WO 2011/ 127161PCT/ US2011/ 031408 SELECTI VE EXTRACTI ON OF PROTEI NS FROM
SALTWATER ALGAE CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s

appl i cat iwo 20l1ai2ne1t he benefit of U.S. Provisional Appl PCattiser 161408

61/ 321,290, filed April 6, 2010, entitled Extraction with Fractionation of

Gl and Pr i and U.S.
]E % £l ed

Pr ovi si ona oI A S — e AT 20305 :
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 al gal products, incl udi n%, but not limted to,
oi | s and protei ns.CROSS EEEEREI KO REJATEDARBLEGATR@NSods descri bed
herein utilize step extraction and fractionation with a slightly nonpol ar
S0l ventghfr P OGRS plfilariBh SRlim PR TRASH: ALK G ATHcaliBlYRRT! O

[ 0002] Petrol eum s natural resource conposed prinma y of hydrocarbons.
Ext r act6 1/ 1i90r filed wprdi6l, 26 g entithel Baraction siteXpanishmen adaigeidus, and of ten
at the expense of the environment. Furthernmopre, world w de.reservoirs of
oi | ar &ra%%a?qua%tsrﬁl fam O t“@u%d\@ée%c?ﬂamgtPeméi’tﬁlé)nf‘]oAPlhlé:aF?%ngor tation

and prnesying, Efcﬁl%ilfrﬁ% %glo(ﬁ CRYRIAERBLG QHIR Bhbtidndlion YFORlR4 (Cee! S such as

gasoline and jet fuel. | 3] Al gae have gained a significant inportance in

recent Rreducts yomedicagiedus Migictialf theteotipsravdtents dfivgiidsarehhicdl immnpdretedibpd t o
produce sustai nabl e biofuel. This ability can be exploited to produce

r enewaf reftﬁgkgr,emreduce gl obal climate change, and treat wastewater.

Al gae's superiority as a biofuel feedstock arises froma variety of
factors, including high per-agerp OTHEINYVENIION ed to typical
terrestrial oil crop plants, non-food based feedstock resources, use of

ot herwi se non-productive, non-arable |and, utilization of a wde variety of

wat er sour ceNC(IRYREIRN in¢oRsringdh Wit sxiragingand fiagdenafiae atgpl pigdugiedbslBdings bot h

bi of uel : ]?%?utgb - o : ' opbhygl I - WO
2011/ 12 ig%g(,# S Olil%%gfﬁg%%?ogg%?%@\%@%ﬁ?ﬁg@%édinﬁ%g%gg@o SaI gae have
been sdresnetdlizderséxndcicteh fmal fradtionatiqurodhue slightlywanbollatr stdveon ér prlohess paes t

sever al d?%ades. O these, about 300 species rich in lipid production have
been i d# PIIRASS: The |ipid conposition and content vary at different stages
of the life cycle and are affected by environnental and culture conditions.
The strategi es and approacBas KQROGUNDAOF TAE INYENG Ty di fferent dependi ng
on individual algal species/strains enployed because of the considerable
variability in biochem cal conmposition and the physical properties of the
al gae d8P92lwal Petradewvént nanel rqspyise é@mp@;@timmarlgshofﬁrmﬂw,& Eyesrtiag

and ¢ nd upisi APEgMIRFCIE & bt ARG R Ry By ATMEERRES ROk, Tore, “The

| ar ge amwitofseraf Fpghatord, okl wideatsgaloimiolf pilase dwinpdhnethpiddy.t Oestt ¥igb cal oi |
recovered fromseeds, lead to refining issues. [0005]Upon harvesting,
typi cal2caigalptecisde Mertnsation 2pdi pragresieg Tanyeedtp SAnaBiRatrofsum ail mto

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 | woeRriigi2irreg oi |l extraction methods for ol eagi noR€TrEs2@n i0al488
strictly require alnost conpletely dry feed to inprove the yield and

qual ity t he oi | tracted.. Dug to the anount of ener U|red to heat
the al d&&ﬂasssw?rﬁ %Sﬁnimﬂmeép ﬂgﬁeg,havterb@e%ﬁcgsqnefiQ%S&uglye o process is
render edoMREER Wd%f’i‘dle ovEY Pdecp%kﬂ SverhNech&Rd Afsh&X! a{%‘dﬁﬁoﬂpe&le@h@l@ uﬁﬁplﬁl 9 h
tenperatures to enhance the extraction. These steps may not work with

exi st i myoduptiop hevit bagnedantificthe Thé hglld@owbmtlml endeamitent garyzt drf&rcitt sailggae

Furt her al oil is very unstabl t he rese

bonded eI Enarh ey el GDY HRES ARy s Pt dPeliREE o R ReshiS A onal
extracty 9fba61@ésh@1d@<tﬁau&ea@@ghadcﬁffb@ﬁt &pchdifg Oh indiviagslemal kpeieashing t he
costs of such methods. [0006]1t is known in the art to extract oil from

dri ed aingaeyasessausy ofidicrsgniidseable vagatyliyohbigshemig| eompasewagindshener gy

i nt ensi 0 e C oduct of
over ST ol il A 8kad Qi Ao I ARG oh iU HHARKORVRISRER S8

degr adeﬁslegﬁum{nQQlQZ]]oAlNgﬂi w@il mt@@lga@cgﬁvsmh@ drickmessadfassedli wall ad e tsitallt ypes:

di sruptive or non-disruptive nethods. @£0008 Di sruptive nethods i.nvol ve cel

lies bfl%é%ﬁﬂéaﬁbw%mﬁpf aléﬂchf‘HﬁtF hsrmeige thed aize gmoHva o PRBEHDIES 8Y upt i ve
et oS, & 8H! & dofBRM S NS pick FAHLb e PR IBENSINE (P ERRAsREpCess. Al gal
oils contain a gbe perce Page of pol ar |p| s’ and protel’ns which enhance
the enul sification of the neutral lipids. The enulsification is further

st abi | i[88@5]by UbhehmwtﬂhgnBmamdMgdkaGEMpdw@hnsuh@EsnmgeﬁMGldmmuﬂﬂehO The

enul si onpl ex .m xt ure n|n neut r al |ds a i ds,

ot ot of 8 (Vi THRTERTA GRS Bt 0 e AR LRI FarT R geRbekbses to
i sol at §Renie Yt Fadhoveld Defbte aﬁ@hﬂﬁg&ﬁ?@&ﬁ@tlérﬁe@uﬂr&% éﬁstﬁ%”ﬁi%;&ﬁ@tlérﬂt 0

bi of uel . LOOOQ ] Non-di sruptive met hods provide low yields. MIking is the

use of BY Q@fpsol@aglnwmmls BlolCHX requere alm@ﬁt dempletsty drygfeetvorigpadsathe

cul ture, opextd AGt rodu S not

wor k Wylﬁ}{\% uaqggl%léhse Oglf a?gte{ia‘ ue It %%a O\I/Ign?f O CI ulfez(iinm?zlIh%aetlnlfclJe ag%ll

di sruptrh& to dHi i8 sﬁﬁﬁi{éhtﬂﬁ: ahd ﬂgalrfa&ﬁﬁ) Hldsﬁaelqﬁueés@ prenderef urcgfdiRichlc process
difficult. Furthermore, the valunes of solvents required would be

ast r onobirislly e fecd 1 peirygd iorlakash 3t AghaBMaciaBesetAcARce heatX RO ol vent i n
the medppm stLlS’s%%l My &drm@ﬁleth%{z ré é(ﬁ{l‘émmlﬂllug td gléh{g?e SNLRRF N Gric
ex SO tures

distillations, using conp cessitating nechani sns
for solnsant of mlgam effyrthendorceayall cil is Vhﬁyalmbkwdmm@ lfheqxesreacxt a)fodmblerhmnded i cal

and un cononlc for, u n_al oi | technol ogi 011] Acc ngly, to
over Gorh HEdE arrpen b beh T araliies ohBuRny IR G fﬁlﬁ& ke _
”EthOd%m@ﬂﬂa§M§8ﬁﬁ§oﬂth%5%Eﬁ%&ﬁﬁ@tﬁ?&m&&ﬁ%ﬁ&?ﬂ@ﬂb&g al gal products, in

particular algal oil, algal proterns, and algal carotenoids. BRI EF SUMVARY
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 ngwbantierearepl e, an al gal bi omass. I n particul ar, PeFSdd 1moaIL488

descri bed herein concern extracting lipids of varying polarities from an
al gal bjomass using sol vents of .varyi olarity and/or a series of

membr arb® RHFERrAd S CUBRMSRYS il?rgﬁtsgﬂl%f)ﬁelrg? Pbsangs 3 cpmeRarTiget.

[ 0013] | an&fHIR: RERRY ngia@,tp%_lﬁfnpm,epfom{ﬁg)tah@abhe@algalriﬂ&ﬁm%s?bv%?dﬁtex@é_ﬁgivwat er are
used to extract and fractionate conponents present iIn an ol eagi nous

mat er i akfinihg potdasses eniboldicrtbainentral hpisle, wionip ersghe &efl tiwit isdonvintd iatoe not
Iiniteggﬁg4lproteins, polar lipids, and neutral lipids. In still other
enbodi S; nore than one solvent is used. In still other enbodi nents, a
m xture of solvents is used. [0014]1n sone enbodi nents, the nethods and
syst engoo@gCr i Brd-densive mEtRodksgbuide {6 yRIds! atillking iscBP 1@ GbE/ s ori pi ds
from ol eagi nous materjal. Exanples of such coproducts. WD

2011/ 1xhemdpbstte gsyect 1ipets frws a grrying algabwuleet Wiilgiseraetiaes ussd & itk eous
mat er i p agq 10i ds. i

invent?%%ﬂgp#%§ﬁfg¥k%ﬁe iﬁ%?%%%ggﬁgggﬁgggggﬂgﬁﬁgﬁ?uggﬁ%ﬂﬁgﬁgﬁ%% Egg al ga
pr oductcellfwabindistuptédn. bl lasresaplicatian makesethe dbatloghémws a fgonertcheog@sodiffitulon of
bot h fuelirand n tritional(groducts, 0015] Under one %ﬂgodinent.of t he

i nvent ifoftheemerst e olugies Qepl¥enty e daket werkddis asronamedldvs t9 thsinedmifat er

al gae i oM BRcbnub OO 68 R dek c AR tGhefiROdi Ment of the invention, a

nmet hod of selectively extracting algal proteins froma sal twater al gal

bi omass or saltwater algal culture conprised of substantially intact algal
cel | s i[A81Qldes Mhdiapliangexiragtionsveord rémpuirs sktonsive distil lgfadns bisorgaessndex sal t wat er
al gal cu ture.to genﬁrate.§ firsthheate extrqption n1§fure Cc rised of a
first SUBSPERASEEPYIf PRt o L Chafv e e VR PEB e H9PFBE nE ™ and a
first suhetamndt atlaytieBlimPraehiad and segahahidaffortusé Bagal dilpedhinbRigicef the first
substantially |iquid phase, enriched in globulin proteins, fromthe first
substantially solid phase; mxing the first solid phase with water and
heat i nd09bllgenécaerdinglys - ovracoraatissr dsticioneics.dhergiiie Becd 18 ! B8d of a
second ; ' [MelV]! . AN ' r j : a
cecond MR Rsinll st RS Ract BRNE AGCALiR: Adl FoRERLTh Barici, 2
second agHdstlaripalgirdtgink apdiabtizaghbasenorlsr i ched in al bumn proteins, fromthe
second substantially solid phase; m xing the second solid substantially
phase with water and heating to generate a third heated extraction m xture
conprised of a third syfistEANSUMNMRY GF FHRBSEERAJOA third substantial ly
solid phase; raising the pH of the third heated extraction mxture to

enrich the third substantially liquid phase with glutelin proteins;
separ atl0d2]lat Eedwedinzengodaspeddicraimeclathigerrrallpbiotsapieinglang methpds dorphase,

enr | .Cheeg( rWétE A l%i%st oefl \gan iRl O;[)l%i 'ﬁess’ frg [ %motl rgleint ﬁé Bldte%i% %ﬁc%]({rll a olryexgrgl lieda hase;
heat i ng {1AY 7S Sustan by al’ y $orid 6%558 and m Xing w a3 SOPVetit set

t o geneil@ll @icindsQuId puri@adrecmbadimaats idostrited hireth caoRhicsaactiiy Ibidsufr th
substantially |iquid phase, enriched in prolamn proteins, and a fourth
subst aritardng polagtiesarosh a8 algabhigmaspuing solyenat of vagghe Rolgemt ndfpr gfseripieoff our t h
substang Labl¥e kil th RARSEmh&RILARETe HflePRalATJRR Ot el ns, from the fourth
substantially solid phase. I'n sone” aspects of the invention, any one or
nore of the separating steps is perforned by at | east one nethod sel ected
from t H80 B ouplicamss shbadgymerts o€thicrinfangat,i aninglé sdlyermtand matdr laot wsed ¢, and
sedi nentation. Jn.other aspects of the invention, at |east one of the
First, SHAGHEY FRIPHIS SOIPASUR PFE AR &8 OLRERRE: Bt B orus Sborimafia; ned
at a heptRohPORGRSIUfE: [ aft RRIIBR{E %, (HréBinR! o 1ipRdsS SiAk@kdaNGpidd NSt i | |
ot her aspects of the invention, at |east one of the first, second, third,
and f outitllpthrsgtmbddiexantsa otorothanione seleentiisusedi b stilhetticragmbodieente,d: mestper at ur e
for be%geegﬁégout O to about 60 mnutes. In yet other WD

2011/ 12718 fU82611/ 031408 aspects of the invention, at |east one of the
first, second, third, and fourth heated extraction m xtures i s naintained
at a hqadopf temanad ¢hbodidentbahwarthodband sybfenisadoadribed WQetimhmuisefl fdrn sone
aspects of the inventiagn, at |east one of the first, second, third, and

f our t h HEACtEY @RFIdMEEiObHPIfS Ko elsagigoyranaferd nEqampleanbeichaorroducty sti| |

ot her aspects, the fourth substantially solid phase is enriched in |ipids.
I n other aspects of the invention, the solvent set conprises ethanol. In
still other aspects of the invention, the solvent set conprises an al cohol.



[0017] I n anot her enbodi nent of the invention, a nethod of selectively

extracting globulin proteins froman al gal bionass or saltwater algal

cul ture cwoprigedisof substantially intact saltwater al gaCTaskéig/osraes udes

heating and m xi ng the saltwater algal bionmass or saltwater algal culture
hase, enri.che | obylin eins, and a

to generate a .heated.liquid in g ro

heat ed GG éi‘ﬁ{?ﬁ_oaﬁ hl@ltgt&rqﬁ, _ar%ﬁa%f@s)u%ategélpaﬁafqphaﬂ,a&nﬂwé%%o Sportion of the
heat ed mihstiRehk 3F IR dri@hi dvatRa 106160 HR&HNIIRNGSRRYLL AR St REendtiogm t he
heat ed substantially solid phase. In sonme aspects of the invention, the

sal t watadralgal geidugts diensslgdrbicrabsswat exanatrghit adloivs dorethe prodattnadfiieth Atclsabout
50 C duri,n portion the heating and m xi ng. [0018]1n anot her

t | east
enbodiﬁ@ﬂﬁggﬁmpﬁng95§%tion, a nmethod of selectively extracting al bum n
proteins froma saltwater al gal biomass or saltwater algal culture

conpri g0013)f subgéasieicadUodirhdit € theaheakiof & hsthb EdrdREtiieadttabgorddd M Xi ng
the saltwater algal bionmass or saltwater algal culture to generate a heated
subst arftrPtginsyron sakiverteiens is pievidéAed in al bunin proteins, and a heated
substantially solid phase; separating at |east a portion of the heated

subst anhh#adi! vV L I t : 1 I : eat ed
substaﬂ??ghly g@ﬁgggfﬁgggﬁb?ﬁﬁggﬁgqgggggﬁéag?jtt%?%%%ﬁﬁ%?%%fe%ﬁgﬁﬁgxture of
sal t watadgal atgahs Goonmsdtwater sBlat watress @l sghivateu hligelr @ltaredcongtresed b§ mai nt ai ned

at about 50 C during at |east ortion of . the step of heating and m xi ng.
M comsubrpt iered i erb Ry ntiRatng trimiid bR Buec R tIE R | east
one solyRRhted agacctuﬁqreftac%ghér% AAQURaRANS kbt A REurBBERBAR o faLIgNO!

i sopropanol, acetone, ethyl acetate, and acetonitrile. BRI EF DESCRI PTI ON OF

THE DRAWHNESiallgdmejdihase, learichedan globwbhardateios, agd e figstisnbssintiady isolidphasehod

according to an.ex | ar irent. of the sent_ discl.osure,. [ 0020] FI G
T r s e S G By Pt oD IR T B b G BL RS s PR Gt g
proces gpra&ﬁ@,r floghd Arst dsPhAsSIBNolidi phadcdsdikiag tirst solid phase with water and
2011/ 127161PCT/ US2011/ 031408 [0021]FIG 2 is a schenatic diagram of an

exenpl drptiegiocenaigina sronthhesiadr bt Bixdue spaetsrdnimgeeed fybstpnteadlynt

di sclo . . IS par.ai v r ' . £ .raction
of " ea 38 SO i AulEu oFRIRE AL Ee BRI MBI R BHEAEC | 2
conpl et Iqasll partiyn bhihg8e@ndWilkgantialy hiyoidphnsed esiichet i elbamiiagrotins, &xtn act i on
efficiency ang the effect of polarity on the polar and non-polar |ipids

ext r actNoICOPOIB{ARIiEly spAdiphare Myx aghhCoccRt WSKHUAtIBRYY PREY W Hat r al

0o D R R R D PRLo Yl erbgethon
liquid phase and a third substantially solid phase; raising the pH of the third heated extraction
mixture to enrich the third substantially liquid phase with glutelin proteins; separating at least
a portion of the third substantially liquid phase, enriched with glutelin proteins, from the third
substantially solid phase; heating the third substantially solid phase and mixing with a solvent
set 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 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, any 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 for a selected time prior to separating. In still other aspects of the

invention, 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. In yet other
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[ 0024] FI G 5A&B are graphs showi ng neutral lipids (A Purity and (B)
Recovery in the two step sol vent extraction process using agueous nethanol
and petroveumiehwsn at three different tenperatures. [002PJUSL@G1/081408 a
graph showing lipid recovery in the two step solvent extraction process

[ 008) ArEseroh 6 LvanShom SokeRoRGoF e Tartr wepn it o gty g o Gase
rati o QRixhir®l @ i EHQMEI Yt a L&@e?dml%b&auﬁe kst ROARBoBWH RG0! Binliicsagy of

di fferent aqueous extraction solutions in a single step extraction recovery
of aqueons asptdragfdhe owealron, bi loastos¢ of 1O ZBtFie@nd thigl, ang)fapth Ishiedi ng t he

effect of nultiple step.methanpl, ex tjo the cunulative total lipid
iera e RBUEeS FrifFined flrnof 50 R0k Aherird BBtk show ng ¢ he
cunmul atgu¥QantREQUETY pRdselid @rlkied! il INAdVETh ot AR tsdTehEhbann, theQeReNFI G 11
Is a graph showi ng a conparison of the extraction tinmes of the m crowave

assi st edt et pioanandn stdhoter dspeis okthe inveniiom thgsolvams sctcomBugsiag, 12A i s

a flomgﬂﬁ%BLof steps involved in a method according to an exenpl ary

enbodi nent of the present disclosure which incorporates a step of protein
extraction. Al of the units in FIG 12A are in pounds.
[0017] In another embodiment of the invention, a method of selectively extracting

globulin proteins from an algal biomass or saltwater algal culture comprised of substantially
intact saltwater algal cells includes heating and mixing the saltwater algal biomass or
saltwater algal culture to generate a heated liquid phase, enriched in globulin proteins, and a
heated substantially solid phase; and separating at least a portion of the heated substantially
liquid phase, enriched in globulin proteins, from the heated substantially solid phase. In
some aspects of the invention, the saltwater algal biomass or saltwater algal culture is

maintained at about 50° C during at least a portion the heating and mixing.

