1eUI366-

PROCESS FOR THE PRODUCTI ON OF VANI LLI N 1T e presént invention
concerns a mcrobiol ogi cal process for the pfoduction of vanillin from
ferulic acid. According to this process, a culture, pr ef er abl

subnerged culture, of any bacterium of the order Actlnonycetaéhé;lﬁéﬁé
preferably of the famly Streptonycetaceae is incubated with 5 the
substrate ferulic acid to fernentatively produce vanillin. The product
vanillin is recovered fromthe fernmentation broth by a designed extraction
met hod all owi ng al so the separation and recovery of valuable fernentation
by- products, in order to obtain the analytically and sensorically

puri fied product rr, O%px}’%'%hﬂﬁ{bnt?d}gcoﬂ&rgé” b BlolddiEalroRL rkG i guai acol
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Guaiacol is a phenolic, smoky type of molecule which significantly
20 contributes to the characteristic flavour of vanilla extracts. It is thus often
used in combination with vanillin for vanilla type flavours. However, the
fermentative production of natural guaiacol has not yet been described so far.

In the past 10 years, several patent applications have been filed

concerning the microbial or enzymatic production of vanillin. In general, a

25 suitable precursor is transformed to vanillin by a microorganism or an
enzyme. Suggested precursors are eugenol, isoeugenol, ferulic acid, curcumin
or benzoe siam resins. Usually, transformation yields are extremely low.
Examples are e.g. Haarman & Reimer (EP 0 405 197 A1) claiming a
production of 18 mgL-1 starting from 0.2 gL-1 eugenol using the

30 microorganisms Serratia, Klebsiella or Enterobacter. This transformation
furthermore takes 13 days. Pernod-Ricard (EP 453 368 A) claim 46 mgL'1
vanillin obtained in a 6 days Pycnoporus fermentation from ferulic acid. In
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-2 ¢ this line.is also Kraft General Foods (US 5,128, 253) claimng 210

nglL[err] vanillin fromferulic acid wi'thin 54 days. In order to obtain
thi;s titer a reduci ng agent had to be added as otherw se the fornmation
of vanillin would not occur and only va#rllic acid would be forned.

Takasago (JP 227980/ 1993) 5 prepared nutants of Pseudonobnas strains that
ireLFl oc]ke]gi ithlié_tiﬁe(iggls%flgi'éﬁLGenerapr 18 ,sf5,1/2m,253)i %laiﬂ %19&&%]5”_?_% W th
gLlerr erul i.g. agi : re), .v in co e aj.ned. e so
far Sl o appreifiitfom fttictst ERithit i iaye. dnordef fo btain i il 41 ¢
yi el ds of vamelutcing agentfleadtnbandded B.S@thél&viﬁé&héé'@ﬁﬂhi(zjiﬁnbf%nﬂlin would
publ i shed by r | : .61 . | dent i-fi
strai ns of tr@g’gﬁﬁgaﬁﬂ&@ﬁ%‘&g?&&imﬁiﬁa%%J%X‘g%%@ﬁm@t%ﬁﬁ% up
to a conqeepared mutehts of Bsayidosmerias strains thet mera tbdedked iorthierdegradatibned
of ferulic agi ilLir. "rRg) E O d R1BENS hi 113
amount s of v?rﬁ% leiarY (grve?nr%}tﬂ' éggl r?)vrlﬁie ‘(‘g‘i’ll"n m cr.g%lg‘gﬁ ds%%?tla‘rrsgrg'?ﬁllhg is
mainly due t¢opibbeeptaingd. Togriseifey sole applicaion repertingiesonerically attractive
concentrat i orﬁ:l@;bmﬁp Yiath %lfﬁhnﬂ%iﬁ\mr& ferﬁiéfﬁhﬁtoﬁfplbb@ss]l"ﬁaé@é?:ltehﬂ%éléhoﬂulc' ng
m croor gani sis. crgbial s ns, u especti v cohol or
acid is foun@%?’ﬁglb%%%?maﬁ{ é’lﬁ?@“?‘b@ﬁ bgyﬁlegﬁ éfz)'\;thﬁf’rqceﬁm eda%%
over cone rxy thmh inl sof the genys E’&nﬁ%llaﬁips_iﬁ%)clﬁéf%ﬁﬁﬁ bﬁ@ccuiﬂﬂ_aﬁ gnillin up to
i soeugenol wit i poxygen esult.ed.in - rlevagildidp at,.a_ .
yieldlor 108 CondeBBEARE AR Fr BT a8 e o meniatod braf 4t Red affefiliCrrig
eugenol (0.3 - 0.5 20 gL[err] in ayield of 0.3 - 0.5% and no turnover is
reported for fer Jniconghision,Tiigan be statedbthatipighyamgunipefiwaniHin ere not

