulting in a m xt ur e
cont ai neswitizgbiou MG atpde oo aber oo aqpreussaihdngs Bireisolidg andibquids werepar at ed
usi ng t s,.descri ti 5 | bs.
and e ORGSR B0 e Y5 BRI P TN TIRARET o

added t49% b Badsi ds this@sddh JtanBhet MOCRILE] oﬂdaﬁaufmcmlaupl wis aldeditre @bt @@ueous
et hanol . The solids and liquids were separated using a decanter as

descri H@Hﬂ%e%bourﬁé%sa@pmsrﬁ&appb nThgesogrbenddapids WS scRafchasnan, dry mass.
To thi | t
e e i e e T

separ atrequitesiondp esaeant terdrasakbabtd tasetl «axbtbméateﬁhreatrﬁsmwn ang cfainbds wer e
about 40% dry nmass. This biomass requires 60% 1| ess energy to dry

cal cul based on the .l ate heat . of er. and nol

o1 T e S e rFé%GPP\?é’iﬁzﬂ?‘? o,
Denat Ur@&aﬁﬁ&ﬁ@tﬁﬁn&‘éﬂﬁtﬁinﬂigr%"/eé%aﬁél%ﬂg% ﬁaﬁroﬁ d1&MRI QY Liscdligahol was used
in an extraction, but was fTound not to be as effective as 95% et hanol and

5% met Hatrettion et \ms fm@m%l@tth anes clifectiye ps 85 %rotheadobansorio mmthanef. Wﬁeofpr esent

i nvention, raII akl,abl e due t St .constrain

{0207 1RO el P PR RE R R Y SR st By e Piohi R SIS usi ng an
i n- hommﬂ@ﬂm@@t@g& doattedinsti |1 . The operati ng conditions were about 80C
during the vacuumdistillation. Al of the ethanol in the perneate was
evaporat ed. These extraction steps were repeated three tinmes, resulting in
four pri8&lt pdbs Bermeatesisam frOrlin capenybrang hyséen wap vapqEed g @hidh

ext ractiQg. fbAucd AcPAIR TiYoRRRRISIER, §B% B dhCRuAhe HRIGELR Lhe

m xt ure, OWI ng for the ext Ctl erent conponents wi th each

st ep. Rhsldlaubn 1AlE oﬁﬁlaieﬂfadoltihehealquleatprvcalsewam),ratadldThme axtrasiohtsteps etcad ned

excess water in the s stemth t coyld not be v er.the operating
cond & IR e RURTR RUT PRAVHAIORP: £ PoaR I Bl Gl 8¢ BHE4NRed t he
neut r alywii Bicextrdtialstop, tRBMHEY cHandB$ withehd Qcﬁht%iﬁéf WAONB 8o mp@ieai ni ng

potential coproducts such as carotenoids. WO 2011/ 127160PCT/ us2011/ 031407
Exanpl eallswm@wrelexgaetm i fferent aompohenth gath eBrlostas sPiedutt IhemtdingdoRo8] Upon

har vest | al _hiomass, typical |y contai.ng between about 11005 %
Cov vy~ < et SRR R PR B e S G By SR AR R R bR ¢ he
al gae iundeisthe Yperafifd e6lidit@ns DBroduet 2 téaihedtht Qol® WBidaNerddubt 3 adritélfed the
centri fugatl on, heatin sedi nentation or flotation. Flocculation can

ei t her 1§88¢ sltplqlsn Eln%ibai?’rqsiﬁcw wasticrevdurd biomass, TRBtatnig pefentiabseipredets such
met hodsuma (fn‘)h 9@8 slurry containing about 10% w w solids. To dewater
further ano evat eri ng nethod may be used to renove sone of the

remai ning free water to get the concentration of solids closer to 40% w w.
However, the cost of dewatering increases exponentially after the first
dewatering is carried out. An advantage of the systens and net hods

di scl osed herein is that the allow for the extraction and fractionation of
an al gal mass that has undergone only one round of dewatering.
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[ 0209] An exanpl e of such a process mght be that in the first extraction
round, follow ng the protocol described in Exanple 3, 1000 | bs. of wet

bi omass cwotai mi2ng090% pure water and i s mxed w th 100@cirhs2010fo3denat ur ed
et hanol (95% Et OH and 5% MeOH), resulting in a solvent m xture of about 50%
aqueous ethanol. The resulting biopass (350 Ibs.) is 40%dry. The sol vent
conposition of these wet solids isES‘BWPiﬁ] eous et hanol. Wth anot her 350

| bs. of denatured ethanol, the conposition of the m xture would be about
81% aqueous et hanohewdfepingesitl EkHdchdiPIPLRal BifmAtBy)Ethangi0% dry. The

