WO 2012/ 085009PCT/ EP2011/ 073489 1 Fl avour nodul ati on by bi o-processing
using flavour formng bacteria strains. Field of invention The present
i nvent i orwoebetmsoovo t he generation of flavour and aromecirrepeeiiksizased
products. The generation of flavour and Sroma in nilk-based products is

achi eved us
Backgr ound

ing bacteria _strains during fernentation of a m |k source.
Sl avRe T APENLRSEH OPe P¥e RLQ PSR GS8 S NG MBdng & BfoUar

tes

to organic acids, 9L Qiher ,gonpounds using bacteria strains. Fernmented mlk

products ar
exanpl e, ch
manuf act ur e

ml k, conta

e maj or consuner products. Fernented m |k products can be,

eeses, butterm | ks and yoghurts. Fernented m |k products ar
%.b{ fe%nentin .a mlk source. 20 A mlk source, for exanpl
FAS En&TcaAPYSAVd Rt e | act ose. During fermentation of the ni

for
e
e
| k

source the bacteria strains fernment the carbohydrate | actose to produce

| actic acid

. The production of lactic acid results 25 in an acidificat

i on

of the nilkTssuPEeseiti AgViche ipinuedettece tof tife Joaraitied mfl K sauct .

Duri ng e megt.pti pnnaf the giihk Sowrce. [othej.ieactions iy Gaur, beyneen

ot her substances present in the m

source an acterial strains.

30 A

ferment at i o lefrotilre amidl krsouwr de wiitlk—tracteer itarcstucaians d saatespansiddiend or a

generati on
Furt her nore

f a flavour and aronma in the fernented m |l k_products.
%ﬁﬁEeFéﬁnéﬁFéﬂpén%SFlpﬁé ﬁFPE“§8&F8@-ﬁﬁtﬁ-Pﬁé&b§8P§Fﬁa stra

increases a 35 shelf-life of the fernmented mlk products. WO
2012/ 085009PCT/ EP2011/ 073489 2 The bacteria strains used to fernent the

m | k source
strains inc
St reptococc
Ent er ococcu
and Wei sel |
Lactoba?gll

20

25

30

35

Baghaweuhdctifc thei dnygetdpina strains. The lactic acid bacte
| ude Lactobacillus, Leuconostoc, Pedi ococcus, 5 Lactococcus

S5 %?t”QLﬂ asithe nor e geriph%ﬂgh:AQ%chﬁcug ngnobacteng
BN OSUS, T Spr oP AUEOBAETT s, ST T AGEnbebERuS? VagBace
acithese baekirc caaicdubact esiagsbhaitrsibelsergihe .t he order
al es.

Fermented milk products are major consumer products.
Fermented milk products can be, for example, cheeses,
buttermilks and vyoghurts. Fermented milk products are

manufactured by fermenting a milk source.

A milk source, for example milk, contains the carbohydrate
lactose. During fermentation of the milk source the
bacteria strains ferment the carbohydrate lactose to
produce lactic acid. The production of lactic acid results
in an acidification of the milk source during the
manufacture of the fermented milk product. During
fermentation of the milk source, other reactions may occur
between other substances present in the milk source and

the bacterial strains.

A fermentation of the milk source with bacteria strains is
responsible for a generation of a flavour and aroma in the
fermented milk products. Furthermore the fermentation of
the milk source with the bacteria strains increases a

shelf-1life of the fermented milk products.
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10 An international patent application publication No. WO 2008/ 049581 by
the Applicant Nestec SAis titled "Taste and flavour nodul ati on by

bi ot ransfwormatzmsmoen m | k products”. The_international parareoiappi4scati on
15 publication No. WD 2008/ 049581 di scl oses a nethod to pronote a
non-savoury flavour in a food product. An international patent application
publication No. WO 02/085131 by the Applicant New Zeal and Dairy Board is 20

titled "Methed of, preparing sayounyeH ayoursd product s, by, f eppeptation of
proteins”. The international patent application publication No. 02/085131
di scl oses abretllrad forading brriufact userafna. s@ueut gctliaveuried gercaducita f r om
a source of protein usif a co inati.gq of t di stig\ﬁt 2\‘-'%) scg.rai ns_of
bacteria. TRe §dlice"'of %?%t Y “e &Pl ant=soy " wheat " FCE, "Wtk or
whey. A firskcsbaicauef bkagt erda-dscseleated faemide 1group tMaesr acoeeus,

M crococcus, Entercoccus, Staphylococcus, Brevibacterium_ Anthrobacter and
Cor ynebact ePriRPhgrefler abioy IMREIOEoc cusS FASEFIGRTTEWEY, 30 EASesinE St7ai n of
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Lact obaci | | 8%,%0%% ?;ﬁgéc%?gtf%?ﬂ%%g%&?ﬁg%f ?ft%tereagglae\q/’lé)ucroy f ngourjeg opcrcoudsuct
may be conbianeld Waiitslke latherthiesgr édicentcs aicd I arantprdductts ssuch asl ccheese,

pr ot ei n- wat gel s, yogh r%%, .Greans, custards, sauces and 35 confectionary
products. ez@f?ﬁéé%%@%@ FEE%@ £F073489 3 An international patent

appl i cagjpon publication No. WO 02/ 00845 by the Applicant N zo Food Research
is titled "Enhanced flavour production in or relating to food by 5

cul tivati onPof vHyeoustiesd lgrzalec it c pordrigani sas" PUPHd daft e RallPen#lO
patent - appl L gafi 80 oRUB! igatLon Mo, 003/ 00845 di sel gses. neyni xad Gul tures
of two or noDre m cro-organi sm st arns erein at least one of the

m cr oor gani amdct f akre whi gb darlea € oopr itsedbii B tadh s Moxeds cubhurien 101 11%
individually selected on the basis of its ability to performpart of an

enzymati c pREREEYSand sal & & wo 'dre hBret s8Fett ed Tt 8Fd- of §aht $M3st + afns

toget hef5 f oA searpbet expat hway bovaydsogsdesiysdidlavour genmpongnt, The
m xed culture is a culture for the production of a fernmented 15 product,

such as yogprengitecheesa-opvoanyade avsaird iwe ¢ oM g odiucte- or gani sm
strains are preferably co-cultivated. Particular and preferred enbodi nents
are starter cultures for the manufacture of cheese. The m xed culture
conpri si ng ancami et b enoofalvard st Lagiadcoctsost pains 20c s Ho. WO
conbi nation of a Brevibacteriumstrain and a Staphyl ococcus strain,

respect i vel Y7/ PRelart i e¥e tlehafabrérPeat i BAY ot ifilld y PeompoueP b oditi ng
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for the manufacture of a savoury flavoured product from a
source of protein using a combination of two distinct

25 strains of bacteria. The source of protein may be a plant
soy, wheat, rice, milk or whey. A first strain of bacteria
is selected from the group Macrococcus, Micrococcus,
Entercoccus, Staphylococcus, Brevibacterium, Anthrobacter
and Corynebacterium, preferably Macrococcus caseolyticus.

