WO 21109/ 030821PCT/ F12008/ 050496 Production of fat from al cohol The present
i nvention concerns a process for formng a lipid or a mxture of |ipids
froma starting material, which conprises at | east one al cohol and a soap

or a pr eCWGSz%%LQBsz? soap. 5 The invention al so concer %1%1@5%5%% for
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formng a lipidor a mxture of lipids froman al cohol-containing |liquid
phase, which conprises at |east one al cohol. Background of the Invention
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alcohol, such as methanol, would also require expensive vacuum distillation. Thus, it can

be concluded, that production of biodiesel vsing the afore-described process in modern

technology is a waste of raw material. Increasing the value of the glycerol generated in the

process is especially uneconomical already merely with regard to the purification steps

25  required by it.

Some microbes accumulate fat in their cells. It bas also been known that glycerol can serve
as a carbon source for microbes, even for fat-accumulating microbes (e.g. Microbial
Lipids, eds. C. Ratledge and S. G. Wilkinson, vol. I, Academic Press, 1988; Papanikolaou,
30 S and Aggelz’s, G., Lipid production by Yarrowia lipolytica growing on industrial glycerol
in a single-stage continuous culture, Bioresource Technol. 82 (2002) 43-49.). On the other
hand, during the decades no breakthrough has been created for fat-accumulating microbes
and the fat produced by them, except mostly for the small-scale production of some special

fats. The average poor quality of this glycerol, e.g. with regard to the alkali metal salts of



WD 2009/ 030821PCT/ F12008/ 050496 fatty acids (hereinafter soap) and the
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Commercially interesting possible uses for glycerol or products obtainable therefrom by
chemical techniques have been widely investigated. In spite of this, there are no
economically durable solutions in sight, by which a substantially higher degree of
utilization of glycerol than before would be possible. An extensive summary of the

25 suitability of glycerol as a raw material for the chemical industry and of the challenges
associated with the use thereof have been summoned in a research by Sarantila, Maiju:
Glyserolin hyddyntdminen, diplomityé, Teknillinen korkeakoulu, 10.11.2006. {Sarantila,
Maiju: Utilization of Glycerol, Diploma thesis, Helsinki University of Technology,
November 10, 2006]. In the following, based on the thesis, the currently known most

30  essential possible uses of glycerol for increasing the utilization rate and the added value are

described.

The oxygen content of the glycerol molecule is relatively high and the carbon content is
low, respectively, thus resulting in a poor caloric value. Further, the temperature of a
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to which process a |ipid-producing mcroorganismis brought onto a culture
substrate, 5 which contains said al cohol-containing |iquid phase, the
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The present invention concerns a process for forming a lipid or a mixture of lipids from a

starting material, which comprises at least one alcohol and a soap or a precursor of soap.
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transformed into a fraction that is suitable for the production of

gl ycerolipids consisting of fatty acids, which glycerolipidis utilizable
as such or is recyclable into another naterial of biological origin
cont ai ni ng ipid. The treatnment of the lipid f ' WO

2009/ 0308 f%!y F%%EO8/050496 m croorganisminto the dg@ﬁ?ﬂ2h§§%2§s can take
pl ace wi thout a previous deconposition of the mcroorganismcells and a
subsequent step of isolation of the fat. The advantages of the invention

i nclude al so that the apparatus needed for the process is 5sinple and the
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t he i nner sistatedlimthesparagiesiaingephrfficiaany aed 4f er ent pur poses, such as for

15t he oduction of single conponents or as a supplenentary culture
substrate for producing a mcroorganism Also generally known probl ens
caused by Livewpe dbemeecafdiag suhé avestantis verstmpolimdwvbans Paedinadimated by

t he invent,ciu[](f)ig;4 As is well known, surface-active conpounds, such as the
20soaps of ty acids, inhibit the growth of mcroorgani sns and serve as a
carbon source for only a few m croorgani sns. The presence of soap in the
producti on m cr oor.gani smd es the surface activity of the

rocess of rea /
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ot her. Theaﬁ?inyary&r rjegction, alcohol 1s released as well as an alkalt metal salt, a soap, of water-
soluble fatty acids that contain hydrocarbon chains. A central problem of the process is the
utilization of the impure glycerol and the purification of the glycerol into a safe and useful

20  compound required for the utilization.

A comprehensive advantage of the invention is that it can be used to produce an energy

rich chemical compound, a lipid, by simple process steps, in an energy efficient and

environmentally friendly way, from compounds of biological origin containing less energy,
25  such as from a polyhydric alcohol and a monohydric alcohol, preferably avoiding the use

of significant amounts of water.

The minor flow containing alcohotic compounds and an unesterified salt of fatty acids,
which is difficult to utilize in terms of energy economics and which is released from the
30 transesterification of the fatty acid esters contained in the organic lipids, can be
transformed into a fraction that is suitable for the production of glycerolipids consisting of
fatty acids, which glycerolipid is utilizable as such or is recyclable into another material of

biological origin containing glycerolipid. The treatment of the lipid formed in the



al cohol containing soap-like conmpounds is, thus, poorly suitable for the
production of lipid with m crobiol ogical neans, while the total utilization
of the alcoholic mnor flow containing the soap generated in the biodiesel

process igobhevamnhed or weakened. By neans of the inv%gi,ﬁ%, ARkgceXanpl e,
t he organi ¢ conpounds contained in the glycerol-rich side S?raCtion

generated during the production of fatty acid esters can be transforned

back into liighsgatisth Mo heRbAFBSStersWh Gite BRBDL ARG Qﬁs%ﬁ&@de&fnﬁﬁ%iﬁ&%fs to
achi eve m crobi ol ogical lipid production. WO 2009/030821PCT/'F12008/ 050496
By means othegnigrogtasismaetoang arybsequertistep alisaiaiionofthe farticul ar flexibility
I's achieved for mcrobiologically producing lipid. A fraction containing a
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t he hel p oprocése secoedinptarthé myertBar Bl prgesadngs tlve nolgeaiiteadsidageasingt i on. Bri ef
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process accordi ng the present | nvention.
efficiency of the process is improved by the fact that the lipid-free biomass formed during
it can, in addition to the inner circulation, be used for many different purposes, such as for
15  the production of single components or as a supplementary culture substrate for producing

a microorganism.

Also generally known problems caused by the presence of a surface-active compound can
be eliminated by the invention. As is well known, surface-active compounds, such as the
20 soaps of fatty acids, inhibit the growth of microorganisms and serve as a carbon source for
only a few microorganisms. The presence of soap in the production process of a
microorganism decreases the surface activity of the culture substrate, causes foaming and
complicates the separation of the cells from the liquid with methods based on their specific
weight. The presence of the soap in the mixture containing water and water-insoluble oil
25  inhibits also the separation of the aqueous and oil phases from each other. The polyhydric
alcohol containing soap-like compounds is, thus, poorly suitable for the production of lipid
with microbiological means, while the total utilization of the alcoholic minor flow
containing the soap generated in the biodiesel process is prevented or weakened. By means
of the invention, for example, the organic compounds contained in the glycerol-rich side
30  fraction generated during the production of fatty acid esters can be transformed back into
lipids using a process, which combines chemical treatments to achieve microbiological

fipid production.



20 Fig. 2 is a graphical-presentation of the growh of yeasts on the
starting material or the al cohol-containing |liquid phase according to the
present invention, wherein the present soap has been renoved according to
the i nven{ioOngedafzh - 3 is a graphical presentation ofpdhg, @ of yeasts
on pure glycerol (manufacturer J.T.Baker, USA). Fig. i)ls é %?ﬁ%ﬁlcal
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graphi cal presentation of the growth of Galactonyces geotrichum nould on
substrates, using glucose (A), pure glycerol (B) or a glycerol fraction not

cont ai ngm§§ Q@g% h curve of
t he nnﬁ%d an ﬂ%?gg%?gégﬁ agfg@gmﬁgg&ggﬁ?gﬁgt%%ﬁﬁé fggﬁﬂ%%gﬁﬁ 15Det ai | ed
descripti odf:vgkbpmhm biyigenagsing tha t@@i pc%bcérf@t rawmmnabrfm@omb@rwcas pnd)h@ss for

f ' f whi ch
conpr 1 ses St Beegles B iddife e i RLER b8} PO PR TGRRL 5 e

nmet hod further conprising 20adding a netal i on fornlng agent to the

;ngtel 2% d é}iet,ir %inae%\ﬂ)ggvgﬁ%e %escnéé&%exri(;rg de];tgi w1t ’thevmipccg} 1 60 Q(}C(a)'zlnggny?‘nng I nsol ubl e

15  drawings and the detailed description.