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

anot her 470 | bs. of denatured ethanol, the conposition of the m xture would
be abouf2@o afnen Jureshanolgal teamasetypicalln goraing Hetwreypbpus 8. 140 Hy wi t h
about 9 Ol - Thi ' SS I Lre | - r t. based
on theg(?lg%’g%og%%eg 15(?? h%pgéatgﬁgn%ﬁﬁfﬁgﬁ?h{enrﬁff‘tﬁ?%pl%nggé if ?}Seoggabeslgdlg#%al gae
woul d Hastediagesut @t liatée rehbgnd 8Rhtlohscenaifogatiohn, hdhap, waipatfidnwrt h

Exanpl e 3, wherein the starting material was 40% al gal solids, 350 |bs. of
the drylodtipde Fdegsulrtipe gan gigher assist it tlegtion escdomemtation.. The hynenl resuliof

2011/1 = d, Wi FSRRES are

her ei n%?lﬁlgglrggﬁgdgtﬁ ﬁ%ﬁ%&@k&ﬁ%ﬁlﬁg%ﬁgi er /Qﬁ{\{/ (rgéél%d)% T%Q%% gt ent ?’7, 148, 366
Rhodes,anSthice deveat&imgpmethed nBZ(bt)us8®toAOmo208@ne &ethe rérnainmgifeow vorterusighy al gae

to produce bi odiesel Chisti, Y, 07). _Biodiesel from m croal.gae.
Bi ot gcﬁﬁ%FO%aWaé@}l osgaliduoser oy & FETH G st YRS TG uce
bi odi esghoATtiRily ERAG Y iR A%ELSrindRREGRA.0uP0A 4 83t B4 Qf tl?@s%t-ef]xl@%g]g“ C review

on using algae to produce biofuel and gas Catchpole et al., J.
Super cr¢theds difdlesicd Sereatizis Slgat {15:0at1ow2{00 the SCRcIEORandd st ovationad tah elgabf

special ty Lipids igh E G & Dyer . Arapid nethod of total |ipid
ot r aceT s bR b rier s Pl chedifta o gkl enysiol . a7t C911-917. 1950,
Christie, W W Lipid Analysis, 3rd ed., Oly Press, Bridgewater, UK, 2003,

416. Afpeeied MatdRempleff stiétea AvdCEss nBizht iRtthat IATRY fiGaExktASEOE todint Ofdl1eWwiriger eal
Chem sts. St. Paul, M\, 1995 AACC Met hod 58-19. CLAIMS 1. A nethod of

sel ect ithepsptecohdescrbedindaiampio?.di0Rg lis: ehivat Fpmammsenwiniag ot MIGWYASE or
fresh r. akgal. r ' j ol el ls, the
et nod Lr R it | 00818, SPIBEUSES cn GO FHANDI RIS M aSH), HARingtBal °.

f r eshwabbrenamgalre ofibbaut € 0Voaqgeoer @haod The sbulliegb®ethagx {358dbd. pin 469V xdmyr e,

COD | S8 g e et LA Lo LS phace. et G, 1 0, &' 9y

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 lbs. 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 lbs. of algae would have been extracted using
1820 1bs. ethanol. When compared with Example 3, wherein the starting material was 40%
algal solids, 350 Ibs. of the dry algae equivalent was extracted with 2085 lbs. ethanol.
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b. separating at |least a portion of the first substantially |iquid phase,
enriched in albumn proteins, fromthe first substantially solid phase; c.
m xi ng t wofnris27wabstantially solid phase with salt watemr/iseailosadi ng t he
resulting mxture to generate a second heated extraction m xture, conprised
of a second substantially liquid phase,.enriched in globulin proteins, and
a second substantially solid phase; Xcf ting at | east a portion of the
second substantially |iquid phase, enriched in globulin proteins, fromthe
second Hrs 1R noatieYen & drll hBRASBCoBoralidiydrdfiRe SeaRNGn ARt antial |y solid
phase with water and heating to generate’a third heated extraction m xture,
conprised of a third substantially |liquid phase and a third substantially
sol i d gh&sBatent7.145.Xing the pH of the third heated extraction mixture to
enrich the third substantially liquid phase with glutelin proteins; g.

