WO 2011/ 127169PCT/ US2011/ 031417 METHODS OF AND SYSTEMS FOR | SOLATI NG
CAROTENO DS AND OVEGA- 3 RICH O LS FROM ALGAE CROSS REFERENCE TO RELATED
APPLI CATIVONIZ20{10Q0p Thi s application clains the benefit @CTWSM11/MBINT Si onal
Application No. 61/321,290, filed April 6, 2010, entitled Extraction with
Fractionation of Ol and Proteinaceous Material from O eagi nous Materi al,

and U.S. ProviE pHeDSeH ARG SGIS'I‘EMS5#bﬁiSﬁ§EﬁT|Nd GS&R‘@TEN@PS?OM

3 'cagi nous Material, ANEFSASARIRHEONS AW BEGART cby i ncor por at ed
by reference herein. FIELD OF THE | NVENTI ON The invention is

concerned with extracting and fractionating al gal products, including, but
not limted to, oils and proteins. Mre specifically, the systens and

net hods descri bed &p@;ﬁﬁfkkﬁ%ﬁﬁ@t&fﬁb‘%ﬁf@ﬁﬂé ionation with a

slightly nonpol ar so O process gal” bl onass CKGROUND OF THE
| NVENTI ON [ 0002] Petrol eumis a natural resource conposed primarily of
hydr ocgod@ris. Ekisrappli¢atign peiimothewrnelit of fF. SnProhBioaalr Applicatiexpensi ve,

danger o ten gt the e nse of .the_ _environnment rthernore, world
wi de reetiZwZz% [?Fi o 6220 by en % Frgractipn mﬁg Freshiopatiog %fcplﬁer&{]nm ate due to
the ”af‘}éféﬁ{aké’éds%at&nﬂ fR{nE’@?e% iﬂ&g s MeHa eda s Cﬂ‘aV%{oﬁlapﬁ%ﬁﬁEaﬁHﬁN‘a' | into

usabl e fuels such as gasoline-and jet fuel. [0003] Al gae have gal ned a
si gni f |6:1é1h?tl A80ptletdaiumd 6, A0 0 eetiedyledrastign Wath Kriaetianatiti bf Ol and CpF oduce

l'i pi ds, h.can,.be .useq,to. duce sus |.e biofuel. .This LlLity can
b expibsP Rt B ERa WHETARE Sl Ot Pl UG BEdF <Ly P ERAge. and
treat wagt&wahsekin Al gae's superiority as a biofuel feedstock arises from a

variety of factors, including high per-acre productivity conpared to

typical terrestrial oil crop plants, non-food based feedstock resources,
use of otherw se non- producti VAELD, QFFHE INYBNTION i | | zati on of a wide
vari ety of water sources (fresh, brackish, saline, and wastewater),

o oduct on SRR SL T SN AR BB B TRL R 05
speci eduohotdimgael toavids degnoteaise ded spavdhitiydihe dydtans dndanekthods 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.



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 thePCirfus2ayobaiand are
affected by environnmental and culture2conditions. The strategies and

appr oac for extraction are rafher different depen |nd| vi dual
al gal Bﬁ@ﬂes/ seyespliRousand Rrelss BergpsRAVEH bephEF R aag tified i | | ty in

bi oc he%r&&lctlﬁﬁm%%dle%\ze@ﬂ{é ﬁa’é‘tesei?&ﬁﬁdl&ﬁdiespro}ﬂﬁés@ SduPlod ﬁﬁc@é Hé‘l?uﬁl%lh vl |
Conventional physical extraction processes, such as extrusion, do not work
wel | winrbdutigadays been iddngificthi Thabpid comppsigor end condrt Valryohttitf&rsrrtatalgem ze
(about cells. [Furt h r mor e anpu

ol ar 19 Rt gd PR e Bavfrndie R e Eaog RGBSR T om
seeds, dpBRfAch® bR 48 Tuas: diffORABIddRAMNE Bh ViRBTid0A alday @%&fﬁs/sﬁrhﬂ@'
concentrations in cultures range fromabout 0.1-1.0 % ( Thi s means

t hat asmleyrddecapoof therreasiderablgyauilipfinhiacaemisat cqmqsﬂm agithof al gae
must b Y 0 i o) n g oil
oxt 1 acti A Peal T S EERIDE oy BHHRT bhiAey (-0 poce S LT

conpl etsleytradiyn, fdeedt bv@rk wpil mﬂa difue giverl the &ﬂdqmsaiﬂth@/cenf walm endihk sﬁmtll’ act ed.
Due to the anount of eneqng uired to heat the algal mass to dry it

suf fi cissst(phout 2rig aboyya0n eﬁalg %ilof Gethepmaice the lpge @@ﬁa@tﬁ@épalﬁéhwﬁw cal .
Typi cal}y al ofl h&?s Joﬂﬁ)%édsto?ﬁg Q%lpfecévé?&ﬁﬂoﬁtsegﬂsgﬂa&%ﬁh Yi&ss.to enhance
the extraction. These step not wor the exi sting equi pment due to
the single cell mcronetric nature of algae. Furthernore, algal oil is very
unst abl[@0@Rle t Upvhbapresentypief aldduiohecnihaednlcoligres haign fifoat abouaBilels0 The

hi gh te tyres used in conventional tracti on. t hods .cause degradation
o °F he a0 HbPaBES Rt B R S M Bt PSP aRE i B! Pl o Known
in the agde rh@st 8 tdrgited Veforé hdshHrgasl @t@dliodTeSSraylyUstifith KRR cARSH @
solvent. This process is energy intensive. The use of heat to dry and

hexane mehedst fpaelteagm@m@grl@is Sidigty resfuire @W@@st qqmplete}y dey feed to imppeveghe
Pr OCESSI 8 i@ Zy ?16 011ae@<gr E)te&) t B tod%%r H S ene JlredQ€ lheaﬁ'the ghract hon
can be ¢radsi ? I'srup Ve or sruptive ﬁod

[ 0008] Dhass tucptity\/lesufﬁhlamﬂys thanghMEed:t@I Hiofublggro&ss meﬂdmeccaie,coﬁdiﬁlrcmal
enzymatic or chenical nmethods. Mst disruptive nethods result in errul si ons,

r equi ri Tipicyethp drsdiiy exterded wnfakndon i tempgrafures PsnbwIse hdrarigye
f
e noPSy e ahor B e AGHEL A A G RUDRLGRS AR BEMEpI G on ©

2011/ 12060 BCALUS2BirhecBBd 1a1gd dihie varytunsebte durdo ﬁwlpre@ncﬁmﬁrmubk Hoatied i n the
solutiqgn. The enul sjon a conplex mxture, conta neut r al

pol ar ﬂP‘Eﬁ ghain Kty agidss T sh@hd?rﬁg?ra@rwse %@&E?@Wﬁwﬁct&& BROPgReREe | i ng
Pr ocesSRrddtidSof Bt Slltthéreﬁg?ﬁ&@a'sm iR Chyts LG mRMedd he feed that is
converted into bi of uel Non-di sruptive methods provide | ow yields.
MIlking is the use of sol vents or chenicals to extract lipids froma

gr owi nd089al Hu$ kugven IHWW ralé te oxtescl o Srogsdrakedt adgéémasaby usihngAtxapresact s,

cel I warlvel o PR b OB R P A el BB Fnd B BBH ATt Ch Gentr e

pr ocespradidcks prolduct o?ulds\wie{uamyeas tﬁlbeypeqif%mmﬁg &@llsssarﬁl@ afipretgied woul d be
astronom cal due to the maxi mum attai nabl e concentration of the solvent in

t he nedlegrnd aTQJOlO] Mul ti phase extractions woul d require extensive
distillations, using conplex solvent mxtures, and necessitating nechani sns

for sol Wﬁ‘@ T eaauebH e@{}&'ct{oﬁ%ﬁf he clalé? ’jﬁ‘ﬁﬁiﬂ @g&h dRKIJRE b ABS disHRREt i cal

and unecon or use I n algal
methods.
[0008] Disruptive methods involve cell lies by mechanical, thermal, enzymatic or

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

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



[ 0011] Accordingly, to overcone these deficiencies, there is a need in the
art for inproved nethods and systens for extraction and fractionating al gal

product s,wonrropareticeul ar al gal oil, algal proteins, and aCgalS2@ianstsenoi ds.
BRI EF SUMVARY OF THE | NVENTI ON [ 0012] Embodi ments described herein relate
gener al

st.e and net for xtra in i pids of varyin
pol ar.tl%gutf% Coneh P%%?’i?&fﬁg ﬁé@@e.sa thPn @%HL}I%W@Q é”X xBRc.al gal
bi omas syoplathiR@hduteyligids, &F&%Qﬁ%d‘é%ﬁo%elﬁ’se%ﬁd[ bt%dalgarp%dhc@somwbxﬁeﬁgmctl ng
|ipids of varying polarities froman algal biofass using solvents of

varyi ngepohgpracgssantly isolate thendurl bpidsentoclane the facd that id qongentasl istobodi nent s,
the fi l‘t;[eflr f’es a mcrofilter. [0013]1n sone enbodi nents of the invention, a
single 49¥"Went and water are used to extract and fractionate conmponent s
present in an ol eaginous material. In other enbodi nents, these conponents

i ncl udgoo®]t anenruptive rh@Bodshropidoldy PRIdspMiding isphégse @Mmdlveaytoral
lipids. In_still other_ enbodinents, nore than one solvent is used. In still
ot her eheBiateAEestrac lipidetiane a groveng gheat quliuse. \Whie spmemey wred ghextract
enbodi e 4]
extractrE? gﬁcoéﬁ)lr@% Hﬁgg? Ilpl\%%1§ rom o Qﬁ%%ggélﬁoﬁs@at%{g?fcg O?Vééx?gxwl 1ig;a(?lof such
copr oduetl s;vallrrm;mﬂieon vil'liik carhplidanivh atakesnthe peodleprat edu gemtoqa’m@:lss difficult.

chl orophyl |, and. car ot enoi ds WO 2011/ 127 9PCT/ USZO 417 4

Enbodi refthsiragres the valuas Af sqlcntaasrehr pei) begprenpmigs] SHEIBREY act i on
and 1 aghiabRldoAlfhiid) ofthe BEIOGHTA o ih@mml 0al bi omass 'n a_manner t hat
allows for the production of both fuels and nutritional products. [0015]1In
anot her enbodi nent of the invention, a nethod of isolating nutraceuticals
product[80fHom Mujfaldlaisse}ﬁra@m')@e\doul[i@@nm]elemteamgdtshéatlmmmgmmm@i t he

i nventiQ t hod n ar.ote nd onega-3 ri i.l from

o gee. ibienfElR g e bkt RURRS R PR SRR B O IS Plike an a gal
bi onassmard sachixt@ct@ordsiimptactd AR uinédoabiniANfdr @sd henl@dl @alteddinolBREs. i n a ratio
of about 1 part ethanol to about 1 part algal biomass by weight. The nethod
al so i ncI udes separati ng a first substanti al I%/ solid biomass fractl on from
a firstl081Mst ancradingly, fepydcanabescotelicinmpics.dherg it Becdiipshegitifot onbi ni ng t he
first l ction
n o r e rh@hod R it RERSByctloR Sl Bt o REEARR 1R bl 0
met hod aﬂgmbﬁealgalmbtnnhesanslam atsrotegomlssecond substantial ly sol id b| onmass

fraction froma second pal .y iqul I onpri sing polar
| i pi ds and conbi ni ng tmgﬂyﬁéﬁ’mﬁﬁ b\ggﬁﬁﬁaﬁcon&ss fraction with a
third ethanol solvent fraction in a ratio of about 1 part ethanol to about

1 part [9oPgt anEhdblim@® ddctbAMRESN Ryatwebathhlly (e stk BRE nRtRAs ffc! udes
separating a third substantially solid biomss fraction froma third

subst arﬂxtraumg llﬁldﬁﬁfd’afyla@ poleritieoligmiagiotegemeus material, mcdltgimg/vaéreéamplteh@ third
subst an ?lbl%ags 1cu ar a?rn{) d;f: rgl;[e%tg scaﬂ)g%lgrgls%go%g%rﬁry(gflc%mgshp? S0 fs eparating

t he neuat @
varying polarities frorn 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.



[0017] I n yet another enbodi nent of the invention, the nmethod al so i ncl udes
| sol ati ng carotenoids, onega-3 rich oil, carbohydrates and polar |i pids;

i sol ati ngwohelperwe | i pids from conponents that are not Pp@IEsRoLOpi4d7
conponents; and/or isolating caroteno#ds from noncarotenoid conponents.

[0018] 1 tjill a fuyrther enbodj nent o he.invention, the nethod al so
i ncl ude@“%qdé@@%té Pﬁﬂ*etnﬁ%%pblpa?nﬂnowﬂay ffP’hELhS SH{“ﬂFaé‘S%‘%S eéﬁé?t&n angFactgpation
det er gefttafoal ?fa)quétg ednpelghitdidRsss ih QPHRhiMthANPHLRE Fo P BRI ITBRGn S bl icls
i nvention, at |east one of the first, second, and third solvent sets

conpr i sed natriteingloprofluctOpt i onal |y, the al cohol is ethanol. BRI EF DESCRI PTI ON
OF THE DRAW NGS WD 2011/127169PCT/ US2011/ 031417 5 [0020]FIG 1A is a

fl owch f steps.jinvolved i nmet had accor.di 1 n_exenpl.ar

erodt Tpor “HRERAL R il p R PRI TTR P BR FEERRUE. i agr am
of an exedptafriymernhed penide@f a dewatering process according to the present
di sclosure. [0022]FIG 2 is a schematic diagram of an exenplary enbodi nent

of an extraction systen1accordk%g to the present disclosure. [Q023]FIG 3

is a cdfPtflat i fea Girthshewhedimsst Sohs inaentan: p aathaskpidsolstingeapoteqigpnd gae

omega-3 rich oil from algae includes dewatering substantially intact algal cells to make an
algal biomass and adding a first ethanol fraction to the algal biomass in a ratio of about 1 part
cthanol to about 1 part algal biomass by weight. The method also includes separating a first
substantially solid biomass fraction from a first substantially liquid fraction comprising
proteins and combining the first substantially solid biomass fraction with a second ethanol
fraction in a ratio of about 1 part ethanol to about 1 part solids by weight. The method further
includes separating a second substantially solid biomass fraction from a second substantially
liquid fraction comprising polar lipids and combining the second substantially solid biomass
fraction with a third ethanol solvent fraction in a ratio of about 1 part ethanol to about 1 part
substantially solid biomass by weight. The method also includes separating a third
substantially solid biomass fraction from a third substantially liquid fraction comprising
neutral lipids, wherein the third substantially solid biomass fraction comprises carbohydrates

and separating the neutral lipids into carotenoids and omega-3 rich oil.

[0017] In yet another embodiment of the invention, the method also includes isolating
carotenoids, omega-3 rich oil, carbohydrates and polar lipids; isolating the polar lipids from
components that are not polar lipid components; and/or isolating carotenoids from non-

carotenoid components.

[0018] In still a further embodiment of the invention, the method also includes processing

the polar lipids into at least one of lubricants, detergents, and food additives.

[0019] In another embodiment of the invention, at least one of the first, second, and third

solvent sets comprises an alcohol. Optionally, the alcohol is ethanol.

BRIEF DESCRIPTION OF THE DRAWINGS



bi omass using an array of solvents enconpassing the conplete polarity range
showi ng maxi nrum non-di sruptive algae oil extraction efficiency and the

ef fect ofwpabariztyoon the pol ar and non-pol ar |ipids extcaaisc@n/o3{4@D24] Fl G
4A&B are graphic representati ons showsng neutral lipids (A Purity and (B)

Recovery in the two step solvent extraction process using nethanol and
pet r ol dﬁﬂ%‘at heFlGt14 Wrae@owhaft@rféms teRpEa af g sthodraseing s an SARAPIERe gr aphs

showi ng.neEhalt o i fsschfisEeily and (B) Recovery in the two step sol vent

extraction process using aqueous nethanol and petrol eumether at three
different tenperatures. [0026]FIG 6 is a graph showing lipid recovery in
the twd082dp sbElw.ell isexschentticchagmroodss casnplgnacueatimentatiaateviatcamng

petrol eum et her at ee different tenperatures. [0027]FIG 7 is a graph
showi nd?#8° %‘fc%@ilg %fhtilgme\%lﬁtd Cfoéu@ol i d bionass ratio on lipid recovery.
[0028]FIG 8 is a graph showing the efficacy of different aqueous

extract[pozrz|sol BiG oS alsBhénsicnih@amtofan @xéhplaty @bJdReOMeTYin @ktragideous

nmet hanol on dry biomass. [0029]FIG 9 is a graph showi ng the effect of

nul ti plsestemescordingdndhe rrynhdistlesiycon the cunul ative total Iipid yield and
the neutral lipids purity. [O030]FIG 10 is a graph showi ng the cunul ative

recover |1 pi i o]l : :
2011/ 1 é?gféjg PCT?IL%Z}OI% % /cg%lf\ﬁ%%lvp %&gﬁ%ﬁm@ﬂ@ PhRRP& tractif¥Pof 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.

[0024] 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.

[0025] 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.

[0026] 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.

[0027] FIG. 7 is a graph showing the effect of solvents to solid biomass ratio on lipid

recovery.

[0028] FIG. 8 is a graph showing the efficacy of different aqueous extraction solutions in

a single step extraction recovery of aqueous methanol on dry biomass.

[0029] FIG. 9 is a graph showing the effect of multiple step methanol extractions on the
cumulative total lipid yield and the neutral lipids purity.

[0030] FIG. 10 is a graph showing the cumulative recovery of lipids using wet biomass

and ethanol.



6 [0031]FIG 11 is a graph showi ng a conparison of the extraction timnmes of

the m crowave assisted extraction and conventional extraction systens.

[ 0032] FI GvokBA/I2316a fl owchart of steps involved in a nehodSacicesding to an
exenpl ary enbodi nent of the present dfsclosure which incorporates a step of

protein traction. Al of the units in Fl 12A are in pounds.. [0033] FI G
12B i s lasﬁlomﬁéq?-tlldﬁ as%{faé)&sﬁlpww Wﬁ%ﬁ%&%ﬁfﬂ%@%ﬂ%@f CIRICHHEEs s

accor diRg.tQ kfiRBh 85 BinhBGlP S R1ioh R34 G 13 is a flowchart and mass
bal ance di agram descri bing one of the enbodi nents of the present invention

wherein 1000 | bs. of algal bionmass was ‘B,r ocessed t hrough extraction and
fracti dA832lon FHC.ol2deis atftovedpriiodsigphimuolvad i @ picthod apedrding|td pi dxempzaey

protein_fraomthe.al gal bj SS. 035]FIG 14 is a.flowhart desqgrj hing one
bt °t he s PRt DldPteenl s MRETR Rt aeRe R b RS e RS Sl "B

pr ocessieluhi®s ih®I® VK baus ppueducts. [0036]FIG 15 is a flowhart descri bing
one of the enbodi nents of the present invention wherein al gae neutral

| i pids are processed to formvarious, products. [0037]FIG 16 is a flowhart
descri JP3Blone FHs. k2Reis arilsuvshai Af stept iny plyed HededRCMPIAFE XITFHOMPEREIN al gae

neut ral, Linids. QF o formfuel products. [0038]FIG 17 is a
flomhzflrc%é)rgél c?i c?%ggeongﬁ(%l?g}tr e enbodi nents of the present invention

wherein al gae proteins are selectively extracted froma freshwater al gal
bi omasq40034]  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.

