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REFERENCE TO RELATED APPLI CATI ONS [0001] This application clainms priority to
U. S. Pat ewo 20ppi3s3sat i on No. 13/286,904, filed Novenber PCTAG2dL1/0801881t ] ed
Extraction of Proteins by a Two Sol vent Method, which is a
continuation-in-part at en L Qn 13/ 081,197, filed Apri
6, 2011, entitled Ex éﬁ'(ﬁ}‘ éﬁfﬁ'ﬁ'&a&R@M m% and Prot ei naceous

Mat erial from O eagi nous Material, which clains the benefit of U S.
Provi si onal Application No. 61/321,290, filed April 6, 2010, entitled
Extraction with FrggioS9REIRENCE TORELRTE B ArageusTIgNSri al from

A eagi nous Material, and U S. Provisional Application No. 61/321 286, filed
April 6, 2010, entitled Extraction Wth Fractionation of Q|
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i nvention 1s concerh ractln fractionating al ga products
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processi ng re%U|red to convert petroleumoil into usable fuels such as
gasol i rrentents gtechi¢huat hefebp dxpriogeted havadeiga¢ateieia. si gni fi cant inportance in
recent years given their ability to produce lipids, which can be used to
produce sust ai nabl e bi of uel i xploited to produce
renewabl e fuels, reduce globgﬁﬁjf ?e cﬁgﬁggquﬁﬁ treat wastewater.

Al gae's superiority as a biofuel feedstock arises froma variety of
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and wastewater), production of both biofuels and val uabl'e co-products such
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of the life cycle and ar gAAIKERGUNDYORMIEQNVERENBIORNd cul ture conditions.
The strategies and approaches for extraction are rather different depending
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[0007]1t is known in the art to extract oil fromdried algal mass by using
hexane as a solvent. This process is energy intensive. The use of heat to
dry and hegane/1388extract produces product of |ower qualPCrusasiiohiigstype of
processing causes |ipid and protein degradation. [0008] Al gal oil extraction
can be classified into two types: disruptive or non-disruptive nethods.
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in the 8§51 @Slcg%f P@%CE%eé‘b%gat es the products further into |ipids and
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produces product of lower quality as this type of processing causes lipid and protein
degradation.

[0008] Algal oil extraction can be classified into two types: disruptive or non-disruptive
methods.

[0009] Disruptive methods involve lysing cells by mechanical, thermal, enzymatic or
chemical methods. Most disruptive methods result in emulsions, requiring an expensive
cleanup process. Algal oils contain a large percentage of polar lipids and proteins which

enhance the emulsification of the neutral lipids. The emulsification is further stabilized by the
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WD 2012/ 138381PCT/ US2011/ 059148 [ 0014] I n sone enbodi nents, the nethods and
systens described herein are useful for extracting coproducts of |ipids
from ol eayoOrrores13gmtieri al . Exanpl es of such coproducts i RCraseq11mwsdiaout
limtation, proteinaceous material, chlorophyll, and carotenoids.

Enbodi nents of the present invention allow for the sinultaneous extraction

and fractlonat of aI al r od fro bi omass |n a.manner that
o v TN Rt Sl RmttinBels A BObE S ultre i Holeinh 8 yatme ot Bipten.
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fractionation of oil rotei naceous material from ol eagi nous nmaterial is
provi dedfinip@P1EFIesl ter 1sglﬁt@tth@nevé1mbbmdﬁmltlch arerthe frod toft isswineetddvisiobiprbyi ng

ot uad0 Lo Nong b arRaRaRaTEe I i) PLAR bt B BRptine are 2

first exbmasld@rRxhotli E[d% frdrh @ ghdwist a4l £a&ikd. OWhITE X6 bt Bgraat dlgist
substantially solid phase and a first |iquid phase; separating at |east a

por t i orPreductshaikingmay pefurerkptitswney SP@ﬁéS of glgge duettp selvPriowEr gdedllr om t he
first I f| |
substaﬁ#ﬁﬁﬁgﬁ%g§+ ¥h%%gsgh&ﬁﬁﬁ§m§%§g% PB geééh?%yée%%%g C%1ltsecond
ext r actHuwtheimott Lthe volubes 9€ ssinehtexiguaed womldr‘nemtsm@mlwll dudite thean Semamd
substanti al solid and a second l.iquid phase, wherein the second
extracﬁﬁ%ﬂwk%%PHW%mﬁg %@@eﬂﬁWﬁﬁltﬂgﬁnWL@nflrst extraction mxture;

separ atjpppy)at A%@&Idm% 3P‘9c§ f,] YRS tH ﬁé&ede?ﬁ‘r‘e‘i’t@fés th '19&19 Sf tl%f arf fb“r‘l %@'
extractlon ntxture m t he second substantially solid phase; n|ng t he
secondIBMh@@BmUGMMmeﬁnamhaakmymddhmdomMEgekahﬂmﬁumnnn@aﬂmhMea@abﬁt, to
generat third eg agtlon i Xt ﬁe t he thqungtractlon n]Xtépe |nclud|ng
2 thi r g BLAY |a[g tﬁr?tan%ﬂ%ts i3 REPCES 440 08 iYPIES BY MAFPSHENE 2t he

third Qﬁ@ﬁl?%h-%la%cméﬁt% R dxBaSHdN i RRby RS o RIBEONRE c@gﬂot@%rﬁo%nglaﬁ&ur €,
and separating at |least a portion of the thifd Iiquid phase of the third
extracUﬁ@WhngﬂﬂQf&wﬁpbmntm@dﬁhﬁﬁdagubstant|aIIy solid phase. [0017]1n sone
aspects of the invention, the nethod further conprises renoving at |east a
portion of the first so rtion of the first

| i qui d phase to obtain ia3 I rsﬁﬁ%ﬁéggégﬁrgﬁgmﬂyﬁ&ot her aspects, the
met hod further conprises renoving at |east a portion of the second sol vent
set frdaotdje sEpﬁ)batnwhtqodnstﬂﬂmd hef*euh hdats gewanal Iy iocgyistdmplaad; enctlmdslidrai n a

second extractlon p oduct %%¢ ot her ., aspects, thod further
et é‘x‘fge

conpr i sEatEEnIdYP a‘tarsrlg%tgtlaaﬂ GR obesingEs maferigl fog gxamplgnit he
separ atgch| BnkdsQ ”hpﬁarﬁélﬁart BhbshitcAlidds Rivas ﬁerteﬁl QRE@hRxBadtioNBifder action
product.”[0018] I n yet other aspects, the solvent set conprises a water

m sci blvarong pelteticd fiom soiatgdabboolagemding $alveatnef aspeg pelaritynenddwlasents afet

conprises two ter m sci bl | e solvents. In other
copbct Sncpte HGE e Safipfne R e s agPUBEr miseibl e WO

2012/ 1398834 PCTi Al dh BrPhdfs Soiheamichtidnth $Rde 96lvEMaBd Wat®hrd WH $¢1 bl e
solvents. In still other aspects, the first, second and/or third extraction

m xt ur eextrgctmidtf@atlmtat%thr@pm@n@tpmsentbé o wldagmobpmatcrg]. plmqﬁher embodigrentser
aspect cti e [essur r

at nos pﬁ‘é?%eégr‘% ﬁe“ B meRile muﬁ%re s 104 @é&egq SIS DiE g’ﬁt .a?@ 195-s8cond,
and t higtitl oﬁlwr\eﬁibbdﬁl&tnss eIPthas @nOBEvert igiee. il méﬂmﬁbcﬁi@hmmmlx&ﬂestl X
further asgpcts at | east one of the one or nore water mscible solvents is
sel ect & sphvepts iescdr dhp diselnssdmethgdsorlloveton sersratiostand Asctionagigpodfenol |

aceton t I t one of
A0et O onfHi AP 3. ARG AL ool o erRSRRSH Spocluc £ e, of
aspect sherdine thohbiéint tosetormplishguetninaryt ieéininigpb@sssei the hydkoﬁhobm gitenwvei thht
ratio. [0019] | n . other as the cells c i siing the a al bio ss are
not dr iy G{TFEYG‘LE%F%W%&%?B’EOd&ﬁtétﬁH’élter &EBE‘@HFJS apﬂag%ttl RORER'S: i

unfroz %ouhﬂo@d@tﬁ?&thﬁ%@%ﬁt &Ed%ﬁl@dé&%ﬁ%‘tﬁ’@m&ﬁﬁ o%ﬁa&?%fh‘érské}% q@EpPr i ses
adj usting th | east one of the first, second, and ird extraction
m Xt ur esndunt oﬁtydmpi@br@rsot\@nmsemnmtd orordémo seduck lat¢riyeoccaspe 6t wnoive thee
|nvent|oB; éhe al gal biomass is sinultaneously at |east partially dewatered
whil e pPodlicts are sel ectively extracted fromthe al gal bionmass. In yet

ot her aspects of the invention, the first, second, and third extraction
substantially solid phases conprise substantially intact algal cells.

[ 0020] Enbodi ments of the instant invendion include a nethod of separating
polar lipids fromintact algal cells, conprising providing a wet al gal

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

dewat ering the wet al gal biomass by renoving extracellular water to
|ncrease t he SO|Id content of the met aIgaI blonass to betmeen about 5% w w

I T N . Y A N o, R | o



WD 2012/ 138381PCT/ US2011/ 059148 extraction m xture conprising a heavier

phase and a |ighter phase, wherein the heavier phase conprises the water,
anphi pat Wwo 202/38381 set, partially dewatered wet al gal pConsse,1/0ands al gal
proteins, and the |ighter phase conprises the hydrophobic solvent set and
pol ar lipids, separating the heavier phase of the extraction mxture from

the |i phase of the.extractio i Xxture, separati the partially
vt cd0ber B St iS5 mefhoah S atery ey s Mt GieRRef s
M Xt Ur extQctBNpAidRicR o 1R8I MIbKAShEusGRAPBHAALS IFRIMBIRLE bt copRfdgEtsand

anphi pat hi ¢ sol vent set, and separating the proteins fromthe protein
m xt ur en¢lodgevithoat kmgatpme pwit¢ingaeges naierial, oda@ipByill and seteégnogdsbodi nent s

i ncl ude. a,_ et hod separating. prateins.fromintact algal cells.. ¢ ri sing
or ovi a1 G A ER af it B afiat BicB b FuPR i AUl P AR P SRR RSB Dr +se
wat er, oflagal pRidateifids Aps Hehak ih b Plddser thhodllog s fhethwptodat@s ofioaimags Wit h
an anphi pat hi ¢ sol vent set and a hydrophobi c sol vent set to generate an
ext r actgndmutiitiongl odestpr i si ng a heavi er phase and a |ighter phase, wherein
t he heay; ph ' ter -gﬂghi ' (S -al gal
bi omas 3@1:15;]0' aﬁégfﬁ%g%ﬁ@ﬁﬁg?&g%w?ﬁgvﬁng ter Q%hgg% e%%%rééfol%svgzﬁﬁrﬁcet%%ﬁ&{

hydr ophdhiilcind roteinbcedas matdiapfrb@rolédgiios masefadisgiroiged.he heavi er phase of
the extraction mxture fromthe |ighter phase of the extraction m xture,
separ atlPREPlt he URder aofisr elﬁg_ gt, Eiktcra Sﬁ_ﬁeaW%y ropRERE BoduHe feRt #act i on
i Xt Ur €149 bARARE BipdsiRl QLA i aIGATRIIL HNBHcPESH G anb £bicHAs

anphi pathi ¢ sol vent set; and separating the proteins fromthe protein

m xt ur eintla fgstrsehantsch tpigotaata affirstatxiraction) 1028 Rbie finet exEadtiodinments of t he

i ncl ude net h of . separating neutral Jipids, fromintact al gal cel.ls,
corpr | SR U T B Y g et i Sast o TGS g i gk DCEp of

whi ch GREBf S§uil pRLE dTShe RAL Bttrdctibh Hix@RIGAB YRS Blst LibRiafSally ot Mladdhe wet
al gal biomass with a first anphipathic solvent set and a first hydrophobic
sol ventcogwtning thyefiretr extractzorf yubstanieatlyrsabid pbascraing teeondsapyehisich o gerarate o
heavi er _phase.and a first.lighter phase, .wherein . the firs eavi. se
oo 1 CisaBRG AR b mll it one kB E L PORRE R Bl (bRl BSEHTy RRE°C
wet  al gitasddranBssodiig it phdses wherbinghé Sdcofd ageacEOmBTiktafsSis 1436 pblaf ftan the

hydr ophobi ¢ sol vent set and the polar |ipids, separating the first |ighter
phase dista&aghian BetugnscRpiting at leash mpertoniqfitle sagend/fiqd phass of dfe sepend

ase dita i crelie ewrd
phase. of RO e PRSP O b b O e

conpr i subgameailiyrsalid phgs dad a alniel solypehote) o gehorhdrasthzd pptracsion gniptued, ehatbjrdwat er
and the first anpphi pathj.c sgol.vent set, m xing the separate | gal . bi omass
with a RGN BRHHE s&@wdl%g & i @utalyald pese g aﬁ@l&{ @%‘Hg phestoshoreht  set

to gen i LSl : i hase
and e e B R e B L e

second leasphippdiohiof tleathire hiuslgthasmaf tbe fardatxédctivet madtyyalfrom thedlsisd and t he
second | jghter. phase conprises the second WO 2012/ 138381PCT/ US2011/ 059148
hydropﬁﬁh @“?@V§8ﬁ$pg%?'and the neutral |ipids, separating the second
heavi erjophgse i &md HPcGS6PME ihvcdhbeihdPMed8d fdvithr SORPF MsirBioting anRESthal
lipids fromthe second |lighter phase to generate a neutral liprds fraction.
[ 0024] Fwrteoreeiisbel fine pelscritiset fhem thaosepaiated poetien afrthegrst §qeidmhpsedo obtaithy
centrifugin filtering, settlin r float fractionating. Still, other
emboat riot S¥esrion At A5t 4e i mafhl BT SuRPAs g hE LI ¢ o

adj ust golgorpetl tas bdcynd Bslexnt@ét fkdie tiRxdchaatcd PartiondufesdcondBgvie phaszhoubtath 5 t O
6.7 prior to the addition of the hydrophobic solvent set. Yet other

enbodi reENCHRBEIAEPRdEitndn stHEOhgirseptib hemetipd dwthes spmprisosreppnget t o

adj ust i ' t ' e - 5.9
arter (RarafRBhdg B0t e FRAARhORA Dot & heuftthydp st B

enbodi rabndis a thibkc:argptivppiodiet. sol vent set is acetone, nethanol, ethanol

i soprop , butanone, dinethyl ether, and. propi onal.dehyde. 2-propanol,
acet oni [ﬁﬁfél e, ti %P@Ter atRestioth® SQLVBRoRLIRIIPISGAE dpter ﬁé%ﬁ}@e CHP@IeT IBERFI Rhe

gl ycol ,sofJcHE ahisBme AptsC MR RRAI QiR two Wity Blis @816 nedrhadi ment s, the
hydr ophobi ¢ sol vent 'set is propane, butane, pentane, butene, propene,

napht hamnasciblelkalvents hbxather, aspeqis, dinesolvemp s wempustsame or awrewaer migtihy|
acetate, butyl acetate), a ketone, nethyl ethyl ketone, nethyl isobutyl
ketone, an aromatic, toluene, benzene, 4cycl ohexane, tetrahydrofuran, a

hal oal kane, chloroform trichloroethylene, an ether, diethyl ether, diesel,
jet fuel, gasoline, or a conbination thereof. [0025]1n sonme enbodi nents,
separating the heavier phase fromthe |ighter phase includes decanting,
menbrane filtering or centrifuging. In other enbodi nents, separating the

o o o o,



WO 2012/ 138381PCT/ US2011/ 059148 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0029]FIG I Ais a flowhart of steps involved in a nethod according to an
exenpl ar ywenbrdissasmt of the present disclosure. [0030] FPGI/USB114H5%48
schemati c di agram of an exenpl ary enbodi ment of a dewatering process
according to the present disclosure. [0031]FIG 2 is a schematic di agram of

an exenpl| ary enbodi nent of an extraction syste ccording,tq the present

i 'scl osBPEnt:B88 P Eores e BB eDE: Jf AUk OCRORPHE B AIEcER act | on
of freepg/WitiRfedl0@6h RLQIRSShsHEdHD ABmBEfAYC Béloxqu{s%ﬂh% FRGOTPARRIAY the
conplete polarity range show ng maxi num non-di sruptive algae oil extraction

ef fi ci exspseta ity axtrectednf moturefis wasleap iptopswn grdater Poingatmaspdicrio nreppirar Inl fopieds

extraction. 33] FI 4 are graphi.c, representati ons show ng neutral

T e Rt IRy onk T e Rt il PR NS bR uk BBt o
proces Sanxemmmélk}am@.l Il fRah&ispeui, at Rest oat of thie@e @ foes ®bfer heyTRAE at ur es.
[ 0034] FI 5A&B are tgraphs show ng neutral |If| ds (A PUI’I‘% and (B)

Recoversplvicptstihecleafisl isora ghasgioyr aensesting &€ mesiinph 6thesel, gprganiuassesc.fitianol
and pet QQJaFeUE%(féJ%?ofgit?i‘ie.tlﬁro rgérgefcﬁr §1Last &E%D@f'tﬁé F\Fs‘?,ss-eccln%og*éd @r@soﬁfeﬁtsse?s
I pI the two step s [

graph Stiow ng recovery i ol vent exfraction process
usi Nng agueoiyss dtkdnodnbl stiflndhgrakpaatse thn setvear seais dddee® ttle bfogiaenin 4 enper at ur es.
[0036]FIG, 7 is, a graph showing the effect of solvents to solid biomass

rati o oHEMpYdehd@dery. [0037]FIG 8 is a graph showing the efficacy of
di ff er ggb1 AU RShEdHAGE, it ecHR cHibARS e ki Apal biomass are not dried or disrupted.

In yet another aspect, the algal biomass is unfrozen. In another aspect of the invention, the
method further comprises adjusting the pH of at least one of the first, second, and third
extraction mixtures to optimize protein extraction. In still other aspects of the invention, the
algal biomass is simultancously at least partially dewatered while products are selectively
extracted from the algal biomass. In yet other aspects of the invention, the first, second, and
third extraction substantially solid phases comprise substantially intact algal cells.

[0020] Embodiments of the instant invention include a method of separating polar lipids
from intact algal cells, comprising providing a wet algal biomass comprising intact algal cells
which comprise polar lipids, dewatering the wet algal biomass by removing extracellular water
to increase the solid content of the wet algal biomass to between about 5% w/w and about 50%
w/w to result in a partially dewatered wet algal biomass, mixing the partially dewatered wet
algal biomass with an amphipathic solvent set and a hydrophobic solvent set to generate an
extraction mixture comprising a heavier phase and a lighter phase, wherein the heavier phase
comprises the amphipathic solvent set and partially dewatered wet algal biomass and the lighter
phase comprises the hydrophobic solvent set and polar lipids, separating the heavier phase of
the extraction mixture from the lighter phase of the extraction mixture, and separating the polar
lipids from the lighter phase to generate a polar lipids fraction.

