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1 Pracess for preparing thiols The invention relates to the preparﬂahgﬂ of
thiols;.-in% particular natural flavouring thiols, by bioconversion. i'ols
are anong the vol atile sul phur-containi ng substances which are considered

to be responsible for the neaty note of various neats, for exanple,

chi‘cken, beef and pork, or 10 which are cggponents of the flavour of

coffee. Meat flavourings are generally produced by a thermal reaction

bet ween a reduci ng sugar and an anmno acid in the presence of a

sul phur - cont ai ni ng- conpound Bzoemessforcpreparingukphols for éxanpl e
cysteine, at a high tenperature for a certain period of tine, optionally in
the presence of fat. Such a reaction provides a caonplex m xture of aromatic
subst ances efber LRYSRELON: Kelas@Sos ithe PrepRcatiofo®f Shigdsy. 10 The

obj ect of 5t hpaptesanhri Ruediradn flavioringy ithe olat, Uby! bHikiconSer@iio.ned by
bi oconversi on, capable of acting as flavouring ingredients for foods. 25 It
I's known, for exanple from US-A-5,182,194, that certain m cro-organi sns

whi ch cannot Thédolsedrenamonty dhe solatidepsmlphara dositaiGisd sudestanmmese
capable of p [ t hi.al s 4f stei - I T

accordi ng to&?‘gg& %%gntgf'glﬁiid?&%?a%’c%er ir}%es #%%?%rcis ee?“%ea%rg?cci%% ex
with the forefl ¥ardone ggats, for example, chicken, beef and pork, or

10 which are components of the flavour of coffee.

Meat flavourings are generally produced by a thermal -
reaction between a reducing sugar and an amino acid in the
presence of a sulphur-containing compound as the source of
15 sulphur, for example cysteine, at a high temperature for a
certain period of time, optionally in the presence of fat.
Such a reaction provides a complex mixture of aromatic
substances entering into the composition of the flavour of
meat.
20 |
The object'of the present invention is to provide natural
thiols, obtained by bioconversion, capable of acting as
flavouring ingredients for foods.

25 It is known, for example from US-A-5,182,194, that certain
micro-organisms which cannot be used in food are able to
provide a beta-C-S-lyase enzyme capable of producing thiols
from cysteine S-complexes.

30 The process according to the invention is characterized in
that a cysteine S-complex with the formula :

s CH NH.
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2 in:whlch Rlerr] is H (err] | i near or branched al kyl, phenyl
benzyl: 2-Rerr]-2- R[err] vinyl, 5-Rerr]-furan-2-yl,. -
5-Rlerr]-thiofuran-2-yl, 5 R2 and R3 are simlar or dlfferent and represent
Hor CH3, Rerr] is H or forms with R[errb a
2-Rerr]-5-Rerr]-tetrahydrofuran-3- ylidene, or 2-Rerr]-5-Rerr]-2,

3-di hydr of ur gny Im4ldlene group, in which Rlerr] and Rlerr] are simlar or
different -and represent Hor CHerr], 10 or Rerr] is a CHOd R err] group
and R7 represents H, {err]-alkyl or phenyl, Rerr], Rerr] and Rerr] are

sinilar or digfesent, and, repreﬁﬁeaﬂ: Q:lir (E:.@éiﬂdhéd |‘a(1kyR[ %Iﬁénf'ﬁpr@éﬁﬁ’ﬁ H,
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text of t ti t |
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or n-heptyl . y2g.dene Rlax r3-Ry SRFer2) 3rddhydror5§rpnef3ewébd¢nﬁ grrqu@t hyin and

Rierr] is prefigfably, mRigh¥,, a8khkimiRhen¥h a2kt ShAOXLp B §Tigo or
et hyl am no. Under { e act|8n of beta-C- S-lyase, the cysteyl rad| cal of 30

t he conpl ex &ﬁmound is split in the beta position fromthe
10 or R, is a CH(OH)R, group and R, represents H, C,_,-alkyl or

phenyl,
Ry, Ry, and R,, are similar or dlfferent and represent H or
C,.4-alkyl, '
R,; represents H, C;_, alkyl phenyl, C,_,-alkoxy, or
15 C,;_,alkylaminoc and n is 0 or 1,

" is put into contact with a micro-organism which can be used
- in food, having an enzymatic activity of the beta-C-S-lyase
type. '
20
Within the context of the 1nvent:|.on, an R, radical w1th Ciy
is preferably methyl ethyl, n- propyl isopropyl, n- butyl
isobutyl, sec-butyl, n-hexyl or n- heptyl.

25 An R, to R,, radical is preferably H or methyl and R,, is
' preferably methyl, ethyl, phenyl, methoxy, ethoxy,
methylamino or ethylamino.

Under the action of beta-C-S-lyase, the cysteyl radical of
30 the complex compound is split in the beta position from the
end carboxyl group leading to the corresponding thiol.

