1 Process flavours with ow acrylam de Field of the invention 5The present
invention relates to a yeast extract, an autol ysed yeast, a protein

hydrol ysate, to. processes to produce themand to the use thereof in food or
feed or in food or feed ingredients.1 The present invention also relates to -
a process flavour, to a process to produce it and to the use thereof in
food or feed, or in food or feed ingredients. 10 Background of the

i nvention The use of processed food and ready neals in our society
is increasing every day. Oten several types of flavourings, such as
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are Cadded to such a type of food during or after processing to render the
food nore palatable. It is known that the flavour of food is the result of
a conpl ex conbi nation of differggid selihténtied hways occurring during
cooking. A problemthat m ght be encountered in the production of processed
food or ready neals is that the heating step in the production thereof may
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e nmjor processing steps. The term™process flavour is
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flavour, & Bierfs. Meat flavour, which is obtainable by heating a m xture of
i ngredi ents conprising at | east a conpound containing nitrogen in the form
of ®wn am no group, and preferably at |east a reducing carbohydrate, under

condi tions of pH tenperaturggae @%Wcﬁtg@%\%ﬁ&w on time sufficient for a
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flavour to devel op. The m xture Ingredients used in the production of
process flavours may further conprise one or 30nore |ipids,
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25f | avours had been unknown so far. Yeast extracts, autolysed yeast
and protein hydrol ysates can advant ageoul sy be used as a source of am no
acids for the production of process flavours. The applicant has now
surprisingly found that when regul ar §east extracts, regular autolysed
yeasts or regular protein hydrolysates are used as a source of am no
30acids in the production of process flavours high |Ievel of acrylam de can
be produced. The present invention therefore also relates to novel
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in the mxture is obtained by partial or conplete conversion of 5 -AW into
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yeast ¢aiolis with 16w WcAtamide. M0/ 0. Aut ol ysed yeast is a precursor of an
autol ytic yeast extract. It conprises concentrates of the soluble
materials, which may be obtained fromyeast after disruption of the cells
and di gesti on (lysis) of the polyneric yeast material (wherein the active
yeast enzynes released in the nmediumafter cell disruption contribute to
the lysis), and the 15insol ubles formed during the lysis, mainly due to the
degraded yeast cell wall fraction.




In a third aspect, the invention relates to a protein hydrolysate with an
anount of free asparagi ne, based on product dry matter, which is not higher
than 1 ng/g, preferably not higher thgzg 0.2 nmg/ g, nore preferably not

hi gher than 0.1 ng/g. Protein hydrolySates are acid or enzymatically
treated protein substrates 20 containing m xtures of am no acids and
peptides in varying proportions that are determ ned by the degree of

hydrol ysis and/or the type of enzyrres used. Typl cal protein substrates for
t he preparation of prote te etabl e proteins such as
wheat gluten, corn glute et%' "J‘g‘?g'%s@'t?%%‘ﬁs 2 Pe'ﬁf%ﬂot ei n, pea protein,
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and/ or degrading free asparagine to a formwhich cannot |ead to the
formation of acrylam de when heated in the presence of a reducing sugar.
Physi cal net hods which may be used in,the treatnment to reduce the anmount of
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enzyne {R@RpectOthd RdtHd iRy B URlatmént 6o sRFRRY féishxtradt, Bedthdihged on
an internedi ate product containing free asparagi ne obtained in a step of a
met hod for the production of a yeast extract or of an autol ysed yeast from
yeast cells. In this case the nethod for the production of a yeast
extract or of an autol ysed yeast fromyeast cells my start wth yeast
cells, e.g. with an aqueous suspension of 25 yeast cells such as a
fermentation broth of yeast cells. Any type of yeast can be used in the
met hod of the invention. In particular, yeast strains belonging to the

- -y - - ‘~ - - .




- 8- In a preferred enbodi nent of the nethod of the fourth aspect of
the invention the treatnent wth an enzyne, with a physical nethod, with a
chemi cal method or with a conbination thereof capable of reducing t he
anount of free asparagine is perfor me@ on an internedi at e pr oduct
containing free asparagine obtained in a step of a nethod for 5 the
production of a yeast extract or of an autol ysed yeast fromyeast cells,
preferably during treating, nore preferably after treatlng the yeast cells

d I d h |
cont ent tONseeP YR 8, 3B oA e os i RRtain Bl s rRarkens. WAL pt o
resEI t i engyme, mheaplggstdal thmalvhthca)nbemtcaanﬁthqmt oromith by:ot'rtmatlehlthem: ent Is
as el.Ns ,an r saccnarl de are.a artl a
Todegr dbgble of waiting s ot 3 8> 8BaraRE B ahs ASSherSdiet SndElarediin | &' an
opt i onadrbigr tatobtaingh gpedint af frge degainagmetlhmecmtdl pmmt:ewh:&h i gt Highdrahdarmy be

treat ed chem cal | nechani aI I cal | b of two
or ®nor € ?9 HBeE ﬁ%f%‘ahé '\% ‘éé p/gwq%p 8@53’5@&%@?’%3? el art .
Mechanirgdg, bammntysnamgrl ude hom)genl sation 15 techni ques At this

rpose, use,of ress re h eni sers i s possi bl e.
Porhoon sat | BIF SRR VBaSCoREEt TN Buihierr ySasha Siallind posan hydislysate,

and/ or @hﬁﬁﬁuhﬁaéu dbrntaaﬁmggréﬁ aBparabing, a@ramate:érré@ 18 -as2"Spar8fg Prbddot”
Chem ca] treat he use of Its | kal i, and/ or one or

sur f act'arpugheyt §P'§¢3 a§'°" ﬁt%ﬁﬁ“"ﬂr%’ @sgﬁdﬁeﬂe'“ hespgthodagkthe ess

praf er riggbnies amag By cﬁﬁt)‘nér@ian!( taQaikibld Ipabdtdﬁg abboéh @hd2pidcesperci al |y
vvhen al kali is used, conseguent formati on -ri bonucl eoti des and

-ri bdteRaratien d%@cess °r ma)Prb@f Palptgrmedigte o‘e’PF%CtaP%tat“Péa’Pea glePyRRE cal |y,
opt I onqdréprarafé:ebrdéeem&raén 3Rl pRIURB CHRefoRd, ih BASMBAHimemt St 1RBZMVEHIIDS,

treat nent performed by subjecting the yeast cells to the action of

T v 106 4EatmeT yHB AT HAFEIS, NP DR MSUoce WD e erieal Thnes g il o

tr eat neRmbiRitioRehaebf RTE[rkd dnkkidtchabuBRprddadttohthinng iRk adbargine
t enper at ure between g}gz"yand 70C degr ees dependi ng on the type of enzyrre(s)

usiéd. @birined v arfiep RePrEatiop PIPGRSS: fonygasieeb@ct oF ﬁﬁt?'ﬂse# ygapt fram
conpri sedstRlveefork Hokin ctﬂazﬁ efmawﬁmbeuareeat nment may not only

rel ease the cell contents artial darragl ng and/ or disrupting the

cell walls die S*@Eff@namycb eusm’errk grethafopl e invedtien seavcbataybute to
the degiffiag ppeHuRt cbﬁlﬁrrﬁg]treé%bﬁr‘ﬂgﬁwesb‘@ MettioREP eBLNS : Tﬂg\@taﬁﬁﬁ product

pol ysacchari des. e or nore exogenous enzynmes_can be added to the
yeast ded et agyfpupnior examwle igsoived ireatligidt or pied.dBenarelather sferinge, nor e

Pr&f er FbducRWIFBEIRN Oy T868, @&Wn%d&&%@'oﬁéra@a’ﬁtﬁé@ﬂﬁrﬂous enzyme. Optionally
t he one or nore exogenous enzynes are ded after the native yeast

enzynes havdn g8ambatiment ofttbe mth% aceqeding de they faurtd aspechofdhe invgntien,

i nacti yed ﬁeél?ﬁén‘t’%rt)ﬂ%’r‘ﬁénz?ﬁ?e\/mﬁ a PRkl ¥RiHRNWIRY drMmidH #BthSd Bewifh gect ed
by a pHtreatment or a heat shock, the latter nethod being.preferre
heat sifeBIPINGYAN fhereeh ¢apsble Pfderusng thargmerrafifice asperagingsis resiorsed ona

t enper 3f Wiptiy ﬁ@d&? Cpf'é?éra'élﬁ QfteP sﬁg@i‘nﬁéﬂ ea?tdlér\h%u@rbﬁrﬁhoih\éré& iﬁe%ﬁt
extract or an autolysed yeast is to roduced with the method of

i Rent iABRATOPFiAte sRlvgjewhergin thenstaring Fﬁﬁ@cgéﬁavaﬁwmﬁtﬂct |aih@wtplya@téaeast
QJt I ongf ly F%nq{ydmfét@ @%@P&Mﬁ'@kiéﬁ} Eﬁé}lﬁﬁﬁa%l”bgh@ th@té?ld prod ct of a