scarcel y att raglly\Werined Th mRreKial 8dteniO MHis is md‘?ﬁl&)’aﬁg"t%the cellular t6RfRityer
nmeasure to mrcurrvlﬁir; the toxicity of, thi cggp I's the m cr obl a

producti on ofof G W@FB&#%ECWEﬁO;é v rﬁ(ﬂj-lai preygBts
treat ment 15 _semﬂﬂﬁff:fﬁd@ﬂg efi¢iabrganisns. InDhicteBikd &¢stdhis, ushudllydthe s al so
e S g SH3hT b SR o Bl V5 580 R o aniti
poncg.n]t Ir 2te ijorwa)si otergbirer by thehupoof élrtymes (ﬂfueét? HR0 §42t348 Aﬂz,ai’h@aging

Vany paper s Ao esteh Wit BpBiylhabt oRitan st 1 LT SABHNRIat 5 F8Id of 10-
eugenol , i sockifeniiucbrlower gpneentrations wege obtained welnén uising eugeasiol €0.8¢- 8.6 be
| TS GURGPOL | nHhrde Rt ek b e iR IO

Two publ i“cati ons y .be cited’s 0

t he degr B thasheraP 19%iRg liRexyErRASeTIS FEaEsely %G?tlﬁngfé% fhe epgnamicipoing
337-43, 35 cuftviawt ed Pseudononas sp. on.ferulic acid and el ucidated the
degr adati on pat hway. Though vanillin was not found in the culture

supernatant, evi %xrl]é:t%er measure to circumvent the toxicity of this compound is the

microbial production of coniferylaldehyde which forms vanillin upon thermal

25 treatment, see BASF (Offenlegungsschrift, DE 3604874 Al). Similar is also
the immobilized cell system as described in the recent Orsan patent
application (WO 96/34971) in which vanillin is accumulated up to a
concentration of 1 gL-1. A possible economic benefit of using immobilized
biomass is given by recycling the biocatalyst.

30 Many papers deal with the respective metabolic pathways starting from
eugenol, isoeugenol or ferulic acid. In general, vanillin is believed to be an
intermediate compound in the degradation pathway of these compounds. Two
publications may be cited showing the involvement of vanillin in the
degradation of ferulic acid. Toms and Wood, Biochemistry 9 (1970) 337-43,

35 cultivated Pseudomonas sp. on ferulic acid and elucidated the degradation
pathway. Though vanillin was not found in the culture supernatant, evidence



-3 - was given-that vanillin is an internedi ate conpound, since

vanillic acid could be detected. Starting fromferulic acid, vanillin
was obtained in cultures of Streptonyces setonii (Sutherland et al.,
Can. J. Mcrobiol. 29 (1983) 1253-57). -Ro indication was given on the

amount, but only traces where found when 5 repeati ng the experinent.
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conpleted Thesgerulic acid is consuned and vanillin accunulated up to ca.
8- 25 16 gL[err] in the fernmentation broth. Typical by-products of the
ferulic acid bi ot ransformation are vanillic alcohol, vanillic acid,
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by appl yi ng wel 12 known recr al I'i
wise. After an apprommate incubation (biotransformation) period of about 5-

50 hours, substrate conversion to vanillin and several by-products is
completed. The ferulic acid is consumed and vanillin accumulated up to ca. 8-

25 16 gL-1 in the fermentation broth. Typical by-products of the ferulic acid
biotransformation are vanillic alcohol, vanillic acid, guaiacol, para-
vinylguaiacol and 2-methoxy-4-ethyl-phenol.

