ALGAL CULTURE PRODUCTI ON, HARVESTI NG AND PROCESSI NG

[0001] This application clains priority to U S
woe@viosidenal Pat ent Application 61/023,572 fi | RCI/US2009/031681

January 25, 2008, and incorporates the sane in its

entirety. BACKGROUND OF THE | NVENTI ON [ 0002]

| Ek.6adi OGLGURFPR OB ON; H ASRVE S DN e, A 8D PROCESHING

have |l ead to a search for both alternative and greener

sources of fuel, animal feed, pharmaceuticals,

900 tlac eihis apalisatiop olaimsrsiatityrtatey Premisignah Baters Application

phytonutrients, mnerals, vitam ns, and other

o/ G R Siledhsuand, 2605 end mborgoates the sdme hidtsenpireduct s

is algae. Algae are a particularly attractive source

as al gae can be grown using |and that coul d not

normal |y be us&dhGKGROGYD QF UEINVENTHPNot her

pur poses. However, production of these products from

algae presents several obstacles including selection

B0 sdneradsing gobghdenad andognvienmaental aprrcerng haygtlppd to a
conditions for optimal lipid yield, and preventing
seorvh dori hodt dligrmativosndignigesisperdesalf diel, asimesd ifeed. phatnasetispls,
organi sns. These obstacles are nultiplied when al ga
grtaetthicals, polussasdatethfatly badg phygemitreenisnminsraby tvidooing and
setting where weat her and contam nati on are a const ant
dthergatducic One dinvigihypenthlsenee ektheke prajusts iaigpen ddghe hera
new al gal production technol ogi es. SUMVARY OF THE
PANEINFIy@NrdcQ0ODurcEhealpicase bt gtomnening tandpiiao voudé sotaormally
nmet hod of selectively cultivating a target alga. The
pRisbo tbr Ganiirbde orgsraten Gurbbies.t Howelker, pha@iaction o tekd St
pond; diluting the target alga in the first pond,
SroPR: i1 a Rad e SeinBREveeD BPRSldslitluding selretidn dfstsuipdndilga,
and maintaining culture selectivity in the first pond.

Rt BprBEasaheAtbaditioRtOadsmaf lipid yield, and preventing
contamination from undesired algal species and other organisms. These obstacles are
multiplied when algal growth is pursued on a large scale in an outdoors setting where
weather and contamination are a constant threat. Accordingly, there exists a strong

need for new algal production technologies.
SUMMARY OF THE INVENTION

[0003]  The present invention provides a method of selectively cultivating a target
alga. The method comprises growing the target alga in a first pond; diluting the target
alga in the first pond; supplying a nutrient composition to the first pond; and
maintaining culture selectivity in the first pond. This method and other methods of

the invention can be used for production of lipids for biofuel such as biodiesel and for



the invention can be used for production of |ipids for
bi of uel such as bi odi esel and forpol yunsaturated fatty
wa@eidsoguwch as onega-3 fatty acids. This met hoRICEHIS2009/031681
ot her nethods of the invention can also be used for
production of feedstocks such as animal feed and
pojuasatlitataddatfyersdls sidhi as omegdo thttandidet Higs metbt actsothdr t he
i nvention can be used for production of phytonutrients
swihhdad theiheentian canar® tendedafot produrtibi of fepBGOKY suhes animal
present invention provides a nethod of selectively
teudl bndvafubduifue fealr Jats nadtigal afl otheemgodssof Bedneadsmnis. be
The net hod conprises growing the target alga in a
fidetl $6r pp@tudtiond flply tomgriéesuich b geta-adr@end did takt@xahthis t
pond; supplying a nutrient conposition to the first
pond; and maintaining culture selectivity in the first
pond]. [VRGbdsent ieveptiaseotidésmweniiddo sgeaivelgesitimatingtatadet
of selectively cultivating the target alga Scenedesnus
fibd bphe1genud ReenBdisiod TemdthReDmpriosighgvihHte taggealgaal ga
ina first pond; diluting the target alga in the first
ARNghindSYRPihY tHeGarget AlPalih Btire @OMD Sidplyok 4 futlidhe crhpsition
pond; and maintaining culture selectivity in the first
Rardtirst 1Q6Ind ThentBh RS @Akurk BI&ALIHORA tRY Vi sag. a met hod
of selectively cultivating the target al ga Scenedesnus
obl i quus. The net hod conprises the foll ow ng steps.
[Doesit argRtprabdanviesti@l P¥ddsn niethRICEWEYCtROR ultiGaiigaRe
di oxide is added to the raceway pond if a pH of about
Brget fAlba BicgbREMSoHligashalle nftHo@@bhMtket bi@Wirth thStafRElREh fnQ
the raceway pond if a tenperature of 330C or higher is
ﬁl%@ﬁdh@%iluﬁh? 113l ifgetiallalin e TRG ﬁw s%/rﬁng Snfidnd t&HpdWion

about 60% at about every 20 hours. nut ri ent

GARPESR! Sdn@MankdAUBRINk S Alul0 sdIRG VAR eNEY < PRAE. at about
the sane tine as the diluting step, wherein the

nutrient conposition conprises sodi um bi carbonat e,

0084,  tTHe RAEH MRARHININi€os adiihJdTQUSivED Qi e tid t h
a sodi um bi carbonate concentration of at | east 5 mM
@Rt Aga Scenedesmus obliquus. The method comprises the following steps. The
target alga is grown in a raceway pond. Carbon dioxide is added to the raceway pond
if a pH of about 8.5 or higher is reached. A cooling liquid is added to the raceway
pond if a temperature of 33°C or higher is reached. The alga in the raceway pond is
diluted by about 60% at about every 20 hours. A nutrient composition is supplied to
the raceway pond at about the same time as the diluting step, wherein the nutrient
composition comprises sodium bicarbonate, urea, trisodium phosphate, and ferrous
chloride, with a sodium bicarbonate concentration of at least 2 mM and a

nitrogen:phosphate ratio of at least about 15:1. A volume of the alga obtained during

the diluting step is discharged into a stress pond that contains a deficit of nitrogen.
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ni trogen: phosphate ratio of at |east about 15:1. A
volunme of the al ga obtained during the diluting step
W0 200dioseiar ged i nto a stress pond that contai NBCEUS2009/031681
deficit of nitrogen. The alga fromthe stress pond is
harvested and dewatered. Lipid is extracted fromthe
dhgalga [ro0 0 stressepopd essentestehymsieivataredr bitlidl s xaadiddofane the
f eedst ock, pol yunsaturated fatty acid, phytonutrient,
algek any ot her useful product produced by any nethod of
the invention. [0008] The present invention provides a
sel ective open-air pond algal culture conprising a
{WOgkt HicgueseMheventergerovidesgebietael, fsedstocky rmdrvinsdigyated ity
green alga can be of the genus Scenedesnus. The target
atigephg@nutentaandiany offrer UBh] podiett pmrudsd ba amamethvay oftbad.
DETAI LED DESCRI PTI ON [ 0009] A nethod of selectively
owkttionat i ng a target alga for lipid production is
provided in accordance with the invention. This nethod
and ot her nmethods of the invention can be used for
F1068uct Therpresentlinysinden frovidési aokleetivespemaiagorsi adghl eglaire and
for polyunsaturated fatty acids such as onega-3 fatty
aonpsingBtagetmbdah ddie &amget otzh ean et frodsilgf Thhereemelgmtandr
can be used for production of feedstocks such as
ahthera¢nul Sethedmnthuaqlizcalgtinie debda dittons Thetpood cartd a
ot her nethods of the invention can be used for
picewlaygiondn of phytonutrients such as beta-carotene and
astaxanthin. [0010] The target al ga can be any
sui tabl e species of alga or one or nore strain
thereof. That is, BRTASLEDOHSARFGEEION ga is generally a
singl e species of alga, in sone enbodinents it can be
a conbination of two or nore al gal species and/or
H1008) nsA method of selectively cultivating a target alga for lipid production is

provided in accordance with the invention. This method and other methods of the
invention can be used for production of lipids for biofuel such as biodiesel and for
polyunsaturated fatty acids such as omega-3 fatty acids. This method and other
methods of the invention can be used for production of feedstocks such as animal feed
and aquaculture feed. This method and other methods of the invention can be used

for production of phytonutrients such as beta-carotene and astaxanthin.

[0010]  The target alga can be any suitable species of alga or one or more strain
thereof. That is, while the target alga is generally a single species of alga, in some
embodiments it can be a combination of two or more algal species and/or strains

thereof. The target alga preferably comprises an alga that is capable of producing

high levels of lipid under suitable conditions.
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thereof. The target alga preferably conprises an al ga
that is capable of producing high levels of |ipid

wa @l t abl e conditions.[0011] The target aPQHUS2M09/031681
conprise at | east one green alga. In sone enbodinents,
the target alga is a diatom The target al ga can be
oxl &) nebhe tirgefl adgaedn camptisd ehiesst Peagresd afigaorim smye sour ce,
natural or manmade. I n sone enbodi nents, the alga is
olbbadimerds, ftlreananget Agruis @ diakanc alhettargéthizalcor a¢ dloninaf, isalaga)
cul ture production. In sone enbodi nents, the target
ahdydoniestiabildtoneshyf soome thatrd bamenntdde L fusogicantbodimenhtzethe
U.S. In sonme enbodi nents, the target algal is obtained
higa drobo@ad floakesduhand@sio tholvtaibabfalgal Reltirap@atctdh g
can be a colonial alga. The isolation and purification
edm@erh dg@intsatt@aarg@nldags shdfedayonPihp efateast LIBWiakd1df thd Ot
and tenperature nethods. In sone enbodi nents, the

iSRhRte@tboditénRUht & ashiniabiaiidd ih oF gt Léﬂle@@haﬁ@@ Louisiana.
survive in | ower tenperatures such as | ess t han 100C

T8¢ tapsel QMM SRWS a c@sa)nﬁqsagg attlcQthldfon 8nd ArARLIA &3 t&%&%lgﬁ

can include treating the strain in |lower tenperature

L&SR&ond b;gﬁbet&oha@@ﬁmangn mﬂefﬁ@&amtrﬁétﬁ&us ‘E’?Qaln?e The
purifieda strain can be grown in 5 n medi um

%QQM@&S %@L&ged%d e&n%@a/afaﬁl oﬁtﬁg& ngra%én grmbé n%waf

nmedi um nat ur treate

&H’l %MEU?& sﬁa{]asqgss %ﬁ@g@ FOdl‘ Ia f%?eeﬁgm\é@k%%o%%r?a argaof

erse osnosi s d wat er

d
%]tga:l]r?%'ﬁtﬁ?(!l txéé%{hgé tgg \E}vra lginr gxgéjrcf&gae%a(&gg %Sglj %g?x?go%rce%ad
c cultur es

b
%lmmfwl nu‘irleéﬁrjl mec%a The r?uqu%c}e errlgag gtr ax%( gaglkbe &y in é (%aéll%ﬁ] u%r ?‘Pd
ﬁﬁg? %Cagepg@g gﬁ%g}g ltlsllgﬂe%t 3&1 %et al 3 Cogﬁﬂlss e?‘ Qgﬁge?ated water.

ombi nati on thereof. | n sonme enbo i nents, the
AV s FeLes s @?r&]galbqu*a L8 TPYFHEGHOSIS 10) or

iments, th een
gig’;ri)l?e water. The stra?n otr target a?ga can then introduced to the filtered or non-

filtered source water or treated water for acclimatization. Aliquots of axenic cultures

can be maintained in clean water as stock culture.

[0012]  In some embodiments, the target alga comprises one or more green alga of
the genus Scenedesmus or any combination thereof. In some embodiments, the green
alga comprises Scenedesmus obliquus. In some embodiments, the green alga is
selected from the group consisting of Scenedesmus obliquus, Scenedesmus
quadricauda, Scenedesmus maximus, Scenedesmus aramatus, Scenedesmus
opoliensis, Scenedesmus dimorphus, and any combination thereof. Variants of the

species can be used. For example, Scenedesmus quadricauda maximus can be
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selected fromthe group consisting of Scenedesnus
obl i quus, Scenedesnus quadri cauda, Scenedesnus
WOoreoop/40 Scenedesnus ar amat us, Scenedesnus opRCT/ERIN%H(31681
Scenedesnus di nor phus, and any conbi nati on thereof.
Vari ants of the species can be used. For exanple,
Suplnede Jifra Scapgaesmus abldpunexi fouexaowte, beaprjsk theddenetibmnus
Scenedesnus obl i quus can, for exanple, conprise the
Sdepedésinersityodd] Tegqarud TOX) verisil430. of Texas (UTEX) strain
1450. [0013] Non- Scenedesnus al gae and ot her
aquacul turabl e m crobes can al so be enpl oyed in
HOtHr davmeSashedesmimealgagvahbtherrquicnitgaite misrbodicarmsshe
the target al ga conprises one or nore green al ga of
tthglogeanu sccGhilaoeealvithaths invlantam. Ghiooreeiibadmentst ths sirgenalga
any conbination thereof. In sonme enbodi nents, the
tanmgsts @aegamoonprinsds dnle gnustiiiecky eehaaClgarctdd t he
genus Botryococcus such as Botryococcus braunii
Batutiysrao 6icdns comdihiationCticredl Irasvynecmdibbtinahispthe tangt eigh. | n
sone enbodi nents, the target alga conprises one or
0ONRisEY @R Pr AlogBgredn dlFheofaepdsusTta0yd O als asIB otdBYoccus
conbi nation thereof. In sonme enbodi nents, the target
Bla@di, BORSoS@S s@ARical or ABY EonPfiRE0n Ble@df.Olh sbE c@BH M Sents,
Cl osterium or any conbination thereof. In sone

o aRa k&n?ﬁsﬁ@ ohedrGdre %legaaigmmﬁd &R8s ORBMOdontENaEor any
green alga of the genus Pedi astrum or any conbi nation

