PROCBESS FOR THE PRODUCTI ON OF COVPCOSI TI ONS CONTAI NI NG RI BONUCLEOTI DES  AND
THEI R USE AS FLAVOURI NG AGENTS Field of the invention The present invention
relates to a process to produce a conposition containing

5'-ribonucl eotides. The invention further relates to a conpositions
containing 5 - 10 ribonucleotides and to the use of sai-d conpositions in
food or feed. Background of the inventi-on Autolytic yeast extracts are
concentrates of the soluble materials obtained from is yeast after

di sruption of the cells and digestion (lysis) of the polyneric yeast
material. The active yeast enzynes released in the nmedium after cel

di sruption contribute to the 1lysis. These types of yeast extract are rich
in amno. acids and generally do not conprise 5'-ribonucleotides because
during the autolytic process the native RNA is deconposed or nodified In a
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mat eri al s obtained from yeast after di sruption of the cells, digestion

(lysis) and addition of protea¥addadntHeohvesidnd dases and especial ly
nucl eases to the yeast suspension during 25 Tysis. The native yeast enzynes

are inactivated prior to the lysis. During this process, 5'-
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5' -inosi ne nono phosphate (5 -1 MP). The so hydrol ytic yeast extracts

obtai ned by this nethod are therefore rich in 5 -ribonucleotides,
especially rich in 5 -GW an k d extracts are also rich in
nono sodium glutamate (MSG. 5 -IMP, 5 -GW and MSG are known for their
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extracti O'rg]‘, g?ﬁﬂyﬁlgo%}ggeb E%lfﬁee‘iﬂﬂ e autolytic pr%cess the native RNA is decomposed

or modified in a form which is not degradable into 5'-ribonucleotides. They are used in -
20 the fqod indu_stry as basic tasta providers. The amino acids present in the yeast extract
add a bouillon-type brothy taste to the food. ’
Hydrolytic yeast extracts, on the other hand, are concentrates of the soluble
-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
25 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-uraci{ mono
phosphate; 5-UMP), cytosine (5'-cytosine monq_phosphate; 5-CMP) and adenine (5'-
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 |
3o hydrolytic yeast extracts obtained by this method are therefore rich in S™-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
properties. They are capable of enhancing the savoury and -delicious taste in certain
types of food. This phenomenoh is described as ‘mouthfeel’ or umami.




5 A disadvantage of this type of taste enhancing hydrolytic yeast extracts
Is that, due to the presence of am no acids and short peptides and of

ot hers yeast conponents, they are not very suitable for applications which
require cleanliness of taste. US Patent No. 4,303,680 describes the
production of a yeast extract containinpg 5'-ribonucleotides using an

autol ytic process under conditions at “which the intracellular 10 RNA is
only partially deconposed and remai ns bound to the autolysed cells. The
protein content of the cells is hydrolysed in oligopeptides and am no
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An object of the present invention is to provide a process for the production of a

20 composition containing 5'-ribonuclectides which is based on autolysis of a

. microorganism wherein the composition obtained comprises at least 15% wiw of 5™

ribonucleotides and wherein said composition is clean in taste. The process is very

simple and cost-effective and therefore commercially very attractive. Another object of

the present invention is to provide compositions containing 5'-ribonuclectides with the

25 above-‘mentioned. characteristics and comprising an amount of &'-ribonucleotides, based

on sodium chloride free dry matter of the composition, of at least 15% wiw and less than

55% wiw. A further object of the present invention is to provide the use of the
compositions of the inventions in food, beverages and feed. o

30 Detailed description of the invention

In a first aspect the present invention provides a process fo produce a
composition containing 5™-ribonuclectides comprising:




RNA- contai ning cell wall fraction; c) converting the RNA in the recovered
RNA-containing cell wall fraction into 5'-ribonucleotides. Wth the term
"5'-ribonucleotides” it is herewith intended a m xture of 5 -Gw, 5 - 10
Cw, S -UWP and further 5 -AWP' ahd/or 5 -1MP, wherein said '5 =AVMP nmay be
either partially or conpletely converted into 5 -1 MP. The term
"5'-ribonucl eotide(s)" enconpasses thefree 5 -ribonucleotide as well as a
salt thereof. In the context of the present invention autolysis of a

m croorganismis defined as 15 a process wherein degradation of the

m crobial cells and of the polyneric mcrobial material is at |east

partially effect aetl e matlye. m bR )i . eas Ln the
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mi croor gani sms ar e 3¥ed@ed WP thesel welhBadieni us of being food- grade and t hat
can be safely app)isgjecing erdadtolysdie iR RolidiRRUERpAAHon BAG réédvaling thd UNgal
strains with a hi gIF'B%P)S[A ctoLnIent"'&ii ..WMth an RNA content of typically
6- 159 enable the p GRS 6P 6!1%355'?'?4 ons with a high anount of 5'-
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that also 25 bacterdal ok bipgal strains with a relatively | ow RNA content

can be used. These strains canh be advantageously used for the preparation
of conpositi ondtle HettamniFrgbenusiegtidas” &is- hargwirinksinded jaduixitionofdiHGMMP5- woul d
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of preferred m croorganisns include filanmentous fungi such as 30

Tri choder‘??é“%ly05\5?5@?‘8'19{VI°8§‘,’€"5§’H 19834Fs such as Saccharomyces, Kl uyveronyces

and Candi da. THertainn -Hisdrariotidh($)Derdompgsses $heIree BaniuneIestidel d% wairdd cul ar

bel ongi ng, %é?tth@l%o speci es Saccharonmyces cerevisiae are nost preferred.

Exanpl es of suitable bacterial mcroorganisns are |lactic acid bacteri a,

e.g. Lact obadn thegoniextof tie grasenticentpmawelysis eia inticrobrgapismde defirel] ashe

| nveRt i ony BRY%eBE WRERRALSS alMioR Y R IniabbiS ée%’%m 8t W pBIAGES RudtByn 1 n the
art. The m crobial biomass nay be concentrated prior Po Its usein the
present phefeddlds atigastaesinly effejed Bineqtive naliei rirrelial enzymes released in the
medium after (partially) damaging and/or disrupting the microbial cell wall.
Any microorganism can be used as natural source of RNA in the process of the
invention. Bacterial and fungal microorganisms are preferred, such as those which are
20 suitable for food and fesd applications. Preferred microorganisms are those that have
the status of beihg food-grade and that can be safely applied in food for humaﬁ
consumption. Bacterial or fungal strains with a high RNA content (i.e. with an RNA
content of typically 6-15%) enable the production of compositions with a high amount of 5'-
ribonuclectides. However an advantage of the process of the invention is that also
25 bacterial or fungal strains with a relatively low RNA content can be used. These strains
can be advantageously used for the preparation of compositions containing a higher 5'-
ribonucleotide content than would be expected on basis of the RNA content of the
starting strain. — _
Examples of preferred microorganisms include filamentous fungi such as
30 Trichoderma or Aspergillus, and yeasts such as Saccharomyces, Kiluyveromyces and
Candida. Sirains belonging to the genus Saccharomyces, in particular belonging to the
species Saccharomyces cerevisiag are most preferred.
Examples of suitable bacterial microorganisms are lactic acid bacteria, e.g.
Lactobacillus.




filtration. For exanple, creamyeast (baker's yeast which has been
concentrated to 15 5 27% w w) may be used. Optionally fernentation broths
conprising Brewer's yeast or residue yeast derived from breweries (spent
Brewer's yeast) may be used. The present invention provides a process which
Is especially suitable for large scale production of conpositions
containing 5 -ribonucl eotides. Large Stale nmeans that fernentation is
perfornmed in fernentors of nore than 10 nB. The autolytic process is
“initiated by danaglng and/or partially disrupting the mcrobial cel

wal I's. This way the cells are partially opened and at |east some of the
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Chemical treatments include the use of salis, alkali and/or one or more
20 surfactants or detergents. Chemical treatments are less preferred because they may
lead to partial degradation of RNA especially when alkali is used, with consequent
formation of 2'-ribonuclectides and 3'-ribonuclectides.
Preferably damaging and/or partially distrupting the microbial cell wall is done
enzymatically because a betier conirol of the process can thereby be achieved and
25 because this method is especially suitable to be used at large scale. Several enzyme
preparations can be used like cellulases, glucanases, hemicellulases, chitinases,
proteases and/or peclinases. Preferably protease is used, more preferably
endoprotease is used. The conditions. used to initiate the autolytic process are
dependent on the type of enzyme used and can be easily determined by those skilled in
30 the art. Generally the conditions used to enzymatically damage and/or disrupt the
microbial cell wall will correspond to those applied during the autolysis of the
microorganism.
The autolysis of the microorganism is at least partlally effected by active native
microbial enzymes released in solution after (partially) damaging and/or disrupting the