Subsequent product recovery consists in the removal of the biomass,

conveniently followed by a two-step extraction with an appropriate organic

30 solvent, preferably methyl-tert-butylether. A first extraction is carried out at a
pH > ca. 9, preferably at a pH of 10 to ca. 11 in the aqueous phase to
selectively extract by-products, such as the sensorically highly active guaiacol.
Then, the aqueous raffinate is "acidified" to neutral pH values to selectively
extract the product vanillin. Purification of the raw vanillin extract may

35 finally be done by applying well-known recrystallization methods. Guaiacol
may be purified from the raw extract by distillation .



may be purified fromthe raw extract by distillation.

-4 - The m crobi ol ogi cal process and the extraction procedure
described are useful for the econom cal l‘i/ attractive production of
natural vanillin as well as by- products-#romferulic acid according to

the follow ng biochem cal pathway: 5 Pat hway of ferulic acid
degr adati on, inlogigakpracesvand the extractionr pocedurs describedaand | i n
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The resulting vanillin (compound 2) as well as the by-product guaiacol
(compound 3) are both known flavour and fragrance compounds. Their use and
application are known to the man skilled in the art. By using effective and
balanced amounts of these compounds it is possible to augment or enhance the

20 organoleptic properties of flavoured consumables, such as beverages, dairy
products, baked goods, ice cream and the like. Fermentatively produced
vanillin and guaiacol are especially valuable in any vanilla-type and fruit
flavour compositions where entirely natural ingredients are required.

As pointed out above, exact fermentation conditions combined with an
25 effective product recovery method have now been discovered to allow a high
yield production of sensorically and analytically purified vanillin as well as
getting the high-impact flavour compound guaiacol as a by-product. These
conditions are based upon the cultivation of the bacterium of the genus
Streptomyces in an appropriate culture medium and the subsequent addition



vanillin and guai acel are especially valuable'in any vanilla-type and fruit
fl avour conpositions where entirely natural ingredients are required.

As .poi nted out above, exact fernmentation conditions conbined with an 25
effective product recovery nethod have now deen discovered to allow a high
yi el d production of sensorically and analytically purified vanillin as well
as get t i roff thesubstylate fgradic ddidiab excessronoentrgtianacioe. as Satolna. do@llidb.
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Most suitable is, as pointed out above, the species Streptomyces setonii,

preferably the c rci gl l vaj.l abl e, sfrai TCC 391 5 .. The
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pref erabl y, [ . % I d_as msubs te~.Jhe nat.ure of the
remai ni ng Co,fﬁgﬂ‘%@%‘ﬁ} &B%éégg%%ﬁ% Fﬁgg%ﬁ@‘?- @%8%§%§.°ftﬂe remaalmIf%c?%PPWﬁ%
out the presdadepanding omthesbuiceat i on of the bacteriumis 10 carried out
in an aqueous mediumin the presence of usual nutrient subst ances. A

sui tabl e cul ture yegj AN SpréseRt RVentoW caltivitic 8AtHEb A terium is

i norgani ¢c_nitrogen saource, Inordani ¢ salts_and growth, factors..
For the cMt Aubin an agueus megiwndndbepresenceef ushal autientsour ce,

