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Production of fat from al cohol The present invention
concerns a process for formng a lipid or a m xture of
wO rddbdssir om a starting nmaterial, which conprigesrRiosos0496
| east one al cohol and a soap or a precursor of a soap.
The i nvention also concerns a process for formng a
fnﬂ)ﬁ i of #atrmUI€oldl | 1 pids from an
-containing |liquid phase, which conprises at
| east one al cohol. Background of the I nvention
iodiesel is mainly a fatt ac thyl, est er
B Srestavaof Pavetsiarrass 8 Tom R = e 524 B Ui rom o
sRfirESmavetidl, ﬂﬁlcmc@ﬂ{pﬁbes(d% bdabediel alcohddndf aﬁdday ofa ipekcursor of a soap.
esters of natural fats consist mai nl y of
The iinylepden alsreoncgms adgcesa fos forsyng a Illéldg?r)?c@xéll“e 1of lipids from an
[
OB i R e G o e o e o
gl ycerol is generated fromthe triglyceride. Depending
on the cess conditions the proportion of the soa
B@ﬁlﬁg'i%‘n“g "glﬂé"a O¥UAR i se up to tens of percent froPn
the initial total anount of triglyceride. Since the
soap conpounds are dispersed and partially dissolved
Biodiesel isandinlyrsi faty acjd eugibylssten twhaeh t§ff0@qudé'rtbansestenﬁcatlon of

grf) ‘%r at Ifi?nrt %%g e‘gfﬂé %% b ({[Em%ﬂ,%ﬁ V\ﬂé}; 58@ ﬁétgrs of natural fats

chb¥ist adintp o€ trigdydeyidas Ivmeﬁéiyaﬁeﬁeradmﬂlﬂleh glymb Ethaois whidtable as
gl ycerol and tends to formdifferent degree

se is FJeaseqd duming e ArapsesieriBsgfiny T peIpieli }p«ﬁ’ by weight of

AT R IRkl PR SRAAEL s e
prépoktibredfihe soagean eamgreatly and risaopdortens of pérterttifom the initial total
Thus, gjgt can. pe_concl uded, that gr oducti o

f ; )
apioBR; Bl acHids, S tirsorn comadidb atf disnstsed ant pariigly dissolved

ikt S RLRRY dqﬁecﬁls"é@ﬁfn%n of glye¥YollBESirtaRIn thére6f B&hithladudBus solution
val ue of the glycerol geRérated in the process is

ipdiffaailtaSpap mmptsrtmrphﬁap beiween the faesadplle fﬂ%ﬂ@%ﬁra amdythe water-

A . T

prétém Gk Mg waleqﬁac@%s\mtra&gﬁdaa s&;mmmueclmcfws Removal of the
m cr obes, even for fat-accunul ating, m crobe ?
ungilstll ation. Thus, it can

algobplp Bk as mreihane!, waydd also require SXRFESIYR yady!
b ch}félg%%ntqay gﬂod&étlox@ﬁ%‘#(gﬂ%s%%ﬁ ﬁgt;'ﬁg rz]ﬂ(ﬁg %ezc?@%\‘ﬁ%&é@isqg Yhodern

tédhpology ls&ﬁw@t@mf gy material hstreasialg thd ya:leer of the glycerol generated in the

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

required by it.

Some microbes accumulate fat in their cells. It has 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. 1, Academic Press, 1988; Papanikolaou,
S. and Aggelis, 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
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in a single-stage continuous cul ture, Bioresource
Technol . 82 (2002) 43-49.). On the other hand, during
wo fodseades no breakt hrough has been creat ed g@¥FR008/050496
fat-accunul ating m crobes and the fat produced by
them except nostly for the small-scale production of
i ifthftdrabsp) ah AU EIROBaPR bntdiha! hds el edpdtignced as a
fag[?y%glg?glfe?&e. g.r vvlég)h regard to.tahe alllkal [ yrefal esﬂgl tsce .as )
pobleat inthauiibizatichef dierglycean] ceming) fremdhe biedighe] pinesiess, specially in
I t. cont ai has beep experiencedq, as . a obl.em in th
thg AR T G TR B GO GERT U N5 oP PO AR b 5T b rowth of

mRB5QAEEAIsmE 2RE BHuad their defhok/Alis b @Eqiidiieddr Micrbbiblogicah®télivation of the
of mcroorgani sms. Soap and al cohol prevent the growth

glyterabst organi sns, and thus their renoval is a

requi site for mcrobiological utilization of the

glycerol. A mjority of natural fats contain fatty
Aafiajdrityafmaturaligts ey ataimcfar acid chataiming Inatrocrtenbahaind thay are bound

al coholic grqqups fqQrm ng the st ener ri.gh t of .
togieoole groups ering the Ry GYFTEY BFD B P G Tyt Unig igstsgerey rich
p&?b@ﬁﬁ%kﬁ}é rE1043H "B? f@x{nﬁﬁ@ Qﬂc?ﬁcﬁte%ﬁsdth&%frﬁfr{ AM aqfi€ous solution of

aqueous solution of glycerol, blended with an al cohol

ghynetok bendedwith anddcopbleandisnalf campaiwdp (heteinafiay spap) dommed from the
fatty acids. of the fat,., is released i.n. t A

tafocis PR s Reanib PSS gl ool 8o} gleobol

a¥BdoRp iSRhteRkSluBlednd it skitlilab a hith ehehyPoneneepycialdy ivithiregard to the
especially wwth regard to_the_ soap. i

. i Already with .
sqapgAlreadyovish rsgardie ogly,de rgbic?mﬂ,ﬁmgv@a%reﬁdlgbé%/ fration containing
; . o . | : . _
RSB E R STAOASBI e DY L iy e roction of e
fayedidetléahol edters h@lytarbt, us audhdisallreadyoinexmsnsive andity orrksits are

as such, i | ready . i nexpensive and.i.ts markets . .
ol stprasct 1P R AR R RE G FOSIPHBE SHETLEp gy the impure
gﬁ@éﬂopgﬁfﬁkd H?‘@le\gr&mcﬂoﬁ bﬁﬁ¥t¥ £ alddhol &8RS EndDinWG&W OF current
ormed In the production of fatty acid al cohol esters
teghublogy ififenmsof castigenerating gedhieshasipyminor flopirforavhigisthere is no energy

ner at j prohl ti,c mnor flow r jch there is
eﬁ%‘eé‘ﬁ %?Ag&g’l?f P'iogitag’gc?te ‘H}ﬁ’?‘]’%yrﬁ%‘?ra%?% f (}i(%g bI‘)Meuet echnol ogy
generating added value. Commercially interesting

ossi bl e uses for glycerol or products obtajinable
menaseipbyrinsgrestingrossibletusesiar glyegroharroginokipigably therefrom by

RIS L 88 ] L] SR e
eSanbaticalllyi dirdble solgtiers inlsighe by ethiclt a subsantialy gheldegee of
e o e DB s e A R T e
GBIty A glyQdidPhd ¥ radNtlabial 0P tHeRALMRAORRustry and of the challenges
associated with the use thereof have been summoned in a research by Sarantila, Maiju:
Glyserolin hyodyntiminen, diplomityo, 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
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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associated with the use thereof have been sumoned in
a research by Sarantila, Maiju: dyserolin
wonmdyoiogrinen, diplomty, Teknillinen korkeakoupts/F2008/050496
10. 11. 2006. [Sarantila, Maiju: Uilization of
G ycerol, D ploma thesis, Helsinki University of
g&eﬁw AhRgYs 1oN@¥ﬁ{IH%r bt AP Rksil fudlst ReprhoideoWiisBrown that
sed on the thesis, the currently known nost
cembesttona)lf ghoewl Kquires also srfecigl grrangsmenisy singect basstorbg browght to a

utili n rate d t d b

SR G B SR BRONEM ot B sivecr
rélédsad inv@k Yrdidughoraetbibhrl eantdinnwatent ent i s I ow,
respectively, thus resulting in a poor caloric val ue.
Further, the tenperature of aglycerol flame is |ower

&%ﬁ HQI% 1708 BherhiRSR) Jl feﬂeﬂt WEAC FbE&aniple, it
Ay

ustion o requi res al so
esqsﬁﬁcmlon anf gbngmtmhds ethelsﬁtmtlem the pa:sluctd:nrw doetinegland diplsare known

RERRT IR TENERT RN NI N -

592{19 fcht%hs%r ke ‘f)@&ﬁicts(iﬁ@ﬁe@k Bfock@be lespeelallg @slghg ﬁﬂ@ aé®unt that
deri'vati zed chemically in many di fferent ways.

cel,onttlhﬁgecé'gt@me[sm&ggh degresf of guyitepighe glysgrol and expenswe and

etherificatio the aceti nes and diols
eHFISY CARRHING Cakaly pt and gol%g% hgglog?zati on and the

OX|Fat|on of glycerol PrlnC|paIIy, there are no | arge
scal e applicatiaons for the products qf thes
Refoymuats as, the Serpina pf Yy dragneom glssesbds i iehpplggy ameans of which

fardeSt R

i B0 Rt BB RO R, HOUERE Slorkify fefufis specia

appdraﬂuyest capiclisrepargydnvdsen¢mioamithe pméssrltsﬂfg¢qulree expensive catalysts.

