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Culture 21-2 hyphaeformedCul ture 21-3 Test [err] NRRL Y-11430

NRRL Y- 1 1431 oncornmeaNRRL Y- 11432 5 Fernentation of sugars

5 Pseudorr}/cel i urpnypashggame f ormed on corn nmeal on—yeast agars 10 -Guanl ne
pl us Guanine plus 10

conte!
10 cyt osi ne coﬁﬁﬁl\ﬁfe BTN 40%
W L=weak to |latent reaction
15 (a)=i f val ue not+spamitive neans not determ ned O course, as with all
m cr o- organl sns, OﬁEnQﬂﬁti\ﬁ’]e characteristics may be subject to sone
variation %Iependl ngWVdisak toatetgntueactien)- parti cul ar conditions. The nedia 15
reci pes shown in th‘éﬁ%’é?ﬁ'ﬁf‘%‘s‘%‘ﬁﬁ"ﬁ?@"ﬁ%&“?@"'&ﬂ?l ture these novel yeast

species, 20 t hoggbodrdaCis With dil nfi&rE\rdaRisft, 36he bR HEEE%F?&QL mGPPJ &H}hﬁg%
substrat es. vehAgsm d,éeaﬂtngeaultﬁeu'ﬁdaﬁmcaﬂ daﬂicul 0 meyed not only wth the high
sal t s- nedi a f eedbe medilnexcipbsshdes brthdBdmplas tancessedta nultuee thagel noye geastpedies,

convent i offhl theughitheytvill orow another th'aomsthamlﬂ teining slibsyiates, Freseyeastviulturascanke 1 20
Conponent employed not only with the high salts-media fee s as 2)5 cr@sd but also can be employed
v

40% +=posi tive -=negative 15

[err] under conventional fermentation conditions using am ﬂlch as: 25
[err] Medium 1421 9 [e”]
0.1 g KCl Component . . 5 OAmBirit]
3.0 g 30 25 KHBOQt i n : 5.0¢g 0.04 25
ny 3M9§ﬁa lﬂ'ﬂone . 06g 4.0
rrg Trace mineral [err] gac' H,0 2.5 ggﬂm er
1,000 m Sterile [err] ,f,_e)géve 0.5-1 312‘3' %
30 Biotin : 0.04 mg 30
thiamine 4.0 mg :
Trace mineral solution!®! 25ml -
Water 1,000 ml
Sterile methanol® to give 0.5—1.0 vol %
36 (a) See recipe below. 35

{b) Added just prior to use.

Trace Mineral Solution

Component Amount

40 CuS0,.5H,0 0.06¢g
Ki 0.08g 40
MnSO,.H,0 03g :
Na,Mo0,.2H,0 02g
H,B80, 0.02¢9g

45 ZnS0,.7H,0 209
FeCl,.6H,0 48¢g 45

' Distilled water 1,000 mi
H,S0, {conc.) 3ml
Claims
1. A method of producing a single cell protein material which comprises continuously culturing
50 under aerobic fermentation conditions in agueous mineral salts ferment at least one yeast species 50

using effective yeast-culturing fermentation conditions, including a pH in the range of 3 to 7 and the
presence of amounts of carbon energy substrate selected from carbohydrates, alcohols, ketones,
aldehydes, acids, C,_,, esters, and C,,_,, Nnormal paraffins, assimilable nitrogen source, make-up water,
oxygen and an aqueous medium comprising mineral salts and trace elements, and recovering the resulting

55 micro-organisms as a single cell protein material, in which the mineral salts are fed to the aqueous 55
ferment at such a rate as to maintain in the aqueous ferment the following elements in at least the
designated weights per liter of agueous ferment: P—1.9 g, K—1 g, Mg—0.15 g, Ca—0.06 g, S—0.1
g, Fe—6 mg, Zn—2 mg, Cu—0.6 mg, and Mn—0.6 mg, thereby maintaining a cell density in the
aqueous ferment of at least 60 and up to 160 grams, on a dried basis, per liter of aqueous ferment.