e.g. at a congditamddsPA fifitable calturdnédiled contadhs hesadbbly s6@rce endrganic or
gL[err]. Yeast 15 .ext.éract i s a useful s.ourgte of . nitr n 1phosphat es,
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The culture [}argt%tcggoﬂg?eéngg?’ggﬁgggls‘? e??l%q"zeﬂb%(erﬁakg?c?ra é%@t%r‘?baﬁy e%agtt hen
20 i nocul 3% ecPXhraqt ia aguselpl sonrse of sitragen, phosipbetes, grpwith factors paddrads h
phase. ArelaRiRheP bl Be d0dad, €B. & pidfereaAshbeiasidni of cab2LB0 81,40 hest s,

f I 15- h f I 20- h
preferably  prefrably ta. 510 FL s adattion, Bagnesiam fons, 6.¢. magnesium sulfate
may be added at a concentration of ca. 0.1-5 gL‘l, preferably at ca. 0.5-1 gL‘l.

The culture broth is prepared and sterilized in a bioreactor, and is then
20 inoculated with a Streptomyces strain in order to initiate the growth phase.
An appropriate duration of the growth phase is about 5-40 hours, preferably
about 15-35 hours and most preferably about 20-30 hours.

Specifications of further process conditions are:

pH-range: ca.7toca. 9

25 temperature range: ca. 30 to ca. 45°C
aeration: is preferred for this aerobic process
stirring: is preferred.

After the termination of the growth phase, the substrate ferulic acid is
fed to the culture. A suitable amount of substrate-feed is 5-40 gL'1 of
30 fermentation broth, preferably about 15-30 gL‘l, most preferably 20-25 gL'l.
The substrate is either fed as solid material or as aqueous solution or
suspension. The total amount of substrate is either fed in one step, in two or
more feeding-steps, or continuously.



Speci fications of further process conditions are: pH-range:

ca. 7 toca. 9 25 t enperature range: ca. 30 to ca. 45[err]C
aeration: is preferred for this aerobic process
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I ncr eased by applying any in-situ product recovery nethod. For this
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br ot h
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plying any in-situ pro t ve recovery method. For this purpose, e.g. an
extractive phase can be added to the fermentation broth using, e.g. a water -
immiscible - organic solvent, a plant oil or any solid extractant, e.g. a resin
20 preferably, neutral resin such as Amberlite XAD 4 or XAD 7 or the like. Such
an in-situ product recovery method might allow confinuing formation of
vanillin and guaiacol also after having reached the water solubility
concentrations.

_—

From this fermentation broth, vanillin and the by-products may now be
25 extracted selectively by two different extraction methods: '

Continuous liquid-liquid extraction a) or batch wise extraction b) are
suitable.

a) On the basis of an extraction dependent on the pH value, an efficient
isolation of vanillin and also of guaiacol can be carried out. In a first step,

30 guaiacol can be extracted from an aqueous fermentation broth. For this step, a
counter-current extraction method is preferably used, preferably in a
extractor, by means of an organic water insoluble solvent. Examples of
solvents are esters of C1_3 acids with Cj.4-alcohols, ethers, in particular
methyl tert-butyl ether (MTBE). The pH is preferably between 10 to 11, in

35 particular pH 10,8 - 11.



vanillin and guai acel also after having reached the water solubility

concentrations. Fromthis fernmentation broth, vanillin and the
by-products may now be 25 extracted selectively by two different extraction
met hods: Conti nuous |iquid-1iquidfextraction a) or batch w se
extraction b) are sui t abl e. ~a) On the basis of an extraction

dependent on Vanilliniiy thereaften extracted fitom the aqueous vaffmiate afithe gnatevdl al so
of guaiacol CaRrhRidiPht Bﬂj\{é’lﬁhs ofBa3s £d %é.t&ﬁfrﬁgraﬁﬁr 84138 AL8l. £8NmdEt
S . For th p, &

extracted froman aqueo ernent ati on_br ot r I's step,
count er - cur r deferablybetweemea. bl thcapfdierabl y used, preferably in a
extractor, by neans of an organic water insoluble solvent. Exanples of

sol ;/!_e nt |S are W%H?{n;g Y}itthq?hln)ﬁztl @ﬁﬁ@&ﬁﬂﬁ&@%&i]&ﬁi @é?g@gﬂ; tled F&Eﬁtelric%gr?nt
Egr i IOClil?rﬁ n e\g@%}cﬁ} eaqzertﬁté%ﬁ%é ,sgita%kjlga a ra%i'o o-p%ge sollvgng E)F cae.rig -)é : f, i\rl\leen
-7 - Varpdrticalascd.B6edf t er extracted fromthe aqueous raffinate of

t he guai acol extraction at pH values of ca. 5 to ca. 8, preferably ca.

