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of the invention The present invention relates to a conposition conprising
5'-ribonq9¢g&hkgﬁgsand a process for the production of pthjpp2600@/808sd t1 on.
The present 1nvention also relates to the use of a conposition conprising
5'-ribonucl eotides in food or feed. 10 Autolytic yeast extracts are
concentrates of the soluble materials obtained from yeast after disruption
of the cells and digestion (lysis) of the polyneric yeast material. The
active yeast enzynes released in the nediumafter cell disruption are
responsible for the lysis. Generally these types of yeast extracts do not
conprise 5'-ribonucl eotides because during the autolytic process the native
RNA i s deconposed or nodified in a 15 formwhich is not or al nost not
degradabl e into 5 -ribonucl eoti des. These types of yeast extract, which are
rich in amno acids, are US%&G.::%&]?J@%AM@& esdS basic taste

providers. The ami no acids present 1n the yeast extract add a bouillon-1iKke,
brothy taste to the food. Hydrolytic yeast extracts, on the other hand, are
concentrates of the soluble 20 materials obtained fron1yeast after

di sruption of the cells, digestikielddfihé invemtionadditi on of proteases and/ or
pepti dases and especially nucleases to the yeast suspension during |ysis.
The native yeast enzynes are inactivated prior to the lysis. During this
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extract, which are rich in amino acids, are used in the food industry as basic taste

providers. The amino acids present in the yeast extract add a bouillon-like, brothy taste

to the food. ,
Hydrolytic yeast exiracts, on the other hand, are concentrates of the soluble
20 materials obtained from yeast after disruption of the cells, digestion (lysis) and addition
of proteases;" and/or peptidases and especially nucleases to the yeast suspension during
lysis. The native yeast enzymes are inactivated prior to the lysis. During this process, 5'-
ribonucleotides of guanine (5’-guanine mono phosphate; 5'-GMP), uracil (5'-uracil moho
phosphate; 5-UMP), cytosine (5'-cytosine mono phosphate; 5'-CMP) and adenine (5'-
25 adenine mono phosphate; 5’-AMP) are formed. When adenylic deaminase is added to
the mixture, 5-AMP is transformed into 5'-inosine mono phosphate (5-IMP). The
hydrolytic yeast extracts obtained by this method are therefore rich in &'-ribonucleotides,
especially rich in 5’-GMP and 5'-IMP. Often yeast extracts are also rich in mono sodium
glutamate (MSG). 5-IMP, 5-GMP and MSG are known for their flavour enhancing
30 properties. They are capable of enhancing the savoury and delicious taste in certain
types of food. This phenomenon is described as ‘mouthfeel’ or umami. Yeast extracts
rich in 5'-ribonucleotides and, optionally, rich in MSG, are usually added to soups,

sauces, marinades and flavour seasonings.



-2 Yeast extracts rich in 5 -ribonucleotides are up to date produced using
yeast strains with high RNA content and/or by partial extraction of the
cel | contggfefys7iissadvantage of this type of taste enhawairoddoassytic
yeast extracts Is that, due to the presence of am no acids, short peptides
and ot her yeast corrponents, they are nog- very 5 suitable for appl i cations
which require cleanliness of taste. JP 51106791 descri bes a process for the
purification of RNA using ultrafiltration of a yeast extract followed by
several additional purification steps. This series of purification steps,
whi ch are necessary to obtain a cormmercially attractive RNA, nakes the
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the characteristics mentioned above.

Description of the invention

20 The present invention provides a composition comprising at least 55% w/w
(based on the NaCl free, dry matter weight) of 5'-ribonucleotides. The composition
preferably comprises at least 65% w/w of 5'-ribonucleotides or more preferably at least
75% wiw of 5'-ribonucleotides. Preferébly the composition also comprises glutamate.
Typically the composition of the invention comprises at most 98% w/w of 5'-

25 ribonucleotides.

The present invention also provides a process which is very simple and cost-
effective and therefore commercially very attractive. Advantageously, the process of the
present invention combines the separation of RNA from yeast extracts with the
conversion of separated RNA into 5-ribonucleotides. In this way, it is possible to

30 produce 5'-ribonucleotides having a high purity in a relatively simple and thus
commercially very attractive process.

The process of the present invention may be used for the production of the
composition of the invention. ]

Specifically, the present invention provides a ‘process for the production of a

35 composition containing 5'-ribonucleotides which comprises



conposition of the invention. Specifically, the present invention provides a
process for the production of a 35 conposition containing

5' - ri bonugbegid/desswhi ch conprises WO 2004/ 067758 PCT/ ERZQdk¥ 20000638 -3 (i)
treating mcrobial cells to release the cell contents conprising RNA, (ii)
separating the RNA present in the releaged cell contents fromother soluble
cell material; and (iii) converting the separated RNA into
5'-ribonucleotides. 5 Wth the term"5' -ribonucleotides” it is herewith
intended to refer to a mxture of 5 -Gw, 5 -CwW, 5 -UW and further 5 -AW
and/or 5 -1 MP, wherein the 5 -IMP in the mxture is obtained by partial or
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herein intended to refer to either the free 5 - ribonucleotides or salts
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of the i nygpbledel md®ia) ads based on the weight of the Nal free dry matter
of the conposition and 1s calcul ated_as disodium salt heptahydrate

(2Na. 7Aq) of 5l i boRDsting thgeserretsd RNBdntadegibonileqiges that the
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excluded fromthe conposition for the cal cul ation of The | atter

cal cul ati &TGM’ PR HYVB ranslafuphend tAMa i irIviB. Wl?éﬁﬂén the PHMP innthehe
art. The apou %ﬁ%&ﬁﬁ%a dr'&ohB%té:ﬁdm@%'léd &%Jmﬁﬁﬁ&stmped as glutamc

acid percent age (¢ gw free &ut am c acid per weight of
NaCl free dry riietiermob-ibanuslentides’tis dereimiiriendath ik refeote eithermie) frree@t-i on
pref er abl wherein the ratlo of glutamate to

