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al cohol i'n the fsee§"ls hhégﬁg;" &ny pebp 15,&9;5 dﬁﬁd

§nCdtheP Rxeas
ment er shoul d f&&m e;aaﬂ icentrffuged t Osuch \thep mquuotgﬁaceous ad-

assim | abl e ni trogemwesnosattmheth@@ @F@!@n i%ﬂ“gg: Thgfollowing 40
separ at e -addi ti on. s‘B"F“ grah % ﬁ;ﬁg‘;‘s dhed B oﬁf".‘?‘mﬁﬂh? B°5EF 8 °V%?r°‘f°ﬁ"e i
ammoni a ([err] )10t oth'g mpspg@cess of thigxAMPISBL.i on, the

concentration.of Sbd md diﬁedaﬂmmt G;pem#tlon f!'re:edmtos«lducted

Wi Threed
e.g., nethanol, inwo st g Wéichrihe!lr*él o @ith meparolgs t‘i'e&ﬁs"“‘_"’e
' TR %"*Em e e e

m xture. medi um st RICE A feaﬂymﬁl

[err] the pH wijd } -gh mrreﬁyltor(\tﬁevgeneaan ae&ibédahi TﬁOvcmhﬁut

2, for the nutri enhvailualdrfumuse E%refoed byﬁmmmow@ﬁd rovas mﬁp

It is pos- for the QfIhP@%ﬂsr or fu@@cﬁw

course, and may in, ;n efemen
preferably in zoiesm womtoa Aimbéeeaﬂﬁisockerreﬁmmmmhﬂemh@mmm inf
approxi mately 3-5 inglg efnohasmddem receny ygars, shehsupply s ahet Ggf 19 apergeats by n

40 utilization of Mykundartisad inexpensive pitoin aalabe f %‘; fout m Rlogdsin mﬁ’f’_mﬂs jomoss
105 be in the rangém 9}“' p ??m;%d };\i\@ 0 \Whiis Iwas c- .o

art that instrup®nan ebéicindréa fmmmtpbmnsmﬁdcm |t&numthammbedcas pri’(audontomsrsmesr S
avai | abl e to measureductien Fn dirodustiony of eortal ps Rspydo arice BRoides a
the process di ssoP’x?@’d % ﬂ%ﬁﬁfﬁpc s&@é""i Lie - SED dﬁo_
froma free oxygens @sﬁﬂdly steady ~ -
effluent 45 sopg caarsuhihsnaﬁuar by pmhmdﬂg asousuardfab brl é%fter abQu: danhpuss ccoms

to. provide a rat herot in ‘H‘edFErqfrerﬁ“ %aﬂﬁ“\? %‘"ﬁ?‘ﬁ?ﬁa te
of from - nonitor &pﬁ ﬁ%ﬁ ce’é? %ﬁ“purreoxr g
e 1 nstrume

at nospheres and pre- ntation- belng adapted to control ferably
from 1-10 atnospheres. One good the input rates so as to optimze the-
process. source of oxygen is oxygen_ enriched air. The . The materials: fed
to the fernenter are pre- 50 fermentation Trteacton is often favorably
ferably subjected to sterilization as-is nornally 115 affected by use .of
pressure within the above- done in the art in order to prevent contanlna-_
descri bed--broad and preferred ranges. - tion of the desired fermentation
m xture by un- Preferably the fernentation process of the wanted viable
m croorgani sms. instant invention is a continuous type but it is The
effluent Tenmoved fromthe fernentati.on 55 tobe notedthat it can be
conducted as a batch - vessel is suitably treated for separating the 120
process. In the continuous or batch process - mcrobial cells, containing
single cell protein, nodes of operation the fernentation reactor is
therefrom The usual nethod of treatnent is 5 1,510,499 _
5 well known to those in the art and enploys the mcrobial cells. produced

according to the use of heat and/or chenical reagents, e.g., above process'.—_._;.’-'