[0035] 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.

[0036] FIG. 15 is a flowchart describing one of the embodiments of the present invention

wherein algae neutral lipids are processed to form various products.

[0037] FIG. 16 is a flowchart describing one of the embodiments of the present invention

wherein algae neutral lipids are processed to form fuel products.

[0038] 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.

[0039] 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.

[0040] FIG. 19 is a flowchart describing one of the embodiments of the present invention

wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.

[0041] FIG. 20 is a flowchart describing one of the embodiments of the present invention

wherein a selected algae protein is extracted from a saltwater or freshwater algal biomass.



[0039]FIG 18 is a flowhart describing one of the enbodi nents of the
present invention wherein algae proteins are selectively extracted froma
sal t wat erwel2gal12bisomass. [0040] FIG 19 is a flowhart destniskingsome of the
enbodi nents of the present invention Wwherein a selected algae protein is

extract froma saltwater or fresh er algal biomass.. [0041]1FIG 20 is a
f|omha[5847desc}:f%i gsam Owgra&)héfl%w%c %ceWszﬁég@%E%fe%aﬂﬁ hti on
wher ei N SRInaRIRANAhRARIRUOLELEA] h&cBX RCER L AR MR WAL Bbthbefore
freshwater al gal "biomass. WO 2011/127169PCT/ US2011/031417 7 [0042]FIG 21

is a photleficapiirashawi ng Scenedescenus sp. cells before and after extraction
usi ng the nethods described herein. The cells are substantially intact both

before and after extraction. Definitions [0043] The
term"conduit™ or any vari at?@ﬁmgﬁ&ﬁgé@ﬂé@her ein, includes any
structure through which a fluid may be conveyed. Non-limting exanpl es of

condui tDéffiitiside pi pes, tubing, channels, or other enclosed structures.
[ 0044] The term "reservoir" or any variation thereof, as used herein,

i ncl ude ny body structure capable of retaining fluid. Nop-limting
exanpl e@ﬂ‘gﬂ r e;fg? {Fomr §oR ‘il?é]é%éi%?él,ontﬂéf‘r’fﬁ‘?; ay uped dereqn, cludgs apy e ni | ar

St ruct YhRsigh which a fluid may be conveyed. Non-limiting examples of conduit include pipes,

tubing, channels, or other enclosed structures.

[0044] 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.

[0045] 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%.

[0046] 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.

[0047] The term “effective,” as used herein, means adequate to accomplish a desired,

expected, or intended result.

[0048] 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.”

[0049] The term “or” as used herein, means “and/or” unless explicitly indicated to refer
to alternatives only or the alternatives are mutually exclusive, although the disclosure

supports a definition that refers to only alternatives and “and/or.”

[0050] The use of the term “wet” as used herein, is used to mean containing about 50% to
about 99.9% water content. Water content may be located either intracellularly or

extracelluarly.



[ 0045] 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- lwoi2nimg7sebodi nent the terns are defined to bePpairtuseon1080417
preferably within 5% nore preferablysmjthin 1% and nost preferably within

0. 5% 4 ]Th terns. "inhibitin or "reduci.ng" or any vari ati.on of these
terms, lﬁ@ ﬁsed Ao o, h???él?ﬂ e ﬁ9t RS IRETIE, 19827 Had B COBBRIR e

i nhi bi tdoﬁ@n%ﬁlg%@'o?%r@sdi@éﬁsr eﬂlers@%l{lénts {:Ql%?a]rﬂ_ﬁ}ﬁpa{tﬁﬁ r@tl Gli®G)hye, " as used

her ei n ans “adequate to acconpl | desired, expected, or iIntended
r esul t .anfrdipt8lidoeslightly obnpdha), \hydtbphdib or hydzephotreAn yed eml’o0¢1mqnu letston wi t h

the meslsRaRe wateE it fad i e RS 2R Rmisclt i Vel SpPRuRE han one
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octane), esters (ethyl acetate, butyl acetate), ketones (met hyl et hyl

ket one [0043() . MRE R “dsRlRuLeY br % Retcl M BN heredt @EREfES0(hAbia figat hBenzene,
a

cycl ohexane, tetrahydrofuran), | oal kanes (chloroform trichloroethyl ene),
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[0054] The term “retentate” as used herein may refer to material that remains after the

diffusate has passed through a separation device.

[0055] 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.

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

not limited to, phospholipids and glycolipids.

[0057] The term “neutral lipids” or any variation thereof, as used herein, includes, but is

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

[0058] The term “solid phase” as used herein refers to a collection of material that is
generally more solid than not, and is not intended to mean that all of the material in the phase
is solid. Thus, a phase having a substantial amount of solids, while retaining some liquids, is

encompassed within the meaning of that term. Meanwhile, the term “liquid phase”, as used



[ 0052] The term "oil" as used herein includes conpositions containing
neutral lipids and polar lipids. The terns "algae oil" and "algal oil" as
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col | ection of naterial that is generally nore solid than not, and is not
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[0062] 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.

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

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

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

refers to glycolipids, phospholipids and derivatives thereof.

[0065] The term “food additives”, when used in connection with polar lipids, as used

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

[0066] 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.

[0067] The term “unsaturated fatty acids” as used herein refers to fatty acids with at least
one double carbon bond. Non-limiting examples of unsaturated fatty acids include
palmitoleic acid, margaric acid, stearic acid, oleic acid, octadecenoic acid, linoleic acid,
gamma-linoleic acid, alpha linoleic acid, arachidic acid, eicosenoic acid, homogamma
linoleic acid, arachidonic acid, eicosapenenoic acid, behenic, docosadienoic acid,

heneicosapentaenoic, docosatetraenoic acid. Fatty acids having 20 or more carbon atoms in



herein, refers to a collection of material that is generally nore |iquid

than not, and such collection may include solid materials. [0059] The term
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1:5 (n-3) Eall—cz‘s-6,9,12,15,lS-heneicosapentaenoic

LS R RN ... .

Docosapentaenoic acid (DPA), 22:5 (n—3) Eall-cz‘s-7,10,13,16,19-d0cosapentaenoic

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA -acid

Clupanodonic acid 2:6 (n—3) Eall-cz’s-4,7,10,13,16,19-d0cosahexaenoic

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ‘acid

Docosahexaenoic acid (DHA) 4:5 (n—3) Eall-cz‘s-9,l2,15,18,21-tetracosapentaenoic

_______________________________________________________________________________________________________________________________________________________________ ‘acid :

Tetracosapentaenoic acid 4:6 (n—3) Eall-cz‘s-6,9,12,15,18,21-tetracosahexaenoic
-acid

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

chain lengths appropriate for use as jet fuels.

[0070] The term “diesel blend stock™ as used herein refers to alkanes with the carbon

chain lengths appropriate for use as diesel.

[0071] 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.

[0072] The term “human food” as used herein refers to algae-derived substances that can
be consumed to provide nutritional support for people. Algae-derived human food products

can contain essential nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals.
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Conmon M#es, Pheirhatsarad Bicgosaetialsenoi ¢ acid (ETE) 20:3 (n-3

Ei cosatetraenoic acid (ETA) ;20:4 (n-3) :
[0075] The term “enriched”, as used herein, shall mean about 50% or greater content.
[0076] The term “substantially”, as used herein, shall mean mostly.
[0077] The term “globulin proteins”™ as used herein refers to salt soluble proteins.
[0078] The term “albumin proteins™ as used herein refers to water soluble proteins.

[0079] The term “glutelin proteins™ as used herein refers to alkali soluble proteins.

[0080] The term “prolamin proteins” as used herein refers to alcohol soluble proteins.

Non-limiting examples of prolamin proteins are gliadin, zein, hordein, avenin.
[0081] The term “algal culture” as used herein refers to algal cells in culture medium.

[0082] The term “algal biomass” as used herein refers to an at least partially dewatered

algal culture.
[0083] The term “dewatered” as used herein refers to the removal of at least some water.

[0084] 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%.

[0085] 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.

[0086] 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
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to, seas, oceans, and estuaries. Non-limiting examples of saltwater algal species include

Nannochloropsis sp., Dunaliella sp.

[0087] 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.

[0088] 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.

[0089] Non-limiting examples of microalgae species that can be used with the methods of
the present invention include: Achnanthes orientalis, Agmenellum spp., Amphiprora hyaline,
Amphora coffeiformis, Amphora coffeiformis var. linea, Amphora coffeiformis var. punctata,
Amphora coffeiformis var. taylori, Amphora coffeiformis var. tenuis, Amphora delicatissima,
Amphora delicatissima var. . capitata, Amphora sp., Anabaena, Ankistrodesmus,
Ankistrodesmus falcatus, Boekelovia hooglandii, Borodinella sp., Botryococcus braunii,
Botryococcus sudeticus, Bracteococcus minor, Bracteococcus medionucleatus, Carteria,
Chaetoceros gracilis, Chaetoceros muelleri, Chaetoceros muelleri var. subsalsum,
Chaetoceros sp., Chlamydomas perigranulata, Chlorella anitrata, Chlorella antarctica,
Chlorella aureoviridis, Chlorella Candida, Chlorella capsulate, Chlorella desiccate,
Chlorella ellipsoidea, Chlorella emersonii, Chlorella fusca, Chlorella fusca var. vacuolata,
Chlorella glucotropha, Chlorella infusionum, Chlorella infusionum var. actophila, Chlorella
infusionum var. auxenophila, Chlorella kessleri, Chlorella lobophora, Chlorella luteoviridis,
Chlorella luteoviridis var. aureoviridis, Chlorella luteoviridis var. lutescens, Chlorella
miniata, Chlorella minutissima, Chlorella mutabilis, Chlorella nocturna, Chlorella ovalis,
Chlorella parva, Chlorella photophila, Chlorella pringsheimii, Chlorella protothecoides,
Chlorella protothecoides var. acidicola, Chlorella regularis, Chlorella regularis var.
minima, Chlorella regularis var. umbricata, Chlorella reisiglii, Chlorella saccharophila,

Chlorella saccharophila var. ellipsoidea, Chlorella salina, Chlorella simplex, Chlorella



(n-3) Tetracosapentaenoic acid 24:6 (n-3) Chem cal nane
all-cis-11,14,17-eicosatrienoic acid all-cis-8,11,14,17-ei cosatetraenoic
acid all -wp=208,/8716%, 14, 17- ei cosapent aenoi ¢ aci d PCT/US2011/031417
all-cis-6,9,12, 15, 18- henei cosapentaengic acid.. .. .. all-cis-7

10,13 sorokznzaigc? C:Cg}a?orpe)?lg tsl? egg)orella sp%aerzca 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.

[0090] In other embodiments, the biomass can be plant material, including but not limited
to soy, corn, palm, camelina, jatropha, canola, coconut, peanut, safflower, cottonseed,

linseed, sunflower, rice bran, and olive.
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solvent/water ratio is progressively reduced as one proceed from one extraction step to the

next). In other words, the interstitial solvent in the algae (75% of its weight) is initially water

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.

[0092] 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.

[0093] 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).

[0094] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the examples, while indicating specific embodiments of the
invention, are given by way of illustration only. Additionally, it is contemplated that changes
and modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.
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wat er  QeRLERE Qhtedb e3P hancing stability of the lipid fraction, and reducing subsequent

processing steps. Metals tend to make neutral lipids unstable due to their ability to catalyze
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.

[0097] 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.

[0098] 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:

Table 2

Algal Crude Oil (w/w) Vegetable Oil (w/w)




[ 0085] The term "al gal cake" as used herein refers to a partially dewatered
algal culture that lacks the fluid properties of an al gal paste and tends
to clunp.wGanariahiey an al gal cake has a water content ofrCahisee1168926Dr | ess.

[ 0086] Sal t wat er al gal cel I s include, BBut are not limted to, marine and
br ack| ch 2l 2ol Chﬂf‘l as twater Al 1ol e~al | S re f niind I A nature i N b0d| es

T —ouourTo

of watler sudheui@!l lipids hot imted WO 127169PCT/ US2094-P8%1417 12 to.

seas, |oceans, and estuaries. Non-limting exangl es of saltwater algal
speci g5 1 nCIp{ﬁggpm BRRCNIOrppsi's Sp., jgupgli elfTg sp. [0087]fheshwat ef al gal
cellsjare found in nature [n bodies of water such as, but not |limted to,

| akes [and ponds. Non-limting exanples of freshwater algal species |nclude
ScendgscenusGlypoljpiddaenot ocpccus sp. [l06BB) Non-1|i miting exarples of
m cr ogl gae that can be used with the rret hods of the inventi on are nenbers

of on ] 1 o L1e) th—Vv-stons pllyt a, byallU}JllyL a yalluua,t eri a),
and I—Ieterokotﬁ?%%h aglds " e br t ai n enbolj‘\hré‘hts tlhe mi croal ga Mused W th the
met hods of the invention afe nembers of one of |the fol | ow ng cl asse
Baci | l|lari ophygegae, Eusti gmat ophyceae, 72aqv%g Chrygophyceae. lrapgertain
enbodijments, the mcroal gag used wth the nmethqds of the invention are
menberis_of ane of the fnllwmnnn genera: Nannoc Inrnnclc Chlorella,
Dunal ilel | a, Riewaeidesmus, Sel enastrum lefei|latdria, Phormi 8P@m Spifulina,
Anphorja, and Cchrononas. [P089] Non-limting exgnples of m croal gae speci es
t hat cam be used wtir the thods of the present Tnventiomnm 1 nct ude:

Achnant hes orientalis, Agnenellum spp., Anphiprora hyaline, Anphora
coffeiform s, Anphora coffeiforms var. |linea, Anphora coffeiforms var.
punct at[90991}\rrphmegummﬁrt§6phwimil anyar chetrﬁyzil)mf yeghtupharibis dohé i drdembs var .

tenui s, hora del i cati ssi i cati ssi itata,
Anphor aIe%‘B c P%Iﬁ%lﬁaéhé PlKs tptcﬁ&ggrpﬁgsphﬂﬁmdét tsiaioif félﬁt:%ﬁstqu N Boekel ovi a
hoogl a"t‘ﬂbimcaﬁs? rd@&lrﬂﬁk!i fet®ils a s@ﬁfﬂcﬁ&&ﬁﬁﬁﬁ'@ oAkl '11 idBofHiy Q&Rﬁ@tg igsudet i cus,
Br act eococcus” m hor, Bracteococcus nedi ohucl eatus, Carteria aet ocer os
gracil lfsa,ctlﬁnaseﬁudherr@monubfrbmrthc; dghvashotenosalnseld wivenyextraciobeml sum

Chaet ocer os ny, rigranulata, a anitrata ella
ant ar corRgereR P EPTERARE sorfPan 8 HE-EhE el B o KRS o ul ace,
Chl or elth@nél@si Gt Eronfkd &6@&@5@1%@1 B e R, falGhbRY B calteREY &R ial weF@B‘tﬂ@r ella
fusca, Chlorella fusca var. vacuolata, Chlorella glucotropha, Chlorella

i nf usi onliiepdserkatueite geinressssopiupige apantitics opholprlipi ty@r@llyéoundflnglg@hwm var .
auxeno h I e I

| Ut 60Vi réle dfaét’l%qofh?i 45%65&}11%% lhfrge%érggn%geaof Qgglg\gp resg&dﬁﬁﬁa (%

| ut eovignhahies ﬂaremdluﬁeﬁmnﬁthﬁwuaaelhlhas Nl ahtasfaitt@ne Iflreheirstabilized byra,
Chlorella nutabilis, Chlorella nocturna, Chlorella ovalis, Chlorella parva,

Chi or elthanyrisricKispls corapersng [eR ihhesgiienml he presense of palaplipidsaineovides,
Cnl or e'&@zal@&%&ﬁ%s'lﬁ?fﬁc@?%ﬁ’cﬁ?ﬁ ?és%rcé%}p%’atlﬁhﬁ)({ & Z%%Bﬁgfllll@lwaaﬁ)l@l orella
regu ari s var ore aregu ari s var ricata or el

r ei si glHowevehlberalst aokabpidahaphin «istiGhlntarkdt] hes acmivaryopduild add/agmﬁcant

el i psoi dea, .Chl or a salina, Chlorella sinplex, Chlorella WO
2011/ 12‘}"‘? pHg Y58 illgpbgtiﬁalgﬁnerate udls.

UI

[0100] Polar lipids are surfactants by nature due to their molecular structure and have a
huge existing market. Many of the existing technologies for producing polar lipids are raw
material or cost prohibitive. Alternative feedstocks for glycolipids and phospholipids are
mainly algae oil, oat oil, wheat germ oil and vegetable oil. Algae oil typically contains about
30-85 % (w/w) polar lipids depending on the species, physiological status of the cell, culture
conditions, time of harvest, and the solvent utilized for extraction. Further, the glycerol
backbone of each polar lipid has two fatty acid groups attached instead of three in the neutral
lipid triacylglycerol. Transesterification of polar lipids may yield only two-thirds of the end

product, i.e., esterified fatty acids, as compared to that of neutral lipids, on a per mass basis.



