
Process for the cultivation of microorganisms of the genus Tbraustochytriales · 

Different PUFAs (polyunsaturated fatty acids) and particularly omega-3 fally acids (n-3 fatty 

acids) are essential components of the human nutrition. 

It is, however, known that in the majority of industrialized nations, the supply of n-3 fatty acids 

is insufficient. In contrast to that, the overall proportion offal in the diet, as well as the intake of 

saturated fatty acids and n-6 fatty adds, is too high. This is due to a change in the composition 

of our diet, which has occurred especially in the last approx. 150 years, and which is being 

linked (Simopoulos, A.P., 1999, Am. J. Clin. Nutr. 70, 560-569) to the appearance of different 

chronic diseases of civilization, such as, for example, cardiovascular diseases - the main cause 

of death in industrialized nations. A great number of studies has meanwhile shown that by 

means of a targeted increase in the intake of n-3 fatty acids, in particular of elcosapentaenoic 

acid (EPA) and docosahexaenoic acid (DHA), il is possible to significantly reduce ·the 

cardiovascular risk (G ISSI-Prcvenzione Investigators (Gruppo Italiano per lo Studio della 

Sopravvivenza nell'Infarto miocardico ), 1999, Dietary supplementation with n-3 

polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the 

GISSI-pevenzione trial., Lancet 354, 447-455; Burr et a.L, 1989, Effects of chauges in fat, fish, 

and fiber intake on death and myocardial reinfarction: diet and reinfarction trial (DART). 

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 Disease. Circulation 2002, 2747-2757). 

Sources of PUFAs and, in particular, n-3 fatty acids are especially marine coldwafer 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. Jlpids.1999:639-42). 
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Microorganisms suitable for producing n-3 PUFA are found, for example, in bacteria of the 

genus Vibrio (e.g.: Vibrlomarinus) or amonglhedinoflagellates (Dinophyta), there particularly 

the genus CryptJ1ecodiniwn, such a8 C'. co/mi~ or among the Stramenopiles, such as 

Pinguiophyceae, e.g. Glossomastlx, Phaeonwnas, Pingutochrysis, Pinguiococcus and 

Polydochrysis. Preferred microorganisms for the fonnenmtive production of PUF A belong to 

the Stramcnopiles (or Labyrinthulomycota), in particular to lhe order Thraustochytrlales, . 

(Thraustchytrildea) and there again, in particular, to the genera Japoncchytrtum. 

Schizochytrium, Thraustochytrium, Althornia, Lahyrinthuloides, Aplanocltytrium and Ulkenla. 

It is known that some of the mentioned microorganisms can be used for indusfrial production of 

fatty acids and eorrespondingprocesses have been described. Accordingly, the intemation:U 

patent application WO 91/07498 Al discloses the production of PUFAs using organisms of the 

generaSohizochytrlum and Thraustochytrium. WO 91111918 A1 discloses the production of 

PUF As using Crypthecodinium cohnil, WO 96/33263 Al and the corresponding European 

' patent application EP 0 823 475 Al descaaes the producti~n ofPUFAsusing micreorganlsms 

of the genus Schizochytrlum, while the patent application WO 98/03671 discloses the 

production of PUP As using microorganisms of the genus Ulkenla. 

The natuml habitat .of lhe described microorganisms and in particular of Labyrinthulomycota is 
.. 

a marine habitat. Consequently, 1hese microorganisms are usually cultivated in salt-containing 

media, where, for the pwpose of1he present invention, the salt content of sea water is defined as 
. ' 

32-35 w'L and a content of90..95 % of sodium and chloride. TyPi.cal media for cultivating 

marine :microorganisms such as Thraustoohytrium or Schizochytrlum are based on sea water 

(e.g. ATCC (American Type Culture Collection) 790 By+medium [yeast extract 1.0 g,peptone 

1.0 g, D+ glucose 5.0 ~ sea water 1 L] ]). n is, however, also !mown that microorganisms of the 

order T/zraustochytriales can survive·ill a culture medium with very low salinity. However, 

below a limit of7.5 -15 g sal11L, corresponding to a salinity of7.5- 15 3o, its growth is 

desCrlbed as being only very low and without intermediate maximimt levels in the low salinity 

range. Optimal growth rates are only achieved above the abovementimied salinity limit {Fan et 

aL Bouutlca Marina 45, 2002, pp. 50-57). 