LN tHePeoB OB oRIRAGLATRIBLS ’thet et éﬁ'%ag&)tmp?i's&%ne or more
conpri ses one or nore green alga of the genus Melosira

a&f%@ge%; ERBrchlE" @afycohq@uaﬁmh&%@p%%ﬂé s, the

arge al ga”conprises one or nore green alga of the

09U R RO ADN S DDA O S B wllssOme

ment s a co I SésS one o

Eéd?a%ﬂl I%Oggl’l J()lﬁth?a\tlllglg tseoﬁalﬁ@%g&g‘t? firer rﬁsu%t%%eta a

OCOC S or any co I’on

go?nprisgsn%% %Ir nrrl%ret gréentali]ga of the genus Melosira or any combination thereof.
In some embodiments, the target alga comprises one or more green alga of the genus
Oedogonium or any combination thereof. In some embodiments, the target alga
comprises one or more green alga of the genus Haematococcus such as
Haematococcus pluvialis or any combination thereof. In some embodiments, the
target alga comprises one or more green alga of the genus Dunaliella such as
Dunaliella salina, Dunealiella parva, Dunealiella viridis or any combination thereof.
In some embodiments, the target alga comprises one or more Prymnesiophycean
green alga of the genus Isochrysis such as Isochrysis galpana or any combination
thereof. In some embodiments, the target alga comprises one or more Prasinophycean

green alga of the genus Tetraselmis such as Tetraselmis suecica or any combination
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target alga conprises one or nore green alga of the
genus Dunaliella such as Dunaliella salina,
w@envea44ed | a parva, Dunealiella viridis or anyPCT/US2009/031681
conbi nation thereof. In sonme enbodi nents, the target
al ga conprises one or nore Prymesi ophycean green al ga
tferephelngeme smbebmbinty shestargefcthgadsclides ohy gronare dakgpana or
any conbination thereof. In sone enbodi nents, the
Ezangdes dldgdoncoinplndes ést apneot dimited rog thPseas i togeinyc Saeietgremen
al ga of the genus Tetraselm s such as Tetraselms
sweaes Skelaoncarcostatui, Ghiet@piohercb@b Chdetocsmiealcitrans, or any
enbodi ments, the target alga includes one or nore
chratiinarion Eheagryl asnalfioddif sedmeniincdasctihed hereinavieh ragiect to one
limted to, those of the genus Skel etonema such as
Skatigiranaan 6iles balikdby Givatiesraddisg 6thebdg{draatog Béoia
calcitrans, or any conbination thereof. A nmethod of
bh@hdrivikeRhove) descri bed herein with respect to one
particul ar alga can also be used by substituting or
addi ng other al ga described herein or otherw se known.
[004}4] ThRomeBMb&SROS, MRthiget aldads prat@el fidingasub&antially pure
produced froma substantially pure culture. In sone
euThedi IABRhS embdiBm AL, GRttar@biGfsaliS sek@le Cloath pdpamtian of algal
popul ation of algal cultures. The target alga in the

Editusds, MROGr&RRIH B HBLRAL findRh BohaiaMed tWrtaaPliftable WRhelin
the first pond. The algal culture volune in the first

PRk ek, Prcaghi aueet: %Yun’l@ﬁ'lﬂ{ertgst%n@ca%t RIEREveA Wby rdthSing
of the target alga to achieve gromh of the taret

&b fRakd chme b e tar R Q@a td J&h&%fgm@frp&fma&&sa od 1%he first

ranpi ng step conprises two or nDre st eps

@Lﬁac ?§§drﬁ’ee4[&(bo% &'ise{he‘f&}h;&l\g'%é anc éﬁ%&%ﬁro %L&%re dd g)%?]

ture se ect|V|ty In ac ent

LL[&X@%E“/%]%%GQ%?@ G&Es&f‘%ﬂg‘%ta%ja monocul ture of the target

Tal Nt enance lture selectivity conprises
mai ntai ning the target alga as the predonm nant alga in

Ed’d‘?s]a' Q(ﬁlltupelgeleg‘{i\ﬁtyq{) accordance with the present invention does not
require a monoculture of the target alga. The maintenance of culture selectivity
comprises maintaining the target alga as the predominant alga in the algal culture of
the first pond. There can be a temporary loss of culture selectivity, for example, when
ramping up the algal culture, or during or following weather or other events,. In some
embodiments, the target alga is maintained to be at least 50% of the total algae. In
some embodiments, the target alga is maintained to be at least 75% of the total algae.
In some embodiments, the target alga is maintained to be at least 90% of the total
algae. In some embodiments, the target alga is maintained to be at least 95% of the

total algae. In some embodiments, the target alga is maintained to be at least 99% of



the first pond. There can be a tenporary |oss of
culture selectivity, for exanple, when ranping up the
wW@k@aloawd t ure, or during or follow ng weat her PGF/US200%031681
events,. In some enbodi nents, the target alga is
mai ntai ned to be at |east 50% of the total algae. In
tho nasalewgaod il heeertes pondhenlttrege tompripa 2il 0 %rmiuret striainend thedarpes
at | east 75% of the total algae. In sone enbodi nents,
tlbeott Gin Ge it ladsy ¥0% purrnilmsoaierpatbotiimnebis, the opegwnd @Mrofan be
the total algae. In sone enbodi nents, the target alga
atdeayad (b aumae th fomelrembatinles@sithd 58écaf of dlgadant aowalvwgihehe
In some enbodi nents, the target alga is maintained to
hecatlgh @asdse@orgiehdrel pratuatiorppug@ses. The open pond
culture can conprise a 100% pure strain of the target
al ga or can be at | east 90% pure. In sone enbodi nents,
[06é6]Jo p efhepomicbdadstlentieely anltibgingta thireeistgas08ppses growlimg the
some enbodi nents, other species of al gae are grown
wrdehalph @ 4 fsigehdaligand e targs elan ohthofirsgperer supplying a
production purposes. [0016] The nethod of selectively
suthidt vahpargion tb aegidt pahdyancoBptikescuueweagivithen thaffiget
alga in a first pond; diluting the target alga in the
pdnids In RENCEm o dny, 1hg s@pidiid the AtitrieARIPASbditiddntdpas t he
first pond; and maintaining culture selectivity in the

pdrfoshed@nGout i SMIBINRMED @RI dMBMSstept NEsEHP@hBUdRERt ) Be pH
nutrient conposition step is perforned at about the

SANE e lufBis @ikt Redtt bl BOUtHHEPt0 abBut PAINE BRRINIRAA S,
the pH of the culture is maintained at from about pH 6

fu?th@t%%ri@é&thg stef DEaddBLRAWof 8fdxfabEd tﬁ@ ﬁ%s@ pERIrif §1§% 1'o_h%ﬁ)ozljl‘[

step of "addi ng carbon dioxide to the first pond i

Pk oggi ﬁﬁ%qy}eaﬁmé Phe ﬂdgﬁﬁ lof Ea?bgne&&nﬁegto 1Jatﬂﬁaiﬁgﬁi b Bo of

car. !OXI geto rra!ntaln pH can carried out In
%?Hé&@ﬂd &)%gl‘ﬁ"cﬁcl?l With dr@%ﬁ%@ﬁ’t ogaq?g etTLﬁ“%a%&? ﬂl%%idg & pon
I OXI de as _nutrlent sour ce. _ e m_st 0] _ca_n
%dérriérlﬁggurgeqnpr ise the step of adding a cooling liquid
[0017]  The method can further comprise the step of adding a cooling liquid to the
first pond if a temperature of 33°C or higher is reached. In some embodiments, the
cooling liquid comprises fresh medium. When “medium” is referred to any suitable
medium or media can be employed unless otherwise specified. For example, a
medium with SmM sodium bicarbonate, 1 mM urea (or sodium nitrate or ammonia),

30 uM trisodium phosphate, and 2 uM ferrous chloride can be used. In some

embodiments, reverse osmosis water is used to make the medium.

[0018]  Any suitable nutrient composition can be employed with the invention. In

some embodiments, the nutrient composition comprises sodium bicarbonate at a
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first pond if a tenperature of 330C or higher is
reached. In sonme enbodi nents, the cooling |iquid
w@opdees fresh medi um Waen "nedi unt i s ref eP€BUS1009/031681
any suitable medi umor nedia can be enpl oyed unl ess
ot herw se specified. For exanple, a nediumw th 5nM
sodeniribi cfzat kestabeyt 0niwWiasemafuwed diedaddition df tletratrent
ammoni a), 30 mM trisodi um phosphate, and 2 nmM ferrous
cdthpwitide tcthe phel. Us edue dmboglonatse thb adirieBtiosiposigmerosprises
osnosis water is used to nmake the nedium [001 8] Any
sddliitn@ blcgboniitd 4t @ RbnoeAMRE iof atdersCaboutdem®hpl raysededaftdr t he
invention. In sone enbodi nents, the nutrient
SRS i eQiitr AN poeiSios CthéIpandi TaE hanaiteomposition can
aconcentration of at |east about 0.6 nmM as neasured
adrh@fse adsliréd sMro@f Inf dbenerdibot@ehtsCOETRASELJf @an bomprines
pond. I n sone enbodi nents, the nutrient conposition

£RRRE 36 RIeS THE M ifHt can PO aRbonrEORGRALERILRR afd a at
| east about 2 mM as neasured after addition of the

Pitspia@douc@ MO kel cBibolithehREhPRREgen KBGO BEHArRBS urea and the

conposition can conprise a source of iron. In sone

SIBOMATETAS o iSO ShlB9, COTRGOSILEHS Worio

g‘h‘%%%%ﬁgﬁ%g%% E a@f@gst @bcmt] (1)§:@‘h A & %Hﬁ)g@imem, RO o is at least

€ nitrogen source conprises urea an

5&%&4’.95&{}8&8 e@%&’&@ﬁn&&ﬁfﬂa{iéf‘s%b&&t%&?@i um phosphate. In
sone ‘enbodi nment s, e ratio of nitrogen to phosphate
is at least about 15:1. In sonme enbodi nents, the ratio

to?)lﬁt | t\lit%?@%%l:c%?é T%%T%{haw sﬁ@&}g% SR Sised B€the ngst

ati1’o i s about y sultable structure

g(gn% Iﬂ%ﬁlgs? Pon%fcai§ E% % gatcg\g%ﬁ%oglag Aggce%\‘%ggo%%%\?@% al;ﬂ.o{lssi%}\%y

I'rst ace ace
A R T e E
IROTEL L, SO STBL NS 1L JSRURhE el 5, E0S, ©f
approximate that of a racing or running track. The pond can comprise parallel
rectangular channels with semi-circular or sufficiently curved channels on either end
joining neighboring ends of the parallel rectangular channels to form a continuous
channel. The raceway pond can comprise one or more lanes of equal or differing

dimensions. In some embodiments, the pond is divided evenly into two lanes with the

width of each lane staying constant throughout the course of the pond.

[0020]  The first pond can comprise a transparent housing. The housing can be

completely or partially transparent. In some embodiments, the transparent housing



approxi mate that of a racing or running track. The
pond can conprise parallel rectangular channels with
W@ 0pgidncul ar or sufficiently curved channel SPOGRUS2009/031681
ei ther end joi ni ng neighboring ends of the paralle
rectangul ar channels to forma continuous channel. The
caeisesyanpontic palyme o nipeweer, emesugrblermrieribloalew ingftheppssage
or differing dinmensions. In sonme enbodi nents, the pond
bilight stincbe dise@Mentranspartro howeingl anes wi th the wi dth of
each | ane staying constant throughout the course of
the pond. [0020] The first pond can conprise a
[002hs pdrbe stze hbths ifingy porichen ho asi wgatdasizd €lheowpinet (edppcity
partially transparent. In sone enbodi nents, the
of thespariepovidedisi a3de actpminedste arleatthy higel quihnervelume. The
However, any suitable material allow ng the passage of
L olght oftthe phael das ecnprie fidtans@anent ashoudow Gor pf@PRAAfonTdne
size of the first pond can be any suitable size. The
ybURRid(@&p aCininythizoor élhginge otkriley pF@\cikalaple Sopoad whith a 22
accommodate at | east the algal culture volune. The
V@t thipEciQfcat RBtapRRGc G o @Al @ EolifevoRIme/stlabsi® 18 Giteds In
to allow for precipitation and other liquid entry to

§9nkY dM B8inntseihb AlgARdu@uRUB [l cditheFREt pBXARRbEut 18 lIRSNG
with a 22 liter capacity can suitably accommobdat e an

Al cthd MR A T Bhe Af gaBliBEe vbBintel df @dcStirsd and RMBout 600
enbodi ments, the algal culture volume of the first

maﬁ%r 'n§>r@ he %mé-gmi)écﬁﬁérﬁs e A ar%aq SultuteVoRRRE-RRORA FBAGS

the algal culture vol une of first pond is about

QﬁgtLi&ﬁﬁﬁTQBrHP% In some enbodi nents, the al ga
th . ,

culture volume o e first pond is about 14, 000
liters or nore. [0022] The depth of the algal culture

dooiihe 1y rd%}gth BeRd alg%l AMreSH! 'tﬂeéﬁ?ét%o%@taﬁ‘y sultiBle quﬁﬁ hriEan
5224 r

rovi ed such that the amount of al gae is bal anced

Q%Pbﬁ%ﬁ %?deﬁ @&qge?t%hetéﬁqo% mﬂa éxs bhBn&QME the algae’s cces]c,

eflrst pon rrses an average al ga
&)usluﬁl&gh? In some embodiments, the first pond comprises an average algal culture

depth of about 13 to 20 centimeters. In some embodiments, the average algal culture

depth is about 18 centimeters.

