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Pro i vating n1c#oorgan|sns of the genus
Thr%@ﬁ@%ﬂmmm&&es D fferent PUFAs (pol yunsaturated
fatt particularly onega-3 fatty acids (n-3
fatty &¢i'#S) are essential conponents of the human
nutrition. 51t is, however, known that in the
maj dirocegs Gfr cuhdathg imadroarpdnisas iof tie, genhe Thuapsibyh yofiales. 3
fatty acids is insufficient. In contrast to that, the
overal | proportion of fat in the diet, as well as the
intake of saturated fatty acids and n-6 fatty acids,
Differést RldiﬁAh(pgihyun'Ehthsaté(Bfady ecids) andcpatigdailynoindga-3 fatty acids (n-3 fatty
sition our, diet, which has occurred

amds)égepngﬂé?rﬁ}ai 9°mn°rteﬂé$ ‘?fé'%& huBd} BYNU9%0 years, and which is
being |inked (Sinopoulos, A P., 1999, Am J. din.

It is, hblwtver, Klbwibhet ineRy mb}brﬂt)h@f 1ﬂ@lﬁ§ﬁﬁlﬁl&@§ @at@dnsdiht fs@;‘ipﬂf‘bf A8 fatty acids
chronlc di seases of civilization, such as,

fo
is insugbicient| I coapdited thas ¢ Qi’re“ﬂﬁ ryeperEign of fapin the dist, @awa as gfe intake of
saturafsétﬂf%lﬂeéd? d fius Brf{il\ﬂ’ + ﬂ% RS El“h@ 1951?63110 S&%PE% 1n(ﬁle composition

as nmean

of ourt dietgethech hascoanmed Iespebimﬁylmtthé(msoﬁpp’ﬂoﬁ fS@t yedrsa@ahdsvhitiis being
rticular of ei cosapent aenqQ

linke 0 UBAHERa Arfoi (9500 Adh-JDFAY: N E- 100 36 dhg appearance of differen
chroni? &9%%{6? %@valﬂYzaEng Uath tclb Sor &%{1‘% %?ré:duagd’ulz{ r'distases - the main cause

revenzi one Invéstiga tali ano per
of dealtlo irbindubstoiatiedd matihs.Sapgreamviungrez af seidies! ik antéanwhile shown that by

e Eh 1298 DLSLRL . ounBl ermnt ol Lo M e 13 peenci

acid (El"ﬁgaz{rm @bcdsﬁlﬁe@(ra@ﬁdl@rhad esHlAYs jofs bbﬁnble to s1gn1flcantly reduce the
evenzione trial., Landet 354, 447-4557 Burr

cardloaasculaw&g (CHSSbBteyermonﬂwM@@gatwsf(@upgq Bhlianoapet fo Smdlo della

i nt ake on eth and car di arctio an
soprap b @, CRAGREE, SR HRRD: “1Fon.capRb® 7eyBpmphiiion it n
polyurfa&@dted Nty , adidVandi {itghRNE QREANhctatdAS idf¥d@onFALults of the

AHA, | SSFAL, 20 British Nutrition undation, etc.)

GISSIrpeyenaiensdrial shanertidant 7 oz iRus e aln 19% Bffectsiod chngss B fat, fish,
and fléal &Xaéea&ﬂ gétaeg Karnlg ?E?&%;Jlﬂnre$ fa& 101&1 Elég d&g@gﬁéﬁf n°tHal (DART).

LanceCQ,sEé’sEl)O\cmnﬂmg]yo maﬁ@ﬁfer&?téb?gzﬁﬂﬁfﬁbns BV, EAOf AHA ISSFAL,
art|cul ar, n-3 fa acids are

Brltlslbgﬂgg}ogq%}m gtcc)orpmggd ! ,sgﬁlfgﬁat increase in the intake of n-3 fatty
acids (Kris-Eherton et al, Fish Consumption, Fish Oil, Omega-3 Fatty Acids, and

Cardiovascular Disease. Circulation 2002, 2747-2757).

Sources of PUFAs and, in particular, n-3 fatty acids are especially marine coldwater fish and
the oils extracted therefrom, but also marine microorganisms, which, compared to fish, have the
advantage that they can be used for producing PUFAs under cost effective and controlled
conditions. Fermentative production does not pose any contamination risk, as is often described
for fish or the fish oils extracted therefrom (Olsen SF. Int J Epidemiol. 2001: 1279-80). In
addition, the composition of the extracted oils can be can be positively influenced by selecting
the organism and the culture conditions and is not subjected to seasonal variations, as described
for fish and fish products as well (Gamez-Meza et al. Lipids 1999:639-42).
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the oils extracted therefro but al so marine

m cr oor gani sns, which, conpared to fish, have the 25

advant age that they can be used for produci ng PUFAs

under cost effective and controlled conditions.

Ferment ati ve producti on does not pose any

contam nation risk, as is often described for fish or
Microoigenifins [sutitile fexprodeding nthBUEAr armf()ﬂds dor Sfamplaitinbacteria of the

genus TRHEE 61 R W Laterabides noilieelieRD e there pardcularly

the gcﬁfﬁ§'€i SlodlMlm e Bg@d adYC S8hMELL | 19 ambhg 1Rk gﬁt?érﬁéﬂo%ﬂgs such as
he culture conditions and is not subjeécted t

ngu@ebwnal ovaar i(Hpssomgstias Phaeuminsed P@Qumdnryﬁus,s hPtaguococcus and
fi,.sh.pr0 ct as we

ol RGTESBESE il anpis DT e e PopicBof By PR betong 10

the Stkdmdnopﬁeﬁwztaﬁynmzﬂmw&@nuﬁ Fartsddildrafdl thef @Irdepm%gw&gymazes
n-3 PUFA are found, for exanple, in bacteria of the

(Thragehygiigedr ia9d( dheje : agaipy 1§ rariqulas) or therogenerhelaponochytrium,

Schzzog}éyﬁgt%haﬁgibdtu%}gg@dﬂzafnngBnyrlng% Lay}%{tﬁ%@%{ﬁ& fplil%rigaor | «?f{j’rﬁt ns, Ulkema

Inirum su
Stramenopi | es, such as Pi ngui ophyceae, e.qg.
It is knr@hastbairsasteiof theRhee mmod aﬁcroﬁ’igagisms chn ysusd for industrial production of

sy e SR BRI S e REs SE Lo i

patentagbmgoh WONR)74H8 ATENQRSIeE the(R6dueBBY b PURMKL A8ME St Shisms of the
in particular to the order Thraustochytriales,

genery Suttizoghyteinn and Geraysiaglyiiver WQAG4I1491 P“l\lpélﬁttlpmlthfr pradoction of

PUFA%.I'{]%H%(?&? %cgipzﬁ?{z]%g Eﬁ'ﬁtﬁr a%S/EQ%@jo %ﬁyt I OCé)gresponding European

patent%ﬁbl&@@@h)ﬂﬁ(ﬂ 823 ﬁVBTjALlﬂdéﬁdﬂb@s thel prodifetis R OMPUIFARtusERRicRforganisms
e nentioned m croorgani sns can be used for

of thej gemust Stigkodhygirst whie ohe mterrétagphaa;ticms VéRd98/03671 discloses the
produ @Corwgé &%@&9&8 %ﬁs ?}SFt %%Hu dﬁ ?Habed

ein rnalona application WO
91/ 07498 AI di scl oses the productl on of PUFAs using
The najurghhdbstatoliohe dessribgémécraorgamisme ad tor patieudarcf Labyrinthulomycota is

.Thr au hytriu 91/11918.Al discloses. the .. -
a marify BB ARG pshEPe i eyt S AB Gt i salgpmiaiming
media 9\511(88 Jo8th8lpusitde bide prIsé R IPRALAIhEIH QPARAL ofdh Rter is defined as
lication EP 0 823 475 Al describes the production

32-35 (gf ;a[ypl:Achglgqn;ﬁg)f P0G ot easndiyns ang qhtlortdt;eng‘q:@lsmedla for cultivating
marin S@'ﬁ%{égr.c}g?x& chglé \ggS“]J haus[bchﬁahstn ;ﬁc%o@c%j._z W f{j‘\%/\gﬁ%ed on sea water

(e.g. AMICE Q@ﬂhgﬁmrﬁf‘ﬁ)e@ulmffecglﬁm&nwmlyﬁmedlum [yeast extract 1.0 g, peptone
1.0 g, D+ glucose 5.0 g, sea water 1 L] ]). It is, however, also known that microorganisms of the
order Thraustochytriales can survive in a culture medium with very low salinity. However,
below a limit of 7.5 - 15 g salt/L, corresponding to a salinity of 7.5 - 15 %o, its growth is
described as being only very low and without intermediate maximum levels in the low salinity
range. Optimal growth rates are only achieved above the abovementioned salinity limit (Fan et

al. Botanica Marina 45, 2002, pp. 50-57).