When n is 0, the compound formed by the action of beta-C-S-
lyase is then an alpha-mercapto aldehyde, an alpha-

35 mercaptoacetone, an alpha-mercaptoester or an alpha-
mercaptoamide.



eénd carboxyl group.leading to the corresponding thiol. Wen nis 0, the
tonpound fdrmed by the acti'on of beta-C-S- Iyase is then an al pha-nmercapto
al dehyde, an al pha- 35 nercaptoacetone, an al pha-nercaptoester or an

al pha- nercapt oani de. 3 Wien n = 1, the3conpound formed by the action of
beta-C-S- lyase is then a beta-nercaptqo al dehyde, a beta- nerc oacet one,
a bet a- mer captRRR R~ of » a*R8t GOMRELE p%BﬁﬂFae?;YStH*ﬁea %‘é’F’é‘r Pgd%p 36UTds

| i berated by bhedse GS-thenecaabethuménegptohadehiplié), abbetral- t hi ol ,

5-met hyl furf ' - et hyl n- 3-1 hj - dingt yran-3-thiol,
2- met hyl - tet%% 3%?%?3%9&2{ hlxof)g%%dméy%rg# ﬁlﬁfz-sg?gutg ggg— ?\éb% ol . 10 These
conpounds cormer¢aptoangdeticantly to the generation of flavours of the

meat, chi cken, beef and pork type, and also coffee as regards furanthiols

and 3-net hyl - 2- but -1- thiol. 15 1t_h b d that t di

ot orred corPRBRECEarT 88 FARPPynAB! AOBRTIER%) RFoPELRrOrS LHaRs, RSl ohi de
(Me- FFT),” S-f fuf Byl htniaLe(RFE) ( ADeREF) shdohi s5tnethylifutisurylhittaol,
(D-FFT). These, ek aboli L6353t 50009535824 n@8ny 1BEARLSLERYH , S2beeighS

and may al so ton
tetrahydrofuran-3-thiol and 3-methyl-2-butene-1i-thiol.

10
These compounds contribute significanfly to the generation
of flavours of the meat, chicken, beef and pork type, and
also coffee as regards furanthiols and 3-methyl-2-butene-1-
 thiol. '
15

It has been found that the preceding preferred compounds
can be partly metabolized into furfuryl methyl sulphide
(Me-FFT), S-furfurylthio acetate (Ac-FFT) and bis-furfuryl
disulphide (Di-FFT). These metabolites also possess a

20 characteristic meaty note and may also contribute to the
formation of flavour.

According to the invention, the micro-organisms involved
are those which can be used in food and are capable of
25 possessing enzymatic activity of the beta-C-S-lyase type.

These are preferably yeasts and filamentous fungi or
moulds. Among the yeasts, reference may particularly be
made to baker’s yeast, Saccharomyces cerevisae, but also,
30 for example, brewer’s yeast, and the yeasts Candida
versatilis, Debaromyces hansenii, Saccharomyces bayanus and
Saccharomyces rouxii. Among the filamentous fungi,
reference may be made, for example, to Aspergillus oryzae,
Penicillium roqueforti and Penicillium camemberti.
35 |
Cysteine complexes able to act as a substrate in
bioconversion according to the invention may be easily



formation of flavour. According to the invention, the m cro-organi sns
t.nvol ved are those which can be used in food and are capabl e of 25
possessing enzymatic activity of ‘the beta-C S-l1yasé type. These are’
preferably yeasts and filamentous fungi or,noulds. Anong the yeasts,
reference may particularly be nmade to baker's yeast, Saccharomyces

cerevisae, bibealitaa ) reMlocHYTRP alddHRie By ¥ Kot it I LHP Al

Candi da versatilis, romyces "hanseni 1, “Saccharonyces bayanus an

Sacchar onyceRiT8ERI P Roohg GheT ia ARkt 9ERRGT ,OF ef er encANHAG, BiPRAde,
for exanpl e; bb@aA&ﬁewulﬂatﬁesoroxfzme Ritnfild iGR], quu@ﬁpor)t conng Fapiwhidn um

canmenberti . §5 q§ # e xes able to act, as a su

bi oconver si off1ak :hf B i DRAPHITRL I cy%F?&ﬁ%JH%daby
reacting &n alaﬁetn'ydé.cohoa eiddumm @it doed dengexrad®iarg.] - CHO or

Rlerr], Rerr]-CO or a ketone, ester or - anmi de, al pha, beta-unsaturates

of the fornmula CRlerr],Rerr]=(CRlerr])[err]CORlerr], in which Rlerr] to
Rl err] have The Bpé@mtﬁ-@ GFgon Wit @mmn@qmaaaﬁmmwm

medi um at 1 OgRKHESMRSNALHidns For HEHIREHAhd G '@E-‘Mytébé dHARE Y

t akes pl ace under conditions far actlvatlééthe C- S-lyase enzyne of t
ni cr o- or gani SFCTPNPTIRRLSEe ThdE MavadioMISH @eHAECLPL ARERichs,

preferabhy apeaaskiensS, obf‘eﬂeramw@ﬂas‘emdqr s apleb far s Afla hour s
at pH 6-9, pref%raggi f&% 12 to 48 hours at pH 6-9, preferably at pH
7-8, with medium to strong stirring and at a temperature of
20 to 50°C and preferably around 30°C. The concentration
of the substrate, namely of the complex in the culture
15 medium is from 1 to 100 mmol and preferably 20 to 40 mmol.

