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" growth, separating from. the product a cream by
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is:
Tarly.’ of the sub-family - Cryptococcoideae;
‘however, if desired there may be used, for

. Torulopsis (also known as Torula) and

jed in “The Yeasts, a Taxonomic Study™
Lodder and N. J. W. Kreger-Van Rij,
ed by North Holland Publishing Co.
ms_terdam) (1952). -
 MHcro-organisms wh1ch are cultivated as
hérein:- described may be yeasts, moulds or
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'redusing the proportmn of ' residual _feed-. .._r:baCteﬂa e

Preferably when a yeast is employed this
f: the family Cryptococcaceae and particu-
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example, ascosporogenedus yeasts of the "sub-
family:: Saccharomycoideae. Preferred genera
of . the Cryptococcoideae sub-family are

Candida, Preferred- strdins of yeast are as

- follows. In oamcular it is preferred to use

the specific-stock .of indicated Baarn reference

..number; .these " reference..numbers refer to
:CBS stock held by the Centraal Bureau vor

. Schimmelculture,
‘INRA: stock held by the Institut National de

85

Baarn, Holland and to.

cherche Agronomlque, Pans, France,
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bonding of hydrocarbons which are n .
- _ -:Jess -selves soluble in:the: _polar solvcnt)
© than“10 revs per minute or in & vessel which - By the use; of any:alcohol in the first-
rotates on’ 2" hotizontal axis.. When operatmg of ‘2 two stage extraction’ as “hereinbefor
. & -continuous’ solvent . extraction; the extract scribed, _the . water “content: of - the ' m;
60, is' withdrawn contmuous]y and distilled,.con-  treated is considerably’ rediiced. ‘As
- ;tintiously. o batchwise, .-at - atmosphenc or. the material which is ‘fed to: the second
-+-réddced ‘presstire, ‘and - solvent is continuously-
g 'fed back 0 th. extractor Under these - con-,

105

10 .

ﬁnmg treatment is extracted' 'wnh
R 3 .This “may_be  achiev
“ ‘tinuous; “solvent extraction . or. . by

washmgs t_h ﬁ)lvent followe

e 120

stage_ _
has a suﬂic:ently low - “content “of water to 125
ensure that the non-aaueous contammants




30 as ol efins;

descrlbed |n BI’ItISh

OT t hi 'ﬂs

al so there may be used a m xture

i nventi on 1'017'584 1,017 585 021,67,

1,021698
.cultlvatlng yeasts i-n the presence 1, 049 065,
i'n of the feedstocks herei nbefore descri bed under

.'1, 059, 890 i nclusive: 35

covery of the product are
cont ai ni ng st ral ght chain paraffins and ol efins.

at ur e

t-hat- when

1,059,881 to -
condi tions favouring the growt h of the yeas{s

1, 049, 066, i 049, 067 and

at t expense the straight-ch dro- . EXAHPLE car bons,
~ the rc?tehetlo - M{%}/a-&nm_da lipolytic f4vated in
a.con- . which aresmpa:rcatfnt lansmmhlmwildeﬂes t&mdwﬁt b ko e:meadegmmmtm of |ﬂmum!$.,f :

f er nent (—?‘V"(‘ act theoygeond tel“gﬁ')mf'o;lfﬁg%t n pr ) l‘%}Jol i sed or,. at. m)st ‘the

proport’ |°9po,vﬁa ‘ﬁﬁbslggeaﬁ' g 3;[ |‘&L v %vm BT - is

et ab®| iwith Cthe Solvémr yseds iﬁitl{e stafd fdllbbﬁhﬁrmih&d Hefog. editexs ctx xll \' nal bOJ l.ing

poi nt. otby separatlml ke convent ional

xht% ploye :the first -
cont-ai n f§ am t ol /o ro anol
.rate n Tubed Sshoutd) O.l-[?