13 sorokiniana, Chlorella sp., Chlorella sphaerica, Chlorella

stigmat ophora, Chlorella vanniellii, Chlorella vulgaris, Chlorella vulgaris
fo. tertiwp2ehliarsbl a vul gari s var. autotrophica, ChloreCraseuligaris var.
viridis, Chlorella vulgaris var. vulgdris, Chlorella vulgaris var. vulgaris
fo. tertia, Chlorella vulgaris var. vylgaris fo. viridis lorella

xant heﬁﬁ%ﬂceéﬁmmh ang r%“c?F’Fquféli*&P‘g?r lepifor ey ot pily E%F%gﬂ}dé%ng?l@ﬁ[ Brella

vul gari ; : i b O i }
T R i S S i R

cohni i ,pr@hyept glpemimsdsspd ph@yphbobpids,| vehich ymptuitcean offset e ebst assperaeghivith ana,
Cyclotella.sp.,,..Dunaliella sp., aliella bardaw,l nal el la biaocul ata,
Dunal | RS uPHRE PO aite 45H 4 T rRRRG IS LR BN ol | a
parva, Jdadnrslgr&ddcts Redieeiby aRaea dRkhRg&us PRS0 dRAtdes] bfanhs Alghdail
Dunaliella terricola, Dunaliella tertrolecta, Dunaliella viridis,

Dunal i @lrpeess.erti ol ecta, Erenosphaera viridis, Erenosphaera sp., Ellipsoidon
sp., Euglena spp., Franceia sp., Fragilaria crotonensis, Fragilaria sp.,

d eoca p., [ - Lali nas sp.,
sochy JUrUA%: ; ATAREARERE Mo AT AERC LT R IHertn S e TRE R o0,

M cr actaxanhetprotying difoapim dicaigmonsnuitarial, ddehas ajghl bibthasss pflhe Mighodsadiscdssed sp. ,
Nannochl or.opsi s salina, Nannochl oropsis sp., Navicula acceptata, vi cul a
bi skant/&fd® of REVACE e af b KiRpseen e ¢ den algalbiemps caemseaﬁsé@?e wﬁi i cul a
sapr OPMiibidy NAYMPUbR pPboss ORRBGORN A1 BichBnarioC HOF EEhATL Sn S N ESchi &
comuni s, hltzschla | exandrina, Nitzschia closterium Nitzschia comunis,
Ni t zschingbodirssitpakaactidntand dhc@orfatios bodwiny a Mingkesstdyi, ehehebytireatingrachigly t zschi a

i nconspi.cua,, N tzschia.inter ia, Nitzschia mc ephal a,. NNt zschi a

usi 11 ETREABRIERS DOl SroBeT I S ORGTEEAS O OB A RO ERe.

Ni t Zschh@eaiadnald Hudiial Pold&shF& SBmpldOSthYBRAS a8PuseiPRE ¥SHlicBtiRAl Va,

Qocystis pusilla, Qocystis sp., CBqllfatorla | i metica, Oscillatoria sp.,

Osci | | aveh pafibarbadbesies, Patinghcorwidsainkagobmetics, Ratlchahicwingduophil| a,

Pavl ova_.sp. . Phaeodactylumtriconmutum Phagus, Phorm dium Pl atynonas sp.,
i BRRERE

Pl eur o e, Pleurochrysis dentate, Pleurochrysis sp.,
Pr ot ot heca wi ckerham i, Prototheca stagnora, Prototheca portoricensis,
Pr ot ot ljet@2]nor Ahothet sspeBradttied tethadyapf dybtemBsiestdivet heresl inaolacadryidg the

Pyram nmonas sp., .Pyrobotrys, Rhodococcus opacus, Sarcinoid chrysophyte,
Sceneddativef dpadieraass & prlyet bpsed e pmpestgpisdo besxirantshdnonst ensi s,
Sticho : : : . VIS ect a,
T L e i S

Thal assingsidiracnaginsd gl dipmass andixedwiti @lcbsar fweigheof silama. If @O88jther ot her

enmbodi nents, the bionass can be plant material, includi but not limted
Lo soy,crsimenzn £ Bainsi mistrghsErcesn et Rt MeeRut , saf | ower.,
cot t ons@@fbdithéM$ eRIamSHIbE WeEnt ik EEWRE @R alg@NBioRlakyB calcW¥ted based on the

2011/ 127169PCT/ US2011/ 031417 14 [0091] Systens and nmet hods for extracting
| i pi ds sehdnclopreoded vyl the dgsiredmobirgy nsthe efgal hiopiasgsqhednapiixtyrd. rlontil otbet

ol eagi noys material .. i.ncluding for .exanple, an al gal bjonmss, .are

di el o TIPOdRCES BS 4! PSPy ang e GHRS AR sy b SGeBlern BBe iR 2 oncer n
the abididdl pidnfash ot fBqeomkiaRg bxBdeed! fiae itnaber 3016093logas weiip Mn@nt ssighily doi ng
sequential extractions with a hydrophilic solvent/water m xture that
beconesoppogT awdsreisgibleselyepiol ecopi, te remginiag ajgsl sQdidy ar iaese upagi o i s
progr esgsi r . d ,\f ext [ next).
P A e R L R L S Lt e
IS init90ah bythedbdled’s arikhit tn sodyadnacHaviby btdeinsdringt olf yhesompottant thelivesntion,

gradually to %he azeotrogz)s% t he o(rﬁg%ni cC s This results in the

: ol vent ..
ext r actqms®f 8filldp kel o1te use diffseent solyents 9fF HEvEnbplantss ach st ep,
t her eby, db &k i hosd Tl TdAGkIANAAAN Bfnd N&ieX bbagkSH nents.
Ext ractaidﬁolﬁ 0 ﬂ%rrot%sisdnﬂg:l:%eaog{sb%%g%? o(gﬁﬁoslebgstl%%ﬁdgl eéac ilr%bgndlygr Oa%@g?i ne
ext r actsclentivaly aktsazt digglcprodwds. [ 0092] I n sone enbodi nents of the invention, a
single solvent and water are used to extract and fractionate components

present i pn,.an ol eagi nous material .. I.n other enbodi nent | vent set and
water dP0Yceq EEPIG I PRfE St Rat die s ER S sisugh Carpctent

ol eagi ML &LV Al isdlste$ By PargTHRAHE FRIBLOT sbIREntO IPRRGINY QWS bEBLtRIcted frdng aet . 1 N
ot her enbodi nents, the ol eagi nous material is algae. [0093]Polar lipid

recovery depends nmainly on its ionic charge, water solubility, and | ocation
(intracellular, extracellular or nmenbrane bound). Exanples of polar |ipids
i nclude, but are not limted to, phospholipids and glycolipids. Strategies
that can be used to separate and purify polar |ipids can roughly be divided
into batch or continuous nodes. Exanpl es of batch nodes include

-, = S S - .



WO 2011/ 127169PCT/ US2011/ 031417 15 [0095] Surprisingly, the proposed

non-di sruptive extraction process results in over 90%recovery. The snall
anount ofwpabari2biepi ds i n the remai ni ng bi onass enhancegcirtis2malosainwhen t he
remai ni ng biomass is used for feed. ™8I s is due, at |east in part, to the

hi gh 1 ong chain unaura fatty acid content of the bi addi tion,
et hano|a1@@r%tsgwe L éq(gFthﬂ%OIdP‘ﬁ%rcliﬂl& W%ﬁ%%%@@ ¢thanel. ap ﬁl@ﬁtéaﬂr#@
unl i ke dieasonk 554,18 rg?é%%f%ﬂiah@ﬁ qkn{m{aheﬁ@erewee &idhedsoRpAt SYstRmRofescr i bed

herein are generic for any al gae, and enable recovery of a signi ficant
port i orexthcttphietcinalfivabbrealgalnpomesstvequld he homit 9% dlodar lipidsivdsld raquirhebaitgae by

t he use, a.water mscibl.e or i ¢ sol ven dient.. [0096] The neutral
lipid f OJ&PFHW“% ({n]ﬁeé’gragbplfiﬁev%}i@em%lflret% ué}@{ggme%WEnti on possesses a | ow
metal content, thereby enhancing stability of the lipid fraction, and

reduci rg1e4jbs eﬁﬁﬁ)ﬂﬁln&fn@ﬁ(ﬁ&ﬁé DGt LY. meBb @ desérited Heinakebin ﬁlﬂ)ﬁﬁhg bAi ds
unstable due to their abili té}ﬁto catal yze oxidation. Furthernore, netals

i nhi bi tungyRRcEdTes s n §irstafilly Biegecoyeryéasdiaetian prgcesh6i be dons\al 2 Welf ore a
heutr aI a+r}nﬁ)§sd "I'i]ﬁsxl% E%a&&@é&ogtﬁhfchbaﬁ%%e %Q?e&ﬁﬁlbﬁ%b@d] e%tabggsthgh Afo sed

her ei n ow for xtraction o tal's e protern and/ of he pol ar
l'i pi d flagetimonsts of bhargy scqaitednt dgendsisbeaahsellpr Bkeanmnafdeyped] dipidsi pi ds are

not highly affected by neta exp sure, and in some cases are actually
st abi | %h Yy Argek ablemaisae%mee Gvemsingribe pistomsgad d?@%@cgsoéahweﬁnh can

start Vi‘n%i'ltl%t Tﬁé BB SbtdiRAUEHAId (lﬂgclgge)d e§‘§é a ifdnAY HEARE 8nd Conpar ed

to conventi onal traction processes, th osed extraction and

fracti qnladmtban t}hosnccéS&eed Bmmﬂvdnthmmeexteicabms/éﬂys isdma;pelcarwen‘gomabst s due to
t he noder at e e and pressure conditions, alon t he sol vent
Fooycl EXTRRRHETROND) RSB seRnaT: iR st tcsbsatott bl

pr ohi bidifnegitand cannot meet the demand of the market. [0098] Anot her aspect
of the systens and nethods described herein is the ability to acconplish
prelimnary refining, which is the separation of polar |ipids from neutral
li pids [amay Ing Exempliny eebedimenss oweds aprhied @iany alespeesobelzaeelsaginged oi |

embodi REREA Eap Ry RbARRER TR0 MERR Sl baPe P B Bp R AR,

exenpl anyludingabut eouideited {o, artaasl, tihamoli Sogopaml edetoht h:th)}&geettﬁblﬁdm | shown
in Table 2 below Table 2 Algal Crude G| (ww) Vegetable Gl
2011/ 12e¢igomde S8oe il cobediments may use a green renewable solvent, such as ethanol he

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.

[0106] 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
extraction step. In still other embodiments, two or more solvents are mixed and used in one

or more extraction steps.

[0107] In some embodiments of the methods described herein, a mixture of two or more

solvents used in any of the extraction steps includes at least one hydrophilic solvent and at



16 Neutral |ipids 30-90% 90-98% Phosphol i pi ds 10-40% 1-2% d ycol i pi ds
10-40% <1% Free fatty acids 1-10% <3% Waxes 2-5% <2% Pi gnent s
WO 2011/127169 PCT/US2011/031417
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least one hydrophobic solvent. When using such a mixture, the hydrophilic solvent extracts
the material from the biomass via diffusion. Meanwhile, a relatively small amount of
hydrophobic solvent is used in combination and is involved in a liquid-liquid separation such
that the material of interest is concentrated in the small amount of hydrophobic solvent. The
two different solvents then form a two-layer system, which can be separated using techniques
known in the art. In such an implementation, the hydrophobic solvent can be any one or
more of an alkane, an ester, a ketone, an aromatic, a haloalkane, an ether, or a commercial

mixture (e.g., diesel, jet fuel, gasoline).

[0108] In some embodiments, the extraction processes described herein incorporate pH
excursion in one or more steps. Such pH excursion is useful for isolating proteinaceous
material. In some embodiments, the pH of the extraction process is acid (e.g., less than about
5). In some embodiments, the pH of the extraction process is alkaline (e.g., greater than

about 10).

[0109] The use of hexane in conventional extraction procedures contaminates algal
biomass such that coproducts may not be used in food products. Embodiments of the present
invention are superior to those known in the art as they require the use of far less energy and

render products suitable for use as fuels as well as foodstuffs and nutrient supplements.

[0110] It is contemplated that any embodiment discussed in this specification can be
implemented with respect to any method or system of the invention, and vice versa.

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

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0111] 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
be selectively extract polar lipids and then extract purer neutral lipids devoid of polar lipids,
resulting in high recovery. The last option would be to extract all the lipids and achieve very

high recovery in one or two steps.



1- 4% Ppm [0099] Degunm ng (physical and/or chemi cal) of vegetable oil is
done in order to renove polar lipids (e.g., glycolipids and phospholi pids).
Veget abl ewoi2b1ttinateohas been chem cal ly degunmed r et ai ns paT4aisgonilfos ciant
quantity of neutral lipid. This neutr Ilipid fraction is further renoved

fromth gunmed nateri al ing sol vent traction or .
supercrlﬁlfﬁauga jérﬂl?&li%roﬂ%iilg»éﬂ%wgﬁtéﬁgawv PANEVIEAHBP 8595 I n
contr aslﬁvo@&f)ﬁre‘%ﬁlﬁlﬁr}%m%tﬁ?ﬁ%torfﬁ{etﬂddﬁ‘ hdS1 iR ERiRh A ifRhE&H ofdi oMass

is far nore difficult” than froma vegetable oil feedstock due to the

pr esendpidyf frorarg el@aanntainigsbiomapol bra fifsptds 11 §pilgdctls drobmmtested. alngal  oi |
(see Table 2). This.i S because t | a r rcenta l.ar. |ipids

by esentuPHIAPAIPgRP: RHRERIEDoYE ey pBab T 8762t Rligtiamsdi B as. e
enul si fgGAtI00n sblSertbabdBdxt@b@d 1sipe Qe dhic Bibnidse Bhd MRdras8bis £ONMPONent s
left in the solution. The presence of polar lipids, along with netals,

r esul t soilpctpd. olvesogicrrgnlgidinends stopd S OtvoH absepagaaperets rdhblasgt ickirgciiongnd of

neutral. ] i.p - I bec r.lipi have ;an exi st {: rket,
Choi r - reisBhESsc G St PG R uBR e bR PRUEGRE G 3l RSB 5
gener attectnitiles sudhQik ArRInadedahfinh g SndcentdAighaen, andysbdperfoaied & dlstep 140 tohei r
nol ecul ar structure and have a huge existing market. Many of the existing
t echnoliBETds 4 sppasioeiicMabedBnd compeicdts. are raw material or cost
prohibitive. Alternative feedstocks for glycolipids and phospholipids are

mai nly e oi ' o]l [ ae @il

ypi callPY ARG, The a8 iy MERr RIS R slop 10 YR BRh AR Rigr st Ao o

speci esf ixaysligh.0oBhEBbmdtadanDeQartidlly de@latoredivllstdprioamndittdh@nfics time of
harvest, and the solvent utilized for extraction. Further, the glycerol
backborigcladingdut npolimited fopHigstiued aipndogtaian, mesbgang fgtrpeom flogetaépn nst ead of
three in, t | 1.pi i yC Tra i f.] gatli f cpol ar
ot ds EDPERH B prtsiot i AEHGPYREE B O TRl BRGLABAREES Thc ey
aci ds, samecoopaced! faht hater Sfonnesdliddr semfoltid sulstar@e pEmbadstscnastithe WO
2011/ 127169PCT/ US2011/ 031417 .17 Hence, renoval and recovery of the polar

| i pi ds REBSNHINNSIOFHIze dewatging tepRiHaygsdp Bmeys rteidiem ddiaricgisd glest it v

bi of uel t L : I - d

o pr odi e as e ol 2e Hho B BUpE e MLor 0 AEARb Lo SIS IREY (e
cost assabodst dedenvticthesdigas weHsadyhinpbthel npthods &hovwomto dieenfakill intthe 40 easi | y
recover and fractionate the various oil and co-products produced by al gae

is adv eous,tq the econom c success qf the e.oll process. 101]1 A
fur cherDLCHect T8¢ SriiEaRaas Sb® oot Badronsdte TR il Rh S Bhibolbi 1 1y
to ext recloRrseligd Nbhif bRMaA0cA! BATLOSUR LG Rhter RHCHIANIAI9RonpbIgRSS. The
nmet hods di scl osed herein of extraction of proteinaceous matérial from al gal
bi omassobenpr(e.ge akohble) ibd eubtisthgeicglmhtyrcatrsiitaniveabderaptiaceescsobeg@xgatiagt i on
and fraﬁti onation. For exanI e, I n sone errbgdi g{/s, .extraction and

fract i JRafTAGIISAEEAChSHEg dPISGYRS Qftnspeesy frdrts egvr% ?@Ptﬁgan& WEGHG ef fi ci ent
Pr 0Ces Sxp Bt jSnR MR TSHiEhall AGPSRIAISRs Y8 hHY/of Aka BN dach&LdS.

f ood |ngPe(f| ents and industrial products. For exanple, such proteins are
usef ul tpifraapplatcamiconmatuieh as fi bers, adhesives, coatings, ceranics, inks,
cosnetics, textiles, chew ng gum and bi odegradabl e plastics. [0102] Anot her

aspect he t hods and systens,k descr.i be rein inval ves varying the
tarro dPliign Pl SR SR B SR B e O BT el g BT act ea.
I n one teyalngdiH¥eAlvesRE aBladBlonkOWRE S sbi e el af\bthihaANTRE| u%hl vien@dis @fen
solvent. In another enbodinment, an algal biomass is mxed with a | esser

wei ght @pwese o egitic oytpf yelutiomandhibe ligrss mardhen baremeovgdby picginds sughsaspbuied

with a - ' . of | vent ' -

sol vent O UEU o FlpAGhing) JBR RS meiBy SPUT SRR S:oab R FTRMEMIEL o
be usedosa’dhdniamot@shetroldsp oabidstsylveht rebwliabgetudes ciesst sfalry@ptthabisindsse. | n
still other enbodi nent he algal nass.is extracted in several steps. In
an exe H@@%%%@%ﬁ%ﬁf Ofta#cgﬂaaag ths; R?iﬁgtg of ghesaégqﬁivrﬂmaéﬁ PYORNCERNEE, fi r st
with a - ' i i Sl |15 LR iscible

sol ventté% H%g%n%g%rﬁéepa!rr%rﬁ%ﬁa g‘l g%%(f%egtos[ iﬂég&%rlbélsext rg%:%glgt %%rsﬁlé] eIgﬂbout 70%
of t he wedd stdimematghtprocesssldesmibed Acttehn ard eHzttnacini part, dge tohbafaoethhor med

usi ng about. 9q% (%f the solid s i ght .in sol vent.hie Eavi n beein i nfornmed of
these ASBULE O FRAUTTIIHITYHC BRECHHVSRIAEC PhICREASSHTHSUIE S8  abl e to

use different solvents of different polarities by adjusting the ratios of
al gal biomass and/or solid residuals to the desired polarity in order to

selectively extract algal products. WO 2011/127169PCT/ US2011/031417



18 al gal biomass with about 50% et hanol, polar lipids with about 80%

et hanol, and neutral lipids with about 95% or greater ethanol. |If nethanol
were to bwousad27téhe sol vent concentration to extract piPoTAiSasi1/08@mT an

al gal bi omass woul d be about 70% Pol2r |ipids would require about 90%

met hanol nd neutral ids would require about 100% net hanol .
[0104] Eﬁ‘ﬂ%?gifﬂ’?éﬁ% of the HPW@P 1, dewaterigg SEFCOERRGd: 15 QgAY &P ESIPVEENFD t

sur pri sheg g llﬂ@&&ﬁ@@ﬁlﬁgdlh%ﬁw e adE‘ﬂBﬁbf@leéﬁt ldurib e RGANFY pRIdcEact i on
process can be done on a wet biomass. This is a maJor econonlg advant age as
exenpl dregingtibopliooess 0§ cetvastidn.t he use of Iarge anounts of energy required to
dry and disrupt the cells. Extraction of neutral lipids froma dry al gal

bionas far ffecti.ye u the s nmet hods o he present
Cnven: n8hPe e FIR A Sl B D b D ST B AP T8 EE:2 500 "n

si gni figanthiyurd |3le1 ahviagd fipdl & wdigi of Bese 1YL 8 aesht by gmwe 0t 1i- 073k /w)
extractions. This is because conventional extraction frequently results in
emul si dhsubjecserierd W cowshpgHenProseay2at Persssse3ddr @ﬁélll%lu‘iﬁ qonirifgation,