-ri bonucl eoti dés, such as 5'-phospho |esteras§?g5 Fdase) optl onal |y
deam n@Rparatipapiosese Genesaiyt @@e&qwt Wavnbe suehy dfdérﬁultﬁlﬁdotaﬂéwtth@at nent
Wi th tlg, F\}ﬁﬁ@‘(@t’é‘ﬁ?wntﬂr}?& 8¢ H@ﬁe ?r That'lpls':ﬁﬂﬁﬁle'té b%hf‘ée%f.ﬁtfhé/ SH? §éhi o
convert -ri bonucl eo dase can be obtaine roma

m cr obichemisal methada Gepesaly toe SPHV%W f@ﬂhhﬁlae“’@teﬁﬁ?%edr grivendxmpeecereferably exanpl e
ofzpa ¢ 1edrithid Wafd¥ai | abl e m crobial 5'-Fdase is Enzyme RP-1 produced by
Amano :Jap ‘% Optionally 5 -AWP is converted to 5' -1 MP by deam nase, e.g.
adenylic de i the seontend @fyﬁtﬁplpéeﬁ?ﬂt anveiiner'enaenayms, o | Riysieak mathohsa i s

Deami n t in a

or of cr ERmieaD SRS o 5 CoriiB ner P Rabable of redubhg B oRBEH SLRKE, T

t he tr @aparegine| is qsyrer@vmcprdwx@tre phergymasi ameplmrMmettmdmram ahgnfigade

aspara i r t ast
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treatnment is perfornmed 20 durlng treating, nore preferably after treating,

the yeast cells in order to release and optionally at |east partially

degrade the cell contents. However, if a treatnent is perfornmed to

transform RNA into 5 -ribonucl eotides, the treatnent with the enzyne

capabl e of reducing the anount of free asparagi ne may be perfornmed prior to
or after RNA transfor mat i on. The treat ment vvrth the enzynme capabl e of
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-10- When a yeast extract is to be produced with the nethod of the
fourth aspect, the insoluble fraction obtained after (partially) damagi ng
and/ or disrupting the yeast cell wal I% and optionally degradi ng the yeast
cell contents nay be renoved after alT enzymatic treatnents have been

conpleted, i.e. either after RNA degradation into 5 - 5 ribonucl eotides or
treatment with the enzyne capabl e of hydrolysing the amde group in the
side chain of free asparagi ne, depending on which step will be perforned as

oot TR aRbHhg ALESkRENCRANDS BERRGARIIIRTILEP S URE BALARY BY anY

conmon Sepa suc as centr |on
filt rataoqﬂamid&evhmhahed)imthecprgme of a redudig grgaduced vm t h t he met hod of

win O PSRk oS iy beapd IR AE R EOTRY Rl P2 TG

may be fﬁ@ﬂama@hedr@meﬂinocsdthaﬂnembve]pad drrafidteso asparggine foon dlenstadingd t o

0 Sapp s Sy HOTRess, M oSt € R e i o ke aliof sl S

extr athHrditnﬁtobm’ﬂhﬂoOfteC&Ir!ﬁﬂ@se Coemnieahrhathvds hara dreghodst treat ﬂtﬁndlprr&iM)r of

appr oxi pat e 70- 80% The st extr n,be_dri exanple a
r P eq SRR iFe RoRaaEpe: 2 Ay S Eauiot deaef BRAREIpBoRof ardlasteR bhe:

| N casesith rAEMPUS riag tonfprisd te0d \the dsy efchemitilecactivpeike omdamsrp rréductignt he
liquid fraQtlon and the insoluble fraction can be concentrated or dried

accor difgMP i | ar met hods as those described for yeast extracts. 20In
angt her enbagdi apriferedd eMbodinvemtafdle nidiBod batHel ngltpras@ecttoﬁmebmemﬁeﬁl in the
met hod of the fourth F"r‘?Ct gf t he |nventhlﬂ rrg a nter ﬂf gte pr oduct
cont ai ﬁl’ﬁd’%ﬁ"@@“‘a@p&‘?’%ﬁ g YR AThETRYMP £2RFXp A¢re “’H’é?r’i 08 1

pr oductdspBrafinadinithetiidan ptuﬁdnwlwat eortdumsaofmmtempesatb&t amd eeacporetiewabl y

durlngtr atl nor e fera ter treating the protein substrate in
or der t%‘ g‘%’)’@%eﬁy %rWEWE? geﬁtasB%rﬁg'inaes and ani no 25aci ds. I'n

]Ehl S errbodl rt%teraﬁltﬂth&témaeﬁpmthhmepé@m isOpedbrriedd byt Biny byobmdymat e
roma el supstr ystar W t a roteln supstrate . a

L BpenapRbisa rahig e s Lree ohaadins. Tt EtRed wih i iy of
the pr Qtaebelewbﬁafoa,tseﬁg mieramnae@do@bmae etdeacnamrbn fred bsparhdine eddenmaorebe

used. Prefer abI Br otein subst hr eated in 30 order to hydrolyse

it to Praierkly w Bf MERSPRRPINRR ca%ﬁc?s The treatnent may be performed
ei ther chempw lebtz;mte on AyiRfairé ORldnyymdd aised emithélpréfefad resbodiasntbsr gener al |y

perforned by usi ngﬂqydroc loric aC|d accordi ng, to nmethods known in the art,
for exdnpihed £ te BRect /F the nygolian may Reogdded ai@@senzbi?etpfwa’a“m
Nagodavidpadiiinasds St BbifeCirehasarnbis sourdks Ui s fo/Sham egmn PRt237.

Preferably e treatnent. is perforned .enz mati cal ly. Prefer xture
o *endANEE ANSLEARIOERBIS, SNUnSsd PECtRlEt F SRS O mveRS EXpReIT

treat W%mam&u'ntzabbﬁga«amweemaeﬁ@?a OIBr@inRat Strichiihaak) mseuabmahaer
m crobial materi al

i ncl ude reconblnan enz Zynmes opt ai ned
by genedsperafis ﬁ@‘érﬁ?@ﬁ se@ﬁﬁ?'aﬁregm E%aot’ﬁﬁteeg i sé'ﬁ?ttlﬁbﬁécr%ﬁ'ﬂ‘g’ﬁrﬁtf%%s'és may
be, amgaghehcih NS Ant éyétﬁbl@ 6EQ 3U|€a% El’)vmfél h}fﬁﬁi isy Eivimid ebndaritheérhil) ,
SUth|ISII’l(IEC34211 and aa (EC 3.4 @ghpﬁ%tale exo r ot eases

ca i ndPEPleRPheHPRiE PraRicayC Séfa'li'sféeaﬁﬁfﬁpfémec ns @8/ Sreptomyces

am nopeRlinl s Fxafples3of sdifable mge@marsttmm neyergﬂmgldaﬁae faspergamismal
pl ant or. microbial material. Ebé'nmi b€ reconbi_nant ean' @1 }( Ie of
sui tablféd‘x‘f%’?%d%(yﬂé?ﬁrgﬁf%e%’gﬁ%m B“% SHiRRls BatHym Stralgs pte Bals

10 AN efiibbuS| B@c:ﬂb& teSlicREFRARD tazébme sfemsbesécwusezsmre Fsmtuugase
R(r) from Amano-Japan or Car ol as LAP (? ABE ié@g Mor eover

conpl exXo8RyeAG %"I’@B‘& lauiugnSaciius "é‘l’% &l’ﬁﬂj gyus Eéﬁgﬁfﬁf‘fﬂbptl dase
ang ammoepeet étg%ﬁi%nfcﬁihdb@ Basilus E¥EHR! @SBQé:lltﬁsUﬁ’ibrm Iéﬁ@ifsahhoébian@fﬂ@ of

Fl avour zy Denmar k) or Sum zyne EP(r

N J
15Deperﬂ‘itﬁ'@|eolﬁe§ﬂés ttg paeld Asparaginase {orY Bacilys. té‘iﬁ?@o’b?‘lc%ﬁlnogﬁcg 5 %tr%r e may
be Useqnseﬁﬁb%%@ shbingBY dedchibdd GMAD0Zi0sBtAF rrafdtabih tﬁélés@btag.rtaeansr ature

may vary from ' about 5 to 75C. Protein substrate and a m xture of

exopr otdesiyed fram ARperIIiscaiger i yBadluSH BYS cBoTQ PERIREALN, fropm ASBRGHESt case
may be m@é}UR%ﬁ&otéE&&érPinagél Rak ﬂ@pé)%:ll&&‘ﬁ:g@f .etdesatb%uhﬁ Wobeo4iduss.
endoprot'ease, optionally after inactivation of the endoprotease. 20 The
treatment with the enzynme capabl e of reducing the anount of free asparagine
may occur during the enzymatic treatnment with endoprotease and/ or

exopr ot ease. Depending on the pH opti mum of the enzynes the treatnent with
t he enzyne capabl e of reducing the anmount of free asparagi ne nay be
performed during the treatnment with the endoprotease or during the

treat rrent W|th exoprot ease. 25Cpt| onal |y the treaterrent W|th t he enzyme
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-12- ultra filtered, then concentrated by e.g. evaporation and optionally
dried in any convenient manner such as spray drying, freeze drying,
fluidised bed treatnment or a conbination of these nethods. In a
fifth aspect, the invention provides thie use of a yeast extract according
to the first aspect of the invention or of a yeast extract obtainable by a
nmet hod according to the fourth aspect of the invention in food, feed or in
food or feed ingredients or in the preparation thereof. In a sixth
aspect, the ventlon e t he use of aut ol ysed yeagst. cordi ng
to the seconlg ASPELTE 1R o h Pﬁ{/e\l,egrﬂcfngnnﬁ a@P”ﬁW’ﬁﬁFSIW@ i‘?e‘iﬂ?zﬁﬁabl e
by a i ?preférmﬂi ambodidieny ofj thet hﬂtﬁmﬁﬁﬂhedenﬂnhspécttdmhé rm»entmmwui be fuged, feed
in e |ent Lon t hereo
Sevent s gepaliom.of S cmarat e apdieatior fEB bl wrifbEarimarergsat o
accor di wigh free tbparabined aspect or of a protein hydrolysate obt ai nabl e by a
met hod of thg.fourth a n foo f.eed or in food eed |n redj ents or
i eF Bends Pepsesing onan

