WO 2011/ 127167PCT/ US2011/ 031414 METHODS OF AND SYSTEMS FOR DEWATERI NG ALGAE
AND RECYCLI NG WATER THEREFROM CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thiwoapplizewti on cl ai ns the benefit of U S. Provi #corabkoippldicat i on
No. 61/321,290, filed April 6, 2010, entitled Extraction with Fractionation
of G| and Proteinaceous Material from O eagi nous Material, and U.S.

Provi si oiiTHQDIS @RAND SNSTEVMSFIRIBOWATERINGPALG AR ARDLREENCLINEd
Extraction Wth Fractionation of QI and Co-Products from O eagl nous
Material, the entire content s WATER FHEREFROM by i ncor porated by reference
herein. FIELD OF THE | NVENTI ON The invention is concerned with
extracting and fractionating algal products, including, but not limted to,
oils and proteins. Mre specifically, the systens and net hods descri bed

ol vent Lo pr ocoscoROe A GEERETAE IO RELSEBRBPHC SfoRa Bm Gy

[ 0002] Petroleumis a natural resource conposed primarily of hydrocarbons.
Ext r act[00@l |pet Talseppii@ition rabis thedbeaefittdf U.S. mpﬁhﬁlﬂ/ﬁpplﬂﬁﬁg{eNﬁus, and often

at the e ens t he _enyjronnment. Furthernpre, world servoirs of

oi | ar 661 % ﬁlj’dr%léb %01Ocsetﬂ%edaliwca%w#ﬁﬁé%waﬁm%m@ ﬁ%n ransportation
and pr qeERa0b. Wbﬂeﬁq‘r&ﬁo@ %ﬁfoh& MVRRL 0! BT, 9' ﬂ’ro'vﬁ{o‘ﬂapﬁ c%nwﬁﬂos such as
gasoline and |et fuel. [0003] Al gae have ‘gai ned a signif I nportance in

recent @Aéb?rlﬁ&(n filed Amé|6|; 2@, Ienmtj/ethxtmcbcku&étH chmatIMDf:@ﬂ@a(h (oe used to
produc sta e hi of ilit an. he |, oi edto
P evantatiauaran U gaetidisd bl I htecoittafgl st heiehS varbfuluea s

Al gae’ qeﬁugﬁéhgkhiy as a bi of uel feedstock ari ses fron1a vari ety of
factors, including high per-acre productivity conpared to typical
terrestrial oil crop plants, non-food based feedstock resources, use of

ot herwi se non-productive, non-IEHEIH OF BHE INYENTIAON on of a wi de vari ety of
wat er sources (fresh, brackish, saline, and wastewater), production of both

bi of uel s andry. . COs - r
2011/ 127167?%167} b@%ﬁ/‘ %gof%@g? 8}(‘%}? ggé\}g%%[nﬁ agﬁ‘?%(r?\h : %l&%ﬂ?rg%lﬂ%{? ﬂ%gﬁégh ave
been sdrneeaotdinasittosdilkinelcprdteins] Mrd specifically, the systems and methods described

herein utilize step extraction and fractionation with a slightly nonpolar solvent to process wet

algal biomass.
BACKGROUND OF THE INVENTION

[0002] Petroleum is a natural resource composed primarily of hydrocarbons. Extracting
petroleum oil from the earth is expensive, dangerous, and often at the expense of the
environment. Furthermore, world wide reservoirs of oil are dwindling rapidly. Costs also
accumulate due to the transportation and processing required to convert petroleum oil into

usable fuels such as gasoline and jet fuel.

[0003] Algae have gained a significant importance in recent years given their ability to
produce lipids, which can be used to produce sustainable biofuel. This ability can be
exploited to produce renewable fuels, reduce global climate change, and treat wastewater.
Algae’s superiority as a biofuel feedstock arises from a variety of factors, including high per-
acre productivity compared to typical terrestrial oil crop plants, non-food based feedstock
resources, use of otherwise non-productive, non-arable land, utilization of a wide variety of
water sources (fresh, brackish, saline, and wastewater), production of both biofuels and

valuable co-products such as carotenoids and chlorophyll.
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production worl dwi de over the past several decades. O these, about 300
species rich in lipid production have been identified. The |ipid
conposi t iwo 2andizewnt ent vary at different stages of theprCrfus2eymbaiand are
affected by environmental and culture conditions. The strategies and

approach for extraction are rafher different depen i.ndi vi dual

al gal Bﬁ les/ Styesplibousand Hhpetss phelgtsaved bephE IR aag tided Toddi | | ty in

bi OChefBrS&ﬂanH%?l%lWidlé)&e@ﬂﬁ ﬁa@@se?&ﬁﬁ&&%esprd}ﬂﬁés@ £duPlod éb%m%l; H@l’i’uﬁl‘?ﬂlh wal | .
Convent'i onal physical extraction processes, such as extrusion, do not work
wel | vmnrhdlazltlgaéa‘ga leen iddngficdi Ekfnblslsl comppsigot end comdrit Valryohttitf&r@mtalge& ze
(about cells Furth r nor e e, anmoun

ol ar 19 ghatienelegd Pl e Bovitradie et e agon | RGBSR f om
seeds, dpBRfdch@® foe&itRichigh 4rSTaas: dlff%ﬁéaégl@@ang Bh YREYid& alday @%&a:ls/sahml
concentrations in cultures range from about 1-1.0 % ( Thi s means

t hat asmpleyrddecapoof thermgsmiﬁeblarvﬁmhlhtyfm\hmcaﬁmp:ék cqmqsﬂml agfthof al gae
nmust be Y or i ng, O 0 n ting oil
ot actl S Peat T S EERIL0E KB RT bhAy -3 s Rl

conpl etsleytradiyn,fdeemdt vork wpl Wlﬁh difwe givedl the &ﬂaqﬂssadﬂthycsnf waun endihk sexilr act ed.
Due to the anount of enemg uired to heat the algal nmass to dry it

suf f i ciséast(phout 2rie abpygz0n eﬂalg %sllof Gethepmeceths lpge P@ﬁa@fﬁéﬁpﬁhﬁéhﬁiﬁﬁrﬁ cal .
Typi cal iy, ofl hfs Jo%ﬁ)%édstoFtﬁ(etQﬂg%lpfecgve@&ﬁﬂoﬁtsegdsgQa& I REhHUEERs L O enhance
the extraction. ese ste the exlisting equipnent due to
the single cell mcronetric nature of algae. Furthernore, algal oil is very
unst abl[@0@R]e t Upbhbapresentypiaf algdeoheemﬁdmdnlcuhgrestewign frfoat aboualilds0 The

hi gh t g tyres used in conven nal xLract | on. Imet hods cause degradati on
o °F he B0 HERaBETS St B Rl o W Burctit S P BT aaS o BEGRY PE 1 o Known
in the g¢de rﬁ@st 8X kdrAGled Hetoré b StigaAl &lt@dliodTeSSraNyUstifthg SRR cAsh @
solvent. This process is energy intensive. The use of heat to dry and
hexane mehedst fpa@lteagm@lmmrl@is oldig8y rasfuire glieest quablety)y dry feed t lnwp@edhe
processi. t radat 000 i xt ractl on
o be B HFaRy oh s Sa DR, PLg i CRESRTh! ot R nod sk

[ 0008] Dhasks ltkptity\demfﬁblléﬂﬂiﬁ theomghMee®l Hloﬂubleﬁro&}és m@ﬂ@ditecc@ie,coﬁ&iﬁlrcmal
enzymatic or chenical nmethods. Mst disruptive nethods result in errul si ons,

requir |T1$g’1<‘a'1HYe‘f)bB§¢?§| 1y exteyded 9 Jakadord bigh tempegratures o $nbaee haedraptionye

percent cation of
Phe neutiss SppfiaPhor @l iurtl BB et ip bl Hle REIRIHRIC (R AR 12

nutri erﬁatuia df slghet Eotheaneret slghlefilis IVBI'ytLhBtabhﬂ diicit@rhe prsenenaf dzjubh: hosld@d

conpl e cont aj g, neutral p polar |jpids, proteins, and

ot her QP@%& %&U@P@S ;(Hi: B’rg hdgmBraiugs “rS%‘g }Wﬁ%elﬁlﬂé‘éfe‘g‘é@gth‘g“?@@ﬂ%%aé“? he
neut r alqehl Al otAL 6. Ao} nﬁréa%g tﬁé‘@&sts'o?sﬁ&f‘ﬁﬁ%fh%&éj into biofuel.

[ 0009] Noni- di sruptive nmethods provide [ow yields. MIking is the use of
solvents or chemcals to extract Ii p_| ds froma growing algal culture. Wile
sonet i rt@806]sedlttipkeowr acthe aft gabxtpacodil fros) dudd aﬂfgaignmby neng hWordnews th sone
speci es_of due t.o sol vent 1t ox di s t| Q Thi s
conpl 1 caRieah FRRRO i abher B of bt 16 dy SRLLCTHF I

Fur t hergrediies ploduMtfUees: c@ltall@cas\tm@&@ercﬁ@mdewﬂn ka; 1Qﬁda4ﬁp1@fwﬁn cal due to
t he maxi num attai nabl e concentration of the solvent in the nedium

[ 0010] MeBtadptiRise extractions woul d require extensi ve distillations, using
conpl ex soI vent mxtures, and necessitating nmechanisms for solvent recovery

and r ec[ i Iﬁlg%l Qﬁ%ﬁﬁ?&f&ﬁ*&aﬁ’é% 8@%{ iQ'htd ch{] fé‘z%é GfkurRd ol RGS: Sﬁﬂgjélg@' for

use t echnol ogi es. Accor to overcone
def|C| enﬁhedas, there is a need in the art for

[0008] Disruptive methods involve cell lies by mechanical, thermal, enzymatic or
chemical methods. Most disruptive methods result in emulsions, requiring an expensive
cleanup process. Algal oils contain a large percentage of polar lipids and proteins which

enhance the emulsification of the neutral lipids. The emulsification is further stabilized by
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i nproved net hods and systens for extraction and fractionating al gal
products, in particular algal oil, algal proteins, and al gal carotenoids.
BRI EF SUMVBRY110R716HE | NVENTI ON [ 0012] Enbodi ment s descr i lped/uses@iosidn€l at e
generally to systens and nethods for extracting |'i pi ds of varying

polarlt es fronhan olea i nous gg%e§| ﬁEUdin .far exanple,. an al gal

bi omstsst C PSR4 éata?m errpbdetamthe sgl P1 ° CRESEINAS & GHIEE f@)’éturr%tcu ng

i pi ds c%BtaYrﬁﬁg’hélgra}PH 6] ol £ tdsomo@&nsatﬂ@bth@f agaﬁﬁ»od:l&tsn%m' B R e Of
varying polarTty and/or 'a serie$ of ménbrane frlters. In sone enbodi nments,
t he fi Ircleningpraressce taobdlateghe n§uddl Bpids, wlonie arrtho ticdemt s @hverte intovent i on, a
single SoL Y nt and water are used to extract and fractionate conponents
present '?"%n ol eagi nous material. In other enbodi nents, these conponents
i nclude, but are not limted to, proteins, polar |ipids, and neutral

l'i pi ds.[00@w]St i NonafidgptiRhadbdmitbeide MY ficlddamioigg ahy 8 ofisslweag@r I n still

ot her enbodi nents, a m xture of solvents is used. [0014]In sone
embodi reBamicalsthextregt hipuls fegriel 2 gyosyiagslegbadivrp eWhHe semplimpseussd & extrachr

ext racty p?%ﬁﬁgﬁ{ﬁkﬁjg% aJrioQ'\x%‘?kwl A& &31?&& 3 a%&gtd‘ﬁé 'tc?éolvér:ﬁé?c{??&{?ﬁan‘af such

coproduc s’inc Ilnlta ion, ous nater
chIorophﬂhhﬂl@mﬂpnaidﬂﬁmamdﬁhauM£h%ﬁ&mmé2%&ﬁ@ﬁ&iﬁUSB@&&ﬁﬁﬂié&ﬁsEﬁﬁaﬂtnents
of the present invention Il ow for the simyltaneous extraction and

fracti BretEft aivalélmeﬁpgmlmrgs reAgieargald bsidsteramics] dye fHISERaXRER al | ows

for theattB{n‘agféCcBh%tr%mPQHHeE&!%xﬁ1&&%&9&?{1&?' onal products. [0015]1n another
hod o

enbodi nent of the i1 nvention dewat eri ng al gae and recycling
water therefromis presented. [0016]1n a further enbodi nent of the

i nvent i[ﬁﬂlﬂla mdfuiigehasé eﬁmomwwdaeqmte eategstlve detillatmnsmﬂi@ ¢amaylerdes
rermvnl xsrt an%rell cg ssg%gl tgrc V& Cléltcie]l"SInga

si nter & ‘ngg R Vo [ R A ng%t PHSES R EOIFYAFeDi Bhﬂggftx &t1Bh having a
| ower |hgrek Gu&pé&&ﬁﬁﬁoﬂshﬁl@ra{cﬂ@aléh@@hec%ﬁbﬂmdél»lfdrh&ﬁ@maeﬂgjal beGYdhnblgicet | east a
portion of the liquid renmoved fromthe algal cell culture for use in a

different algal cell culture. The nethod al so includes addlgg a water
nmi sci bl[80LY| veAccadingtip tq precrepune tcgpadelisicagigs <here ava nesd in e abioti ng an

anmpunt gﬁ)ﬁédeﬁ%ﬁﬁo %BH]S%S‘[@ILQR)II‘ eggéétﬁm%{l tf‘IQStld"Hagﬁé F%’gfs)lg%aﬁctg ll??s,lltlgﬁll]gf

gat her. er 1 ncludes |so ating at a portfon o
gat her edigabgadlgdeirdteink y owhaddal keashomsporti on of the sol vent set and Ilquid
of the wet algal bionmass fraction so that a dematergw%algal bi omass is

generated. [0017]1In yetB%]r%Tt EMMARG Ot AHEENY KR T ntion, a nethod of

dewatering a wet al ga
[0012] Embodiments described herein relate generally to systems and methods for

extracting lipids of varying polarities from an oleaginous material, including for example, an
algal biomass. In particular, embodiments described herein concern extracting lipids of
varying polarities from an algal biomass using solvents of varying polarity and/or a series of

membrane filters. In some embodiments, the filter is a microfilter.

[0013] In some embodiments of the invention, a single solvent and water are used to
extract and fractionate components present in an oleaginous material. In other embodiments,
these components include, but are not limited to, proteins, polar lipids, and neutral lipids. In
still other embodiments, more than one solvent is used. In still other embodiments, a mixture

of solvents is used.

[0014] In some embodiments, the methods and systems described herein are useful for
extracting coproducts of lipids from oleaginous material. Examples of such coproducts

include, without limitation, proteinaceous material, chlorophyll, and carotenoids.
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cell culture includes renoving at |east a portion of liquid in an al gal
cell culture using at | east one of a nenbrane, centrifugation, a sintered
met al t ubwo 2disoleved gas flotation, and floccul ati on t@ecohtsain/oai4met al gal
bi omass fraction havi ng a | owner quui d content than the al gal cell cuI ture
and rec cI| portion iquid removed fromthe aI cel |l

| e |
cul tur %@@S Pﬁ%& P&?SFP@%?HUOQI aw ’éihie wlfapeQus erﬁéctwém& aérl%a 10ﬁc| udes

addi ng @a@i Bodlbes %'oFH Ao AYiNRRS i thatnﬁetttth a\ﬂ%%vs%lqﬁ& RicapBssof yoachiefn and
wai ti ng an ahount of rgreto permt algal cells of tﬁeaga bi omass

fracti mdmtrgmhbprodﬂ'dﬂe met hod further includes isolating at |least a
portion of the gathered al gal ceI I's fromat |east a portion of the solvent

d, of f h d d al gal
o1 omsd O Tgontr el < Bhod PR oc R R ERo b b bR et Pon

a met hqac}@imglwmeﬁdrmrﬁly\@%s@k@al cell culture includes rermw ng at | east
a portion of liquidin a vvet algal cell culture to obtain a wet algal

bi omass fraction having a l.ower |iquid content than the algal cell culture
and addPBtpla f i sfurthst enbedigeninidhe mvgesian, §@tet @&f&eyvgteﬁl@g@rvéet@}gahﬁlb

S0l vent iruf:Int 1 Bhoth 8l |l RS Rof AGHIOR: oy T bAM pLsRcbnghudes

generating a substantia stanti a
fromt hﬁetml tubaifiberab obtadn swetet dg@adlorhassrfmtaorﬂ hadtg @oveardiqualt entamt than hiiee

sol vent t isolatin east a .porfjion of the supsta tlaII solid
phase. ?@fﬂ&ﬂeﬁ AT, lqgﬁé:lqaafeaspo oS AigyrEPeEe {)@% aBats addi ng
a second el ®f uddifGl d?i*f@reﬁ’toehg/ﬁ RE1] SQture. C@HPHeﬁioﬁQtls%’lﬁle&esWdﬁm%QJ waets, to
the isolated portion of the substantially solid phase and isol ating at

| east anyoibtd sohveof scatayhe V@(ohlgdlsblomawfeaqtmx fand wasigtanenswbsoftnné td peymstol i d

hase and,s m Sci t tlon r.flotation
P12 b oot SERC R SR s oS P s, G et ROk R Al il 3 £ Po
of at lleash peARNQT thEtidréSilgandlls aepnd léﬂﬁﬁaﬁﬁorﬂbﬁﬁfﬁb@o@@ht\/s%ﬂﬁndsl uid 0 a

subsequent al gal cell culture dewatering (gr ocess. BRI EF DESCRI PTI OF THE

DRAW NGS thw gl @omaqs frgctzorf Jogletedawagdred algplsbipmeoss| iy genarsted met hod
according to an exenpl ary enbodi rrent of the present disclosure. [0020] FI G

1B is 2[ ﬁﬁgor diﬂ etqh@tg raéHﬂS)JduﬁE'n @&Mmﬁ”?ﬁ%@%&& dgfva 1{?@‘@&&5

proces In e pr esent i sclosure a sc erratl c
di agr ametlfcuhureemémdﬂsaemoe'ngadieam atpoetforaut lepid iaciniabuul syib tdtoracdog di lngstt o t he

present disclosure. [0022]FI.G 3.is a co ratjv show ng, Sohxl et
oxt T actasiS ! G %%Cﬁf}tfl aa?@&élrﬁ?raﬁ%éa alssa‘ﬁ & #1085

enconpagztMeiél® SRIRLSIE aRA GibhdaYs frANDE ha PaWaNGw SR i B RN tinSheIPt i ve
al gae oi | extraction effici'ency and the effect of polarity on the polar and

non- polajgal Icelpmdslrexmd &cyd¢long.at ﬂ@@tzael}d?h@l ofith&Bqardecgoaghiremrtepalgslawtlat i ons
show ngcuﬂﬁl%tfror use 1|n (fj f%er%pi)algalf celtl gul?ure ﬁ“@ method also includes adding a water

miscible solvent set to the wet algal biomass fraction and waiting an amount of time to permit
algal cells of the algal biomass fraction to gather. The method further includes isolating at

least a portion of the gathered algal cells from at least a portion of the solvent set and liquid

of the wet algal biomass fraction so that a dewatered algal biomass is generated.

[0018] In still a further embodiment of the invention, a method of dewatering a wet algal
cell culture includes removing at least a portion of liquid in a wet algal cell culture to obtain a
wet algal biomass fraction having a lower liquid content than the algal cell culture and adding
a first water miscible solvent set, comprising one or more solvents, to the wet algal biomass
fraction. The method also includes generating a substantially liquid phase and a substantially
solid phase from the mixture of the wet algal biomass fraction and water miscible solvent set

and isolating at least a portion of the substantially solid phase. The method further includes
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Recovery in the two step solvent extraction process using nethanol and
petroleumether at three different tenperatures. [0024] FIG 5A&B are graphs
show ng neotal12riepi ds (A) Purity and (B) Recovery in tRreTtuseoiggmisol vent
extraction process usi ng aqueous net hanol and petr ol eum et her at three

dlfferergitg r@eratures %82 FIG 6 is graph shovm |p|g}recov8ry in
the twdddingp SEPAEWHCERISCHLG 3 YP%P%C%%P% ‘gt se Pf%‘itﬁéﬂ c igpfgte
petr ol eyymigt bahe @ﬁbs%alﬂﬁﬁ?y QlfdfﬁQMndtlmgaét%a%ﬁa pbPB8R 6F Ellggé so%dk Sf thedr aph

showi ng the effect of solvents to solid bionmass ratio on~lipid recovery.
WO 201 Inikar¢ 67hCHubisaoiily celidilkst 00dHcphGvaBr nBscablg wlpbn@tﬂdw ng the

ff of ff t te

oxt r actLueriig &F ot STHEBE 0 RGN oMeand 57 ikl rTuoiaeePe <
graph sReméér 4 eseddeesFithOfirstatd deBbiRi @&t@pmmamp@mbexﬂétrtaﬁtsu&@ uR alohP
cumul ative total lipid yield and the neutral lipids purity. 029]FI G 10

i s a grapleulswicwgtcring peasass. ati ve recovery of |ipids using vvet bi omass and
ethanol. [0030]FIG 11 is a graph showi ng a conparison of the extraction

times of the m crowavgpirr pESCRIPTION OF THE DRAWINGS

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

embodiment of the present disclosure.

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

process according to the present disclosure.

[0021] FIG. 2 is a schematic diagram of an exemplary embodiment of an extraction

system according to the present disclosure.

[0022] FIG. 3 is a comparative graph showing Sohxlet extraction of freeze dried algae
biomass using an array of solvents encompassing the complete polarity range showing
maximum non-disruptive algae oil extraction efficiency and the effect of polarity on the polar

and non-polar lipids extraction.

[0023] FIG. 4A&B are graphic representations showing neutral lipids (A) Purity and (B)
Recovery in the two step solvent extraction process using methanol and petroleum ether at

three different temperatures.

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

different temperatures.

[0025] FIG. 6 is a graph showing lipid recovery in the two step solvent extraction process

using aqueous methanol and petroleum cther at three different temperatures.