[0105] %&gﬂR ngr Lt O&@@M% rfﬁ%n%gmgg&ﬂﬂ ?9 atsﬂlt%g n?e aQ?l?oeqpte? ?snus%h

ol eagi nous nateria nplary e ment's may use any water-m ScCi

sl i ght |sgparatepind alpgaldadbmasstionh thelwujemgf thdaiiltunat Whicnutied stich, a filérhthool |

et hanol , isopropangl, acetone, eth cetate and acetonjtrile. SpeC|f|c
embodi FEFRVETSHayAlEfs 04 greaeid ﬁgﬁ%%%ﬁ gherlgas el tu@&cMeagwglﬂ%ébf‘off IgalThe al cohol
sol ventig,hest& VEI%%[lhl ]E Sge d&n@étﬂﬁ?erd t4 'aﬁ l“glg%lgaspé”\inttﬂa Afoad ﬁ&lsﬁgl &d h@ﬁléts ral

| ipids. Ethanol is relatively econom cal "t o purchase §s conpared to ot her
sol ventabouli 206| @k €ile. NHI-20%. w/iw). é“bmoeewﬂptedraj/gaembﬁd istbon geatektvith@t i on and

fractionati tep f.ol  owed by nenbrane-based
pur 1 11 CRLB 10 Qs PYRL RGN HGPBrORASU. | 5 al ot devor d of water and

can be conpletely dried with | esser energy than an aqueous al gae slurry.
[0106] Ijp18gne S¥dmRhafiyn proeedi IFentwolvdshiadmelsyroht 3mad thdalfxd fakttol S

et hanol. O her enbodi nents include, but are not limted to, cycl ohexane,

pet r ol eaghicse harxtuschaviigs whigkhtweighhwbyen & bigmessiptio of hetveen ahauehd, toet hy|
acet at e, o di ne, t etoni tri Lopano
and methaiol: P67 HE Shacts 0 o0 RIRLIARR S RARLARSH, BRE AV Ly fer BB ol
ext r actieons ﬁdn&p&d by nfod tkeipledisidiningring/or deddnehgnThe adlvantsn be &cdﬁ@éﬁ in each
extraction ste In still other enbodinents, twg or nore solvents are m xed
and useddirpusse By arellngroanggemiques.ocls ﬁ%@gtlllatmawgipqrzm%@tmr/%zo11/ 031417
19 lea r i YHER 4 151319
hydropE%?Bﬂﬁgy%ggﬁ@g%§€?g2$%M%E%dﬁateria h'gg%# o@@ﬁ%ﬁé?éﬁgﬁg i#?hsion.
Meanwhiw/ey insanraddcdib] arel watsnwilbticmrount of hydr ophobi ¢ sol vent is used in
conbination and is involved in a quuid | i qui d separation such that the

teri i t tr.at t d hopi
col vend01 e {RENGRH (A LEFIERERE S hBrti F R TR ety WEHIENRCh can
be sepafeatiges sk N9 &/8E N6H WSS 0 oNPMm. . IBXatnpees dfidludd BofibifdhoRRcétoid, errent ation,
t he hydrophobi c solvent can be any one or nore of an al kane, an ester, a

ket one, acaﬁ@néml@ntabliltal algohod| ctiinR b methaanl, étmelpambrheavscwm@z@l cthylgaar e (e g.,
di esel g anH jor eyggﬁg ! ifQEg solLeanggrlsu i 8 15 /81(1 HER Ehe al ae 1omglsrs%&otu
procesé% 5 erein rncorp at & PR excrsi on N or nore s eps.
Such pl'ﬂlcfaXﬁ‘aﬂlliéiltm drSatt!s eédimehtQit thesbzitt@tn dstgh@saﬂmlgrvagsepus mat erial. In sone
enbodi ments, the pH of the extraction process is acid (e.g., less than

about 5 In sone enbodj ments, the pH of the extraction process i s al kaline
(e.g., §ItY: er PG5 456 m%mdlaqreql@gmﬁée% larytmippdaerd of An E¥HAERRI onal

extracty Qt@ PoRc agd J@e‘g rofé%r@r@%@l'%%a% di’é t%!s OéfElrItPsﬁw} AUESL R CAREOHCE S Ry

not be in foo |nent present invention are
superlondumngﬁmseowmmmﬁtdammEmgbbhasamﬁmyomegmmn&thhegu@enmﬁomar | ess

energy and.ren cts su t abl e fo as fuels mell odstuffs
ond o RBReSe {55 rEvEE! Sygeiof rteiralahFuRai it e b Gy Bhash mont
di scussgsimhdR stdtipssifde cFHe'e&ﬁfEét% BRI & ﬂilEH%d? WE0ERch ﬂ\ﬂe‘bﬁbrﬁeﬁﬁ @@ﬁfd}s Habk any
met hod or system of the invention, and vice versa. Furthernore, Ystens of

the i nvistetthpslotand the cxtsastiinte theckiregastan e delidsf ort the belwmvyeiperiodically

based on the residence time requirement for extraction. The extracts in each storage tank may



DESCRI PTI ON OF EXEMPLARY EMBODI MENTS [0111] For sol vent extraction of oil
from al gae the best case scenario is a solvent which selectively extracts
triacyl glyoenala7(6¥AG and | eaving all polar |ipids andpoomsSTAEGossut ral
i pids such as waxes, sterols in the 2l gal cell with high recoveries. The

second oQption woul e selectively extract polar lipids and then tract
purer rfatier by repkeaxsg%db %?éew.’fadloaforﬁalptwowlwr%i%?cef@ms S VEH- ﬁhl@ Rl y.

The | astqRRhOf W8 PP deSsifx fifn@Ghd @bdt dmﬁcahigpiﬂﬁs At AGPACNEEREYa Di gh
recovery in one or two steps.” WD 2011/ 127169PCT/ US2011/ 031417 20

[ 0112] Retneary irgsgrvoo\ 1t00a FGpottAcchaiibmweias plutdidy pf sspirdasn devioasdViZe of t he

steps involved in enpl ary enbodi ts. o t hods us inthe

ranti dhgemsrrate SRR BteSh oo TR e G R Ry R g bi omass,
In a figlsligtTRecER pudhgals 1871 $n ﬁfi@erﬂ_@édﬁﬁéﬁ@?ﬁnﬂa Rs &Y 200 ’MividbeRp 120,
water is renoved fromalgal cells to yield a 10-25% solid biomass. In step

130, a isolamnralibagfdaleesaseraets dhl-288.perf orned on the bi omass and the

fractions are collected. In sone enbodinents, step 130 will also
sol | cf IV "o PARRE Bp UGG e SloeP BioRath RS PRRY & oS R0} 2P bt s

such asentli221 pétramsportdechatismnd@20a hdladdtid, isblvgatd06rs plregd e pet taerved i n a
step 140 to in order to separate out spaller lipid co?rglgn-ents. [0113] The

al gae 718Mgas? weend Ft se<idrnspprsmgghansm £3fhi Lanspprtaidpried af diselst 1- 5
g/ L of ol i ds, L VRS t ' 20
usi ng ttgg%l]l%ihlqtaglgh%n%é i d?ar?gb but él}]%’?gﬂll ?%(1) ?2%1 ff[hgﬂ éng'i %gmgggg?dro H? I%%(gtﬁéztl'i on,
menbr anks thi latgahbioonss & teosneirtatlj iopgsseettiiaugh tiat ploralityf of separatioredsiicey 241-

al | of LR wPp i SIEH P o/ Eahg BTl SRR D el S of the

pr esentihioRyR Mhapiiontdel icdE24ENR SEIdNGctb & FRLGYUSISs 16 -Fg¥Ove water from a
harvest ed al gal bi omass. Dewatering can be carried out using any one of or

a conbination of any of the methods described herein, as well as by any
ot her n@lhldds Kevoswampde. drrediffisasportion gf theelgpd bionfany thay msecsdbivaek thed al gae
bi omas e I . t 0.t ypi v L f..abo - 30% sol i ds.
Thi's b Biaeb RiPnAR R ER MR tBh R BRI A B R0 o
sol ventms{ trghgh sapaaival dvicel 241 pisrditetics t@ge fiaunicevaiti2éle Mrotofirgemtervoir
extraction process segregating the fractions at each stage. This type of
pr ocess>0d athe defupate nostien candicrraey chadlcbask & Hist petassseipdiedd]. [Thedgigptate

enbodi : i r i . - i ty.on to
e U R i e PR S T L R L S
al gal biieoed dycansiyet machansch 20 tobycdndeslet regertydie 2h2avkstcend sdpgaltiobi omass
with a solv such as ethanol. The al gal hionass i he | oned t.o settle
out of. BIEAOr HAA b IR AR ARHER %8 RO VRT by A HaS A, but
not |iget,Rd ou@, siphoning. This novel nethod of dewatering has | ower
capital and operating costs than known nethods, enabl es solvent recycling,

reduces the cost of dryin&»the bi omass, and has the added benefit of

decr eadPh21t he Thobegnanyobific dH&usalcqrtian batrassesithronsh eccoedjbaparatign dryicact i on
and/ or ﬁg%%ﬁ g% 4RA t&i toasle?(%lld SQJUSR E& Sa‘ng Itl{]enfrg tc(ljedlh‘t;[acf( To §e%81?c{ fn%e%? ge terhv%'r t .he
sol vent-based sedi nentati on proceSseés descrirbed herein are effective, in

part, due widrdchee batp 28DaTherganite os oktverddSporeshictho blgaebibmasd thgt doae
negative charge on the al gae surface. In sone WO )
2011/ 1271 oo seeond) sepatapion device 242 can be directed by transport mechanism 220 to

third inlet reservoir 213. This process can be repeated for inlet reservoirs 213-218 and
separation devices 243-248 such that the retentate portions at each stage are directed to the
subsequent inlet reservoirs, while the diffusate portions are directed to the recycle reservoirs

and recycled back to the current inlet reservoir.

[0123] In exemplary embodiments, the first fraction will be extracted with the highest

water to slightly nonpolar solvent ratio, i.c., most polar mixture, while the last fraction will be



enbodi ments of the invention, dewatering nethods are conbined in order to
renove even nore water. In sone enbodi nents, the addition of solvent during
t he dewatwoizog/prweess begi ns the process of extracti onPCrAkl@jimsEG17 1B

shows an illustrative inpl errent ati on Bf a dewatering process 300. An al gal
culture 310 having a final t of about 1 g/L to apout g/L (i.e.,
0. 1- 1%Skayted yl@d%? BottdyTe %Jlgél q%feis)é‘feaf iSn hs#%éfeg%larg%mrpr bbeds 350 can

i ncl ude, GeRE et SRk Rlots E'&ﬁﬁd‘rkhﬁgn (RSl d}giecrfaaslﬁ% b16.2%1 itk the FraRH6h.
enbodi nent, a sintered net ube filter is used To separate the al gal

bi oras<THerfonetione et Brst frictionds tuictmanve thehgdual svatgy agd ¢dvilgafeithe solyent he

Veanni S THETaR e RS T BURF al R Rl i BRe B Bocgons gae

paste” Apé tibh th @hu@aelslensity as high as about 200 g/L (i.e., 10-20% ww).
This concentrated algae paste is then treat ed with a solvent 340 in a
sol vent - based sedi nentati on process 350. Ollf‘eg Sedi nent ati on process 350

i nvol vd812tdi ndhe eil fiagtionern hegsteribicd tqyhkerig shalopg chuinusaturategifatiyigcedshavi ng
a wei g;_‘l;l{e% o‘!&{m&sodn‘&q{%o%\e}% {h&%@%&e ?alttt'r){%g Se?ﬁ egﬂra%&f’fﬂ rnjthelo it 851 out

1:10. e a gae 1s 0 se vessel, an | vent /
wat er mra¢odses sa@Das rﬁolreanmv@shltnylpnﬁmm@mmnmhemthmthﬁniemgalammmlode@a]mf ng.

The sol vent can be {)ecovered and reused wel | - kngwn techngque such as

di st | IthE faky agilacan bpssnpssust memdhe C&rwém?lgm §1pg g melecubratisidlationolhes
expect %ﬁlstﬁfate@%xl@b@ﬁ%gﬁdrg%edqgﬂlg%mgﬂ‘ (ﬁmrahm%%ﬁlﬁﬂ tép%}at@%@%w dH3ir2n

al cohol wat er sol ution ol vents 1 deal dewatering are

i ndust rfathy hgads:fmmmﬁ"mm@tTéue-lmg Qliaineurs@ﬂuvaem Gttyiatids m:mmnas bghdedmgledidgy nlL or
bel ow Q. rrL Exarrpl es include isopropanol, acetone, acetonitrile,

t - but yI'™™ c ethanol , methanol, 1-propanol, heavy water (D20), ethylene

gl ycol, and/or glycerln If the solvent density is over 1.1 g/nL then the
al gae qopm}ss YWsinsk Adomdhitiatddiodihians, Gheadichos 8t Md Mbthbdedetib@m of
the settling vessel. [0119]FIG 2 is a schematic diagramof an exenplary
enbodi rgAIn gicomeras pma@lt lin@ﬁ: ségpstie W@@@prom@nmlabfromrtbe alegginowsi mwesdl i s
transporte t n1ted to a
nDV|ngQ6§I9k¥gb@%Pe E§§@ §%$M@%¢ﬂ¥h$§ﬁ§%&“§ Pgﬁfﬁg %ﬁ&#%gggﬁn e sol vent
for extisdgtionoandi extra@nr afprétidd Hork oxangplstiooag@ot-tinktigsabedthentotlegthobi onass
sl ot position. The extraction mxture is filtered, returning the bionass
sol i ds tb%méqévwﬁﬂlbth@rfgsts%@fra%ﬁmdew iaQptigized i%t%otFWéXér@m%éewm n iEstsol i ds
on the dlibn JRYR RAIih Qi modRs o ARl difife HiBRiF G ibA URp MmNt Tor
extraction. e extracts 1 n each storage tank may

2011/ 121&@&91%@ HIUBR2PKE cﬁ?.}i@flﬁrbtem& eiihtesast. BEherpfd effd sloedn af ingea¢stnatibon or

cont i nuous| | aced, b sol v Thi s mpu .al so reduce the.

downst FeSHI S LG oot Ao B85 BT LET e 311 PEluits DEHHICUIHERLo CEMbr i ses
a pri mapy poRSFLBOkImaAhQquaidn’ %ﬁﬁféﬁf mBmB6Ha M3EBuPA Qyn@nRb VAR inkdth&s, or
separation devices 241-248 (e , menbraneé f||trat|on devices), a plurality
of ext rthe s titeagon vwives 261- 268 and a plurality of recycle punps 281-287.
In this enbodiment, primary reservoir 210 is divided up into a plurality of
inlet r Vol 211, 218 0 bIO S 201 is

pl aced "a ﬁf%@rstinsrn m?%%%?%%lr £%¥ IR§HQB%&%HE nFOS:g%?k%Fl ransport

mec hanigiboddentd, thagidni pH, is gbiée Han 206uti 19. ph atdedeinbddimchlsethe kelsefitp r 218
near a second end 222 of transglort mechani sm 220. Transport nechani sm 220

di r ect Sapgss finyahoupl @ fmgoul i dn ﬁlﬁaﬁseﬁ%qulrﬁ%%ém sty pbrip abeutil Pstboghd 221
t owar ds; s d t passes
througﬁll‘f ﬁg%ﬁhgl {Ifitﬁ%rféﬁzogggﬁ%lﬁ% g%! c?lw\'/l ggﬁsiigﬁid E%gé%%{&ﬁe?gn %dé{pl)ear ated into
fract i amsbodimatas, Yhagplyeok paHii less thiae ablodtfSudatbehep ombodinentshéit splasst (tHhr ough
separation devi ces 248 _are _ .di rect d to reservoirs 261-268 01 1] For
exanpl d204N &R F1UE ﬁ%alb%té. Y fgthct %41513Pt5b‘i A hgulsed bevi ough t he
first separfthon 48 eodsl .- thract&d‘ﬁorHQﬁ bF 8 HANEAMEddViQYS thegnd
particles small enough to pass through separation device 241) is directed
to the directst tm sdasﬁqwnt i teseFoomtd achsgvereaartioni and FGitfiondtyeon dhascidumat e porti on
can be r d ck to.fi reserv.oir 20 tate portion of
Che ar gararty-ofieatiat ap iplth shBodineht ARGE bt s afaldor BT M oe: 241
can t hegphetich d&edcas, dilhl ABERYTE., \ARHsa@]l%aQelﬁp second inlet reservoir
212 and second separation device 242, ich can conprise a finer separation
or filtration nedia than the first separatl on device 241. [0122] The segnent
of the diffusate portion that passes through second separation device