in%he prepalt& ke 18mPefalyredniuenge eﬁﬁm‘@@ﬁ“ﬂ% §PGedipd ondheised in

the pr e@péfdfl mfa yHedCBieSmbh & MEt Sn the art will b aBlePlocdSterine aRB itiFRNt  of
t he use of Ih E‘th si xth or seven Bgect of the invention, the yeast

extr actco’ﬁl}{"ﬂﬁﬁB ppsratieginden FhaYae can frach Whﬁﬁ@ofﬁ SHERt i on

of a presiRmnk! aoulailably Md T6aBboks \WRG/r piveRsE BXtdngine agjsﬁrbhgseﬂhé/east
or prOtl'eeléElle%/drOl ate 20 according to the invention is used in the

product} tige E’&’é Cf’ltﬁ%SUFVm%%%f‘?ﬁ?&%hFﬂ%\%ﬁ'ﬁ%%‘ﬂﬂ'&ﬁ%@ﬂdwmﬂn% | ow

ampunt  GtheRS frsmAe HhounP BAG %@&hlev\zymé@fsea BAA floRPthaEhGUnt I e&m&subﬁ oft
process fl avour obtained usin ul ar yeast extract, autolysed yeast or

pr ot ei nAIRARANG Sdesiked iR thy fin rﬂf?P paBe, MamSkillgd Jpt ﬁhSnaﬁ*eW'ﬂt% atb&? &

pr oces sddtkmviAg the\bptimal e fdiioH e f 25acry| am de, based on product dry
matter, which is not higher than 800 referably not higher than 600
ppb, rmore pr BA%ARUpt ﬁf)lenﬁlfr@ﬂédd?ﬂéﬁ tB@@HTB'Pﬂ PrRACt SRRaRIe A6iT9dwdng Migyher
than 208mBEi- of freaCassardding Wil déSeritCaifivhd fatnéeé bAAe Apd FbghROuddY Shte

"Background of the invention". The process flavour 1s obtainable froma
solir ce e ongYME activihs 1he appresiiate @m%npéode? agdded gap begetaimiped d¥dhosast, a
prot ei ngndriQtesate or a 30mi xture of one of nmore of these ingredients,
optionally in conmbination with one or nore supplenentary am no aci ds.

Advant ageousinyg praferred gmbodinperd\ad the gethok of Higfourtbraspeaipel thednyentions anount
of L he heieauRanniieal eAfid WindPpnfRici Hetldl withPorhithdfibBalof v d OW as
50 ppb, nore preferably das |l ow as ppb, even nore preferably as |ow as 10
ppb, arﬁpmhs%atloartbe@c’ésagaw ﬁf)éetduéb"@éh? gmpunhef Be%éée%'agln&vemferabiytmw

| ypent i g endfthé caFé@le &hehash rthétdn‘?omliﬁsfréé‘gsﬂrgﬁiﬁés|sf b?f‘f&‘gf

invention particularly suitable for use in flavouring o products or
food i ng;egye@ﬁtesproduct contgiping fwapaa@%%pbtatw EL rﬁ/%tﬁpl%rﬁl methedder the a

met hod g8qpitRAYr e ,@aetréa&.%eﬁorfafwto@éeé Yasbiroflydagsfmet of the invention.
The met’hod conprises the st&g jecting a 5m xture contai ni at | east
a source of 18 'ﬁ(ﬁaéélthg mgeth f@dhﬁrpé‘?ﬂl&t@%&’éﬁ ¥eest extract gp Oéat‘cﬁwcgwf&/east

a prot %Je'&shfféﬁq%éé%%@“s Alaly Q%%ﬂh@é&t %Qﬂ@@y %ltrpianfa{qgﬁoﬂf Eﬁé&&ls% that is
not hi gher tha preferably not higher
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at | eashe AnbfR4CHNIE HRARKA! 3 DarbQidie YeblO HEHET baGHSIAG B e

tenperature, pressure and reaction 1otime sufficient r”a fP1av ur to
devel OpSaccharomyces Kluyveromyces or Cand:da may be suitably used. Yeast strains

belonging to the genus Saccharomyces, for example Saccharomyces cerevisiae are
preferred.

30 Fermentation processes suitable to produce suspensions of yeast cells are
known in the art. in some cases the fermentation broth can be concentrated before use
in the method for the production of a yeast extract or of an autolysed yeast from yeast
cells, for example by centrifugation or filtration. For example, cream yeast (Baker's yeast
which has been concentrated to 15-27% w/w/ dry matter content) may be used.



Very surprisingly, when the above-nentioned source of am no acids is used
in the process of this aspect, the anmount of acrylamde in the final
~product is considerably reduced as cogpar ed to the anmount present in
process flavours using regular sources of amino acids. The latter is
particularly evident when the process flavour is produced by 15nmeans of an
extruder, as shown in the exanples. The anobunt of acrylamde in the final
product is not higher than 800 ppb, preferably not higher than 600 ppb,
o e Pr ef ef aRlyprlflkedl diddihBAorAS nidtfod SORE 1B S5H ¥t e inainibieind han
200 ppb, based ‘on dry matter. In one enbodi ment, the nethod according to
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car bonyl - cont ai ni ng, conpounds, etcetera. 25In case oils or fats are present
in t he RipteIngs BNA A Pol¥spcRandeSsent in an anount of 0 to 5% w w based on

dry matter Qbnd BEmbR 8kogdinslislefizymes can b&@a@d&S Rithy yehdteelSRCpdrivimthit ur e
conprises a solvent, preferably water, genera the content of dry matter

. p |
T he arxdehe Honiman: BIeIEDHCS PIORIH QS GIoT RGN An ORBPGIREE B bt om 75
to 95 %gavadas esofénduiCedAhit. TptishamEtHeNsnd! 8 tbré Exol@rictls. endYmed e _
i ngredients may be m xed according to any nethod know in the art, dependi ng
al so on the anmount of water present in the m xture. The ingredients may be
added sinmul taneously or subsequently to the m xture. Mechanic m xers may
al so be used.



- 15- In the nethod of this aspect, the m xture conprising at |east -
a source of am no acids as specified above or a m xture thereof, optionally
in conbination with one or nore am no acids and preferably at |east a
reduci ng carbohydrate i s heated under %ondi ti ons of pH, tenperature,
pressure and reaction time sufficient for a flavour to develop. 5 To
obtain a good flavour profile, the pH of the mxture in the nethod of the

invention may be generally at least 2. Preferably the pHis between 4 and
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€
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one W shihased NS leRBmpfl bf & @BinntBhiy alhikble AballinaseBist BEamfiateNo@f the
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helt i ngProdisedbydpane (apant-e using during the heating step may be used.
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suitable thereto. If necessary, the nethod of the ninth aspect may further
conprise a treatnent



25 aimng at further reducing the anount of acrylam de in the final
process flavour. The treatnent nay be any treatnent suitable to reduce the
anount of acrylam de in the product qq&_mhich may be applied in the
production of process flavours. I n one enbodi nent, the conditions of
pH, tenperature, pressure and reaction tinme in the nethod of the ninth
aspect are adjusted to reduce the anount of acrylam de 30in the process.
For instance, the process flavour is dried under reduced pressure. The
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e HPGSr?Ich&Ii_'%Mh%t foﬁﬁﬁ l%%aggt of-tI:\Le8 invention may be an intermediate product containing
free asparagine obtained in a step of a method for the production of a protein
hydrolysate from a protein substrate, preferably during treating, more preferably after
treating the protein substrate in order to hydrolyse it to a mixture of peptides and amino
25 acids.

In this embodiment, the method for the production of a protein hydrolysate from a
protein substrate may start with a protein substrate, e.g. with a suspension thereof in an
appropriate solvent, preferably in water. Any of the protein substrates mentioned above
or a combination thereof may be used. Preferably, the protein substrate is treated in

30 order to hydrolyse it to a mixture of peptides and amino acids. The treatment may be
performed either chemically or enzymatically. The chemical treatment can be generally
performed by using hydrochloric acid according to methods known in the art, for
example as described in in “Savory Flavours®, 1995, by T.W. Nagodawithana, Esteekay

Associates Inc., Wisconsin, USA, pages 233-237. Preferably the treatment is performed



MSD (mass sel ective detector): HP5973 (Hewl et Packard) Method to neasure
free am no acids The foll owi ng nethod was used for neasuring the
anount of free amno acids (e.g. in the yeast extract). A precisely wei ghed
sanpl e of the yeast extract material Wds dissolved in dilute acid and
precipitates were renoved by centrifugation in an Eppendorf centrifuge.

Am no acid analysis was carried out on the clear supernatant according to
the PicoTag nethod as specified in the operators manual of the Amino Acid

Anal ysi s System of ters (MIlford MA, USA). To that end a sujtabl e sanple
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conposi fiaAR 536 785C APRMIRSLBARe bhEal MBfire of exoprotease and endoprotease may

be incubated together or the exoprotease may be incubated after incubation of the
protein substrate with endoprotease, optionally after inactivation of the endoprotease.

20 The treatment with the enzyme capable of reducing the amount of free
asparagine may occur during the enzymatic treatment with endoprotease and/or
exoprotease. Depending on the pH optimum of the enzymes the treatment with the
enzyme capable of reducing the amount of free asparagine may be performed during
the treatment with the endoprotease or during the treatment with exoprotease.