Brief description of the drawings

Fig. 1 depicts the main execution steps of the process according the present invention.
20

Fig. 2 is a graphical presentation of the growth of yeasts on the starting material or the

alcohol-containing liquid phase according to the present invention, wherein the present

soap has been removed according to the invention.

25  Fig. 3 is a graphical presentation of the growth of yeasts on pure glycerol (manufacturer
J.T.Baker, USA).

Fig. 4 is a graphical presentation of the growth of yeasts on a substrate containing both
glycerol and methanol. Fig. 4a illustrates the growth of Yarrowia lipolytica yeast on a

30  substrate, which contains 5/10% glycerol either with or without added methanol (2% by
weight of the amount of glycerol), and Fig. 4b depicts the growth of Rhodotorula glutinis

veast on corresponding substrates.
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P

separating the insol uble phase fromthe |iquid phase, contacting a lipid
produci ng m croorganismw th the |iquid phase on a culture
substrate, whereby the m croorganismcells begin producing lipid, and

25col | ect {RG%obdABedsk P ds. Preferably, the starting natq&hﬁhﬂﬁgng>kses a
pol yhydri c or a nonohydric al cohol or both, and a soap or precur sor of

soap. 30 The i nvention al so concerns a process for fornlng a I|p|d or

i xtur e of pld BhAsebba Al SRIY uRORk A DGl AU M RAT G thA" compri ses

at | east on e process onpris

2009/ 03082&@@5‘113:11(2@3@&/\@5@1#% beemtsad i amgounksenfldi, pi. ﬁlop?i%mmar’nﬁ\lﬁr{‘émbr gani sm
with the abﬁphgl ch% ng | i quid phase on a culture substrate, whereby
the m croo é&ﬁ%gﬁ?ﬁél egln producing lipid, and collecting the lipids. 5
Preferably, the Iiquid phase conprises a polyhydric or a nonohydric al cohol

or both IE grtlcular t he res nventlo concer $ rocess for
Cormngda Fibp beiil piegsuiion oF thsieEon AT ds vrass o) Qb A PAIme. wher o
t he anount wgkn alcohat §uus&at@t(YNg§a&m£1a§ § o0f2 s ﬂ-@xoﬂie@éﬂ%}ﬂgrdﬂ%&fdnaﬂot
preferably from70 to_99% by weight, or _fromthe al coh contalnlng l'iquid

phase, whefRIRIREE SRR RIS 53t cantetibsovwndn Ficoft 55 & g/uling ¥535) 2nGIngrie: BFfox he

phase, preﬁﬁﬁﬁkh%a§&mEQ&$&9ﬁ%By wei ght. According to a preferred enbodi ment
of the present 1nvéntion, a fraction conprising the

10 Fig. 7 is a graphical presentation of the growth of Galactomyces geotrichum mould on
substrates, using glucose (A}, pure glycerol (B) or a glycerol fraction not containing soap
(C) as a carbon source. Fig. 7a shows the growth curve of the mould and Fig. 7b shows the

fat content of the mould ceils.
15  Detailed description of the invention

The present invention concerns a process for forming a lipid or 2 mixture of lipids from a
starting material, which comprises at least one alcohol and a soap or a precursor of a soap,
the method further comprising
20 - adding a metal 1on forming agent to the starting material, whereby a mixture is
formed, which contains an insoluble phase and a liquid phase,
- separating the insoluble phase from the liquid phase,
- contacting a lipid producing microorganism with the liquid phase on a culture
substrate, whereby the microorganismn cells begin producing lipid, and

25 - collecting the lipids.

Preferably, the starting material comprises a polyhydric or a monohydric alcohol or both,

and a soap or a precursor of soap.

30 -~ The invention also concerns a process for forming a lipid or a mixture of lipids from an
alcohol-containing liquid phase, which comprises at least one alcohol, the process further

comprising



15al cohol, forned as a result of the transesterification of the lipid
consisting of glycerolipid, carried out using sodium nethoxide, is used as
a starting material in the process for formng a lipid or a m xture of

l'i pids. rm"lipid" nmeans a fatty substance, r f whose
nol ecul e |s:%%ﬂgﬁgfly an al i phatic 20hydrocarbon chalﬁwﬁﬁﬁﬁmgwggglves in

organi c solvents, but is poorly soluble in water. In the present invention,

the lipids for . €.
triesters for mﬂﬁ,ﬂgaﬂ%ﬁ%g@ﬁr g%g%l%%a@hgm% r%l%?gié(?l %r&ln){n% %ers of
sterol, but ot hléraset o1pa dﬂuwubatam wierebp thradiciaorganasmoells Begis produdsg

phosphol i pi ds, grols 25pol yprenol s, sphingolipids, glycolipids and

di phosphat i dyl According to a preferred enbodi nent of the present
i nvention, tnighyﬁﬁﬁgdh@nmasnixture conprising triglycerids, where even

| ar ge gDunts of conponents, such as sterols and free oxygens, can al so be
present; is formed fromthe al cohol-containing liquid phase. 30 The term

"soap” meapgfRatidlhe Rfui@phat Eom@ikea polVD 320094 ARR8RURC T FAAQP84B50496 such

as a nonohydric al cohol, and an organic soap. Thus, the invention can be
used for transformng hlghly oxi di zed organic conpounds into reduced I|ipids

having a hi &1 e HRAMHE Hvent¥ii BhcRY 5¢+5ée§stefor gor msgl Jr}%riﬁa?a RdhRdrfor use

for different energy production forns. : Ication, the
i nventi on Hpids from seudtsMIrmmtsmﬂhéh@@fhewﬂomtbﬁ alfebals iswehbaﬁytaifeﬁtheonl ng

gl ycer a i I re it with
anot her! por e Akl B F 8RER| v 0P oo e R Beticyt RS

nmonohydr i ch@lud: phst, vetreee i iahmbrht@f algolods is(ﬁmnsmocl@Q‘VofhyrweIngoé dregﬁmes ns,
10especial ly.si.nce it been proven, that they, as a m xture, intensify
the use of P %g¥ﬂﬂ%2§%5%)% r%@gm;and by choosing a suitable m croorgani sm
these conpounds can by neans of biosynthesis be transforned into Iipids of

m croorganismorigin consisting of fatty acids and i ntq other biomateri al
that can bASHENE gﬂeﬁpre%efr@ﬁ o %Enta)fmﬁnr?%ﬁ&mv%mé fragtonppREsIng theyy

i tsﬁl atiing aeme G inRddl ¥ a it @808 e itAB:SRAROHIDE S B 1HIORLIQIRST cRRBoREIqUsed for
ot her gener al
J carried out using sodium methoxide, is used as a starting material in the process for

forming a lipid or a mixture of lipids.

The term "lipid"” means a fatty substance, a part of whose molecule is generally an aliphatic

20 hydrocarbon chain that dissolves in organic solvents, but is poorly soluble in water.

In the present invention, the lipids formed in the microorganisms are mainly
triacylglycerols, i.e. triesters formed by glycerol and fatty acids (triglycerid), or esters of
sterol, but other lipids can also be formed in the cells, such as phospholipids, sterols,

25  polyprenols, sphingolipids, glycolipids and diphosphatidylglycerol.

According to a preferred embodiment of the present invention, triglycerid or a mixture
comprising triglycerids, where even large amounts of components, such as sterols and free
oxygens, can also be present, is formed from the alcohol-containing liquid phase.

30

The term "soap" means a salt of a fatty acid.