A frequently occurring problem of funnentative processes is presented by strong pH va:riatioos 

. in the course of the cultivation as a result of tlte appearance· of metabolic products and/or the 

co,nsumption of individual media components. This ;ipplies in partic~ to salt rich media fur 

fermentation of marine microorganisms. For this reason. such fermentations often require 
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pH-regulating means. fn the case oflarge scale fermentations, however, pH control leads to · 

substantial additional costs. Here, additional containers are required for adding acids and bases, 

which C01lld otherwise be used elsewhere for the infeed of additive components. Moreover, the 

titration for regulating tbe pH value mUBt be technically .controlled. In connection with the 

fennentation of Labyrinthu/omycota for obtaining PUF A on a production scale, pH value 

controlled cultivation methods are used in the state of the art. 

pH value control through buffer systems otherwise customary in cell culturing has 

disadvantages, however. Thus, the buffer capacity of; for example, TRIS, HEP ES and MOPS is 

insufficient in the pH range required for PUPA fennentation because of their pl<. values of 

more than 7. In addition, TRIS is a bad buffer in pH ranges ofless than 7.5, a potentially 

reactive primary amine and oan actively take part in a variety of biological reactions. 

Phosphate buffer, a buffer that is also ftequently used, has the characteristic of precipitating out 

of solution in the presence of divalent cations and is further a bad choice fur fermentative 

processes requiring or consuming phosphate. Acetate buffers are not suitable due to their 

narrow buffering range and because of the fact that they arc metabolized during the course of 

the fennentation. Moreover, many alternative buffer systems are uneconomic beeause of high 

costs. 

In the light of the state of the art, it was therefore an o{liect of the present invention to provide a 

novel, silllple and economic cultivating method for marine microorganisms. Considerable 
.. 

s.implificatlon of the process control should be achieved hereby. Apart from being cost effective, 

·the method should enable the high yield production of high purity PUFAs. 

Thill and :further not explicitly described tasks, which can, however, be derived or deduood 

without difficulty from the relations discussed in the introduction, are achieved by the object 

. defined in fue claims of the pre.sent invention. 

An advantageous method for cultivating microorganisms of the order 11waustochytriales is 

provided by the method defined in claim 1. This method comprises cultivating in a medium, the 

pH valm~ofwhich is stabilized exclusively by means ofCaCOi, comprising a CaC03 content of 

3-iS f!1L and, if applicable, the fullowing isolation of the PUFAs from the microorganisms 

and/or ilie culture medium. 

Tb,e invention furtlter comprises a method for producing high purity PUFAs. 

PreferredPUFAs are, acoord(ngto ilieinvention, DifA, DPAwi.d EPA. .. 
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Particularly, the microorganisms cultivated by meaus of the abovementioned method present a 

production of more than l 0 %, preferably more than 14-%, and very particularly preferably 

more than 18 %DHAperdrybiomass. 

Particularly, the microorganisms cultivated by means of the abovementioned method present a 

production of more than 1 %, preferably more than 2 %, and very particularly preferably more 

than 3 %_DPAperdrybiomass. 

The PUF As can be obtained in high yield and pwity by isolating th6 PUF As from the 

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

:Furthermore, the present invention comprises a method for producing biomass, where the 

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

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

example in dried form (dry biomMs), directly as foodstuff or animal food. 

In addition, the invention also comprises an oil type, which is obtained by carrying out the 

culfivation method according to lhe invention and by isolating said oil from the microorganisms 

and/or culture medium. 

In particular, this is an oil type which, apart from many other pre furred applications, can be 

advantageously used fur human nutrition. 

. Under the conditions accordlngto the invention, the microorganisms thereby show a 

production of more than 30 wt% oil, p:ref-erably of more than 35 wt% oil per unit of weight of 

dry biomass. 

According to the invention, oll ls understood to be a proportion-of at least 70 % neutrel lipids 

and at Jeast 2 % phospholipids, which corresponds to the nonnal fatty anid spectrum of 

Thraustochytriales known to the person skilled in the art. The neutral lipids thereby consist of 

· at least 80 % triglycerides and other eompomids such as. diaoylglycerides, sterols, etc. 

FurtherlllOre, the triglyceride weight ftaction comprises about 95 % fatty acids and 5 % 

glycerin. 

The possibility of rennenting a marine microorganism for producing _PUF A without eJttreme 

pH value regulation, in particular under conditiow enabling fust_ growth at high glucose 

consumption, was totally surprising. It is precisely under Sl.ICh conditions where in the 

fennentatt.on of marine microorganisms the lack of suitable pH control very quickly leads to. · 
• 
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mediwnacidification, whichresults inacessationofgrowth (see example land Wen, Z.·Y. 

and Chen, F., 2003, Biotechnology Advances 21, 273-294). 