[0018] In another embodiment of the invention, a method of selectively extracting
albumin proteins from a saltwater algal biomass or saltwater algal culture comprised of
substantially intact algal cells includes heating and mixing the saltwater algal biomass or
saltwater algal culture to generate a heated substantially liquid phase, enriched in albumin
proteins, and a heated substantially solid phase; separating at least a portion of the heated
substantially liquid phase, enriched in albumin proteins from the heated substantially solid
phase. In some aspects of the invention, the mixture of saltwater algal biomass or saltwater
algal culture and water is maintained at about 50° C during at least a portion of the step of
heating and mixing. 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.



WO 2011/ 127161PCT/ US2011/ 031408 [0032]FIG 12B is a flowhart of steps
i nvol ved in an exenplary extraction process according to the present

di scl osurw0 200236l G 13 is a flowchart and nass bal aneeTdiSagnas408
descri bi ng one of the enbodinments of the present invention wherein 1000

| bs. of al hi SS s processed throu extraction and fractionation in
or der t[83§'3par Ekfg-%éats\ﬁﬁquﬁ}%ﬁ%%?mﬁé |aaFX?f33?la¥se,m%ﬂﬁ*aﬂmt&?éP FXE3GMt he al gal

bi omas Sy sk R0 IHE to Wtk preset fiis@WGhart describing one of the embodi ments of
the preSent invention erein an al gal mass can be processed to form

various Eéoducts. [0035]FIG 15 is a flowhart describing one of the
enmbodi M8MAH of Fihed isracommerating eraphshowingrsohrleasyrastiorof fredze|dripd digaar e

processed to formvaria Sl?%QQUCtS' %003%7 Iom%hart descri bi ng

FIG 16 i;s.a_f
bne of 0oat SR 8¢ PR b Dab bl P s o

| i pi ds ra&emRi0RRSESEptiee 4104dwif eatacho® effiticcy bDEE]cicEs ofbbldrBy 8n tHequtdrar t
descri bing one of the enbodi nents of the present invention wherein al gae
proteiﬁ@dé@éﬁ@éﬂé@ﬂﬁﬁ%ﬁyﬁéﬁtracted froma freshwater al gal biomass.
[0038]FIG 18 is a flowhart describing one of the enbodi nents of the

pr esent ent | i ks : i om a
Gl vt e gl R e B T e O e Rl MR LR ERE 0 O T
enbodi mrbsergfin tHegwprsepesotvennasgntii@nprocess using methanol and petroleum ether at

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.



wherein a selected algae protein is extracted froma saltwater or
freshwater algal bionmass. [0040]FIG 20 is a flowhart describing one of

t he enmbodwoentigi2ofe1t he present invention wherein a sel eeCedSadigasi4ps ot ei n
is extracted froma saltwater or freshmater al gal biomass. [0041]FIG 21 is
a photo h i Scepedesce cells before and after extraction
usi ng e Eﬁ‘g‘ (P8 A TREBRE L s rielVER I an e SKEATORPFFNt act  bot h
beforezﬁag.ﬁ{tgqmgﬁ%gﬁpakgg urPETAI LED DESCRI PTI ON Definitions WO

2011/ 127161P /US 011/031408 [0042] The term "conduit™ or any variation

thereof, as used herein, includes any structure through which a fluid may
be con\,{@%ﬁi NEH3 | 1i3nis mﬂwd;&@md @@sxﬁalmndmgtam d@ﬂcuh@gmnpéﬁthet ubi ng,

channels ot.her..encl osed s ruchures 43 reserv0|r or any
vari at | onbot%h“el?netso?frth%é’re&%@dn%en1 g fYheteiL O eg é‘lnfﬁgé éloma IR RIPE dbabl e of

ret ai nith@ubh Wktehctideand Frattidnago® #osraées separite aelitvQilipidsi pslhugedpends, tanks,
| akes, tubs, or other simlar structures. [0044] The term "about" or

"approﬁﬁﬁﬁﬂbﬁvﬂfh%ﬁgﬂééﬂﬂﬁﬁre|n are defined as being close to as
understood by one of ordinary skill in the art, and in one non-limting

embodi 7y Q§4r]t heri@! i1 %rﬂ%wﬁiﬁéﬂt g@&nbﬁlg%“ﬁe‘@fﬁﬂy éﬁlﬁogﬁ o %} Gf({)tﬁé?%s Ot‘g%e{ﬂ'tf n 2%

nore preferably within nost “preferably e terns
"i nhi biwhangh aomrlgat masscaamgié pmmceaswl ty &vniratdrmos pfoduhtsse terns, as used

[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
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herein, includes any neasurabl e decrease or conplete inhibition to achieve
a desired result. [0046] The term "effective," as used herein, neans
adequat e wWo 2aticionplli sh a desired, expected, or intendedPce&diska11/0p208t7] The
use of the word "a" or "an" when used in conjunction with the term

"conprising” herein na an "one," but it is al consistent with the
meani ndﬁh‘?ﬂ " onifl%Fe% Fél}(m? ¥\ aP%&%fﬂat@Hél}@*re%fnﬁs usaﬁ@e@rn, r‘&fi ° H%St&?él}m

[ 0048] ThRyubR WRichY fiuidmdSRAARSERIN NIFBRAARIng RRGELPles o PR HRIBR ifotRdd fipds Y
indicated to refer to al'ternatives only or the alternatives are mutually

excl usitveing adhahioalgylor bther dicdeskdsumausapports a definition that refers to
only alternatives and "and/or." [0049] The use of the term"wet" as used

herein,  hsyused. t o nmean cont.aini ng. about, 50%t o about . 99. 9% wat er content.
e S e S R S S

[ 0050] hactusEcaphble RE rdt&inig TROd. VEBA-liddting asnysetbiltedeeidins ihdudisgishds,0 mean
conposi tion conprising one or nore solvents. These sol vents can be

anphi pdeHiselakey, &skorawber SENBHSHUEMISI ¢ or slightly nonpol ar), hydrophilic,
or hydrophobic. In sone enbodi nent, these solvents are water m scible and

in oth t he I, S6 LPpke LR ” LIt : ents
t hat nggﬁﬁﬂ usggéﬁﬁmpgggﬁiggzgﬁggﬁet §ésao @?hg%?%éﬁgﬁﬁﬁﬁﬂgiﬁ?? ﬂggaélude
met hanals und¢rkt@nd by ohs opompamotkill at ticane andintope nagdinatieg caahddiacet hai tri | e,

al kanes _(hexane, pentane, . heptane tane), _gesters (ethyl acetate, butyl
cet at dymgis BrandRiRbERy i Ry Pebeaie MRk HRt T TOPpU eile
(M BK) JmopRiI8bbSSwithiRbouepe, benzene, cyclohexane, tetrahydrofuran),
hal oal kanes (chl éroform trichl oroethylene), ethers (diethyl ether), and

mxtures (diesel, jet fuel, gasoline). [0051]The term"oil" as used herein
i ncl udd904dmpodhe tevms “wbHiEIM| greseamgApr anypyagtiand! hescterms, gs dsed The terns

"al gae 0l l." .and," al il in .used inte ] .
[ G08o) Rk dFRdsy T Heablyebig Hes B0 165D, BRBIIAHR LIS, CUSPRRARNY,
mat eri al that has passed through a separation device, including, but not

l'i mted0oss]a firhé exrmoweffb®ivier adsaised 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



[0053] The term"retentate” as used herein may refer to material that
remains after the diffusate has passed through a separation device.

[ 0054] As weedierwiin, the words "conprising” (and any f@cmuskoicosns si ng,
such as "conprise" and "conprises"), "havi ng" (and any formof having, such

"have" "has" di ng" d f h
" el udBRR ot el ety (b b tSHE) BrgnPrIRIEN s hKEPR ng.

such a tafé't B0 kGOt AIBR))24Bmh G URhMR, BEnLRERyapE8dnand do not
excludz 19gptlgﬁgum ﬁ%reC|te§Me e%enfglor(ggt hod ggeps y[OOSS?The term

" pol ar tbtquhydmfunan) daagoalkanersa(t:hlomfomnedﬂproaély&sle)j ctherseidrethyil etheydes] but is
not Iinit i 03@?3 aglds and gl ycolipids. [0056] The term "neutral
Iipidsﬂn r?ﬂ@‘? 1A ﬂ@}% as used herein, includes, but is not
limted to, triglycerides, dlglycerides, nonogl yceri des, carotenoi ds,

waxes, [90®1]0! SThi QP& Fbilhes hedMerd®incthdeh asposifony 26ataeiEhdutbElifdsaid a
collection of material that is generally nore solid than not, and is not
i nt ende®lardivigsad hetigimsaklzae il ped ralgad oilaps pyedihercinpdised mteyshangeablhys, a
phase having a substantial amount of solids, while retaining some I|qU|ds,

|5 encquReRSedTht idth i fRalIP 0 AdniBhict NAkscl BEn HEAR bSraidihl b "1 1 qu d

phase" erein ers a collection o
generahhwmdmm@ughqsmﬁmﬁhmnhmﬁbgndn&ngdmhnoohmﬂaikonﬁhaynmmmﬁuwﬁ:solid
mat eri al s. [0058]The term "bi odi esel” as used herein refers to nmethyl or

et hyl tty. acids,derived from al

2013/ 130080 per Bl FShAEs oF ki TRLTHET R e S bt csmaing ahdhe ner ei n
refers(ﬁﬁhﬁugmgqmgk@@Mgﬁg{@&%aﬁmgﬁug@§ehealth and/ or medi cal benefits.
Non-limting exanples include carotenoids, carotenes, xanthophylls such as

zeaxant hin —astaxanthin, and |utein. .
[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



[ 0060] The term "bi ofuel” as used herein refers to fuel derived from

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

di esel , jwO2buel27t8hend stock and di esel bl end stock. [O0@6T]USh@10ar4ns
"inmpurities”, when used in connection with polar |ipids, as used herein,

refers |1 onents other than the. praducts_of interest that are
coext 1 dlt or%ﬁg&g“p RUraceECr Bpkice @}*ﬁ@?ﬁrﬁ@ biasdweedust hehpravisss .

[ 0062] Hagith 8Fddr hREAIBRAL RS N%Qd%ikiﬁ?@'xdnﬁbl;@ﬁﬂ@l%ﬁ& tABteWbidl, RRt&es! 1 pi ds, as
used herein refers to hydrotreated afgal 11 pids such as Cl16-C20 al kanes.

[ 0063] Tasthophyls'sdeh ey zpamarghin, gitweranthgmdnd tuteionnection with polar lipids, as
used herein refers to glycolipids, phospholipids and derivatives thereof.

[0064] T erm: food .addi ti,ves", when used kn,connection with, palar |ipids,
LoO e 0Rsder mrpd R Bfthd B R RS fo Ry SRR HarD Bioaich BRLAL |1 P €2

f r om alg@elimftHpoxhbipeestigdade Hlodic Y sEfbl) diddlt jof fucBblehid Sclh@i®dibsel Blegds t O
any inpurity that separates with the glycerin fraction. A further clean up

step wieckyr erpve nost of what is present in order to produce pharnmaceuti cal
grade glycerin. [0066] The term "unsaturated fatty aci ds" as used herein

refers [%’6];] at UypdS Wb iftidl, \lzl%iise&’ﬂﬁ?cﬁ@%'&lo% Wit Q@r 1@98&' as WO Hekdh L1 Ng
exanpl es of unsaturated fatty acids 1nclude palmtoleic acid, margaric

aci d, stfaytoallaviponaitedtheathnd thequbddecaioicoesathiatiyre cberdtaeied oabit; the
gamma-1linoleic acid, al pha linoleic acid, arachidic acid, eicosenoic acid,
honmogarARICIPFORSTLSS@S ha RYOUGt QEHEISHi ¢ aci d, ei cosapenenoi ¢ acid, beheni c,

docosadi enoi ¢ aci d, henei cosapent aenoi ¢, docosatetraenoic acid. Fatty acids

havi ng [806Xr NPRE tGAr D cBhQMEVHAR usbeinkRakaRide vattep JanNgid, byudeaherdied to as
"long chain fatty acids". The fatty acids having 19 or fewer carbon atons

i n t he reekiodydradicateq atuat ipidy sycbfas((rlédC2balkancsshort chain fatty aci ds".
[ 0067] Unsaturated | ong chain fatty acids include, but are not limted to,

- t i ‘ - B f i -9 ' .The t
" ommga 110FY; {, 35k . OOBRARR Fhiu B RonBRbsFRERo R S by BESireif 0% e
fatty aefetstoldlpdodigidisnphbapiiadiplds 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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WO 2011/127161 Conmmon nane Lipid name PCT/US2011/ 031408 Table 1 Chem cal
name Ei cosatrienoic acid (ETE) i'20.3 . (n-3)
al | -ci s- MpRay11i27wiicosat ri enoi ¢ aci d PCT/US2011/031408

Common name

Eicosatetraenoic acid (ETA)

Eicosapentaenoic acid (EPA)

acid

all-cis-7,10,13,16,19-docosapentaenoic

iacid

‘acid

Docosahexaenoic acid (DHA)

tacid

Tetracosapentaenoic acid

iacid

[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.