are suitable single cell protein 35 acids, to kill the mcrobial cell's and"

aid in their sources and can thus be enployed for food-separation from.the:

aqueous phase by.coagula- purposes. It is known that the protein produced

5 tion or flocculation of the cells. After this. by this process can be
enpl oyed i'n other areas treatnment the mixture is next centrifuged to: such

as the production of proteinaceous ad- renmove nost of the |iquid phase. and

then the hesive conpositions and the'like. - The fol 'owi ng. 40 separated

cells are further dried such as by are typlcal exanples of t he above

process. . _



drumdryers or spray dryers. If yeast is used as 10 the culture the above

sequence of steps can EXAMPLE |. be nodified by first
_centrifuging the effl uent Three fernmentation runs were conducted to

separate the cells which are then killed by wth nethanol as the carbon

_ energy source heat prior to or during a later drying step. After™in a
@ pnt er operating under essentially 45 separation and drying, the cells
ol

of protein are then ready or the general type described above. The

uh®” avail abl e for use as a food source by aninmals of sai d fer ment er was
ab&ut. 1500 liters. 1n and/or HAdM9% é‘ﬁch run
the tenperature was mai ntai negagigfhe si ngI e ceII prot ein pr uc by t he
~39[err]C and the pH at 6 6. In each run-egssen--50 above process ‘has a
particularly inportant traIIy no _net hanolRupie- detected in the fermen- 20
utility in the world today As has baen |ncr2eas- “Ber ¢ effluent and t he

et hanol o - [ T ars, - the sUppIy t he
feed was: ,,@g{ece‘mge'byg vol urre The ggr) abun;iant arvdo'r nexpensr ve protein

avai |l abl e. Amllztvr,mem rredr um errpl oyedérln t heig8ax uns 6va&®) f-or human or ani mal
consurrptl 02 f at pr ey ouslys escri di The m cro-organi sm
55 neal - &fz g@{: e (d) -bei ng7§trar ngg by gypl oyed in each of these
runs was a ac- 25 an ever—| ncreasi ng worl d-population and recent terium

char act er iMedidm fesd gatRslétdonpnas - speci4ds red38ti-on 47 product i on of certain
types of NihQH #% fsedtrtfoltbHA% net hanPda as fdentiffed protein as, for

- exanpl e, fu,srag@a,k dased on an- by whemedepasiizpr Y 2ne@mber  NRRL B3449. The
chovy fishing harvests. The production of data presented in Table | ‘bel ow

wer e takerFegupnter pires, @8l | prot ei n P4EP) of Plrs a‘*Wéy to.alle-- after each
run had reaghadonsgetially steady 30 viate this situation by providing a
source of —state operation (after about 12 hours con- protein suitable for
i ncl usi on Diltibhatedhest s of . ti nuous ogé’ﬁatr oﬁr¥9 Thed#&ns were carried out
poul try, SRtsHMURY ALt e which dirdltly of ?n- % 3 different pressures
as shown igerdifeR rd@/e/misli rectly provgde pronel n. fot shumans. The

1, 510, 499 Gl;mhﬁmbd RgrkgNells' 1~ ~~ - 26 - 2.3 3 P'f‘éssure at nospher es

1 rrmgnt er ch rge kg - ' 830 © 810
750 Air f1 °\fby“'[“é’ "Pff‘%?* ‘h’/‘?g i 3 9 ”‘164 321 125(a) - 68.5(h)
Di ssol ved c[nelérp}omﬂ%e)r ment er ' %{ c) 48' - 75.;-_ 55 - - 15 [err]
Level in éxhaust air, /q}ﬂ _ 3 ~ " - 40 Medium f eed
rate, 1/ hiFroductivity, g cells/I/h 1yp - 48 ?7ﬁ8Fprr] (259 feed rate
(e) kl / hr (a) At 2 atmospheges inlet pregurg. - 4 Dry cel I W, g/| B