5'-ri bonu%bﬁﬂ@%ﬁt@%oﬂ%ﬂfg@ﬁgﬁga 0.1, preferably less than 0.05 or 20 nore
prefepably | ess hehaeigl@t mErcentag avnt beibonublestidestin dhe somppsitiom ahthe, iovantionn
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pref erably Qb5 & G EP ByY FatloasRIGAH B thede sRilsd™ M thE3th.! Fe hBunt of
glutamate in the composition is calculated as glutamic acid percentage (%w/w), i.e. the
weight of free glutamic acid per weight of NaCl free dry matter of the composition.
The composition of the invention preferably comprises glutamate wherein the
ratio of glutamate to 5'-ribonucleotides is less than 0.1, preferably less than 0.05 or
20 more preferably less than 0.01 and wherein this ratio is more than 0.001. In general the
composition comprises from 0.01 to 10%, preferably from 0.05 to 5% or more preferably
from 0.1 to 2% w/w of glutamate based on NaCl free dry matter of the composition.
The composition of the invention preferably comprises more 5'-GMP than the
sum of 5-IMP and 5-AMP. Commercially available yeast extracts all contain less 5
25 GMP than the sum of 5-IMP and 5-AMP. The 5'-ribonucleotide composition of the
present invention, preferably obtained from yeast, contains more 5-GMP than the sum
of 5-IMP and 5-AMP. The higher amount of 5-GMP in respect of the sum of the
amounts of 5-IMP and 5-AMP in such a composition is advantageous because this
results in a stronger flavour enhancing capacity of this composition compared with
30 presehtly___commercially available yeast extracts. This is because 5-GMP is more
functional than 5-IMP with respect to flavour enhancement, while 5’-AMP does not
contribute to flavour enhancement (T.Nagodawithana, “Savoury Flavours”, (1995) edited
_by Esteekay associates, Inc, Wisconsin, USA, page 302).



of 5 -1IMP and 5'-AWP. The hi gher anobunt of 5 -GW in respect of the sum of
the amounts of 5 -1MP and 5 -AMP in such a conposition is advant ageous
because tWwo004/@&ssts in a stronger flavour enhanci ng c@CAER2Y040004581 S
conposition conpared with 30 presently comrercially avail abl e yeast

extracts. This is because 5 -GW is norg- functional than 5 -1MP with
respect to flavour enhancenent, while 5 -AMP does not contribute to flavour
enhancenent (T.Nagodaw t hana, "Savoury Flavours", (1995) edited by Esteekay
associ ates, Inc, Wsconsin, USA page 302). WO 2004/ 067758 PCT/ EP2004/ 000658
-4 Any type of mcroorgani smcan be used as source of RNA in the process of
the inventionAnBagpeoi micravrgariismgah bel usedarsgsourcesf RNA iprthé eroceds oftheh as

t hose which a aple for food and .feed appl.icati Preferre
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genera Saccharo Egéces Kl uyver omyces or Candi da areetgreferabl used.  Yeast
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Sacchar omyg&@ade MaMehDus furtdi es&h%fserﬁce;éde,ﬁa@mp)q@iergﬂ/u§ Hntiaflast. Yaesiestiaftls
m croorgani sns_are |lactic acid bacteria, e.g. Lact obaci Il us. The process of

t he preserhelangingnioi the awergt%ﬁqch%wcan&umpa'y?% obr(ANeidst afen preferably
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inthe 15 art. In some casés the fermentation bfoth can be concentrat ed
bef oré useSacehamelypeeessavisige gEeBSferfask exanpl e by centrifugation or

filtration. Forg @éﬁiﬁ%wt%g ?Qﬁé“yﬁéﬁ:ﬁeﬁfal (FErfBFgahismec ard nmhcacaaﬁf?&%n e.g.

concentrated to ter content) may be use
f er ment at iLestobeeitys. i s general |y obtained fromstrains with a high RNA

content (i.e. tHpiGa {:ééé & ih p?ezﬁﬂf‘lrﬁgﬂﬁ&”ha gtagfj Wit fehﬂeﬁtgflo% 8f hdn
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used ese yeas strains can be
process, for example by centrifugation or filtration. For example, cream yeast (Baker's

yeast which has been concentrated to 15-27wit% of dry matter content) may be used.
The ferméntation broth is generally obtained from strains with a high RNA content
(i.e. typically with a RNA content of 6-15%). In this way a high amount of 5'-ribonucleotides
20 is generated during the hydrolytic process. Although yeast or other microbial strains with
high RNA content are preferred, yeast or other microbial strains with a low RNA content
can also be used. These yeasts or other microbial strains can be advantageously
converted into compositions or yeast extracts having a high 5-ribonucleotide content
using the process of the invention. Furthermore using the process of the present
25 invention, compositions can be obtained having a higher 5’-ribonucleotide content than
the content that would be expected on basis of the RNA content of the starting yeast or
microorganism and/or the content that is found in presently available yeast extracts.
Prior to treatment of the microbial cells to release the cell content, the microbial
cells are preferably treated to inactivate the native enzymes present in the cells. In
30 general, the RNA is degraded or modified in autolytic microbial extracts and separation
of this RNA is therefore leés attractive.
Inactivation of native enzymes in the fermentation broth is possible with, for
example, a heat shock, such as 5 to 10 minutes, suitably at a temperature of 80°_ - 97°C.
This treatment should at least inactivate the native enzymes that degrade the RNA of



converted into conpositions or yeast extracts having a high
5'-ribonucl eotide content wusing the process of the invention. Furthernore

usi ng t hewiy 066635758f the present 25 invention, conpositiNcResy/jaessebt ai ned
havi ng a higher 5" -ribonucleotide content than the content that would be

expected on basis of the RNA content of-54¢he starting yeast or mcroorgani sm
and/or the content that is found in presently avail abl e yeast extracts.