.damage and/or to disrupt the mcrobial cell wall may contribute to the
degradation of the mcrobial cells and of polyneric mcrobial material. In
the process of the invention the conditions used in the autolytic process
are 5 such that a substantial part of the RNA remains in a form degradable
into 5 - ribonucleotides. In this context, wth "substantial part of the
RNA" is nmeant preferably at |east 50% nore preferably at |east 60% nost
preferably at |east 70% Thus, the RNA does not need to remain fully
intact during the autolytic process, but at |east a substantial part of
the RNA should remain in a formdegradable into 5'-ribonucleotides. io
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hydr Ol yS| s of lrm processw‘? tl'cnlehmv ﬁ:ﬁone{ﬁé g edm%ns used in the autolytic process are
such that during the autolysis a substantial part of the RNA remains associated with the
cell wall fraction, t.e. remains inside the damaged cells and/or bound to the cell Walls or
fragments thereof. In this context, with “substantial part of the RNA" is meant preferably
at lsast 20%, more preferably at least 30%, most preferably at least 40%. Generally up
25 to 80% of the RNA may remain associated with the celi wall fraction.

The percentage of RNA, which remains in a form degradable into 5-
ribonuclectides during the autolytic process is defined as the ratio (x 100) between a)
the weight percentage of 5-GMP (calculated as the disodium heptahydrate thereof and
based on sodium chloride free dry matter) measured in the autolysate after inactivation

30 of the enzymes participating in the autolysis and conversion of RNA into 5-
ribonucleotides, and b) the weight percentage of GMP (calculated as the disodium
heptahydrate thereof and based on sodium chioride free dry matter) measured in the
starting material after complete alkaline hydrolysis of RNA. The weight percentage of
GMP (calculated as the disodium heptahydrate thereof and based on sodium chioride




GWP (cal cul ated as the di sodi um heptahydrate thereof and based on sodi um
chloride -s- free dry matter) neasured in the starting material after

al kal i ne hydrolysis can be determ ned fromthe correspondi ng wei ght
percentage of free GW (based on sodium chloride free dry matter) by
multiplying the latter with a factor 1,47. The nethod to determne the
anount of 5'-GW in the autol ysate and of GW after basic hydrolysis is 5
described in exanple 1. The nethod used to determ ne the anount of 5'-GW
can also be used to determ ne the ampbunt of 5 -IMP, 5 -AWMP, 5'-CWP and
S'-UWP if necessary wth some nodifications well wthin the know edge of
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20 subsequently determining the effect of such process parameter(s) on the amount of
RNA which remains in a form degradable into 5-ribonucleotides andlor.whic’:h remains
associated with the cell wali fraction. -
in particular the first phase of autolysis is performed at a particular pH range
combined with a particular temperature.
25 For instance, the conditions applied in the autolysis of Saccharomybes cerevisiae
to ensure that a substantial 'part of the RNA remains in a form degradable into 5'-
ribonucleotides and that a substantial part of the RNA remains associated with the cell
wall fraction are such that the pH in the first phase of the autolysis is between 4.5-2
and/or the temperature is between 50-85°C. Preferably the first 8 hours of the autolysis,
30 more preferably the first 4 hours of the autolysis, are performed at a pH of 4.5-5.5 and at
a temperature of §7-65°C, or at a pH 5.5-9 and a temperature of 50-65°C.
The conditions to be kept after the first phase of the autolysis are less critical.
After the first phase the pH is generally kept between 4 and 10 and the temperature is




.The conditions to be kept after the first phase of the autolysis are |ess
critical. After the first phase the pHis generally kept between 4 and 10
and the tenperature is -7- generally kept between 40C and 70C. In general
the duration of the autolytic process including the first phase is at nost
24 hours. The present invention may enconpass as well a process wherein in
step a) a mcroorganismis subjectedo hydrol ysi s under conditions at

whi ch a substantial part of s the RNA renmains in a formdegradable Into
5'-ribonucl eoti des and at which a substantial part of the RNA remains
associated with the cell wall fraction. In the context of the present
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and/ or i nagt Wﬂlﬁ?rb&l%nohmhﬁhnﬁlhﬁm&aé %u@éigr‘nt%‘i phh%%‘?&ﬁ?&eérﬁ@éﬂ@ |r98“5’-f under
conditions at which a substanti al In . a

o htinp! Soonielpeicas and BOIDE B sYbUamial PaF Seraata Wi She sl Wl K200 ¢ he
RNA renai savsd asl&ﬂélalledbmpmédﬂs t(ae. @ﬁjtémsrvabérbbmwates;netcétamqtWhatdeanmﬂf t he

enzyies V\@é(blﬂn Eorﬁlélseggnsofup rre Elt?re\%ﬁhgé Y b%rtu&ialpc%ﬂ \ngﬁs %gnp%tso he at ment or

preferably I hac va ‘ed, a
subst anti al pa‘?iftthﬁl‘\d ok trR Nt digeiregsss nnd Hrior i %tég rbéa,dh% ichethicals ed for

"1 bonucl egirhaiffy o B RshuoRhD BicAict bl Wald ahiyer R eripiHRk Hion

associated wth the fraction, nzynes can be’ i nactivated by
heat treaPRemet in 6‘?9 ?WQW%E@CW Shﬁ’é@tmﬁ&-@% bF‘n e o5 inachiveted: to 1
hour at aTheBRghREWitcH toaRpafth tite AGiblysispae B rRitied efiebbigl Byzyhiratanyy from

30 m nut egptliogalljy Qr%y rad%ted ae)}oggﬁjo%rs aé#zry%ef "Ry 6t§cln§t%te75{ge autolytic process.
Neutralisation and/or inactivation of the chemicals and/or the enzymes should occur
under conditions at which a substantial part of the RNA remains in a form degradable
into 5-tibonucleotides and wherein a substantial part of the RNA remains associated
with the cell wall fraction. Inactivation of the enzymes which took part in the autolysis

25 can be done by pH freatment or preferably by a heat treatment whereby the enzymes
are inactivated, a substantial part of the RNA remains in a form degradable into 5'-
ribonucleotides and wherein a substantial part of the RNA remains associated with the
cell wall fraction. The enzymes can be inactivated by heat treatment, for instance by
heating the mixture from 5 minutes to 1 hour at a femperature from 65°C to 95°C, more

30 preferably by heafing from 30 minutes to 1 hour at a temperature from 65°C to 75°C,
wherein typically a shorter reaction time may be used at higher reaction temperatures.
For example, heating the mixture for 1 hour at 65°C, or for 30 minutes at 75°C may be
sufficient to inactivate the enzymes whereby a substantial part of the RNA remains in a




‘wherein typically a shorter reaction tinme may be used at higher reaction
tenperatures. For exanple, heating the m xture for 1 hour at 65C, or for
30 mnutes at 75C may be sufficient to inactivate the enzynmes whereby a
substantial part of the RNA remains in a -8- formdegradable into
5'-ribonucl eoti des and wherein a substantial part of the RNA remains
associated with the cell wall fractiofl. In step b) of the process of the
i nvention the autolysate is subjected to solid/liquid separation and the
RNA-containing cell wall fraction is recovered. 5 The RNA-containing cel

wal I fraction is preferably recovered by conmon solid- |iquid separation
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20 separation can influence, among other factors, the amount of 5'-ribonucleotides
cbtained in the compositions of the invention.

The RNA in the recovered fraction is converted into §'-ribonucleotides. This is
done by enzymafically treating the RNA-containing cell wall fraction, optionally mixed
with RNA derived from the microbial soluble fraction obtained by UF.

25 B'.phosphodiesterase (§-Fdase) is preferably used to convert RNA into 5'-
ribonucleotides. 5'-phosphodiesterase can be obtained from a microbial or a 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).