20:4 (n=3) ‘all-cis-8,11,14,17-¢icosatetraenoic acid

20:5 (n—3) ‘all-cis-5,8,11,14,17-eicosapentaenoic acid
:5 (n-3) all-cis-6,9,12,15,18-heneicosapentacnoic |

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

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

Eall-cz’s-6,9, 12,15,18,21-tetracosahexaenoic

[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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Ei cosatetraenoic acid (ETA) 20:4 (n-3 all-cis-8,11, 14, 17-ei cosatetraenoi c
aci d Ei cosapentaenoic acid (EPA) 20:5 (n-3)

al | - ci s- 5¥8,2011/1241617- ei cosapent aenoi ¢ aci d Henei cosapentragnsca 1asidds ( HPA)
21:5 (n-3) all-cis-6,9, 12,15, 18- henei cosapent aenoi ¢ aci d Docosapent aenoi c

acid (DPA), 22; n- 3 | 1-¢is-7 ,10,13,16, 19-docos nt aenoi [
( [00’)4] TEe gerrn ‘)emr&;'ched’('},I as used herein, sha?l mean about 56690 or gr%atce)llr cCon?eCnIt.d

[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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Cl upanodonic acid 22:6 (n-3) all-cis-4,7 ,10,13, 16, 19- docosahexaenoi c acid
Docosahexaenoic acid (DHA) 24:5 (n-3) all-cis-9,12,15,18,21 -tetraco s ap
ent aenoi cwachd/iBeten acosapent aenoi ¢ acid 24:6 (n-3) PCT/US2011/031408
all-cis-6,9, 12,15, 18, 21-tetracosahexaenoic acid [0068] The term"jet fuel

bl end stock" as ﬁglcli%g]erei n refers to al kanes.w th the. carbon chai.n | engths

appr opr(CEROPEEr efeggkopipgliya- INoGEIMHR PR di eSirodeBicd vk as
used hepeiiHoal 6f SiclitvealibRIRmWhbds bheh CHROM lowing 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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chain lengths appropriate for use as diesel. [0070] The term "ani mal feed"
as used herein refers to al gae-derived substances that can be consunmed and
used to pwowoder2mstiriti onal support for an ani mal. [007PLThiS2a1g¢0840unan
food" as used herein refers to al gae-derived substances that can be

consuned toq provide nutri ,i nal suppaqrt f peo e derived

food pr @“8%”2”6%&1 BAtifEe Riueq'icdpegnug u@ﬁ”‘?léng@é’f”é‘@h F&‘E& fats
pr ot ei f}p%zrcé‘z‘ DA ﬂfm&!%&&r@&rﬁrlze[lQQZl?r]aT%nEzﬁélm ohH &?@Whﬁ&ﬁ&i&m&l&t&'sed
herein'refers to use of algal growth to renove poI | utants, such as, but not

limit ed)zmzsl!lehia Wa&e@unpdeﬁmCé@m aﬁvrdmh&dmymrm)tldlbsEremvwhaendust rial

\/\/astevwa#@F mﬁﬁ/ %a ewat er . The erm. ?’ZSt Water as used
herein S&’@”s%’ & &Fr‘ﬁ’%{ K& L 8B F"% BWﬁ’éﬂ” "éW4t°8r that contain
a varl Q?béo&fﬁs@@ﬂt 619D 3RS spR Hdela@soSsusi phelidel PgmebhomRtp) IsBEASEst O
nitrates osphates, and heavy netals. W) 2011/ 127161PCT/1l7JSZOll 031408

[ 0074] mﬁég@@ﬂm TeashiisheslbangsLpostcie rﬂéllcmctlgwm Migsgtiniaio Mormsomehistivigr eat er

Cont et TR SRR, AR RS S LS ABRL BB, oS! Y-

[0076] 'ny'f roterns er's o sa ol ubl e

pr ot ei np., NoOR4Id da@epttz@zr Naviallawbskanr e %W&ula@ﬁez&tﬁﬁéﬂzeh@ﬁd@i INgveuer s to water
sol ubl e prote| ns. [0078] The term"glutelin proteins" as used herein refers
to al kaef! zcgégs&W@vzW@g@qrﬁghzla 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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[0079] The term "prolamn proteins” as used herein refers to al cohol soluble
proteins. Non-limting exanples of prolamn proteins are gliadin, zein,

hor dei n, woenim27{60080] The term "al gal cul ture” as usedPh@ruseoti/sfsess to
algal cells in culture nedium [0081] The term "al gal bionass"” as used
herein refers to an at |east partially dewatered algal culture. [0082] The
tor m " ey kst BE thobafheneli i splpd SreRs o7 OBF O4Ehe B8EYC sone

vat er. RABBITHE B 1R SatachEs bEcor@onds o iBletlt el RAKIS dbR16hdaak tadl | Y
dewat ered algal culture having fluid properties that allowit to flow

Gener alstep, thercblydeddinpgaotsemhléancausaratonatiomt @rihe oftragted conposent§. 0B8acTibe t er m
"al ga ' dewat.ergd al gal , culture

| ke". d h f . i.all
har 1 RS ehacery peprar el pdd Fafhing BBl ko kit SRR sk,

Generally an al gal cake has a water content of about 60% or |ess.

[ 0085] Sab9Mmat ein @ngadmbRlilsnts BEthedevenbibh, Aigx1066lventhd edtdrare Wb ikne and
bracki sh al gal species. Saltwater algal cells are found in nature in bodies
of wat extrggicid dgctipnate eRIMPATCHISERSCRIGN a8 ekpsgingremaistiah g ot gabpdignents,

Non-11i rg stoil\%%g'f Fe)f mmﬁagﬁg@g@ EOV\%&I%E‘[ Hd ctiﬁi?aztg F@gpg&g&s;ﬁ&e fAngchl or opsi s

sp., Duna a sp. shwat er al ga ound I'n nature in
bodi es db¢agvmiue masarzh Bssontudmbualiméntsrideadedgmouk aleesiahizdvgomddstheNon- 11 m ti ng
exanpl es of  freshwater al gal speici es include Scendescenus sp.,

Haenmot gERdifecs the QJereIaEL4teHa i Hg2%exanpl es of nicroal gae that can be
used with the nethods of the invention are nenbers of one of the follow ng

di vi si qgg92)Chl ppRPNYIIGecoANRPBYdsBnainly 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/ 127161PCT/ US2011/ 031408 and is replaced by the slightly nonpol ar
sol vent gradually to the azeotrope of the organic solvent. This results in
t he extrawoOi2on/afleeonponent s sol ubl e at the polarity develrasediasi4esch
step, thereby |eading to sinultaneous fractionation of the extracted
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i nventlion, a single solvent and water are used [to extract and fractionate

conponents present in an ol eagi nous naterial. In other enbodi nents, 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 0098 weDegimmmg@hysed adilioephamicalhef vigetaglermlis done ardrdér tos al gae.

[ 0092] Pol ar | ipid .recover epend inly its 1onic, charge, water

ol ubl repgve BiE S pdlERROER Pt el BRTfHsrine bound)
Exanpl esemical9ldagurhimpd 8sain§g kigdHicafitjuantitg ofabutkdl MptEdriionchPEpiaol i pi ds and
glycolipids. Strategies that can be used to separate and purify polar

|'i pi ds feastion uigrhgr reeored fremdhe Aegynpaedmatsrialcusiie soliwns cHgEen oExanpl es of
bat ch s [: I ' % 0 . raction
and_or yaparog e RAGRIELARIBR of Btk ARA RO RAYY R dnaSE B o
adsor ptthoneutfabipids épar at oloaziang abgad biopdsatsi fanmosndfiivaithhantormheckpeabblgi es
(tangentjal flow filtration, diafiltratjon_and precipitation, ultra .

filtr atqlb%?dStT SiothsdressBr et large Muantifica & algr é%xmpacg@x f%ndtlﬂé}gﬁf‘é’éent

i nventi i t L Ng; I iption. It
Shoul d 55 Lter ot osy B kR e P B AERES e

exanpl eshandes the anmdsitedtiongf sipewdufrakligdd othaentlsifioatidnhie funthee stabidzgd by e gi ven
by way of illustration onl ditionally, it is contenplated that changes
and modhe PeseRng ol EmRthahls i e SaRobc ShE PiRertR ST PAE AL Rort U Y Thec o
appar enhethR, fef\R&8n pldckbstth diffiduieesadit schii@bd BhPutieladbh 8EndRACHHRST ON.

[ 0094] Surprisingly, the proposed non-disruptive extraction process results

i n overH@oowr.dwowse polarhpids ravd ansgrotimg nefrkgiothgir redoperysvould pidsigaiganti ng

bi OmBsS, | nh[g%:es itfg1 \éfi|ﬁj% V\/Ql%ptetthe remai ni ng bi omass is used for feed.
This i s dtie? "4 uﬁeé)as{g i Y pa‘(fet, atoutelr‘?e hi gh 1 ong chain unsaturated fatty
acid content of the biomass. In addition, ethanol extracts can further be
di r ect [[9099]anseslaelipids e suFfacthie byaaere dud toklecit meleewlias Stihurgure and Batel ;onal

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

al gae, 'AgE cERART Barkst oMéW%Bﬁe &xistipmiochealagicptr Prasice poke Lipids gaprey
o sor b gl eI ShughRIE oo Tt SRR T BlBe gty

[ 0095] Thanlyeigaealil, batpiil) wheatctermmwilotntaicpeablbpilt dgacsel ypichthe cortaseatbout
i nventi on possesses a_ | ow netal content, 't hereb){ enhancing stability of the

li pi d 30282 rofv/vamalar baide idapendingsayitie shecirsoribslegicad s of tha wllscylaiy ¢ o
make neutral |iplds.unstabl e .due, to their . abill t al,yze oxi.dati on.
Fur e horppBond, S HARE Bb@ S afnbRulPRRE kel RS hel
r enov albablefone @ f dadhepalldralpid hadi tohorfuted bidi€ geoaips Beadhed imedd ofhecsshensutand

nmet hods . di scl osed herein allow for the extraction of netals in the protein
and/ or limdbtrpsyiglyceioh drampestarificadon afpadar lpidpanyishenis thettisgsof ficcindi ns and
pol ar | j.pi ar bl v af e, i cases
are actﬂlga{hﬁ?} l%t’%%t:eﬁﬁ%&;%g@ﬁﬁ% %%gﬁﬁﬁegé%]ﬁﬁa%gkgé;fé@gﬁ@dg’n%%rlﬁ%gggﬁsécI osed
her ei n KHarestmotalvint heavetrylifomasdar lipgdueounld nohenlgliby ihighlabehetieishirer i ng
costs. Conpared to conventional. extractjon progesses, the disclqgse

oxt r actleSeRNEp AuelITp Aol OrisEReads famaleacrhst 8o 8FRERG érﬂyeﬁga?dg%r ating
costs dusdlcd dID&IFRAShAR0SABRETSIWESh AN PELTTHECHE @D ialdoRRfed WIPNg Wi th

t he sol'vent recycle. Furthernore, conventional extraction processes are

cost prabgrchias¢d/eiofustipwdnetom. nidetabilite taleasdy decofertand fraatidrsate the various oil

and co-products produced by algae is advantageous to the economic success of the algae oil

Proccess.
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[ 0097] Anot her aspect of the systens and net hods described herein is the
ability to acconplish prelimnary refining, which is the separation of

pol ar |i pvogofwiamemeutral |ipids during the extracti on pPCOAS3GL/0FHIES

di fferences between algal oil used in exenplary enbodi nents and vegetabl e

oils us n previ ous enbodi ment ncl.ude th nt age of | ndivi dual

cl nssed0H0I Tt sEses rhgrrvetg?%ﬁldéma@s drrbehiueis B U fimar ed

Wi th veg %@tlﬂr&eﬁﬂ |fro%h§1¥‘6'leh$ln&%%@ceﬁalbﬁicﬁ‘é[s algamlsm%ss %lﬂ%etﬁ%dsctﬁsc@sled( W w)
Vegetable G1 (ww Neutr i pi ds 30- 90% 90- 98% Phosphol i pi ds 10-40% 1- 2%

d ycol ihsrds of Oxtntexobpbtasmctatstnyatandl deom algal biomass comprise a flexible and
highly customizable process of extraction and fractionation. For example, in some
embodiments, extraction and fractionation occur in a single step, thereby providing a highly
efficient process. Proteins 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
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gener at[@104]el sEx¢iplas)] dobatimbntp inthsy bara@phwn‘oampatgas obyomalga¢ elcdgieodso t heir
nol ecul ar structure and &gve a huge existing m Many o t he eX|st|ng
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t ypi cal dcytou@mbarSpsmﬁb ombodics 98 wyew) grpol mneweubpr: stslvdeﬂnhl an ¢thamlt Ree

speci es srol s of the ond ion nme , of
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three in the neutral lipidtri acydog ycerol. Transesterification of polar

lipi ds mmpmﬁmb@hnynrsm@dramlw aettlheatemopaprb@mtfprrn@dle oncgepdolldwasd fatty
aci ds, ba Oxgg%gé %gsetd %1'??%;[10n if f l%iter all"h e%ul%%lgé)? ssl? rTthdSevcl))l%SIfswatHence

renoval ; recovery |p|ds wou

benef i QinaJcan Be porapleciyngridu @hh m@rlehyrgplﬂm‘nml @lu@cﬁustallga@sﬂﬁ@“ des from al gae,
but al so generate val ue-added co-products glycolipids and phospholi pi ds,
which in turn can offset the cost assocra}ed wi t h al gae- based bi of uel
productlPE] Thin samq sxeinlay sadpdinentse BigespVaRUser S extBstissthanel drhous oi |
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of the al gae 0| process.
heptane, diethyl ether, toluene, ethyl acetate, chloroform, dicholoromethane, acetone,

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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bi omes smiterigolly ssthe Babedments! e pelosmRnetRtibo pRRceXS hég{ed, lchathanabout

enbodi nent, an algal biomass is mxed with an equal weight of solvent. In
anot herd)ekbymaerpbodingnts) hapHmishaedracgonpsosepsiy tlkaling (egs ercaitigr  of

sol vent,, I inet anot her enbodi ment, an algal biomass is mxed with a
greater weight of solvent. In sone enbodi nents, the anount of solvent m xed
with an al gal biomass is cal cul ated based on the solvent to be used and the
desi redOp@sar i The ofc dfhexalcgalcobvamass /cstrhatmntprodedtines eonthmirstdslalgabt her

enbodi nents, the._ al gal ss is extracted.in several steps. | n _exenpl ary
ebodi HERTESSHOE b hee B euts as b yaah i Tapd yrogies abrdad Pt 6 ok Gbout
50- 60%;Rfcntibi aVedu@BlioMb ihbsa kabivA T 1h% dRORRILAL quivehe LsdbSG RhEerRpbyV At -
Second, the remmining algal solids are extracted using about 70%of the

sol i ds'renysir ghtduicts sgisdble fir usag fuclsds evellraa doddsmifssaintd mehigpesupptametitsusi ng about
90% of the solid' s weight in solvent. Having been inforned of these aspects
of the | |0 [ [ L d.be I di fferent
sol vent['(s) i1(:{)d'ﬁ r%isfcia Ieltre;é}{ril)? at%!)‘ih%%r(% iees%gé}gg%ﬁiﬁsgc%l %g R %125 P § liﬁgaéﬁog]fcl%%aal bi omass
and/ or is@ldnibnt&isw il edspedt @ dtiemei@sd besh speh af tht Ynchtion, dad vice veshect i vel y
extract_al gal products. [0102] For exanple, in preferred_ enbodi nent, the

sol ventFuidermers, ssieasorf thednngsionser beasedda agipermpiheds of the Inyeadoby 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 DESUGRIBTHONDF FOEMPLERY IEMBODIMENIS | i pi ds woul d
requi re about 100% net hanol . [0103] Enbodi nents of the systens and net hods
descri erepn exhi bit surprisi and e cted resul.ts. First .of all,
the reddiMIV) kP SE R R oL 34 mpleAE BT EARTh Y S fyp FehiShnil

2011/ 12¢168RGT EXEB1Hih 633408 o BI (DAEHSind Tdavingl 81 folarajpids AT LG adi@dlt age as
exenpl ary enbodi nents avoid the use of |arge anmounts of energy required to
dry andinddssyughes vageseepioss inghe #lgehgel vigy high trepxgriasi phasecorbentiongyguld gal

bi omass,.l 1 i . g resent
nvent ooy PP bOREADUE HENBR i SE SR INRATRERESE Bl el

si gni f ircamtidgyinthigihecowng Therlest optienwohlde tokbk@mictel tiwyligdnaeitcheralvery
extracti.ons. This is because conventional extraction frequently results in
enmul si JHE TSCRYIR I AR UdHBSHEMNt separations extrenely difficult.

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

ol eagi NQupl|Mat Refedling FVe RPFRE M AC TIHRAAER 1 80 FRidES 8n 3V 6 thBLRe¢ bl e
slightly nonB_oI ar so% vent, including, but not | d to, nethanol,

Imte
et hanolinvals amplary emobedimentsef methosls eset is thafectmoetiondndriuridica@peef f i ¢

enbodi nts.may use a green f.enewabl e sol ven such et hanol,., The al cohol
o vant S ARGa e R HBARY by Rt ¥ER 110 AT o3P L B use MG 2

|'i pi ds.subtdaaaalstdps 20ewatket atmor&oMemiabal cdR tBYithase-23%, eoamasaekst tn ot her
sol vents disclosed herein. In sone exenplary enbodi nents, extraction and

fracti ofRix39na selicnsaprst $xgiagten ispedprmesk aptht Hlangwe andbicfagiensiec based

purifi Cc%h%&?d.'lf s%ﬁ%de% dﬂiﬂ@ﬁ&%?e '1t3b%u%s%q}?ﬁ%érﬁteﬁﬁﬂ%sted%Q%f&%{u%n%dWat er and
can be conp etélly ried W I'essér ‘energy n an aqueous al gae Slurry.