242 can be directed to second reservoir 262, and then recycled back to
second inlet reservoir 212 via recycle punp 282. The retentate or extracted
porti on obothe/armal bi omass that does not pass throughprsgasadi®spar ati on
device 242 can be directed by transpo4t mechanism 220 to third inlet
reservoir. 213. This process can be repeated for inlet reservqQirs 213-218
and sepgdt&tli onAdEbITRdE ob selvent gl @ﬁcq‘ﬁﬁtsﬁ?ﬂﬂ@ %ce?rémcgtvgtfb@ﬁhpgﬁ 41 @ach
stage af& Yriskeitifdhd £t tRG &%?%9 H&4 EH' i8 laaﬁe\reﬁw MBh[re of Mh%ﬁo%ﬁh% giififusate
portions are directed to the recycle reservoirs and recycled back to the
cur r entinforthesolved etrea.r Excri@aR0cids 1376 SPET¢ L8208 ira¢t @B 1I4dVdQ Jvithott act ed wi t h
the nost pure slightly nonpal ar solvent, i.e.. th east . pol.ar. mxture. The
br o es IreRioBr ShasPiiclachf SERALaRE b E B srophi@riopas SERTLEPUALRETG! ar i ¢y
Wi th t hehfkaeby aatitidhehd M@tk @R a® hprbsridtt bde ihtoaRd soWenlt Stréan.r EXENSatyhe
residual water and facilitate the solvent extraction process. The fractions
t hat f dlabepwusekuéfaripeeicinrexpactaon inplpielsvithat lieitatien, pprassiumhadioxiiesantt e rich in
neutralsoldf'uglgsdr ;Ligg‘24] The oil fraction can be esterified to liberate the

| ong charn umsatur at ed fatty acids. The carotenoids and | ong chain
unsaturated fatty acids can be separated fromthe oil using processes such
as nol gou28r dimsidnhd @hbmiimeits,qeojeimnedtiaotionds tpor fominedinlaesgstearsepiratei fkdmt | on.
Al'l of the fatty acids. can be separated fromthe car(ftenoi ds using the

mol ecult8$ SHrastipp P%ff fraiiongtien syston flgsgribed hesginp o @G ARLURE usi ng a si npl e
di stillaty t 2 g ' ' fining.
The. | ortg SRar A A AP BRRRY R Full i (DPPALETEN DUl B B8 I e 1

t he colisptation @4 26 hppropoate seperationredhinige éarpo dénmefugstion, loe fikttioar t Tlon syst em
and net hods.descri.bed herein jncorporate one or nore steps to jsolate

prot of fCRAREHS S Bien S eeigio Bl S Gl 15 (regiopaiony S hasehas) . such
prot el Moty akldeRibel BBRiL @hﬁ]ﬁrl?,"ﬂn%éin@ ShivB Bid s, HR BmBin <26l Réh@p and
extraction of protein. For exanple, in one non-limting enbodi nent, the pH
of the exohetemtandrdracHendtionprocseplased P nolduii is expascd pit ¢ pilzdiistedrsopreot ei n

ext ractrhonr Eoelsulla{ei Qﬁte%nn a }iii 1raﬁt,[hef rnécotfjtl?enextﬁ%i I{sorisch in protein material .
The pH olfxu{ﬁe 5?0 di'n extraction's pis a jus?e%ra%f)‘endi ng on the pKa of
the proteins of interest. The pKa of a protein of interest may be

ascert gonzy usiARgheret hoEKS. Bnthesolvenioseectbn sid thk thoory befradtionaticichaded g, but
not limted to using the Poi sson-Boltzmann equation, enpirical methods,

mol ecul RYATHY HEFs %f‘sveg)a%ay RECHEsanabysis ofsolysats gnd ther¢fiect gheipeler using 126] | n

some e i t : i .ne. . For- i

obodi s ot addi ROt Bl il b SeaRion SPlip B HEM € soldm3QARL 1 ents,
t he solMerffohghdt eetregéien ystem sl utiliddl fooraplabictechihg sotvehtsribhipidesodi nent s,

the sol vent. pH i s about ‘%—Qﬁ ab&ut 11, or abOLft 12. I n other enbgdi ment s,

t he sol% ﬁ’thF? CEOH YRk %‘!Vé‘}’lo}l%d%}}%a SHBBTiCHEMTRRASSING & Vad¢ {ALgE pH is
less t fb’f@g%@i@& sweh ak RIKAHEE by @FNRMHTRIRY ShaliHEE cfiblsVieMnRHyERNGRS . fFrR@bout 2

to about 5. In further enbodi nents, the solvent pHis about 2, about 3,
about 4he egngtion, the lipid cabisut angl coTipesisien o0& tteddorpanstto be extfactddevdsi tesied in

t,1.05 i is, t di ted t b t i.nl ir.s. .t
chi cvdr Bl Eb R b R S4BT uk L QLSO e BIRFTNGE il °
non- | i nextradtbneiBeld. MERd biofads @nfaifdlt 2. 163k tdtsl 1§ePTaiech 41510 evdsindadral
separation device by simlar neans (i.e., solvent pH adjustnent). WO

2011/ 1dPi$9PCT/ US2011/ 031417 24 [0127] Adj ust ment of solvent pHis
acconpl i shed in accordance with nethods known to those of skill in the art.

For e , aegi ' [ ] - Of ' id into the
col vent VB e |G Bl AL AR AT G i e A PR T R B

Wi t houtpolldrrint abvnmrar sohesplrombincdorvith a Solfletraxtragt@inchroans Dygetmdalelcorthe aci d.
Simlarly, alkaline pHis achigeved by addition and m re of an . .

appr oprqhélelée Ee% ﬁiﬁ_ta 4R éolgf&rty@s? i ‘:/?tl%é%?_f’r?% IE}‘(‘&HHFE&%/&HQLSE%? ﬁé)éf‘?}igl_ lirid

protei Qe%f%‘%@c%ﬂ%g%%‘ﬁﬁhoﬁ“dﬁﬁ%nl Al REA QR traPRIASRIUBM Y AR HRancand

sodi um hydroxi de. [ n some enbodi nents, protein extraction is
per f or mebrenntested heprane,gearceded004 oftht meutent fipaistand 2 4nef the medlilipiat A®n syst em

descri erein., For .ex e,.1ln.so nbodi nent s n algal Dbi.omass is
Soaked Tt 4 ShEknaSouE BERbEsion SR e S noe oy B Stvaph L 2

appr oprdxah&icnehahadd f0h beRNANE UR ih&ffidient, GRpUnkivE Ugatrequls in%bof yieldsatrhen) . The
remaining solid is then introduced into an extraction and fractionation
system based on polarity, as described herein. Simlarly, in sone

enbodi nents, the remaining extract froman extraction and fractionation
process based on polarity is exposed to a pH adjusted solvent m xture to
isolate protein material at the end of the extraction process.



[0129] As shown in FIG 3, the solvent selection and the theory of
fractionati on based on polarity were devel oped by extensive anal ysis of

sol vent s woaotihe7sbf ect on extracti on using the Sohxl et pextusaeiiosrd1pr ocess,
which allows the separation of |ipids2sfroma solid nmaterial. The Sohx| et

extraction system s ut ed for rap eni ng solvents f lipid class
sel ect iSVPEPS aﬂé %éeﬁ 08@@1%&@@@%%%&% ﬁalgne by controdingdt %s

encomqﬁ%d}ao@om@%ﬂ&%aﬂﬁolafsoaeh%wat&sm%m t@&paIalf@&ﬁ%m@xﬁé&@I)#ane al kyl
hal i des, esters, Ketones, were tested. Prior to the extraction, the lipid
contentdlﬁﬂmg:pnmamswldmnaﬁnmfﬂesmfmmntms be extracted was tested in
triplicate using the standard met hods for al gae oi I esti mati on such as the
Bl i gh- lip xtrac d221°ototal

i pr'd TP ni o Gkl R PR ep b ers MR SEs ER SR G B Mhe. e
gat her efduldyl %A pastyivels 200, forGhidthalofadd 48% ForltShahgl. veép@pﬂ adhal didmdt nonpol ar
sol vents conbined with a Sohxl et extraction process. Depending on the chain
| engt h SHpWeane salPkiii bebyeearno)argod noopolurlinids, smuliagtn a2 qmlf%elaﬁ’él lipl 4504 of

total | v r
extr actﬂl g&;}&t Tﬁ/‘%ﬁI g%rgg cﬁﬁﬁ?ﬁﬁg aﬁlgtas 1H§;éﬁd @giettg%{ b(ﬁép? e{r\{ﬁ;ﬂélser ed 60%
of t he Tieuwtfo| methahelss amdxcdBdntahindiiate tfot al eﬂlquutdent/éﬁf thel ((Bescat ﬁlhemihn t he

results of ext ractl on of dry al gal nass u5| SO vent s and conventi onal

ext r actVRSHCIHeERairne! sanche upsd %@@@éﬁ?evslw@xr%ﬂop ligifls froa prAlsreiBousIRYCH@sul t in
poor vyi 1 ods

di scl oslglsogE%?%ﬁtlg%@reglgé&%ﬂ%g&%nngﬂe Cl g%%?%gaﬁgyfg%ﬁ%h%?&lﬁ% Ctﬁﬁ% Ep% E)elgort i on
of sl i ghd hgt showmb'aelest@htbemWatde It das&smoerthmmewnel k@ip puatyewautlodnponent s

f differj I ti th I f t 0131] The |
car bon S boRBIS LIRS cEPeb it eSat BCDF 98EnGr OBORSY T RPAROre A QHlut  al
lipid nyid Feeovas a&%&éd%ﬂl’ﬂﬁfe%en@sﬁqnﬁ@&ﬁrab&ith%nﬁ%, rbMﬁ%@Nése al cohol

did not show any selectivity between pol ar and nonpol ar |i pi resul ting
in a SLH%V]@msemﬁletﬁEOIeaﬁor thepielgcipyoudeetioned ratioilar pebdessesonpod bbid he t ot al

| i pids a? Jor e than 90% of the polar lipids. Therefore, nethanol is an
excel | At “candi date for an embodi ment of the present invention wherein

met hanol can be used to selectively extract polar |ipids froman ol eagi nous
mat er i g0132]i or Thorauky ﬁcmitm@&b}beetraewltymalwelré @indismus usigg eptanerdienbiexane.

The ot her solvent classes tested did not show any sel ectjvi ty towards |ipid
class stHedatcheoleniiaxarctianngarsiisidescribed beloysia %nupb% Ehewalggnts sslackd | pid
conposi i l b1 pi d
Fecovery ramsRaRERY e b uPlo B Rt pah PRES anF BERASHIRIRS i dE shebBuch Pg

t hese dot weeotsy uﬁseutiahbplelsf aitl dftlee @Qﬂaenmnsmeerepellfamadomﬂoai 1gérsolid:sdlaent! i pi d

cl asses or ]'% W id extr ctlon %0132 [?esultli1 fromthe ohxl et

anal ysi8iel# PeteRL;t ’gj CKREIRU NESH OHRIRR Qbrexpiments denrddpta

ext r acti @ hARDIAAEHS (e 6Tk BS thik@boyy Ioﬁg@f@lmg @ndughlBEtRkMEAIH tsBLect ed
were nethanol for the first step to recover polar %Ipl ds, and petrol eum

et her isnctchsfub eBontttettiop tiney is depandentyonghe heattandimabs parbéer ofithe sybtetthe
extractions were perforned vvith a 1:10 solid:solvent ratio. Each extraction
step i s e hQur X t a not
shonn) TOKENC ac 7¢ FisPRab ottty bR SRR G b RauBhes 87 Kome

extr aCtdndeSf’Q nersdtas G.St‘éfrﬂﬂne Mlﬁwﬁsﬁélﬂﬁﬁaloﬁhé p@lﬁolbtﬁn@&i@ﬁéﬂﬁmho@ wat he heat
and mass transfer of the system [0Q133] The nethanol extractions were
per f or ri@ﬁfoaeecbatf%%ﬂ@setteﬁlﬁémlﬂ%&wnt dles sadprnt. E%Pleyne er wawlae?nt 0

det er mﬂ%@ WolEhs \fTﬂJ for I&ﬁra@ﬁgff’dg{ lﬁ%rﬂoﬁlﬁr{@mﬁx i O eum aRRS formed

at 35C, ose to e ng pol nt e so er was
chosen dbeﬁamteft@*fextracsndm gh selectivity for neutral lipids, |ow boiling
point, and the product quality observed after extracti on. [0134]FI G 4A

shows t the | i urit trol r extraction carried
out - ar 1074 reFREH T BetinSheuil poid B S SHETaahe FhoRG s hg t hat
t he corit A Pfcthanol extraction step at 65°C is over 80%, dernonstratlng that the combination

of these two extraction steps enhanced the neutral lipid content of the final crude oil product.



of these two extraction steps enhanced the neutral lipid content of the
final crude oil product. WD 2011/127169PCT/US2011/031417 26 FI G 4B shows
t hat the wotzali/mewspral |ipid recovery was | ow and t her e peagisaoigiognitf i cant
anount of neutral lipid loss in the fdeor st step. [0135]To minim ze the | oss

of neutral [ n the tha extraction step, the polarity of the
sol ventFIgI?I Bow%%éﬁa@ 1m6 TRV W IoNEIa SR aﬁtg@;fl 18N and 5B

show t%gu%wﬁe%ngf 11@21"163@% IH%QirEtI'k%‘e forementi oned biomass with 70% v/v
aqueous net hanol by extraction with petrol eum ether. FIG 5A shows

t hat the neutral I|p| d purity was much higher in the petrol eum et her
ext r act[0&3]t hahowaiginaightheew OIfyleuthd lipeds 1@thegu¢téanﬁétehtam10n sipr o pelarity he

I f I d h h I
i ¢ ho gt St Rt Bt bl ol R T RIS IR on o

hi gher rtamRer attcEsg tmfgﬁéﬁ@nﬁ@ftsdrtﬁt)mtssmﬂl 0% ivEwa @t)ussﬂlembttdlyomﬁﬁddeas ed
the total lipid recovery in the subse ent st ep. %‘ér 136] I n sone exenpl ary
enbodi ryrxérastien vihperlewn sthef. FiKe Séxt afétﬂil%rﬁheplii éblsplri@u@tmwwu@u in

or der tqgl%F he 5;8 {)feﬁl%'etﬁér%%{ldt%o}{t@i ﬁ%%%'hgﬁ?orggﬁgfsﬁ o??ﬁ%%&hd (the al gal

bi omass erns, carotenoi e exanpl es of al gal
corrponel\vlb&owstatheéoxdmdﬁ intutt hipetsatadroecasignsdiuced by yhe Use ofhiiesouemptddhatent s, the

tenperaEure is increased after the tenpﬁtglrature sensi Lg&e al gal conponents
have beBhlEkE¥ERAIER SEPomSthen RIfdSH SBi BrAaRC! cradipniah highet CMpEREFCexenpl ar y

embodi &zed%@&ﬂéquﬁﬂﬁgﬁty fofit Q{agh‘ﬂ? %e&%&se&‘%ﬁé 2] H?f&%éo?ve indf Hg)%&ﬁtehﬂ or der

to optimze the yield ed product. ractions can n from
anbi entstdpenperature up to, but bel ow, the boiling point of the extraction
mxture. In still other embodi nents, theterrperature of the extraction

proces changed de n,the s b|||t of. the desired product. In
ST dP b cnBeameRE R nBRpindts B P e g FPs8S Kyependi ng
on the @hgalledinloddd? t@tnshb@oﬂur@m&%ﬂttp ob %ot@éh@ds pFs@mat 8 2@l r act i on
tenperatures increase the solubility § sired conpounds and reduce the

vi scositigmas. YHgal@xeteiastdapmenaids am@cléﬁwahﬁlﬂ Al casmples of @Iﬁalr%@%?@ts tha9138] I n

SOITe e@ﬂ%lﬁﬁﬁg?m%u%@&nﬁﬁ&h iy Qe eﬁﬁo‘ﬁ%&ﬁﬁh%ﬁ%&%ﬁ i 1?10 et daath‘er It{éhe

boi | i ng"poin tlon m Xt ure |ons

pr essurtemp&ratuncsepaisied algal {digpohegs davabeassangted foprtky eighl thomhssng, whi | e
mai nt ai ni ng the tenperature of the extraction m xture bel ow a tenperature

at which ny of t esired pro s woul d begin to degrade,. denatur.e,
deconpdﬁ lor BbstIIb%fII?wéalpl ?Ilﬂle%n%leé%tﬁﬁﬁ%ﬁpféﬁ%@&r%ﬂt BIOCE$9ds

extr aCta!dﬁ{%tédSm BRI f SR &l 15O8 oPid deQﬂecpﬂIoHﬁctOExIrIﬁ'@ho%Q Icé(t‘?ﬂé SR at the
condi tions under which the extraction is perforned .
2011/ 1 2n6ePEIM NS0 IU0® 1 it below, the boiling point of the extractlon rnlxture In still

other embodiments, the temperature of the extraction process is changed depending on the

solubility of the desired product. In still other embodiments, the extraction temperature is

optimized depending on the algal strain of the biomass to be extracted. Elevated extraction

temperatures increase the solubility of desired compounds and reduce the viscosity of the

extraction mixture enhancing extraction recovery.

[0138] In some embodiments, the extraction is run under pressure to elevate the boiling
point of the extraction mixture. In these implementations, the pressure is increased to the
degree necessary to prevent boiling, while maintaining the temperature of the extraction
mixture below a temperature at which any of the desired products would begin to degrade,
denature, decompose, or be destroyed.

[0139] In some exemplary embodiments, the extraction is performed near the boiling

point of the solvent used, at the conditions under which the extraction is performed (e.g.,



27 atnospheric or elevated pressures). In other enbodinents, the extraction
is performed near the boiling point of the extraction m xture, again
account i nyofori/arteer extracti on conditions. At such tenperaiSaoi@®3144ApPOr
phase penetration of the solvent int®7the algal cells is faster due to

| ower mass transfer resistance. |If the extraction tenperature is, allowed to
i gni 1 1 CRRMBGTIEREOBU BB HbF RS, 44 GURETOR REEBMIEHR et or
SYSt?”Hﬁ@ﬂoﬁﬁggb@@oﬁ%€%£ﬁ89§nn£9H§@a/ h@E&hﬁhﬁgﬁﬁhﬁm§%§ﬁ§ﬁkﬁkm9&ﬁ8&9r the
boi l i ng point of solvent woul d generate enough vapors to enhance the

ext r actAtonuch whnfesatnduapogplexppereaatiomoatidiselven intb ke deghlidsll$ istfgstafdusi | i s

i ncreased at hi gher tenperatur which can further increase the

el f ect 1 SHETT TaRY PCRR Bt TP S BEPERBEe N aYoR A FLSRVEHE Bl 1 | ng

poi nt . dxb&ad the BHIBNS pbinot Bk dbIvbatPind sbRERVREtr §yRtchi@anadkHB @HSzeotrope.

met hanol - petrol eum et her extraction schenme. Al't hough perform ng the

met hanolhusxmpiataining theesaptemtas opagar ithgbal brgppeiat efrselveni whwldgeoweatceagesh t he
neutral__lj pi e ry obse in Fl 1.4 1, @€nhance t L lipid
FecoverPoRud sufngY ek RBo ShiE i Cobissboril WA BRI RIS EhT unabr
anbi entinéregdet ianBighamteinpératises, vhichtdae fureieh adirdma the, cffebv et afekir@dtionsat
carried out in an opaque container such _as, but not Iimted to, a steel

t ube orteEARRES qlepede Hrsobvsnpbaitiag poipt. . §shays thedota] lipid reconpariB s from
degr adaj.i NQ| r [ : ANAY 1] 1In

ot her  audlls fethhE RSB oot 8RB R At &)L nFRPRARARL Sretteot)

at nospheatcionandr its bmbing tampetdtide sGphéyr dendasek thre ntwwral lipel rexdvearcsd on t akes

pl ace under a.nit en nosphere in .order to protect algal conponents
prone ﬂ%“ﬁ%?%gﬁhgaggkﬁegﬁﬂwF %?ﬁ@?fQHEBﬁPN@HtS, the extraction takes place
under an atnosphere of inert gas in order to protect algal conponents prone
to oxidgi4@n. M adbr GREBAKNEHS Shi @;&Facﬂbﬁﬁtcaﬁ%d%@ﬂﬁdér%%@g%hﬁfg i nclude
carotenoi ds, chlorophyll, and lipids. [0142]1n exenplary enbodinents, the
sol ventcongditions.i la atlagricobodimanitse thexaxitraetianoin chrsicd euivaem agudrpngdnasuethe dry
wei ght of, the, sol.i in the biomass.. The residual. al..bio sisrichin
car bonyar bt Ffid®. LD LEMREE, in i ST PLERTL R S produce the
sol ventcoufpderfto frofxddpanriation. Cidkhdidslafs light sEews ctaenl ebhpsienaf t he sol vent
to solid ratio on the total lipid recovery. As the solvent to solid ratio

was increased, there was a corresponding and drastic increase in total
lipid rl@&der yIn other exepwiarg g@godinents; e Sxitadiondelas pacs underaorgaler

sol ubi | j 1 Lpd [N : - r sed oi

ot r acty BBy, LB Aol I EhGE oo RS0 4 T B BT DR a1 2

[ 0144] Thieogml atdnddpihtse iofordan mpprosaet slghlscomifoacitte grdmy té heidptadrarintsyill@thes ol vent
used in an extraction process. The solubiIi%ﬁhero$erties.ca8 be used to
det er mi FRPOIHBE S R ORCHRA EPHRASSIIST EbFRaRheregt Ngs SAInd Y G w wet
bi onas ;1 HiagoMBon RORSH Kidhi DA, AINACEMpbRINtEHEN MighOBe Brodt ty\EtidRigamass. | f
100 g of ethanol is added to this mxture, the ratio of ethanol to wet

bi omassn¢lydd casatcnoidaichlprentadsandligidpart et hanol and the concentration of
ethanol in the mxture is 100/ (100+60) equal s about 62% w/ w of ethanol in
t he Iigyigy,phase.. 62% w w,of. et hanol {n hanal water, m I e rresponds
to a pdP ARy R sl Bl R, ol p e e by S BeR

pol ari t3-e%anfl dhhke 8Mpaperifshe folidanoihe bivavdsPgThe fRidanl d1yalibivess f riéh id, and
wat er, having a polarity index of 9, in_a m xture contal ni ng 62% et hanol
and 38%%%8“@%& §taf°¥i) angenndic ysgd phEed stock ¢ Brdacothe savent ussbir 6. 6.
The pokgp%&%)index of the m xture for extraction of polar |ipids and
neutral 1 pids is calculated to be about 5.8 and 5.4 respectively. In |ight
of the instant disclosure, one of skill in the art would be able to
for mul 40843 soFieri sheets thheffect afiths sbleeiti tv sblyd exibroadhe totrd dipieopEnenis .