Prior to treatnent of the microbial cells to release the cell content, the
mcrobial <cells are preferably treated to inactivate the native enzynes
present in the cells. In 30 general, the RNA is degraded or.nodified in
autol yti ctha cm'ccrbd)rgbnlemt l(ea.gI phesphatesearkitasen Fdabe) hThzaréfNﬁe | thet Rbirebbrtlee | ess
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treatnment, the cell walls are disrupted and/or resulting in rel ease
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the cellsggan be treated chemcally, mechanically or enzymatically using
met hods known to those skilled in the art. 10 Mechanical treatnents include
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2" -ribonugleahi 489 thrJerits.] BAOMREFRLLARRS are less preferred because they may

lead to partial degradation of RNA especially when alkali is used, with consequent
formation of 2'-ribonucleotides and 3’-ribonucleotides.

Preferably, an enzyme is used for this solubilisation or cell wall lysing step
because a better control of the process can thereby be achieved. In addition, the use of

20 an enzyme makes this method especially suitable o be used at large scale. Several
enzyme preparations can be used comprising cellulases, glucanases, hemicellulases,
chitinases, proteases and/or pectinases. For example a protease such as endoprotease
can be used. The reaction conditions for the enzyme depend on the enzyme used. In
general, the microbial cells are enzymatically treated for from 1 to 24 hours, at a pH of

25 from 4 to 10 and a temperature of from 40 to 70°C.

After the chemical or enzymatical treatment, the chemical(s) or enzyme(s)
should preferably be neutralised and/or inactivated under such conditions that the RNA
will not be substantially altered and/or degraded.

Inactivation of the enzyme(s) can be done by pH treatment or, preferably, by a

30 heat treatment. '

Subsequently the RNA present in the released cell contents is separated from
the other soluble microbial cell material.

The soluble RNA can be separatedlfrom other soluble materials according to

methods known to those skilled in the art, like selective precipitation of the RNA fraction



Preferably, an enzyne is used for this solubilisation or cell wall |ysing
step Dbecause a better control of the process can thereby be achieved. In
addi tion, wiohwod&e7Rf 20 an enzyne nmakes this nethod espgei@Elods/dobdskabl e to
be used at | arge scale. Several enzyne preparations can be used conpri sing
cel l ul ases, gl ucanases, hem cel |l ul ases,.g- chitinases, proteases and/or

pecti nases. For exanple a protease such as endoprotease can be used. The
reaction conditions for the enzyne depend on the enzyne used. In general,
the mcrobial cells are enzymatically treated for froml to 24 hours, at a
pH of 25 from4 to 10 and a tenperature of from40 to 70C. After the
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might result in larger losses and/or less pure products. The RNA fraction is recovered in

the retentate resulting from the ultrafiliration step. It will be clear to those skilled in the

art that the amount of 5'-ribonucleotides in the final composition can be influenced by

the type of ultrafiltration filter used in the process and by the washing efficiency during
20 the ultrafiltration step.

The separated RNA can be converted into 5'-ribonucleotides, preferably
enzymatically.

The enzyme 5'-phosphodiesterase (5'-Fdase) can be used for the conversion of
RNA into 5'-ribonucleotides. 5’-phosphodiesterase can be obtained from a micrabial or a

25 vegetable source (for example a malt root extract). An example of a commercially
available microbial 5'-Fdase is Enzyme RP-1 produced by Amano (Japan). Deaminase,
for example adenyl deaminase, can be used to convert 5’-AMP into §-IMP. An example
of a commercially available deaminase is Deaminase 500 produced by Amano (Japan).

Conversion of RNA into 5'-ribonucleotides by 5-Fdase and deaminase can be

30 performed in a two-step or in a single step process. ' .

Prior to RNA separation, in a preferred embodiment of the invention, solid
material originating from the microbial cells (such as cell walls) is separated from the
soluble material (including RNA, proteins, carbohydrates, minerals, lipids and vitamins)
present in the released cell content. This can be achieved by any method suitable to



In cases where UF is used to separate RNA fromthe other soluble cell
material, filters with a nolecular weight cut-off of from10 to 50 kD or

pr ef er abl wof 7000062858t 0 50 kD is can be used. |In general patroamoodss! t er
size allows a higher flow through the filter, but mght result in |arger

| osses and/or |ess pure products. The RIgA fraction is recovered in the
retentate resulting fromthe ultrafiltration step. It will be clear to those
skilled in the art that the amount of 5'-ribonucleotides in the final
conposition can be influenced by the type of ultrafiltration filter used in
the process and by the washing efficiency during 20 the ultrafiltration
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than the 5'-ribonucleotides, preferably by ultrafiltration. The degree of purification will
depend on the molecular weight cut-off of the ultrafiltration membrane used.

The fraction containing 5-ribonucleotides, optionally after purification by
ultrafiltration, is generally obtained as a solution which can be further concentrated

20 and/or dried by methods known to those skilled in the art.

The composition comprising 5'-ribonucleotides obtainable by the process of the
invention, has a high 5'-ribonucleotide content and is clean in taste. Throughout this
specification the wording “clean in taste” means that when the composition of the
invention is added to food or feed in proper amounts, any particular taste and/or note

25 typical of the microorganism from which the composition is obtained, or any brothy,
bouillon-like taste and/or note coming from the composition is minimal or absent in said
food or feed. Preferably any particular taste and/or smell and/or note typical of the
microorganism is minimal or absent in the composition of the invention.