In particular, in the case of baker’s yeast, it is
preferred to operate under anaerobic conditions, for
example under an inert gas such as nitrogen, so as to

20 minimize the generation of metabolites of the baker’s yeast
itself and conversion products of such metabolites, for
example by oxidation, and hence to direct fermentation to
the production of thiols.

25 Baker’s yeast may be used in the form of a cream or
extract. It is preferably fresh, in particular 0 to 18 days
old; and advantageously 0 to 8 days old, kept in a
refrigerator.

30 Incubation may be carried out by adding the substrate in
' one or more steps, preferably progressively, taking into
account the kinetics of the enzymatic reaction, so that the
latter does not inhibit the activity of the enzyme. With
the same idea in mind, it could be possible to consider
35 increasing the quantity of substrate and to extract the
volatile thiols as they are produced, so as to increase the
yield and rate of the lysis reaction. For this purpose,



7-8, with nmediumto strong stirring and at a tenperature of 20 to 50[err]C
and preferably-around 30[err]C. .The concentration of the substrate, namely.:
of the conplex in the culture 15 nediumis from1 to 100 nrol and
preferably 20 to 40 nmmol. In particular, ip the case of baker's yeast, it
Is preferred to operate under anaerobic conditions, for exanple under an

I nert. gas such.as.nitrogen.. so as tao ) RIM rat]
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As a variant, the thiols formed in the supernatant can be

extracted and Separated, for example by centrifuging, and

then optionally concentrated and dried, for example by

15 spraying or lyophilizing in the presence of a solid

support, for example maltodextrin. Drying takes place

under moderate conditions, for example at a temperature of

< 70°C under vacuum.

20 The invention also concerns the use of a product of the
preceding reaction containing thiols and their metabolites
in a food, as it is, in a flavouring composition or as a
flavour enhancer.

25 Such flavours may be incorporated in foods intended for
human or animal consumption. In the present specification a
micro-organism which can be used in foods is understood to
mean any food quality micro-organism, whether this be for
human or animal consumption.

- 30 .
The following examples illustrate the invention. In these,
percentages and parts are by weight unless indicated to the
contrary.

35



aid of a,water-inmm scible solvent, preferably of food 5 quality, for
éxanple pentane or hexane. Follow ng i'ncubation, the thiol's may be -,
extracted with a solvent, preferably of food quality, for exanple pentane
or hexane, and can be purified by conventignal nethods known 10 to a person
skilled in the art. As a variant, the thiols fornmed in the supernatant can
be extracted and separated, for examampglescanidd fgugi ng, and then
optionally concentrated and dried, for éexanple by 15 spraying or

| yophilizing in the presence of a solid support, for exanple maltodextrin.
Drying takes place ppgdparapilenabeé eeadmt b€Nbakb@r seyyaapke at a tenperature
of < 70[err] C under vacuum 20 The invention also concerns the use of a
product of the preceding reaction containing thiols and their netabolites
in a food,5asCommesciah aréhmvofir bajerdspyeastionSacchasremyicasocerentizassr .
25 Such f'aV°¥éﬁ%ﬂ§ﬂiH§ bHCoRPQr §1-ednl P LR0dG,LNEEQdeE; LM phuman or ani mal
consunption. Tn € present specittcafi on & m cro-ofrgani sm which can be
used in foodscestuhfegingoandotheafunaynpatantqwasi diseprededer BRI sm
whether this 9e3{REnbURE CheANIREACHIEHMR! bOOM dGuébasf ablawisa @ranpl es
Illustrate tthe invention. In these gegcentages and parts are by wei ght
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.1.2. Preparation of a cysteine-furfural complex or 2-(2-
furyl) -1,3-thiazolidine-4-carboxylic acid o

15 7.7 g (63.6 mmol) of cysteine were dissolved in 200 ml of a
40 % aqueous solution of ethanol in a reactor. A solution
of 7 g (72.9 mmol) of furfural in 20 ml of ethanol was then
added drop-wise with stirring. The light yellow solution
was left stirring and the appearance of a precipitate was

20 observed at the end of 1 hour. After having placed the
reactor in an ice bath for 1 hour, the precipitate was
separated by filtration, washed with 2 x 50 ml of ethanol
and dried 'under reduced pressure. 10.95 g of a whitish
powder of cysteine-furfural complex were thus obtained with

25 a yield of 86.5 %.