35 (a) See recip

iﬁofjﬁ% ﬁgded just pri o.r to l[JZ(rar]Tr ace M"miﬂ er?HI Hlmﬂmormonent @

0.06 gKIY® .~ - - _ _ 0. 08 g GB 2047 268 B 11
40 [err] 0.3 g [err]

0.2-g H3BO3 . : S o : .0.02 g [erransenula -

20 g 45 Culture E FeCl 3-%91‘33:0#3 Pichia pastoris - polymorpha4 89
45 Distilled \Rbgertyor . - - Culture 21-1 © -Cuhuke 208 M H2SO04Cdfomer-3

3 n Cains 1.TeftReaitod of pr &RABLYI4a0si ngle YBRAY{14Tki n mat oVRRLY-WA32h
conpri ses contlnuou sl culturlng 50 under aerobic fernentation conditions

i n aqueous Ff@?e qavLAr SUIaSo et at | east one yeast species 50 using.

effective yea$S u‘;o F'"édﬂg fernmentation conditions, including a pHin the
range of 3 to 7v rihéal pr esence_of anmounts of carbon energy substrate

sel ected from caonlyelstdgars es, al cohol s, ketones, aldehydes, acids, Jerr]
esters, ahd [Geanije phesr nal paraffl ns, assimlable ni trogen source, nake-up 10
wat er, oxygen W“’Gﬁo'aqueous medi um conprising mneral salts and trace °

el ements, and P&MWveri ng the re®®ting 55 nicro-organisms as a single cell
protein ma,terlal | QWb the mineral salts are fed to the aqueous 55
ferment at such a ragﬁeg’gﬁveto maintain In the aqueous fernent the follow ng
el enents 1B at | easW/iZweakl eslagimassetonei ght s per liter of aqueous ferment: 15
P-1.9 g, K1 g, My - (B)=iif Glug notGhe@n, @dags noEd@eriningd Fe 6 ng, Zn-2 ng, Cu-0.6

ng, and Mh-0. ', thereb |nta nin ueous

f er nent of agar '%ﬂ:% tmzdﬁmmq;aiéﬁ@r Jg&ﬁ a'(?f”ie %‘%’3@{% ga‘f“‘? 8 of

aqueous fermen recipes shown in the Examples can be used to culture.these novel yeast species,
GB 2 047 258trBugh they will grbwsabBRAthe R methbidiHe6htaining substrates. Thebd yoastRulRRéslcar Be 20
Pi chi a past osmployed not onlypaiththohigh duits-Rredip éxetis/asdwerein described; bilsb aarebeinployed .

Cul t ur e 21- 2under conventional tagrhentation pandRioffusing[agnedjum such as: NRRL Y-11430

NRRL Y-11431 NRRL Y- 11432 5 Fer taQIY'O— of . sugars ' :

5 Pseudonyceli um or hyeg,qso,;egtr med on c n yeast '@g‘%,; 10

Guanineplgs - KHPO,. - | 25
10 cytosi ne content of Maﬁa .7H,0 - 40% +=posi ti voesg—negat ive 15

W L=weak to | atent rea(‘:hClsz,o _ - 01g . '
15 (a)=if value not sh&&h, means not determined Of courd®§gas with all-

m cr o- orgg I S, sone 4{2 @« characteristics may be subj to sone 30

vari ation epend| ng on JTEdI um and particular conditi M9 The nedia
reci pes shown In the E)f@gp,ﬂ,ﬁ,g,apégﬂmg@.,used to culture thezsgmﬁovel_ yeast
species, 20 though theyaidrl | grow on ot her than nethanoltesowmpi ning. .
substrates. These y eas Stetil¢l riethiansl®tagivee 20 enpl oyed not0.8r1y0 vol % h the hi gh

