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addition, the conposition of the extracted oI'ts can be can be positively
polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the

GISSi-prevenzione trial., Lancet 354, 447-455; Burr ef al., 1989, Effects of changes in fat, fish,
and fiber intake on death and myocardial reinfarction: diet and reinfarction trial (DART).
0 Lancet 2, 757-761). Accordingly, many different organizations (WHO, FAO, AHA, ISSFAL,

British Nutrition Foundation, etc.) recommend a significant increase in the intake of n-3 fatty
acids (Kris-Eherton et al., Fish Consumption, Fish Oil, Omega-3 Fatty Acids, and
Cardiovascular Discase. Circulation 2002, 2747-2757).

Sources for the production of PUFAs and, in particular, n-3 fatty acids are above all marine cold
25  water fish and the oils exfracted therefrom, but also marine microorganisms, which, compared
to fish, have the advantage that they can be used in ferments 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

30  influenced by selecting the organism and the culture conditions and is not subjected to seasonal
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production of PUFAs using microorganisms of the genus Ulkenia.

The natural habitat of the described microorganisms and in particular of Labyrinthulomycota is
20  amarine habitat. Consequently, these microorganisms are usually cultivated in salt-containing
media, where, for the purpose of the present invention, the salt content of sea water is defined as
32-35 g/L and a content of 90-95 % of sodium and chloride. Typical media for cultivating
marine microorganisms such as Thraustochytrivm or Schizochytrium are based on sea water
(e.g. ATCC (American Type Culture Collection) 790 By+ medium [yeast extract 1.0 g, peptone
25 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 aé 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

30  al. Botanica Marina 45, 2002, pp. 50-57).
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sodi umand chloride ions (EP’0 512 997 B 1" an No 5, 518,918) All
t he metdssdpossiblomideecbndiioha of thdpcdioaticententravgpadidswidly salt wgtes Paifivalar

ef f.ectiveness.of . fernentative process i imted i.cul.a y. the
ot 031 ndbRETEF itnade S e PG AEREaRcRR el WloRBHA AL SR "C e
oi I s prnaelgasd seany saritl Mowraernt, fatty acid spectra which do not 25
necessarily correspond wWith the desired products, but nust be procedurally

modi fi elgisfgmrtﬁér'known that for the fermentation of a microorganism of the genus Schizochytrium
(Schizochytrium sp. 831; ATEC 20888) a maximum in the relative yield of fafty acids is
~ achieved at a sodium chloride concentration of 1.75 g/L. The total amount of salt used therefor
20  is less than 10 % of the sea water salt content, but it comprises primarily sodium and chloride

ions (EP 0 512 997 B1 and U.S. Pat. No 5,518,918)

All the methods described so far do, however, have disadvantages. The effectiveness of
fermentative processes is limited particularly by the attainable biomass and the product content
per biomass. Furthermore, the oils produced can partly present fatty acid spectra which do not
25  necessarily correspond with the desired products, but must be procedurally modified first.
Processing is often complicated by the to some extent low product content per biomass because
of the relatively large amounts of biomass needed to be processed in order to obtain relatively
small product quantities. Moreover, all the methods described so far involve relatively high
total salt contents in the culture media. This leads not only to massive problems during the

30 processing of the products, but represents an extreme environmental disadvantage, since, not
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15 The invention further comprises a method for producing high purity PUFAs.

Preferred PUFAs are, according to the invention, DIIA, DPA and EPA.

Particularly, the microorganisms cultivated by means of the abovementioned method present a
production of more than 10 %, preferably more than 14 %, and particularly preferably more

than 18 % DHA per dry biomass.

20 Particularly, the microorganisms cultivated by means of the abovementioned method show a
production of more than 5 %, preferably more than 7 %, and very particulatly preferably more

than 10 % DPA per dry biomass.

The PUFAs can be obtained in high yield and purity by isolating the PUFAs from the

microorganisms (biomass) and/or culture medium following the cultivation.

25  In addition, the present invention comprises a method for producing biomass, where the

biomass is provided by the cultivation method according to the invention.

This biomass can be used in all imaginable ways. In particular, this biomass can be used, for

example, in dried form (dry biomass), directly as foodstuff or animal feed.
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10 %1 rf)ogs?lljlg Ecc; c?or}npletely dispense with the addition of Na" and CI" ions, which dominate in sea

water and normally account for approx. 90 % of the ions available in sea water, was totally

surprising.

Surprisingly, not only the fermentation itself was possible, but, in addition to that, the
* -0 proportion of PUFA in the biomass significantly increases when using the low salt medium
according to the invention. Even more surprising is that this effect not only compensates, but
even exceeds a slight decrease in the produced biomass (example 2). The proportion of the
predominant PUHA DHA per dry biomass has hereby increased by more than 10 % in relation
to the comparative fermentation in medium 1 (50 % sea water salt content). Product processing
25  is simplified by the higher product concentration and lower contamination with salts, and all

this at an overall larger space-time yield.

Until the present invention, no known fermentation process was available for the production of
n-3 fatty acids in microorganisms of the order Thraustochytriales using a medium with such

fow salt concentration and with no sodium and chloride additions.
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and U glgge!t, nfakes %%}}\% %g@%g&l ¥.'aﬂtli' Slopds. &l oth@" rﬂrbtﬁb‘tllﬁg @dtt@fselt/ﬁf%uﬁg [are:

JaponocC rrums hraust ochytri urh aureum (particul arly ATCC
28211 eﬂﬂtséﬂl@ M@H@Jﬁ)a.n, M. and Chapman, D.J., edltorlal coordinator, McKhann, H.L., Jones

and Bartlett Publishers, ISBN 0-86720-052-9 1990, pp. 388-398). Particularly preferred are

microorganisms of the genera Japonochytrium, Labyrinthuloides, Aplanochytrium Althornia,

20  Schizochytrium, Thraustochytrium 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),
Thraustochytrium roseum ATCC 28210 Thraustochytrium sp. ATCC 20890, ATCC 20891,
ATCC 20892 and ATCC 26185, Schizochytrium aggregatum ATCC 28209, Schizochytrium sp.