The invention comprises mainly a process based on natural substages, by which fat (lipid)
containing long-chain fatty acid is produced from mixtures of glycerol, other alcohols,

8



15appl i cations, such as, as feed and nutrient. The soap that is fornmed in
the acid catalytic manufacturing of fatty acid esters generates probl ens
for the production of a m crobe based lipid. Soap slows down or even

total ly ighihi e grow h of the m croorgani sm and tFt&LiLﬁg. [[@synt hesi s
of |ipi dsﬁaég‘g%ﬁ%%zgo 20conplicates the separation of cel sﬂop&g%@ﬁb?he cul ture
substrate. According to the process of the present invention, |ipid

cont ai ni Nggf.Ats ¥aghidSiea i ' Leal: r ' re, soap
cont ai ni ngS éﬁyce?lgﬁé]ﬁ?ﬂor_ﬁﬁ(gw&@%gggg%gﬁcﬁk%q? éé)lrtr}%ggf&g%c%b%%%% ogi cal

pr ocesses, rygsorming highly axitlizehorganit admpangdginycredaded Z2painladbhehighenpgunds i s

used for the odugt.i o f l.i pi d-synt.hesi zi ng..m cr oor gani,.sm a from
oo o o e A A e i SRR For el RO AR R 0T
for manufacturing al cohol esters of fatty acids. Chem cal and bi ol ogi cal

reactions suiitabl.e f.or .industrial use _are_cqnbined in a new way in 30 the
et o B0t B o R g R A s g B Ol BR e BBl whi o
pref er abl ymegioningaaid ab the pbBaRGc al@n6l, bitgt i@?yb%ﬁbl@fo&é‘;ﬁlh& IERITP AAbS

contained in the glycerol solution, which is fornmed in the acid catal ytic
manuf act ur PHYYEHC Rlgbha) suitable 195 theiavenol pe transformed in an energy
efficient way into lipids that contain fatty acids. WO
2009/ 030821PCT/ H2008/ 050496 The present invention preferably contains
steps, whegbicerotdnd manobydricalendiol afe mitzbleras euhposnares fameicroerganients.f r om t he
gl ycer f oY gl o VR By [ i ch: acl di | rol
fracti gén iisg‘g&d%i%s@ %rg'g ﬂvaa% %9%; ér;l g‘g&?@éﬁﬁgmﬁ%ﬁ%&é@gﬁgﬁhg%%%g éeeroéc%?t@gc\?\‘n% t% an
aci d that fources aad bakhodsingta sodablsmicveramisa heselhompsauiscen bomeas of
wi,th.acetic acid, . ]

m cr oor ganj.s nor ref.erabl. formc acid or .|l actic
et . Ry PR B BARLanl e DG Oh BRR s np S Beligna St Gufpas ht ended
for it. Acadnsibnoghet biomaptiaf darad beoiiodi et as, Bempriggessdeltd prbedsiifRg a
lipid or a mixture of 1jpids conprises the steps of 10optionally adding an
acid to t h*éévéte%ﬁomrwaféﬁw%ﬁmg?%@uaﬁ §F thmbigmgssite baried forfithes egicet er abl y
aceti clgacig}p1i$ﬁbﬁg,§u@q3,das%edﬁlgtniuﬁieggi d, to adjust the pHto a val ue of
from3 to 8, preferably to a value of from6 to 8,

The soap that is formed in the acid catalytic manufacturing of fatty acid esters generates

problems for the production of a microbe based lipid. Soap slows down or even totally

inhibits the growth of the microorganism and thus the biosynthesis of lipids. Soap also

20 complicates the separation of cells from the culture substrate.

According to the process of the present invention, lipid containing fatty acids can be
produced microbiologically from impure, soap containing glycerol minor flow by
combining chemical and microbiological processes, wherein a fraction containing glvcerol

25 and other compounds is used for the production of a lipid-synthesizing microorganism and
from which microorganism the thus formed lipid can be used again, for example, for

manufacturing aicohol esters of fatty acids.

Chemical and biological reactions suitable for industrial use are combined in a new way in
30 the invention into a process entity, by which the glycerol, the alcohol, which preferably is a

monohydric alcohol, and the other organic compounds contained in the glycerol solution,

which is formed in the acid catalytic manufacturing of fatty acid esters, can be transformed

in an energy efficient way into lipids that contain fatty acids.

9



adding a netal-ion formng agent to the m xture; such as mneral salt of an
al kali earth netal, preferably an agent that fornms Ca2+ or M2+, nore
preferably cal cium 15 chloride or magnesi um chl oride, nost preferably

cal ci um cRlonhfRes S @ solid or as a liquid (such as ol ution),
in an anount, that precipitates at | east 40% of the s?&ﬁ%ﬁ%@?ﬁbly in an
anmount, by which a stoichionetric anount of netal ion is formed conpared to
the amount Ol SQARydHRSH pRESESY B OWARLATR! dsSrR GRS Raltd; 10% by

wei ght, wher e%y anml/ nso{lgﬁ%e p%ase gnégg%lﬁqu@gﬁp%%e are Sr r?ed wherein
20t he i nsotantfogenphars eemavep fiogethe glycersbiagrtiamdy filerig, glidrdviptiatbeaddmmoti ses t he
al cohol - cgnt ai ni 0l ution. contai ning .a_polyhydri c _or nohydric

al conol , i g EpRal BeeBPn Rt PR Y arine dnblarcl s praraly PRSI dt o
phase, whemei formidesappala icil serr @aenatbos eapedioe e Higosrghsismy maetpederhbiyo a soap,

is separated fromthe. |i.gui. ase er abl filteri or b
S decant | NG bR Ao S5 S Bt & heairga st B eyorbined ths i by
preci pi t at gsingd R¥didinfgdéd@r ki qui d phase and the |ipid producing

m croorganismonto a culture substrate, supplenenting the substrate with
nutrients required for production of lipid or with di srupted m croorgani sm
mass that ﬁ_@&ﬁ(ﬁ%\%}ﬁ) 4 HERGAGRPEBmeR! e Wddkks FhGorhifE QAhAAN a SR dipl®
produce lipid, whereby the lipid is 30accunul ated insSide the m croorganism
cel | s or oetamyriges hegpps @dpti onal |y di srupting the microorgani smcells,

optiongily sep i e LI pl: i r [ j 0

recove?‘? ng theaggg%%ggﬁgrah tB ﬁg t{f)?lgggg&gﬁ)agﬁ%ie’gﬂbfgﬁ? e ?g%faﬁg;%ﬁfrd e (ra”reabl y

ei ther by filt emefagblhyracttc avst, iodsc ad edadie adidf foexdpiscibs pHrio s peloe bf fomei ght |, -
such as WD 200%9( %308%1%?/0%13&2938%%504%@} centrifuging, and thereafter by
separating the T8rmBEFracts bl it 8% by separating the Iipid, the

|'i pi d- cont ai ni n@ding aGhdtaio®forinig dgbiftitel thFiniktire sichepmiigalcel bSamdlkdlihe
recovered cell

eﬁﬁ ?ﬁetainp?eferabiy an agent that forms Ca*" or Mgz“"’, more preferably calcium

15 chloride or magnesium chloride, most preferably calcium chloride, asa solid orasa
liquid (such as an aqueous solution), in an amount, that precipitates at least 40% of
the soap, preferably in an amount, by which a stoichiometric amount of metal ion is
formed compared to the amount of soap, most preferably a stoichiometric excess of
10% by weight, whereby an insoluble phase and a liquid phase are formed, wherein

20 the insoluble phase comprises the soap and the liquid phase comprises the alcohol-
containing solution containing a polyhydric or a monohydric alcohol, i.e. the
aforementioned liquid phase,

- separating the insoluble phase, wherein the possibly present soap precursor has
reacted into a soap, is separated from the lignid phase preferably by filtering or by

25 decanting or by another procedure used generally for recovering a precipitate,

- providing the liquid phase and the lipid producing microorganism onto a culture
substrate, supplementing the substrate with nutrients required for production of
lipid or with disrupted microorganism mass that contains these agents,

- allowing the microorganism cells to produce lipid, whereby the lipid is

30 accumulated inside the microorganism cells or outside them,
optionally disrupting the microorganism celis,

- optionally separating the lipid by phase separation or extraction,

- recovering the cell mass or the lipids produced by the cells preferably either by

filtering or by methods based on differences in specific weight, such as

10



preferably using the cell mass or its fractions as lipids. 5 Particularly
preferably, the water-soluble soap present in the optionally filtered
glycerol fraction is transfornmed into a water-insoluble soap by adding into

the m xt ug@ Rodiisp@f al salt of a bivalent alkali earth gmtal.epigferably of
Ca2+, nost preferably CaCh. Myst suitably, the salt is added as a solid,

wher eby the use of significant anmounts of water can 10be avoi ded. The

mixing time s &aRkihd S el e AnTRld ARGl ritiBREcIdIL By e Nas

essentially stopped fornmed insoluble fraction (the precipitate) is
separ at ed fr omsepesatingdbé pifir the lipidreogtpineng| fraglipmlogha Epif niiytufg frere thersgllor by

decanting or byof?ﬁe]hr #ov@?eﬁ!lgﬁﬁla%?%ﬁc{ ally used for recovering precipitate.