[0023]  The target alga in the first pond can be mixed at any suitable speed. A
suitable speed can be one that provides access of algal cells to sunlight and nutrients.
In some embodiments, the target alga is mixed at a speed of about 12 cm/sec, about

15 cm/sec, or about 18 cm/sec. The mixing can be provided by any suitable means.
In some embodiments, the mixing is provided using one or more paddlewheels. Fresh
culture and medium can be added just prior to the paddlewheel. In some

embodiments, the paddlewheel has at least six paddles and supports between the ends
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depth of about 13 to 20 centineters. In sone
enbodi nents, the average algal culture depth is about
wadogemdiimet ers. [ 0023] The target alga in theP€i/DS1009/031681
pond can be m xed at any suitable speed. A suitable
speed can be one that provides access of algal cells
tfeaduniliighThapaddieuthed] eant e pobitiomdse thabr sidédeias tthye, mediva
target alga is mxed at a speed of about 12 cnf sec,
dibidel andldntsidu vea bof the paaldolit soir® eoimpdiments, Ehepatidiemhee! caradee
provi ded by any suitable neans. In sone enbodi nents,
dohleat i ix atigtol misipthe vildee tha giaag staiganos beforeehelackiduveveh e €hes .
Fresh culture and nedi um can be added just prior to
fuidepatiat dwheels eniployed o dpbodinmenyilth dthiee paddiewheel
has at | east six paddles and supports between the
e RhengatbBreRadsiteeen Thd padad leviikele kmpRgeh elf p8d thiosed
so that it straddl es the nmedi an divide and outside
yable wbelti@ePARE: cahBe RO if PRAG MER Sumbehendaddibenb ee!
Is placed so that it is able to push the culture the
@k AtIRShedl sdnaneew e e hfitdr AR @138 &K iVeasddIERBedLHRE @e
of * paddl ewheel s "'enpl oyed can depend on the wi dth of
4RReRAor! N some embodi ments, there are between 1 and
3 paddl ewheel s enployed. If nore than one paddl e whee
is used, they can be placed in parallel. The nunber

@0k POgint tPfH AGanh tchRsiPRAGIEAWIRRLSd EAdhy aidblaMebfee hftEat
mat eri al used to nmake the paddl ewheel s and the

aty's& %iehfréqn%@ioﬁ"he bRRAkanTheohBtud6d, sdtsBdbiallyeohfiiolid, bt

]
pond can be diluted to any suitable degree and at any

sgéfgg&a@.' f s%ﬁ%%%e&imentmerefahba@ a2 v RtheRE afANUIMaYS,

stantially continuous, or” staggered. I'n sone

I%H‘B%%' rgﬁﬁ\tieﬁy in?reé\gelgﬂ%.ieﬁ\ﬁesh%e lef%&ﬁm?xﬁé, lelr@la@\{el ngagl‘ll volume of

culture 1s Teno atively I nfrequent . I'n sonme
SEPBEIET Syt AN A LT, O s
s%lltgba}e &%Qnsb R/Ie%hllrrllj ct:a%q)e%)éde%nsx as to dilute the algal culture, algal cells can
be removed, or dilution can occur by a combination thereof. The removal of algal
culture and addition of medium need not be simultaneous. The target alga can be
diluted in any suitable quantity so as to maintain a substantially steady growth of
algae in the first pond as well as utilizing the algae of the first pond for other uses. In
some embodiments, the growth of algae is logarithmic for at least a portion of the
time spent in the first pond. In some embodiments, the diluting step comprises
diluting the target alga in the first pond by a dilution of from about 35% to about 60%.
In some embodiments, the dilution is about 50%. In some embodiments, the dilution

is performed about every 20 hours. Algal concentration can be measured using any

suitable method. In some embodiments, the dilution is performed when a Secchi
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sui tabl e means. Medi um can be added so as to dilute
the algal culture, algal cells can be renoved, or
wa@lRtoa9am can occur by a conbination thereof. HEBEUS2009/031681
renoval of algal culture and addition of medi um need
not be sinultaneous. The target alga can be diluted in
@ingk sndl whikd) disqueading by S-$emas attaineddivherathe dige is no longer
substantially steady growh of algae in the first pond
dsiblil Ih same ambbddimemg thdvenangaenaf algheisfmaigtingbind ringe of
ot her uses. In sonme enbodi nents, the growth of al gae
frem hibga e intihioh ¢o ftont Amillieagdgacpepat itlnficf pdnde Thé ndume of
spent in the first pond. In sone enbodinents, the
didl vtiltn@restoepd frommlid fretSpodd taitdepgndtdnehd pergat dialtigaandihe
the first pond by a dilution of fromabout 35%to
aNand ofGAdeulture. SIHREYoRMXOGH I8 froge thidbodi 1094 a@iledsShaakbollt
50% In sone enbodinments, the dilution is perforned

RO the MR ¥uldfe ROUMS of Ak gaslt p&AN AR hIL Al doRtnEabNB B the
measured using any suitable nmethod. In sone

2B vER M Seantd@fendioh Whb@B: ths diRRbh &Y FBRENUIMIED: Baggered. Cell
Secchi (bl ack and white) disc reading of 5-6 cmis

&uh@ 'cﬁ?&néé’\@@rﬂ ab18 28ir5flioh 2 eAnl 8 @9&1’% 56k fbdot & illib sone
enbodi nents, the concentration of algae is maintained

%epa/gxe.r ?ﬁ]eg& rﬁcﬁgn fax'htg t@?l . Sciugncgﬂn 5111 bé)ﬁié&s%dqp Qtout f&] I'1'ion

vol une of al gal

&HLI%HJ@? 1113&1@%‘&%(:{ F&r e%gfh{)% adids et &(ﬁl’bg %ﬁ‘é? '51? gleq t(J% e

pe{cen h I 'on an une of
06T E AR B B b 5%@“%6* ?s?%& 9%%8?}@9#%

%%ag%g&ﬁg)g%?r%{dq} :Sﬁ aramcterse IE %92\1/1186}36 onc raé (éan GUS éiend

on I'S COtIn ous or

t o bout 2.5 il | I si
oS sFROUaL. 1 T R et ROPH o SR8 Rt on

anount and frequency can be adjusted to account for

@g% ?PIB g%%t d’lg s‘? ptc;ﬁn gcfmprlsel: Qe;mo%%(n%moﬁrmc (%Jtl%l tﬁgn"tl f?om
A 1 orldathll tsourr(ilee cmbol?i &?s hle(\:/gllu%rc 0 Ble%arge aﬁgaq”r he ﬁpst Of
& Ef i

pond is discharged into a second pond. In some embodiments, the removal of the

volume of the target alga from the first pond and its discharge into a second pond is
substantially simultaneous. In other embodiments, the removal from the first pond

and the discharge into the second pond are separated by a suitable period of time.

[0026]  The algal depth of the second pond can be any suitable depth. In some
embodiments, the algal depth of the second pond is about 18 centimeters to about 30
centimeters. The retention time of the target alga once discharged into the second

pond can be for any suitable time period. In some embodiments, the retention time is
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al ga can al so be varied by such paraneters. For
exanpl e, one strain can be used during a wi nter or

W@ id/osgason, and anot her during a sumrer or We€mUS2009/031681
season. [0025] The diluting step can conprise renoving
a volunme of the target alga fromthe first pond. In
gone3 daybodhaeaoms] ponth eroydkeusmliaént tépecitsatodetd th gaurfie oim
the first pond is discharged into a second pond. In
s gateulkurd didehmeget $5to tHeseqoedparal ovef the hegenvioh perepdoffot dx@mple,
target alga fromthe first pond and its discharge into
ahaaboretnpomtdme & abulyshranddya| dnyg akpiultb@nealdsd to sacatl ipend
enbodi ments, the renoval fromthe first pond and the
ehick ahargeoht tiputdie s dondf ot dataddsP paltat, edthale elume
sui table period of tinme. [0026] The al gal depth of the
SO Ebe Pt e flobed aulyrs Untsat emblRidhénts, ke cdBd@tration in the
enbodi nments, the algal depth of the second pond is
RO pohS rHQE frdB b @F 50 hli@hRUE pdinicent i meters. The
retention tinme of the target al ga once discharged into
the second pond can be for any suitable tine period.
lon2Bomerhe RERdil peiitan coihifrise @henlitabla sticiie bs@aitation of
days. The second pond provides sufficient capacity to
fekrdsheamoduitime ok obdodaitiossdtah BE afhisieddan gededond Porddn&he
second pond over the retention period. For exanple,

YOS foh@ cArebedtlc@pohl NBhd ScaaPehd AR se@S poAd dindbaal

culture is added to second pond each day, the pond

SR O s3ciaBsndib both lhQWed pok B bttiG JoHd €A sm:slg E

the volune being three tinmes each fl owed cul ture.

g@gg@%&@ dh BB Smerkciar CRARGERE {af'a%fe't Ak éorhrﬁ@%f g,ga@aeiqn pend

rom5 to 10 mllion cells per 27] The

Izﬁ(;ﬁggllﬂg AR theﬁ?&te% ‘?&P&érﬁa g)%@dﬁ' t"["ﬁp Isig(issc' E&MV?&H%t can

nation of structure sultable set o
GBS0, 8.0 08 S0l M, BR5308 AT 1
B A3 PRPE b0 SRR PR T e
esntqlgo%lsn%nts, the stress pond is nitrogen deficient. Nitrogen deficiency can be
complete or partial. Other nutrients, besides nitrogen, including carbon dioxide can
be added to the algal culture in the second pond. The conditions in the second pond
can be provided so as to maximize lipid production or other desired product by the
target alga. In some embodiments, culture selectivity is maintained in the second
pond. In some embodiments, the second pond is a stress pond and is similar to the
design of the first pond, for example, a raceway pond, except deeper. A settling pond

allows the target alga to settle. In some embodiments, the settling pond is funnel-

shaped. In embodiments where the stress pond and settling pond are not the same
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pond provides an environnment that causes the target
al ga to increase production of |ipids that can be
whanesued for biof uel production. The stress PONtS2009/031681
envi ronment can be achieved in a nunber of different
mays For exanple, the target alga can he starved of
PTE the pregndyeane can peythe Ftr%p@@mﬁd\ﬁé@r%vmén%em OYf9ra8 the
nutrient. In some enbodi ments, the stress pond is
ﬁﬁﬁmgmmm-deficient. Ni t r ogen deficiency can be
conplete or partial. Other nutrients, besides
ni trogen, including carbon di oxide can be added to the
RO Uk tasess alen C@rh@ hoevesiadl tpBAkE scaH ReBhEI HFois . n
the second pond can be provided so as to maximz
davpisieant praerssds svehas liptdpatraciies m@dﬂlﬁm@bf&e@fu@m@éﬂon The
target alga. In sone enbodi nents, culture selectivity
fergehalgantaniba darvested tsinggiey @n@bb@rﬁdns inang gritabiedsadinrend &
the second pond is a stress pond and is simlar to the
g siigpblofrequbeeyf ln simeporgdinfents, dg harpésting & peromwa\pt ptimd,
except deeper. A settling pond allows the target al ga
dhousEt tduss.to hibous reorenfodidivimg isshargehd tisetdlimaef thotaczet dga
funnel shaped. I n enbodi nents where the stress pond and
melthé seagndommnd. &r enrembbliencs@nkpbardsstings pseaord apond2
can be the stress pond, and a third pond is enpl oyed
lasurd foBo s st nggepanict. vol\B02@]theTiheet dAgagieto thd gaocigrontheln
harvested fromthe second pond for use in downstream
PIRCAHDEiMmentiCiie A visting b peibiidd tohe 1g31d catlcbtRibEbYat least
bi of uel production. The target alga can be harvested

AbRLIE0RBNhS b1t ARk & BRABS, LipiA c3f¥ntShih baldt@ma¥awbihg a@nd
at any suitable frequency. In sone enbodinents, the

mamgafehgﬁgem&t Fl%fs&ﬁé BB BoBherds, Uib MR oAlMUS mézsurea%ﬁgtao
about 54 hours foll ow ng dlscharge of the vol une of

fhﬂﬁoﬂm@c&g the #rQA rdaln® foNBe ﬁ@&@rﬂge&‘aﬁ‘ depehld of MR hosen
enbodi nents, tThe harvesting is perf orned about 72

%%Hﬁr% ah@ L(lng ﬁgogbﬁg@ %{)nﬂ)g ozit‘r# NRBOhWIECQt dlbEntRr get

t
ga I nt e secon
employed. Examples include Nile red, Nile blue and India blue.