[ 0145] 1. n anot her anple, if the extraction solvent is.a 1:1 m xture of

" sopr of)F Sl B Ao A Ps STt hdh oA f E9roPORging sab e mpesc in

((3. 9+50d) ﬁ,lah rWUVER. 118isaRANcd4hf&iThis ThE bb@fuk®oPhe L &8BIubRY WeLipilaL piMass
woul d be calculated to match the polarities. To get a 6.6 polarity index,
we woulmcthensd as compeked & GBoLoammatly hizd-ailgxgtacixsolivantscrick as bex@de.by sol vi ng
the foll ow ng al gebraic equation



X*4.65+(1-x)*9=6.6 li x = (9-6.6)/(9-4.65) = 0.55 + 55% w w of solvent m x
In solvent mx-water |i For a 40% w w wet bionass, the wet biomass to | PA
ratio i s w0-201158y160. 6 - 0. 75 [0146]Wth a 40% w w wet biporasgottiiosstinoul d
correspond to a ratio of 100 parts weX bi omass to 75 parts sol vent m xture.

A 40% t pjomass. has. 40 g biomass and 60 g water. for every 100 g of
wet bi %&‘ﬁe  #hg Iy LomRpcH ﬂ%\%@teﬂg%{%gﬁa@d AR YR WP t he
concentaghl i Rboce! YRMolbllib/foftillad teSistd R delchitidthe katictopthy 5596 W w of

sol vent mxture In t he sol ve ture-water sol ution. This cal cul ati on can
be usediomassiio sblmertth&os otamgie, a0dhmes weabiomaas headlhg bionraacaidod) swatpe and

for eac rod . A few nonlimting.exanpl.es of sol.vent sets ear in
Tabi o o By 34 A wsiamey BHHA ERASHANT oGt B R B sRR S e
Ext r actdimoP@i W& bidthasRiPDBSS wePBibiRs SOl Ve cthBio? BRS the AbNAREESA6L S Dry
Bi omass Parts Water , o
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.

[0145] 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
v

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

[0146] With a 40% w/w wet biomass this would correspond to a ratio of 100 parts wet
biomass to 75 parts solvent mixture. A 40% w/w wet biomass has 40 g biomass and 60 g
water for every 100 g of wet biomass. If 75 g of solvent mixture is added to this mixture, the
concentration of solvent in the mixture is (75/(75+60)) is about 55% w/w of solvent mixture
in the solvent mixture-water solution. This calculation can be used to obtain the solvent
biomass ratio at cach extraction stage and for each product. A few nonlimiting examples of

solvent sets appear in Table 3.



Sol vent-water ratio Extraction solvent polarity index Ethanol

100994094 0600. 625. 2 | PA1005240% 40600. 463. 9 MeOH1009340%0600. 615. 1

Pr opanol IWO244028(600. 474 1:1 | PA Et OH mi xture 1006840%#06032&3436%7 95%
et hanol water m xture 100115 40%10609665. 39 95% et hanol 5% met hanol

m xt ur e1009940%10600. 625. 195 95% etrr;%?eog 5% | PA mixture 100 95 40% 40 60
0.61

g Extraction
:Solvent- solvent

.parts wet parts ‘Biomass :Parts Dry Parts ‘water ‘polarity
; biomass solvent dryness Biomass ‘Water ratio ‘index
.One step Protein Extraction ‘ :
.Ethanol 100 99 40%. 40 60 0.62 52
PAL s e e aom o o e Se
MeOH .m0 93 40% 40 60 061 5.1
:Propanol 100 54 40%: 40 60 0.47 . 4
11 PAEOHmMxture 100 68 40% 40 60 053 4.55
:95% ethanol water mixture 100 115 40%: 40 60 0.66 : 5.39:
95% ethanol 5% methanol miture 100 99  40% 40 60 062 5195
195% ethanol 5% IPA mixture 100 95 . 40%: 40 60 061  5.135
Onestep Polar lipids Extraction
‘Ethanol 5 100 320 : 40%: 40 60 0.84 : 52
PA ..o 101 40% 40 60 063 3.9
‘MeOH 100 274 40% 40 60 0.82 5.1
Propanol 1000 107 A% . 40 60. . 064 ... 4.
1:1 IPA EtOH mixture 100 154 40%: 40 60 0.72 : 4.55:
95%ethanol watermixture 100 468 40% 40 60 089 539
:95% ethanol 5% methanol mixture 100 317 40%: 40 60 0.84 . 5.195
95% ethanol 5% IPA mixture 100 289 A0% 40 60 083 5135
SOne step Neutral lipids Extraction

:Ethanol

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

[0147] 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.

[0148] It was theorized that treatment of the algal biomass prior to extraction would
enhance the productivity and efficiency of lipid extraction. In this direction an experiment
was done comparing the effect of adding a base or another organic solvent to an algal
biomass to change the surface properties and enhance extraction. A variety of treatments
including aqueous methanol, aqueous sodium hydroxide, and aqueous DMSO were

attempted. As FIG. 8 demonstrates, the addition of 5% DMSQO increases the lipid recovery 3-



5.135 One step Polar |ipids Extraction Et hanol 100 320 40% 40 60
0.84 5.2
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fold. These extraction steps may be exploited to dramatically reduce the methanol extraction
steps. However, the solutions used in the above experiments may not be ideal for use on

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

[0149] 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.

[0150] 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..

[0151] Further, FIG. 10 demonstrates that the initial fractions are non-lipid rich,
containing proteins and other highly polar molecules, followed by the polar lipid rich
fractions and finally the neutral lipid fractions. Hence with a proper design of the extraction
apparatus, one can recover all the three products in a single extraction and fractionation

Proccess.

[0152] Another embodiment of the current invention utilizes microwaves to assist

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

System.

[0153] 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.

[0154] 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.

[0155] FIG. 12A shows an illustrative process 400 for a step-wise extraction of products
from an algae biomass. All units in FIG. 12A are in pounds. FIG. 12A shows a mass balance
of the process 400, while the details of the equipment and/or systems for performing the
process are described elsewhere herein. A biomass containing 5 pounds of algae has about
0.63 pounds of polar lipids, 1.87 pounds neutral lipids, 1 pound protein, and 1.5 pounds
carbohydrates. The biomass and 1000 pounds of water is processed in a dewatering step 405,
which separates 950 pounds of water from the mixture and passes 5 pounds of algae in 45
pounds of water to a first extraction step 410. Any of the dewatering techniques disclosed
herein can be used tin dewatering step 405. In the first extraction step 410, 238 pounds of

ethanol and 12 pounds of water are combined with the algae and water from the previous
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step. The first extraction step 410 has a liquid phase of about 80.9% w/w ethanol. A first
liquid phase of 231 pounds of ethanol, 53 pounds of water, and 0.5 pounds of algal proteins
are recovered, from which water and ethanol are removed by, e.g., evaporation, leaving a
protein-rich product 415. Solvent recovered from the evaporation can be recycled to the first

extraction step 410.

[0156] 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.

[0157] 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.

[0158] As demonstrated in FIG. 12A, the resulting lipid profile with each sequential
ethanol extraction step was largely influenced by the moisture content in the starting algae.
Models of process 400 were run on three different biomass collections, each having a
different initial water content. As the initial water content decreased, the maximum lipid
recovery step changed from the third extraction step to a fourth (not shown). However, the
overall lipid recovery from these three biomass samples were quite similar, all above 95% of

the total lipid content of the algal biomass.

[0159] When algal mass with higher moisture content was used, the ethanol concentration

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

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

[0160] 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.

[0161] 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.

[0162] The esterification process 610, hydrolysis process 615, hydrotreating process 620,
and distillation process 625 are optional and can be used in various orders. The dashed
arrows and dotted arrows indicate some, but not all, of the options for when the hydrolysis,

hydrotreating, and/or distillation processes may be performed in the processing of the lipid
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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.

[0163] 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.

[0164] 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.

[0165] In some embodiments of the invention, the neutral algal lipids are directly
hydrotreated in order to convert the lipids into fuel products and additives. While in other
implementations, the neutral lipids are esterified and separated into carotenoids, long chain
unsaturated esters, eicosapentacnoic acid (EPA) esters, and/or fuel esters via distillation

process 625. Distillation process 625 can include molecular distillation as well as any of the
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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.

[0169] The carotenoids can be recovered from the adsorbent material by treating the
adsorbent with an appropriate solvent, including, but not limited to, alcohols such as ethanol,
isopropyl alcohol , butanol, esters such as ethyl acetate or butyl acetate, alkanes such as

hexane, and pentane.

[0170] FIG. 16 is a flowchart showing a process 800 for producing fuel products 830

from neutral lipids 805. The neutral lipids can be from an algae source generated by any of
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water and salt soluble proteins called albumins and globulins. This mixture can then be
subjected to a change in pH to recover the alkali soluble proteins called the glutelins. This
step can then be followed by a solvent-based separation of the alcohol soluble proteins called

prolamins. The remaining biomass would be rich in carbohydrates and lipids.
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625) in order to separate esterified |ipids of different chain |engths as
wel | asSeparatoe agl bisaqepmpbishiediby apvaeictyi ¢firdethedsdimioni. in rrearbickuding bef not pi ds
can th a hy i roce eqj.et- fue

bi odi egé 1tPed atﬁdge%fgf éa?[%on ec%}l{a ﬁ%tfggat% g%d%raelg t(?on ncgﬁ a|t18}8 Tjn kﬁr%r(s)tWn in the
art Carsubﬁaﬁt&el@,hq&t&ﬁha@e tsre@ﬁelsﬁi 1ﬁ@@tfbuhy@mgmm to the lipid rml ecul es and
removes oxygen nol ecul es. Exenplary conditions for hydrotreating conprise
reactln the triglycerides, fatty acids, fatty acid esters w th hydrogen
under HO&$llpr e?b@:ﬁest smbstam@alrljaﬁd pitﬁSthsohqjlsleaddVIthemtelr andueeterd o generatange of
600F. Commpn taI s _ar r atl the

f uel esatse ondﬁ/ aﬁesd ex{rﬁ uI'SVOVI‘ lll‘I'p’ é‘lsscg gallbw {lgltl Fqlh %se t he
esteri fdnd&ds'eétihd%@ﬁ@t&ﬁall@k@hd pMQEShé Ig@hd zﬁidﬁl(ﬁn@f)hds&d’ stramntshpz&@ﬂa@r Tsisand
nmetal s conpounds present in algal oils. These naterials are poisons to

cat al yseeondssbyantialy ligail phespipengehedanialynyp prdeises. Thus, esterification
prior to hydrotreating prolongs the life of the hydrotreating cat al yst.

hyar ot B, 18898 FRET Y SRR BhorlRhet b B b GO g™ ™

processychd@te FHulrtihestes tktrdctioh hlkﬁlf@&%ﬂf}agﬁﬁlﬁéﬁsédbﬂ aethii @uﬁslﬂﬁitlfall'ji‘ liqgigt er s
fromthe distillation process 625 to be hydrotreated in a vaporous form as

doi ng Sthaseandcetbird sebstndialy selikpfge f Bhe H;I@f iy dund; rfactjapus B yrR ok gy

enbodi t

hydr ot regeaaarsd SPELY SERRBF onhPipd Bkl yfbsARbialty Bfta pRES i Eic

addi t i yesteindhiThe solid @tdiéquid pipdsesran thadni s@p‘&atetihhe tetd subbtahtigdiyd gjusd ghase
esterified and %fparated i nt.o carotenoids, long chain unsaturated esters,

ei cosapEtesnished BlyeiEpRfeing er s, and/or fuel esters via distillation
process 625. Distillation process 625 can include nol ecular distillation as
wel | asgopgy| of Th@ﬁnrd%b%@ﬁtﬂe/ll%r?%ﬁ@ Bﬁ)gg/lsuﬁgﬁ) ﬁﬁ!{%ﬂﬁz s§l5eﬂjt' setddd Iﬁfaieﬁ'?o

t echni ques known in the art. For exanpl e, distillates can

fracti @ratrett aurth haated ﬁrrgra@tldn stiktiufeaari Sbnrscebmpnsetdmfgefpamlas@stahealﬂsomer chain

by g barr RGN B §R PR RS ARl o Bl il R °°

vapor Gafcdrii@ischethsdlt 1t Sthbhor Nl it @iddiferds, desotvent Y& cO Iptlbte ofmev)ant ages
of the present invention are that it yields pure feed as we as a vapor

producﬂnmﬁhféﬁ”bHVWHgEph@n@nﬁﬁﬁyn@hﬁéﬁ@pv%ﬂHV@P@%ﬁ@@ﬂ@ﬁﬁmﬁeH@t|on as
descri Ve i t i pi ds
(and,  oopioBRAEr e sbPh ARTPETE A PaRlod: 1% BEFAMRRRR Bl 2 67
bef ore Iﬂh@ﬁmlg epassddn 'pﬁ)lzhhﬁa mesteansi fTihe a¢maningfones substantialty sotidphbiendsy t he

fatty |ds of 1t |IpIdS and enabl es a greater anount of the al ga
| i pi ds (-Fnblé qdotpn@&? S ep@n@l@épmt emq;m@ﬁ@n of the starting algal biomass.



[0167]FIG 15 is a flowhart showi ng a process 700 for producing

nutraceuti cal products fromneutral lipids. In one inplenentation of
process A0, 20nen2treal |ipids are fed to an adsorption pr@ceas20i@H3t4nat
separates carotenoids fromEPA-rich o9l. The neutral |ipids can be from an

al gae s e geper at ed ny of the selective extraction techni ques

di sol odubPHler onhe d%kﬂé%ﬁﬁ%?tﬁt)%%ﬁ%mpw%efw e ekleti B¢ gL St Rices,
such asofl%!r&&hs,sa@!éﬁ&ﬁﬁ in ﬁﬂiﬁglﬁsﬂy%ﬂtﬁ@st@%@&ﬁﬁé aftPand iiohfes Q01 acting the
neutral I'ipids with an adsorbent t'o adsorb the carotenoids, such as beta
car ot ermeocmscandrt freofopkd scpatatelp fiwni thp lrestrehthatsiops jn order mdseriventy cktsacbrai on
HP20SS (commercial |y available. fr | TOCHU. i.cal nerjca, Inc.). The
neut r alSTHPRET AP e SRR S gbis 8RS I by RO B Y Bbeso. 1 n whi ch
the neufchidhstritdd By AU IRIBRIRunArRirB@idh stdp B vessel for a sel ected anmpunt
of time. After the contact time, the absorbent and liquid are separated
using techniques known in the art. In other inplenentations, the adsorbent
i s hel d0185lan Hus BebEmitingeRrampiay stobulin prateias can b wicchrdy sagacefl fromasugh t he

adsorb i Nng: t Hoh: he. c i ds

cont entrorpise MO ARy Wiy SHOfokAR HERIPEREr Al IESERBLET T2h 1
EPA. [ it6@} Theac@nahietuoé dssla@y, doenpreedytes edsfanatiy lnpidiglsse bedht mat eri al by
treating, the adsorbent with an appropriate solvent, including,. but not

i mit ecﬁubﬁ?nt&ﬁ@éﬂﬁq? gﬂ%sac W%*%&& %‘é{riblu}({ Phaspy Gpyhenbsshgated. Jhedigsid esters
such a h%%é‘i&é'enﬁ&ﬁeﬁ%%lo%lif?gw%iné%%@i@.’lﬁleﬁéﬁéb@i%néféghaas hexane, and
pentane. [0170]FIG I6 is fl owchart show ng a process 800 for producing
fuel products 830 fromneutral |ipids 805. The neutral |ipids can be from
an al gd@18ajur c & getler apedinbyingexangfle, Alnpio protedF tEORCTN¢ISIOY EA08Lad 7 36 t he

sel ect ifve extlrtactti 90, L echni ﬁues. di scl ased heriﬁji( Doy Hovgveg. ihe neyt r al

i pi ds EHR 2 BaTYHERTB PP Y CUE eI qags it ValsT Ptlicatibg o RS pi ds
are traphRd ckitadiod SEINTIE BOsIRPCRHriB8dPof 4 SubbahedllytItfiid pRisden@ne aci d washed
to reduce the levels of netals and phospholipids in the neutral |ipids. In

some i righemtixspbdahasg. Taf selidadliid phaseseinthérobe sspatsteds dhedideidaci d i s

added {9, L0% AEYIA ol doRlfBeo AT OB I W diBy iEghgd and agi tated. The

pr eci pi osphoFIprds‘an en separated fromthe remaining
oil, for exanple, by centrifuge. [0171] The treated oil is then passed to

bl eachi[@§8r oc &ss fiBthbr han-fimitinpeexahipte, ppligthingprarethsabhbe sdedtorlyocompotgdds. | n
some inpl enent atj ops, bl eachi ng process 815 incl.udes contactjng the oil
with c!r?oé%m SHRFTGr SRR T %%%%&%@f&%ﬁ?l@maa% SSUBR A8 Tp olie TGP Ry (1 . o.

bent oni &, Honf iy héc%héﬁis&&fﬁ;f%ixi_ iHehd 2 gisnRist BanlaYRkA: Qf afhariaphy! I s and
ot her col or compounds i1 n tthe oif. The treated oil then is passed to

hydr ot rgeatiatep Ipratdessra@Rm, minthire lor biydy ogpenaised ohm suldeouylyehatid phideend a
conmponents of .the.oi] to. for uel.s ducts, for, exa , J.et. fuel

i e ur 00ty hashi ghe pefd S5kl R n A PIBIE: M8 AU ot  eat i ng
pr oceshddlis @hSehcdan pRIafiRPoemadcki ng and the creation of smaller chain
conpounds, such as LPG and naptha. Any of the hydrotreating processes

descri bed herein can be used for hydrotreati‘n%i process 820. [0172] The
mi xt ur d0888lconpoysiagotdeeranelimitingteramplegs prateinfiapdorpeancesslegelueerisissed t o

a distig|atlpn aﬁ?e%ﬁ%ﬁ@ﬁ?&l&%te?%%?[ Qi%&a&i‘%s}ﬁ?h' ﬂvgq%gfgﬁzqﬁﬁe%igcmeoduct s 830.