The liquid glycero raction, t he ot her conpounds it possibly

cont ai ns, i s-ugeefefaplymisitgnbe ¢l mast or tdhfeactobsasipidsubstrate of a

m croorganismin a 15concentration suitable for its lipid production. After
separ ation of the soap precipitate, the hydrocarbon fractions over C4

conéI ai ned f%ﬁiilﬁf%ieﬂa&b;yé ﬂﬁt\aderismusﬁ}sei@g?ﬂm; ﬁl&ﬁeﬁéﬁtiémﬂ_}&sﬁhi%deélﬁreﬁb! é for
producing free fatty_ acids, nost pr ra r. prodycing fatty aci
esters. ThEAHSRFOIMESTRY Bie nyaen ulﬁﬁ@ﬂﬂ%ﬂfﬂ@?l@&fﬂi%@ggwuaﬂfalfﬂw&r%r ocess,

such as acgii a 8fiafnPLlkdALedoth I NreREKB! df (RAT hdstRbRbabSatdE, Mudeh as CaCl2
or the side fractions fornmed by these, 'do not, apart from NaCl and carbon

di oxi de, | wdllyithesabiripadded agpsolideMherebythe apeolsignifeptinounscy viatsd s de t he
brocesg Orbéﬂ‘a}ae{i?m@n%ﬁ{}gtﬂe%@&%ﬂga,%@ﬂ'txe Rlrinbd GAN é&%&%&f%s and, thus,

i nprove the total cost-effectiveness of the process. 5 y renovi ng

sur f ace- actssangialtostprned dBhef fooned iheidllclodtibe (he pcipitalg) siscrrdteddogm 6w f or med

in the trapsesterificatiaon, . .preregyisite re created. for using thi
fraction ¢ oanrer g dosBEEanfitke sl B AR S o n B e s 1
has, howeveded f@uedarerdiggbyipitaee Mhe tguid givbat] fretigentitiptie ethgt yomgroahdsiis not  as
such a ver S.g fficient carbon source. l\/‘ghhanog, on%ft he. ot her. hand,
i ntensi fi eEOSPREY (qaInGs1S aﬁ%pbémx’;ngﬂt_ 110 (PR WOFFI AT FBRBV g
et hangd ,  Qiskertdati&AfhitBle Wi its lgﬁﬂm{)@ﬁctiﬁﬁ‘@ﬁt&h@ﬁrﬁt@h 00The Rb&Y RBSPIE, Glen. WO
21109/ 11311821PCTI Fl 20081050496 . . ,

hydrocarbon fractions over C4 contained by it can be treated in several different ways,

preferably for producing free fatty acids, most preferably for producing fatty acid esters.

The compounds to be added in the different stages of the procéss, such as acetic acid or
20 bivalent alkali earth metal salts, such as CaCl, or the side fractions formed by these, do

not, apart from NaCl and carbon dioxide, leave the process entirely, but are preferably

recycled inside the process or they form separate economically utilizable fractions and,

thus, improve the total cost-effectiveness of the process.

25 By removing surface-active compounds from the alcohoi-containing side fraction formed
in the transesterification, prerequisites are created for using this fraction for culturing

microorganisms and for producing one-celi lipids.

It has, however, surprisingly been found that reagent-pure glycerotl is not as such a very
30  efficient carbon source. Methanol, on the other hand, intensifies the use of glycerol, i.e.
there is no need for removing methanol, but it can be utilized for producing fat of microbe

origin.
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The af ore-descri bed nmeans that essentially all organic carbon conpounds
that already are in a relatively oxidized stage fromthe inpure glycerol
fraction containing plenty of unutilized hydrocarbon chain can be utilized
wi th suchyefbigd:@acy that mcroorganisne are capabl e Giopiidobtddeltg this

m xture into lipids. 5 The pol yhydric al cohol used in the invention is
chosen from pol yhydric aliphatic al kyl al cohols containing at |east 3
carbons. Pref bl y..; I [WolY-1 d I ahele formed
For m phos it HEa g e e e B T

gl ycerol . - iHerchaindhyxidized sthgeohoh thedmptuiselyseiob fra¢imn¢ontasingmesnof r om al kyl

al cohol s 10cont aj,ni.n to 4.carhbons.. ] I : har
1- pr opanol un”f%?fad @L‘}f‘gﬁ%wc‘é ‘éanngnuo%?%fr‘?{t:ﬁ%ﬁgg g@@%ﬁ%ﬁ%ﬂ IT Sea%
ni cr oor ganigpable of chiethis mamursihterlgdidsor nodi fied, fat accumul ating
m cr oorgani sns, preferably fromyeasts, noulds, bacteria and al gae, nore
preferably fromyeasts and 15nmoul ds, nost suitably fromyeast. It is
essential Thaboisiddc Blok QE@aARiThiticRRahben Gonpsaghiciingliptiapt dikyThe f at
accunul ati ng yeast genera sujtable fo&y&?e invienti on c(gl rise the

ey is

h
fol | owi ng: alcehpkasoatinipgatdyaski pabens. Fgiciaba fhe 2 IS BFEO%Pa K
li pol yti ca).okdi RIS Etm(uBbBioligis 8r 4-sterdt Mdseyiitibly Roshojiaant alcboniser alia R

glutinis) rrespondi ngly, the fat accurul ating moul d genera suitable
for the i ngantrobfhcoapehydec 2isehnd qngh¢ efifrgnd, is chosen from alkyl aicohols

10 containing 1 to 4 carbons, preferably methanol, ethanol or 1-propanol. Most suitably, the

monohydric alcohol is methanol.

The microorganism is chosen from natural or modified, fat accumnulating microorganisms,
preferably from yeasts, moulds, bacteria and algae, more preferably from yeasts and
{5 moulds, most suitably from yeast. It is essential that said microorganism is capable of

producing lipid.

The fat accumulating yeast genera suitable for the invention comprise the following:
» Candida (inter alia C. curvata)
20 e Yarrowia (inter alia Y. lipolytica)
v Lipomyces (inter alia L. starkeyi)
e Rhodotorula (inter alia R. glutinis)

Correspondingly, the fat accumulating mould genera suitable for the invention comprise
25  the following:
e Mortierella
s  Muco

e Galactomyces

30 Correspondingly, the fat accumulating bacterium genera comprise the following:
o Rhodococcus

s Oscillatoria

12



Mortierella Mico Galactonmyces 30 Correspondingly, the fat accunul ating
bacteri um genera conprise the follow ng: Rhodococcus Gscillatoria WO
2009/ 030821PCT/ F120081050496 Li kewi se, the fat accunul ating m croal gae

genera cofydpifoshdrg following: Crypthecodinium U kepiae,sehizachytrium5
According to a preferred enbodi nent of the invention, microorgani sns that

synthesi ze fatty acid -containing lipid into their cells in an anount,

whi ch pref efiaBl¥ he ek h&mn%%ti%gp?%?{%g% Rt RbmBlisdiflerlbyinger oht of the cells

are used for the synthesis o CcCO ng to anot her preferred
enbodi nent ofe t@epimeetitiivon, m croor gani sns capabl e of using glycerol and
short - chai ned ah ohol s as a carbon source are used for the synthesis of
| i pi ds. Accor’di Hf°¥8 a particularly preferred enbodi ment of the invention,

the |ipid-free Qipo88%ium
5
According to a preferred embodiment of the invention, microorganisms that synthesize
fatty acid -containing lipid into their cells in an amount, which preferably is from 12 to

60% by weight of the dry weight of the cells are used for the synthesis of lipids.

10 According to another preferred embodiment of the invention, microorganisms capable of
using glycerol and short-chained alcohols as a carbon source are used for the synthesis of

Jipids.

According to a particularly preferred embodiment of the invention, the lipid-free biomass

15  formed in the invention, treated in a way suitable for the microorganism, is used as
nutrients for the culture substrate. The culture substrate can in addition to these
components be supplemented with components that are advantageous for the used
microorganisi. In order to produce lipid, the microorganism generally needs, inter alia, a
carbon source, which it in the present invention obtains from the starting material, a

20  nitrogen source, such as an inorganic ammonium salt (e.g, ammonium sulphate) or an
organic nitrogen source (e.g. amino nitrogen, yeast extract, or hydrolyzed cell mass), and a
source of trace elements, such as a source of phosphates, sulphates, chlorides, vitamins or
cations (e.g. a source of Mg, K, Na, Ca, Fe or Cu ions), whereby these components can be
added onto the substrate, if necessary. When applying the process of the invention, the

25  alcohol content of the culture substrate is preferably from 2 to 36% by weight.