e e %ﬁdﬁghagﬁf}%

strai lghtvolmhaloh vh;edrmcar isoprSsentSm ‘£ df redfiilired\iESic Ai9tng

and -wit]
lven “ th

en place). I

~oRely (belposmblertomp&stesrhc E&B[e:er riPC and

R

aCtIOH

t he

85 a@p ‘_)eqtqd qou::%trgteut. However . if 2 ?—Qmﬁr}llonpf 'gat(ﬁ{@;the mlcro-orgamsm B
ash vative. has ¢ 0 4
. .1 granﬂ ' '5‘"" _ ng i e llisrot aefilrst lextra:tron $ta tgd Fdag?éﬁlxrt % :ver%nsq e”]
0. 17 dgt 1 SolBek : &€ 'for example an ‘alcoh tvent mo deb.l. €
Fesq W])lilhlf ef w t@ in the cream or paste’ anﬂ Oy ipr Wdasettheesrh%ﬁige extrictmt
0. 030 grg% ﬁe‘tOP et} 4 watreﬁss can be _omrawd_b ;he usé, of a avhe rredi um
cont ai Nighghe: ort Py, %;' af %" Yb;g -dﬁg and 25
of gas- oi'Betwees gtof teh:ﬁ sfta@é Rter satt;ent hlEdh@t “Rhrodd! ¥ . yeast). was

subj et e@get ghearafﬁnate is allowed to -diging fayf

decant at:g%t lslmen Drlg'ghablg og@l%e ‘Eﬂ%%e

filtration.
In the second stage the amount of solvent

25 used.in the ‘(or.each) washing -will usually
be 220" times the volume of the resultmg

_dry material, - . -

. Preferably the ﬁnal smge emploved for the_
removal of "solvent is. evaporation,_ su1tably
30 undér reduced pressureand suttably in a

‘stream of ineit.gas, for. example, mtrogen or
‘super-heated - steam. .. .

.. -By the use in. ‘the second extracnon stage
of a solvent” which: is a- mixture of hydro-

35 carbon and a polar solvent the. oomposmon
of the second stage solvent, which will in any

' case acquire polar solvent from the first stage
€extraction, can -be stabilised. . Build-up “of

. polar-solvent can be avoided:in the course
40 of a dtsullatlon stage, - ity 'which -the ‘second
stage- solvent is' recovered by .the removal ‘of
_ separate’ streams . consisting .of - (a) polar
. solvent for. recycle to the first extraction:stage
and. (b) a mixture of hydrocarbon and polar -
45  solvent for-recycle. to the: second stage. Suit-
ably in a distillation stage the’ extract:ob-

‘tained by the second extraction stage is dis-
tilled fo recover (a) overhead a-mixture. of
hydrocarben, polar solvent and water for: re-

50 cycle to the second exiraction stage -arid (b)
4 bottoms fraction containing polar solvent,

- water and thé extracted materials; this - frac-
tion is. preferably .blended with the extract
obtamed in the first extraction stage before.

55 this is .fed to : distillation whereby all con-
taminants recovered by solvent extraction are

. removed as a bottoms fraction in this distil- -
lation “stage. . Suitably - the .polar. solvent -is
ethanol or. 1sopropanol -Suitably  the second

60 stage solvent is an: azeotroplc ‘mixture.
‘Optimum ' contact  time - will usually - vary
inversely with the temperature. of ‘extraction.
It will usually be, undesirable to use a"tem-
perature above 70°C since hxgher tempera—

- sirice this ~will lead 1 p
~of ther ‘micro-orgaism, " for . ' exathple S
~destruction of vitamins and oxidation of un-

“saturated :compounds; *fijrthermore the pro-
ducts of decomposition will be soluble in the -

--ther-stages for their - -Tecovery.

" conversion to othér ‘products but hithér
_ general; utilisation ‘of these: hydrocarbon

cmoanateﬂthy Of:

SEETEY chuting

The

85. ¢

90

solvent: used . in extractive ' distillation” thus -
-betng Jost-fiom the product -or _reaumng fur- i

A yeast- which' has -been" freed from the

~ whole or part of its- lipids‘and the contaminat-

ing“hydrocarbons by one of ‘the. methods .de-

The lipid extract: whlch has' been recovered'

95
scribed: hereinbefore and ‘whose taste has- been ..