The method according to tire invention swprisingly gets by wifuout the addition of other pH 

value stabilizing means. According to the invention, pH value stabilizing means are understood 

to be both the addition of acid or base from addition tmJks regulated in dependence on the pH 

value established during the culture and the use of buffer systems in the medium itself, although 

no economically exploitable cultivation methods using buffer systems such as, for example, 

TRJS or phosphate buffer are known to the inventors. 

According to the invention, CaC03 is the essential means for pH value stabilization. Bven so, 

ad cling acid or base to the culture to adjust fue pH value may be necessary under certain 

conditions. Such addition is included in the invention, as long as Ca CO, remains the essential 

means for pH stabilization. ff, for example, the pH value drops below a specific target value 

during cultivation because of an exceptionally fast growth of the microorganisms, then this 

target value can be temporarily adjusted by adding acid or base, without this addition being the 

essential means for pH value regµlation. 

The tenJlS pH value regulation and pH value control or pH value stabilization are· used 

synon:YJllously in the invention. 

Essential llleans rentajns CaC03, when the value of the difference in the pH values which can 

be measured with or without acid addition • with CaCOi addition according to the Invention in 

each case· is smaller or equal to I, 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 

parllculsrly preferably smaller or equal to 0.1. Such addition of acids and/or bases is llllderstood 

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

· invention. 

·Preferred are cultivation systems no! requiring the use of any acid and/or base addition .. 

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

tlte use of calcium carbonate. 

The high efficacy of calcium carbonate as buffer for cultivating microorganisms of the oider 

TltrausfQChytriales is surprising, since the carbon dioxide formed only has limited solubility in 

. wafer, wbich leads to a decreasing buffer capacity durin,g fenneli.tation. 
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Surprisingly, not only the fennentation up to the complete glucose consumption was possible, 

but, in addition to that, the proportion Of PUFA in the biomass significantly increased when 

using the calcium carbonate stabilized medium according to the invention. Even more 

srnprising is that the glucose utilization and, related t.o that, the PDF A production is accelerated, 

thereby leading to an increased space-time yield. 

Until the present invention, no known fermentation process was available for producing n-3 

fittty acids in microorganisms of the order Thraustochytriales using a medium pH-stabilized 

with calcium carbonate, where ii was possible t.o dispense with further pH value stabilizing 

means. 

PUFAs are polyunsaturated long-chain fatty acids with a chain leni¢i >Cl2 comprising at least 

two double bonds. PUF As which can be produced following the method according to the 

present invention are in particular n-3 fatty acids and n-6 fatty acids. 

In the sense of the present invention, n-3 fatty acids (omega-3 fatty acid, ro-3 fatty acids) are 

understood to be polyunsaturated long-chain fatty acids with a chain length >C12 comprising at 

least two or more double bonds, where the first double bond is constituted between the carbon 

atolns C3 and C4 starting from the alkyl end. Accordingly, for n-6 fatty acids the first double 

bond is located between the carbon atoms C6 and C7 starting from the alkyl end. 

Microorganisms belonging to the group of the Labyrinthulomyoota are considered fur the 

production of PUFAs following the method according to the present invention. 

Microorganisms of the order Thraustochytrlales (Thraustchytritdea) are preferred (Lewis, T.E., 

Njcb.ols, P.O., McMeekin, T.A., The Biotechnolo~cal Potential ofThralllltochytrids, Milrine 

Dioteohnology, 1999, S. 580-587 and Porter, D. Phylum Labyrinthulomycota in Handbook of 

prot.octista: the structure, cultivation, habitats, ancl life !rlst.ories of !he eukaryo~c 

microorganisms and their descendants exclusive of animals, plants, and.fungi: a guide to the 

algae, ciliates, foraminifera, sprorozoa, water molds, and other profoctists. Editors: Margulis, L, 

Corliss, J.O., Melkonian, Mand Chapman, D.J., editorial coordinator, McKhaun, H.I., Jones 

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

microorganisms of Ifie genera Japonochytrium, Schlzochytrium, Thraustochytrium Althomia, 

Labyrinthuloides, Aplanochytrium and Ulkenia. Of these, Schlzochytrium, Thraustochytrium 

und Ulkenia are very particularly preferred. Particularly preferred are: Japonocltytriwn sp. 

ATCC.28207, Thraustochytrlwn ~reum (particularly ATCC 28211 anc! A'JjC 34304), 
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Thraustochytrium roseum ATCC 28210 ThraU3kichytrium sp. ATCC 20890, A'Iiic 20891, 

A 'lie 20892 and A 'Jlc 26185, Schiwchytrium aggregatum A 'Ifie 28209, Schizochytrium sp. 