separ aty t ré gt third. 4 t I.qQu ase,
enriched | ﬁéﬁgfte'? gﬂ)ﬁ@gﬁ%gtéeil(ws%&fg P b%9h§e§%}cﬁg9§&gdshtlgﬁé %?A[elytgtsbclr)ﬁuggphase; h.
m Xi ng t hdiodies¢ldChstib¥t @007 pBiydissel frdmphizselgtct Biogectodvent255294-30@ -heat i ng
to generate a . fourth heated extraction. m xture conprised of a fourth

subst ant i SN TEREHPHEsAREA s P nEABIEC DiPdis8l ani n proteins, and a fourth
substantially solid phase; and i. separating at | east a portion of the
fourth substaptdatdels! fdhssdHasrR34e40¢ hesh. G%n&’i&ﬂe@f@w_f‘orpﬁs@ﬁvﬁhlg% tof rom t he
fourth substantially solid phase. 2. The nethod of claim1l wherein one or
nmore of the mepurediofng avtlgps is perforned by at | east one nethod sel ected
fromthe group consisting of centrifugation, filtration, flotation, and
sedi ne t.ion, .3 he «net hod ¢l al rel I one_of the.first,
second C el et PO STl Bt Pl 105 Mob SEEl bl ebionbhBs, ' &
heat ed t enpepadiultelipigbow its boiling point prior to separating. 4. The

met hod of claim 3 wherein at | east one of the first, second, third, and
fourth h;@ted extraction mxtures i i ntai ned at %P&F ted tenperature for

bet weerP/B¥dut &@J{eb"\éﬂyo‘mammﬁm&@ﬁotgﬁmﬁ cxtpckigp ap atign. G J et hod of

claim 3 whergimat ﬁh?ﬁ%f. 36ng 10§11 hesdirst, second, third, and fourth heated
extraction mxtures s naintained at ‘a heated tenperature for between about

45 to about 90 m nutes. 6. The nethod of claim 3 wherein at | east one of
t he fi rGiristiseldord, Lipidh Ardy]ysendrd alir @iy Recat, Stideetvn@et VB2 03x# 1 es i s
mai ntai ned at about 50 C. 7. The nethod of claim 1l wherein the fourth

b i all | i ' iched in lipids.. 8. d I ivel
7 emovi nopap iAol BHER At ol sty Rkl BR'ehyar opCRELCRG b et or

al gal cul t urpuC ol i®sdA ACCSMbgbhangi@l Iy intact algal cells, the nmethod
conprising: a. mxing the freshwater algal biomass or freshwater alga
culture with salt water and heating to generate a heated extraction m xture
conprised of a substantially liquid phase, enriched in globulin proteins,
and a substantially solid phase; and
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b. separating at |east a portion of the substantially |iquid phase,
enriched in globulin proteins, fromthe substantially solid phase. 9. The
met hod ofwolzaim28i6aher ei n t he heated extracti on m xturePC3/usadinpaied at a
heat ed tenperature, below the boiling point of the extraction m xture,
prior to separating. 10. A nethod of 6|&§%iV6|y renovi ng al bum n proteins
froma freshwater al gal biomass or fgiéﬂ er algal culture conprised of

substanti gl | ¥ n|dHRCF sBleB@ el Ridovind 18a1 FréBRAL AR PFrb Siviider afal BRAAHEr and
m xi ng_the freshwater al gal” bionmass or freshwater algal culture to generate

a heat ed | i duistwpteaslgalaqudtuee dvegirsdd ebéubdtaptidbeinteaand gl .cclgplag meihnd at | east
a portion of the heated |liquid phase containing albumn proteins fromthe
heat ed sol | F°PRASEE 11. The nethod of claim 10 wherein the heated |iquid
phase and the heated solid phase are nmaintained at a heated tenperature,