For example, the compositon may not taste of yeast in cases where

30 Saccharomyces was used as the starting material or may not taste sweet iq cases
where Candida was used as the starting material. The composition will not provide
bouillon-like or brothy tastes when applied to food products in proper amounts.



or a wording like "converting the separated RNA into 5" -ribonucl eoti des”
does not necessarily nmean that all RNA shoul d be separated or converted,
respecti veitg/zo0dbesg | be 10 clear to those skilled in thapEbrobddbssshe
amount of the RNA which is separated will depend on the type of separation
met hod used and that the anount of RNA wghich is converted will depend on
several factors, for exanple on the type of enzynes used. The fraction
containing 5 -ribonucl eoti des obtained after conversion of RNA into

5'-ri bonucl eotides and optionally after renoval of the solid materi al
originating fromthe 15 microbial cells, is preferably purified from
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The cQPOSidnh arﬂnue:%iﬁgdnfslnnwhéhﬂpﬂéww& #d #ade.obt ai nabl e by the process of
the invention,_has a high 5 -ribonucleotide content and is clean in taste.
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comprised therein and/or the replacement of said total fat with a fat replacer. Said
processes and said fat replacers are known in the art.
A clear disadvantage of food with reduced or low total fat is that this type of food
20 lacks the richness of flavour of the corresponding full-fat food or beverage product. This
disadvantage can be overcome by using the compositions of the invention to improve
the fat note in the taste and/or in the aroma and/or in the mouthfeel of food with reduced
or low total fat. The latter means that said food with a reduced or low total fat comprising
the composition of the invention has a taste and/or aroma and/or mouthfeel that has more
25 resemblance with the taste and/or aroma and/or mouthfeel of the corresponding full-fat
food.

The compositions of the invention find another suitable application in food
comprising artificial sweeteners. A clear disadvantage related to the use of artificial
sweeteners is the presence or development in the food of side or after taste, for

30 example bitterness. The most common artificial sweeteners, which present the above-
mentioned problems when used alone or in combination, are: acesulfame-K, alitame,
aspartame, cyclamate, neotame, neohespetidine, saccharin, stevioside, sucralose, and
thaumatin. This disadvantage can be overcome by using the compositions of the

invention to mask the side or aftertaste of an artificial sweetener in food or beverage.



5 froma mcroorgani smwhich is preferably food grade. The conpositions
conprising 5'-ribonucl eotides according to the invention can be used in any

food or feashaniositsyd , especially to i nprove and/ or enhanper/tbm®od@ntss and/ or
aroma and/ or nout hfeel thereof. Typical types of food to which said
conpositions can be added include dair-food, bakery food, vegetables,
fruit, nmeat, confectionary, fat, 10 oils, beverages (for exanple carbonated
beverages or beverages derived fromdairy food like mlk, fromvegetable,
fruit, alcoholic drinks, etcetera) or any processed food derived therefrom
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conpositions of the 1nvention to nask thé side or aftertaste of an

artifici alintgngtotkalbpiting f ood or beverage. WO 2004/ 067758 PCT/ EP2004/ 000658
Example 1

40,000 kg of cream yeast (dry solids is 18.2 %) was heat treated in a continuous
20 flowthrough heat exchanger for 10 minutes at 95 °C in order to inactivate all yeast
enzyme activity. Subsequently, the inactivated yeast was treated batchwise for 6 hours
with Pescalase (endo-protease from Bacillus licheniformis, DSM N.V., The Netherlands)
at pH 8.0 and 62 °C. Thereafter, the protease was inactivated by heat treatment for 1
hour at 70 °C (batchwise) and the pH was lowered to 5.3 with hydrochloric acid. The
25 solid material was removed from the reaction mixture by continuous centrifugation. The
remaining supernatant was ultrafiltered on a 50 kD ultrafilter to separate the high
molecular weight fraction (including RNA) from the low molecular weight material like
inorganic components, vitamins, carbohydrates (like trehalose), free amino acids,
peptides and small proteins. The high molecular weight fraction (Retentate UF1) was
30 then incubated batchwise for 15 hours at pH 5.3 and 65 °C with the enzyme 5'-
phosphodiesterase in order to hydrolyse the RNA into 5-ribonucleotides. Next, the
liberated 5-'AMP was converted into 5-IMP by the enzyme deaminase during a 2.5 hour
incubation at pH 5.1 and 55 °C. Finally, the reaction mixture was ultrafiltered again using

a 50 kD filter. The filtrate dry solids consisted mainly of 5'-ribonucleotides (filtrate UF2).



-9 The present invention al so enconpasses conpositions conprising an
artificial sweetener and the conpositions of the invention. The
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and/ or aroma and/or nout hfeel of beverages in nore specific ternms, in
particular to 5 inprove the specific w#@etable note and/or fruity note

and/ or alcoholic note in the taste and/or aroma of a beverage. For exanple
they can be used to inprove the specific vegetable taste and/or vegetable
aroma of vegetable juice, the specific fruit taste and/or fruit aroma of
fruit juice or the specific alcoholic taste and/or al coholic aroma of
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of L-glutamic acid in foodstuffs and other materials test kit (Boehringer Mannheim/R-

Biopharm, Enzymatic BioAnalysis/Food Analysis, Catalogue No. 10139092035,
Catalogue year 2004, R-BIOPHARM AG, Darmstad, Germany).
Data of the extraction process is presented is Table 1.
20

Table 1: nucleotide extraction process data

L ?§l Amount Dry solids [FRNA® _5'GMP*** 5IMP ** ] *Gliamic acid 7] BAVE >*
k) | Cowin) Gok. [ ) " | (%) (%)
Cream yeast 40000 18,20 7280 82
Supematant* | 54100 | 877 | 4750 | 103 - 55
Retentate UF1| 8120 | 7,80 | 632 | 725 04
Fitrate UF2* | 10160 | 398 | 404 | 00 | 245 | 241 05 0

*including wash liquid
** 9% on NaCl free dry solids
** espressed as 2Na.7aq on NaCl free dry solids

The amount of 5'-ribonucleotides in the composition is approximately 97% wiw
based on sodium chloride free dry matter.



| i berated 5-' AMP was converted into 5 -1MP by the enzynme deam nase during a
2.5 hour incubation at pH 5.1 and 55 C. Finally, the reaction m xture was
ultrafil tw@fb Aehss using a 50 kD filter. The filtrate pEyEpRbi/eiocssonsi st ed
mai nly of 5'-ribonucleotides (filtrate UF2). WD 2004/ 067758