[0021] Some embodiments of the invention include a method of separating proteins from
intact algal cells, comprising providing a wet algal biomass comprising intact algal cells which
comprise water, algal proteins and polar lipids, dewatering the wet algal biomass by removing
extracellular water to increase the solid content of the wet algal biomass to between 5% and
50% to result in a partially dewatered algal biomass, mixing the partially dewatered wet algal

biomass with an amphipathic solvent set and a hydrophobic solvent set to generate an
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single step extraction recovery of aqueous nethanol on dry bionass.
[0O038]FIG 9 is a graph showing the effect of nmultiple step nethanol
extracti owe 20ry/w3881cunul ative total |ipid yield and thePogaiseah/osd1ps ds
purity. [O039]FIG 10 is a graph showi ng the cunul ative recovery of |ipids
usi ng wet biomass and ethanol. [0040]FIG 11 is a graph showing a

conparison of the extraction times of the m.crowave assi.sted extraction and
conyontS ORI EPORTSPE R BCT Tige 18 e A TR AR et 1 Db e

i nvol vednipisas tRBLWARY, ARpRpAhiddokenERt, PXeRRY AbYa@AGH: TR bRatendLRaENT

di scl osure which incorporates a step of protein extraction. Al of the

uni ts iproteing antizhe hglter phaso corprises WO Rd1onhoBR 38 vRPTTCUSRONOI A0 §9ds4 8

[0042] FIG 12B.is _a.fl owh of, st.eps .involved in.an exe ry_.ext.raction
L oaob eeRrabRakhof o maSoRbe RrdHER Rkt il Dot SHEGIR B b FhEAT L
and masfixbat aepeath e parRas devbicRd wial@l bldhriseffbmdheBevier hades thy esent

I nvention wherein 1000 | bs. of algal biomss was processed through

ext r actIXEACHIIMEiEE {9 BNREdtDA PTaieiB Mysture oo tosutviater and pmplipathisl ar

i pi ds, i : i : ]l is A f art
desor BRSSPt AR oot RRRRn WAl et @l ER]
mass cgnily pr Sdksgrdcinbodiatentsviaclidiis method We sSpardtRig4bdtEinGfrohdintt algal
flomcharh descri bi ng gne of the eggodinents,of the present inyvention

wher ei Feab-FRBPHEBE PR VIding ayect 3leal Bpgeeseurprisye igiagt ¢lgtlicslis WBichggepEise

[ ?ggg]nﬁlf%]r\,/ é '?ll %ﬁ%h{sl a‘ﬂ%lafﬁ'f qipﬁﬁ%f)&iﬁg e v&é@glg‘af bibREs SRR Qﬁﬂﬁi@aﬂﬁc the

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

solvent set and separated wet algal biomass and the second lighter phase comprises the second
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wherein al gae neutral |ipids are processed to formfuel products.
[0047]FIG 17 is a flowhart describing one of the enbodi nents of the
present iwoentyieessnherei n al gae proteins are sel ecti vel pCefisSe@atosdd4$ rom a
freshwater al gal biomass. [0048]FIG 18 is a flowhart describing one of
t he enbodi nents of the present invention wherein algae proteins are

sel ecti,vel ted froma sal onas 004 S
£} ovehdbEr USRI B SHERDRE pRar B HaNAL B e e B e Bt ey BAE B
wher ei rhe@orﬁieﬁg%@ér%ﬂas%l gtﬁ?seﬁéﬁl%hﬁ%ﬂle' RuBXLITAES 86 fth OBcan FREHWAIHASe @Fgencrate
freshwat er al gal bi onass. [0050] FIG 20 is a flowhart describing one of

t he enﬁU@mﬁmagdbﬁaMN@»present I nvention wherein a selected al gae protein

IS extr om. a altma € r freshwater 0 FIG 21 is
% ohot dBffin < oMM gt b Blobe i B B i R TR By MR G f on
usi ng tfierimg! Latsg dﬁﬂ@artlfﬁeﬁomhgl 8till bR e@bb&infhe @upsisanddiag the i ntact both
before and after extraction 52] FIG 22 is a schematic of an exenplary

ext r actdnumirathie selversct m@neﬂmquatc&q aéwst)fherwkﬁfﬂéy sleppf ﬁleWﬁ@qt@nwﬁ%ﬁ fo
(anmphi p[)actt\l}éecfl) 8th(§ $ 'EH 6. bﬁ)?l%? 0 thga (1?1’?101’18 pg]& ESF6618 é&@erﬁg texleegm) I?elfy

extraction sch extrac I on o I prds and proteins by a

t wo- soleﬁﬁjwlrﬁanpbbmmdela@lﬂimgdh@wmbplmbusmeamm [irO%ddlEhrﬁto Rd}]u;ﬁtsh@p@lﬁﬂil@r’rat ic
of an exgnplaﬁy extraction schﬁne for the_ ex i.on of neu ral (§+ds and
pr ot ei ri848y0dh¢ GErasEPR B AR Ya hicc)-AgdFd % itign gﬁ@? &HP {p@tﬁls‘sq @t 25

is a SCS'@? MRtskiA fﬁ’ifthe"i‘%n%ﬁﬂﬁgn@sr Mleea?fﬁﬂlﬁﬁattﬁlg @ol%&ﬁ%@ﬁs a%toﬁé"ﬁle%tnﬁﬁ%{ﬂaﬁ& of

neutral [ipids, polar |ipids, and proteins by a two-solvent

(anphi paipromhhy énepod dohetbylsttiem ar{dQﬁSlﬁ])FdJ@hyﬁa J-propaisg hewr@iitole, t-butyl

dem)nStarléao Iopq grgganeotl rwar‘ggrl heea)%lr(ﬁg(t) ‘Hly? ene g 3%01 glycerin, or a combination thereof.
In yet other embodiments, the hydrophobic solvent set is propane, butane, pentane, butene,
propene, naphtha, an alkane, hexane, pentane, heptane, octane, an ester, ethyl acetate, butyl
acetate), a ketone, methyl ethyl ketone, methyl isobutyl ketone, an aromatic, toluene, benzene,
cyclohexane, tetrahydrofuran, a haloalkane, chloroform, trichloroethylene, an ether, diethyl
ether, diesel, jet fuel, gasoline, or a combination thereof.
[0025] In some embodiments, separating the heavier phase from the lighter phase includes
decanting, membrane filtering or centrifuging. In other embodiments, separating the polar
lipids from the lighter phase includes evaporation or distillation. In still other embodiments,
the hydrophobic solvent set is recovered. In still other embodiments, the hydrophobic solvent
set is condensed and recovered. On yet others, the amphipathic solvent set is recovered. In
still others, the amphipathic solvent set is condensed and recovered.
[0026] In yet other embodiments, the extraction mixture is heated. In further embodiments,
the extraction mixture is heated with microwaves, water, steam, hot oil or electricity. In some
embodiments, the extraction mixture is heated at atmospheric pressure. In still further
embodiments, the extraction mixture is heated in a pressurized reactor. In even further
embodiments, the pressurized reactor is a batch or a continuous reactor.
[0027] Further embodiments include a method of separating neutral lipids from intact algal
cells, comprising providing a wet algal biomass comprising intact algal cells which comprise
proteins, polar lipids and neutral lipids, dewatering the wet algal biomass by removing
extracellular water to increase the solid content of the wet algal biomass to between 5% and

50% to generate a partially dewatered wet algal biomass, mixing the partially dewatered wet
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WO 2012/ 138381PCT/ US2011/ 059148 DETAI LED DESCRI PTI ON Definitions [0057] The
term"conduit" or any variation thereof, as used herein, includes any

st ruct ur ewOlougksswhi ch a fluid nay be conveyed. Non-|i RCTiusgoiesosps es of
conduit include pipes, tubing, channels, or other enclosed structures.

[ 0058] The tern1"reservoir" or any variation t hereof, as used herein,

I ncl ude bod ctur abl r et imting
e OB S iSRG L PRS0 S ", 1
struct eﬁ&ate[a@@égégﬂ%tléﬁﬁﬁ&t ﬁ%ﬁ{prisﬁlrg a ﬁ@ﬂ’ie@ﬁefrﬁﬁz%le Eénd a%st'-ﬂ%ﬁfér Rigin, are
defined as belng cl ose to as understood by one of ordinary skill in t he

art, anwhdreindime lrsbhealvwﬂmhaswombe‘tﬂ the fAtst emghipethicssodrant skéf nauedl iwdbe wi t hi n

10@6 preferabl erab st _preferably

ort i PG it DR orPh B R ORI Y o et PR R B o o

these tfastBidr@hobRedIVRel @t And thegblade 1d§rsys halrirs: 1bBes: phsR oFfhconpl et e

inhibition to achieve a desired result. ﬂ%» 61] he term"effective," as used
§ic

her ei n,Cxiaeling MKy &oe the THE AP RISQO F@%Ftloéﬁp}é@tf%dep?’é?mgﬁh%nded
result. ngfzdem?eréﬁsy%eth gat,l I%?on?{\ﬁg gron?the ?ﬁrst a% \94139%&@&9 t1n ka?enﬂirlémetakifé wi th

the term npri si ng I'n may mean so consistent with
t he megmhiasigofahe &anetion niivie:, to geﬁéraﬂe@a&pm@f@é partalig deeserarwetatgl blvasone. "
[0063] The term "or" as%figf herei n,  means "and/or" unless explicitly

Rt

i ndi catgigngarEralip: BEOtSR SYHIS CARPTisE Riptedsnuicy 8 Be dirtut ual | y
excl usiy n@a!ttﬁlbeag&t Qﬁnﬁmg ltl%s‘éF@ra‘%HRﬁﬁ[atllz d%wg@édrulgdl%ﬁbrﬁm%w{heaf &bsnd ©

only alt I ves an term"wet" as used

her ei n ,amphlpmlad sd>1®enr5atmm1@rﬁtea®nd lngirqﬂmhtc oDt &t ahganera®9a Sdondteractiomt ent .

vater Caix rQ tcorggy 1Sing a sgcco% Cejavel!crtp ase anrzitar sae%oelllcl hghtélrI I%ase w )éltrern? t eelslego%rdl y.
heavier phase comprises the second amphipathic solvent set and separated partially dewatered
wet algal biomass and the second lighter phase comprises the second hydrophobic solvent set
and the neutral lipids, separating the second heavier phase from the second lighter phase, and
separating the neutral lipids from the second lighter phase.
[0028] In some embodiments, the second lighter phase is heated prior to separating the
neutral lipids from the second lighter phase. In some embodiments, the second hydrophobic
solvent set is removed from the second lighter phase by evaporation or distillation, thereby
generating a neutral lipid fraction. In other embodiments, at least one of the first and second
amphipathic solvent set is evaporated. In still other embodiments, at least one of the first and
second hydrophobic solvent set is recovered. In yet other embodiments, at least one of the first
and second hydrophobic solvent set is chilled and recovered. In still further embodiments, at
least one of the first and second amphipathic solvent set is chilled and recovered. In further
embodiments, at least one of the first and second amphipathic solvent set is recovered. In still
further embodiments, at least one of the first and second extraction mixture is heated. In yet
other embodiments, at least one of the first and second extraction mixture is heated with
microwaves, water, steam, or hot oil or electricity. In some embodiments, at least one of the
first and second extraction mixture is heated at atmospheric pressure. In still others, at least

one of the first and second extraction mixture is heated in a pressurized reactor. In some

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



[ 0065] The use of the term "solvent set" as used herein, is used to nean a
conposition conprising one or nore solvents. These sol vents can be

anphi pat Wwo 20e/s83sknown as anphi pat hic or slightly nonpecamsothpsrephilic,
or hydrophobic (also known as lipophilic). In sone enbodi nents, these
solvents are water mscible and in others, they are imnmscible in water.
Non-limting exanple of solvents that may be used to practice the nethods
of the instant inventi j ol L. SQPropanol , acetone,
et hyl acetate, and acegﬁﬁ¢fih#§5‘§?bgﬂﬂgh%Hgﬁgﬁgﬁ“glﬁfﬁhe, hept ane,
octane), esters (ethyl acetate, butyl acetate), ketones (nethyl ethyl

ket one [002%() , FRY A isi SOBUERAk JEBTPH RIVOMBKY ) metticanREb@g(th @h ueABpladdl WO
2012/ 138381PCT/ US2011/ 059148 benzene, cycl ohexane, tetrahydrofuran),

hal oal KaHwgimeobthsinsesent dipslewrdr oet hyl ene), ethers (diethyl ether), and

m xt ur i es ' f I, e ). -1t of

anphi pjtﬁgélﬂ o) i/%'n Bsa}Sian%ﬁ%%%t%an(g?%%ﬁlo%f,an[g? %gﬁﬂg ,&Pﬂ%dodg}r[%fﬂ)tgoggﬁéwaz%%@ ne, et hyl
acet at groaset@oiding tosthe aredertdidelasatel ons t her eof Food grade ethanols are

al so degirable for use jn the disclgsed nethods. [0067] Non-limting

exanpl dB03] hyaKgp%é@i hefugtipalitasan Iaﬁﬁéefal’l&%{rxf‘é%bo(dﬁ&%&r?g?‘n (IR SYHEPt ane,

0Ct ane)ye &l ts tHeibyent &38b&ke, butyl acetate), ketones (methyl ethyl
ket one (MEK), nefﬁ@l i sobutyl ketone (MBK)), aronatics (toluene, benzene,

cycl ohdRady, t EtG.ahydroofmpamn)ye ghghshd kmge®hkleht:araofion of fréaze dhkdrlget hyl ene) ,
ethers (diethyl ether), .m xtures (diesel, jet el ,, gasoline), .and

conbi n&ﬁ?raﬁzs Bhepborey b a%gmﬁm(’%af%%fhsf%ﬁf@ﬁ%@d@%&%ﬁ?gw&ver y

et hodsmaN@uHAREHRBHRA AR5 0iPELRABH afficRicy 88 Beliés: FFUHRY bR hcHoldrhe
sol vent conponents, steam'stripping, and conbi nations thereof Pervaporation

i s t he apdocegslagiipgisicatagtioal y renovi ng the vapors of a sol vent conponent

t hr oug oly i nbr ane, .y creati.n acuum on e at.e si
soi ect 1983acs PG GrEP N Q2R o SRl SRS Qe PSP PATBOLS

amount Rbvagtie theftive Mepto BRbSe@itabadOprodsss Niging @fdthdnel ardl gadl&ind étAEi A9 can be
used for non-tenperature sensitive operations. [0069] The term"interfaci al
| ayer" thege difEacHdempeatiEtsns t he regi on conprising and adj oi ni ng the phase

boundar 4t hi i t i i . i.gpixfi cantly

i 1 o ST o PGSl C0p e BBt atiobing RERY| BiaP SRNERTbnd B KBy GANLC

[ 0070] Tive steprsolvepodsaractiyn prodess usiag agyseas neitleinol dref @itsldum ¢the aithrensi onl ess
arity Index as described by Snyder, L.R "Cd assification of the

Snyner Pal
SoIvenﬂﬁgﬁﬁb%¢FW%@mE?&Cbnnnn Li qui ds" Journal of Chromatography, 92(2):
223-23G00dY 187%)q isQRdH éﬁla%lﬁgel:iﬁh tféUolvgrgaﬁ HSED Y Riint BEEAESS process

conpositions containing neutral” I'ipids and polar |ipids. The terhms "al gae
oi | " andingaqgedusondtharms anbpadrdame cthenatahngs ddfarenttecropramtyesabl y. [ 0072] The

AN T A M N R T D
filter QEovaBDrane.
[0037] FIG. 8 is a graph showing the efficacy of different aqueous extraction solutions in a
single step extraction recovery of aqueous methanol on dry biomass.
[0038] FIG. 9 is a graph showing the effect of multiple step methanol extractions on the
cumulative total lipid yield and the neutral lipids purity.
[0039] FIG. 10 is a graph showing the cumulative recovery of lipids using wet biomass and
ethanol.
[0040] FIG. 11 is a graph showing a comparison of the extraction times of the microwave
assisted extraction and conventional extraction systems.
[0041] FIG. 12A is a flowchart of steps involved in a method according to an exemplary
embodiment of the present disclosure which incorporates a step of protein extraction. All of

the units in FIG. 12A are in pounds.



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

[ 0074] As wieed12ssasiin, the words "conprising” (and any f@cmuskoieosqns si ng,
such as "conprise" and "conprises”), "having” (and any form of having, such

as "have" and " has") "incl udi ng" (and any form of including, such as
"I ncl uﬁ 8 and ude‘rﬁ % gont ai ni n% WO 2012/ 138381PCT/ US2011/ 059148
(and a 5 4% m 8¥ Pirhat of HersnvelsRd i sfsexeqipliry E¥HCHOR PO e

i ncl usizteor@ingap ent: srogaddrnds e not exclude additional, unrecited el ements
or nethod steps. [0075] The term "pol ar Iipids" or any variation thereof, as

used hdP3H, | FKb.uldas 2 ﬂ@mchm ambmaﬁs bﬂlan@d diagranp Hessphuigiopie @€ thend

gl ycol i The t rrm"neutra variation thereof, as
oL hefoRiminR I Best Mot bibtein 1 By RT¥OHEN Satlaidfl oot aoe.
nonogl weuizH estractioh @h€ Rattimhativenes dersb 8¢ irste nb@EW TihidREpd1@r 1ipidss @hd prophiase”
as used herein refers to a collection of material that is generally nore

sol i d tiFum theotlgal Humass. not i ntended to maan that all of the rraterl al in the
phase igg fzg i dF dhus; aeﬂo%ﬁ%‘? dgls%}[lloﬂl hﬁl MdgfheRIDHAL pge{s @t e‘iil?ion"‘h' le

ret ai ni'ng |qU| I'S enconpas n the neani ng
I\/Eanvmld/lmrelhraﬁ atgal Mal daam]iecprmm o f(ﬁ:ﬂl meﬂs beidatts, refers to a coI | ect| on

of material that is generally nore. | |qU| t ha such cal l ecti on may
i ncl udd%8hli 0 Kb léﬁgowb@msmgmtg@pﬁqo H}eoealiﬂ&égmnt%g the BEFSHYNRYSHUPRT er s

to met ylergh af‘éa@%ut?a’itl?'[cﬁ oPd Ifo@ésts%’ d AR v§Ss :;[ﬁQdJc'Esom al gae [0079] The term

"nutraceutical™ as use ere nrefers to a d product that provides
heal t h [A4B]or FHdi Idab abflemehatt descNbmgldngiof ihegenehodmpéres of the pradentaavantiemoi ds,

car ot enes t ho I.Is.such as zeaxant hi.n axanthin, and |utein.
060] M eiB kel BRIV AP e o2 Ber eI ar b T el Mer T ved  rom
bi ol ogi 0@47180111:;@ 1789 B-flohwPhkit G&cﬁ’éﬁ@ﬂin@%ﬂtﬂ%“én&%nﬁé&ﬂbﬁtﬁ@Tresbﬁtm\téﬁﬁbn
di esel , ﬂlet fuel blend stock and di esel bl end stock The term

"i mpur iwhasein algah roteise rci salecoraie extrastedviiarh apisshwater fplgdsblorawused her ei n,

[0048] 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.

[0049] FIG. 19 is a flowchart describing one of the embodiments of the present invention
wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.
[0050] FIG. 20 is a flowchart describing one of the embodiments of the present invention
wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.
[0051] FIG. 21 is a photograph showing Scenedescemus sp. cells before and after
extraction using the methods described herein. The cells are substantially intact both before
and after extraction.

[0052] FIG. 22 is a schematic of an exemplary extraction scheme for the extraction of
proteins by a single solvent (amphipathic) system.

[0053] FIG. 23 is a schematic of an exemplary extraction scheme for the extraction of polar
lipids and proteins by a two-solvent (amphipathic/hydrophobic) system.

[0054] FIG. 24 is a schematic of an exemplary extraction scheme for the extraction of
neutral lipids and proteins by a two-solvent (amphipathic/hydrophobic) system.

[0055] FIG. 25 is a schematic of an exemplary extraction scheme for the extraction of
neutral lipids, polar lipids, and proteins by a two-solvent (amphipathic/hydrophobic) system.

[0056] FIG. 26 is a schematic demonstrating the ethanol extraction concept.
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refers to all conponents other than the products of interest that are
coextracted or have the sane properties as the product of interest.

[ 0082] ThewODeprw13B3sior i cant s", when used in connection w PoTask@n/o0F1ps ds, as
used herein refers to hydrotreated al gal |ipids such as Cl6-C20 al kanes.

[ 0083] The term "detergents”, when used in connection with polar |ipids, as
used herein refers to glycoligpi i.0i and derivatives thereof.

[ 0084] The term "food additivgﬁiﬂiuﬂﬁﬁ?ﬁﬁggkiﬁfgﬁﬂnection with polar |ipids,
as usemdrsiiBbns refers to soy lecithin substitutes or phospholipids derived

from al/gae. [0085] The term "non-glycerin matter" as used herein refers to
any ind005ty t hat tsmpaoadues ovathvarfeiogltyaest as dscd bticon inchudes b eructirean up

step w r ve st, of what is p in orde uc har maceut i cal
a1 ade. dreRF e SR oRy HaPemeT NGRS s SABle DB G TS
"unsatq&ghgqjﬁﬁﬁ&y(@gﬂgg cﬁ%eggﬁgnﬁ%geln refers to fatty acids with at

| east one doubl e carbon bond. Non-linmiting exanpl es of unsaturated fatty

aci ds i[A8F8lde ph¢ tﬁl‘mot@pt,voar jod anmarg?élpnctheai@qfdas weehericn, awiules @meb@iyam d,
octadec§n0|c aci 1] linolei olelc aC|d

F ot ek &t of kAR RE AT Nop ST & R in AR GG 251 &

e|cosapaﬂgmgbgoa@ﬂﬁrgﬁﬁme@mgnmg@cosadlen0|c aci d, henelcosapentaen0|c
docosat et r aenoi ¢ aci d. Fatty acids having 20 or nore carbon atons in the

backborl803}e géfh@tefam woouwt ef ranpraxdmatsly:| srieped hetich, prprdofinad poleing qlpge Pat t y
et or r o pfbBa B chFERRARY AT B TR nd BB 3N ERL AR S Kormy

fatty agcé desﬁﬂedcd) velevithiut 0%y refeedbly ithineddol r@oreqirefgeeb8; #ahinyl %acind snosomega- 6

fatty aci o and onggg 9 fatty acids. The term "onmega-3 fatty acids" as
used hé¥ eﬁ‘3@W§P@(} but is not linmted to the fatty acids listed in

lgiblje () éoo APl eThe (HRATPRAIVIATER or EL&RASAL? bEAR) FarBfbH of fhER tefrh € 95 BlAHAGRO! C

includes any measurable decrease or complete inhibition to achieve a desired result.

[0061] The term “effective,” as used herein, means adequate to accomplish a desired,
expected, or intended result.

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

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

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

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

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



Li pid:: Chem cal nanme nane 20:3 (n-3) :all-cis-11, 14, 17-eicosatrienoic acid
20:4 (n-3) :all-cis-8,11,14,17-ei cosatetraenoic acid Ei cosapent aenoi c
aci d ( EPAyoHerrzizsissapent aenoic acid (HPA) 20:5 (n-3) PCT/US2011/059148
lall-cis-5,8,11,14,17-ei cosapentaenoic acid 21:5 (n-3)

rall-cis-6,9,12, 15, 18- henei cosapent aenoi ¢ acid Docosapentaenoic acid
DPA), .: Cl upano n|c aci d \
(aCi d) ’ nzen% cyclo exane tetrah}l’j(ﬂg u?f%lhel)lﬁoa Oa{n%s ?(fl oroform, 1?1*1chf90t1roreal%Si et gghor ¢

(diethyl ether), and mixtures (diesel, jet fuel, gasoline).

[0066] Non-limiting examples of amphipathic solvents include methanol, ethanol,
isopropanol, acetone, ethyl acetate, acetonitrile, and combinations thereof. Food grade ethanols
are also desirable for use in the disclosed methods.

[0067] Non-limiting examples of hydrophobic solvents include alkanes (hexane, pentane,
heptane, octane), esters (ethyl acetate, butyl acetate), ketones (methyl ethyl ketone (MEK),
methyl isobutyl ketone (MIBK)), aromatics (toluene, benzene, cyclohexane, tetrahydrofuran),
haloalkanes (chloroform, trichloroethylene), ethers (diethyl ether), mixtures (diesel, jet fuel,
gasoline), and combinations thereof.