6 to ca. 7,5,1.410 . r 2 1538 . rkin
with vaniliiPEorteh %hae? icgfr‘%gé‘gﬁ%glggg @%%chlgg 1?3;‘:}% %qqﬁg’gs?é‘&#?e?'gc afeER o
extracti on opongentragios ofsinetfepmentation brethobymeamshfsvaterevappration,a 5 - 3

1, in mhﬂiné Bwoatép bitch’-\g%'se éﬁtr@éti&ﬁ 4D BIFFGRRES %ﬁi*é%?z%:é&%vith

vanillin in the agueous phase,” e.g.., after _a concentration o
f er ment at i®n ventsRranesest abpieds sujtable.andprefgrable. cor respondi ng
two-step batch-wi se extraction at different pH values and with 10 the

sol vents proposedladad¢antagediofdhe aovelproeesd bk @ummarized as foll6ws:
advant ages of the novel process can be sunmarized as foll ows: (1)

. L  Cabl e whi he ati :
vant o i o8 bRl A, By BleBRAPh R JRe HE beBmilagn of
econoni cal | y eanillimin ¢he famuentation lnoth of Strépiomyged ce.g] $. setoBii(td) The
process enabl ganbRficAlyUtiraBaY Sokdedirstiod(caf syt and

15 (2) The process enables the simultaneous production of vanillin and
guaiacol, i.e. two products of high value in the natural flavour preparation.

(8) The fermentation process is of low technical complexity and uses raw
materials from easily accessible sources.

Finally, the invention concerns also the novel process for the
20 manufacture of vanillin, but using instead of Streptomyces setonii ATCC
39116, its enzymes or any recombinant microorganisms, e.g. yeast, which
contain the genetic material coding for the enzymes which are relevant or
involved in the cellular biosynthesis of vanillin and/or guaiacol - and thus not
the microoroganism as such.

25 Example 1

250 mL shake flasks containing 50 mL of the following medium were
prepared: 103 g'L‘1 sucrose, 4 gL‘1 NagsHPOy4, 1 gL‘1 KHoPOy, 1 gL'1 yeast
extract, 0.2 gL.-1 NaCl, 0.2 gL.-1 MgSO4 and 0.05 gL-1 CaCly. The pH was
adjusted to 7.2 using NaOH. A shake flask was inoculated with 2 mL of

30 preculture of Streptomyces setonii ATCC 39116 and cultivated at 37°C, 190
rpm for 16 hours. At the end of the growth phase 0.3 g ferulic acid (purchased
from Aldrich, cat. no. 12.870-8, 99%) was added to the culture. For this



guai acol, i.e. two products of high value in the natural flavour

pr eparati on. (3) The fernentation process is of |ow technical

conpl exity and uses raw materials fromeasily accessi bl e sources.
Finally, the invention concerns also the nodel process for the 20

manuf acture of vanill | n, but using instead_of Streptorryces setonii ATCC

39116, its erDurpese 8r1%fw /\E@ghmqmﬁthﬁamd@ubahaﬁm 0 M NpQH (finghpbhof
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nedl um wer ar r err err
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gL{err] MgSO err] and 0.05 gL[err] CaCI‘err] The pH was adjusted to
7.2 using NaOH A shake flask was inocu lei h 2 mL of 30 preculture of