30 A second strain of bacteria is selected from the lactic
aclid bacteria - Lactococcus, Lactobacillus, Pediococcus or
Leuconostoc. The savoury flavoured product may be combined
with other ingredients to form products such as cheese,
protein-water gels, yoghurts, creams, custards, sauces and

35 confectionary products.



The article "Production of fernmented mlk using a malty conpound- produci ng
strain of Lactococcus |lactis subsp. lactis biovar. diacetylactis, isolated
from Zi mbsibwerrss@bural |y fermented m | k" by Narvhus et PAIT/EPC0I9DBISB5S
Internat. J. Food M crobiol. 41, pp. 73-80, relates to the WD

2012/ 085009PCT/ EP2011/ 073489 4 preparation of fernented mlk from several
m | ks, using strain a strain of Lactococcus |lactis subsp. lactis biovar.

di acet yl act s, i;50l atedfrom Zinbabuean natiural | . f gupented mhkyo5 Hopever,

due to a nunber of the lactic acid bac%@rla strains and their interactions
wi th indivi @@dl0984a seyedticonfopl cernai Nilzact FeodciRbdrsot@dT i asstiridilnesi t o
produce certain flavou and aromas in.the fernented m. k 10 products is
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a

artificial ditives are negatively perceived by the consuner. There a need
to provi de hliavoupraadiamorasaimsa wiatngiah aayléhat awei d$ attd ficimal-

addi ti ves. There is also.a need to provide flavour. and aromas whi ch 25
can be used THAR IS A1GS 6T IFoods e TREFE HSe His S bt 0! SUBrctie ¢ he

af oremeny i oned ipyaRli@IR 1IN, t Beatl.c BQ OUIRAT ¥ a0 o Renti Onabn] an yaspect
the present invention relates to a nethod for the manufacture of a
ferment ed nPekfpradpert Phe aercmenied if [Hethvgductarithsadtd |tewstom Mrdla y

flavour andS%ﬁ%%&éénﬁacro—organism strains together form a complete
pathway towards a desired flavour component. The mixed

culture 1is a culture for the production of a fermented

15  product, such as yogurt or cheese or sausage. Said two or

more micro-organism strains are preferably co-cultivated.
Particular and preferred embodiments are starter cultures

for the manufacture of cheese. The mixed culture

comprising a combination of wvarious Lactoccocus strains

20 and a combination of a Brevibacterium strain and a

Staphylococcus strain, respectively.

The article “Characterisation of a malty—-compound
producing Lactococcus lactis subsp. lactis biovar.
25 diacetylactis Cl strain isolated from naturally fermented
milk” by Mutukumira et al. (2009) Milchwissenschaft 64 (1)
pp. 26-29, relates to a strain that produced acceptable
fermented milk to a sensory panel despite the presence of
a slight malty flavour.
30
The article “Production of fermented milk using a malty
compound-producing strain of Lactococcus lactis subsp.
lactis biovar. diacetylactis, 1isolated from Zimbabwean
naturally fermented milk” by Narvhus et al. (1998)
35 Internat. J. Food Microbiol. 41, pp. 73-80, relates to the



35 nethod conprises providing a mlk source, formng an amno WO

2012/ 085009PCT/ EP2011/ 073489 5 acid suppl enented m |k source, to the am no
aci d suppwerzertessooni | k source i s added a Lactococcus | aeCIrEPsubom489 acti s
bi ovar diacetylactis (CNCM No. 1-1962) td forma nmixture. The mixture is

then fernented to 5 manufacture the fernented mlk product. _In a further
aspect the preE&@ftaiiven?fohcrarates’ ol B f eFABntTY $Hak Pioldct BRI at

least a mal ty flayou apd arong obtajned by the afqrenment| f' fmgér&%ds 10

In a further aspect the present invention relates to a produc
consunpt i onbhypvarmaniakceonprdsi g ithe atednefted Aihkapweductnatitrtalaty | east
a malty flayour and aroma. 15 In a further aspect the present invention
relates to gefggatﬁpoaﬁg%'conprising a lactic acid bacterium Lactococcus

| actis ssibsp. lactis biovar diacetylactis (CNCM No. 1-1962) any one of
2-met hyl propanal , 2/3- 20 nmet hyl butanal , phenyl acet al dehyde and .
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use of a lactic.acid terium. L l.act.i s.;sub : L.s .bi ovar
i acet yl act 15 CCREM B 1- 15625 o 1 Toart 25 1oast i dacr 2 hul ty
fl avour andsalensivea aofi | kesbaioe. 1Tbeipr esendl ibwentors wermisw priced to

find that a |lactic aci bacterium Lactococcus lactis subsp. lactis hiovar
il Bt v acs PE PN L1 G T 0 CORTTRT g Buk D nd 3B Rarh Tid 1 he
fernment gd mdrkapreducts noPetailiedrdeseri ption of invention

Fermented milk products have a wide variety of flavours
and aromas depending upon the milk source and the lactic
acid bacteria strains used to ferment the milk source.

15
There is a need to provide methods and lactic acid
bacteria strains that are responsible for specific

flavours and aromas in the fermented milk products.

20  Furthermore, artificial additives are negatively perceived
by the consumer. There a need to provide flavour and

aromas in a natural way that avoids artificial additives.

There is also a need to provide flavour and aromas which

25 can be used in a wide range of foods.