2675cpymos pr
5k Zﬁa%&?fféffés ffffﬁ*f%ﬁr%%%?t pm T o

0.175 Afdroximate vameéef maoa 162 370y “WtiNKig), cohgumption. - 5.7

1 le thr gh a Millipore filter.
? 34[ er I’] ‘satqw pict stere aflﬁnl\fi’ark ot 3.3 2.5

’ 210 cc sample, washmg o%ll@ recentri-- 2. 3 3.3 Cell
yi el d, [err]fu Eﬁk/dfﬂng;@,hd ﬁetghmg ceus.3 48 2. 3.21 Crude protein, %
(i ) (h) Based on methanglsconsumed. - 5 Pr oductivity, g cells/1/hr
(@)gNitgogen conteng ofceopls by Et“dzh‘aﬂt'ﬁles%’pheﬁr%fs inlet pressure. (b) At 2.75

at rrospheres |nI etpres%&re Bas d on d| oI ed Lhert content with no

cells_pi %"é}lﬁ Ok Foiel (g Appr oxi mat e

val ueg@,%gff.‘:nﬁ, esd daig afially @5 o&ﬂ&aumﬂhd a.a Er)caﬁﬂkt&%/rektﬁtﬁﬂ ated by -

fibtrkd d terawnﬂ-angyga trdmrsfwgfna-a hde Ipteseprod beldw fot this run:
bilities of about 1000 mmole O, per liter per

ontain foamfilled conditions. Said fernmenter was of 15 a high

Y,

hour of liquid fermentatlon reaction mixture. Dilution rate, hr—? - 012 25.
Retention time, hr 83-
EXAMPLEIL . Yield, kg CH;OH /kg cells 4.0
o (Control) Crude protein, %, .15
10 A continuous fermentation run (4) was also Productivity, g/1/hr 3

jed ‘out using the same bacterial culture, : )
;trtll.'tent medium, and methanol concentration The producuwty results from this run are 30
in the feed as the runs of Example I. The clearly inferior to those of Run 1 of Example .
temperature (40°C) and pH (63) were also I, a comparable run using the foam-filled fer- . -
15 very close to the same values used in the runs  menter. - .
of Example 1. However, this run employed a EXAMPLE III. _ :
conventional large tank equipped with a simple - Two other continuous methanol fermentation 35
‘blade stirrer as the fermentation vessel operated  runs were carried out using the foam-filled fer-
at atmospheric pressure. Volume of the fer- menter employed in Example T and using the
20 mentation mixture was about 1125 liters. No same nutrient medium as in Example I but



"M ljpenes.is a-Registered Trade. Mark.. (g)..Cells isolated by centrifuging . ..

dsanple, washing cells, recentri- fuging, drying, and wei ghing
(h) Based on met hanol consumed. (i) Nitrogen content of cells by
. analysis x 6.25. The:results of these runs denonstrate the
@i was detected in the fermenter excellent productivity.results;
"inuous effluent. A dry cell weight of 19.1 g/l was fernentati

h f2)
obt ai nf:,ell',@gt his run. Qher cal cuI at eq @

B e e,

I'i quig | QR tUrQ.
A C . pldjed
25 R 1t on t1 Meyel r,y methanol concentration eforeRunGwhzchranmthnoapparent - :
' g CI—IO—VSkgnq:abth&olwasdetecued in} th@ effi@mn contammatxon : . . Crude .15

the fermentery ladiyrun wag wﬁmwusﬁ@gawﬁgz}sg pesed 1’
-OdUCt i vi tmg‘@ﬂf course of Run 5 itZwas @' ' eritation”
| cul t ur ecovéted thatahd fesifRathtioi) migdid had bdl 2 N6Elmethantt eitler thé toditiond bown. '

vity rﬂbutﬂm@n@mﬂdlwmr&ﬁi&m@m@mn the feed.as the runs of °
1. The clearly inferior to those of- Run 1 of Exarrple terrperature
C) and pH (6.3) were also |, a coFBEBHl e run using-the

led fer- 15 very clpse to the sane val ues useg,g.the runs
of Exanple |I. However, this run enpl oyed & . -=XAMPLE |11,
onal |arge tank e.qu.i_p.p.ed_mth asimle . T | nuous

fermentation 35 Hsfmedter charges k8 as t-he fer nd98t ati ofSvessel oper at éd
e carried out usi r?ﬁ‘“?ﬂ%‘“‘l‘oa?nfl | led fer- at 38t m)spﬁ"é’rl C pressure..