25 Optionally the treatement with the enzyme capable of reducing the amount of free
asparagine may occur after treating with endoprotease and exoprotease.

Once the desired protein hydrolysate has been obtained, the enzyme or
enzymes used in the method may be inactivated. Inactivation may occur under
conditions similar to those used for inactivation of enzymes in the method of the third

30 aspect. A person skilled in the art will be able to select the best conditions to inactivate
the enzymes.

The protein hydrolysate obtainable by the method of the fourth aspect may be
worked up according to methods known to those skilled in the art. For example the
aqueous suspension comprising the protein hydrolysate may e.g. be centrifuged and/or



Free AA* Free AA* Aspartic acid 14.9 22.0 Qutamc acid 61.7 58.7
Asparaqine 7.2 0.0 Gutamne 0.0 0.0 Serine 10.7 10.3 dycine 4.4 4.4
Histidine 2.6 2.6 Arqinine 5.2 12 i

ultra filtered, then concentrated by e.g. evaporation and optionally dried in any
convenient manner such as spray drying, freeze drying, fluidised bed treatment or a
combination of these methods.

In a fifth aspect, the invention provides the use of a yeast extract according to

5 the first aspect of the invention or of a yeast extract obtainable by a method according to
the fourth aspect of the invention in food, feed or in food or feed ingredients or in the
preparation thereof.

In a sixth aspect, the invention provides with the use of an autolysed yeast
according to the second aspect of the invention or of an autolysed yeast obtainable by a

10 method according to the fourth aspect of the invention in food, feed or in food or feed
ingredients or in the preparation thereof.

In a seventh aspect, the invention relates to the use of a protein hydrolysate
according to the third aspect or of a protein hydrolysate obtainable by a method of the
fourth aspect in food, feed or in food or feed ingredients or in the preparation thereof.

15 Preferably the protein hydrolysate is used in the preparation of process flavours.

In a preferred embodiment of the use of the fifth, sixth or seventh aspect of the
invention, the yeast extract, autolysed yeast or protein hydrolysate is used in the
production of a process flavour.

Surprisingly, when a yeast exiract, autolysed yeast or protein hydrolysate

20 according to the invention is used in the production of a process flavour, a process
flavour is obtained with a low amount of acrylamide, considerably lower than the amount
present in a process flavour obtained using a regular yeast extract, autolysed yeast or
protein hydrolysate.

In an eighth aspect, the invention relates to a process flavour with an amount of

25 acrylamide, based on product dry matter, which is not highér than 800 ppb, preferably
not higher than 600 ppb, more preferably not higher than 400 ppb, most preferably not
higher than 200 ppb. Process flavour is herewith defined as indicated in the
“Background of the invention”. The process fiavour is obtainable from a source of amino
acids selected from a yeast extract, an autolysed yeast, a protein hydrolysate or a

30 mixture of one of more of these ingredients, optionally in combination with one or more
supplementary amino acids. Advantageously, the process flavour of the invention
comprises a low amount of the toxic component acrylamide. Preferably, the acrylamide
is as low as 50 ppb, more preferably as low as 20 ppb, even more preferably as low as
10 ppb, and most preferably almost absent in the process fiavour of the invention. This




5.1 Threonine 9.7 9.4 Alanine 30.3 29.6 Proline 6.9 6.8 Tyrosine 12.4 12.1
Valine 19.0 18.7 Methionine 6.5 6.3 |soleucine 14.9 14.4 Leucine 26.5 26.0
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characteristic makes the process flavour of the invention particularly suitable for use in
flavouring of food products or food ingredients.

In a ninth aspect, the invention relates to a method to produce a process flavour
of the eighth aspect of the invention. The method comprises the step of subjecting a

5 mixture containing at least a source of amino acids selected from a yeast extract, an
autolysed yeast, a protein hydrolysate, all containing an amount of free asparagine that
is not higher than 1 ma/g, preferably not higher than 0.2 mg/g, more preferably not
higher than 0.1 mg/g, or a mixture thereof, and preferably at least a reducing
carbohydrate, to heating under conditions of pH, temperature, pressure and reaction

10 time sufficient for a flavour to develop.

Very surprisingly, when the above-mentioned source of amino acids is used in
the process of this aspect, the amount of acrylamide in the final product is considerably
reduced as compared to the amount present in process flavours using regular sources
of amino acids. The latter is particularly evident when the process flavour is produced by

15 means of an extruder, as shown in the examples.

The amount of acrylamide in the final product is not higher than 800 ppb,
preferably not higher than 600 ppb, more preferably not higher than 400 ppb, most
preferably not higher than 200 ppb, based on dry matter.

In one embodiment, the method according to the ninth aspect of the invention

20 starts with an initial mixture comprising a source of amino acids selected from a yeast
extract, an autolysed yeast, a protein hydrolysate, containing an amount of free
asparagine that is not higher than 1 mg/g, preferably not higher than 0.2 mg/g, more
preferably not higher than 0.1 mg/g, or a mixture thereof, optionally in combination with
one or more supplementary amino acids.

25 In another embodiment, the method according to the ninth aspect of the
invention may also start with an initial mixture comprising a source of amino acids
selected from a yeast extract, an autolysed yeast, a protein hydrolysate, or a mixture
thereof, that contains an amount of free asparagine that is higher than 1 mg/g. In this
embodiment, the mixture may for instance comprise commercially available yeast

30 extract, autolysed yeast or protein hydrolysate. Before subjecting the mixture to
conditions suitable for generating a process flavour as described below, the mixture first
is subjected to a treatment with an enzyme, with a physical method, with a chemical
method or with a combination thereof capable of reducing the amount of free
asparagine, as described above, to decrease the amount of asparagine to a levei that is




Phenyl al anine 14.8 14.0 Lysine 7.8 7.6 Total 255.5 248.0 ng per gramdry
matter of yeast extract. Exanple 2 Preparation of process flavours using an
oven w th different tenperatures duri 1] heating step Formulation 2a 81.3 ¢
G stex(r) LS powder (DSM Food Speci alfl es- The Net herl ands) 1016.0 gram
Maxar ome(r) Plus HS powder (DSM Food Speci al ti es-The Netherlands) 24.3 g
gram of dextrose nonohydrate Formulation 2b 81.3 g yeast extract obtained
in exanple 1, powder 1516.0 gram Maxarone(r) Plus HS powder (DSM Food

Speci allcb@;tg%\ﬁgrmg@?emea%gl)of%d@ciﬁg W Fhidhunt 8K el SApARIYMY Hiad Sartially20-

G stex W an autolytic yeast extract conprising |esS than 1% w w
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based on dr
comprises at least a reducing carbohydrate. The reducing carbohydrate may be a

5 monosaccharide, a disaccharide, a polysaccharide or a mixture of one or more of these
ingredients. Preferably the reducing carbohydrate is selected from the group of
monosaccharides, preferably C5- or C6-monosaccharides, more preferably selected
from the group of: L- or D-ribose, D-xylose, dextrose (D-glucose), L-arabinose, L-
rhamnose, L-fructose. The present invention does not exclude the possibility of

10 combining more than one reducing carbohydrate. In the laiter case hydrolysates
obtained from the chemical or enzymatic degradation of polysaccharides can also be
used as source of reducing carbohydrates, such as maltodextrine. Preferably, the
reducing carbohydrate is present in the mixture in an amount between 0 and 25% w/w,
more preferably between 1 and 25% wiw, even more preferably between 2 and 25%

15 w/w, based on dry matter of the mixture. When polysaccharides such as maltodextrine
are present in the mixture, the amount of the reducing carbohydrate may vary from 5 to
50% wiw, preferably from 10 to 40% w/w, more preferably from 15 to 40% wi/w, based
on dry matter of the mixture.

The amount of the source of amino acids as specified in the background of the

20 invention, may be of 30 to 98% w/w based on the dry matter of the total mixture when
besides the source of amino acids, other ingredients are present in the initial mixture.

The mixture of ingredients used in the production of process flavours may further
comprise one or more lipids such as oils or fats, sulphur-containing compounds,
carbonyl-containing compounds, efcetera.

25 In case oils or fats are present in the mixture, they may be present in an amount
of 0 to 5% w/w based on dry matter of the total mixture.

Preferably, the reaction mixture comprises a solvent, preferably water, generally
the content of dry matter in the reaction mixture may be from 60 to 98 % w/w, more
preferably from 75 to 95 % wiw based on the total mixture including the water.

30 The ingredients may be mixed according to any method know in the art,
depending also on the amount of water present in the mixture. The ingredients may be
added simultaneously or subsequently to the mixture. Mechanic mixers may also be

used.



Maxar ome Plus HS powder is a hydrolytic yeast extract conprising -40% w w 5
sodi um chl ori de based on dry matter. Furthernore it conprises approxi mately
3% w w each of 5 -GW and 5'-1MP (neasured as di sodi um heptahydrate salt),
5% w w of glutam c acid (neasured as TiPee acid), 72% w w of protein and an
amount of free amno acids which is -20% ww of the total protein, al

wei ght percentages based on sodiumchloride free yeast extract dry matter.
10l n both cases, powders were stirred with a spoon. Drop wi se, 3.4 gram of
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7% For mul a8 D & SRR NeyBuPridleedhe 38! sh it miNtIE el 3 1s0c
40 m nUh@entidBbmay be generally at least 2. Preferably the pH is between 4 and 8. more
preferably between 5 and 7, even more preferably between 5.5 and 6. The pH may be
adjusted using food acceptable acids or bases well within the knowledge of those skilled
in the art.