[0068] Non-limiting examples of solvent recovery methods include evaporation,
pervaporation, selective adsorption of the solvent components, steam stripping, and
combinations thereof. Pervaporation is the process of selectively removing the vapors of a
solvent component through a polymeric membrane by creating vacuum on the permeate side.
Selective adsorption is used in the ethanol industry to remove small amounts of water from
aqueous ethanol using zeolite. Steam stripping can be used for non-temperature sensitive
operations.

[0069] The term “interfacial layer” as used herein means the region comprising and
adjoining the phase boundary within which the polarity index of a solvent set are significantly
different from the polarity index of another, adjoining solvent set.

[0070] The term “polarity index” as used herein refers to the dimensionless Snyner Polarity
Index as described by Snyder, L.R. “Classification of the Solvent Properties of Common
Liquids” Journal of Chromatography, 92(2): 223-230 (May 1974).

[0071] The term “oil” as used herein includes compositions containing neutral lipids and
polar lipids. The terms “algae 0il” and “algal oil” as used herein are used interchangeably.
[0072] The term “diffusate” or “permeate” as used herein may refer to material that has
passed through a separation device, including, but not limited to a filter or membrane.

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

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

“including” (and any form of including, such as “includes” and “include”), or “containing”
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22:5 (n-3) lal//-cis-7,10,13, 16, 19-docosapentaenoi c acid 22:6 (n-3)
la//-cis-4,7,10, 13,16, 19- docosahexaenoi ¢ acid 24:5 (n-

cal | -ci s-WwoDR121138388, 21-t et racosapent aenoi ¢ aci d 24: 6 ( nP8BY/US2011/059148
IaII-cis-6,9,12,15,18,21-tetracosahexaenoic WO

2012/ 138381PCT/ US2011/ 059148 :acid : : [0088] The tern1"jet fuel bl end

stock" as,used herein refers to .al kanes th the carbgn .chain |engths
2 por opr A5 H5 B G EoRa i SRS CoT 08 o1 GOR B S BOBTVH L SRRk s

used hefidt ck@hidd Sidittoml, 'ﬁﬁfb%ﬁed"él%&eﬁt@%rﬁﬁf%@%teﬁ)ba' n | engths appropriate for
use as diesel. 0090]Th term"animal feed" as used herein refers to

al gae- d@#78led dbbtranipekr tihids” enanybarigbers heedf,an dsesledcinoinpluded, Het is not
nutrltlon ort for a ni mal,. [0091] The term "human food" as used
her ei n }8 ?éV? S%Wﬂﬂ%&ﬂ%@*€§ iYlwli}'tﬂifistances that can be consumed to provide
nutritij@oed] SUPREtdmi @EutREIPIR? ofhigatmrRebh tRecITU¥RRCd ROinPRHIdeS, HUERN
contain essential nutrients, such as carbohéﬁbates fats, proteins,

vi t ani ot ligntegiio ériglyecridenohaly qalos.apenroghicer dete RIaICN S, veaxehtiolser ei n

TS IS, e L0l B, LLLONEN BOLL M PO A L
wast ewgicaerally nitud B(ﬂid[lﬁhn wets ire@ et intended to mean that all of the material in the phase is
solid. Thus, a phase having a substantial amount of solids, while retaining some liquids, is
encompassed within the meaning of that term. Meanwhile, the term “liquid phase”, as used
herein, refers to a collection of material that is generally more liquid than not, and such
collection may include solid materials.
[0078] The term “biodiesel” as used herein refers to methyl or ethyl esters of fatty acids
derived from algae
[0079] The term “nutraceutical” as used herein refers to a food product that provides health
and/or medical benefits. Non-limiting examples include carotenoids, carotenes, xanthophylls
such as zeaxanthin, astaxanthin, and lutein.
[0080] The term “biofuel” as used herein refers to fuel derived from biological source.
Non-limiting examples include biodiesel, jet fuel, diesel, jet fuel blend stock and diesel blend
stock.
[0081] The term “impurities”, when used in connection with polar lipids, as used herein,
refers to all components other than the products of interest that are coextracted or have the
same properties as the product of interest.
[0082] The term “lubricants”, when used in connection with polar lipids, as used herein
refers to hydrotreated algal lipids such as C16-C20 alkanes.
[0083] The term “detergents”, when used in connection with polar lipids, as used herein
refers to glycolipids, phospholipids and derivatives thereof.
[0084] The term “food additives”, when used in connection with polar lipids, as used
herein refers to soy lecithin substitutes or phospholipids derived from algae.
[0085] The term “non-glycerin matter” as used herein refers to any impurity that separates
with the glycerin fraction. A further clean up step will remove most of what is present in order

to produce pharmaceutical grade glycerin.
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[ 0093] The term "wastewater" as used herein refers to industrial wastewater
or nunici pal wastewater that contain a variety of contam nants or

pol | ut antwo 2ore¢i3gasiing, but not |imted to nitrates, pho®phaiSes,1/0a8mds heavy
metals. [0094] The term "enriched”, as used herein, shall nmean about 50% or
greater content. [0095] The term "substantially", as used herein, shall nean

nostly 96] term ob t.ei ns" as .used herein r fers to salt
ot ubl dOBRRd: of RBS BobmaH i Rt RSt Te et Rrgr e SeEf er s
to wat gfneelibie |c§rbe1(%§dl NRonIGAAR] Hhenpisy (mungz!ttulta?ﬁ!d' tﬂtt? 'é@iﬁéein@ﬁf'de BaInH&Adc

herein refers to alkali soluble proteins. [0099] The term "prol anmn
pr ot ei ristd, amrgmisdicide sieinc ed.argc ta@dacbctt@d@otnos@tqncbllelotﬂlmced reamoNphnglEigi t i ng

exa Sy AL BL S S 858 P R PP P 181 e

medi Umacld) #Rd3apbRerors 46id, dkBdic, kiobdmaRNo@ A.cids BéhcltRs fichtatRliel docbAtdfacadic | east
partially dewatered al gal culture. [0102] The term "dewat ered" as used

her ei n ackk dradtytagids havipg rdd e mese catbonems ig dhebagkbere arp gapgyliphisfaredie 24| gal
paste” . %ﬂgﬁﬁﬂl 1*&& &1ﬁs’f eftf‘erfﬁtt;% 9%185 f’é L%/feqz%f"?érﬁ&?&’to ! he%‘é{:ﬁ%hg J}@V' ng

fluid properties at allow 1 Genera an a
water cgmérenyrﬁ‘érrabmws “Slse cﬁA&&&izZ/ciiH@BSSlPCT/ U82011/ 059148 [ 0104] The term
"al gal cake as used herein refers to.a p |aIIy jewatered al gal. culture

that | d887]t he Unpainigtedrlapeshainiityacidy ingl b tbtaaet BotaHtqddpgamess-$ f4
Cener al a!c)’ds%hti%ag@kat S d?né’%@afatt?%&tdgml"hé’{erﬁbgﬂfe ol Q%@}; adi@SSis used

[ 0105] Sal t wat ce1 I's In but are not Iimted mar 1 ne and

br acki dterahget‘trssqaémt e;mot Bahﬂedmenefatmahdsd@édsmafrabldbund in nature in bodies

of water such as, but not limted to oceans, and estuaries.

Non-limting exarrpl es of saltwater arﬁlilte speC| es | ncI ude Nannochl or op5| S

Sp D.In Ie.llas ................................................................................................................................................................................................
ommon naime Llpld Chemlcal name

:name

{l-cis-11,14,17-eicosatrienoic acid

Heneicosapentaenoic acid

(HPA) a01d

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

5ac1d

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

acid




[ 0106] Freshwat er algal cells are found in nature in bodies of water such
as, but not limted to, |akes and ponds. Non-limting exanpl es of

freshwat ewoabai3szsspeci es i ncl ude Scendescenus sp., HaenmPCoaseCHSEPS

[0107] Non-limting exanples of mcroal gae that can be used with the nethods
of the invention are nmenbers of one of the follow ng divisions:

Chl or ophyt.a,...Cyanophyt.a..{-Lyanobact.eri-a)...and..Het-er.okont.-ophyt.a....l.n..cert ai n
enbodi ments, the microal gae used with tﬁeldnet hods of the invention are
menbers of one of the follow ng classes: Bacill ari ophyceae,

Eust i gn‘at @ﬁhyceae =@ Eh A S@phyceae s n ~Geft-ai-r-erhoei- rf‘entS,the

m cr oal gae used with the nethods of the invention are nenbers of one of the
fol |l ow ene ne »

Sel enadi el "ol [T BT iRt Ll ror R R R R s

[ 0108] I\khanﬂlemgths aprepeanpfoe ssods joi tedal gae speci es that can be used with the
met hods the ese on include: Achnanthes orientalis, nel | um
spp. , AH@ Tor oThe Wéllr!]dﬁ‘é& %ﬂﬁ?% '@ s hespipreers Applanes ‘f‘hél%mc aar

li nea, 1@9@&05 5a15%fafte9foff9£e”assd1é’s%[ punctata, Anphora coffeiforms var.
taylori, coffeiforms var. tenuis, Anphora delicatissinm, Anmphora
del i cat[D@%ﬂ]rra Ve termajpninat dgedArap hendshesqn refdn db aleaa derivekli ssbstanbes thas can be

Anki strodesnus fal c oekel ovia hoogl.andi i orodinel la sp.,

Bot r y oGRS TAdH HF 0%8?5?888’@88@ S?B%?kocfﬁg,anﬁ?aict eococcus m nor,

Bract eqows mRéi@nUhLBah Bod @3 UEES hdein {RRUO G a@-%leﬂ{f&pdu'bbtﬁncegﬂﬁﬁkﬁ?er 0s
nmuel | eri aetoceros nuelleri var. subsal sum aetoceros sp., Chlanydomas
peri gr etmﬂoamnedcmlm\edfr autzifipral aupnordior peasls. aAlga@dp@wdclalm@hﬁogd eradacts

aur eovi rjdi ndi [ L or i ccate,
o ol P iR RO P GRBE, FERPRIENE yi RS heBifS o

fusca \4&092] vacuat afrd, “bigrbiaedihticn gl usal i@@hacfefshb asedf fgalheisihad umove
Chlorella infusionumvar. actophi]la, Chlorella infusionumvar. auxenophl | a,

Chi or ellcdufaatss pushias, by net linited 1og Bisigkesr Bhosphtess and heavymegs.iom edugiiipbr el | a
| ut eovi Chlorella luteoviridis var. | utescens,

Chl orel\%%%nvfaﬁélég’ﬁgl&gf%&aﬁeg} §n§i'rnut| ssima, Chlorella nutabilis, Chl oreI | a
noct ur A093Th| oMt teamdwalsies/ateChhsouset! harc\WReRO4d Y mal&%ﬁalmteuem bihﬁﬁgslptﬂ
parva, Chlorella photophila, | orell a I‘Ianhelml

Ila .
pr ot ot HESHVEEL t ﬁeﬁ%ﬁae ¢ Arhn iRy RKS O RG Tutapty, m%%ﬂl%g %ehemﬁenr%i to

regul arﬂlt%élt@%h&{p%hﬂe@ alhﬁglléj“%}’ﬁléta}éal’ m ni ma, Chlorel | a regul aris var.
unbri cata lorella reisiglii, Chlorella saccharophila, Chlorella

sacc har[ﬂW]l aV h@ terl‘lehpeoiddes, uS@IhQrclel $lallsmanalbo@fﬂ0(% et graatst opitant.,

St gt BV o, e ISaHE SR el R ety i BGLPBANY <. Cnl or ol | a vul gar s

fo. terpogs] Chiras &Jrﬂna‘glﬁﬂuﬁﬁﬁ)tc&elﬂﬁras Rbd BéeRRBfedio sehlseluBlel Rotéttsgari s var.
viridis, Chlorella vul &yrl s var. vulgaris, Chlorella vulgaris var. vulgaris

fo. terl®P¥] CniThe tsrmaa Pyaproseipgras wed bereingefees towwaterdioiblapioins | a
t hel I I des, |1
xant ne [h698éh| %Eg e %}Pmél?%@%&?ﬂs 'as %ﬁidq{e%dl ?ef%trs%) glllqufl %‘lf.lgtr% géogpe]ilng.rme a

vul gari's or ococcu ococcum
Chr oorrqﬂ&@]sp ThEtui s peiirasy mokins,’ a&semepéi@ﬁdfaswalpolﬁa*l)gpmbmﬁdﬂeﬁisum
cohni i, pt onobnas sp. clotella cryptica, Cyclotella neneghiniana,

cycl ot &N %K@ﬁmg TaRRISS Of pEplagpin prﬁ?ﬁl&|ar%$1|wéhrb&fﬂaamrﬁemmam el a biocul at a,

Dunal i gra , 3! , liella
parva, U CPHe R aRPalEL R R bR AR Mol matiie.

Dunal i e[[)lﬁal]t er The aira, “al@ahbioimakd’astused hatiactiars tbunat leed;tlpartmillylddwatered

Dunal i el Iai ert| ol ecta, Erenosphaera viridis, Erenosphaera sp., Ellipsoidon
sp., Eu?éﬁ qat ‘érﬁp , Franceia sp., Fragilaria crotonensis, Fragllaria sp.,

G eocangpoRP. . TR Eé%&t BRI 3P use dMRAIRTAERSSE HR r%HVél%'f'aﬁleadﬂXGﬁ@Was Sp.,
| sochrysis aff gal bana, |sochrysis gal bana, Lepocinclis, Mcractinium

M cr act[ﬂm?ﬂm Wbﬁtﬁn‘mphlgal pﬁm’namwsmerMmcﬁeapmadxattmllsmewaNmmég&iIcoltuls sp.
Nannochl| or o sal i na, Napnnochl aropsis sp. , vicul a accetata Nayi cul a
br okan v g pRars pel R e PS8! daderRiratia S nRCtFBE e B
sapr ophibbas o0¥avi cul a sp., Nephrochloris sp., Nephroselm s sp., N tschia
communi s, Nitzschia alexandrina, N tzschia closterium N tzschi a communi s,
Ni t zschia dissipata, Nitzschia frustulum Nitzschia hantzschiana, Nitzschia
i nconspicua, N tzschia internedia, Nitzschia mcrocephala, N tzschia
pusilla, Nitzschia pusilla elliptica, Nitzschia pusilla nonoensis,

Ni t zschi a quadrangul ar, Nitzschia sp., Ochrononas sp., Oocystis parva,
Qocystis pusilla, Oocystis sp., Oscillatoria limetica, Gscillatoria sp.,
Oscill atoria subbrevis, Parachlorella kessleri, Pascheria aci dophil a,

Pavl ova sp. , Phaeodactyl um t r| corrut um Phagus, Phorm dium Pl atynonas sp.,

o . a



[0113] Pol ar lipid recovery depends mainly on its ionic charge, water
solubility, and location (intracellular, extracellular or nmenbrane bound).
Exanpl es wO 2p/@3838iti pi ds i ncl ude, but are not |imted t@ecTasesplostitpi ds and
glycolipids. Strategies that can be used to separate and purify polar

|'i pids can roughly be divided into batch or continuous nodes. Exanples of

bat ch i d | pi.tati H. i 1 t), | t t ti
and_or JOLEAN | 7 dbF G ER bk somed SR M E0S b Buge iR or el PfE ng.
adsor ptihanacks @RMSE PR REERQDI AR glgaV@s?eoa]t%/ 1dRB38 LREY. URdR1alyOR%I cake has

preci pitation, and nmenbrane technol ogies (tangential flow filtration,
di af i | tareteogpnggnd opalasit pPYoatriless, ultra filtration). [0114] Ot her objects,

feat ur d advant.ages .of .the present invention will becone. apparent from
ot f oragaTe o SRR By Sy RS Ao A VGBS st 0 SRR ARRAT ST ot
the det@pidied SiesatdrpldadielRRE: fduad exadican bodis bewhiddiehtak it eEEhFEcto,
enbodi nents of the invention, are given by way of illustration only.

Addi t i dha Pgeanp.tand stuaiese Mmatidingraemples 0 s tveater ahgsd spaciatindvde within t he

spirit ft i ion will become apparent to those skilled in
the ar t]{71 rg%?ﬁa 583&’ ??{F%}y%g%bri ption. [0115] Surprisingly, the proposed

non- di §ougd]i veFexhwatet algal qeiloaeIsuididulatige imbaNarof 92ferrsactovse byt not hienigdeal |
anount of polar lipids in the remaini bi omass enhances its _val ue when the
remai nitAgESsRAPeNds Nesimitye ﬁfX@w.leSﬂg?@SWtwégaléPeq@dg%luii%Sfﬁaff%S,cew t he
hi gh | ang rehalnBpsRLYrated fatty acid content of the biomass. In addition,
et hanol “éxtracts can further be directly transesterified. Furthernore,

unl i ke [0h7]exi dondgnicogeramplonef mroeddigrtshattiche beesduodish thednghedserfshdescri bed

herein .are generic for any al gae,,and enabl e recover a significant
por t1 ori Tt PR A aFaLE &T B SO TS SR g C BT 401 Sl ¢ e al gae by
the usq9hndba¥REE), afld BelcRdi@npdfn b aheMbodiAtE Mhe mi@datSlcTed Rewtthal
lipid fraction obtai ned by the use of the present invention possesses a | ow

met al  goethedstof thhiavetsionantimgoibaty oftoappf theyolldwingelassqsi Badiacenyecaeand

reduci ubs ent pr ssing steps.. IMetal end to make neutral lipids
unst abl 2o FREA0EH Ry PEPT RO G R s BaBoliEPsn e HRE Ruli i v S
i nhi bi tmé&iedsasfrteainyBgichadrahéaibess dTeae s thedbila\ging pehdratr @imnvahiohghkgr e a
neutral |ipid mxture can be refined. The systens and nethods discl osed
her ei n G/pisiias BrnaliedaeSaeredesmn Setengaruan. Osclateréa. fhetrsidimangi’afinghe pol ar

lipidf 1.oNns. i s 1s advant ageous because proteins and polar |ipids are
not hi d{{ﬁ@ﬁdg&@&%@@@b%@ al exposure, and in sonme cases are actually

st abi | i[pe@B]by Nehdlmsiting O2dn)Ihef micsdatgmr spodenthbiaddedisativak dat hethedsofcan

start wth wet bionass, K reducing the dryjng and dewatering costs. Conpared
Lo convBnPIeSHIMERHSAEIHE: %4’%@%%@41@@#@ deeerglbat e it ki

fracti opghi eSsey | § e)akiyel4 Ak 0g,C ue to
the moanral L O B M AR e PR GalC

r ecycl edmphary hefaifore|s voorgantii dmahorexoffeifirmonvegr weessésplarre debsttissima,
prohibifive a dl.cannot nmeet the %e nd of Ahﬂhg marge&.. {75?118%An0t her aspect
of the_@%’fo U HEERBE S HILE BEEO eV ei DE ST P4 b0 acconpl i sh
prel i m natyrouedmii R@anihBsMeloSiatHd8 g RARRAT BYH @R stPOBAvokbRuSBrdilngm neut r al
i pids during the extraction process. The differences between algal oil

used i rBaenpicas yudedgys2 GIRIAB83H I PATPNISPOTdI0EQs 48 désmyoldiviment @ ternd
veget a

Yoot o Bl SRR DR LR R SRR 20 O 1«
conpar athastdcbros g e Callng dohlas pbowaniatal @ sela beivavd, ChadbBa dntarctica,
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
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Algal Crude Ol (ww Vegetable QI (ww Neutral |ipids 30-90% 90-98%
Phosphol i pids 10-40% 1-2% d ycol i pids 10-40% <1% Free fatty acids 1-10% <3%
Waxes 2- 580l Bsments 1- 4% Ppm PCT/US2011/059148

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, Dunaliella granulate, Dunaliella
maritime, Dunaliella minuta, Dunaliella parva, Dunaliella peircei, Dunaliella primolecta,
Dunaliella salina, Dunaliella terricola, Dunaliella tertiolecta, Dunaliella viridis, Dunaliella
tertiolecta, Eremosphaera viridis, Eremosphaera sp., Ellipsoidon sp., Euglena spp., Franceia
sp., Fragilaria crotonensis, Fragilaria sp., Gleocapsa sp., Gloeothamnion sp., Haematococcus
pluvialis, Hymenomonas sp., [sochrysis aff. galbana, Isochrysis galbana, Lepocinclis,
Micractinium, Micractinium, Monoraphidium minutum, Monoraphidium sp., Nannochloris sp.,
Nannochloropsis salina, Nannochloropsis sp., Navicula acceptata, Navicula biskanterae,
Navicula pseudotenelloides, Navicula pelliculosa, Navicula saprophila, Navicula sp.,
Nephrochloris sp., Nephroselmis sp., Nitschia communis, Nitzschia alexandrina, Nitzschia
closterium, Nitzschia communis, Nitzschia dissipata, Nitzschia frustulum, Nitzschia
hantzschiana, Nitzschia inconspicua, Nitzschia intermedia, Nitzschia microcephala, Nitzschia
pusilla, Nitzschia pusilla elliptica, Nitzschia pusilla monoensis, Nitzschia quadrangular,
Nitzschia sp., Ochromonas sp., Qocystis parva, 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,
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[ 0119] Degumm ng (physical and/or chem cal) of vegetable oil is done in
order to renove polar lipids (e.g., glycolipids and phospholi pi ds).
Veget abl ewoi2b1#138381has been chem cal |y degunmed r et ai ns PaTAiSgoti1fofoat
quantity of neutral lipid. This neutral lipid fraction is further renoved
fromthe degunmmed material using sol vent extraction or
supercrjtical/s bcrl ical fluid extracti nenbra techn
cont r aste4€&s4r it h%e%al('véqu& Qg Srledh ﬁ%g)”é‘%@[éﬁ bi onass
is far ppegcghd ficult than froma vegetable oil feedstock due to the
presence of large quantities of polar lipids typically found in algal oi
(see TdBI12) . Inbther ¢rgbqg1é1batus,éh¢ Elemaaﬁ gparbedang emtergpd, in¢lugiok dut mtphrm@d
presen% in alﬁgl pi ces %, gy sifi atlon of .+t he nettraI(1 g g The
enul si f'P ¢&iGH" P8 nh??‘inﬁ i ST AR 2R b%?CP‘Pté > PRIPPS SHIOK Sy CLToteeh MBeitent s
left i nuhhew&otivé b@RA; antingiver esence of polar |ipids, along with netals,
results in processing difficulties forlsegaratlon and utilization of

1t

neut r al [OL1Qi ds Sysherme gt me@eé&ﬁgéxtwt@g iafld cRRrPEUEh (i RIOToi) RRFRENG
h |
goner alS g P EouR A AL H b AL MR U6 SRlE aHBadbioB A yritcldf;

mol ecullapagicnlagtttic emceiods b@d/gzsa:rﬂm@ecrﬁ)ed&tetemg casmeﬁethe ahihtwtoafottt mlraemﬁt ing

technologles far producing po]ar |ipids are raw, mat eri al or cost

pr ohi biffacfignatatheey grstcopwongity teelvag s¢prentiphpEBRGtsma ¥ 1Ri@ phosphol i pi ds are
WO 201 @%@% oi
and veééta BG§&H§%3§QQQ?%E?§%?%§QEﬁx@%ﬂ?ﬁ?ﬁ%bgﬁg R%hggwhgﬁ&fgﬁtﬂ%lar
I|p|ds\dﬂpendohgnwmmth@ﬁemambg@&npﬂysumeQMGHRIsOdesﬁomtmhexuanhns&mlture
condi ti ons, of, harves e sol.ve utilized fqr extraction.