ATCC 20888 and Arie 20889, Schizochytrium SR21, as well as Ulkenla sp. SAM 2179 and . 

SAM2180. 

Microorganisms suitable for the method according to the invention are both wild type fonns 

and murants and strains derived therefrom as well as rerombinant.strams of the oorresppnding 

organisms. The presen.t.invenlion especially oomprises mutants or recombinant strains for 

inereasing the production of PUP A. 

The microorganisms according to the present invention are cultivated by inoculating a liquid or 

a solid medium with a precullure of these organisms. 

Culture techniques suitable for microorganisms of the order Thraustochytrlales are well lrnown 

to the person skilled in the art. Typically, but not exclusively, the culture is canied out by means 

of aqueous fermentation in a corresponding container. Examples for typical containers for such 

type of fermentation comprise shaking flasks or bioreactors, such as for example STR.s (Blirred 

tank reactors) or. bubble columns. The culture is typically carried out at temperatures of 

between 1 o•c and 40°C, preferably between 20°c and 35°C, particularly.preferably between 

25°C und 30°C, more partfoµlarlypreforably between 27°C und 29°C and in particular at 28 =" 

o.s•c. 

In a preferred embodiment of the present invention tile calcium carbonate content of 1he 

pH-stabilized medium corresponds to a value in the range of3 g/L to l S f!/L, preferably of 4 y/L 

to 12 glL and particularly preferably of 5 f!/L to 10 f!/L. V ezy particularly preferred is a calciwn 

carbonate oontent of 7 .5 ± 0.5 f!/L. 

The pH-stabilized medium furfuer preferably comprises one or more carbon sources, as well as 

one or more nitroge.tt sources. Substances usable as carbon and nitrogen sources for cultivating 

microorganisms of the order Thraustochytria/es are well known to the person skilled in the art. 

Usable cru:bon sources are for example carbohydrates such as glucose, fructose, xylose, sucrose, 

malt.ose, soluble starch, fucose, glucosamine, dex!J.llll, glutamic acid, molasses, glycerin or 

inarurl!ol or also futs and oils or vegetable hydrolysates. 

Usablenatnral nitrogen sources are, for example, peptone, yeast exfrac~ malt oxtmct, meat 

exltacl; CJ!Samlno acids, com steep liquor or soy b~. usable organic nittogen sources are, for . 
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ei>ample, glutamate and urea, but also inorganio nitrogen sources such as, for example, 

anunonium acetate, ammonium hydrogen carlionate, ammonium sulfate or ammonium nitrate 

oan be used as nitrogen source. 

fu addition to oalcium oarbonate, the pH-stabilized medium can rontain all other oomponents 

known to the person skilled in the art to assist the cultivation of microorganisms of the order 

Thraustochytn"ales, in particular inorganic salts of, fur example, Ca, Mg, K, Fe, Ni, Co, Cu, Mn, 

Mo or Zn. Phosphates such as potassium hydrogen phosphate, or chlorides such as magnesium 

chloride, sulfates such as ammonium sulfate, magnesium sulfate, iron sulfate or sodium sulfate 

may be mentioned as examples. Further usable inorganic salts are, for example, halogenides, 

such as potassium bromide or potassium iodide and also other carbonates su.ch as sodium 

hydrogen carbonate. 

Where applicable, the medium can comprise addltio!llll macro- or rnicronutrients, such as 

amino 11cids, purine, pyrimidine, com steep liquor, proteinhydrolysates, vitamlns (water 

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

. in the !\rt. Anti-foaming agents oan be added, if necessary. The meillum can contain complex 

components or be chemically defined. 

The amounts of the individual components can vary, as long as there is no llegative effect on the 

growth or productivity of the microorganisms. The person skilled in the art can easily determine 

the composition for each individual oase according to the requirements of the microorganism. 

Generally, the carbon source is added at-a concentration of up to .300 f!/L and the nitrogen 

source at a concentration of 1 to 30 f!/L, Preferably, the nitrogen content is adjusted in 

dependence of the C!l!bon content of the medium. 

A particularly .preferred pH value stabilized medium comprises glucose, yeast extract, com 

steep liquor (CSL), magnesium chloride, calcium carbonate, calcium chloride, sodium sulfate 

and potass1um phosphate. 

The pH value of the medium is set prior to the start of the fonnentation to a range of 3 to 10, 

preferably 4 to 8, particularly preferably 5 to 7 an~ very particularly preferably to abo_ut 6 by 

adding a corresponding acid or base. 