‘improved is a new induserial’ product of value
for human nutrition.’

by: the - evaporation of: ‘the solvent is "lso_ a .

new industrial product ‘'which " can ]
eitheras ‘such of as a’raw material’

'separation - of its sterols, fatty - acid: either
before sapomﬁcanon or after) % of s
_ coust:tuents -

Tt is well-known th :
fracuons, “particularly * gas

that is to say, when these hydrog_b
removed - wholly or in part, the Pour pornt

.of the: fraction is lowered. Usually-the wax

is - removed by - precipitation by means . of

solvénts; “the wax originally present - in -the .

fraction being recovered s such, that is, with-
out ‘cofiversion” to “miore- valuable‘
The petroleam fractions “boilir
gas oils, - for example,
kerosmes also “contain “straight chain hydro-
carboris which are potentially. valuable - for

been” rendered difficiilt by the ‘necess
recovering these’ hydrocarbons
petroleum fract:ons, in- which they are con-

‘from " the_

~t;_h_e .
105

‘Oils, -confaifi:
straight” chain- hydrocarbons, mamly p’grafﬁne
which -are ‘waxes and which have aar adverse
effect upon_ the ‘pour ‘point of the~fracnon,_
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tined at 4 and the tenperature at 30[err]C

yeast and a little

I ng of residual hydrocarbon,
5 The mxture in the fernenter was initially

water was separated from an aqueous phase

0.5 grams of Candida
lipolytica culture in 50 ms of aqueous proportion of re 08
autrient :pedi um The - -nmean resi dence ,rre cream was .

,osg@g 5 hrs

_ gfuhﬁsf _ ‘E‘?'h
re . O i ydrocar ns.
thxch “in the ﬁnal

t he yeast

reduced by agitati ng the cream
of 0.2. ‘The - wi T a%"

cel | ul aréd’”gﬁm t-y\.g;i,‘;
of the nbRy= 25:

phenyl i et-her. €
yeast so_,o_b
units,: an '
yeast pas

shown be ow
present -0
dr| ed yeast)

I

35 reduce the,
aut ol ysi s "at

as far as ; .I bcf pmduct
of proteln sol“tbi
cemed, ' if the arrm:m freséiaf'm 3?"!5%@?&‘15

the yeast ‘had. beemn tiectiumeeh’ 'asOp m

tI'_ h) b
(based. on the dr.J4 "é:faf;s%‘l erea;mmb_ & s

t hese flgures
18.1 '

.13 _?':' mrcro-;(')rgamsn{ |_and_ Ot
were w shed - 2. g T f;g‘é

(enough wat er wads &elzdsfdsaidos
ei?%‘hé_" 1
the for 3 hour§ ’;"fr‘ag
centri fuged agai rprocckbief” thainbedtionSdgabd

[%6"'-"'
- 3 1S &b Tearon bF au Vedkont
12 Sol ub| I | sed TekAE when ‘cultisting | ygdsts ifftherlprdsenoat Qo4

35 ;fcondmons favouring the growth. o

20 rnocul ated Wt n
contai ning the unconsuned m ner al sa!..t,{;s__. The '
‘fAenl gas-oil

in-’

e i
ompnses ml%%amdl , B
Jnjthen “Fﬁe“é?e f

\(pebbns afd having a'mean'_.,-mole
10_“porresponding ‘10”.at jpgst
. molecule, and m th

ue for the treatmen

hi2 ?I'fé’ﬁféxﬁ -

g:straight’ cham par

‘of ‘the; feedstocks: hereinbefore: described under

€ yéasts
‘the expense. of ‘the ‘straight:chain hydr
bns, ‘the’ gther’ hydroearb(ms, for example

isoparaffins, naphthenes and aromatics are not

metabolised. or,, at'most, the propomon which

8 merabohsed ‘is” very". small. - Furthermore,”
“unlike - conventional = chemical | processes
5governed by the .Jaw .of mass action; the rate”
of rcmoval of straxght cham hydrocarbons 1s

il ‘E“g il te;soﬁaf;&f“w

poresenft rhat mumdnois 1880 pabyy. :

bWeeier, the

?_"Presentbemm thell ik

{5%’}{&,

whig _SlifnkSthSMeﬁ
sn:alght—cham

petroleum fraction will contain 3—45%, b

: _(;gs g§767 914, 568,

’

1059,881 to 1,059,890 mclusrve e

’ ExampLE
: Candxda lipolytica was cultivated in a con-

tinuous fermenter (volume 120 litres) on an
-Iraq’: gas-orl ‘The gas oil hadan initial boil-
\ing pOmt ‘of 280°C, a final boiling point of
.-380°C:and cuntamed 13% by weight of
‘niparaffins. The followmg aqueous nutrxent
medlum ‘was employed _

' -0'-’.068 gram/htre
0 030 gram/lrtre
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3. Drying the Pastes
The autol ysate obtained in Stage 2 con-

Con-

wat'er

4. Sol vent Extraction of the Paste

The pastes ‘I.I’l wh| ch the preportlfon

[d.l NS l- = 0 | y
of 65

taining a

was .