form ng of hydrogen from glycerol, is a technol ogy, by

nmeans of which it is possible to treat even |arge

QYN s 96 m8 byPiRfafibns iHQYEYEture. 'L &droll a8l sERQ 4k B $nergy source as a

speci al apparatuses, copious energy .investnents and

cotmponent ofarmiat &sdeowqmr;xééoqsmémt% peaieiny {at prcarbohydrates.
sone l i I

1o BlyeBhisaRpy e PREMuf Rgaf 5 ol BBicfitd e G ths form only o

RihoPSibEGhpdRatin fledRieiresi Furthes shaglycerolnfoarhed fr thb prd’d,uctlon of
fat or car bohydrates. | ndustrial glycerol. is poor

anganic fugheanipinomethanel asd spgh pduchpcgessiiaes ﬁlégfweﬂiwatﬁwnﬁcatm
%legﬁ’sr p{%@éﬁjﬁr}ﬁg Echtélrbog ctiteSHhE foed Fiich BE (/acuhﬁmedlstlllatlon for

cero e production o organlc uel
thorenrivabofith¢ hlaoldl czadepoatp remdvat bf fabcessi t at es
di sproportionate purification operations with regard
to the total cost structure of the feed, such as

RS Ut D i, tha bt RHonli®dlly advantageous solutions do not exist for transforming
glycerol and especially heterogenic mixtures containing glycerol as a constituent into
commercial products that could significantly increase the demand for glycerol. The
significance of this technology deficiency is emphasized especially when the interest

towards renewable energy raw material sources alongside fossil raw materials grows.
Brief description of the invention

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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the renoval of the alcohol or a separate renoval of
fat. Thus, it is evident, that economcally
washeanioggeous sol uti ons do not exist for transpE¥mg 050496

gl ycerol and especially heterogenic m xtures

contai ning glycerol as a constituent into conmercia
products that could significantly increase the demand

for glycerol. The significance of this technol ogy .
The pies¢ns ireventien alap hensemsd nsegsse fai|foyming edipicher 4 mpxdyre of lipids

oA RSB RS B TR s PG B scoho,sccoring
tdwBich ipRddesya pidipredicinganicsurgakien jy reegtt ontveailiuensubstrate,
concerns a process for, forniqua lipid or a nixtugf of
whighi c@atainssdzaleqhgl-contginigiliquidiphasgythe micrgerganisads glfowed to
plo%ﬁéé ].Fﬂa,earf?ll tH0Pal mﬁ&dor%esfri:“ﬁﬁf odiicdd £ s ££ recovered.

soap. he’ present 1 nvention alSo concérns a process for
formng alipid or a mxture of lipids from an

| cohol: cgntaining |iqui,d phase, which conprises at

o.é% gqecg'}?@ﬁ&,l tgg H&c?ssgweggfimgﬁ% %e@rwptwvgr}tg)&elg gﬁagactenzed by what
id StREAMRHO BhEhAEH ARE PAPSLARNEN drl 47 ought onto a

cul ture substrate, which contains said

al cohol -containing liquid phase, the mcroorganismis

| | oved. t I RI: .t . . . i
LSl 8 RS 810 Ml e 550 R n s 2
aspeeifically, the process according to the present

invention is characterized by what is stated in the
characterizing part of clains 1 and 4. Likew se, the

o . . £

THE En@EG HloDMact nbi 3ol . pibtlcl, R Aphdcs, Miherein eters o
fayoridiese prodesedsfadmilipils, duch as glyotrbbipids,cicetrding to @n gstablished

rocess, wherein est . of ty.,acigs are prqduced
pfegin Py frtine Gem it Berbikiigs: ieefitds Hsapah te process
af® iR R kids heriBh QBEHSI ish¥ledde@at el ak Bf Bk tnfbtallskig! d soap, of water-
met al al koxi des. G ycerol is produced in the process ,
selnble fatty acids that qoatein hyshocasbarothsinsi 4 ceatrd psellemof fha process is the

n_al-kal.i { I . fagt
oo T gl A B ARy oL B AT P ot s
comphirre@iirddfor theatigisstions the utilization of the
i mpure glycerol and the purification of the glycerol
into a safe and useful conpound required for the

A .rgl?ernisiQfQ 'ad%g&@m’f N ﬁfﬁmqgféﬁ?% Reebofiseihs Rroduce an energy

Invention I's thato it can be use produce ah ener gy
rich chemicalndoagloundyradqidichy sampleppiracesHsters, irpdreenergycefisient and
ersnt/i?o%?r’lenltarllly%!;ller(le ? rw%g, Egrfnl c%hl%ghn&no(% biological origin containing less energy,
such as from a polyhydric alcohol and a monohydric alcohol, preferably avoiding the use

of significant amounts of water.

The minor flow containing alcoholic compounds and an unesterified salt of fatty acids,
which is difficult to utilize in terms of energy economics and which is released from the
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
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environnental ly friendly way, from conpounds of
bi ol ogi cal origin containing | ess energy, such as from
waabikydri ¢ al cohol and a nonohydri ¢ al coholpcT/FI2008/050496
preferably avoiding the use of significant anmounts of
water. The m nor flow containing al coholic conpounds
nABdoRaniRERtFhE e ffbd3dlets @h thidiglaceaitidbut a Phividusid@composition of
difficult to utilize in terms of energy economncs and
thermishodrganism eeltscandra syrsaquentisteprof asplationfdfdhe fabn of t he
fatty acid esters contained in the organic |ipids, can
be transfornmed into a fraction that is suitable for
Thb ad vin@ibes bf he infendby dRhdleiafodhat el spaiaturoneelied fokr the process is
acids, which glycerolipidis utiliz%ble as such or is
sieply andithe dechpplogy Atoksd, spncerning matutagtue sy ass, 1vkngyyh The
P &Qgsadg@bljaglg%bx&efngkﬁtmnqs ndt¥ouhdl ﬁ?%x%ﬁﬂétioﬂfscd@,ebdt'itpdaﬂ readily be
ormed In them croorganisminto the desired esters can
staébtophagmowmitirbpuitedbyphepolyhsirdedmbpbfadtionrto bt tiehted. Carrying out

0 SRSE B3R BRSSPSR o

c rﬁféalt&@dlyskehﬁlcﬁpféﬁﬁﬁééﬁoﬂﬁﬁ%ﬂ fétlly tHeeisp b sRBTheicals or the
d C Fved},l

sinmpl e and the technol ogy invo concer ni ng

prasessingefisuch hipmatesials that andgrncorprsated inte dhe innerariggnlagon of the
to the invention. | t [ .scal e .
Ny e ey
pEpluyifiyationofahe flialonfof polyhgdrid slcdiml troe adrrolval Giayer.Mhe total cost-

out the process does not requjre energy, consumn )
eHficaqnicn §f tsrRIeesss ISABRTRNsADY dhretast thafihe pidcfembiemass formed during

. . . it ' f ' .
R R R
thd produation aif singleatompanetie or ascosuppleateathry culture sebstratedor producing
circulation of the process according to the invention.
AFHETOFHFOEYS does al so not require cost increasing
prepurification of the fraction of polyhydric al cohol,

nor renoval of water. The total costefficiency of the
Aswganseally knpwpmsetdemp gauspd by ghetpreseage efiesurfage-getiyegompound can
hi_onas y | ; ' It t j

v e PRI B e eHEbE b vl AERLE RO riidfinb {3 osthe
saapsfof fattyleids| ittt the grovith if Agtreorpanipme and serve asis carbon source for

supplenmentary culture substrate for producing a

OR{iCH BT ERIS J s PFEPRRIY) SRRiRrThpPOYRelAn Rratrseal By
oo RS e ng MTRE RCRAL) ATCOURRY ok, Sfises foaming and
compfieates the sépaeativarnithenatdls froucthe diguidheitls veiwde based onheir specific
\%gglghgs ”Qﬁ;gg%%%@%g sg%f i\ﬁ'tt e r?lflxtge%z)gt%{n r?gn%a?l{é% atd' %at%?—ﬁr}/sgluble oil

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
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

lipid production.
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only a few m croorgani sns. The presence of soap in the
production process of a m croorgani sm decreases the

woobasg@activity of the culture substrate, capEBBR008/050496

foam ng and conplicates the separation of the cells
fromthe liquid wth nethods based on their specific

BYehéahl of 4 PRcBsRSEIERg b tHel1RvERidR, 4 partif\Bar floxiBilify is achieved for
cont ai ni ng water and water-insol uble oil inhibits al so

midrebig ¥ iporsdugingtlipid. #y fracsien conteining a ppkybrdriq sleehod adthout
grggﬁ% gHH%;grexg Rgmiléﬂ)’%m% 61%#11]% ?@Q lla %ﬁb& 9&*@ gi%g Pg) {(I%%croorgamsms

Thiis, bh Rivhnwige lbf tﬁeqj’ro&ﬁss)iscwéocthht theal’(tﬁce ofhhiceodrfemisnotal be made
utlllzatlon of the al coholic mnor rom;contalnégqé%Pe
¥

withmprgechapgese suchrpsbagedingle sapseity phlirid production

bf?)hna\é‘@ eeeshs Pty or®he Lillfird &%ﬁmdrﬁ nl"hef &fler@é?rﬁ%lngnts of the
drgani ¢ conpounds contained int gl ycerol -rich

midrderghmismtthanlipjd can be estdcmcngyg:ffﬁMaltbnodnmm dofferofit Waytst thus,

aci d. ester tran or ned bac pi ds u3|ng
P iog QA ot P PTG B BN AFCoFy B i VPR
achi eve m crobiological |ipid production.By neans of a
rocess according to the invention, a particular
Thus gopared yo the paion prwtbel irrvention Tulfelb the Rswicin¢s of sustainable

dg\ie?o nP@\X fi% %mggﬁhv\}(ﬁgltdeg&] BP?&P I‘a% ﬁll E:?TiTaﬁ fpochl) )ég%g één ces, and has
thepréreqésitesdor wiating tiequodietibn bomta level raoalpgﬁlrb}&rmlsumers.