PCT/ EP2004/ 000658 -10 Sanpl es were analyised on RNA content and/or on

5' -ribonucl eotides content by neans of HPLC according to the foll ow ng

nmet hods. RNA in the sanples was hydrol ysed during an al kali ne treatnent.
GW (i.e. 2'-GW and 3'-GW derived fromthe hydrolysis of RNA) was
gquantified by neans of HPLC, using 5 -GW as a standard, 5 using a \Watnman
Partisil 10-SAX columm, a phosphate buffer at pH 3.35 as eluent and WV
detection. The wei ght percentage of RNA confent based on sodi um chl oride

free dry nmatter corresponds to -4t wei ght percentage of free GW
based on sodium chl ori de free dry matter. Fi ltrate UF2 was al so anal ysed
for 5'-Gw, 5" -] MP and gl utam c aC| 10 content. The anount of

5 -GW, 5'-AW %rP@”E?" <Pf|\ﬁﬂq0ng pﬁére@mm%% (@Y 55lids e dit-4s%) %@?dﬁ’?t Hertednilage - of
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wer e determ ned by means of usi ngo atman” Parti si’l colum, a
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pnal ysi s, T WeRaEto S8 VIBONB SO e TRe BNRRH] e R R Bt 2BAP A
Dar nstoad, Wicafiteny) separate tfe high raieculan weighp fractions (ingluging fMA)eand theTegl e 1.
220 S B R EREHEP AR RPof A R el R BRECT S
8, 2 Super rvitamins; cBrbbbpdraies7(like Behdlose3, Bed amiut acidsitpeptifas gn@ema|l peotéine. 72, 5
0,4 Filtrape Hiontattd$89 iReutBtetBathiliss YoP 18 *hdurd a? fH 5.3 and 65 °C with the
enzyme 5'-phosphodiesterase in order to hydrolyse the RNA into 5'-ribonucleotides.
15 Next, the liberated 5-'AMP was converted into 5'-IMP by the enzyme deaminase during
a 2.5 hour incubation at pH 5.1 and 55 °C. Finally, the solids were removed by
centrifugation and the pellet fraction was washed with demineralised water and
centrifuged again. Both, supernatants (primary supernatant and wash) were combined
and the total was ulfrafiltered on a 50 kD ultrafilter to separate the low molecular weight
20 material, including the 5'-ribonucleotides, from high molecular weight material. The
resulting ultrafiltrate was concentrated and spray dried.

The resulting powder was analysed for its &§-GMP, 5-AMP and 5-IMP
concentration. In addition, the glutamic acid and sodium chloride concentration were
measured in the final product and the RNA concentration was measured in the cream

25 yeast. Sodium chloride was determined by measuring the chloride ions in the sample
with a Jenway chloride meter PCLM 3 (Jenway, Essex, England) and calculating the
corresponding amount of sodium chloride. Data of the extraction process is presented is
Table 2.



* induci ngwesh liquid %on NaCl free cky solids *** espressed as 2Na. 7aq on
Naa free cky solids The ambunt of 5'-ribonucleotides in the conposition is
appr oxi mawad ¥00966179%¢ w based on sodi um chl ori de free drypoBEP®04/000638

2004/ 067758 PCT/ EP2004/ 000658 -11 Exanple 2 A portion of 2100 g of cream
yeast (dry solids is 18.2 %9 was heat t+4l2ated 10 6 mnutes at 95 C in order
to inactivate all yeast enzyne activity. Subsequently, the inactivated
yeast was treated batchwi se for 6 hours with Pescal ase (endo-protease from
Bacillus licheniforms, DSM N. V., The Netherlands) at pH 8.0 and 62 C.
Thereafter, the protease was inactivated by heat treatnent for 1 hour at 70
C ( bat chwiTable 2imici¢ntidet-extractionquwecess dataf5® kidi W fiket)r ochl ori c acid. The
hydrol ysate was ultrafiltered on a 50 kD 10 ultrafilter to separate the high
nmol ecul ar agi“ght £ ¥ Finy solls] Dy solicb URNAT]  IRIGA)Y SaliEi ™ | jQutamizatid* FAVBM |t he | ow
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car bohydratles (li kel trehal ose),| freg am no aci ptides apd smalf
proteins. {Cranyeetent &2 883i nc@2atledo bat chwi $e forf 15 hour$ at pH 5.3 and
65 Cwith tlhe enzype 5' -jphosphodi eqterase in to hydrollyse the RNA

into 5 -ribonucleotjdes. [[s Next, tHe |iberate MP was convert into
5' -1 MP by t|Riecl pmdeyne Fefani nase [dd rig 7.3a|2.182houf82 rjcub&Si on|at 0pH 5. 1 and
55 C. Finally, the kolids| were Irenoved b centrifudation _and the I 1 et

fraction was washed with dem neralised water and centrifuged again. Both,
super nat ant § 4ApNeGifigegrysdiger nat ant and wash) were conbined and the total was
ul trafilter &gspnssedassdiakamonNaG fgedlysaigs t 0 separate the | ow nol ecul ar wei ght 20

material, including the 5 -ribonucl eoti des, from hi gh nol ecul ar wei ght
material. The esultln Itraflltr S concentr.a and spray dried. The
resul ting povvd ﬁgf gs@f?"f‘ﬁ'ﬁmi' s '%%Wp%s’t'oﬂl\ﬁygcr% Wlﬁ%ﬁ? nad
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3 (Jenway, Essex, England) and cal cul ating the

Example 3

10 The process was carried out starting from 2100 g of cream yeast (dry solids
18.2%) as described in example 2. However, in this example a 30 kD ultrafilter was
applied (50 kD ultrafilter in example 2).

" Data of this extraction process is presented in Table 3.