The medium is subsequently. sterilized. Tec!uliques for sterilizing media are well known to the 

person skilled in the art, autoclaving and s:ente filtration may be mentioned as examples. 
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CUitivation can taJce place l:iatahwise, in a fed-batch mode or continuously, as it is generally 

known to the person skilled in the art. 

Batch orfed7batchcultivation usuallytakes place overa period oft to 12 days, preferably 2-10 

days, particularly prefu:ably 3·9 days. 

Tue media components can be added· to the medium individually or as a mixture, a previously 

prepared mixture being also possible. The components, in particular the carbon and nitrogen 

source(s) or specific medium additions can be added prior to or during the cultivation. The 

addition can be repeated once or several times or can also take place continuously. 

Tue produced PUF A are generally available in form of neutral fats, for example as 

triacy!g!ycerides, or polar lipids such Ill!, for example, phosphatidylcholine, 

phosphatldylethanolamine or phosphatidylinositol. 

· For the pwpose oftbe present invention, tbe terms PUFA, n-3 fatty acid or n-3 active 

substances are understood to be all possible fonns in whioh the oorresponding fatty acids can 

exist, i.e. as free fatly acids, esters, triglycerides, phospholipids or other derivatives. All these 

substances are summarized ill the fbl!oWiog text and tbe terms are used synon~ously. 

Furthermore, the PUF As can be converted and concentrated by means of chemical or 

biooata!ytic transesterification, for example with the help of suitable enzymes (lipases), before 

or after isolation from the culture. 

Tue isolation of PUF As from the fermented microorganisms or medium and the analysis of the 

fatty acid spectrum is oanied out 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 medil.lrn f01ming the basis for 1he 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 :l.: Fermentation of Ulkenia sp. SAM 2179 strain for the production of PUFA in 

.different culture media pH-stabilized exclusively by different.quantities of CaC03. 
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fnkenia sp. SAM 2179 sb:ain wa.~ cultivated in 50 mL mediwn in 300mL Erlenmeyer flasks 

with a baffle. 

Media comp<>sition: 

Fennentation medium: 

Glucose 150 g/L 

Com steep liquor 3.75 [!)I, 

IIB2P04 3 g/L 

Na2S04 1 g/L 

MgC12x6H20 lg/L 

CaCl2x2H20 0.3 g/L 

. (NH4)2S04 S g/L 

CaC03 addition per 50 mL flask: Mediuml.1 Og/L 

' 
Medium 1.2 1 g/L 

Medium 1.3 2g/L 

Medium 1.4 Sg/L 

Mediwn 1.5 lOg/L 

Set pH value to 6.0 With NaOH and autoclave 

Culture conditions: 

. Temperature (°C): 28 

Shaking rate ( 1pm): 150 

Cell harvest "'.BS carried out by centrifugation after 96 h of cultivation. The cells were 

• subsequently freeze dried and the dty biomass determined. Cell digestion and fatty acid 

determination was carried out by means of2 hour long heat treatment in 10 % methanollc 

· hydrochloric ac;id at 60~C (under stining). The esters were analyzed in a gas chroinatograpit to 

· determine the fatty acid composition. 
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Table 1: Fennentation parameter in dependence on the calcium catbonate concentration 

Ca CO, Glucose- pH DBM DHA DHAIDBM DIIA DHA·STY 

consumption value area 

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

Mediuml,1 0 43.0 1.85 22.72 48.3 3.35 0.16 0.19 

Mcdluml.2 l 59.0 2.31 30.32 44.0 4.91 1.49 0.37 

Mcdilll111.3 2 81.7 2.84 38.58 43.9 9.90 3.82 0.96 

Medlunt1·4 5 1-08.4 5.02 52.99 44.8 15.72 8.33 2.08 

Mediuml.5 10 111.9 4.18 52.32 45.S 13.23 6.92 1.73 

DBM: Dry biomass; DHA/DBM: wt'/o DiIA (docosahexaenoic acid) per unit of weight DBM: g/Ll<d opace-time 

yield in giatns per liter per day; STY: spaOO-fime yield; DHA area (%)Proportion ofDHA in the fatty acid 

spectrum 

The fenuentation of Ulkenta sp. SAM 2179 in a fermentation medium lacking sufficient pH . 

stabilization leads to a slowdown in ilie glucose consumption during the colirse of tlle 

fermentation and to a cessation of growili as a result of a sharp drop in the pH value (see 

medium 1.1. -1.3.). Only greater quantities ofCaCO, buffer lead to a stabilization of the pH 

value during the culture (medium 1.4 und 1.5). Here, an Increasing CaCOi concentration also 

leads to an increased glucose coMumption during the culture. Because of the pH value 

stabilization and the increa~ed glucose consumption associated therewith, higher biomass 

values are achieved and, as a result of that, also higher DHA space-time yields of abont 2 g/Lxd 

under the abovementioned conditions. 
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Example 2: Fermentation of Ulkenia sp. SAM 2179 strain fur the production of PUP A in 

different culture media, pH-value stabilized exclnsively by different quantities of CaC03, up .to 

glucose limitation. 