There 1is thus a need to overcome the aforementioned

problems in the art.
30 Summary of invention

In an aspect the present invention relates to a method for
the manufacture of a fermented milk product. The fermented
milk product has at least a malty flavour and aroma. The

35 method comprises providing a milk source, forming an amino



WO 2012/ 085009PCT/ EP2011/ 073489 6 For a conpl ete understandi ng of the
present invention and the advantages thereof, reference is made to the

fol | owi ngwoevwidsemodescri pti on of the invention. 5 It sircuir®241e/0233p¢ eci at ed
that various aspects of the present i nvention are merely illustrative of

the specific ways to nmake and use the present invention. The various
aspects of flve preseml $REBMIDN AN b2 10 Eonbi hed vilth ofRéFCaspectd of

the present sh@)}éﬁ%hie%_e@ndmgpkn%dﬂa@'_tighea&& eaOfL%@E"oé:&\f&%i %admesn
taken into consideration wth the clains and the follow ng detaile
descri pti onsubspThel presentipmeentdionceoncermiss f ¢ CVEMt éb m [k1pFddudics. The

fermented mJKk products are manyfactured by a fer tati of m |k source
wth A | act FETH O habiak Pert 1o BEovite HER ourS anthbf ons SFOFRET erifont ed
m | k prosluchisinuZ@cthed aekl ¢eaaittbachenikumrosiukact ococcus | actis subsp.

| actis biovar diacetylactis. The lactic acid bacterium Lactococcus |actis
subsp. lactis biovar diacetylactis NCC 2415 was deposited in 1997 wth the

Institut Paste I ti i e . d - organi_sne
(O i s N RE . £585 THe T PR osoit e ban be ang Tyre of Can 1.

such as cowfmirhientsheep Ik Ikodoat wikk and leddtala mal kyoflampum xtrut es 30
thereof. The mlk ur.ce UHT-treated m |k, steurised mlk or
non-pasteur?§8@an9% at @hg&lgﬁ§o€ﬁ8§eﬁﬁ?%68hﬁglPeggpdnilk, a skimed mlk
or sem ygkimed m I k. Furthernore the mlk source may be a fresh mlk,

reconbined mlk and m |k containing vegetable fat and any 35 m xtures
t hereof. WOR2( 27 085009PEFIER2D10167B48F <A Tovieetsiosn wfl akt Ao taciads

into vol atilg i ayours gnd arong, corpounds ol ays .an,ihmpertant fiole i, ood

fermented milk product with at least a malty flavour and
aroma.

15
In a further aspect the present invention relates to a
food product comprising a lactic acid bacterium,
Lactococcus lactis subsp. lactis biovar diacetylactis
(CNCM No. 1I-1962) any one of 2-methylpropanal, 2/3-

20 methylbutanal, phenylacetaldehyde and 2/3-methylbutanol.

In a further aspect the present invention relates to a use
of a lactic acid bacterium, Lactococcus lactis subsp.
lactis biovar diacetylactis (CNCM No. I-1962) to impart at

25 least at least a malty flavour and aroma to a milk source.

The present inventors were surprised to find that a lactic

acid bacterium, Lactococcus lactis subsp. lactis biovar
diacetylactis (CNCM No. I-1962) imparts such flavour and

30 aroma to the fermented milk products.

Detailed description of invention



technol ogy. The conversion of amno acids into volatile 5 flavour and aronma
conpounds can be achieved by the lactic acid bacterium Therefore there is
a need toveupplmss®at the mlk source with ami no aci ds. POaUEPRGLI1@348AY t hat
am no acids are supplenented to the mi | k°source in addition to any ani no
acids that are naturally present in 10 the m |k source. In order to

suppl enent £RE @ 1FTEIHRT R WG eHsI SRR of L ah8nPRESEEILd 1R Spridttdase br a
peptidase orpanypxiuret hereal d s added fo the midk sounce.ccihe, ampno
acids are at |east one of L-phenylalanine, L-I|eucine, Lisoleuclne,
L-val i ne. |teitsipeef deablreptthatn tie theptindasésob5 i s an exo- pepti dases
applied as enzyne preparation (for exanple produced by Aspergillus oryzae,
Aspergillus sojae, Rhizophus oryzae, Bacillus subtilis, Ananas conpbsus) or
as mcrobi alf tstdrab s dWiddh exppeetied ¥di enact iwhtyo(ilora £xampke df the

hel veticus, S. thernophilus, L. plantarum L. 20 |actis subspecies). The
pepti dases ®OFSFEottedsee el Wastramwocagi 4l { 89Sy rabeNeas fLtprempcalidniche,
L-1 euci ne, lw'aﬁz%' euchng. Lyyaline by %Ee's%tn%r a6k gl@'%t.h peptides and
proteins naturally present in the m Source. 25 The ‘am no acids are
converted into volatile flavour and aroma conpounds which are honey-1ike,
malt-1i ke or _chocol ate-like volatile flavour and arqma coggounds.

The
pepti dases Of prbtEases® caiPhe Gddad wilt okt SHe anitho’ 30 8ind(%§‘nol|ge\M th
the anm no achdsinkhe watr eashepnespbcthe AMMR actdset hei prahease end he
pepti dase or any m xture thereof are added to the m |k source in anmount of
0.01 to 5 wom nwiefbiably the0ECORR % fnbhe prafartdbity Whean tafsontirgfo
0.03-1.0 wmt % t ferahly 0,05-0,3.wt% 2/ / 1 73489
8 To the SuBBPERERF By A B Saur Ea° S 24050 THC FaCt e Aoy d Hactart U
Lact ococcus deactiiptsuvlbsp. | actis biovar diacetylactis (CNCM No. 1-1962) to
forma mxture. 5 Lipase can also be added to the m |k source or the
m xture to produce a desired flavour and arona in the fernented m |k
product 5 Lirpase,Rygeof yses fatisd nedhecrhlkraonees 40 £ o1 m ferqexanpl e
di -gl yceri des, nonoglycerides and free fatty acids or any m xtures thereof.
The di - gl yc8hiddeSeri@mbadgyickk i deo Gndtfr eer ¢ aney b dsvinpart by a
cream |i ke flavour Lo the fof pented mlk product . bactase can, alsg e, added
to the m |k sSource or “the mixture to produce desire 1 avour and aromna in
the fernmented niddovireduatisivoact asel hydicalayses t henddi sacehari«de hactiose in
the mlk source 15 into gal actose and gl ucose. 3 ucose and gal actose are
used as fl aP6@FyVsitécursors for caranel -1ike and sweet ened condensed
mlk-l1ike flavour formation. If the m|lk source is non-pasteurised, the
m |k source or 20 the supplenmented m |k source may be pasteurised,
subj ect ed t dhd trracthi ghatempérat e et nmatiredtd HT< aickksorl sstter # | esedrunder
condi tions kno in the art,. The pasteurisation, ultra-high tenperature
Croat rent andorRa | PH O oo e A St The P Erperar s & PARGE Lo 25 70C
to 150C for ractiome elishetavean 2sud€ 20maei Al besnati wekyett/edmilk ngaur ce
may be heat-treated prior to being the supplenmented mlk source.