In order to recover the lipids from the microorganism, the cells are first collected and then
they are either disrupted or they disrupt for example as a result of autolysis, whereby the
lipids are separated from the agueous phase as an oil phase, or, altemnatively, the

30  microorganism mass as such or a fraction obtained from it by different known methods is
used as the lipid. The fatty acid containing lipid, which is contained in the microorganisms
or produced by them, can be transesterified without a previous separation of the lipids from
the cells or the cells are disrupted and the lipid is extracted from the crushed cells with an

organic solvent. The methods of recovery of lipid that are suitable for the invention are
13



15formed in the invention, treated in a way suitable for the m croorgani sm
is used as nutrients for the culture substrate. The culture substrate can
in addition to these conponents be suppl emented wi th conponents that are
advant agegisaofifizodhe used mcroorganism In order to HQQ%H&QWEOQG t he
m croorgani smgeneral ly needs, inter alia, a carbon source in the
present invention obtains fronlthe starting material, a 20 nltrogen sour ce,
such as angi I r rganic

i rogen ooty aeacg: IR i Btdioh by 2 TR Y TGS SRR oBE" 00T
mass), andAaﬂxsmmoéP@ﬁxmmdﬁ&(éhsaéh@@@msmEhﬁaﬁndogQUQCﬁGpﬂﬁpMﬁspWEDes,

sul phates, chlorides, vitamns or cations (e.g. a source of My, K, Na, Ca,
Fe or Cu ions), whereby these conmponents can be added onto the substrate,

i f necessatlfe ar¥eun ofilfypd Yormmdng in ehepd’eﬂﬁ esSn@tast hehdn@@ttheoftesehh@oekea i@ hol
content_of the ¢ é{ sutstrg%_ preferably from2 to 36% by weight. In
order td r@%EV%VP? E T P BRFE e mi croorganism the cells are first
collected and then they are either disrupted or they disrupt for exanple as
a result of autol si s, whereby the |lipids are separated fromthe aqueous

phase as ahhohnid Bﬁ@% glixtyre Ofé‘lptdé ithphis Rmuyed 49eerd3E writhernseneguefi tbapramss as such
or a fract jooRAta pedifxem xhﬁnﬂﬁffgﬂeﬂtfaﬁﬁﬁdytlm‘ﬁw%rm% NS, Eeﬁmﬁsﬁgh as the
lipid. The fatty acid containing lipid IS con alne

m cr oor ganiransestesiicpierd atbyirdtyeating iy cagren dvie for thzeripedst, theilipicouinire, Hbelipid

previo S fromthe cells or the cells are disrupted
and thg§l|gﬁgiﬁééggS%é%?%ﬁ”%?ﬁ%%@he crushed cells with an organi c sol vent.
The net hods of recovery of I|p|d that are suitable for the invention are 13

WO 20419/ 030821PCT/ F1200 rlbe r exanple i.n the bl j cation
by Z. Jacog‘ %%3%%0 RS iﬂr é‘&%“? Farpd fg‘;‘? Pt yrajeation, A@ﬁ%’[ ability,
Critical Rapitdésned for Bueqiremfie;h swcoha;fza(s&/rﬁaf fat‘ﬂﬁ&ldk9ﬂlloﬁ'el§i&31}ky, these altbgplanount
of lipid fornln in the cells can, increase, when _using the present process,

into Sup tTEHOLIBEY FHS AF ;& inghe mganipgmng of igfugls, speh abiedigselyi xt ure of
l'i pi ds14 hatydnSnhtt pebigesly Qﬁ&s@rfzg{yrkﬂldté%teEMe Q& & b Hﬁnﬁ){%& oft NVention

can be utilized in many di fferent applications. Preferabl esterification,
such as t r bindieset Gpethyl oaeihghestesy orsneeble digselihydriteatedrlinicef asimals, plantshe

l'i pi ds, grrllilaﬁ)'bgs Whélteﬂ%%e ntup,x%b.ls i fd%an ?&&ﬂ%@%ﬁﬂ%ﬁ%ﬁg r?l%aé? rm(?lhé a%%t ' on

thereof Accor to a particularty preferred e esent
i nvent i on, aroher pmcmqh:ganlsm) ﬁndespsnchs@yt th@stamhgmatmdlmd mhaf)road:ssohthb esters

f fatt /o] t h h I f f tt d
o AL S5k Db RS BBl ek e BN

20  formed in the manufacturing of, e.g., bxodxesel which generally contains about 2 to 10% of

soap. The amount of water (and monohydric alcohol, such as methanol) is minimized in
the reaction, since water causes saponification. Less than 20%, preferably 2 to 10% of
water is released into said methanol-containing glycerol fraction. This water content is
preferred in the starting material used in the process of the present invention.

25

' Vegetable oil and animal fats comprising triglycerides of fatty acids have generally been

used as raw material for diesel fuels. Transformation of these raw materials into fuel
comprises processes such as fransesterification, catalytic hydrotreating, hydro cracking,
catalytic eracking and heat cracking. Typically, triglycerides have not been used as such,

30  but they have been transformed into the respective fatty acid esters in a transesterification

reaction.

The product of the present invention is suitable as, for example, a raw material in the fast-
mentioned reaction, preferably as a feed in the esterification of fatty acids or in processes,

i4



15Even nore preferably, t hese fatty acid esters are used further in the
manuf acturing of biodiesel (nmethyl or ethyl ester) or renewabl e diesel

(hydrotreate f ani nal pl ant m cr.obes e y th crobe
o 6 cRhoe et pbaler Shrbae srB o dutor it BosLPRATONY 1t el i

M cr oor gratdssdy) whéetn @sqatind HVID y‘hyﬁﬂogexﬁattair\tagﬂgbimmé]r1sahanm£z&nhred1 t he process
of the present invention is preferably obtained fromthe

met hanol - contai ning gl ycerol fraction 20fornmed in the manufacturing of,
e.g., bledipesiekis svbuhngéndhalirgseoomtanhen.atvobe 1Bed dn IGMseftersigaponsThe
amount ot Waher cLAN0 ABRABY AbAd %Cera%r oS URhicde ABlNBReLds 11dM Mbwi zed in
t he reaction, sr nce water causes saponl Ication. Less than 20% preferably
2 to 10%asictasties for drorcal@sedigt.iftthe &sld et hanol - cont ai ni ng gl ycer ol
fraction. This water content is preferred in the starting material used in

t he pr f the ent invention. 25 Ve bl fats
corrplrol sf 1511”8? 6‘?‘9’6‘?—15? PEFSCRPYSPHQR CAY CARG % %@é%yywﬂglétn&&l&f WL raw
mat er i admdso mﬁh}es:elfofmmihfor draandd ar fmterneym@tﬁc hydrebeisrdwrighteidales imnto f uel
conpri ses_pr.oces suc st gr i t t i treating,
hng o Cﬁ;oerlrg%t}? w at a ﬁ%gtl ?itn B ,El 0 tﬁes? f'ag%lcaﬁfdg‘ c%%’l; ﬁtﬂk%/ﬁ Blhe g

t| Cc crac heat Cr
trigl ycmramde@uzhag/e)f noofupbse witig et a@hslsm:ﬁhe 3i©i§i§tartdhé3€ hmebé@sncm &asf or med

into th r t [ on reaction.
wher ei ngS [ Ipi fn\{ évbgﬂet%{egsr %gl#irrglf H%rgr%}é%r%agtr ecaﬁggr%%{drqggﬁdecg%grmst preferably

as a feed in pr ocesses, wherein so called HVO ("hydrogenat ed vegetabl e
oi ") i Acomnmubast Emﬁrecﬁb@ 2P0DIOELS "BeSREdI Nehch®s thendIhEsRfh frodeRti on, to

be used.in tra esterrf er abl ,doubl e bonds in order
to achi 808 wavaNE Q5 atine 8@1‘3%?381/\9?‘)@%&”821"#?&?%%?@& the end product, i.e.
the fuel. The lipids formng in the present invention can contain O to 40%
by weig f fre al, a ¢ f

enzyret 15 RyPS fardt gorf fefio it sfmb Rt fher LR RUANB B Bid e

purifi caeat@hie ehd ﬁr@ﬁlsablwls wmeh&erfeat mpyaciuds agdny wengiti vz egainnint the

manuf acgyy &ﬁ@%uﬁ’gtra@ ﬂgé&hsfog bwis of LEH@ mifook{RiAE ] zg.;ssr?dﬁd of R&er an

tiglycerides can be ester] nto nmethyl esters, whi on the ot her
hand, ceryBatigsgpmipal b@foalils@s%r IngEdiBE PGPS S FEEE «%Ee@e@sﬁr BOPEY,