bel ow t he boi | hnthep@hdindohiximethb erbipdatki Auilbidhaser asshwhe deatedrsed i d
phase in conbination, prior to separating. 12. The nmethod of claim1l

wher ei n the sol vefhersista dishiprafedaxtiaetiansixturgacommiscerat hbest sybstantinhy 1,
wherein the SO'Vgﬂ&ﬁg@%F%Q%ﬁ&kﬁﬁﬁegﬁpﬁééﬁﬁ&hsaﬁéafﬁﬁ%uﬁﬁ&ﬁﬁ/y%gh@ny one of

clainms 1, 5 and e So coriprises at Teast”one sol vent
sel ected from t hehgs@Qup consisting of nethanol, ethanol, isopropanol,
acetone, ethyl acetate, and acetonitrile.

b. separating at least a portion of the first substantially liquid phase, enriched in

albumin proteins, from the first substantially solid phase;

c. mixing the first substantially solid phase with salt water and heating the
resulting mixture to generate a second heated extraction mixture, comprised of
a second substantially liquid phase, enriched in globulin proteins, and a second

substantially solid phase;

d. separating at least a portion of the second substantially liquid phase, enriched

in globulin proteins, from the second substantially solid phase;

¢. mixing the second substantially solid phase with water and heating to generate
a third heated extraction mixture, comprised of a third substantially liquid

phase and a third substantially solid phase;

f. raising the pH of the third heated extraction mixture to enrich the third

substantially liquid phase with glutelin proteins;

g. separating at least a portion of the third substantially liquid phase, enriched in
glutelin proteins, from the third substantially solid phase;

h. mixing the third substantially solid phase with a solvent set and heating to
generate a fourth heated extraction mixture comprised of a fourth substantially
liquid phase, enriched in prolamin proteins, and a fourth substantially solid

phase; and
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1. separating at least a portion of the fourth substantially liquid phase, enriched

in prolamin proteins, from the fourth substantially solid phase.

2. The method of claim 1 wherein one or more of the separating steps is performed by at
least one method selected from the group consisting of centrifugation, filtration,

flotation, and sedimentation.

3. The method of claim 1 wherein at least one of the first, second, third, and fourth
heated extraction mixtures is maintained at a heated temperature below its boiling

point prior to separating.

4. The method of claim 3 wherein at least one of the first, second, third, and fourth
heated extraction mixtures is maintained at a heated temperature for between about 20

to about 60 minutes prior to separating.

5. The method of claim 3 wherein at least one of the first, second, third, and fourth
heated extraction mixtures is maintained at a heated temperature for between about 45

to about 90 minutes.

6. The method of claim 3 wherein at least one of the first, second, third, and fourth

heated extraction mixtures is maintained at about 50° C.

7. The method of claim 1 wherein the fourth substantially solid phase is enriched in

lipids.

8. A method of selectively removing globulin proteins from a freshwater algal biomass
or freshwater algal culture comprised of substantially intact algal cells, the method

comprising:

a. mixing the freshwater algal biomass or freshwater algal culture with salt water
and heating to generate a heated extraction mixture comprised of a
substantially liquid phase, enriched in globulin proteins, and a substantially

solid phase; and

b. separating at least a portion of the substantially liquid phase, enriched in

globulin proteins, from the substantially solid phase.
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10.

11.

12.

13.

14.

The method of claim 8 wherein the heated extraction mixture is maintained at a
heated temperature, below the boiling point of the extraction mixture, prior to

separating.

A method of selectively removing albumin proteins from a freshwater algal biomass
or freshwater algal culture comprised of substantially intact algal cells, the method

comprising:

a. heating and mixing_the freshwater algal biomass or freshwater algal culture to

generate a heated liquid phase and a heated solid phase; and

b. separating at least a portion of the heated liquid phase containing albumin

proteins from the heated solid phase.

The method of claim 10 wherein the heated liquid phase and the heated solid phase
are maintained at a heated temperature, below the boiling point of the heated liquid

phase and the heated solid phase in combination, prior to separating.
The method of claim 1 wherein the solvent set comprises ethanol.
The method of claim 1, wherein the solvent set comprises an alcohol.

The method of any one of claims 1, 5 and 7 wherein the solvent set comprises at least
one solvent selected from the group consisting of methanol, ethanol, isopropanol,

acetone, ethyl acetate, and acetonitrile.
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