A frequently occurring problem of fermentative processes is presented by strong pH variations
in the course of the cultivation as a result of the appearance of metabolic products and/or the
consumption of individual media components. This applies in particular to salt rich media for

fermentation of marine microorganisms. For this reason, such fermentations often require
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The natural habitat of the described m croorgani sns

and in particular of Labyrinthul onycota is a narine

habitat. Consequently, these m croorgani sns are

usually cultivated in salt-containing nedia, where,

for the purpose of the present invention, the salt

content of sea water is defined as 20 32-35 g/L and a
pH-regudatingmeats. 801g5cass of lasgelseal famientations, deweTsrppHatontrol leads to

narine mcroor

substaffe ok Bhal e o et SPBD e e Grareie B Ba R o5 as and buses,

which\68ildlothdr®i@ -beAtEdelcAMRIE FRTheTMRRdGhddfife Ethp&fehisOMoreover, the
790 By+ nedium [yeast extract 1.0 g, peptone 1.0 g,

t1trat1qg+f0g|rgg;dgtg15tl@ R;}-I vehig mpgtde techricdlly. cqntrollgd Insemuegtion with the
n.croo de
fermel%aﬁ ausF m om c%tgntrogu:gvaﬁl\lr}gg CHU%XJ on % lﬁ) d’urcngaﬁl &Fﬁﬂe pH value

controWed buM@ﬂt}/oﬂ mmthsaé argiuked inthyvenderof tikbarbel ow a limt of
7.5 - 15 g salt/L, corresponding to a salinity of 7.5

- 15 %, i is d bed as b Iy
PH vilg, sitiols SRt Phflet SestP coleRTie s BuRrs n telletliging has
dlsadvﬁﬁﬂagéﬁ hywevaNDifbs, RRHUITEY ca ngﬁéWJf fo%féfm;ﬁé en@lrsl HEPE(S and MOPS is

achreved above the abovementioned salinity |imt
insuffigtent & theEpjﬂ amigeareytirddntor ﬂ]F&@ﬂmenmpon Hechiny of sheir pK values of

e 8P SRR IR DN oL R e B oEs Sienty

reactivef hhﬁr}c whtihe/ bt Oéhnaﬁctﬁ'er)e%ﬂet p&f ihhe vﬁﬁ@@a&a'ﬁf(ﬂo@&al reactions.
Pa boli ¢ products and/ or consunpti on of

Phosphaie byffen, a buffercthat ie @h@@ﬁ@‘l’ﬁ@y U'Wﬂ Sasihpchargctenstic of precipitating out
of solﬁ)t%nt lnc H]leagrege?lcg %k tdl\”a'le(fll? ﬁgl%ﬂsaand 1S fuItEé’rn; Bgc? }%h(g)lcc %r fermentative

ason,

procesfsesr mqntratg omom;ﬁmﬁﬁg pﬁqsphme &ceu@b& b@@ark alfret gt ﬁiﬁ&db&ie dhé to their
the case of | arge scal e fermentati ons, however

narrov BRfferéng 1apge and ecag%fb%fttaﬁtfacarhaa&mytar%m&tabebéqudurmsrtbe course of
the fe%g"tag aoﬂnillor‘égﬂetralhgx%u egﬁzﬁ vre%‘ﬂﬁef g@g rarggge Semzéel?e‘;tause of high

ses ic therw s e use
costs.for the infeed of additive conponents. Moreover, the
titration for regulating the pH val ue nust be
.echni.cal l ntrolled., |n. conn wth the 5 . .
tnthe igF IR A6 of B s byrr harbiobtates St ik iopaprovide a
novel,0§imdleP hadl ¥esriodic SRivLind HndtRbdiFor ARFLE GhicRfbrganisms. Considerable
cultivation nmethods are used in the state of the art.

simplifjeatien af éhecrgresss Fortr shrptd Beachétved histebimArarhispmibsing cost effective,
the meﬁHS& SR, aﬁlef‘tﬁé h gﬁty % @ W&ot b ?%@rﬁtﬁgﬁé

owever . capacity or exanpl e,
~ TRIS, HEPES ar]d' MOPS is i nsuffl CI ent in the pH range
This and fuitherdndtexpReiRp deeerinedttaskisowhivboans bowéverhles deriiea or deduced

withoﬁ/ta(iifh%%lt}g ffrom the relations discussed in the introduction, are achieved by the object

defined in the claims of the present invention.

An advantageous method for cultivating microorganisms of the order Thraustochytriales is
provided by the method defined in claim 1. This method comprises cultivating in a medium, the
pH value of which is stabilized exclusively by means of CaCOs3, comprising a CaCOs; content of
3-15 g/L and, if applicable, the following isolation of the PUFAs from the microorganisms

and/or the culture medium.
The invention further comprises a method for producing high purity PUFAs.

Preferred PUFAs are, according to the invention, DHA, DPA and EPA.
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10 nore than 7. In addition4 TRIS is a bad buffer in

pH ranges of less than 7.5, "a potentially reactive

primary ami ne and can actively take part in a variety

of bi ol ogical reactions. Phosphate buffer, a buffer

that is also frequently used, has the characteristic

of precipitating out of solution in the presence of
Particulariygltieniniceadrigamismandtivaed by hivans éf thadb®leaieadofical method present a

fermentative cesses requiring or consumn
produqtigB <y tagere. th hate &0 ZocPTBlsT LY S04 ol Y PPABFE BTHCYgly preferably

more tpg}ﬂg%lﬁ ?I?]gr%gfbﬁﬁaggl ng range and because of the

act that are t'abol i zed during the course of

Partlcuéatl]r& élﬁ;s mgc? Be@ré%egms Mﬁ[lg& & Bg neahy ?talhg %@&%C osﬁ e%{&&%gd present a

conom c use o

produdtlloghif nifre tha 1s%aprf@ibly htoratian 2 %, Wﬁﬁvdrh phigicordy pheferably more
obj ect of the present invention to provide a novel,

than 3 & Py BE®HSH ¢ cul tivating nethod for marine
m croorgani snms. Considerable 20 sinplification of the

The Ppifdseean bormbianediobigh pislhend ousty BErieppting\thy tl’l{]ﬁ/iﬁ'rfrom the
mwrocﬁ?éﬂgn?@ﬁ%m%%siéﬁ% g BE TR QRO R VR ane

P DS B R B L s e

biomaés'i@ 'ﬁ}dvh&‘edrlﬁj @k oS afbSmbmog dcédidinb ® tHRtikRGkehi on, are
achieved by the object defined in the clains of the

This b%nl?%%g U b@Yl?le fnoeﬁl m??% rﬁ%lea\g fﬁnilﬁgﬁﬂeﬂaﬁﬂlg REbrhAS can be used, for

Ivating m croorgani sns O
exammemadﬂeﬂ(fohy(ddya:Iicﬁnass; dirpetbwastfedddyyff bhenimed feed. def i ned
in claiml. This nmethod conprises cultivating in a

In addiash, yifa 1Iivhﬁft101pirls®/ abmprisds amhoit hyp'e$ \A&li(ﬂlbis|dblaﬁﬁied by carrylng out the
excl usjively @ﬁ( means of CaC03 npri si ng

cultivagionrasthodcco o ghq inyeyion;and h;zs gﬁOIaélasﬁ@d Otlﬁaonﬂ Hle%wq%jgamsms
[ f the PUFAs fromthe m croorgani sns and/or
amﬂmw%ﬁh It?ﬁr@'nedlun1 30 The invention further conprises

d.f d t Prefe
tn parflgli 008 i oA SR Mo P B BiegerdaRaRiifons. can be
advanfaBAust usBa féd ihaarduysitiéhe nmi croorgani sms cul tivated by
nmeans of the abovenentioned nethod present a

UnderPiRdE&Adi@ehsO hcd®Pdifg t damel tnviénti®d, eftRr atdér¥orFRhBms hﬁh@rel)‘? show a
% and very particularly preferably nore than 18
produgitan qfamord thanbibyife 9il, preferably of more than 35 wt% oil per unit of weight of

dry biomass.

According to the invention, oil is understood to be a proportion of at least 70 % neutral lipids
and at least 2 % phospholipids, which corresponds to the normal fatty acid spectrum of
Thraustochytriales known to the person skilled in the art. The neutral lipids thereby consist of
at least 80 % triglycerides and other compounds such as diacylglycerides, sterols, etc.
Furthermore, the triglyceride weight fraction comprises about 95 % fatty acids and 5 %

glycerin.

The possibility of fermenting a marine microorganism for producing PUFA without extreme
pH value regulation, in particular under conditions enabling fast growth at high glucose
consumption, was totally surprising. It is precisely under such conditions where in the

fermentation of marine microorganisms the lack of suitable pH control very quickly leads to
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Particularly, the nicroorgagisns cul tivated by neans

of the abovenenti oned nethod present a 5 production

of nore than 1 % preferably nore than 2 % and very

particularly preferably nore than 3 % DPA per dry

bi omass. The PUFAs can be obtained in high yield and

purity by isolating the PUFAs fromthe m croorgani sns
mediufrbacdigisstiorg redridr resullts inr & cessdionnoff grbwtw{segetdneple 1 and Wen, Z.-Y.

cul t.i ion. Furthermgre, t t invention
and Cl?:%\’r‘gr’?égéé’o@‘)%ﬁ%fﬁ% gﬁ"?ﬂ‘FSﬂEﬁlzﬁée@gg mass, where the
10 bionmass is provided by the cultivation nethod
The maRardicadidgorot the inveyaon s@prisihBlySgdi BRsHotaihe REd1IBADT other pH
in all inmaginable ways. |n particular, this bionmass
value gahligiag reass- A@prdlwé>ﬁb¢ @veRfians pEyatusisiabilirine meatrerse ynderstood
to be WHth Rt Mﬁit?o%l (gtoa%ﬂis&%afse ?lroniamd‘i@(}n {aﬁl?sdregl\;\ﬁte%qg!d'éﬁ)e()n%bnéeh()en the pH
Invention also conprises an Oi ype, Irchi's

value eddbdishaiddaingahe elivdgarilthe Ldeeof ba bkt dyéRhisan theRh&dia itself, although
accaording tao the invention and by isglating said oi
no ecqnoghralhyecxplifably giivainn methodsagiog brliet s Mol #s, fos example,