Distillation process can 1 nclfude "any cul ar "and non- nol ecul ar
di sti | letractiontie atvontlisbed@smixibe thehagradbionoiss Withwsolvent feetoagdnefaar arsepar at i on
of fuel conpounds. [0173]1n s?rre. enbqdi ments of the instant invention,

prot ej rf‘g;trﬁﬁy)nﬁ@lxggp §E§lpw|a9d 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

[0189] Having been informed of these aspects of the invention, one of skill in the art
would be able to selectively extract a desired protein from either a freshwater or saltwater
algal biomass by either a single step extraction process, or a multi-step extraction process. In

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



extracted froman al gal bionmass. Extraction of proteins using the disclosed
nmet hods of fers nmany advantages. In particular, algal cells do not need to
be | ysed Wwoi2or/2016ext racti ng t he desired proteins. ThisPsirmskemfiogsiiand
reduces costs of extraction. The met h9ds of the instant invention exploit
the solubility profiles.of different classes of proteins . in order to
sel ect I'0ePYPYERETlRsed B PR K Tan o Hrpﬁaﬁif%ﬂ%aﬁ@aamtem Gogteat o nass,
paste, ¢, ¢aKeand A4 (GLERHy EP&?@?@i'e?of @R pRGiAL oPInRIFRS SrdENerDiftoSitRhGRt €d tO

d mxing to extract water and salt soluble proteins called

heat i ng an
al buni r3thanemlgddomerhts néthe Thdckosad ricthods oy idvepprbte asudshetpddtwengadhange in
pHto recover Ehe al kali soluble proteins called the glutelins. This step
can t heA BE' Y61 Powed by a sol vent - based separation of the al cohol sol uble
proteins called prolamns. The renaining bionmass would be rich in

car bohydiggies 8oflardy dTithsdiscl¥Rd2ddinleX ik SRIAGhEMISE) Tl Q& étloh Bikture/slurry

[0175] Proteins can be extracted from both saltwater and freshwater al gal
cel | s, By khaamtdipedat edeated tapprpratgre fohe periadkediine. ol segietembediments dha wat er

al gal ¢ i : i i . es of
o ot oi it Rl SRS LB A PIGRAG B Aol R AFBIEERTS 01 e
pr ot ei nbolitr Wnm@iutdsen kores bspoctsstht exw@iceion alig@es is nimbinkd asoh@teiTbodi nent s,

extraction of proteins fromfreshwater algal cells is acconplished by the
novel pFBEEERTSHERANHRD byt 2pinpice apdhaiaut Ol myayice eln dhgaspectsy Bshwat er

al gal hiqnBR% Afxeurd fahef AN i heed Mnir}ae?au&%r BawaGE AL 15 REfldy0a vari ety
of methods known 1 n the art such as, but not imted to, stirring,

agi t at iaboyt Hhadinudeski ng This process generates a first heated extraction

m xture or slurry, conprised of a first substantially liquid phase and a
first substantially solid phase. The solid and Iiquid phases are then

separ at[QEP.l]Sep%&%%meo?m'&%mﬁ%ts’éé%B’FFfﬂcfl%éﬂXtHW%u%maétb?%S?te&@t hods known in

the arthBehtidlges it addat s Mih §fhnt QuncE RN Iafi Coaligtk

i 1 i n,
flotation, sedinentation, tratron. This ??égg&%h st an |aFﬁy l'iquid
phase imotemsiachedracted al teuperatpeooElesssthar o7 e hiotlstr esbbdinemtstht |y sol i d
phase is then mxed wth salt water and heated to.generat second heat ed
Xt act NGBS s PR BoHBPPEaTEr 0% SdLORTABOTLAL PAFEYOT | qui d
phase affinacSRE9Ndn SHRS haRElsathb YroifthinthrRRasGre JRcRAal toleRIitudBRYloREtonat ur al
seawat er or may be an aqueous salt solution. An exanple of such a solution
woul d cherpeilisg painbat the gpirection ynigairgfslurry o pethet ergbarainanty, thé piasdire isThe sol i d

and liquid ases are then separated. Thi ecand .substantjally liquid
phase. | LUSHPRERES MSaishE e oR AP d B8 e SHREAR bRt a1 §

sol i d phiass dtépstthenhaicx edrastibh wat er 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 about 9 or greater,
enriching the third substantially liquid phase with glutelin proteins. The
solid and |Iiquid phases are then separated, the third substantially liquid
phase being enriched in glutelin proteins. [0179] The third substantially
solid phase is then m xed with a solvent set and heated to generate a
fourth heated extraction m xture or slurry, conprised of a fourth
substantially liquid phase and a fourth substantially solid phase. In one

preferred enbodi nent, the solvent set conprises ethanol. In other
non-limting enbodi nents, the solvent set conprises one or nore of the
foll ow ng solvents: nethanol, isopropanol, acetone, ethyl acetate, and

acetonitrile. The solid and |iquid phases are then separated. This fourth
substantially liquid



WO 2011/ 127169PCT/ US2011/ 031417 38 phase is enriched in prolam n proteins.
The remaining fourth substantially solid phase nay be enriched in |ipids,
dependi ngwonotihe7menposi ti on of the starting al gal bi onee3/USp@1IBBI4IN sone
enbodi nents, extraction of proteins f4lomsaltwater algal cells is
acconpl i shed by the novel process shown in FIG 18. Saltwater algal cells
or a saltwater algal bionmass are h&xaw@lahd nmi xed. M xing can be
acconplished by a variety of methods known in the art such as, but not
limte st L ng. ' ' : ' ' 1 a first
heat edctg;(%h act F}génén%g%(%r ate%%’?#ﬂ’??g&”%?ﬁr@rs Rglggbv'gfe cgﬂt? ?e(ragtﬁ Osﬁigg{ %ﬁsal ly

|'i qui d phbadéoreavtbra. BDrsatpuslos varyingaigiyy cembntsl wetelseveskdde Asfadrireimewvad of | qui d
phases are then separated. Separation can be gcc lished by a varjety of
met hodSPUKnhBisT by C?IHEf[“&PTthI}’ 1R aﬂaﬁlﬁ@r_}m@weﬁf‘oweaﬁﬁ g%]_?crfl argae gt ot 05 on,
decant gfgkiPfse. fA ?Fe‘%a!l&ﬂate@ SAbIRYF ek ABal B0l (15 ?‘?zﬁﬁsod}y al Ak SveidHt St
substantially Iiquid phase is enriched in globulfin proteins. 10181] The
first swbsuaknt)iaal9) nslobf chpivdselvis wasendded mewrla Wiredanavdktfesk aquppelaveld t o
generate a second heaﬁep extrﬁction nixﬁurﬁlor slurréﬁ4ﬁpg?rgsed of a
second St %‘Pﬁl}aﬁeﬁﬁlﬁcﬁ PTG SPpAELETHREOUPIE 0TS ShBst et Aty Eol'fY phase.
The solifyadot | GIituRRASAE0Mafe IrRRAMNSEPR ARond, T Si@end rstbgtast i al |y

|l iquid phase is enriched in al bum n proteins. [ 182] The second

subst anthi with gleetriehgsiage Afterwirds the meduie was agaltedrto sovn eecedurcgndener ate a
third heat ed,extractil m. Xt ur r slurry, conprised of a third

subst anstgﬁ%{r ﬁeﬁd/%ﬁ)&?’? S% eaasntg,1 rétr? 556 yhf?lrtrg{lg%bst antially solid phase. The pH of
this third extraction mxture or slurry is then raised to pH 9 or greater
enri chi[0g93]he Theé todaldipidtantdahkdnypltd eiedinplyaskusing & clgbrof@ni-mgiaibei ns. The
solid and |liquid phases are then separated, the third substantially liquid
phase D¥HFYRIF ERedMeodH ighand PysF st @icheirarpanapthng Falsrtﬁtagﬂlﬁét"éh‘ﬁi all'y
S0l i 0 RAASRed 8 TeBhdtiss e Wpldofo ko) YRl R IRGALE, FRRERGTAEd 2
fourth heated extraction m xture or” slurry, conprised of a fourt

subst anhfoaieurall lipgds xhdptodks dipatsdyastdndard dohsuib shrantatcirdphy suwdthatl ypias€)-200 one

preferred. enbodi t, e sl vent set conprises ethanol. | n other

Pon- 11 i RU G SNk O e ehteh Y i CEarBnBrs THEPQTS! ¢ he

fol | owl\aggisll WMENInStial FREBFNed at SORT QRAR A lrotaRC&laPBRtor EBHMI, ACRiAaRd) AAAd
acetonitrile. The solid and Iiquid phases are then separated. This fourth
subst arth¢radtigd yridguhigh yheisen.i heedniddoktsdtates ware pathuiples nigiogen amthéen ermai ni ng

f h i all i h b i i iRkLd di
o SRR bl OB TR SR 6L e R 1

2011/ 124G HNA4 VB0 O3k4ikihgdR pladd B bitheidiCa gl as thelBichRdstadd 3@, provi de
for the selective extraction of different types of proteins, as shown in

FIG 17-20. Ani of the steps of the aforenentioned extraction process can
be perfl8}¥Hd sdpareutiss (darneishoyan)iedicated thah@igewpes aspisigd gatragtionswsdesti vel y
extract i LA : e I 1 I 17
ond 16, PoRiqiEl 8 REBLE BBt BOME frst EHOa A TR s ortcNlt sy RRDARIGOIIME 071
[ 0185] Isapaatianefl rcudrtl lipgdse xEogtanic idadbglis moprohastest io @rtriaionelffectivonessy

extracted froma, . . . . . .
"lehe fgna?yle?d is comparable between microwave assisted extraction and electronic heating

assisted extraction, but, microwave assisted extraction is significantly faster.



freshwater al gal biomass by m xing said bionmass with salt water and heating
to generate a heated extraction m xture or slurry, conprised of a

subst ant ivabI2g11li2gebd phase and a substantially solid phaseuside/osahiid and
| i qui d phases can then be separated. 4he |iquid phase is enriched in
globulin proteins. See FIG 17, extraction step la. [0186]1n anot her
non-1imiting exanple, al bumin prot S*XAYP&H be sel ectively extracted from a
saltwater al gal biomass by nmi xing said biomass with water and heating to
generate a heated extracti oRrefeipgxtacgen drqmm algal bigmasssed of a
substantially |iquid phase and a substantially solid phase. The solid and
l'i qui d phesyes E@U&ﬁ@ﬁ@m%ﬁg?@@%ﬂ%hﬁ&ms&Qﬁs&ﬂ&&ﬁ@w@@ﬁ&%ﬁﬁ%5@Bfﬂ%B@@Tﬂﬁ

gl obulin proteins. See FlI 18, extraction step la. [0187]1In a further
non- | i rampheg vexatheh egntpfugediat B0 rptrefon threamirkess ahdeibt isvpiryatanttreractald f r om

ei t her freshwat er. or salt r. al ga {.Qnas 0 in F]G, 19. The
el oct 11 TBTRPA RHHS e atdRb R o d i S hITRAE R 4 SIRER e freits i ¢ 1
sol vent set and heating to generate a heated extraction m xture or slurry,
conpri §0696)f a(PHulishiattdxahétion!: Al BidpMas & aglshkad sisteant prall | Yorsiohdwd. phase.
The solid and |iquid phases can then be separated. The |iquid phase is

enr i cheallowingtht additoneigtErdiysted oage] The yaerlahverdhememiniuged t3Y0R%RMHpl e, a

pr ot ei t i t i er or
Dol t gy S R SBefRkdot Eoko B TS AT P rp Rl Bl MERARLEY , 2
acconpl(pEhes) bjlowing thgcdnnefughtiml. Ticatmaming dohidawsad washtd 8 eimdsovigedianat e an
extraction mxture or slurry and effecting a pH change in the m xture. The
nixtLw(9qdlngﬁﬁﬁ}?§g%“%?dﬁeéubstantiaIIy | i qui d phase and a substantially
solid phase. The solid and lIiquid phases can then be separated. The liquid
phase ig1enri clrgdrdsRItPsOIR] RIHIRI SR dieM iR xRN AAE HTRbDw iENG aSPect s
of the invention, one of skill in the art would be able to selectively
extract a desired protein fromeither a freshwater or saltwater algal

bi omass by either a single step extda®lé$dn process, or a nulti-step
extraction process. In light of the instant disclosure, one of skill in the
art woul d be abl i nt er change of . .
D011/ 15716000 URSEE) 0acatr ag ¢ fLoefl 9ig L | Vratein 1%t ep extraction
schenes, provided that the protein content of the algal nass and the
solubility properties of the prote(%sweghi)nt er est(®ameigiglofn i nt o account.
O her enbodi nents of the disclosed nethods nmay incorporahg a wash step

bet ween each extraction step. [0190] For any of tHEOMR¥Eed protein
extraction nmethods, the extraction mxture/slurry may be mai ntained at a
heat ed tenperat UXRafi¥ Edrde8hh0d oOf ting. In sone enbadi nents, the
extraction mxture is nmaintained at a heated tenperature for between about
20 minutes to about 90 m nutes. In sone aspects, the extraction mxture is
mai nt ai ned at a hdddeechiegmerature forObetween about32d mi nutes and about
60 mnutes. In other aspects, the extraction mxture is maintained at a
heat ed tenperature for between about 45 m nutes to about 90 m nutes.
[0191] I n sone enbodi nents, the extraction m xture/slurry nay be heated to
tenperatures | ess than about 50C. In sone aspects, the al bum n, globulin,
and gl Ud&98In pPottanysldwes edtulaet ed aateiglerpss,atoumpesng thel vegghttdfalme Gibxzat 50C.

I n ot her. enbodi ts the tracti.on m xture/slurry i eated to )

| ommer S oRfBan: wetiEo il PRALRBAT o Sl ol RReT Bl uProgein | o
SonMe asReed was _Eié’c@mlﬁhéd @;m'h@ (l%ﬁ@fa@Mb%ho%l_rcﬁ tRXAhREESHOACHERE rS%Eiéfﬁ(%aPiaOS eto
the boiling point of the extraction m xture/slurry. In other erbodi nents,

t he pr e¥dumeasiing theremwsistiofatogenan tsfitrze idgep selglsof eachgroeass.and prateihudi ng,
S0psi . dunt Nond g NEahLMh3R% &' atd D8uSb AR R &P ANER iSX (R HrbMation
allows for the use of feedstocks with varying levels of protein in the systems and methods

disclosed herein.



WO 2011/ 127169PCT/ US2011/ 031417 41 Exanple 1 [0192] G een m croal gae
Scendesnus di nor phus (SD) were cultured in outdoor panel photobioreactors.
SD sanpl esoabiwviarybng |ipid contents were harvested. Afrer/usenomal41nf bul k
wat er by centrifugation, the algal satples were stored as 3-5 cm al gae
cakes at -80C until use. A pre-calculated argount of wet al gal biomass (15
grans dry al gae wei ght equivalent) a APPISS of et hanol sol vent was added
into a three-neck flask equi pped with condenser, nechanical stirring and a
t her nocoupl e. I n one i&astionoef Profeinyfrom Saltwater Adgal Bigmass,r 10 nin under
m crowave irradiance. In a second, the mxture was refluxed for Ih with

el ect r AT Vlheat hagpltwerteradgnd celsure irqalhy sads @ Qladborbbil@Y oV st enper at ur e
d i i dnb, ] j i . t ot al

i oo RaREunCh G €50 SR aBtfnd ELERL Rt diufc b 1 ) Pl b bilfly, Lot e

syst emvascengifagedito sGhargh ttendpuid plidss flonpthd selxd plaase.i Dhe hdid esltractimias t ot al

lipid value.was used as reference f t lipjd recovery cal cul ation. Tot al
[ pi ds GsTRITG e i Fich apap B Lpofies hort e ity (LRI PERCT RS by

st andardgli G0l UrHa GibhagHt ogr aphy net hod using 60-200 mesh silica gel (Merck
Corp., German;‘%a. Each'lipid fraction was transferred into a pre-wei ghed
vial, initially evaporated at 30 C using a rotary evaporator (Biichi,

Swi t zer[03H) arhbe sdlahs vare tgn gnsdenddsi ig Hroghevgtamand” g@at@ﬁrﬁoeaévoufe‘i()é tades were

pl aced under_ nidrqge nd en i ghed. The fat cid profil f .each
Bt e TRLEH ! ARE0 RS MRRe ARy NOSer DibaR Sy B hbiel G liGRie: by
est ers fush g JoEppasc ameiliuiichidsd #isyd@¢mased fabelrivhah Aunsh prAdndabb®194] The
results gdata not shown) indicated that m crowave assisted extraction was
best f oi0% ahihdetalgrrotehs nyeseal in|thgodzinglplgahbiomassk  extracti on step, and
somewhat | ess effective for the separation of neutral lipids. Electronic
heat i ngobg|Tor $hE QRIS RO thoh QuGKhAAGH GRn6l HEEhiVERIHS, w i Ral €l d s
conpar abl e 'bet ween m crowave assi sted extraction and el ectronic heating
assi st edixext mas heaed tobabbut M°Craodanwentamsd st thet tempemoire o absutsli lgnirf Tbant |y

faster, 2011/ 127169PCT/ US2011/ 031417 A2 EX le 2 Protein extraction
from alrﬁ%ﬂ\{gﬁi i 5 6498 eey reperlle i‘rﬂwé;zfr%l e BR#Ss HgBghe i o
vat er  apasidtedmmdieb bd RREL albdiie SBBUQELNRBO% dFaRe RN pibthigBetsatt i$AR0 rpm

for three mnutes, and the supernatant renoved. The renaining solids were
washed @iginarbmnwiss)h dilute acid (pH 4.5) and freeze dried.