Optionaily, 5'-AMP is converied fo 5-IMP by a deaminase, for example adenyl

30 deaminase. An example of a commercially available deaminase is Deaminase 500
produced by Amano (Japan).

Treatment of RNA by 5'-Fdase and deaminase can be performed in a two-step
or in a single step process.




-30 deam nase. An exanple of a commercially avail abl e deam nase i s Deam nase
500 produced by Amano (Japan). Treatnent of RNA by 5'-Fdase and deam nase
can be perfornmed in a two-step or in a single step process. fi -9- After
conversion of the RNA into 5 -ribonucleotides the fraction containing 5

ri bonucl eotides preferably is separated fromthe cell wall fraction. Said
separation may be achieved by centriﬁhgation or filtration or by any other
nmet hod suitable to achieve solid/liquid separation. 5 In an enbodi nent,
the fraction containing 5 -ribonucleotides is purified from conponents
havi ng a hi gher nol ecul ar wei ght than the 5 -ribonucl eoti des by
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has several apmkipréddn®Meentidn provides a process which is especially useful for large-
scale separation of RNA and which allows the production of compositions containing 5'-
ribonuciectides on a commercially attractive and large scale for use in food and feed
20 applications. The present invention provides a process, which results in a good purity of
the composition containing 5'-ribonuclectides and rather low losses.
In a second aspect, the present invention provides a composition containing 5'-
ribonucleotides, obtainable by the process of the first aspect, comprising an amount of
ribonuclectides, based on sodium chlotide free dry matter of the composition, of at
25 least 16% wiw and less than 55% wiw, preferably of at least 30% wiw and less than
55% wfw, more preferably of at least 40% w/w and less than 55% wiw. This composition
has a high 5-ribonucleotide content, is clean in taste and has several appllcattons in
food or feed.
The amount of 5-ribonuclectide such as 5-GMP, 5-AMP and 5-IMP in the
30 composition of the invention is given as weight percentage (%w/w) that is based on-
sodium chloride free dry matter of the composition. The weight percentage of 5- -
ribonucleotide is calculated based on the disodium salt heptahydrate thereof unless
otherwise specified. Sodium .chloride free does not mean that the composition of the
invention cannot contain sodium chloride, but means that for the calculation of the




food-or feed. The anmount of 5'-ribonucl eotide such as 5 -Gw, 5 -AMP and
5 -IMP in the so conposition of the invention is given as wei ght
percentage (% w) that is based on sodiumchloride free dry matter of the
conposition. The wei ght percentage of 5 - - ribonucleotide is cal cul ated
based on the disodium salt heptahydrate thereof unless otherw se
specified. Sodium.chloride free does-fbt nean that the conposition of the
i nvention cannot contain sodiumchloride, but neans that for the

cal cul ation of the -10- weight percentage the weight of sodiumchloride is
excluded fromthe conmposition. The neasurenent of sodiumchloride in the
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conposi tion. 20 Rosiamof dre rentionreienRly: REPESep ciytamate. Whemin dhe as
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preferably from 0.1 to 2% w/w of giutamate based on sodium chioride free dry matter of
the composition.
20 The amount of glutamate in the composition is given as weight percentage
(Y%owiw) of free glutamic acid and is based on sodium chloride free dry matter of the
composition.
The composition of the second aspect of the invention. generally comprises less
than 10% wiw sodium chioride based on dry matter of the composition, preferably at
25 most 5% wiw, more preferably at most 2% wiw, even more preferably at most 1% wiw.
The composition containing 5'-ribonucleotides according to the invention, has a
high 5'-ribonucleotide content, is clean In taste and has several applications in food or
feed. 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
30 taste and/or note typical of the microorganism from which the composition is obtained,
or any brothy, bouilion-like taste and/or note coming from the composition is minimal or
absent in said food or feed. Preferably any parlicular taste and/or smell andfor note
typical of the microorganism is minimat or absent in the composition of the invention. For
example, the composition may not have a "yeast" taste or smell in cases where




*The conposition containing 5 -ribonucl eotides according to the invention,
has a high 5 -ribonucleotide content, is clean in taste and has several
applications in food or feed. Throughout this specification the wording
"clean in taste" neans that when the conposition of the invention is added
to food or feed in proper amounts, any TDarticul ar so taste and/or note
typical of the m croorgani smfrom whi cH-t he conposition is obtained, or
any brothy, bouillon-like taste and/or note comng fromthe conposition is
mnimal or absent In said food or feed. Preferably any particul ar taste
and/or snell and/or note typical of the mcroorganismis mninmal or absent
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with a fat replacer. Said processes and said fat replacers are known in the art. Fat in the

Fat

context of the present invention means “total fat”, i.e. fat containing both saturated and
unsaturated fatty acids. The terms “reduced fat’ and “low fat” are food labels commonly
used in nufrition language. They are also defined by the Food Drug Administration in the

25 US Code of Federal Regulation, Title 21, Vol. 2, Part 101 “Food labelling”, Sec.
101.62(b) (revised as of April 1, 2002} (abbreviated as 21 CFR 101.62(b)).

A clear disadvantage of food with reduced fat or with low fat is that this type of
food lacks the richness of flavour of the corresﬁonding full-fat food. This disadvantage
can be overcome by using the composition of the second aspect of the invention to

30 improve the fat note in the taste and/or in the aroma and/ar in the mouthfeel of food with
reduced fat or low fat. The latter means that said food with a reduced fat or low fat
comprising the composition has taste and/or aroma and/or mouthfeel that has more
resemblance with the taste and/or aroma and/or mouthfeel of the. corresponding full-fat
food as compared with the reduced fat food or low fat food as such.




-used in nutrition | anguage. They are al so defined by the Food Drug

Adm nistration in the 25 US Code of Federal Regulation, Title 21, Vol. 2,
Part 101 "Food | abelling", sec. 101.62(b) (revised as of April 1, 2002)
(abbreviated as 21 CFR 101.62(b)). A clear disadvantage of food with
reduced fat or with low fat is that this type of food |acks the richness
of flavour of the corresponding full -fldt food. This di sadvant age can be
overcome by using the conposition of the second aspect of the invention to
so inprove the fat note in the taste and/or in the aroma and/or in the
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above-mentioned applications will depend on the type of food and on the application.
The amount of 5'-ribonuclectide composition can vary for example between 0.0001%
w/w and 10% w/w in respect of the food or beverage.
The invention will now be illustrated by some examples which however do not
25 intend to be limiting.

Example 1

Preparation of a composition comprising 5'-ribonucleotides using an autolytic

30 process

2 | of cream Veast from Saccharomyces cerevisiae was warmed up to 60 °C.
Subsequently 0.4 ml Pescalase {commercially available serine protease from DSM N.V.,




The amount of 5'-ribonucl eotide conposition can vary for exanpl e between
0.0001% ww and 10% wW w in respect of the food or beverage. The invention
will now be illustrated by some exanples which however do not 25 intend to
be limting. Exanple 1 Preparation of a conposition conprising

5'-ribonucl eotides using an autolytic, 30 process 2 | of creamyeast from
Sacchar onyces cerevi si ae was war ned J63To 60 'C. Subsequently 0.4 n

Pescal ase (conmercially avail able serine protease fromDSM N. V., -13- The
Net her |l ands) was added and the m xture was incubated for 4 hours at pH 6.0
and 60 C. The conditions were adjusted to pH 5.1 and 51.5 C and a
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convert e Q. 3PS G| dfited(frort the'Hibsis of RNA) was quantified by
means of HPLC, using 5-GMP as a standard, using a Whatman Partisil 10-SAX
column, a phosphate buffer at pH 3.35 as eluent and UV detection. The weight
20 percentage of RNA content based on sodium chioride free dry matter corresponds to ~4
times the weight percentage of free GMP based on sodium chloride free dry matter.