Thus, an advantage of the process is also that the
choi ce of m croorgani smcan be nmade wi thin broad

e ogf?:c ?Yegl:t]'iﬁﬂ vﬂﬁ bR@As f?:glb@@ i} BrecRRACHEY X held Hf tﬂe accompanying

, bi omass, the neans of
drauhmgﬂandghe)detaltad dcsntrtpluoa condi ti ons. The ot her
conponents of the mcroorganismthan |ipid can be used
energy efficiently in many different ways, thus,

BritPae¢ripdioh v thOlAlwingst - ef ficiency of the process
according to the invention. Thus, conpared to the

prlor art, the invention fulfils the principles of

Fl(%_. fdgl 1@%%e mQ%\e/eSJlealﬁ[ﬁlf%e 365 tﬂﬁ:g:{rg&gé Q&o‘d}ﬁ%{hgtpﬁése ﬁgention.

Paw mat I sources
prerequi sites for updating the production costs to a

| evel accepted by cons Next, the invention w|
Fige 2 o3 @FPbial Rseiian abih arowihyof Yepes P hg srtingmaterial or the

r
SRR AR RO 5 R RS A s
soapi as bracreiosed stoeplingfo theénventberess accor di ng t he
present invention.

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
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

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

watoagbsekzicont ai ning |iquid phase accordi ng to Ed@r12008/050496
present invention, wherein the present soap has been
renoved according to the invention. Fig. 3 is a

Fgg %Ith%?d h[UaPﬁx%E’érﬁétio%rbf@ﬁ Tgrhem%%as 8ha l'rcﬁ frABti H 8t

ycer ol “(manuf act urer Baker Zﬁ‘ . is a
cgntamh no abarp més@nhaathe@nu@ﬁ in heourts af b, %5 ¢ @n@nYTziB (Yeast

str aLni ng both gl ycerol and nethanol. Fig.
I\iﬁoﬁnl%é?)r%&%&a?he gromh of Yarrow a |ipolytica yeast
on a substrate, which contains 5/10% gl ycer ol either

with or without added nethanol (2%.hby weig the, . |
Fagréup e gephigial presantytionzaf dhejapconsgnt aéBaeaiegstf ﬁtedlé PiSRL PPigHp in time,
I | :
R Gl TYRBYGRAInRS of 12.578 BEX Piolsel-alyoerg] fracion not
cgnitainiry sohp yBds fat coment igblyovar inl Fig readbr Bnglutinits yeohtaad ms Fig. 6b for
89 oap, which has been used in amobunts of 5, 12.5 or
IYHeay SRR SRRAYEIYNI t r ogen Base) substrate. Fig. 6
is a graphical presentation of the fat content of the
yeasts at different points in tine, when the culture
Fsgifysis aara@h(cal@)esmtom of ¢hesgrewthy of Galagipmyces geotrichum mould on
d esel cer rac LR
sp eshltsg}%ggIX%osegAM él&gé}olr@g ?g:éi}&eﬂ) fi?c%i?lgot fé—gﬂg ing soap
(@ms 4 earborgsoutde. Fi. 7%(shdwslt$hb giovah cyﬁfeﬁxherxﬁsmd@hd\ﬁg ¥b ‘shows the
Fig. 7 is a graphical presentation of the growth of
f@aaoa@pb?&%b%@og ¢liSchum noul d on substrates, using
gl ucose (A), pure glycerol (B) or a glycer ol fraction
not containing soap (C) as a carbon source. Fig. 7a
Didtaitel ddseriptiombfithelinventiom t he noul d and Fig. 7b shows
the fat content of the nould cells. Detailed
description of the invention The present invention
ﬁle%&&ﬁﬁn@en@ibﬁ%sﬁ&rﬁsoar proésH s Fornin WE@' utin@ br @mikidelifeipis from a
l'ipids froma starting naterial, nprises at
stagtarsg m@husalammcﬂonmme%atsl@ﬁébonﬂalepmi mcm gfmp a5 paecsiEgp of a soap,
t$ ﬁ{reé fugthlelr1 conprising - adding a netal ion
SRR hEOPBYAR starting material, whereby a
M Xt 46&ing @ rh@ales forriih€ Agenotit the Brartiiy maiteﬁduub'herebﬁ asgxture is

and a |liquid phase,
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 microorganism cells begin producing lipid, and

- collecting the lipids.

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

and a soap or a precursor of soap.

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
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- separating the insoluble phase fromthe liquid
phase, - contacting a |ipid producing m croorgani sm

wOvdobvodgger | i qui d phase on a cul ture substrat e, pa¥IER6IRY50496

the m croorganismcells begin producing lipid, and -
collecting the lipids. Preferably, the starting

ey elchitac £ 1ipRISprod RSy ANEHbbrgafibmavifiPihe ABhéICcontaining liquid
al cohol or both, and a soap or a precursor of soap.

The iphessromi axvularesbsisate.oriasey the ouerosrgapisy esllabpagingroducing
lipi ﬂ o . m xture of |ipids from an

al cohdf -’88% aining |iquid phase, which conprises at

| eastcondtingltieliysils. t he process further

conpri singcontacting the |ipid-producing m croorgani sm
with the al cohol -containing |iquid phase on a culture

PRSI ALY BB AN 5 G PR o or ot
Preferably, the liquid phase conprises a polyhydric or
1 RBARR S et B hEb  PERBRLE il i oo e o

1iphddi fEbnP 5aid stittidgUhMteRil, Whdedie AthOuht SR hRoBdI stdt Mhst half of the
material, where the anount of alcohols is at | east

stagtifg wateriple preferplbly AprmAQ tr 9%0 by predghér artfram thegeohol-gentaining
99% it ., . | LN NG i O
R o GO 508 B0 61004 N 0 s g

phaferaBlydititodDOYdtey whighe, preferably 70 to 100% by
wei ght. According to a preferred enbodi nent of the
present invention, a fraction conprising the al cohol,

' infdf t§hventibAtd Q4bteh cbRPrising th
4(:?% @ﬁds‘lﬁ S{eﬁﬁg eg?egﬁce?%@?gfﬁ,éﬁ ca‘? rn [ 1213, dout usicng‘f)rlsmg ©
abotiol, formetl e nireka]t of theusandesterifecatiomof tha dipivhtamsisting phglycerolipid,
the process for formng a lipid or a mxture aof
cparioe it Vg sadrpgthsidl Tyl a St in fhecprogess for
fBdbihg alipph@semiheeligidss general 'y an al i phatic
hydrocar bon chain that dissolves in organic solvents,
but is poorly soluble in water. In the present

R, g B B0 35 AR

glyc Iesters
Igteabeh chalf thaddisyolaes idorgdnid @lyeney, bay)is poorlesdlable imivater.

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,

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.
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,
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sterol, but other lipids can also be fornmed in the
cells, such as phospholipids, sterols, polyprenols,

wo b8t pi ds, gl ycolipids and di phosphati dylediyeRimlosos9e
According to a preferred enbodi nent of the present
invention, triglycerid or a m xture conprising
st 43 a%ﬁ@x'idl@ﬁnc WRBhE), 8¥Eh brBAtlE sGHFPTRASS t&f inGQHRAREAbE used for
such as stérols and free oxygens, can al so be present,
tiansfprming highlp pxidived arganissiompenndsi lntOnrgdlllqeq Uipitisgtazing high energy

cl-or ﬂ\g/%thﬁh b?ofﬁﬂherng? hine &r anss&nt%d 9or r uise for db%%rgxgt eglﬁrgy é{:ﬁ(ihg:ltlon forms.

subst ages, by which fat (lipi d) cont ai ni ng | ong- chain
fatty acid_is pr@%uced from m xtures of g ycerol, )
Nsxhéor sappbfigationsihe pnveation askisn grppdimentsdhereo! wibibegescribed by

n%ﬂ@ﬁ%ig ﬁf}?%l ﬁ;l' hﬁﬁyol}lhlg'ﬁlaé Al lI B iGe Bo&?olé’ E@%gf agé 1t w1th another

trans Iy “oxi di zed organi ¢ conpo
pnkthlmdalbolmldmtdrbdwfqngmanmrgibnenergy content, whi ch by
further refining are suited for use for di fferent
energy production forms. Next, for sinplification, the