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

recovery.



assi sted extraction and conventional extraction systenms. [0031]FIG 12A is
a flowhart of steps involved in a nethod according to an exenplary

enbodi mrenwoabittheiepr esent di scl osure whi ch i ncor por at es PaTAiSeq@1.0814p4 ot ei n
extraction. Al of the units in FIG 12A are in pounds. [0032]FIG 12B is a

fl onmchar f s s involved in an exenpl ary. extracti on process according to
the pr dobadl di Efﬂffo%aﬁ @e%raqho%gﬁf}rm 3 e;@a% Oéglfﬁ%ﬁ%ﬁ‘&@%ﬁﬁmﬁﬁ%%s%woéﬁd% _

di agram s(i'ﬁ‘g%ﬁt'e R i3k r&%v&r@r%f%ﬂ@&ﬁk R 2060 &r@reoiq%%.ent_ i nvention wherein
1000 | bs. of algal bionass was processed through extraction and

fractionation in order to separate neutral |ipids, polar |ipids, and

pr ot ei 10928 m t REG A igal grinhothasdng tho @84dtef Gultiple stop andthapat trractidesswy thbi ng one
of the enbodi ts.of th sent. iinventi on wherein an al gal nass can be

pr ocesscggllﬁ%lvgg&ﬁfl\l/pé?iiybe&ga%{% eyl hﬂj&gfgfl 'G 15 is a flowchart descri bing
one of the enbodinments of the present invention wherein al gae neutral

| i pi ds [80E9|pr OBRS S b @rdphrsibwaiy thel SumiilatductesovdrP 0Bhpids (mind G/ct Biomakd owchart
descri bi ng one of the enbodi ments of the present invention wherein al gae
neut r al2ndiciagel- are processed to form fuel products. [0037]FIG 17 is a

fl owchart describing one of the enbodi nents of the present invention

wher ei "[0@%%39 PIGLAl i@% g?a[g%asﬁ%%d MRhparieh HAGE %Qtreidﬁ%ﬁ‘tiﬂle{s [?gﬁ{%"in’%fc?dw@egm

bi omass. 038]FIG 1 hart” descri bi ng one of enbodi ment s of
t he pr essgsitd extvastipn end conventional extraction systems.

[0031] FIG. 12A is a flowchart of steps involved in a method according to an exemplary
embodiment of the present disclosure which incorporates a step of protein extraction. All of

the units in FIG. 12A are in pounds.

[0032] FIG. 12B is a flowchart of steps involved in an exemplary extraction process

according to the present disclosure.

[0033] FIG. 13 is a flowchart and mass balance diagram describing one of the
embodiments of the present invention wherein 1000 lbs. of algal biomass was processed
through extraction and fractionation in order to separate neutral lipids, polar lipids, and

protein from the algal biomass.

[0034] FIG. 14 is a flowchart describing one of the embodiments of the present invention

wherein an algal mass can be processed to form various products.

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

wherein algae neutral lipids are processed to form various products.

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

wherein algae neutral lipids are processed to form fuel products.

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

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

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

wherein algae proteins are selectively extracted from a saltwater algal biomass.
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wherein al gae proteins are selectively extracted froma saltwater alga
bi omass. WO 2011/ 127167PCT/ US2011/ 031414 [0039]FIG 19 is a flowchart
descri bi nyoana/afievhe enbodi ments of the present inventipom/Ush@nesnia

sel ected algae protein is extracted froma saltwater or freshwater al gal

bi omass O40]lFIG_ 20 js fl owchart de c¢ribi_ng.one t he emhodi nents of
the pr é@@#ﬁ i n]v‘&#tlﬁd \ﬂ?@i‘gﬁlﬁ dgscuaNg e @ ﬁ}egeé%b BEM} Pf the PESREMARYRHOR r om a
sal t watglerQh ofstRERUAIRE pf;’dt&ﬁlls Q!tf%@%ﬁ%onﬁ Qgﬁg’dfﬁé&r f?e%h&z%e@algglo&&ﬁﬁs%ph

show ng Scenedescenus sp. cel fore and after extraction using the

met hods descri bed herein. The ceIIs are substantially intact both before
and af t[894lxt r BEE i s aPlowahuEDeOHEBOR BT 0Ot cRefliodiménsnef @@@@?ﬂthevem@pm
“condui t' or ther es @any structure

¢ ough BaFen el a el T et orkd SN Ty bREEAER BPeShau

i ncl ude pi pes, tubing, channels or other enclosed structures. [0043] The

term "r[@e4rvoi FIGax @amhmgfa@hismwm@%@w‘desoaﬁmﬁs;ecienebabﬁ,an'draﬁbudes any
body structure capable of retaining fluid. Non- Ilnltln exa | es of

reser vcﬁXFrgctm&Smethﬁaw&sods dassribed hgrvs Thwsgs arg rsu'eﬁtamélla nz’Pthsttelfoét ures.

[ 0044] ThY Ref Mir2RQHt " or "approximately," as used hereln are defined as
bei ng cl ose to as understood by one of ordinary skill in the art, and in
one non-limting enbodi nent the terns are defined to be within 10@6
preferably within 5% nore DETAIBEDDWESCRIRTION and nost preferably within
0. 5%

Definitions

[0042] The term “conduit” or any variation thereof, as used herein, includes any structure
through which a fluid may be conveyed. Non-limiting examples of conduit include pipes,

tubing, channels, or other enclosed structures.

[0043] The term “reservoir” or any variation thereof, as used herein, includes any body
structure capable of retaining fluid. Non-limiting examples of reservoirs include ponds,

tanks, lakes, tubs, or other similar structures.

[0044] The term “about” or “approximately,” as used herein, are defined as being close to
as understood by one of ordinary skill in the art, and in one non-limiting embodiment the
terms are defined to be within 10%, preferably within 5%, more preferably within 1%, and

most preferably within 0.5%.

[0045] The terms “inhibiting” or “reducing” or any variation of these terms, as used

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

[0046] The term “effective,” as used herein, means adequate to accomplish a desired,

expected, or intended result.

[0047] The use of the word “a” or “an” when used in conjunction with the term

“comprising” herein may mean “one,” but it is also consistent with the meaning of “one or

2% ¢

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



[ 0045] The terns "inhibiting" or "reducing"” or any variation of these terns,
as used herein, includes any neasurabl e decrease or conplete inhibition to
achi eve awdesiwvedisresul t. [0046] The term "effective," agCcudsdothessis, mnmeans
adequate to acconplish a desired, expect ed or i nt ended result [ 0047] The

use of WO ran” en. used in ction wth
conpr.@{;fﬁd th%Fqlimer? wﬁ%eﬁe MERR a0y Oirsu PSExelrty & %te trgﬁlefhe

meani ng, Qftern tRe altcrRitive§ Bt mANEly c@MiveO AthRph TR Hsdif@fe one. * WO
2011/ 127167PCT/ USZ 11/ 031414 [0048] The term or" as used herein, means

" and/ orstppertsesdeimxtpin thatiriciers todindyatlénndtiyes efderanti®ril t er nati ves only or the
alternatives are nutually exclusive, although the di scl osure supports a

the teriPer~ THEREUTnE Bl P GRTRUHYT RuBRP o MRl Aottt 05 637

about 9908000, evat&RhRAE. - WWE e6nte@HhBbe 168D Eithcd et REllghid 6
intracel |l ul arl y or extracelluarly. [0050] The use of the term "solvent set"”

as used*Ha¢@luarlyi s used to mean conposition conprising one or nore
sol vents. These solvents can be anphipathic (also known as anphiphilic or

sl 1 ght | ofRNPOAL )ee SIHAL %Pg"‘kbl%nt%t” ﬂEéﬁ%‘P hCIS ubdy t%‘?ﬂ&n%ﬁi‘rﬂgéiﬁ&fﬂt , these

solventsaewater m ScCi and 1 n ot ers, are immscible in water.
Non- | i ndotripmiging>caapl e00¢ s ednve rifteest ktiitzemag/antim amlﬁdpetthlcmlsmkmcnm e net hods

of the in tion inc t hanol ,. et hanol, isopr nol , acetone,
et hyl E@Bﬁc %ﬁ%lg e:épalmql%rweﬁrogvﬁégn%hwmﬁe Iﬁéﬂ@ﬁﬁe%gﬁaﬁesﬁ%m
oct ane)so\RatsekSwhet A¥dcifie Sh@incoth Y ttMéy zﬁ‘é ¢hatilble E?\?v&‘t@le SN &ﬁfﬁhﬁﬁ{ﬁ et hyl
ket one (MEK), methyl 1sobutyl ketone (M BK)), aromatics (tol uene benzene,

cycl ohesxamele afeplvahty diras inayde)usedtal pradticatlesmeibhioeiohe mrsfant miventiar meltuldyl ene),

0051; Thahdiol gl Hoptord B, Rkl v EeERS e bttt sHERRHERTK g

neut r alpchtapk depaine RRedndy, ckteRi Bty dReaitd, % accdt8R RetBhés'(ndiel 1 cllygRbtofd | " as
used herein are used inter chan?@gbl 0052] The term "d| ffusate" or

" per med MEK hgnotisd dsohatye kefonaiM HEE By ar@@aﬁm (é?hl@ﬂe betaend gyclohexane,
tetrahydrofuran), haloalkanes (chloroform, trichloroethylene), ethers (diethyl ether), and

mixtures (diesel, jet fuel, gasoline).

[0051] 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.

[0052] 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.

[0053] The term “retentate” as used herein may refer to material that remains after the

diffusate has passed through a separation device.

[0054] As used herein, the words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of having, such as “have” and “has”),
“including” (and any form of including, such as “includes” and “include”), or “containing”
(and any form of containing, such as “contains” and “contain’) are inclusive or open-ended

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

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

not limited to, phospholipids and glycolipids.



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

mat eri al wbavivemsrns after the diffusate has passed througis2@isspas ati on
devi ce. [0054] As used herein, the words "conprising"” (and any form of
conpri si su as "conprise' and "conprises"), "hayjng' (apd any form of
havi ng,["@%qfﬂh aine frapeneutrd Linglss oy any yaiiafipy Fh?@@of(aéﬁﬁe%hvg%mﬁﬂ@%ibﬁasudi ng,

such asgt iiﬁﬁﬂea@(ﬁsfgg@e@&idéis,r&igyg'&id)es r%cnol eRALaLNERGienbiRNdvARY, st@b of

cont ai ni ng, suc 3 "contalns" and " o%taln") are 1 nclusive or open-ended
and do not exclude additional, unrecited el enents or nethod steps.
[ 0055] TTABSTler mThetsirar“solipplepse” arusadherearickyrs rp edllseiewt of matengldbather ei n,

includes, byt is not Limted to, phospholipids,an col | pids.

2011 15 R TR Moo § peBPRREC o B SR fr et o el Grundfhse
vari at ii9goltd1eTREf a plaSe USEHAg MRt dtial HduHE 05 solllf whie Retinihj; Bdbhetqbi@s, is
triglycerides, dig?ycerides, monogl yceri des, carotenoi ds, waxes, sterols.
[ 0057] Fweompasssd wihindhe msawing athassemnMasnwhilefthe termliguidgihpeedt 3so1ebf

mat er| |an|er%@,ar‘t'eﬁhsto%ed%‘ﬁre@t}é@’of’?ﬂ&ia’i%Jt‘i’s ée@@&llp?ﬁdgre @Hﬁigitﬁad‘r? ,M&tsﬁ&??d to mean

that a e nmaterra n e phase 7s so a phase having a
subst andoilatticarmayninchifle salid msteriwlei | e retai ning sonme |iquids, is enconpassed
wi thin the neaning of that term Meanwhile, the term"liquid phase", as

used herein, refers to.a.collection aof terial that i enerally nore

[ qui d 10 noﬁemg sBlo1e datd I iorrie iy 9Bl srep it aeido0ss] The
term " Ripdt@EBn al@k Used herein refers to nethyl or ethyl esters of fatty
acids derived from al gae [0059] The term "nutraceutical"” as used herein
refers to a food product that provides heal th and/or nedical benefits.

Non- | i i09§%g eXhajsras nieteutieal ¢ ay wicd hoictsteiaatnt Medprodughthabpieyides such as

Zeaxanthféla th aft Braﬁ(lzeicﬂtcﬂ'b%hef%g.leoH:[lﬁrllith examples include carotenoids, carotenes,

xanthophylls such as zeaxanthin, astaxanthin, and lutein.

[0060] 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.

[0061] 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.

[0062] The term “lubricants”, when used in connection with polar lipids, as used herein

refers to hydrotreated algal lipids such as C16-C20 alkanes.

[0063] The term “detergents”, when used in connection with polar lipids, as used herein

refers to glycolipids, phospholipids and derivatives thereof.

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

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

[0065] The term “non-glycerin matter” as used herein refers to any impurity that
separates with the glycerin fraction. A further clean up step will remove most of what is

present in order to produce pharmaceutical grade glycerin.
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[ 0060] The term "bi ofuel” as used herein refers to fuel derived from

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

di esel jwozﬁuellz7tsl7end stock and di esel blend stock. [O0@6TI]USh& 1toar4mi
"inmpuriti es when used in connection with polar i pi ds, as used herein,

refers onents ot her than t{he products of teres at are
coext r 4@3 %ﬁfg&@n H@S@&ﬁ@ﬁéﬁ %Mst &8 uxtd hogein gefernie ?attyf%ﬂc{ﬁwqb%ttleast
[ 0062] The dBﬁBl'%‘c Jb'dﬁ'%bﬁ&i“ﬁénahn‘(iﬂﬁg’e&h'%ﬁiﬁeééf ORRRE tQﬁ'y WeiliinkRlgar lipids, as

used herein refers to hydrotreated algal |ipids such as Cl6-C20 al kanes
[ 0063] Thénitteematuemergeistasd, sterenacid edeic acidorateicténonc adid, Hinplricacid.i pi ds, as

d herei f t i pid hosphol j pi d d t th f.
[ 006a] ATl oISk ot by ifo/Rl R aBRRaRE . R SmRBcierE HOMRER BB ar 11 pi ds.
as usedifdesi€hdld @AddidoniCack®XidoSachBidic 8B HIchEME SfocosadRitgRRRA, 1 pi ds deri ved

from al gae. [0065] The term™ non-glycerin matter” as used herein refers to
any i npengicgsappriecnoep dpensaistrognoir ade Kathcasidshayingc2( enmog daghonteme inean up

or ade g5 BRI RSty 8o BB b S B o0 TRE R HRASE Ut ot e
fatty agifeiscr @sbonssmhrttt badk@bes ard genbailllyYefeatdito s ‘shordthdig sty nis”.doubl e
carbon bond. Non-limting exarrgll es of unsaturated fatty acids include

pal m t d0@¢7 acUasa%Fegdw&clﬁm ity eeids incudee bef argpei 1Enléft§1itﬂ ogedaadi Ed¥noi ¢
acid, | I POET% I |d »a. dic
aci d, ea; g:&cg)s%% ag&gagt;y ono dd aezjI ?‘F\t chgl:aé gié?%?maro g{c%% gf?\t?}gécg%s 31 a0

ei cosapensmodfersae,ibait 1sbfe>lnhmlued tdthe dstdacdlistedaiai Thblehenei cosapent aenoi ¢,
docosat etraenoic acid. Fatty acids having 20 or nore carbon atons in the
backbone are generally referred to 32 "IPng chain fatty acids". The fatty
aci ds having 19 or fewer carbon ato t he backbone are generally
referred to as "short chain fatty aci ds". [0067] Unsaturated | ong chal n

Heneicosapentaenoic acid 21:5 (n-3) lall-cis-6,9,12,15,18-heneicosapentaenoic
(LY SN W BO e
Docosapentaenoic acid (DPA), 225 (n—3) Eall-cz‘s-7,10,13,16,19-d0cosapentaenoic
s s———— e s ———————
Clupanodonic acid 22:6 (n—3) ‘all-cis-4,7,10,13,16,19-docosahexacnoic

: acid

Docosahexaenoic acid (DHA) ~ 24:5 (n—3) | all-czs 9,12,15,18,21-tetracosapentaenoic

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

chain lengths appropriate for use as jet fuels.

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

chain lengths appropriate for use as diesel.

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

be consumed and used to provide nutritional support for an animal.
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acids, onega-6 fatty acids, and onega-9 fatty acids. The term "onega-3
fatty acids" as used herein refers to, but is not limted to the fatty
acids |isweaoim2Twhl e 1. Table 1 Conmon nane Lipi d nameCChisneiaaBismane
Ei cosatrienoic acid (ETE) 20:3 (n-3) all-cis-11,14,17-eicosatrienoic acid

Ei cosat raen0| aC| ETA 4 3.all-cis 11, 14, 17- ei cosat et raenoi ¢
acid Ei [@@ pent d ég]laa) Cﬁé&f use(dnhereln refers to aﬁgae-]derjfved substancesahat can

be consumed to pr0V1de nutritional support for people. Algae-derived human food products

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

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

wastewater or municipal wastewater.

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

nitrates, phosphates, and heavy metals.

[0074] The term “enriched”, as used herein, shall mean about 50% or greater content.
[0075] The term “substantially”, as used herein, shall mean mostly.

[0076] The term “globulin proteins”™ as used herein refers to salt soluble proteins.
[0077] The term “albumin proteins™ as used herein refers to water soluble proteins.
[0078] The term “glutelin proteins™ as used herein refers to alkali soluble proteins.

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

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

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

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

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

about 90%.

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

has a water content of about 60% or less.
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:20:5 (n-3) all-cis-5,8,11, 14, 17-ei cosapent aenoi ¢ aci d Henei cosapent aenoi c
acid (HPA) :21:5 (n-3) all-cis-6,9,12,15, 18-henei cosapent aenoi ¢ acid
Docosaperwaenoir7weci d (DPA), 22:5 (n-3) all-cis-7 PCT/US2011/031414

, 10, 13, 16, 19- docosapent aenoi ¢ aci d C upanodoni c acid 22:6 (n-3)

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

Nannochloropsis sp., Dunaliella sp.

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

Scendescemus sp., Haemotococcus sp.

[0087] Non-limiting examples of microalgae that can be used with the methods of the
invention are members of one of the following divisions: Chlorophyta, Cyanophyta
(Cyanobacteria), and Heterokontophyta. In certain embodiments, the microalgae used with
the methods of the invention are members of one of the following classes: Bacillariophyceae,
Eustigmatophyceae, and Chrysophyceae. In certain embodiments, the microalgae used with
the methods of the invention are members of one of the following genera: Nannochloropsis,
Chlorella, Dunaliella, Scenedesmus, Selenastrum, Oscillatoria, Phormidium, Spirulina,

Amphora, and Ochromonas.

[0088] Non-limiting examples of microalgae species that can be used with the methods of
the present invention include: Achnanthes orientalis, Agmenellum spp., Amphiprora hyaline,
Amphora coffeiformis, Amphora coffeiformis var. linea, Amphora coffeiformis var. punctata,
Amphora coffeiformis var. taylori, Amphora coffeiformis var. tenuis, Amphora delicatissima,
Amphora delicatissima var. . capitata, Amphora sp., Anabaena, Ankistrodesmus,
Ankistrodesmus falcatus, Boekelovia hooglandii, Borodinella sp., Botryococcus braunii,
Botryococcus sudeticus, Bracteococcus minor, Bracteococcus medionucleatus, Carteria,
Chaetoceros gracilis, Chaetoceros muelleri, Chaetoceros muelleri var. subsalsum,
Chaetoceros sp., Chlamydomas perigranulata, Chlorella anitrata, Chlorella antarctica,
Chlorella aureoviridis, Chlorella Candida, Chlorella capsulate, Chlorella desiccate,
Chlorella ellipsoidea, Chlorella emersonii, Chlorella fusca, Chlorella fusca var. vacuolata,
Chlorella glucotropha, Chlorella infusionum, Chlorella infusionum var. actophila, Chlorella
infusionum var. auxenophila, Chlorella kessleri, Chlorella lobophora, Chlorella luteoviridis,
Chlorella luteoviridis var. aureoviridis, Chlorella luteoviridis var. lutescens, Chlorella
miniata, Chlorella minutissima, Chlorella mutabilis, Chlorella nocturna, Chlorella ovalis,
Chlorella parva, Chlorella photophila, Chlorella pringsheimii, Chlorella protothecoides,

Chlorella protothecoides var. acidicola, Chlorella regularis, Chlorella regularis var.
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all-cis-4,7 ,10, 13, 16, 19- docosahexaenoi ¢ aci d Docosahexaenoi c aci d (DHA)
:24:5 (n-3) all-cis-9,12,15,18, 21-tetracosapentaenoi c acid

Tet racosawenvuenoicc acid 24:6 (n-3) PCT/US2011/031414
all-cis-6,9, 12,15, 18, 21-tetracosahexaenoi ¢ aci d. [ 0068] The term "jet fuel
bl end st ock” used h rein refers to nes, Wwth the carbon chain | engths
appr oprif orgll rega ffré%vaw@v@lca[f@c@g ?] rfléﬁg(ﬁ Cdalfgé@ql SHCEAEPEB K" as

used hQf}@b;%llh%Iz&%ﬁr&ﬂzlé'vbﬁ@%asmdw EMErHR SRR, €A P11k SHPINS CARPERPT T ate for

use as diesel
sorokznzana, 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., Isochrysis
aff. galbana, Isochrysis galbana, Lepocinclis, Micractinium, Micractinium, Monoraphidium
minutum, Monoraphidium sp., Nannochloris sp., Nannochloropsis salina, Nannochloropsis
sp., Navicula acceptata, Navicula biskanterae, Navicula pseudotenelloides, Navicula
pelliculosa, Navicula saprophila, Navicula sp., Nephrochloris sp., Nephroselmis sp., Nitschia
communis, Nitzschia alexandrina, Nitzschia closterium, Nitzschia communis, Nitzschia
dissipata, Nitzschia frustulum, Nitzschia hantzschiana, Nitzschia inconspicua, Nitzschia
intermedia, Nitzschia microcephala, Nitzschia pusilla, Nitzschia pusilla elliptica, Nitzschia
pusilla monoensis, Nitzschia quadrangular, Nitzschia sp., Ochromonas sp., Qocystis parva,
Oocystis pusilla, Oocystis sp., Oscillatoria limnetica, Oscillatoria sp., Oscillatoria subbrevis,
Parachlorella kessleri, Pascheria acidophila, Pavlova sp., Phaeodactylum tricomutum,
Phagus, Phormidium, Platymonas sp., Pleurochrysis carterae, Pleurochrysis dentate,
Pleurochrysis sp., Prototheca wickerhamii, Prototheca stagnora, Prototheca portoricensis,
Prototheca moriformis, Prototheca zopfii, Pseudochlorella aquatica, Pyramimonas sp.,
Pyrobotrys, Rhodococcus opacus, Sarcinoid chrysophyte, Scenedesmus armatus,
Schizochytrium, Spirogyra, Spirulina platensis, Stichococcus sp., Synechococcus sp.,
Synechocystisf, Tagetes erecta, Tagetes patula, Tetraedron, Tetraselmis sp., Tetraselmis

suecica, Thalassiosira weissflogii, and Viridiella fridericiana.
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[0070] The term "ani mal feed" as used herein refers to al gae-derived

subst ances that can be consuned and used to provide nutritional support for
an ani malwo 200/2001/ 127167PCT/ US2011/ 031414 [ 0071] The t ecmuUSkamasi4iood” as
used herein refers to al gae-derived substances that can be consuned to

provi de tritional support for peo Al gae-deriyv unan_f ood pr.oducts
Ran corl0WY] eslsupifipramiidimenhte BSaEn ces heies ?r%i’tie‘gg dige ut ppt b

vi tam ng§soPreof], ?smlcﬁmemaozﬁﬂoms RS otabmteﬁ@%ﬁmagdtﬁa cBRottiREedrer ei n
refers to Use of al'gal growh to renpve pollutants, such as, but not

| i mi t edinsesd, mirtflosteesrjceginas phdbbes. and heavy netal s, fromindustrial

wast ewat er or muni ci pal wast ewat er. [0073]The ternl"mastemater" as used

her ei n 0_.i ndus I st ewat e er t hat contain
D e 1 IDEOEE ° SR PoeY R R g R s AL fied pl Bl bl on o
nitrat %rylﬁ?F&Bﬁfytﬁém adndl otbagmummhal il RQiiAd Paﬂ%x&ﬂp?l@ Aredl A Wieass, #8 used

herein, sha mean about 50% or greater content 5] The term
"subst ahdlesefly i pagculare theraethods, and Iﬁ&?rthﬁé%ﬁ@ﬂh%lﬂqf?m poors firrbilits teypoth

" gl obul I ei ns.
[0077] ﬁ(ﬂa@ea?l?n%agﬁ Iha?hétrllllé%r tg &nﬁsegdg&e(g 2%1 qglgﬁﬁarl égeﬁoﬁo&&g%ﬂ sol ubl e
pr ot ei ris/drdphdlSoReat/ivetermi ghtetthhtl becgined labg&sswfsly lsegolae(iel,watafiers to

oLl SR BoL e e 0701 The {2, LA, RISLSLIS,, 38, g hereln

next). In other words, the interstitial solvent in the algae (75% of its weight) is initially water
and is replaced by the slightly nonpolar solvent gradually to the azeotrope of the organic
solvent. This results in the extraction of components soluble at the polarity developed at each
step, thereby leading to simultanecous fractionation of the extracted components. Extraction

of proteinaceous byproducts by acid leaching and/or alkaline extraction is also disclosed.