The structure of the compound, verified by electron impact
mass spectrography (MS/EI) and by nuclear magnetic
resonance of the proton in dimethyl sulphoxide ('H-NMR)

30 showed the presence of two cis/trans diastereoisomers in a
ratio of 1:2.

1.3. Incubation

35 100 ml of the preceding cream of whole baker’s yeast cells
were then placed in a reactor fitted with a pH electrode, a
condenser and a magnetic stirrer revolving at 600 rpm. The



6 Exanples 1 to 4 1.1. Preparation of cream of baker's yeast 5 Comrercia
cream of. baker's yeast, Saccharomyces cerevi sae, containing 22-28 %dry
matter, was clarified by centrifuging and the supernatant was di scarded.
The sedi nent was then mxed with a 0.1M aqgyeous sol ution of phosphate
buffer at pH 7.5. 10 1.2. Preparation of a cysteine-furfural conplex or

2-(2- furyl Hexrnlo nol ) of
cystei ne \>//vea eﬂeﬁé&#% ;ﬂi%@edffﬁ %ﬂ) iocgo aqf}:eous %‘%:lgé(;a:,lo et h?anol in
a reactor. A%’-’tﬁql&ﬁ%faq P 12, ThenkRICHPT (WAT uldeFIlkﬁ!‘ﬁ 2@ i PBfsEakanol
was then addegeiidiy Wik Imtét Sthe r¢mgseﬂh@aimghtsyselé@wz)scméyta@aw@énl eft

stirring and t t at b t.th d of
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precipitat® wil aepaadrmbly tedt) atitrogmsmsi bubibl €4 xtbough othet hanol
and dried un r r

cystei ne- furdsqsé}’e co q’geé;&\?vesf% ]&B%Fal Aed’ P m%éa yll‘(’(a\gé o‘gtf:%%t fE/DmThe
structure of uhﬁe qummmr am;l|t:haadrebaycmzewa@rk¢mtpa¢mdeﬂaslslsp@geno§¢aphy
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sul phoxi de ([err]H—N resence of two cls/trans
di ast er eoi sonh JMGL)y lf%ﬁlPQF‘b"FVqlﬁ °ﬁ (2nEupet) ohy 3-thiazolidine-4-

10 carboxylic acid were added to this and 5 ml samples were
taken at various incubation times.

1.4, Analvsis of bioconversion results

15 After having adjusted the pH of the sample to 4 with a 2N
aqueous solution of hydrochloric acid, 500 microlitres of a
solution of benzyl thiol in pentane (2000 ppm) were added
as an internal standard. After adding 3 g of sodium
chloride, the sample was extracted with 3 x 15 ml of

20 diethyl ether, the extracts were separated from the
reaction mediuni by centrifuging (15 min., 5000 rpm), and
these were combined, dried over sodium sulphate and
concentrated in a Vigreux column to a volume of 2 ml, and
the concentrated solution obtained was placed in a freezer

25 at -20°C until analysed.

Analysis by gas chromatography was carried out on a Carlo
Erba Mega 2 chromatograph fitted with a cold injector and a
flame ionization detector (GC-FID). A flame photometric
30 detector (GC-FPD) was used for the sulphur compounds. The
capillary columns were DB-5, DB-1701, DB-Wax and DB-FFAP,
30 m x 0.32 mm, £ilm thickness 0.25 micron, from J & W
Scientific, Folsom, USA. The carrier gas was helium
(65 kPa) with an addition of nitrogen (40 kPa) for the GC-
35 FID. The retention indices (RI) were calculated by linear
interpolation.



35 100 m of the preceding cream of whol e baker's yeast cells were then
placed in & reactor fitted with.a pH el ectrode, a condenser and a nmagnetic.
stirrer revolving at 600 rpm The 7 reactor was placed in-an oil bath
thernostatically controlled at 30[err]C a‘he reactor was linked to a

pH stat keeping the pH at the chosen value (6.9 or 8) by addition of a 2N

agueous sol uty j roxi 238 1 Sh2L obic test,
ni t rogen vvasnf[‘)q(ué{;t?chce‘_=l %%%%kﬂ%?&%ﬁl%% or 1 éﬁ%{%%ans of a tube
in the outl _etPWQd*né’chﬁﬂ!’éﬂs’é?g @ FashchromatRgianh Jedih arieleftreen
for the peri qeyRict REERAdbErOSrabH Zﬁqez_rﬂﬂ-m,d P Sdbd AHPT8Y71) under
respectively of 2-(2-furyl)-1,3-thiazolidine-4- 10 carboxylic acid were
added to thi $EghFHNEO ing ganditions A4 \EY ffsEiRubation times. 1. 4.