[0029]  The target alga can be dewatered. Dewatering can be performed as part of
the harvesting step or as a separate step. In some embodiments, the dewatering step
comprises employing at least one of a beltpress and a dehydrogenator. In some
embodiments, the harvesting step comprises dewatering of the target alga achieved by
pumping of settled target alga from the second pond. Aluminum sulfate (50-100ppm
for example), or ferric chloride (10-30ppm for example) can be used to help the algae
settle. A polymer (0.5% of algal biomass for example) can be used to facilitate

coagulation of the algae before using a belt press. Any suitable polymer or
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sonme enbodi nents, the harvesting is perfornmed once a
lipid concentration of at |east about 25% of the cel
wore®e/09440 eached. Li pid content can be deter m PEHUSR09031681

any suitable neasurenent. In sone enbodi nents, lipid
content is nmeasured using a fluoroneter. The target
caadiatign bopolyrhes tindpreomidyed. banmdepbadimonistanemgtsogen
aperture and concentration of the sanple. Any suitable
pdlyoerds cent Eganeplesant ehelsempobyreds. indxdenibmsn EMad40d&opdnt e
red, Nile blue and India blue. [0029] The target al ga
Enig4beandenmbinnichs tHoemdt Brsomg embodifpentper sobrtioe dolamerpiar t
of the harvesting step or as a separate step. In sone
anpogidrainirs soltithve pdenedt etay by regtiegl thonipan seslsienpbigyieny

at |l east one of a beltpress and a dehydrogenator. In
&apBy DO s deeintos i e alanaies dongBibe Pactidapisicaeiclude one or
dewatering of the target alga achi eved by punpi ng of

&Qietdfﬁ@la%r?f edjusthneid (4 i6Redsd e §1€ €0 R rPRIBnutAbi Ak Adidicy,
sul fate Oppm for exanple), or ferric chloride

LekQh3QpPandiRieexanmpl e) can be used to help the al gae
settle. A polyner (0.5% of algal bionmass for exanple)
can be used to facilitate coagul ation of the al gae

RBOr € THSéMPembdighéntd HiRSSaac ANdh i bt iehodsyedRifter reaching
orcombi nati on of polynmers can be enployed. In sone

£08RE FEIMi8ion2B1SHY hiSilioR: BRI BORY, aldSpalsathrobphm) BRrd@for
ermul s on polyners include Fl opam EM 640, Fl opam EM

Bigor nfeael s&@ﬁf‘%’érP@éﬂeﬁ’d}ﬁ ﬁﬂb%rtﬁé)ﬁltraﬁdﬁ S0 ML 8 TRl FRALS s @

sol ution polyner is enployed. Modre solution polyner

5%}3 Rge gﬁ%h e @eitaﬁ%th Eol%ﬂltsqmé kAR IPHIN BB m ! Retone,

I"oye tion or in the alternative,

&ﬁ%y lh@)%ng gtc]c 1%%5( réctt ﬂ%ﬁ and ﬁ@rﬂied @&J}ﬂfgﬁ b&rk?esgf HRL&; o‘ﬂl;of a

ust nment an crease 1 n or exanp
21%%1% I—fﬁg% gcqgg gg%l&l?P%ﬁde ﬁl@ﬁ 8% %h%:éc%l%grﬁqlee%c Bgtg gﬁg‘cem[ 919&%9115 ﬁ!tp

Iga%ra s%sé%t?gcte%féom varioas Is?yl)eg%s of algae including micro algae. The pond

water after filtering the algal mass can be treated through UV fluorescent exposure for
60 minutes or longer. In some embodiments, duration is extended up to three hours or
more. The UV treated water can be pumped back into a pond and supplied with
various nutrients such as nitrogen, phosphate and carbon dioxide. Fresh inoculum can
be pumped in to the pond for algal growth. In some embodiments, nutrients of
carbon, nitrogen, phosphorous, minerals, vitamins are added. In some embodiments,

major nutrients are alone added to the culture pond.

[0031] Lipid can be extracted from the target alga. Any suitable means of lipid

extraction can be employed. In some embodiments, the extracting step comprises at
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a density of 3mllion cells per mlliliter and above,
and passed through a 30 m cron or higher nesh size

w0 pioveve4dependi ng upon the filtration rate. TPECBHUS2009/031681
filtered product is algal paste that can be treated
wi th solvents |ike nethanol, chloroform acetone,
Bttt anodf chlveodfame methenol tegtraexitr aithekdnp iesitrantidn.plind f1gad chato
obtain bio diesel. Extraction of onega-3 fatty acids,
amni beadeatb @ @ith seledntasichguaputdurcef BégdandiRyea, adarddt @idr,
vitam ns etc. can also extracted from vari ous species
aipei@tigad COp ptodelis ngexactrthe lpidaehe Thids popnde patesedbt er
filtering the algal mass can be treated through W
bibdiedeLSHRNE. o€ ¥RMStERSIJa0bn HOcat WL &iRalDdestohrg &k Hollup mane
enbodi nents, duration is extended up to three hours or

SRS BT&&héMl,%ﬁcﬁ?&E&geﬂﬂﬁ@l’neﬁﬁﬁb P8 d BHRP p@diAckanibat 0 a
pond and supplied with various nutrients such as

RinkfaRAeRNad RRRSP Methe aR&atiar bon di oxi de. Fresh inocul um
can be punped in to the pond for algal growh. In sone

enbodi nents, nutrients of carbon, nitrogen,

Ehogsphame l@§pro&ﬁdfse<tfah&i,leswptr@mbm p@tcﬁss@g §led as bl &ORtty
enbodi nents, major nutrients are al one added to the

didstanl 6thaog}6ups[o@9§1y4ﬂsatuta@édcta@;adhd@, ePERALAEd SekaliEOILH AR

target al ga. Any suitable neans of |ipid extraction

phe. R O8licde s AR RRALHHSRR BabId fifiaCoth baGH G

ep conprises atleast one of chl oroform net hanol

5?8%6 A6dd R bé‘&%sf&@?&é 'B?pr@dﬂcfsa‘?sﬁdj QdmeFA18 atyaRlds me %F’bﬂa—

treated wth solvents such as a procedure of

f?ﬁb‘t'en%’ rLﬁ%Fﬁcggaﬂ%% @Ek%émﬁ?%?%fin‘d%lc%%%e%n%fc‘{ﬁ? ? T}%

extrac rocesse

5’&1%%&%‘?% ﬁ‘i‘és O?'P.g g})l%éxg éarb{)er %Of %;}h%frﬂ céﬁ%& fa?lg n{?trra%&%?cil
%)Ip?tc Slf(:)hgnlgtléel rgrrﬁe'ga?@ I}th {Qie 8&1‘1 ipe 0 EF%IIQ’? n%% Pro% ﬁ}ubgetlhe lipid
A L VAP el e
some embodiments, all these reactions are carried out in an anaerobic environment.

In some embodiments a strain of target alga yields around greater than 22% of omega
3, greater than 29% of PUFAs, greater than 20% of monounsaturated fat and greater
than 27% of saturated fat. In some embodiments, the algal lipid products can include
approximately 26.1% omega C18-3 fat, 20% monounsaturated fat, 26.4%
polyunsaturated fat, 25% saturated fat, and 2.5% trans fat. Carbon chains can include,
but are not limited to, C12 to C24 chains in different percentages. Actual lipid
profiles can vary with increase or decrease of one or more components depending

upon algal growth conditions. Other methods can also be employed. Omega-3 fatty

acids can be used for various health applications such as prevention or treatment of
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aci ds and ot her groups of polyunsaturated fatty acids
(PUFAs) are extracted fromthe algal paste. Even if
wheediegd) i s not produced, these desirable |ipiTESWan031681
be obtai ned and so need not be considered byproducts.
Maj or onega-3 fatty acids include al phalinolenic
Adidg! disdelessa lierasanaidrimdhary Pk gamdalli, odlsmpritraenoi ¢
(EPA). The onmega-3 fatty acids and PUFAs can be used
isorpdrarand caigti. pacaaa hawt vimodutes@ades appldirgan 6nB6 thaldue
onega-3 fatty acids can be obtained as a by product
BlshtaigedtRglal yitaghireestmavhipereprioaeasrdylgid. eat i ng t he
i pids under different tenperature processes. In sone
enbodi nents, all these reactions are carried out in an
033r ollihe perlutticorfantlgall mead Gadst@kivadinaede the dolbiwigg stepof
target alga yields around greater than 22% of onega 3,
Theeag# padihetnairQPatef eXtldbiis, is geasaltveith wished RAOB@af-solvent,
nonounsat urated fat and greater than 27% of saturated
fvadhed vith 6iBRiz&0ael, B Biti &, antl Pestaligad atlaprbrimateddscC Sorcan
i ncl ude approxi mately 26.1% onega C18-3 fat, 20%

moneuUNSRuL athedichabs cad Gheft Yo ROIIAWAS Bidike@treghpfoptiate 25%
saturated fat, and 2.5%trans fat. Carbon chai ns can

Ldhedinedens r@d—ifest@d 8y DQUpplidrMid Rehetetboliints Oal §ad thetlRbd¥Stsi N

different percentages. Actual lipid profiles can vary

Wik Bisk BT SARGIHRY, ooi%ea@@a@ B, HORIOD. 29PhEnFRERIAEN12%
dependi ng upon al'gal growth condifions. O her nethods

@g&ga%' 3R, 6?@%3;32&9 agate%gélzv% sEtﬂFa‘ie)dt% #B, Gans 08, #4399,

r-vari ous app I catlons such as pr evention or

Btflgrafgl{TE[rMs b%rgfsg cgr?zhsocgestﬁg Fﬁle :pfbfd%la%nl%? Qt'hgn nglo -gas can

circ tory system genera anmat ory ISOI' ers,

Qenlgrf)gl%n& ?rofn /&ﬁl %%grﬁgftc%gg[e&ﬁ)\ﬂ%f g{etbgcg%ags r}egﬁ’éﬂ&&? Bf the invention

can al ne
f
i T
t b
e R e

produce such varying amounts.

[0034]  The lipid content can be equal to or greater than 10%, 20%, 25%, 30%,
35%, 40%, or 50% of the algal paste. In some embodiments, the lipid content is
26.3% of the algal paste. The feedstock (meal) can be equal to or greater than 10%,
20%, 25%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, or 95% of the algal paste.
The protein content can be equal or greater than 10%, 20%, 25%, 30%, 35%, 40%,
45%, or 50% of the feedstock (meal). In some embodiments, the protein content is

39% protein.

16



washed with deionized water, air dried and pasteurized
at approximately 60Q0C for around 12 hours. The bi omass
W@ 20090030 be mi | | ed and packed i n appropriate PCT/US2009/031681
containers as requested by a supplier. In sone
enbodi nents, al gal neal products conprise 3% crude
fooBEr , Amtttod af siagtivel BaMiting eianget 8g@04 the genus Scenedesmus
nonounsat urated, 0.2% onega 3 fats, 0.2%
fooisyumngddduin ateeclahat with Qe #egmhuiat mdthbatesnprded Sotvingnise
fats, and 1% other fat. This biomass can al so be used
fatyet 41peinprfosiohd;alilutdg tht taageohlga Bitbe flaspaansupplypizaduced
fromthe anaerobi c digestion of the bionass.
meeds toaksith té the firdyent; bahmeianint@iuaim sviacititnoh the first
anounts of proteins, |ipids, carbohydrates, fiber,
pander al s, vitamns, and other nutrients. The nethods
of the invention can be adjusted to produce such
varyi ng amounts. [0034] The lipid content can be equa
[003@r Jrhe gts3enttibantickQfovidl Umelafhof 3D MyatidgYhe t4@8Halgar
50% of the algal paste. In sone enbodi nents, the |ipid
seRtRBtud $b1id6us3 WhoinctHda cahpides pasing. theltagef dgdmtadtkt pond;
(rmeal ) can be equal to or greater than 10% 20% 25%
¥ ﬁQq{ﬁrgétQﬁ/glg il @ first p¥hd; Sy iBEYaut9aodposBRMxOhe fiRe

alga paste he protein content can be equal or

&fn@air%rmélﬁ@iﬁm%(&{%urg Qé)’f@ctl?v@y/@n BOkGst oalloe 40% 45% or 50%

of the feedstock (neal). 1n some enbodi nents, the
protein content is 39% protein.[0035] A nethod of

@@kﬁct I IpYes6i lidveM@dni pagyidestaah@iRtd Ak@ectiolly higvamg se
cenedesnus for is provided in accordance with the

aafg\éeaga 9nedEBBuIBIOG. AAPRICiHDE Soap R84 e SRRVt ARG8T The
alga rn a first pond; diluting the target alga in the

{afgre§£1 PR %powrﬁlld %mlc)@w@? péhdNlafyof 'Eﬁoxﬁﬁ PR/ I Re fa@ev@é?/%ond
fiTst pon mal nt al ni ng cul ture select|V|ty|n
ff 'arpﬁtofgg&g ‘8.5 or higher is reached. A cooling liquid is added to the raceway
pond if a temperature of 33°C or higher is reached. The target alga in the raceway
pond is diluted by about 60% at about every 20 hours. A nutrient composition is
supplied to the raceway pond at about the same time as the diluting step, wherein the
nutrient composition comprises sodium bicarbonate, urea, trisodium phosphate, and
ferrous chloride, with a sodium bicarbonate concentration of at least 2 mM and a
nitrogen:phosphate ratio of at least about 15:1. A volume of the target alga obtained
during the diluting step is discharged into a stress pond that contains a deficit of

nitrogen. The target alga from the stress pond is harvested and dewatered. Lipid is

extracted from the target alga.
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[0036] The present invention provides a nethod of
cultivating the target al ga Scenedesnus obliquus. The
Woreonog4¢onpri ses growi ng the target al ga in apP€T/081009/031681
pond; diluting the target alga in the first pond,
supplying a nutrient conposition to the first pond;
Eed8Imai Ayanethojofabd inuengios edneftthariitcjudie thet dtep (figerstratipgrd.
[0037] The present invention provides a nethod of
biefueCfromeipid eoduced/dm g thdaet aigar day satapie Sebabde daus
obl i quus. The nmet hod conprises the follow ng steps.
diigloval gt exahgie, irsnsgsta@fitation can beadgil@)ed pondmeCarbbdiments,
di oxi de is added to the raceway pond if a pH of about
the Didiicl I 9hBEsel. In k@ACHBIDdinfer€s) Aleibigud] iimib-fbti ShawleRel t o
the raceway pond if a tenperature of 330C or higher is

pRasededy af@ethad 8Bthe Av@Rioh Ms d1anragsehethd@Nchtios. The
di l uted by about 60% at about every 20 hours. A

Pabdnk BREtRAPRAKICE b B filed pRtiRiRH b dnyt MethHEo 1 tAE RVBHioRONd
at about the same tinme as the diluting step, wherein
the nutrient conposition conprises sodi um bi carbonate,

08sy,  tAhys@ethotmd mhomRhebLE candfethdrefdield Shecddptigli@ratit bh
a sodi um bi carbonate concentration of at |east 2 mV

BN GurRatiatdd T8 RS R hﬁttﬁﬁét%lgao IPfonteniRapienab@et 15: 1.