gbf the fer- nenteniegd,ayad i n Exanpl e | angyusi ngisthe 20

ment afzsbn mi xture was abo®issblve& 0} intfemmenter)eb (5 ame n2@ri ent re® um as in
Exanp | but 1, 510, 49&. Level in exhaust air, % (b) 84 7 a yeast
cul tg identified as Hanggnula  This contaninati on;was not goel i eved to
have; ynor pha. - had a si gnlflcant effect.on the .
oper gifihg data These runs%ﬁ i? ercent by 112for tH€ run but the .
react % system was steri - ﬁé H&'ﬁé‘g %ﬁcentratloﬁgl n the feed and -

ef ore Run 6 which mayiceM %) gno apparent 5 noget hangly: was det ect ed

ef fluent from contam nati on. 15 the
er. Each run was cdifRIBERBZRL ™ Data fromi¥ns 5 %8d 6 are
ed. i n atnospheric RafRafhtdSalues: Tabl e 11 bdow. The

own are con- Duri nmmm of Run 5 it was dis- sidered typical
conti nuous fer rrentDalt‘Pmateob fed that the fer fdft ati 8d2mi xture had

¥% nmet hanol under t h§ pown. con%zconta #nated with a -
@t ous fungus. TABLE ﬁed\lq ceus 6 Fer ngnt er c arge kg T
S 725 Tenperature, [ r].C 39 Air -

rr]/ hr Cellyicld, ke CH,QH) §)/ke cells” 121 BO&'sol véﬂ"[err] in

r, %(a) 24 Crude pratein, % ey 0) [err] Level54| n exhgust air, %

84 pH 3.6 |\/de um.
e, 1/hr Productivity qg/y/hr 86 [err]?fS% fédd rate (c)
(D) pemee G
nter stirrer, rp : 00 980 Cal.cul at ed VaI ues
nrate, [err] (3)) 222 i-?,?,t&zz ((;)) %‘{,1% -14 0.12 Retention tine, hr
8.4 (e) See footnote (i) Table I. -

These results demonstrate the use.of 2 yeast culture medium containing one or more Cl—
for the continuous fermentation of methanol C,, straight chain aliphatic alcohols as a main

cell protein. . assimilable nitrogen and the inorganic salts
25 Since yeast has an inherently slower growth  and other factors necessary for the growth of
rate than bacteria, the productivity shown in . the microorganism, allowing the single cell
Table II is lower than was obtained when protein to accumulate in the culture medium

using bacteria. and recovering the accumulated single cell pro- 49
tein from the culture medium, wherein the cul-
WHAT WE CLAIM IS:— . -ture is performed in a fermentation vessel in

30 1. A process for the production of single cell which the foamed culture medium is main-
protein, which comprises aerobically culturing tained in a state of substannally cormnuous
an alcohol utilising microorganism in a foamed - muemal cxrculauon 45 .

in a foam-filled fermenter to produce single source of assimilable carbon, a source of 35 - -



Aeration rate, V/V/mn 2.1 2.8 [err] Consuned, kg/kg
cells 3 3.4 Cell yield, kg [err] (d)/ kg ceIIs