[ 0105] Ifracsioneoléecanipl BinyllyrdxodidAigntdphatdepaativenhcludiad, e nextimaed to s

et hanol . O her
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enbodi nents include, but are not limted to, cyclohexane, petrol eum ether,

pent ane, hexane, heptane, diethyl ether, toluene, ethyl acetate,

chl or of orwp 2di¢chioiedr onet hane, acetone, acetonitrile, is@prasanaeloii4asnd

nmet hanol . I n sone enbodi nents, the sane solvent is used in sequenti al

extractign.steps. In. other enbodinents, different solvents are us i n each

ext r actPOIELE jichy T 8?%8?%&868?%8&%?%0@3’6%6 H?ﬁﬁém%}%ﬁ?% P56 ot xeo

and USEiHokdbr@c{‘&p@faté%t%nﬁﬁ&ﬂlﬁﬁ&b&ﬂpé&e%{%? [0106] I n sone enbodi ments of the
bed herein, a mxture of two or nore solvents used in any of

met hods descri
the extraction steps includes at |east one hydrophilic solvent and at | east
one hydfbptobi ¢hsalgeehiomavwhehcrubirneptaiiobtep IH0xypicaly coneistspdrbphiltb g/lsol vent
extracts the materjal. fromthe bionmass via diffusjign. Meanwhile, a

rel at i \Pémg,ta%%?glﬁﬁ- “é%{zﬂﬁmaéﬂr CHNIBEROIdeWatTsrEiRstePs! 20 thehREISH nat i on and
i iny = el L . ) . of
intereg#&?gnggﬁgg%%@%¥§%k+gg?ﬂgﬁgﬁgﬁﬁhgﬁgb%#ﬁg¥&ﬁﬁgyggﬁggﬁgag%?%%nt. The
two di fskédimentatioo) vigartpsessingnddcantatian onveenirdygationy fleawaterisgiis theaamotd ofepar at ed

usi ng techni ques o) in the art..ln such .gn jnplenentation, t

vl opHBBCTOgh Gt S B ARy b sSHREsou g Py L6 PERTUSBINBS 1408 mor e
of an grkRReinvaliodSkitize déwHBHANRchBHuANE b & wateN@éRal HaARSicd @t her, or a
comercial mxture (e.g., diesel, jet fuel, gasoline). [0107]In sone

enbodi reemnass. Dvavagstingaen bo nampicd ceswseng dusmeidseda kembingtipmelanyarfdhe pH

excursion, i ne..or,.nore steps. .Such pH excursion i s useful.for, isolating
or ot e naSaef RGBS oS ek vaiB0 alise FETHOE KM oSk Ul Bt o
process is acid (e.g., less than about 5). In some enbodi nents, the pH of

t he ext[pard]i onThe aeessred Slgak badndase rdsaltidg,frod stap €20 typavaligleondistd 6 abou0108] The
use of hexane in conventional extraction procedures contam nates al gal

bi omasslOsa@t seHat Hopbomass eanthon hoextinstodsath watef Bowitpe serhély onpolsodi ment s
of the esent inyention are superior to those known in the art as they
equi 1 SOPRELIEE- Bleohals) i LIRS ol g PSP L RE O OESD I R se as
fuel s age Webtlond st ERALRLYS TRisaRsk &gﬁéd&@&aﬁ%@@e&%_ﬁﬂ&aﬁ)itaf SHQeratihgl S

contenpl ated that any enbodi nent discussed in this specification can be

i npl emerpetbeni insomespelmdimentainle bremasschlesr undgegospraeifl andyer alivelenvt dxdactiand vi ce
versa. JFurthernore. . 15 of the invention can be used to achi eve net hods
of ¢ e P EIETPOSENAEIR N o EXENPLARY EMBOD NENTS [0110] For sol vent
extraction of oil from al gae the best case scenario is a solvent which

sel ecti[oel4] exin ambsScrhbiduyhtgl deorreding of AA@gabbidmlaswsanrt@ catredpak &y | i pi ds
and non- TAG neutral |ipids such as waxes, sterols in_the algal cell wth

hi gh r dEs3iBg rhéézar\*ﬂ%féd@&fgh@n@& VR 2wBUFR weh %@s@t@%&qlvﬁ*? algak Bigmpssiy then

linid _ o : o
| pi ds 4Qdcl @cﬁ%’b&ﬁé‘&ﬁt%%olﬂ’d&?ér%c{e‘ﬁ]%glgtﬁids H@'tﬁ&ﬁ’eﬁﬁ‘é Fe@by BRI ki e{lrsbl%the

resulting in recovery. opti'on wo be to extract a
| i pi ds mndmatctitevghoring. Ahgmovelmetboy of deveatering haswowstapgal ahd dpdhRet er ri ng
nowto FIG. 1A, a flo art 100 provides. an qQvervi ew of.the steps invol ved
in exerfOPSRANPOSE; %ﬁ?& BieblieeABag s MRS fHCROPT ity g ANSHaMass,
purifi calingdteladitPbdfit 69&&?&5@% YREF AN, DI HNW D LIMRRS pribitodbehinhily St ep
110, algal cells are harvested. I'n a subSe uent.step‘128, water is renmoved
f r om alqyécteoml dnd/ar sepairation of 2ig! c@upenshisd Ibfastrasis thqonized det theeplvant-
sol vent,- based. extraction i s perfarned.on t hi omass, and the.fractions are
col | ected EeRE AsSoied &80 B rge We R BT, B sube sl B pased
ext r actgrgshianslvénaedi@oraRllrgidicithdnedatin@bhatge én Selalghelsiffedcd TPRasE
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/ 127161PCT/ US2011/ 031408 t echni ques such as filtration, decanting,
and centrifugation, may be perforned in a step 140 to in order to separate
out snal w0 2bipizdieeonponents. [0112] The al gae bi omass wrem/usar®st4esl 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 gues includi ng, but not
linite eP%i‘}““&i %%%P%’éﬁ ir?“‘ﬂ- aaf F@#Pgﬁﬁﬁbﬁaﬂﬁé“ﬁi me?agﬁ%ﬁﬂter Iowsetit i on,
sedi mentgirh@Mhe Itl?!llt‘t%mﬁ’srs%ﬁ R wHSCaEhAL LR OWheR Nbih: SWaal fing, Pewat eri ng
is the renoval of sone, nost, or all of the water froma solid or sem solid

subst arreenveEdbudemitis rasfcleth dirpeted rath¢ralgetdubnrent Meamehidke Wt algalng

techni ques to renpy, ter from arvest ed al gal. bi omass. wat ering can
be. car gt delofEr bRy et S 18wl SRR S gt SRS Sims iR aT hehuSds
descri h@gdu /D (1. @510020% v¥%) DY hanynednd@ted il pdste knawn b fe®R@haf skill in
the art. [0113] The dewatered al gae bionmass resulting fromstep 120

t ypi calsoyvea igtagobieniabasad samguesienpiogess 3Ffi s bi onass can then be
extracted with water m scible slightly nonpol ar solvents (e.g., alcohols),
in a i §tage.& t r ' r I ting the
Fract ] doLld 2O SRR e BB s D B, R A s R AR R3E1 127 and
oper at iachicex peris@se hdvingsoweightivogghtitant td iemhassnats sf bitsocngsher gdas aci d
and/ or al kalipne extractigon to fractionate protein material. [0114]1n sone
enbodi HP’SJ,‘”SJ\%? dEihg aflpw (oa1cHen N3 SEHHRS VoAt B R Yned Vet MY U eat i ng
the naryGst Reheddl. B QmSSc WiliinaSphiFRLctAR_ T &)IARCk, bdReoAkaR!

bi omass is then alfowed to settle out of soluttTon and the |1 quids may then
be renomddelppd b tweddsosudhbchasquebsicinas dibtilhdtios dnd/or psivpationg. ThEhi s novel

met hod of dewat eri.ng has l.ower capital and operati coshs than kng

ot hods el W udfsnr o ieeereRg hpsatend Fkt sLigs 3P bagorR%! omass,
and hasythg adgetobaneditr utdcr easi ng the polarity of the al gal biomass
prior to beginning extraction and/or separation of algal components. In
fact, it is theorized that the solvent-based sedi nentation processes

descri H&H1'Her eSplvants idopt g dpvyatering aggdpdustrgplly copmpgrewntgesolublgsolyenfamiiid

sol vent . r t i e | zhar ge I surface. In
sone e gdﬁ%%%ﬁolfg ﬁ]lfllfe&?drﬂ/ﬁ? 'szr}lﬂdg@é&é?ﬁﬁ%ﬁ%ﬁﬁ%@%@é%%gﬁ?’ned in order
t 0 r enoicetoritele, Youtgl Mledhel,.cthanok edvehaaoh d diropmiol hethewatdal{D ) netbfleso! vent
during the dewatering process begins the process of extraction. [0115]FI G
1B shovyeeh and Oﬁ§iyrcslfﬂil-vgth%iﬂl‘é??ég?%§ﬂtb’dﬁoﬂfﬁf Il gavkather fisggedirasss 3onld an

al gal %E%&ﬁ&& ¥ B AmbhNR oo ARE sQflingRA1 1 9/ L to about 10 g/l
(i.e., O.al- 1%r W f@as su (}q%lctﬂe]%l to aovvat er %epléll atlk%ri process 320. Process
320 can include centrifugation, WO 2011/127161PCT/US2011/031408 decanti ng,
settlird@118r f FIG r2aisiacnhematicohegramivddi wremplagy gnbrmdemed ofen aktraaioe filter is

used to se te.the al gal ,bi.omass fromthe water o e cul.ture. Wien
Lofng SRR ok Mer B 83, B DEPESs LMol R il ed St it o ot her
al gae GHEILEILEShut MBaImwhbd ® a ﬁnbeing lheR a Rk BEE f & Wt elirddghagrdeaen

concentrated to an "al gae paste” with a al gae density as high as about 200
g/ L (i .chambgm- Zbyselvont formextraciernis serircataid! 0y astqrags tenk assignedtq ¢asht ed with

a solv i SOl T sedir ‘ I.OC : :

"oty SRR i B TARE A58 RN PR BT Wi o gae
past e tiatoabéklevendaxhaextact tridnehel sigage tark. gitle/sokdgbit the bkl etvetperibdioatss rati o
of between about 1;1 to about 1:10, The algae is allowed to settle in a

set t | | RESYAESEL resificaligsIroRhiemenier extratieputhe SdEotsdn PrstoisasLynk may
N e A T G R P T R S S
The r emaduticnlye detndicamgsscessiflg tisic @xgeadt dchsticallyavihiacrsbddigisntaontpenes ©f about
30%to p?’Pn(l)a% reessg%)o\{\!iqoi, aI? trgr?spgl’t%?e% lanigrg%ﬁg?g glrura?i%ll g% sie?)gfation 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 sopropameD20acRrBNe, acetonitrile, t-butyl alcohol, etiramaiSoimmestiasnol ,
1- propanol, heavy water (D20), ethylene glycol, and/or glycerin. If the

sol vent sity is over 1.1 g/ t hepn. t he al gae bi.omass wou float. rather
t han crlgf a Dutinsentaden el Boetomo 1Sﬁ’ll“?§e‘g afientinlg R?%%’g%lrw{ B¥Lg G 2
is a schgma Io@t&h@gﬂgfl@ac%m% 2% MPh@ito THREh AL fac&fﬁn?d(i%l[eg?ésb%irsyst em

200. The wet or dry gal biomass is transported using nethods known in the
art, i ndBughingsecbud emb222 afitianspbrt meehanmwi 2. bekosport rseshemswdAVelysets or

th tract i hanbers. Th | f t ion | ' d
from o 185 SagSo P g aRrE G PoCln B RS S S BV SRR e et i on
M xt ur ead ghefaidal BioBfss & SlaH§ bR, it E@ss@d’ APRSH tIRODI LSS pardtiéh 8R&ccsat- and

the extract into the storage tank. The solids on the belt nove periodically
based ci#8tdne iy whprataddetotfrastonseefinardnenelafivr Thetdifietaiopprtiqtethabiiapact s in
each st : ' r r.epl.eni sh : y ion or continuously
replacég&%gﬁﬁégg %46 Vgh%QPHﬁlsmﬁgﬁFﬁggﬁE%Q?géﬁgght(g$domnstrean1processing
time and cost drastically. This enbodi nent conprises a primary reservoir
210, a [Dt20jspoFor ¢raaiphyitisadiBZdite porpibu bathictaygab biosepathat poasesdbrougk she241- 248
(e.g., nbrane filtratjon devices), a plurality of extraction reservoirs
261- 268 SGRAEUP @ﬁVéqqa%‘{} @-_s- 1R pRTign ﬁwﬁgmggﬂu d nagiqley snadhmodehent

Pri mar yo L eSesubhlsbpadihd &V%G‘Q&%gg dRABE Q1R RLUEdiy20f FrBhefirsf RSGLYPI 'S
211-218. WO 0119127161PCT/U 011/031408 [0119] Duri ng operation, alga

bi omas2620theidsfhpagedtien ¢anrtetre¢ywlast back sefinsoinlet 2dstrvoea?01a Therrstenteted 221 of
transport, .nechani sm.220. | dition ol v 205 is aced, i nto .inlet
Feaor oS e ARALeRusBe e ey iR el eI R 23058 G por
nechani §ricikd Gy dkan§sdrembARnALOZd0 1BisedmmdISniRt RE&EVEE NS BRI $ccHRE paiadith 220 from
first end 221 towards second end 222. As the algal biomass is transported,
it pasgisgiceBAdughich hen ganpraciatijncs sepseiignar fidrmtivamesksthan the Pygscamativn
separanﬁgmkgh? fractions of varying polarity. The diffusate portions that
pass through separation devices 241-248 are directed to reservoirs 261-268.
[ 0120] For exanple, the diffusate portion of the algal bionass that passes

t hr ougho12g fi Thaé semat af thodiffiedicq@rizahlthbiepagses tiitoagiposcbhd sepatitivaidaviog
liquid and particles small enough to pass through separation device 241) is
di r ect G2tcah PREIEFFL{0 YERH RO R4, Apd Srnrpestcirhak ?q/%ﬁwn%ie,t resqEvoir

di T usaf;e \RELLLQE paAP 2. TRE YGL A% BREKrdfod JdiSn SthEhihEHEMYN thaitcdts The
retentate port#onPOQBthe'gﬁgéﬁlgagnassrfhaﬁk%%éé not Séss t rou%h frst
separ atriod padehioogh &4dnd sapatatien dbeice 242 cinclek dyecteddryspmsportmmetiamissn? 2P0 t o

second [ nlet reservoj 2 and second separati.on device i ch can
conpr | R TP ERPO P TOnPBEe ok PATSHORCHtT At At ore 2 P B e par at | on
devi ce LfdatidiPd21dcinNg3 289 3RMN thef thé Reerflatt bUsRWS aACh k@Be hkakircPRE $€ et hrough
second separation device 242 can be directed to second reservoir 262, and

t hen r eohssquentialekresaveies ot dffupates poriiony arR tredted ta he yaiyeleposgpva@B2. The
retent%%g or E%H;qg&ﬁgegqgt%?ﬁ 8% tq% al gal bi omass that does not pass

t hr ougH S EEGRT s@parcat't ST devi €e “¥42° tan be directed by transport mechani sm
220 to third inlet reservoir 213. This process can be repeated for inlet

r eser vqotx2]21312d:&ngidly saadiatdney) thdefitsicRsctidd Ivil 48 cstuigdied Wah tHdidghiest ent at e
portions at each stage are directed to the subsequent inlet reservoirs,

whi | e tHECTHPRHgRtht Ronpelat selMent a0, &y Bosbplpgnixhacy whilcthe lask Gagtipy; wisl bend
recycl : Lol e a

crbodi renract opd b Ror R Ehpd EE ST MERRS M TR OTES  weter o
sl i ght Iproceenthetdoresatry@ntompdricots in the. grderodtdepeohsang poladityrveith thkiffaetiothe | ast
fracti ill.be extracted. wi.th the st re slightly.nonppol ar sol vent,

- er 1 P uagiong e R i s Branpr B DTt fHa eI uraY S i AEHEe SbKBEnent s i n
the or d&kra@fondREERASTHAGTRADA thhyfolbl hrd Aeh fl R 1S, WARe fHehTal BBctRfnst he
first fraction is to remove the residual water and facilitate the sol vent
ext r actarorichmomassl lipike fractions that follow are rich in polar |ipids,
while the final fractions are rich in neutral lipids. WO

2011/ 127161PCT/ US2011/ 031408
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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 carwbeosepareat ed fromthe oil using processes sucirCagsouli®sUbRr
distillation in conjunction with non-nolecular distillation. Al of the

fatty i cap, be. separated from.the carotenojds using the | ecul. ar
distil ﬁé!?ﬁn. FheouTarion CanTipd 14 Hatie Shaloag R Saaurgﬁeggmv aw_?s-.
di sti | |ﬁ{édafbt&@i&h%dt19n§§%%¥ Aarkhed Eeyakidshah be Eeﬁy?a%a)(hecl?g%brﬁﬁhé &l uiff 1 ni ng.

The | ong chain unsatura fatty acids’remain as hig iling residue in
t he colpeasessgsBucnds molsarer distrldtioniin corguition avitherensmolehd aedisttliatioh o llsyfst em

and netho described herein.incorporate one oy nore steps. i sQl ate

ot ot o rimERAREE v B B TR AL Rl P s T Sl fetoids such
pr ot ei niigNlatadGhh B figtRIGtcAMRINGY: PhpRAIUBLITBNESISEIniE seRbiteUR 1bwel @aion and
extraction of Prote{n. For exanple, in one non-limting enbodi nent, the pH
of the 8ty gaifs tor efiries. fihe dengsehgay wnspiorrterblatty acids ramain gs high bpdinggevded n
extracqhgﬂf(ﬁ&ﬁglting inafirst fraction that is rich in protein material.
The pH'© t 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 gohdt usimgnnetdmidsitigombodomanse tiof exdtaction systenhendamtthodnddsadbatg, but
not limted.to using the Poisson-Bosznann equallfn, enpj ri.cal nethaods,

nol ecul WFCIHYITAFROEAC BA RMAR 4O 15814l protqg mafpyia r?@ﬁ??%ﬁa%ﬁ?W%g@fF@125]ln
sone e [ e : | S oAl [ T= P SeTaealk i
enbodig%%?égg?hgn?%$vg§?ﬁgﬁﬁ%ggg%%ﬁ?gﬁ ?%gﬂﬁggghtmgo. Iﬁﬁgg%gyﬁgﬁﬁodinents,
t he soliv@ationdidreatrgetsonfafgmotaino tlor tan@e.about nelimiing embdemeentiedithent s,

th | 1 H.i t 10, t .11, . t 12. | th nbodi ts,
the sorlem il edRRieragiofi8 i EopiRieiE bt ledld KB o ded o i s
| ess t hpdetidR @k isxich! il pRStBIAMASRAAITRE RHSOf thdSro&k@h ¥&RctiBllstepNGRFuskddom about 2

to about 5. In further enbodi nents, ?he solvent pH is about 2, about 3,
about 4lepensbng omths pKarofdhoprotans aftiateesst. r Hist der @lor protain of intdest friay e

separ at| o ARV ol S ADR AL SELAS of 8B HOREIHENL e bul RS Rk TS i

achi eve“extracti ol anhd Tractionation based on’ polarity. Tn anot her

non- | i rth¢ PeigsoanBeltinimintequitiont empirival @ethads, infol Siardghadick Badel endthdi| or
separatjon device by simlar neans (i.e., solvent pH adjustnent).