For't hertd T JeBHT MR E O RO AL ProoFb R T T Hegsser 4
groups (apfrachecly nst/e(ﬁtits%lgmf eegradtatlp ?eﬁl‘eﬁié& rb§lthé arﬂ;%tﬁpattﬁﬂcﬁ@ntcﬁbtlmer ol.
Transesterification of polar lipid (y yield only hi rds of the end
pr oductSOl\ien‘etO theezeetrppd efdthé atnpkﬂpathncaﬂsy r@tzimbmﬁ@éweebl Thos rdsakts oftheextractipn

l'i pi ds, b n vaI v of the ol ar

11 bi ds USBrfioRSts BTRe BOR: Poki S ropRIRen SR, BESEY Rtinin MRuRRGH
biOfueHﬁMﬂbn&ﬁmgﬁy&ﬁéﬁﬂﬁﬁdkb @dngae, but al so generate vaIue added

co- product s g|éCO|IpIdS and phospholipids, which in turn can offset t he
cost ad8bktlat edhininrorcsy lgads BagBE P sPRfaIN g B@UbesEnoncTghtesnd ppg heayiwasi | y

recover Y gae
is adven%qg%%% §£@ es%%%ﬁgb@%ﬁéﬁﬁgggglo?g?ﬁgthgﬂgﬁ%@ﬁ prg@gssﬁg%ﬁﬁgl]A
f ur t heralagpeeht mfthishﬁamﬂhmdemeﬁptmys t@ﬁﬁnsﬂ:@ﬁ&ranh{ﬁﬁipdﬂﬁb ebmelhtswtatee aabithd ty
to extract. proteins from an olea ous mat su as alg bi omass. The
et hoddCHPUEIEEY DREPeS T TBF PERFKS tlemygfopgpbtépwge@g lovs fa %schalvef rom al gal
bi oM S.x GBI ﬁ@hé‘héh%&ex@bﬁerﬁ‘{‘f?oﬁ't%&tﬁeﬁﬂ%gg}x@gﬁé&s He@&ﬁ%?th@ftot%x&ﬁ% Ion

and fractionation anple, in sone e extraction and
fracti dfas icoultsoogurerilipidpreitngivethstlmpst oo ebyopF LY xdﬂtrhj;e alghli Ighdh;pt ecbrttmttl ent

proces ote Nns sourc fr uch bi.onass re us r an

Pood s ML entbsomree et 8T M iBeog - verte siigiebd e ARHBRER ne. ar o
usef ul dxfratRib iffadtib RS csisoheas phdsBRif ,an@tﬂagﬁlbu@ﬁlateﬁ@ﬁtmw%r cABOAMESs, al NKS,
cosnetics, textiles, chew ng gum and bi odegradabl e plastics. 50122]Another

aspect sofvenhist prd Waigs argridedipstxgst apd Jeachiprade prmpAngnisHVEYEs autepgngus he
[ boe BT i SRR o o R M RRE Tl 6 B0 AR S G =
soIvenuﬂagmmagamhemlgmmgﬁlnent an al gal bionmass is m xed mnth a |l esser
wei ght of solvent. In yet another enbodi ment, an algal biomass is m xed
with a 8183t er Poler ipid regovery deppnd Smwnbmt%ﬁﬁ@mh%ﬁvgawt sodubihurd of

sol vent ngs to
be use &k@ﬁ?ﬁ%ﬁ%ﬂ%@?e U%g%g?%ty 0 e al%g}a% ﬁg (?g)? nﬁlﬁa%%gghtln
still airbest lenixidongrisgholiphds aatldmj'cohﬁﬁls Beateyics &t eadlbdnsséwege@hrasaamls In

an exenplary e iment, an algal pio i S sequenti Iy extracted, first
Wi th BB é@laggp}gwaq royghlgib Vl@ﬁ‘{)lﬁtora@é‘?'t HOPHIHRIN FRACSS-, EepRiFs Al o
sol Vemrnocﬁ%?&rl‘t‘ijd ﬁr@&{aﬁzﬁﬁ' (BH”Srg@ﬁlg%lvéﬁ’tb 's@ﬁzeﬁ{ &tﬁéﬁé%ﬂ%ﬁﬁhgalo%bOUt 70%

of the solids' weight in solvent extraction is then perforned
usi ng dbootpl@eKcoftinioes smldﬁsjfnslwdelcgtttlfugm§ ollspeption, fawi sepatagem andf or red of
t hese aspects of the invention, one of skill in the art would be able to

use different solvents of different poléarities by adjusting the ratios of
al gal biomass and/or solid residuals to the desired polarity in order to
selectively extract algal products. WD 2012/138381PCT/ US2011/ 059148
[0123] For exanple, in preferred enbodi nent, the solvent used is ethanol.
Cbnponents may be selectlvely |solated by varylng the rati o of solvent
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[0126] I n sonme exenpl ary enbodi nents, the solvent used to extract is

et hanol . O her enbodi nents include, but are not limted to, cycl ohexane,
pet r ol eurwvot2hev1383eént ane, hexane, heptane, diethyl etherCTiusbuansgi4et hyl
acetate, chloroform dichol oronethane, acetone, acetonitrile, isopropanol,

and nethanol. In sone enbodi nents, the sane solvent is used in sequential
extraction ste I n ot her eﬁqulne ts, lg{ t .sol éys are used in each
ext r acti'eHPIEIOB; aﬁdﬁn%‘i‘l jape SeARplogRh ISRt rafpnAttaien itk s are ni xed

and usefedipitRg, AfraMicioRyt raction steps. [0127]In sone enbodi ments of the
met hods described herein, a mixture of two or nore solvents used in any of
t he ext[Phtdli on%h@épb]epﬁcfeame@ aatl alleandages nbthieydesopthinyéngiogotilldacorand at | east

one hydr ophopi c uch. a ture t he rophi,l i ¢ sol vent
oxt r arerera g SR T MR oS e R B8  AHFRE Ut Biacs v
di ff usi Qmilcl/aanptioe ancathreekahpré@Imlmlbatmeélﬁ@fenfbMMMtﬁe BebveH, 1S
used in conbination and is involved in a lLiquid-liquid separation such that
t he matde Bkn By Waptod iliustraiion edrc additgnaldy. iitis cortemplarad thstshangcsfndydr ophobi ¢
sol vent I t h can
pe. soparfiGpdsl? s Bk S 304 JEBE S a T CoRB WA AR A Bechl Bl e Sl on

t he hydhaphobfromsbis\deniled deschptiany one or nore of an al kane, an ester

ket one, ap_aromati c, S1F al oal kane, an ether, or. a conmercial mxture .g.,

di esel [OFE}l f uSprorigingly theedrorqsed Ben-Oirunsive cEHEaN MERRESS Tepis 1B v Fraddp on
proces sfeéovgf}f CTHebs%@'allhﬁﬁcﬁin@of 9{1&19& GhPREXGHE $lodhst BiRREesAfs meewﬁéneps

Such pH excursion iIs useful r i'sol ati ng proteéinaceous material. In sone
enbodi rteategmainihg bpithas$ istused é)rtfcelictTlomspmemégsi ] pad; o the high, lomgdzaut han

about 5). In sone enfhodi ment he ex tion process is al kaline
(oo At FOAREuERthe bigpsby PRediE bR e R SRt R ol

extr actdn% dpfr%%%ﬁﬁéd CRHIRFhHRE @ﬁ@ltg@émmrgmsmﬁ%m thB@bds aRIAsHEdsS My
not be use pr oduct s. Errbo I ments resent i nventl on are

super i gndispstemsdesckihehkertin arhgengrie fersany ldgaer angluinpeletreroveryeof@fsignaficangs s

energy and r ducts suitab S fuel a dstuffs
and auoprdo SRS b BAERPEN oo RO T BEY in U5 Pl MR e s

di scussaicible drbartic sqe&it fgkdiddnton can be |nplenented with respect to any

met hod or system of the invention, and vice versa. Furthernore, systens of

the i nU8htalon dhenguraliing frastige RP@insd hetthordss tha Presanh VRARTQHOSEESRI PTI ON
OF EXENBEARYENRED. W&@b@sé %ﬁ&%gmﬁ@ﬁl éslfgtpé li f&tfh{%%h Qa'ﬁd?&%u%ir{grsfu{)g){;]}l {gae the

best case scenario’is a-solven |ve extrac I'ac ycerol s
(TAG aidedseiny stegs. aMktapakad to m@ited&:u&lldhpadmuﬁﬁﬁdﬁlmmﬁtb aheit atplitgzo sarelyzas
| s_in the al gal h hi.gh recoverles The second ption

waxes, 0
woul d b)él@élpgcﬁwléfrryw&m%ﬁ 1‘%811%11?Y4tf?t5‘ia&§g SHAlPHeRreassirtang theli raPoYRb ut r al
l'i pi ds &%e'a%ee&aln@h@ﬁmhh@cqﬁ be k&Rt g s %ﬁexﬂé Q{Hﬁl&ﬁﬁ&s‘e{]ﬁ,’clos—gﬁ%&%ﬁll&:@t ion

woul d be to extrac i pi ds and achi eve ver recovery in one or
two st dpsthe [e®tt&21]oﬂeff erratalmgl thowrdtein Bh@or tha pobarﬁﬂpui/\frdtmons 100is py wiviactegcoan
overview of t ste i.nvol.yed i n exgnpl.ar i.ments of npethods used in
Che. 11 QEERERATTERS SHOPOIE: e B SR Brd SR P s en o RN

bi onas sure hdtualyf dtasliz@tlgmmdidQ, al gal ceIIs are harvested. In a subsequent
step 120, water is renpved fron1aag cells to yield a 10-25% solid

bi onasd011H st épe IBmpansighetbods & d drtermaenn; seart wgh pest biomtassl redhiciriggthe

0 oo s BRSO AR B S MR b 8rd20,
extraction and fractionation processes should have relatively low operating costs due to the
moderate temperature and pressure conditions, along with the solvent recycle. Furthermore,
conventional extraction processes are cost prohibitive and cannot meet the demand of the
market.
[0118] Another aspect of the systems and methods described herein is the ability to
accomplish preliminary refining, which is the separation of polar lipids from neutral lipids

during the extraction process. The differences between algal oil used in exemplary
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fraction collection. Finally, a solid/liquid phase separation, including,
but not limted to techniques such as filtration, decanting, and
centri f ugaiDi2ore/13888y be performed in a step 140 to in or@em/useoisspanat e out
smal ler |ipid conponents. [0133] The al gae bi onass when harvested in step
110 typically consists of about 1-5 g/L of total solids. The bi omass can be
120, using tec but not limted
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end 221 of transport mechani sm 220. In addition, solvent 205 is placed into
inlet reservoir 218 near a second end 222 of transport nechani sm 220.
Tr anspor twoeetearsszsm 220 directs the algal WO 2012/ 13838CPTR2USAMAS 059148
bi omass al ong transport mechani sm 220 fromfirst end 221 towards second end
222. As the algal bi orrass IS transported it passes through the plurality
of separatjon devices - 248 an Veg into Lract ons of varying

t

pol ar i tYNPHEeAE Y G Wt pmery atatw yRIcE 1y ganteipy ¢

241- 248038 £ div/85 h&Wr Li d§ Qé“fehb{ groﬁ tROJpRRS: h&@%ﬂ)jgldﬁpgtaﬁ§%me%elltﬁﬂure

di ffusate portion of t é:; i omass that passes through the first
separ atqouchltldes“tmee czfztmr\(e@t gnd thepselviontrutiligad éurextrretiong Ruirther, theaghyoepelr t | cI es

smal | h t S h se ratl n devi 2 rect to t
Finst TRSRhs P B o o AR REAREEAE B P nst skl pUES s buh'S . b
recycl aq;l@acaléytgtyc%tdl S TrdnBésedrific@SEd ¥Opdlardfplds hieyicRE &y avethrislifeit @i t he
al gal biomass that does not pass through fi rft l;}@Ear ation device 241 can
(o3

then bereductdredsiijfied E’E‘ﬁté’ﬁ‘@tdts HecoRmaTesie smopo Bpids. ol aetper mase base- r 212

and se t 4 i aration or
filtr aﬁ?%%eﬁe% (@1 8%({% f ffrt}g 8"51%%@ a{'wSﬁH égg@g bﬁt@“’% B%%gfﬁﬁgl segnment of
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e direct to seco rese r. 262, and then r e ack to second inlet
reser vdtmf iselygaling ﬂﬁ\ﬁhplﬁwhlwa g %@t%fsay f@? cRYtEpICtRS Wbk Rigdr of
the al galebiBRE ottttatond e Bty RASSIIE RBUANg FLOAShAERRNAIOADIFMA & 242

can be direc y transport nmechanism 220 to third inlet reservoir

Thi s proedsss wadudsd bya@aheaﬂvfaotagecmsem theem;emmlcrsacczisseﬂhs alzaclod ppmesst i on
devi ces 24 h that e tate portions, af. each stage. are dlrected
fo't he 1050 e qudn iy spes sLBE bR Gy BShn S bR aSRE o B APt Ittt
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reservoir. [0143]1n exenpl ary enbodi ments, the first fraction will be
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ns” ol dBbEEr  dreDieT 2pPgpl e lasfﬁpgh@tct atems dRsdRd |egblalvalwe YAYIR(thE i on.
AL O dhiigof ALLMARALSo G0 BaSARABL ESnfSRFSUB o ERARUEN AN GRe UbDAintdAE

nmol ecul ar di s l ation. The |st| | at es can be fractionated using a si'nple
di sti | |aatalgm bowhassms mixed eptiraataguslveciplovdsolyhat dnfaad)thvr ahodsmérgr ar ggalni ng.

The | o chai.n at ed fatt ci.ds rema 0|I|n i.due in
Che cor e iy aa st §lsSter piotteb to s o o hasy i B8hes AEHERUitH R
enbodi MBRfiged WiCa gi%tafewagm oBYSIV&m ﬁnsbrﬁeeérﬁmﬂlgﬁ Ghé ba@lmttetff@bneﬁtnﬁ&&@or ate
one or nore steps to isolate protein naterial fromthe ol eagi nous materi al

(e.g., ‘itlyan alstlldmmss is &J@Hatpd besidwndhke sadvanit tmb@ti@égnéﬁm deyirgshpolarity of

adj ust S).:L O a nd sxil ctio ote i-n, xanple
in Oneqﬁon& l)bl linasr§ so A El 1611 rﬁt tIn ,Pt{l:lil hﬁf d bqtﬂmentg,lnt\l}%n]tgg stﬁ e>ftrac{etd1

separ atsecodraldedfisC én bs e@@ﬁplﬁ]ﬂy&@ﬂaoﬁﬁﬁetﬂre@ieﬂgﬂ baafhetsaestdeqmenttaﬁs ekfraongl, ifista first
fraction that is rich in protein material. The pH of the Iorotel n extraction

step i sVisupkest éQr68émefrtal%glaﬁfvlt%slpﬂhélyapnpmn Wtﬁr@ﬂlﬁféblsfso Vebter 82eond:the pKa
of a prg e i e of
R T e R L g LR
equat i axjraetigmiis tltealperfetrhertianmﬁoacm%rof chersaihid svdiglstenl sasiteeﬂtocﬂﬁ,vurgrbeme use

of titrafion curves 146] 1 n sone enbodi t he ve | kal i ne.
For exadhir@sd pht hgwp%%afgt%ﬁéwegﬂmt waeggﬁl{}@htt nﬂ.‘gmé% o6 H%ﬁff it 10.
In ot h%@lv%ﬁﬁ%@'dtf?é?@rﬁ’pola%&% X@ﬂ@tlr%"fhé RIGS S Al Q%l%@éétanagr%&l@ﬁgi‘dhal%?o In
further enbodi nents, 'the solvent i s about 0 about 11, or about 12. In
ot her ethebdchlmémbkarlt}t im@réerltvedectpteﬂy sxtiact aigalli‘amduetsanpl e, |n somnme

enbodi nents, the solvent pHis |less than about 5. In other enbodi nents, the
sol vent pH ranges from about 2 to abowtl 5. In further enbodinents, the

sol vent pH is about 2, about 3, about 4, about 4.5, or about 5. The
extracted portion of the first separation device is then directed to
subsequent inlet reservoirs to achieve extraction and fractionation based
on poI ar| ty I n an_other non- i mt| ng enbodl rrent prote| n rraterl al is

o s o, o o o, o o o a



those of skill in the art. For exanple, acid pHis achieved by m xture of
an appropriate acid into the solvent stream Exenplary acids useful for
protei n exoOrarXi3edsti ncl ude, without limtation, phosphoPCt/tseid/osausfuric
acid, and hydrochloric acid. Simlarly, alkaline pHis achieved by addition
and m xture of an appropriate base into the solvent stream Exenplary bases
usef ul protein extracti n include, without limtation, potassium
hydrox.lhﬁiﬂand%%ﬂrarﬂrﬁ%%w& Td.C tt?%kf%‘jﬁtﬁh oI RS TRl WieRts

ext racthgind &IREVEQIRMAd By aa@rﬁ:‘gttﬁma%ieraﬁrsartventf IPRGRefnl ad Edfdct @@ En
fractiondation systém described herein. For exanple, in sone enbodinents, an

al gal bilgaklisndss witbakedt 0% athphelaptjluslieds wih seaitt 8 uathane], andnkeiw dipkls

T oo oo B R e BBl TR A B B 0 P S b g e AR o "t

fracti camhuqﬂoteﬁﬁtfﬁm hasied HemPRIvAGld Ye algsut dOBC rAopediphReduld réguftt kBalty, in
sone enbodi nents, the renmaining extract froman extraction an

fract i oW msthangioembneutrebBaids Poviduspoicirhos I0Hs picdiaass based on polarity is
enof T0PEC, P PERATREL AR S m e Fod en et U aPBlfOL R (1

sel ect ivmexpaeeedirbailtsh@asyofall, fhieaedoveryadtastidasecessvapbd ddricton aweetebiciaxsl oped
by ext erlér ve anal ysi s of%@ol vents and the ffect on e({}ﬁ?r act i on usi ng the
Sohxl etT %?%@JPB?FOBP%‘&% antaEe AHCXLPMPIRE © @ %I&%é*raé’ﬂ c gpe ofi L ﬁrgas:mrorla% a
solid t r n i r

o cent B LB v A A W Pt A BB ¢ om
vari ousblmhmmﬁalr mdrasﬁecslvermsmgrblarsmswglsalnvlnnmmbcrchm)@ﬁl@remt mveitioms Bwech as

al kanes cl oal Ky | i des, ester t on re tested. Prior to
Fhe- cxaisy PtyRned BT Rk oot BeE SRR ATe SRBU PR RO EET B G JRESE o be

ext r act@ehiM@Shy &nlvestional xthaRlibizatieidis ibBEhusO€orVeANSIRN BxiFREBR A8l RkIyal gae oi |
estimation such as the Bligh-Dyer |ipid extraction nmethod. The bi omass

cont ai regl{3an @@%tmabndarmg@onmﬁn@m|S@mra¢9>n52%rm@ydeftiwlal lipid. [0150]FIG
3 presrselﬂ the dat N hbe m t extbre%ct (ﬁt ofn a %reé ﬁ#amg 51%5' ng
variou Nar &Ad"R8 ponflaor o1V ERY's BT hed Wi gn " EOhKIZET O&XE P A i on

pr oces smatbiefle Bt iglady et bedifRads mndyarsgtahy Qfatdrigiseibleatighthohotpatar sG0et0% puri ty
of neutral |ipids and 15-45% of total |ipid recovery can be achi eved

wi t houtinglpdingpiut sat imted oy pstanely etharali sppromanel.| aspigbetethsh a¢dtatal 4dne sol vent
t est ed, e, h ot al

| pi d. KR ERC SrERRCNAR SR iy 4G A vl bl e b indt Tt 0t ng
sol ve ntaﬁcmdsodmmvmstb@mhlt@quﬁgﬁer gieldmtdwmasy sfisblassl deexalrl@ldﬁ &thanol is

i nefficient, ensrve and result in po Ids The stens and net hods
di scl osrélétlh%l?’éP oM e &Q Buichass@s coapited ?.@F%%o WSS %Flﬁep tIRS°PBropor ti on

of S | GhLhKIRPBRBYHneAR! KEAEilPaNRiohRid AR oo lRrBERA! fldfic b IATRANSNL S
of drfferrﬁa?%o arcrﬁt |ees W th 1mahr mal 10osé of 5 1(r)nent s1 [815 ] The

car bon ra¢mwbiaot-bewh\penfisatwariéncmled $he¢ motlitiug bfounnaspcsl dmoftideivaig.of Tragermedt r al
lipid purity wa 2%. t hanol 5% f or han | sopropyl al cohol

i 6 norcra iRl I e R bttt S RO 11 pi o resal T g
in a S3\mre Neddniddxe Oﬁlkir? cRIbeEiEhts, WRIBRRA uk@ eoMarRis@almef dier t ot al

|'i pi ds and nore than 90% the pol ar Irﬁr ds. Therefore, nethanol is an
excel | eembOdan@ﬂtsjmp@dﬁdrut are motibodicdeaitcyolohexpac proegoboum stheteneritens, bianei n

met han to seIe t|veI pol ar, |i s from an ol eagi nous
ot or 1 AR sPp e Bk T EEor o BRirp BeREiorffis ARBRT Pexane.
The ot %étoﬁﬁﬂlhé?i@bpl@bﬂﬁﬁ Qﬁ&d&ﬁ&&ha&ﬁl dindsoRRtensivdhany, tkeseed oWehyistu@wdinds |i pid
class since the neutral lip urrta/ was close to 49% simlar to the lipid
conposiSeHEHtiak ediapiion ?ﬁeRShén erheg FrRapdigieairadisierant palkethweased Weaglbt al 1 pid
recover d t ing

t hese s% I?%nmtns nslﬁl:sﬁlgbﬁﬂé?? §b8 Lhneﬁ& ﬁ”éf:@f‘@gl%es%gg?é{%? éc))llrlrﬁxogi %ngf%{@ dclalﬁ)grg% | pid
cl asseamak ckvbalonlstgpsd extracti on. WO 2012/ 138381PCT/ U82011/ 059148