‘reduced to | ess than 15% wei ght before wat;erf,had been’ reduced by Met hod.

. were
'nurrbeg
S used-.

55. extraction with

of ‘times with an azeotro

hpyagigé:%% nar.t

mxture of

a wat er- isci-bl e sol vent

s\ and lsoorooaml

washed a

,;Fvvo met hods of dr.yl ng yere

(1) Rot ar Thecmedum, roateining 120

vecee, 8.2%y
, pid. me)f centrifuging. ‘The

" (2) Washing with a hydroph:hc solvent
such as lsopropanol

effect’ of

fgeals itvie N 300 ('gaﬁ,s t&¢) gab-3il |ahd (885 of nixed
was-fed: to_ the fermenter a{l gqet mme of dry }yt?s%) wasgsubject:d 0 2 of )7‘

mwhlchanupperp se% |

rotatlon
irred

) 18NS dur.i ng

each wadpglyig _ __'m'_.;'ua g’ gmitvent .. The
: 3 . e
r esi duakga sm QY cb- aqueon sohm g'f.j %‘}gﬂiﬂg&gﬁsopr opanol
tent §°Qﬁelu!heddnmtyrmgetﬂ(&1@'anmﬂﬂﬁl al sqacgkﬁ', bt the nonyl-' 25
were co dellowing jpurifigation sm;vetre |th¢n mphawyl ethes of a polyoxy-ahyt_ pay&;r, t he yeast,
was - nei FIEH 9B st so obtained: - c ierichaxileex cept. -t hat

‘nor treal eTheibhind o Uk A& %&J\ \éﬁthage ious' of . surface-activ ~in one
- case,_:t he sydmstcivnggenrot. aut ol ysed anf the level ?agt&'ffp VM the yE a@tséfl:;nsls"‘%e B
- obt allﬁed The product fxom - the fgmegmon‘ﬂgat @hbwn belowTr ea_t E‘d : W th

owith - Surface-" Surface- Surface- o act i ve Cactive
Agent adqUive Agent— T 01 T To :
Coneentrauonofsmface-':_ _"veagentpresent L0 gram/ht_re__ 'gram/htre
% Resldual gas-o:l (based ondned yeast) 393 [ 181 ' L 3. 0 *
PasteNumber R — 1 o
The yeast pastes %0 obtamed were washed 2 Autalysmg the _Yeast Cream o 40
) once with water (enough water was added to - The yeast pastes.I and IT' obtained in Smge_ PR
'35 _reduce " the yeast concentration to 1% by 1 were each ‘subjected  to autolysis at 55°C " .- -

" weight based on the. dry . material) and’ the fot'3 . hours with the . P! at’75. The.. - -

.. mixre- ed “again. ‘The pastés so ob- - autolysis ‘stage was - ft, as far.as ;. . -
tdined - contamed about 85% by weight of. - the “a¥meusit of protein” solubilised was con- 45 g
water. . R cerned, if the amount of gas-oil ddsorbed on . .. 3

* the yeast ‘had been.reduced to less - than - &
5—8% by weight (based on the dry material) . -4
. bef ore autolysxs, ag is’ shown in these. ﬁgures R
e o '--t.::-.';_'_'i_i *s‘ =
%gas—oﬂ T 8.1 o s
1 Nitrogen conuent ofautolysate (% wexght) ns 12t R
Solubilised material (%, weight of dry matenal) 7.5 -
3. Drymg the Pastes - t - 4. Solvent Extractwn the’ Pasf‘/Crm- S :
The autolysate obtamed in, Stage 2 con- taining a Redueed A:rfmmt of-lﬂ‘ I
“tains 75—90%, water; thié amount of water The pastes-in which the proportion of 65 A
" was reduced to less than 15%, weight before water had been reduced -by Method. I were -~ - ‘
- 55 extraction with a water-immiscible ° solvent. washed a number of timés with an azeotropic . -~ - . % _
. Two methods of drying were used. mixture of hexane (80 parts) and. isopropanol - -
(1) Rdtary dryer utidet ‘the followmg con- (20 parts) (3 litres of mixed solvent. per kg,
_ ditions of dry material). The temperature was main- 70
- Drum romnon ‘rate S r.p.am. tained at 55°C and the mixture was’ stirred -
60 Temperature of the steam = 80—100°C for about 20 mins during each washing.