[ 0126] ABS ustafditiation CayPyent pH i s acconplished in accordance with nethods
known to those of skill in the art. For exanple, acid pHis achieved by

m Xt ur an i O, . eEﬁﬁﬁﬁA ry acids
usef ul e[19gjr5]pr o?{e)ﬁn%gir{l?&a(%??%n’q}lén%?lggg?ﬁvfgl%gﬁé'I lls(?ﬁret%gﬁ%n p oegphori c acid,
sul f ur iemtadidsntanit soydmopHlisgicatcatiad ab&itntiOl dn bther amkadimeetsptHeisslvathifeved by

Exenpl drgecodromeyorh {4 fo s TBel RbgictrosimonBe wdver o dposit Br et n
ext racti108r udut velem whéhedodihets, akd éUPvenP?H?l§ seiNFhydamplden sad sodi um

hydroxi de. [0127]1n sone enbodi nents, protein extraction is perfornmed in a
syst emesgpdimaends, thosalvane pExs keagthan abartd . fln ater ombodioentsy e satvdeisdt | bed

her ei n. I ' di | .gal _bi i d
ot aa) Ueten 5T DR 20 ReaPE 1 SPRELEROG R B Pkl Babals SBFG . " °

separ atdhett 4,bbitiA8&r 6Bod .5, ThRRkirhdteWpdrtion of e ffrktl sepabiicindevickietHe@MaiI Ni Ng
solid is then introduced into an extraction and fractionation system based
on pol ahifeetpd tesubseduent i rerer eIy to Shigvegxirgctionand drpstignabion LASOS, t he
remai ni t n - \: - Lonat i r sed on
pol ari t@ga.r@ei‘g%{s"é%q? gﬁ gﬂlﬁﬁﬁ%g’%&s lglgnggf%\}é%?& trtr%r%tl %rgeeB%élgfiglg aff é&gr otein
mat er i akpahtidrhéevésetbyodfimilemeadsaet sodvenppHeEastm¢dl 28] As shown in FIG 3,

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

were d ed ext ensi ve ana) ysis of.so|lvents .and the effect on
oty acDETes AT ST s Ee B i SE RSt hRb e SHISERES kvn o
separ atthgda kil iR itetSarf, NP Rasplel Qcigr?tﬁg h&lievels Rk 8F af¥igrésidiOfcigy st em

was utilized for rapid screening solvents for lipid class selectivity and
r ecoverigto tBobalesrtt stréanonExemploysacobawtivh for pretsivextractoonpeaudd, ngthautnvi de r ange

of polgrities such as al kanes. cycl oal kane, . al kyl halides, esters, ketones,
ver & Jpi RPNt ik R T ny fRGo B o SORRAANEERRET « Ton of
the bi arBRScd By hRliSN SRCHBRMrGRS al BSHreskidtd bideliplol (Rasdtvdrs kgt NEx&hsiRgar d

met hods for algae oil estimation such as the Bligh-Dyer |ipid extraction
net hod. The bi omass 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 omoprucessl Depending on the chain | ength of thecCalusamng/osabyent ,
60-70@6purity of neutral lipids and 15-45% of total |ipid recovery can be

achiev mnth di sruption.and soql ve t tractlon The I gngest chain
al kane u%%@ff%tam q%gﬁftéﬂ%nclp SN @6%1% pPﬁéSlW@&ﬁ/&aglds b iﬁ‘Es and 42%

of thef%gﬁ@{h%k@hge As FIG 3 shows, the results of extraction of dry al ga
mass using sol vents and conventlonal extraction nmethods such as hexane are
inefficient, expensive, and result in poor yields. The systens and nethods
di scl od882Her eimsmre@@ilmh@s,@rbmf xtierieorcis @sripymabointarsybicmmgparhte firropor ti on
of slightl ent 1o in order. 1o se arate out conponents
of ai £ 1ot PgRROR e fr SRR b BabpestheRR gt SRS oF

2011/ 1?e¥ﬂtﬁ>hHﬁE{ty$aaﬂg1a4 Qi%ixfh@&s[s@él&@]lﬂ' heH- anf}@gted;@w@lm nﬁkt@ﬁﬁl@dlloﬁwd\l@nt S were
nor e selectlve for polar lipids. The neutral id purity was 22% f or

met handFO latinn visop ﬁmroem%ﬁ@aratmd@hawp (%tgcé%ﬂﬁ’d?@om&f fifrpgign hnihe

sel ectiy 0 %gﬁy i o pure

neutral ’§§%$§ uc?ﬂhﬁédﬁano Rﬂ%ﬁ%@%ﬁ%dp 5%SE%CE’§%5 a?%ﬁég and nore
t han QQ%nftytdselemibad hbdepi. dmilhtieriefsome embo tiingmeod, thesemaintpecedtlaenfromandi dat e
for an enbodi ne nB& of. the present inventiaon wherein methanol can be used to

sel ect i FHRSH ractigpation I’I“?Cﬁ?%j'%asf“# BRI 8 5YPat6Y L #badjustedsplspt t o
extr actﬂl&&rg UFisDRK! frdloin hRloAS HHAMATRAANGrLlofifBRG. The of her sol vent
cl asses tested did not show any selectivity to ds lipid class since the

neutral lipid purity was close to 49% sinmlar to the |lipid conposition
pr esent[0128]t heA@rSh‘g\iflmai FI§j. dnﬁl@:ﬁolvmtrsetﬁ@tlma@ the hleeonooﬁfradtmpat@btr@@@b@m y

achi eved mnth t ent.s r.ange bout - 35% . renderj.ng t.hese
2ol vend b eboER RS B Rk CalERRRoL SR PRRead Wit o BRSO i

cl assesh® SOM&tantrhuwndpr@e@sg aqhapﬂlov&ms ddphhgioh@F Uibids ffoneisélEmeehixl. et

anal ysis were confirned using the standard bench scal e batch sol vent

extr actT@rﬁ%%ﬁ&?ﬁf%ﬁoﬁléﬁ%@mM@é%MWI WPE&W@ngOlVFﬁﬁ feplipid wlass sel ect ed
wer e r [ t vV um
ethor T PR b Bl S kortd BB ArbRE e MR ch e P 1B L

ext r actafeohurites euches falkraﬁml cwlédlkamelalkﬁl Imbided eﬁeﬂsvleambnersa\t/er@ teskRic fPr&xttcs action
step in this experipent was 1 hour | ong. peri ments done (data not
shown) thé E?Ft@éflén’tth%lﬁlplét‘r‘@ﬁften"z@drﬁoﬁmoé%loﬁ of %@@ms%o %ﬁ@traéﬁ@uw tF%S?(? e
extract i he heat
and e B et B e P T s ol

per f or mxthactiondnéthed.ehhe biempey aintaes], 22406 t@aICipidrd wehichClo. ﬁz%cwad eneuttrad
deternlne whi ch was optimal. The petrol eum ether extraction was perforned
at 350 Pf-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, [anzh|t he FIg oXiptelcntidb dhtt galsRIAShxaht@in &Pt dr@ldaPasd BidSlaribts 4A
shows that the neutral lipid purity in a petroleum ether extraction carried

out af tnetaranfapmalyl sobsenisgembaredstidpe SehdgCxiractipnaro®ss, Derswdinstanghé ng t hat
e oA SRS NG EK OGP B 5 ATACERF B0 Rl 1 o

neutr a|red:dvl@t}dcaih&ﬁ:QMEﬂ’eYed/\ﬁﬁhém\&lsﬁﬁldldnhmﬂ%olﬂﬁﬁt e tractipn. fThE&ﬂﬁge@fmuﬁi alkdne
neutral lipid loss in the first stgg@ 4] To m nim z oss of neutral

i pi ds SPH’eflh’@St%tl}?aWBF’ r@@&VF@?@tﬁ%OE ﬁeutf?ﬂ élprﬁé@aii PeYP foeth? fogal él@M/ eht can be
I ncreasqg B %h@xgg, R MRS ekRadtfof oF %)/ 8@51 ‘msk g’smg RoRBfts 3B SHRMGARI

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 raD 2bipizdiepuri ty was much hi gher in the petrol ekoratshen/ogads act i on
than was achi eved by the use of pure nethanol. Moreover, the | oss of

tral lipid I by th f . t | inth
rrst bl s he Eei Somot aleghol i ert v Semonotdsior EOrAAP Bn 13 i ghor
t enper %Hfr@ﬁiﬂidi@ﬁt‘?t‘[{r%s@% f&lmétﬁ&bgaﬂqﬂ%l{%rgbiﬂ?an%l.i E%&}fylch%li{hg%ﬁqlo% he total

lipid recovery in the subsequent step. [0l n sone exenplary enbodi nents
t he t ershewanysecdivityletesenrmmdariaod npnpdadgids resoltingah kh 63%i purondsral tipidensur e

optimal_stabi]) of al gal ents, pr.esent in the,al gal, bi ss, Al gal

o ot o mesatn, WelhoPlrsodity CRFBFBEIR RS TRmt baC o S s P ibttent o

that exitchifbre! RIRRMALIY LS co@NShtidaMditite fdMardnRIdiRskatkERtsent inkentigdnper at ur e
is increased after the tenperature sensitive al gal conponents have been

ext r act'elibreipamthanel eangas usgd emeelestivelg £3B et polar lipids dromean eleagrpourypaterial

enbodi 1e r re.. of r i p i i pn order
o opt (10 & PlESGhEMS B Gan Iy BEE AE AR DRSS, AELUEES Rl PO
anbi entdid eophoatdnysclapitiny, toaids bipldylasstshece biod hdungl sid puriof widdogxbr act i on
mxture. In still other enbodinents, the tenperature of the extraction

pr ocesM s sERddR thedpe AAMpYPiiEnt RRENS Bl e Pripigl Bipmaste fyssrratieghoiith . | n
SUTL Qi ReHCBRROLTERKSyith MRS SHIVAR! faRfed ERGHANUSE 515 (BRId: H AR dependi ng
on the algal strarn of the biomass to be extracted. ["evat edext r acti on

t enper ablwees unstabister theesekolivtiNtiattyorodf ehetsdul @ dipidopsundstotahtiprdeduce t he
viscosity of the extraction m xture enhancing extraction recovery. [0137]In
some erfBHaTH¥ts, the extraction is run under pressure to el evate the
boiling point of the extraction m xture. In these inplenentations, the

pr ?SSUF[Q_I?;H I NThEASERS ﬁ@mttﬂ@sgﬁaét%ﬁalfy@@%%%@édhfﬁﬁle@ﬁﬁﬁgﬂ{e #Ridutdbncihi | €
mai nt ai ni n%?t he tenperature of the extraction m xture bel ow a tenperature

at whi chalabgtcbfolvhet adereétraacepprigthscicscried balopeigi kxamplabg ey qQgtad,
deconpase,. . or tr . 1.0138]1 n some ex |ar odi ment h

ot - ace g g BFRIFYE e kiR PoRp TR SRR G R UERE ot R, ¢ e
condi t ifontcovite bf whitehlipide. AXtotaled éxeRctienspedrt pef®ehddevith a 1a0PEPRSKER or

el evat ed pressures). In other enbodi nents, the extraction_ is perforned near

t he boiRiiggE#di artragon siep ixthis guprapeniives dhour loggi Pther coneitmenss fone @eter
t t] %] : i f th
extract]o E‘h&apﬁfédlbeftgg}at ce‘ﬁ% Y§ ﬂllh?tg%ﬁ 1?,5 62§1t08§|%§8mﬁegrh%ﬁﬁl% &&Q&{o%gé kan o e

sol vent into a S 1S mass trans
resi st ancessfuf. Thieraottioacinoin degmderntatnithe hes aad hovwedartster oif g dysteant | y

exceed the boiling point of the solvent, the solvent-water systemcan form
an aze e. 2011/127161PCT/ US2011/ 0314 Thus, nai.ntain, system
2t or  HULEA e TRE MG HSAETE Yor DERmRa B BErL R TS ag Fasbre 1o

enhancent g *eXin' #4drite Qetehhink S Hi@OWE] SJHin®APFAS Betrd Burddect bQctibRQagol Ubi I ity

of oil is increased at higher tenperatures, ich can further increase the
ef f ect ineehoened af358kt dessttd dre atilingpaeteftthe sdvant.oBetraleum kdhes vy ehtseboi | i ng
poi nt .

FIG 6.sh the.total lipid recovery.in the agueous .
bot handiecstise SETSTIR sbHEiiB BF nid oS BNoN e bl EAsE et qpatine
met hanqQlbs@xtd afdricRragiar its boiling tenperature slightly decreases the
neutral lipid recovery as observed in FIG 5B, it enhances the total |ipid
recoverm.ﬁ%OlSQ I n ot her enbodi nents,. the extraction is carried out under

anbi entM3Yht i K cBhehaToha the Rcustah BPidgwpoanERat | cunhethenaxtraetiqnogiried
carried, Quke ﬂn@ﬂﬂar?&%gggctftﬁgm 'a”?%ﬁ"é#i(b'%ﬁﬁ@%,b&&ndh%ad g'g%%tefﬂe E@nbiadee!

tube or casing, in or pr ot ect ght sehsitive a conponents from
degr adatfitiosse tGacxtranon depacmhahcghthe seutsil tipidecoatopadf thompeinandesoil pdddet] | n

ot her a enbodi nents, the extraction . take | ace under,. nor nal
ot mospiah BEabius thebe okt I8ty Sedp et 1% Has BRBRHEETon t akes
pl ace luﬂ%qltgfﬁyuhﬁpﬁ&ﬁm@srsﬁ?lgfgl}ﬁgteﬁéﬁj order to protect al gal conponents

prone to oxidation. In sti ot her "enbodi nents, the extraction takes pl ace
under an at m)s%ger‘e' of inert 0gas in order to protect al gal conponents prone
to oxi d&i34n. gahingiaperesstod newizal lipidghn theemethannd cxigactiondtepi ba pelaeitude

carot enocfjtlgessfol&e% o eh%lc%ease%%gl aldidfl)ligdv%ter 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. Wbeorigigual al gal biomass is rich in carbohydraras2ia/ogl4ps st ar ch)
and can be used as a feed stock to produce the solvent used for extraction.

[0142] FI G, 7 _.shows t ffect of the solven o,solid rat he total
lipid redyef ﬁxtr%&gnsﬂaﬁ BICTRATORSY OPRY Wil f%} o NAAqURRTAS %anocf ?‘Hli‘}"ée‘\/vas a
corres w&w&l&mltﬂb%lb&n clIe CPRE 5IAnsHo%aﬂlat Ith@ﬁ&tﬂaﬁﬁﬁwwty Whs tcipel i eved

that thi's was because of the lower solubility of |ipids in nethanol as
conpar gughen ipthegrctrelormmmtiey e&@ecdlooltlhanemsr abicvoth by dlewsao$ penganctbanohexane.

[0143] The sol upi Lity .of conponents | olarity of. .sol vent
ised 1 MMEROLT: Pisceipt AerER TBER i Brbely R0 §Y g OF riBol itufiiald 1o
det er mtpg fitdpextkRLibA sRp. Welsedti BITASS SBOMEMhNA Rkiradtdn 2@ KANBF @mprafi@de W w wet
bi omass has 40 g bi onass and 60 wat er for every 100 g of wet biomass. If
100 g ompevsdmebtraldipidipaity ot slighgy diesceased tha tatl Hpidirecayeryeinibhsibsesicnket

bi omass és 1 part wet biomass to 1 part ethanol and the concentration of
ethanol>®h 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 pdb#dsity imgexc efenfpldy em’mbdiuﬂeatﬁﬂe ynpeedtgietof alfece xaraeti@gprogess e
polarities ﬁf the conponents, é¥%g havi ng a polarlty i ndex of 5.2, and

wat er, WAFPHY i3 BLArde PRYTS oRjnal stabyity phalgalfokinenents Breedlt i )6 et hanol
and 38%18@15@" Arlgaﬁ;yr&%mk NafotPRid, hltld/ cﬂl@ﬁi) ﬁyl‘PBre(eQa §fe§ 0?3’1§§180 oﬁpﬁk”tha@- 6.
The polarity in the m xture tractlon ds and

neut r alexhibpi tdmpérstucabansitiaited It oihbteemlbmhmerﬁs 8hawmp!§ra4um es;plemmadsiﬂ;er then | i ght
of the instant disclos one of .ski in the, art d be able to

For mur drEpealer Fanf Al inmthtnsRs o8y chisnpBiryete Rl HedudSedRponent s
[0144] I n another exanple, if the extraction solvent is a 1:1 mxture of

i soprogwi3a}l conpltilphtHercdxBaPRly cinbedipRhA! ihk Yer@perbtnicSofiRé ¥aRctibS process is
((3.9+5.4)12) which is about 4.65. The ratio of solvent to wet bionass

woul d lt?éﬂ@éﬂdda logdes ¢ ersimpiae ¢ dield op ieadesiredrroduy. Fatragiions carpbe awnifrgm nflex
we wou 4 ﬂ}&ﬁ%ﬁer&‘@&%ﬁé&@bﬁo‘{\b Uhe M’ﬁé%ﬁ? ﬁ{ %Ehg@ghgmﬁﬁh{gy@?g ad (Y sol ving

t he fol raic éequati or:

(9-6. 6)011(1&-64&)651)m@1t50 tieSeinperabffe of it @ktraiovi@ndcerd ix chimgedldepsiding on-that er  For

a 40% w w_wet ?IOHHSS t he wet blOﬁ%SS 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 omassweandiitR7giwat er for every 100 g of wet bi onassPCIrfuSZ®@193@hs sol vent
m xture is added to this mxture, the concentration of solvent in the

m xt ur is 75/ (75+Q0)) is about 55O .w of. so nt m ture i n the sol vent
m xt ur PINEAGNDE STy Stom & O Bfar (i q BRIt éo SBUVPHd SERPT hREes ol vent

bi omas svabaifsltg cfant RiheRAL N MR A0FkO! IARRIY, AlUGhubilfly bEYI i
nonlimting exanples of solvent sets appear in Tab

2011/ 127dr6deCH mgz@mmpmuw Talpheas figther mceanPtlmteéfentIEnE$sauftemmctmraﬁs wet
blomass S dr ne rts Dr i oppss Parts ter

2ot vontenBtaposos Wne ShRAESTuaY YARE TG hofioy theae SRR sl ithe
100994(11%@&@%&%02@&@%@5%@%&@6@ Qetftfn. Although performing the methanol

extraction near its boiling temperature slightly decreases the neutral lipid recovery as

observed in FIG. 5B, it enhances the total lipid recovery.