3.04 3.29 Crude protein, %(e) 54
Productivity, g/l/hr : 3.6 2. 9 (a) See footnote (c)
Table 1. (b) Not determned—(€j—See footnote (e) Table |I. (d) See footnoye,
(h) Table I. (e) See foot note (
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of single cell
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Pg;'g:ﬂm’ﬂ- and ! otger
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7 with a yeast cul ture identified as Hansenul a This &ont anithat i on was not-

ol w& det8Y m&ﬁk&lﬂu&ﬁ&oﬁbt &!nﬁﬁﬂlaﬁdﬁ

whi ch the foanmed cul ture nedi um

tai ned i nTABEE# e of substantially

utilising mcroorganismin a foage ol nternal
kel

ferrrentlgiobg produce single source of,

st daloure itontified iac Hegpreds  2This con@nmmeo

§ gt nebsaen i e

Sl BefoFb REDE
en

pr Ot ei n
g Data from Runs 5 and 6 are

presented in

ol sy Eﬁd‘éﬁt@“%ﬁﬁn _-

of methanol under the conditions sHowWh

gt Msveam hav;

A .process .for t he" productron

i S main- protein, which.

bel i eved to have pol ynor phBermenter charge, kg’

run but the reactor syste S
feed and |ized before Ru%gqsﬁ%d&cgﬁi%emeﬂ%ae

detected in the effluent fophevel mmbanst aiathi on.
fermenter. Each run was cor}guct ed at
presented in atnospheric pP ssure.
data shown are con-

Data from Rur}s 5 anqu
el

800
for the -

appargnt 5 nO(h)TEthanoI
- (b)

are
Tabl

for the continuous fernent NHiOW25®bired eagp €hdfhit he ferneMati dn mi xture had

bel ow. The
Duri nth:dmnteemaSeemf Run 5 it war di s- 86si dered typi cal -

tead a. signifi cant
effect on the operating daTemeftaess °Cuns enpl oyed a 13 percel®t by
vol ume met han L concggpjtration in the '
was

15 the

be- of nethanol under thegjgondi s showmn. 10 co cont nated with a
filament ous fungus. TABLE Pﬁ%ﬁ"h?\%ﬁ 6 Fep%enteraic?harge, kg '
800 725 Tenperature, anelpnt}@tlrter Ipm 1000° 38980 39 Air -
flow, [err]/hr Caleulated Valu101 121 Dissolved [err] in
fermenter, %< (a) 24 qsb) [err] Level in exhaust air, %

- (b) 84 pH Dilution tate, hr* 3. 914 0.12. 6 Medi um
feed rate, 1/hr ' Retentiop tigne, %/ 86 [err](% % fe%eg rate (c),

1/ hr - (b) 1 DGVC?}“‘%LE AN 3.4 26

24 Fernmenter stirrer, rp 65 980 Cal cul at ed Val ues

Dilution rate,
7.2
Consuned,

[err]
8.4 Aeration rat
kg/ kg cells Ei‘ud ry(em laéﬂ)

Ptoductxv:ty , g/1/hr

Cell yield, kg CH,0H (@/Hglcells

3.4

0. BMRet edt®Pon time, hr
s2- 1 o4 2_.8 [err]

3.6 2.9°

(a) Sée footnote (¢} Table L
(b) Not determined. - -

(c) Sée footnote (e) Table I.
(d) Sée footnote (h) Table I
(e) Sée footnote (i) Table I. ’

These results demonstrate the use of a yeast
for the continuous fermentation of methanol
in a foam-filled fermenter to produce single
cell protein.

Since yeast has an inherently slower growth
rate than bacteria, the productivity shown in
Table II is lower than was obtained when
using bacteria.

WHAT WE CLAIM IS:—

1. A process for the production of single cell
protein, which comprises aerobically culturing
an alcohol utilising microorganism in a foamed

25

cilture medium containing one or more C;—
C,, straight chain aliphatic alcohols as a main
source of assimilable carbon, a source of

and other factors necessary for the growth of

.the microorganism, allowing the single cell

protein to accumulate in the culture medium
and recovering the accumulated single cell pro-
tein from the culture medium, wherein the cul-

.- ture is performed in'a fermentation vessel in
which the foamed culture medium is main-

tained in a state of mbsmnnally contmuous

. internal circulation.