15 Table 3: nucleotide extraction process data (30 kD UF filter)

T Dry stids] Dry solids:RNA®] NeGl ‘:5‘5'Gwn=f** ‘BIMP ™ [Glutarmic add " SAVE™;
A Gww) | B@ | PR (9 | OB (%) F )

Creamyeast | 1850 389 82 0

Final powder | 95,83 0,0 50 194 16,0 06 34

* % on NaCl free dry solids
** espressed as 2Na,7aq on NaCl free dry solids

The amount of 5'-ribonucleotides in the composition is about 78 % w/w based on
NaCl free dry matter. This amount is approximately 5 % higher than in the composition



correspondi ng anmount of sodium chloride. Data of the extraction process is
presented is Table 2. WD 2004/ 067758 PCT/ EP2004/ 000658 -12 Table 2:

nucl eot i dwoe¥bf/R6Is8ON process data (50 k) OF filter) Drysalrrdeosdogsssii ds RA*
Nag; 5 GwW** 6i MP"* J utam c; add* 5AM* %wwg ) (0/0) NQ 0/0) (0/0) (%
"' 9% C earn yeast 182 383 8,2 0 Final {i8~xder 97,4 0,0 7,3 18,2 18,2 0,9 QO
* o%on Naa free dry solids espressed as 2Na. 7aq on NaG free dry solids The
anount of 5'-ribonucleotides in the conpositionis 73 % w w based on NaCl
free dry matter. This amount is |ower than the anount in the final product
of exanple 1 5 (about 97 %on NaC free dry matter). This neans that the
anmount of pBoduced dyucéanstaf @S0 kP AR fiter {exgmpde 2).orhis meabe that theiamownt dfp'-t he

0’01 or coripiiaeotaR P8 AmboifdF o8] BERIReIRR RARENP FUE M ' o cver Cin

this exanple a 30 kD ultrafilter was applied (50 kD uItrafllter I n exanpl e
2). Data of this extraction process %s ErESEm ed in Table 3. is Table 3:
nucl eot i de extraction process data ( filter) Drysolids Drysolids
 RNAMglI V@ VP MW" *, ufam cadd 5 AMP Qeanyeast 18,50 389 8,2 0 Final

pander 95,55 & SompBsitidnd cbntainthcC5FiBonifEotdisd inf atRicililly SWédtdhed BYcassed

as 2Na7aq on M free drysolids e anmount of 5'-ribonucleotides in the
conposi t i &Plasoriisgulas Qrang8ed on NaC free dry matter. This amount is
approximately 5 % higher than in the conposition WO 2004/ 067758

PCT/ EP2004/ 000658 -13 produced by nmeans of a 50 kD UF filter (exanp Ie 2).
Thi s neans t hatThemaifegholthe astitisn io artificially sweetened Coca Cola® (Cola Cola nght -

10 Coca Cola Company-Rotterdam) or to regular Fanta orange® (Coca Cola Company-
Rotterdam) of a composition containing 5'-ribonucleotides according to the invention
was studied.

The composition contained 17.8% w/w of 5'-GMP, 17.6% wiw of §5-IMP (i.e.
approximately 70% w/w of 5'-ribonucleotides) and 0.7% wiw of glutamic acid on NaCl

15 free dry matter. The sodium chloride content was < 1 % on dry matter. A dosage of 50
mg of composition per litre of beverage was used.

The taste and/or aroma and/or mouthfeel of the beverages comprising the
composition was analysed by a panel of experts in food tasting (experiment 1 and 2)
and compared with that of the beverages as such. In the case of Coca Cola Light®, the

20 taste and/or aroma and/or mouthfeel of the beverage comprising the composition was
also compared with that of regular Coca Cola® (Coca Cola Company-Rotterdam).

The results are shown in Table 4 (Coca Cola Light®) and in Table 5 (Fanta

Orange®), respectively.

Table 4
" Experiment " |' Composition Observatlons about tastelaroma
" . (mgh) =l t
Coca Cola® 0 Cola, acid, peaky pungent
Coca Cola Light® 0 Cola, less body, chemical after taste -
Bxperiment 1 50 Cola, no chemical after taste, clean, full, more body,
more sweet than Coca Cola Light®, more similar to
Coca Cola®, ho yeasty notes )

25



ri bonucl eotides in the conposition can be influenced by the type of UF
filter. Exanple 4 5 Use of conpositions containing 5 -ribonucleotides in
artifici aylopoesmetsgned Coca Cola(r) or in regular Fant ecrange(iecsshe
effect of the addition to artificially sweetened Coca Cola(r) (Cola Col a
Light(r)- t0O Coca Col a Conpany-Rotterdaitff-or to regul ar Fanta orange(r)
(Coca Col a Conpany- Rotterdan) of a conposition containing

5'-ri bonucl eoti des according to the invention was studied. The conposition
contained 17.8% w w of 5 -GwW, 17.6% w w of 5 -1MP (i.e. approximately 70%
w w of 5'-ribonucleotides) and 0.7% w w of glutamic acid on NaC 15 free
dry matter. The sodium chloride conteifableds < 1 % on dry matter. A dosage of
50 ng of conposition per litre of beverage was used. The taste and/or aroma
and/ or nout hf Eel EsperimBt D€V Eomgbeition: m@wﬁbﬁs@b&uﬁaﬁe’mosmlon was pnal ysed
by a panel of|experts in floodghgsting {experinent 1 and.2) ‘. and cofrpar ed
with that of [heche@efgges| as uch. [dringé e, idSRh@ipuricet a Tol & T ght[r), the
20 taste and/pr aroma and/jor nout hf gel of the beverage conprising [|he
conposi ti on was Egkdenteonplar edsom t h|Noreiil, sbift tofeigiestalessoznge pes)l a(r) (Coca Col a
Conpany- Rottefdan). The resul ts ar e|dhowangs aombatdremdirfedo seathphoes Li pht () )
and in Table 5 (Fanta Orange(r)), respectively. Table 4 E erinent
Corrpositiori "Qbservations about"tastel arorra m | Coca Colas 0 Cola, acid,

eaky, pungent 0 Col.a che afterf.aste
B oyt ot 3 s RS S, S e e, oD of 35 HoSetRCHaR SPIRBRGR oo o
sweet theRh&erte sd/ér ABhia dRY6r mblthfeal oft Coca06la lightar Fankeordngefohesocds WO