2415 was deposited in 1997 with the Institut Pasteur -
25 Collection Nationale de Cultures de Mico-organisme (CNCM)

with a CNCM No. I-1962.

The milk source can be any type of milk, such as cow milk,
sheep milk, goat milk and buffalo milk or any mixtures
30  thereof. The milk source may be UHT-treated milk,
pasteurised milk or non-pasteurised milk. The milk source
may be full fat milk, a skimmed milk or semi-skimmed milk.
Furthermore the milk source may be a fresh milk,
recombined milk and milk containing vegetable fat and any

35 mixtures thereof.



The m xture of the supplemented m |k source and the lactic 30 acid
bacterium (Lactococcus lactis subsp. lactis biovar diacetylactis) is then

f er ment edwoOoreanssfoact ure the fernmented nil k product w t RCrEP20malor3as84 | avour
and aroma. The fermentation is allowed tb take pl ace for between 6 and 24
hours at a tenperature of approximately 30C. WO

2012/ 085009PCT/ EP2011/ 073489 9 Optionally, fernentation inproving cofactors

such as al pha- | .ut:ar.at - i I o] added
i or To the T errentat oo °5 Dopandi ng tmon tho Wik ot e Tiore e he

appr eci at ed atrbat t heoheowrds ed plidys preductimgp bir taa el tyoflleavour famd dar oma
can be in the formof slurry ogurt like) or.a liquid. The fer ted mlk
roduct | can SBETREREr - dlFed 5 LoRCaR: 158 eA™L00 e Tor hERP ed ThA 16 15 oduct
wi t h thes maltiyvichavewd athr o samdbe dahelde praferabl ywbynspnay-tdryi ng

and then converted into a powder. 15 Fernented mlk product with the malty
fl avour and2&ichachithave apprrederensliar$ obd pr 8GRt s~ @ndldir cRG R

manuf act ur e o, 1.6 PIAACLS. . FOL exadp) eacLhe. pouer withd Qts?gﬂ{tgﬁa}tnpart

flavour and aroma can have applications in the beverage in
the malty flkavawr aaddar omeret 0 S2@pdlewerages. tleor téxanplidk t eypowderinmi t h

the malty flavour and aroma can have applications in the food indystry to
mpart the AEFEY PPav6UrTahd S ¢ OOUSE UPTS. DERRABIY DIESRRS 1

nmanuf acigir ednberpment edurdek products Wer e apalased hamialieddge Jrose
based on mass spectronetry and gas chromat ography coupled to nmass

spectronet r yESC- NBEe BD Mpabpsie Wil elee@iortesaose bapepténamssor
Spectronet r%né/sﬂ%x%ﬁ:%%t}%’}@&%s'i% %%Hé%ﬂt‘éﬁ‘%t' ihhe sfogf Nt %é“énﬁrpor oduct
is placed directly into € 10n source w thout” the need for separation
procedures anddss dherefoleatsitme-nsavt ng-pAecdel el ahnati, on-0kuwdlrat,i ITes from
such a resultant , , , .
1soleucine, L-valine. It 1s preferable that the peptidases
15 is an exo-peptidases applied as enzyme preparation (for
example produced by Aspergillus oryzae, Aspergillus sojae,
Rhizophus oryzae, Bacillus subtilis, Ananas comosus) or as
microbial strains with exoproteolytic activity (for
example L. helveticus, S. thermophilus, L. plantarum, L.
20 lactis subspecies). The peptidases or proteases release
amino acid(s) such as L-phenylalanine, L-leucine, L-—

isoleucine, L-valine by an interaction with peptides and

proteins naturally present in the milk source.

25 The amino acids are converted into volatile flavour and
aroma compounds which are honey-like, malt-1like or

chocolate-like volatile flavour and aroma compounds.

The peptidases or proteases can be added without the amino
30 acid(s) or with the amino acids. The at least one of the
amino acid, the protease or the peptidase or any mixture
thereof are added to the milk source in amount of 0.01 to
5 wt%, preferably 0.01-2 wt%, more preferably in an amount
of 0.03-1.0 wt%, most preferably 0.05-0.3 wt%.
35



35 mass spectra contains |imted information for the WO

2012/ 085009PCT/ EP2011/ 073489 10 identification of aroma conponents.

Unequi voosD 2008500 i cat i on of the singl econpounds preseRrCTIEP20101073489
possibIemﬁthoutpriorseparationandselecti@e fragnentation i.e. GC-Ms. 5 Gas
chr omat ogr aphy coupl ed to mass spectronetry (GC-MsS) provides the necessary
separ ati on dRd ‘& sMFROEBEVBHal L&s SOBEIS 1% e f bReobtaitichG s

fragments b%'a%‘@%?&&n?, aL%%ﬁfééB%&[@”@a@@PQn%@fbs he junanbi,gyous, 10

identification of the nol es by GC-M5 in conbination wwth ol factonetry
i s mandat or gifoetanalogsisndg AeMatiol.e§ ~WictcR ) a topéoirfii @ odedinreComonl y used
extraction nmethods for the isolation of 15 volatiles fromfernmented mlk

products are vacuumdistillation followed by sol vent extraction, purge and

trap (PTj) andpheadspacellechri quepcsuch tae headsprcs &oldd-hase fa6fo
extraction % -SPME). The purge and trap (PT) and headspace techni ques
met hods i der®i BFABIGR | Pes X0 @4 ht BRYPEFeRf Sy il pert oF Ranéesmemitedn t h

conpar abl e Eﬁﬂrkogﬁ%i dddy. g aé‘@pﬁga%l&%e%e 21016, SANSI fiYe whereas SPMVE
is anore rapid an ess expensive techni'que.
to form for example di-glycerides, monoglycerides and free
fatty acids or any mixtures thereof. The di-glycerides,

10 monoglycerides and free fatty acids impart a cream-like
flavour to the fermented milk product. Lactase can also be
added to the milk source or the mixture to produce desired
flavour and aroma in the fermented milk products. Lactase
hydrolyses the disaccharide lactose in the milk source

15 into galactose and glucose. Glucose and galactose are used

as flavour precursors for caramel-like and sweetened

condensed milk-1like flavour formation.