G10eed] tah @ tcHoHy driCal E5HOP Qie'%ﬁﬂﬂﬁe hheurB& solrdes f@xermcroorgamsms

descri bed by nentlonlng gl ycerol as the polyhydric
egpeeiglp sincy ifthap begnsprowers thet they casragpixtare, intengify thearse phlgth carbon

T T R T —
b’mmth&s lﬁsaﬁranrfcﬁmdnga rlip’.ﬂmi).f nﬁsmeﬁgaaishyoﬁgm@ensliudgaff fatty acids

en proven, tha as.a mxture, intensify
aﬂfi@%f)thmlﬁm@m Wag%lrh?églhz% auqs\/aseﬁ%gwﬁsmdngé? fhgmr%cess for

Iaglgl QBﬂlgrg:'ramg}‘e Hﬁrgsrgglg néggxlﬁig:bg'ﬁr i %ﬁ?srb%n% used for other general

applmanmsgarql&aasrﬁegimduumwmtl ng of fatty acids and
into other biomaterial that can be utilized, such as,
as a nutrient inside the process, for isolating

THO 8o thAtas Formetif BRSHcld\GhtARIIAMITCtOHing Siefa’az Qﬂﬁ%&eféag'énerates
be used for other general B plications, suc
q

problamnsiod theunreduation th mlsr@hqa sed{ipids Spep stews dnwn loe emn tgtally
A PO TRSH B, ) ke A8 oBAE 4

c&ﬁp]ﬁk:aﬁds@h@séiﬂ%oﬁbf&édﬁrﬁdrﬁ)tw dujtutensuabirdte t he growt h of
the m croorgani smand thus the biosynthesis of |ipids.

Soap al so conplicates the separation of cells fromt he

A%UérHH{ |¢1%BE&E of tlﬁ‘i)gl Hélﬂgerlttﬁntlﬁﬁd?&ﬁ%@ ggta?iﬁs c

pr ese ti1on, cont al ni atty can
pmduohdaamrwhlclbghaby trgimciaipluye, fsmaynomtqnung glysemp minor flow by
com 1tma}1lgnclhggnc%ll Xn(f rrn?(l:rognopoglca{ ér%g\éssé/s wherein a fraction containing glycerol
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 alcohol esters of fatty acids.

Chemical and biological reactions suitable for industrial use are combined in a new way in
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.
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combi ni ng chem cal and mi crobi ol ogi cal processes,
wherein a fraction containing glycerol and ot her

woefwposegs is used for the production of a PCT/FI12008/050496

| i pi d- synt hesi zi ng m croorgani smand from whi ch
m croorgani smthe thus fornmed |ipid can be used again,

The pre3&f T eBtioh Pf £ gfcaﬁﬁaﬁi's%gé?s e thegsdsSibRe sofid nddtley

aci ds. Chem ca i ol ogi c reactions suitable for
comporsntsi aa¢ ranwed ifeone thetglyrerpl fwcaornew\ﬁmrylg, aftetrwhich the acidity of

tlbq %jgcgeﬁ'%qpac IPILIS ¢ 21%&1%?1 %IC f%h\‘j’vﬁ ?eq&}ﬁr%g \94? a&ﬁ }t)x%?erably with an acid

pre erab

(MR Fg st i Candrve @ Wicdrbioh iuk@Ifops gﬁﬁb@rgﬁmmompreferably
contained in the %rycerol sol uti.on, ichis fornmed in

witheaceiis arid fommigarid ardartic aeiduFilisgne Fay %& gepomplished dprgxample by
lﬁg g&ff hg{gﬁgé}{fggﬁ in an energy efficient way into
I pi ds a

contain fatty aci ds. The present invention
preferably contarns steps wherein the possible solid

mat t er ved fromthe .gl ycer ol . -
Afertiiedh SGYEIFTTY EPPRGTCRF Dl PTORE TP HEHE P Ot mipre of lpis
c&wﬁ?ers@lhe Jtéﬁ(afl on is adjusted with a required anount
aci d, ﬁre erably with an acid that forns a salt
ay

t h-at optien emgémagnacrslew iteerstarng wterish, paefﬂﬂiab}yoa@rggmlg agid, more
Ima)lzzte nge ﬁr 3 ?:t}/ﬁ %@1& I}or%g' %ta&% o?%cﬁc a&ar {3' zﬁlé%%h% rp(f;f toa Va[lue of from

ering can be acco

by usite@, ptefe@&ljlytbaﬂil&éldEﬂofﬁlCﬂtol& Accordl ng to a
preferred enbaodi nent, the process for formn iPid .
or- aadding ametalrion fosming aesmbia the BUXHE, 8¢ $ eral salfof an alkali

opt | gﬁfﬁt%mgﬂﬂét@&b eﬂt et fohfs @5& o R&:R Préerably calcium

pr ef orgari ¢ d, nore prefera Iy acetic
aci dchibdderbrmagnediumn clhlande,chCpmferabiy aalcivet Chlhxedqg s a golid or as a

a val.ue of from3 to 8, eferabl value from

5 1 o liguiaauain g a2 s spBHOPG ATt pAhab FhiBies & Rt 0% of
M Xt WeEsoas YirbeADIyin Ml hound bl vHicles st@idﬁﬁirhetﬁ@ﬁﬁbunt of metal ion is
metal, preferably an agent that forms Ca2+ or 2+,

mor e fermsteoaipriedde ths ameusnh pHIdapemest mfgrr@bb’ afpichiometric excess of
Chl or bgel? \arﬁllg%t ?vh%i y%g|n¥sofl?olle 19[1{1198 I?)hﬁ's% dfe ?oc}lﬂeg wherein

as an aqueous SO

aer u Fﬂﬁe inédlable Phesei chipais€sstha bodpemdtheligoid phise eoﬁxp&pes the alcohol-
preferably in an anmount, by which a stoichi onefcfﬁjé
arouseNBMINgotignERNtaNing p nelarhwrﬁp%rraetaomhyeﬁe aleRpolnt-c- the

o2 Peu YR, 2 510y oh oL Srcess of

phas geprtingtheridolublegrhaie) wherein the possibly present soap precursor has
reacted into a soap, is separated from the liquid phase preferably by filtering or by
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
accumulated inside the microorganism cells or outside them,

- optionally disrupting the microorganism cells,

- 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
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t he i nsol ubl e phase conprises the soap and the liquid
phase conprises the al cohol contai ning solution

wEfb@aieeing a pol yhydric or a nonohydric al cohgmlt/rizec®os50496

the aforenentioned |iquid phase, separating the
i nsol ubl e phase, wherein the possibly present soap
Pr ecuif S ah £ BRteafler BYf Rparafif@ihe foinSERARHE Sull &8
t he F%quﬁgngﬁasg prefgﬁgélg_gyﬂgifterin o_r_by.u Y
dec astparagingthdlipidnibe hipid-gantairitg fractisreer the Hpidahixjure fiom the cells
recovering a precipitate, providing the |iquid phase
and Pﬁ@wfgﬁvﬁg’f@%ﬁg§%§nﬁicroorganisn1onto a culture
s ubshiefdrably Hidig! tReel hakg o e fraclsisragliidsi t h nutrients
required for production of lipid or wth disrupted
m croorgani sm mass that contains these agents, -
I owi . -~ I o v
PR Brordpl, HeOPLARMER 1B plpshfl R fffomal Phitered glycerol
frattionos gasfosnedimtd s water-msb Ribbbesotip bynaddipg iirdo dlhd mixture a mineral

Séilb%;aru&%'ilﬂggt 2{“2?21 %{rﬁ%@ 8%};%@%95 bnga%niogtﬁgré{%pa%ll}l/ %ﬁaClz. Most

sﬁﬁtbgﬁ,‘%ei QR is adde@G9 Y 8blid IvHehdyaRd LiseBFSfrRficanh@nbinié 8Bwater can
produced by the cells preferably either by fllterln%
83

bo avdggiedrﬁthh odgingamisannmlfeseméﬂ dessformatiqreef # preciniaty
< et itdoPde fReubBJFEuL i PGBAIE) Pt itom e

lighidifeciomtthé fighid phastd by Giltefiig bitgy décphtihgdndyustierfméthods generally
the cells of the recaovered cell mass, and preferably )
usesh fagrecavering nrecipisate. drheiliquidr glyeereldFastign. Withyfhgeother compounds it

PEBULL el S b e RSBk B in
corxehtrativer smitadld fomitsdlipid petdactianm Adleu bdparatioapf the sodpl pregipitate, the
into{)he m xture a_mneral, salt of a biyval ent a.ﬁali
f)ll erent ways,

hydrpearbar:fragtions o¥pretraganiainad kygbean bejesated gy
p%glg f%dﬁ&hé ABE YartyloRIs SAbSt preTeRUNA®r R daciAp Ifat acideesters.

wher eby use  of significant anmounts of water can b
avoi ded. The mxing tinme is controlled, until the

ormati o f.a cipitate has esseptially st ed, .. ..
Thf 6omby i & hE Rl B fheninih 3 Peafbosls ShF A Eetc acid o
bHARAL Ak S eAritoReta Sallsi §iich ds Caahlor @it fiddBadtions famplidgedese, do
by filtering or by decanti n%@or by ot her et hods

ngie Aparbirpm Nialeand sarboa dinxide;, Irgvpthegrpiesnersirelypbutiargppeferably
r&:ly}fl%g riﬁ)slidef th& f)I‘dcg& or‘%éﬁohﬁ @e;%‘;ﬂ@ Ec&%ﬂﬁ&f@qﬁilhﬁble fractions and,

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

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

microorganisms and for producing one-cell lipids.