[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%Ometihianwh m xt ur e1009940%40600. 625. 195 95% ePlhaANs20138614PA
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.
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Et hanol

100 320 40% 40 60 0.84 5.2 | PA 100 101
WO 2011/127161 PCT/US2011/031408
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 mixture 100 9  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 T 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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proteins or lipids) fromany remaining water and/or solids 1n the liquid

phase. froles)skiihe ramaighmornpssaxaipbe righ incaspdydesdessnd lipdswhi 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 ngvohelvertseds di scl osed herein. The extracti on &ad/Utse@alnatidoHn st eps
are followed by an esterification process 610, a hydrol ysis process 615, a

hydrotr |.ng process 620, and/ar djstillatio ocess 625 to further
20l at dOLbHponBransi e&&a&%?r%haléotb5%%%@&@'}%%%%@&&@%|S al gal

li pi ds,in#1@8! 1 PLRE &, Mhe FEXEES SNGIt it HQhRAYHASca I ACE Wb ARL 311eEts he | ONT
chain unsaturated oils and/or esters), fuel esters (generally, the esters
havi ng exhraéton anlgfiférentafiasgoigrotsimpbutghg metheds disclosrsl heaeldichiablesne teapht ha,
and/or |jqgui etroleum substitutes, In preferred enbodi nents the fuel

oot ers Seau BT RIS PR it Bfnar SR HER Corers are c18 chain

l engths. In still other enbodinents, fuel esters are a m xture of chain

| engt hs{01 O ofp et érﬁﬁodi&@ﬂt@,]t’]xm@cicﬁls%ﬁrétfdng%toinpﬂle&r\xpd?&%ﬁga@wls ibydrol ysi s

process 615, hydrotreating process 620, and distillation process 625 are
opt i onadccemplishad bpthamed] pmcssashousindrifer . Fidsewatasblgd @tls ons frastovadot t ed

arrows indicate so ut .not all. .of the options for when the dr ol ysi s,
v ot PN PGS R Tapeed b P hifk st baBBond et SharpiRmal ldhe ¥

pr ocessindgnah thdgt SucRiad buk haCihP&Bto, SIRFineXaRidh, ahd retRIB. amOstos®et s of the
invention, after extraction and/or separation are carried out, the neutral

| i pi ds genergtos ardirgidigatse cyirpadion nyixyelpblvientcomprinehbeitehrst sibyarBallyuléquigr oduct s
and/ or itive nat.j vel i n-at her. i |, 1ipid
fractidﬁgggﬁhﬁﬁéggé%%ﬁﬁ1%B§¥®g¥$?$%Q?Fgﬁﬁ%gggg%gggﬁ%ésF%?@?ﬂ%?%%?ﬁficgtion
pr oces ScpdfdtioaBar Beddddmplisedhyguesicknsfwicthodstdmewarih thesdtcihchidingg bat ot base
catalysis, and can_include transesterification. Althqough base catalysis is

not exdimidsldos gntrifuedife; Aereaghan.Jlaseines scdimentytiqnapad {ikfagions Thisdirel r ed as

t hose t i . i ; . ormed during base catalysis,

whi ch 5§ﬁ§%%%%??%@%@%g§%§%gﬁg%§§P%p%%ggéﬁﬁéggEnzynatic esterification
techni ques can al so be used. Esterification can process substantially pure
l'i pid metms]i al Theties sutiabntiblty cblidgshasks BdhdiemBicd vithValtevat@sin@hichte¢ &l i on,

gl yceri ne byproduct can be renoved. The esterified |lipids can then undergo
nol ecul SRS BEOHbMFdextpetfongnEtyre o sluy,. qpmrsised of & sespnd substaadplly o

separ at rLfi o)l chi hﬂk% &?!

car ot en@ugﬁglg%rs éefgllé(ﬁ? Sélclﬁmtjl %%Sﬁa%g?ly %ﬁ%@thfa%eﬁ hgltgghtgég?;ﬁ ?3?% |1JS% gwgtaeﬁ t hen
be passedndydbcandiqatssatit aglupocas sx&Gapletod sgehnesoditeon) veduld vedpridd dduesel , and
ot her fuel products. Any hydrotreatjn rocess, kno in the art can be
used; dueRely %? SSEEHlg ‘ﬁi}alrwgfiﬁ?ﬁdloq‘bﬁ ol ey HPeYC by sPRifpves
oxygen 1l &eUhESubsEREMB) RENd pRALI LRNSed B cbEIOlbRALI NG conpri se reacting
the triglycerides, fatt'y acids, fatty acid esters wth hydrogen under high

pressure in the range of 600 psi and tenperature in the range of 600F.

Commonl[§1THed That adcpsd sulastamtibilViol@lrph@sdMs thdnQhx3{l My thrvodteeatdi hegteti e f uel
esters rather than the raw |ipi.ds has several .advant s., First, th

oot or | FBHPIEHTH deues CHIIPRAUYE YT vamEriyd @%ﬁ?@ﬁ ﬁu'?fF?cS%lﬁ@}S figddand
metal s ﬁl@&@é}i&nﬂt‘ﬁirﬁ sE5@dHtial 1P séﬁcgﬂ{as&' TRe pﬁ%@ s Mldextattndh&uRObs Ayt O
catal ysts typically used in hydrotreating processes. Thus, esterifitCation

prior tisthepduietd teabbwd erobaeaysnidhend the ¢hiot subkientallrlotuiéphdsagyithaglatcinst .

Al so, esterificati,on reduces, the | ecul ar i ght. of . the. ounds bein

hyar ot Gl Thnsy Sy TR e e pa b i e S TR e o'

procesqmﬁggﬂnﬁg&iﬁgﬂu@ﬁﬁbhﬁaﬁg i s advantageous to retain the fuel esters
I

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

enbodi MBATE of Thathigdpbsientshly sphé phesqty dien giyed with 9i8é|1§[e%tr8ét #idrheatedyo

hydr ot ' - | i i i nt.o. f yel -
e e e e s
est eri fligaid pinde separfairtdubsthiatiarsolié pledsds In brengefehad embodiaicut, ahesblesit er s,

ei cosapent aenoi ¢ aci EPA) esters, and/or fuel esters via distillation
pr ocesSCEIBNDIELS eihpp t&lbﬂthﬁrr%’é]é@lt% INETES, (ReSAbEINg 851 ICAMPHPSIAE 4t i on as

el | asy@¥réefe ffohsvlgin?g%?\%ﬁ%/ &%&%ﬁé{?ﬁ&éﬁ%ﬁ%@%ﬁé%ggia?éthtle' @d on techni ques

known in the art. For exanple, the Il ates can racti onated using a
si npl e adewhittileatlihomoledhnthingutid pbaspaarattieen depatatede iThohainh faistaptialcy dguifior
refining. The long chain unsaturated fatty acids renmain as high boiling
residue in the colum. In some enbodi A®nts, the remaining vapor can then be
sent to the hydrotreating process. Two of the advantages of the present
invention are that it yields pure feed as well as a vapor product, which
favors the energy intensive hydrotreating reaction, as described above.
[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 MO20nen2freal |ipids are fed to an adsorpti on pr®CEAS2010H3t4h@t
separates carotenoids fromEPA-rich oil. The neutral |ipids can be from an

al gae squrce generated by. an e sel.ective extracti ues

di Sl oSBEvHa BRI RERin H%@mﬁe P Zymeipingdeurthysy @nff@l@yn%%gwgﬁse ¥ ces,
such asoerénﬁeﬁeoﬁﬁqu&%sdeﬂe%lﬁgbﬁ%@é&ﬁﬁdamoar&@ﬁesﬁaragg algAFbigARSs. contacting the
neutral lipids with an adsorbent to adsorb the carotenoids, such as beta
carotene and xant hophylls. In one inplenentation, the adsor bent is Diaion
HP2 0SS [Otmjmr i sdnheyerabvaiimaink,eextmcion oFPTbicinSHienn Mﬂv@teﬁ\mail céls i$ nc. ). The

neutral 1ipid n contact the adsorh in bat c p roc Sss, i n which
t he neL?tCF%{F l@ﬁﬁ B dhosatupeentharb ity IFnSaltwg%an tecHs & L Qe amount
of ti meyoAhiRfast BE HeRRHARY nlikdE Mixhﬁ‘g SRS ResthpRdd Ib%fg"li'aﬁe@ro? nfRAfsat ed

usi ng technl ques known in the art. In other |rrpl enent ati onS, the adsorbent
i's hel ckniownan tizcgbsusb s, tiedot lamided foestiigog ragitation iaud rackegp ddseptotdss ough t he

adsor bent bed. n t hr.o e adsor ben e the ¢ oi d
cont encei0riich HREPER SRirtish St et i BRRSH! o Bt bR RO on o
EPA. [ Qa8 ahien &t QibSRRMiflS, ©Aa phtse! anR\eh&and Qi ?H%e@ﬁj&(}ﬁéﬁiﬁ)aﬁ%ﬂe“ al by
treating the adsorbent with an appropriate sol ven i ncl udin but not

i mi t ecdPeperatian eashiest accemplished betaiety, ofirsehedsdyiowalia dhegirt mcbldt%nbﬂlt nogst er s
such a | S X nd
pent anz rﬁ%%{tgg%éf@gaitbo i’(sigcé}l FOS‘ Ottﬁio‘% %e%légiﬂgt%onprgggﬁﬂ%tlgﬁt)ﬂ § ﬁr%tr oduci ng
fuel prsaBstaiatll§3IQuid hasaBhriahed ihRichaliB@ootciiie neutral |ipids can be from
an al gae source generated by any of WD 2011/127161PCT/ US2011/031408 the
sel ective extraction techni ques disclosed herein. However, the neutral

li pi ds [82¥0lbe Thefrssustansially salid phasecis ten rplxaﬁw&lowatt@re@d heatsdegenesdte | i pi ds
are treat s 810 ay; vvashed
tor educe(g‘?phGI 1{leiaevgingg %Xalfrggg?llarrﬁhcodsn%rﬂlea\hf%Igeclogg Bspangaﬂ ??ul?%hgsg

some i mpldeneodmatsubstantiallyrseli@phasel Thelsolid endsjuid pleReodre Bhasppaict. a?ﬁisd |s
added to the neutral |lipids, and the m xture is heated and agitated. The

pr eci plsﬁ‘éﬂl’éicﬁubﬁé@%ﬂ}%ldd@aé%tﬁ crpehgdsin afunyip gFpteidpar at ed from the remai ni ng
oil, for exanple, by centrifuge. [0170] The treated oil is then passed to

bl eac_hir;g?seﬁ;OC%ﬁg secogd %Qos{a%ﬁgl r?é SO(il}gil I‘ag)eo 1@%11' Sml%? hv(&?all‘telrcoI reat%8t °“”d.5- In

sone i nt ati ons, I NC es con I'ng the oil

W th cl@yeanch m[rd@lteiited eﬂmwaﬁim@é@m@ B Ehse’ﬂsoﬂhl tere bws@n@hay lihide.
bentonite or fuller's earth), which reduce the | evels of chl orophyl | s and

ot her d¥Re ar@cﬁﬁhad faRstankiatly éoltﬂ phaserhEhe pld of dys Biind oxfagtiqnemixiys efslugy

hydr ot rlgﬁfeh@ e i ?o?%r%}gtemln P ﬂ{eo[ﬂ g‘%&%‘]@gﬁy Hﬁg%ﬁgﬁf et g‘%'l{l}qe}lp

conponent's o or m pro or’ e

m xt ur gsotethseJak S(ﬁlubzindddﬂnd paes @ndhaorsopaated, tha thadidiubktantjaltyH euid/phast r eat i ng
process 820 al so, ca sone cracking and the creation of smaller chain
conpourf§&e gyichedi gl %H’EPKH%Spt ha. Any of the hydrotreating processes
descri bed herein can be used for hydrotreating process 820. [0171] The

m xt ur qoeg21coMpayRERl ©bgatedlyBlil BRasYHheh hEatd WEh REOCESS B4R IRhRJRGssed to
a distillation process 825 t0 separate theminto various fuel products 830.

Di sti | |generete povybdsatedsxttion nnxtutbeorashmofcompeseﬂlmf@cfgum sehsthntialhy nol ecul ar
Tt SN I A S D O
pr ot ei ngt ¢BRYprixes s@h@s1t v eth¥r 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/i2016e¢xt racti ng t he desired proteins. ThisPsirmskémfioesoand
reduces costs of extraction. The methods of the instant invention exploit
the solubjl.ity _prqofiles of different. classes of.proteins in.qrder to

sel ect i[ﬁ#i} exThaaclai Teiheds dee Vi P ORPLHY AR GATI Al i E SN Y Ritmsss,
paste, d?rpr&t@i'ﬁ_@,-as[sﬁé%%lfper.q)?aZ?P'@ny é’ﬂ"thé‘ktgﬁé ofthO RS EmEMYnBLeaHiRlisEt ed to
heating and mXxing to extract watér and salt soluble proteins called

al bum rmgoeassicayl eperfomsed Tpiagtety Litonr the cen of thentdpe isoddpeiotsecticelnexthange i n
pH to recover the al kall sol uble teins ca th lutelins. This step
Ban ¢ heasereait By oy S Al BPSe Fr A 3G L ReRa T anol sol ubl &
protei rt&:rr%kt'reﬁ@'dgyﬂi_ea_ﬁ‘sﬁb%l-bo?ifh@odn@r&trﬂétﬂﬁl sl@égl'ﬁﬁss woul d be rich in _

car bohydrates and |ipids. W) 2011/127161PCT/US2011/ 031408 [0174] Pr ot ei ns
can be extracted fromboth saltwater and freshwater alqal cells, as shown
in FI 301841 ankn a pon-ipating ewaiie clbulia proteins eanebeswlachiaels extareed fremid ure or
bi omas ng%' 1 ff ' t he
met hod:freglflggq%glgglhﬁoe@é%sn en{a e&gdnﬁejﬂo{ng&rs‘gﬁecs:ﬁ @g%{;g%(gl{lerag{ég EOS#%?%P%% from
ei t her Hentedkxwict®almiwaireor dingaeon]pbitadd i nsubotantidiyblagiidpintss anéxt r acti on of
proteins fromfreshwater _algal cells.is acconp]ished by the novel process
shown iSHbsiﬂlts_lallywﬁthl&Sﬁma?%ﬁoalaqa@ﬂéhh%i plasgycag t}f'?“e‘%f’rﬁﬁﬁfrél’edal%éﬁlqmdormss are
heat ed ¢t Wiafched'th ¥1dbelif BRoifif, SEEPIB! i72 Befbdin ol ety of methods known
in the art such as, but not limted to, stirring, agitation, and rocking

This process generates a first heated extraction m xture or slurry,
conpri 488X alrf another sapdinziting exdnyplé.iadfuindinphetsiws sabasdéatiselysubacteht i al | y

solid ase. The sqglid.and Liquid phases are then separat.ed. Separation can
e noodhansHeus, Aa PidREe b A rePRERT AL FheR EREF AR BIRAL ™ ot ot
|i m t echehRd c&@aMtiohfmigairé ONsluble CRRipasEPHS a §ubslaatidlBNiqus€phdverh@hki on, and
filtration. This first substantially |iquid phase is enriched in albumn

pr ot ei rgbstpgiig)sThdphasesihe st anstlicaid phasey ¢ag therelacescparatde T hgilided wi t h sal t
wat er . h raction m xture or slurry,
conpri3@%“@?%gﬁgg%g%gﬁgﬁggkgﬁngﬁgg@ |q§?§%%ﬁ§§ésaﬁ&aa second substantially
solid phase. The salt water may be natural seawater or may be an agueous
salt sdbDug6]on. Infmfiethanpbre liofitirgedamgpls pralimmpraridsdac bopelegsehbottactey pi cal |y
35 g/ L conprj si inly of NaCdl ., The solid and.ligui ases are then
separ at/8J1 © ra IS bu AT SuBleaR ol _Qlomaawcﬁh_awaé%bf@ @nﬁ]@% H'¥F gl obul i n
pr ot ei N&¢raffbhAidhdddenptRRNSY 1%5%91’%% ﬁl_'é%('lj@'l binsR!l WithRRBRRNI &t hltERalthggA Wi th

wat er and heated to generdte a third heated extraction m xture or slurry,
conpr i sgederefe ahdakidrasttractst anturalot ylutriy gesinebrphdeba sutgtaatially higuid pbstcantiaal | y