[ 0152] esu ts fromthe Soh | et apalysis.were confirmed ysing the

st andarlafﬁénch %%PéIPeeefB'%H‘Q cRigP ﬁﬁtmf‘ég‘f‘isé%ﬁ‘%r&\%ﬁélﬁ%?&r 2R SEM Il ow i n
Exanpl &ofventh hﬁe@ﬁ’il a%?@f%hé&éﬂ%gﬁ(ﬁpst%rlﬁcl{]@és% Akt cfn@rhyﬁi%hflicrséfveﬁ'@ &1 &t Reast
recover polar |ipids, and petroleumether in the sécond step for recovery
of neutanalhyHiophdlsic srﬁllvbntofthImse)gsuaharrmnmrmh@hmmﬂmlnmmivmt thravtsithe0 sol i d:
solvent ratio. Each extraction step in this experinment was 1 hour |ong.
Cther experinments done (data not shows?2 indicate that about 45 ninutes or

| onger is |long enough for the extraction to be successful. This retention
time is dependent on the heat and mass transfer of the system [0153] The
nmet hanol extractions were perfornmed at different tenperatures, 40C 50C,
and 65 _C |n order to det erm ne V\hr ch was optr rral The petrol eum et her

Y o, 7~ o~ o b Y M o g



[0155] To m nim ze the loss of neutral lipids in the nmethanol extraction
step, the polarity of the solvent can be increased by adding water to the
sol vent. WD@G012588md 5B show the results of extracting rhe/stanesansi oned
bi omass with 70% v/v aqueous net hanol followed by extraction with petrol eum
ether. FIG 5A shows that the neutral lipid purity was nuch higher in the
petrol eum et tractlon ach ved the u e of u e net hanol

Nor eovabmertldrs B tifinsai S Crop: Se3abTe dasblycl st erauyr TS LoRe
aqueoussoRRhhA rﬁ@éd inftobdbehaltioh 8hd ﬁ%h&@l@éd o 1%4&@1@&% 58 E‘tldﬂ"su'al that 83 et hanol
extraction at higher tenperatures inproved neutral 1ipid purity but

sl i ght Iryatdleaiméayel@sttlheortcemmted imthe smeld emnepyt QfﬁlyﬂmhgbnbgelqaetntThsttep

[ 0156] | enbodi ment s the t he xtractlon

br oces SRR EMLET form g Gor TS sSarsthr whGHRFR B bt bl BFMES
Comonq&b&npﬁﬁm Infutihen BhglaheRbOsE g hydrgtobRrsehehnGn tean9tbas et Adre and
chloroeﬁy are exanpl es of algal conponents that exhibit tenperature

sensi t iafiapyilkane, aptasisy. adipbagi apsromatie Hehalealrme atnuether; or 4 pRIPBESEY NURET t he

t enper r e conponents have been extracted fromthe al ga

bi ornatsg(%g gii%%]]’ elttfﬁeYl%agtL ﬂJ[%lr)1er exenpl ary enbodi nents, the tenperature of the
ext ract[0o28]pr obessnd anbulifimsiitethe extedcden ptaeeapt descdbed heeeiyi iitdodpadiite e

desired product. Extractions can he run from qblent tenperature up to, but
bel ow, FRESKEIP Pﬂ‘*goﬁo‘@P’F?tSt%’IS theh BRexgpiop As V‘ﬁegl GPTeSOlpNESPIOfSINaGERHS 29 WO
2012/ 13838341CTH k&ﬁ@%ﬁ@cﬁ%ﬁeﬂ@ t@l%%fqﬁ@%ﬁrachgﬁ ﬁo%gggq%%ag@ Ofesd fhGn §¥SJaCt i on
process Is changed depending on'the sol ubil 9 ?red product. In
still dihér senbodbodbmests, thh@Hexftthacttiaohon propessas akelines e@ptgrentarebandependi ng
on the %hgal strain of the biomass to be extracted. El evated extraction
tenper&t Tes increase the solubility of desired conpounds and reduce the

vi scosifpy29)f t rge B3 dfafekhRinFoxidAkiBnARRAAGI0APrEHIRS o RBMIRERMESY- [0158]1n
some enbodlnents the extraction is run under pressure to elevate the

boi | i ndigoksstsugf thtah@pmducmmmptr’nem@dr@ fopghproducte. Embbémmtsaaﬁtbmresme

pressure i |ncreased Lo, £.16Ces reven |I|n ile
i nt ari oo A B Al ap R A AR IR S ol B SRR Rty o

at  whi Crbncwapr&iﬁlcﬁsfseltaﬁefdre@e wﬁéuCats Sve?‘ﬂ)islﬁﬁbd@ﬁﬁfsrhnﬁ@ludﬁgf agelentpat ur e,
deconpose, or be destroyed. [0159]In sone exenplarg enbodi nents, the
extractlDEWli s Hes cariomplaisd dhat eps chbpdinegt diseussedn thinspessficainn caiseRl, at t he

condi ti; r gx; spherlc or
el evat e pP%%%%P@??k%F gf% Eﬁgﬁgpﬁéfiggﬁ%,gﬁgg ?ch?gﬁw?EH%erforned near
t he boiHurthgrrpat ndys@instofieheexit¢riobicam beruxdduo achiagamothadcofitht imgnfi@r. ot her
extraction conditions. At such tenperatures, vapor phase penetration of the

solvent into the al | is f ransf er
resi stance. If the @ﬂ%@@tﬁ#ﬁ&@@‘ﬁfﬁWEWJWI%m ficantly
exceed the boiling point of the solvent, the solvent-water systemcan form

an azeqpipne. FhuslvdmabLtRtioh BOoil H@nﬁé‘lgéeetﬁb Bbst @hscNB&arohea BOIvEAtREnipPi Nt of
sol vent woul d generate enough vapors to enhance the extraction, while

r educi rsgleéstﬁémﬁetracr&tﬁa@bdgltyp@nls (ifﬁé})saed lgsivinigta)l psflardipids andinesr G eeutzal hi gher
t enper mt e t{ve f ( Lon at
t empor alroaet POAEGC Pl CH b R SRR B RS ) SRR RS R

|'i pi d reeroNedly cktfact b@laﬁﬁlp[ﬁ@hlﬁ?d hed Bﬂi’&lt pmet ﬁ@item fipiek devoie st palet ligdds,sC heme.

Al though perform ng the methanol extraction near its boiling tenperature

sl i ght ITgsulidng Baaglsicepecrnelficrlagt optign woplkddsvie eytrag all phediridyandachicge veiy, i t
enhancqﬁ Hgo&ggglmk; t@OS&%gvery [0160]!n o;her enbed!nents, t he
C

extraction is rried out under anmbient |ighting conditions. In other
enbodi B3, t Refeeritg aot twRIG.d AC arffovwetiawd00 bmvadv:s(apaqetelmmﬁthé steps such as,

but not. Ilnl ed to, a st t ube .or casi ng, rder to rote I|gh
sensi t i ¥ &?ﬂf;léu CXEBRISEN 5%41%%0&&&#@?5%%1 t&&%@@ﬁaﬁl% I&Hﬁl gD o
sensi t i yfdSh§flan QUIPRBRAISe biBHAY | Th Qﬁﬂ?ﬁteﬁ)f SO ¥eli-’sr‘3?99éﬂ§f€§%&§ Intahe

extraction takes place under normal at nospheric conditions. In still other
enbodi mebsegpenthyeepel0r weter pnemakakirghatg] welbdo yeelhi 1 0-@§Ensodidrboepiser & i n

der t t ect al gal t t dat ill oth
enbodi g G0 ¢ hevaRaed PR poBPaRe AnuePrs Rt ettt ert gas in
order tRIIBEted ehitsoWR ohibb SRS 8ABABO WA Qlsb/iR&Ipct8teaI D BAsca RRRAIRAGAJ Pr One t o

oxi dation. Algal conponents that m ght be prone to oxidation include
carotenoi ds, chlorophyll, and Iipids.




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

bi omass. Wbeorassisual al gal biomass is rich in carbohydraras2¢e/ogids st arch)
and can be used as a feed stock to produce the solvent used for extraction.
[0163]FIG 7 shows the effect of the solvent to solid ratio on the total
lipidr cover ol vent idrati.o was increased. there was a
cort espERUPRGMastionr BORTE § RLFAMSK TS SPRiP pRa E BECURRG! AT 6 ber; eved
that t h[bém‘l@l%s maald?tﬁtréﬁont B&cahBNE! ran§ ebiRfgation, Mhayl b Soribd et hgheho @S
conpared to other commonl ﬁ used oil extraction solvents such as hexane.

[ 0164] Therdss tussiphiateowfmedepimeé nerspensntsf f ect ed by the polarity of soI vent

or aductVEE e THE T s RBRE Ren b Eod Lo APRCR, b5 oo aldr o

sol venttoiaNsdHdd e Tht BioslseEdnl Beehayti Akt dedtertd ssi 20adiny oehitdues intlddige,i nst ant
two solvent extraction system the hydrophobic solvent anount is ca ‘cul at ed

based dnt tlwehrgm%tm flisgafvagair featafinnh wmbmn@ fdGptien tﬂoac‘nwauqnpmsrni:matme
hydr op e ] y 7
extrac [}g @;r)?%et% sdygarll &Qt?@nhogrdb‘%ﬁ?o% E?hsgeglgf% grasf eria %Q% ggﬁ&éﬁj 8%0%% Ogng
sal ts. dfthdwastcbfrem o wlidadr kéraisokd hiistanbe E@bodialenBfof dccmbaint mventnaitiizas

fromsuch an extraction m xtures, .the remai ndnég r@éerl al_is an excellent
fer nentdéwa%ﬁﬁln&é%ﬁhamuewem@evwafey TORbRRABESEhESHI QFse. Psivatsking 8% Pon of
pol ar aﬂ‘léiilsoﬁﬂgnggﬂ} 6 of 4Rl c‘aﬁlﬂlﬁatﬁ)ﬁlo‘{}%f&ﬂﬂe LR uRR1s RSB e h@t@fﬁuﬁs welf O
5.9 an respectively. The key to extracting the desired
conponextby ang other mmogisulkadmntmmqnﬂsaﬂ] mythoértt he extraction m xture by

i t f hobi t hj t
secoundPhir or ThneSyded e BEREas robRsBABEn Srbdrs brormds consyS abRgt (e
known W@ﬁdﬁdﬁ TRdSoRhss@ad Bl BRlextrhdi&d @ﬂﬁ%er%lsélh% sﬁght‘i'ﬁﬂ&ﬁ)o%@oll@@nts
adj usted to achieve the desired extraction m xture polarity. [0166]F

exanpl d¢.ga aluoh@w mne\multbﬁt@mgnﬂqmrmmt @lmnbm@@tlmm%@sgem@mgftm ever y
100 g C}fac\ﬁle ¢ rﬁa%a gfof:o gt r23?1‘1"1"1:’)|du %gda 1 al an<§,hI Sath]l thure e t he
ratio of f)lﬁanof1 %vet ?8@8 §PYOSE par \%%P oPra 3P agr? pg{l%gnol and
the coneesine ahib@mn@efntﬁtﬁ@ada@hadsralgohmdeﬂg&&m@d hl‘id/&%kilﬁl@@kﬁ@étloﬁquﬂasnﬁﬁwt
62% w w of ethanol in the |iquid phase. 62% w w of ethanol in ethanol water
mi xt ur PTREHYBaEBAds to a polarity index of 6.6, cal cul ated by wei ght and
aver agi he Vi

ey O[pihoé] HPA M %ﬂﬁ&duﬁ%g}% r'}f‘e\x}é %?ig{‘ ﬁlaaﬁ%ﬁaﬂﬁg’éf caS*B caﬂ%daouPp{rjﬁfeéﬁ&g

cont ai nh@ga@a%@algammmdvlﬂ%m sudh@suzﬂtaao] MTtee qdedl didntass isttexalbdwed
(0.62*5. 2+, 38*9 out 6.6. The polarity index t he xture for

exi 1 actip SFUBPUISS utwpapéjéllea!wdu%aw then e b%%veﬁiymth%{n Sapieliay JulPtabout 5.8
and 5. %ﬁ@&%%ﬁ;{a&ﬁ% MR E%%ﬁ%ﬁ%‘ﬂ@%ﬁéﬁﬁg had B%\%iléeﬁniapé@ rd%%mg&%@@' e a
40% wW w wet ss has 40 g biomass and wat er for eve of wet
bi omasghan ltnolzﬁﬂrngthoﬂs ehdlderdolvent mdydthgt mdutﬁsshmost of dryingtthe bwtmass @hd behanol

to wet bi o r.t et hanol nd t.h

concentPatsn tapuBRbk R tReSRtof Be At ibibrEvogiasy DRGRRE Hestion 6206
w w of @thaReardtdntdTaldal EdthsbrRAAS &n 2% MANKScLIhRAIRe |sol'v8nt95a|§@d‘0| wat er

m xture corresponds to a polarity i ndex of 6.6, calculated by wei ght and
aver agisaginmenation [paedessce de&@flbt:d]ber@mrap@ﬁféMM lEtphﬁn@e to h@xﬁaﬁtqhd qjgamcr ity

i ndex of .5, arit

cont ai nehe BT bRt B ARl AR sl Ry Tkl

(0. 62* HfHc B8ER)onalOUitein BmethBés @elcaﬁlbtnyed iim ohebér @f refndee m@ntmm waér. In
extraction of polar |jipids and neutral ids is calculated to be about 5.8
and 5. sopEsphedinrts, thq gdditioa ofspivent @ring tﬁf‘séwaé%ﬂﬁwowﬂ PeginbBE Prasspsint |
the anmy WF pOL acetonitrile would be between about 2% and 4% of the anount
of ethano ecause there would be an interfacial |ayer volune al nost tw ce
t he am:[01136]of WHG elB shovishea iBtdraneot imgletmontation 6fed detae¢rimz@otasop@). mwhich is
about 2% [0168 anot h exanpl.e, 40% W/ wet bi has 40 i.omass
and 60 %Plélfre%é{f h%vegﬁ?febdrgvmﬂg'w?am%&e% O@tfouiégné G- Qg /“Bés added
to thi g, piefeliGa whbe sé@atrétﬂ)ncﬂro&%pgml PrbOesi8b0 PAPIBRAC bénthfiR@fibn, WBkankhQmBSS
to 1 part ethanol and the concentration of ethanol i1n the mxture is

100/ ( 16otki, oe fiitedtionalboone GaBodwhentod siptanethimktal tubt lidtet isquéditopleparete th% w w
of ethanol in ethanol water m xture corresponds to a polarity index of 6.6,
cal cul ated by wei ght and averaging the*bol arities of the conponents.

Et hanol, having a polarity index of 5.2, and water, having a polarity index
of 9, in a mxture containing 62% et hanol and 38% water results in a
polarity index of (0.62*5.2+. 38*9) about 6.6. The polarity index of the

m xture for extract| on of poI ar I | p| ds and neutral I | pi ds | s cal cuI ated to

- I T . o o o o o "



X*4,65+(1-x)*9=6.6 |1, x = (9-6.6)1(9-4.65) = 0.55 11, 55% w w of sol vent
mx in solvent mx-water [0170] Therefore, for a 40% w w wet bionass, the
wet bi omewe 20/I38381ratio is (1-0.55)10.6 - 0.75. [0171] WCrhusa014089148 w wet
bi omass this would correspond to a ratio of 100 parts wet biomass to 75
parts sol vent m'xture A 40% w w wet bi omass has 40 g bionmass and 60 g

wat er f ver bi omass f 75 t m Xt u ded
ot St i Bt TR te St IR Vhg (e suth aflisr g FpESFG wale? 38
(751(73¢ %r}ledi ﬁlr@ctlé’d’fo AR AftuR0! NRBAwWRIX I Sadl '1!)1615@55 $QIoVERY has been

m xt ur e-wa sol utlon These cal cul ations can bé used to obtain the

sol ventcobiantiated te ani‘dlgag pastelhwidxa algee donityg pabighandbduw20@ gdh(ipr.d@t2dlo A few

20121 194381 A CRso 1 Rosbss ad B3 APRRE At arobRBl SIERSRPaRCrsTl ommss

parts V@&mpﬁfg{tl@n@@ddégg‘ﬂsd?)l omass dryness Parts Dry Biomass Parts Water

ol vent[- %A% te Sedimentation process 350 involves adding solvent 340 to the algae paste to achieve
a mixture having a weight/weight solvent to biomass ratio of between about 1:1 to about 1:10.
The algae is allowed to settle in a settling vessel, and a solvent / water mixture 360 is removed
by, for example, siphoning and/or decanting. The solvent can be recovered and reused by well-
known techniques, such as distillation and/or pervaporation. The remaining wet biomass 370 is
expected to have a solids content of about 30% to about 60% w/w in an alcohol and water
solution.
[0138] Solvents ideal for dewatering are industrially common water-soluble solvents with
densities over 1.1 g/mL or below 0.9 g/mL. Examples include isopropanol, acetone,
acetonitrile, t-butyl alcohol, ethanol, methanol, 1-propanol, heavy water (D,0), ethylene
glycol, and/or glycerin. If the solvent density is over 1.1 g/mL then the algae biomass would
float rather than create a sediment at the bottom of the settling vessel.
[0139] FIG. 2 is a schematic diagram of an exemplary embodiment of an extraction system
200. The wet or dry algal biomass is transported using methods known in the art, including,
but not limited to a moving belt, a screw conveyor, or through extraction chambers. The
solvent for extraction is recirculated from a storage tank assigned to each biomass slot position.
The extraction mixture is filtered, returning the biomass solids back into the slot and the extract
into the storage tank. The solids on the belt move periodically based on the residence time
requirement for extraction. The extracts in each storage tank may either be replenished at
saturation or continuously replaced by fresh solvent. This would also reduce the downstream
processing time and cost drastically. This embodiment comprises a primary reservoir 210, a
transport mechanism 220, a plurality of separation devices 241-248 (e.g., membrane filtration
devices), a plurality of extraction reservoirs 261-268, and a plurality of recycle pumps 281-287.
In this embodiment, primary reservoir 210 is divided up into a plurality of inlet reservoirs 211-
218.
[0140] During operation, algal biomass 201 is placed a first inlet reservoir 211 near a first
end 221 of transport mechanism 220. In addition, solvent 205 is placed into inlet reservoir 218

near a second end 222 of transport mechanism 220. Transport mechanism 220 directs the algal
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biomass along transport mechanism 220 from first end 221 towards second end 222. As the
algal biomass is transported, it passes through the plurality of separation devices 241-248 and
is separated into fractions of varying polarity. The diffusate portions that pass through
separation devices 241-248 are directed to reservoirs 261-268.

[0141] For example, the diffusate portion of the algal biomass that passes through the first
separation device 241 (e.g., the portion containing liquid and particles small enough to pass
through separation device 241) is directed to the first reservoir 261. From first reservoir 261,
the diffusate portion can be recycled back to first inlet reservoir 201. The retentate portion of
the algal biomass that does not pass through first separation device 241 can then be directed by
transport mechanism 220 to second inlet reservoir 212 and second separation device 242,
which can comprise a finer separation or filtration media than the first separation device 241.
[0142] The segment of the diffusate portion that passes through second separation device
242 can be directed to second reservoir 262, and then recycled back to second inlet reservoir
212 via recycle pump 282. The retentate or extracted portion of the algal biomass that does not
pass through second separation device 242 can be directed by transport mechanism 220 to third
inlet reservoir 213. This process can be repeated for inlet reservoirs 213-218 and separation
devices 243-248 such that the retentate portions at each stage are directed to the subsequent
inlet reservoirs, while the diffusate portions are directed to the recycle reservoirs and recycled
back to the current inlet reservoir.

[0143] In exemplary embodiments, the first fraction will be extracted with the highest
water to slightly nonpolar solvent ratio, i.c., most polar mixture, while the last fraction will be
extracted with the most pure slightly nonpolar solvent, i.e. the least polar mixture. The process
therefore extracts components in the order of decreasing polarity with the fraction. The
function of the first fraction is to remove the residual water and facilitate the solvent extraction
process. The fractions that follow are rich in polar lipids, while the final fractions are rich in
neutral lipids.