It has, however, surprisingly been found that reagent-pure glycerol is not as such a very
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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possi bly contains, is used by mxing it into the
culture substrate of a mcroorganismin a
wemasesgs@ati on suitable for its |ipid product imprPéis®s0496
separation of the soap precipitate, the hydrocarbon
fractions over C4 contained by it can be treated in
T?xg¥$)rr9-|des%'i)&?ﬁl%9ﬁs MBS sentiafy 8l 8aicicarboRIcBHipoLAd thiteready are
atty acids, nost preferably for producing fatty acid

ies tetativelyihwdicedrptogmfitemtthe imspuael glyderohfradtiondiontaining plenty of

stages.of th rocess,, such as .acet] i [:val .
VR SRR B i pE UL ASSHA B B Rt bioms
chpadfd bfaftizr@r AR iRiré s Bpiddo not, apart from Nad and
carbon dioxide, |eave the process entirely, but are
preferably recycled inside the process or they form
eparate.e ' iLj - . hRUS: 1
R EBROR Lot b P Endsa s i i sl
aRohéIe FBNthinghSatéRCE cabbns referablyLithd pofyhydri¢ fleohol is glycerol, an

daohaniouns Freporsebeear s g gk e s g atonot i
% Ffbgr’fgg:' mofddidatit Qféolfulsl[ off tHetoier :Pxﬂndﬁi§é}ﬁ>@érgﬁr6in5dll‘6yl an@hols

ucl ng-one-ce [1Tpids. It has, however, .
contamings] fgd yarbewsy pfederably tieshanob sthanel qsurpropanal Vet suigably, the
not a%.slic(g}o?.ver% ef.fi cient carbon source. Mthanol,
aepohpdrirlfehol imethandl ensifies the use of glycerol,

i.e. there is no need for renoving nmethanol, but it

can be utilized for producing fat_ of mcr

: obe . . :
BheingicreoTgreisat robosrasicem parateamedificd: fapacupulaingymigrqorganisms,

organi c. carbon c e LRrddly & ts and
FePaPhr SRR UEL BT e ROl Ry rom yeasts an
hé6a8d, nf3t §0AbBI o et doisyessehtialrthati shidzetrdoygamisma isxapable of
chain can be utilized wth such efficiency that
mwl&ﬁ-i sns are capable of utilizing this mxture
into Iipids. The polyhydric al cohol used in the
invention is chosen from pol yhydric aliphatic alkyl )
‘Hiecfatwmcsmahtihg iyeash gereera $uitable for thainyention Feraprsedhe %qllowmg:
the pol yhydric al cqhol is glycerol, an al cohol forned
form%m’s‘éﬂtf”pﬁlfs&éi”"éf’@( erol . Mpst suitably the

poly [.C: b5 rol . The nonohydric

al Eo%qqgévglﬁ?{nﬁég&g%ﬁé?pﬂg%@ is chosen from al kyl

al ¢ohKihsmpcn (itenialig L1sthked) car bons, preferably

met hanol , et hanol or 1-propanol. Mst suitably, the
momohRfndotorwladenien aliadk. gltiiSlol . The mi croor gani smi s

chosen fromnatural or nodified, fat accunul ati ng

m croor gani sms, ) _ _
Correspondingly, the fat accumulating mould genera suitable for the invention comprise

the following:
o Mortierella
o Muco

e Galactomyces

Correspondingly, the fat accumulating bacterium genera comprise the following:
e Rhodococcus

e Oscillatoria
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preferably fromyeasts, noulds, bacteria and al gae,
nore preferably fromyeasts and noul ds, nost suitably

wo stevnyeast . It is essential that said m croorganirB6isi80496

capabl e of producing lipid. The fat accunul ati ng yeast
genera suitable for the invention conprise the

e al L . .OWi a
R R o Rl
stear Kzypthedddodbopiorul a (inter alia R glutinis)
Cbrrzégondingly, the fat accunul ating noul d genera
st t abF¥ 9 or the invention conprise the follow ng:
Moy tisegeldidiMico  Gal actonyces Correspondingly, the
fat accunufating bacterium genera conprise the
foll owi ng: Rhodococcus GOscillatorialikew se, the fat

accunul ati ng. m ¢roal gae genera conprise the fol low ng; .
ACFBEI SR cmppebatrtot B fsaidhy pFionTiApisty gV tthesize
fatyPicRf Roh@thi diif®theiPéells e an Av6itl @hich preferably is from 12 to

m croorgani snms that synthesize fatty acid -containing

6pYatyaweighioofithe flry weighicofithe eahls arppiped forthe exnthasisraf ligkdsy

is from12 to 60% by weight of the dry wei ght of the

cells are used for the synthesis of |ipids. According

Ac@oﬁﬁigttb%homée;ﬁxefmg efibbditkeiie of the finvedon, Muierdorganjsms capable of

nm croorgani s capabl e of usin | ycerol and .

using elyeeroh b ehost-esfnsralcaliols a5 2 CRRIRN S6MCE arcaed fredhe wgfhesis of

lig{gg_ synthesis of |ipids. According to a particularly
referred enbodi nrent of the invention, the lipid-free

bi omass

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

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 aqueous phase as an oil phase, or, alternatively, the
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
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formed in the invention, treated in a way suitable for
the mcroorganism is used as nutrients for the

wetlobwsog2substrate. The cul ture substrate can pdr/Fi2008/050496
addition to these conponents be suppl enented with
conmponents that are advantageous for the used

dBIcFbaPIRRRAAP ih [he‘-Hu@ﬁEatfoﬂ RGN ekt q’_;lplﬁg‘@xtracnon Quality
m croor gani sm genera l'y needs, inter alia, a carbo

Agelysiscandwhgoghtapility,rCritivel Bc‘es‘emn Blmﬁ@hmlogw,daffdﬁ)aé6$148h(1992)
the starting material, a nitrogen source, such as an

i norgani ¢ anmoni um saI t (e.g. ammoni um sul phate) or an

T8E gmbist Jf! llipid)ﬁﬁlﬁlli:‘gflﬂrtﬁé?ce(ll@ c8h indfae) wheh ueid@Mhe M8k process, into
extract, hydrol yzed cell mass), and a source of
UPﬂa@éééfgﬁéhY§m“§9€ﬂﬂ§§e&3source of phosphat es,

sul phates, chlorides, vitamns or cations (e.g. a

source of My, K, Na, Ca, Fe or Cu ions), whereby these

The tiparenhesmodureld lipaidabhtasprodeded ascdrdingad ehe process of the present

.hecessary. V%en appl yi t he process nve

i s SHLGR! Brpey et LR r e, ey ST oaton, such as
uﬁﬁé%gt%ﬁﬁ&hﬁbnf &qmd?oﬂ‘&tlﬁé % @M‘rlw b&ttor theMipRdsdife 1pad mlxture the lipid-
recover i pids fromthe mcroorganism the cel
can@nﬁ%ﬂsﬂsQbﬁﬁ@@ﬂédhgmdfthen they are either dlsrupted

or they disrupt for exanple as a result of autolysis,

whereby the |ipids are separated fromthe aqueous

Arb&dingas adartivulariyiipserred émb@dlhﬁhﬂ@ﬂthe/ pleyent ilv@ntion, the produced
n1croorgan|sn1nass as _such or a fractlon obt ai ne

from
lipyd lb}lseél’i for teareducHemat Heehadgsiers of fatyacids. Moge pyifgbly, these alcohol
| t Q] 1o
%E&g £ YacfHsiafle ﬁﬁ’(ﬁ%ﬁh&&ﬂgglu gg%%g%;:?ﬁrgbﬂb?ofﬁé’lg,eﬁbﬂ &bioBiesel.

croorgani sms or pro m can
Ewexamm&sprefeiréljlgdhmetfktt;,uaciéemrem’emssd fether at thomanbifachueing of

e T A
oPHS38bes &Hér\éﬁf‘ﬁhe midfo bR Héfdefleé‘@ﬁ&'h)‘ba@fenh' ﬁ'aﬁ’t dald, alga or

are suitable Tor the invention aredescrib
amothcrrpmerqorganmm thrcmndmglybsheztartiwmbterwbmgd nulmmjepess of the

tracti ta
s R OR RiRlerly AMarEt i BEGre05RE Bfinnihtyggrp! fracion
fdrAiR821 the thehu@avantiig off e. E , Biodics€l! whitl gteﬁ»ermya c6hing ab@id 2 to 10% of
i ncrease, when usi ng t present process, into up to

sepyd be ampent @f yvaﬁmﬁm menohygec alsphal, surh@s meghagobis migimized in
tl{gI rézsclt’loﬁ, 81}; \kﬁérdcc‘a %pdrﬁﬁ@cﬁ{ag ufeesg tl?aﬁ%‘yd tp??fe}agla; fﬁ‘) 10% of
process’ o esen N

|nvent|on can be U

watenys 1dlchsedriatot saﬁbmbﬂhaﬁdlwbn&muﬂg' gliyesrabfiraction. ThlS water content is
ester| f| cation, such_ as transesterification,

PFRJRIFeGkiP R NG Ftertl Fipedcin i Prpeses pFibe PreseBinvenion.
lipid mxture, the Iipidcontaining cells or a fraction
t her eof .