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

"ot sed BN SePEpRisp e AbE st Ehid B5brete et b Fadhued HRYgh R qur d
phase Whake i@lekti€lcddnin pri¥iRinfeteiRe solid and liquid phases are then
separated, the third substantially |liquid phase being enriched in glutelin

pr ot ei ns. {0178] The third substantially solid phase is then mxed with a
sol vent[0s&t anin v ahetier ronglimingtesampico Pratcin dacden exntheasteroyelyiexdirasied or

slurry it gﬁﬁér%ef?elsgéva r Broﬁﬁtmte? ld%%l B0 -agﬁ Jl%shéwgg%gl@w eli}%%gle i\ffeour th

substantially so phase. |I'n on€ prererre I ment, e solvent set
conpr i sesragidnanatconphishdigr mndmg thieridal bynewdeith mapivent deh® gokrenin set

conprises one or nore of th ol | ow ng sol vents: nethanol, .i sopropanol,
acet one&XUAFHR MLLLE §F %l}lrfaﬁag sHestmsian Pléa.ng%%thgamixaﬂ%l?&hq Mg hhases are

then sepalRl&fof a Aibstah@M 1y 3¢ PRdsaahd 8 dbstdntidty Solid 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/ 127161PCT/ US2011/ 031408 phase is enriched in prolamn proteins. The
remai ning fourth substantially solid phase may be enriched in |ipids,
dependi ngworrotiie7wonposi ti on of the starting al gal bi omee3/USp@LIDI4DH sone
enbodi nents, extraction of proteins fromsaltwater algal cells is

acconpl | shed b he noyel process shown in Fl 18. Saltwater algal cells
or as éf}‘? verdhglagad m_a%ﬁtag §XEHORS eérzfsema_vwgi T TR cogmhelhe

acconpl dl?«ﬁ' BthsO¥nPeh¥ 361uBHYy HlopBRDoL e HRAMAS bintdi&st @Fd taRdiGhtcAR colil not
limted To, stirring, agitation, and rocking This process generates a first
heat ed @thtrenghadoments vt thealisstossd methpds owypndospaiatefa veashisteptbesudzateadlt i al | y
quuidfpha%e and a first substantially solid phase. The solid and liquid
phases ﬁF@CFﬁﬁwq%eparated. Separ ation can be acconplished by a variety of
met hods known in the art including, but not limted to, centrifugation,
decant q0189), f Fet @iyl ghhe gieclbssPratkinixiradtish thbthbdtheodiradtidSmbxtiSislurry
substantially |iquid phase is enriched in globulin proteins. [0180] The
first Jobsbampingined & glhceted Haareratyrefaem peiodeef tne hinamerenzhod it é#F t o

gener at r i ) i: f a
secondfgg%gﬁgﬁﬁﬁérpg ?%ﬁ? dﬁﬁ%@gBﬁ%%&ﬁk@%@gﬁEr§%§%§gﬁ¥§g??§h§§ f@ phase.
The solabdute@dminutgsi dn pdras espeets.aht hetmcsiop ariatuedis nldintginsé atnbkeasatbst anti al |y

l'i quid phase is_enrjiched in albumn proteins. .[0181] The second

subst arfPPBRFRHTS B PareRA 4Byt Vpiapten ARG A 08 miagter ]]é‘r?&h%é‘éﬁeé&’ 6 generate a

third healathrSriiaetd ARinMHindd4 8 nehted tdtif¥atucAOPEdtREch Houpad RifiHes to
substantially liquid phase and a third substantially solid phase. The pH of
t hi s t mbpdt ¥xmmatdsi 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 thir ubstantially liquid
phase d@ijﬂa enf EHRELT PPAIERE ¢ %G?HF%P@PHE’.‘tuf%ng%@%Fi‘tad%bstanti al l'y
sol id phg esIB&Mn Attt 90°CD 1R sSAk U ktsSEE agdaqliﬁ,ega%ﬁﬂmt, angggﬁiﬁt e a

g@ra{ fﬁ&ts
fourth heated extraction mxture or slurry, conprised of a f
subst amrotainsyrd ¢xgraced phesweatdcaof loss thin shdus 616t i laldther solbbdinphé&stee | n one

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

Pon | 1 R TOROUE Mg histe! €0t wRerGaF eyt e baTBRaoi SpGiEThen ¢ ne

fol I ow rﬂ&_‘aﬁ@ﬂsl\ﬁﬁﬁt 3h sévRE RGREHs, th PRIVARAIOeinsA6EEIRBtcd 8t W peRfRbatRse @
acetonitrile. The solid and‘iqu|d phases are then separated. This fourth
subst arth¢ beilipg ppigtipGthplsaisectios naniregbledyi i pihet embadiperss.ahepresspeisr emai ni ng
oL BRREARhO A eSOl PSR R ELLEL SHplyhol ) v ffpang 9 on
2011/ 12ikenbREds WS2Hahc§ 3dtAk8oh 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 heatiwgQ20n/gerer ate a heated extraction m xture or PCUAS)11081Ps i 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 prot eins can be selectively extracted from
ei t her esh r l.toway I The

sel ect i[gleglgxt rgt\}qci:l%e‘:?lomnlg|Fosa§ ccorrp e%%bymngggﬁzmﬁe &hﬁgwallh%f@rorgks aEIn\%llth a

sol ventphsatbiabattdreatDrsgniptes @é mmyatgehpid bedtes wext hmrzetstemln Aftectremevadof sl urry,

conpri of a subst, ntlaII uid phase and a sta tlaIIy sql phase.
The sosh‘@< WAL Py gentd %ﬁfé%ﬁec thﬁ@ﬁﬁsévegeeﬁaﬁeQ@éé alaep Gt %ﬁ%QL i s
enri cheghi QsdPrQhAMEcudsted ShbBsnt of %@Zﬂghlrblb!ﬁﬁssg”?%ﬁ%s d’r?'&t akWddHg exanple, a

protein fraction can be selectively extracted from her a freshwater or
sal t wategnivalegglantio mels ef abalmi@memtmaila@decﬂmto THecse¢oldlask eqerpedatith on i s
acconplished b X1 ng t he aI bi ONAS S jth a solvent,set. to generate an
extr act“iOBﬂe“r?F&%t?n}é né?a é‘i”i{i’r“ﬁfn ﬁ&heé?lf’&%lf & OnﬁﬁXBﬂé{ﬂﬁﬁ i Hilﬁté“rﬁg% ure. The
M Xt ur QeflgxGOPI 0 RsluRier tisleRal@itddainkcy. hi AstcEn P ias@i-and vasseidelcamsd al |y
solid phase. The solid and |iquid phases can t hen be separated. The liquid
phase il &tk plepteeni¢ heq@mét é\fqurdwgq matiregyasecenledne srare tpnateratiiesad aspect s
of the |§a\1/r§%n%0 ape an%kr'etehta{ ﬂ@ra%# woul d be able to selectively
extract esire rom e her "a Treshwater or saltwater algal

bi omass by either a S|ngle step extraction process, or a nulti-step

ext r act[0d92]pr oths sotalllipids (fhalgabfartpies wastaanlyzet Mg)suhﬂerofm&nm‘thaﬁﬂoH | in the

art would be able to.int erchan e the order of cl.osed
mul ti - SYE§ w&ema%%i)r&mgste@é%sa By .S&l@bdd ?Xﬁrélftl%@egwa t%ﬁkl@ﬁhvablr: t he

al gal  nRgs;saMgs Ee?&e&%'fﬁubﬂhk hi Yd E&F%?y Edl&ﬁat‘i)cfn 'Bﬁalﬂfp‘?&sedzé}% fkhd @éﬁ%&aﬁé& are
taken into account |msnts of the disclosed nethods nay
i ncor pan@treuaaMgsds mdem)labém&y seeanclir deooi uraie thromatigeqphy [r0AB8] Eorg 6hy200f t he

di scl osed. pr,ot ei tion neth t.he xtractlon re/slurry may be
ot st a0k Bk GRS R e B et Pt i g

enbodi NBALFod stlﬁleln@tﬁlfyae%p&ﬂtema%(wp@ ukifi %bﬂa%ﬁédaﬁéiraﬁir (Euélﬁ %ﬁ@z&l@ﬁcﬂbﬁﬂn@t ure
for betweén about 20 minutes to about %0 m nutes. In sone aspects, the

ext r actthendugdundeehigh vagium. al eediicsh retentaéestveatc plgpbwiden ndrogen anbthgeen about
20 m nut es, an t her as ractio xture
is mai n‘?’aglhegdddrae at%ﬁamgg fnee?r%eearcgtsﬂr@ f'or qu vveeed?ldya%gﬁvg Et eﬁh"ta{e}zsam 6 about
90 m nuh@Satty 8B dthy]1 soEB WBiHadbrEedaRoictaddR] @NTIDGE HRAn®inal staedasd.urry may be
heated to tenperatures | ess than about 50C. In sone aspects, the al bum n,

gl obulin and | uteljn proteins are extracted at tenperatures. of |ess t han

about d@t? I n dbpEssulnisiat ot shayviyHedigsted Higt m&ﬁow‘s@t%ﬁléseé|eea1frwwp§vaﬁé>aﬁted to
a te”p%@}eﬂ{oevap fqﬁép&]‘ar fithas ROk iRRg lePéd%ﬁon%IePeé&{J St XL Skt - D

sone aspects, n proteins are extracted at tenperatures close to
t he boi slepargtlcpmofnteutrﬁl lids. edtetanii¢ eating X4 mpe/ ®hsisteyt inlertradtivercfentradiessent s,

e SRl 2yl R AR SIS, O R P L ARG L .
2011/ 12436k gﬁa{éﬁgﬁ,lﬂt{t,%&ﬁgﬁave 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 eawoAbtien7reenoval of bul k water by centrifugati orCTiuseo1alogebs sanpl es
were stored as 3-5 cm al gae cakes at -80C until use. A pre-cal cul ated
amount of wet al gal biomass (15 gr?gs ?é% al gae wei ght equival ent) and 90
m_ of ethanol solvent was added i ntd?®P$? ee-neck flask equi pped with
condenser, mechanical stirring and a thernocouple, In one experinent, the
m xture was refluxed for 10PRItRING¥dEACtion dframaleal Plomassance. In a second,
the mxture was refluxed for Ih with electronic heating. Afterwards, the

m Xt ur goYaf COPD@Q&&Ee&ﬁﬁﬁ&9@%9%&%&%5%m@@ﬁ&%&%@&ﬁkﬁguﬂmhg1%r@%B&USﬁkB and
retentate by filtration. [0192] The total |ipids of algal sanples were

anal yzedmpkss vgrathehlcortofugedah2@MWamol for aeeminyest ard the sepaghatgntrem@ddgh and

Dyer's Jipid extraction method., This .total |i.pid,value was used as

rot r ert i BT, S L iR PR Rl o RSB Y 5O PR PRERRE T ¢ ner
separated into neutral |ipids and polar |ipids by standard col um

chr omat[og95phy (2yetiRgithcusiragidnd A2 bivesdss Siak kaked @l whilveigk] Corfgr. 1, hdeer many) .
Each lipid fraction.was transferred into a pre-weighed vial, initially
evapor atglé@lwaltg thoadditien efgpHradiystad yatssadbe strapleg Bpied%ﬁ:n, cegffifuged 33949 TRRd t hen
dried i i e I .1 njtyogen
and ¢ he s et HHEL ookl Rndy i ThB G sRSREREUAGRT R 2370,
GC- M5 gpHet. 5 detlowaigi that dnomifuigation. fBitetrgmamiing; sobitlhywlercestshed 3usniasgvith dilute
heptadeC%ﬂ?%ﬁ cid (C17:Q),as the internal standard. [0193] The results
(dat a rf6t¢ P %ﬁ)m1 ®aflEedt hat ni crowave assisted extraction was best for
removal of the polar lipids in the first extraction step, and sonewhat |ess
ef fectipgeodior trherSeRAsRIciPRaMind8iH dIRdlineicRirfiGionEr-e oo @aThng4l s nore
consistent in extraction effectiveness. The final yield is conparable

bet ween m crowave assi sted extraction and el ectronic heating assisted
extraction, but, nicrowave assistedlabledction is significantly faster, WO
2011/ 127161PCT/ US2011/ 031408 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.%%ﬁggganples wer e ?%g%hbghﬁrifuge %%ﬂggﬁgqipn1for t hree

m nutes, and the supernatant renoved. The remaining solids were washed 3
times with dilute acid (pH 4.5) an@ofwegh® dri ed.(% Odedgit(a) Al kal i ne
extraction: Algal biomss was soaked in water atlgH 11 fﬁ&el hour .
fol l owing the addition of pH adjusted water. The HSHM ¥€!dere then
centrifuged at 3000 rpmfor three m nutes, and the supernatant renoved. The
super nat ant was AQ@ufifekiizRdomm 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 kali ne
extraction are shadhep@iivgy in 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 edoantia2vssii ght basi s, conparing the wei ght of treTfUse@zm3dns ed
solids to the weight of the algal biomass prior to soaking in pH adjusted
water. Protein purity was determ nedslggl the O ficial Method of the Anerican
O Chenists' Society (Ba-2a38), nea 21'1‘»|%§"e1:"he amount of nitrogen in the
freeze dried solids of each, process. As proteins are _an inportant product
that adds to the val udtxractionof Exoteing lbpatep Algal liemass: o nat i on al | ows
for the use of feedstocks with var%{i ng | evel s_of Bgrot ein in the systens and

met hodd088c| odBesHiratsrplgal gty 1ni h10%1wossEdampl e 3

Ext racty i b i 1 . ter
R A LS i L P e L o A RS i
heat ed wa ds0ttifagwd tomeptrat Hediqid plwss fioenthe salf dipteasé.oThd liduid eFtnact masul ti ng
slurry s centrifuged to, separate e Ligui hase fromthe solid phase.
The |1 qiamarabt TS BEbERhG @bok 1pRe g N Seeit P phrriar A ( About
10% of drhend Qlodl biBRALGI 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 prot ei ns (about 10% of the total pCottS2Mg/opr4esent in
the original algal biomss). [0200] The solids were then suspended in

et hanol to achieve a 70% w w rﬁXtukg‘. TE‘;O% m xture was heated to about 75C
and mai ntai ned at that tenperature ™ 8MP%dut 1 hour. The resulting slurry

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

phase was det er Mg frd@ioRktibn ﬁhd'E}t@JcHUHbFAP% ABomass(RPRHandP% of the total
proteins present in the original bionmass) 201] The sol ids were then

suspendggpi|n aUﬁ@'tﬂou%&ld’ﬁduﬁHs SRABRERIoNHI, bl&hbﬁ)(aﬂﬂﬂed@%%@aﬁ@o@@m 50C

and maintained at that tenperature for about 1 hour. The resulting slurry
was cenmbtdifiedgisentioizoap Stase Entviaesity] h&h%@lfycfm Albge KekeadctpiraBioteTheolbgyui d

phase d.to | ut ut 50%.0f , t he

t ot al X??i?@%ow g@&ﬁ’?f ’I’Jﬁf‘e‘t ]hlgﬁg)r P ﬁ%weﬁ?%%‘g‘iﬁwa?erﬁéu&% gac comprised

2011/ 12;pb 6 PCT o209 W BFHA0Y floxanpl e 4 Step Fractionation and Extraction of
Al gal Bi omass by Ethanol [0202] One thousand pounds of Nannochl oropsi s

bi omass écultured fromstrain 202.0, obtained from Arizona State

Uni ver 902931 | aihBe axterciion é@PW@@@eﬁ@%%Wﬂ}%a@PBﬂ%ﬁﬁé%@? Wigkigeeqdeposi t
Nunber V, I e ri sed about
35%w/v%/F-agn %2@% &&%%\gglg%@alﬁgggg%‘%{tﬁglrh{edlgl%él'oTnl?els eps ﬂ/eggr)e per f or med
in a 4Qfx)ngtaieldmrm;xar:kzﬁhed hceMpbe/emimbslmmlgedf nbtds withhetwlo Wsdawhag. Thed down
with straps and sealed with sjlic sstmalsoc ntai ned a m xer
with a ‘{ZOZFEBF@Q a@w 5EPLeH B Ftarﬂlﬁa@ﬁ FicAA 2V 0 PR SHERRUTDP e
frozen jglgag a%%@rhhﬁ"d RSP BARt TRIAMb LR &zﬁsestﬁr%ﬁ‘fo@ﬁjmﬁﬂn&%&a'thé’ﬁbl&*ﬂt of

et hanol was punped in using a pneumatic drum punp. The material was stirred
f or 15 hehtedtveth sigrdn td@tgtla(tlh@edeshe(bteed)evatmm ag e@hmxtr@ct@mtsaﬂpn Thealcsiesd r ed

tenperature at each extractl i e. desir e re i ear,
o b Sac: SRR slifih 3B iy DEHE R TR P ad el 1
Thi s demii§ gshirk® FRSScadtireds HFfedldrt faﬁéa@ﬁfexﬁictféﬁ%&p% &H@b‘dlh@]f)cﬁh@cﬁ tAS ndixXtfre
boi ling point of the m xture changes as the proportion et hanol is

chang ed:hamgﬁs s tf@attrhlpqtgom pecthensl iechangatp d/panueechingibe dgsredriemperaird. thed
conti nuo&%}{n Was st1 ea ﬁt?tﬁ]logl ?\glef%i tEh n&)eg rr?& %ng)a{a?lge Oéyo%rn.].\ﬁss t(t) 8n %?es F t hat

t he cont’ Fe uUnif e contents of the

kettletﬂ@é@ltéﬂl@ﬂfﬁhﬁﬂ(ﬁ@l@vfﬁﬂéumforhﬂyah@)téd actl on vessel and into a Sharples

decanter centrifuge, using a pneumatic Viking vane punp at about 1 gallon

per The decanter centrifuge rotor speed s set .to about 6000 rpm
ol Dagh aie d

The sol wer &he eentenit abthe kettls verte ths8 dYMpra St of the eagHen ¥eme! aad defo st
about f&ﬁﬁé?ﬁ%%e%%tbp&ﬂrﬁgéé QIS pnEhasEe YMih ngaeﬁe%%lp’ﬁtaswngamntpgp kettle,

wher e orement | oned éxtr Ctl on steps
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. 3w 201122881 enbr ane nmanuf actured by G aver Techmolrase@s/o3iibe
operating conditions were 60C 5C and with an average pr essure gradi ent of