Some samples were aiso incubated with 5'-Fdase in order to establish whether
the RNA preseht in the samples could be converted into 5'-ribonucleotides (i.e. whether
the RNA was in a form degradable into 5'-ribonucleotides by e.g. 5'-Fdase) and some of

25 these samples were also treated with deaminase to convert the 5-AMP into 5-IMP. The
amount of 5-GMP, 5-AMP and 5-IMP in the samples {expressed as weight percentage
of the disodium heptahydrate thereof based on sodium chloride free dry matter) were
subsequently determined by means of HPLC according to the following method. 5'-
GMP, 5-AMP and 5'-IMP in yeast exfracts were quantified by HPLC using a Whatman

30 Partisil 10-SAX column, a phosphate buffer pH 3.35 as eluent and UV detection.
Concentrations were calculated on basis of 5-GMP, 5-IMP and 5-AMP standards.
Sodium chloride was determined by measuring the chloride ions in the sample with a
Jenway chioride meter PCLM 3 (Jénway, Essex, England) and calculating the
corresponding amount of sodium chloride.




*the RNA was in a formdegradable into 5 -ribonucl eotides by e.g. 5 -Fdase)
- and sonme of 25 these sanples were also treated with deam nase to convert
the 5-AWP into 5 -1 MP. The anobunt of 5 -GW, 5 -AW and 5 -1MP in the
sanpl es (expressed as wei ght percentage of the disodi um heptahydrate
t her eof based on sodium chloride free %yy matter) were subsequently
determ ned by neans of HPLC according 't"0 the followi ng nethod. 5 - QGW,
5'-AWP and 5' -1 MP in yeast extracts were quantified by HPLC using a Wat man
so Partisil 10-SAX columm, a phosphate buffer pH 3.35 as eluent and U/
detection. Concentrations were calcul ated on basis of 5 -Gw, 5 -1M and
5' - AMP st andar [ 3 | : ] measuring the chloride
ions in the Sé%%fgnmf?ﬁﬁgkﬁ?%ﬁ&g§8%ﬁ$§?Pﬁ%@ﬁg?gﬁgggﬁwl3 (Jenway, Essex,
Engl and) and cal cul ating the correspondi ng anmount of sodium chl ori de.
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3 %,RNA in the sample in respect of RNA content in the cream yeast
“ %RNA in the sample which Is in a form degradable into &-ribonuclectides by 5'-Fdase
& After heating at 65°C
¥ Adter first centrifugation
7 After Fdase & deaminase treatment and second centrifugation
® The dry matter comprises less than 1% wi/w sodium chioride

er Fdase
Conpri ses

10

15
The composition containing 5'-ribonucleotides obtained with the process of the
invention in this example comprises approximately 50% w/w of 5'-ribonucleotides.
The results obtained in the above described example lead to the following
conclusions:

20 .

The results show clearly that nearly all RNA present in the cream yeast
remained, during the autolysis process, in a form dégradable by §-Fdase info 5'-
ribonucleotides.

A substantial part of the RNA remained associated with the cell wall fraction of
the autolysed yeast.

25 An enriched RNA fraction was obtained by removal of the soluble fraction.

The main part of the RNA in the enriched fraction was hydrolysed into 5-
ribonuclectides, These 5-ribonuclectides were easily separated from the
insoluble cell wall fraction by centrifugation or any other suitable solid/liquid
separation.

o . This process allows production of compositions, which are relatively high in 5'-

ribonucleotides, in particular In 5-GMP and 5-IMP, when compared to some




*The tonposition containing 5 -ribonucl eotides obtained with the process of
the { invention in this exanple conprises approximtely 50% w w of
5'-ribonucl eotides. The results obtained in the above descri bed exanpl e
lead to the following conclusions: 20 The results show clearly that
nearly all RNA present in the creamyeast renained, during the autolysis
process, in a formdegradable by 5 -Fdase into 5 - ribonucl eotides. A
substantial part of the RNA remai ned associated with the cell wall fraction
of the autolysed yeast. 26 An enriched RNA fraction was obtai ned by
renmoval of the soluble fraction. The main part of the RNA in the enriched
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normal 5'- ribonucl eoti contal ning yeast extracts, which also contain an
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know edge of those skilled in the art. Exanple 2 15 Denonstration of the

contribution of native yeast enzyrﬁg%mglrgéng the autolytic process A 2
liter portion of creamyeast from onyces cerevisiae was heat treated

for 10 mnutes at 95C to inactivate all native yeast enzymes (control
POr 44 0N) pRRfdnstration of the contribution of native yeast enzymes during the autolytic

process

A 2 liter portion of cream yeast from Saccharomyces cerevisiae was heat treated
for 10 minutes at 95°C to inactivate all nafive yeast enzymes (control portion) and a
20 _second portion was used as such in the following extraction process. .
Both portions of 2 | of cream yeast from Saccharomyces cerevisiae were rapidly
heated to 60°C. 0.4 ml Pescalase (commercially available serine protease from DSM
N.V. The Netherlands) was added to each portion and the mixtures were incubated for 4
hours at pH 6.0 and 60°C. The conditions were adjusted to pH 5.1 and 51.5°C and an
25 additional 2 m! of Pescalase was added to each reaction mixture. The mixiures were
‘incubated for 20 hours at pH 5.1, 51.5°C. Finally, both portions were heated for 1 hour
at 65°C to inactivate all enzyme activity. The exiracts (soluble fraction) of both
incubations were separated from the insoluble cell walls by means of centrifugation.
The resulting extracts were analysed to determine the solubilisation yield and the
30 degree of hydrolysis of the protein fraction. The solubilisation yield is herewi.th defined
as the ratio between the amount of extract dry matter and the amount of starting
material dry matter.
The resulté:' are listed in table 2.




. 20 second portion was used as such in the follow ng extraction process.
Both portions of 2 | of creamyeast from Saccharonyces cerevisiae were
rapidly heated to 60C. 0.4 nml Pescal ase (conmercially avail abl e serine
protease fromDSM N.V. The Netherl ands) was added to each portion and the
m xtures were incubated for 4 hours at_ pH 6.0 and 60C. The conditions were
adjusted to pH 5.1 and 51.5C and an 2518 ddi tional 2 ml of Pescal ase was
added to each reaction m xture. The m xtures were incubated for 20 hours
at pH 5.1, 51.5C. Finally, both portions were heated for 1 hour at 65C to
I nactivate all enzyme activity. The extracts (soluble fraction) of both

I ncubat i ons were separat ed fromthef uble cell walls by neans of
centrifugation. The resulting extracts were anal ysed to determ ne the
solubilisation yield and the 30 degree of hydrolysis of the protein
fraction. |Theges@babj | i S8IWN yil el SPPYsaER eni i+ definred AggntNEed &A1 O
bet ween tHe anount pf RIRERD: " qiry m@;‘ﬂsjer and (%Bhe| agpunt rafio St ask) Ng
mat eri al dry—matter—the—+estHs aretstet—ntabl-e—A—t6--Fable|2 Enzyne
Sol ubi |'i sgti aontckper i mentes TN AN* ANESTN Fr ¢e1AA | i mact]i \vad1i gn ybel d o (N
(% 00 Ratio (/o)! Control Yés 45 11 1 4/5 0 41 22 No 674 12.2 %.2 0.43-
41 TN = tiotal ynitrpgen gs determn accodL&g t O 1 jetbl_tgarl AN|= ani no
nitrogen ds deternijed according to TNBS nethod | ANNTN I'S propo?tl pnal to
the degree of protein hydrolysis Free AA= free amno acids The % of free
amng acid is %E%ﬁmtﬁﬁéﬁﬁ R R cfbee anino acid in 10 respect
to the total anWoNEbropafonaininaGrecifototgregewst, | . e. the sumof the free am no
acids and of TRAETLMPHE’ %88 ds bound into- proteins and peptides. This
percentage can be determ ned via HPLC by the TNBS ‘

(2, 4, 6-tri nit ridiech2é ieecanmioniagidaisi hidrewith Hefiheghasctinei % ofkfremnamino adinh se
skil{ped irBsddaftoPtht totdiNEndudt bl dmind M blR8EntOYe 3RO Sih M vl i85 ¥t &&4adi tions

as used in experinment 1 . . .
and of the amino acids bound into proteins and peptides. This percentage can be

determined via HPLC by the TNBS (2,4,6-trinitrobenzenesoifonic acid) method which is
known to those skilled in the art.