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 transesterification, catalytic hydrotreating, hydro cracking,
catalytic cracking and heat cracking. Typically, triglycerides have not been used as such,
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 last-
mentioned reaction, preferably as a feed in the esterification of fatty acids or in processes,
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According to a particularly preferred enbodi nent of
the present invention, the produced lipid is used for

wo fmopsoggiuct i on of al cohol esters of fatty acigSyrius®s0496
suitably, these al cohol esters of fatty acids are
further used in the manufacturing of biofuels, such as

wheRéH B8l of ﬁ\éﬁ{brrﬁﬂﬁﬁalm’r@rﬁz{@ By drotrehtes, qnéﬂpteferasuy@s afeed in
esters are used further in the manufacturing of

ptricestes ydier¢inse kalleddIVEr(Aipdregenaiey vegetable ailaids magpfagtared.
(hydrotreated |ipid of animals, plants or m crobes,

whereby the mcrobe lipid can be derived from
Tha piciut® ,acc)tﬁdﬁlg to tHerékentingention, itwtused in transesterlﬁcatlons

m croorgani sm . Correspondingly, the starti n% te L
preferablysoptain dublesbonds in ender torashisye advaplageeus:t i‘gﬁow characteristics
Ve @ﬁdaﬁ] %1 &bitéalt ef rom the net hanol - contai ni ng

gl ycero raction orrred in the manufacturing of,

e.g., biodiesel, which generally contains about 2 to

Pl 58RI ok SRR DAF U Lt o ety
ARG RO are SRR, YEHREmPRUA @ & atéh blysia of kil geeridag
a210% pre?rgr ably 2 to 18% of Watglgi |1s f(gl gglsgd |nt§% orin

cemtiegtipmwithiis purifiratiom phigtsy socthese fattnedidosan bertidizodinghe

con s r i

RGeS Bl R flon shoF R VRl B A B g ph Be

eﬁ@ﬂﬁétﬂinf@ineﬂ@l SStér@,rWllilbls,ldmghé othgt yarely caiﬂie wkd imbibgiesel.

aci ds have generally been used as raw material for

di esel fuel s. Transformation of these raw materials

P{c%x?iu{ gi@&h&%o%%@f SBHIRUEP riins ~a methyl-ester produced from
rans er| I cation tic hydrotreating, hydro

vegaabie nganinat ail,yof |dmscquaral<ityrtg bandecdhasdtiomelicki ng.

Typically, triglycerides have not been used as such,

but they have been transforned into the respective

Thebiom&AS fenRARIS tHemRrdor trémbininpodfied thef separbiienof lipids, is

The groduct of the present invention Is suitable as,

tfeatableeadytitizabie mmmwadléfprear WRYS, S ashyUsg: it BYRE @gain in the culture

er h t
SR RSl Bn8 i GEGrabhotn B SRS bhérianplinatic

cRémital Gfphysichlginehaling mychaaicak ptoedssimmn Mtemaef/dyahb jﬂpalsfree cell
a feed in processes, wherein so call

l'lanﬁ yorHviged aite élffﬁé‘fﬁ capstiguest fragtiqns. Wgﬁ(}?ré@( QJfempptive ipto carry out
g%‘:‘i{aﬁp 519 d%r lghﬁ‘l tHé @él?ﬁlﬂé %%ﬁl@l'i‘thetlff)ﬂ)@an be separated
use erl t1ons, pret era

'y contain

fﬂmutﬂee)tlmmgdrdlymd rcel makg femdxlampha Iaydpteast sapectioncasiddhe remaining
fI ow cha acter sti.cs. for the end

HiaTBHS M B 1 (BECHORIE P i o B RBCBRR N AR Poipe the
1pPiFeé BelPmb& tﬂ)p KohYiolet sdthmefcidlFyaerfifiédny components. These include

proteins, protein hydrolysates, peptides derived from proteins, and, especially when using

yeast, in addition the aforementioned, beta-glucans, xanthans, vitamins, vitamin precursors
and sterols. A preferred application of the lipid is the use of the lipid-containing

microorganism mass as such as a lipid raw material for the production of fatty acid esters.

The following examples are meant to illustrate the invention, and they should not be
considered in any way as limiting to the invention. The invention is also by no means
restricted to the strains of microorganisms 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.
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acids, which are forned, for exanple in the enzymatic

hydrol ysis of triglycerides or in connection with the
wathod/hiogat i on of fats. Also these fatty aci ds manrib®s/ 050496

utilized in the manufacturing of biofuels, either as

such, or the acids and the triglycerides can be

L‘i‘}ﬁ& Qfddﬁlcﬁg nluai&rg'%iﬂ)g (aB§ ta@’a@) ar¥Bérteall aﬁlb]lﬁe @hd efey can be found

can be used in biodiesel CCor |n
ngaq-vatai steain gelleztony, S0y emplenA BACeBEM etﬁelamd praducmg

l o110
offfbien St Sha B REMEAS o SRASEELAR fioflor I aRb witHigao)
hbee eed dfefoﬁ)llhsed hethmlmerra)mreg &oriexamplednmthenwordss Sirighe CelhOils, eds. Z.

S para ion of |ipjds, is r at abl e utilizab

a:eﬂt ¢ rRatedes v&bgg Faers 3 Rﬁ@{ﬂ?@a‘f Lipigy égjﬁﬁleﬁig? and

st@ SWRKInsoH, Sof qbﬁlhrzah%a&%ﬁé pebshologghe growth of the

m croorgani sm as such or after an enzymatic, chenca
of physical, including nechanical, processing.
E;Alternatlvely, the lipid-free ceII mass i s divided
AW ?ﬂfferent constituent fractions. A preferred
alternative is to carry out an acid catalytic
hydrolysis directly on the cell mass, after which the
Exapipde iafﬁrqy@hs@ paRsitoncs Starting matesiah apcargingoythe inveatipn
mass, for exanple by phase separation, and the

renaining bi omass can be used for culturing the
Yarrowaohigapi A TEERA03E3 and thidmmﬁdwglutiniuﬁ'ﬂ(ﬂ@ 303ieyeasts were

| jpid-fr ellmassforls n rcal ..

]it‘gﬁﬁ? PR 8 IV cUryBlSNPRIemPREd 3 oo i sighi v 8 a oap-containing
bmd?ésal dly Marﬂcﬁaﬂtl%s theRERtAS Rt HEr dMBREivERTOH 695 8ioafesel glycerol
and espeC|a y when using yeast, in addition the

fratidome font whivh dhe $nap dnagbmanmovedeawm touthe memtion, they were

sl\&/%(tﬁg %Q{é) g(?"a) tﬁ? 51['0 gv%% %g)nﬁg%dg%yer{l%ags of increase of opacity

withd ﬂleﬁCSlIn%h&'sﬁﬂ cOTbAfRRE JFHR drbWIBGSved ard sHfwndia Fig.|2. P odn be seen
raw material for the production of fatty acid esters.

fromethe Gigusedhag thexeas etevayesy earht on theispansertainingtgiycerol fraction.

It! i %g{éWOﬁH}fn tﬁgtqhé EW B? Hles' E:ull?tﬁ'ec?_gﬁ] ﬁ{e%g@e? lI fFacfBY not

ern |on fon is
cahtsmn’@ysoap smmmbasltrremheebpba dfhies @fltusing singef, which is atyplcal for
m cr.oor gani sns used.. The |q|}vent| on can be carr.i ed

ﬂi“ﬁ Cl&&mn&we 2l dhe jogrgassicl SPFRITY TRFCHF SO OF e isigh produced
8 %@1’ RS oftler E&ﬁ?&éﬁﬁ o? RRGh SRurl TIHERUSveky BF t‘ﬂe cells was not

ng m croor gani s al so algae) are generally
pamblé aimlnd)}mwtrtfuglylgcwhlch eevfeels bt ithe remasing amountiof cells was

agﬁglﬁ’{?e nﬁ‘F éf H ?‘tﬁf‘;tﬁg@ r?%lsgs%/' e:ggqyl}]tgtl&gﬂi force of the

c@ﬁtﬁﬁ%ﬁﬁ&?tﬂbﬁéﬁ 1Ak phare rsgﬁh?étﬁﬂs CoAdegRentlyt thedhiddBlent HEHE cells
been described inthe literature, for exarrpl e in the

condladsoBionbt detGmhinedd | s, eds. Z.
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

not suitable for microbiological production of glycerolipids.
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Cohen and C. Ratl edge, ACCS Press, 2005 and M crobia

Li pids, eds. C. Ratledge and S.G WI kinson, vol. 1
wa@n@edsosAcadeni ¢ Press, 1988. Exanpl es Exanpl epdy/Fr2008/050496