A vol une of the target alga obtained during t he

9& y%atuateatﬁ@ dend iHE184RAR 98gd- DRy Bcigl [ESMeRMUMdRAL, the
contains a deficit of nitrogen. %he target alga from

S
Lot oAb 0 gt Lo

1@&a{;€ﬁ¥a%ﬂ&!: gﬁ‘lxzf)a a,fny ?ﬁﬁikatfc{ﬁ%égé’& trg%aéécfﬁfm%nnoﬁ provides

enerati ng roml[ipid produ rom-t
£nmpl oyed. For
EE&%ﬁ#a@zgggﬁgﬂ%? &%R{Sg%%%EEQIQQﬁmR o ed. In sone
enbodlnents t he blofuel is b|0d|esel In sone

?@g LCE rﬁeth&cﬂ% R ﬂg%ﬁ‘ig? Et fﬂhf?érjirﬁz‘iud.e Tﬁ%est% E'r?elratmg a

by any e I nvention I al SO an

RRRESK ﬁ%m tthh ?arée@ X@Qt jfl?é’]feecigtb%k can be animal feed, aquaculture feed, or

any combination thereof. The present invention provides a feedstock produced by

any method of the invention.

[0041]  Any method of the invention can further include the step of generating a
phytonutrient from the target alga. The phytonutrient can be a carotenoid. In some
embodiments, the carotenoid is astaxanthin, beta-carotene, or any combination
thereof. The present invention provides a phytonutrient produced by any method of

the invention.

[0042] A selective open-air pond algal culture comprising a target alga of the

genus Scenedesmus is provided in accordance with the invention. The culture can be
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present invention provides a biofuel produced by any
nmet hod of the invention. [0039] Any nethod of the

WO pooefod44en can further include the step of geneCHUBIGI/€31681
pol yunsaturated fatty acid fromthe target alga. In
sonme enbodi nents, the polyunsaturated fatty acid
imecpand e $hapondregbe Brabavdyypoad.i As ddsoritedrbowerib odpevetuttse
the omega-3 fatty acid includes al pha-1inolenic (ALA),
dethodaltaksaianaition,akd ¢lechidgal enltesapd nbieberngh@otHRA. , Inor
any conbi nation thereof. The present invention
ponev/dniles infenpOthy tirga tilgh ad £ teasioeh @ieduaesgdry Iagymdret hod
of the invention. [0040] Any nethod of the invention
edBodiétd) @fe thidel alhas hf1€as618P othe GRNEIRAL. I IAGoRe EABAEHORK
fromthe target alga. The feedstock can be ani mal
fHe@dget At &L Idattronof &are tofl algéby 1 PR drAbddRertd) Blc@8bet alga
The present invention provides a feedstock produced by

ANY ARG rafe thRa1ERY eNLdnbmtb @Rt A, ARYarRLROH Pfeatis,
i nvention can further include the step of generating a

Pt Qﬂﬂ'tafg.h@ NnefsERMVeRBert-ait g&kd D&t En @Mh@é@m rient

can be a carotenoid. In sone enmbodi nents, t

g%ﬁg&%% Sjolfq?%sa%@?aqgé_lt_ Elg@ calPf RreCR1 ALANRe %rggy; gd\i/]%iaténsg oaf

I nation ereo present 1 nventio

RN ORH! (b P OAASHLDY AN IR LOAS AL et on.

ective pond al ga

gér)eggc?eérgxgp%aoﬂe&sﬁr §& 'ﬁe@elé\lg\% ?r%m%tplsg Sg&@&lesé{rﬁg ﬁﬂ%‘%ﬁ%@%&(} r!t\n%r e

n -accor danc I nventli e Cu

can.bei n_a .. The .pond can _be a ragewa ond.
PR AR B Lol e TR o R R R e g s
i nvention, the selective a*gal cu %ﬁre need_ not

, b
FRSHIEAE s A S e SO iep e Seeardgam
t. | t 50%of the t | I nbodi ts,
HiaFegarsa e opfaret E% wphRS T ot al el gae. i

sone enbodi ment s,

[0043] A selective open-air pond algal culture comprising a non-Scenedesmus
target alga and/or other aquaculturable microbes can also be employed in accordance
with the invention. In some embodiments, the culture comprises one or more green
alga of the genus Chlorella such as Chlorella minutissima or any combination thereof.
In some embodiments, the culture comprises one or more green alga of the genus
Botryococcus such as Botryococcus braunii, Botryococcus sueditica, or any
combination thereof. In some embodiments, the culture comprises one or more green
alga of the genus Chlamydomonas or any combination thereof. In some
embodiments, the culture comprises one or more green alga of the genus Closterium
or any combination thereof. In some embodiments, the culture comprises one or more

green alga of the genus Pediastrum or any combination thereof. In some
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the target alga is at |least 90% of the total algae. In
sone enbodi nents, the target alga is at |east 95% of
wo b@ovouad al gae. I n sone enbodi ments, the tarPEl/Us10gA031681
is at |least 99% of the total al gae. The sel ective
open-air pond algal culture can conprise Scenedesnus
abbddinierss, thERelttracg@prisb gee ¢ anrdgesedlgcdfabe gamosMelsira or
group consi sting of Scenedesmnus obli quus, Scenedesmus
siyadmbiaticlatheSok Ne dashesbataxéni tie cBoen edesivgsone or more
opol i ensi s, Scenedesnus aranmat us, Scenedesnus
ghietDd1 @hefsheagedua0yddgonitinmatihyoddnibhatieothere¥arinasms of the
speci es can be used. For exanple, Scenedesmnus

SR ih S R cTRXE BHIS piGs2B ofkEor @R @¥@rhigd oF tROFMRUS
embodi ment's, the Scenedesnus obl i quus conpri ses

Seanestessisudbl AU S 0LEES phiviads Br #ARBmbifa4BtheRof. In

sel ective open-air pond algal culture conprising a

2 RARARAARMUS chiR985msGPorR BEMeTe g@ééﬂ%ﬁga of the genus
aquacul turabl e m crobes can al so be enployed in

9 r?a@i%ﬁ?{ﬁgﬁ aé"bﬁrtbh%heﬁsahﬁé{ SuhiBBia ﬂa‘ﬂv Bﬁr‘feaﬁ@ﬁ%o\q{légg B% aF]t%’

re conprises one or nore green al ga

%%&atﬁ? h%fe%k | A s3 ?Igmﬁg'dnggxl:tg’ rtl?el uﬁu CQM h§e§' ﬁ@or% 2Ny

i nation thereo I'n sone e e culture

%‘3%&@@2‘3@% %re%%ﬁ 0? %9 ?n%rs] Is%«L,lggssso ucﬁ hselsgc%]}l/@s galpana or

cus ococc

h f. 1
asng/:,rrg%%%z CP t%ere {3 q}l %(I?]n%ea ém}f({d1n?egn¥sc gmgpn?ﬁugg éon? ﬂrlstes (? ere?g rmé)re n
I
B Ao en 8@% §Pe B S EURSTRRR s DS suisay o

conpri ses a

|
S B P R By SRS et R aPlogt 1 FhelS g aiza or used in
e”b"d%gr? PR OBE T Ptrcdien sy i ES b e o "

. In soneenbodlnen s, the culture conprlses one
wluﬁ% ﬂogt %t eimieg 40 os¢ At fESS Shola‘ersie o6 ayfyictonema
conbi nation thereof. In sone enbodi nents, the culture
BB, @get@q?g)%pc}h@r(g}aetoceros calcitrans, or any combination thereof.

The culture can be in a pond. The pond can be a raceway pond. In some
embodiments, the target alga is at least 50% of the total algae. In some embodiments,
the target alga is at least 75% of the total algae. In some embodiments, the target alga
is at least 90% of the total algae. In some embodiments, the target alga is at least 95%
of the total algae. In some embodiments, the target alga is at least 99% of the total

algae.

[0044]  The following examples further illustrate the invention but, of course,

should not be construed as in any way limiting its scope.
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green al ga of the genus Oedogoni um or any conbination
thereof. In sone enbodi nents, the culture conprises
Wo@r@/09440r e green al ga of the genus Haenat ocORCUESHOL31681

as Haemat ococcus pluvialis or any conbination thereof.
In some enbodi nents, the culture conprises one or nore
green al ga of the genusEXaN®ILEdl | a such as Dunaliella
salina, Dunealiella parva, Dunealiella viridis or any
conbi nation thereof. In some enbodi ments, the culture
BodYr i Sldss axamplrdemonstrafes thergasith phy greamalgal eelturaivgde of

t he genus |Isochrysis such as |Isochrysis gal pana or any
mombiimiag ¢ubinret shiect@ofy.in havoslone vetbbapraeent myerttloe. cul t ur e
conprises one or nore Prasi nophycean green alga of the
Sencksned stdigetsmuius (Chivasitylét Trease ismnploueéciic mcanscany
conbi nation thereof. In some enbodi nents, a diatomis
tdiemé, arsget (2am@ait 055 nuifd celiy/BoNib bubadultoied With b tanRIbEY (S0mL
nore green alga for the culture. Exanples of diatons
bMeltud @ntilddonadn@atiét ofl 1i il o dellsPmL tdaoise), aking A& T Brient
Skel et onema such as Skel et onema cost atum Chaet ocer os

UG ARhSHBRIRE 81i@6le GRURIChK BdlSsed OTheANVEX Qiiflctahdddn is a
thereof. The culture can be in a pond. The pond can be

FrofeB&ar@iurl 8NGristh M IATR cIRARL DL protlde Jplaet Balga
Is at least 50% of the total algae. In sone

Rehedieal v NaROL & gehmat 49, Jr5.08b.3 @AM Y00, 6. iemm

total algae. In some enbodi ments, the target alga is

RInb&asho MRY&el,pbNend QL alnhgee 'Or%(:@ g Wh&@&%s‘f&%ﬂ&éﬁn

the target alga is at least 95% of the total al gae.

08 ‘?{E%?edﬂ RbRd t%ﬁ f 8l SR & wiicnl BATH t??r%’ of
@ge %uo a g{nggae_. foo _ ﬁl%gﬁefyol j?%vvl ng ecxe{)npﬂﬁe% tUrt her
éolnlcé'ln?rta{igntg%e%ilﬂ ethés%\égrqlcteht%gilogyér{: dgsfcrilge%%relso%v. \%R%%ﬁﬁ?lm be
construed as in any way lImting its scope. E 1
density increases (to a concentration of 1 million cells/ml in 200 ml of culture), the
cultures are transferred to 1.5 liter bubble columns (1.25 L culture grown until 2
million cells/ml), continuing the same nutrient treatments. The cultures are next
transferred into outdoor raceway ponds (each pond having a capacity of about 22
liters holding about 18 liters of algal culture). Cells concentrations in the ponds are

maintained at from 2 million to 3 million cells/ml. Acrylic ponds are employed to

ensure adequate light with a mixing speed of about 15cm/s.

[0046]  The nutrient concentrations, employed as referenced above and to maintain
the pond cultures comprise sodium bicarbonate, urea, trisodium phosphate, and
ferrous chloride. The concentrations expressed are those obtained after addition of

nutrients to the ponds. Sodium bicarbonate is used at a concentration of 2 mM. A

21



[0045] This exanpl e denponstrates the growth of a green

algal culture while maintaining culture selectivity in
waewongamce Wi th the present invention. ScenedeGniiS2009/031681

obl i quus cul ture (Universi ty of Texas) is enpl oyed. To

i ncrease volunme, a slant (201L mllio
rioges Apphosplatasighio AP} efrabenti3Atlds Bsefi é% t7 5 ﬂ%é&anéé«w Bf
culture until a concentration of 1 mllion cells/mL

frearguheidyrideis pied 2babomEMu Br obdiqpusrasel uvve lawvithio apht rargsent
sui tabl e media can be used. The UTEX nutrient nmedi um
4-8. Ho pehieve dlers catbn divxige isSibbled perindiglinthewwsherit therdgy by/ L
of proteose peptone. Bristol nediumis 2.94 ni M NaNO
®pn @5 thy pHveCh@ &5.2H20, 0.3 M MgSH- TH2O, 0. 43 M
K2ZHPO4, 1.29 nM KH2PO4, and 0.43 mM NaCl. Once growth
has been established, the cultures are transferred to
P86  Brénedesmype obliquas kas agloublirigapie pbibeut Huhquisedty keeping
concentrations begin, these concentrations are

e sdh ietsadorbiithotw. abyi@A hpirs, thedlka deblsite paintar easistsni(gravth
concentration of 1 mllion cells/m in 200 m of
ehilet afiineg prgantves evithtlengersrewntgont trpassifeeltusbel] quo Ih, Bddrite avhieve
bubble colums (1.25 L culture grown until 2 mllion
thslrétedtivin)times tatchure isgliltifee bg 406 emerydayent treat nment s.