Ulkenia sp. SAM 2179 sb:ain was cullivated in 50 mL medium in 300 mL Erlenmeyer flasks 

with a baffle up to complete glucose conswnption. 

Media composilion: 

Fermentation medium: 

Glucose 

Com steep 
liquor 

MgChxliH,zO 

CaC!iXZHiO 

(NH4)2S04 

15.0 g/L 

3.75 g/L 

3g/L 

I g/L 

l giL 

0.3 g/L 

s g/L 

CaC~ addition per 50 mL flask: Medium 1.4 5 g/L 

Medium 1.5 l 0 g/L 

Set pH value to 6.0 withNaOHand autoclave 

Culture conditions: 

Temperature (0 C): 2S 

Sfulking r11te ( tpm): 150 . 

Cell harvest was carried out by centrifugation after 144.5 h of cultivation. The cells were · 
. . 

subsequently freeze dried and the dry biomass detennined. Cell digestion and filt1y acid 

detenninlltion 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 tho fatly acid composition. 
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Table 2: Fennentation parameter after glucose limltalion 

CaC<>; Gluctisc pH J>JlM DHA DHAJJ)BM DHA DHA·STY 

consumption value area 

(g/L) (g/L) (g/L) (%) (%) {g/L) (g/Lxd) 

Mediuntl.4 5 fSO.O 6.49 58.52 41.1 22.20 12.99 2.14 

Medium 1.5 JO 150.0 6.58 64.65 46.7 20.54 13.28 2.19 

The fennentation of U!kenta ilp. SAM 2179 in a medium buffered with 5 g/L resp. l 0 f!/L 

CaC03, respectively, enables cultivation up to glucose limitation without a strong drop in 1he 

pH value. The thereby achievable biomass and the proportion of DHA per biomass are, wi1h 

about 58-64 f!/L biomass and 20.:22 % DHAJDBM, ooiresponding to complete glucose 

consumption, verybigb. It is found that a higher CaC03 concentration (10 f!/L) leads to a larger 

amount of biomass, although the proportion of essential PUF A DHA per biomass is slightly 

reduced in relation to the lower CaC03 (5 f!/L). However, the DHA space-time yield obtained 

therewith remains approximately ilie same for both conoenb:alious. 

Exa111ple 3: Cultivation of U/kenia sp. SAM 2179 strain for the production of PUF A under 

optimized fermentation conditions. 

Ulkenta 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 eaC03 concentration of7.5 g/L and a modified preculture. For the preculture, instead of 

using a stand cul tare in DHI medium, a shake ciillure was used with the same medium ( 48h, 

150 rpm and 28°C). 
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Media composition: 

Preculturemedium: DH! medium 

Glucose monohydrate (g/L):56,25 

Yeast extract (g!L): lZ.5 [Difeo] 

Tropic Marin {tifL): 16.65 [Dr. Biener GmbH, Wartenberg, Germauy] 

pH value set to 6.0 with HCI 

Fennentation medium: 

Glucose 150g/L 

Com steep 
liquor 3.75 giL 

frn2P04 3 glL 

Na2S04 1 glL 

MgCl2X6H20 1 glL 

GaCJ.zx.ZHiO 0,3 g/L 

(NH.i)2$04 5glL 

CaC03 addition per 50 mL flask: Medium 1.6 7.5 glL 

Set pH value to 6.0 with NaOH and autoclave 

Culture conditions: 

Temperature (06): Z8 

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 

determlruttion was Clll1.ied out by means ofZ hour long heat treatment in 10 % methauolic 

· .hydrocllloric acid at 60°C (under stirring). The esters were aualyzed in a gas chromatograph to 

.. derei::mine the fatty acid composition. 
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Table 3: Fennentation parameters under optimized buffer eonditions 

ca co, Gluoose plI DBM DIIA DIIAIDBM DIIA DIIA·STY 

consu.mption value area 

(g/L) (g/L) (g/L) (%) (%) (g/L) (g/Lxd) 