Anal ysis @& bioconversion results 15 After having adjusted the pH of the
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as an int er naexsidiieddmtubsfttion aitd mhamy kdlaodinumablerdt dnd ttkosanpl e
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separated fr.omthe y centrifuging 5 mn., 5000 rpm, and
t hese were conbi ned, dried over sodium sul phate and concentrated in a
Vigreux colum to a volunme of 2 nl, and the concentrated sol uti on obtained
was placed in a freezer



25 at: -20[err] C unti|l analysed. Analysis by gas chromatography was carried
out on-a Carlo Erba Mega 2 chromatograph fitted with a cold injector and a
flame ionization detector (GC-FID). A flane photonetric 30 detector
(GC-FPD) was used for the sul phur conpoundé The capillary colums were
DB-5, DB-1701, DB-Wax and DB- FFAP, 30 m x 32 mm filmthickness 0.25
mcron, fromJ & WScientific, Folsom USA The carrier gas was helium (65
kPa) with an addition of nitrogen (40 kPabléor the GC- 35 FID. The

retention indices (RlI) were calculated by linear interpolation. 8 The
anal yses wer g onflrn%p by h ectir producej y coupl ?DSQS
chr omat ogr app elec$§g :§§%5 spé%%ggg aph I-NE 81
5890/ HP 5971] under the sa Eratlr?g andi t fo 1D, [ThéO1)
results for fhe principal Bhur cofunds r[eFBRing to 53be|c i nEEBat i on
are.shown bej @upieRhiAabl e 1 anﬁogﬁose cqmﬁﬁ;nlng ﬁgggroblc i ncubatjon Ln
table 2. 9t£§gh%e%aggnpound . Rl (DB- R (DB R
Rl (DB- "Wax) A AR ——(DB5}; 1701)
S ethyl 1087 1088 1090 - -
thioacetate .
Thiocacetic - 1148 - - 713
acid '
Diethyl 1208 1192 - - -
disulphide
| 2-thio-1- - | 1502 1500 - 3
ethanol. f
S-furfuryl- 2215 2217 - - -
thio .
thioacetate
FFT 1434 1438 1437 908 1000
Me-FFT 1486 1487 1487 998 1091
Ac-FFT 1768 1769 1770 1159 1276
Di-FFT 2570 2570 2602 1690 1864
Table 2
5
Compound RI (DB- |RI (DB- |RI RI RI (DB-
Wax), Wax), (FFAP) , ({DB5) , 1701),
FID FPD FPD FPD FPD
FFT 1435 1440 . 1438 911 1000
Me-FFT 1487 1487 1487 998 1091
Ac-FFT 1768 1768 1769 1159 1276
Di-FFT | - 2570 2600 1689 1864

-: not determined

It was noted that aérobié incubation produced other sulphur
10 compounds in addition to those sought (FFT, Me-FFT, Ac-FFT
and Di-FFT). These other compounds probably resulted from

the metabolism of cysteine.



FID -

FPD

FPD S- et hyl

the total yield of FFT and its metabolites as well as

individual yields.

35

- FPD FPD 1037
1039 1048 -. thi oacetate S-ethyl 1087
1088 1090 - thioacetate Thioacetic : -
1148 713 acid Diﬁth yl 1208 1192
di sul phi de 2- th|o 1- 1502 1500 - et hanol
S-furfuryl- anaefdb®ec 1ncugglz 13 d
thi oacetate FFT {gp mainly produced, yhe compoundgykBusht, .,
Me- FFT 1486 1487 1487 - 998 1091 Ac- FFT
-1768 1769able 3 Eéi@w glveslﬁﬁgTylelézﬁﬁ 5FTFFEalculated a%°40s of
2570 2602 1864 bl% nBo R . (DB- RI (DB-
RI FEhe startlﬁg FEBPlﬁﬁx)as Vﬁg?lo of tPFFAPFUbatGBB5)
1701y, FIDB condfPDons. In ERBmples 1-EPDthe yeasEPRsEETwas 4 days oldl435
1440 . 1438 911 1000 Me- FFT 1487 1487
1487 998 . 1091 Ac- FFT 1768 1768 1769
1159 1276 Di - FFT - Table2370 2600 1689
1864 -: not deternmined It was noted that aerobic incubation produced other
sul phur 10 coEgggggg L0 addition to those sought (FFT, Me-FFT, Ac- FFT
10 Example 1 2 3 _ 4
Aerobic o+ - - -
Anaerobic - + + +
i 6.9 6.9 6.9
Concentration 20 20 40 20
15 of substrate _ "
(mmol)
Yield of FPFT
(%) atter
(days)
20 1 25.4 14 2.2 36.9
2 15 27.8 5 27.5
3 11 26 6 16
4 24 5 12
7 8 6 |8
25 T
Example 5
Incubation was carried out under the same conditions as for
30 example 2, except for the 8 day yeast. Table 4 below gives



and D -FFT). These ot her conpounds probably resulted fromthe netabolism of
cysteine. ' - 10 Anaerobic incubation mainly produced the conpounds sought. -
Table 3 below gives the yield of FFT, calculated as a % of the starting

conpl ex, as a function of the incubation %_conditions. In exanples 1-4, the
yeast -used was 4 days old. Table 3 10 Exanpl e 1 2