TRIS Qx%ﬂdsﬁﬁﬁtc??uff&fﬂgékﬁ&wﬁfb @k lindeYiRgs Whi ch, apart from nmany

other preferred applications, can be advantageously
used for human nutrition. Under the conditions
Accordingdp dhenigvensionh €a "Rl énthie sasentinlemenns foopld anius rstabilivatienyEven so,
st O 3 o RE J1Y5L <GP RGG EEPIP GBS e oRSHE) BB cori
condithin@NSisch. adBR A id imuded ih iR in0MBII] Mlonlak CaEOUYREBEIRE ARG ssential
to be a proportion of at least 70 % neutral |ipids
meansgfQy B stpkilizatiop. b fexpmele PiedRt vakie diopsdral @ powpdeificdarget value
: : t Cl of h tochviria .
duing SRDRA N BELGARARIO IR o TOPHELAERAF LA en i
target bilpé dan bdenmpoyaritpadjusted bf adding heid ok b&R, Hithoutghiy additide Heing the

and ot her conpounds such as diacyl gl yce ri des,
“$m“§?EW6F%§"Q?EQR%BWE%?F%%rnDre, the triglyceride weight
fraction conprises about 95 %fatty acids and 5 %

The t&HM¥CEM i vhluel RuR@Rai &id pHYvAhe fcBAHEINGI PH Rall®TstdbRlization are used
m croorgani smfor produci ng PUFA without extrenme pH

synonyigpysdy Helg@izienan. i n particul ar under conditions
enabling fast growmh at high glucose consunption, was

Essentiflin@dahy r&hidiRg C3C0Q. wllle{? the vRIuE OF B! HrREE! inSHE BH values which can
conditions where in the

be measured with or without acid addition - with CaCOj; addition according to the invention in

each case - is smaller or equal to 1, preferably smaller or equal to 0.75, particularly preferably

smaller or equal to 0.5, very particularly preferably smaller or equal to 0.2, and most

particularly preferably smaller or equal to 0.1. Such addition of acids and/or bases is understood

to be a minor addition of acids and/or bases according to the invention, which is included in the

invention.
Preferred are cultivation systems not requiring the use of any acid and/or base addition.

In addition, many alternative buffer systems are uneconomical due to higher costs compared to

the use of calcium carbonate.

The high efficacy of calcium carbonate as buffer for cultivating microorganisms of the order
Thraustochytriales is surprising, since the carbon dioxide formed only has limited solubility in

water, which leads to a decreasing buffer capacity during fermentation.
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30 fernentation of marine m.croorgani sns the |ack of

sui table pH control very quickly leads to 5 nedium

acidification, which results in a cessation of growth

(see exanple | and Wen, Z.-Y. and Chen, F., 2003,

Bi ot echnol ogy Advances 21, 273-294). The net hod

according to the invention surprisingly gets by
Surprisﬁlgllyond)t ctﬂhyetlacfdimérmti(mfumbhhc ccphplemglu@sst:arhﬁuhipzﬂon gvas possible,

. means. to the. n, .pH val.ue .. :
but, inggiion 51 g BensoSicion AR g B B SR Gentmiacreased when
using Richiciiin AariSrlatt QabiiRe® Iﬁécﬁﬁ@naﬁj&’ol@dlﬁﬁ th 2K Sink &4/ more
i n dependence on the pH val ue established during the
surprising isuhas thergluedse utiization ahdifréleted$y thasithe RUF A lpeodwetidmimaccelerated,

al t.hou onom cal ly expl oitabl e
therebguffa?fl\%f)lagﬁn%%ﬁga 31 egylgl??fer systens such as, for
exanple, TRI'S or phosphate buffer are known to the
Until iha\peeseor Bivedtdmn mdikmg“mcfetmmt:hmmepsmb@s waSaiiBatils férgoducing n-3
essential neans fo e abilization. Even so
faty a5 G0 R R OlhE S W@ b Ty R @Hppiebilized
with c‘éﬁhﬂﬁ cHRYnR8, ﬂfﬁ&%ﬁ? Q¥ IEHQs(i'lﬁE t& %ﬁ%@hs@ wﬁﬁ"?ﬁjﬂtﬂérgﬁ?valg’b'%thblhzlng
dition is included In the invention, as as
meanSCa(I)S remai ns the essential neans for pH
st abi lization. for exanple, the pH value drops

PUFAg \éunggturaﬁgd 1%8%%%% %zé?/)ia%?lilfs avg?ﬁj lﬂz&g Eeugéhl ;/(?llgi coorr]nprising at least
two dmtﬂé (b@hmeSH%S wihiéncdmhbs prdcﬁlb&eifoll(ﬁd'mg tB@feddd according to the
tenporarily adjust edﬁ% addi ng aci d or base, w thout

preseni HIVENLQMRTE 1B patbisilagni3rfatty 1@d%§1§b9r6|faqty Addhs for pH
val ue regul ation. The ternms pH val ue regul ati on and pH

In the %é&ﬁs@%f@ﬁ@bk@ént%vdﬁﬂoﬂ al-9atsy 80 (ohddgh BNfadl AckS 83 fatty acids) are
synonynously in the inventioon. ESsential means remai'ns

unders@@g be whbiynsaterated|long-eifain fagy drids sribraghaindengie >§ﬂQ comprising at

least twg 8:'1{611806%01%6 Eﬂ&&\%@?ﬂg@éf fs?gﬂl\ma% E%I?%Fr?an? gut{:f@ ¢tween the carbon

atoms ICB/&H CPBtattihg 126 CRE MKGPSRI, Ackérd |f8fn-@rfa@flﬂéihs tHe first double
preferably smaller or equal to 0.75, partic

bond lpﬂ@@ﬁd@t\yﬁe@ﬁh«t Faspomatopg A artdoC?)stsrtm\gefm;n ﬁaratlksd@mér ly

preferably smaller or equal to 0.2, and nost
Micro@ﬁ%ﬁﬁﬂsﬁﬁ'&ﬁéd@n@ &f &fea mhé %bgﬁmﬁ%ﬁ{ cb@ Qre &ms@l&‘l‘éa for the

diti on of "aci san/o bases | under tood
produgomorofadifAsnfodiowdrng dihe amkthed bacserling ctor duhng ptftsellthenventlon

Mlcroorr!g\a/lg }nl %lf-]theV\(%hrEierrTh'rc‘?usltonc(f‘zy}iI Fl‘es (5‘? ratulgtechytlrz?()/eapgre préferred (Lewis, T.E.,
Nichols, P.D., McMeekin, T.A., The Biotechnological Potential of Thraustochytrids, Marine
Biotechnology, 1999, S. 580-587 and Porter, D. Phylum Labyrinthulomycota in Handbook of

protoctista: the structure, cultivation, habitats, and life histories of the eukaryotic
microorganisms and their descendants exclusive of animals, plants, and fungi: a guide to the
algae, ciliates, foraminifera, sprorozoa, water molds, and other protoctists. Editors: Margulis, L,
Corliss, J.O., Melkonian, M. and Chapman, D.J., editorial coordinator, McKhann, H.I., Jones
and Bartlett Publishers, ISBN 0-86720-052-9 1990, S. 388-398). Particularly preferred are
microorganisms of the genera Japonochytrium, Schizochytrium, Thraustochytrium Althornia,
Labyrinthuloides, Aplanochytrium and Ulkenia. Of these, Schizochytrium, Thraustochytrium
und Ulkenia are very particularly preferred. Particularly preferred are: Japonochytrium sp.

ATCC 28207, Thraustochytrium aureum (particularly ATCC 28211 and ATCC 34304),
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25 Preferred are cultivatiog systens not requiring the

use of any acid and/or base’'addition. In addition,

many al ternative buffer systens are uneconom cal due

to higher costs conpared to the use of cal cium

carbonate. The high efficacy of cal cium carbonate as

buffer for cultivating mcroorganisns of the order
Thraustbelposim ohydiwn ATEXC 282 KT prausionkyrisinnpe ATEC Ca8B@MATCC 20891,

ATCCHBER SR TR TSR S aubinaier gt M 2acSbochyirium .