St.rept onyces setonii ATCC 39116 and cultivated at 37C, 190 rpmfor 16
hours. At the end t s‘i@@% "EOAS

from Al drich, cat (2f5 19%2 99 pgeéaﬁgdﬂd&liﬂ& gé(guﬁgﬂre gﬂel Aﬂ:er
-8 - purdd8 oalrmr%vw 1>9t6 gfentlic amd é%salgu%sw%ﬁ@lu HPoroins 461MaOH

(final pH of NaoH)h@a§ addtd @6 the suBaps CrhéBhsk Yvak 1%):unaﬁed3 OéASMPC and

r epar ed and eri ter The fl as e
Brerr)c, Mooipmanfier 1 hetiy gt tiogpastoraiatian Grerionias Z%Hagﬁheubat Lon) a
vanillin conm‘rctéﬁtnamibnodf 894@14}1[(HPI}CX\IkaEéa&edaeoﬂeapdimﬂngkora)ymM bfi63
yield of 66 r’@ll 1,%)Was cal cul at ed.

Exanpl e 2 A 250 nlL shake flask was prepared and incubated as in
Exanple 1. After a 16 hours growth phase 6 g ferulic acid (as a 10 %
w w solution in 0.5 M NaCH) was add&&m&g& culture. The flask was

i ncubated again at 37[err]C and 10 190 rpm After 78 hours of
bi ot r ansf or mat i ona @50cMPATHAKD) flasky #ak |ﬂrbﬁared a’® iv@ibatad 'aQ']n(Exa'inﬁPe YLAftef]

(E;Ehgl) ewgs ' eaigﬁlourg%;'(r) 2 glsg % é g fe lceala.(g ?;s 2310 % w}m sofutlon in0.5M
NaOH) was added to the culture. The flask was incubated again at 37°C and
190 rpm. After 28 hours a second feed of 0.3 g ferulic acid followed. At the end
of the incubation (58 hours) a vanillin concentration of 6.41 g:L':l was reached,
corresponding to a yield of 68 mol %.

20 Example 4

A preculture of Streptomyces setonii was grown in a shake flask at pH
7.2, 37°C, 190 rpm, for 24 hours. The shake flask medium contained 5 gL-1
glucose, 4 gl.-1 NagHPOy, 1 gL-1 KH3POy, 10 gL-1 yeast extract, and 0.2 gL.-1
MgS0y4.

25 A bioreactor was filled with 10 L of a medium containing 32 gL-1 glucose,
8 gLl yeast extract, 0.8 gL-1 MgSO4 and 0.2 gL-1 antifoam agent (Dow
Corning AF 1520). After thermal sterilization the reactor was inoculated with
the previously grown shake flask preculture. The amount of inoculum used
was 3%. The process conditions were 37°C, pH 7.2, airflow rate 1.0 vvm, 800

30 rpm. After 24 hours of growth phase a remaining glucose concentration of 4.6
gL-1 was measured. Subsequently, the pH was shifted to 8.5 using NaOH
(30%) and 24.5 hours after inoculation 2.25 L of a 10% w/w solution of ferulic
acid in 0.5 M NaOH was added to the fermentation broth. At the time of the
feed, the glucose concentration was down to 4.0 gL-1. 3-4 hours after the



A 250 nL shake flask was prepared and incubated as in Exarrpl e 1. After 15 a
18 hours growth phase 0.3 g ferulic acid (as a 10 % w w solution in 0.5 M
NaOH) was added to the culture. The flask was incubated again at 37[err]C
and 190 rpm After 28 hours a second fedd of 0.3 g ferulic acid

foll owed. At the end of the incubation (58 hours) vanillin
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pH 7.2, airflowrate 1.0 vvm 800 30 rfxammled 24 hours of growth phase a
remai ni ng gl ucose .concentration of 4.6 gL-1 was neasured. Subsequently,
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bi oreact or wiWd-TRek némﬁﬁgvﬁ?ﬂ]\%@f@lvﬁgl 7"(1?‘@558%7‘3??19 to 10 the

procedure described in the previous exanpl e. After a growh period of
26.5 hours the pH was shifted to 8.5 alixamplerGst ferulic acid feed
anounting to 4.08 kg was carried out according to Exanple 4. At

Liquid-liquid countercurrent extraction of vanillin and guaiacol at
20 technical scale.