Growt h of yeast on a starting material according to

the invention Yarrow alipol ytica ATCC 20373 and

ERAGHE 2F Gkewall ftyeRitonpiitedhedolyeast s were cul tured on
a YNB substrate supplenmented with 5% (wei ght/vol une)

of a soap-containing biodiesel glycerol fraction, i.e.
S PR St 6y YRETEARL g DRSS s o

1089 @V Efofaree (i vgr 996y Bigcérol@ndnufatturt kY. Bakere USA9KEle culturing

250 rpm at 30C and the grqwt.h s noni fored by neans
s Ppﬁgﬁf@é’s"é rem gggaperatyregd vith 3\%%&’{“ %&fﬂ’i’ﬁr g‘&ﬁwg“’“’th curve of the

i ifhe eV ShePl&yS f Bnl§'t§a nfodetate cell
SSEAPELAELEln LS, el AL SOANG f Btk
cpntent. Partinulatly Rs ghginisgrastigniw goglyarsk al 1% glyceroh it did notgrow at
aHoteworthy, that the growh of the yeast cultured on
he glycerol fraction not containing soap seens al npst

linear in respect of the culturing tinme, which is
atypical- for this culturing manner, and the increase

T@ﬁs,dp@@i beycopelpdash that mébupipeeiito thas fastionsploglygsrele fremgwhigh the
{ . i . .
504 ehass%%gn %@{fﬁ({lﬁﬁ ';l&q‘?{hﬁg to 3 ngé,}lug{ %ltygéofr':&g{t/zﬂﬁlﬁg ndMethanol is

cover e cells®was eve

noed &fifitiegt gbonvdoiuede forthe praduction of Hmicreorgamsmgnassandtthus, for
of cells was, assgcjated wth the soap and these
thegpredwrsionof ghyserodiptdse gravitational force of the
centrifugation through the phase separation.

Consequently, the fat content of the cells could al so
Exainple 3 dEheefificcat ofimetlimnod rpehé geowithdepi ct ed above shows
that the glycerol fraction forned in the acid

catal ytic manufacture of fatty acid ester (the

WRA2% B tvidi ght e tRirdfl beme lan@udCe gy cetdl dsiadaad foxhé Sibstrate
sui tabl & for m crobiol ogi cal production of .
agéoyding 60 EptupleRandphegmwiicebihe yeasts yanmonigeregjf was observed that

8L oPRELET e Ploo SRR bl e SULL U B 0 e v

aPhll miped)( by over 999 gl ycerol (manufacturer
J. T.Baker, USA). The culturing was perforned at room
tenperature and with 250 rpm shaki ng. The growth curve

"nglqu ttﬁé’w%ﬁﬁ%ﬁ%ﬂéiﬁ@?&ﬂt B pFdsEncedf a.-gr Iﬁﬁzo}{@l"’lﬁttﬁf’ei 85&401 fraction is

her "ve y or only to a noderate ce
advantageous with respect to the complete use of the glycerol fraction.

Example 4. The growth of yeast and the production of fat on a glycerol 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
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
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content. Particularly R glutinis yeast grew poorly

and on 10% gl ycerol it did not grow at all. Thus, it
websmseoncl uded, that with respect to that fEp@EEtR6Us/050496

of glycerol, fromwhich the soap has been renoved

according to the invention, pure glycerol containing

o fhe ¥EDSHANG lthdt Tont@inedBYEHf glyéeeatfrdéﬁmoz% S0dispRcdridént WaS used,
production of a m croorgani Sm nmass and, thus, for the

mwﬁmﬁlelsm ocftthegqhyxderpe(mnpwub highenghyrerobconrprtrasions wes bfe. This is,
BRI a5 P e AtV G oA oFln

amografifing t o Exanple 2 and the gromh of the yeasts

was nonitored, it was observed that the presence of

nmet hanol either boosted the growth of the yeast or did

TRO bat AbhEft wh #J‘ﬁ'(ﬁ'ﬁ 11 deltb Eﬁlﬁue&%n bﬂli’e%el %19@&81 containing no
experinents s ow at the presence of an alco

sodpa(54R2y56 0b glybcml: fraction) at differmnt pojets urs timietbly gaeshxem‘atqgnaphy The

s SRR 5 38 e A B B R v IRTH G o

y&dsy Séﬂ's?re\fl hfg‘h%f Q'ﬁh all6 B PhEeEd) coReent@Bon. R Ib%ﬁﬂzms yeast contained
renoved according to the invention Y. |ipolytica and

ceusidgraply miose {as thanghe\&r lipaditisaryedsh abthe iy estigated eonditions.
supplemented with 5; 12.5 or 25% (w v) of a glycerol
fraction (fromwhich the soap had been renoved). The
Bx4hiplé 5."Cultwdilig pf moaldén glyoenrol esmtainihgine svag h shaki ng

at 250 rpm The growth curves are shown in Fig. 5. It

is seen fromthe figure that the yeasts grew rapidly
@&é@tﬁ??gfﬁﬁcm \GOSr s bl Bion)AOSNBI 220 MEoudd de cultured on 50

ycer ol ract| on, but t'he 25% gl ycer ol

nilrofatculburirgd substrlatel oyaasttdxefagrm KHIPEr 3l g/l, MgB@hi g/1) containing the

SR TR e o e o e Bl e
iRt oP u&?l?&rél"@tr BAkdr'®5 SRIRMe édﬁﬁ)ﬁﬁh&te&#lﬂﬁeﬁth@hcose 20

cont ai ned 59 cerol fraction, 2% of displacenent
gﬂl/h@rvm a wmnewyrqehﬁh@dlé veste ewlret] afysl ta@éﬁ@mre @f 2KC with 200

%E@(ér}gg{‘ox 91? hgg{s 2ﬂe x%w;tﬁ%)g\g gx%gﬁ@%fl ]&é/?h[ a ﬁie%tt %Einmerson colorimeter.

Tae BB EusRk bf trRreRNtlaiédeh diffefsnt tdtborastuiitds agd sHoatn. in Fig. 7a. It
The fat content was determ.ned fromthe cells cultﬂfg
ad been

cambpsesifose thedigpeethat the bindigselrglycasel, from which the soap

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
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 points of 24 and 48 hours. It
becomes evident from Fig. 7b that the biodiesel glycerol fraction as a carbon source
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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soap (5/12.5% of glycerol fraction) at different
points in tinme by gas chromatography. The results are

woeiewosgsm Figs. 6a-b. It can be seen fromthe gpigER6aS/050496

that the fat content of the yeast cells grew higher
with a lower glycerol concentration. The R glutinis
Piagiile 6000RUARE alaB S QByePoly nore fat than the Y.
| i polytica yeast at the investigated conditions.
Exanple 5. Culturing of nould on glycerol containing
I [
,aggﬁf %gpg%%odg%lm’&l%& 18,{1 g BME@BA ﬁf}?&t opﬁlwﬂ} ;‘1 gﬁg%‘o'&esel-
g@ttbﬁil frattior| freaswhiek thicsviap Rad bden iéidRédlacdoglidg toMpSMvantion, as the
contglnlng t he bi odi esel glycerol fraction, from

cmpe FowrRe raghon- Rurs alwrerpl (@apiaciuse { dr Brke) 68 Vvedias a control carbon
sblﬂ'eg YEMiHe Mncedralio 6f AL YG6Yiflthd JulﬁnnE@ﬁl?s’&)ate%@teﬂﬁ%ed sleQ water) was 8

conparative experiment, glucose (20 g/'1) served
gd. the bturesovere earn‘éti outigl ] lstemBrlenmmet tlnskd sathag the cultures were

P Bk AR SRR MRl dBEy v o

fluBteBEdniRingY. Thé BellOwerstciltred Y&S2 50fhoule afi@! Wisicle tHetdéIl @fd:ld for the
on di fferent carbon sources are shown in Fi g.

biashiespleglyeasal fracsion vtas 2fq gaf drytagHimasyd and for the punﬁed glycerol 1.8
Al ?Hé &g?kle&l@( g&hQJn offtlE O&‘IM’Q&aﬁ of i b?&cﬁ@se[‘ gﬂ'cgr%?ﬁacuon, 121 mg/g
reno accor inventl on, served~as an

of d8ahhtest] andafbbthie pﬁﬁﬁé@ glyﬁ;abl,tllze @@ bfldryanatteno
significant difference was observed in the growh rate
of the cells conpared to the growh rate of the cells
cul tured on glucose. The nethanol contained in the

bi odi esel glycerol fraction was not observed to have
any inhibiting effect on the nould growh, although
nei ther any pronoting effect. The fat content of the
nmoul d cells was determned at time points of 24 and 48
hours. It becones evident fromFig. 7b that the

bi odi esel glycerol fraction as a carbon source
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 nmust be noted that by extending the
culturing tinme the fat content of the nould cells
woul d probably have risen even hi gher. Exanpl e 6.
Culturing al gae on glycerol A diatom Phaeodactyl um
tricornutumwas cul tured m xotrophically using a

bi odi esel gl ycerol fraction, fromwhich the soap had
been renoved according to the invention, as the
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carbon source fraction. Pure glycerol (manufacturer
J. T. Baker) served as a control carbon source. The
wemasesgs@at i on of glycerol in the culturing sulGlEBi8/050496