ATCCHUR8R Al A TENDLBEIL BehBochpiiph SRRD U Mwel DR URRh¥ pNSAM 2179 and
fermentation up to the conplete gl ucose consunption

SAM ). possi ble, but, in addition to that, the
proportion of PUFA in the biomass significantly
] . . [ t he .cl ym carbonat e s ilized
Microb I SRS SEME R LT GRU WHEHNNA 5 bR A ket

and metdhferand isi@ink Seiiviall théleerogl 46008 BadietdrnBiakhtQfraBRGS the corresponding
related to that, the PUFA production is accelerated, 5

organigifer ERfy PressRfi HyCRUPNapsPEeial k £8BpTissiagislanisnar yacepypinant strains for
increaHH%itﬂesﬁrgﬁud%ﬁ%?ﬁ}'bl:i vention, no known fernentation
proce

S was avail abl'e for producing n-3 fatty acids
in mcroorgani snms of the order Thraustochytriales o
The miggporganisme agagndipgitosthe prasenténveniipn hrecall tiviateach hyanoovating a liquid or

. e if. i bl.e, to dispense with further pH
a SOhdvvma%ﬁgmls lé%?%fé;clgﬁ%le O_rt;glg“ﬁ% ?rgfag%FA_s are pol yunsat ur at ed
Cott, SRR e b B 5 B0 S Bl el know
to the REsdt RAWGEH tfeQlrl. FYhiaI ¢, BEt ﬁfﬁ%?&%i@&?ﬂ?%bﬁlﬂn& B Jan?eéisout by means

present invention are 1'n particular’'n atty aci
of aquens fern@ ntatomyin acbrtespohding lcentaimas Examptadsdoptypiselndtontainers for such

vpeof BYSENAEP A6 RS BB P b Bl St e

tank rk£UgtsY BRibabbIBt dfurdkd. dBhkhifur i§ hﬁbi@aligeﬁz‘&ﬁ@d el 4t temperatures of
conprising at 15 |least two or nore doubl e bonds,

betwe%gﬁ% Z?Q

£ A3 preferablyl betwennd20°€ andrdY’ Ct pardigulpdy weaferablyebetween
o r t rting fyemt kyl . end..
257C GRS, ALROBu RS RS O 0 ) it s 26

0.5°Cbond is | ocated between the carbon atons C6 and C7
starting fromthe al kyl end. M croorgani sns bel ongi ng

In a préfeirb@® c@ibRdimétt dfBe Lpbhi RVBHOMYIROtAcRRE c4B084t8 R0BEnt of the
for the production of PUFAs foll ow ng the nethod

pH-stahlizgd aadipime gomr¢spoptsde @rvelue my thatrangs.of 3 g/L to 15 g/L, preferably of 4 g/L.
to 12 g/L and particularly preferably of 5 g/L to 10 g/L. Very particularly preferred is a calcium

carbonate content of 7.5 = 0.5 g/L.

The pH-stabilized medium further preferably comprises one or more carbon sources, as well as
one or more nitrogen sources. Substances usable as carbon and nitrogen sources for cultivating

microorganisms of the order Thraustochytriales are well known to the person skilled in the art.

Usable carbon sources are for example carbohydrates such as glucose, fructose, xylose, sucrose,
maltose, soluble starch, fucose, glucosamine, dextran, glutamic acid, molasses, glycerin or

mannitol or also fats and oils or vegetable hydrolysates.

Usable natural nitrogen sources are, for example, peptone, yeast extract, malt extract, meat

extract, casamino acids, corn steep liquor or soy beans, usable organic nitrogen sources are, for
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20 M croorgani sns of the orger Thraustochytri al es
(Thraustchytriidea) are preferred (Lewis, T.E.,
Ni chols, P.D., McMeekin, T.A., The Biotechnol ogi cal
Potential of Thraustochytrids, Marine Biotechnol ogy,
1999, S. 580-587 and Porter, D. Phylum
Labyri nt hul onycota i n Handbook of protoctista: the
exampdd, r glatauraés andi|ureas st calso fadvgdmd siitraped doutees hdush adasi dsr example,
of the eukanéotic ni cr oor gani sns and. t he

aMMOBWEL ¢ {Hn ENTBQUPRSTXIEOgSH <3 OH‘&tles?mB‘PBWFk,Su‘g‘n‘FdO‘f ¥Rgoniug nitrate
can beQidbSs AitokiPsArceal gae, ciliates, foramnifera,

sprorozoa, water nolds, and other protoctists.

Editors: Margulis, L, Corliss, J.O, Mlkonian, M
In addifiq totvajsinn cabopate, e ipHostrbilizeshmedimagaprconigkpih ather components

oo HORE3H PR, BV P NGafon R pypsnsms of e rer

Thrausxp&yetidles] irparticileCinoagRBuBNSE, ffr ekiBple0LMg, K, Fe, Ni, Co, Cu, Mn,
Japonochytrium Schi zochytrium Thraustochytrium )
Mo or £ny khpsnligtes suefasriotaspiynoiisseegenabpeatengt ¢hlerigessuch as magnesium

chlori(g, gﬁﬁlt sugl al l{i‘lﬁﬁl%ﬂill%? g‘lhfa‘?cc, Iﬁﬁg‘hk#ﬁ% JH@@H?&P&J&%EJ (;rlémii%% sulfate
un enla are very particulfarly preferred.
may bPamdnition¢dhad gxaorpdése Fugberarseble Jaqrgadc 8yits areynfios pxamplEalogenides,

28207, . Thraustochytri um aureum rticularly ATCC .
such S gPPsiufl DRFE PRI JCAntast SISt Hsales sty e sodium
hydrog®Zchthohfeaust ochytri um sp. ATCC 20890, ATCC 20891,

TCC 20892 and ATCC 26185, Schi zochytrium aggregatum

ATCC 28209, Schjzochytrium sp. ATCC 20888 and ATCC

Wherep giggigablec Hiez mefint ceincgmpnise additiendl raacre) Remtierogpiricsa)such as
.2 . SAM.: of: [ suitahl e for .the

aminoy gl Fiine SPURERe, Q' SEeD TR PR R s s (ovater

solubl¢ endysr wated isulubl) Sndoches irfedlanne@ink e & ellN@oeinrto Mhé@person skilled

) wel | as reconbi nant strains_of the correspondi ng i
in the gitgARfIARMIngIAEepis €aR RE 2fdRfe it ReSESSapd&F Medjune G FPRaia complex

compdnéﬁg%‘f%egﬁerﬁ%g%%m t strains for increasing the

production o he mi croorgani sms according to
the present invention are cultivated by inoculating a
The amouypis of the indigdenl sempenangsdtan ey, ahloag py derel is ne segative effect on the

growt]lringrsprsrgd@crtg/ﬂn io’? [Ese'r?igijc{,?tégua%?sgges?%%b&goe DSkl eidtirall *PH ear{ c%%regsily determine

organrsns O austochytriales a

the coit@bsitiksin@oveack dndividufl@asoicekiind ®dhé RFequitemaiits .of the microorganism.
Typi cally, but not exclusively, the culture is carried
Gener@lﬁ(, tbfg,c QR SOULSE l%ag@uao{ & eQneertraiiongyf ymtog300 g/L and the nitrogen

sourceC @ E%HQélﬁiapen Gt ﬁb ey g/LDﬁE‘El’a%?y,me Ji%@ée‘ﬁal:ontent is adjusted in

contal ners tor suc
dependence of the carbon content of the medium.

A particularly preferred pH value stabilized medium comprises glucose, yeast extract, corn
steep liquor (CSL), magnesium chloride, calcium carbonate, calcium chloride, sodium sulfate

and potassium phosphate.

The pH value of the medium is set prior to the start of the fermentation to a range of 3 to 10,
preferably 4 to 8, particularly preferably 5 to 7 and very particularly preferably to about 6 by

adding a corresponding acid or base.

The medium is subsequently sterilized. Techniques for sterilizing media are well known to the

person skilled in the art, autoclaving and sterile filtration may be mentioned as examples.
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type of fernentation conpri§e shaki ng fl asks or
bi oreactors, such as for exanple STRs (stirred 15 tank
reactors) or bubble colums. The culture is typically
carried out at tenperatures of between 10'C and 40' C,
preferably between 20'C and 35'C, particularly
preferably between 25" C und 30'C, nore particularly
Cultivptied ezmtaky phet weehwise, @ afic-B8tiCnexdd or mopdmuouslyl as itds generally
28 . 0.50C. . . preferred enbodi nent of the present
kmowqHN%%P?%HP?HBC€53%FBH1carbonate content of the 20
pl-1-stabilized nedium corresponds to a value in the
Batch bafidebaddh dilgWdiioh@sddilyghkes priceloeedperiodlof 4 t@/ L days) pleferably 2-10
g/L and particularly preferably of 5 g/L to 10 g/E.
days, Rastigulprhy predeinly|3y9 @a¥st erred is a cal cium carbonate
content of 7.5 0.5 g/L. The pHstabilized nedi um
The meHfal ddTpoREMS BARBE ¥dd8TR teSRSdiRREN SN idTRIE oF & PRfxture, a previously
sources, as well as one or nore nitrogen sources.
preparsd insix axie being sidfol possiblec Ahb somannents, tin pgrticulao thecasbdmoand nitrogen

[ tivat.i.n 5 m gt.o0rganis of t.he order. -
sourceff} i EGR Tor S TR 8P b2 dgith ot oh Blsingofhe cultivation. The
additiGktdn RGepshtddGhcalok seidsA IR s GRERP NS AME pRZe 36 MifdUsly.

exanpl e carbohydrates such as gl ucose, fructose,

xyl osg, sucrose, nmaltose, soluble starch, fucose,
a

The pipdncsd aRP8, atregenedally qivatlahis dnafaren ofoteadrgbdats, for example as
: [WE8ldn I t)igor o, fatg,an ' or - .
Uwcﬂ%@éetgsfeqﬁyd oqgsaﬁtgs Eg% Igghat%?a?xﬁ?éébgéﬁoqﬂm“dﬂCMﬂ"w’
phospbaidybelsanataminé or pleosphqildylinpsol.one, yeast extract, malt

extract, neat 30 extract, casam no acids, corn steep

For thLleir g#lrg%g%e?{)g%ﬁ% Qg%gﬂ:@%ﬁﬁ%gﬁ%? ré&%ﬁaf;g?étafng%ﬁ?ttg%ﬁgc 6F n-3 active

substah &l g@0hderfobd QUBNals BUSsARS fGrH3Mn &shic Mk BXBEHINing fatty acids can
. ammoni um acet ate, ammoni um hydrogen carbonate,

exist, henASATeginiYIpeids. &Si6Fs. Higlpieridad mhosnholipids an other deréptiygs. All these

LI oge ol =T I cp-To e I | gi.u r.bo

sl BSRS89 e RO TEE sk S mousy

Furthedmbregwhe tRUFAe qaer soroskdriedesnd mohdeatratet Hy0 ndeisk Séf thenical or
. cultivation_of mc¢roorgani snms of the order .

biocatglyhig (rapsseiiFatiane Lor examplerwitl thedieln ofugable enzumesqlipases), before

or aftel Mol RICATRIS theC@iM. K. Fe, Ni, Co, Cu, M, M or Zn.
Phosphat es such as potassi um hydrogen phosphate, or

.chlorides such as magnesium chloride, sulfates such
The isglatigh bRV bk Siont Bedermemipdanicioprganismg ¢ m¢divm agd (theaanalysis of the

fatty a@fd s?bgﬂirmssé‘alrfi@c} &ut using common procedures known to the person skilled in the
art (Wanasundara, U.N., Wanasundara, J., Shahidi, F., Omega-3 fatty acid concentrates: a
review of production technologies, Seafoods — Quality, Technology and Nutraceutical

Applications, 2002, S. 157-174).