25  ATCC 20888 and ATCC 20889, Schizochytrium SR21, as well as Ulkenia sp. SAM 2179 and
SAM 2180.

Microorganisms suitable for the method according to the invention are both wild type forms
and mutants and strains derived therefrom as well as recombinant sirains of the corresponding
organisms. The present invention especially comprises mutants or recombinant strains for

30  increasing the production of PUFA.




Thraust ochytrium roseum ATCC 28210 Thraustochytrium sp. ATCC 20890, ATCC

20891, waMddeS040892 and ATCC 26185, Schi zochytri um aggr egatpdirepdde4/o81R09,
Schi zochytrium sp. 25 ATCC 20888 and ATCC 20889, Schi zochytrium SR21, as

wel |l as U kenia sp. SAM 2179 and SAM 2180. M croorgani sns suitable for the
met hod accordi-ng to the invention are both wild type forns and nutants and
strains derived therefromas well as reconbinant strains of the

correspondi ng organisnms. The present invention especially conprises

mut ant sThemicregavismsraccerdingite thefnsesegOinventionass awtivakd piripgematinge lfuiduFA. WO
2005/ 0450&@ 7 PCT/| %52004/ 127118t The m.croorgani snms according to the
pres.ent“f3 gfﬁdf%“@l & RTINS eke%ff$%%?ﬁ-ati ng a liquid or a solid nedium

with a preculture of these or.gani Sns. |.t ur hni . Suitable f
i cr oo G Rues e T PAEST BN ot e dr s THACIIN et WLk
per son (§ielyeREn SIRIEDN S tBE hrt. TR ot nofkkludRelyCHe cRhrd & darridd Wt Y kdetise 1 S

carried out by nmeans 5 of adueou$S fermentation in a correspondi n?
conbai roéaqueBuafrphestafior ina coyesmatiingenntaings Expoples o typiggleoofaifes farswthat | on

o 53 e PR T RSP o R B TR R 56
t enper ajnk 1egctois) oRIbBREIIRAs. INE cdRire iPiyBicRN R bAYicd SuR enpiturB @f 35C,

particularly preferably between 25C and 30C,_ nore particularly preferably

bet weerbeDveendREC 20¢48d Drefershin betwear208€ apd 85°¢ rpagtiquiprhriseleaabbbbitesn  of

t he pr ' tiqn , ' | ~208/ L
total 231t b Bl ppd6ial by TRAAUM I ATRAY 0% iE ot B L
tiot al | t tent .of the.,l .t di ds t I f <15 %
of P TR &t siineimoant e piisift ibvestion Py s BN ntbrites Bt Bt ar iy
prefer gy ynabtafsat@. % Very particularly preferred is a total salt content

of <8 % 15 of the salt content of sea water. No sodiumsalts are added to

the | oy %%ﬁhé???éf&%d ﬁ@b&fﬂn@ﬁﬂ $H8hS Alebeht Avenfid thB &tardd@Enieht S loRMansal t

medi um according to the invention. According to the present invention,
addi t i emedign gnoespendute avalueadic En'Yoaddihe sadircontentalisha wates.gueiprdhaefk EbYd d

f F ¢ l.e, th ddi t.i f . a | ,
" wou e B RRUS PG o8 ot o Yo DR nie Ry presBre s bl GBI T $ o e
saliss. of iR AHFohicfoka water.

No sodium salts are added to the low salt medium. No chloride salts are further added to the low

salt medium according to the invention.

According to the present invention, addition is understood to mean an addition in both
dissolved and solid form. For example, the addition of sea water, even in the smallest amounts,
- "_0  would be, according to the invention, an addition of sodium and chloride salts. The addition of
unusual media components to the medium according to the invention must, if these unusual
media components contain corresponding sodium or chloride ions, also be understood as
addition of these salts. It is, however, clear to the person skilled in the art, that the usual (and
mostly necessary, i.e. essential) media components water (tap water), yeast extract, corn steep
25  liquor or similar comprise a very small, unavoidable own proportion of sodium and chloride.
The addition of such usual media components is therefore not understood as addition of sodium

and chloride salts according to the invention.

Yeast extract, for example, contains less than 2 wit% NaCl. If, for this reason, yeast extract is
added to the medium in the usual amounts, i.e. between 10 and 20 g/L, the NaCl content

30 increases by less than 0.2 g/L. This is not regarded as NaCl addition according to the invention.




unusual nedi a conponents to the nedium according to the invention nust, if-

-these | di a conponents contai n correspondi ng SOGi oa6bGr i de
i ons, ‘gﬁg@g@?o%erstood as additi oﬁg of these salts. Itq’ibg{ﬁphgs\ever, cl ear

to the person skilled in the art, that the usual (and nostly necessary,
i.e. essential) nedia conponents water (tap water), yeast extract, corn
steep 25 liquor or sinmilar conprise a very small, unavoi dable own
proportion of sodiumand chloride. The addition of such usual nedia
conpornaatparticalatpretnsdembidimontettid medlumss thelrtfere dirge of sasldeth and/onetdorids or i de
salts according to the invention. Yeast extract, for exanple, contains |ess
t han Zalyaddiges.. 1f, for this reason, yeast extract is added to the nedium