2004/ 067758 PCT/ EP2004/ 000658 - 14
Cola Light® comprising the composition the aftertaste due to the presence of artificial

sweeteners (aspartame, sodium cyclamate and acesulphame) in the beverage is
masked. In the Fanta Orange® comprising the composition the overall taste, in particular
the fruity note therein, is improved.
In addition, no yeasty notes are introduced in the beverage as it would normally
10 be the case when conventional yeast exiracts are used. This demonstrates that the
compositions according to the invention are clean in taste and are especially suitable for
beverage applications where the presence of a yeasty taste/note originating from the
yeast extract or composition is not very desirable.

15 Example 5

Use of compositions containing 5’-ribonucleotides in processed cheese

The composition of example 4 was added to a low fat cheese spread (Slimkuipje
20 naturel 15+, comprising 5% w/w of total fat) in a dosage of 50 mg per 100 g of cheese
spread. The taste and/or aroma of cheese spread comprising the composition
(experiment 1) was analysed by a panel of experts in food tasting and compared with
the taste of the cheese spread as such (low fat) and with the taste of the corresponding
full fat product (full fat) (Goudkuipje naturel 48+, produced by ERU-Woerden-The

25 Netherlands, comprising 21% w/w of total fat).

The results are shown in table 6.
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the taste and/or the aroma and/or the mouthfeel of the low fat spread cheese comprising

the composition has more resemblance with the taste and/or the aroma and/or the

mouthfeel of the full fat spread cheese. In addition, no yeasty notes originating from the

composition are introduced in the food.

10



1 Full fat product O Young Cheese taste, weak aroma, creany, fatty Lcwfat
product O Less strong cheese taste, little aroma, not really characteristic
of cheesg, not creany, not fatty Bperinent 1 50 Stronger cheese awe than
| owf at product, nore creany, nore fatly, nore noui hfeel than |ovfat
product, nore simlar to full fat product, dean cheese taste, no notes The
results clearly show an effect of the %Trpositions of the invention on the
5 taste and/or aroma and/or nout hfeel of processed cheese with | ow total
fat. I'n particular the taste and/ orgfthigs2roma and/ or the nouthfeel of the
| ow fat spread cheese conprising the comnposition has nore resenbl ance with
the taste and/or the aroma and/or the nouthfeel of the full fat spread
cheese. | addjtd ; : t 4,Qi ' 0 tj.on are
nt roduced - e Poshth YR dnd ik RS bR R o B SR IRt T Mot
55% w w ( basedweight) o9& SNibonugleetisies ang wiightfethefspgntigesariutamate; wbergin thet i des
and which furt ' L id ol | ki pRte to
5' -ri bonucl eot fbggsoglgél ngasig%? ﬁa%%?&ﬁﬁgﬁlzéﬁé '?ﬁgt@dnv%ﬁéllﬁitﬁlcﬂdgsggtﬁai nabl e
by a process ci§fbairabigyby 3 processeamRrii§ingi cr obi al cells enzymatically to
rel ease the celj] CcopifmyS miGORRI IRl EnZNatically )toS PHEIR it ddNe chRwntRr esent
in the released cell contents fromother soluble cell material wherein the
separation of EMBPIMNY RNBim t he other soluble cell material is carried out
by ultrafil tragi%on s@aPQin?nt_heIRmfmb&ér@tm QRe frélbadd ¥éit BortentSTtdRe Whiy cut - of f
of from10 to kD, and (iii) converting the separated RNA into
5' -ri bonucl eot PYdde caihgaterial phersin Biecsepatalpn @f g BNALomd theyPthst So8PIe r om t he
m crobi al cel |l geli matRi@PECEarTi&d o0 by RiltkBitration LSRG A1 UmEfitragorRMifer prigsent i n
the rel eased cel| content f?rmot th SO|AJ le cell material or after

i t

conversi on of RRAECHAE U of frEEniPdPe8kPyaRd 2. A conposition according to
claim 1, wherefif) t heorienpgd separfeMRNAHRSE 5aibdn@alsbtides;

wherein the process solid material originating from the microbial cells is removed
either prior to separating the RNA present in the released cell content form other

soluble cell material or after conversion of RNA into 5'-ribonucleotides.

2. A composition according to claim 1, wherein the composition comprises at least
65% or at least 75% w/w (based on the NaCl free, dry matter weight) of 5-
ribonucleotides.

3. A composition according to claim 1 or 2, wherein the ratio of glutamate to 5-

ribonucleotides is less than 0.05 or more preferably less than 0.01 and wherein
this ratio is more than 0.001.

4, A composition according to any one of claims 1 to 3, wherein the composition
comprises 0.01 to 10% w/w (based on the NaCl dry matter weight) of glutamate.

5. A composition according to anyone of claims 1 to 4, wherein the composition
comprises more 5-GMP than the sum of 5-IMP and 5-AMP.
6. A process to produce a composition containing 5'-ribonucleotides according to

any one of claims 1 to 5 which comprises:

(i) treating microbial cells enzymatically to release the cell contents comprising
RNA;

(i) separating the RNA present in the released cell contents from other soluble
cell material wherein the separation of the RNA from the other soluble cell
material is carried out by ultrafiltration using an ultrafiltration filter with a

molecular cut-off of from 10 to 50 kD; and



65% or at |east 75% w w (based on the NaCl free, dry matter weight) of 5'-
ri bonucl eotides. 3. A conposition according to claim1l or 2, wherein the
ratio of glutamate to 5 - ribonucleotides is less than 0.05 or nore
preferably | ess than 0.01 and wherein this ratio is nore than 0.001. 4. A
conposition according to any one of cl 3|7ms 1 to 3, wherein the conposition
conprises 0.01 to 10% w w (based on the'NaCl dry nmatter wei ght) of
glutamate. 5. A conposition according to anyone of clains 1 to 4, wherein

the conposi ti on e&mmng?ﬁeg@ya?atéd R@(Pntb%afb&nnae&wesof 5'-1MP and 5'-AWP. 6.