10 Generally, in order {o produce the process flavour, the reaction mixture may be
heated at a temperature between 70 and 200°C, preferably between 70 and 180°C,
depending also on the reaction fime. Longer reaction times usually require a lower
reaction temperature while shorter reaction times usually require a higher reaction
temperature. The reaction time may vary between a few seconds (e.g. 2 seconds) and 6

15 hours, preferably between 10 seconds and 4 hours, more preferably between 20
seconds and 2 hours. To avoid loss of solvent during heating, the reaction mixture may
be kept under reflux conditions.

Depending on the type of flavour that shouid be obtained and on the system
used to produce the process flavour, the method of the ninth aspect may be performed

20 at a pressure varying from reduced pressure (e.g. as low as 50 mbar, e.g. in a vacuum
oven) to a pressure above atmospheric pressure, e.g. as high as 2-5 bars.

Optionally when the amount of water in the process flavour after the heating step
is 4% w/w or higher, the method of the ninth aspect comprises a step in which the
process flavour is dried. Methods known in the art, such as oven drying, belt drying,

25 spray-drying may be used at this regard.

Depending on the type of flavour which one wishes to develop, different
combinations of dry matter content of the mixture and/or temperature of the heating step
and/or duration of the heating step and/or pressure using during the heating step may
be used.

30 In order to e.g. produce process flavours with a roasted taste generally a mixture
comprising approximately 80% w/w of dry matter based on the total mixture including
water, may be hated above 100°C, e.g. at a temperature of 110-120°C, for a time of 4-6
hrs, at a reduced pressure, for example at 50 to 400 mbar.



20 Exanple 3 Preparation of process flavours using a batch kneader

30 gram of sanples of the fornulations 3, 3a, (see Table 3 for conpositions
thereof) were transferred into a 50 cg.batch kneader, which was preheated
to a specific 25tenperature and vvere'&g'xed for 180 seconds at the sane
tenperatures. Tenperature used for formulation 3, 3a: 145 and 150C. -21-
Table 3 Ingredients Fornmul. 3 Fornmul. 3a Gstex(r) LS pwdr 82.5 g -
Dextrose. H20 29.0 q 29.0 g Sunflower oil 1.5.g 1.5g Yeast extract ex. 1 -

82.5 q dyc iqu Grder to e.g. produce a process flavour with a cooked taste generally a mixture
comprising a dry matter content, based on the total mixture including water, of 40 to
60% wiw may be heated at a temperature of approximately 100°C, for a time of
approximately 1-2 hours.

5 In a preferred embodiment of the method of the ninth aspect of the invention, the
ingredients of the mixture, comprising at least a source of amino acids as specified
above and preferably at least a reducing carbohydrate, are introduced into an extruder,
the mixture is kneaded and heated under conditions of pH, temperature and reaction
time sufficient for a flavour to develop and the reaction product is subsequently extruded

10 from the extruder. |

The extruder may be any type of extruder suitable for the production of process
flavours such as a twin extruder. Extruders, e.g. twin extruders, are known to those
skilled in the art. The ingredients may be introduced in the extruder through the same or
separate feeders. When an extruder is used, preferably the mixture is kneaded and

15 heated at a temperature of 110 to 190°C, preferably from 130 to 165°C. Preferably a
pressure of 1 to 3 bar is used. The reaction time is preferably of 2 seconds to 30
minutes, more preferably from 10 seconds to 5 minutes. When an extruder is used, the
amount of dry matter in the reaction mixture is preferably at least 90% w/w based on
total weight of the mixture including water.

20 The reaction product may leave the extruder at a pressure, outside the extruder,
varying from reduced pressure (e.g. 5 mbar) to atmospheric pressure (e.g.
approximately 1 bar). The product extruded can be further cooled and/or dried using a
cooling belt or any method suitable thereto.

If necessary, the method of the ninth aspect may further comprise a treatment

25 aiming at further reducing the amount of acrylamide in the final hrocess flavour. The
treatment may be any treatment suitable to reduce the amount of acrylamide in the
product and which may be applied in the production of process flavours.

In one embodiment, the conditions of pH, temperature, pressure and reaction
time in the method of the ninth aspect are adjusted to reduce the amount of acrylamide

30 in the process. For instance, the process flavour is dried under reduced pressure. The
pressure may be generally comprised between 20-400 mbar.

In another embodiment. the final product is treated with an enzyme capable of
modifying or degrading acrylamide. The ireatment is done under conditions of pH,
temperature and reaction time sufficient for the enzyme to react with acrylamide.



2.3 g 2.3 g Maltodextrine 9.7 q 9.7 q The process flavours obtained had a
roast chicken taste. The resulting process flavours were

anal ysed for the acrylam de content. 5Results were reported in Table 4.
Tabl e 4 Formnul ation Tenperature (C) At1r7yl am de (ppb) 3 145 5928 3a 145 143
3 150 6227 3a 150 124

Preferably an amidase enzyme can be used. Examples of enzymes, which could be
used, and of the conditions under which the enzymes could be used are given in the
International Patent application filed on 13-10-2005, application number
PCT/EP2005/055242.

5 The process flavour according to the eighth aspect of the invention or obtainable
with the method according to the ninth aspect of the invention is very suitable, thanks to
the very low level of acrylamide, to be used as flavouring in food or feed or food or feed

ingredients.

10 Examples
Materials and methods

Acrylamide measurement
15 Sample pre-treatment
600 mg dried and homogenized sample is extracted using 5 ml of milliQ water. 1
pg of internal standard BC, acrylamide in solution (CIL) is added to the extract. After 10
minutes of centrifugation (6000 rpm), 3 m! of the upper layer is brought on an Extreluut-
3BT column (Merck). Using 15 mi of ethylacetate, acrylamide is eluted from the column.

20 Ethylacetate is evaporated under a gentle stream of nitrogen down to approximately 0.5

ml.
Chromatographic conditions
The ethylacetate solution is analysed using gas chromatography. Separation is
obtained using a CP-Wax 57 (Varian) column {length 25 m, internal diameter 0.32 mm,

25 film 1.2 ym) and helium as the carrier gas with a constant flow of 5.4 ml/min. Split-less
injection of 3 pl is performed. Oven temperature is kept at 50°C for 1 minute, after which
the temperature is increased with 30°C/min towards 220° C. After 12 minutes of
constant temperature of 220°C the oven is cooled down and stabilized before next
injection.

30 Detection is performed using on-line chemical ionization mass spectrometry in
positive ion mode, using methane as ionization gas. The characteristic ions m/z 72
(acrylamide) and m/z 75 (*°C; acrylamide) are monitored for quantification.

Used Equipment
GC: HP6890 (Hewlet Packard)



Exanple 4 ioPreparation of process flavours using a an extruder

Descri ption

of the process: To a twi n-screw extruder, equipped with a dosing
unit and injector for water and a dosig_g unit and injector for oil, a

“m xture of sugars and yeast extract ar

added using separate feeders. Two

different fornulations (fornulation 4 and 4a, see Table 4) were 15used. 8
kil ograns of each fornul ati on were processed in the extruder during one
hour at 165C. The product was extruded out of the extruder in a room

caui pped wi NGB (hrRs EPHAE FIdet® G005 RS Gyl ket 10 4°

I ngredi ent Formulation 4 (% wWwon dry matter) Formulation 4a (% w w on dry

matter). G stee LS powder 65.0 éﬁgst extract ex. 1, powder 65.0

Maxar ofegthpddp ae feeamino a

The following method was used for measuring the amount of free amino acids

5 (e.g. in the yeast extract). A precisely weighed sample of the yeast extract material was

dissolved in dilute acid and precipitates were removed by centrifugation in an Eppendorf

centrifuge. Amino acid analysis was carried out on the clear supernatant according to

the PicoTag method as specified in the operator's manual of the Amino Acid Analysis
System of Waters (Milford MA, USA). To that end a suitable sample was obtained from
10 the liquid, added to dilute acid and homogenized. From the latter solution a new sample

was taken, dried and derivatised using phenylisothiocyanate. The various derivatised

amino acids present were quantitated using HPLC methods and added up to calcutate

the total level of free amino acids in the weighed sample.

15 Example 1

Production of an-autolytic yeast extract with low free asparagine

Enzyme unit definition: 1 umole of NH; liberated from L-asparagine per minute at

pH 5.5 and 37 °C.

200 | of a 20 % solution of an autolytic yeast extract (Gistex® LS, DSM Food

20 Specialties-The Netherlands) was made in water. The pH of this solution was adjusted
to 5.1 using 4 N KOH. 20 ml of Asparaginase solution (the solution contained 4602

enzyme units/mi) was added to the yeast extract solution and the mixture was incubated

for 4 hours at 51 °C. Once the reaction was terminated the enzyme was inactivated by

heat treatment. The resuiting solution was spray dried, after the pH was adjusted to pH

25 6.5. The final product contained an amount of water lower than 3.5% w/w. The amino

acid composition of the mixture was measured at the start end after the enzyme

treatment as indicated above. The results are listed in table 1.

The asparaginase used was the Aspergillus niger asparaginase described in

WQ2004/030468.

30 The results in table 1 clearly demonstrate that the yeast extract after

Asparaginase treatment is free of asparagine. In addition, the amount of aspartic acid

has increased with an amount similar to that of the reduction of asparagine.