The results show that by applying autolysis conditions as used in experiment 1
15 and example 1, native yeast enzymes contribute in solubilising the cell content. In
particular the native yeast enzymes are active in hydrolysing the yeast protein fraction

into peptides and free amino acids. |

Example 3
20
Effect of autolysis conditions on the conversion of RNA into 5'-ribonucleotides and
on the partition of the RNA hetween the soluble fraction and the cell wall fraction

A first 200 ml portion of cream yeast from Saccharomyces cerevisiae

25 (experiment 1) was irjcubated for four hours at pH 6,0 and 60.0°C in the presence of 40
ul Pescalase (commercially available serine protease from DSM Food Specialtieé). A
second portion of 200 mil cream yeast from Saccharomyces cerevisiae (experiment 2)

was incubated for four hours at pH 5.1 and 51.5°C in the presence of 40 ul Pescalase.

Next, the conditions of both incubation mixtures were adjusted to pH 5.1 and 51.5°C and

30 an additional 0.2 ml of Pescalase was added to the reaction mixtures. The mixtures
were incubated for 20 hours at pH 5.1, 51.5°C. Subsequently, the enzymes were
Inactivated by heating the autolysates for 1 hour at 65°C, The RNA content in the




.15 and exanple 1, native yeast enzynes contribute in solubilising the cel
content. In particular the native yeast enzynes are active in hydrol ysing
the yeast protein fraction into peptides and free am no acids. Exanple 3
20 Effect of autolysis conditions on the conversion of RNA into
5'-ribonucl eotides and on the partition of the RNA between the sol uble
fraction and the cell wall fraction A-#frst 200 nl portion of cream yeast
from Saccharonyces cerevisiae 25 (experinent 1) was incubated for four
hours at pH 6.0 and 60.0C in the presence of 40 pl Pescal ase (commercially
avai | abl e serine protease from DSM Food Specialties). A second portion of
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Pescal asedesciiledtin exdmpledndi ti ons of both i ncubation m xtures were adj usted

to pH 5. 1 and ihde 3Gt featfoidfid ddsHitherincunlleatlinn s GREARE sbsAded L0
the reaction mxtures. The m xtures were Incubated for ours at pH 5.1,
51. 5C. Sulidergiserteyning [fethe iyl the mutolysatest Wamined faym iegradabletinte 5-

aut ol yy sat@pnfifléotilied Othe @bl\ﬁ&nteﬂi@va@%a[j@éﬁ 89dedchbdd B exdipledpt ol ysat es and
in the starting cream yeast was neasured by neans of HPLC as_described in

exanpl e 1. Halfedther i@ of &g feagiiphmbiyrpavasiceniiivgadde detRring B8 amaust ¢ he

enzyme 5'of[RNS&ssobiate@iatathe selldeliarattiog i f the RNA in the autol ysates was in
a form degrad

anal ysed as de l@re‘ﬁehg’taﬁ ?c‘%c%?gr‘?%@’%‘l;fﬁ%te'létﬁﬁ%?t'qmﬁ?rgd?cgﬁ?%?@g‘g%g\ﬁg% xture
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sol ubl e faeatfygsgtion offier sunemptats wige ranglysed ot rdenudpalids cjeatat @adffeom t he
cel I val lgnitasateWdh@nt. T tdndunbd dYBRAT: Adid GRBURIcHHBAS by Mhe TTRutBMRESRAL ant s
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amount  ofCUMTRETR-BteR doTdle. AelPrEPRATRTL bl SYiamE. 189, frRashit e
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The results of analysis are presented in table 3.
The RNA level in the starting material is 7.7 % w/w on sodium chioride free dry
20 matter, This amount of RNA can maximally lead to 2.8 % wiw 5-GMP (measured as
disodium heptahydrate salt) in the autolysate after 5-Fdase treatment (100 %
conversion). That means that the % of RNA degradable in 5-ribonucleotides in
experiment 1 is 78% while in experiment 2 is 21%.
The results obtained in the above-described experiments lead to the following
25 conclusions:
* RNA analysis suggests a high degree of RNA survival during autolysis in
experiment 2, However, the main part of this RNA could not be degraded into 5'-
ribonucleotides.
+ In experiment 1 the RNA in a form degradable into 5'-ribonucleotides is aimost
30 _ 80%. '
¢ In experiment 1 46% of RNA originally present in the microorganism remains
associated with the cell wall fraction. In experiment 2, this percentage was only
12 %. 7
» The ratio glutamic acid/5'tibonucleotides in experiment 1 is approximately 0.02.




known in the art, for exanple by HPLC analysis. The results of analysis are
presented in table 3. The-RNA level in the starting material is 7.7 %wWw
on sodiumchloride free dry 20 matter. This anmount of RNA can maximally
lead to 2.8 %wWw 5 -GW (neasured as di sodi um heptahydrate salt) in the
autol ysate after 5' -Fdase treatnment (100 % conversion). That neans that
the % of RNA degradable in 5 -ri bonucl-&8t i des in experinment | is 78% while
in experinent 2 is 21% The results obtained in the above-descri bed
experinments lead to the following 25 conclusions: RNA analysis suggests a
hi gh degree of RNA survival during autolysis in experinment 2. However, the
mai n part of this RNA could not be degraded into 5 - ribonucleotides. 1In
experinment | the RNA in a form degradable into 5 -ribonucl eotides is al nbost
30 80% In experinent 1 46% of RNAT@blg®nally present in the mcroorgani sm
remains associated wth the cell wall fraction. In experinent 2, this
percentage was.only 129% _ The ratipo glutam c.acid/5 -ribonucleotjdes in
experi nent | FR&i8ppr oxi @t y| WY 02. it e 3 Racy PoAMEXHGUDr y RNA d46
RNA 5'-GW @ u matter ((degr.|)msited 4 (A F) 3 (%epr.Of ¢arh yep@t)® 1] 34.4 7.7
- - - Autolysate 1 35.0(7.5 7§52.2 + Cel| sigmhil? fzﬁgtion 1 8.5 13t 9
1 Z

Supernatant (1 1. 04 - 1415 1 3 _Crea 234 Au-tolysate 2 34.8
7.1 21 0.6 {CEBMYSRAI L frhctilddd2 1p7%4 3% 12 |- - Supernatant’|2 2.50 5
1 Measured a8utiggaght percent §gé.0on kb8 um chl ori{dé fré¢é2dry pattey '... 2
YRNA i n t he[BapiEaiidn TESPECt 805 RNWTONIZTT T jChe Cream yepst . .
.| Supernatant’ 1 1.04 - - - 1145 113

Cream yeast 2 344 7.7 100 - - -

Autolysate® 2 34.8 7.1 - 21 0.6 -

Cell-wall fraction 2 10.44 31 12 - - -

Supernatant’ 2 2.50 - - - 0.8 1.6

5 ! Measured as weight percentage on sodium chloride free dry matter

2 %,RNA in the sample in respect of RNA content in the cream yeast
3 %,RNA in the sample which is in a form degradable into 5'-ribonuclectides by 5"-Fdase
* Measured as weight percentage on sodium chloride free dry matter, weight expressed
as 2Na.7H,0 (as disodium heplahydrate salf)
10 % Glutamic acid, measured as weight percentage on sodium chioride free dry matter
© After heating at 65°C
7 After Fdase & deaminase treatment of the cell wall fraction and centrifugation
® The dry matter comprises less than 1% w/w sodium chloride
** Not measured
15 :
Summarizing the above, it is concluded that conditions applied in the first phase

of the autolysis process are important in determining the amount of the RNA which

remains in a form degradable into 5'-ribonucleotides. In addition, the conditions are also

important in determining the amount of RNA which remains associated with the cell wall
20 fraction.