3 4 Aerobic + - -

Anaeroblc T+ Table 4+ + pH

6.9 6.9 6.9 8 Concentration 20 20

40 ' Z0 1D Ol . substrage (mor) yerg ol rr alLc kfdyb) 20

1 Yield 25 la After :_4After Q.fger : ar o ter

15 z#)g l1day | 2days; 3 3 days 4 days| | 7 days g

6 16 [ 24 12 7

S 1P Fotar 8,1 16,5, ] 27174 18,1 .16.%. |

out under tlhe ®F¥ne conditéofs as|forl5 14 12.5 13.2
Me-FFT - 0.5 0.5 1 0.5
Ac-FFT 1.9 1 1.9 2.6 0.5
Di-FFT - - 1 2 2.4

-: not determined
Example 6

Incubation was carried out under the same conditions as for
example 4, except for the 8 day yeast. Table 5 below gives

10 the total yield of FFT and its metabolites as well as
individual yields.

Table 5
Yield After After After After After
(%) | 1 day 2 days 3 days 4 days 7 days
Total 41 32 22 17 24
FFT 37 28 17 13 8
Ac-FFT 2 - - - -
Di-FFT 2 4 5 4 16
15
-: not determined
Example 7

Incubation was carried out under the same conditions as for
20 example 2, except that fresh yeast (0 days) and 18 day -

yeast were used respectively. In order to carry out .

incubation with an 18 day yeast, the yeast was kept in a

refrigerator at 4°C. Just before use, the phosphate buffer



30 exanple 2, except for the 8 day yeast. Table 4 bel ow gives the total

yi el d of FFT and its netabolites as well as i ndi vi dual ‘yicel ds. - Tabl e
4 Yield After After Af ter After After (99 1
day 2 days 3 days 4 days 7 dgxs Tot al 8.1 16.5
17. 4 18.1 16.6 FFT 15

12.5 13.2 Me-FFT - 0.5

0.5 Ac-FFT solutién was remdved by centr&fuglng ana as repﬂ&dédubyFFT

1

carried out

“thaerahovaLine aRFrEShoPUEEREr o

Exanpl e 6 I ncubation was
xanpl e 4,

except for the 8

day yeast. Table 5 bel ow gives 10 the total yield of FFT and its
net abol ites as | as |nd|v|dua¥ ield Table 5 Yield Af t er
Af t er Af?%rg ° geﬁ??eglves Péry% 3 %E *day 2 days 3 days
4 days 5 7 days Tot al Table 6 24
FFT 37 28 17 13 8 Ac- FFT 2
- i = T - T ya x: 5
4 14 FFT After After After After After
Yield 1 day 2 days 3 days 4 days 7 days
(%) .
Fresh 1 16 24 - -
yeast
18 day 13 22 22.5 20 9
yeast . ' :
- : not determined
Examples 8 to 10
10 Proceeding as in example 2, the following complexes were
incubated :
8. Cysteine-benzaldehyde and its bioconversion into benzyl
thiol was obtained.
15

8. 5-methyl-furfuryl-cysteine and its bioconversion into

S-ﬁethyl—furfuryl thiol was obtained, and

10. 2-methyl-tetrahydrofuranyl-cysteine, which led to 2-
20 methyl-tetrahydrofuran-3-thiol.

Examples 11 to 13
Proceeding in a similar manner to that used in examplé 2,
conversion of cysfeine—furfural into FFT was obtained by
25 incubation with the following micro-orgénisms :
11. Candida versatilis
12. Debaromyces hansenii

13. Saccharomyces bayanus.



25 -:. not determ ned Exanple 7 Incubation was carried out under the sanme

condltlons ‘as -for 20 exanple 2, except that fresh yeast (0 days) and 18
day yeast were used respectively. Inm order to carry out incubation.with an
18 day yeast, the yeast was kept in a refrjgerator at 4[err]C Just before

use, the phosphate buf f er 12 solution removed by centrifugi ng and
was repl aced :unse same volune of fresh buffer. Table 6 bel ow gives the
yield of FFT. Table 6 FFT After
Af ter After Af ter . After Yield 1 day 2 days 3 days

4 days 7 dpys ffc?%%ss for th%zpreparat:lz%l@ of thlgf% in particular -

yea st 18 day yeast -
not determ nétﬁ@@ﬁipl@sa‘@lt@% tlgiols pry: RiPeeRersHoRx afhpEagterpzed

fol | ow ng 5:0%%%@{%@%@% T twifie- bieazpbaahyde: and its

bloconver5|on i nto ben t hi ol was obtai ned. 15

' S ) CHz NH;