;_bi Od: eﬁﬁhlfye{é&%trrsn%@ 1§fﬂivgﬂﬂd'1ﬁ§)t(ﬂffeﬂ%hpéhiﬁﬂﬂleﬁtf ﬁamtmg?& @‘ﬁif?’r@f alﬁ:‘lﬂitlaﬂﬁ'b oil, of
| ese ual | 0 De .used, as or Irom e

i o7 cor BARICE HERBTA RGeS IRREN i enhE BT Py e waof BEREH) o and
utili zabdnebd ﬁbpﬁﬂilmﬂ tlorhfthe ethier Wadrslyzadicéil amshousianglé by puase sepaition.n t he
cul ture substr, E?lnﬂl eﬁl%%asé) dﬁ%ee e%r""%} 9&1%% g%%?%&%ﬁﬁé@ Afvegdich or

after an erizy M ani cal’, processing.
Al ter naalrematy«e arsrresmg rhedhmde@eecetﬂl mvas§mr §0éh‘€l@ild§d0¢mm©1cthﬂb/f @grificant

consti t uephofehACtTIRRS - 1n61uaae{)1%reﬁ1%d ﬁlore%r rrﬁtdry@sate% t Qeptiakd ydeguéd aﬂmﬁm d
catal ytic é:r ysis directly on th mass, after whic i pid can

be sepap@r%ﬁ ra%rﬁswréalbr Hasn Byjes asr%é*aa@@rwn thesaoremsptignedappta- @E%Paaﬁase
separ at kgfthandNitdnhi@s, AR bRGuRDRNIE StcdalB. A)@réfé@éﬁ fipticetidd off thegipide

m cr oor anlsmE. Ao(ger talternatrvels usi % E J;:rlng”‘r)veetcell ss for

i sol at | iR g BTG SR BB BHRNE & 2 Pridea et doph Pt ei ns,
pr ot ei nplddetanysdbesacipegeisdes derived from proteins, and, especially V\,hen
using yeast, in addition the aforenentioned, beta-glucans, xanthans,

vitamins, vitamn precursors and sterols. A preferred appl i cation of the
i pid i The Iryengen otalshby np phedns otristed ioghpiserios P aNCrepIsARISES AScE K as a

lipid raw.nedeEitbe EQticd BBt BE QdWabA @0 tRf uddtstriindclish ®$th8RS help of other

strains of the same species or genus.
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The invention is also by no neans restricted to the strains of
m cr oorgani sns used. The invention can be carried out, in addition to the
used strains, also with the help of other strains of the same species or

genus. V‘Qo?z%ﬁf A30821PCT/ F12008/ 050496 Li pi d produci P%EWBQ&B%m sns

(al so algae) are generally avail able and they can be I'n several
strain collections, for exanple ATCC, DSM etc. Lipid producing

mi Cr 00T gani Ay ARkl rﬁic%o?éﬁ%% mg@algae%ﬁsg[%ﬁéaw Mﬂmﬂ&‘ &Qpﬂhgyf%n%%&ﬁ' S0

wi th al gae), have been desCrib erature, for exanple in the
wor ks Si ngl@e@ﬁllst@nlogﬂeféldss ﬁz ex@ﬂﬁ@%@r@%ﬂﬁ%ﬁ*ﬂ%@i@MQ@mm Press, 2005

and M crob and 2,
Academi c Pb&%&é%%% anggl%npl% 8%15%41 @g%ﬁ%gﬂ T%n%%o\\/‘\%zjﬁxl{ggg S(%g% oﬁa%e starting
mat eri al aboehbdimdestrtet] ve theriieattiteo for Yeanmpdainahd Wpﬁdsﬁﬁrigdmcmm 28373 and
Rhodot ot ul | ut i, nj I r.e substirate
Supp! ennt CaPTPH Cs BB RO F ey T ishahielduie o o Reresdr azb

gl ycerol fgaktWilliinsoh, wl. it i 25 hasdenfigPmint €988l of the invention, or a

bi odi esel glycerol 15 fraction, fromwhich the soap has been renoved
according to the invention, they were shaken 250 rpm at 30C and the growth
was nonit ogesnbis "eans of increase of opacity with a 1C ett- Sununerson |

colorinmeter. The growmh curves are shown in Fig. 2. It can be seen fromthe
Figure that the yeasts grew very poorly on the soap-containing glycerol

fracti ‘?P b&a&.?zeﬂoh%\@g} eadthdla dedlfing n a1k chJaf‘nSg%’t?ﬁﬁé inGhdoar d on the
ol f Oc | nD

gl ycer raction not ntai ni ng sodp seens I'i near 1 n respect of
the culturing time, which is atypical for this culturing manner, and the

i ncrease O?’ 7T 191%'1:%%}%%%{&?%@03??%&]? do:loru?q_gﬁpmssjﬂ %ﬂ(}%‘%"ﬁﬂ b1¥ the soap

wi th the other Co the mx € recovery 6 cell's was not
possi bl e ewvdmrdiyonGeYIWNBisibgiategsuppimehied witle 8o welphat/viltvecy efrmmbap-cogtatingint - of

e o AR Bl o . DR L ST AT b BB 0% o
Consequent k¥stiok ¥orh athichGhé &ab had bdeh eentled Geccotiihdioahs RvaRionBeyd@Eer m ned.
shaken 250 rpm at 30°C and the growth was monitored by means of increase of opacity
with a Klett-Summerson colorimeter. The growth curves are shown in Fig. 2. It can be seen
from the Figure that the yeasts grew very poorly on the soap-containing glycerol fraction.
It is noteworthy, that the growth of the yeast cultured on the glycerol fraction not
20  containing soap seems almost linear in respect of the culturing time, which is atypical for
this culturing manner, and the increase of opacity may be a result of the emulsion produced
by the soap with the other components of the mixture. The recovery of the cells was not
possible even by centrifuging, which reveals that the remaiming amount of cells was
associated with the soap and these together resisted the gravitational force of the
25 centrifugation through the phase separation. Consequently, the fat content of the cells

could also not be determined.
The experiment depicted above shows that the glycerol fraction formed in the acid

catalytic manufacture of fatty acid ester (the soap-containing biodiesel-glycerol fraction) is

30  not suitable for microbiological production of glycerolipids.
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The experi nment- depi cted above shows that the glycerol fraction forned in
the acid catalytic manufacture of fatty acid ester (the soap-containing
bi odi esel -gl ycerol fraction) is 30not suitable for m crobi ol ogical

product i OO0 ¥%ser ol i pi ds. WO 2009/ 030821PCT/ F12008/039498,&xampl e 2.
Growt h of yeast on pure glycerol The yeasts of Exanple | were cultured on a

YNB substrate having as a carbon source 5 or 10% (w v) of pure (by over

99% gl ycet%métupéfl.&gé]%ﬁas“Ig@ SlyeerbiSA) - The culturing 5 was perforned

at room t enper e an rpm shakl ng. The growt h curve of the
yeasts is shown in Flg 3. The yeasts grew either very slowly or only to a

noder at e Cﬂ; y&AbERL, pléafWePucltuﬁ[:#goﬁfﬁlﬁlgﬁb@{r%e%%ﬁ%asg{% 0§m3¥s%gd on

10% gl ycer o row a can bée conc at with
respect tolt%haw/vhobmire Gy cnzbr @%p@y@kql (rfnmmfaomex:hTBIakersUSp) Fids chieeingr enoved

according to the inyventio ure cont,aj ni t hanol. .is not an
efficie ﬁ g&?%ﬁ cﬁ?‘é‘éorf‘ Eﬁml{) Bg‘%%‘ﬁ@lg ?%%rp(??s cﬁr& SRR and,
thus, for ydwespy dewelnd Pig. DIThglyyoser 9w pitits ve@&l&ﬂﬁﬂpbﬁy&afﬁb@erﬁ%ﬁﬁct of

met hanol on theégr owt h \When 2% by wei ght net hanol I’Y ﬁ %m)unt of glycerol
was added oMo IRy & @it sFa argwwaoré&awip% B ghygerohid dgmoneR vt "t he

yeasts wasgjoni tored, it was observed that the presence of methanol either
boosted the grom h of the yeast or did not affect the gromh 20at all (Fig.
4). Thus, these experinments show that the presence of an al cohol in the

gl ycer ?4) PGt [k ﬁé?ggmaaf BRERHE ¢ e%écbmrtﬁ %%oﬁef & d ohh Slnfenyge of the

gl ycerol fraction. e growt of yeast” and the production of
fat on a ghoapdrobeeh rantied lapcofchmgnm wRerttivs, poaplybesl dseminewpwetiand tsor di ng

to the i t YNB
0 e 0Bl RLLRS . B Al S iR e, 1
(from whi thetphﬁiu&tﬁﬂ:paf@@dehﬁ@i&srenoved). The 30 culturing took place at room

tenperature with shaking at 250 rpm The growh curves are shown in Fig. 5.
It is seen fromthe figure that the yeasts grew rapidly and al nost as well

on subsir agesmpRMt Tho LMLt of ARchakdl AVmeflergbincerol fraction, but the 25%
gl ycerol fraction slowed down the growth clearly. In this experinent also

| ?. glutinis grew on the substrate that contai ned 12.5% of the gl ycerol

fraction. HRWRYeS by wWlieRRUhHoPS ROLRSIN BAdlyddRoI IR 288380 the substrate
according to Example 2 and the growth of the yeasts was monitored, it was observed that
the presence of methano! either boosted the growth of the yeast or did not affect the growth
20  atall (Fig. 4).