[0091] In some embodiments of the invention, a single solvent and water are used to
extract and fractionate components present in an oleaginous material. In other embodiments,
a solvent set and water are used to extract and fractionate components present in an
oleaginous material. In some embodiments the oleaginous material is wet. In other

embodiments, the oleaginous material is algae.

[0092] Polar lipid recovery depends mainly on its ionic charge, water solubility, and
location (intracellular, extracellular or membrane bound). Examples of polar lipids include,
but are not limited to, phospholipids and glycolipids. Strategies that can be used to separate
and purify polar lipids can roughly be divided into batch or continuous modes. Examples of
batch modes include precipitation (pH, organic solvent), solvent extraction and
crystallization. Examples of continuous modes include centrifuging, adsorption, foam
separation and precipitation, and membrane technologies (tangential flow filtration,

diafiltration and precipitation, ultra filtration).

[0093] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the examples, while indicating specific embodiments of the

invention, are given by way of illustration only. Additionally, it is contemplated that changes
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Non-limting exanples of prolamn proteins are gliadin, zein, hordein,
avenin. [0080] The term "algal culture" as used herein refers to algal cells
i n cul turwormedizme7[ 0081] The term "al gal bi onmass” as usedThse@im3reiers to
an at least partially dewatered algal culture. [0082] The term "dewat er ed"
as used gere'.P refers to the renpval of at |east s? wat er . g0083 The term
"al gal gdrdificatiops withpdhe iyri @Rcetcps of the paiepiion pyl PBRreal igaNoseul t ur e

havi ng ddiiki9n BlcORefrbhe8is UR@lcAlideMblidn t0 flow. Generally an al gal paste has
a water content of about 90% [0084] The term "al gal cake" as used herein

refers to a partially dewatered algal culture that |acks the fluid

proper t[08¥of Enrpaisiggly. festrepasad nerdisuntive ekurasion Gerrssalchyltsgn oztrfHl% cake
has a wat er Copt e%a]loa{c abgu% 6‘10%) or, ledsls. V\D.ZO%ll 1271 7PCT/.,[USZ 11/1(1)31414

[ 0085] SETERRE et A AT “RBHT 8T PARY RS MglE FmRB LI PERES, gl e Ehd
bracki she aingahing BREARS is usad forat&). EigRlduealtliGseingattotonte hizhnaidigid n bodi es
of water such as, but not limted to, seas, oceans, and estuaries.

Non- | i Hns#tHEteshdatpped contentafithgbiemagy. daladditieni @hanohextiagts qaAwsdilber opsi s
" 3 ' : f . .
bt e LRl irafe8intd FRIERASI IR & 886 e floful AU AR [T,

exanpl esdafsttmedéssevat hatgale gpeeic és danyelgadeandomable sc@tis . significant
Haenot ococcus_ sp. [0087] Non-limting examples of mcroal gae that can be
Used wiRORIAIHeY (et HEHRC 6pmponenisnins okt polg: 118 aligec GH Ao ORE YARTI owi ng
di vi si %ﬁéibgﬂrg&ﬁpﬁb}ﬂé}lt of@anephyta (Cyanobacteria), and Het er okont ophyta.

. ] !

In certain enbodi nents, 'the mcroal gae used with the nethods of the

invention are nmenbers of one of the follow ng classes: Bacillariophyceae,
Eust i grt@09dhy c #hencwrd lipldriyastiphpbeaed by iheesctadithe patendinventia paskesses a

Fol | owi N BRGPRNHOSHT B Baes s 0ieh G br 1R iRl Srra e Eenbuslits,
Sel enasirbedingstehd. | LRI 8ad BNALIE huttad liphN skdbladucAbRIRGF Biligne cAleRzenonas.
oxidation. Furthermore, metals inhibit hydrotreating catalysts, necessitating their removal
before a neutral lipid mixture can be refined. The systems and methods disclosed herein
allow for the extraction of metals in the protein and/or the polar lipid fractions. This is
advantageous because proteins and polar lipids are not highly affected by metal exposure, and

in some cases are actually stabilized by metals.

[0096] The systems and methods disclosed herein can start with wet biomass, reducing
the drying and dewatering costs. Compared to conventional extraction processes, the
disclosed 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.

[0097] 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
embodiments and vegetable oils used in previous embodiments include the percentage of
individual classes of lipids. An exemplary algal crude oil composition is compared with

vegetable oil shown in Table 2 below:
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[ 0088] Non-1imting exanpl es of m croal gae species that can be used with the
nmet hods of the present invention include: Achnanthes orientalis, Agnenell um
spp., AnpNOpoaria7teyal i ne, Anphora coffeiform s, Anphoraprcofisedifiosriis var.

| i nea, Amphora coffeiform s var. punctata, Anphora coffeiforms var.
taylori, Anphora coffeiforms var. bgn?i , Amphora delicatissim, Anphora
delicatissinm var. capitata, Anph PQ‘%%., Anabaena, Anki strodesnus,

Anki strodesnus fal catus, Boekel ovia hoogl andii, Borodinella sp.,
Bot rygcoccus braunii, Botr/oqg%%p§k§ag@ﬁ¢§w§» I aceR&ab kil (WA -
Br act gococcus nedi onucl eat ys, rteria, aetogeros gracilis, Chaet
nmuel l ari, Chaetoceros muelleri var. subsalsum [Chaetoceros sp Chl
peri grlanul attut@hlipidel | a anitrata, C0eH8b1 a antarctica, ThPBYel | a
aureoMiridis, Chlorella Capdida, Chlorella capgqulate, Chlorella des

Chl or gHHa—etdipsotdea—Chtpretta—enersoni;;—Chitjoretta—fusc Chtore
fusca |var. Jﬁ@ﬁ@F&?&ﬁ Chlorell a gluc&Pngﬁa, Chlorell a infﬁg%bnum

DCer oS
mydomas

ccat e,
| a

Chl or €

[l a infusi onum var.

act ophila, Chlorella

i nfusi onum var. auxe

nophi | a,

Chl or e
| ut eoV

[l a ke(Sl@b@[p'ids Chl ore
iridis var. aur eovir

| a | obophanapothl or g
disz Ch!orella | ut eq

[la |uteoviklgis, Ch
viridis var. |utesce

orell a
NS,

Chl or 6
noct ur
Chl or €
var.
2011/ 1
Chl or €

el la mutabilis— Chlofella
| orel | a phofdphil a,

s, Chlorella prototh
reguraris vako, VO

L e nutissina.Chlor
Chlorel | alpiiva, on
orel l a protothecoi dg
egurarts, GiHprerta
14 m ni g, orellajregularis var. unbri
bl | a saccharophila, Chlorella saccharoph
na, Chl orel l1a4%i npl eX, Chl orel | aPpmar oki n
Chlorglla sp., Chlorella sphaerica, Chlorella dgtigmatophora, Chlore
vanni e-HH+-—~ChteoreHa—vulgari i terti
vul garis var. autotrophica, Chlorella vulgaris var. viridis, Chlorella
vul garis var. vulgaris, Chlorella vulgaris var. vulgaris fo. tertia,
Chl or el [)g981ul gB¥chemMig (p‘léﬁii&ﬁ%h&/of Bhenyitdlh BF PogefaBlcQtiPlslddn& Andri& tha,
Chl orella zofingrensis, lorella trebOUX|0|§%s, Chlorella vulgaris,

Chl or ocemevapolarf iiomey slgmlpidscad phasphplipidon| \eastibh eihthadmsdeabnas sp. ,

lla mniata Chlorel]
na, CHiret Bttyacidval is
Il'a pringsheimi, Ch
crdica) Chiorefta
27167P@ir682011/0314
|la reisiglii, Chlor
el I i pgoi dea,Piginbtsel | a sau

bcoi des

cat a,
a var.
ana,

| a
a—=Chtotell a

o Chl orell s vl o o fn
Iy AT UTCT T ™ Vulu L™ U,

v

Chrysosphaer . ricosphaera.sp.., Crypthecodiniu ohni i yjpt ononas
ooy BBty Ryl ERRTE SieBirhRu oGt R Dt B Pl

Dunal i edcaios i furtbe@hoetd fomahéaydummdedinalctiel dsthdrobeut atttnctiboal i el | a
granulate, Dunaliella maritime, Dunaliella mnuta, Dunaliella parva,
Dunal i eMperepuealieuberitiopaidl sxtrastignorBicavranc teshnalog| Imcadiaphacrapiinalcfel | a
torti o SoralHEApIE o Sl Mkl PRSPt d s R i aple
(E}ugl ena)ismpéstodkgmme :m ssencdofigik ﬁgamt?s of pmienﬁﬂ)ilds iygstcla_gy lf@umidain 8fal oil
eocapsa Ssp., eof hami on sp., emat ocqoccus pluvialis, nononas sp.,
| sochr Jg?e;fai)#@r 2). 1%’&2’_’39?‘1%&%%@%’? gerg%%&épotaéﬁgw REJSPR, 1D or et ni um
M cr actd Rhdy (MOAQNERE tHn W Mk Mipi Y0 Mok ERRL iR B HRs fuiRRBQAGTH-8d by SP-
Nannochl oropsi s sal i na, Nannochloropsis sp., Navicula acceptata, Navicul a
bi skanttbe aericNandcsalt aoppencatt lefiel the sbbieien. Nhy peutrae pébbliacipidsalongavitlc ul a
saprophila, Navjcula sp. hrochl ori s . hroselm s sp... Nitschia
conmuniTactiky FRUt aToeR Bt I £ uH " BAOERER P! RSYSLEHEY cormuni s,
Ni t zschiigwélics YeBatsd ﬁ_oMt ligiRls Rhde 4o dsdiibmarkd theselioReRand A8 alid diBaifichitt zschi a
i nconspi cua, Nitzschia internedia, N tzschia mcrocephala, N tzschia
pusi | | avalusite et plgal oil bp gankiage fugls; Nit zschia pusilla nonoensis,
ELtZthia quaFLangular, Ni tzschi a SP!L Cbhyoifnas sp. , Oocy;}is parva,
cysti Si , i r - ia sp.,
Cocy 11 APOPMS <y BB At BB SR P ot PR ERrERGL SRR £
Eﬁvlovaﬁgpegmﬁhgﬁﬁ?&actNhg?bfmb@ﬁﬂﬁﬁgnxgﬁh?g?§ﬁmgrnhmﬁgﬁunuhﬁkammmmnas sp.,
eurochrysis carterae, Pleurochrysi ntate, Pleurochrysis sp.,
Pr ot ot HBY& 13408 ke RERhIPItivey éﬁﬁtﬂlﬁ%&fi@%&é fer gﬁm@&%w&é Khpphebipids atssi s,
Pr ot ot haGa Mg B Bhioil, RHRLQIRRA AARLLEabIESRUAISH B §hlcdIIRBMALKE Boout
Pyraninnnagngéé, PyroﬁétryQ%&RhOQOcocggséopacus,gSarJ?hgid$gﬂ?;sop(§ke,
ScenedeXrBs a(wat) s lar Bphis ziopdnding amthe Spdciaagptiydiol Gical vlatusaf pheadetinsulture
Stichococcus sp., Synechococcus sp., Synechocystisf, Tagetes erecta,
Tagetes patula, Tetraedron, Tetraselm s sp., Tetrasel m s suecica,
Thal assi osira weissfiogii, and Viridi éla fridericiana. WO
2011/ 127167PCT/ US2011/ 031414 [0089] I n ot her enbodi nents, the bionass can be
pl ant material, including but not limted to soy, corn, palm canelina,
jatropha, canola, coconut, peanut, safflower, cottonseed, |inseed, _
sunfl ower, rice bran, and olive. [0090] Systens and nethods for extracting
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| ocation (intracellular, extracellular or nenbrane bound). Exanples of
polar lipids include, but are not limted to, phospholipids and

gl ycol i piwe.208tnrateegi es that can be used to separate ana&Cpasedéiy/opahiar

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

bat ch nodes. i nc] ude _precipitatio pH, . organi c solvent), solvent extraction
and cr fgpgliﬂpp% meoq{haés@aﬁaﬁvi%eép&@émlﬁa@o?g SFBELO ﬁ:élﬁl}ﬁreth@e%}"‘ref?lugi ng,
adsor ptyaeithonk QRMAGERA A HiPRasANS Rt} Sdi@fb:f&a%'s gﬁ%ché@ﬁlsféﬁﬂgf ap& merbAQkQgi es

(tangential flow filtration, diafiltratior precipitation, ultra
filtratlipphiriacyigh@8iolr Memsebjrdcugon digatlurlgsdsanay pididootly s thofdstoli thepmds ent

invention,wil.l beco arent fromt foll owin etail ed description. It
Shocl o R S EREEd ABSAGER. axchmbeisido it af Vel BEL s wh Ty i

exanpl gencéheh®vhInEid ¢adovBg cTRESHIILCIRAPRLIITRGE SnIQfhe thilthly PMRALIaPH are given
by way of illustration only. Additionally, it is contenplated that changes

WO 201 predurierpgrAudty biofeady antighiearigasdrdm eleae.drs alip genaate Nelugpidd¢d caand
scope qof ih 1.0 i | rent .toth il N e art
rom ¢ e GG ANER G0 hoinrdiE TR & R LR RORE cfE abieS iyt

non- di sAghetbav&d Bistuchpiod0stidnl OtRSilite siitdsBy kdtoostednd Fiseeohe wirioddsl smal |
anount of polar lipids in the renmaining bionass enhances its val ue when the
remai nidg cBIPRISE Rradupsd @y pigacisudyantpagaisite the peonggpicisaeess efithpaleac oo t he

hi gh I%ﬂg“%pain unsaturated fatty acid content of the biomass. In addition,
et hanol” extracts can further be directly transesterified. Furthernore,
unl i ke the existing conventional nethods, the nethods and systens descri bed
her ei n [A1@0]gendrfuchémaspent pf tiegaethodrdd epstrine deseobetehgreiofis thesibgry fd cant

portion of the valuable conponents,. .includi olar lipids, in.the al gae by
Phe. st Bretonian o utp Sratongaes iy anleg Bird TRooSh e ted: o
l'ipid feagh bPExtRRISh BEStoRInAcBSusURR] i alRhBsieMhss doviisé AMcRPERSARISES a | ow
nmetal content, thereby enhancing stability of the lipid fraction, and

r educi fugldyisssomizablepresesef axgractianpand figstighaione kgr examkan semer al | i pi ds
unstabl e .due to their. ability.to. .catalyze oxidation. Furthernore.. tals
b b b e iR A iR bR AT kB e rer O B MR &

neut r aleffi¢iphtthrodoss. UPBtei@sof et Elonna@dh bidieass yifd @eful &nchniveillfosts, fhodcl osed
herein allow for the extraction of netals in the protein and/ or the polar

li pi d firgiedicasand Tiustriabproduetiit BefetraBInke seisBotsinstaed wsTd iy apicationsi pi ds ar e

ctani | R R A oTaE R P S R S R R Bl

start widdegneiblipbayass, reduci ng the drying and dewatering costs. Conpared
to conventional extraction processes, the disclosed extraction and

fracti jon processes should have relatively | ow operating costs due to
the- moddfbdle" BrgEEEiure ol BrdSdruty i et S bR P TR E4i en

r ecy_cl GatibHf él@ﬁrﬂi@hﬁss t& WIVENHL QAN BXESBESAAR tBHOCLEKES], AhdnE OSt

prohi bitive and cannot neet the demand of the market. [0097] Anot her aspect

of the esywidanentaanchlga tiwdess dewereidyath dnegqirhwiight dfesobisht. ilhynethemcconpl i sh
prelimnary.refini which.is.the .separation.of | ar |ipids fromneutral
Pl ot os it D AERSH B ael PRREt s b ARl Bl fSa "or!
used i renghoRINRER) 30 £54 QHMBR iSmakd wWitdetRReeweighBofkp@ebnt. Ninbai¢l OUS
enbodi nents i nclude the percentage of 1ndividual classes of lipids. An
exenpl @mpbogdingents, chareowit f sadwgd sikebyvith gn alggbbipmgsss calcylapdtbapideongthe shown

in Tabl s%lv%npt?)lb%\%sed XXB t%g %1%4196%17]@30%@?%% M%%nga%l%%l]aés]fsd'olvent mixture. In still other
embodiments, the algal mass is extracted in several steps. In an exemplary embodiment, an
algal biomass is sequentially extracted, first with about 50-60% of its weight with a slightly
nonpolar, water miscible solvent. Second, the remaining algal solids are extracted using
about 70% of the solids’ weight in solvent. A third extraction is then performed using about
90% of the solid’s weight in solvent. Having been informed of these aspects of the invention,

one of skill in the art would be able to use different solvents of different polarities by
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Table 2 Algal Cude Gl (ww Vegetable G| (ww Neutral |ipids 30-90%
90- 98% Phosphol i pids 10-40% 1-2% d ycol i pids 10-40% <1% Free fatty aci ds
1- 10% <3%WO0 2011/127167 PCT/US2011/031414

adjusting the ratios of algal biomass and/or solid residuals to the desired polarity in order to

selectively extract algal products.

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

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

[0103] Embodiments of the systems and methods described herein exhibit surprising and
unexpected results. First of all, the recovery/extraction process can be done on a wet
biomass. This is a major economic advantage as exemplary embodiments avoid the use of
large amounts of energy required to dry and disrupt the cells. Extraction of neutral lipids
from a dry algal biomass is far more effective using the systems and methods of the present
invention. The yields obtained from the disclosed processes are significantly higher and
purer than those obtained by conventional extractions. This is because conventional
extraction frequently results in emulsions, rendering component separations extremely

difficult.

[0104] Exemplary embodiments may be applied to any algae or non-algae oleaginous
material. Exemplary embodiments may use any water-miscible slightly nonpolar solvent,
including, but not limited to, methanol, ethanol, isopropanol, acetone, ethyl acetate, and
acetonitrile. Specific embodiments may use a green renewable solvent, such as ethanol. The
alcohol solvents tested resulted in higher yield and purity of isolated neutral lipids. Ethanol is
relatively economical to purchase as compared to other solvents disclosed herein. In some
exemplary embodiments, extraction and fractionation can be performed in one step followed
by membrane-based purification if needed. The resulting biomass is almost devoid of water

and can be completely dried with lesser energy than an aqueous algae slurry.