The residual lipid and hydrocarbon con- - -

_tents of the- mtrogenous material so obtained



Agent or
Ni t r ogenous

f- was hizn

ing fromthe

claim1 in \A/mcrfmmned

the mcro-or

ipids (by \/\/ellght )‘7,.. 40

but not and Aut ol ysed Aut ol ysed Aut ol ysed
Material % water (by weight) 20 17 18
before extraction % hydrocar bon (by wei ght) 20 1.4 3. .%
12 10 Extracted with "No.
1,089,083, sol vent . %.of.9 .

hd ,b bW ¥ r vsmm erlas
hydrgcartd; ns ( y'wlcama}eéuﬁmmg Bvels iOmaterial mu{e&in

| by the same. method dxbep€ akut,DEnce

afthied.
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; Entli Eh%

39r @uwolyted ag:é‘:rr eamo@notpapbchmc ohich the

1ew f'i'

dmﬁhmrr ﬁ:ﬁ)e:&S(sea ¢ G M&thO
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The results of this are shown below

gani Sﬁ' 3 uctcontamm an even
- lower propomon of hplds s tequzred then

Matenal beforeextraction - o/, watet by weight I
% hydrocarbon by wt. 37
E % lipids by wt. 12
After extraction” ‘with isopropanol and 7 % of hydrocarbon by wt. 0.7
: washmgs thh hexane/alcohol ‘ - o
, % of lipids by wt. - 0.7

WHAT WE CLAIM IS —
1. A process :which - comprises cultivating

a hydrocarbon—consummg smicro-organisim in -

the presence of “a. feedstock comprising or
consisting of 4 hydrocmbon on which the

mlcro-orgamsm is.capable’ of growth separat- -

ing from the product a_Cream or paste com-
prising the micro-organism, water and option-
ally small amounts ‘of " residual feedstock,
thereafter subjectmg ‘the cteam or paste,
either directly or after reducing the propor-

tion of residual feedstock if present, to treat-

ment to rupture at least somé of the cell walls
and thereby - liberate™ nitrogenous material,
thereafter - reducing: the : proportion of water
in the ptoduct from the rupture. of the cell

walls or. a fraction derived . therefrom and.

comprising. nitrogenous- - material, and there-
after sub)ectmg thc fraction contammg a re-

duced propomon of water to solvent extrac-
tion ‘wherein an extract containing at least
part-of the lipids of the micro-organism to-

-gether with hydrocarbon contamjnants is

separated from a raffinate fraction containing
mtrogenous material.

'2..A process according v ciaim 1 in which
the micro-organism is a yeast.

3." A process according to claim 2 in which
the: yeast is of the family Cryptococcaceae.

yeast ‘the pr offcBe ictsh thef yopstiwas nqtputolyged pndcl Lioliowdify. tedules were obtained. - Was Dot h
treated suf ace- acti ve, agent: and ;aut o] ysis: st.age. is reduced by wasti'ng
Wth | T0-autorysed gave—a i TTOgerous _plgauct '
‘hydrophilic polevnt (see Stage 3 Met hod ﬁ ai ajgtegfter &‘@5“’

f ewer: washi nggs, the :-2)::rather.than by: Met hod 1] surfa@dt tO 24€Nt | Surface-

| owest | evel p of hydrocar bon and |i pi ds. . ex acatptlon ;cuveAgent acuvelAﬁena
ni t foggen profluct contai ni. ng an_even © The resu$ -t hPY

bel ow. . 20— lower propartion of TS IT nﬁif?redﬁ“ﬁoéyﬁed
Mat eri al. bef p et%:r:i@at /water(by%ls!ﬂl er by vve ght2o ' 7ﬁh '
%hydrocarbo on - |p| s by wt.