The pH-stabilized fermentation medium forming the basis for the method according to the
invention is described hereinafter by way of some examples. The fermentation medium as well

as the invention is, however, not limited to these examples.

Example 1: Fermentation of Ulkenia sp. SAM 2179 strain for the production of PUFA in

different culture media pH-stabilized exclusively by different quantities of CaCOs.
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may be nentioned as exanpleg Furt her usabl e inorganic
salts are, for exanple, hal %enides, 10 such as

pot assi um brom de or potassiumiodi de and al so ot her
carbonat es such as sodi um hydrogen carbonate. \Were
appl i cabl e, the nedium can conprise additional macro-
or mcronutrients, such as amno acids, purine,
pyrimdine, corn steep liquor, protein hydrol ysates,
vitam ns (water soluble and/or water insoluble) and

ke % SRR SIHT, b BBESRE penmeyes s
with addeéied, if necessary. The nedi um can contain conpl ex
conmponents or be chem cally defined. The amounts of
.the indjvidual conponents can vary, as long as there
Medig Ompositiodat i ve effect on the growth or productivity
of the m croorgani sms. The person skilled in the art

Ferme®@fiofdsddivimdet ermine the conposition for each
i ndi vi dual case according to the requirenents of the

m croorgani sm 20 Genglghly. the car%@g ource is

added at a concentration of up to 30 and the

nitrogen source at aC&r?ﬁ?e%ﬁtl@ﬁ{ni on ?ZS %{L%o 30 g/L.
tent i 1d] €S

Preferably, the nitrogen co isa ed in
dependence of the carg_ﬁg‘?ﬁontent Ofb}tgﬁzmsdi um A
particularly preferre tal ue sta ized nmedi um
conpri ses glucose, ye 525 extract, corn_ steep |iquor
(CSL), magnesi um chl off&)* cal ci um ca#bonat e, calcium
chloride, sodiumsulfate 25 and potassi um phosphate.
The pH val ue of the nMe&ClwbPHeOset prigl to the start
of the fernmentation to a range of 3 to 10, preferably
4 to 8, particularly a0y 5 t D.Fgdnd very
particularly preferably to about 6 by adding a
correspondi ng aci d or(N¥9£0,The nmedidugili s subsequently
sterilized. Techniques for sterilizing nmedia are well
CaCOk addiriont pert J{emL.3isker sefadskilll ed i n thgrart,
autoclaving and sterile filtration may be nentioned as
exanples. 9 Cultivatyesiveanat ake pllag/g bat chwi se, in
a fed-batch node or continuously, as it is generally
known to the person syglijugfli1 N the arty Batch or
fed-batch cultivation usually takes pface over a

period of 1 to 12 dayﬁbdﬁ;ne{ grably 25&/%

Medium 1.5 10 g/L

Set pH value to 6.0 with NaOH and autoclave
Culture conditions:

Temperature (°C): 28
Shaking rate ( rpm): 150

Cell harvest was carried out by centrifugation after 96 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carried out by means of 2 hour long heat treatment in 10 % methanolic
hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.



10

15

days, particularly preferab:% 3-9 days. 5 The nedia

conponents can be added to the nediumindividually or

as a mxture, a previously prepared m xture being

al so possible. The conponents, in particular the

carbon and nitrogen source(s) or specific nmedium

addi tions can be added prior to or during the

cultivation. The addition can be repeated once or

several tinmes or can al so take place continuously. The
Tabler deunceatfddpArandegianiepaldeyiceaomihe @blcain tarboidie obncentration

neutral fats, for exanple as 10 triacyl glycerides, or

pol ar | icaCOs |SuUGKicoss, |T @H €XPBNI| [©.DHA | DHA/DBM | DHA | DHA-STY
phosphgti dyl ¢hol i ne, sphat i dyl et hanol am ne |or

phosphit i dyl i| kesimgion l'—VSPethe pufr poee [of the prlesent

inventjon, the terns RUFA, [n-3 flatty dcid or n-|3
active| @bstanc®®) are under(s'tld)opd 0 pne alf) poslsigie| (g/lxd)
.fg!rnrg n—which the conrespd ndi ng atté_ar‘i ds can
Mediggilch [ @ &s f#3db 4t t$ 4c32de,| ¥berls, 337 0.76 0.19
-{r e+ ¥ er-i-des - nhnenhr! J, nids—ortotherlderi-vativies— Al
Medigppd2e ™ 5 Subst antes ar e2Sunmir? Zedn [t he*PbI | gwi lﬁﬁ 0.37
t oyt  anA + A mond oy ofl
L T AL (@8 BAV] <
Medpit 13, | ot

o |the PUEA] £
3

MedigH 12T rated by ggans o

. 0
esterifilcation, f

15219 Qtg progabatyt }8‘33 2.08

4;“ ﬁ’sg dé;@t e'd’ 2540 3.82 0.96
I
2é)arrp e vvlth the hélp |o

;
E5Y | PBhOI &5 501 af (383 T S[Ole@bT P 173
S

0
MedﬁHl'lISaD @NZYTES [{ b T PaSESY 1| 3
i sol ati on [of PUHAs from the

rom t he cul fure. The

_ eq_m f.oor gant ST "of Tedrum and Tie amat ysts

DBM: ‘Prﬁé?“)mziﬁ? PHADEM, 9% DEALdqcpsahprgeaoicagid) p gnipefveighy - g/Lxd Space-time
yield inc@omoper preogee day: 8TY Kepananime gietdn @ Hpetraqr) Stopbrli@cofiDHA lahe fatty acid
specirufd’ T (Wanasundara, U N, Wanasundara, J., Shahidi, F.,

Onega-3 fatty acid concentrat es: a review of

production technol ogi es, Seafoods - Quality,

Technol ogy and Nut raceuti cal Applications, 2002, S.

157-174). The pH-stabilized fernmentati on medi um
The fefrmpmahgn vh&/lkeagi sp. fSo*Mtihl@%etahf@dnaUa:tmjmn@lumlatheg s@fficient pH

n.is ri bed herej nafter
sabit gD lea i SPRRRURT G EEeL msdthgliy d%é‘ggt & course o the
fermemt@f\i@ﬂhh@ﬂ) h&csﬁﬁwﬁ\b@rgm\mht asl 4 RasuRbftzOsHd éﬁﬁﬁﬂ?@' 1% value (see
nmpl e 1. Fernentation of Ulkemagpw 179 strain
£le

medwfnol Tind. 3ok Gl greater apantiienof kaCels préferlead sun sabdizael of the pH
value @La &%ﬁﬁi?ﬂlth}ezﬁ%dﬁﬁﬁ llfﬁsﬁnvdei.g). kf%Yerg, afnflﬁ&@ﬂinéwgeb'g E&ﬁ%nﬁ’;tion also

leads to an increased glucose consumption during the culture. Because of the pH value
stabilization and the increased glucose consumption associated therewith, higher biomass
values are achieved and, as a result of that, also higher DHA space-time yields of about 2 g/L.xd

under the abovementioned conditions.
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U keni a sp. SAM 2179 strain s cultivated in 50 nL
mediumin 300 nL Erlenneyer flasks wth a baffle.
Medi a conposition: 5 Fernentation medi um d ucose 150
g/L Corn steep liquor 3.75 g/L KH2PO4 3 g/L Na2SO4
1 g/L 10 Mgd 2x6H20 | g/L Cad 2x2H20 0.3 g/L
(NH4)2SO4 5 g/ L CaCO03 addition per 50 nL fl ask:
Exampted2 uFernienatiphLof NEditignapl SAM 2}/7E Stlﬁﬁil fdzdheiprddudtién gf PUFA in

. dium1l.4.5 L. Medi.um 1.5 10 H val.u
aitrergi? 5 it FieepPamtrearsciaretity alfanlemlien oy w o
glucostaimpigimhure (' C): 28 Shaking rate ( rpm: 150 Cell
harvest was carried out by centrifugation after 96 h
of cultivation. The cells were subsequently freeze
dried and the dry bi omass determ ned. Cell digestion
Ulken@znéiI) S@H\II ¥ 189 kain G uBVAR IABOWRE. h@ifith G 3@99'?19Er1gﬁﬁ‘19§er flasks
hour |l ong heat treatnent in 10 % net hanolic 25
with arbﬁﬂimmhlomontpl@tmgﬁlcase @oisanpuoerder stirring). The esters
were analyzed in a gas chromatograph to determ ne the
. f d conposition. Table 1: Fernentation
Medlap%%{a{% ?’%h i n dependence on the cal cium carbonate
concentration
Fermentation medium:

Glucose 150 g/L.
Corn steep
liquor 3.75 g/L
KH,PO4 3g/L
Na,;SO4 1g/L
MgCl;x6H,;0 1g/L
CaCl;x2H,0 0.3 gL
(NH4),S04 Sg/L
CaCOs addition per 50 mL flask:  Medium 1.4 5g/L
Medium 1.5 10 g/L

Set pH value to 6.0 with NaOH and autoclave
Culture conditions:

Temperature (°C): 28
Shaking rate ( rpm): 150

Cell harvest was carried out by centrifugation after 144.5 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carried out by means of 2 hour long heat treatment in 10 % methanolic
hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.
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CaC03 d ucose pH DBM DHA DBM DHA DHA- STY
consunption value area (g/L) (g/L) (9/L) (%9 (% (g/L)
(g/Lxd) Medium11l.1 0 43.0 1.85 22.72 48.3 3.35 0.76
0.19 Medium 1.2 1 59.0 2.31 30.32 44.0 4.91 1.49 0.37
Medium 1.3 2 81.7 2.84 38.58 43.9 9.90 3.82 0.96
Medium 1.4 5 108.4 5.02 52.99 44.8 15.72 8.33 2.08
Medium 1.5 10 111.9 4.78 1 52.32 1 45.5 13.23 6.92
1.73 DBM Dry bi omass; DHA/ DBM w % DHA

Table Q¢ berasaneiongacinctacife) gineoselinhitateh wei ght DBM g/ Lxd
space-tine yield in grans per liter per day; STY:

space-|t caeoy | el GlicokdA |apra | (DM Hr opr t/i DAA®BMHADHA | DHA-STY
the fatty acid 5 spectrum| The flernmentjati on of |U kenj a
Sp. SAM 2179| cams@mition ealaat i on medraam|l acki ng

sufficlient pH stabilijzati on | eads toja sl owdown in
the gllucede condegbpti on duni@d the@oyrse(df t He®@Ll) (g/Lxd)

fermentationland to alcessationlof qrawth as alresul

Medigm 1¢ sharp drop POt he H yaBaé (s4é’3 10 mMBdPum (1129 | 214

3+ Only greater gquantities CaCO3 bhuffer lsad to

Medi;:l'.“g’is’abi | i%at { on 1010t hé bH \P§I6a_er i ng tRecult th

14 A 1 £ Lor o ReF aac nn f‘nm’l
T

A——d—tre———He e —ah—+HRerea
concentration also leads to an |ncreased glucose
consunption during the culture. Because of the pH

The fevmbutatios v&ilkénzatp.opAbhalthin 4 mmdmwffgtedcwhhs 5 g/L resp. 10 g/L

consunp tion SOCi gtedthee'th her

hi. )
CacOg IPREER & aaRR O CURY o I Ghdote iiREh pALPTPE Rugpe drop in the

pH valtieOTRE tHekthySithkeable HRomiise add 18 ppetion Hf QJHA%er iaﬁ)mass are, with
under the abovenentioned conditions. 12 Exanple 2:

about P&rafe gtlatbiemasst and Rei2a%s PHANNBM] Torrespoailimef ©r complete glucose

consurﬁ{)t?(?nu &tgilyﬂ'gg Oflgxg :f'&f‘rgetgateﬁyél{fg r(‘%gq;%ﬁlg}(tsega r]a?gf @Ith/L) leads to a larger

amourf] W Bidrhase SaltHouh GBpropbitiod of ¢kieaBSIEPUFAI DEAI Y3 bl&nass is slightly
U kenia s SAM 2179 strain was cultivated in 50

reducedgrtIAROmI0300 loyergraCedmisyaeh)- Hogewer thy PHAaSH?aHIW Yip/d obtained
therewhi® ERATR %I)ﬁroglrﬁ'ﬁg@qh&Wbbfﬂr&oncemratlons.

Example 3: Cultivation of Ulkenia sp. SAM 2179 strain for the production of PUFA under

optimized fermentation conditions.

Ulkenia sp. SAM 2179 strain was cultivated in 50 mL medium in 300 mL Erlenmeyer flasks
with a baffle up to complete glucose consumption. Optimization of the fermentation resulted
from a CaCO; concentration of 7.5 g/L and a modified preculture. For the preculture, instead of
using a stand culture in DH1 medium, a shake culture was used with the same medium (48h,

150 rpm and 28°C).
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Medi a conposition: Fernentation nedium @ ucose 150
g/L 10 Corn steep liquor 3.75 g/L KH2ZPO4 3 g/L
Na2SO4 | g/L Mgd 2x6H20 1 g/L 15 Cad 2x2H20 0.3 g/L
(NH4)2SO4 5 g/L CaC03 addition per 50 nL flask: Medium
1.4 5 g/L Mdiuml1l.5 10 g/L Set pH value to 6.0 wth
NaOH and aut ocl ave 20 Culture conditions: Tenperature
Q- 28  Shaking rate ( rpm: 150 Cell harvest was
Medla(gg&f)se@g%ut by centrifugation after 144.5 h of
cultivation. The cells were subsequently freeze dried
Preculamelmedamngr)Hbimedass det er mi ned. Cel | di gestion and
fatty acid 25 determ nation was carried out by neans
Glucosef m@ndindraté @yib):hs@R5treatnent in 10 % net hanolic
hydrochl oric acid at 601C (under stirring). The esters
Yeast waf®t @iB):yzed i12.8[Ddsojchromat ograph to deternm ne the
fatty acid conposition. 13 Table 2: Fermentation

TropidaAAes/e): af t e16.65 PoO Bedek Bl Wart&del3 dermeRpe pH
ropt DBM ‘I?)E% E)HA/ DBM DHK9 S f ﬂ)ﬂ

DHA- STY consunption val ue "area

pH valu®@4tdio 6 ®n (fAL) (%9 (9/L) (g/Lxd)

Fermentation medium:

Glucose 150 g/L
Corn steep
liquor 3.75 g/L
KH,PO, 3g/L
Na,SO4 1g/LL
MgCl,x6H,0 1g/L
CaCl,x2H,0 0,3 g/L
(NH4)2S04 5glL
CaCOj; addition per 50 mL flask:  Medium 1.6 7.5 g/L

Set pH value to 6.0 with NaOH and autoclave
Culture conditions:
Temperature (°C): 28

Shaking rate ( rpm): 150

The cell harvest was carried out by centrifugation after 99.75 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carried out by means of 2 hour long heat treatment in 10 % methanolic

hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.
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Medium 1.4 5 150.0 6.49 58. ?é 47.7 22.20 12.99 2.14
Medium 1.5 10 150.0 6.58 64.65 46.7 20.54 13.28 2.19
The fernmentation of U kenia sp. SAM 2179 in a nmedi um
buffered with 5 g/L resp. 10 g/L 5 CaC03,
respectively, enables cultivation up to glucose
[imtation without a strong drop in the pH value. The

Tablethdicghgntaicdri paraibttersaingienesinized binifermoagitiohs on of DHA
per biomass are, with about 58-64 g/L bi onass and

Tﬁﬁkmﬁ@éresmm1lnmwtonmmp HA/DBMCPI%IA | DHA-STY
very hi gh. is found that a highger
rcansumntu(nlovagieL) | eapsart0 | | ar ger | anount
| t hough tlhe prjoport|on of| essential PUFA
1ss ©4)sli|ght | y ed)r pdifeled| i n (el at | dgilx ¢ (g/Lxd)

03 (5 g/ L) Hawever the spacettinme

P

d ]tSHQre PHG ePefiins Hpbr pxi A%l y| dhe 3.54

soRcent s_'_g\‘arwﬂ e Cultivhtion

Bf“UI kehl avsio SAM 2179 strain for the production of
PUFA under 15 optim zed fernentation conditions.
UsingUbitemized Sprmedfdiop1dhditionaj nndaswhicht Ulkakiadsp. rSAM 2lL79 was first

cultvilE §5A8 D EGS0TBRH B1E0hiem b HE pBivemg Held could be
substaﬁﬁﬁlﬁ@%ﬁbb@@ td B LR 3.5 LAM A m%m‘t:soﬂﬁlﬁlgﬁf oMYy ﬂlfster growth,

/L and a nodified preculture. For ecul tur
Whereb)ﬁ slte%lulcqsﬁ llm)taugn m@s aeasherhial less|tharr OhnTRHbserod i UgrL @aCO; in the
medi u

ferme SRS skt V3 ST St S i ETor Sprioiitciftierion. The use of

7.5 g/edCOTresPhéd fregi tumes@tsttq@ﬁ@mmarzom/\%@ﬁ €0 6/ EACOPRsA®d in higher
Yeast extract (g/L): 12.5 [D|fcol 5 Troprc Marin

biomaggy vphues, 1ghibs 5| gl Caﬂep@raveamwp bagier Bxkbervgluese Amaopytjmal CaCOs
conce%ﬂl}}é)glsiy 1]2@%9&)800%‘0901\’“(}.@ l'ﬁIrCIgesthgsm rl]é aatrr{o%gt n?q)li(l)'ln%ss with highest
possible DHA content) was consequently suspected between 5 and 10 g/L. CaCOs. In addition
to the stabilization of the pH value, the use of the fermentation medium according to the
invention results in a surprisingly high DHA space-time yield of more than 3 g/Lxd at the time
of glucose limitation. Similar biomass values to those in example 2 were obtained in this case,

the proportion of DHA per dry biomass and the DHA quantities achieved were, however, larger
(more than 10 %).