[0105] In some exemplary embodiments, the solvent used to extract is ethanol. Other
embodiments include, but are not limited to, cyclohexane, petroleum ether, pentane, hexane,
heptane, diethyl ether, toluene, ethyl acetate, chloroform, dicholoromethane, acetone,
acetonitrile, isopropanol, and methanol. In some embodiments, the same solvent is used in

sequential extraction steps. In other embodiments, different solvents are used in each
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Waxes 2-5% <2% Pi gnments 1-4% Ppm [0098] Degunmm ng (physical and/or

chem cal) of vegetable oil is done in order to renove polar lipids (e.qg.
gl ycol i piwe 2andi2ptsasphol i pi ds). Vegetable oil that has kpegnsehensuad |y
degumed retains a significant quantity of neutral |ipid. This neutral

lipid fraction is further repoyed fromthe degummed material usjng sol vent
ext r actS*HACHR %ﬂbe‘rlérlflpﬁ@aﬁ BeiErents: B4 OO GOBED 268 ISR e ARE

t echnol R9¥ore Eﬁr&%@ﬁ@%g&’ separation of the neutral lipids froman

ol eagi nous al gal biomass is far nore difficult than froma vegetable oil
feedstock due to the presence of |large quantities of polar lipids typically
f ound ilA1@f]lgal Trosdmq grkodnabite opihe Mithedsidestyded hisesin, hanixturg ef tyyegrovecage of

polar 1ipids present i.n algal .oil enhances the emul sificatipn of the
eut r aRIBRABEERARY gt AR O o LS P opb sy REARTALT 1 ene
and salltase oRPRRRGBDbIElvInh When §6hy ki mii@-cPthe $9MePhdk sPRLAT cxlragt ds,
along with netals, results in processing difficulties for separation and

uti| i zdhe ertespl Femtthabiomaps wa diffisigay dylcarydulgus eclgbickhr smalbaraeumiale an

exi sti rket j . OV . g0 £ i E o Mal. e of

al gal gg’ld gggltgﬁgfrvgﬁalg ! %Je lg.Cg%%%%ﬁqﬁ%?%s&gﬁgﬁgdu}r{&ggg gni Eg}o}t%f/s ug@tt ure

due t o théteh¢ markiacefl iaterst iswohetmeragddn frwemadl dmugat ekhwlroplgbivesokeht. Meny of

t he existing technol ogjes for producing polar lipids are raw mater.ial or

cost p_rtzyﬁidgﬁg%riew.olvmsgb%ﬁom& POALT SEKEMF Ypicg (o b ﬁfma&éeéwgﬂ%@bweﬂﬁ pi ds

are mainl%nah 93Pl thysu@fhn Bh lemm%n,%l?d%ﬂhoﬁﬁ% Kegetal %ng'ohe ofl gae oil

typically contains about 30-85 % (ww pdlar |ipi 85 depengl ng on the

speci esporplyy s alkene, @alestst, atkggonef art dremaed,|a, hatnalkane ean Rr, or a commercial

2011/ 1271 7PE:T/ U&ég%llo 14140ﬁo ditions, tinme of harvest, and the sol vent
t

utili zéd™8F Yex iIhUCkEPONEY)- the gl ycerol backbone of each polar |ipid
has two fatty acid groups attached instead of three in the neutral |ipid
triacyligloger oln sohicdnbsdi@ent, thabitedttion pRLaEs HdspHBS MERYin Yh@ksbrag pH
two-thirds of the end product, i.e., esterified fatty acids, as conpared to

t hat ofexaeigtondn ong pi were siipsa Spelt P surbias iisusch fetdsolpdngppaleizaseoysecover y of
t he pol 1Pl t i i Gl L o] i i.gh
qual | £y BeHEOR ol UnbodtnBrint pForthOb R FcE T sl (EEERFIAR AR e
CO- pr odyc s sqhy ebodimdsats ahd pphersphedtiaptiocts prostisdhalkalidcue)y.,padutafthaet t he
cost associated with al gae-based bi of uel production. The ability to easily
recovertb8Wdl®r act i onat e the various oil and co- products produced by al gae

i s advant ageous to the econom ¢ success of the algae oil process. [0100] A

furtherjogggiect Tq uéehtﬁfH&&&qﬁ%ﬁb“éﬁﬁ%ﬂﬁ%ﬁff&aﬁﬁﬁﬁdﬁéé@&% B&ft&fhats aldae ability

to extract ‘proteins froman ol eagi nous material, such as algal bionmass. The
met hodsicinsss|sosethahepedductsimexnat de tusahindbop pwidects.atedodinmatsofithé pfesantn al gal

bi omass _conprise a flexible and highly custom zable process of extraction
and T JBTTERBEROHToRE R ArE i TSt g b Wt Fa By e
fracti qedddr prodReGWhitdble forubOIH RicktagMellt-RF6RRMFRIAM indirRgt fupplanys. ef fi ci ent
process. Proteins sourced fromsuch biomass are useful for animal feeds,

f ood ingredients and industrial products. For exanple, such proteins are

usef ul [PROUdpisicenterpliigedihehanysembaganent dasghesst vediis woeificaips capdeani cs, i nks,
COSMRUiERtentdiidd Wit resGAT Y i) MHbd B sRIPOPEE RHRRSH, RhaS I G8rsa.

Furthermore, systems of the invention can be used to achieve methods of the invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0110] For solvent extraction of oil from algae the best case scenario is a solvent which
selectively extracts triacylglycerols (TAG) and leaving all polar lipids and non-TAG neutral

lipids such as waxes, sterols in the algal cell with high recoveries. The second option would
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[ 0101] Anot her aspect of the nmethods and systens descri bed herein involves
varying the ratio of algal biomss to solvent based on the conponents to be
ext r act edwolzniionelsenbodi ment, an al gal bi omass i s m xedPairtus2@n/ogegual

wei ght of solvent. In another enbodi ment, an algal biomass is mxed with a

| esser wei ght of solvent. I. et .anot her enbodi t,. an algal biomass is
m xed vhetSﬁ%aﬂ BatEct m@mlﬁﬁni@m@mct PHSBFHL HBam R 81 PelRG B fbunt of
sol vente.fqipeeinWi s REva), 98] IQét%Bﬁ&?w'oEld%:tG %%@5&@11%1%@&&4&%&9% t to

be used and the desired polarity of the algal biomss/solvent m xture. In
still dtiglerccendrpdi omenargyotstepsal gal mass is extracted in several steps. In
an exenpl ary enbodi nent, an algal bionmass is sequentially extracted, first

with a 50-60% 0of its i-ght, wigh lLhght |y, nonpol ar er. mscible
ol vent O EHO 0 BBk bk Bl T sty BB ModS 9 B Rley BB out oo
of the ig@liéBin erBinghity EMbsdéaRof ndtiddk sk tth@fhdtRRaticn ddieguriRbficy oed

usi ng about 90% of the solid s weight in solvent. Having been inforned of
t hese dipdscieman atgge-copipbyng Biamagnelnof fiesk ptep 110, algné cellstargbavestee Jam e to

use dif vieqt - di it .es: 0 Ty

2011 129 aRer A BedoT P oSG AP G 42 sl iomasss My or
sol i d rseg Blah solventttageddesiattdeh PPeaoinad dmthobibemast and thedeictivgl are ext r act

al gal products, [0102] For exanple, in preferred enbodi nent, the sol vent
ised | Coledsthoin sopssrRTheHEE el Ppd 0wl ebsoiipearporpleithpagd 5ycdiopiang t he
ratio : o Pr i : : gl i W th
boLt BB BT D g S o e | i s
wi t h abedini@sYswh ayrfd@stem, dedaanod, and tentefuganol, mwerte peofobmediseastep M0 ®ol vent

i éﬁeins froman al gal bionmass woul d be about 70%

concentration to extract pr
Pol ar PPBF%%“%%@P@“? GFVBG BB EOBBRMEL hanol , and neutral |ipids woul d

require about 100% net hanol . [0103] Embodi ments of the systems and methods
descri hggidjer eirfe gphé BiohmaStvREN BArOSt@NE shpeXBegsiedly @pkiktsdf abduratsefL al |,
the recovery/extraction process can be done on"a wet bionmass. This is a

maj or exaostaeidotidadVianbiagesasanéreaartiadlyydcemtrodt insndps] 28using tedhaiquse of | arge

anounts of energy required to dry .apd disrupt the cells. Extraction of
neut r alnfISRELE Pefidted Q1S§%Ve%%lbﬂﬁ%t§thn_s eg}br‘i‘&?rfg‘_“é‘f“?lb dOrMat ng the
Syst enms#RtntRLAORer PreskiAe, MIESEREn SRR SMion TR wht&IndSs ARtrahhed offr om t he

di scl osed processes are significantly higher and purer "than those obtained
by conwemnici most, oext ofabe wates froftha solidsorizemawdid solontanent Eorbatinesuts afahé on

frequent | esults in enul sions, rendering co nent separati.ons,extremely
di £ 11 culesent B epio ey dryteitio e IS e e Reigh ren rBReny A&k or
non- al gAemese A B BE cdtricd BN I SIFRFAF ARBIBinaBYN SyaiTXhe
wat er - m sci bl e sll%htly nonpol ar sol vent, including, but not limted to,
c

met hanahcthedsiengibedibsepr. @p ared|as bxcay othst mstheds kaewn fr enc fnlilbiadhonttril e.
Speci fic enbodi nents may use a green renewabl e sol vent, such as ethanol.
The al SO ' ' Iy - | | sol at ed
neutraﬁﬁrﬁgids&KﬁgﬁgﬁgﬁakggF%ﬁ%&#&ggghg%gﬁgﬁsggﬁhgé&%%pgﬁggéggéf%%W%ared to
ot her si@Q-36%tsligi. STHi9BREhREERI then bdcaRdexEWhRSf hiRINOMigRRt®npsaxt r act i on
and fractionation can be perforned in one steP fol | owed by nenbrane-based
puri f i cabvicon (e.£., nisetield), iMhmuttetagetcongfetsummtse vegt eltraogen provess degrtgatimeger and

can be coppletely dried with |esser ener ha n_agqueous al gae slurry.
[0105] 1 i BB S atsdsh s embB eyt TR M2 oM BR R etiRE 7

et hanolexpédsher InayshRdniBodifcrt) GhasiBmalitlsaiichRes héiTlah@dr iRalitys&iabgorane,
petrol eum et her, pentane, hexane, heptane, diethyl ether, toluene, ethyl
acet at do fiepligiass peain aiatelisl- or omet hane, acetone, acetonitrile, isopropanol
and nethanol. In sone enbodi nents, the sane solvent is used in sequential

extracty ste [Wae=Tal dif S SALMENL S A Si Hsed in each
wo 20118 167@%‘5@%@@%@%&% D afl gfé‘f‘é%. i e fticdae B
enbodi nemntisg thevinrastetaligal bomasntveh arselvantsadh anethasedd Tha algakbiomassos éhen
extr aCta'll%Qvea ttoe Eestt'le out of solution and the liquids may then be removed by methods such as, but
not limited to, siphoning. This novel method of dewatering has lower capital and operating

costs than known methods, enables solvent recycling, reduces the cost of drying the biomass,
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[0106] I n sonme enbodi nents of the nethods described herein, a m xture of two
or nore solvents used in any of the extraction steps includes at |east one
hydr ophi IWo 28ol/erst and at | east one hydrophobi ¢ sol ventPCTisem103i4ng such a
m xture, the hydrophilic solvent extracts the material fromthe biomass via

di f fusi on. anwhi | e, relatively smal |l anmoun f . hydrophobi c solvent is

used i r?"g&ﬁgﬁﬁé\fﬂfa_ %be%{lﬁgt P_@Wﬁ%@%é‘%ﬁ m%argy!ogo Hisi %g%?ibtﬂﬂwés g@%@&@g@ﬁ%ch t hat
the ”Bte%'frlaé’tionoafndyd??s%a@a%ion'o? a 'I‘G@rﬁﬁ&féh%d Th Pack, heis SR iz RIMLAE sOfvefty dr ophobi ¢
solvent. The two different solvents then forma two-layer system which can

be sepdratdestdsémafiongudrrisspyassdabodvhericm arbeffastive, inmpastudine tarthé faot tent at i on,

t he hydrophobi.c sol vent can be one or. nore of an al kane,, an ester, a
ot ono ST ETCORRIT TG o Oar e B M es Hee 8 g Bei Tl MR ur o (e g.
di esel ,cnit®dirh&iR of B8 $Blchii®n, delv@tPAE hidtifRINBredvtIhdmER oder id RonfovlelcdEh | ON
processes descri bed herein incorporate pH excursion in one or nore steps.

Such pHeowatei dnseme gabedimentsy the adiision ofsgvatt dunag fswswateriagipsicesd n sone

enbodi nen t H xtraction process is acid (e.g., less than
about e.g}nr%ﬁhes rgrcegsér?g%ﬁa%glﬂ?s, the pH of the extraction process is alkaline

(e.g., greater than about 10). [0108] The use of hexane in conventional
ext r act[DdS]pr oEHE UrBeshoe@nindustaties implgaknhiionals dsuttriig@mbeaopd@diat s may

not be used in food produycts. Enbodi ts of the present invention are
super | &:fgatef sukiyig 340 E‘?\Yﬂﬁ&ai Wak%wght&g€%9 Feiurhaut {Re/lude & l-1 @rVMess
ener gy ;aQehiEOHQ \95@%@51%{%%8%0}%@%5?2&)9'i’rdrb%?s ﬁff)l Jqulléaltl coiltho@Rnf oodst uffs

and nutrient suppl enent is contenpl ate at any enbodi nent
di scusgiedanitingt $vitthing pedilfratoat ilowne ambbdinienp lasmtered chewl tuberfdspescused o any

t hod f .the i ti i . Furt ; t f
he | nveMT G AR oo M OHA THotHORS  BICE HSME AV TGH: MBESCRI PTI ON
OF EXENBLAR EMBGDIHENS, L3 OLFROY 105ah M MacRliiAS! MainohilQitke fizam al gae the

best case scenario is a Solvent which selectively extracts triacyl glycerols
(TAG dnempsacgovgredihas pednagonténsiaths! taad “algac NG meth @ algat dgisty asbigh aas

, in. th | Wi th hi ies_ The second opt i
e el L 3k MG T hisph n e RS RUSE i en FPRaERABR 2Pl | o g

and t heplvext 34ch apehent-badl salimkhtiisspdeyizgoof polar lipids, resulting in
hi gh recovery. The last option would %e to extract all the |ipids and

achi eve very high recaovery in aone or two steps. [0l11l1] Referri nfq now to FIG
1A, a fI0blfhar SCdimgnistiay pepsessal? Odver vesaddpe sphyenisiddge thewlsrargicita exenpl ary
enmbodi ELheds, o ' ' if 0 ' f lipids
From ane L Saa L bRt o e BrishDyEl 86k BB RO ORI PRALPTLEE

har vestabdut 1:h0.aThallgaguetowsd epscltR0in awattbng v selcamlveed ¥anonwalegalixtoel | s t o

yield Q- 25% sql i d. bi onmass. .I.n ste 30, a,.solyent-based extraction is
Per t or ol TP by ofpES G ST PeGRco Ak GBS o SiF satvan con e bmered
embodi r%ﬂ&@use@b?!%zeiﬁ&oﬁ’nl thclRi@Rs, SR APPE A RioRHnBRS BEvEXIrh@AL Ik and
fraction collection. Finally, a solid/liquid phase separation, including,

but notrempmingeeettbsomasHiD gueestad to havefa dolidacansent o elean BDMgo abet 60%

centrifugation, may b erforned in a step 140 to in order to separate out
smal | erwﬁﬁ%a&aé%oﬁﬁ%ﬁgﬁf’%erio%fﬂl] The al gae bi omass when harvested in step
110 typically consists of about 1-5 g/L

[0117] 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.

[0118] 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
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of total solids. The biomass can be partially dewatered in step 120 using
techni ques including, but not limted to, dissolved air floatation,

menbr ane wol2zoriarwn, fl occul ati on, sedi nentation, filtePCprisssliiogl414
decantation or centrifugation. Dewatering is the renoval of some, nost, or
all of the water froma solid.or sem solid substance. Enbodi nents of the
pr esentIARVER: 15 _S?}ffﬁr}tiaf%e%@ﬁ%%ﬁir?@rw&%ﬁ%@s@f@%q%ﬁ%w}sﬂa@ & °xhom a

har vestiggnalsaa)t pBLROR Sithe RENGIGRIThRUE A FIRS: & AEHEEh AU bidtSdsGolRWbagire of or
a conbi nation oip any of the nethods described herein, as well as by any

ot her netoltbdslokarohthe txirash etofhesskirhge tank.tThe salids orf e belt Tivocpeviadieslbd al gae
bi omass _resulting.from.step 120 typically. capsists of about 10-30% sol i ds.
This. biGHLE LACTIFR HEe S ieal h e hefiafe o ar e SO pieeS Ao Rl ar
sol ventegthéebDrepletsh@N&! saduration o cHﬁﬁﬂdoﬁﬁl?gﬁ)l&QH Y EFEH E6198Et. PRk WM also
extraction process segregating the fractions at each stage. This type of
pr ocesgeduns theduvrstiganiprecspiingiimg aad epe deastipalye xiheneabodimantsemprises a

enbodi h ' - acid_and/ iLne I ion to
Fracti Onady shsRam A ies B PR R 20 b a0 o YR B BN " an
al gal kegmasdnisan: Mieradad dévecksutplixlityr fakird@ionhesdasinest exb8ahgpd  bi onass
with a solvent such as ethanol. The algal biomass is then allowed to settle
out of MwRLE drcersts RUEPSI 284 LAtds Intlys emberliment: eriggaareby Ve Ehddslividehums, but
not | i njt.8f lhl%iitféﬂﬂf%ﬂe@&-voi-'r_?%isl-ﬂ ‘el method of dewatering has |ower
capi tal and operating costs than known nethods, enabl es solvent recycling,
reduces the cost of drying the biomss, WO 2011/127167PCT/ US2011/031414
and had01HY adBednpepethiion,eigalibonmasligsplecpalfastinlyt wfervdie2 bl gedr alfirstnmass

rior to i nni ng extract.i o nd/ or,..separati of al gal copponents. In
Pt 13t onBamofindchitimia0s it hnfsh Se8eh st drafR Shestd
descri bad Rer £iddoRd Endd SR ttSport MeBfhlism 220e T@ndpdd hahbnitRab o @aRi C

sol vents reduce or neutralize the negative charge on the al gae surface. In

sonme erthodligadnemassfalerngeransperh meomnisge 3zl Bpinrystnd?dd dowrrds senobd gedi22%h or der
to remoye,even, pore water. | n,.sone enbodi pent he additi.on,of sgl,yent
dur | ng AT SR PRI S Ehiner B R B E RE PR Ao AP e QST 1
1B shovsigsamdiid édpsﬁaf@ltihwefrdcﬁﬁhm?ahfg polafify. el Ld HgtipioBesssS00. An

al gal culture 310 having a final dry weight of about 1 g/L to about 10 g/L
(i .e., thropghsgnarafionidgvisaniHlcidtiare dirgctomioicsupiay Htlr ¥ process 320. Process
320 can include centrifugation, decanting, settling, or filtration. In one
enbodi a ghih& fubddPBorkibh bBfhel afoal! BRMAIRERRL AL bR ufl g2l

bi omasrsTﬁ ?iro(lm tﬁbe %Na@?eg% Ctﬁhlelg cgﬁ? ulrbeT0 \Rﬁgngaugﬁ)ngaggucﬁpagsg%i Fl{otél? , 1t?elhe

r ecoverfest separetioBaSites24lde s Ithdpattioe coaining lapuitbandylagade cuhdl Lenesgh to
Meanwhi | e, .the al gal .bi onmass recovered has been concentrated.to an "al gae
bact e+ it o eGSR 240 b et (BT ZB G 20t 130 TR Sa i )
Thi s comgetiradcddiéh RaYcacbrlddRRk td 8at BltedeR o AAl VBRteBAildtd N a

sol vent - based sedi nentation process 350. [0116] Sedi nentation process 350

i nvol vasréeidefithe slghMaamagabatidocs het rabgthcoughdiret separaitdni dovécea2diiorn thes teavi ng
a wei ght./wei.ght sol vent .to. bi Sss_rati. f bet. about 1:1 to about

. 70, UG B ot PhonelispL PR Rl MR Pleat T RS o RE R bt Bo ol Vet
wat er riexicd a2 36Bich Sar R alfiher b&ara HB lfiftratiin PRI thgn SRS scp@aant | ng.
The sol vent can be recovered and reused by well-known techni ques, such as
di stil 148viceA4and/ or pervaporation. The renmi ning wet bionass 370 is
expected to have a solids content of about 30%to about 60% w w in an

al cohol wa I : I (R

i ndust r[iog y cg%%%%%vé\éﬁ{t gfﬁggi%%%]p?gt:ﬁégﬂ%gpd\%&?ﬁﬁrgg%?%?@@E%\%a?lgﬁﬁ%aa? nm. or
bel ow @49 cgh bt dirEstedrpl sesondekdardar P62 pnd gaenatcychddtaok & scaoed mihdt tresehve;r

t -butyl_.al cohol , etha , t hanol , 1-propanol., heav t.er 0 et hyl ene
gl yco?/,%lgrvm Beyde 93@9{5%5- The felentets oy gitac riign ?@36%’1@%9@%%{9 dofisn 1 he
al gae Qio@ﬁ?s%schﬂ&ﬁg'ﬁ QecH[l&é?éfgfa?;ilb%%vziwm %@@é&re@teﬁqg:t%%or@ﬁleéﬁh%isﬁpﬁﬁm of

the settling vessel. ' is a schematic agram of an exenpl ary
enbodi rtemd indét reserenit 2 Be t Tlospwygsisean BOepeTthe favatlcoresevyiral al 1himmiass i s