12. 8 Dextrose nonohydrate 19.4 19.4 Dem neralised water 5.0 5.0 Sunfl ower
oil 2.7 2.7 The products obtai ned had a dark roast beef taste.
Sanpl es were anal yzed on acryl amde. 5 Results: Formul ation 4: 4568 ppb.
Formul ati on 4a: 400 .ppb. 10Exanple 5 PPduction of a casein hydr ol ysat e,
low in free asparagin Enzynme unit definition: 1 gnole of NH3 |iberated from
L-asparagi ne per mnute at pH 5.5 and 37 C. 11 of a 10 % solution of casein
hydrol ysate in water was made. The pH of this 15 solution was adjusted to

5.1. 6 f As i having 14772 units/ dded to th i
ol ut OFAER"t o TS BHPEL SLASPHEGRISE I et Ao T oo Yeaseatre |

reaction|was termnated the eFmemmifsacigact u'vat eFra¥ Ao ddsgat ment . The
resulting solution was frpeez@miposition BifoT N0 aCkSmpdsRiti dieg of |the
m xture Vas measured at the stgEbaraBthaabt er 1 hg{ﬁgé%agggpémhas
i ndi cateq above. The results 203t kst €d i n|tabl’'e 67 -23-
Free AA* Free AA*

Aspartic acid 14.9 22.0

Glutamic acid 61.7 58.7

Asparagine 7.2 0.0

Glutamine 0.0 0.0

Serine 10.7 10.3

Glycine 4.4 4.4

Histidine 2.6 2.6

Arginine 5.2 5.1

Threonine 8.7 9.4

Alanine 30.3 29.6

Proline 6.9 6.8

Tyrosine 12.4 12.1

Valine 19.0 18.7

Methionine 6.5 6.3

Isoleucine 14.9 14.4

Leucine 26.5 26.0

Phenylalanine 14.8 14.0

Lysine - 7.8 7.6

Total 255.5 248.0

* mg per gram dry matter of yeast extract.
Example 2
5 Preparation of process flavours using an oven with different temperatures during

heating step

Formulation 2a
81.3 g Gistex® LS powder (DSM Food Speciaities-The Netheriands)

10 ' 16.0 gram Maxarome® Plus HS powder (DSM Food Specialties-The Netherlands)
24.3 g gram of dextrose monohydrate

Formulation 2b
81.3 g yeast extract obtained in example 1, powder

15 16.0 gram Maxarome® Plus HS powder (DSM Food Specialties-The Netherlands)
24.3 g gram of dextrose monochydrate.



Table 6:the effect of Asparaginase treatment on a casein hydrol ysate.

Am no aci d conposition before Asparagi hase treatnent Free Amino acid

conposition after Asparagi nase treat qgél_t Free AA* Free AA* Aspartic acid
p

1.47 4.23 utamc acid 7.81 7.63 As

Serine 3.18

10

15

20

25

Gistex LS powder is an autolytic yeast extract comprising less than 1% wiw
sodium chloride, an amount of protein of 62 % w/w and an amount of free amino acids
of 40-50% wi/w of the total protein, all weight percentages based on dry matter.

Maxarome Plus HS powder is a hydrolytic yeast extract comprising ~40% w/w
sodium chloride based on dry matter. Furthermore it comprises approximately 3% w/w
each of 5-GMP and 5-IMP (measured as disodium heptahydrate salt), 5% w/w of
glutamic acid (measured as free acid), 72% wiw of protein and an amount of free amino
acids which is ~20% w/w of the total protein, al weight percentages based on sodium
chloride free yeast extract dry matter.

In both cases, powders were stirred with'a spoon. Drop wise, 3.4 gram of
sunflower oil were dropped under stirring, into the powder mix.

Powder mixes were divided into aluminum trays.

Powders were heated in the oven for a fixed period of time at different
temperatures. The powders obtained had a roasted beef flavour.

The powders were analyzed for presence of acrylamide. The results are reported
in Table 2.

Table 2

Experiment conditions Acrylamide
(bg/kg}
Powder mix, Formulation 2a, 165°C, 40 minutes | 935

Powder mix, Formulation 2a, 180°C, 40 minutes | 1497
Powder mix, Formulation 2b, 165°C, 40 minutes | 255
Powder mix, Formulation 2b, 180°C, 40 minutes | 296

Example 3
Preparation of process flavours using a batch kneader
30 gram of samples of the formulations 3, 3a, (see Table 3 for compositions
thereof) were transferred into a 50 cc batch kneader, which was preheated to a specific
temperature and were mixed for 180 seconds at the same temperatures.

Temperature used for formulation 3, 3a: 145 and 150°C.

Free

agine 2.07 <0.01 utamne 6.99 7.92



3.04 Gycine 0.54 0.53 Histidine 6.79 7.12 Arginine 6.35 6.68 Threoni ne
4.82 5.85 Alanine 2.53 2.66 Proline 7.97 8.00 Tyrosine 12.31 13.37 Valine

11.08 11.37

-21-
Table 3
Ingredients Formul. 3 Formul. 3a
Gistex® LS pwdr 825¢g -

‘| Dextrose.H,O 29.09 2909
Sunflower oil 159 159
Yeast exiract ex. 1 - 825¢
Glycine 239 234
Maltodextrine 9.7¢g 9.7g

The process flavours obtained had a roast chicken taste.

The resulting process flavours were analysed for the acrylamide content.

Results were reported in Table 4.

Table 4

Formulation | Temperature (°C) Acrylamide (ppb)

3 145 5928

3a 145 143

3 150 6227

3a 150 124

Example 4

10 Preparation of process flavours using a an extruder

Description of the process:

To a twin-screw extruder, equipped with a dosing unit and injector for water and
a dosing unit and injector for oil, a mixture of sugars and yeast extract are added using
separate feeders. Two different formulations (formulation 4 and 4a, see Table 4) were

15 used. 8 kilograms of each formulation were processed in the extruder during one hour at

165°C.

The product was extruded out of the exiruder in a room under atmospheric
pressure and was cooled and dried on a cooling belt equipped with a pressure roll, grind
and sampled.

20



- Met hi oni ne 10.07 9.44 |sol eucine 6.11 6.01 Leucine 32.05 30. 37
Phenyl al anine 14.78 14.29 Lysine 13.94 15.15 Total 150.86 153.66 ny per
gramdry matter of casein hydrol ysate 2 The asparagi nase used
was the Aspergillus niger asparagina§g descri bed i n 5W2004/ 030468. Exanpl e
6 Production of a process flavour, based on casein hydrolysate A m xture
was prepared consisting of 4.7 g of glucose, 0.4 g of glycine, 1.6 g of

Table 4

Ingredient Formulation 4 Formulation 4a

(% wiw on dry matter) | (% w/w on dry matter)
Gistex® LS powder 65.0
Yeast extract ex. 1, powder 65.0
Maxarome® Plus powder 12.8 12.8
Dextrose monohydrate 19.4 19.4
Demineralised water 5.0 5.0
Sunfiower oil 27 2.7

The products obtained had a dark roast beef taste. Samples were analyzed on

acryl amide.

Results:
Formulation 4: 4568 ppb.
Formulation 4a:; 400 ppb.

10 Example 5
Production of a casein hydrolysate, low in free asparagin
Enzyme unit definition: 1 umole of NH; liberated from L-asparagine per minute at
pH 5.5 and 37 °C.
1 1 of a 10 % solution of casein hydrolysate in water was made. The pH of this
15 solution was adjusted to 5.1. 62 mg of Asparaginase (having 14772 units/mg) was
added to the casein solution and the mixture was incubated for 2 hours at 51 °C. Once
the reaction was terminated the enzyme was inactivated by heat treatment. The
resulting solution was freeze dried. The amino acid composition of the mixture was

measured at the start and after the enzyme treatment as indicated above. The results

20 are listed in table 6.



10mal t odextrin and13.4 g of casein hydrol ysate, as prepared in exanple 5
(asparagine free). As reference a simlar m xture was prepared using the
non- aspar agi nase treated casein hydrolysate instead of the casein

hydrol ysate of exanple 5. Both m xturé&s“were oven treated for 45 mnutes at
155 C. Finally, the acryl 15am de content was neasured using the nethod,
described in the section materials and nethods. The result of the acryl
am de analysis is listed in table 7. -24- Table 7 Casein hydrolysate

caci n RORBAFy <ot NS RREEPRN A arbbls el ol dfeald Bie N yeas: . | ow

in free aspar agine 102 | of crrragAmsindtacid Sadchar ¢Fwye Amineaekt S! ael of 18.5
% dry soljids was autol ysed akohlpdsifién béforeour|s atcdihpesitionafidie Presence
of 2 grang of the endoprof fmakaRdatmenbav ResdRekimenEXt . the
reaction jm xture was heat %m%wm. 11 of
the reactr AIpFMFREEE Was furthner rmgygesated for 2 hours gn—-rﬁ t—and 51 C
15 in theGRESSR ey O 93 g of 7Asp lgqyT Tase IId.VI Ty J.'-l-ITIm uni-t b/jl_lgl) Next ,
t he enzy 28i l—by—h'eat—;ﬁm ment—The— caun<t sotut+on was
spray dri utZnne! € ence et e Wit aspar“gg raser—was| al so
spray drijegr——t1 ' ' gr+-ed ..mqma! s—Ewi-th and
w t hout t - h—as reg—The "‘u,'!ts are i sted
in table [gLENe 0.53
istidine 7.12

Arginine 6.68

Threonine 5.85

Alanine 2.66

Proline 8.00

Tyrosine 13.37

Valine 11.37

Methionine 9.44

Iscleucine 6.01

Leucine 30.37

Phenylalanine 14.29

Lysine 15.15

Total 150.86 153.66

* mg per gram dry matter of casein hydrolysate.