4 -~

7 e, s \CH\
0 RCCT l or Re-C COOH

R4 ,,CH{\\ Ry
_ NH COOH :
. ' Ru
15 in which :
R, is H, C;_, linear or branched alkyl, phenyl, bénzyl,

- 2-R,-2-R,;-vinyl, 5-R,-furan-2-yl, 5-R,-thiofuran-2-yl,
R, and R; are similar or different and represent H or CH;, -
20 R, is H, or forms with R; a 2-R;-5-R4-tetrahydrofuran-3-
ylidene, or 2-R;-5-R¢-2,3-dihydrofuran-3-ylidene group, in
which R; and R, are similar or different and represent H or

CH,;,
or R, is a CH(OH)R, group and R, represents H, C, ,-alkyl or
25 phenyl, ’
Rs, R, and R,, are similar or different and represent H or
.a-alkyl,

R11 represents H, C,_ 4-a1ky1 phenyl, C,_,-alkoxy, or
C,.4-alkylamino and n is 0 or 1,

30
is put into contact with a micro-organism which can be used
in food, having an enzymatic activity of the beta-C-S-lyase

type.

35 2. Process according to claim 1, characterized in that R,
is methyl, ethyl, n-propyl, isopropyl, n-butyl, isocbutyl,
sec-butyl, n-hexyl or n-heptyl. .

* 4 L M H *



9. 5-methyl-furfuryl-cysteine and its bioconversion into 5-nmethyl-furfuryl
thiol was obtai ned, and 10. 2-nethyl-tetrahydrofuranyl-cysteine, which led.
to 2- 20 met hyl -t etrahydrofuran-3-thiol. Exanples 11 to 13 Proceeding in
a’'si‘'mlar manner to that used in exanple conversi on of cysteine-furfural
into FFT was obtai ned by 25 I ncubati on th the foll ow ng

m cr o- or gani | ) ti L b exnj
Saccharonycezﬁﬁa%%ﬁaggagqa§§0%§%§§séé.éié%%egg ?%$E¥ﬁgér$g%§rg?i5%§5fRs
thiols, in pdiQiRwl df Haodr methydyend Rg:ths onethyl, pe vePBenyl,

char act er i zeqndthdsy | Neth@x$y ShELRPL SnLABPbEXevhy Takbgol or mul a S

CH2 NHZé[:%r?ny i I'i‘f?l_ S (¥|10 15 in which Rerr] is
H derr] | i near or branched al kyl, ‘phenyl, benzyl, 2-R2-2-R3-vinyl,
5-R2-furars 2-4) , Prdtess|attooditidined- glaim?1 anch&Bactersized! an that the

oot o SPLESES  hoyiE 1 SeFL ELApl Spfbate- S01 Bl LD o1 2
2- R err] - 5- RlseXdcted-firtn diuwffnoyl 3tRiolienkeyzylipthiolwhdeh Rl err] and
Rierr] are siggi@n Al Al 8o PN LALRFERLrbh 08 -thiol, 2,5-
dimethylfuran-3-thiol, 2-methyl-tetrahydrofuran-3-thiol and
10 3-methyl-z-butene-l-thidl.

5. Process according to claim 1, characterized in that the
. micro-organism used is baker’s yeast, Saccharomyces

cerevisae.

15
6. Process according to claim 1, characterized in that the
micro-organism used is selected from brewer’s yeast, and

~ the yeasts Candida versatilis, Debaromyces hansenii,

Saccharomyces bayanus and Saccharomyces rouxii.

20 '
7. Process according to claim 1, characterized in that the
micro-organism is a filamentous fungus, in particular
Aspergillus‘oryzae,'Pénicillium rogqueforti and Penicillium
camemberti.

25

8. Process according to claim 5, characterized in that the
- incubation reaction with the micro-organism takes place
under anaerobic conditions, for 5 to 72 hours and
preferably for 12 to 48 hours, and at pH 6-9, preferably at
30 pH 7-8, with medium to strong stirring and at a temperature
of 25 to 40°C and preferably around 30°C and that the
concentration of the substrate, namely of the complex in
the culture medium is from 1 to 100 mmol and preferably 20
to 40 mmol. |
35
[ —

LTI



CHerr], or Rerr].is a CHOH)R err] group and- Rlerr] represents H,

g err]=alkyl or 25 phenyl, Rerr], Rerr] and R err] are simlar or
different and represent Hor Clerr]-alkyl, R err] represents H, '
Cerr]-alkyl, phenyl, Cerr]-al koxy, or %[Serr]-al kylamino and nis 0 or 1,
30 is put into contact with a mcro-organismwhi ch can be used in food,
having an enzymatic activity of the beta-C S-|1yase type. 35 2. Process
according to claim1, characterized in that Rerr] is nethyl, ethyl,

n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, n-hexyl or n-heptyl.