If the milk source is non-pasteurised, the milk source or
20 the supplemented milk source may be pasteurised, subjected
to ultra-high temperature treatment (UHT-milk) or
sterilised under conditions known 1in the art. The
pasteurisation, ultra-high temperature treatment and
sterilisation is carried out in a temperature range of
25 70°C to 150°C for a time of Dbetween 2s to 20min.
Alternatively, the milk source may be heat-treated prior

to being the supplemented milk source.

The mixture of the supplemented milk source and the lactic

30 acid bacterium (Lactococcus lactis subsp. lactis biovar
diacetylactis) is then fermented to manufacture the
fermented milk product with the malty flavour and aroma.
The fermentation is allowed to take place for between 6
and 24 hours at a temperature of approximately 30°C.

35



The reagents where used, were used as received w thout 25 prior treatnent
unl ess otherw se stated. Exanple 1 A - Reactivation of lactic acid

bact eri urwBQomssdoacti ¢ aci d bacterium Lactococcus | acPC3/EPai3f734Bacti s

bi ovar diacetylactis (CNCM No. 1-1962) i anpoul es was reactivated with 1
m reconstituted mlk under sterile conditions, transferred in sterile
gl ass tubes (%n]t%ﬁlﬁllﬁg’ v@?@f@t@%mgpewmmwom%@cmrg% nfuch as

reconst t ut ed bl ands ipcubated aerabical Ly 3t

The | actic aci d bacteri um Lacfococcus lactis su | acti s biovar
di acetyl act ibs ECNEM No.ioil- 1962hewdrenshdred oat. 6C for two weeks and

subsequently inoculated at 0.5% ((v/v) 0.05/10 M nmedium in a culture.

uﬂ{ s%ﬁt% Lt he dark.

The

culture was ML7x (ML7 Terzaghi Bouillon, Merck 1.15029 10 and 5g/1 gl ucose

(Merck 8842pephAficeimd hepgnowtte phiase (3udays)it hesf kasks weserstonedat 6C
to forma reactivated |lactic acid bacterium Alternatively the culture can

be skimed FhEkE B Bferrrwrllke%wéé supplustentath on Bt hvahlagoae ¢ad An

am no acid %(%Iolll[{

Buchs, valtzerland)%i8 g/ %O%k‘efr}fég‘#c?%e( eu{@ l(g@%g}lrrrgta Ger rrany)

(1. 31g/ 100l ) quiidl. s Gheu diereefiMexic ki 1Raorstdadtt, c@fmmyf)ur(thesflgiﬂmmn
L-val i ne (Merck, rostadt, Germany) (1.17g/100nml) was dissolved in sterile
water. The &MFNGT&EPGSSol ution was filtrated through a pore size of 0.45pm
(Schl ei ¢per & Schuel |, What mann, FP
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The fermented milk product with the malty flavour and
aroma can be dried, preferably by spray-drying and then

converted into a powder.

Fermented milk product with the malty flavour and aroma
can have applications in food products and during a
manufacture of food products. For example, the powder with
the malty flavour and aroma can have applications in the
beverage industry to impart the malty flavour and aroma to
beverages. For example, the powder with the malty flavour
and aroma can have applications in the food industry to

impart the malty flavour and aroma to foodstuffs.

Examples

The manufactured fermented milk products were analysed by
an electronic nose based on mass spectrometry and gas

chromatography coupled to mass spectrometry (GC-MS).

Analysis with electronic nose based on mass spectrometry
is a direct analysis method wherein the fermented milk
product is placed directly into the ion source without the
need for separation procedures and is therefore time-
saving. A determination of volatiles from such a resultant

mass spectra contains limited information for the



25 30/ 0. 45pm 7bar max. CA-S). 500 pl of the am no acid solution was added
to 4.5 mM UHT-m Ik (dilution 1:10) to obtain an supplenmented mlk source
with a fiwelpmss@atrati on of 10mMin 5. 0m. 30C - Fer neaTAPR@N/ 07346

2012/ 085009PCT/ EP2011/ 073489 12 I: | nde%o(l nsi de needl e dynam c extraction;
Ham | t on) headspace sanpling of volatile conpound fragnments in,

non- suppl emert@d tUHTL Aid k1 05 19 L Teha® & acCGhRIP &S oh SadsBFis ®Rs vocal

Mar i n- Epagnii%lrentg\@iké%%%ndaf helﬁgs%%%ﬂ%anpl DG R %]%&eﬁ@m%u[}g% in

suppl emented m |k source UHT-m 10 'mM L- 1| euci ne, Lisoleucine, L-valine
and L-phenybpalsaniode). 10tAvwd i quotiof 50spbaoétibe reacd vated ddcitve acid
bact eri um tran%f %r.red n SE@_F/%uppl enented mlk source UHT mlk (1%

i nocul ati on) "GFdEr “§t-ér & -Eonditions and i ncubated at 30C aerobically for
16-24 hosirs in the dark. An addition of 2.8g NaCl into the headspace vials
hel ped 15 to expel the volatiles fromthe fermented m |k product into the
headspace t &2§etChprealiageaBEYr €PERIEDIC A HR2§8| &PidEs. O BF ¥ct (il )nose

detect ed thg ol abile comPONNd.CLagrpnis 204t ;2 4 2088 e gLz Abn 100 for

t he experinent w th non-suppl enent no am no aci ds) and at
mz 10 - 160oflatitles.expecCrent s t ssupplferentledaUnlaoi 1S (i £meagmritte am no
acids). 25 | e conponent a sis (PCA) was cal cul ated usi.ng the