PO TR0 KO 0 1S D5 e B e T 2
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WO 2011/ 127167PCT/ US2011/ 031414 chanbers. The solvent for extraction is
recircul ated froma storage tank assigned to each bi omass sl ot position.
The extrawOizon/mvevure is filtered, returning the bi omagsTaskédastaack i nto
the slot and the extract into the storage tank. The solids on the belt nove
periodically based on the residence tine requirenment for extraction. The
extr actsggmu@gelhlefs%%r&@é% WA t%fi}?féﬁ%t%g?ma%s 8 &vrsﬁﬁé broie 46VElsTErRY A or
cont i NUGHSEY c[BMAE RANBYuiER SN cSRIMENE- This would al so reduce the

downst ream processing tinme and cost drastically. This enbodi nent conprises
a primary reservoir 210, a transport nechanism 220, a plurality of

separ atl06R]devicesmpiay 2a®odienants, thedibi faavsion iwitl batcksarctetbvith dw)highespl ural ity
of extractiaon,.reservoirs 261-268. .and a plurality of. recyc unps.,281- 287.
Tn ehi SPESAREREROrBp [ afFei R o 5T roduB Rl ol B BRI o o
inlet resesv@iit tRdhoddfhire QLU INGHOIMGoDRAT, aki BB lcadd @Adr MixaFasFhe0l is
placed a first inlet reservolir 211 near a first end 221 of transport
nechanimgascsetheraforegpets epmpansnipdn thexgder of dsprgesaae polaaty withethe fasboryoi r 218
near a . (o) I ism 220
i ot o et oIS R o TE ol i s B SRR TR S22
t owar dsexsectamoredds. 222, fraddotidrhataolalv abd Bermmipals: lipidnspoie tiedinal fragamses
through the pluraljty of separation devices 241- 248 and is separated into
fracti HSTIEH MAFNRNPIBD] arity. The diffusate portions that pass through
separation devices 241-248 are directed to reservoirs 261-268. [0120] For
exanpl go133)e dirhE B3 deiRPEL REsREALAS RbIAL (R BARSRaik ﬂﬁéatﬁ%é?@tgﬁm&ugh the
first separation device 241 (e.g., the portion containing liquid and

parti cl'Be wrmitioidrrmddong chapasssatunatod (ittyseplacan bosepdepddcizon4hg oil ssing r ect ed
to the first reservoir 261,. Eromfirst reservoir 261 the.diffusat rtion
can be PRIy aR b R0 Eelie: digfiih &t CuubTOB Y St Matee P e S a8 on o
the al gad fAelyQIRS Tah Batepd RS Mo tRASSFokhsiasigling theShols@PaT AdtilRfokEMcce 241
can then be directed by transport nechanism 220 to second inlet reservoir
212 andligBletngan bp Hpetidneteddeingeesimalz disitlatpn eelnmaderpenasse therlpwerrchgspar at i on
or filt I L@, t i.FS I [ 41. [ 0121] segnent
of the T PR R aher ol S PR e R iy B0 o 3R 8uE 5
can be iditiceatl@dnt 0 second reservoir 262, and then recycl ed back to second
inlet reservoir 212 via recycle punp 282. The retentate or extracted
portion t he_al gal bigomass t hat . does not pass through second, separation
devi ce [_Qi%‘]canhb%)_“éﬁ Ry gy QH%%%tther@ﬁﬁ‘ﬁ%‘?%?ﬁs%altdomf’ﬁ%Pﬁiijquﬁllﬂ&d
reservqjefeig ilrf%orp-Bli‘été oRé OCHsR s@egﬂ td Fso[a%ﬁx%%&gnfafé"rial RbRLthE EREEHOS Ratdda- 218
and separation devices 243-248 such that the retentate portions at each

st age deg..digabbioetist)o Subleprofiin 20Edcti0R 36T BGRloy$PDAd OB ed () te atiseguent i nl et
reservairs, while the diffusat ortigns are directed to the recycle

Feser varTBton <Gt atR T d oAbl BAps Pt LES Vg e Godipent SRS
exenpl any s@U&R e ﬂﬁﬂ’fr&seﬂ%d’i@ti&ﬂ desvicefik aptimPad r Jroem Sxlab@si, ecbuMinihin b st

hi ghest water to slightly nonpol ar solvent ratio, i.e., nost polar m xture,
whi | e tihestipaghat fsrraght i protownimatgrgal e the abk afdhepnokein piraghen stop tseadgistesht | y
nonpol ol.ven i L. e | east |l ar. m.xture . Th [ her ef ore

ot r ac P SRIMER e ot REr oRER oA Be LA Eo oM iRl BFGRT PR B rhc i on.
The f ungtdr@snedfustnigendthédtknbnaad oafof skill ¢ the ety @ chudéng; Bt by initeatensiand
facilitate the solvent extraction process. The fractions that fol|low are
rich i thpBeigsontBeltzmannggpation; pupiicabmethpds maberatlas dyngmich based mesiqds) o1 i pi ds.
[0123] The, -4ftft1raﬁ8ﬁi019r§e§:an be esterified to |liberate the | ong chain

unsat urate atty acids.” The carotenoids and | ong chain unsaturated fatty
aci ds can be separated fromthe oil using processes such as nol ecul ar
distill[@124n i m song emioddimants thé seleent pbl is@lkabine. dF staxhiatel omson® | of t he
fatty aci.ds.can bhe separated fromthe, carotenojds usi t he, nol ecul

i st | SAOQiT TN RLTY PHre R tsd PPat dRaeseuErgeleigp Se i

di stillahdRMronPhboin 10 @ sRRel2t /i fufBed SMBYdiGEaENhE 1dnt gpn_ idabdnor &ouni ng.
The | ong chain unsaturated fatty acids remain as high boiling residue in

t he colldpnr 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
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[0124] I n sonme non-limting enbodi nents, the extraction system and net hods
descri bed herein incorporate one or nore steps to isolate protein materi al
fromthe wheagimnowss material (e.g., algal bionmass). Suckcprust@iif3stdraction
steps enpl oy pH adj ust nent (s) to achi eve isolation and extraction of

protein For e in one n li m enbodi nent he. pH of the sol vent
in the rﬁ?%eétr%égﬂuég.%hb%é. Lo hyric M Fisats FS@WBMFLIS@%W%@P 3,

resul tigigud 0 aBodtld $lor hbQART %e%@lé&ctb&p&‘tﬁﬂ of ﬂlerrﬁts%baﬁat'I@}f &vi@lis th-EHe pH of
the protein ‘extraction step i s adj usted depending oh the pKa of the

pr ot ei rnreofeditmswseqtent e rgpkayouh ttaaqime)teaxtraaztfom amtiéraemnamay bheedamcer t ai ned
usi ng met1 in the ar i ncl limted

Lo g, TR B hep oS e e Eoditme ot g Mgl Sstitabllan ARy, by

dynan cg Q%@zﬁde%ée‘%mﬂ@ﬂm&éiﬁ U8 esoPent pHIRAfusBRerEpr ves. [0125]1n some
enbodi rrents t he sol'vent pHis aI kal ine. For exanple, in sone enbodi ments,

the solvent pHis gﬂeater t han about 10. In other enbodi nents, the solvent
pH r and@8826]r ondisireent of solvers ol is pocomplishegd irrseordmtssayiffemetiods keoventovent pH

b t pH
1=, 300 A0 B 0 AT 10 SIS SRGHLTENT 5y o SRR D1 1
5. | n ahteahe sotbadistreanh. SExéthlelag(}icv@niseiﬁlflfor\ﬁ&taﬁ]ektri&ibhﬁﬁﬂﬁa'é Wisohi/ 031414

ranges from about t o about L.n further errbodl rrent olvent pHis
about MGG p@spécmﬁﬁm Suléﬁymcuh agd hydroghigrje agd. frailisie Pﬁ%ﬁ%ﬂp%dh. on of

the TirshicS&PEY Aidifh ARML AL SF 51‘1’@%}%@%1‘1&%%&‘5% ihtd tﬁ@ﬁ@é]ft‘@t‘i‘éan& ”E;@émoél%z/er voirs

to achieve extraction and fraction ased on polarity. In an

non- 1| i rhaS@sngeﬁlﬂTﬁndxrmIBMep(trpctuandudatvethoat limgtatg@p ap@sednihydtoxelef ambl

separat i ev by simlar neans (i.e., solvent pH adjustnent).

[0126] ﬁ&ﬁ’b‘ﬂ]?ﬁédrﬁ?mg‘f sol vent pH is acconplished in accordance with methods
known to those of skill in the art. For exanple, acid pHis achieved by

m xt ur goef7ian apRInPEhBSEmass Shrbfirextaeticols perfbrnsdd i ayst drafe)fr@gi ds
useful for protein extraction include, wthout limtation, phosphoric acid,
sul f ur itee extragtion ped ﬁgf@m@mrbws@naé@sanbej hergiay For cxgnmodd.imeomH i s achi eved by
addi ti o, Ly, i v ream

Exenpl ar yb%@ggée%g(&gef%ﬁlfo%ssa {) gel%rq 1@%& &ﬁls%%d]%oqv%n?&&t%e ?ﬂoolﬁetdlbl mtation,
pot assiisututiyndviexih depropiiste s@@irativnhydhnapic deg., bt flightions oméiltenioayli Tient s,
protein extraction is perforned in a system separate fromthe extraction

and fr JEMRHHIE SOHH 1sthsp é}ﬁqﬂi@g@r NEED HéREIN anddfyacERBMANSYSte kagereon

enmbodi My, & c&lr@Rl hBIAMBSRilatty SABRE ehmoam&ﬁzsaﬁie%ﬁﬁﬂnfgoéxm fre;mhur e,
follo y'isolation via an app?'oprl ate separatron technique .

cent r i faxgattiommnddracfibhdtioatprame}s babbéon potaiityi s gxsmskd athdalwstadrsbh&dUced into
an extraction and fractionat.ion stem based on polarity, as described

her ei n. M fospte ptciyRACHk TR G REFAIIERY ext ract from an
extraction and fractionation process based on polarity is exposed to a

pH adj ys1 28] SoAEREwMIKEIT. S, the sbBRhEdcRcREPLR] fhe MRdoBy bfrackonktith ®REH &f t he
extraction process. [0128]As showmn in FIG 3, the solvent selection and the

t heor y nefarfty astd dmatqpmh by astensipnansdisirfisplvaptsand dreiftngeen Wra@mlen@ng/e
anal ySItﬁ gohxsl& €x raét?o etshe heléﬂc glf sotﬂe EXt . %ICO Io?'? {Jdlﬁlfrogn 5 e‘hdS 1%at>érlglt
extract'| oR process, RO e sep 01" of rds“froma soli

mat er i alhe SﬂheleSekudcabn eyﬁtérﬂcxtas @fih@@dsfoempmrmiﬂgl sZ)BdtnstI‘br ligigicthss cr eenl ng
solvents for lipid class selectivity and recovery. Solvents fraom various
cheni caf eev‘éz%%i BPRSHp a2V §ES HOMi @ onFhgEIeH clisiescneqrarassing i vade BNRanes,

cycl Oaldﬁ‘gﬁf‘antﬁé 5?’ | pl Haggssc ﬁé&lﬁa{ ’alggl HiESs e%t}fsekeﬁ&?etse\gere%ﬁéar BrRride

extract Cont ent -~ an ositio bi onass to be
ext ractthdeMtlbmsherMmohmnMHdmh@ommngf thedbiahass dabel cxredchaldsasftostedaingae oi |

o T 310, 25, 05 ot U, 1S, 20 S, T O The e
2011/ 1%&%@&5&%%&4@8@ 1”11{1@%6%5 c[c%e%&e]d':izq 693 tRRBFRM T Whith SR8 B qakhenesd by

extraction of a ry al ga nass usi ng vari ous
lipid.
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pol ar and nonpol ar sol vents conbined with a Sohxl et extraction process.
Dependi ng on the chain I ength of the al kane sol vent, 60-70% purity of
neutral |Wwpi2dsl/and715-45% of total |ipid recovery can becaaisceumsi4m t hout
di sruption and sol vent extraction. The | ongest chain al kane sol vent tested,

hept ane cover 60% of the neytral |ipids and 42%of the total. lipid. As
FIG 3 IQH%??!_@, ?i@d%lé@%ﬂn&th@) g e harei PO RC L %ﬁg&Lg@Swmgvaél@wem s
and comenth@ gaﬁpcﬁaatsa%his%nm{eh%& £ Y5k 182 xREXINGr de@s.' D@ﬁefn'dﬁféedﬁtthe

expensive, and result in poor yields. The systenms and nethods discl oses
her ei n chdurlesgh phésealkaneféliveitedlt7e® ryitcoimeauohl lipids ekl p4Ppof totaldipad

slightly nonpol ar splvent.to ter.in qrder to separate.out c onents of

di 1 er IHEPVR0Y e RRIeKd MR T o e d P SRS AENES g asksp Tt 4

car bon |veatiebtcd HeYRNE ScdReRAIVESBL Bchtkd ¢ipfdRran@abey ofl thdiols lipkheageut r al
lipid purity was 22% for nethanol and 45% for ethanol. |sopropyl alcohol

di d notFI&hdwhews thatcadtsiafickifadsionwé dry Petlanasansingsnlyentaend pgivastionabsul ti ng
in a 52% pur i pi anol . recov d 67% of , t h ot al
o2 S, AR b P BE Bl DRI B S P L
excel | egttemanald dativdt dfscbeseirhad ndd@ods thisctindfipicesenby ton@llingthc Wwher ei n

nmet hanol can be used to selectively extract polar lipids froman_ ol eagi nous
mat er i dropstion of Highily papralagotvsat teevatpran ordgsitiserastheutiseprap@tHef hexane.

The ot - G . i how any selectivity towards lipid
cl ass gﬁﬁ%éﬁ%(ggﬁgﬁﬁggﬁEﬁP%ﬁgbgﬁygkgq&g%ngIose to 49% simlar to the lipid
conposition present in the original biomss. Furthernore, the total lipid
recover[§1¥ghi ereclomear lsatbhe skobdl sebrhs wangede $aamva faytola Sip8E%Theender i ng

th | t it th | i t i f i,.qul lipid

cl asscd BFANBTAPURD G vk FEenitieT f oty fha el erppgr el &l ce

anal ysighoWeh§ sSleatvify Ryl fatartahe n§ﬁ@]ﬂ<’ii§d§? ?élﬁﬁﬂlilg q@i'h 82858 nS@taY ﬁPfd
a e

extraction apparatus described belowin : e solvents sel ected
wer e matrpdusdl Medranphigcdvierask 66 epthedotekldpdeandompesrthan P°dof thermplasdipidst eum
ether if t second step for recovery of neutral l|ipids. Al.of the
ext r act TSKLowa SRge PO FRat Al efgh Oleg PilddBpotnsl RSt il act i on
step | nyiidiéis nextiiol t@IBe a8 tolsdtikely@Rract Gohe lipRX iRy aReblcsgidonamitdaiia not
shown) indicate that about 45 m nutes or longer is |ong enough for the

ext r actiriH tq extrsting theawytry) lipidsisingrheptane op Aexanee The odebrdvra £lagies tdedneat
and nas g . ] - . I re

perf or radnEEg Gy Rk i LA Ak HeE AR BTGNS

det er m498,,wirhitdr tovase 1qPd compositidreprpeint ol thepriginhElsiomxts. dairthormmasthp estdlor med

at 35C,.close to the boiling point of the solyent. Petrol eum ether was
chosen 15 reseyey gghigyod yih ﬁﬁ_engSOé‘éqnéscr@P%dtfyorfla Olﬁeléf}S%p, TPR5TE8,19Bw boi | i ng
poi nt, BRAnLhBsREBHUGE UL EiVe SRSBHNESE Iﬁafrtti&ﬂarqgﬁc{ A6 Obr to{a@iigﬁi] FIG 4A
shows that the neutral lipid purity in a petroleumether extraction carried
out af teatragtiomet hanol extraction step at 65C is over 80% denobnstrating that
the conbination of these two extraction steps enhanced the neutral lipid

he.fi nal de, ol duct. FIG h h h |
et r alOPTH! o °7he BOUS hdn?Sop AR o Sieort PR R e bR
neut r alschle Padhls@ssnt gxtraéteonf dppetatBtdBoritled b3tbivTia FRaRipld ZETh&IV@SSseRictddeut r al

lipids in the nmethanol extraction step, the polarity of the solvent can be
i ncr eas&ryc Biethearal 1oy thedfirst stemtorrpeovsbpelankipidijagd pstrolaiy cHBr ghibaseead sesul t s

of extr i ti i i %WNVIN. ( ; I

Fol | ondd BsOSet PEnfl AR MDA P bRk e p S A R R TEMIE  t  a
|'i pi d patie.t Packestiattidn didpginehisieRpdriteerp tas dlhdumodp h@thexk pathemndotradataas
achi eved by the use of pure pethanol. Mreover, th oss of neutral 1ipids
was gr &9t PRowHdndeate Bipt bt 4 @ipwteh i leBes 1viong sAoeh far theexirpgtion t%%fi raction

step. cée%ﬁﬂl.iThiF{e%ntéﬁ,ﬁnEEei%*a ldeﬁ?@nrtﬁfh-éé? An@nall GhRFerbEAR HY €S
i nproved neutral Tiprd purity but slightly decreased the total lipid

recovery in the subsequent step. [0135]1n sone exenplary enbodi nents the
t enper d0W3H of Thhmethanolaxtiaotonsvorre perforsaed 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
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controlled in order to ensure optimal stability of algal conponents present
in the algal bionmass. Algal proteins, carotenoids, and chlorophyll are
exanpl es wb 2aligali6conponent s t hat exhi bit tenperature sensiuseamiigi4id n ot her
enbodi ments, the tenperature is increased after the tenperature sensitive

al gal conponents. have been extracted. fromthe algal bjomass. [0136]In still
ot her gﬁﬁ?& ifs bigh SaleRgHbsTor b4 Eﬁl&éﬂamho gt P Ble sk REATUSHIH B ess | 5
adj ust gl kD @LES oxirQctRRt | M ze the yield of the desired product. Extractions
can be run from anbient tenperature up to, but below, the boiling point of
the extraction mxture. In still other enbodinents, the tenperature of the
ext r actl0&38]pr oEEs stA shastsethefebic deypeehbipidguoity inrrepasiolavini ethenexprctidnecadied r ed
product. Ip still othe mhodi . the raction tenperature is.

ot m 2 B O R AT P2 it br S Sl E B AL o bl

El evat ef ik haé bxteditibR IRBS &ilahesl tho aE@as Bpldentat bbiht iyl @hddsis proadct.
conpounds and reduce the viscosity of the extraction m xture enhanci ng

ext r actilon4Bsbovethat thedatatmquiraklbpig resomerdi waslew and Weecrewes asigndisants run under
pressur 1 i int of the extraction m xture. In these

i npl erreag]%%u? |t g#lrge}{ﬁ%ﬁléﬁlgﬁoesggltﬂ]?ﬂgq?gps?é&r eased to the WO

2011/ 127167PCT/ US2011/ 031414 degree necessary to prevent boiling, while

mai nt ai[@i3g t h#otenmeratherlessaff ntineal épidsas theanethindl greaddioh cwpatht gojpeitat ur e

at which any of the desired products woul d begin egr ad denat ure,
deconpdg 1© % V@&é%‘&%@?@%@ W@ﬂgelﬁlwtg&ﬁéheesei%&r-aﬁfﬁg@w@i Tt hene
ext r actbQiksio? cRBIHAL MR HRAenliRdRbhARGVIROT Y, vASf %c}ulagusslﬁ&mml foiERebd at the

condi tions under which the extraction is performed (e.g., atnospheric or
el evat dy gtrestsur esh petrolcwn lether.ellgo didnshots that lee moutnablepid porityswpemfidr med near

t he boi,l.i,ng.peint of the extraction m xture ai.n accounting, for other

ext r act g ebsiergisum Koot Sxctontur sk TR Braletsamdessli on of tne
sol ventMbfbOerd e 1ads @@l 1ipidsSvdsasdaelly rédiRed By HRWRE offBgseoti§ AREHaB61 in
resistance. If the extraction tenperature is allowed to significantly
exceed thhErspextricign pispnirseeen ind’ 190 emethandl extedtiparit highertempywtwes can f or m
an azeaqtr . iR (4] . . bl || i nt of
o1 vent g oA @bl ad 8o M Ak R i AT S bR R RRL

reduci ngepexpense. In addition, the solubility of oil is increased at higher
tenperatures, which can further increase the effectiveness of extraction at

tenperatures close to the solvyent boiling point. FIG 6 shows the total
li pid oy er y11 $pnpghgre G@%H%WF?&L@ e Af arerraghian OETSS S schene.

Al t houghy, REAELHTAS 1§ BRuFBSHARA 128X t) BE MOt oRGBhet grelgéﬁt i g ag%rlrper ature
slightly decreases the neutral |ipid recovery as observed in G 5B, it

enhancdsombs. tAdgallpréteips,carcdemids; ynd §i00®9hylh awterempkeniob digakrvngmontitte that

extracti .i.s carried out.under anbient |i i condi tions. |n other
oxbod it RRgehie St "o nar e aRpa Sithe BhgRRGte SEReadhi BEL, 4.
but nottehp&fatu@slsdnSitive aBhP&ImpohRets DayvE P& G tradtdd fofahe _algami@ﬁl@gs; l'i ght
sensitive al gal conponents from degradation. Carotenoids are |ight

sensitive al gal conponents. [0140]In other exenplary enbodi nents, the
ext r actl0b3plt akExstpl ether xgaetary enhedimgnivodis KPP aleenefithe SHEACtion PEXCESS|IS ot her

erbodt iR HBRIEH GARLOND AED BlAREIIABN.G. FLLLARRD 8] BORRNRLE 1

order to protec conpo nts prone OXI 1 ONn.

enbodi rettient térhgereitd getol but Heldogshpbaiieg pmdest the catravisphex@rofinistidrt gas in
order to protect algal conponents prone to oxidation. Al gal conponents that
m ght BEhDEERQIREnGs FAEmBrrafiie PLIdE CEBIGI0BAEISS 1S Chinged FRRANIINEHIIF | pi ds.

[0141] 18 BNRYRE HN %@gﬁb t$n sthil&th imbifs, 308 Edrdcfbh RnjRFathg

ext ractsi on ?[gBEet We6en -SH%SedS on tﬁ(e{4 ry r{/\llerlﬁfjht oygratcﬂe sgfpi%das i nsthe

bi omas sptiftheedrdepentling omthgallgdswam o$ tHesiomads to he extrdmoduly dilenagsl ¢xragtion st ar ch)

and can be used .as a fﬁed sg.f)ckfto or oduce the solyent used for ﬁlxtracti on.
emperatures increase the solubility of desited compounds and reduce the viscosity of the

extraction mixture enhancing extraction recovery.