“in the usual anounts, i.e. between 10 and 20 g/L, .the content 30

i ncr eaBestotalsqdis comfart o the lgm salt mydium & sy P%‘%@‘QP%H“’Q%N%@SS gﬁ'ﬂir}tg/ gﬂ
accordin he,ln L@N, R {ER2R0400427 18nd

parti cﬂ?%ﬁtb& %Fse er ?%&gﬁb%nl rrerﬁggl%{‘:ﬁlﬂgg?gég%nﬁ[ss %r ef or%if ree of sodium
and/ orchididerdof@nt efahé ladstilt medism iT hefdratilgless tuindng/Eoprefenablypiess hen 5BV sal t
mediumis very particularly preferabl ess. than 2 g/L, preferably |ess
t han 5o8/LmgdlyesheprieHgrparetarehly Faiaﬁﬁébé}gzlb-l y less than 150 mg/L. The
total 5 chloride content of the low salt nediumis preferalbléﬁl ess than 2
g/ L, pFlef sl the meiaht fraetipns 06 Narigpsiand td igasriy pidpylady pefergbly Bl y | ess
t han Zﬁ?SnHJL. The sum of the weight fractions of Na ions and C ions is
particu aF] y preferably less than 1.75 g/L. The |ow salt medi um further

pref er.abl v, COTPLliSescofe. or (IR B CALRaNG SOUTEES B URklosaR \MsGhe o0 MOT e

nitrog daS Cdr pbon an | oge’n sources t1or

culg i VabiefitrogBnGHRRES TbsaEced Lisdbltcastafitn i hittipenehytes fat estieatmgnel | known

to the person skilled in the art. Usabl e carbon sources arﬁ_fgr. t?E(arrple

car bohpibreqreanisneef the owler Ebsastoehiivieste well kpewn tg thensgion skillgf it arls o) yp) e
starch, fucose, glucosam ne, dextran, glutam c acid, nolasses, glycerin or

-manni t gl o @3 Qolitles a9 KlalndlWarbiRgeiafthsGcHs BRIy s Futose, kg1dse ahtesgat ur al

nitrogen sources are, for exanple, péptone, yeast extract, malt extract,
neat makosaciolutdastarchnficassi glucoseorine, dexsean., Lhutpute aeid, welpsiseafEcerinip| e

or gani ¢ _ni.t rogen urces,are, fqr ,exa glutanmat e and urea, but also
i nor ga‘ﬁf“@:m%ﬂl Pg?e)l@%ff‘?%?fﬁf%gsor 8%%&§%PY$8@%§%WI e, anmmoni um acet at e,
ammoni um hydr ogen car bonate, ammoni um sul fate or ammoniumnitrate

15  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
example, glutamate and urea, but also inorganic nitrogen sources such as, for example,
ammonium acetate, ammonium hydrogen carbonate, ammonium sulfate or ammonium nitrate

can be used as nitrogen source.

20  The low salt medium can contain all other components known to the person skilled in the art to
assist the cultivation of microorganisms of the order Thraustochytriales, in particular
inorganic salts of, for example, Ca, Mg, K, Fe, Ni, Co, Cu, Mn, Mo or Zn. Phosphates such as
potassium hydrogen phosphate, or carbonates such as calcium carbonate, sulfates such as
ammonium sulfate, magnesium sulfate, iron sulfate or copper sulfate may be mentioned

25  examples. Further usable inorganic salts are, for example, halogenides, such as potassium

bromide or potassium iodide.

Where applicable, the medium can comprise additional macro- or micronutrients, such as
amino acids, purine, pyrimidine, corn steep liquor, protein hydrolysates, vitamins (water

soluble and/or water insoluble) and other media components well known to the person skilled




can be used as nitrogen source. 20 The |low salt nedium can contain all
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usugl quenddetiit®@teasedi®@h) as further commn nutritive conmponents known to
the person skilled in

Preferred nutritive components are glucose, yeast extract and/or corn steep liquor (CSL) in the
usual quantities as well as further common nutritive components known to the person skilled in

the art.

The pH value of the medium is set to a range of 3 to 10, preferably 4 to §, particularly preferably
20 5to 7, very particularly preferably 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.

Cultivation can take place batchwise, in a fed-batch mode or continuously, as it is generally

known to the person skilled in the att.

25  Batch or fed-batch cultivation usually takes place over a period of 1 to 12 days, preferably 2-10
days, particularly preferably 3-9 days.

The media components can be added to the low salt medium individually or as a mixture, a

previously prepared mixture being also possible. The components, in particular the carbon and
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i sol atllﬁgér’[?% (l)m ?ﬁe culltulpe. The i'sol ati on of PUFAs fromthepferrrent ed

m cr ooorgditei soktion froedtheculérd. t he anal ysis of the fatty acid spectrumis
carried out using common procedures known to the person skilled in the 15
art [ pasundar g sy o mEdingOREe Al o G 1
concen reaﬁséﬁ%g&ggf revi g’egv}{%;}ﬁ%ro g%t'??gﬁlcrgoelgﬁng#ogfrens,l Sea oo?js -.ﬁQJ_aI ity,
Technofaagicidrgediuin Beattiddoat usidp pdimat porvsdur2dRgywipte. thd ersiveiilled in the

15  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, pp. 157-174].

Figure 1 shows the production of DHA in dependence of the salt concentration. The maximum

in the range according to the invention is clearly visible (data from example 1).

20  Figure 2 shows biomass and DHA content in dependence of the salt concentration. The
maximum in the range according to the invention is also clearly visible in this case (data from

example 1).

The 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

25  invention is, however, not limited to these examples.




Figure 1 shows the production of DHA in dependence of the salt
concentwabédngsodhe nmaxi num in the range according to the gor@pdouon7is
clearly visible (data fromexanple 1). 20 Figure 2 shows bionmass and DHA
content in dependence of the salt concentration. The maxinmumin the range
according to the invention is also clearly visible in this case (data from
exanple 1). The fernmentation nediumformng the basis for the nethod
according to the invention is described hereinafter by way of sone

exanpl eBxanigle 1t BifRAEAST differdBaltuaditivg lih thdsnddien of thd pre@iionnf PEFAlemever ,
not limted to these exanples. WO 2005/ 045003 11 PCT/ EP2004/012718 Exanpl e
1. | nf |Wiberia spfSAVEZIdPent salt quantities in the medi umon the production
of PUFA by U kenia sp. SAM 2179. SAM 2179 strain (U kenia sp. BP-5601;
W9803671) was cultivated in 50 m nmediumin 300 5 m Erlennmeyer flasks
with a baffle (tenperature: 28C, shaking rate: 150 rpm. 10 Medium 1: DH
medi um G ucose rm_no(Bé?rat e ggl L): 56,25 Yeast extract (g/L):12,5[ D fco] -
Tr opi ¢ VM2 7 girain: (Wikens] spr BPEiGOh W QGH0BE7 Navas shlbiwaigd e md mediypmin3i0ue set

to Q. j H J 2 i i - i nonohydr at e
(g/ )é@f%“?g o R %i@%%ﬁ*%ﬁhﬁﬁ%ﬁtﬁgg@%ﬂ 6.0 with HO
15 The salts of medium 1 (Tropic Maria) were used in the foll ow ng
concentMediinonis DH Xmedwdi um 1), 0. 75X (nedium 1.1), 0.5X (nedium1.2),