(sterilized sea water) was 8 g/1. The cultures were

carried out in 1 liter Erlenneyer flasks so that the
ures were stirred by neans of air blown through a

sterile filter and illum nated continuously with a

fluorescent |anp. The cells were cultured for 250

hours, ter which the cel ield . fer t . . .
1R Bisediot Gt 8okl R aifiurd b€ B Sgpipe mgriah e
codmprisepdt fe@dt ohbalcphislidntl @dogy MCLs0ab pleclrsgt, kharfdterized by

obtained fat content of the cells was,

. ) : for the . :
bi-odpdding a gejalden formingageptio thostartne maserialy Yherghyt amixture is
d DULIL , (..
oo, g SRS R SR BBy
mi-xt separavihg|theinseluble phase fedra thei ligidphase, al , whi ch

conpri ses. at_ | east one. al cohol and a.soap,.or..a,soa .
o6 BPERRting the, BB Epd Ui Tiproorgaitih 34tk the lidyidiplse dn a culturing

f or MiitduA@ehertBy tHéGni i daniteh 66Ms Dbl prodisigeipid fand

m xture is formed, which contains an insoluble phase

and eollectjng thedimide, separating the insol ubl e phase

fromthe |liquid phase, --contacting the

|'i pi d-producing mcroorganismw th the |iquid phase on

28Tl hrbeksk BecosdiBg td clhitn 1 Wk adtyritdiEinthatrthostaaing smterdl ksmprises a
begin‘producing lipid, and - collecting the lipids. 2.
paivBy gricorresmorrtriapleghelor bptly ARAI2 sQARAT AU EFHSOE T p joap, preferably
tﬂﬁ%ﬁ%ﬁ%ﬁxaﬁﬁﬁr fs'a{;fga[c'ﬁg{g %E%e?%{t’e& QUDIsSIE BF the RRAMYRWSHHCEH AT offh lipid.

ric alcoho and a soap or a precursor
of a soap, preferably the starting material is a
fraction generated as

3t TheRracgss pcqarding ito plapm iy 8; Ef é‘;a&a&grltzerllﬁlél tb?t(}p’% aount of alcohol is at
IASARIHge §t9rti‘ﬁ% glilﬂér;al,cﬁref%rabf}h% 03984 by ekight. t hat the

amount of alco Is at least half of the starting
material, preferably 70 to 99% by weight. 4. A process

f f j i pid. i Xt y ipjid VST
4R e e o g Ryt n Rt SE o SRR B nin liuia
ph&8Sihieh @omipFiSdaalt leabt e RIOBEIS TheqROFUsS Somprising ont act i ng

a |1 pid-producing mcroorganismwth the e

al o kentaeingralipifmpgoducgi @cmls&]w&hé}gﬁ ng(p}}o[y-g.ontammg liquid

S lrJ 23&}%%& g)nl a}'%u?‘tgﬁgg rs}%ﬂ%ﬁat@ Shaeh PR it 0Pt dnfsnP€disbegin producing

lipid, and .
- collecting the lipids,

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

5. The process according to claim 4, characterized in that the liquid phase comprises a

polyhydric or a monohydric alcohol or both.

6. The process according to claim 4 or 5, characterized in that the amount of alcohol is 70

to 100% by weight of the liquid phase.

7. The process according to any preceding claim, characterized in that the polyhydric
alcohol is glycerol, an alcohol formed from phospholipids or a sterol.
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- collecting the lipids, characterized in that the
anount of alcohol is 36 to 100% by wei ght of the

wo r@@vpshsphase. 5. The process accordi ng to cl apdi/RR008/050496
characterized in that the liquid phase conprises a
pol yhydric or a nonohydric al cohol or both. 6. The
process according to claim4 or 5, characterized in
that the amount of alcohol is 70 to 100% by wei ght of .
8t Hlee priogess deqonding to Zny Misecdingrdleiss charasterized in thahHe monohydric

R R g L R

phosphol i pids or a sterol.8. The process according to

any preceding claim characterjzed in that the )

InBRROPIPERSS aceardins & anspreeading eipim, chaeactarized in that fisingluble phase
. thanol. 9. The process according to any

c%%@é%%?@%¥% aim characterized in that the insoluble

phase conprises the soap. 10. The process according to

precedin | ai characteri.zed in that .th j,qui d.
1Bnthlradianas Dubing hhn idEC S haTRstar g i igh e dgid phase
cEptifhs the didohol REntAINPEERSuiId pRAE ¥ BEirh @, any precedi ng

claim characterized 1n that an acid is added to the

m xture before addition of the netal-ion form ng agent

adj ust the pHto a v of;..

s M5B L0u o8t Linde PUERTE R o R adaa
td the nsiRfrEBéfBFd adtionroftthainetahfonafotmling agent to adjast the pHitd a value of
preferably acetic acid, formc acid or lactic acid.
310 8, meterghilptatvalyeebd th §g to any preceding claim
characterized in that the nmetal-ion form ng agent is

cal cium chl ori de or magnesi um chl oride, preferably
108Tled procesh havordiag td dainT he, qhaoadadszeddo dhad ithecacidisamyorganic acid,
precedi ng. cl ai characteri.zed. .in that the netal -ion
pf"tf?rﬁ"]ﬁfjw%ﬂé?ﬁé"rp%m&‘fi& ardacgicagidi 4 or as a I quid,
preferably as a solid. 15. The process according to
any preceding claim characterized in that the )
13etlx process horonding tagrenpre¢eslingicaith, icharaestexined in thah ghe metal-ion

recipitates, at | east. 40% of the soa f .
f ng ggegl?goc&bcaurp ﬁﬁ%ﬁldg%m;ﬂgr’lesm ﬁhsl\%ﬂﬁ% I%)Pé' ragfyacgllé{uﬁlllﬁlonde.
stoi chionetric anmount of nmetal ion is fornmed conpared
to the anount of soap, nost preferably a, . )
14t Bhaproesss aeqording @any peceding claim, characterized in that the metal-ion

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

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

16. The process according to any preceding claim, characterized in that the alcohol

content in the culturing substrate is 2 to 36% by weight.

17. The process according to any preceding claim, characterized in that the
microorganism is a yeast, a mould, a bacterium or an alga, preferably a yeast or a mould,
most preferably a yeast.
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16. The process according to any preceding claim
characterized in that the al cohol content in the
wetod/usosd substrate is 2 to 36% by wei ght. 17cTi¥008/050496
process according to any preceding claim
characterized in that the mcroorganismis a yeast, a
moul d, a bacteriumor an alga, preferably a yeast or a
nmoul d, nost preferably a yeast.18. The process
18.CHerpbceys daxoating pr anyquieceding| cldinm, characterized by sdll¢pying the cell

collecting the cell s.of the m croorgani I .
mspolGe phoateansy of M Lni bl by GEF IR HARE S e oid, he
libfaEcontaMiflp GABEGH G e nfixtasd dflipidararé Prfdrably Yegarated fromi the cells of

are preferably separated fromthe cells of the
thegiollecfedeclbmpss. mass. 19. The process according to any

preceding claim characterized by carrying out an
esterification or a hydrotreating on the lipid, the
10 Tiethrotest becdrdihg e dryprecedingtckiim, oharaeterized by tcherying out an

fraction thereof. 20. The process.accordi to,any . .
egeralicagipp gr 8 I‘e‘éﬁ?‘i‘?fre%tﬁlﬁr%{’c EPB%‘eﬁ“agP“? Bty ﬂa%,l.@lq-ﬁ%%ammg cells or
tkfé.qualc Ghadr&gl | mass or the cell mass, fromwhich the

i'pi ds have been separated, in a culturing substrate.

21. The process according to any preceding claim

racterized arrying.out ,an e | '
26T ings Borgie SLub oA B, EFFaTRlley 1 (PR he
cHilldctddZdeNGndsk or 8he-cell gasy) e SthichaBO ligids atebedn eparated, in a
preceding claim characterized by separating
cultumpgruhstiate.such as proteins, protein hydrol ysates,
pepti des originating from proteins, beta-glucan,
xant hans, vitamns, vitam n precursors or sterols or
23 EVIRY irbcdh atdvediig td amymprededing qhaich, chataxterized byehtrging 28t an
Use of the lipid or the m xtuyre of I|ipids rfoduc d. by.
enpEn3icod ehemigel 5 Aqhysical progeysing or fhg “ﬁﬁ masg EC 9B WLIZNg L.
feed in the esterification of fatty acids or in
processes, wherein |ipids are hydrotreated. 24. Use of
2anThx probesk acdoxding ¢o iy preceglingclaime charasterized by separating
bi odi esel for: the. productjon .of |ipids, or .m xtur .
PR SRS Br It BERgT ey Pra sk B i Proteins.

bEﬁ-gqgcan, xanthans, vitamins, vitamin precursors or sterols or several of these, from the

lipid-containing cells.
23. Use of the lipid or the mixture of lipids produced by the process according to any of
claims 1 to 22 as a feed in the esterification of fatty acids or in processes, wherein lipids

are hydrotreated.

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 22.
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