[0202] 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).



[0196] (2) Al kaline extraction: Al gal biomss was soaked in water at pH 11
for 1 hour. followng the addition of pH adjusted water. The sanples were
t hen centwofzaged7sb 3000 rpm for three m nutes, and thePsuseoatant?

renoved. The supernatant was neutrali¢ded with acid (pH 4.5) follow ng the
centrifugation. The remaining solids were washed 3 tinmes with dilute acid
(pH 4.5) and freeze dried. [0197] ThS2MR&Fts of acid | eaching and al kal i ne
extraction are shown below in Table 4. Table 4 ProcessProtein YieldProtein

Purity (% wei ghtoké/Fieitdnhtioh aRd Bixtattivh 8F AlgaABidrh&yFinanel | on1645 Acid
Leachi ng7032.5 [0198] Protein yield was cal cul ated on a wei ght basis,

conpar iggo|he wak Wrus@id J8d{ bE8ZHEhLRSHsAYibHSss i Culh& MemGhkincio2tole al gal
bi omass prior to soaking in pH adjusted 'water. Protein purity was

det er miabeadndsyfrotheAr@ohi Statd Unbictsayl, bdbordteryAneAlgraR oSt drclCehBsteshn@ogy,. et y

(Ba- 2a3 asur | th of nitr nin the freeze dried solids of
bach. protes SR e TTRIRLA, S B bt Ml ulrlied RER e SoRrSft val e
of al galboit U GYwexl iaetfifny fiokks | nformation allows for the use of
feedstocks with varying levels of protein in the systens and net hods

di scl osed herein. WD 2011/127169PCT/ US2011/ 031417 43 Exanple 3 Extraction
of Protl8294 fr Ehe SHrachiar sicpnyvgie pedoghed s 2 400 gallon jacketed kettle with hinged

lids. The lids were tied down with straps and sealed with silicone. The system also
contained a mixer with a 2 horsepower explosion proof motor with a two blade shaft. The
frozen algae material was emptied into the tank and an equal weight of ethanol was pumped
in using a pneumatic drum pump. The material was 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.

[0205] 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.

[0206] 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



[0199] The saltwater algal culture initially nade up of about 1-10% w w
solids in saltwater was heated to 50C and nmaintained at this tenperature
for 1 hr.woheiwveswsbti ng slurry was centrifuged to separ ace/ush@ilosgui d phase
fromthe solid phase. The liquid extréct was determned to be rich in

gl obul i n. pr.ot ei about 10% of the total pyoteins present_in the original
al gal w%*ﬁﬁwlgf%%mfwa_ Tbl_&@%@éﬂ%ﬁ@a e G e MR “td#aland
heat ed sBHd%E).bqlMs wRnBRE W J803b41 8¢ d@&ﬁlﬁt_@@@ﬁ%nél (994 ethahBParldoSH Irﬂét%oﬁ)lhgr ry

was centrifuged again to separate the liquid fromthe solid phase.

| i qui d rphediseg mweesmtkédre contpimcthg abolbeS Y% ehudous athbuoti Ahpsolids and [{galbuterd 0% of

the total proteins present in th rigi-nal al gal bi.omass). 1] The solids
B e S e G e (T L T L B gy
was heatgdiobp d@Qﬁbﬁs. PfotARESPRIHIL GH %%tlﬁtdeh!&aiedte@dﬁ%r whed Rl & th;@@@lﬂdls, 1

hour. The resul'ting slurry was centrifuged to separate the liquid fromthe

sol i d phsuieng Memixteyainthdp s abriy 8%t augpusethangl. hEha sodids prd hgwdsivarepr ot ei ns
about 0% he t | _pr i ese i1y Qri gl nal, LRI
{0205 TheABrHBE s B A GBEa BAGRT Mg Rd PBh SR s ST My o

9) and 4oeatigdnis. dbabils nkiE; ABthe MRONILAI dTRidn&lrcdRetanb ewpeidatdiresdltig mkout 1
hour. The resulti nsasl urry was centrifuged to separate the liquid fromthe

sol i d pREdES ofrpRout Patiaguptiesthanak H&S@}lgﬁeﬁ@di%dw_erﬁisew@tﬁd yHpgalin
o 201 D112 T seet (R aia o th v AT Shp R AL kel PRl o omeg ° ™

Ext r actrequirasf60M Igsd erBrgynmasisy, ey citanaineised Q@23 ]l Moe Hehoafseand: quduwetdaobf
Nannochl oropsi s bi omass (cultured fromstrain 202. 0, obtained from Arizona

R T A T e e T e e Ry
conpr i %aﬁ@éﬂléth%%c%%{n ohethahdinakilsy, fsg)ﬁ%gm alldePdhIedexhracti on steps

were perfornmed in a 400 gall on jacketed ke with hinged lids. The lids

wer e t ictradiovnbwi wis forndipet tahe as elddasioe wp PHogithanebansl, 5%Finectleapst. eldscadfs o

cont ai 0 ixer With a 2 haorse expl osion proof .motor wth a two

b1 ade. sitrt <Mt s b BreR R RERE PP e RB P ERIM B Rl i DRrRE el 2nc”an
equal wehilddle @lic ®tddst@nstvastspunped in using a pneumati c drum punp. The
material was stirred for 15 mnutes and the jacket heated with steamto
obtain the desired tenperature at each extraction step. The desired

t enper d0498 isTh%H?l’,mqgrg’a%‘ﬁeﬁ@ fignp Hiermaubigne sEhYRE PHPOFETHESIHE 2t We i xt ur e,

but  not, Bl fabfGated batch still. The operating conditions were about 80°C during the vacuum
distillation. All of the ethanol in the permeate was evaporated. These extraction steps were
repeated three times, resulting in four product pools, as shown in FIG. 13. This is because
with each extraction step, the polarity changed with the addition of water to the mixture,
allowing for the extraction of different components with each step. Product 1 contained the
algal proteins, and as a result, retained excess water in the system that could not be vaporized
under the operating conditions. Product 2 contained the polar lipids. Product 3 contained the
neutral lipids. Finally, Product 4 was the residual biomass, containing potential coproducts

such as carotenoids.



This desired tenperature is different at each extraction step as the
boiling point of the m xture changes as the proportion of ethanol is
changed. Wwpaniveawhi ng the desired tenperature, the systremusas1®8idr ed
continuously held at the desired terrptérature for 60 m nutes to ensure that
the contents of the kettle were uniformy_heated. [0205] The contents of the
kettle were then punped out of t he &g é%%l on vessel and into a Sharples
decanter centrifuge, using a pneumatic Viking vane punp at about 1 gallon
per mnute. The depapiRFingCatid E§Hﬁ@t161969Al%%PBﬁﬁn%§% y¥ahah® about 6000 rpm
The solids were collectedin an encl osed astic drum and consi sted of
about 50% w w solids to |liquids. These SO|IdS were returned to the kettle,

wher e t[ﬂéﬂ%lforE@eﬁtha@Y@an@ﬁigﬁébmms @m@pﬂym@nﬁ bppageeabourRd Pidfuid stream
f the, | f t th
rom 6, SFRAPE TS, SPULELES DGR (ERSARk VR0 15D RERAC, e

manuf agheluéidgyut @oal\ﬁﬁftedr eohtabage Bfratibheccapeugdtiongheoing] detl Divstamdner60C  5C
and with an average pressure gradient of 40 psi. The nenbrane system was
bac kwadsHu1oam dikeccalpgipy cameithen agsiss Hmﬂ?qatl%%%eé%@aat@mr Tihs tyris el of he f1 ux.
The perd t 8 S r particul ate
e A G b R L R S Gt G

2011/ 12nbGePaIW S22 hebad 4day béSised tdrembw‘sorﬁé)eﬂthb bﬁ’nalnﬁlgiEﬁe vedtgab gbi onass

cont ai njf ng about . 65% e wat er 5% w/ aI soI i This .was m xed wth
500" b RS ion et OBl el SR dBRE G | g In o
m xt ur eexﬁ@rﬁgnﬁhﬂﬂz Qﬂeﬁﬁ@ﬂ%st éév/atéﬂﬁ’gaﬁléﬁrr?emﬁﬂ%n al[%ta?g%'df@l?e @@Qrﬂs aﬂH' ds were

separated using decanter as descri bed above. The wet solid portion
wei ghedn&héeds| dos:losad Henearsis 4lg iy q}loma@s theextrattadn afd fRBohd®N offan 9894 t he

denat ured et hanol S _added to t resulting in a mxture made up
of abod{l%gla ﬁ' 15%@%@?9&&5FWI?W%E§§f gr%ﬁd i quids were separated using a
decanter as descrlbed above. The solid portion weighed 354.5 | bs. and was
40% dr yozeES. A@ dxhinplcHSEch APRICHRMIEAH that in@hc Henaltticash aluaanfllo

added, resultin m xture of about 95% aqueous et hanol . The solids and

i qui dgh W@C@bg%ﬁpab@dmlﬁ@iaﬁ@lea 3,008 Hrsepf wet Riewaysi9atpinipg Yo ppﬁ‘ewaf@gm ting
lid 4 t
ary. CoatiPupRa|piut MOoEY oRsRy TALSRbATBETORAML £F N SRR FSRYY | °

sone emphrennmmmre(od abaut0to sjuovn)ctidnoer The/essiting bberat (A56dbe) katd dyer e

tried. nat ured et hanol contain 95% et hanol and 5% j sopropyl | cohol
was. useda R prRestion g th eaweeﬁﬁ%ﬁ - ABtcous chinols Wik weathere 593950

et hanol ,ragh % WlNan ale. coHﬁ)%sﬁBn %@%@rﬁi&ﬁﬁ@%ouldsoeaabgﬁﬁg 18)6 LeckoRb@dhseNnt  Of
the present Invention, but gener al not avail able due to cost
constral hﬁrssultﬁ@msmikse(%é ﬂméas éO%tdryeaﬂfhé savent Iqemnmmramfeth&,eszm s hdssis

evapor usi n n |n ouse f i,cat bat c The operatd.n

cona ¢ e AEPE Bt " BOR i 70 HE D ESuRRaT Biol dbs SRR IohGH B

et hanolmixfurt RSuRESBRLELI W3 8RR ethah&d ThERERRITolias ol bRl4BPs dMBYéh
repeated three tinmes, resulting in four product pools, as shown in FIG 13.
Thi s i #bbeicijsethanelh Thiscwetdiemasstrearires 68 IGQSmemltaudrx base%ang@dawm h the
addi ti t9, ture W di fferent
corrponcehn POfm% aéléic anPF Imt Ctlﬁg gonf?a ae u{l(ggaval thac?tteéiloﬁén and as a
resul t,1800t. sdenEX s c\wilﬁfedl With EQarﬁMSBemhbﬂ&ﬁi the @talrtdlgrmateba wapos zed
under the operating conditions. Product 2 contained the gol ar I|p| ds.

Pr oductalgpl é@%ﬂSa?)%@’S-théh%tmaﬂ%e cpiyRlsat wis gdracied vthodlietldy cthgaok he resi dual
bi omass, containing potential coproducts such as carotenoids. WO

2011/ 127169PCT/ US2011/ 031417 46 Exanple 5 Dewatering and Extraction of

Al gal Bi omass by Et hanol



[ 0209] Upon harvesting, algal biomass typically contains between about 0.1
to 0.5 % (ww solids. This can be dewatered using any of the nethods known
in the alweeoimdasdry, including, but not limted to nemromarseoifiobtanati on,
centrifugation, heating, sedinmentatioff or flotation. Flocculation can
either assist in flotation or sedinen ion.. The typical result of such
met hods is an al gae slurry contai ni ngﬁ%@lO%V\/W solids. To dewater
further, another dewatering nethod may be used to renove sone of the

remai nifg H16RINYALRIcntS A8 helciFincAPERMI Bl feRPcRE i Helrdptifdpser to 40% w w.
However, the cost of dewatering increases exponentially after the first
dewatering is carried out. An advantage of the systens and net hods

di scl odéd. Reteelilhl4853Gthat the allow for the extraction and fractionation of
an al gal mass that has undergone only one round of dewatering. [0210] An

exanpl f So N _ohe at . 0. the fi . i und,

Fol | ow an cehabyE: PR AR g chtid gfichy gty BhE AT PR s T o
cont ai ni nicdR¥elptise, Wa2d07 pliodisseiframdnistdalipat 0B rdchsol Al 28epdt-80@d et hanol
(95% Et OH _and. 5% MeCH), .resulting in a.solvent m xture of about 50% aqueous
et hanol . PRECTIGISHICH HG R OHERSIOPIEHICF BRACSEs 409 dry. The sol vent
conposition of these wet solids is 50% aqueous et hanol. Wth anot her 350

| bs. of Adenal bt T AL HRANP1na s S CHIROFI40] 2000 Gehdige FvichbLy hidad _about
81% aqueous ethanol. The resulting biomass (235 I bs.) is 40%dry. The

sol vent conpusducedipioél andgge wet solids is 81% aqueous ethanol. Wth

anot her 470 | bs. of denatured ethanol, the conposition of the m xture would

b b 5% th l. . - ! i i he 40%.d ith
oE 2004 A TAT 5 SN 0734109, S0 eI 6,08 Ayt (1,

on the | atenpetigiaf ligiis wat er and ethanol. In this case, 100 | bs. of algae
woul d have been extracted using 1820 | bs. ethanol. Wen conpared with
Exanpl e 3, wherein the starting material was 40% al gal .solids, 350 |bs. of
the dryB/idall &dlicqdY &rft TRk meShod @ fatel M4 FX 245880 FRS PURHEAB! Can o

2011/ 127169@3&%%%%59?@?;5114517qu§g_ences The follow ng references are
herein incorporated by reference’in their entirety: U S. Patent 7,148, 366
Rhodes, Science Progress, 92(1):39-90, 2009. Ceneric review on using al gae
t o pr odufeetiei bdieslgbidnisthisis, Yid {00h) Presi, dtidgsahizef,rldkn 205r 641. gae.

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

bi odi esgl Am ner nage.. 5Q: 1834- 1840, 2 . Cengric review
on_ust PP GaevieBoRt e ENr i e ARy S e! Spreg CRemiR5H
Supercriti catauEIMNAS9954XAB2IMEH6d 58009. SCF CO2 based extracti on of
specialty lipids Bligh E G & Dyer WJ. Arapid nethod of total lipid
extraction and purification. Can. J. Biochem Physiol. 37: 911-917, 1959.
Christie, W W Lipid Analysis, 3rd ed., Oly Press, Bridgewater, UK, 2003,
416. Approved Methods of the AACC, 9th ed., Anerican Association of Cereal
Chem sts. St. Paul, M\, 1995 AACC Method 58-19. WO

2011/ 127169PCT/ US2011/ 031417



48 CLAI M5 1A nethod of isolating carotenoids and onega-3 rich oil from

al gae, conprising: dewatering substantially intact algal cells to make an
al gal bi owegsi/adebng a first ethanol fraction to the algaluskilonssid7i n a
ratio of about 1 part ethanol to about8 1 part al gal biomass by wei ght;
separating a first substantially SOliﬂﬁSi mass fraction froma first
substantially liquid fraction conprig oteins; conbining the first
substantially solid bionmass fraction with a second ethanol fraction in a
rati o of about 1 part ethanol to about 1 part solids by weight; separating
a second subsnatitadalflisolaoig crds¢rendssandfonzaghi3omchf gibfrom agcoommsdnsg:ant i al |y
liquid fraction conprising polar |ipids; conbining the second substantially
solid biona%P %Eacti nt%ﬂtg %utqggg eqp%no%/sglvFgfifr%ction in aratio of
about 1 par tOoSRHARESUPALEEY M aCt 3l ClisdQ MaKe PR PI&H WSIMES: bi ommss by wei ght :
separating a third substantially solid biomass fraction froma third

subst ant i al laddinigqufigt dthael frattichoopkid slkildiaaasiab ratigefddoumhpdretthaddiéo t hi rd
substantially solid bionmass, fraction conprises carbohydrates; and
separating t hedbtd Part algabpiwsnasnby wekghét enoi ds and omega-3 rich oil. 2. The
met hod of claim11, further conprising isolating carotenoids, onmega-3 rich

oi |, carbohyd zﬂ'ﬁﬁﬁg AR %s%ﬁtihlhf&cﬂﬁ-bi@mas-g%cﬂgﬂ hed Lfirsk @sﬁhﬁall;f f(«i)l({l&iﬁ'er

conprising isolatihg the polar Ti1pids from conponents that aren pol ar

| i pi d conponentisctioh coffpeismetiroidinef claim 1, further conprising processing
the polar lipids into at | east one of |ubricants, detergents, and food
additives. 5

. The thod of claim 1. further conprising isolati .
car ot enoi ds P mlﬂg&egﬁpt&éﬁgw&ﬁllgg%gE;ig)mags %ra n with a sgcona eJ[hanolr}gactlon
2011/ 127169PCT{USeid b @6t 1 patk@thanol to about 1 part solids by weight;

separating a second substantially solid biomass fraction from a second substantially

liquid fraction comprising polar lipids;

combining the second substantially solid biomass fraction with a third ethanol solvent
fraction in a ratio of about 1 part ethanol to about 1 part substantially solid

biomass by weight;

separating a third substantially solid biomass fraction from a third substantially liquid
fraction comprising neutral lipids, wherein the third substantially solid biomass

fraction comprises carbohydrates; and
separating the neutral lipids into carotenoids and omega-3 rich oil.

2. The method of claim 1, further comprising isolating carotenoids, omega-3 rich oil,

carbohydrates and polar lipids.

3. The method of claim 1, further comprising isolating the polar lipids from components

that are not polar lipid components.

4. The method of claim 1, further comprising processing the polar lipids into at least one

of lubricants, detergents, and food additives.

5. The method of claim 1, further comprising isolating carotenoids from non-carotenoid

components.



6. The nethod of claim1l1l, wherein at |east one of the first, second, and
third solvent sets is conprised of ethanol. 7. The nethod of claiml1,
wher ei n avol2ensi27wne of the first, second, and third solPcents2ei@si4ednNpri ses

an al cohol . 49

6. The method of claim 1, wherein at least one of the first, second, and third solvent sets

is comprised of ethanol.

7. The method of claim 1, wherein at least one of the first, second, and third solvent sets

comprises an alcohol.