0. 25X i i AL X ( i<um 1.4). Cell harvest was carried out by
centri @ggé#%&“é@%‘r% Rﬂ of gﬁ?jtsi vation. The cells were subsequently
freeze Yhastexktmadglie dry bi omadg.5det Brifiéajed. Cel | digestion and fatty acid
det er Mgkl MatiRgCRT 11 d out BYsTeAfS; Berdr B, WAAER GhREATENt 10 10

% met han
10 pH value set to 6.0 with HCI

Medium 2: DH2 medium (without salt)

Glucose monohydrate (g/L): 56,25

Yeast extract (g/L): 12,5  [Difco]
pH value set to 6.0 with HCI

15  The salts of medium 1 (Tropic Marin) were used in the following concentrations: 1X (medium
| 1), 0.75X (medium 1.1), 0.5X (medium 1.2), 0.25X (medium 1.3) and 0.1X (medium 1.4).

Cell harvest was carried out by centrifugation after 48 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

20  hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph té
determine the fatty acid composition (Wanasundara, U.N., Wanasundara, J., Shahidi, F.,
Omega-3 fatty acid concentrates: a review of production technologies, Seafoods — Quality,

Technology and Nutraceutical Applications, 2002, pp. 157-174).




20 hydrochl oric acid at 60C (under stirring). The esters were analyzed in a
gas chr omat h to determ ne the f y acid conpositigns ﬁéﬁg?ﬁ ra,
: ﬁg@@%{fﬁ , Shahidi, F. I%ﬂsga 3 fatty acid concen r??gg@
r.eV| ew of pr oduct i on t echnol ogi es, ' Seaf oods - Quality, Technol ogy and
Nut raceuti cal Applications, 2002, pp. 157-174). WO 2005/ 045003 12

PCT/ EP2004/ 012718 Table 1: Influence of different salt contents on
fermentation paraneters Total salt content NaCl of sea water in relation

50 oeraBk g o dbafiod %@%ﬁﬁ%ﬁ?@%%%@%i%ﬁ%%r:%Bx%ﬂN“ "o D\A

DBMjuant i tys t h)(.e/L) (¢ / 4835,4416. 64. 202.
4823. 716, 35, 87T %:ﬂzgﬁgﬁ% ?i,‘ﬁfgagéf 26139'! ?&é)‘ 48 Sﬁpglfﬁigzzfﬁjﬁm =4

4821. 0_23' 95. 02 to sea water vield
{ca. %) ca. g (hy (g/L) {%) {g/L) {g/Lxd)

Medium1° 50 15 48 254 16.6 420 2.11
Medium 1.1 37.5 11.25 48 237 16.3 3.87 1.94 }
Medium 1.2 25 7.5 48 225 18.9 4.26 213 CE
Medium 1.3 125 395 48 19.9 21.2 422 2.11 }
Medium 1.4 5 1.5 48  21.0 239 5.02 2.51
Medium2® 0 0 48 172 15.0 3.25 1.63

" Average values from two experiments, respectively.

DBM: Dry biomass; DHA/DBM: wt% DIA (docosahexaenoic acid) per unit of weight DBM; g/Lxd space-time yield in grams per liter per

- day; h: hour; CE: comparative example

Table 2: Influence of different salt contents on the fatty acid spectrum

14:0 15:0 16:0 22:5 22:6 Other
PA DPAw6  DHAw3  fafty acids
(%) (%) (%) (%) (%) (%)

Medium 1° 2.9 3.7 122 10.2 457 5.5
Medium 1.1 2.6 3.8 318 10.4 452 6.2
Medium 1.2 2.0 3.6 29.5 112 474 6.3 }CE
Medium 1.3 2.0 3.9 30.5 - 10.8 46.3 6.5 )
Medium 1.4 2.6 4.8 324 11.1 43.5 5.6
Medium 2° 22 8.2 254 12.0 46.4 6.0

" Average values from two experiments, respectively.

14:0 myristic acid; 15:0 pentadecanoic acid; 16:0 palmitic acid; DPA®6: docosapentaenoic

acid (omega6); DHA®3: docosahexaenoic acid (omega3)

10  The fermentation of Ulkenia sp., SAM 2179 strain, for different concentrations of Tropic Marin,
starting from a sea water salt content of about 50 % to 0 %, shows that the biomass has a
tendency to decrease with decreasing salt content in the medium. The fermentation at a low salt
content of about 5 % of sea water, however, surprisingly represents a significant exception.
Here, the biomass production trend surprisingly features an intermediate maximum where

15  higher values are attained again. In addition, the proportion of the predominant fatty acid DHA
in the dry biomass increases with decreasing hydrochloric acid concentration and has its highest
value also at 5 % of the sea water salt content, decreasing again for even lower salt content. For

the space-time yield of the essential PUFA DHA, this results in a maximum at a sea water salt
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cont entthopresdmoinvetidn whs dorlopad based bowmse syrpssinpréssitagl y represents a
significant exception. Here, the biomass production trend surprisingly
features an internedi ate maxi num where 15 hi gher values are attained again.
In addition, the proportion of the predom nant fatty acid DHA in the dry
bi omass i ncreases with decreasing hydrochloric acid concentration and has

i ts hi dtwamiple 2: Production of PUFA using Ulkenia sp. SAM 2179 in different fermentation media.