The asparaginase used was the Aspergillus niger asparaginase described in
5 W02004/030468.

Example 6
Production of a process flavour, based on casein hydrolysate
A mixture was prepared consisting of 4.7 g of glucose, 0.4 g of glycine, 1.6 g of
10 maltedextrin and13.4 g of casein hydrolysate, as prepared in example 5 (asparagine
free). As reference a similar mixture was prepared using the non-asparaginase treated
casein hydrolysate instead of the casein hydrolysate of example 5.

Both mixtures were oven treated for 45 minutes at 155 °C. Finally, the acryl
15 amide content was measured using the method, described in the section materials and

methods.

The result of the acryi amide analysis is listed in table 7.



20 -25- Table 8:the effect of Asparagi nase treatnent on an autol ysed

yeast .

Am no acid conposition after Asparagi_

Free Am no acid conposition before Asparagi nase treatnent Free
se treatnent Free AA* Free AA*

Aspartic acid 14.1 19.2 G utam c aci dQ%B. 3 38.8 Asparagine 4.5 <0.01
d ut am ne

10

15

20

Table 7

Casein hydrolysate Acryl amide

(ppb)
Asparaginase treated Casein 614
hydrolysate
Non-treated casein 2801
hydrolysate

Example 7

Production of an autolysed yeast, low in free asparagine

2 | of cream yeast of Saccharomyces cerevisiae of 18.5 % dry solids was
autolysed at 51 °C for 24 hours at pH 5.1 in the presence of 2 grams of the
endoprotease Alcalase® (Novozymes-Denmark). Next, the reaction mixture was heat
treated to inactivate all enzyme activity.

1 | of the reaction mixture was further incubated for 2 hours at pH 5.1 and 51 °C
in the presence of 53 mg of Asparaginase (having 14772 units/mg). Next, the enzyme
was inactivated by heat treatment. The resulting solution was spray dried. A reference
sample (not treated with asparaginase) was also spray dried. The amino acid
composition of the dried materials (with and without treatment with asparaginase) was

measured. The results are listed in table 8.



5.6 5.6 Serine 4.1 3.7 Aycine 2.9 3.1 Histidine 1.3 1.5 Arginine 4.3 4.5
Threonine 5.9 6.0 Alanine 20.1 20.4 Proline 5.8 5.7 Tyrosine 7.0

-25.
Table 8: the effect of Asparaginase treatment on an autolysed yeast.
Free Amino acid Free Amino acid
composition before composition after
Asparaginase treatment | Asparaginase treatment
Free AA* Free AA*
Aspartic acid 14.1 19.2
Glutamic acid 38.3 38.8
Asparagine 4.5 <0.01
Glutamine 5.6 5.6
Serine 4.1 3.7
Glycine 2.9 3.1
Histidine 1.3 1.5
Arginine 4.3 4.5
Threonine 5.9 8.0
Alanine 20.1 20.4
Proline 5.8 57
Tyrosine 7.0 7.3
Valine 11.1 11.4
Methionine 2.9 2.7
Isoleucine 9.4 9.4
Leucine 16.1 16.2
Phenylalanine 8.8 9.2
Lysine 5.0 5.3
Total 167.2 170.0
* mg per gram dry matter of autolysed yeast.

The asparaginase used was the Aspergillus niger asparaginase described in
5 WQ2004/030468.

Example 8
Production of a process flavour, based on autolysed yeast
A mixture was prepared consisting of 4.7 g of glucose, 0.4 g of glycine, 1.6 g of
10 maltodextrin and13.4 g of autolysed yeast, as prepared in example 7 (asparagine free).
As reference a similar mixture was prepared using the untreated autolysed yeast.

Both mixtures were oven treated for 45 minutes at 155 °C. Finally, the acry!
amide content was measured using the method, described in the section materials and

15 methods.

The result of the acryl amide analysis is listed in table 9.



7.3 Valine 11.1 11.4 Methionine 2.9 2.7 Isoleucine 9.4 9.4 Leucine 16.1
16. 2 Phenylalanine 8.8 9.2 Lysine 5.0 5.3 Total 167.2 170.0 ny per gram
dry matter of autolysed yeast. The asparagi nase used was the
Aspergi fl us ni ger asparagi nase descri @& i n

Table 9
Autolysed yeast Acryl amide
(ppb)
Asparagine treated autolysed yeast 710
Non-freated autolysed yeast 2551
5 Example 8

Production of a yeast extract, low in free asparagin
2 | of cream yeast of Saccharomyces cerevisiae of 18.2 % dry solids was
autolysed at 51 °C for 17.5 hours hours at pH 5.1 in the presence of 2 grams of the
endoprotease Alcalase® (Novozymes-Denmark). The reaction mixture was further
10 incubated for 2 hours at pH 5.1 and 51 °C in the presence of 613 mg of Asparaginase
(having 1802 units/mg). The cell walls were removed by centrifugation and the
supernatant was heat treated for 5 minutes at 95 °C to inactivate all present enzyme

activity. Next, supernatant was concentrated and spray dried.

15 Asparagine concentrations were measured in the reaction mixture before and
after Asparaginase treatment and in the final extract powder. The results are listed in

table 10.
Table 10: asparagine analysis results
Sample Asparagine concentration
(mg/g dry matter)
Before Asparaginase treatment 3.29
After Asparaginase treatment < 0.01
Yeast extract powder < 0.03

20
The asparaginase used was the Aspergiffus niger asparaginase described in

WG02004/030468.



5W20041030468. Exanpl e 8 Production of a process flavour, based on
aut ol ysed yeast A m xture was prepared consisting of 4.7 g of
gl ucose, 0.4 g of glycine, 1.6 g of 10nmaltodextrin andl13.4 g of autolysed
yeast, as prepared in exanple 7 (asparagine free). As reference a simlar
m xture was prepared using the untreated autol ysed yeast. Bot h
m xtures were oven treated for 45 min4fes at 155 C. Finally, the acryl

am de content was neasured using the nethod, described in the section
materials and 15nmet hods. The result of the acryl am de analysis is listed
in table 9. -26- Table 9 Autol ysed yeast Acryl am de (PPb) Asparagi ne
treated autol ysed yeast 710 Non-tregiagmgut ol ysed yeast 2551 5SExanple 9
Production of a yeast extract, low in free asparagin 2 1 of cream
yeast of Saccharonmyces cerevisiae of 18.2 %dry solids was autol ysed at 51
C for 17.5 houfeasthenirast @ith phl anaolint of frdecagpaesyine; ®assd éh gryanatiedf whibk is

endopr ot ease | o] - Ik T reaction m.Xture was
Further 01 nebpapadnes) o ITHER BT el 2 MO e e el "or 615
ng of Aspar agihigheethah&i mg/gl802 units/ng). The cell walls were renoved by
centrifugation and the supernatant was heat treated for 5 mnutes at 95 C
to inactivate all present enzynme activity. Next, supernatant was

concentrat ed awitplesd ygagimitbdin ansambelrfeag asparagine cbased onains matierewhishssur ed i n
the reaction HoXhidh& RS 9'g/deferably not higher than 0.2 mg/g, more preferably not

higher than 0.1 mg/g.

3. Protein hydrolysate with an amount of free asparagine, based on product dry
matter, which is not higher than 1 mg/g, preferably not higher than 0.2 mg/g, more
preferably not higher than 0.1 mg/g.

4. Method to produce the yeast extract of claim 1, the autolysed yeast of claim 2 or
the protein hydrolysate of claim 3 comprising treatment of a starting yeast extract,
a starting autolysed yeast or a starting protein hydrolysate containing free
asparagine with an enzyme, with a physical method that removes part or all free
asparagine from the starting product, with a chemical method that modifies and/or
degrades free asparagine to a form which cannot lead to the formation of
acrylamide, or with a combination thereof capable of reducing the amount of free
asparagine in the yeast exiract, autolysed yeast or protein hydrolysate, to obtain
an amount of free asparagine in the yeast extract, autolysed yeast or protein
hydrolysate which is not higher than 1 mg/g, more preferably not higher than 0.2
mg/g, most preferably not higher than 0.1 mg/g, based on dry matter.

5. Method according to claim 4 wherein the treatment is performed with an enzyme
capable of reducing the amount of free asparagine in the final product under
conditions of pH, temperature and reaction time sufficient for the enzyme to react
with free asparagine.