rinci al
sof t war e prgﬁrlgr% "Te tl%s%rél?ﬁlcé%l (VBT on 95y Hhe r8SultE ous

cal cul ajgd whtlieganiciba sed raw dadreankexphusi@mof i heowat entangh m | k
bl anks. The cal cul ations were done with all variables (M fragnents)
i ncl uded t oW30 fgrobpachemstrdi iss | mapelagdoron o senplas VR fyagpeatles

patterns and.abund .of. ¢ nds. D - Electronic nose nmeasurenments WO
2012/ 085009%&%&%2%%%%6$§28§@¥%&1Anal ysis of the fernments m |k product by

the el ectronic nose neasurenents in supplenented mlk source UHT-m | k was
conducted. |l: Tenax headspace neasurenent with 10nmM Leu, Ile, Val and Phe

suppl ement e&CORPIAY KUSEE- MBFrAghEmt s 5T WP SSwefer27thog 193lason gt 70,
86, 87,188, v81at103sandrron  fermented milk products are vacuum

distillation followed by solvent extraction, purge and
trap (PT) and headspace techniques such as headspace
solid-phase micro extraction (HS-SPME). The purge and trap
(PT) and headspace technigques methods identify volatiles
20 with different yield performances, but with comparable
reproducibility. PT appeared to be a more sensitive

whereas SPME is a more rapid and less expensive technique.

The reagents where used, were used as received without

25 prior treatment unless otherwise stated.
Example 1

A - Reactivation of lactic acid bacterium

30
The lactic acid bacterium, Lactococcus lactis subsp.
lactis biovar diacetylactis (CNCM No. I-1962) in ampoules
was reactivated with 1 ml reconstituted milk under sterile

conditions, transferred in sterile glass tubes containing



120. E - pH and redox potential 10 A ph of the fernmented m |k product was
determned to be 4.3 with a redox potential of 50nV. F - Sensory assessnent
of fernernweadordskoopr oduct 15 After fernentation the gl as3/Pre@h®73489 e kept
close until sensory evaluation started. 13even persons attended the sensory
assessnment of the fermented m |k product., The sensory assessnment was based
on the foII@w@ﬁgQQQQQQ£H§¥¥G%6%%f%ga$% h%?%%aﬁﬁghaﬁfﬂblﬁaﬁﬁéh@tséﬁbCé

(i ncubated m,kp,20 was given.as a reference. In order to test the

i nfluence of the am no acids sanples were al so prepared w thout the am no
aci ds (addltlon of sterile water onIy) and presented to the panel. The

results are 0 bel ow, whe i ndi d a senso erception of the
orontod TR 58 A taet C BL A o B ey el RSSO E ousrol T ek 3h
Br ead- | i keXXX%t@seanywXGaranele tStrawies r yokmesho 351Fnokby Were stored

2012/085009PCT/EP2011/073489 14 Yeast X
at 6°C for two weeks and subsequently inoculated at 0.5%

((v/v) 0.05/10 ml medium) in a culture.

The culture was M17x (M17 Terzaghi Bouillon, Merck 1.15029
10 and 5g/1 glucose (Merck 8342). After the growth phase (3
days) the flasks were stored at 6°C to form a reactivated

lactic acid bacterium.

Alternatively the culture can be skimmed milk.

15
B - Milk source supplementation with amino acids
An amino acid solution of 100 mM L-phenylalanine (Fluka,
Buchs, Switzerland) (1.65g/100ml), L-leucine (Merck,
20 Darmstadt, Germany) (1.31g/100ml), L-isoleucine (Merck,

Darmstadt, Germany) (1.31g/100ml), L-valine (Merck,
Darmstadt, Germany) (1.17g/100ml) was dissolved in sterile
water. The amino acid solution was filtrated through a
pore size of 0.45um (Schleicher & Schuell, Whatmann, FP
25 30/0.45um, 7bar max. CA-S). 500 ul of the amino acid
solution was added to 4.5 ml UHT-milk (dilution 1:10) to
obtain an supplemented milk source with a final

concentration of 10mM in 5.0ml.

30 C — Fermentation

Fermentation in UHT-milk was performed by two approaches

(I — ITI).



HoneyX Yoghurt Cheesy 5 MIKky- MaltyXXXX Al nondXX NuttyX Paper-1ike 10
Sweet X AcidicX Salty Vanilla 15 The results of the sensory assessnent of
f er ment edwoizbie/qssmduct denonstrate that the fernmented nPC/EPe@doci4shad a
malty bread |ike flavour aroma. O her e%ﬁeri ments have shown that by

selection of the am no_acid(s) different flavours and aromas can_be
gener at ed. 30 é)(%ﬂr%ﬁlie(énsﬁc e RRaefilvatd WreBt O &cti 2 ki@ Badi @R+ bhP™25 A

reactivatiopcohybacti ¢ agihd Racterjimmas. cabhhednqut -agaanding f ¢ fxanpl e
1. B- MIlk source supplenentation with amno acids 30 An amino acid

sol ution L- lsewpilrechMedc KHTBariAst.adt, CGermany) (1.31g/100ml), L-isol eucine
(Merck, Darnstadt, Gernmany) (1.31g/100nml), L-phenylal anine (Fl uka, Buchs,
Switzerland) (1.65g/100ml) was dissolved in sterile water. The am no acid

sol utionswagfilteated through A pere s d@lsorbens, Marin-Epagnier,
Switzerland) headspace sampling of volatile compounds in
supplemented milk source UHT-milk (10 mM L-leucine, L-

isoleucine, L-valine and L-phenylalanine).

10 An aliquot of 50 pul of the reactivated lactic acid
bacterium was transferred in 5 ml supplemented milk source
UHT milk (1% inoculation) under sterile conditions and
incubated at 30°C aerobically for 16-24 hours in the dark.
An addition of 2.8g NaCl into the headspace vials helped
15 to expel the volatiles from the fermented milk product
into the headspace to get more intense release of the

volatiles.

A electronic nose detected the volatile compound fragments
20 at a range of m/z 40 - 100 for the experiment with non-
supplemented UHT-milk (i.e. no amino acids) and at m/z 10
— 160 for the experiment with supplemented UHT-milk (i.e.

with amino acids).