SAM 2179 strain was cultivated in 50 ml medium in 300 ml Erlenmeyer flasks with a bafile
10  (temperature: 28°C, shaking rate:150 rpm).

Medium 1: DH1 medium

Glucose monochydrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difco]

Tropic Marin {(g/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany]
15  pH value set to 6.0 with HCI

Medium 2: DH2 medium (without salf):
Glucose monohydrate (g/L): 56.25

Yeast extract {g/L): 12.5 [Difco]
pH value set to 6.0 with HCI

20 Medium 3: DH3 medium (with salt supplement without sodium and without chioride addition):
Glucose monohydrate (g/L):  56.25

Yeast extract (g/I.): 12.5 [Difeo]
Magnesium sulfate (g/L): 1
Calcium carbonate (g/L) 1

25  Potassium phosphate (g/L) 1

pH value set to 6.0 with H,SO4

Cell harvest was carried out by centrifugation 48 h after 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

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

determine the fatty acid composition.




"value also at 5 %of the sea water salt content, decreasing again for even

| ower salt content. For the space-tinme yield of the esseptli DHA,
this r¥QEPPL4IM 3 naxi num at a sea water salt WD 2005/ 04%8@%0195%%8

PCT/ EP2004/ 01271 8 content of about 5 % (see Table 1). This maxi mum | eads
to an increase of the DHA space-tinme yield of nore than 15 % The
proportion of DHA for a sea water salt content of about 5 %is, in
relation to the overall fatty acid spectrum slightly |Iower than for higher

or | ovpsp1e 8! infhRNEEDE Jiffel SRRalt2BhRn)on Rimehfation \paiahkteps oducti vity for DHA
-and fatty acids or oil in general is, however, 5 at its highest |evel at

precisely this paintaf{ sgel Tabl eik) DeVhe baw sabianedbin bei ng t he obj ect of
t he present i nventitonf waslattevel oped baselBWn thesiey surqgetiingi ng resul ts.
Exanpl e 2: Productviton of sePWFEA using U kenia sp. SAM 2499 in different
fermentation nedia. SAM 2179 strain was cultivated in 50 m nediumin 300
m Erlennmeyer ftia¥ks wictB a bafpl el¥™0 ({Bnper Iﬂlre:(‘t”%é . shaki.ng. rate: 150
rpn) . Mad#mdm 1: SPH  medfum G uédse?Mbnohiit at e '%Og/ L)%'156. 25 Maast extract
(9/L) MciRm2'[Difico] Tropic Marivm (gftr): 1%065 §$Br. Bi.ener GrbH, Wartenberg,
CGer manydiumB5 pHival ue get to 640 with HCIEMedi 428 2: DHM2 nedi um (wi t hout

“salt) 1, Gucose MRNORYE AtehgFLdinsdlin YRASnEX ERGy( 9/ L) 12.5 [Difco]
pH val (&gt f%mé“f 6(3\7\n¥t£i IBICi lgo NBdi um 3 t DH3 nedi ljm (ev{/i th salt suppl ement

TR NCHEAR TR RS e ks A )
Cal ci um, CALPRAY L 1He FrmehtdABh a8 5 batFeRiARRRALBoUt A0 12} of the sea water salt content
5  (medium 3). The biomasses obtained therewith are slightly lower in comparison with
fermentations using about 50 % sea water salt content, the DHA content per dry biomass is
however larger, thus surprisingly leading to overall equal or even increased space-time yields
(see Table 3). This is of considerable advantage for a later processing of the biomass to obtain
DHA. Surprisingly, it was therefore shown that it is possible to advantageously completely
10 dispense with the addition of sodium and/or chloride (the main salts in sea water) for the

fermentation.

Example 3: Influence of different salt quantities in the medium without sodium and without

chloride addition on the production of PUFA by Ulkenia sp. SAM 2179.

15 SAM 2179 strain was cultivated in 50 ml medium in 300 ml Erlenmeyer flasks with a baffle
(temperature: 28°C, shaking rate:150 rpm).




pH val ue set to 6.0 with H2SO4 Cel| harvest was carried out by
centri fyigagdspnsedd® h after cultivation.,sThe cells were subsegpesily/id eeze
d

dried and the dry bionass determ ned. Cell digestion and fatty aci
determ nation was carried out by nmeans of 2 hour |ong heat treatnment in 10
% et hanol i ¢ -30 hydrochloric acid at 60C (under stirring). The esters were
analyzed in a gas chromatograph to determne the fatty acid conposition.
WO 2005/ 045003 14 PCT/ EP2004/ 012718 Table 3: Influence of different salt

cont ent\geAimf w&@aa_u%; "ﬁvﬂﬁf ARLEHIE MM ihtR5ddida Ghd WitkBuBMA ad@iMon PHA e
content _of 1 n relatlon uant | space-1t1 sea water 0O Sea wateryl e ca. -
. oca. @uepsegrenchygirety (fldy /12 Medi um 1*50154825. 416. 64. 202. 11Conpar ati ve
Medi umy2.290484¢ @49: 03. 251. 63exanpl ephighijum 34*1004822. 718. 94. 292. 14 . |

Aver age values fromtwo experinents, respectively. ..l Average values from

three eMpgcriwentudfate@pectivelly. Thell ow salt medi um without sodi um and
Wi t Boutcf ahﬁ).réaﬁ%n@gq%&gon accqrdi ng t}qg&%i nvention was first used in the
c

fermentation at a co ntrati on of about % of the sea water salt content
5 (nediRetasSipm ftosplrito(g@kles ot ai ned/t herewi-th are slightly lower in

conpari i I tdQNns usi ng about 50 % sea water salt content, the
DHA cor??_ggafm%éér? té:lg)(/) :ﬁ%ﬁ gs(g“ is however larger, thus surprisingly |leading

to overall equal or even increased space-tine yields (see Table 3). This
i s of diesklicofabéduadvaertasgal ihdre fllbwing copreatrtisng d0B fcomipaisipg d freds edcb,

advant ZCTEPIED ATt ey X 6B aDh & et PR e b el IRD 2ne o
chl ori demphkiiRmgMBRNg/Badatls I N sea water) for the fernentation.
Cell harvest was carried out by centrifugation after 48 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

15  determine the fatty acid composition.