The cultures are next transferred into outdoor raceway
ponds (each pond having a capacity of about 22 liters
W48di nd halrmyterah@e kangeatsvhoch @loghduue glotmsbedt is @evdeg 20°C
concentrations in the ponds are maintained at from 2
anid130t@nHbwe s, it B3°Cahe grevihsdendines Acarply i To peapdise tameerature in
enpl oyed to ensure adequate light with a m xi ng speed
0t opthedl rankbahd pondp BXOAGlintditkel andhrinienin dpthoen B cattiness at
enpl oyed as referenced above and to naintain the pond
Ly $8edCNPEhSE TSApkrattieb hi@ aidd@oRt Bourlif 8@ ,wheh eg@elitin
phosphate, and ferrous chloride. The concentrations

BROtRSEAreas gillhDsEh Pbhatdach.af ter addition of

[0049]  To increase lipid content, the excess biomass from the daily dilutions is
transferred to a deeper stress pond, where the culture grows until substantially all of
the nitrogen is depleted. Because the nutrient concentration provided in the raceway
pond is enough nitrogen for 24 hours of growth, the stress culture is nitrogen depleted

in about 4-6 hours. The culture then remains stressed of nitrogen for 48 hours before

harvesting.

[0050] Lipid analysis is performed using both fluorescence and total lipid
extraction. Fluorescence can be a method for lipid measurement. The dye Nile Red
is highly fluorescent in the presence of lipids and used to achieve readings. A Turner

model 110 fluorometer with a F4T5/d lamp is employed. Emission filters employed
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nutrients to the ponds. Sodi um bi carbonate is used at
a concentration of 2 MM Anitrogen to phosphate ratio
W@ doPPI@fio about 30:1 is used at .75 mM N and 2BCTBEH009/031681
Ferrous chloride is used at about 2 mM S. obliquus
grows well within a pH range of 6-8. To achi eve that,
grarpoA7ehmenhd exditstidnuitel seahpered edi>caddny. Fhrtios glooerturd, e
day as soon as the pH reaches 8.5. [0047] Scenedesmus
obturgiy diutb@s @bicload bf hgpnt. alte dyt isaluidde@Datheufi@ntrdion of
keeping the cell retention tinme to about 20 hours, the
@R TiSs adhtentiomDRE DiAd N vERShiSeraot s @ik andhdsties 0t hen
organisns with longer retention tines are flushed out.
tead aff PRinutednRERIsY ok Rbsr, Mk @Rk ddnifRiredta@ging WlstaddLd
is diluted by 60% everyday. [0048] The tenperature
SANGR Al Mkme&wnﬁbw WyR RgHows best is between 200C
and 3OOC? However 350C the growth declines
sharply. To keep the tenperature in the optiml range,
fdos 1 ponCisial iRl dXBhdtonigReforhedusiginadami &ERidh 208 D&
centineters at a m xing speed of 15cns. Tenperatures

Rle@oIDOhbR&h HAWdibanainge WRE M £X¢eLrith gxt?ﬂ%@l%lash@ieful for
culture is diluted with fresh nedium [0049] To

b1'8§1%§‘e?§1%dhét}?>hd TROBIRM 1ga &5t 8%CRSSd IONBSSer [sQel Beer
ly dilutions is transferred to a deeper stress

ngﬁm\gﬁz%ﬁcﬁ LR d&wdta%@um OWR Mt inhke3uRshamt.dighdaanahl

e nitrogeh Is depleted. Because the nutrrient

n@%?aﬁﬁ‘&dn?{;f 8 gﬁ&%f”o‘rﬂ ?petl#aﬂolt J&th&)@f‘s%\ﬁ@éﬁ ﬁ%%dsldr@u F RN ARed

trogen hour's gr owm h, the stress ture 1Is

H&%&Q el Rl o m#rﬁte% BRUL ¢ ‘ﬂiﬂa? Napbed Ix'i‘aethg 941(7&%%11‘0@8&‘

ns stressed O trogen ours

arvestin 050 |d ana} Sin
BRvl o iR RBbam S eI I S Aol He R AR mikhLE
Fl uorescence can be a nethod for lipid neasurenent

16'6?2]0'3’% nlle%holﬁg (flor harvesting Scenedesmus obliquus can vary. In order to
create biodiesel, the algae slurry is dewatered, and not completely dried. An
inexpensive and fairly efficient way to dewater is to use a settling pond that also
serves as the stress pond. This dual-purpose pond allows the algae to accumulate
lipids while providing a storage place for harvesting. During the growth phase S.
obliquus maintains a negative charge around the cell wall. This charge causes the
cells the repel each other. Once the cell becomes older and is not photosynthesizing
as rapidly, it loses the charge and is able to aggregate with other cells. These clumps
become large and eventually sink to the bottom of the pond, allowing the thicker
slurry to be pumped out. The cells reach this stationary phase while in the stress

pond. As the cells accumulate lipids, they also begin to clump and settle.
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is highly fluorescent in the presence of |ipids and
used to achi eve readi ngs. A Turner nodel 110

WO bwonoei er with a FATS5/d lanmp is enpl oyed. Br@BEBIN9/031681
filters enpl oyedare 420-470 nm and excitation filters
enpl oyed are >520nm For this procedure, the culture
is diluted to a bi omassE¥AMEpERA The dye is then added
at a concentration of Ippm This solution is m xed
using a vortex mxer for 5 mnutes, and results are
OREH r ddis cxpmBle dpmpnsiraienthe giath of pipreshalsH suiure fie
results are conpared agai nst a standard sol ution of
proguviion pohetd-epraipieHn Rgnordankd withRBelprefend Bvartiomo Bala cpiofsing
extraction is perfornmed using a nodified Bligh and
By dipidreat] led doluigh pmdoétowhichhab ardedidanbifrea rasliaabieapping a 1: 1
ratio to extract |ipids useful for biodiese
popatictand nancdieevear gedctinkyg dVarsuf ipests adelgt el aulityatetie
slurry is dried over night using a bench-top
wWebiad std-cmotene globuldae Fal amplk) makés, ardsombiémesiiedshnaer,
and an equal anount of the chl orof orm net hano
Sgdeuifitl@rpehss BudBela cEhbs edployddysudtsastthealind Reghrus Dngiritiie
vortex. After 30 minutes the test tube is uncapped and
dddeins ebBiRitBonal thewade inthaeal apaiuat DuntlielR aidwhicellular,
evaporation is done, the contents are filtered and

BB ASUREE nak 05 aTdae. DEphredamdimralihacyesdclmglate large
Scenedesnus obl i quus can vary. In order to create

Qa8 Ebeta-bhBteRd. TARsSAIB Mn bS g d WAL B Rfhge NZH WBAN°C, but
conpletely dried. An inexpensive and fairly efficient

YR Y% 1sb ol At R 1dver t@nptefurds. et t1i ng pond that al so
serves as the stress pond. This dual - purpose pond

allows the algae to accunul ate |ipids while providing

@0S410r age fRlowed chiPbe R8d 1688 EJaROnedidi FdRAdaNtOERMERE
phase S. obliquus maintains a negative charge around

t08ucEsh:! 2 veM Nadihd 81 ghErae, ¢3YsRSMLOE, €& hir Khe,Pos ek

each other. Once the cell becones older and is not

PE@Q@?NQ&B% SbAtaRg aﬁ@otﬁﬁtﬂﬁﬂw}s chif allPRESfIfR 4 C PRUAGIVAR

e to aggregate w other cells. These clunps
of 30 — 40 gm dry weight/m2/day can be achieved. Harvesting is done by high

pressure filtration device using diatomaceous earth as a filter source. Harvested
biomass may also be dried and can be marketed for consumption. In some cases, the
algal mass is centrifuged or filtered and applied with NaCl followed by several cycles
of centrifugation. The cells can be osmotically broken but the beta-carotene remains
associated with the membranes. The beta-carotene globules are released at this step
from the membranes to the supernatant and are present as a suspension. The

suspension is mixed with solution containing 50% sucrose and Tris HCI, and the
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beconme | arge and eventually sink to the bottom of the
pond, allowi ng the thicker slurry to be punped out.
Wab@ooeddes reach this stationary phase whil e i PCT/K82009/031681
stress pond. As the cells accunulate |lipids, they also
begin to clunp and settle. EXAMPLE 2 [0053] This
pxparplos idenvifsgedailes purffed peoweivtent glabtlas getoléicgdlfrom the
culture for production of beta-carotene in accordance
top idyet, ndilpthe Cimdrophylientthinimg nBetbaancsare tpelimed a the boitpind
and oil sol ubl e product, which has antioxidant, free
radi cal trapping properties and cancer preventive
activity. Various speci@¥AdPLEI3gae can be cultivated
to obtain beta-carotene gl obules. For exanple, marine,
and sonetinmes freshwater, al gae of the genus
[Oamdl i dihisexempleldemengihisy e seavdh obasdigiomsedrigtieen afgal culture
parva, D. viridis and any conbi nation of the same in
frasa@lacutedi faed inRaeralldned With theerasenit dekntidnarlhe diatoms,
bi fl agel | at ed, naked green al gae. D. parva and D
Slalldtoreme apst@aoudihdeatcerob ealgeangutbhaPiymnesomifycean Isochrysis
bet a- carot ene. These al gae can be grown in the range
@flpadf ahOPrdGRphydrah Tewaselalisaeticd @n &t gravwuncih opavgends to
tenperatures. [0054] The followed can be used to
poéranguadiclirel feell. OThedt Gkl cub@t Sare mabitadied ap@dtant illonination
2.14 MNaCl, 4.81 nMFed 3, 1.82 mM M1 2, 0.13 ni M

N3P R4, atadithetatd8 radeNadi22-28 TaVIEHeliat@ndar® ighdvh in a sea
m nerals can al so be enpl oyed. Productivities of 30 -

A O cHRABIENERIdNLIEPO,, Ng2910R I RCedandHRLEBFAL Fgr the
done by high pressure filtration device using

ba APRCBOYScASEIIRIASs Smfidell t Be SRULERIredBE WAMEME in the
i omass may al so be dried and can be marketed for

ROSSRRIH R cultBreIOMBAASER to (HR@p& [@Rbs. MRDptidal
centrifuged or filtered and apppled with NaCll foll owed

SR i F:o fy$3oeS 1L algeNtE hiVGal0Re o e OblsicoRRteRE

osnoti cal 'y broken but the beta-carotene remains
and the biomass is air dried and supplied as feed for the juvenile shrimps, oysters and

other fish larvae. Products include not only aquaculture feed but also protein an fiber

generally.
EXAMPLE 4

[0056] This example demonstrates the growth of a target algal culture to produce
astaxanthin in accordance with the present invention. Haematococcus pluvialis is
grown in the laboratory and tested for Astaxanthin content. Astaxanthin is a
carotenoid pigment and is used for various pharmaceutical and nutraceutical purposes.
The alga is originally a green biflagellated chlorophycean member, normally grown in

freshwater habitats. Each cell has a single cup shaped chloroplast with many
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associ ated with the nenbranes. The beta-carotene
gl obul es are released at this step fromthe nenbranes
W ovlagt4guper nat ant and are present as a SuspePGi/UMR009/031681
The suspension is mxed with solution containing 50%
sucrose and Tris HC, and thepreparation is
peaioidsf Wged.theldells prasirésseibylfedtars eahat tigh lightobihets, @ueent
collected fromthe top |ayer, while the Chlorophyll
CPIHkiah, iBg RNPFEfead 8% safilghpelcl dtetrmatydtd)aphaf te@m color that
EXAMPLE 3 [0055] This exanpl e denonstrates the growth
Afovd tibinelo eV edbr HIoBE PerlddThe SilstabléuenflNe laagpentitetbethe
feed in accordance wth the present invention. The

A @tg%ﬁs asPi@h 8D NEMBir 6AB! Ak Whan (AALLPLENPST iEalr-E WeigRNS,
t he Prynne3|ophycean Isochry3|s gal pana and

thagh naRhvag %vTeﬁrsn@s%%Ls@a 8y ﬁlgﬁ ﬁi‘n{-b@raﬁﬁ@ alBn B QW akclty.
open ponds to produce aquaculture feed. The stock

?Ilrg éd/% 82 afbfedR s@&l@'b? ety RitionANSLaRd t%éa{e'd%iﬂlash{%&@n@éal

at tenperature ranges from 22
e

zgr{ra %%Eer@ﬂeﬁlacﬁfedtapx%o%l tleﬂqé}e%tgre%% H&ck@d’] is omtted. The

tures are ntained 1n the | aboratory and
the culture is inoculated in to the open ponds. The
optimal tenperature is:20 to 33QC. The al gae are
harvested using a filter of 20 mcroneters and the
bi omass is air dried and supplied as feed for the

!'_g'éy ni 1§ éhzrre%rﬁpdssé inc ﬁ)‘bﬁhﬁﬁgns%a%[ agﬁlléﬁlolnéraﬁéﬁatents

ucts inc not only aquacul ture feed but al so

B{egﬁagxlef?l a@@hgrélgﬁﬁccg &lgtE {)3|, %ferglxﬁlxp lf'cé;sa%qe[eg%ﬁpis 1fr

exanpl e deno rat e gr owmt a target a

1%%'erén‘é£ %el?eqné%@%g& ﬁla;ge%?%@gl‘iaﬂhﬁ‘icété‘d %%‘?&:ﬁ%?a?ed’%}x@fe&'ﬂ?e

esent 1 nven occus UVI a

and were set forth in its entirety herein.