Example 4

Preparation of a composition comprising 5'-ribonucleotides using an autolytic

process at large scale

25
An autolytic yeast extract was produced at iarge scale by applying the conditions,
described in example 1. The amount of RNA degradable into 5'-ribonuclectides,




.3 %RNA in the sanple which is in a formdegradable into 5 -ribonucl eotides
by 5'-Fdase Measured as wei ght percentage on sodiumchloride free dry
matter, weight expressed as 2Na.71-120 (as disodi um heptahydrate salt) 10
5 Gutam c acid, neasured as wei ght percentage on sodiumchloride free dry
matter After heatl ng at 65C 7 After Fdase & deam nase treatnent of the
cell wall fraction and centrifugation -18 The dry matter conprises |ess than
1 % wW w sodium chloride Not measured 15 Summarizing the above, it is

concl uded that conditions applied in the first phase of the autolysis
process are inportant in determning the armunt of the RNA which remains

' f bl.e i dd

are al so MCHRUR] dnche ABeREn MaF 8 Sr e Ak Btse R BRomRadR R ' o
associ at _ediaﬂbnﬁ.hTh@Be_mailhihg well vall f8ctionadiitaiosd bEreniyfugatibonPwvep dnther teated a
conposi t1 ??rf?h ggﬁ%(éesé e%mlﬁéééqg%BJ]\%WRﬁﬁ%tb‘%‘-%n@lg!eaﬁgggla%ﬁh t§ colleiGhSS at

| ar ge sca east extract was I"arge scal' e by
appl yi ng tﬂiﬁ;as%rﬁiﬁl\{l%mgo 518‘éedmdbédorpd¢w@ﬁeﬁhﬂ ées_criberthen SHS0PIE ble‘Rl\ﬁ

degr agiabl @odrﬂ%l@o@desr WQFH"EE[L&%H% thel%bhdgeﬁz‘éﬂ"v%%)' By L tlh?aﬁﬁl‘éh&# Yefphea Was of

83% Wl w (neasured on sodiumchloride free dry matter). The renal |ng cell

vval | fr acteBRrangovit ?@HK%"@@HE’]PVW@@%QU&W %e HheraoRwpsifienwag Epcovares

- Fdase iange ﬁ'&ﬁf@d@%et;{énﬁ@ﬂ& %& cabééntrﬁtte@ b evigoPRHGUNES VaB@smAand to
convert the released 5 -AMP | U\,Qép gnder conditions al so described in
exampl e 1. The p@c?ﬁsoﬁﬁﬁfee%??e&@g I &eparated fromthe solids (cell
walls) by ultrafiltration using a nenbrane with 100 kDa nol ecul ar wei ght
cut-QJf, where the conposition was r.?gbqé/gred in the pernmeate. The perneate
was concentrated by evaporation under vacuum The process data are
presented in table 4. 10 Table 4 Fraction Anount Dry RNA RNA 5'-GW 5' - AP

S -IMP (KpFaBRBRTET (70 Phanbi@t4 Dhy’d 2 (KR (REIR7 O EEMET BSAMP | 5-IMP
(ka) matter | (%)' | (% of (%) (%) (%)
(ka)” original)®

Gream yeast 102600 | 16926 | 7.5 100 - - -
Celi wall fraction 41140 5924 2.8 46 - - -
Cell-wall fraction 41140 | 5924 0.5 41" 323 0.03 | 2.80
(after enz. treat.)* !
5-ribonucieofides® | 6900 1104 - 3%° 13.35 | 013 | 11.57

“* Not measured
! Measured as weight percentage on sodium chloride free dry matter =~ - <o

15 2 Measured as weight percentage onh sodium chloride free dry matter, weight expressed
as 2Na.7H;0 (as disodium heptahydrate salt)
® 9% RNA in the sample in respect of RNA content in the cream yeast
4 Cell~wall fraction afier enzyme treatiment with 5'-Fdase and deaminase

5'-ribonucleotide fraction after separation of the cell-walls via ultrafiltration and

20 concentration
® RNA= calculated as ~4 times the weight percentage on sodium chloride free dry matter
of free 5-GMP. Free §-GMP on sodium chioride free dry matter is = (5'-GMP as disodium
heptahydrate salt on sodium chloride free dry matter) 7 1.47
7 The dry matter comprises less than 1% sodium chloride

25

The resuits shown lead to the following conclusions:
= The data presented in table 4 clearly demonsirate that large-scale production of
5'-ribonucleotides through the described routs is feasible.
= 46 % of the of RNA originally present in the microorganism remained associated
30 with the cell wall fraction and could be separated from the scluble fraction by
centrifugation.



»Cream yeast 102600 16926 7.5 100 - - - Cell wall fraction 41140 5924 9.8 46
- - - Cell-wall fraction 41140 5924 0.5 41 3.23 0.03 2.80 (after enz.
treat)4 5' -ribonucl eotides 6900 1104 - 32 13.35 0.13 11.57 "2 Not neasured
1 Measured as wei ght percentage on sodiumchloride free dry matter 15 2
Measured as wei ght percentage on sodiumchloride free dry matter, weight
expressed as 2Na. 7H20 (as di sodi um hegPahydrate salt) 3 %RNA in the sanple
in respect of RNA content in the creamyeast 4 Cell-wall fraction after
enzynme treatnent with 5' -Fdase and deam nase 6 5' -ribonucl eotide fraction
after separation of the cell-walls via ultrafiltration and 20

concentratign = t qi- 4 L ' e sodi um
chloride f rge -@}%0% g!?lg&k% cf%&£§§'gm] &%gm%ﬁratggﬁggﬁé%gf %ﬁ%%@h@qﬁ%ﬂﬁﬁri de
free dry matt &-Fdase apg'de@vihags cdiuld dei repoverashirern iy aelids bt calirwalisiibym

chl ori de freedﬂ;gf{g& er) 11.47 7 The dry matter conprises less than 1 %
sodi um chl ori de 5 he results shown |lead to the follow ng concl usions:

The data pr &seht@inpasitieaistontaining &3r oy Wit i na ribgayciaatiges bagese o8 cegdium

produgtion of chioridel fRRMUH hRRGE WeSoBtBheygh the described route is feasible.
46 % of the of _RNA griginally pr nt in the m craQrgani r emai ned

associ ated "30"\ ?hcg'?"ﬁ'd @éNF}/ e %i’ﬁ:’r)detﬂqg'ntnﬁr?ﬂmBBﬂf'ﬂgﬂ S i?ﬁéﬁ%ﬁ EWof$ om t he
sol ubl e fract imdstlyaboceMb it fdrgattional nucktide ddntailihg yedsoexteicapt | de
conposition obtained after treatnent of the cell walls with 5 -Fdase and
deam nase could be recovered fromthe solids (e.g. cell walls) by

ultrafiltration. A conposition corfxampled 53 % w w of 5'-ribonucl eotides
+ based on sodium 5 chloride free dry nmatter was obtained The 5 -GW /

(5" -1'MP ' O 0S) L4 i i t Qe nostly
about O. }ﬁ%ﬁiégﬁé%%ﬁégngt%ﬁhﬂﬁgotl eé?:ltc')ia?g? i né'%;?égg% E'{g‘;’(%r g‘@tdgﬁ[é%%rrpl e 5
sweetened Coca Cola® or in regular Fanta

The effect of the addition to artificially sweetened Coca® (Coca Cola Light®Coca
15 Cola Company-Rotterdam) or to regular Fanta® (Fanta Orange®, Coca Cola Company-
Rotterdam) of a composition containing 5'-ribonucleotides according to the invention

was studied.

The composition contained 10.1% wiw of 5'-GMP, 8.7% w/w of 5-IMP, (~40%
wiw of 5'-ribonucleoctides) and 0.96% w/w of glutamic acid on salt free dry matier. The

20 sodium chloride content was < 1 % on dry matiter. A dosage of 100 mg of composition
per litre of beverage was used. ' '

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

25 beverage comprising the composition was also compared with the taste of regular Coca
Cola® (Coca Cola Company-Rotterdam).
The results are shown in Table 5 (Coca Cola Light®) and in Table 6 (Fanta®),

respectively.