[0137] In some embodiments, the extraction is run under pressure to elevate the boiling

point of the extraction mixture. In these implementations, the pressure is increased to the
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WO 2011/ 127167PCT/ US2011/ 031414 [0142]FI G 7 shows the effect of the
solvent to solid ratio on the total lipid recovery. As the solvent to solid
rati o waswonorierswd, there was a correspondi ng and dr asPCE/USaen@3sie4 i N
total lipid recovery It is believed that this was because of the | ower

sol ubi | j ipids in t hano s conpared to other c n used oil
ext r act eg%%@él&?%%éo g{f@ﬁﬁ”ﬁ)@qw&gﬁ@ n%ﬁ]“ﬁﬁ’ée EBIGHtyE 't%fo xe% HfBnents is
af f ect efﬂlx'él}fe BQl%wpé)ﬂeﬁ{pbltai‘uerat v%HﬂcM% oP'&%Qie!;lfb gj?o@d@tsr @%lh%@%lﬁrtQ%gﬁﬁde The
solubility properties can be used 1o determne the ratio wet~ biomass to

sol ventdenfore, é&mmmoecp,oabdﬂ%mymdv\et bi omass has 40 g bi omass and 60 g water
for wet Dbi omass f ethanol. i s adde 0..this

it or Y38l T SR caineTopginga hedaffauRnd® PRt Be bRLkE o 1
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100/ (100+60) equal s about 62% w w of ethanol in the |i i quid phase. 62% w w

of et haopspharie phelawtedprcssuras). xlnméer@mb@gp@méhq extecion Bmetfprmerdyeser of 6. 6,
| cul d
co o e e S 25 B8L085 0B ROL AR LS o RGO e

of 9, iAtdAchteipeaueentaponphage pefdtretihiasthe ssldlerd8iowed glgalreBulstfastbmdue
polarity index of (0.62*5.2+. 38*9) about 6.6. The polarity index of the
m xt ur d0lQ¥erdnass Faniferresistapest df thei gyiragionfampeiatrais Alppeddo signidgtEln ated to

be ab 0 Cé@d&hﬁﬂ&hﬁ% %ofnﬁﬁgﬁ%ébmgx:ltythe s8 Vlehtg\%tetoggs{eﬂ?c n%hﬁ Qh agé(ﬁlﬁ)hg.s ure, one

of skill 1n the ar e to or mu vent set that can
sel ect iMalsymextai@ag tlters@stem@m nspom ivesboififl] deihd of sahehheouldpanghie,cnoliglt he

extraction solvent is a 1: ture of isopropyl alcoh I and. et han t he
ol o (YO0 R EmEo g Shiration vane REuaEsYae oIt 1Q B e SaNBH T PAB it | o of
50' ventind a8t Ri-RERsspdatkd Beichahs ‘f'ﬁtﬁ{e‘?%cﬁr@ds@ﬁ{e(\e@f&p@m@@ FHkirh@Rn of 0 get

a 6.6 polarity index, vvewoul’ need to make a 55% w w of | PA-water m xture
cal cul dtmperbipresallascrig thervolvicot lb(ulmg]gmat glﬁ@r é|Sh0\eqthattot@h11p1§i’re100®5W(1nih@) *9=6. 6

9-6.6)/ 5 55% t | t
For o SOMRPIIRT O helgut e SRRt sl REPER pltofipti i mtGRbell) § 6 &
0.75 [ QLk&aditnt dtanit¢OOMiNE WnnREaticQIBRGy ddtksiatt e liBRINOAS chpasd rati o of

100 parts wet biomass to 75 parts solvent m xture. A 40% w w wet bi onass
has 40 QpseivedrasElmAB, BonEenges die totaklidgegopvary0 g of wet biomass. |f 75 g of
solvent mxture is added to this mxture, the

[0139] In other embodiments, the extraction is carried out under ambient lighting
conditions. In other embodiments, the extraction is carried out in an opaque container such
as, but not limited to, a steel tube or casing, in order to protect light sensitive algal

components from degradation. Carotenoids are light sensitive algal components.

[0140] In other exemplary embodiments, the extraction takes place under normal
atmospheric conditions. In still other embodiments, the extraction takes place under a
nitrogen atmosphere in order to protect algal components prone to oxidation. In still other
embodiments, the extraction takes place under an atmosphere of inert gas in order to protect
algal components prone to oxidation. Algal components that might be prone to oxidation

include carotenoids, chlorophyll, and lipids.

[0141] In exemplary embodiments, the solvent-to-solid ratio for the extraction is between
3-5 based on the dry weight of the solids in the biomass. The residual algal biomass is rich in
carbohydrates (e.g., starch) and can be used as a feed stock to produce the solvent used for

extraction.
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WO 2011/ 127167PCT/ US2011/ 031414 concentration of solvent in the mxture is
(751(75+60)) is about 55% w w of solvent m xture in the sol vent

m Xt ur e- Waiben11slieri on. Thi s cal cul ati on can be used toPabtseaibe1$0] vent
bi omass ratio at each extraction stage and for each product. A few

nonlimting ex | es of sol yent sets appear .in Table 3. Table 3 One step
Pr ot ei o, ScPIG BroprrdBec st 9%51&@91%%%0%%%@@9@ Sl Raess Parts
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i ndex Et hanol 100 99

total lipid recovery. It is believed that this was because of the lower solubility of lipids in

methanol as compared to other commonly used oil extraction solvents such as hexane.

[0143] The solubility of components is affected by the polarity of solvent used in an
extraction process. The solubility properties can be used to determine the ratio of wet
biomass to solvent. For example, a 40% w/w wet biomass has 40 g biomass and 60 g water
for every 100 g of wet biomass. If 100 g of ethanol is added to this mixture, the ratio of
ethanol to wet biomass is 1 part wet biomass to 1 part ethanol and the concentration of
ethanol in the mixture is 100/(100+60) equals about 62% w/w of ethanol in the liquid phase.
62% w/w of ethanol in ethanol water mixture corresponds to a polarity index of 6.6,
calculated by weight and averaging the polarities of the components. Ethanol, having a
polarity index of 5.2, and water, having a polarity index of 9, in a mixture containing 62%
ethanol and 38% water results in a polarity index of (0.62*5.2+.38%9) about 6.6. The
polarity index of the mixture for extraction of polar lipids and neutral lipids is calculated to
be about 5.8 and 5.4 respectively. In light of the instant disclosure, one of skill in the art

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

[0144] In another example, if the extraction solvent is a 1:1 mixture of isopropyl alcohol
and ethanol, the polarity of this solvent is ((3.9+5.4)/2) which is about 4.65. The ratio of
solvent to wet biomass would be calculated to match the polarities. To get a 6.6 polarity
index, we would need to make a 55% w/w of IPA-water mixture calculated by solving the

following algebraic equation:
x*4.65+(1-x)*9=6.6
\
X =(9-6.6)/(9-4.65) = 0.55
v
55% W/W* of solvent mix in solvent mix-water

For a 40% w/w wet biomass, the wet biomass to IPA ratio is (1-0.55)/0.6 ~ 0.75

[0145] With a 40% w/w wet biomass this would correspond to a ratio of 100 parts wet
biomass to 75 parts solvent mixture. A 40% w/w wet biomass has 40 g biomass and 60 g

water for every 100 g of wet biomass. If 75 g of solvent mixture is added to this mixture, the
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concentration of solvent in the mixture is (75/(75+60)) is about 55% w/w of solvent mixture
in the solvent mixture-water solution. This calculation can be used to obtain the solvent
biomass ratio at cach extraction stage and for each product. A few nonlimiting examples of

solvent sets appear in Table 3.

Table 3
....................................................................................................................................................................................................... s
; 5 : : 5 ‘Solvent- solvent
.parts wet . parts ‘Biomass :Parts Dry ;Parts ‘water polarity
: ‘biomass solvent dryness Biomass Water ratio lindex
:One step Protein Extraction : 5 : : : :

:95% ethanol water mixture

:95% ethanol 5% methanol mixture : 0.84 5.195
057 citoral 5% A e g Gl g i e e
Onestep Neutral lipids Extraction =~~~
Ethanol : 100 1,080 ° 40% 40 60 0.95 52
A 100 144 A40% 0 60 071 39
‘MeOH 100 720 40% 40 60 0.92 5.1
Propanol 100 154 40% .40 60 . 072 ... 4.
11:1 IPA EtOH mixture 100 254 . 40%: 40 60 0.81 . 455
95% ethanol water mixture 100 21600  40% 0 60 100 539
:95% ethanol 5% methanol mixture 1000 1,054 . 40%: 40 60 0.95: 5195
195% ethanol 5% IPA mixture 100: 815 . 40% 40 60 093 5135

[0146] The extraction mixture described in all examples, is made up of a substantially
solid phase and a substantially liquid phase. These phases are then separated post extraction.
This can then be followed by removal of the liquid solvent from the liquid phase, yielding an
extraction product. In some embodiments, the solvent is evaporated. In such an
implementation, a liquid-liquid extraction technique can be used to reduce the amount of

solvent that needs to be evaporated. Any solvents used can be recycled if conditions allow.

[0147] It was theorized that treatment of the algal biomass prior to extraction would

enhance the productivity and efficiency of lipid extraction. In this direction an experiment
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was done comparing the effect of adding a base or another organic solvent to an algal
biomass to change the surface properties and enhance extraction. A variety of treatments
including aqueous methanol, aqueous sodium hydroxide, and aqueous DMSO were
attempted. As FIG. 8 demonstrates, the addition of 5% DMSQO increases the lipid recovery 3-
fold. These extraction steps may be exploited to dramatically reduce the methanol extraction
steps. However, the solutions used in the above experiments may not be ideal for use on

larger scales due to the high cost, viscosity, and ability to recover and recycle DMSO.

[0148] FIG. 9 is a chart showing the effect of an eight step methanol extraction on the
cumulative total lipid yield and the purity of the extracted neutral lipid. In this embodiment,
112 grams of wet biomass (25.6% dry weight), was extracted with 350 mL pure methanol
and heating for 10 minutes at 160 W irradiance power in each step. This resulted in an
extraction temperature of about 75°C, which was near the boiling point of the extraction
mixture. Using this process, it was determined that it is possible to obtain highly pure neutral
lipids from algal oil once the majority of the polar lipids have been extracted. FIG. 9 shows
that it is possible to isolate high purity neutral lipid once the polar lipids are all extracted. In
this case a 5% yield of total biomass was achieved with over 90% neutral lipids purity in
methanol extraction steps 5 through 8. Furthermore, due to the boiling point of the extraction
mixture, most of the water in the biomass is completely extracted in the first extraction step,

along with carbohydrates, proteins and metals.

[0149] FIG. 10 shows that recovery of lipids can be made more efficient by the use of
ethanol to extract lipids and protein from wet biomass. By using ethanol, 80% total lipid
recovery can be achieved in about 4 steps rather than the 9 generally needed by using
methanol. This increase in recovery may be attributed to greater solubility of lipids in
ethanol as compared to methanol. Furthermore, the boiling point of aqueous ethanol is higher
than aqueous methanol, facilitating further recovery of lipids. This is because the higher
temperature renders the oil less viscous, thereby improving diffusability. Another distinct
advantage of this process is using the residual ethanol in the oil fraction for transesterification

as well as lowering the heat load on the biomass drying operation..

[0150] Further, FIG. 10 demonstrates that the initial fractions are non-lipid rich,
containing proteins and other highly polar molecules, followed by the polar lipid rich

fractions and finally the neutral lipid fractions. Hence with a proper design of the extraction
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apparatus, one can recover all the three products in a single extraction and fractionation

Proccess.

[0151] Another embodiment of the current invention utilizes microwaves to assist
extraction. Based on previously gathered data disclosed in this application, it is shown that
methanol is the best single solvent for extraction of all lipids from algae. Hence, a single
solvent multiple step extraction, as described in Example 1 of the instant application, was
performed in order to gather data on the efficacy of a one solvent microwave extraction

System.

[0152] FIG. 11 is a logarithmic plot comparing the extraction time and total lipid
recovery of conventional extraction and microwave-assisted extraction. Based on the slope
of the curve, it was calculated that the microwave system reduces the extraction time by
about five fold or more. While the conventional methods have a higher net lipid recovery,
this is due to higher recoveries of polar lipids. Based on these results, the conditions for
extraction of dry algal biomass using solvents with and without microwave assistance have
been optimized. Some embodiments of the invention use traditional microwave apparatus,
which emit wavelengths that excite water molecules. Further embodiments of the invention
utilize customized microwave apparatus capable of exciting different solvents. Still other
embodiments of the invention utilize custom microwave apparatus capable of exciting the
lipids present in the algal biomass. In some embodiments, the lipids present in the algal
biomass are excited using microwaves, thereby enhancing the separation and extraction of the

lipid components from the algal biomass.

[0153] Moisture content is another parameter of biomass that will influence the efficiency
of oil extraction. In some embodiments of the present invention, dry algal mass is extracted
and fractionated. In other embodiments, the algal mass is wet. Biomass samples with algae
mass contents of 10%, 25%, and 33% were used to investigate the influence of moisture on

extraction performance.

[0154] FIG. 12A shows an illustrative process 400 for a step-wise extraction of products
from an algae biomass. All units in FIG. 12A are in pounds. FIG. 12A shows a mass balance
of the process 400, while the details of the equipment and/or systems for performing the
process are described elsewhere herein. A biomass containing 5 pounds of algae has about

0.63 pounds of polar lipids, 1.87 pounds neutral lipids, 1 pound protein, and 1.5 pounds
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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.

[0155] A first solid phase from the first extraction step 410 is passed to a second
extraction step 420; this first solid phase includes 4.5 pounds of algae, 2.6 pounds of water,
and 10.9 pounds of ethanol. Eighty-six pounds of ethanol and 4 pounds of water are added to
the first solid phase from the previous step. The second extraction step 420 has a liquid phase
of about 93.6% w/w ethanol. A second liquid phase of 85.9 pounds ethanol, 5.9 pounds
water, and 0.6 pounds polar lipids are recovered, from which water and ethanol are removed
by, e.g., evaporation, leaving a polar lipid-rich product 425. Solvent recovered from the

evaporation can be recycled to the second extraction step 420.

[0156] A second solid phase from the second extraction step 420 is passed to a third
extraction step 430; this first solid phase includes 3.9 pounds of algae, 0.7 pounds of water,
and 11 pounds of ethanol. Seventy-found and a half pounds of ethanol and 3.5 pounds of
water are added to the second solid phase from the previous step. The third extraction step
430 has a liquid phase of about 95.4% w/w ethanol. A third liquid phase of 78.9 pounds
ethanol, 3.9 pounds water, and 1.6 pounds neutral lipids are recovered, from which water and
ethanol are removed by, e.g., evaporation, leaving a neutral lipid-rich product 435. Solvent
recovered from the evaporation can be recycled to the second extraction step 430 A solid

phase of 2.3 pounds algae, 0.3 pounds water, and 6.6 pounds ethanol remain.

[0157] As demonstrated in FIG. 12A, the resulting lipid profile with each sequential
ethanol extraction step was largely influenced by the moisture content in the starting algae.
Models of process 400 were run on three different biomass collections, each having a
different initial water content. As the initial water content decreased, the maximum lipid

recovery step changed from the third extraction step to a fourth (not shown). However, the
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overall lipid recovery from these three biomass samples were quite similar, all above 95% of

the total lipid content of the algal biomass.

[0158] When algal mass with higher moisture content was used, the ethanol concentration
in the aqueous ethanol mixture was much lower, and consequently the neutral lipid
percentage in the crude extract was also lower. It has been reported that dewatering an algae
paste with 90% water is a very energy intensive process. The methods described herein
unexpectedly can be used to successfully extract and fractionate an algal mass containing
mostly water. As overall lipid recovery was not significantly influenced by starting from an
algae paste containing 90% water (10% algal solids), unlike conventional extraction methods,

the methods disclosed herein do not require the use of an energy intensive drying step.

[0159] FIG. 12B shows an illustrative implementation 500 of one of the extraction steps
of process 400. An algae biomass and solvent mixture 505 is provided to an extraction vessel
510. After the algae is extracted (as described elsewhere herein), the mixture is provided to a
coarse filtration system 515, such as a sintered metal tube filter, which separates the mixture
into a liquid phase and a solid phase. The solid phase is passed to a downstream extraction
step. The liquid phase is passed to a solvent removal system 520, e.g., an evaporator, to
reduce the solvent (e.g., ethanol) content in the liquid phase. The liquid phase remaining
after solvent removal is, optionally, passed to a centrifuge 525. Any solids remaining in the
solvent removal system are recycled or discarded. Centrifuge 525 assists in separating the
desired algal product (e.g., proteins or lipids) from any remaining water and/or solids in the

liquid phase.

[0160] FIG. 14 shows an example of a process 600 by which an algal mass can be
processed to form or recover one or more algal products. In this example, an algal biomass is
extracted in a step-wise manner in a front-end process 605 using the methods disclosed
herein. The extraction and separation steps are followed by an esterification process 610, a
hydrolysis process 615, a hydrotreating process 620, and/or a distillation process 625 to
further isolate components and products. The components and products include algal lipids,
algal proteins, glycerine, carotenoids, nutraceuticals (e.g., long chain unsaturated oils and/or
esters), fuel esters (generally, the esters having chain lengths of C20 or shorter), fuels, fuel
additives, naphtha, and/or liquid petroleum substitutes. In preferred embodiments the fuel
esters are C16 chain lengths. In others, the fuel esters are C18 chain lengths. In still other

embodiments, fuel esters are a mixture of chain lengths, C20 or shorter.
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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.

[0162] 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 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.

[0163] 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.
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utili ZERs SR ThOVRYER0iHS sB&SAsHeta 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.

[0168] 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,
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can then be passed to hydrotreating pPbcess 620 to generate jet fuel,

bi odi esel, and ot her fuel products. Any hydrotreating process known in the
art can be used; such a process adds hydrogen to the |ipid nol ecul es and
removes oxygen nol ecul es. Exenplary conditions for hydrotreating conprise
reactlng the trlglycerldes fatty aci ds, fatty aC|d esters mnth hydrogen

o Y ~ N~ e 4




First, the esterification process 610 reduces the levels of certain
phosphorus and netal s conpounds present in algal oils. These naterials are
poi sons twocatialzysts typically used in hydrotreating pr@cedsesLl/oFhius,
esterification prior to hydrotreating prolongs the life of the

hydrotr t so, esterification reduces the nol ecul ar, wei ght
of the @?‘ﬁaounﬁfg drﬁglbﬁmaikyrseﬁiﬁ @Easetlfh BEYXhpsitb galycrtnet Pericaichince of
the hydjQtheal foleh RERAEESSrRA0n n{:k'tm&?rrshﬁ%y |c6mph£ed'o?f a%gﬂﬁ%@cﬂ%%al} o retain
the fuel esters fromthe distillation process 625 to be hydrotredated in a

vapor ousjuicphasc asd a&unily ssbstagdilly eslid heasenér gy prefeded efnbodlhyedt oha wdvdnhg. WO

2011/ 127 67PCT/ US201 / 31414 [0 6 th t

Che nedtl ISR HOtr e PR BT e T S aer P L0k ¢ i he
l'i pi ds rhéte®f ftﬂé%ll%ﬁ%%l@n@nﬂleﬂﬁﬂélt is¥p@panthi dcBtohB @inkethePA@neENt at i ons,
the neutral lipids are esterified and separated i nto carotenoids, |ong

chai n hsstenitilet dde selidang liqiid phaspemedaoicoaratsidd Thisfayrtle substagtialinliged f uel
esters p‘ﬁ' 58 sﬁhMed% Mlaking ‘%ﬁ%? 84%e rér)'nfﬁl'[' lf@h{ﬂg{]ub? aﬁﬁ?ﬁ? ?ﬁ%ﬁ%&%& ncl ude

nmol ecula at i on as as ‘an ni-ques known
in the t&rdnnc]fezrmeﬁp&iﬁph@enﬁﬂﬁg odlitlsd ¢dd1@sﬁﬁan®1mhd)@aﬁlh@@1glabblahﬁ@b. using a sinple
distillation colum to separate the lower chain fatty acids for refining.
The Iong chain unsaturated fatty acids remain as high boili n% residue in

t he coll@k] | niswmmee enbusinertptaxragtinn ofavelcis dignysabiovatas akgal hﬁé ipe sent to
the hyd c%r{lgl‘?th' ﬁli] gg% oY fpe oTWg sﬁ)owr% neFl‘%Jd\{gn%g‘lgwgter aléél 106 ond a%twaterllrvent  on

are that yi e ure as ‘a vapor favors the

ener gy algHl b[tﬁmaﬁﬁaﬁma&ﬂraﬁ@tmf@ rachd mbeaaszc&ﬁple@ma@egl a&bﬁb’t@ of ntaklk! n some
enbodi nent s of the invention, polar |ipids (and, B(gti onal léhy neut r al
i pi ds)knape inghrast e s byt ﬁ9fdrrmtfgﬂsﬁosstp’rlaeea§stama faskingh dithgPrpesssed to t he

est er | fgeﬁéﬂé{e% (GRERT ox U] n%?tu‘x‘é‘{?ﬂ ﬁﬁé}; {n@&f é’ﬁ a?ﬁfs{jﬁlb?&nﬁﬂﬁ%l g

| i pids ena es a greater anoun I pi ds ned into
usef ul phmedancitsfirsf QibSah il solid phssca Tfhle(mhdh amd h@hdnphamgs arefthacepsraitd0 f or

pr oduci nut raceut i cal cts fro I i.ds. In o I enment ation
of procﬁeggraﬁ%ca%%wampfwﬁ g e ﬁ%ﬁk&a BripheaHt 1&&@@@& Y9t hat
Separ atlﬁﬁltéda%oée%ﬂ@f'uge%n&nr HéBaEPﬁoﬁ'ffd%atRin sedTrﬂ@ntQt?dﬁ LAY filthRibAS TRRTRe from an
al gae source generated by any of the sélective extraction techniques

di scl osebsthgradly diquidovevers entiblecdne glabalin prggeids can be from ot her sources,
such as pl ant sources [ 0167] Adsor ption process 705 includes contacting the
adsorbent. to adsorb the carotenoi such as beta

neutral |jpids S,
car oter{QI%‘ﬁd XA @ @qsraéma llys Wephaﬁﬁpwélheéﬂvae SAth wafer 154150 2EETHE aj on
HP2CSS a(seemaeﬁéate@' éxwa@tv&f rh&mre of mﬁm/ %#He@tamé‘c%h& sd¥ERntiSiRy ll(ilﬂﬁ p)lase\mlec )

neutral |ipids can contact the adso In a batch-type process
t he neuwtndalse¢angli sdbaandlaéildsohcﬂ) phascailbe h(didjandriuand/plwa arf thenaeparhtedt disanount

of time. Afte nme, .the .absorbent and liquid are separated
usi ng t5CHHS h%@lﬁ ﬁpﬁaﬁ%lsfﬁwhqdﬁn&ﬁ%‘g}mpﬁﬁ? "Bfrent ati ons, the adsor bent

is held in an adsorbent bed, and the neutral lipids are passed t hrough the

adsorqu fied. ThPoRoR s{h‘iqul'lBF QHpLbe %%&%gmm%teﬁm Ifégtreﬁtt@no' ds

cont ent t he neutr ?@ﬁ pidsisr duce t here producing an oil rich in
EPA. [(gbﬁ&]awveth(rddl@ateahexmtloamlbmﬁr@mdlm edmbnmdl afhrethad sorsratipllyrliqedi al by

treating the adsorb ntvu n propriate.sol yent, includin o]
1 edees i paitg e st MR Pt SR i sdomst Beattirdasa 1a
is then raised to pH 9 or greater, enriching the third substantially liquid phase with glutelin

proteins. The solid and liquid phases are then separated, the third substantially liquid phase

being enriched in glutelin proteins.