[0058]  The use of the terms "a" and "an" and "the" and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The terms "comprising,"
"having," "including," and "containing" are to be construed as open-ended terms (i.e.,
meaning "including, but not limited to,") unless otherwise noted. Recitation of ranges
of values herein are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it were

individually recited herein. All methods described herein can be performed in any
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grown in the |laboratory and tested for Astaxanthin
content. Astaxanthin is a carotenoid pignent and is

W s@d/o94aw0 var i ous pharnmaceuti cal and nutraceut PCHUS2009/031681
purposes. The alga is originally a green bifl agell ated
chl orophycean menber, normally grown in freshwater
hafable atder uas btiealike disatad Bdreigbeotberpisripadcontradicted by
chl oropl ast with manypyrenoi ds. When the cells are
Sdntexs SEIE BY of AB1aa4 a1l sxtetplasSoritik@hiplhdygdgubddt(€8S I'duyh as")
nutrient depletion, direct exposure to the sunlight,

ploGided R@¥inf i0 iRy ® Srelyap P illu@dindtéithe Mvefitidnhatl dadsinews
themto survive for a long period. The cysts

F&s6 WM i@dtih biddhe SedpbldNthk tvestioAfunlehothe@isB BB No
astaxanthin, in their cells, and it can reach up to 4%

Rhglaks inthy sﬁ@@1‘figmon shgd B@&bn%ﬂeﬁ ld§ BdichtindPdny Yba! digmb$

stressed by high tenperature and nutrient scarcity.
éﬁ%er@é%s%erﬁfaﬁto%é oMEHe bPhs flvEAtRnRY gravitational force
and treated wth super critical COto break their
cells. The ruptured cells rel ease the accunul at ed

@@sﬂx antréfefed HRB0IR &I BTHAL ﬁﬁ/@dtﬁén @Hel R6krAbd hQGH) including the

enperature and packed. [0057] ref erences,

bREhHE 1B wWRUS tHe GAh @R Sfor & ﬂ%ﬁ@tou@tﬁp lvE@ion0 %rlatﬁﬂg of those
patents, cited herein are hereby |ncorporated by

F@%I & gﬁgﬁﬁ&@@ﬁ @%m?)éfé‘%?%“;, %Istlﬁ!asfe of Bfd aF;ﬁ x@fﬁrﬂﬁeear%"ﬁaroﬁ

y and specil cate

}e%f? H@r z%jyes&ﬁ%%g S?E%ﬁ%}l(gormg?ct%ﬁﬁleg 9 tlEel}ls 'td‘gﬁﬁlﬁy

entl ety e use

S CH Var 1g)ns ashaﬁgroﬁl%j[e mhle%{\/ei’lt%ts%{lt%{ﬂcf %r khr(l 1%\%%‘[1 t@tngt of

€scCri nVeRtt on e 'Context of
onstrue

e.,to

stﬁﬁe ﬂ%‘e”‘f‘%eg‘h? L SB wtaﬂ%df‘sf IRE SR A S teR PR lgntion

icat.ed n or cIe ontradi cted by co
*f‘ @d%Seaﬁ o i TR ﬂﬁﬁﬁmms
) i ning" are_t true open- ended ter
%Hpe "3 hﬁ@&’rﬁsrl?ﬁrmlftﬁ‘g? ﬁ%a%f' ey feOW?rn*?’{yé;c?“%B“a"“in 0
unless ot herw se no}ed Recitation of . ran
above-described elements in all possible variations thereof is encompassed by the

invention unless otherwise indicated herein or otherwise clearly contradicted by

context.
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of values herein are nerely intended to serve as a
shorthand nethod of referring individually to each
waepaoade0 val ue falling within the range, unl eBGI/US2009/031681
ot herwi se indicated herein, and each separate value is
incorporated into the specification as if it were
individual ly recited her&I®AIMA | net hods descri bed
herein can be perforned in anysuitable order unless
W Haerswiasged 8di cat ed herein or otherwi se clearly
contradi cted by context. The use of any and al
exanpl.es, OmedwedPsotschvd POgtaiag b @t alga,ShCRetdsd )
provi ded herein, is intended nerely to better
torhpHKipat € the invention and does not pose a
limtation on the scope of the invention unless
ot herwi se clained. No | anguage in the specification
shoul goltgestgetiagh ias firigosdt i ng any non- clai med
el enent as essential to the practice of the invention.
[0059] Preferred enbodinents of this invention are
descrdibgidg feraietaldancthe dirngoddie best nmode known to the
inventors for carrying out the invention. Variations
of those preferred enbodi nents nay becone apparent to
t hos esupplyopdhi muaieyt Skipobitiomtotthefiar fondpead r eadi ng t he
foregoi ng description. The inventors expect skilled
artisans to enpl oy such variations as appropriate, and
t he i mvieinargcultnteespldetfvity irt the firstyemtt i on to be practi ced
ot herw se than as specifically described herein.
Accordingly, this invention includes all nodifications
and eyui valhemeshadfofthian $ubdjeadn themtethed furfer tedprises thhetep
cl ai rs appended hereto as permtted by applicable | aw
Morddiongerrbomdipxcle mbihaéitst pomdaf a pHef allvot &5 debighdr liadached.
el ements in all possible variations thereof is
enconpassed by the invention unless otherw se
i ndi cat ed Themgithodmf cloinhérwlicsan thieeszettiog ferther candirstettie Byp
context. CLAIMS What is clained is:
of adding a cooling liquid to the first pond if a temperature of 33°C or higher is

reached.
4. The method of claim 3, wherein the cooling liquid is fresh medium.
5. The method of any of claims 1-4, wherein the supplying the nutrient

composition step is performed at about the same time as the diluting step.

6. The method of any one of claims 1-5, wherein the nutrient composition
comprises sodium bicarbonate at a concentration of at least about 0.6 mM as

measured after addition of the nutrient composition to the pond.
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1. A nethod of selectively cultivating a target alga,
the nmethod conprising: growing the target alga in a
W0 2eoso9pend; diluting the target alga in the fPEBHUS2009/031681

pond; supplying a nutrient conposition to the first
pond; and maintaining culture selectivity in the first
pond.7.2. Tihe nivetiod of ainf oneloétlainds, | -Gineiesiimtht heringtchmagosition
further conprises the step of adding carbon dioxide to
tdigpristy Stiiuposichrbdna® apitc @fcerafadont o8t Basirabbit Qe ais seasured
reached. 3. The nethod of claim1, wherein the nethod
f e L@l COMRY St tdiepasitiop tothe poldi ng a cooling |iquid
to the first pond if a tenperature of 330C or higher
is reached. 4. The nmethod of claim3, wherein the
cool if1g | iMheindttod of f8Sdhe e Cliaint® 1- B . whiFeen the hincieht@bmadsktion
of clains 1-4, wherein the supplying the nutrient

Red d dodrtesfepn.i s perforned at about the sanme tine
as the diluting step. 6. The nethod of any one of
clainms 1-5, wherein the nutrient conposition conprises
sodi wmn bi cie heaatef akinas oarednthe adur@ofdfon @bmpess terrous
about 0.6 nmM as neasured after addition of the
Plbrideent conposition to the pond. 7. The nethod of any
one of clainms 1-6, wherein the nutrient conposition
conpri ses sodi um bi carbonate at a concentration of at
| east 10aboUthe Zhefdd @$ anye@s Wi eldinaf -8 rwhackth the amriedt com@osition
nutrient conposition to the pond. 8. The nmethod of any

teprRts £AiGbF sdurde anthest@kphatcheurodt ri ent conposi ti on
conprises a source of iron

11.  The method of claim 10, wherein the nitrogen source comprises urea

and the phosphate source comprises trisodium phosphate.

12.  The method of claim 10 or 11, wherein the ratio of nitrogen to

phosphate is at least about 15:1.
13. The method of claim 12, wherein the ratio is about 29:1,
14. The method of claim 12, wherein the ratio is about 30:1,

15.  The method of any one of claims 1-14, wherein the first pond is a

raceway pond.

16.  The method of any one of claims 1-14, wherein the first pond

comprises a transparent housing.
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9. The nmethod of claim@8, wherein the source of iron
conprises ferrous chloride. 10. The nethod of any one
W@R00002d4mE 1-9, wherein the nutrient conpositiREI/US2009/031681
conprises a nitrogen source and a phosphate source.
11. The nmethod of claim 10, wherein the nitrogen
Sour CE. CONMME inffHd Wi eRindNE] whBRinthosaRpdrentHoUEiGEcomprises an
conprises trisodi um phosphate. 12. The nethod of claim
A0y polsinerwherein the ratio of nitrogen to phosphate
Is at |east about 15:1. 13. The nethod of claim12,
wherein the ratio is about 29: 1. 14. The nethod of
cl ai m8l2, Twheteehod of by ¢rdtoif Olaing 1@l whe3 the aldd.culfine
met hod of any one of clains 1-14, wherein the first
palele bSthafifsapaitay aanos litd6.or hbg. met hod of any one of
clains 1-14, wherein the first pond conprises a
transparent housing.17. The nethod of clai m 15,
wher eion t Mie ifedidd panwnine ROLISINGJ - O WaEeBiethe #lpalachytk i C
polymer. 18. The nmethod of any one of clains 1-17,
whehebntht At pdrgal aout 60oriRerv ot Mo, of the first pond is
about 18 liters or nore. 19. The method of any one of
clainms 1-17, wherein the algal culture volune of the
first20pondht medlod vt al5Ofheloff tigins 1017, Wherein tedalgalkReltiret hod
of any one of clains 1-17, wherein the algal culture
VallHeref é fifshgorldiis S8oupPNOLOi 1BerabOMbre 14, 000 |iters or
nor e.

21.  The method of any one of claims 1-20, wherein the first pond

comprises an average algal culture depth of about 13-20 centimeters.

22.  The method of claim 21, wherein the average algal culture depth is

about 18 centimeters.

23.  The method of any one of claims 1-22, wherein the target alga is mixed

at a speed of about 12 cm/sec, about 15 cm/sec, or about 18 cm/sec.

24.  The method of any one of claims 1-23, wherein the diluting step
comprises diluting the target alga in the first pond by a dilution of from about 35% to

about 60%.

25.  The method of any one of claims 1-25, wherein the dilution is

performed about every 20 hours.
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21. The nethod of any one of clains 1-20, wherein the
first pond conprises an average al gal culture depth of
W@bwanhds 20 centineters. 22. The met hod of clBCHUSN9/031681
wherein the average algal culture depth is about 18
centineters. 23. The nethod of any one of clainms 1-22,
wher eisn t e tnathge bf alygae bBcliing @ 5atvhareiapleedlutbn about
12 cm sec, about 15 cnisec, or about 18 cm sec. 24.
g iRl Wit aakcaanyisoreding oftd-atiss ateaddd. wherein the
diluting step conprises diluting the target alga in
the first pond by a dilution of fromabout 35%to
about276 0%Trh2 methbtief amtdnodf diimany2Sowkereih tied dilutien k- 25,
wherein the dilution is perforned about every 20
toufsoud6. The net hod of any one of clains 1-25,
wherein the dilution is perforned when a secchi disc
reading of 5-6 cmis attained. 27. The nmethod of any
one aB. cl ahermetho? bf clukel 7 whertinehediohexdnitration & algae is
conti nuous. 28. The nmethod of claim27, wherein the
Beneert ied laoge dffroal gaat 2 millied totaidundaniillonalgaapgenldh the
fromabout 2 mllion to about 3 mllion al gae per n
fikt gohe. first pond. 29. The nmethod of any one of clains
1-28, wherein the diluting step conprises renoving a
volunme of the target alga fromthe first pond. 30. The
met had. of Tt aletiod 91 anyhuae ef ¢lait e -28ptvhadinfthy ditueing step
conprises: discharging the volunme of the target al ga
Eonpiséshembiingh velome of Mt eurget SIS 6BE the first pond.

30.  The method of claim 29, wherein the method further comprises:

discharging the volume of the target alga from the first pond into a second

pond.

31.  The method of claim 30, wherein the algal depth of the second pond is

about 18 to about 30 centimeters.

32.  The method of claim 30 or 31, wherein the second pond is a stress

pond.
33.  The method of claim 32, wherein the stress pond is nitrogen deficient.

34.  The method of any one of claims 30-33, wherein the method further

comprises:

harvesting the target alga from the second pond.
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pond. 31. The nethod of claim 30, wherein the al ga
depth of the second pond is about 18 to about 30
w@eowssers. 32. The met hod of claim 30 or 31PCTKIE2089/681681
the second pond is a stress pond. 33. The nethod of
claim 32, wherein the stress pond is nitrogen
def i @sent Thdethbhef aeinhdigd whéremnliye Ioinestiiig i€ paiftrmed Bt a33ne
wherein the nmethod further conprises: harvesting the
R0 hoatsga absud B4 hiles ftlewhg dpoRgedsT.theWgumeshndtatkt alga
claim34, wherein the harvesting is perfornmed at a
tntde oMt pdad. hours to about 54 hours foll ow ng
di scharge of the volune of the target alga into the
second pond. 36. The nethod of claim 34, wherein the

har vesst i ngh sepRt botlaRo3abatikinile hwwstng 0 bb@inag about 72
di scharge of the volune of the target alga into the

B&eORboPRRdiscidfge offiiee VORITOGH e tafzk@d]#n i3th, thResRi gond.he
harvesting is perfornmed once a lipid concentration of

at | east about 25% of the cell mass is reached. 38.

The gt hod'heetidy ooclginDI4, dhedeiahekbrdéting\k @e€ormell bece a
nmet hod further conprises: dewatering the target al ga

hah Vet ehtibh onttide: HeaPIth daihell 3Riss S hechet hod of
claim 38, wherein the dewatering step conprises
enpl oying at | east one of a beltpress and a

dehydigpgemat afethod Of ankhee e iad 30f37anyeroin éheahetlid dafuBer
34-37, wherein the harvesting step

comprises:
dewatering the target alga harvested from the second pond.

39. The method of claim 38, wherein the dewatering step comprises

employing at least one of a beltpress and a dehydrogenator.

40.  The method of any one of claims 34-37, wherein the harvesting step
comprises dewatering of the target alga achieved by pumping of the settled target alga

from the second pond.

41. The method of any one of claims 1-40, wherein the method further

comprises:
extracting lipid from the target alga.