sal ts- medPl feeds as herein:deb8eerbaiphbelowt. al so can be enployed under 35
conventional fernentation con@?M@ﬁﬁ‘WOh@tﬁe medi um such as: Medium I M1
Conponent ; T " unt 25 _ ' _
KH2 PO4. . - Component _ race Mmera S’gfrgmb 9 ount o5
MyS04. 7H O CuS0,6H,0 - 0.5 g [er
0*1 g KCI 40 o K- o 5(903%”] 40
3.0 g 30 . VBBOH® | 039 : -
0.04ny | Na,Mof32Hid amine —~ . 0.2g. | |
4:0 ng Trace mineral g"%% L ' 0029 V\ater
1,000 m 8serile [err] oo &it60i ve 0.5-290 vol % 35 a5
(a) See recipe bel ow. Dlstllledwater - ' 1ooom| 35
o H_,SO. (conc) - : : 3'ml
Claims
*1. A method of producing a single cell protein material which comprlses continuously culturmg
50 under aerobic fermentation conditions in agueous mineral salts ferment at least one yeast species - 50

uslng effective yeast-culturing fermentation conditions, including a pH in'the range of 3 to 7 and the
presence of amounts of carbon energy substrate selected from carbohydrates, alcohols, ketones,
aldehydes, acids, C,_,, esters, and Cw_zo normal paraffins, assimilable nitrogen source, make-up water,
oxygen and an aqueous medium comprising mineral salts and trace elements, and recovering the resulting

55 micro-organisms as a single cell protein material, in which the mineral salts are fed to the aqueous 55
ferment at such a rate as to maintain in the aqueous ferment the following elements in at least the
designated weights per liter of aqueous ferment: P—1.9 g, K—1 g, Mg—0.15 g, Ca—0.06'g, S—0.1
g, Fe—6 mg, Zn—2 mg, Cu—0.6 mg, and Mn—0.6 mg, thereby maintaining a cell density in the
aqueous ferment of at least 60 and up to 160 grams, on a dried basis, per liter of aqueous ferment.



\ b) Added just prior to use T‘ e Mneral Sol uti on Conponént
Anount 40 H “m : 0.06
g}/ Kl Hlll“\ \“‘“ || “ ann 0.08 g 40 MhSO4. H20
0439 [err] - - QGB g 04, 2p8 8 12
Ovag[errj 2.0 g [err] —
ding to clai "IS thsféh ‘ti‘lé feqyt‘{@&fﬁ{e genus Candida, Hansenula,
1 0090 D? s'A_le ZJ r os ?czraa n;eb'e;‘ryom ces, or Brettanomyces. 3rnl-Cains 1. A \,,,{L_
od %’f AB Gh&&ih@g 16 lclatM 2inGeH htpﬁfﬁaanmmteefromlthe/dpm#s conpri ses
contr nuously.cul turing 50 under aerobic: ;, nt ation conditions in aqueous

m neral sal Besttpramyeps PeHpPAIAYt one yeast o é’”m ",,,,@0 using effective g
yelst-cul tu Fmafbg At ation condrtrons,p,*,,mg b,@gaekcnhkr n the range of 3
to 7 and th a:Wa%%gﬂ Zorb amounts of car bewiepmesgy substrate selected from
car bohydr at ggnd,@l,gﬁ;\ol s, ketones, al dehyPedgpastirids, [ err] esters and [err]
normal par at‘fmd:t!bstéﬂsmml abl e nitrogen sPiohie tehatoatite. | vvater ~oxygen gnd an
aggeous nmedCandidagoistasi ng mineral salts %h‘l’?’a’f,‘"és F’é “and tecoveri ng
_the resul ti Gandids oduesesli or gani sns as a si er n rraterr al, in
whi ch the nFﬁ’éq‘ ’”%"&f’}.s are fed to the & yﬁgaf%mt at ‘such a rate
as to nai nt aggé;,g;ous ferment thg,d.nht Wegg,egg,,@rrents in at |east
thl% desi gna per liter of aquegb&hj,aﬁ,pm}oux;?-- 9 g, K-1 g, W™-o.
g, Ca-0. OﬁngnulSsﬂum&s g, Fe-6 ny, Zn-2Seghararyéesbactiy, and Mh-0. 6 ny, -
thereby e MaBsenumageliforaied | density i n th&ormlgpsotegoreasifrent - of at | east 60
._.and up to 1@@nspnalagrakin a dried basis, pé'?’""P{’ "G’f’a aqueous fernent. 12
GB 2 047" 26@553”"’31'2’"’2’3 A process accordrr?('ql ég 1'in which.the ysast
|32Q)f t he gg‘fﬂ?”sg 7—lansenur a, . Tor ulg s aronyces, Pichia,