Example 4: Fermentation of Ulkenia sp. SAM 2179 strain for the production of PUFA in

culture medium with and without pH stabilization by CaCOs.

Ulkenia sp. SAM 2179 strain was cultivated in a SL fermenter up to complete glucose

consumption.
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Corn steep 10 liquor 3.75
g/L Md2x6H20 1 g/L Cad
5 g/L CaC03 addition per 50 niL fl ask:

g/L Set pHvalue to 6.0 with NaOH and autocl ave
28 20 Shaki ng

Cul ture conditions:
rate (

Media chﬂli)'béltl
determ ned. Cel

rpm:

150 The cell

Tenperature (' O):
harvest was carried out by
ygation after 99.75 h of cultivation,

sequently freeze dried and the dry bionass
di gestion and fatty acid

L KH2PO4 3 g/L Na2sO4 1
2H20 0,3 g/L 15 (NH4)2SsO4
Medium 1.6 7.5

The cells

Fermeuatien medani:on was carried out by nmeans of 2 hour |ong

heat treat nment
at 600C (under dBlucsdeng) .
a gas chromatograph to

conposi tion.

under optim zed |
DHA DHA/ DBM DHA
(9/L) (9/L) (% Myfhl) (9/Lxd)
67663844412306147235
fernmentation co
2179 was first
rpmin DHL nedi
substantially i

SRt ed 1 or

RGhARTY ot o kol 5

L

in 10 % net hanol i c

hydrochl oric acid
The d$0gyls were anal yzed in
25 determne the fatty acid
15 Coraklegp3: Fernentation paraneters
bf er condi ti gy HpCO3 G ucose pH DBM
-STY consunption value area (9/L)

Medium 1.6 7.5 150.0
Usi ng optim zed

results prlmarlléaélx2 %faste grovvth
2 0.

(NH,),SOx

For fermentation with pH control:

For fermentation without pH control:

Culture conditions:

Temperature (°C):

Ventilation:

Set pH value to 4.0 with H3PO,4 and autoclave

5g/L

ch U kenia sp. SAM

h at 28 C and 150

I me yleld could be 5
5 g/Lxd. This

Set pH value to 6.0 with NaOH and autoclave as
well as addition of 7.5 g/L. CaCOs

28

0.8vvm

Fermentation with and without pH control

Table 4: Fermentation parameters with and without pH control

pH CaCoO; Glucose Time for DBM | DHA | DHA/DBM | DHA | DHA-STY
control consumption glucose area
consumption
(g/L) (g/L) (h) (gL) | (%) (%) (g/L) (g/Lxd)
+ 0 150.0 162 66.9 47.2 25.9 17.35 2.5
- 7.5 150.0 150 67.8 46.7 26.9 18.30 2.9
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wher eby the gl ucose Iinitat? n was reached in |ess
than 100h. The use of 7.5 ¢ CaC03 in the
fermentation nedi um enabl es a pH stabilization
required for optimzed cultivation. The use of 7.5
g/L CaC03 resulted fromthe results of exanmple 2, in
which 10 g/L CaC03 resulted in higher biomss val ues,
The ushiof ¢hS C@CD_zsml&egaﬁtemﬂitstmlt mebant accobHAg tal thesnveAnion enables

CaCo03 entration roducti on L
cuttvifendPease. SAMEIDOGR a0 fTiteBisbhaN, Y sPBFRgtso in a SL
fermeRAESH flak. @hlé\u&%}tsﬁfﬁc)ie arﬁﬁi%§ @ﬂ@@@bl; )éaééjl%%ef‘é%]t%dgrowth as a result

between 5 and 10 g/L Ca - In addition

of th%t@l@ﬁllefazf:ﬁ i abwcosé ¢<m@urppn<vral e, adldlte)nuslergaf bihmasses are achieved.

For] S A P B R o AT g g v

quantlﬁf:s ODDEIA fharicBiegéd-detinms fehﬁ&ltﬁthdfﬁ Thi3fle&ts46 @SRt insignificant increase
limtation. Sinm|lar biomass values to those in exanple

in the PHgh ppacgtiing yielyl efpnempitkancldc% for Ga&Qebyiferpd farmsntatipn prapared to
and the DHA gquantities achi eved were,
pH- coﬁ%llé\?@énﬁ%r&?@%ﬁ (more than 10 %9 . Exanple 4:
Fermentation of U kenia sp. SAM 2179 strain for the
production of PUFA in culture mediumw th and w t hout
pH stabilization by CaC03 20 U kenia sp. SAM 2179
strain was cultivated in a 5L fermenter up to conplete
gl ucose consunption. 16 Media conposition:
Fermentati on nedium G ucose 150 g/L Corn steep 5
[iquor 3.75 g/L KH2PO4 3 g/L Na2SO4 | g/L
MyCl 2x6H20 1 g/L Cad 2x2H20 0.3 g/L 10 (NH4)2SO4 5
g/ L
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For fernmentation with pH coPéroI: Set pH value to 4.0
wth H3PO4 and aut ocl ave For fernentation w thout pH
control: Set pH value to 6.0 with NaOH and aut ocl ave
as well as addition of 7.5 g/L CaC03 15 Culture
conditions: Tenperature ('C): 28 Ventilation: 0.8vvm
Fernmentation with and wi thout pH control Table 4:
Examply Srdrermentotiopaf Sahétoehgriwintsp. SR2AL fortthoprodpdtionarftFlEHA pH

3. d.uco Time for DBM DHA DHA- STY
ferme'g%ﬁ?r} &ed%%i'ﬁﬁb%bﬁegﬁd&yﬁy&% 3 consunption (g/L)
(g/L) (h) (g/L) (g/L) (g/L x d) + 0 150.0 162 66.9

47.2 25.9 17.35 2.5 7.5 150.0 150 67.8 46.7 26.9 18.30
2.9 20 17 The use of the CaC03-stabilized

. ferment at | di um accor di o the |invention epabl es
Schizogfpaiap: SR 23 eine G epedRoDFnE gedim o TEbdlenmeyer fasks
with alHaffild @ tOEMBIER SuicoRELaRMMNpRon.al SO in a 5L o

fermentation scale. The use of sufficient quantities

.of CaCO3 leads to a faster growh as a result of the
Mediagompositioned gl ucose consunption. In addition, |arger

bi omasses are achieved. 5 Furthernore, in connection

Precult@re fddum @G §TR&diem proporti on of DHA per bi omass and
| arger quantities of DHA are achieved during

Glucobé& ggﬁtati on. Thkhg | eads to a not insignificant
ingrease in the DHA space-tinme yield of nore than 15

9 3- buf dfernmentation conpared to
Yeast é%f‘%%#?? Poeq t AERTLE Tont 3 9
Tropic Marin (g/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany]

pH value set to 6.0 with HCI

Fermentation medium;

Glucose 150 g/L
Corn steep
liquor 3.75 g/LL
KH,PO4 3g/L
Na>SO4 1g/L
MgCl,x6H,0 1g/L
CaCl,x2H,0 0.3 g/L
(NH4)>S04 5g/L
CaCO; addition per 50 mL flask:  Medium 1.6 7.5 g/L

Set pH value to 6.0 with NaOH and autoclave
Culture conditions:
Temperature (°C): 28

Shaking rate ( rpm): 150
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Exanpl e 5: Fernentation of hi zochytrium sp. SR21 for
t he production of PUFA in ernentation nedium1.6 .
stabilized by 7.5 g/L CaC03 Schi zochytrium sp. SR 21
strain was cultivated in 50 nL nmediumin 300 nL
Erl ennmeyer flasks 5 with a baffle up to conplete
gl ucose consunption. Media conposition: Preculture
The calebarvest v@¢ cadédinut ¥ gevsfugayen pfter396 O ofecadtivagionr &be cells were

subseqyPlf 1Redh, it B iy BNty ot GrIl diaion gig gty acid

determbhdtionHkas Ezﬁﬁﬂ@@hﬁb %ﬁbaﬁ?@f in’aou@léilgg)ﬁ@at 2RQtr8¢nt in @Or% methanolic
steep 15 Il(ﬁuor . g/L KH2PO4 /L Na2sO4 1 g/L

hydroqhwcza@@mcﬁ Cgmdeca@r@gmz@ egless YeIE an@l@ze(d\m@@scghr@wtograph to
er 50 nL flask: Medium1l.6 7.5
determgé%:the?gg)%ﬁ ‘Jlnhz)sq?%r% 0O wth NaOH and aut ocl ave
Culture conditions: Tenperature ('Q 28 25 Shaki ng
rate ( rpm: 150 19 The cell harvest was carried out
by centrifugation after 96 h of cultivation. The cells
Table \§¢ Fermentation parameters under optimized buffer conditions

CaCoO; glucose pH | DBM | DHA | DHA/DBM | DHA | DHA-STY
consumption | value area
(g/L) (g/L) (g/L) (%) (%) (g/L) (g/Lxd)
SR 21 7.5 150.0 735 | 66.12 344 15.28 10.10 2.52