35 -
assimilable nitrogen and the inorganic salts .

45 -



Cell yield, kg CHOH (d)/ kg cells 3.04 3.29 Crude protein, % (e)

54 54 Productivity, g/l/hr 3.6 2.9 (a) See
footnote (c) Table |. (b) Not determined. (c) See footnote (e) Table |. (d)
See footnote (h) Table I. (e) See footnote (i) Table I. "These results

derronstrate the use of a yeast cultur one or nore:
tk- for the continuous fermentation of methanol [err] straight chain
Ss

ic alcohols as a main in a foamf o produce S|ngle
of assinilable carbon, a source o“lmmum'lﬁlmum
No/| abl e nitrogen and the inorganic safts®25 " SPncé yeast has am
inerently slower arowh 499 . r.owt h -of
rate t a0 pa fikdng Mﬁmpiqmeﬁﬁl Vpﬁma@mslvrhereﬁme Pihdh@8dn0al s M—al L.owi ng
t he SiidGlath Svaick off adsimilatild euﬂsmlm\aer cinthred \wB 3 teetature th uiae-mge Sm’ot ein to
accurBiA% etrdight ¢chiain aliphati *}*@2 5 um #s$5§- bact er&n ?m
a r Eﬁ"f‘ﬁg‘ a si qdl.8: @” 10 t he culture
”Ersg| témay%carb E%E.Q %eﬂE ofp-a-continuous b:SIS e ture is

perfonermdroorganamfxermm apthanizg Sel  10nA3frocess dbcordingd yoodemsl fér t he producti on

~ of srtFi;jlf’eP jﬁhf %d s%‘rbg}gﬂéh#@ﬁﬁefﬁﬁ“@“%l%ﬁxaﬁl”ﬁtg n, which
CQIPI T 308 prki ibordihg 1 gt Peuapré&ﬁkﬁm%odﬁéé@%lyﬁn“ al | y -
cont lwmdz@ﬁ tha dhcetfatibn S ﬁﬁk MipfokedD Elgimed SiNany lon@l off el Peeded ngnternal -

ci rCLdlhtremedmmlsmvherange 0.001 wi$vol.  tlaiFsO, 499?1-2' A Er ocess according to-claim

1 ecedi n clarms V\,hererntheD ﬁg’on is said main source
ofl ﬂ{e feﬁnenmg&nduct ed g Hiagl e in the range 30
[err]ls qﬁ&[cﬁﬂg tup&itimbspheaic ippesadel C al cohol . -9 & 10 StgleTan, o

20 3. A ‘pmmssmmmrgonemfmar m 2, V\hé'P@P!hW rocess accordi ng to

f _ di |
?R%/ O\T\ﬁgf% e&mnﬁm sn@ 8&&9}' E&Ee??m, n,amarlgj‘;hgoxﬁo cl a:ornege :/\Egre?n

" conducted on a conti nud’U’é“"H‘&%‘T"S"“"Yt‘??eo F#%‘Foorgam smis Pseudonpnas nethanica
10. A process according to claim 1 sub-"5.°'A process according to claim 3,
wherein stantially as hereinbefore descri bed in Example 25 the -

m croorgani smis Hansenul a pol ynor pha. I 1. 10 6. A process:
according to claim3, 4 or 5; 11. Slngle ceII protein when produced by a
- wherein the nethanol concentration in the-- process-clained in any one of
t he preceding culture nedrunrrs in the range 0.001 to 5 vol. clains. per
cent. o : For the Applicants, 7. A
process according to any one of t he .. D YCUNG & CO, 15 -
precedrng cl ai s, wheren the fernentation . : Chartered Pat ent !
Agents, is conducted at superat nospheric pressure. - 9 & 10Q;
Staple-Inn, 8. A:process according to any one of the ' London, WC1V
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