7930 kg of cell-free, membrane-filtered fermentation broth containing 7.1
gL1 vanillin and 0.35 gL-1 guaiacol were adjusted to pH 11 with NaOH and
extracted first with MTBE as solvent in a stirred-chamber counter current
extractor to separate the guaiacol. After MTBE evaporation, 8 kg of raw

25 extract containing MTBE and 33 % w/w guaiacol were recovered. The pH of
the aqueous raffinate of this alkaline extraction was then shifted to 6.9 - 7.1
with hydrochloric acid and again extracted with MTBE in the same extractor
to separate the vanillin. From this second extraction step, 150 kg of a raw
extract containing MTBE and 37 % w/w vanillin were obtained.

30 . The figure represents:
A typical chart of a vanillin production batch at the 10 L scale.
Avanillin concentration [gL-1]; -V- ferulic acid concentration [gL-1];
x guaiacol concentration [gL.-1]; -o- pH value; - O- pOg value [ %]; -x- glucose
concentration [gL-1]. After a 24 hours growth phase the pH was adjusted to 8.5
35 before the ferulic acid was fed. 3-4 hours upon the substrate addition a small



that tine a renmining concentration of 7.5 glL[err] glucose was neasured. 1
hour | ater a another 3.57 kg of precursor was fed. The total anpunt of
ferulic acid 15 addition was 22.5 gL[err]., 25.5 hours after the first
precursor feed a vanillin concentratiod0of 9.0 gL[err] was neasured.
The ferulic acid concentrati on was now 1.75 gL[err]. A vyield of

vani | lin of smewnt of varillinwasdetected. A vanillin concentration of 13.9 gL.-1 was
Exanple 6  yeached aftefl¥hithil gyheufsome%%ﬂwg%(gr%gﬁ bR gﬁe YaRid adqand
guai acol at 20 _technpnical scale., N4 of cell-free,

menbr ane- f i | £8¢®e ?\ftégﬁé time acgnaiaeal coreentaatipn of f)u% gLl wep anegsuradi Al i n
and 0.35 gL[ grofluetion @668 of B0 At tfeelvhRillihl ahll of 0.04MIGEh-ATer guaiacol
extracted first g&gh gg%g as s§ gﬁpﬁg%n a st red-chanberﬁgo nt er, .current
extractor 1o eigdaltwaredrospectively. Afyarsomplere eanysspion of feruliqgeiga r aw 25
extract cont alecreaseNibRheasothc@Rtrdtiohy of waniltinl anvd paaiacobwas@bseriied. pH of
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extractor to separate the vanillin. Fromthis second extraction step,
150 kg of a raw extract containing MIBE and 37 %w w vanillin were
obt ai ned. 30 The figure represents: A typical chart of a
vanillin production batch at the 10 L scale. [err] vanillin
concentration [gL[err]]; -[err]- ferulic acid concentration [gL[err]];

X guai acol concentration [gL[err]]; -o- pHvalue; - [err]- P(Jerr] value
[94; -x- glucose concentration [gL[err]]. After a 24 hours growth phase

the pH was adjusted to 8.5 35 before the ferulic acid was fed. 3-4 hours
upon the substrate addition a snall '

- 10- amount of vanillin was detected. A vanillin concentration of 13.9
gL{err] was reached after totally 41 hours of fernentation (17 hours
after the ferulic acid feed). At that tine a guaiacol concentration of
0.38 gL[err] was neasured. A production rate of 1.10 glL[err] for
vanillin and of 0.04 gL[err] for guaiacol 5 were calcul ated respectively.
After conplete conversion of ferulic acid a decrease in the
concentrations of vanillin and guai acol was observed. Quantitative

measurenments were carried out by HPLC and GC.