The medium being pH-stabilized using CaCO; described in the invention also leads to an
optimization of the production of PUFA in the case of other organisms belonging to
Labyrinthulomycota. 1t is thus possible to ferment the microorganism Schizochytrium sp. SR21
strain in the medium forming the object of the invention. The space-time yield of the essential
PUFA, DHA in SR 21 is slightly lower than in Ulkenia sp. SAM 2179 (see example 3), but it is
more than 15 % (w/w) of the total dry biomass in relation to n-3 PUFA DHA. This example
shows that the optimized pH-stabilized medium forming the object of the present invention
enables fermentation without pH control for the production of PUFASs also in further members

of Labyrinthulomycota.




subsequently freeze dried and the dry bi onass

determ ned. Cell digestion and fatty acid

determi nati on was carried out by nmeans of 2 hour |ong
heat treatnment in 10 % nethanolic hydrochloric acid

Patent% [2;R00C (under stirring). The esters were analyzed in

gas chromatograph to 5 deternmne the fatty acid
corrp05| tion. Table 5: Fernmentation paraneters under
optim zed buffer conditions CaCO3 gl ucose pH DBM DHA
. A BEWOCDBM datity Tiérbor ARSI hOSE N THRL IR RByrkidlek) characterized in
(/L) (g/L) (9 (9 (g/L) (g/L x d SR 217.5 150.0
KEorgamsmyarg 5u1218at£@ 1 piepmgptation medipmwith po moge than a minor
adé-lﬁg{l ﬁggl ﬁ%tﬁhé{v_& fhte?lt? a?ttetgoxg n%a%?@r%?e?%)qg %{hgﬁp %c}dmg other
pH-hebinzmgmangapaiffrauRPa@%.the case of other organisns
bel ongi ng to Labyrint hul onycota. It is thus possible
to ferment the mcroorgani sm Schi zochytrium sp. SR21
strain in the mediumform ng the object of the
t [ If
. Thb '?N&ﬁ’(gd é’&ord—fﬁ%tosﬁ%ﬁfé \gﬁglereél%‘nttﬁc%/ ﬁin&f)orltgglt?lrs]lzlﬁ %Iﬁﬂé «?Alth a Iproductlon of
m(zrp thaSAl\ﬂ prefgablyed neoranlpine3S53Ind visny particalsrly praferablyanf nidye than 45

of the tot bi omass in relation to n-3
Wtﬁj&m’%” ofyy<deit,of ??‘ﬁfglo $hows that the optinized
pH st abilized nmediumform ng the object of the present
i nvention enables fernentation w thout pH control for

t he groductl on of PUFAs also in further nenmbers of
- The apgihodhadearding otlaim havkareindhamigroorpaniambring dortlog production of

moﬁ(gI rl{alnvl@t %%Q%r%lglo?g{ 'aﬁ rﬁ tlélp l)glﬁ fé?%bg o{ Wé)re than 18, and very

aust o Aractierize

pafﬁcoraﬂ@r[geferafbrgsofahereahdut 2y atBOMHA par iigit oEWEight hd il rhiss.
with no nore than a mnor addition of other
pH st abilizing nmeans apart from CaC03, preferably
wi t hout addi ng other pH-stabili zi ng means apart from

. ThEah&Rod accﬂi‘@irrgﬁt) Q&lg oAE R tA Hac&‘ﬁn% By, 1w UBRI @k anﬁﬂﬁ)rganisms
m croor gani sns bri forth a production o mor e
brigg forgh @Pl@)ﬂa@i(yl Qfﬁnomtlmntlr%rpreﬁrahhyjnmeertyalpa% ipatticalarly preferably

mdie ?ﬁc g |a¥1d very parﬁcular?y pre?erably more than 4 % DPA per dry biomass.

. The method according to claim 1 or 2, wherein 3 g/L to 15 g/L, preferably 4 g/L. to 12 g/L,
particularly preferably 5 g/L to 10 g/L and very particularly preferably 7.5 + 0.5 g/L. CaCO;

are added to the medium.

. The method according to claims 1 to 5, characterized in that the medium comprises glucose,
corn steep liquor, magnesium chloride, calcium chloride, calcium carbonate, sodium sulfate,

ammonium sulfate and potassium hydrogen phosphate.

. The method according to any one of the preceding claims, characterized in that the medium

has a pH value of between 3 and 10, preferably of between 5 and 7.



10.

11.

12.

13.

14.

15.

wt % oil per unit of weight of dry biomass. 3. The

nmet hod according to claim1, wherein the

m croorgani snms bring forth 3 production of nore than
10, preferably of nore than 14, particularly
preferably of nore than 18, and very particularly
preferably of nore than 22 wt % DHA per unit of wei ght
of dry biomass. 4. The nethod according to any one of
t he preceding clains, wherein the m croorgani sns

ThBI mBholl OckBrdtn PP AHE tdne NoOThe MBYeBe iR R1Im0 cREEH&TAB! ¥ that the
nore than 2 % particularly preferably nore than 3 %

cubiivatiomtajesplped kaiwaen 10°prant 0B, preferably bitwaem 255wl I56€.
dry biomass. 5. The nethod according to claim1 or 2,
wherein 3 g/L to 15 g/L, preferably 4 g/L to 12 g/L,
particularly preferably 5 g/L to 10 g/L and very
Theamtihed| @coyiny ef analing Jf thet pRc&igl lldtasOeharaii@iRdd@dthat the
to the medium 6. The nethod according to clains | to
cubiivatipmfakes Rlase,toa 1it 10 days, prderablyifons tofpeysses gl ucose,
corn steep liquor, nmagnesium chloride, calcium
chl oride, cal cium carbonate, sodium sulfate, anmonium
sul fate and pot assi um hydrogen phosphate. 7. The
Theembibdd sascorddign ¢p taoy amg afhtheopretdting ckaimsli clipradieiaed, in that the
characterjzed in that the .nedi um s a val ue .
mifPREEH bRt B hefRops SR g A B ghrs: Ghenia
The nmet hod according to any one of the preceding
clainms, characterized in that the cultivation takes
pl ace between 100C and 40'C, preferably between 25 C
Thgnaretded ccordinghéo ray Hue @lc ther pieperling clatms,oelmrafierized in that the

ml%ﬁ%fg%\?’lg?’?gﬁéﬂ?é{gggp;#@g@ﬁfﬁ: ! Izefloi Qot gg;sf hSr ef erably

for 3 to 9 days. 10. The nethod according to any one
of the preceding clainms, characterized in that the
m cr oor,gani sm bel ongs &e Igenu Schi,zochytri ur

Lo m .
Thermethet gergriding, i 3Ry L‘ﬂ“ﬁe‘hfit e frpceding cliphotflaReeizgintg that the

mikRoPgNisAR &Eizb%tﬁ&;ﬁ%ﬁ.cgmgl.d ai ms, characterized in
that the mcroorganismis U kenia sp. SAM 2179. 12.

The nmet hod according to any one of the preceding
clainms, characterized in that the mcroorganismis
SR 21.. 13. iliz

R GRSEY b Ry o foristiyehned Jacl & pf sEBiiAfich means
forsdudddlalting MicRIdr MM of the order Thraustochytriales.

Oil having a content of at least 20 area(%) DHA, preferably at least 30 area(%) DHA and
particularly preferably at least 40 area(%) DHA, produced using a method according to any
one of the claims 1 to 12 and subsequent isolation of the oil from the culture broth and/or the

biomass available therein.

Oil having a content of at least 3 area(%) DPA, preferably at least 6 area(%) DPA and
particularly preferably at least 9 area(%) DPA, produced using a method according to any
one of the claims 1 to 12 and subsequent isolation of the oil from the culture broth and/or the

biomass available therein.



16.

17.

18.

19.

20.

for cultivating mcroorgani sns of the order

Thraustochytriales. 14. O having a content of at

| east 20 area(% DHA, prefe?ably at | east 30 area(%

DHA and particularly preferably at |east 40 area(%

DHA, produced using a nethod according to any one of

the clains 1 to 12 and subsequent isolation of the oi

fromthe culture broth and/or the bionmass avail able

therein. 15. G| having a content of at |east 3
DIA 82408 adP80.% B8 eﬁl%@h&’ed%ld%&thgd Q&%@c(u% t(Per SRDE the claims 1

particularly pre erably at [feast 9 area(
to d2oahdcudpseqienyisalatien mdhadddAdirery the caliyre omth aifid/ohéhe biomass

o0 12 and subsequent isol ation of the oi

av$h$hmﬁﬁel£ulture broth and/or the biomass avail abl e

therein. 2 16. DHA of at |east 90 % purity, produced

a method according to any one of the claims 1 to

DPﬁogﬁde%&aB@ SRIHY wrgéwglu(swg@fm%th@d EHArGing i anyeone of the claims 1
to ?gl Jrfgp%b%cﬂfent ?s%gc{él{tafl g 6’ht§1/e ti?}?g?f?oin tﬁé’ hit@rgl t?ro!hh%oz&nthe biomass
avaibhotle@xcor di ng t o any one of the clalns 1 to 12 and

subsequent isolation of the DPA fromthe culture broth

and/ or the biomass available therein. 18. Bionass

[

Bl&ﬁﬁﬁhdéb@{ibzg)llér’rgy rﬁ?é%ﬂ? 0f3£ C}{Hﬁ J&ggrgqﬁ%cﬁtaﬂgggg trog tttlﬂzgénia g{kel to 12 and
subdegudsit emgldnrcrfnhet lbuemasﬂ fromehdewdtune brbgh. Ani mal f eed

conpri sing biomass according to claim18. 20.

Foodstuff for human nutrition conprising bionmass

An@aOfeddl B8mpAsifig BloMakSaccording to claim 18.

Foodstuff for human nutrition comprising biomass according to claim 18.