Thus, these experiments show that the presence of an alcohol in the glycerol fraction is

advantageous with respect to the complete use of the glycerol fraction.

25  Example 4. The growth of yeast and the preduction of fat on a giycerol fraction, from

which the soap has been removed according to the invention

Y. lipolytica and R. glutinis yeasts were grown on a YNB substrate supplemented with 5;
12.5 or 25% (w/v) of a glycerol fraction (from which the soap had been removed). The
30  culturing took place at room temperature with shaking at 250 rpm. The growth curves are
shown in Fig. 5. It is seen from the figure that the yeasts grew rapidly and almost as well
on substrates containing 5 and 12.5% of glycerol fraction, but the 25% glycerol fraction
slowed down the growth clearly. In this experiment also R. glutinis grew on the substrate
that contained 12.5% of the glycerol fraction. However, it should be noted that in the case

17



WO 2009/ 030821PCT/ F12008/ 050496 of the substrates that contai ned 5% of
gl ycerol fraction, 2% of displacenent was used, whereas the size of the
displacenent wi th higher glycerol concentrations was 1% This is, however,

not beli e an effect on the achi eved cell n or on the
anount of &ﬁg&%ﬁe fat content was determn ned fron1ﬁﬂ%%§%wgémfﬁltured on
bi odi esel - glycerol containing no soap (5/12.5% of glycerol fraction) at

different Qﬂ}a{‘éu%s&e[? {eh Yo RY%ind S0/ ﬂgﬁ&%?ﬁ&c@ﬂ% 2%3F§1s£1§ SMlbPw iSe ghown in

Figs. 6a-b can be seen Trom t ures that con ‘of the
yeast cell whgezsvxhehii@hé ithamitpla@rdeoveith lygigar @hekrot ooncemttatiahs Wik, 1%’ ﬁIéusRs,

glutinis yegast contaj, consi der abl than the Y. ol ytica
Deast ar 3 REVEYF BOCRURRR ORI CTEHen edthisres &1l CelrPHPToR Bhul 4 on
gl ycerol cantutbifag no soap Gal actonyces geotri chum (Geotri chum candi dum

DSM 1240 nould was cultured on 50 15m of a culturing substrate (yeast
extract> 3 g/1, 10-004 3 g/, MySO4 5 g/1) containing the biodiesel glycerol

fraction, thom Wﬂteﬁbw&sh&te”}ﬁﬁaﬂed% e R RE dn BRIt cbhifininBYiENt | ON,
or pure glycerol . T. Baker) 25 g/l. In the conparative experinment,

gl ucose (2®apf(3/12. éro\fielyc@rgi ﬁa%@ﬂbﬁiﬁlfm peinisfhEmedly|ags olwpmalogiaphit 3k at a
tenperat ur f%s&i{] %%‘é@é)ﬂ&%@%ﬁpﬁ’%ﬂ% Fé%ﬂ ol thé%ggrgyﬁl%t thI a%@m‘é’as

noni tored wt nr ner son col ori net er curves of the
cells cul tynaa@eﬁﬂwgrdwmigﬁemth@éwmmlwwt geseraragos. Ndwiit gmtzﬁlsgaas‘;?anntamedcan be

seen f FQm é glderaﬁyér%ré Patﬂha%xhi?e P l%)g%fg aglayﬁl%rug\!e‘stsgat condl 1§h the soap had

been renoved excertent carbon
source for the nmould, and no S|gn|f|cant di fference was observed in the
grme1ratE(ﬁ t he cIIs C ﬁ‘ grme1rate(ﬁ the cells cultured
on gl ucose®*ampte st RlwIRe 8 Wﬁdrfﬁ‘ogl?"'r?"‘f [FRT3{BE BE 892 5| ycerol fraction was
not observed to have any inhibiting effect on the nould growth, although
nei t her %agronntlng effect. The fat content of the mould cells was

d

det er ni ne clompees BEATERmp Geplrickym candifsny ISM, 240 sewifbeassiaea enpf om Fi g.
7b thagsthg b ngl'ltﬁﬁﬁé suBkHEE [Rhst BLREE b 9N, 185,10,388/D M KU §8 containing the

biodiesel giveerol fraction, from which the soap had been removed according to the
invention, or pure glycerol (J.T. Baker) 25 g/l. In the comparative experiment, glucose (20
g/1) served as a carbon source. The cells were cultured at a temperature of 20°C with 200
rpm shaking for 48 hours. The growth was monitored with a Klett-Summerson colorimeter.

20 The growth curves of the cells cultured on different carbon sources are shown in Fig. 7a. It
can be seen from the figure that the biodiesel-glycerol, from which the soap had been
removed according to the invention, served as an excellent carbon source for the mould,
and no significant difference was observed in the growth rate of the cells compared to the
growth rate of the cells cultured on glucose. The methanol contained in the biodiesel

25  glycerol fraction was not observed to have any inhibiting effect on the mould growth,

although neither any promoting effect.

The fat content of the mould cells was determined at time poinis of 24 and 48 hours. It
becomes evident from Fig. 7b that the biediesel glycerol fraction as a carbon source

30 resulted in a higher fat content in the cells than with other investigated carbon sources (at
48 hours the difference was statistically significant P<0.005). Further, it must be noted that
by extending the culturing time the fat content of the mould cells would probably have

risen even higher.
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30resulted in a higher fat content in the cells than with other
i nvestigated carbon sources (at 48 hours the difference was statistically
significant Pc0.005). Further, it nust be noted that by extending the
culturin fat content of the mould cells woul ‘ )] y. have risen
even hi gﬁ‘é’y%\/@)@bogl 030821PCT/ F12008/ 050496 Exanpl e %Twégq%@tgjrolyng al gae on
gl ycerol A di atom Phaeodactylumtricornutumwas cultured m xotrophically
using a bi Egbxﬁﬁﬁlﬁgb\{lﬁﬁﬁﬂéafgﬁ@ﬁﬁ#;ﬁ@emflrOm whi ch the soap had been renoved

e

according to the 1nventi carbon source fraction. Pure glycerol
(manuf act urer J T. Baker) served as a control carbon sour ce. The

concentrati,o C in. the cultur substr steri sea water)
was 8 gfl. aeto%lul %agggﬁtgzr”elc%%’flfﬁme‘gas C[}{lm’i%ﬁ nllx?tf PR 8 Tqi asks so

t hat the cplytaroleRBacvied,drost whmﬁﬁlebyapﬂwﬂ&e@fenﬁiv&d hicﬁmhgttbftml@berﬁoﬁt£m6| e
filter nd |Llum nat.ed. co t|n ousn/fn %a fl %éfscent | anp. The cells were
cul tur et § BGPTSR FAGoR, P g EgRTOL fmgiipiateen -, Bakep) pegyectase control carbon