‘Table 4: Influence of different salt contents on fermentation parameters

Total salt NaCl Time DBM DHA/ DHA DHA
content of  in relation DBM quantity space-time
sea water  to sea water yield

ca. % ca. g (hy (/L) (%) {g/L) {g/Lxd)

48 325 125 4.05 2.03 Comparative

example
48 238 203 4.82 2.41
Medium 3 (1X) ™ 10 48 227 189 429 2.14
Medium 3 (0.5X) 5 48 227 212 4.82 2.41
Medium 3 (0.25X) 2.5 0 48 212 197 4.18 2.09

™ Average values from three experiments, respectively.

Medium 3 (10X) 100
Medium 3 (2X) 20

oo o ©

Determination of the optimal salt concentration of the fermentation medium without sodium
and without chloride addition was carried out by fermenting the microorganism Ulkenia sp.
20 2179 strain in the abovementioned medium with different salt concentrations. In this case, the
DHA content per dry biomass was again the highest for a salt content of 5 % of sea water (see
also example 1). Productivity expressed as space-time yield also has an optimal value at this

salt content (sec Table 4).




Exampl e 3: Infl uence of different salt quantities in the medi um w thout ‘

sodi u chl oride addition.on the production keni a

sp. SB@%O;@&@ SAM 2179 strain vvasricﬁzul tivated in 50 m %@‘Eﬁ’ﬁ%"@o

Erl enmeyer flasks with a baffle (tenperature: 28C, shaking rate: 150 rpn).

WD 2005/ 045003 15 PCT/ EP2004/ 012718 Medium 3: DH3 medium (with salt

suppl enent wi t hout sodi um and w thout chloride addition) @ ucose

nonohydrate (g/L): 56.25 Yeast extract (g/L): 12.5 (Difco] Magnesium

sul f at Exdiple)4: Ploductied 61 PUF aasheszheof/gttigm SR2 Kstaih {SchiRehpsiminusp. phosphat e

(g/L) 1%\/6” ue set to0. 6.0 with H2SO4 The salts of nedium 3 were used in

the foMYcwilAgl:dBI08e3 1A ditfsrent feopentation medidg 10 g/ L each, 2X conprising 2

g/ L each, 1X conprising 1 g/L each, 0.5X conprising 0.5 g/L each or 0. 25X

-conpri §éh’%c9yt?i§mgﬁi—2 188G w&eclmum@rd\aﬁsb M¥afediah ih 800 U ErleymeRAtTaklksugiah i on

after 48 h of cultivation. The cells were subsequently freeze dried and

t he drayba'iflomsrpenh@ner2ﬁ°ﬁedlakmglrhtedl5gmion and fatty acid determination

was carried out by nmeans of 2 hour |long heat treatnent in 10 % nmet hanolic

hydy oc C (under stirring). The esters were analyzed in a

ga?chﬁ&g{é&nﬂ%ﬁ[ i 5 determine the fatty acid conposition. Table 4:

Ian uefibsossf mandhydragnte/lshal t Yol ents on fermentation parameters Total salt
%qgjent of imyelati a water to sea water ca. %ca. ¢

(h) (gy%%t%gﬂ (1 0X)10004832. 5 ?@@d. EZX) 2004823. 8 Medi um

-3(1X) 10epaAdatin k&B):um 3( 0. 5X)GO%822 [Pr. Biener mbH, Wartenberg, Germany]

pH value set to 6.0 with HCl

10 Medium 2: DH2 medium (without salt)
Glucose monohydrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difco]
pH value set to 6.0 with HCI

Medium 3: DH3 medium (with salt supplement without sodium and without chloride addition)
15  Glucose monohydrate (g/1.):  56.25

Yeast extract (g/L): 12.5 |Difco]
Magnesium sulfate (g/L): 1
Calcium carbonate (g/L) 1
Potassium phosphate (g/1.) 1

20  pH value set to 6.0 with H,SO,

Cell harvest was carried out by centrifugation after 48 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

25  determine the fatty acid composition.




Medi um 3(0. 25X) 2. 504821. 2 **1 Average values fromthree experiments,
respectjyfbyessh3A DHA DHA DBM quantity space-time (% (@ttEyioedsl27169/ Lxd)
12.54. 052. 03Conpar ati ve 20. 34.822. 41exanpl e 18.94.292. 14 21.24.822.41
19.74.182.09 Determ nation of the optiml salt concentration of the
fermentati on nmedi um wi t hout sodium and w thout chloride addition was
carried out by fermenting the m croorgani sm U kenia sp. 20 2179 strain in
t he abovenentioned nmediumwi th different salt concentrations. In this case,
the Pfeosqtlﬁﬂheﬁ%roqulﬂfelt%hf)@ﬁ?@od’i@ﬁm 3 Fermddiftith ?Qﬂﬁﬁetﬁaﬁf a salt content

of 5 %of sea water (see also exanple 1). Produclivity expressed as
space-tinme yield al sg.has an.opti rrainmvaﬂ)ma atptihi s psalt oot ent (see Tabl e
4) . WO 2005/ 045003 i&idnGF ER2OA44012718 Exanpbem4: ddeeductshestiof PUFA usi ng
Schi zochytri um SR21satwagi N (cSedvazochyt ri um sp.,  MYA-1381;yidP0823475) in
different fernmentation nedia. Schizochytrium SR21 strain was cultivated in
50 m nediumin 300cut% Er | eﬁfﬁﬁyer f!hask@/L\)\A t H(%)a ba(ﬁ*le)e (t(é/hff%ratCDmpam}chSC

shaki nifediem 8880 r pAf . oxatmle
Medium 2 SR 21 0 0 48 19.5 18.2 3.56 1.78

Medium 3 SR 21 10 0 48 223 18.7 4.17 2.09

Table 6: Influence of different salt contents on the fatty acid spectrum

{ 14:0 15:0 16:0 22:5 22:6 Other
PA DPAwG DHAw3  fatty acids
(%) (%) (o) (%) (%) (%)
Medium | SR 21 35 33 43.4 7.5 37.5 4.8 Comparative
example
Medium 2 SR 21 3.5 5.3 43.1 7.4 36.5 4.2
Medium 3 SR 21 3.5 4.1 44.4 7.1 36.1 4.8