40 psi. The ne e syste s backwashed abouyt ever 0nut es W th

conpr es¥dhyabguf | "Wﬁa%%t Al ﬁ@omaﬁ.&con%ngé?% o R Pl 6 P A

mMenbr angligys mw@sﬁn Xc& Svifh S@rlbfs BRULAGHERERAR DSV, tHHRSI RPN l?anWBS
mb i f f L@k 9 R PRk

collected and recycled to the decanter. [0205] This extraction and
f r act i onsuliimgini ssmokire conteimengcdbmn s % pqpesiua cthagolofThe elidsainddmuidshwaseigh t he

process in ch. extraction., In.the extracti t he, process
Degan: 45T MET S0 A s PR ReAPSREt S7551 408 ot PRELGER Rt 525 o3t et ol gal
bi onas sy KeMLAHR MksaROttal 65 %0 P s Co B S the(d3UMIIW  IRNE Blva SR de %0 the Ebligs, Was

m xed wth 860 | bs. of denatured ethanol (95% ethanol and 5% net hanol)

resul t itagplineg @ amikture anade v &if aboy Satroanucesetlaneb olike wiidaand liqumaewsis | ds and
por't | on HF A BSRESAF oL MR IR R S AEBSRL PSR 91 5108 alifhad o

t he den@iidgdnadshaonahiswass,agddedr 7@ bk eofsi@hatd&d eﬂaaul Whglded, rasutiing uree made

up of about 85% aqueous ethanol. The solids and liquids were separated
usi ng anieranf shous 95 Yheguequssthaapbyke Sphéswlﬂ@l%wrpé?p%%%ag 854.5 | bs.

and wa t e hanol
was adzieggn %Icej{:? eg?ﬁédla%&vae E]fh)% 1rur e (%&ﬂg%gft%kgé%ggéﬁég:}g&g%hgﬂhm#&%qhg sol i ds
and | i quiqudses\wdlelcseparat tedryshlglaeddesaherethedsetdsat o federadnd\e¢handhe

resulting solids were about 40% dry rrass Thi s bi omass requires 60% | ess

, | cul ated b t h d eth
C0s08) 1Pl Y s kbR 18e Al R bRyt s Bt TR e el hanol
ver et @ turéeadhny] @nt@innangdy, ¢ e&ah@a@u@% %5]?/ 991%@ aguRWoih appPr opy|
al cohol was used in an extraction, but was found not to be as effective as

95% et Hratrattionn Butsvasietidineiito brseciictivoesd sttedrap! ans! o praghianpt. ddseribodi ment
of the pre i avent rall n l e d t g, cost

const r AtREES Mg o Rk oBifoalcaf SERE Rrobn e R B Sl i e
evaporagtveﬂablédﬁ@oamsﬂdmnsﬁtﬁms,e fabricated batch still. The operating
conditions were about 80C during the vacuumdistillation. Al of the

et hanol in the _pernmeate was evapqrated., These extraction steps were
r epeat d82¢Hr ee THF pE&ICatcearmTFRED Penbraps Seran Wﬁ%@oraé%dwmn FIG 13.

Thi s | $RECAYRE. Bzﬂcl‘?%ﬁh %{ﬁ%gédng%ﬁ&l%ns wee alBﬁu@SWéﬂuﬁH h the

addi ti on of water e m xt low ng for t eextract ono I fferent
conponehstdlanpn. Mléatthe sthapol iRtiadparincdte vonteaapreacd hEhak gatragiootseips wereand as a

resul t ed excess ter in the systemthat .c d be .va or| zed
inder - THRSREE RS canlieE U pogieiabob: BoeRrdBaTEnE phlias Berp

Productyigh 6RALRIA&HntsR, ﬂl%'-ﬂo[a%ity b Q&w1tE'tH@édcﬂmoIP6fQ%i§1tto4hé’\ﬁ\1§<tﬁﬂée r esi dual
bi omass, containing potenti al coprogucts such as carotenoids. WO

2011/ 12Htosirdor thsmm¢t@311af@8ff@mtnq@|neoose®emtﬂmapln gfemnBrouetr lagmitamedghe Al gal

Bi omass Et hanol 0208 rvestin bi o ally contains
bet weert lgd% BIRIBS, fnfi LIJ epame% oXCoss whtkr if l[h% Systém tha coufdytpot 58 Vaporz24

under the operating condltlons. Product 2 contained the polar lipids. Product 3 contained the
neutral lipids. Finally, Product 4 was the residual biomass, containing potential coproducts

such as carotenoids.
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(ww) solids. This can be dewatered using any of the nethods known in the
al gae industry, including, but not limted to nmenbrane filtration,

cent ri f ugabi2ony/12hwsat i ng, sedi mentation or flotation. Fl @ctaisatiilosi40sn
either assist in flotation or sedinentation.. The typical result of such
met hods is an al gae slurry contai nhr’}g %gegglt 10% w w solids. To dewater
further, another dewatering nethod m used to renove sone of the

remai ning free water to get the concentration of solids closer to 40% w w.
However, the cost péwslRyakeindBxiraéliireERIgakBRMEAS b3 Ethardlt er 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 lge{p Oss tinae heaeestingiatagbhiomsns ypisally porinias betwgemaba Orlgo 0[%%@9] An
Fo | o) RARS, 3pBsa 85 el Rite' bt hdfod By AR,

cont ai nnagdla@%lp lnb'ehl\n/ﬁédBfo raddbiage ﬁltmldnvw@htnﬂl@&ﬁ)nl bsutingf sed@matdtiondr et hanol

(95% Et OH and 5% , resulti nsg in a.solvent m xture_ of about 50% aqueous
et hanolflotatig. rFé%qw%auﬂﬁ@ CH} gihss assiss gpilptgton oy sedimaptation.. Thdvrienl yesytt of

CO”pos'stu Hleﬁfodkgh %h tlﬁﬂ’%&ﬁmh R0 A0G0AQYEQUT sGE ARG dowlld:r u@RQL her 350

| bs. nature e co 03|t|on of t e m xture woul d be about
81% aq umothsr étvaeradg mithed neyletisod toicmoss sori@86thk bemyining @M aderyto gthe

sol vent . conposi ti on of se we olids. is 819% aqueo ethanol. Wth
0t nrths SRR oo Sl RGOt Ve st e e P RANSHER Ehr © woul d
be aboLgxg@@eﬁh@ﬂlyQﬁéﬁh@ﬁ{'k@ﬁ&k/atefmgelsrcﬁﬁwdtduﬂgAﬁ(aH{fagﬁagéQﬁf ik BBtei%ndry with

about 95% ethanol. This wet bionmass requires 60% | ess energy to dry based
on t he tethedstdisrbesed berewais ghat drcallovhton dic extiaction anddzassiona®n dfies algst ~ al gae

woul d have  been racted. usin et hanol . When conpared with
Banp! 475 G Bt R Sl et R BRerhgs 2006 al gal sol 1 s, 350 | bs. of

the dry al gae equivalent was extracted with 2085 | bs. ethanol. WO

2011/ 129364 PCTAUSZAhplcAFLd€Ba Rekeysanighsbe thhenfled fignengctied eyuadcfioding
herei n | ncor por at ed b(g@r eference in their entirety: U.S Patent 7,148, 366
Rhodes,t %ﬁ%bdwab? Exagpfe . 1980 §p. obweidiomamerntaitay PER W Walthg al gae

to pr Oda‘ﬁﬁ‘?s ﬁ vgﬁ%@' lg% of de ddna &1%99&11013\/?‘9'&6‘%1 aﬁd@ﬁ‘l\g%(ﬁfl?%&ﬁﬁr

Bi ot echnol nerl C review on using to p olauce
bi odi esselveﬂtmmturﬁm;éalggut@ﬁ%/musousl\@]mé Théﬁsmﬂﬁgbib&th@s (3500@5)1@60%&1@ revi ew

i t d bi of uel d Cat h
Super or theelenimlis ion a1 S sgtsol oo seon Casda YERk FiRoraR 0
speci al cIflﬂehdtﬁ?ﬂeg%tlﬁhblg the%oﬁp@sﬂ%ﬁ bf We‘](nlxﬁ!lré Lt HEEJbBijS ©} a&@oﬁk ethbpdid

extraction and purification. . Biochem Physiol. 37: 911-917, 1959.
Chri st iBhe reyultig bippiash (Aﬁélll;ﬁs)us 40%rddy edihg sadvény c@mpssitiorBpf tl:lwvmt@ohdsus( 2003,

416. roved Met hod t he AA 9t h AssocCi t| on..of Cereal
o o0 o% UopZERatT Mink GRG0 18, Hrfrar TR el Ip B Handtiy of
sel ect i&hite %h[cﬁls‘é elb'&Gt gdog abudvuee@lahsl. fimemresaltsr dovias %ul@ltﬁam%)d@mﬁ or
sal twater al % cul ture conprised of substantially intact al gh cells, the
met hod abenip?i’sicthgnol. 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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a. heating and m xing the saltwater algal biomass or saltwater al gal
culture to generate a first heated extraction m xture conprised of a first
subst ant ivDI291Vi2gueitd phase, enriched in globulin protei RET/US2@l1a3408 St
substantially solid phase; b. separating at |east a portion of the first
substantially liquid phase, enriched : a 1gl obulin proteins, fromthe first
substantially solid phase; ¢c. mxing st solid phase with water and
heating to generate a second heated extraction m xture conprised of a
second FxslieRingabicYenkb it eRtAiBBorpSRtddaad fdréhcR P ¥l tnRE@y-ei ns, and a
second substantially solid phase; d. separating at |east a portion of the
second substantially liquid phase, enriched in albumn proteins, fromthe
second l§-§b8@tamrt7|,bﬂ&3{b6so| id phase; e. mixing the second solid substantially
phase with water and heating to generate a third heated extraction m xture

conpri : S A&lohYrddoa ki ' ntially
ol | d P e P o e A TR
enrich t hbiodhisel@hstib¥t @007 pBigditdetifironh picamégast Biaraghui/eldy2Sp2vt-80ks; g.
separating at . | east a portion of tcre %hi rd substantially liquid phase,

enri ched WeRHTIGICUCH THUISREOEINE PredUsmPINesthi r d substantiall'y solid phase;
h. heating the third substantially solid phase and m xing with a sol vent
set to geneEabaya bt aheat o BRSUL Befol 9009TGehiEree RIPEH $8ik Akadiof ourth
substantially I'iquid phase, enriched in prolamn proteins, and a fourth
subst ant i al Ipyoduskibtpfpélaswd . caaind i . separating at |east a portion of the
fourth substantially liquid phase, enriched in prolamn proteins, fromthe
fourth SURSLANGIRA! | e SQLSEiRNRPRiq247 THE STLARY SEFTIGH Msda WELELR [Ny one
or nore of ‘the separating steps 1s perforrmed by at |'east one et Rod

sel ected fropedibiey Gpidsip consisting of centrifugation, filtration,

flotation, and sedinentation. 3. The nethod of claim1 wherein at |east one
of the first econd, third, and fqurth. heated extraction m xtures is

i nt o/ it o & Theated 4 &P@%H@Q\?ﬁ@%mﬁﬂ&@ SXECten 8 RETERAOBR. ¢ dopar at i ng.
4. The met hagh,ofent PR EbLE 39hered 1y ahsd east one of the first, second, third,
and fourth heated extraction mxtures is maintained at a heated tenperature
for between about 20 to about 60 minutes. 5. The nethod of claim2 wherein
at | easthrowe 6f M Wepid Arstlysiss dobatl, OibnPrads, Bardgetvatert UKhadBed! ext r act i on

m xtures is maintained at a heated tenperature for between about 45 to
about 90 m nutes. 6. e of ¢laim 1, ,wherein | e on f the
firet, bl i mosor e PRGN Sl SrBTL APOEEER oFsiBEhefE8 & nt ot ne
at about 50 Faul, MNTh®smeAlbodviethog!saiim 1 wherein the fourth substantially
solid phase is enriched in lipids. 8. A nethod of selectively extracting

gl obulin proteins froman al gal biomss or saltwater algal culture
conprised of substantially intact saltwater algal cells, the nethod

conpri si ng:
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a. heating and m xing the saltwater algal biomass or saltwater al gal

culture to generate a heated |liquid phase, enriched in globulin proteins,
and a heawvecdosuisteanti al |y solid phase; and b. separati RgTAiS2018A3140%
portion of the heated substantially |iquid phase, enriched in globulin
proteins, fromthe heated substantiaéiy ﬁ@%id phase. 9. The nethod of claim
8 wherein the saltwater al gal bionas M |twater algal culture is

mai nt ai neg %n?e%atof%ae&ix%ggr bfhcfth hl%glsﬁglo%hﬁg"f&ﬂl QRaltbifeNB &l ARG, M Xi ng.

10. A nethod of selective extractin umn proteins froma saltwater

al gal bi onassltentes aigehvwaidtere aintalsed of substencalypintased gdfccls ikt mpthodl | y i nt act
algal cells, the nethod conprising: a. heating and m xing the sal twater

al gal bi omasS"BISEE! t wat er al gal culture to generate a heated substantially
| i qui d phase, enriched in albumn proteins, and a heated substantially

sol i d phase; ca. IrRpa@iid@ixalg theasliwaePgilivisingak of batheatapehl sulbgtantial |y
| i qui d phase, enriched in albunmin proteins fromthe heated substantially

solid phase. 11. grRerafeer Fisthestedcgxgastionomisiee sprptiprd ofiadingt eibgrntédlyt wat er

al gal bi omass or | r | . red i i at about
50 C during at Iég@%IQ@%gf?ﬁg%QHP%¥ﬁ%Mé?gggg?ﬂﬁ%éﬁ?ﬁéugﬁgﬂ%@ygﬁgé 12. The
met hod of clai m Jphaberein the sol vent set conprises ethanol. 13. The nethod
of claim 1, wherein the solvent set conprises an al cohol. 14. The nethod of

claiml1l whereip the solvent set conprises at_|eas ne.sqgl vent .sel ected
from the. r oupbeoREIatis Gt RBPRRRGT thedimAEBian g RN AEhGH, ot hyl

acetate, and acet@sdiiigrétein dronhie MBE NAEtaffial6) @i phateier ei n the sol vent
set conprises at 1east one solvent selected fromthe group consisting of

met hanol , ethanol,,lsqggopano[, acetone, ethyl acetate, and acetonitrile.
16. The met hodcofmixing the firsikelieplnse hethswteremd heatinglorgsnerstes sweondeipgtedone

sol vent sel ect ed efxlirgéﬂott{‘ﬁ% 2 %nglgﬁge,sdl o?re]lids%gon%{ sugﬁgllr&?a{ﬂgl-lfqu% 1;}1%?8 lenriched

i sopropanol , acetone, € ace acetoni
in albumin proteins, and a second substantially solid phase;

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

in albumin proteins, from the second substantially solid phase;

¢. mixing the second solid substantially 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
with glutelin proteins, from the third substantially solid phase;

h. heating the third substantially solid phase and mixing with a solvent set 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

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

in prolamin proteins, from the fourth substantially solid phase.
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2. The method of claim 1 wherein any 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 for a selected time

prior to separating.

4. The method of claim 2 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.

5. The method of claim 2 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 1 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 extracting globulin proteins from an algal biomass or
saltwater algal culture comprised of substantially intact saltwater algal cells, the

method comprising:

a. heating and mixing the saltwater algal biomass or saltwater algal culture to
generate a heated liquid phase, enriched in globulin proteins, and a heated

substantially solid phase; and

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

in globulin proteins, from the heated substantially solid phase.

9. The method of claim 8 wherein the saltwater algal biomass or saltwater algal culture

is maintained at about 50° C during at least a portion the heating and mixing.
g p g g
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10. A method of selectively extracting albumin proteins from a saltwater algal biomass or
saltwater algal culture comprised of substantially intact algal cells, the method

comprising:

a. heating and mixing the saltwater algal biomass or saltwater algal culture to
generate a heated substantially liquid phase, enriched in albumin proteins, and

a heated substantially solid phase;

c. separating at least a portion of the heated substantially liquid phase, enriched

in albumin proteins from the heated substantially solid phase.

11. The method of claim 10 wherein the mixture of saltwater algal biomass or saltwater
algal culture and water is maintained at about 50° C during at least a portion of the

step of heating and mixing.
12. The method of claim 1 wherein the solvent set comprises ethanol.
13. The method of claim 1, wherein the solvent set comprises an alcohol.

14. The method of claim 1 wherein the solvent set comprises at least one solvent selected
from the group consisting of methanol, ethanol, isopropanol, acetone, ethyl acetate,

and acetonitrile.

15. The method of claim 5 wherein the solvent set comprises at least one solvent selected
from the group consisting of methanol, ethanol, isopropanol, acetone, ethyl acetate,

and acetonitrile.

16. The method of claim 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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