nsen

Debar yony ce$ ontinai nyces. 3. A pro%ﬁ,&pgsmarﬂiaﬁg to-claim2 in which

the yeast i Hnsdnomighe ozfy[n@m t he species Biyehdopsie narostiendret rophr 1 um .
Pi chi a fari rHsasenla henricii - Candi da -boi diTnkidopsis nitratophila, and Pi c% a :
po2s/ nor pha Hansenula nonfermentans 5 Candi d’arqqugﬁpy’yf ca. .
Pi chi a rrenbr"éﬁﬂéﬂé’ﬂ’aé’f'mg"%ndr da nycoder ma - Pichia pr nus i

Candi da ‘hﬁl Ces according to any one of claims 1 to Flh Which tlih&ﬁttﬁh larsd @MBqlacess e iatoidea *
Pichi I@as{ brfe Igaf&b Be galactose, lactésesiicidse, swivh.snd dextrin..

Sacchar ogyKgrBceseactuidiigacany one ol titoodin wthichhegqrbion and energy sourcs is
S hiscansywelecehe, algddcama. tdpetne detradeqses, pentadecane, hexadacane, octadecane Sicosqne, oﬁg/ ces

roseror@anxtw&af qf ghem. RE ha ]6drel ik aci ens
dn to any one of claims 1 to 3.in which ¥ ca F:QE%&%?W r
Debar e%-y‘eneg glycolypropylene glycol, 1% rﬂﬁﬂr‘ﬁﬁ%l §yReANSbutarbl, 2-
Hans u an L1-butanol, 1-pentanol, 2-hexanol, 1,7 fé @dic)) M 6ctanol, Qwbecdnol, 1-

rﬁ':l sfbﬁddﬁd?luﬁacetone,z butanons, 4-methyl-2Santsnane) Padecanoneadt i s Hansenuﬁﬁ
Ca? nﬂ:’cl@éhnone 2-sicosanone, formaldebydd, mldphmmpeml@hmr%%ﬂﬂ elygg, 5;315
Tor.ul Dﬁﬁtlﬁloctand.rtdmadaleﬂmsleciensaﬂ%|3Wi°@69r§9'09‘°“‘° acid, b“ty"cfa “tar'f,gsjlcﬁé is bolmi
20 methylhexanm@bmlfi& 8519} mﬂﬁa"f ﬁf:slas"_mc f:;fo;?:;zlt::,m QioHbdaRsats o,vaer satilis
20 Ha#th¥ Acatatepropy 's°p pyl hexanoate, hexyl 5-me MUl Opsi < gl abrata Hansenuka

" _(I:_aﬁg F‘nmure T t‘rmo(t):: | n'a\zre r%ln etr:: any one-gpélmngﬁ%b 5 InWHiénsthé adisontdaa sengy saurge Lucozyma
- 10ru I:Né J L%l D h‘abﬁ

blan @itdk biahdWRfidnt tontains the elements in the ranges: Por b &psi i s
ni.tr aﬁ@e | g0 20\ ME5—0.16 to 3 g, Ca—Kk0Bster1ifl @ S| v Ffe-nfido 140g,Zn—2t0

Tor ul mmg ml—mllet016 mg, and Mn—0.6 to 20 mg. 25 senu| A pr cess l
acébdr di n@. Aoragess am-mm |°¥53?7r§“’1’%’;§t0 1';?( E'E;ah O'g'%gr%%tée Y Y ggurce' '

is at fﬂ“é%?s?“@ ; uéis‘@,}%ﬂ 0se, sucrose starch, * _;
and d8 mgd os lé'fﬂhéﬂc&ﬂl/'sﬁi&ﬁlaﬂéloﬂdtﬁam 1to3in which - -