30




.10 Effect of the use of conpositions containing 5 -ribonucleotides in
artificially sweetened Coca Cola(r) or in regular Fanta(r) The effect of
the addition to artificially sweetened Coca(r) (Coca Cola Light(r)-Coca 15
Col a Conpany-Rotterdam) or to regular Fanta(r) (Fanta Orange(r), Coca Col a
Conmpany- Rotterdam of a conposition containing 5 -ribonucl eotides
according to the invention was studi ed!- The conposition contai ned 10. 1%
wwof 5 -GwW, 8. 7%ww of 5 -1M, (-40% ww of 5'-ribonucleotides) and
0.96% w w of glutamic acid on salt free dry matter. The 20 sodium chloride
content was < 1 %on dry matter. A dosage of 100 ng of conposition per
litre of beverage was used. The taste q-g {) aroma of the beverages
conprising the conposition was anal yse y a panel of experts in tasting
of food (experinment I _and 2) and conpared wth the taste of the beverages
as such. | n| Experipene of |Comepasifion | |Qbgenvations abput taske/aromaf t he 25 beéver age
conpri sing [_h_e_can%as_i__t_i_dﬂl@/lhq al4o conpared with the taste of reqgular Coca
Col a(r) (Cogﬁmﬂﬂﬁl;ﬁl[glarﬂrq Rat.t er » a0l peakk PUPGeBt 4r 6 shown in Thble 5
(Coca Col a | Eemeiqalalighind 4% Tabl e |£° F'ﬁ?*ﬁbﬁﬁiya"h%%ﬂeﬂaﬁfélv 30 -2]- Table 5
Experi ment (CB#gHRstiTon Qu'¥8Pvat | orﬁlﬁb‘éﬂﬁhe‘ﬂ”‘ﬁ%‘@ﬁ pras d3COC‘i Cola 0.0

Col a, aci d, -peaky—pungent Coca—Colltl-TPre RWeRs g vees mteﬁwef B%tu,, eheni cal

after taste Experinment 1 100.0 Cola, no chem caI after taste, clean, nore
body, full, nore sweet, no yeasty not &asbletéere detected Table 6 5
Experd nent Conposition Cbservations about taste/aroma m/| Tanta 0.0

Orange peel, acid, slightly pungent Experinent 2 100.0 Oranqe fI esh
- stronger, nor ¢ Experimené, n@omposition | Observations about taste/aroma ... - .

(mgll)
Fanta® 0.0 Orange peel, acid, slightly pungent
Experiment2 | 100.0 Orange flesh, stronger, more intense, no

yeasty hotes where deiected

The results clearly show a positive effect of the compositions of the invention on

10 the taste and/or aroma and/or mouthfeet of Coca Cola iight® or Fanta®, In Coca Cola
Light® comprising the composition the aftertaste due to the presence of artificial
sweeteners (aspartame, sodium cyctamate and acesulphame) in the beverage is
masked. In the Fanta® comprising the composition the overall taste and in particular the
fruity notes therein is improved.

18 In addition, no yeasty notes where introduced in the beverage as it would
normally be the case when conventional yeast exiracls were used. This demonstrates
that the compasitions according to the invention are clean in taste and it is especially
suitable for beverage applications where the presence of a yeasty taste originating from
the yeast extract or composition is not very desirable.

20
Example 6

Effect of the use of compositions containing 5'-ribonucleotides in
processed cheese
25
The composition of example 5 was added to a low fat cheese spread
(Stimkuipje® naturel 15+, produced by ERU-Woerden-The Netherlands, comprising 5%
w/w fat, 14% wiw proteins, 4% wiw carbohydrates) in a dosage of 100 'mg per 100 g of




»yeasty notes where detected The results clearly show a positive effect of
the conpositions of the invention on 10 the taste and/or aroma and/or
nout hf eel of Coca Cola light(r) or Fanta(r). In Coca Cola Light(r)
conprising the conposition the aftertaste due to the presence of artificial
sweet eners (aspartane, sodlun1cyclanate and acesul phane) in the beverage is
masked. In the Fanta(r) conprising the2&onposition the overall taste and in
particular the fruity notes therein is inproved. 15 In addition, no yeasty
notes where introduced in the beverage as it would nornally be the case
when conventional yeast extracts were used. This denonstrates that the
conposi ti | f
capoci al | oSt o, Fe st dfpieh 4Rl o bnBbes GrERTcoroty) e 2dfnobinlyt
yeasty t aweemnergmonmas raga!vsemw 2 hanej eb@pedsin fastingaf fwmms:ommmd \sltmot very
desirabl ey, 0 GheBsLh ek o0 aQEuﬁ]ﬁm}ﬁg Al RTROBSIS (% GRBLA

5'-r|bonu eot| es in cessed cheese 25 The conposition o e 5 was
added to ﬁlllliawpr%ﬂucbﬁé!és‘@t) dpouditipig snatieli48i e produesst by é!TRl-j:Woel‘({Iﬁrb'ﬂlﬁ:ed by
ERU- Viper dﬁ@m‘éh&d&e& risﬁ@dfl% GATRE, '1%"/’J\glm5p{%teWsV‘2%%w c&fmwrmeef oteins, 4%
w w car bohydrates) 1 n a dosage 0 ng per _ cheese spread
The taste and/ &he @P@Fﬁaaréﬁh%‘ﬁ%%téb@ﬁr ead corrprl SI ng the corrp05|t|on
(experinent 1) was anal ysed by a panel of experts in tasting of food and
conpared with the taste of the cheese_s d as such (low fat) and with
the taste of the corresponding full fAig Bf}gduct (full fat) (Goudkuipje(r)
natural 48+, produced by ERU-Werden-The 5 Netherl ands, conprising 21 %w w

- fat, 12% w| Bxperinteat ns|-Cafpasitioncadiselvgiiatabe)t tastdemmesul t-s-are showni n-
table 7. Tabl e 7 Expelrmutdo o DOSItIOI’l Oosprvatmns ahout taste/droma -.
(m g/ 1100 ERulfatpsduelr d9ict 0.0 Heheggedaste, A f at

product O. )(?{%?Rprﬁqﬁ'é\es%ot ast e,

Experiment 1 100.0 Stronger cheese aroma than (2), more creamy/fatty than
{2), taste more similar to full fat product, no yeasty notes
where detected

10
The results clearly show an effect of the compositions of the invention on the
taste andfor aroma and/or mouthfeel of processed cheese with low fat. In particular 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

15 mouthfeel of the full fat spread cheese.
In addition, no yeasty notes originating from the compasition where introduced in
the food.
Exampie 7

20
Use of the 5’-ribonucieotides compositions of the invention in the

preparation of a yeast extract

The S-ribonucleotide composition obtained in example 4 was mixed with a

25 conventional autolytic yeast extract (Gistex LS® produced by DSM N.V.-The
Netherlands, comprising 65% w/w protein, 40% free amino acids based on the total

amino acid content, ~0% w/w 5'-ribonucleotides) to yield a yeast extract comprising
19.1% wiw of 5'-GMP+5'-IMP (~40% wiw 5'-ribohucleotides) on sodium chloride free dry
matter) (YE 1). The effect on the taste of several types of food products of the addition




‘Experinent 1 100.0 Stronger cheese aroma than (2), nore creany/fatty than
(2), taste nore simlar to full fat product, no yeasty notes where
detected i0 The results clearly show an effect of the conpositions of the

i nvention on the taste and/or aroma and/ or nouthfeel of processed cheese
with lowfat. In particular the taste,gnd/or the aroma and/or the

mout hf eel of the |low fat spread cheese™onprising the conposition has nore
resenbl ance with the taste and/or the aroma and/or the 5 nouthfeel of the
full fat spread cheese. In addition, no yeasty notes originating fromthe
conposition where introduced in the food. Exanple 7 20 Use of the

5" -ri bonucifeald T)%gijt SHEBORAS éd?rﬁb%réafw&me 'effé@crﬁf'tﬁénaddﬂloﬁ '8Pa oPthmBrti IEQQ of a

yeast extract -ri bonucl eoti de COI’TpOSI tion obtained in exa

m xed wi t FXHCh SORBAYEAt THRaFMRItBNHE Ofy Satlponucieplider 2nd -SMR-G(-IyP

produced KyrddSM, NKdH;me@panN%bl:i\ﬁfdu@gW%% @A dIBfiﬁfiGmD-@W%V{?N\cllv/p#?A akAy 540% free
amnoaC| a the tota m,no acgl d con N 0% wW w
-ri bonug ﬁﬁ%‘g PB{g)ﬂneﬁog'uff V@gg? ggiﬁfy%?t?%f)ﬁ%t%)si ng 19.1% w w of
5' GVR+S' -‘thE\/FP E{nd4w/02vwmr5 testédipribe falowindeg)esool feod! inudrt %hi/ardotearitraiendr y
matter) (gal;, Jr%wa@%a@%‘%%\fv%née fafAste of several types of food products
tio

of the ad n yeast extract was conpared with the effect
of the addit?orPkinmad sdlint@ dathl yeast extract conprising -the same anount

of 5'-ribonugl Q%th{éwsfﬁmqrrénb@!'pt@am&% Wéé’d@ﬂ*ﬁwgwe’é%h bidd) gfr Bk milk

conprising 21% w nd 42% w'w 5 eot | des both on
sodi um chl ori dé*"'f'”ﬁ é‘@h(fw tﬁ‘ﬁ?t @?’UPOEW Jyoteln: 30 g/ HWd“WEUQFFW 6/%08snkd in