5  The low salt medium 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 low salt medium without salt and
without chloride addition. In this case, the DHA content related to the dry mass also has an
optimum value for a salt content of 10 % of sea water. Furthermore, an even stronger effect on

10 the space-time yield of DHA and, with it, on the fermentation productivity is manifested herein.
The DHA content related to the overall fatty acid spectrum is also slightly reduced in this case
(see Table 6), although without affecting a surprisingly high space-time DHA yield (see Table
5). The low salt medium on which the present invention is based leads to a general production

increase of PUF As for different members of the Labyrinthulomycota.

15




S Medium 1: DHI nedium G ucose nonohydrate (g/L): 56.25 Yeast extract :
(g/L): 12.5 [Difco] Tropic Marin (g/L): 16.65 [Dr. Biener ?f-fpiﬂo Yigrsenber g,
PRI

Ger marWP 200pP#50% ue set to 6.0 with HI 10 Medium 2: DH2 s out

salt) @G ucose nonohydrate (g/L): 56.25 Yeast extract (g/L): 12.5 [Di fco]
pH value set to 6.0 with Ha Medium 3: DH3 medium (with salt supplement

W t hout sodi um and wi thout chloride addition) 15 & ucose nonohydrate :
(g/L): 56.25 Yeast extract (g/L): 12.5 [Difco] Magnesiumsulfate (g/L): 1

" Cal ci te (g/L) 1 Potassium phosphate (g/L) 1 20 pH value set to
6.0 w%&ﬁgg%amll harvest was carried out by centrifugation after 48 h of

cultivation. The cells were subsequently freeze dried and the dry biomass
determ ned. Cell digestion and fatty acid determ nation was carried out by

nmeans of 2 hour |ong heat treatnment ipn.10 % net hanol.i ¢. l.aric acid
at 60Q- ( triaghod far CPREYNE MHEOYEHYFLS 9@2@8 SEHYI f%'ﬁg??cr%ly %;aé%ﬁ%ﬁr%@lﬁtg% ograph to
25 deter {Higgorﬁghflfﬁléiﬁﬂeycuﬁﬁa%dQQ A& dnta®idn nAQivdd) O5thodedidhglsodRET $aHRAGM4/ 0 127
1 8 Table 5: I'nfluence of different salt contents on fernentation

_par anet ecllofidd sllts sthe tota@lt conforithsing lets than 3.8188+ phoietal sdiS- wat er to sea wat er
ca. %ca. g Medium1l SR 215015 Medium 2 SR 2100

2. The method according to claim 1, wherein the microorganisms bring forth a production of
more than 30 wt% oil per unit of weight of dry biomass, preferably of more than 35 wt% oil

per dry biomass.

3. The method according to claim 1 or 2, wherein up to 3 g/L. CaCOs, preferably 1 g/L are

added to the medium.

4. The method according to any one of the preceding claims, wherein the microorganisms
bring forth a production of more than 10 %, preferably more than 14 %, and very
particularly preferably more than 18 % DHA per dry biomass.

5. The method according to any one of the preceding claims, wherein the microorganisms
bring forth a production of more than 5 %, preferably more than 7 %, and very particularly
preferably more than 10 % DPA per dry biomass.

6. The method according to any one of the preceding claims, characterized by the use ofa low
salt medium, the total salt content of which is in the range < 15 % of the salt content of sea
water, preferably < 12 %, particularly preferably < 10 % and very particularly preferably <
8 %.

7. The method according to any one of the preceding claims, characterized in that the sum of
the weight fractions of Na* and CI ions in the low salt medium comprises less than
1.75 g/L.

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

sodium content of the low salt medium is less than 150 mg/L.




Medi urh 3 SR 21100 DHA Tinme DBVMDHA/ DHA space-tinme DBMwjuantityi |d e

(h) (9/ LyG%dsghtopy (9/ Lxd) 4827.113.739611. 81Conparative pCT/EP2004/012718
4819. 518. 23. 561. 78exanpl e 4822. 318.74.172.09 Table 6: Influence of

different salt contents on the fatty acid spectrum 14: 015:016: 0 22:5 22:6
O her PADPAWGDHAW3fatty acids (D (D (D (W (H(Y% Mdiuml SR ‘
213.53. 343. 47.537. 54. 8Conpar ati ve exanple Medium 2 SR
213.55.343.17.436.54.2 Medium 3 SR 213.54.144.47. 136. 14. 8

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

chloride content of the low salt medium is less than 250 mg/L.

10. The method according to any one of the preceding claims, characterized in that the low salt
medium comprises glucose, yeast extract, magnesium sulfate, calcium carbonate and

potassium phosphate.

11. The method according to claims 1 to 9, characterized in that the low salt medium comprises

glucose, corn steep liquor, magnesium sulfate, calcium carbonate and potassium phosphate.

12. The method according to claim 10 or 11, characterized in that the low salt medium
comprises magnesium sulfate, calcium carbonate and potassium phosphate at less than

3 g/L each, particularly preferably at less than 1 g/L each.

13. The method according to any one of the preceding claims, characterized in that the low salt

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

14. The method according to any one of the preceding claims, characterized in that the
cultivation takes place between 10°C and 40°C, preferably between 25°C and 35°C.

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

cultivation takes place for 1 to 10 days, preferably for 3 to 9 days.

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

microorganism belongs to the genus Schizochytrium, Thraustochytrium or Ulkenia.

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

microorganism is Ulkenia sp. SAM 2179.