6. Method according to claim § wherein the treatment with the enzyme is performed
by using an enzyme capable of modifying the side chain of free asparagine,




after Asparagi nase treatnment and in the final extract powder. The results
are listed in table 10. Table 10: asparagine analysis results Sanple
Aspar agi ne concentration (ng/g dry matter) Before Asparaqi nase treatnent
3.29 After Asparaginase treatnment < 0.01 Yeast extract powder <0.03 20
The asparagi nase used was the Aspergifius niger asparagi nase described in
W02004/ 030468. -27- CLAIMS 1. Yeast @#tract with an amount of free
asparagi ne, based on dry matter, which is not higher than 1 ny/g,
preferably not higher than 0.2 ng/g, nore preferably not higher than 0.1
ng/g. 2. Autolysed yeast with an anount of free asparagi ne, based on dry
matter, which p'referably \hil'gla&renzyram capabl of hjﬂ:fr&lﬁfﬁﬁgllﬂ'ie/amme drogh @ thiehgidie 0. 2

ng/ g, nore pr not her t han Protein h droI te with
an anount of %Rg'g as%eaer g@‘?aﬁ HAeed %ﬁefﬁ%gng'gﬁ t'?ﬁ FNRG gppar not

hi gher than 1 3m1.4). pref erably not higher than 0.2 ng/g, rmre pref erably
not higher than 0.1 ng/g. 4. Method to produce the yeast extract of claim
1, the autol ysed yeast of claim2 or the protein hydrolysate of claim3
conpri si ng T+ édathechaccefding totanytona gl glaimes 4é«ﬁr‘ahereinahesartmgrygaetmagtsed

yeast or a Stagd ht@ﬂmB @fﬂs@%gﬁgt QkF Mtgﬂlﬁggkﬁérﬂ 'hg&o ygﬁg 1{‘59 HidHBRM th an

enzyme, with a physica hat renov fee asparagi ne
fromthe star ﬁ%%@%@!ﬂ@q in pten of acrriedfor theemrnd;@hmhaf a yeast feidsact anaf or

degrades free aﬁ%l?&'d%a&@fr&nfy%éf‘d@ﬂé c;k}efé?awaurlr@%aft.ﬁgt#ﬂsref&éﬁPéﬂlsP” of

acrylamde, or with a conbination thereof capab duci n anount of
free aspar agi ffe featiRg. theaeastesalls i prdep g Eﬁ‘%&cﬁ"ﬁ?e‘%‘?“@iw ﬁirl‘%ﬁsépﬁmauy

hydr ol ysat e, rdeg.ebé ath@ call canBAtS} oPbn flﬁt@@ne%ﬁ‘a(@@rp?(ﬂiueﬁobtambb n Yeaeh o%t ract,
aut ol ysed yeast 'tbel n cm:?gr ol sate which is no gher than ny/ g,

nore prefer abI"W Rt 2 Ryisn hygolysgiee %’F'a%lpﬁotﬁ'ﬁtsqii’%ﬂﬁr t han
0.1 nyl/g, basrpcbf@rabrglrdprmmrbsung, hor%tdﬂ@ﬁblaeﬁef ﬁlemgttﬁe oladimstbsthas @i n the

treatnment is pe W t. e reduci ng the anount of
free aspar agi H&Jergo?WEOI‘fﬁer{QP '5@'[%‘5%98@%5 aé@r’f‘&?"ﬂ‘?% ‘gs of pH, tenperature
and reaction tinme sufficient for t he enzyne to react with free asparagi ne.
6. Met hod C i erejin etr at ththe enz
per f or med g€/ Sjeslgr?g%anyeea%zyﬁ%] ngg e’ 8F °n%é(??§? ﬁﬁe a&@ B3 Me %qr‘?f ree
aspar agi ne, ag®rding to any one of claums 4 to 7 in food, feed or in food or feed ingredients or

in the preparation thereof, preferably in the preparation of a process flavour.

8. Use of the autolysed yeast of claim 2 or of an autolysed yeast obtainable by a
method according to any one of claims 4 to 7 in food, feed or in food or feed
ingredients or in the preparation thereof, preferably in the preparation of a process
flavour.

10. Use of the protein hydrolysate of claim 3 or of a protein hydrolysate obtainable by
a method according to any one of claims 4 to 7 in food, feed or in food or feed
ingredients or in the preparation thereof, preferably in the preparation of a process
flavour.

11. Process flavour suitable for use in flavouring of food products or food ingredients
with an amount of acrylamide, based on product dry matter, which is not higher
than 800 ppb, preferably not higher than 600 ppb, more preferably not higher than
400 ppb, most preferably not higher than 200 ppb.




preferably with an enzyne capabl e of hydrolysing the am de group in the
side chain of free asparagine, nore preferably with the enzyne asparagi nase
(EC 3.5.1.1). 7. Method according to any one of clainms 4 to 6, wherein the
starting yeast extract, the starting autol ysed yeast or the starting
protein hydrolysate is an internmedi ate product obtained in a step of a

met hod for the production of a yeast @8%tract or of an autol ysed yeast from
yeast cells, preferably during treating, nore preferably after treating,
the yeast cells in order to release and optionally at |east partially
degrade the cell contents, or an internedi ate product obtained in a step of
a net hod f on2.tNiethqdt ¢l pedduoe thé moqmsstfawmrhgrdclainysat eorhprismgasyijerting

bstrat b . f bl ft { t
subetrate, o SARLAPR BsS G B R OGASH TR eBiSh ARALEPS,
am no aci ds. 8lairtsle thf authla'SE;Cbmst ekclram:e tie pbleimhytiraysatd ohclgna@tor@(t ract

obt ai nabl e by { 0 feed
or in food or n?étg% ﬁhgr%?g%ﬁgh%g&g?@?ﬁn@%e '%8“(% % Iﬁﬁ{aﬁe tt(?h%atlng erabl y in
t he prepar at i eandjtions qipbk demperathsey gressge auﬂeremtlon Hieneasyiffisians éuf engur of
claim2 or of (28e ol ysed yeast obtainable by a nethod according to any
one of clains 4 to in food, feed or in food or feed ingredients or in the
preparation thereof, preferably in the preparation of a process flavour.

10. Use of {Hqudmd & Brddyies Qhé/%ﬁéc%sefﬂa%@léﬁéaiﬁ{ 19f ccﬁmﬁfs?nbeédhé&}iﬁ’é%' ysate
obt ai nabl e by a nethod accord to any one of clains in food, feed

or in food or M¥EE FHARIAY. ezmsgur 9f 7 "'t"l'fbaﬂg%ﬁﬁkaﬁtﬁp(ﬂ?"’! ﬁeYe@é‘f extich @y abl y i n

the preparati @otofise@ yBaSIC aSgrofelrpdtblysatd,. orPs GRiRtife tHefdIUthat bktalkk anf Or use
in flavouring of foo roducts or foog‘glhg redients with an anmpunt of

acryl ani de, b3TQYNGLAT %ama%?‘%/ that ds aEh1 791&9 %trgaEient iR 2800 ppb,
pr gf erably nornmﬁ)@mthtﬁpﬁysﬁﬂéﬂmﬂﬁd, Witk @ cmlegfidar mizthodnartwithi @E&hb‘hﬂ&m 480

pp nost prefera an 20 . =29-. 12, thod t roduce
Phe process. f MEatoopfbie phidiiaho WieApre o "easeedpong trelrboba BBl of ni n
a source of arthahas hmedskham e/ chridr torheiatiey weds tcoaditiorsscof gH, tehnperatute, t he
aut ol ysed yea of claim3 or a mxture
t hereof, and %I‘es lérFa ﬁorl'fe"gg &gg%rgtd&cﬁh%agogaﬁr%%%&ocﬁ ate, to heating under
conditions of pH, terrperature pressure and reaction time sufficient for a

flavour to deypho a&:ﬁrdu%h&ﬂmt T2 Bf ?g%%rénﬁ‘ﬂweofngéé%% !nfatKQ%xtBFe %J aim 11

conprising subjecting a ture containin ot “an no

sel ected fr omrﬁmy@@ﬁtmfem%wderameanmrg/@e@ey@%and hegieduedan Chwjhmsysat e,
or a mxture Bhﬁqe@fnpeﬂ;alﬂﬁé reSd A BSd ?H%cﬁ’dm&mé sﬁ’fﬁcéﬁﬁ&r cﬁ’ﬁé\ﬁrfuﬁ at 1s
hi gher than 1 ng; fo a treatnent wth an enzy y5|ca met hod,
with a chemcan H’@tfﬁ%}@'f@rpfﬁ?ﬁeﬁﬁﬂ@%‘bﬁiﬂ'hﬁﬁ“@ﬁ'ﬁ%ﬂ@%ﬁff@”aﬁm)@'uéq!f reduci ng
t he amount of free asparagine, preferably to a level that is lower than 1
ng/ g, and to heating under conditions of pH, tenperature, cﬁressure and

reaction t it Msthad; ascerding to agy rpabHaImS 1@9%I"6}5”e"14he perdiirns Ricildi ng to

claim 12 or 1&mveestere) pieBSurk RB0/RF FeRBlich Wrhe bReadjistéd tctredtic m@tawdm:@ﬁ into
an extruder, the m.xture is kneaded and heat ed under conditi ons

tenperature, PFYEaYRsIndhereagtion Haypus praterably whersin, ef%?"eésiﬂia‘éﬂ}'&?r‘?r{eﬂ devel op
and the resul uhdeg redueeépesélravour i s subsequently extruded fromthe
extruder. 15. Method according to any one of clains 12-14, wherein the
conditions of pH, tenperature, pressure and/or reaction tine are adjusted
to reduce t1& Mettmdnaccofdirgc toy hayode of ldirhe 1eeldcivherminf ihavieadtionpiaebar 8bl vy

accor ding to Moo Resf Yl ar, Enohc odthElr BANEY o ETRAS medmde "

further treat ecfesallywithaeamjdasecapabl e of nodi fyi ng or degradi ng

acrylam de, preferably with an am dase. 17. Use of the process flavour of
claim 11l or obtainable by a process according to any one of clains 12-16 in
t he fl avouri’nisedftheptcess flavedr aficlaim dd ooebtaivable by @rpsetiesn aiscording fo any

one of claims 12-16 in the flavouring of food or feed or food or feed ingredients.