[0182] The third substantially solid phase is then mixed with a solvent set and heated to
generate a fourth heated extraction mixture or slurry, comprised of a fourth substantially
liquid phase and a fourth substantially solid phase. In one preferred embodiment, the solvent

set comprises ethanol. In other non-limiting embodiments, the solvent set comprises one or
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i sopropyl al cohol , butanol, esters such as ethyl acetate or butyl acetate,
al kanes such as hexane, and pentane. [0169]FIG 16 is a flowhart showi ng a
process 880 2bori2preéoduci ng fuel products 830 from neutralpCriyse@s/o80% The

neutral |ipids can be from an al gae source generated by any of the
sel ective e traﬁ‘c}hi on tefhni ques discl osed herein. wever, the neutral
i pi ds TN ohErer Py Bigerveasumedanolsiyepropanql acpiong it @sctaterdidneyt ral | i pi ds

are treatefinit ahdSGHITIRd G RA BrAES a8 Hhen éegaﬁéﬁh.c Hhis¥Butth Rileinghgy Aglid washed
to reduce the levels of netals and phospholipids 1n the neutral” Irpids. In

sone i mblkemsirhachiedns pradamil pavics| Thdir¢roairingdburth absehtighopdehis ngi d i s
added to the neutral lLipids, and the m xtur.e is heated and agitated. The

o eci pittBanhEdr 1RbETE of et s ¥ R R BELEOMSM ¢ he r erai ni ng
oil, for exanple, by centrifuge. [0170] The treated oil is then passed to

bl eachi[pg8yr ocess dBdosddomERBBY AsCovide Bbiytht Scladit cRkhedtionf diffGommepRds. 1 n
sone inplenentations,‘bleachinglfrocess 815 includes contacting the oi

with claprefpias.cs sbevien BYs dr bdhtAmeeidhe sepseichc arameioneherteacagn (i . e.

bent oni ' i r v f . and
other " dbrss shicyhsimER oo ORI SR R AR ch Y Bl Brso O AU PR

hydr ot rstgflé¢ pi@tqin progast. 8200 cxamptds dfythis aperaieBIGNd adedfygahates t he
conponents of the il to formfuels products, for exanple, jet fuel

mi xt ur emogstEated by thedaghedi o pEoung s trastipati® 14 n additi on, the hydrotreating
process 820 al so causes some cracking and the creation of smaller chain
conpoungggq|sucty @ﬁoﬂ-ﬁﬁiﬁ@ei&ﬂ?ﬁé} 3lobANY pRiteihl Carl YR 6AY IcRBa PEPEERHES
described herein can be used or‘hyﬂropreatlng process 820. [0171] The

m xt ur drashweienplgaindemessdytrekingsaichieiohsly with et watgr prdlasassg 8P¢engrate passed t o
a distillation process 825 .t0 separat hem i ntq, vari.ous fuel products 830.
i st 1 18R Pr bl Bus o2y RoR i Loty ST wRB RAE T 47 hon- ol ecul ar
di stillabitdtiall9GhRd Aras. dassslidad IRRIEHRLs calanBibd ephhedarmefi@uidgsepar ati on
of fuel conpounds. [0172]1n sonme enbodi nents of the instant invention,

pr ot ei rihasrly chached|ie gtabybin prassiny. See EHO Foaxtaartian ggp 18i onmss. Extracti on of
proteins using the disclosed nethods offers many advantages. In particular,
al gal do ta. il Qr: Xt r i . i

or ot ei 188 oL BlouRE A e LERT A Bhp pREihs HRFR RV BYRSREEE s of

t he i ndrant saltwant algal béxphswibly nhikegsaldibombtsywigr ehict esd lndatidg td goererdte €1 asses
of proteins in order, to selectively,%ﬁ ractionate themfrom an

tract and
al gal dspted catragiiog ppigire grslyigy, compgiy er a véstzdetﬂIY1lm%l7hfé?ﬂw552011/ 031414

[ 0173] RAbst&x M s6rid flase! FRE sl LIRS Rjuidyh A8 &&&%&gﬁilﬁgaﬁteﬁe%& rl‘ﬁg?l”d m xi ng

to extract water and salt soluble proteins calle um ns and obul i ns.

Thi s miphiseie coachedhe gldbelis phjtans. &de F6G al & kamaption ntepHat o recover the al kal
soluble proteins called the glutelins. This step can then be foll owed by a
sol vent; ed separation of .the al cohol soluble.protein al | ed praol.am ns.
The rodtifing BFEME Rl bR iR RroldPlocyGiriical Bt o5 agaReRy

[ 0174] Rrsh eithd acfedihRetcesi Jatelagd afdaDbobRidassbivwah €1G ard THeashwater al gal
cells, as shown in FIGS. 17 and 18. The presence of salt in the saltwater

al gal cwlreeiian ippcagingiinhed bif medegthemdgabkiomaes Wish agplvgnf scephiicagipgises of

t ei t [ i . { I t t
D ot oi rienpitls 4 QTR I BB I AT Ol BOABE F 5 f0E S RARAhYE ha Rt (2
ext r actsubstatfallprsolié phsef Taasdlidativajued pladsgadanardd s deparated. The liquid

phase is enriched in prolamin proteins.

[0187] In yet another non-limiting example, a protein fraction can be selectively extracted
from cither a freshwater or saltwater algal biomass as shown in FIG. 20. The selective
extraction is accomplished by mixing the algal biomass with a solvent set to generate an
extraction mixture or slurry and effecting a pH change in the mixture. The mixture is
comprised of a substantially liquid phase and a substantially solid phase. The solid and liquid

phases can then be separated. The liquid phase is enriched in proteins
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acconpl i shed by the novel process shown in FIG 17. Freshwater algal cells
or a freshwater al gal bionass are heated and m xed. M xi ng can be
acconpl i sWweadotwiz2aievari ety of methods known in the art sech/ts3011lostsihnot
limted to, stirring, agitation, and rocking This process generates a first
heat ed extraction mxture or slurry, conprised of a first substantially

1 qui o [BRe aHaVlagfhe?%fn?@aﬁét%ﬁﬁssﬁm%@ff ¥ IBedien, émé)f%ﬁli 18 Bt i qui d
phases a4 bB &R 36 RAEANEN: cxBERA AlsirOpoRin REnAGHRMRhSREAerY s@irvae! ety of
met hods known in the art “including, but not limted to, centrifugation,
decant algadhjonfidspbreitioar,a ssrelié stemeettaconn peoedssf o1 @ matti-gtop cthicsioh prasess. In

subst ant i al l.i qui d. phase is enriched in al bym n, proteins. 176] The first
subst artgthpt o st dsRRES, aiakn i o ad o hieLR B e et et @5 B 06

gener atife gbv@ @NethsBE AluBel sty bk dctio® ReH¥mds UsrBvided fabfe)prote RNahtch e BE a
second substantially |iquid phase and a second substantially solid phase.

The salalgahanasy anrhific beluhdity prepeics abthe Prajeinpal/intrscs arcdgkraonty asapuntsol ut i on.
An exa of.. such | ug i S t_typical 5 L

corpr e et Rt pat Bl e AR bR B E RN par at et
Thi s sesaacicwigt. antially liquid phase is enriched in globulin proteins.
[0177] The second substantially solid phase is then m xed with water and

heated to generate a third heated extraction mxture or slurry, npri sed
of a t HPF¥PIsubEemam ofiths disclgesdprofrmssxtiasiipramethpdsy the aydpelin Bt e@ g
phase. . Dlaifddl 4 atHth At 8P PEASANEIRL. B Wh{enitdgihhs i sed to
about 9 or €}g}lrﬂgataéré,a eﬁr ?ctﬁlgﬁ%ﬁe?]eﬁtéhf?r%%sﬁdg aht%al |§§5 Ieiequwt?)éi pﬁgss’é@évm th

gl ut el iaxtrpetamennsure Theaiwolina i adichted tintheptiasder batectrhewus 2panattedto t he
third substantially liquid phase being enriched in glute]i roteins. WO
2011/ 1 P08 R Ussb 11 108 ArROE ol B sgof i dr B APAR § Pelidd bhase 1 s
then mu@gerdubdifo beRIRRbo RS0 rARbicB8Ad 88but 80 GBAREATIR dhdrakpdcly, iRated
extraction mxture or slurry, conprised of a fourth substantially liquid
phase awtraetidnonixture susintamddzt kyhcated famnpsikivie. for betoyaen growt €7 meebtemtoodi nent ,

t he sou%entmfg%lg%nprises ethanol. In other non-limting enbodi ments, the
sol vent 8%& conpri'ses one or nore of the follow ng sol vents: nethanol,

i sopropanol, acetone, ethyl acetate, and acetonitrile. The solid and liquid
phases [@igy|t hem SPRAGABREmedE) the EQHCHBN %H?t%%e’?‘ﬂﬁﬂrﬁhiﬁyz vkingitediphase is

enriched in prolamn proteins. The remaining fourth substantially solid
phase rempgretuegsrlesstiban dbout SECddn sermp esmgictsgthe plbuhen.clepdisi andglutstint he

aypeteny i icelustin he
Fr om saregurere SRR DY RN ERRR 5 T B AR wfn i n°

FI G 1&xtraaidnvaix@ire8lu@igl is 66dttdtods tempsahirvaloss toithg Bbililﬁ% Poms 6f axtnchieat ed and
m xed. M xing can be acconplished by a variety of nmethods known in the art
such asnixpue/Shsy. Ip gerpedspeets, e PFIAR, Pralginsa1¢ drracked@t ieaurratey eTRlose o ocess
gener at 1o ] 1 ] %t g I .of a first
Subst arifs Lpfine P DEA £ RSP0 Ty W Shel ety WREBIGIEdTE col i d
and | i gué¢rdagpbiabes amespghean psspat atpetd.anSepdudiig, 30p<adurbe the beutippiaathied by a
variety of methods known in the art including, but not Iimted to,

cent ri TOFARE B3PS IERHRCAEXEIFUOR | ot ati on, sedinentation, and filtration. This
first substantially liquid phase is enriched in globulin proteins.

[0180] The first substantially solid phase is then m xed with water and
heated to generate a second heated extraction m xture or slurry, conprised
of a second substantially liquid phase and a second substantially solid
phase. The solid and liquid phases are then separated. This second
substantially liquid phase is enriched in albumn proteins. [0181] The
second substantially solid phase is then mxed with water and heated to
generate a third heated extraction mxture or slurry, conprised of a third
substantially liquid phase and a third substantially solid phase. The pH of
this third extraction mxture or slurry is then raised to pH 9 or greater,
enriching the third substantially |liquid phase with glutelin proteins. The
solid and |iquid phases are then separated, the third substantially liquid
phase being enriched in glutelin proteins. [0182] The third substantially
solid phase is then mxed with a solvent set and heated to
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generate a fourth heated extraction m xture or slurry, conprised of a
fourth substantially liquid phase and a fourth substantially solid phase.

I n one prwbenried7snbodi ment, the sol vent set conprises echamsedli/obraiot her
non-limting enbodi ments, the solvent set conprises one or WO

2011/ 127167PCT/ US2011/ 031414 nore of the follow ng solvents: nethanol,

i sopropanol , acetone, ethyl acetat&xample hcetonitrile. The solid and |iquid
phases are t hen separated. This fourth substantlally | i quid phase is

enri chag pr i ggg! olid
phase ge egilrr?e?heﬁpc{a?éal% Sgg’%flgm% Ze |@5Qg]r)l ?’lr%e @éﬁ%gﬁ? p{éfﬁg% %GE

starti rpjpombgmbadmm nEPsamplk %ka'ﬂymgdqﬁ(t togeds Wethses&Ids GAfjfr odthonenl bﬁr t he

selectlv extraction_of different types of prateins, shown i

17-20. DA WAk ?ﬁée@f@@éﬂﬁf thelze]ilie MTo Rk X Bragit AlgC © pikese @5@0 n be

per f or rﬂ%‘ﬁl AP A g%&édchlétQ&%ﬂl%tro?%t \%%alttﬂ@m%ﬁ% §l‘dilflso([r9%[ gab %e?ﬁlteCt ively
extract a single proteln product exanpl es his appear 1n FIG 17
and 18,eqapaten® aad 9ﬁe1mbn§¢that®dolbyntm addsthmtb dthxcanaliftiskexquippdtd with st ep | a.
[0184] I non-limting.e .. gl obulin proteins.c e selectively

ot r actBadignsPiritl FiR B G ThREmaLE Bl eaP i e AT t b sal ¢
wat er aafhabl NEnkPuaRABTiab& ade AR EXE 4 REbh® MhdMnXdtbke vl refBhxed
conprised of a substantially Iiquid phase and a ‘'substantially solid phase.
The sol ihdwidhelcttrepué beasings ddtcewards, Hbmmb’éu@ewmp@d to e faneperatuigteade i s

enri che arateﬁllrﬁgu'dlf?us%{ atn%'retentafseoe L&, 17, ext raction step la. [0185]In
anot her’ : mn protelns can be selectively extracted
froma saltwater aIgaI blonass by m xi ng said bionass with water and

heat i nq0192]gen@hatwaldipidaifatbatxinipled wore afabyed €sigy a shlofofyrm-Geipnosed of a
substantlally | iquid. phase and a substantially solid phase. The solid and
|i qui d ‘pHeswsterrcoig Bdlighad ddvey s lrprﬂee&tﬁaamramswgée%w tefa} lipid ¢aluen

gl obul ip,JA1sRF & f%?erfé%efml: ﬂh@hl% ec&VEY aatiifbs t”FoQall lﬁ1ds[\9611’§ Ghir @eﬂa‘ﬂ%ﬁ&her

non-limting exa rola proterns can ectively extracted from
ei t her 1atofﬂeasmwiﬂnésatdrpowllmtta¢steaidgajl coﬂllmma]ﬁsnamgsipdnwnet}md:mﬁhg aA®-20The

| ecti t t he al gal hi i th
2ol ventebe i ach ek g oflo Gumarat ottt Bt v St rder ol urry,
conpri sedoiedd AalS eI BEVhAdhid lat SPd u&ﬁ@%%tﬁﬂ%@p@ﬂdﬁﬁt@ﬂéﬂl aéwzemha)%ah ase.

The sol i d and |iqui d ’phases can then bé separated. The (Ehase IS
enr i cheblen drigshwidanhigh yretusi. nEhe QIM&?]entﬁt%e’veranb@%unmmmgﬁm pihierxanpl e, a

G wat ey e R 08 R R B S RS AT FLOIS B R <

accorrpllh@)hedy Btd oty Qstbﬂﬁlsﬁiggﬁbtabi’,@ﬁaﬁ:&cw (h7a) acheaﬂﬁenﬁe&taﬁ@r@ener ate an
extraction m'xture or slurry and effecting a pH change in the mxture. The

m xture i S _co d of a substantially liq hase and a substantially

solid JAKSY. ?ﬁ ae geépkt&j(dawqt Pl ipdgated ﬂl@hﬁﬂ(tfﬁ%V%@éS@@ﬂ SKEIGigN Wasdesti qui d
phase g, RIMJvGNSEnt PolRf 91513& RSthe YRt %Q&a'lc/n%ﬁ%&?75@!09%%%@&953&%%&% for the

separation of neutral lipids. Electronic heating is more consistent in extraction effectiveness.
The final yield is comparable between microwave assisted extraction and electronic heating

assisted extraction, but, microwave assisted extraction is significantly faster.
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[ 0188] Havi ng been infornmed of these aspects of the invention, one of skil
inthe art would be able to selectively extract a desired protein from

ei ther a woestwmatwsr or saltwater al gal biomass by eitherca/ustoglogiass ep
extraction process, or a nulti-step extraction process. In light of the

i nstant disclosure, one of skill in the art would be able to interchange
the order of the above discl osed nﬁ?ﬁpu%?ép extraction schemes, provided
that the protein content of the,algal.nass and the solubility properties of
the proteins of interest arBretaicgxtyactign fearp atgal blammass enbodi nents of the
di scl osed net hods may i ncorporate a wash step between each extraction step.
[0189] Fpiofny pfy) AKE LA DEI0 286k BIRRRL Wa8X¥bdkag i RBtcPRIAIPES, fol NBoEXIFIRCTI ON
m xture/slurry nmay be nmaintaihed at a heated tenperature for a period of
time. Isamplyeveenthcdicemnfuged ah30Mxipralor ttoee minutess end the vepamainmecnateda heat ed
tenperat.ure for between about . mnutes, to a i nutes, . I.n sone
hopbct o Ene RLEF SR S & i e GO Tl 430 B BE R3S at or e 1 or
bet ween about 20 mi nutes and about 60 minutes. In other aspects, the
extract[po9s|m X{2yrAdkhlsnereRirattadnd @dgAbiomndie atag dodkedpeatetiepH 01 féret Meen about
45 mnutes to about 90 m nutes. [0190]In sone enbodi nents, the extraction

m xt ur dedevimeyhqedditien ofi-adiusted ke TAt srrarlcy wess themeenibyaed 966000 rpmsome

aspect i i liu i i t at
Forpor APy Bl fd G e B, WEE PR R BB B LAOSR T o

m Xt ur €pHEl s ¥ fpllowingaht eshtdifagatidre Mflerraindingngcdodide wete winhed 8itimasgvipodinite of
extractigp m xture fslurry. In sone aspects, the prolamn proteins are
extract® @H%@rﬁ}’éﬁ 53¢ d4e¢| ose to the boiling point of the extraction

m xture/slurry. In other enbodi ments, the pressure is increased above

at nmosph@eg] Pr A8 HsBits dtactPledding M MRUING cxRERARN ard oW dd\e ileasie ag _and

m Xi ng steps to enhance extraction WD 2011/127167PCT/US2011/ 031414 Exanpl e
1 [0191] Green mi croal gae Scendesmnus di norphus (SD) were cultured in outdoor
panel phot obi oreactors. SD sanpl es diabledying |ipid contents were
harvested. After renoval of bulk water by centrifugation, the algal sanples
were stored as al gae cakes . ntil . .e-cal cul ated
anount of wet alqgg)lcg%} omass (15 grPgIr’rtlgngrQ%lgl gae ﬁﬁtgeh@lgléﬁi val ent) and 90
mL of ethanol solvent was added into a three-neck flask equi pped with
condenser, mechanical stirring and(% wéightyocoupl g% weightefexperi nent, the
m xture was refluxed for 10 mn under m crowave irradi antf . I'n a second,
the mixture was refluxed for Ih with electronic H@&f‘?“hﬁ‘.e‘ﬁftermrds, t he

m xture was cooled to roomtenperature and separated into a diffusate and
retentate by filAnkahihORirdc8d®2] The togal |ipids of algal sanples were

anal yzed using a chl orof orm net hanol - water system according to Bligh and
Dyer's lipid extraction nmethod. This total lipid value was used as
reference for thciflilgpchingcovery cal cdfation. Total 33-pids were further
separated into neutral |ipids and polar |ipids by standard col um

chromat ogr aphy net hod usi ng 60-200 nesh silica gel (Merck Corp., Gernmany).
Each lipid fraction was transferred into a pre-weighed vial, initially
evaporated at 30 Cusing a rotary evaporator (Biichi, Switzerland) and then
dri ed UGH¥H hi §hvteiagyinknvabdcuntcé dn reteghitdhss, overperipg deedeiginddthair¢azogen

o0, L BRS  TRE e BEL B A RATRLR 00 QUL
hept adgranPivas 8Gkehib &y B @Ficla 81cti0dsMRd ATRBHROH CHAEAIISEBR @R S

(data not 'shown) indicated that mcrowave assisted extraction was best for
r enoval 38 medserippthgranidupt efsnifraganhia the freqze dxicd adidsoi cachapocesndAs oraseihat | ess

effective for the, separ.ati.on,of .neutral.lipids | ectr.oni,c. heati is nore
Consi st et o BERRGT AL DE LS r b e e fis RS RE by o
bet ween i fomaY asaseadset kewithaatyifnlcadld o€ betdii @Nihe shaaht agl assbas ed

extraction, but, mcrowave assisted extraction is significantly faster,
disclosed herein.
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WO 2011/ 127167PCT/ US2011/ 031414 Exanple 2 Protein extraction from al gal
bi omass [0194] (1) Acid Leaching: Al gal biomass was soaked in water at pH
4.5 for Iwbaori/12Ttee sanpl es were then centrifuged at 30@0TmseoifioBi4thr ee
m nutes, and the supernatant renoved. The remaining solids were washed 3
tinmes W|th dilute acid (pH 4.5) and freeze grl ed. [0195](2) Alkaline
extraction: Al gal biomss was soaked Example at pH 11 for 1 hour.

foll owing the addition of pH- adlj usted vvater The sarrples were t hen
centrifuged at 3000 rpR¥Yas ! ging frgm Sz Igal Bioma snt removed. The
supernatant was neutralized with acid H 4. 5%@90I | owi ng

cent ri flO4R]i onThaprdtwyaiereilgnl ﬁ@lt%pma%ﬂwa@e Wae ueltlpr{ee\g/wawsw ute acid
(pH 4. A a al i ne
it r act ST R RERA D PR on AR KR ori oyl hEPTR ReBRE BT, '
Purity v(/%omirg”inge)d(t%wghthedfqum pliase froyi b dylidplhat.i ke kydid agtracomd45 Aci d

Leachin 7032 197 Prot iel.d was cal ted on a weight .basis,

conpar i %Baﬁf bt Sofiuh ol 5o dBLeet B Sy WoEmerarkt 8% he a gal
bi onassor%qﬂa%lgtapb@gﬁgsr)ng in pHadjusted water. Protein purity was

determ ned by the Oficial Method of the Arerican G| Chem sts' Society

(Ba-2a38), measuring the anmpunt of nitrogen in the freeze dried solids of

each pr[@l:%%]s Abe mltdtsevem@ then suspendedporfrcah wager eud beatedhtgtabadidd) €endhe val ue
of al gg alg{alneﬁ%gr aﬁ) uf ?ﬁmllro n[’hetrgslu?tlﬂgnsfh?r?yn%%s gentrlfuged again to separate the liquid

from the solid phase. The liquid phase was determined to be rich in albumin proteins (about

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

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

original biomass).