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

microorganism is Schizochytrium sp. SR 21.




5 The low salt nedium described in the invention also |eads to an ‘
optim zati on of the production of PUFA in the case of ot i

bel ongVAg0%5@41%byri nt hul omycota. It 8 thus possible to ﬁﬁé@@ﬁwgp

m croor gani sm Schi zochytrium sp. SR21 strain in |ow salt nedi um w t hout

salt and wthout chloride addition. In this case, the DHA content rel ated
to the dry nass al so has an optinmmvalue for a salt content of 10 % of
sea water. Furthernore, an even stronger effect on 10 the space-tine yield
- of O halhide'h ddntenP Bf ht6ast £6 YEDERL, ipRMHuREDMIEE & WiethodisgodPaitgfte alipendier ei n.
TheDBﬂEIcontaen%gkhr el a%ned to tshe over aI_Ip fatty acid spectrumis also slightly
reduced bfithehisms dde 18 asdsubFedplent Blatian ofibagH fitm thesultarerbsethiang/os the

surprisingly high e-time DHA yield (see Table 5). The |low salt nmedium
on whi c_hggﬁ?ésﬁ?'gﬁéh]@a@%ﬁq%nti on is based leads to a general production
i ncrease of PUFAs for different nenbers of the Labyrinthul onycota. 15 WO

2005/ 045003 18 Patent clains: PCT/EP2004/012718 1. A nmethod for cultjivating
i cr 0oy & kavingof confrat giatlenstrh el B pragussdsing a mptkpd peeordiag 19A™y 086 Pgani sns

are cul tiyvated i fer tat ' e ﬁaqui j s and
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sal ts. 2biokhesawriilbr thaemr ding to claim1l, wherein the m croorgani sns bring
forth a production of nore than 30 wt% oil per unit of weight of dry

bi omass, preferably of nore than 35 wt%oil per dry biomass. 3. The net hod
accor diyn L : J hg/ L are
added +5 DR oFaeil b0 F piiin MG v b By B R g
clai ms, whés endsiibkapehtisadetigant therDH A fiongthe onltire hrqth eod/ot the hiaskassor e t han
10 % prefm?l npre than 14 % and very particularly preferably nore
‘than 18 & E"p‘éf‘l"’l:l"‘ry bi omass. 5. The method according to any one of the
preceding clainms, wherein the mcroorganisns bring forth a production of

more than 5 % preferably nore than 7 % and very particul arl% referably
nor e t2abPOobsthbeast Pete phrity hirodnssd usisg a mpshadeacperdingde 6nYIPRRyO% 8¢ sldimohe of

Lotal salt 1Eant aRbCBenGRRRRS 8 e ko e U3 Shuf pitfle BELIAIRE [T o7

sea available therein.

23. Biomass obtainable by means of a method according to any one of the claims 1 to 18 and

subsequent separation of the biomass from the culture broth.
24, Animal feed comprising biomass according to claim 23.

25. Foodstuff for human nutrition comprising biomass according to claim 23.




water, preferably < 12 % particularly preferably < 10 % and very
particularly preferably < 8% 7. The nethod according to any one of the
precedi ng clains, characterized in that the sumof the weight fractions of
Na+ and C - ions in the low salt nediumconprises less than 1.75 g/L. 8.
The net rbg@la ccording to any one of the preceding clains, characterized in
t hat tﬁ\e otal sodiumcontent of the low salt nediumis |l ess than 150
ng/ L. WO 2005/ 045003 19 PCT/ EP2004/012718 9. The nethod according to any

one of .t he precedi cl ai .characteriz in that the.total, chloride
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m croorgani smis Schi zochytriumsp. SR 21. WO 2005/ 045003 20

PCT/ EP2004/ 012718 19. G| having a content of at |east 10 % DHA, produced
using a nmethod according to any one &f the claims 1 to 18 and subsequent.
isolation of the oil fromthe culture broth and/or the biomass avail able
therein. 20. G| having a content of at |east 5 % DHA, produced using a

nmet hod according to any one of the clains 1 to 18 and subsequent isol ation
of the oil fromthe culture broth and/or the bionmass avail able therein.
21. DHA of at least 90 % purity, produced using a nethod according to any
one of the clainms 1 to 18 and subsequent isolation of the DHA fromthe
culture broth and/or the biomass available therein. 22. DPA of at |east 90
% purity, produced using a nethod according to any one of the clains 1 to
18 and subsequent isolation of the DPA fromthe culture broth and/or the

bi omass avail able therein. 23. Biomass obtainable by neans of a nethod
according to any one of the clains 1 to 18 and subsequent separation of
the biomass fromthe culture broth. 24. Aninmal feed conprising bionmass

m cr oor gapi tss—

according to claim23. 25. Foodstuff for human nutrition conprising bionass
-according to claim?23. Abstract: The invention relates to an optimzed

met hod fof cultivating m croorgani sns of th enus Thraustochﬂtrlales
accordi ng|{to which t Faeduetfeanficn EHA) s a 'é o8t ed in a low galt nedium
wi t hout adidi ng sodi um sal t ssehERlEppHEIgatian| ts, the total salt fcontent
being less than 3.5 g/L (corresponding to Iess than 10 percent} of sea

wat er sal %Jntent) mhereupon the POFAS are 1jsol ated fromtheg

especially rel dtes to novel

optim zed qFj ha R SLlS ;é_la|| reducgi;-otal salt content, above
all a particl arIy reduced Nat ~contenmt. “ ~gf—PUffAs can be
‘subst ant i i - - § novel
conbi nat i gl‘,“ u CIOICT R M €l t he overal |
wei ght rati‘og” of ToRa do not exceeo g 'yrthernnre sai d medi um

1 - _

ﬁ T * | S _‘k y = T it i i} 3| - ]

@ § B 16 W B W 3w 40 &5 Lo
Sea watar cone. In %
i

Fig. 1




preferably contains no added sodiumsalt and chloride salt at all, which

hel ps prevent environnmental damages caused by wastewaters containing salt.
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