A process to produce a osition containing 5 -ribonucleotides according
to ‘any one of WesgiRsolid mgtesialpriginating frem the sicrobip! ¢qlls is fempvad efteasipapr cel | s

enzymatically tyg séS‘ér@Wh&fP@dNSﬂeEerﬁ%&ﬁ%l%aé‘eQi@il'c%ht@gt folfNBthet bbl&lblé‘ééﬂir ating
the RNA present in the Teleased cell contents from ot her sol uble

materi al wher ei"Raterd os afieircenveraioprf RNA iIMRK-fibasweleplidest her sol ubl e ceI I

material i3 carg pRedesidccBiting to'chirh 6t \Fvﬁérlefhﬂhélﬁét% e%ByrHésI 6ﬁﬁé Hldr@élél(b@llsf ilter
with a nmolecular cut-off of from 10 t i) converting the

separ at ed RNA |‘H?6‘%t"’qt‘?%?ﬂﬂjéq E%qtﬁnﬂé@e mWﬂ?ﬂaéF?i'%%ﬁ'%?st‘?éf‘%f;?'b‘fonﬁnﬁg| nati ng

fromthe ngcrobA glocesd ddtotding BIERNR S Ri7t WREreth@Enzyhi® RS GbatBe £418 iFRNA
present in the rel eased cell content formother soluble cell naterial or

after conversi dHOBESRNA into 5' -ribonucl eotides. 7. A process according to

claim6, whereim ﬁrb@seaédcwmnegwwraa@ &e bheldimsrohs a8, whéreh sardeniatai@t i vat ed
prior to treati n@ t he

o rel ease the cell
process accordi¥ Inagng. | ey '@m'cf?b'abﬁ%l elSnreneyed Rrighdo lf?@ﬁra? Z?tNA[ he
cells is prot egssent &-thér@é%ﬂ%&ll&@ﬂ@ﬂ%ﬁ@th@s@%lm nedtertd). ai ms 6 to 8,

uher 10 S0l 0 TRk ol ol S SRR, BeChO, el S b RIS o e
sol ubl e cel | medeatrif@datiod O filatphocess according to claim9, wherein the solid
material i 1g 1.r e@\éreodcesy accorcp ﬁgr {of éjr%ac;r{eoor} cPalm; blto 18t t?ereln the separation of the

RNA from the other soluble cell material is carried out by using an ultrafiltration

filter with a molecular weight cut-off of from 20 to 50 kD.

12. A process according to any one of claims 6 to 11, wherein the separated RNA is
enzymatically converted into 5'-ribonucleotides, preferably by 5-Fdase or by 5-
Fdase and deaminase.

13. A process according to any one of claims 6 to 12, wherein the 5'-ribonucleotides
are further purified by the removal of compounds having a higher molecular
weight than the 5'-ribonucleotides.

14. A process according to claim 13, wherein the removal of compounds having a
higher molecular weight than the 5'-ribonucleotides is carried out by ultrafiltration.

15. Use of the composition according to ahy one of claims 1 to 5 in food or feed.

16. Use of the composition according to any one of claims 1 to 5 to improve the fat
note in the taste and/or in the aroma and/or in the mouthfeel of a food with a
reduced or low total fat.

17. Use of the composition according to any one of claims 1 to 5 to mask the
aftertaste of an artificial sweetener in food.

18. Use of the composition according to'any one of claims 1 to 5 to improve the
specific vegetable note and/or fruity note and/or alcoholic note in the taste and/or

aroma and/or mouthfeel of a beverage.



11. A process according to any one of clains 6 to 10, wherein the separation
of the RNA fromthe other soluble cell material is carried out by using an
ultrafiltration filter with a nolecular weight cut-off of from20 to 50 kD.
12. A process according to any one of clainms 6 to 11, wherein the separated
RNA is enzymatically converted into 5'-r|bonucleot|des preferably by

5' -Fdase or by 5'- Fdase and deam nase!®13. A process according to any one
of clains 6 to 12, wherein the 5'-r|bonucleot|des are further purified by

t he renovaly of cam% r

5'-ri bonucl eot | d(g Eﬂﬁ &@Er{ﬂgc SS ag%d?f%élﬁgqc% rﬁﬁ%é%v%wel m !t;'%g r emoval
of conpounds have¢aiding to anygh-@rofmair@s:mcaM wei ght than the 5'-ribonucl eoti des
IS carri e% 00Ut ¥ df" técﬁ‘ﬁéiolsﬁlﬁﬁta'ced}dmg Jtéaa;“%ﬁe of clhitR ‘P&TEQ:?WQ' Bpragrohdi ng to
any one of clains . Use of the conposition
according to amyasiﬁétr%ﬁtcemanmirtben@lequdesmr ove the fat note in the taste
and/or in the aroma and/or in the nouthfeel of a food with a reduced or |ow
total fat. 17. Use of the conposition according to any one of clains 1 to 5
to mask the aftertaste of an artificial sweetener in food. 18. Use of the
conposition according to any one of clains 1 to 5 to inprove the specific
veget abl e note and/or fruity note and/or alcoholic note in the taste and/or
aronma and/ or nout hfeel of a beverage. -18- 19. A conposition according to
any one of clainms 1 to 5 obtainable by a process according to any one of
claims 7 to 14. 20. Use of a conposition according to any one of clains 1 to
5 or 19 to prepare a yeast extract conprising 5 -ribonucleotides.