25 Principle component analysis (PCA) was calculated using
the software program “The Unscrambler” (version 9.7). The
results were calculated with logarithmised raw data and
exclusion of the water and milk blanks. The calculations
were done with all variables (MS fragments) included to

30 group the strains in relation to similar MS-fragment

patterns and abundance of compounds.

D - Electronic nose measurements




35 of 0.45pm (Schl ei cher & Schuel |, Watmann, FP 30/0.45pm WO

2012/ 085009PCT/ EP2011/ 073489 15 7bar max. CA-S). 500 pl of the am no acid
sol uti on waoeddse@oto 4.5 m UHT-m |l k (dilution 1:10) t@CokPain/oass9

suppl emented m |l k source with a flnal c&ﬁ%entratlon of 10nMin 5.0nl. C -
Fermentation Fernentation in UHT-m performed by two approaches (I -

LY. 1: | ndéxd( I%%%%eoﬁeéﬁﬁefﬁyﬁlﬁﬂtcs é&%%%cﬁféﬁu%r‘ﬁwt 6hy ﬁé%ﬁ&é@c

sanpl i ng of yolatile coppoynd iy %%%ﬂ%?nén%@?%ﬂ%@o%%@ edrUHE-M Lk s 15
I1: Tenax (accunul ation adsorbens rin-Epagnier, Swtzerland) headspace
sanpl i ng ofcwabatmbd.cddpommmﬁxrh@amﬁp&m@nMedSUk@mﬁntkwqr@ MVt [Teusi ne,
L-isol euci ne,, Lv phen i ne) i quat af 50 of the
reactlvated%lléadts%fa C?H bt qﬁ#ﬁ% PF?QSF&&; ﬁ%] 8ﬁ1M§|ﬁ%qﬁ#§ﬁtd m |k
source UHT muhk {2%ei QOQU|2®'[I amy, wrlerestero) esepndivyi ens and itcubated at
30C aeroblcally for 16 hours in the dark. An addition of 2.8g NaCl into the
headspace vit@l’s hel ped to 25 expel the volatiles fromthe fernented mlk
product into the headspace to get nore intense rel ease of the volatiles.

The el ectronic nose detected the volatile conpound 30 fragnments at a range
of mz 40 - 100 for the expéri-nght and hreton gupprererited UHT-m Ik (i.e. no
am no aci ds) and at mz 10 - 160 for the experinment with suppl enented
UHT-milk (i.e. with am no acids). WD 2012/ 085009PCT/ EP2011/073489 16
Principie C@mqme@f anal yeirs(RGA Wesk caleulated sidg: £ hgi sakt war e
program "The Unscranbler” (version 9.7). The results were calculated with

| ogarit hni séd 3r awtdata rene=exeltesiténlob it B@m¥at er and m | k bl anks. The
calculations 5 were done with all variables (Ms fragnents) included to
group the strains in relation to simlar Ms-fragnent patterns and abundance
of conpounds. F - Sensory assessment of fermented milk product

15 After fermentation the glass vials were kept close until
sensory evaluation started. Seven persons attended the
sensory assessment of the fermented milk product. The
sensory assessment was based on the following attributes,
scoring is noted with a X. A blank sample (incubated milk)

20 was given as a reference. In order to test the influence
of the amino acids samples were also prepared without the
amino acids (addition of sterile water only) and presented
to the panel. The results are shown below, wherein an X
indicated a sensory perception of the fermented milk

25 product.

Buttery -
Bitter/-almond XX
Flower-1like X
30 Bread-like XXXX
Creamy X
Caramel -
Strawberry -
Fresh -

35 Fruity -



D - Electronic nose neasurenents 10 Analysis of the fernments m |k product
by the electronic nose neasurenents in supplenented UHT-m | k was conduct ed.

I'1: Tenaxwbeatk#sawme neasurenent with 10nM Leu, |l e, Val pam@ErPRig/073489
suppl emented UHT-m | k. GC-Ms fragnents Eﬁv' were 1527, 29, 43, 45, 60, 70,
86, 87, 88, 91, 103 and 120. E - pH and redox potenti al A ph of the

fer ment ed ni'ERSHr oduct was det eFmined to be 204.78. F - Sensory assessment
of fermented milk product Aftek bacterial fermentation the glass vials
were kept 25 close until sensory evaluation started. Ten persons attended

t he sensoryYagbessnent of the fernmented m |k product. The sensory

eval uation was a taste evaluation in order to gain information on the in
nouth - effggFeﬁHd taste of the obtained fernented mlk products. 30 In
each casg the1sanpl es were pasteurised (85 C for 15 mn in a water bath)
and diluted to 1 %in UHT mlk (at a tenperature 20-25C). The results shown
bel ow det ai M2t k& i nferences of anel lists. WD 2012/085009 Panelli st
PCT/ EP2011/ Q73489 17 Bl ankFermegted m | k product Incubated UHT-m |k

Nutty X
Paper-1like -
10 Sweet

XX

Acidic
Salty -

Vanilla -

15 The results of the sensory assessment of fermented milk
product demonstrate that the fermented milk product had a
malty bread like flavour aroma. Other experiments have
shown that by selection of the amino acid(s) different
flavours and aromas can be generated.

20

Example 2

A - Reactivation of lactic acid bacterium

25 A reactivation of lactic acid bacterium was carried out

according to Example 1.

B - Milk source supplementation with amino acids

30 An  amino acid solution L-leucine (Merck, Darmstadt,
Germany) (1.31g/100ml), L-isoleucine (Merck, Darmstadt,
Germany) (1.31g/100ml1), L-phenylalanine (Fluka, Buchs,
Switzerland) (1.65g/100ml) was dissolved in sterile water.
The amino acid solution was filtrated through a pore size

35 of 0.45um (Schleicher & Schuell, Whatmann, FP 30/0.45um,
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7bar max. CA-S). 500 pl of the amino acid solution was
added to 4.5 ml UHT-milk (dilution 1:10) to obtain an
supplemented milk source with a final concentration of

10mM in 5.0ml.

C — Fermentation

Fermentation in UHT-milk was performed by two approaches

(I — ITI).

I: Tndex (Inside needle dynamic extraction; Hamilton)
headspace sampling of volatile compound fragments in non-

supplemented UHT-milk.