' B hSSE/m\IA} oW ng #MPeD’ gvﬁod A Ckaloun® - 1139/ fvbo:ﬁmc\@cta?—.rrﬁéqzo ;msz .lﬁagfo? 'Ff{i‘(’\ﬂga%n' n
0 W conc 10 I e | r
" Fr amboos” (Ca% h%h ’éPBé’ﬁ “[img'“ t%é?é’gﬁ% (probiotic milk drink with
fruit taste;= c@lmﬁanp]:e%spreqm‘abta&haeseﬁvdh igw fatDfeadxamplegi)r s: 4.5 ¢g/100 m, io

I/?: amOﬂO' 97100 dyudkmgj%b fsp}"eadal%k%ghée% se%oex@rrfple é)t amn B2i 0.32 my/100 t' m,

»  Fanta Orange® (ses example 5)
15 The results are shown in Table 8.

Table 8

Food YE Chservations about tastefaroma
Application .
Skimmed milk 1 Natural milk sensation, no after taste

2 Miik notes not characteristic anymore, after taste
OptimelEs 1 Strong fruit notes, full, no after taste

2 Strong fruit notes, cardboard after taste
Slimkuipje® 1 Creamy, full, no sharp after taste

2 Sweet, astringent, sharp after taste
Goudkuipje® 1 Creamy, full, no sharp after taste

2 Astringent, sharp after taste
Fanta® 1 Strong fruit notes, full

2 Astringent
Water 1 Weak taste, clean

2 Blackcurrant after taste, wet dogs smell

In conclusion, the yeast extract prepared from the composition of the invention
20 as such (in water) has a cleaner taste and no aftertaste when compared with the
commercial yeast extract comprising the same amount of 5-ribonucleotides (Aromild®).




=B6: 0.40 ng /100 m, vitamn C 12 ng/100 m) Slinkuipje(r) (spreadable
cheese with low fat, see exanple 6) Goudkui pj e(r) (spreadabl e cheese, see
exanple 6) Fanta Orange(r) (see exanple 5) 15 The results are shown in
Tabl e 8. Table 8 Food YE (bservations about taste/aroma Application
Skimred mlk 1 Natural mlk sensation, no after taste 2 M|k notes not

characteristic anynore, after taste Op#nel 1 Strong fruit notes, full, no
aftertaste 2 Strong fruit notes, cardboard after taste Slinkuipje 1
Creany, full, no sharp aftertaste 2 Sweet, astringent, sharp after taste

Goudkui pje 1 Creany, full, no sharp after taste 2 Astringent, sharp after
taste Fan t ent, Water 1 Weak taste,
clean 2 B ggﬂlg%:&r%rcg %ﬂBHé ‘Eé;?tisgaea”er ln&g&g%@hérbﬂgy% {05 Qupral ifigypur ohthey east
extract pr©gdmiioytaging e atﬂehtpatgmheonomﬁaredmth NEen@iramild®20 as such (in
wat er) has a cl t ar & with the

comrer ci al eas’?ﬁggﬁ@@?tigrg@ﬁﬁra% Gich y@Eétaé?&rSct%‘;Fe’ﬂa e% tﬂ? |°B'5'H?J%tl'%’5t i des
(Aromi | d')3ce8rdng jo the WV@W@nf @f@cﬁtamﬁangaﬂn taste them mmmemiaeqaast éxtrattast e and
i nprowes tdenmidgahd sé&@ymuﬁnt%fs'lﬁb%nuéléaﬁgeé’“thOUt adding an after taste
when conpared with YE 2 (Aronmild'). This exanple denonstrates that yeast
extracts prepared using the conpositions according to the invention are
still cleaner in taste than comrercial yeast extracts 5 conprising the
sanme amount of 5'-ribonucl eotides. -25- CLAIMS 1. Process to produce a
conposition containing 5 -ribonucl eotides conpri sing:




"5 a) subjecting a microorganismto autolysis under conditions at which a
substantial part of the RNA remains in a formdegradable into 5'-
ri bonucl eoti des and at which a substantial part of the RNA renains
associated with the cell wall fraction; b) subjecting the autolysate to
solid/liquid separation and recovering  jhe 10 RNA-containing cell wall
fraction; c) converting the RNA in the“Tecovered RNA-containing cell wall
fraction into 5'-ribonucleotides. 2. Process according to claiml,
conprising: d) separating the fraction containing 5 -ribonucleotides from
the cell wall 15 fraction. 3. Process according to claiml or 2, wherein
autolysis in a) is initiated by damaging and/or partially disrupting the
m crobial cell walls. 4. Process according to claim 3, wherein damagi ng
and/or partially disrupting the m&—leﬂmf cell walls is perforned
enzymatical ly. 20 5. Process according to any one of claims | to 4 wherein
in a) at Iea,Ist 5 RNA r enai Qsma f orm degradabl e into
5 -ribonucl eotid §°°erf‘8rt%pmﬂ?"éﬁf LEUPSPIIQP corBIINIRyIbosisptigRs coRPEBING: at | east
70% ®. Process a)csukjédting to naworgaﬁsmf toC katolysis lurider TondMiRk eatnwhizhay at

0,
pref orabl y at | cast 05408, B 37 YF AU I G, sgeffedatioioods
according to any on@qumiebfajeﬁsaﬂd ab“ﬁ;chvxbeswstanﬁarh fayt oheheRRINA ending Ni Ng
cell wall fraction igq Eéﬂ‘é@tﬁ‘?ﬁe&‘ﬂm&@'?ﬁam}{wga“ on or filtration. 8. Process

according to any one o nin b) the autolysate is
subj ected to ult P&f?qbﬁcél'ﬁg die wHelaay ta salidliguid sspartign evthtretavering died | wal |

30 fraction and RNARnArdomgﬁ“rfgr@mipﬁaéﬂowobl al soluble fraction-is
recovered. 9. ProFess a co&]&l n%lo claim8, wherein in c) the RNAin the
recovered mxtur& e A h@rE&QV‘Fm%NA‘?W%@'?%‘FF"M fragliervisied RNA

derived fromthe rﬁmbo:hndﬁotuﬁeﬁ ubI e fraction are converted into

5'-r|bonucI§ot|dg Go 1@ any one of claim 1 to 9,
wherein in c) e%N%QECJDFOQﬁTE a%?q?/&gsér%/erted into 5 -ribonucl eoti des,
preferably by 5' dFseparaing thy frastrmmwnm]a -ihonndleniides from the cell wall
15 fraction.
3. Process according to claim 1 or 2, wherein autolysis in a) Is initiated by

damaging and/or partially disrupting the microbial cell walis,
4. Process according to claim 3, wherein damaging and/or partially disrupting
the microbial cell walls is performed enzymatically.
20 5. Process according to any one of claims 1 to 4 wherein in a) at least 50% of
the RNA remains in a form degradable into 5'-ribonucleotides, more
preferably at least 60%, most preferably at least 70%.
8. Process according to any one of claims 1 to 5, wherein in a) at least 20% of
the RNA remains associated with the cell wall fractzon preferably at least
25 30%, most preferably at least 40%.
7. Process according to any one of claims 1 to 8, wherein in b) the RNA-
containing cell wall fraction is recovered by centrifugation or fittration,
8. Process according to any one of claims 1 to 6, wherein in b) the autolysate is
subjected to ultrafiltration whereby a mixture of RNA-containing cell wall
30 fraction and RNA derived from the microbial soluble fraction is recovered.
9. Process according to claim 8, wherein in c) the RNA in the recovered mixture
of RNA-containing cell walil fraction and recovered RNA derived from the
microbial soluble fraction are converted into 5'-ribonucieotides.

10.  Process according to any one of claims 1 to 9, wherein in ¢) the RNA is
enzymatically converted into 5™-ribonucleotides, preferably by 5'-Fdase or by
5'-Fdase and deaminase.