Medllllu l.U 7.S 150.0 6.76 G3.84 44.! 23.06 14.72 3.54 

Using optimized fermentation conditions, under which Ulkenia sp. SAM 2179 was first 

cultivated for 48 hat 28°C and 150 ipm in DH! medium, the DHA space-time yield could be 

substantially improved to more than 3.5 g/Lxd. This results primarily from a faster growth, 

whereby th~ glucose limitation was reached in less than 1 OOh. The use of7.5 glL CaC03 in the 

ferment11tion medium enables a pH stabilization _required for optimized cultivatioIL The use of 

7.5 glL CaC03 resulted from the results of example 2, in which 10 glL Ci!C03 resulted in higher 

biomass values, while 5 g/L CaC03 gave rise to better DHA values. An optimal CaCO; 

concentration for DHA production (i.e. largest possible amount of biomass with highest 

possible DHA content) was consequently suspected between 5 and 10 g/L CaCO;. 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 ofDHA per dry biomass and the DHA quantities achieved were, however, larger 

(more than 10 %) . 

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

culture medium with and wi1hout pH stabilization by CaC03• 

Ulkenia sp. SAM 2179 strain was cultivated in a 5L feanenter up to complete glucose 

consumption. 

15· 

efiling
Pencil



Media composition: 

Fermentation medium: 

Glucose 150 glL 

Cum steep 
liquor 3.75 glL 

~P04 3glL 

Na2S04 1 glL 

MgC'2x6H20 1 glL 

· CaC!,,x2H20 0.3 glL 

(NH4)2S04 5g/L 

For :fennentation with pH control: 

For fennentation without pH control: 

Set pH value to 4.0 with HJP04 and autoclave 

Set pH value to 6.0 with NaOH and autoclave as 

well as addition of7.5 f!/L CaCOi 

Culture conditions: 

Temperature (°C): 28 

ventilation: 0.8vvm 

Fermentation with and witliout pH control 

. 'fable 4: Fermentation parameters with and without pH control 

pH ca co, Glucose Time tor l>llM Dil4 :DIIAIDBM DHA i>IIA-STY 

· control consumption glucose aroa 

consumption 

(g/L) (g/L) (h) (g/L) (%) (%) <JYI;> (g/Lxd) 

+ 0 150.0 162 66.9 47.2 25.9 17.35 2.5 

- 1.S 150.0 15.0 67.8 46.7 26.9 18.30 2.9 

16 
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Tue use of the CaCOi-stahilizcd fennentation medium according to the invention enables 

cultivation ofUlkenia sp. SAM 2179 up to glucose limitation without pH control also in a SL 

fermentation scale. Th? use of s~cient quantities of CaC03 leads ro·a faster growth as a result 

of the accelerated glucose conmnuption. In addition, larger biomasses are achieved. 

Fnrthewore, in connection to this, a greater proportion of DHA per biomass and larger 

quantities ofDHA are achieved during fonnentation. This leads to a not insignificant increase 

in the DHA space-time yield of more than 15 % forCaCOi-buffured fellll.entation compared to 

pH-controlled fennentation. 

17 
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Example 5: Fennenlalion of Schizochytrium sp. SR21 for the production of PUFA in 

fennentationmedium l.6 stabilized by7.5 g1L CnCOi 

Schizochytrium sp. SR 21 strain was cultivated in 50 mL medium in 300 mL Erlenmeyer flasks · 

with a baffle up to complete glucose consumption. 

Media composition: 

Preculturemedium: GY medium 

Glucose (gtL): 30.0 

Yeast extract (gfL): I 0.0 [Difoo] 

Tropic Marin (f!/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany] 

pH value set to 6.0 with HCI 

Fennentation medium: 

Glucose 

Com steep 
liquor 

MgCJ:ix6H20 

CaCizX2H20 

(NH.i)2$04 

CaC03 addition per 50 mL flask: Medium 1.6 

Set pH value to 6.0 with NabH and autoclave 

Culture conditions: 

Temperature (°C): 28 

Shaking rate (rpm): 150 
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The cell harvest was carried 'out by centrifugation after 96 h of cultivation. The cells were 

subsequently freC'ZC dried and the dry biomass detennined. Cell digestion and futty acid 

detennination was carried out by means of2 hour long heat treatment iµ l 0 % methanolic 

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

detennine the fatty acid composition. 