14 3. Process according to claiml,. characterized in that R[errL to Rgerr]
is Hor net®d @nbwss rdctardinnyio ekaim 5preharacherhosy, int bbay, the

met hyl am no Yyl no. é?gﬁf di ' , ochar agt eri zed
in that the %ke%%e}gégcg(}{)nplosgfggeﬁ erdte %%’be{&g-éé)%ﬂ%g%}a?ebge?gct ed
from f ¥ f urydayshicdld, ankyadvdntigedisipthytd 18 fdays ohdol

2-net hyl furan-3-thiol, 2,5- dinethylfuran-3-thiol,

2-net hyl -t et rahydr of uran-3-thiol and. 10 ‘3-nethyl-2-butene-1-thiol. 5.°
Process accdr@i nPracesdsiagdqraing aue eclain 1n characherihzedoinr ghatsm used

''s baker®s %ﬁﬁﬁhbaé%%ﬁ*ﬁgd59§§%% an additidn of the substrate in one or

more steps, preferably progressively, taking into account
10 "the kirnetics of the enzymatic reaction, so that the latter
does not inhibit the activity of the_enZyme.

11. Process according to .claim 1, characterized in that

_the quantity of substrate is increased and in that the
15 volatile thiols are extracted as they are produced, so as
to increase the yield and rate of the enzymatic reaction.

12. Process according to claim 1, characterized in that

after incubation, the thiols formed in the supernatant are
20 extracted, separated and purified according to known

methods, or'fhey'are concentrated and dried in the presence

of a solid support under moderate conditions, in particular

at a temperature of < 70°C under vacuum.

25 13. -Use of the product obtained by the process according
to one of claims 1 to 12, containing thiols and their

metabolites as flavouring ingredients.

14. Food intended for animal or human consumption,
30 characterized in that it contains a product obtained by the
process according to one of claims 1 to 12 or a flavouring

composition containing it.

Y O A



cerevisae. 15 6. Process according to claim1, characterized in that the
m cro-organi smused is selected frombrewer's yeast, and the yeasts Candida-
versatilis, Debaromyces hansenii, Saccharonyces bayanus and Saccharonyces
rouxii. 20 7. Process according to claim characterized in that the
mcro-organismis a filanmentous fungus, in particular Aspergillus oryzae,
Penicilliun1h%gggggkti and Penicilliumcanenberti. 25 8. Process according
to claimb5, characterized in that the incubation reaction with the

m cro-organi smtakes place under anaerobic conditions, for 5 to 72 hours

and pref erablrnib2e, 13nt padt itR1eY: natdral RHiGIS, RS Qraiared B3P pPH 7-8,
wth medium{oQ stron stlrg ng and at a tenperature of 25t.0 40[érr]C and_

preferably aPdQREMYEEEAPRCONNFULTING: Re YHTEIRE S COMRILH HOtQU KA
nanmel y of 5t heichnal e ciro-dirgatiilswhictdican be sed ind Ecbds matimndéan

ngiggﬁglyzggn%ﬁmégg lgi%i&gkpé5§§§%?E&%&S?é?@ﬁ%%%&@%g%gh?l?hnkg}ticular
‘0 to 18 5 days ol d, and advantageously 0 to 8 days ol d.
The Micro—organisms used are preferably yeasts or
 filamentous fungi.
10 _
The product obtained may be used in a foodstuff, as it is,
in a flavouring composition or as a flavour enhancer.
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10. Process according to claim1, characterized in that incu@ggﬂéﬁEMENT SHEET
conpri Ses an addition of the substrate in one or nore steps, pra%gq@hkx?(;
progressively, taking into account 10 the kinetics of the enzymatic
reaction, so that the latter does not injgbit the activity of the enzyne.
11. Process according to claim1l1, characterized in that the quantity of
substrate is increased and in that the 15 vol atile thiols are extracted
as they are produced, so aspRBCESS' POREPRPBARINRGITANGLsate of the enzymatic
reaction. 12. Process according to claim1, characterized in that after

i ncubation, thkpstkrseée forned in the supernatant are 20 extract ed,
separated and purified according to known nethods, or they are concentrated
and dried in the presence of a solid support under noderate conditions, in
particul ar at Fhiehperim yparoiculdd|satdfalintkioyssusfe phepardd bylse of

the product o 'ng, ro .according to ope of claips. 1 to 12,
cont ai ni ng thil}?)fés andg?(%ie&r? %téﬁ%ﬁi‘ﬁésga@y?ﬁgﬁwﬁr TPTROFE dtRRhP seorkackooq
intended fd dritula onicxereorgamismpwhich G&in be chsedcimrfaedsi havimg ah
contains a pr kbl 4@ Py Nor PERSASSLACC 8 H Plsd O ipg. Of claims 1 to
12 or a flavouring conmposition containing It. ) . |

Ihe micro—organisms used are preferably yeasts or

filamentous fungi.

10 _
N _The product obtained may be used in a foodstuff, as it is,
in a flavouring composition or as a flavour enhancer.
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