[0144] The oil fraction can be esterified to liberate the long chain unsaturated fatty acids.
The carotenoids and long chain unsaturated fatty acids can be separated from the oil using
processes such as molecular distillation in conjunction with non-molecular distillation. All of
the fatty acids can be separated from the carotenoids using the molecular distillation. The
distillates can be fractionated using a simple distillation column to separate the lower chain
fatty acids for refining. The long chain unsaturated fatty acids remain as high boiling residue in

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[0159] In some exemplary embodiments, the extraction is performed near the boiling point
of the solvent used, at the conditions under which the extraction is performed (e.g., atmospheric
or 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. Thus,
maintaining the system at or near the boiling point of solvent would generate enough vapors to
enhance the extraction, while reducing expense. In addition, the solubility of oil is increased at
higher temperatures, which can further increase the effectiveness of extraction at temperatures
close to the solvent boiling point. FIG. 6 shows the total lipid recovery in the aqueous
methanol-petroleum ether extraction scheme. Although performing the methanol extraction
near its boiling temperature slightly decreases the neutral lipid recovery as observed in FIG.
5B, it enhances the total lipid recovery.

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

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

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

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

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

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

[0166] For example, a 40% w/w wet biomass has 40 g biomass and 60 g water for every
100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to wet
biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the mixture
is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of ethanol in
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.
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[0167] For example, a 40% w/w wet biomass has 40 g biomass and 60 g water for every
100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to wet
biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the mixture
is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of ethanol in
ethanol water mixture corresponds to a polarity index of 6.6, calculated by weight and
averaging the polarities of the components. Ethanol, having a polarity index of 5.2, and water,
having a polarity index of 9, in a mixture containing 62% ethanol and 38% water results in a
polarity index of (0.62*5.2+.38%9) about 6.6. The polarity index of the mixture for extraction
of polar lipids and neutral lipids is calculated to be about 5.8 and 5.4 respectively. If
acetonitrile is used as the hydrophobic solvent, the amount of acetonitrile would be between
about 2% and 4% of the amount of ethanol, because there would be an interfacial layer volume
almost twice the amount of water in the ethanol/acetonitrile/water azeotrope, which is about
2%.

[0168] In another example, a 40% w/w wet biomass has 40 g biomass and 60 g water for
every 100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of ethanol to
wet biomass is 1 part wet biomass to 1 part ethanol and the concentration of ethanol in the
mixture is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase. 62% w/w of
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. If
hexane is used as the hydrophobic solvent, the amount of hexane would be between about 6%
and 12% of the amount of ethanol, because there would be an interfacial layer volume almost
twice the amount of water in the ethanol/hexane/water azeotrope, which is about 6%. This is
because the size of the interfacial layer is related to the miscibility of the two solvents used in
the system, and is further affected by the detergent-like effects of the proteins and various
lipids present in the extraction mixture. The size of the interfacial layer is also related to the
temperature of the mixture. As the temperature is increased, the two solvents become more
miscible, thereby increasing the size of the interfacial layer.

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

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

x*4.65+(1-x)*¥*9=6.6

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

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

solvent sets appear in Table 3A and 3B.
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Table 3A

..................................................................................................................................................................................................... g
: : : : : ‘Solvent- solvent
.parts wet parts  Biomass Parts Dry Parts  water  polarity
‘biomass solvent dryness Biomass Water ratio ‘index

:One step Protein Extraction

Ethanol 40%:

111 IPA EtOH mixture
:95% ethanol water mixture

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

‘One step Polar lipids Extraction

Ethanol 100 320 40% 40 60 084 5.2
IPA 100 101 40% 40 60 0.63 3.9
MeOH 1000 274 . 40% 400 60 . 0.82 .. 5.1
‘Propanol 100 107 40%: 40 60 0.64 4:
M1 IPAEtOHmixture 100 154 40% 40 60 072 4.55
195% ethanol water mixture 100 468 . 40%: 40 60 0.89 . 5.39.
95% ethanol 5% methanol mixture 100 317 40% 40 60 084 5195
:95% ethanol 5% IPA mixture 100 289 40%: 40 60 0.83: 5135

‘One step Neutral lipids Extraction
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Table 3B

: : Extraction : :
: : : PartsDry :Parts  :Solvent-water solvent polarity :Solution polarity :
‘parts wet biomass _parts solvent :Biomass dryness Biomass Water ratio index ‘index :

Propanol
1:11PA EtOH mixture

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

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

:95% ethanol 5% IPA mixture

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

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

[0175] FIG. 10 shows that recovery of lipids can be made more efficient by the use of
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.

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

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

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

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

[0180] FIG. 12A shows an illustrative process 400 for a step-wise extraction of products
from an 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 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.

[0181] A first solid phase from the first extraction step 410 is passed to a second extraction
step 420; this first solid phase includes 4.5 pounds of algae, 2.6 pounds of water, and 10.9
pounds of ethanol. Eighty-six pounds of ethanol and 4 pounds of water are added to the first
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solid phase from the previous step. The second extraction step 420 has a liquid phase of about
93.6% w/w ethanol. A second liquid phase of 85.9 pounds 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.

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

[0183] As demonstrated in FIG. 12A, the resulting lipid profile with each sequential
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.

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

[0185] FIG. 12B shows an illustrative implementation 500 of one of the extraction steps of
process 400. An 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
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into a liquid phase and a solid phase. The solid phase is passed to a downstream extraction
step. The liquid phase is passed to a solvent removal system 520, e.g., an evaporator, to reduce
the solvent (e.g., 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.

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

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

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

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

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

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

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

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

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

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

[0195] FIG. 16 is a flowchart showing a process 800 for producing fuel products 830 from
neutral lipids 805. The neutral lipids can be from an algae source generated by any of the
selective extraction techniques disclosed herein. However, the neutral lipids can be from other
sources, such as plant sources. The neutral lipids are treated in a degumming process 810, in
which the lipids are acid washed to reduce the levels of metals and phospholipids in the neutral
lipids. In some implementations, a relatively dilute solution of phosphoric acid is added to the
neutral lipids, and the mixture is heated and agitated. The precipitated phospholipids and
metals are then separated from the remaining oil, for example, by centrifuge.

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

hydrotreating processes described herein can be used for hydrotreating process 820.
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distillatjon process opti opal and n be used in vari.ous orders.
The Ungnega Rongwans ! i3 e b aLhE shpaat B° aBRanos oo s¥astiph PpRes e
opt i onsah @k p@{fsﬁnéd*k%?m@wﬁyﬁitﬁe reQYSrtRé S8R inBderdd gél@dtivé%rséfﬂtﬂabtaé diffle

processes may be performed in the proce53|ng of the I|ipi ractions. For
exanpl eproiem productekivodixamntes obthis srwepmndiGi dhandi§, @s thexasrdamongratethlbly de

separa&h/qz ngggq{kgg,qﬂﬁftéhﬁlneutral lipids fraction can be directly
hydrotre g‘ T Order to Jreke flel products and/or additives.

Al terngo2mgl v, In anei-ligiitigndeeiphe globulih Peoteiasitindbe deldetidel) crRgddianfrean be
passed to esterification process 610. [0188]Esterification process 610 can
i ncl uddrasBwRlsT algalbirmassrbyi Rixingesaid biomastoith salgwpigr andoessing i gAngEAt&a and can
i ncl ud i £ | kS cluded for
produc?ﬁ%&gggga%g%é%%ﬁ§%bgg? 6%@&#@%%gﬁfgm%?g¢%¥ﬁ%ﬁua@m#g%ggétechniques
avoi d tsnbstsmapls sbhidphae e The serebarduiquidplizasecanahal ysdcparawddi dihe dignid phase
conpl i cat ed downstream processin Enzymat.ic esterification techniques can
al so bésﬁgééﬁgﬁég@LPhq S8 E%Hﬂ%ﬂgcﬁggwgﬁ%gf%ﬁ?ia!Iy pure lipid materi al
(over 7931 pi ¢h ax%%héf%%ﬁ-lﬂﬁﬁﬁﬁ%@ﬁampp% ta%un%ﬁtp%tbifnk cal bé)%leogikfé(l?%&{rgﬁe(pﬁ?ﬁpdUCt
can be renoved. The esterified [ipids can then undergo nol ecul ar and/ or
nonnol ecultartedinkpil bibeassdry 1pnns s b®REps with ovatkerand besmgdo gteerats adeated ed

lipids of different chain | ength S | . MO . .

2072 143485 I TORIB 9% NHB1 A b bR ot i P Y pheseidad prspbaentialie s, The
esteri fynack. | TH @8d 6Ad liiaphhes Ras &R bk Qe TRALANIEG pREsL ¢ESTFiIcREPint O
generate jet fuel, biodiesel, and other fuel products. Any hydrotreating

pr oces sldndimprotains heeedils. ¢8rexbractinnentep kuch a process adds hydrogen to the
lipid ul es_apd..renpves .oxygen | ecul es. Exenpl ary .condjtions, for

nydr ot nB&Cng oA HeE Ry SE et bRy EEiee GUS W B Y SARELLERT Y aci o
est ers fydrh bithyrdrfegawatengedalthiagh apaebidtiass a9shbha ifi ARGl 0 fTHQAGIepsVe and
tenperature_ in the rangg of 6Q0F. Commpnly used catalysts are Ni M or CoMb.
[ 0189] HyéRetdaessoninked iemixgag dealgah blogiast Wih atsycpsgt PibhRENEES sever al
advant Fj terifl ' . of
certai rEenpaefeled AR AP EFLAAD, BRRSE 0P Ml IR LI BT o

mat er i aubstadtenllpcbBd pkast 0 Thatalidyatddiquyppleatd ganub@dbd sephyctidotlihe diguitgphase
processes..%%as, e@%&rification prior to hydrotreating prolongs the life of
t he hyd? SHP@SE hBrOCERGIPYAEINS Al so, esterification reduces the nol ecul ar

vei ght [g13)he QHGE S RE-MG ity A OhpRAL Bbteih RAEEHY cdnrﬂérselébﬁ'\ge_l% Betracted
performance of the hydrotreating process 620. Further still, 1t Is

advant dgeoeghdre frehanter oheltfwaelr abest kiomass orshvive 1d FEG 130, dEliesrleptioress 625 to
be hydrotreated in a vaporous form as doing so reduces the energy needed
for hydrotreating. [0190]1n sone enbodtdrents of the invention, the neutral
algal lipids are directly hydrotreated in order to convert the lipids into
fuel products and additives. While in other inplenmentations, the neutral
lipids are esterified and separated into carotenoids, |ong chain

unsat urated esters, eicosapentaenoic acid (EPA) esters, and/or fuel esters

-, = o, . o o ~ N - ~ 4 - o o P — o



WO 2012/ 138381PCT/ US2011/ 059148 from an al gae source generated by any of
the selective extraction techni ques disclosed herein. However, the neutral
| i pi ds cawolkze1f1383s1ot her sources, such as plant sourcesPCTAB2BlIASHAs pti on
process 705 includes contacting the neutral lipids with an adsorbent to
adsorb the carotenoids, such as beta carotene and xant hophyl l's. In one

i npl enent ation, the bent .i s _Di ai HP20SS rcially available from
| TOCHD BT 8RR RG] O3 e paie Do Wi 08 SRt AR ho

adsor beRtratifbramBale br 51)11%? Rl Qﬁ@cstﬁl 4 fH WGR id e QM€ arhd mPiteheafd adsor bent
are held in a vessel for a sel ected amount” of tinme. After the contact tine,

t he absontpeised aﬁmsubns@fuildlyalnten@ plrse anéd sumtamgakheecrirﬁ rhaes kinosehidiand dikeidar t .
I n other inplenentation d in an adsorbent bed, and

| e nodisdas TRALR 8t 2 PR B in e ik MRt *° Coon base hg

t hroughothg adsng lent al@dﬁbmattlhef@ae@é@%l@gd@m@@tﬁﬁ te@ fok fiee dx@uttictlofl i pids is
reduced, thereby produci ngﬁgn oi | in_EPA 194] The carotenoi ds can be

r ecoverBatems Gimar egle s vers &xep Haathic) aystasy Tlrlfe%ﬁennﬁ@arv HESteH SOPIBERRS afiadlgrcan

appr opr

ot hanoi T SO Rhich b e Mep P drafly b B 1 FRUE, UERRRe )
aﬁ et at g226)kanesrasioe (R2AS), h@d&ﬂ@sepaﬂﬂfom ﬁ:ttbxa@eg4)[, ) h@a&bﬂzg)sﬂs sd)lSeI& rédoldwc hgr t
showi ng a process 800 uci ng fuel products 830 fro tr I pi ds
805. THYSHEUELHD): #ds deﬁ%raiﬁwg PrBwRs & ld) gt soupyias funp &wéa %aSFFSP 8f the
sel ectlt}{gng&ts{e?ctl on techni ques disclosed herein. However, the neutral

| i pi ds can be from other sources, such as plant sources. The neutral |ipids
are trd828yd i nFEG.dBginows ag epﬂ:rnpleszssyStbm for nxtvdmugptdwm apl pjﬁardqedse:ﬁwrd was hed
to reduce s of netals and ol,J n the neutral Ii

Some. | T EHRPIRTAon SoSaid PE 18 PR ety SrbosRts Bhe SHeTHBE S CORBTES 5
added t@ AR g ﬁrhlch' aﬂo%plﬁiﬂ%dtd‘&cﬂ@ ¥ MiBay B N6 e8a BOM RN (Ezét)?ﬂa The

precipitated phos netals are then separated fromthe Trenaining

oi | fmene»fagﬂﬁéogbyn @emctqrﬂ@é) q &rosFTRe04) eheatar @B0S) & seltiert rpepysed to

SR Ve LR R T e AR R VR

Wwith cI(aylGa)né;ls@bn@&dleéntm«)é@emteﬂmem)ahd alseébnas:hhleeemmmgP Y(2613)e.
bentonite or fuller's eartq’\t)ee whi ch reduce the | evels of chl orop yl'l's and
ot her cobighin EaryReihg Hradyct aélilﬁtep%@eﬂlﬁ?étaﬁt@d oil then is passed to

hydrotr ng S
conponelﬁ?{d]of ? hggfgﬁ? 1?&19?0”“ e?ég%ro uc g%@ﬁ?%ﬁ%ﬁ%ﬁg{,@%ﬁ@ afﬁl})gﬁitank’

m xt ur €830 biiesaltrifuged (280d) toi ob&ain amdncremmd@asté whintids puraped fohw dayrdetot r eat i ng

Eompourdst s 168 Coi [ REE G RABENE Py Ped Rl hY B SPREAToHE: PrioBesbEge
descri Qgs’te&e&%' diss6RRJ AR b3S Hnl Rt J?M&Eﬁﬁe&ﬂ gequ{a%ﬁ%%sun%@ Or the . A

2012/ 138381PCT/ US2011/ 059148 [0197] The m xture o onpounds cr eat ed in the
hydr ot rreatiragf pnplripstbicBRd hazdmppalsls sdlvei inadtedtto Keatxiractopr Dloeswra8®b ntixes

separate . them.into var cts, 83 Distillati ocess 825 can
e uadnd e Bdiac e Tna SRR R e poU et af Bl EE ARy S
descr i begt e fante ARVEI WithtvBBo@ theth8ds £8P Réatiap vath hitedbwHRIPROMETS .

[0198] I n sonme enbodi nents of the instant invention, proteins may be

sel ect istaany hekeif, a?élel@dtrfcrtMmThﬁ e&tlr%g:éllon magrhgsione Emtmmhem POISSPEOF 8¢ usi ng

t he di scl osedd d? ,9 % f dvanta S {1 cQartl cular, algal cells do
not neddePBHA YDA s Ber T ae Py PhAe el TR pr ot ei ns. This

sinpli f[nem]andThedxtﬁae,slsQBet §urﬂ15edantoraa@dcaﬁxer to SaparARttholshtef anldhRaiigst ant
invention exploit the solubility profiles of different classes of protelns
i n or dethages. Slaip siepicoi phjo bg perieimed igingragnbapafikrating g by éﬁ‘fﬁtﬂﬂlg&}ggeﬁr Ccul ture,

bi oma I
slubj ei?ggpeqihﬁsgact%%l l%set en? ﬁ%&?%scgg ?thwj%laq h%?dd sggt so?ﬂ%%e pr ot ei ns
cal | ed cahkistsiofisn amdhlght(hmﬂoilmt v&léimmnmalgadr @he Apdribplerbibkysubpeapedithrough
h t | kal | ubl |l ed t | ut el
R O e T T A
SOl Ubl &pRIRLITS aiftdosehrbl R A0EyBR: THOScARIAL BLBRcRi-ATRERpHIH) thRfly pbGR 1N

car bohydrates and lipid
lipids. The heavier phase is collected in a hold tank (2308) and pumped through a solid liquid
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[ 0200] Prot ei ns can be extracted from both saltwater and freshwater al gal
cells, as shown in FIGS. 17 and 18. The presence of salt in the saltwater
al gal culwonre1201383s1omass af fects the extraction of diffecents2ehasses of
protein, but the nethods disclosed herein enable one to selectively extract
proteins fromeither fresh or saltwater al gae [0201] I n sone enbodi nents,

extraction of romfreshwater alg ells is.acconplished by the
vl ettt TR sop ey p e bt e i m s A R BB o
al gal t&%@t@@oaar%d1eﬁieq;hu?d1ﬁbrﬂbff?s%as&4d>@hﬂwgﬁa@e&%daea@mhu@%q iR 2 variety

of methods known in the art such but not limted stirring,
agi t at iseendeoticnbekevRyy ¥t p%ﬁdbsih@mrsaﬁr@rg this ‘sysrt@tl at@awsm thsoughet | on

f b d d
R N R T R T e

separ atfgeh tiizaRgdad indAc SeilicRecs69Rid shed by a var| ety of net hods known in
the art |nclud|ﬂg but not Ilimted to, centrifugation, decantation

f1 ot at i18318lsedFHerdds pophematig of D exemEplary, extiaption scheme &ursBe erracken 97 | i qui d
h t lid
Phace. 1Rl oflnd $TabRl BN Eh MG B ERGShAIE) SHER, A RaMaRl) oG

e>r<]t r aCtﬂyélﬁmmompﬂfsgs ﬂfaggddﬂtﬂﬁdrel (lczéﬂp)lg rvagﬂ nﬁéy l&e pﬁﬁmh i Ruaths irodnt hat be/sbtbltequ d I
phase and a second substanti y soli ase. The s e natura
seawat &R adp! drsﬁéyk e ea i a%fu@é@ g%?%tr%rrd?i‘ %ﬁ%%&ﬁp@ 8fhe§t6€&¥‘9 Skal ution
woul d &ﬂgl / 4 g/ L
conpri ??L%hhn%?%&p%emm%ggh%@%& d dﬁéﬁ%%ﬂ@&ﬁ%g&&%ﬁg adhéaréa%gopl)rar at ed.
Thi s sd240fd, &sdashchh%tal(%dﬂ)l ﬂllsncdncpkdsemtwaoemsysﬂeet(zﬁhl)gﬂndtawleccmdpﬂldieei ns.

0203] T d tiall i d t h d with wat d
hoat ot (051 Fo S0 L) Akt B8 P ARE SR S POy compr T sed
of a tmrhpb]subst@mtsl i3k ls¥hdnAdiot aR BRERpIARL yRtchfof SxtedéBag Brtftiad, Inblas Bbidd

phase e pH his third extraction i xture or slurfy is then raised to
about gmdmeytrddipeds, frammict hligalgbiomasst idootilisgitesanerexiaplayy tmh@dlmephél&@ W| th

glutelln teins. The solid nd | 4. qui 8sy, are t hen s

Phi'ra SOBBPRR Py ST Ra AREE WS RGNS oy PaRer T AR TP o

[ 0204] Theatdrbd it BalB$dnkNtal o@hﬂrﬁu%ﬁdz)pb@sﬂrac&rt(bﬁn) 4 dantet (2504, schlaa/temt set
and heated to generate a fourt eated extraction m xture or slu

conpr i S880°0f a soly i FeaeverLysiea 20 § chillgii2§0pha delddaek @5P% ﬂtSﬁhcélJ%tiant ially
solid f

ot hanol P Ao 090 8 RE A B ATOE PR oo ST S IR 0TI £ 88ona
or nor ehdfer{2d2).0l | owi ng sol vents: net hanol , |sopropanol acetone, ethyl
acetate nd acetonitrile. solid a ases are then separated.
This dlPA subks alees Slfuge (%533} 4 Cﬁﬁ‘é‘é‘égeﬂsé%&r o AR PPN dPasict s
The re r i pi ds,
A B e A R S T P
enbodlnepﬂamraxmﬁaann@nbmﬁeﬂﬁ&m@DM$dﬁmﬂwubaiﬂmanmlmatqaiﬂmﬂmk$ons

acconpl i shed rocess shown.in t wat er  al cells
o a Sarion gl e e o EE e A B ARl oL Bedled &
acconplths Bachchit. Pha/d@dttagloy nftkesiRH MOStS tHeneWlioh ol NEx& tim8 HedIcdSthaRtie NOt
limted to, stirring, agitation, and rocking This process generates a first
heat ed l@xlmgamuiltmf tlnﬁ sodmnén@xtu@ ihe 9eat1@§r¢pm be achigfedavith Yasrtous u@ﬁmﬁ sicl 4sy

| i quid ph i rst ubstantl as nd, | iquid
phases RRRANRLNGS o USIEAR, oo b 3R s BRTE e PRl iy Wbt ' o
met hodsatieBpharit Preséie af tinden pfe@dlrﬁgd chnditiditto bhlﬁﬂnb@dletdffecﬁ&’m%ﬁsl dfugat i on,
decantation, flotation, sedinentation, and filtration. This first

subst arffrastian. | Thesraaghatenpymesd ném a desantegtosiriate e digkicnand lgops] The
first a I ?%§91 ted to
generaﬁgB%%sg%%%%b%ggggggg racf?éﬁhlqﬂlﬁ§%ﬁggﬂ%%§??@5§é%ﬁ%ﬁ§s d of a
second [82DHt antrhahglyteﬂ plqnse dorpprasee ofithd hydepbobnd sslvbsitaad tthapdlyr 1§add. Thphase.