42.  The method of claim 41, wherein the extracting step comprises at least

one of chloroform:methanol extraction and hexane extraction.
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conprises dewatering of the target al ga achi eved by
punpi ng of the settled target alga fromthe second
WEoiwd/09410 The met hod of any one of clains 1-4BCT/US2009/031681
wherein the nethod further conprises: extracting lipid
fromthe target alga. 42. The nmethod of claim41l
wher ei3n t Mae exthodof anyens begaieB P2l ebGeitthd i@aod furkerof
chl or of orm net hanol extracti on and hexane
exiprigat i on. 43. The nmethod of any one of clainms 1-42,
wherein the nmethod further conprises: ranping up a
starter culture of the target alga to achieve growh
of t hempiag gph sakgaultive bhehe tdrges higp anathiedd growieofivid tacet
of claim42, wherein the ranping step conprises two or
418 1@ t15d Besponll. successi vely greater vol unmes of target
al ga. 45. The nethod of any one of clains 1-44,
wherein the target alga is at | east one green al ga.
46. Hde nahbedthofl oftlain24 Sheraeheiampingategcemprish geo ors
an al ga of the genus Scenedesnus. 47. The net hod of
1@bistep4 bf Ntcedbyelnested wiins oftagenalad.ga i s Scenedesnus
obl i quus. 48. The nethod of claim45 or 46, wherein
the green alga is selected fromthe group consisting
of Scined&asusthod bf gyuse oSdeinedetinwBerginallr thgatedgs, is at
Scenedesnus maxi nus, Scenedesnus opoliensis,
186 Bed@sdsgaar anat us,

46.  The method of claim 45, wherein the green alga is an alga of the genus
Scenedesmus.

47.  The method of claim 45 or 46, wherein the green alga is Scenedesmus
obliquus.

48.  The method of claim 45 or 46, wherein the green alga is selected from

the group consisting of Scenedesmus obliquus, Scenedesmus quadricauda,
Scenedesmus maximus, Scenedesmus opoliensis, Scenedesmus aramatus,

Scenedesmus dimorphus and any combination thereof.

49.  The method of any one of claims 46-48, wherein the Scenedesmus

obliquus is Scenedesmus obliquus UTEX strain 1450.

50. The method of claim 45, wherein the green alga is of a genus selected

from the group consisting of Scenedesmus, Chlorella, Botryococcus,
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Scenedesnus di nor phus and any conbi nation thereof. 49.
The nmet hod of any one of clains 46-48, wherein the
wEGe@petadirus obl i quus is Scenedesnus obl i quus REKS2009/031681
strain 1450. 50. The nethod of claim 45, wherein the
green alga is of a genus selected fromthe group
Chlasiydinnangs, 6flosBrieme Hekartrsm, Welosira Kedogonium, Haematococcus,
Bot ryococcus, Chl anydononas, C osterium Pediastrum
Dehadisila, dsociPesinJomasahyis, Hae pet @odbowtisn thexentll i el | a,
I sochrysis, Tetraselm s, and any conbi nation thereof.
51. The nethod of any one of clains 1-44, wherein the
t ar getl. al Jae ngthat! of swgine ohdaidisdtBnwh&2in ththiergetidlgaiset of
claim52, wherein, the diatomis of a genus sel ected
enoonShietomt onema, Chaet ocer os, and any conbi nati on
thereof. 53. A nethod of selectively cultivating a
target alga of the genus Scenedesnus, the nethod
conpri2si nghe gulowd oicpldimed 2t wheyein, the diatoimis af § gangs sqbsted;
diluting the target alga in the first pond; supplying
from tkele@n¢ma; Glirpaisdetdsoamdtapy térebifidtios theparid; and
mai ntai ning culture selectivity in the first pond. 54.
The nmet hod of claim53, wherein the green alga is
sel ectBed A wrthohel sgleoting!scotisiating nigrast alSrefibdgamiis
obl i quus, Scenedesnus quadri cauda, Scenedesnus
Baxedeays, Scemedelsougriopgl | ensi s, Scenedesmnus ar anmat us,
Scenedesnus di nor phus and any conbi nation thereof. 55.
A nmethod of selectively cultivating the target al ga
Sc enaxfesimg she target alga in a first pond;

diluting the target alga in the first pond;
supplying a nutrient composition to the first pond; and
maintaining culture selectivity in the first pond.

54.  The method of claim 53, wherein the green alga is selected from the
group consisting of Scenedesmus obliquus, Scenedesmus quadricauda, Scenedesmus
maximus, Scenedesmus opoliensis, Scenedesmus aramatus, Scenedesmus dimorphus

and any combination thereof.

55. A method of selectively cultivating the target alga Scenedesmus

obliquus, the method comprising:

growing the target alga in a first pond;
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obl i quus, the nethod conprising: growi ng the target
alga in a first pond;diluting the target alga in the
WO p00g9aend; supplying a nutrient conposition PCI/UR®09/031681
first pond; and maintaining culture selectivity in the
first pond. 56. A nethod of selectively cultivating
t he tdlgeg thakgeet Spemedesimiporabl i quus, the net hod
conprising: growing the alga in a raceway pond; adding
carbon dioxide to the raceway pond if a pH of about
8. 5 owpplyighemuirentre@aphsteon @ddi firsf peneeolli ng liquid to
the raceway pond if a tenperature of 33C or higher is
reached; diluting the alga in the raceway pond by
aboutm&0%narte cabiogiseleatiyity irPbe fistpad. suppl yi ng a
nutrient conposition to the raceway pond at about the
sane tinme as the diluting step, wherein the nutrient
conpoXi t i dnmebagp el sstestivhduliivabhede Bosriplga Seanedesmus
tri sodi um phosphate, and ferrous chloride, with a
sidjvumrttsingediddorapgsiosgncent rati on of at | east 2 nM and
a nitrogen: phosphate ratio of at |east about 15:1;
di scharging a volune of the al ga obtained during the
di | utdrenying theplgann @ racewpy pans; pond that contains a
deficit of nitrogen; harvesting and dewatering the
alga fromthe stress pond; and extracting Iiyid.from
t he aldgmgsaborriiexidpthsel rasewvaripndHa nbf ofcdbantpsd ar-hagher is
wherein the target alga is maintained to be at | east
Badkedf the total al gae.

adding a cooling liquid to the raceway pond if a temperature of 33°C or higher

is reached;
diluting the alga in the raceway pond by about 60% at about every 20 hours;

supplying a nutrient composition to the raceway pond at about the same time
as the diluting step, wherein the nutrient composition comprises sodium bicarbonate,
urea, trisodium phosphate, and ferrous chloride, with a sodium bicarbonate

concentration of at least 2 mM and a nitrogen:phosphate ratio of at least about 15:1;

discharging a volume of the alga obtained during the diluting step into a stress

pond that contains a deficit of nitrogen;
harvesting and dewatering the alga from the stress pond; and
extracting lipid from the alga.

35



58. The nethod of any one of clains 1-56, wherein the
target alga is maintained to be at | east 75% of the
w0 oi0al9akgae. 59. The net hod of any one of cl aPeEU3208%5031681
wherein the target alga is maintained to be at | east
90% of the total algae. 60. The nethod of any one of
cl ai rf8. 1- 36¢ methed ef mytdne of duigetl-58| gherkis tinaiankailgreid t o
be at | east 95% of the total algae. 61. The nethod of
anytatee tfe o leabtrF®%lofaks totthglpel N the target alga is
mai ntai ned to be at |east 99% of the total al gae. 62.
The nmet hod of any one of clains 1-61, the nethod
furtB8r caohpmictiongf aryemepfitlrimg e 6bwdreialthe tagat d1gqis d
produced fromthe target alga. 63. The nmethod of claim
Baintaidae Echernt ldae A5Podfuled totabaldeodi esel . 64. The net hod
of claim®62, wherein the biofuel is bio-jet. 65. A
bi of uel produced by the nethod of any one of clains
1- 64.5966. Thteetiet hbghyahe afiglaione-50f whdrainrise thrgbOlga ke
met hod further conprising: generating a
meihiaines at heraatleast dat dithaotatlalgacom t he target al ga. 67.
The nethod of claim 66, wherein the pol yunsaturated
fatty acid is an onega-3 fatty acid. 68. The nethod of
cl ai 067, Thhaetiod of iy coprefjdaidsfletot whaeindhd tsrgsedigreis ed
fromthe group consisting of alpha-Ilinolenic (ALA),
ceansebexaentias 9aed o thdbid) algel cosapent aenoi ¢ ( EPA) ,
and any conbi nation thereof. 69. A polyunsaturated
acid produced by the nethod of any of clains 1-59 or
66- 6&1. The method of any one of claims 1-56, wherein the target alga is

maintained to be at least 99% of the total algae.

62.  The method of any one of claims 1-61, the method further comprising:

generating a biofuel from lipid produced from the target alga.

63. The method of claim 62, wherein the biofuel is biodiesel.

64. The method of claim 62, wherein the biofuel is bio-jet.

65. A biofuel produced by the method of any one of claims 1-64.

66.  The method of any one of claims 1-59, the method further comprising:

generating a polyunsaturated fatty acid from the target alga.

67. The method of claim 66, wherein the polyunsaturated fatty acid is an
omega-3 fatty acid.
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70. The nethod of any one of clainms 1-59, the nethod
further conprising: generating a feedstock fromthe
WO 2009094480 ga. 7 1. The nethod of claim 70, wheP&i/HS100%031681
feedstock is selected fromthe group consisting of
ani mal feed, aquaculture feed, and any conbi nation
theregf. 7TBe mithbeedshiacks, phadiuakdotpatinrnadidndeledtediny
of clainms 1-59, 70, or 71. 73. The method of any one
86m eledirs® cbn8iQingtofielpABlinehid WItA)Edoc6QMPLde8diO8id (DHA),
generating a phytonutrient fromthe target alga. 74.
dibRap@iabec AfP0! fldmny SomMhehe kRrdone phytonutrient is a
carotenoid. 75. The nethod of claim 74, wherein the
carotenoid is selected fromthe group consisting of
ast axant hiApolagkanerE atie pRduad by arymapsddMmay bodlaims 1-59
thereof. 76. A phytonutrient produced by the nethod of
&w-a3f the claim1-59 or 73-75. 77. A selective
open-air raceway pond algal culture conprising a
target alga of the genus Scenedesnus.78. The culture
of clmi m The matned ©F ytdae of diigetl -3l ga nicshodtfutieasdmm iy
of the total algae. 79. The culture of claim77,
wherein the target alga is at |east 75% of the total
al gagendtingBfeeBtdck Bo@ thf tagkwdign. 77, wherein the target
alga is at |least 90% of the total algae. 8 1. The
culture of claim77, wherein the target alga is at
| east7195%Taé nicthed bbtlaim #l, gheein the feedstock is selected from the

group consisting of animal feed, aquaculture feed, and any combination thereof.
72. A feedstock produced by the method of any of claims 1-59, 70, or 71.
73.  The method of any one of claims 1-59, the method further comprising:
generating a phytonutrient from the target alga.

74.  The method of claim 73, wherein the phytonutrient is a carotenoid.

75. The method of claim 74, wherein the carotenoid is selected from the

group consisting of astaxanthin, beta-carotene, and any combination thereof.

76. A phytonutrient produced by the method of any of the claim 1-59 or

73-75.

77. A selective open-air raceway pond algal culture comprising a target

alga of the genus Scenedesmus.
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82. The culture of claim77, wherein the target alga

is at least 99% of the total algae. 83. The cul ture of
wa@eopooa4of cl ains 77-82, wherein the target aPQEHUBZ09/031681

Scenedesnus obl i quus. 84. The culture of claim77-82,

wherein the target alga is selected fromthe group

consi &t i nahetultsepeIfRMISWRkEh Gttt S0RNE a8 of the
guadri cauda, Scenedesnus naxi nus, Scenedesnus

REQLiggNSi s, Scenedesnus aramat us, Scenedesnus
di norphus and any conbi nation thereof. 85. The culture
of claim83 or 84, wherein the Scenedesnus obliquus is

Sceneges Mushe oblkirel bGaitd X wBdrbiitht 1448 ga86at ITRE7THVMbLME €
of claim77-82, wherein the target alga is of a genus

gel eghed fromthe group consisting of Scenedesnus,
Chl orel l a, Botryococcus, Chl anydononas, C osterium
Pedi astrum Mel osira, OCedogoni um Haenmatococcus,

Dunalgoel | ahe kelacbby@dim, 77T Rhdrais BhethiGet 28d20s &NYast 90% of the
conbi nation thereof. 87. The culture of claim 75-80,

M@@ﬁ%@ﬂ the target alga conprises one or nore di atom
he culture of claim87, wherein, the diatomis of
a genus sel ected from Skel et onena, Chaetoceros, and
any cmbi mat c@lturé bRN8MI77, wherein the target alga is at least 95% of the

total algae.

82. The culture of claim 77, wherein the target alga is at least 99% of the

total algae.

83.  The culture of any one of claims 77-82, wherein the target alga is

Scenedesmus obliquus.

84.  The culture of claim 77-82, wherein the target alga is selected from the
group consisting of Scenedesmus obliquus, Scenedesmus quadricauda, Scenedesmus
maximus, Scenedesmus opoliensis, Scenedesmus aramatus, Scenedesmus dimorphus

and any combination thereof.

85.  The culture of claim 83 or 84, wherein the Scenedesmus obliquus is

Scenedesmus obliquus UTEX strain 1450.

86.  The culture of claim 77-82, wherein the target alga is of a genus

selected from the group consisting of Scenedesmus, Chlorella, Botryococcus,
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Chlamydomonas, Closterium, Pediastrum, Melosira, Oedogonium, Haematococcus,

Dunaliella, Isochrysis, Tetraselmis, and any combination thereof.

87. The culture of claim 75-80, wherein the target alga comprises one or

more diatom.

88. The culture of claim 87, wherein, the diatom is of a genus selected

from Skeletonema, Chaetoceros, and any combination thereof.
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