II: Tenax (accumulation adsorbens, Marin-Epagnier,
Switzerland) headspace sampling of volatile compounds in
supplemented UHT-milk (10 mM L-leucine, L-isoleucine, L-

valine and L-phenylalanine).

An aliquot of 500 ul of the reactivated lactic acid
bacterium was transferred in 5 ml supplemented milk source
UHT milk (2% inoculation) under sterile conditions and
incubated at 30°C aerobically for 16 hours in the dark. An
addition of 2.8g NaCl into the headspace vials helped to
expel the volatiles from the fermented milk product into
the headspace to get more intense release of the

volatiles.

The electronic nose detected the volatile compound
fragments at a range of m/z 40 — 100 for the experiment
with non-supplemented UHT-milk (i.e. no amino acids) and
at m/z 10 — 160 for the experiment with supplemented UHT-

milk (i.e. with amino acids).
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Principle component analysis (PCA) was calculated using
the software program “The Unscrambler” (version 9.7). The
results were calculated with logarithmised raw data and
exclusion of the water and milk blanks. The calculations
were done with all variables (MS fragments) included to
group the strains in relation to similar MS-fragment

patterns and abundance of compounds.

D - Electronic nose measurements

Analysis of the ferments milk product by the electronic
nose measurements in supplemented UHT-milk was conducted.
II: Tenax headspace measurement with 10mM Leu, Ile, Val
and Phe supplemented UHT-milk. GC-MS fragments [M]' were
27, 29, 43, 45, 60, 70, 86, 87, 88, 921, 103 and 120.

E - pH and redox potential

A ph of the fermented milk product was determined to be
4.78.

F - Sensory assessment of fermented milk product

After bacterial fermentation the glass vials were kept
close until sensory evaluation started. Ten persons
attended the sensory assessment of the fermented milk
product. The sensory evaluation was a taste evaluation in
order to gain information on the in mouth - effect and

taste of the obtained fermented milk products.

In each case the samples were pasteurised (85 °C for 15
min in a water bath) and diluted to 1 % in UHT milk (at a
temperature 20-25°C). The results shown below detail the

inferences of the panellists.
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Panellist Blank Fermented milk product
Incubated UHT-milk

1 Slightly milky Malty, Ovomaltine
2 Milky, UHT-milk Strong malty,
Slightly Sour Ovomaltine-like,
sweetish,
slightly chocolate-like
3 Milky, Slight Yeasty
almond,
Bitter
4 Milky Malted
5 Milky, Cooked Malted
6 Milk powder, Sweet Malt with honey note
7 Milky, Fatty, Malty cereals
Buttery, Sweet
- Malty
9 - Malty, Honey
10 - 0ld, Stale.

The results of the sensory assessment of fermented milk
product demonstrate that the fermented milk product had a
predominantly malty like flavour aroma with a twist of

honey-chocolate like flavour aroma.

The malty note can be attributed to the presence of 2-
methylpropanal, 2/3-methylbutanal, phenylacetaldehyde and
2/3-methylbutanol as determined by the electronic nose

measurements.

Having thus described the present invention in detail, it
is to be understood that the detailed description is not

intended to limit the scope of the invention thereof.

What is desired to be protected by letters patent is set

forth in the following claims.
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0-5-1 Authorized officer WD 2012/ 085009PCT/ EP2011/073489 19 d ai ns

nmet hod for the manufacture of a fernmented m |k 5product wth at
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am no acid supplenmented mlk source, 19 adding to the am no acid
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. A method for the manufacture of a fermented milk

product with at least a malty flavour and aroma
comprising:

providing a milk source,

forming an amino acid supplemented milk source,
adding to the amino acid supplemented milk source a
Lactococcus lactis subsp. lactis biovar diacetylactis
(CNCM No. I-1962) to form a mixture; and

fermenting the mixture to manufacture the fermented

milk product.

The method according to claim 1, wherein forming the
amino acid supplemented milk source comprises at
least one of an addition of at least one amino acid,
an addition of a protease or an addition a peptidase

to the milk source.

The method according to any one of the above claims
further comprising drying the fermented milk product

and forming a powder.

The method according to any one of the above claims
further comprising concentrating the fermented milk
product and forming a fermented milk product

concentrate.

The method according to any one of the above claims,
wherein the milk source 1is selected from at least one
of full fat milk, skimmed milk, semi-skimmed milk,
fresh milk, recombined milk, cream, buttermilk, whey

and milk containing vegetable fat.

1. A

| east a
providing a m |k secr@po11fo03489 ng an



fermenting the m xture to manufacture the fernented m |k product. 152. The
nmet hod according to claim1l, wherein formng the am no acid suppl enent ed
m | k sourwe 2emssioses at | east one of an addition of at pcEapRoianes4ai no
acid, an addition of a protease or amaddition a peptidase to the mlk
source. 20 3. The method according to any one of the above clains further
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product concentr atehec8@dalihéneet hodecaccordi hgitolanyiore ofvbhénabove
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m | Kk, sk%nned mlk, sem -skimred milk, fresh mlk, reconbined m.lk, cream

butternitk, wHey TARdTRIIE%GHGTAY Veyetahl @fapf TP above clainms,
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above clains, wherein the at | east one anmino acid is selected from

L- phenyl al ani ne, L-Ileucine, L-isoleucine, L-valine. 57. The nethod
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one of ffe above clainms further conprising an addition of at |east one of a
|i pase enzynecangna hacthase enzyreihg the My koW £erndSapove claims

further comprising an addition of at least one of a
lipase enzyme and a lactase enzyme to the milk
source.

15
10.The method according to any one of the above claims

further comprising adding a fermentation co-factor to

the milk source.

20 11.A fermented milk product with a flavour and aroma

obtainable by the method of any of the above claims.

12.A product for consumption by a mammal comprising the
fermented milk product of claim 11.

25
13.A food product comprising a lactic acid bacterium

Lactococcus lactis subsp. lactis biovar diacetylactis
and any one of 2-methylpropanal, 2/3-methylbutanal,
phenylacetaldehyde and 2/3-methylbutanol.

30
14.A food product according to claim 13, wherein the

Lactococcus lactis subsp. lactis biovar diacetylactis

is CNCM No. I-1962.

35 15.A use of a lactic acid bacteria Lactococcus lactis

subsp. lactis biovar diacetylactis (CNCM No. I-1962)
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