The solid an qui d ses are then separat Thi ond substantially
i qui d [SRYSEP a§e emsaseﬁ PP Sﬁ%% Péfen gm? Rras i‘}?*?ﬁ‘éfﬁ@@g%‘?ia it
subst andinieli¥hro @b 4 nPRES 505 ahB%fo @s&ﬁignt"i‘e&nie}“@}s%m b6k eﬁfeevqp&@ afienerate a

third heated extraction m xture or slurry, conprised of a thir

subst amabsedIthrobglyaickillph@$67 sand racavhiaddosigogdlanthcakdigussiolai canqcﬂmas@ The pH of
this third extraction m xture or sIurL¥ is then raised to pH 9 or greater,
enriching the third substantially |iquitd phase with glutelin



WO 2012/ 138381PCT/ US2011/ 059148 proteins. The solid and |iquid phases are
then separated, the third substantially |liquid phase being enriched in

gl utelin Wwoabey138381[ 0208] The third substantially solid poags2ei1g/oshen m xed
with a solvent set and heated to generate a fourth heated extraction

m xture or slurry, conprised of a fourth substantially liquid phase and a

fourth substantial | oli hase one pref.erred enbodi nt so] vent
et corfgrTEseat bl i ot RaR: RonBris e ‘ShRGaReCo Hek COfRt se
conpri %ﬁﬁlﬁéﬂ%@ﬁgﬁ@ gﬁl@ﬁq&@ %ﬂamtéxqwjeg PR YAk %omﬁﬁ&é’tﬁﬂﬁ’é extlRRRAQRANOI

acetone, ethyl acetate, and acetonitrile. The solid and |Igﬁld phases are
t hen sép@mmseydnchrmnsbef@cth@ﬂfx@wsd andiicd. (e liquidi nripieis @asssd énpughhrestcpmd

enr i cndiRRCITBT B MRS SFARA G Bt wonpBareR Dl Bbe Vg Lkl iRgFurg

bi onas pas{cd2@3lidine sebiose krisied 23R L ¥edscoits thdiceydidgicladiphigachis sdie&it TR
extraction of different types of proteins, as shown in FIG 17-20. Any of

the st epgergmdimetcws forahibstrpodiedn d)a sohent B0y eBE T heagxtigated eplidsriparg the
separ atg|;y thgﬁfarﬁ‘eﬁi}g fz_%to %retf%e%t&&?ct#c{]a%%lﬂrg@{thta?at?oe&gtﬁékréﬁil}%?ﬁ{g %)?\% t

single protern pro uc exanples o S appear In
the as tdetrowsitr atthelsyayent hﬂhdaedmd chexctar (@5, Axsteacitmiciurs bepnmplkipath{2hd] I n a

non-limting exanple, globulin proteins can _be selectively extracted froma
fr esh\/\g]"(yélFOPglpblélsgg’F%tﬁéég(? 0 s geRNktCtr obAssscafid rtragtpt Migees @pd E?ﬁds t&at i ng
L0 genehakion oﬂ’@ﬁ&&ﬁuﬁﬁ%ﬁ@fé&é B8n m&ﬂo‘ﬂ'@ nﬂmtsdf‘ﬂ‘ié %corngén% Gfxt@fc. &he

substantiall'y 11quid ase and a subst sol1d phase. The SOfld and
l'i quid spbm:siees:traetns tﬁmrpubrpeé gpapat@nd dﬂmltdn(aﬁl]&j tcpk@s@té &méilghtec hedlhéavier

| obul i FIG 17, 1 ti 0211
Sonn 1l el b s s s s p e I GonBabie o1 Bent g MG aRiaetBs 11 om a
sal t watihviat ﬂﬁilse @d)r%'f@s's@f %yanfﬂlﬂpdﬁlgc §§1‘V€|ntb{)vﬁt@§§t§d M'gﬁeh T‘ﬁ@-‘h?ﬂroﬁﬁ%lé" Q@El‘ Rg to

generate a heated extraction m xture or slurry, conprised of
subst amumadeﬂyhmugfua Hegierd2e2@rmeid ants @tsgkvamtne@meyswrn VR PYSIIS Vifh@rsgrﬂ idand

ol abul i pravsfige “aRR B3P bR e Pk &Y bR Fob RPN ¢ e
non- i mohi m@fﬂdsﬂﬂlyeb;fttw@u&m IRpifd. q1h6lhB@w@n’:phaE@mS&Jyel‘etilwﬁie}éxﬁﬁétbﬁ(%e@) dir om

either a freshwater or saltwater algal biomass as shown in FIG 19. The
sel ect Arts%fvm&@%ﬁ) wlsaab@ﬁﬁmgéwowtﬁf ﬁ@ql?gft@rpﬁé the vt stSPomass with a

I t ,
compr 1 J0573 IGERL B AR RERBh G S Gl BELL AR ARORS] K EanutE LY

The soldfadtimndl ik ichangdd plhprspsrtmamo tﬁealmdmmt sfespaea;michydquﬁmb1ccwl\dnpﬂnahe is

enriched in prolamn proteins. [0213]1n yet another non-limting exanple, a
pr ot ei r’?yf‘tF%‘e& %ﬁenéa?plg%ne@g CéBtbF\%lF?/“V@J@f PEECEE fromeither a freshwater or

sal t wat|gsr gl galy g 79@ RS RA(M D addeGs ofbhe 1117@1&%‘3' ddf‘éﬁlllzliﬂ thMPt would
2012/ 1 838 PCT/ USZ 17059148 extraction is acconplis by m xi ng the al gal

bi onas sbevabldwtoaselsoﬂwnéy\t:xtwt a ticsugé rpe]raaﬂlpldam peottmacarn entheriaxfreshw ater OB| ur ry and
effectinﬁa I—lgc elnttrﬁem ge H tmxturels colggrltse r
ubst art R Ao v AL S ey S RO aH oG  RABSPFRESHP ¢ and
i qui d Rbase SInqaggt bheR iRgant ARBI08ER JoncldTakill B UhdaP RAGRI BeSab®iMol ifRRRGahgE
proteins. [0214]FIG 22 is a schematic of an exenpl ary extraction system
f or t hehegtdenef theabeyfe disclosed multi-step extraction schemes, provided that the protein

content of the algal mass and the solubility properties of the proteins of interest are taken into

account. Other embodiments of the disclosed methods may incorporate a wash step between

each extraction step.

[0224] For any of the disclosed protein extraction methods, the extraction mixture/slurry

may be maintained at a heated temperature for a period of time. In some embodiments, the

extraction mixture is maintained at a heated temperature for between about 20 minutes to about

90 minutes. In some aspects, the extraction mixture is maintained at a heated temperature for
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proteins by a single solvent (anphipathic) system The exenplary system
conprises an algae culture (2201), which may be punped directly in or may
be storedwoOrom/tigdsd tank, a centrifuge (2202), an extra®CoMUSE@2039148 a
solids separation filter (2204), a heater (2205), a solvent recover system
(2206), and a chiller (2207). Punps (2213) assist in nDV|ng the product of

each ste ext step. oms an e stem f or
T et b el 5B abot b0 mietes ol B sap - T e clioh BETUEM no 1 o
one exefRhAintd R aed SR Rinpeiie e FHETBRN &dYabdY B4 LRIRAIRG LB&T mialgae cul ture,

whi ch may be punped directly in or may be stored in a hold taffl( (2301), a
centri f[ugzzS]( 23bpjomegmiodimeants.che eﬁmapn naxigegswre may 28hajted to hé@@@ﬁuréSZSOS)

| t 2306 h l. I d. tank (2308
2oi 1 S8pdPET ST YBEh S BEE: wl el gt P BB b R Fecovery
syst eme(xi’raatéa aﬁ@ﬁp@ra&ﬁ@@dﬂe@hhdﬂ £ouf 2BL2)n o{?iéﬁp@bécaﬁﬂeﬁbs tRSSithictib MoV ng

t he product of each step to the next st B [0216] The al gae culture, which
may be putssedlugivrisbedtsd for tempaiiure elose orthelbeiling Pk af exrktion pEgwL/syry.

centrif; ) (o]
extractg§8%5§§§$%’¢%%n%%%rﬁ?gaﬁﬁgggﬂ%%af%g8%@§EQU%%gﬁ$%%<%§§§H@gp%ﬂnolld
separ atgditheserthactscn mixterixhane Byl rbbdandiiss 8l predui is ifckakat sbreunit or a
floccul ati on sedi nentati on ihl or the |ike. AH%%ftur of . anphi pat hi ¢ and
hydr opH&BPYISHS DEALUIS-LIPHH &@ dinge SQR% rdiEgthe henting ppd BU¥ige slP%@s and
heats thg.seluthapafor a fixed tinme and at |ess than the boiling point of
the solvent mxture. The heating can be achieved with various nethods such
as heat[022p]wi t Wherslod Owawé sn algalt Bomast caar’qe imatased by ramowl eCintdrstitiay andrhe

extraction be done. her.i c essure or under .pre i zed

cond ¢ I5HECR Bl AviiTod nises ErR ey ousrebs] o hensariaRnrih o Bobiofie

ext ractovePa hhedH FUTREAThiStsh Be ABGARE By nliRingRRahHhepathe sdw&htvﬁfh aﬁqnd-igeheaV' er
phases. This step can also be perforned using nenbrane filtration or by

centri fqydj,uwgar biumaass iugtieremherieds eonslasinys b@sorochectwd ue@tpmem ly el weerss.dnd t he

pol ar | The he |er ase consists | vent, water
Pa”al ghE i MG EE M e PRDEC PRt Th o R e fR AR b p® 154885 and +ht o
a sol vemibodasanstye @Yﬁdn@fﬁp{a%gﬁﬁ() 90%heT th@pates intthe argasaﬂﬂlré brisio@hssa 1ghi | | er
(2307) and recovered for recycle. The residue is a concentrate conprising
nost | y sealcgmbodpnends theyemphipathiesolypend secthanobsicetepe. apethanod ispprepanahk (2308)

and pu 2 8.
separa?%fg?égég?&m¥ﬁgﬁ§g?ﬂgébgﬂthEﬁﬁi %éa%%ﬁréG%fgm&yggga 1%%&%@'%hlch can
be f ur threpanek twaasat I&dwpl(DgtD) e’dl.yle_ﬁbgl}lcbqlglyﬂ:elpﬁ),l‘drla@bmbmalﬁaﬁ sededfhiosghe a
second heater Q %@ nd i.ntq a se nd solvené cover ﬁste 2311). The
vapor s Fodipetst fﬁa&%&ﬁ&@géﬁe thiob defrrtured 8dGrzprepnanp 2) to
recoveren%quﬁ&ﬁyqﬂleesoq t ATRHBR01. CinS Al Rt em_BB?mY@Esefhe%Bgieﬁf@ta hdbas f o m
the residue in the solvent recovery unit. [0218]FIG '24 is a schematic of
an exempﬂdhvh@xmﬂadnn@msﬂﬁhenevﬂaﬁummsneMUmd®KﬁmwﬂohrM@Uﬂﬂ%@mﬁnmmdsnénd

protein ven nphi thlc/h hObIC he ex | ary
Eyot em QUi Patlitas "hiRu ey B Sagestin R BRCHE o5 T sl e Bty
or may |gg. stored in a hold tank, a centrlfuge (2402) an extractor (2403),
a decanter (2404), a heater (2405), a solvent recover system (2406), a
chiller (2407), a hold taffl( (2408), a solid liquid separator (2409), a
second heater (2410), a second sol vExdmplkdover system (2411) and a second
chiller (2412). Punps (2413) aSS|st |n novi ng the product of each step to

ext ractiVRY ot obernan st S viel SAACRELOISD) PR SECRRUR VR EhgE]

bi onas photfbedttslidld. 5D sARBIR%E Vﬂ?ﬁfg&’lqﬁﬂf@&ﬁbﬂf@%re Heeesexie f)@te%%?n% beBulk
conprises an al gae culture ( whi ch may be punped dlrectl% n_or my

be st orveder by eenfdugatioanthe, al&ll e%émlﬁs Velgestqrodan]-5 canalese ¢aket #r-80 i usqy

chi 11 or Pa0 o R e pERhip Ao S UK BRI B NG AT S pBR g B0

second mEeaf ethafal3é0knt Wwassridedthts @ Ithreahealﬁitaskeqmped with c3dehjeramdctainiacond
chiller (2512) 0220] The al gae culture (2501) is centrifuged (2502) to
obt ai n 4 t&‘ﬁmoﬁ%t & R SICTIRCRL SR He 3is &situxad {Q3) gl (@@o@fier The
cent ri fHol R Wl dibkR0%) gethé ﬁﬂ%@?&@a&%ﬂﬁx&%& ¥ S aﬁfl@cfn% HiGhnaS @
menbr ane system or a dissolved air otation unit or a flocculation

sedi nentation unit, or the like. A m xt&ure of anphipathic and hydrophobic
sol vent is added to the extractor. The extractor m xes and heats the
solution for a fixed tine and | ess than the boiling point of the solvent
m xture. The heating can be achieved with various nmethods such as heated
mnth nlcromaves mater stean1 or hot 0|I or electr|0|ty The extractlon

I o,

o o - v



conprising nostly of the polar lipids. The heavier phase is collected in a
hol d tank (2508) and punped through a solid liquid separator (2509). The
sol i ds cowproe#13881t he extracted al gae bi omass whi ch camCivasbuniobens
extracted or dried. The liquid portion is passed through a second heater
(2510) and into a second sol vent recover system (2511). The vapors from
this u are, passed through a second chiller (2512) to recpyver and recycle
the® anghiss R RE Mo Mo AL aPoR e eer e waret R Bl Y 1 he

sol vent .f-RGAVIYS Nitdibh.- The extracted solids fromthe solid Iiquid separator

(2509) are further extracted again with a ratio of the anphi pathic sol vent
to the [#28r i Whe mealdipidserhaigal ﬁmpls&awemdm@bymchmmga Qlﬂglfpé?rrn—m%@mhdvmrxt ure

e op s E o AP HBRAO DG R Dbt eod e S g BN 30 | ess

than thg r@t@tdnb@ﬂar@lw Iigid @écolvbrs camraﬂdnswbwenpldmtmeheﬁhpa@eqqm n%iiﬁrdilaCt is
then punped into a second decanter (2519) to separate the Ibghter and

heavi erlinptfesidgolarigidsibyritasdashrademe ehpminesapdy nafeodwrinoffhall ecsbriisnt and
t he ne I a r ol vent,
water AR o G R 1 ARG R e Mo ATROARBIR G, 250)
and i ntigitiallg ebmretted a(fib)\f’ﬂuﬁr)@i sty 25Zdorator (Bickg Soriscdiel) pas ted diibd ough a
chiller (2522) and recovered for recycle. The residue is _a concentr
conpr i SIFg hsé pporugr Theedripdyetentatas .VﬁreglaC%@dﬁéa%Og?n Hihtben r@%%@:ﬁﬁ%a to

t he ext R uct of
cach ot e H P o R e
et hanolmekylreatts mm@hnm@btanoksamdréifHn@)mﬁhmmtmdiamﬂands changed in

proport.i to t ter and h ophobi c solvent in the system

G P or A oo HerRaT regiot SEMED0 FOGHGY e Pigouty = Pos e prlstitig SR b

i nf or meg; fetnotvamh@wepﬁ@d@tn thB %rdt @y@tttﬁoa Rie Oﬂﬁi s%fme%lﬁat lesd &rfdchi®e Brthavoul d
be able to selectively extract a desired P lipid or protein fromeither
a fresaparetioroef neairelatidy. Eegainibhesiing Imyreeqonﬁetrentan§r<ﬁgtt@n§rfféptl‘®n@$sact| on
proces ti-ste traction process

G sct ooy oo R AR s a Sucd B8 ol HIRAGERRE or der
of the akioce eﬁltlré‘otllbﬁslﬁiﬂ ktkdwavstaegistek txtaetib ik §%ﬂﬁd§mﬁly fat@yi ded that the
protein content of t he al gal mass and the sol lity properties of the
proteins of interest are taken intQEﬁﬁﬁﬁmQt. O her enbodi ments of the

di scl osed nethods may i ncorporate a wash step between each extraction step.
[ 0224] For any of the di schpsefh R&ﬁ%ﬂlﬁ%ﬁrgﬁﬁhﬂﬁnﬁﬁthOds the extraction
m xture/slurry may be naintai ne at a heated tenperature for a period of

tinme. In sonme enbodi nents, the extraction mxture is nmaintai ned at a heated
t enper 40230 f o(l)b%tidvéezmhlatgnmlgal(biormawtx% staked bowate ot pH Adtfes ] hbwr. Sldre

aspects, e extractign.m xt S i Nt ai ned at eat ed te er at e for
Ve’ 501 rraks e TRt R et ot A Brl e S B Suui B SLE T EHe

M nut eSFhel Bm@tnEY solidP RetSwadhbBe 3 eMmidsactt Aitdhoid '('1594'58 af@FRtRIdRd. at a heat ed
tenperature for between about 45 mnutes to about 90 m nutes. [0225]In sone

enbodi M8AIH, t (b Adkelingcwireetion: Xigal biosnasp pps ﬁ@@}&e@en Watgt alcbH &1 ferniplequat ur es

| ess t e n telin
oo APt Rl TR 3PS LR AR S A AP0 e

enbodi menthsed Miext draiahe Qupehaxdnd F@h&ledr Mhe sﬁpematredvats@teatretlee@eﬁmta@r@(pﬂ ose
to the boiling point of extraction mxture/slurry. In_sone aspects, the

pr ol ani$ofplewingshaeatighgption cthegempifgetoditls e w%e%t@lets rreﬂb@iutr: Agd poi nt
of the fcgj[tér@catnr oA Yty e/ slurry. In other embodi ments, the pressure is

i ncreas ove atnosp eric pressure, up to and including, 50psi, during
the heating and m xi ng steps to enhance extraction. [0226] The shelf |ife of
an al gal bionmass can be increased by renoval of interstitial and

extracel lular water. This results in | ess mcrobial growh and

contam nation of the biomass over a period of tinme. This can be achi eved by
m xi ng an anphi pathic solvent with an algal culture or biomass under
unheated conditions. No products are extracted by this process, but the
water is renoved fromthe biomass or culture and replaced wth the solvent.
I n sonme enbodi nents, the solvent replaces 50-90% of the water in the al gal
culture or bionmass. In sone enbodi nents the anphipathic solvent is ethanol,
acet one, nethanol, isopropanol, butanone, dinethyl ether, and

pr opi onal dehyde. 2-propanol, acetonitrifie, t-butyl alcohol, 1- propanol,
wat er, heavy (D20), ethylene glycol, glycerin, or a conbination thereof. In
sonme enbodi nents the anphi pathic solvent is ethanol denatured with

i sopropanol . In other enbodi nents, the solvent is isopropanol. In stil
other enbodrnents t he solvent |s agueous. In strII further enbodrnents
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[0228] The total |ipids of algal sanples were analyzed using a
chl or of or m net hanol -wat er system according to Bligh and Dyer's lipid

extracti omoretuses1This total |ipid val ue was used as reCersacae/ofanst he
i pid recovery calculation. Total |ipids were further separated into
neutral |ipids and polar lipids by standard col um chronatography met hod

usi ng =200 hSI Mer c Ger man h | i ction
wasOr ANEFEY ot ot S lad e TR i onrEqHim g hoRorede i L0188 C s ng
a rotary evaporator (Biichi, Swtzerigpdy and then dr| ed under hi gh vacuum
The dried retentates were placed under nitrogen and then wei ghed. The fatty
acid profile of ®matessanpl e was quBruteihiadldoy GC-RédteihtBuritgeri vati zati on
into fatty acid nethyl esters using heptadecanoic acid (Cl7:0) as the
internal standard. [0229] The result da%& not sh(p{/\;n%v J ﬁgl ated t hat

m crowave assisted extraction was oW 1 enova 8 Eol ar lipids in
the first extraction step, and somevx/nat | ess ef f epidtém yiend)t he separation
of neutral lipids. Electronic heating is nore consistent in extraction
effectiveness. The final yield is conparabl e between m crowave assi sted
extraction and eldkalingdix&agiéat i ng assiKted extracti on4>but, nicrowave

assi sted extraction is significantly faster. Exanple 2 Protei n extraction
from al gal biona 1) Acid Lea ng: Al gal bi s was soaked in
water at pH 4. 5 %1({9@% % The sanpl zsumere t hen ce(r???fuged at 3000 rpm
for three mnutes, and the supernatant renoved. The renmaining solids were
washed 3 tines vm'th dilute acid (pH 4.5) and freeze dried. [0231](2)

Al kal i ne extraction: Al gal bi omass was soaked in water at pH 11 for 1 hour.

fol |l ow he i.tion st ed The sa Ies

cont 1 1EE "o PESGE Rl s PHE PR Shn Bl Bosiy S BB BB W7, The
super n&ir@ﬁtsoM\@sﬁto nedveizht gRte nghbl@ﬁllagk frRf tcﬂscﬁlknic h IpPIMtdjﬁstéchﬁater Protein
centrifugation. The remai ning solids were washe times with dilute acid

(pH 4. Purignwas deteenet bethe O aizmwﬁsm&@nm@mﬂmgwwom%@aﬁﬁe
| t bl
b P BE L BRSAI0R, SOMF hE REd P R SRS g ©

prot ei mrymehﬁlporﬁhkpdodn@ thattad éctoi thir E8ddo Pelpal ph;@amhmgﬁa&z this [[ifddndtlmot ei n
yield was c? | ated. on a wei ght basis, conparing the weight of the freeze
allows for the use of feedstocks with varying levels of protein in the systems and methods

disclosed herein.