Table 5: Fermentation parameters under optimized buffer conditions 

ca co, glucose pl! DBM DHA llHA!DlJM JlHA . llHA-STY 

COD5Dmption value area 

(g/L) (g/L) (g/L) (%) (%) (g/L) (g/Lxd) 

SR21 7.5 150.0 7.35 66.12 34.4 15.28 10.10 2.52 

The medium being pH-stabilized using CaC03 descnbcd in the invention also leads to an 

optimization of the production of PUPA in the case of other organisms belonging to 

Labyrinthulomycota. It is thus possible to funnent 1he microorganism Schizochytriwn sp. SR21 

strain in the mediwn forming the object of the invention. The space-time yield of the essential 

l'UFA, DHA in SR 21 is slightly lower than in Ulkeniasp. SAM 2179 (see exmnple 3), but it is 

more 1han 15 % (w/w) of the total dry biomass in relation to n-3 PUFA DHA. This example 

shows that tl1e optimized pH-stabilized mediwn forming the objectof1he present invention 

elll!b!es fermentation without pH control for 1he production ofJ.>UF As also in further members 

of Labyrinthulomycota. 
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WHAT IS CLAIMED IS: 

1. A method for cultivating microorganisms of the order Thraustochytriales, the 

method comprising cultivating the microorganisms in a fermentation mediwn 

containing CaC03 as the essential means for pH value stabilization, wherein 

- the content of CaC03 in the fermentation medium is 3 - 15 gll; 

- said method comprises cultivation and following isolation of the PUF As from 

the microorganisms and/or the culture medium; 

- said method results in the production of more than .10% DHA per dry biomass; 

- the pH value of the medium prior to the start of the fermentation is set to a range 

of 5 to 7 by adding a corresponding acid or base. 

2. The method according to claim 1, wherein the microorganisms bring forth a 

production of more than 25, preferably of more than 35 and very particularly 

preferably of more than 45 wt% oil per unit of weight of dry biomass. 

3. The method according to claim 1, wherein the microorganisms bring forth a 

production of more than 14, particularly preferably of more than 18, and very 

particularly preferably of more than 22 wt% docosahexaenoic acid (DHA) per unit 

of weight of dry biomass. 

4. The method according to. any one of the preceding claims, wherein the 

microorganisms bring forth a production of more than I %, preferably more than 2 

%, particularly preferably more than 3 % and very particularly preferably more 

than 4 % docosapentaenoic acid (DPA) per dry biomass. 

5. · The method according to claim 1 or 2, wherein 3 g/L to 15 glL, preferably 4 glL to 

12 glL, particularly preferably 5 g/L to 10 glL and very particularly preferably 7.5 

± 0.5 g/L CaC03 are added to the medium. 

6. The method according to claims 1 to 5, wherein the medium comprises glucose, 

com steep liquor, magnesium chloride, calcium chloride, calcium carbonate, 

sodium sulfate, ammonium sulfate and potassium hydrogen phosphate. 
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7. The method according to any one of the preceding claims, wherein the medium has 

a pH value of between 3 and I 0, preferably of between 5 and 7. 

8. The method according to any one of the preceding claims, wherein the cultivation 

talces place between l o•c and 40°C, preferably between 25°C and 35°C. 

9. The method according to any one of the preceding claims, wherein the cultivation 

talces place for I to I 0 days, preferably for 3 to 9 days. 

I 0. The method according to any one of the preceding claims, wherein the 

microorganism belongs to the genus Schizochytrium, Thraustochytrium or Ulkenia. 

11. The method according to any one of the preceding claims, wherein the 

microorganism is Ulkenia sp. SAM 2179. 

12. The method according to any one of the preceding claims, wherein tbe 

microorganism is Schizochytrium sp. SR 21. 

13. A culture medium comprising CaC03 as the essential means for pH value 

stabilization for cultivating microorganisms of the order Thraustochytriales, 

wherein 

- the content ofCaC03 in the culture medium is 3 - 15 g/l; 

· -' said use comprises cultivation and following isolation of the PUF As from the 

microorganisms and/or the culture medium; 

- said use results in the production of more than 10% DHA per dry biomass; 

- the pH value of the medium prior to the start of the fermentation is set to a range 

of 5 to 7 by adding a corresponding acid or base. 

14. The method of any one of claims 1-12, further comprising isolating oil from the 

culture broth or biomass available therein. 
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15. Oil comprising 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 claim 14. 

16. Oil comprising 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 claim 14. 

17. The method of any one of claims 1-12, further comprising separating the biomass 

from the culture broth. 

18. Biomass obtained using the method according to claim 17. 

19. Animal feed comprising biomass according to claim 16. 

20. Foodstuff for human nutrition comprising biomass according to claim 16. 

21. The method according to any one of claims 1-12, 14 or 17, the culture medium 

according to claim 13, the oil according to claim 15 or 16, the biomass according to claim 

18, the animal feed according to claim 19, or the foodstuff according to claim 20 

substantially as hereinbefore described with reference to any example thereof. 
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