10bi odi es ebm@éeyﬂiﬂd’ @Jncérfu@ﬁ&ﬁ Sy 1¥R$012n theQuiRfringrsMbstate (s@BBSd/sbaRsted) Qfas L he
purified gg)écer ol,1.8 g The obtaji ned fat content of the cells was, for

the biodie hgw’élg%‘rverﬁ F%‘Pﬁi 8wt in 1 dter Fglegmeyer dlagks sa thag the chiferes weret he
purified glyeRtR meakLs MIQWQBKSHQE AR e iter b AluBBinated &nﬂﬁ%ﬁ%xtﬁ form ng

alipid or a mxture of lipids froma starting nmateri al conpri ses at
| east one Hiheroivont lampl Thes e caltuserhfer B Qhanrs ofter witislr the celt sziécfmbtye 5-

addi ng; & UCPmaleg@%g?)c:fujopﬂacftxgé(%ag?.{) %Eair&x /lsaglﬁrf(gljtﬂggﬁffg lﬁ V\Fu)ll flgan amount

t hat trans Or s east € soap 1 nto a preci efeby a
m xt ur e i sgh.diheettainatifa Iaoxﬁemtoﬁﬂms:ehmwamﬁmlth&ihedmd&hgbcanhﬁz&:ubn,qaﬂ dlgp;hase,

separ ot 00t 0 dSOLPLE sRNERed BN Tad O BBREc! 0 TocOver the

1¢



contacting the |ipid-producing mcroorganismwth the |iquid phase on a
culturing 1lOsubstrate, whereby the m croorganismcells begin producing
lipid, and collecting the |ipids. 2. The process according to
claim1l1, characterized in that the starting material conprises a polyhydric
or a nonohydric al cohol or both, and a soap or a precursor of a soap,

pref erabl y %&%@e starting material is a fraction generated as a result of
the transes fication of a lipid. 3. The process according to claim1 or
2, characterized |n that t he amount of al cohol is at least half of the

starting terial, ferabl 0 to.99% Db 204. The p €ss
accor di ngnfldil Eﬁoﬁf"ﬁ’l %E‘rgé i‘f’l Re? WW%O%H’\Q@G@ 78 aé%?%@ﬁfﬂ“%d‘ﬁ’ﬂiﬁ ni ng
l'i quid phagg,,rvai ROBRY USRI éﬁdﬁ.@@a%tor%r!;% eheby, chilalcagtRAged in that

t he anmount of al cohol 1s 36 to 100% by melg P of the liquid phase. 5.
The prdcess ac c&:ddeCh o nodtadiion formapageot ®rthe etdrting diatialihen hmqumdthhas e

conprises a 25pol ric, or hydri c, al cohol. ess
cocording to-cof Sorms ahleps T Bt o e PRAD Roueregl b B PE

100% by wei ght \Qﬁlchf&@nthingﬂh%s@ﬂ@&epha&gand thﬁﬁb%h@eocess according to any
preceding claim characterized in that the po | yhydric al cohol is glycerol,

an al cohol f or negaktingihshesobrd¢ pisisdsrooy the lighiskdiase to recqyer TearrpniRénds s

Sal conol i s et FAsT oL DS PREMinE SRREHERAE ik BIiR hafs TRGR NS
10 substrate, whereby the microorganism cells begin producing lipid, and

- collecting the lipids.
2. The process according to claim 1, characterized in that the starting material comprises a
polyhydric or a monohydric alcohol or both, and a soap or a precursor of a soap, preferably

15  the starting material is a fraction gencrated as a result of the transesterification of a lipid.

3. The process according to claim 1 or 2, characterized in that the amount of alcohol is at

least half of the starting material, preferably 70 to 99% by weight.
20 4. The process according to claim I, wherein the liquid phase is an alcohol-containing
liquid phase, which comprises at least one alcohol,

characterized in that the amount of alcohol is 36 to 100% by weight of the liquid phase.

5. The process according to claim 1, characterized in that the liquid phase comprises a

25 polyhydric or a monohydric alcohol or both.

6. The process according to claim 1, characterized in that the amount of alcohol is 70 to

100% by weight of the liquid phase.
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9. The process according to any preceding claim characterized in that the
i nsol ubl e phase conprises the soap. 1010. The process according to any
preceding claim characterized in that the |liquid phase conprises the

al cohol -containing |liquid phase of claim4. 11. The process according to
any preceding claim characterized in that an acid is added to the m xture

bef ore addi ty - k.0l a, i a val ue
of 153 to b n8Prftest SRR A g Brd il Min AR kAo BT IHBhe hOBABMAR % Tel S

claim 11, abédwdstgydczddan dcdtohforined feran ghesphalipids gansterohci d, preferably
acetic acid, formc acid or lactic acid. 2013. The process according to any
preceding claim characterized in that the netal on foimng agent is a

mi neral saj-tThspresessageardingtoany Prrseaing cam., gharapierized i Hatdls BioRghY®ICc] ai m

13, Ch%r ac 19(51!0?%qn!:tﬂaﬁo@%&BFO%P@P?J&OLS@JW%]Ygrgéﬂ?alngﬁl i earth netal is

cal cium chl'oride or nagnesi um e, pre I'y cal ci um chl oride. 25

15. The process according to any preceding claim characterized in that the
met al -i on . AmRipActeagaRbrdige Bdde prasdiag sblimdcitiraggridged inglibithe prsefubloghbye as a
solid. 16. The process according to any preceding claim characterized in
that the n¥MHISEHWEIOMBI ming agent is added in an amount that precipitates
at |least 40% of the soap, preferably the agent is added in an anmount, wth

o Sh 1 SR AR BERL R ol prEEkAbe ki) Suul SERIEARARE G G b TOUN

of soa era a Ionetric excess o

process ac&mipHsegihe@lcdnyl-@neaeep Niguidl fhiaka othaimagt eri zed in that the al cohol
35content in the culturing substrate is 2 to 36% by wei ght.

11. The process according to any preceding claim, characterized in that an acid is added
to the mixture before addition of the metal-ion forming agent to adjust the pH to a value of

15 3 to §, preferably to a value of 6 to 8.

12. The process according to claim 11, characterized in that the acid is an organic acid,

preferably acetic acid, formic acid or lactic acid.

20 13. The process according to any preceding claim, characterized in that the metal-ion

forming agent is a mineral salt of an alkali earth metal.

14. The process according to claim 13, characterized in that the mineral salt of an alkali

earth metal is calcium chloride or magnesium chloride, preferably calcium chloride.
25
15. The process according to any preceding claim, characterized in that the metal-ion

forming agent is added as a solid or as a liquid, preferably as a solid.

16. The process according to any preceding claim, characterized in that the metal-ion
30  forming agent is added in an amount that precipitates at least 40% of the soap, preferably
the agent is added in an amount, with which a stoichiometric amount of metal ion is

formed compared to the amount of soap, most preferably a stoichiometric excess of 10%.

17. The process according to any preceding claim, c¢haracterized in that the alcohol

35  content in the culturing substrate is 2 to 36% by weight.
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18. The process according to any preceding claim characterized in that the
m croorganismis a yeast, a nould, a bacteriumor an alga, preferably a
yeast or a nmould, nost preferably a yeast. 519. The process according to
any preceding claim characterized by collecting the cell nmass of the

m croorgani snms or the |ipids produced by the cells, after which the lipid,

the |ipi d'l‘SQ‘FE@%)fUCB& dcb@alnoQR afy pﬂeb&iiﬂ% Lot eh@tadtbiiddSinahi# oy ef er abl y
separated fromthe cells og the collected cell nass. 1020. The process

accor di ng rigranganiine sSedliagt, & it 2baetedener iap ateapprefahly e vgas ot a rpuld,
esterifi catisgn [ @I haydrottreati ng on the lipid, the lipid mxture, the

|i pi d- cont™&f Pﬁegefé 1%YBt" the fraction thereof. 21. The process
according to any preceding claim characterized by reutilizing the

15col l ected cell mass or the cell mass, fromwhich the |ipjds have been
separ abed, 1% Rhapwgrisiererdingdn ey arceeding dainyrhapperdaed hcedieaiingthe ethny
precedi ng ¢] ai C rd - i j ; L cal or
B Physi ol e oo AR TS y iFEE B B R AKERL A R FIETRE, 2
process aqfed-domgining Rayiopoededningire balipils aRgraetbiy wparateyd feepareadellngf
conponents, such as proteins, protein hydrol ysates, peptides originating
from prot éb‘ﬁ%?neﬁ@ldéﬁ [Rfédn, xant hans, vitanmins, vitam n precursors or
sterols or several of these, fromthe lipid-containing cells. 24. Use of
an al cohol mxture foil' ing in the manufacture of biodiesel for the

pr odudi or20ofThe ppicdss arcondingttureyg patedihpilsn udiangetetieedobocessngedendi ng to

any of cl aés?é?‘iﬁ]éatggn c%r?’ai h}%(gotlggting on the lipid, the lipid mixture, the lipid-containing cells or

the fraction thereof.

21. The process according to any preceding claim, characterized by reutilizing the
15 collected cell mass or the cell mass, from which the lipids have been separated, in a

culturing substrate.

22. The process according to any preceding claim, characterized by carrying out an

enzymatic, a chemical or a physical processing on the cell mass before utilizing it.

20
23. The process according to any preceding claim, characterized by separating
components, such as proteins, protein hydrolysates, peptides originating from proteins,
beta-glucan, xanthans, vitamins, vitamin precursors or sterols or several of these, from the
lipid-containing cells.

25
24. Use of an alcohol mixture forming in the manufacture of biodiesel for the production of
lipids or mixtures of lipids using the process according to any of claims 1 to 23.
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