Example 3

Extraction of Proteins from Saltwater Algal Biomass

[0234] The saltwater algal culture initially made up of about 1-10% w/w solids in saltwater
was heated to 50°C and maintained at this temperature for 1 hr. The resulting slurry was
centrifuged to separate the liquid phase from the solid phase. The liquid extract was
determined to be rich in globulin proteins (about 10% of the total proteins present in the
original algal biomass).

[0235] 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).

[0236] 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
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dried solids to the weight of the algal biomass prior to soaking in

pH adjusted water. Protein purity was determ ned by the Oficial Mthod of
t he Ameriweroyi3siBmemnm sts' Soci ety (Ba-2a38), neasuri ngPChaSanmosd14of
nitrogen in the freeze dried solids of each process. As proteins are an

i nportant product that adds to the value of algal product extraction, this

information allo or. the use. of feedstocks w varying. | evel s .of protein
¢ pefiuiifio heTiab dcalingin ol are n0 et fis I 5 R e
Prot ei ngidif@Mondlstwvat er Al gal Bi omass [0234] The sal twater algal culture

initially made up of about 1-10% w w solids in saltwater was heated to 50C
and mailA23TInedThe salidssvare thsesaspgndediipralklirsplutiph éaqueged NG, s ) pyd heaged

trifuged ta, te.the liquid f h i d .. The liquid
ot 1 actt® A8 o8 SR PG bl e BRGRSE AT BB B e OBEE G (e
total peRtFLRS BRgReat tdlidul®irom thé Selld pHagal TR IRS Bhase 34 3okihmcs @ bes

were then suspended in fresh water and heated to about 50C and nuai ntai ned
for abdigh in ghtselin proteensabant S0Hefdheitata) prgising eresentiiy fePriggl Riommsslepar at e
the liquid fromthe solid phase. The |iquid phase was determ ned to be rich
in albumin proteins (about 10% of tHEsampleal proteins present in the

original algal bio s),. [0236] The sol | ds e fhen sus ded in ethanol to
Scheve a 7006 wf S1eh Dpbiiahatin tnExtarusn tlaan blrass BEAGHE s and
mai ntai ned at that tenperature for about 1 hour. The resulting slurry was

centrify t 0ORE PRIUBARI fduBdd bONEshobh B RSiSRhdsdcRRRASErorhREalnl 2igd phase
WO 2012/ 138381PCT/ US2011/ 059148 was determned to be rich in al bumn

pr ot ei mbtyingsoliemIowoss StaeUnbeesity pkaository for AdgaqtRosearetheandoBiotsichaglogy.omass) .
[0237] T, L ds. wer end in kal i sol uti or u . NaOH, pH
0y st iss doirpsi Mibhet B BUSPRRASRan il AR JotRrrb b0 AR E A o Pl

hour. TEbeut E3WhwvnRgd shaarfinallydszeent ri fuged to separate the liquid fromthe
solid phase. The liquid phase was determned to be rich in glutelin

pr ot ei 1823Hbout hseBastion Heps veriPepioaPed st Hllszdlan jacketepkedievgimiinesst onass) .
Txamn &id. FheRaEIRRI RNANODiR AN i AEHLLRIALIELAR TR QURAS.BYCdIARC

[ 0238] One ousand poun oropsi s bi onmass ure romstrain
202. 0, mbtawitkd 2f foasopdwi zexpdostirgireoUnbtoe mathtaytwollddder shthvfor Fhé Gozdd gase

Research and Bi ot echnol ogy, ATCC Deposjt Number PTA-11048), was. harvested
and devBHEHEa"a r?‘PiH“e‘é\Fﬁag}/ec%ﬂb??dsaéh&éﬂﬁLW?lgg%@)%eW%OQW S PHah PRAMEY frozen.
[0 t2ﬁ9]hi13r?llgg%5ﬁé A%hd AnSt SRSURFS R SRFEE: | PndndQ0ngahd ARkd: Acked gonket t1 e
steam to obtain the desired temperature at each extraction step. The desired temperature is
near, meaning within 3°C of the boiling point of the mixture, but not boiling. This desired
temperature is different at each extraction step as the boiling point of the mixture changes as
the proportion of ethanol is changed. Upon reaching the desired temperature, the system was
stirred continuously held at the desired temperature for 60 minutes to ensure that the contents
of the kettle were uniformly heated.
[0240] The contents of the kettle were then pumped out of the extraction vessel and into a
Sharples decanter centrifuge, using a pneumatic Viking vane pump at about 1 gallon per
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
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lids. The lids were tied down with straps and sealed with silicone. The
system al so contained a m xer with a 2 horsepower expl osion proof notor
with a twobkbedeszssmaft. The frozen al gae material was empriusdoiiosa4g he tank
and an equal weight of ethanol was punped in using a pneumatic drum punp.
The material was stirred for 15 mnutes and the jacket heated with steamto

obtain the desired tenperature at ch extractjon ep., The desired

Cenper dYid TR eTaG Fir SYBHITHG (05 QW S GRCE R OGRS Fh e RETBRIE NN ur e,
but notyQdidd JFany PRitRuMEShERS. TRERAERAM WsicalISdd SlaaREyRld 8RNI R%AeACT | ON
step as the boiling point of the m xture changes as the proportion of

et hanol[024l]chahbedxtriggon and dkiienptiohés desp teachsaporpalarte of thesobigst em was
stirred, continuously. hel t the desired tenperatur r, 60 m nutes to
ensur o [pigeh PTG e sfbchBf Pt ad ETRRP R FIC B P i e
cont entwitlPibdub €0GEIbE | F W hRal hiomhamidmesniap ib&ft c5NEpeY abgl(d DR wessgll and
into a Sharples decanter centrifu using a pneunatic Vi

. . ! : e, i ki ng vane punp at
about  TOBANI GRipErs mivagbah SPRdbY L dpnsdred wandlidge shsmetandsdamaneisobet o
about - ids. 0 [ I I ' um and
consi s?r gsg"%cl#go gbaoﬁﬁﬁgg%w%lﬁ%@&g%t%%ﬁlﬁ%&f 8@? R(ﬁlh gsrﬁg Sés?%fslda Q ! ?desqxf%% urned to
t he ketsparatedising atdeeartdre elgwnibed newl ce Xthe aadt kolid sdraps weghed 52HEat adl wahe
liquid strgan1fron1th?pgecaﬂgﬁg was collected into a feed tank was and then

fed to HedReRdaneofd of Pat [Brolslpst Binderpiaredetnghwatakigd ipdiegoldss 75 12 ss
menbr angs iRhaGHhIHGE n%eéi’g%\*%ou%@% u8gh:EthanbReTAPRIAL bAWLGARNERONS were

60C 5C and th an avera pressure gradient o 0 psi. rane
syst emsepaated oking shiedaradyou tdesvibey alid/eniTihatselsd paliion weighed 354.5 1bs. and was

2012/ 13 PCT/ US2011/ 059148 with conpressed air, to maintain the flux. The
ot meat i) e 0P B ed PR he LD U B SR BT i TP T it e

mat t er .;mikhge bELIRI 958 MBSz UHB6E ertheadHdS ARS8k W& lsBRirA88 BNRLE decanter
[0241] This extraction and fractionation is due to the change in polarity of

t he solasaascribhd ebryie- tThe rpudionessolidhwersctborkdPady mass. IThis biemesa rcaeitdson shown
in FIG_ 1 the process began w th ahbout 1000 |bs.. of t_al gal biomass
60 r{g leg%%laﬁrg%%o}f% calf)cu%g?del?as?(ggla/alel{atenﬁohea‘f otg ?tle%aérbd\"\é%%noﬁ.

cont ai ni ur e o W W~ al ga I'S was mxed with
860 | bg0244] denaiamiceskpetimangl(d{t9bdd wbhanelheatydebobdvaitiasadtianol ®eteltiibdg i n a
m xt ure_cont ai ni ng about 55% aqueous et hanol. The solids and |iquids were

separ ati&nafisphefhancd sertamngns %o gbseeliand § “aiseniepy rieohpbivas ptaddn pe extraghion,

wei ghe lﬁgg 9 Jr8s b, . 0227
denatuﬁ%@%§§hgﬁgfﬁﬁg% a é%%é%%L%he sg i é%ﬂégéh %@%ﬁﬁiﬁﬂ§°ﬁ?§'a§§%%§§g up
of aboui pr8fztted gudodisncat bftho Ipresditansmiibashuaisckeneriiy dst aveilebls dpatatwdd usi ng a
decanter as .described above. The solid portion weighed 354.5 | bs. and was
40@6dr¢”ﬁ§§§n§7b this mass, another 700 |bs. of denatured ethanol was
added, [pEgy! t1 Mo hinfqld bihGidth (ROAUHDIARIEAREQUS CBIANO] usidith MAlduds. and
| i qui ds were separated using a decanter as ‘descri bed above. e resulting
sol i ds faen@taiimith 40196 Theywpamsesg cditligornsivaarasbout 84U desnghibevhassn disellaynt o
dry, calculated based on the | atent hea wat er and, et hanol . [0242]1n
some exoLP! FERETOGAI PTIoER G BHREF S+ Bt SSPAi Al B4 OREDY o o
tried. thpaatddiedg et AR plodubiidid) bthodametiban! TRBe Rissenipaxh al cohol
was used in an extraction, but was found not to be as effective as 95%

et hanolexénetioBostene theepoddrity deanged withobs eddiaerod! waterntoghemextpesdaléovhodiferdhe of

t he present..invention, but i eneral |.y ngt .avail abl.e e to cost

const r areioT oSk conitionils SERALI Rt celbifeie ubd RRlnagene
evapor ais@dcdis, Rgaiadd éxtestoMaer ihabs §ysahethabadutdinsittclaporlzid w@der tat bpgating
condi ti ons, were about 80C.during the vacuumdistill ation. of the

All
et hanolongitiohe Rredvwst Frconiireddlapelplirids. Anedud Seseptazneditbpnatdhbpider e

repeat gq%éel%?%dhk{@ﬁas {h%§‘g4i&1%aﬁ]gioinﬂlsg Whtalif Entgaﬁ’%ﬁod@& Skpwe in FIG 13

This i use W th each extraction step, e polarity c%anged with the
addi ti aaraénomdst er to the m xture, allowng for the extraction of different
conponents with each step. Product 1 contained the algal proteins, and as a
result, retained excess water in the systemthat could not be vaporized
under the operating conditions. Product 2 contained the polar |ipids.
Product 3 contained the neutral lipids. Finally, Product 4 was the residual
bi omass, containing potential coproducts such as carotenoids. WO

2012/ 138381PCT/ US2011/ 059148 Exanpl e 5 Dewatering and Extraction of Al gal

Bi omass by Ethanol [0244] Upon harvesti¥g, al gal biomass typically contains
bet ween about 0.1 to 0.5 % (ww) solids. This can be dewatered using any of
t he net hods known in the al gae industry, including, but not limted to
menbrane filtration, centrifugation, heating, sedinmentation or flotation.
Fl occul ation can either assist in flotation or sedinentation. The typical
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t he protocol described in Exanple 3, 1000 | bs. of wet biomass containing
90% pure water and is mxed with 1000 | bs. of denatured ethanol (95% EtOH
and 5% MaWbB2017B83Islt i ng in a solvent mxture of about 5S50TAIse@00S91e8 hanol .
The resulting biomass (350 Ibs.) is 40%dry. The sol vent conposition of
these wet solids is 50% aqueous ethanol. Wth another 350 | bs. of denatured
et hanol, the conposition of the m xture | d be about 81% aqueous et hanol .
The resulting biomass (235 I bs.) i ¥Ry, The sol vent conposition of

t hese wet solids i I bs. of denatured
et hanol , the como?ﬁaggw%ﬁﬁyﬁpé}?@?eﬁAw%{‘lg;laﬂﬁg%out ~i!%{5}102&1aqueous et hanol .
The resul ting solids would be 40% dry with about 95% et hanol. This wet

bi orrass[ﬂ?-féﬂui rHQOBG%‘reeesg ehet gipntaes tjrmcabas@daimbctneem aben.lnedt5 ¥f wat er
and et case 100 | bs. of d have been ex cted

o ng. 1820 job. aPisSaBPe SomaReunBi By el me NS S SReT e S Car ¢ ng
mat er i ghclw@inig A mal Bdlte SR helabraddBltkion, &fntﬁﬁl at h@a'tlﬁ%ese@ﬂ%n‘{é—‘lioﬁ@r was
extracted w ?h 2085 | bs. ethanol. WD 2012/138381PCT/US2011/059148

Ref er erflasationh & lecsulagan aegn eidtes pesint énsfletatioer wilimintionp dhatgricycsubifodsedice in
their e nt, 7 e C

92(1): éﬁétbé(% g 81&3g§%% ﬂ’&l%cﬁtlagl\ﬁ/r?%%ogﬁ ?%{zrvﬁ/gx s% 1d§ T(? nggate degt'hgrs Another

bi odi esihahiridgimetiod PO hsedBo @dh@s&eéonferdfﬁhéﬁeﬁfaﬁlﬁh@ﬁee whicotegdhnied Adv 25,
294-306. - Ceneric review on using al gae to produce biodiesel Am n, Energy
Conyer onsgyatian of sodids gloserg 4870 wiiooHoweyrar the cpewif v eiaring insisasisgae to

pr oduc J i ds,
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phase afthanbk Ehis matbioonsscyuinesed00s toss ervegy ioghty brscdivmstbe biftertt heateX twatrt | on

m xtur eand cthanol. In this case, 100 1bs. of algac would have been extracted using 1820 Ibs. ethanol.
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separating the partially dewatered wet al gal biomass fromthe heavier phase
of the extraction m xture to generate a protein m xture conprising

pr ot ei ns,waaber13sisd anphi pat hi c sol vent set; and separ aPCmgStée/opries ei ns
fromthe protein m xture to generate a protein fraction. 2. The nethod of
claim1 wherein dewatering is by centrifuging, filtering, settling or float
fractionating. 3. The nethod of claingg wherei n the anphi pat hic sol vent
set is added in an anount to adjust th&§iRiedF§Sy i ndex of the extraction

m xture to between about 6.5 to 6.7 prior to the addition of the

hydr ophrii f6116R1ngeBfer@ts arc AercihiB oMb Bf refdraiciBthelienaidiy:t he hydr ophobi ¢
sol vent set is added in an anount to adjust the polarity index of the
extraction m xture to between about 5.7-5.9 after the addition of the

anphi pd¢ fi Batedf| 36t . 5. The nethod of claim 1 wherein the anphipathic
solvent set is acetone, nethanol, ethanol, isopropanol, butanone, dinethyl

et her, ropj I, I R :

2012/ 1308 bR O o BAb T BT P AV ine e o produce 1y
(D20), et hipldendChlsyicwl (2007 y Besdicsebfrom mendalguat Biorechhdr£bf25, B94-J0ke -met hod of
claim1l erein the hydrophobi c solvent set is propane, butane, pentane,
but ene, E?@B@H@?Vﬁﬁ’ W%ngﬁ“apﬁﬁﬂépeﬁgwgﬁ@; pent ane, heptane, octane, an
ester, ethyl acetate, butyl acetate, a ketone, nethyl ethyl ketone, nethyl
I sobut yYAmkeEabey @hvalsOahise., 30918380 E8400200L TRnekY fel RIEKAMEng algae to
tetrahydrofuran, a_hal oal kane, chloroform trichloroethylene, an ether,

di et hyl et harodusicdsafiicl gndgas uel , gasoline and mixtures thereof 7. The

nmet hod of claim 1, wherein the heavier phase is separated fromthe |ighter
phase i,hg ) Ll teri Ge i i . od of
claimtlbjlz1t égg%ﬁnrh8?§g?£§ﬂ§§§FE@%%%229?$9§é%§Pa gg(??%3$§%8;¥$§@§%g of

al gal bi omaspesinltyhligids anphi pat hi ¢ sol vent set, protein and water by
decanting, nmenbrane filtering or centrifuging. 9. The method of claiml

wherein, t { pat hic_sol vent se nd water are renoved fromthe protein
mi xt ur 1@%@%)&{5@& T PRt gl DY e oRee A GO oR gl AL E et her
conpri sing rgeoNes iPdgsibhe7a0mhy patbse sol vent set. 11. The nmethod of claim
1 further conprising condensing and recovering the anphi pathic sol vent set.

12. The nmethod of claim1l, wherein the extraction m xture is heated. 13.
The metClottiof We M&i hividdnaihey, 8rdhed. h@ilyPrasairRridgswiatsat B, 200304 Hi-cr owaves,

wat er, steam or hot oil or electricity. 14. The method of claim 12,

wher ei n g i VA is.h t i e . The
mot hod SATEYSHHEAGH ST fuh 8o ARG R R RBRUPLLfeaPOAGRNG S PR,
pressuri zed MBat99 AACIEMetHod 38etshod of cl aim 15, wherein the pressurized
reactor is a batch or a conti nuous reactor.

Snyder, L.R. “Classification of the Solvent Properties of Common Liquids” Journal of

Chromatography, 92(2): 223-230 (May 1974)
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17. A method of separating proteins fromintact algal cells, conprising:
providing a wet al gal bionmass conprising intact algal cells which conprise
wat er, alwel2oprieszsins and polar |ipids; WO 2012/ 138381PCT/US3n0@03910%$9148

m xi ng the wet algal biomass with an anphi pathic solvent set and a

hydr ophobi ¢ sol vent set to generate an extraction m xture conprising a
heavi er phase and a |ighter phase, wherein the heavi er phase conprises the
wat er, anphi pathic solvent set, wet al gal biomass, and al gal proteins, and
the |i gftris PRAAsE gonpri ses the hydrophobic solvent set and polar |ipids;
separating the heavier phase of the extraction mixture fromthe lighter

phase Olf. t heA %&ﬂo@ﬁo@s%g@%ggi s fro inta?c(%Bfa%r%Fééllgg%o%s § algal Dbiomass

fromthe heavier as raction mxture’ to ‘generate a protein
m xture conpris wat er and a at hi ent set;

i,ng pratei hi sol nd
Separating (G BPECRY Tt Biorihe @R dreh TCk b eells Spishcsomes™g e e
fracti gfeteins and polar lipids;
dewatering the wet algal biomass by removing extracellular water to increase the solid

content of the wet algal biomass to between 5% and 50% to result in a partially dewatered algal

biomass;

mixing the partially dewatered wet algal biomass with an amphipathic solvent set and a
hydrophobic solvent set to generate an extraction mixture comprising a heavier phase and a
lighter phase, wherein the heavier phase comprises the water, amphipathic solvent set, partially
dewatered wet algal biomass, and algal proteins, and the lighter phase comprises the

hydrophobic solvent set and polar lipids;

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

extraction mixture;

separating the partially dewatered wet algal biomass from the heavier phase of the
extraction mixture to generate a protein mixture comprising proteins, water and amphipathic

solvent set; and

separating the proteins from the protein mixture to generate a protein fraction.

2. The method of claim 1 wherein dewatering is by centrifuging, filtering, settling or float
fractionating.
3. The method of claim 1 wherein the amphipathic solvent set is added in an amount to

adjust the polarity index of the extraction mixture to between about 6.5 to 6.7 prior to the

addition of the hydrophobic solvent set.

4. The method of claim 3 wherein the hydrophobic solvent set is added in an amount to
adjust the polarity index of the extraction mixture to between about 5.7-5.9 after the addition of

the amphipathic solvent set.

5. The method of claim 1 wherein the amphipathic solvent set is acetone, methanol,

ethanol, isopropanol, butanone, dimethyl ether, and propionaldehyde. 2-propanol, acetonitrile,
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t-butyl alcohol, 1-propanol, water, heavy (D,0), ethylene glycol, glycerin or a combination
thereof.

6. The method of claim 1 wherein the hydrophobic solvent set is propane, butane, pentane,
butene, propene, naphtha, an alkane, hexane, pentane, heptane, octane, an ester, ethyl acetate,
butyl acetate, a ketone, methyl ethyl ketone, methyl isobutyl ketone, an aromatic, toluene,
benzene, cyclohexane, tetrahydrofuran, a haloalkane, chloroform, trichloroethylene, an ether,

diethyl ether, diesel, jet fuel, gasoline and mixtures thereof.

7. The method of claim 1, wherein the heavier phase is separated from the lighter phase by

decanting, membrane filtering or centrifuging.

8. The method of claim 1, wherein the wet algal biomass is separated from the mixture of
algal biomass with an amphipathic solvent set, protein and water by decanting, membrane

filtering or centrifuging.

9. The method of claim 1 wherein the amphipathic solvent set and water are removed from

the protein mixture by evaporation or distillation.
10.  The method of claim 1 further comprising recovering the amphipathic solvent set.

11.  The method of claim 1 further comprising condensing and recovering the amphipathic

solvent set.
12. The method of claim 1, wherein the extraction mixture is heated.

13. The method of claim 12, wherein the mixture is heated with microwaves, water, steam,

or hot oil or electricity.

14. The method of claim 12, wherein the extraction mixture is heated at atmospheric
pressure.

15. The method of claim 12, wherein the extraction mixture is heated in a pressurized
reactor.

16.  The method of claim 15, wherein the pressurized reactor is a batch or a continuous
reactor.

17. A method of separating proteins from intact algal cells, comprising:

providing a wet algal biomass comprising intact algal cells which comprise water, algal

proteins and polar lipids;
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mixing the wet algal biomass with an amphipathic solvent set and a hydrophobic
solvent set to generate an extraction mixture comprising a heavier phase and a lighter phase,
wherein the heavier phase comprises the water, amphipathic solvent set, wet algal biomass, and

algal proteins, and the lighter phase comprises the hydrophobic solvent set and polar lipids;

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

extraction mixture;

separating the wet algal biomass from the heavier phase of the extraction mixture to

generate a protein mixture comprising proteins, water and amphipathic solvent set; and

separating the proteins from the protein mixture to generate a protein fraction.
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