12 - After extractlon'-‘_/?lxﬂdﬁwf’g‘i?ﬁﬁbdmi) and Hy of * hydr dchr bcn bt3

0 waghi ngs with hex/amﬁdsa(b}ce&ghl:) % of I4op| ds| by 1\Qt. - 10

0 ‘—VW—\‘)’E CEA .‘v‘i -5 — doc-ed
prggar tion of euaret i sol éi% 71, Alprodess \hi cH5
Collid ses cuf tivati ng tio% Waﬁéafboﬁsﬂb?%&élﬁ}ft cont gighi nyg at- i:,east 03

a rocarbo -consum ng m.cr.o-organismin part jof ‘the |ipids of t he

: OFgani sm t o- -% ofdipids (bg wsight3ence of| a. f@édst-bck Gcdnpri]si. ngl or
g iwith hydrocar bon eontam nants 1S CONSISrSrg o :
hydigearbon on whigl, %%&QJ“L& ast 2ol DAk eb gk Contﬁ.ﬁ g
m Cro- or gani sm ivas 6&pa a Gtk Jhdt autol gto with

2

50

4.2 A process according to claim 3 in which

the ‘yeast is of the sub-family Cryptococ-
coxdeae
'5.A process according to claim 4 in which

'the6 yeast is of the genus Torulopsis.

A process according to claim 4 in which
the ‘yeast is of the genus Candida.

. 7.4 process according to claim 6 in which
the yeast is Candida lipolytica.
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ally small anounts of residual feedstock, 3. A process according to
claim2 in which t hereafter subjectining the cream or paste,

"~ the yeast is of the famly Cryptococcaceae. 50 T Terther directty
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tion of residual feedstock if present to treat-. the yeast s of the
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‘to. claim
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- A h}&&carbon-consummg micro-orgamsm

_conslst:ﬁg of 4 ‘hydrocarbon

-and’ “thereby. liberate mtrogenou_s’ matenal\
_='thereaftet _reduc;ng thtie proportion “of °

‘the . ‘presence of a feedstock Ci

micro-organism is capable of :
ing fromi ‘the' product a-cream .

‘prising’the micro-organism, wate ‘and opnon-; .
feedstock,
‘the yeast is of the family Cryptococcaceae.

4. A process according to claim 3 in which .

ally. smaﬂ amounts of residual
¢ ' the cfeam of paste,
er reducing-the ‘propor-

: u'ectl or

“tion --mldual feedstock if present, to- treat-

mient to rupture at least some of thie cell walls

after sub]ectmg the fraction contammg a re- .

-,~ ma; m, %

<o duced propomcm gf water 10 solvmt extrac-
ting: - tion’ whereintan extract - containing a4t least
. “part of the lipids of the- ‘micro-organism to-
" .. gether - ‘with hydrocarbon contarginants is
: separated from a raffinate’ fract;m conlmmng'
" nitrogenous material. ..

"2, A 'process according .gaim 1 mwhxch-
. the miicro-organism is a_yeast. '

3. A process acdording to claim 2 in which

the yeast ‘is of the sub-famlly Cryptococ-
coideae..

: 5. A prd:cess according to claim 4 in whlch :
- the yeast:is of the genus Tomlops1s

6. A process according to claim 4 in which

: al the yeast:is of the genus. Candida.
'compnsmg__ mtrogenous matenal “and.. thete-""

7. A process according to claim 6 ni which
- the yeast‘:_xs Candida lipolytica.
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rupturing the cell walls is by autolysis, weight corresponding to at

| east 10 carbon 60 pl asm)l yS| s or hydrol yS| S. atons per

in aq?ueous nutrl ent medi um an _.n the presence 20 Whl ch the autol yS| s is _
performed under.mld. .of-a. gafs' ofit ai ni ng oxygen.and sept- = . conditions L
so that only sone of the celi ;Walls |n fromthe m xture, on the one hand, ..
t he are.ruptured. : . mcro-organi smand, .on- - "
t he ot her. hand ‘al - 14 A pr ocess accm,ogg,ogg to any one of the,-_ o
petrol eum f ract i on Havi Mg~ a 1 educed; & %
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