‘the carbop, & Abf Z@%E&Va.@%&rﬁﬁusﬁwﬁﬁbh dReajasoustisrchenturcher chmtkinsaanleastond efecane, .
te%baQ&ﬁﬁ«n%aba&Qﬁ IsiRAGh Doroncanddeledime, oct adecane, ei cosane, 30 or a m5>?t ure

of two orinmpeces aedogi%g t(gclau‘n ?Jpro@esyhl&bt!t?r“ﬁ@hﬁf‘t’@“%fﬁsp"cfﬂ%d'%‘r“s&"ﬁf’?‘rs 1to 3

i N whitelusd dfeone arrhare vitaminldiner g | S n \ I hahe '

gl ycoI ﬂr%b?f%?ﬁéa gRojHingyto clgint ﬁ ﬁ’é’ﬁ’g%he ‘ﬁtaﬁ" 3)690@4“3@) J;%ggg e@rtlka( lbut anol , 2-

but gilami ) 12 in WA RS Baminds BfiRedakith sh adudvepdimiierdefo! 551, -
a %, °°¥ss ° ggg a&aﬂmgmrace &um:a&lscmszmlm andCeisdded andthet anone,

m chaeo th3f ReMBIIGzonsseparaBly feTe miderebmestinm captainiegd fnone,

for rrah\@egyﬁhaca acet al dehyde;,. :propi:onal-dehyde, butn¥ral dehyd hexir‘_rgggtb

é range
-14. A process according to claim 9 in:which-the fermentatlon temperature Is’in t
60 65°C the p?essure Is in the range 0to0.160 psig (0.to 1034 MPa over attmospherrc) andthe - . - 60
tation time is in the range 2 to 30 hours based on average retention
ferme;lsa /l-\ process according to claim 9 in- which.a cell densrty of 70 to 1 50 grams. on a dned basrs

perliter.of fermentatron admixture, is- maintained.



7-met hyl octanal , tetradecanal, elcosanal, acetic acid, proplonic acid,
butyric acid, glutaric acid, 5- methyl hexanoic acid, azelaic acid,
dodecanoi ¢ acid, eicosanoic acid, nethyl formate, nethyl acetate, ethyl \
acetate,\3ropyl butvrate  isopropyl hexanoate. hexyl 5-meth§8 2cPARZE8eB 13
octyl dodecanoate, or a 40 m xture of two or nore of them

407. A proces3sacsosesi stdorifg R 18 uSlhg MbtRadBraskhé Acohol did WairiflddsigRatsdasoon
a?%d_,énergy Pichid estoNBINRRL Yall 1430 a3 teGbdisk. a £fcohol and each liter of the fernent
contains the el1érﬁanb@cosna¢chellngamgaim14Rsﬁ:gﬁ13tmmﬂ6gthemc¢ho! 0@0 sgainﬂgsmat.bﬂbo 3
g, Ca-0. 06 Rlef"alpast sNBﬁW-lW’dsas 9VF€“6to 14% Zn- 2t o

ng, and Mh- Sor &g’"? ;“’L"\‘{g_mc 4‘35?‘8({@ "%{GEB‘PGFW@" T'Iﬁ' a(ff’é‘f‘ﬁ?’?"'?ﬁd\ﬁfn ctP
each liter 0 0118 irfyMich tAE 1ol UNHRSH offacit B 10
g, K-1.5 thé&Hlﬁb’:ﬁQ bﬁcte&@b@a % tthQa egusgnm ﬁ;‘ Tubrr eﬁalﬂingqﬂ'9 to
80 ny, Zn- Jsubsiarifdilyeyparbied frorh melﬁllsmgavnr@radfvd‘b’belﬂn&sttﬁe WetleBlls afk dried far ppatissdried
accor di ntp teells brad the @aterrwashingh andrepaated mivieral medigt hlammvclwtoetdwdﬂeﬂ leastiDpard 10
process acc'B‘F"GPm‘gatha"éI"a"%'9‘°F“Hmvvh| ch the aqueous fernent furt er cont ai ns