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

original biomass).
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allows for the use of feedstocks with varying |evels of protein in the
systens and net hods di scl osed herein. WO 2011/127167PCT/ US2011/ 031414
Exanpl e waxbriarricon of Proteins from Saltwater Al gal BiPomaAs2011[08L98] The
saltwater algal culture initially nade up of about 1-10% w w solids in
saltwater was heated to 50C and maint ai ne at this tenperature for 1 hr.
The resulting slurry was centrifug ample parate the |iquid phase fromthe
solid phase. The liquid extract was determ ned to be rich in globulin

protei ns (about SiO9FpictioRftib@hrld FRUQCBORSf RIST VIS mhsk By EtAnbDi nal al gal
bi omass) [0199] The solids were then suspended in fresh water and heated to

about ﬁnd RL MRsARG Julls @@N&’rino@hﬁa ééj’szs bT&ﬁasrs?&thrédWﬂoﬁ's%fnhm ,
centrlfug again to separate the liq fromthe solid phase. The |iquid

phase wdtaigest EomiArewns Stdb@UmV@mtynLdiomjmyrfOpAigae|Rc1:sea(rdbmdBlb&9281mlog§he t ot al
t t he I Th | ids th
e S R L T A e

t o aboulhodB530aRehwiBH Ml MRdy fFHozthat tenperature for about 1 hour. The
resulting slurry was centri ?uged to separate the liquid fromthe solid

phase. The |iquid phase was determned to be rich in albumn rote| ns

(about [900Alof Thectisicapn piet FwaepPEsEhtn 4 400 srdopjacheisdketieoriluyeed
0201 NaCH  pH
[0201] e, Sbie WIR!G.d gt SHE RENASHd sOual ith LR TR (RANAQHS p

9) and ai ne enperature for about 1
hour . Tdoetairesul mixegwﬁhumlwry@sweemmosﬁmg@dof wote pathat votbiedd dhafti dhér om t he

solid phase. The |iquid phase was determned tqg be rich in glutelin
pr ot ei HEOZCRBIIE st es REDYGH fo the Slihd aBcaudnYcigh of Ribags sPImRSHonass) .

WO 20134 :{dnglé gwg[ﬁﬂr{‘ﬁz@[%ﬁ{ ﬁgﬂ-ﬁl It ENGRBLEWA stirred for 15 minutes and the jacket

heated with 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.

[0204] 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 with compressed air to maintain the flux. The permeate collected from the
membrane system was free of any particulate matter. The retentate was collected and

recycled to the decanter.

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

through the process in each extraction. In the extraction shown in FIG. 13, the process began
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Step Fractionation and Extraction of Al gal Biomass by Ethanol [0202] One

t housand pounds of Nannochl oropsis bionmass (cultured fromstrain 202. 0,

obt ai ned woamiAriwena State University, Laboratory for AcCgas:Ressanch and
Bi ot echnol ogy, ATCC Deposit Nunber PTA-11048), was harvested and dewatered
until al gae co i sed abou 5% w w and thep finally frozen. [020 he

ext ract¥ al_gquégg(;%@ﬁé?fa@tﬁ TS PTG 4 %ﬁ@mw&&%@i%%mﬂ hi nged
lids. Theqd) 4%iWesEmixed it ¥d. L dSidhaRS cMRfb1F65: &ehaftbt dhdSiok nf@Ron The
system al so contained a mxer wth a 2 horsepower expl osion proof tor

wi th a rewidtig mdemsiat conttinend sbonehd %alagaeurathendlal Theaaslidsngudilmdidsntase t he t ank

d | wei ght, of et hanol d in using. ic,d .
The matert g 508 P G RBREETE e ool P RUAT oS Uit et 1 o
obt ai n Whei0dpakyBakst ARRI BF SLLINRL ofSBON R AGHIIUHbPRas KR BLEiIsERds,

tenperature is near, nmeaning within 3C of the boiling point of the mxture,
but notreydiing ing. miRirs nids jup od abaigébeadqueeus ehatiof.f EheyplidsandhgHdeweicact i on

step as oL i ai.nt. of t tur . as t i

ot P vepafieR Al DR tas Aot Tt (e SORAAGTORRATRARSABIN. WBREL |
st i rr edi0eddityi mMan3U FoythRI@hs,aihothee70RbE rfdicheurdretiand ewhoidded, reuMtineia 4 0
ensure that the contents of the kettle were uniformy heated. [0204] The

cont entBixgfre phebqus P Yoarapequs cthsanl. pthepelidord liguidyiscreenasgied BHngassel and

into a tPJ a%%e?&ﬁ)%ﬁtaﬁéve‘?eﬁptﬁg%%%c soal Gx%r@abBP?&U@%“dem\{hs‘?iﬂﬁs ¥idh@sPunp at

about 1 gallon per m nute. ter centrituge rotor speed was set to
about GOQdrasPOts [Ehecreody tdslirywenkubatdd stdeh the aontdrel adfsedepndsthanodr um and
consi sted of about 50% w w solids to liquids. These solids were returned to

t he ket where the af.orenentioned extraction s S re repeated. , The

1 qui a 10e8Lam T S FreStiBbanTane Aachesr B PR SRR b Tt i st hen

fed to HORWUIBITRRARE chhthiniBl 9390 MBS SINRopRFPI AhoVHBHuMASn @8n 0. 375 ft2 SS

menbr ane nmanuf act ur ed ]gi/ aver Technol ogi es. The operating conditions were
v

60C 5Cxanction bt vass faves aejdo pe es slizctivgrabld Grethanpl agl Psimetimel. nestefane
system was ckwashed.abqut .every 15 .m nutes W th conpressed air to
o nt it NO7HATTIOL ¢ R R Rty PP el Rt o IR EIRERT Sl e ves 1 ee
of any gaildvl€dhadoaobBdonstiaintfhe retentate was coll ected and recycled to the
decanter. [0205] This extraction and fractionation is due to the change in

pol aritﬁ of the solvent through the process in each extraction. In the
ext r actP3W1showhe permeets stream figye thergeralaang gxgkem was eygporated using an in-

2011/ 1 : B s 0 . l.,.pi Ss

cont ai HRG. ABRCICEONS s i i PR GORr e aBop ot Rl SRR i th
860 | bdlistdfatidensli uf thd cdtahanolth SSieatt vaus elvapmate b 94 hest leamadtion stepswletd ng in a

m xture contai ni ng about, .55% agueouys et hanol . The i ds .and. li qui ds were
Separ atERAEY e ATiacRtIPe AL o SOt R T Ry e Egt S ol aisgistiistn

vei ghedyia28achRira @l s ﬂfég%laéfty chESSd with it #dditdn SZPatbd thOhi-3e% t he
denatured ethanol was added to the solids, resulting in a mxture nmade up
of abouwlogs9g e theousraetidraofaliflferThiecosipiongats anid datlystcplsProdnet Iseméaingdettic usi ng a
decanterl#gls (%escri ed abozte. The solid Qor.ti[hon v¥ei g[Eetd 3@4? | bs. ang was
40% dr R BLOTCIR apflas a fell Telamad,execss aysrtaT i ey Stgmithiot couly! gt be K&porigs

added, ngstiht oP&ratify orditidnyI rddfucedestitail&thagurelipide! Pesdatt 3 ddigaised ihds and
i quids were separated using a decanter as descri bed above, The resulting

sol i ds neefrel lgpdutFiadbe Broduge was theiresigyad hipsaass, €quiiaerg BUdRtisksapredtyy t o
dry, caslugl%sa&g eﬁ) g;d on the latent heat of water and ethanol. [0206]1n
sonme experinments (? dta not shown) other types of denatured ethanol were
tried.
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Denat ur ed et hanol contai ning 95% et hanol and 5% i sopropyl al cohol was used
in an extraction, but was found not to be as effective as 95% et hanol and
5% net haneb.20lige7B7 100% et hanol is a preferred enbodi meotr/uskotilogi4ps esent
invention, but is generally not available due to cost constraints.

[ 0207] The perneate stream fromthe nmenbrape system was evaporated using an
i n- house fabricated batch still. ﬂ’fé“’é‘ﬂ)"e ating conditions were about 80C
during the vacuumdistillation. Al of the ethanol in the perneate was
evaporated. These BXyARFinzOMEELRAHG 6f A%E?Bi(ﬁﬂas% hyagnhhees, resulting in
four product pools, as shown in FIG 13 is is beCause with each

extraction ste the polarity changed with the addition of water to the

m xt ur e{029§1| owingn fhervesties, aldat hl@maéwy@fcaay routpiap betewsap abrari Od tikh%each

st ep. ‘gzgothd% (i‘ ﬂtc%h% qe&v%ﬂ%re%lug ?rler}ﬁethg&ckn%%n n 'S dzH%eEe’ 1H5§stt | ned
excess e Sy s at cou be vaporized un € opeérating

condi t iin¢ladinkrduct hraltedm)traemeldné ﬁﬁrmhmentrifagadsan Re0idp Cdedidngp@nioaioned t he
neutral i pl ds. Fipally, Product 4 was .the residual biomass, containing
pot ent i fitatiasp Fdersutagion GnciieT ashiv e HoRHen or admeations 716 rpel U P/ 031414
Exanpl S [0208] Upon
R R R e e e
(W' w) mbthdsdexifa’térsi;ng:mathbé nd@\fr&tusecew namong S(ang/obtﬂlewmammgrfmdswdtﬂomget n t he

algael dustr i ncl_udi. but ﬁg} m%)rdto merrbr (%flltratlon

cent ri fligSRIcERTatRaAL S %%ﬁﬂ?e f"i/‘é{ WOVE i GO5HOT GEMGEL IR ARG Bt an

ei t her e‘%ﬁ@l‘l@?ﬁtlall?afté&ﬁ@ﬁfs@He@éteﬁﬁgjismﬁﬁieﬁtduﬁmAn ad A ARIFGIRY sysREMIahgof such
nmet hods Is an ae slurry containing about 10% w w solids. To dewater

furt herrnethwlﬁt chmlowé\lnelteer is mlgat thet ool foryhaoaxtrasteah and frastionationerden eigat he

remai ni n eg t({er to\Rgfz t he c(ﬁnff(gentratlon of solids closer to 40% w w.
However™ Ijiléa BEPICSTEORE RE PP ICHE U hdr ERSEL M8y ponent i al |y after the first
dewatering is carried out. An advantage of the systenms and net hods

di scl oqegodier elAR dx8mbhRalf shiétea procedy rhight BdwBatei thi@Gist Sraafien fouad! foldatngon of
an al gal mass that has undergone only one round of dewatering. [0209] An
exanpl dheprotesehdescrbestiadaxampind, 1980 dlsapf Wat ipraagsiGogtaining ?%mueenwaf@und

foll 0
cont ai ritad: BERAHERRle 186 2F bRl B ATIYR HOBRREY MO i T 2o
(95% EtsBHeamdlﬂﬁinW@H)ut Sﬂ%aqubomsgsthamoa "Elmd teguitingrbioimase (360 [abpis050AMyaqueous

et hanol resul ting biomass is 40%dry. The so n
conposﬂzheo@ﬁ?v t qarpasitipgrof &hgse a@g ldee%/é%aéwgs e%hﬁ%o|W1tW1%q{Leé§ébH'é% 350

| bs. Ofof%%ﬂﬁﬁﬂéa%ﬁla%lhﬁ{é%m oBigiof Qﬁﬁl%srh&hﬁé‘w%{ﬂdtﬂ%eab%ﬁ% 1‘% %ﬂﬂ&% chQﬁolabOUt
81% aqueous ethanol. The resulting bionmass (23 . ry. The

sol ventTleonpdeng biomags (28héwse 1wé®%sdmju tike sczﬂv@ﬁ%mqommmé:hmﬂmt solistik

anot her,.470 u n_of t ture woul d
Do aboutiTosuncat eBine o o hFHES o data PSR B s Shas s b i
about 9Bt R be éﬂah§9%taq@édﬁ%ﬁﬁnéle%'err@s%ltﬁ%"@bh%ﬁzo@lrd&fegw% @rydxflyh based
on the | atent heat of water and ethanol. In this case, 100 |bs. of al gae

woul d Hdeet Béentherely eTémSe\Metdasﬁﬁngssrmes 69% lessrranigly. to vlnebased)mp&reelatem th
Exanpl Eile"agii ofwrI L reaniae l}a%o tl%rtfu'src]: en%(f lrbI aolfa;f\%%i?ﬁg\i{a ﬁ%\%%lee trac%ed u3 Q I bs. of
W S. e

t he dr gae equiva was  ex anol
2011/ 12178326 mtfhwo WS bhdvhrdded @i Eraaple 3Thacleal ﬂhemaﬁglgrlﬁﬁteﬁammoazs e
her ei n |ncorporat ed by reference in their entirety Pat ent 7, 148, 366

Rhodes, 2|z pelitse3 P} Bgrafdhe dryzigee.cguivelgnt vzwtrae@ﬁémﬂ@%édbe\ﬁh@ﬁolus. ng al gae
to produce bi odi esel Chisti, Y. (2007). Biodiesel from m croal gae.

Bi ot echnol Adv 25, 294-306. - Generic review on using algae to produce

bi odi esel
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Am n, Energy Convers. Manage., 50:1834-1840, 2009. Ceneric review on using
al gae to produce biofuel and gas Catchpole et al., J. of Supercritical

Fl ui ds, wWo39M/89%i67 2009. SCF CO2 based extraction of spexitakang/oBi4ps ds
Bligh EG & Dyer WJ. Arapid nethod of total |ipid extraction and
purification. Can. J. Biochem Physiol. 37: 911-917, 1959. Christie, W W
Lipid Analysis, 3rd ed., Oly Press, B{f®3e8%ater, UK, 2003, 416. Approved
Met hods of the AACC, 9th ed., American Association of Cereal Chem sts. St.
Paul, Me (BSFindASE-MetNad h58inlfco Y AORCARES TPER\FRRLL 031414 CLAI NG
1A nmethod of dewat eri ng a wet al grP cul ture, conprising: a. removing
at least a portion of liquid in an aI gal cell culture using a sintered

met al tWBeP#tenttF4&IPbobt ai n a wet al gal bi omass fraction having a | ower
liquid content than the algal cell culture; b. recycl ing at |east a portion
of the {4 g cel ferent

al gal crgh%é %'F{e‘é?ﬂéﬁ ’ HS |(pj?9a@\k/%ia?deor9 ﬁi‘leéeglﬁblegl{égvg v@lrill%gua?1 eltt8 3ﬁ(ﬁfcgvxet al gal
bi omass fb@dtesan:hmnde@m)V)]@1@diemhfrumtmmfoaﬂgaleeBzrowcbwlmidv 25| gd-3eel-l s of the
al gal bionpass.fraction to glat her ; isolating at | east a portion of
the gat helSBeTH G¥ICWRA ysing ¢ &3 BPTP %ﬂ?loéhﬁ%]rtl on of the solvent set and
l'iquid of the wet algal biomass fraction so that a dewatered al gal bionass
i's geneAﬁh{eqfne,?g? Cm@eﬂem%igeofsoqg@umsho M. Bchet NRVAVGH &ifsaighg@l bi omass
is an algal paste or an algal cake. The nethod of claim 1, Wherein the
wat er i sci biredwelbidnel agdigas s at Ieast about 10% | ess or nore dense than
water. 4. The nmethod of claim1l, wherein the solvent set corrpri ses one or

or e OfCa%%%?el es[’al.,ng .%cfg{lf)er}gﬁtlca?ﬁf S, C47: ggftﬁgl §6d9 §CF% gaseg extractlon of

specialty lipids

Bligh E G & Dyer W J. A rapid method of total lipid extraction and purification. Can. J.
Biochem. Physiol. 37: 911-917, 1959.

Christie, W. W., Lipid Analysis, 3rd ed., Oily Press, Bridgewater, UK, 2003, 416.

Approved Methods of the AACC, 9th ed., American Association of Cereal Chemists. St.
Paul, MN, 1995 AACC Method 58-19.
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5. The method of claim1l1l, wherein the algal cells are not |ysed by the
adding of the water m sci ble solvent set. 6. A nethod of dewatering a wet

al gal celwocuittuars; conprising: a. renoving at | east a pomtuseot1oBi4id quid in
an algal cell culture using at | east one of a nenbrane, centrifugation, a
sintered nmetal tube, dissolved gas flgééﬁhfn, and flocculation to obtain a
wet al gal biomass fraction having a ¢ iquid content than the al gal

cell culture; WO 2011/127167PCT/ US2011/ 031414 b. recycling at |east a
portion of the liquid renmoved fromthe algal cell culture for use in a

di fferent alfaicthoel df dewhteung a vt abbcalicudtuwarempnsisgi bl e sol vent set to the
wet al gal biomass fraction and waiting an anmount of tine to permt algal

cells of the algal .bi ss fracti tg.gather. and d. isolat.ing at |least a
portion of ther gt &d°RF g aprishier fapit i ek Lo ettt iR Tty e
set and |iqui dadk fllReetotitainlagadt aliaDbBERSS frdtiondaving atllfatr dpdevaiteieghnal gal
bi omass is generated. 7. The nethod of claim®6, wherein the dewatered al gal
bi omass is an Hlegagal pelbewWtuse: an al gal cake. 8. The method of claim 6,
wherein the water mscible solvent set is at |east about 10% | ess or nore
dense than t l g i v

conpri ses oﬁg %%yﬂgﬁglggwg¥e%gﬁg?Fgﬁ;gggpﬁgmﬁgiﬁgﬁQFé%%%?%ﬁf????@?*%ﬁh

al cohol s. 10. Thediffetdnddigolf cetllcitore, wherein the algal cells are not |ysed
by the adding of the water m scible solvent set. 11. A method of dewatering

t algal cell .culture, . ing.at | . tion of
i qut o1 o s Soetodiigai il SaRR R et st Bisbb P e Sy Febp Dllb iR on
having a | ower ah bt FFeitcadtpethiabighN@lRlog e F@1 biokhHst Bh&ionto gathdi;ndda

first water m scible solvent set, conprising one or nore solvents, to the

wet al gal biomass fraction; c. generating a substantially liquid phase and
a subst anti al-| {sokoing @t shd seortirafithegithsied plgabgells fonyweitlcast g aprtion ofrtles

fracti on and. Wl TLAGHIE R HENk: A8 bichad TALAY Ashnata b&RRLRRET LT on of

t he substantia
biomass is generated.

2. The method of claim 1, wherein the dewatered algal biomass is an algal paste or an
algal cake.
3. The method of claim 1, wherein the water miscible solvent set is at least about 10%

less or more dense than water.

4. The method of claim 1, wherein the solvent set comprises one or more of glycols,

glycerine, acetone, acetonitrile, and alcohols.

5. The method of claim 1, wherein the algal cells are not lysed by the adding of the

water miscible solvent set.
6. A method of dewatering a wet algal cell culture, comprising:

a. removing at least a portion of liquid in an algal cell culture using at least one of a
membrane, centrifugation, a sintered metal tube, dissolved gas flotation, and
flocculation to obtain a wet algal biomass fraction having a lower liquid content

than the algal cell culture;
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e. adding a second water miscible solvent set, conprising one or nore
solvents, to the isolated portion of the substantially solid phase; f.

I sol ati ngwat2oieasté7a portion of al gae solids of the m xtarasediitobeti4
substantially solid phase and second water m scible solvent set by
sedimentatiqn or flotation of the_algae. solids; _and g. recyclin t least a
portion of &t Fe¥singsideasta peiEion pf e Vs o r B 7 g eV Py ettt et
to a subsequent, akgRlcn¢gloh &l LML dewatering process. 12. The nethod of
claim1l, wherein the dewatered al gal biomass is an al gal paste or an al gal
cake. 13. The nethod of claim 11, wherein the water mscible solvent set is
at | east about adding h esier oriseiblesoldentsset tortherwabalgal biamass Trastioeaitbwaihg cl ai m
11, wherein at | east one of the firs t L S¢ibl e sol vent, set _and .t he
second wat or - nPaErry Llrdane Gu edleslF of b befuSHatf o ¥l Il " ana
gl ycerine. 15. The nethod of claim 11, wherein the algal cells are not

| ysed by t hel. addiangg thheadtiarpttioradfahe pithatdhigabally €din sdtasod pbitienHEeend

wat er m sci bl e sol vent set.. ) )
solvent set and liquid of the wet algal biomass fraction so that a dewatered algal

biomass is generated.

7. The method of claim 6, wherein the dewatered algal biomass is an algal paste or an
algal cake.
8. The method of claim 6, wherein the water miscible solvent set is at least about 10%

less or more dense than water.

9. The method of claim 6, wherein the solvent set comprises one or more of glycols,

glycerine acetone, acetonitrile, and alcohols.

10.  The method of claim 6, wherein the algal cells are not lysed by the adding of the

water miscible solvent set.
11. A method of dewatering a wet algal cell culture, comprising:

a. removing at least a portion of liquid in a wet algal cell culture to obtain a wet algal

biomass fraction having a lower liquid content than the algal cell culture;

b. adding a first water miscible solvent set, comprising one or more solvents, to the

wet algal biomass fraction;

c. generating a substantially liquid phase and a substantially solid phase from the

mixture of the wet algal biomass fraction and water miscible solvent set;
d. isolating at least a portion of the substantially solid phase;

¢. adding a second water miscible solvent set, comprising one or more solvents, to

the isolated portion of the substantially solid phase;
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12.

13.

14.

15.

WO 2011/127167 PCT/US2011/031414

f. 1isolating at least a portion of algae solids of the mixture of the substantially solid
phase and second water miscible solvent set by sedimentation or flotation of the

algae solids; and

g. recycling at least a portion of at least one of the first and second water miscible

solvent set to a subsequent algal cell culture dewatering process.

The method of claim 11, wherein the dewatered algal biomass is an algal paste or an

algal cake.

The method of claim 11, wherein the water miscible solvent set is at least about 10%

less or more dense than water.

The method of claim 11, wherein at least one of the first water miscible solvent set
and the second water miscible solvent set comprises at least one of an alcohol, and

glycerine.

The method of claim 11, wherein the algal cells are not lysed by the adding the first

water miscible solvent set or the second water miscible solvent set.
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