Claims 1. A process for the manufacture of ~vant+HfA—conprising

a) cultivating in a nutrient broth of a bacterium bel ong f of
t he Actinonycetal es, preferably of the fam'llly Streptonqmmﬂ ﬂﬂ&l mi

preferably Streptonyces setonii, then b) addi ng»

ferulic acid, wherein the substrate concentration in the nutrient broth
Is fromabout 5 gL-1 to about 40 gL[err]Qﬂﬂuﬂﬁe fermentation br ot h,
producing vanillin as the main reaction product of the

bi otransformati on of ferulic acid and separating the biomss fromthe 10

fermentation brothA process for the magdufsotuee of vagillinpcotapiikidgh to produced
and, if desired, the by-product guai acol fromthe ternentati on broth.

2. A process accadulijivatingliniamutrientdreth of arbasteium) belongimgicatisd order of
first extd.ac ' ' f ' to ca.
16" and by 15 HesETdMyaRlel pritrlly Jfeh8tatalfy fefRbHeiledt Bhotbt 1 T,
clai m 2, wheri@eferebly Streptomiyees setenii thern broth i s subsequently

an organt o sol verd adding thd sistrale fesaile scid apherens ths SEbalrieLcoRgRBLERtOR

t hedr eact i on iprthduaitriemrbroth is #0m abmigﬂgﬂ.abﬁd albtﬁlﬂi ngdCﬁﬁQdeé@ﬁ{h entatiohal
condi tions. L SS cording to. claim1l erein the
cultivation ibg'oglkrgxiogglcg& %‘&‘iﬁ?gﬁ%@g.m?q Jgeaggl_onﬁoﬁ]gﬁ? gi.ﬂﬁ’e : 6. A
process accorhiptrgnsformmatiomef ferulinacid ané deparating thee bivmeass firom the

met hyl -tegq . %f-ﬁﬂbnﬁﬁﬂ?&g? b%.?tht’he extraction solvent. 25 7. A process

according to any one arns 1 to 6, wherein the bio- transformation
pfer j[ ﬁd I'S Ca-d_ S 1) laﬁ;d-, eRErabfingShe vatnilliél to ﬁrod}ﬁcgiti%%t?ﬁ dsiRd 't%lg byCprtidacene
o] e preceding c ns,,,uUsi ng, ste 0 reptonyces setonii’, e.qg.

St rept onyces @’éq%?ﬂliaﬁ"lﬁééefgli‘%?t? %ngﬁ%f@mas or any reconbi nant

m croorgani sns e.g. yeast which contain the relevant genetic 30 materi al
coding for the erz)Arpsoceshiactordimg tetlaianl, wherein dinvstdpich thé guadddolisfirst

bi osynt hesi s egﬂctré’&Q& Ibk) ﬂc%ﬂé tﬂé’ﬁi—f’lgﬂhe fermentation broth to ca. >9 and by

15 using an organic solvent.

3. A process according to claim 2, wherein the pH of the fermentation
broth is subsequently brought to a value of ca. 7 and the vanillin is extracted
by means of an organic solvent.

4 A process according to claim 1, wherein, the reaction products vanillin
20 and guaiacol are extracted under neutral conditions.

5. A process according to claim 1, wherein the cultivation is carried out
for ca. 5 to ca. 40 hours.

- 6. A process according to any one of the preceding claims, wherein
methyl-tert.butyl ether is the extraction solvent.

25 7. A process according to any one of claims 1 to 6, wherein the bio-
transformation period is ca. 5 to ca. 50 hours.

8. A process according to any one of the preceding claims, using, instead
of Streptomyces setonii, e.g. Streptomyces setonii ATCC 391186, its enzymes or
any recombinant microorganisms e.g. yeast which contain the relevant genetic

30 material coding for the enzymes, which are relevant or involved in the cellular
biosynthesis of vanillin and/or guaiacol.
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