gﬂ(ﬁ) lliasg gnﬁg!:ﬁéég c?Ils % {ﬁtﬁal sq%%%i‘ ﬁg;g Iy pi%iu{:bsg ?A%leg?ﬁ]él 0 ugteclpg mng res:::leur;tl

fermentajg on cem [Srb&gssac’c&e e ot eRinkfe B8NS cOhprEG Rentiitiging ii\é ?a]'merﬁ&bnA 15
process acCaiu@htiguorinchiding @bl \thérsbyiiedubing & traaiml o Bardéritdatedi@BIf] drda(idah retclé east
one of bi otliguorawatet-Washingisaid corlséntrated celllr@atérighrand dying said wasedicplls.o. claim 12 in
whi ch t he w t a@?-rA praceagigecording to dlaim 2 "aq'u e legn feciclediguas and/ordkp \saﬁfd'v#ﬁblnwanol

ey ﬁﬁ%ﬁeﬁs&wﬁ L PSR e TR ot 1 |20

froma mner a'rz i ef PRt ﬂht@ﬁal Bbtaitted Bk provesd Hecdrding théiny Sheldf fHoPReteding

accordi ng temigb.ai m9 in which the fermentation tenperature is in the range
250C to 60 650C, the pressure Lsin the range-0 to 150 psig (Oto 1034 MPa
.oyer at nosphermriig) oo Miidags Stationgd) office IbyTBd ) odror Kdas, Lebriligtori e, i1983.t ARBshéd X € Patbntl OBice3 0
“hburs based on aver age ?éf"é‘ﬂ't"?’b‘?‘f""‘““f?“"% Yt dem Wt sPamge B el aim 9 in

ich a cell density of 70 to 150 grams, on a dried basis, per liter of
fermentation admi xture, is maintained. 13
.GB 2 047 268 B 13 16. A process according to claim 14 using
met hanol as the al cohol and a strain designated as Pichia pastoris NRRL Y-1
1430 as the yeast. 17. The process according to claim 14 using nmethanol as
the al cohol and a strain designated as Pichia pastoris NRRL Y-1 1431 as the-
yeast. 5 18. The process according to claim 14 using nethanol as the
al cohol and a strain designated as 5 Hansenul a pol ynorpha NRRL Y-1 1432
as the yeast. 19. A process according to any one of clains- 9 to 18 in which
the fernmentation effluent liquor -Including cells is subjected to water
washi ng, whereby the aqueous mneral nediumrenaining |Is substantially
separated fromthe cells, leaving a wet cell nass, the wet cells are dried
to produce dried 10 cells, and the water-washings and separated m neral
medi um are recycled to provide at |least in part 10 nmakeup water and
m neral medium 20. A process according to any one of clains 9 to 18 in
which the total fernentation efft+uent_including cells and residual salts Is
dki ed, thereby producing a driB cel |l product containing residual

wht er - sol ubl e substances, incl ﬁﬂ"’ﬂ”ﬂﬁm 21. A process according
ugi ng the fernmentation 15

to any one of claims 9 to 18 c
effluent liquor including cells, t ereby pfodtici ng a stream of concentrated
cells, and a lean recycle liquor; water-washing said concentrated cel
material, and drying said washed cells. 22. A process according to claim21
in which the | ean recycle |iquor and/or the water-washings formthe

wat er-washing step is/are used at least In part as at |east a portion of

t he makeup nedium 20 23. A process according to claiml
substantially as- herei nbefore described in any one of 20 Exanples | to
VI. 24. Single-cell protein material obtained by a process according to any
one of the preceding clains. Printed for Her Majesty's Stationery Ofice by
the Courier Press, Leam ngton Spa. 1983. Published by the Patent Ofice. 25
Sout hanpt on Bui | di ngs, London, WC2A 1AY, from which copies may be obtai ned



