9 April 2003 ------------- DESCRI PTI ON
frvviviihive/srrverrvr v frvilppliii *166166* PROCESS FOR PRODUCH NG A

FLAVOR- ENHANCI NG MATERI AL FOR FOODS (Technical Field) The present
invention relates to a nethod of easily obtaining a cysteine-rich food
material (in the present specification, "cysteine' including dAasio¥sli zed
unl ess otherw se noted) wherein a food naterial

form disulfide 'cystine'
such as a yeast extract or yeast cells containing vy-glutamteysteine (in

"y- glutanyl cysteine" including its oxidized

the present specification,
form disul fide unless otherwise not ecgg at a ratio of at Ie’mmﬂmﬂ” y ght
% to the solid content thereof (1-°IPTION an anount of 1 mmght
% based on the solid content thereof) as the starting materi alessikd heat ed

in an acidic to neutral pH range, or a y-glutanyl peptide hydrolase is
al | oned t o PROCESBeFORNPRIBEC IE lLnvention relates further to a nethod
of easily obtaining a fl avor-e%ﬁgtr{‘é@ —%FQW‘HWMWW E@rerROQDSA f ood
mat erial such as a yeast extract or yeast cells containing

y-glutanyl cysteine at a ratio of at least 1 % (weight % to the solid

content th¢reohn@salejsifyting material is heated in an acidic to neutral
pH range, or a y-glutanyl ‘peptide hydrolase is allowed to act thereon, and
then each i reggtflé?ﬁgpga§én£siﬂqgﬁgio}4"i L2813, L894g N sugar, as .Vz\gslu?zs o @
obtaining a cysteine-rich food material (in the present
specification, “cysteine” including its oxidized form
disulfide ‘cystine’ unless otherwise noted) wherein a food
material such as a yeast extract or yeast cells containing
Y-glutamylcysteine (in' the present Specification, “y-
glutamylcysteine” including its oxidized formdisulfide unless
otherwise noted) at a ratio of at least 1 % (weight %) to the
solid content thereof (i.e., in an amount of 1 or more weight %
based on the solid content thereof) as the starting material
is heated in an acidic to neutral pH range, or a Y-glutamyl
peptide hydrolase is allowed to act thereon.

The present invention relates further to a method of easily
obtaining a flavor-enhancing material for foods wherein a food |
material such as a Yeast extract or yeast cells containing
Y-glutamylcysteine at a ratio of at least 1 % (weight %) to the
solid content thereof as the starting material is heated in an
acidic to neutral pH range, or ay-glutamyl peptide hydrolase

is allowed to act thereon, and then each resulting mass is added

with a reducing sugar, as well as to a method of producing a
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fl avor - enhanci ng agent for foods wherein a flavor-enhancing material for
foods obtained in such a way described just above is heated. The present

i nvention relates still further to yeast cells per se or a yeast extract
per se for foods having a high content of y-glutanyl-cysteihéprilg80&el| as
to a nethod of producing the sanme. (Background Art) Cysteine is used for

t he purpose of, e.g., flavor inprovenent of foods. The conventi onal

met hods of producing cysteine include proteolysis, sem-synthesis etc.,
and the nethods being mainly used at c;i)resent are proteolysis and

sem - synt FERY L~ SRSt 89FBT| 0¥ oI PRAZ SEFERDM ehdf LAYRFe NIARGLRY t here

is strong need, for food paterials with a _high cqontent of ¢ ste'&)ne (i.e.,
cyst ei ne-PREEF ¥dbforat @Pds 0Dt 156¢ %‘héﬂcf‘o%g’%géﬁFSFgedvﬁ $ 2°RV§nh cont ent
of cysteine are hardly known heretofore. Indeed, there nmay be nentioned, as
an exanpl &8 of€a%REumul ati ng y-gl ut amyl cysteine within yeast cells, an
article wherein y-glutanylcysteine synthetase was, excessive]y xpressed
by a genetic cPRf REESPRY Invsaddapaeelmiesebyill tYribamicysest ﬁ@lﬁﬁs

accunul ated in a maxi mal anmount of 2 % based on the drje yea%t %el S

(Cht ake eREeRIEE orm ¥eask d-rack per se for foods having a highconten

of y-glutamyl-cysteine, as well as to a method of producing the

same.

(Background Art)

Cysteine is used for the purpose of, e.g., flavor
improvement of foods. The conventional methods of producing
cysteine include proteolysis, semi-synthesis etc., and the
methods being mainly used at present are proteolysis and
semi-synthesis.

When cysteine is to be used for the above purpose, there
is strong need for food materials with a high content of cysteine
(i.e., cysteine-rich food materials), but such food materials
with a high content of cysteine are hardly known heretofore.

Indeed, there may be mentioned, as an example of
accumulating y~glutamylcysteine within yeast cells, an article
wherein y-glutamylcysteine synthetase was excessively
expressed by a genetic engineering procedure, whereby y-
glutamylcysteine was accumulated in a maximal amount of 2 %
based on the dried yeast cells (Ohtake et al., Bioscience and

Industry, vol.50, No.10, pp.989 - 994 (1992)}). It is to benoted,



| ndustry, vol.50, No.10, pp. 989 - 994 (1992)) It is to be noted, 2 9
April 2003 however, that those results were obtained by the use of a yeast
accurul ati ng y-glutamyl cysteine in a larger anount, i.e., a |aboratory
nodel yeast nmade by a genetic engi neering procedure which usually never
happens in nature. Nor is there described in the article ardAprtie@3of
utilizing the yeast as a material for foods. Further, it is known that
y-gl utanyl cysteine or a yeast extract or the |ike containing

y- gl ut anyl cyst ei ne when added to foods enhances "kokum " (thickness,
nmout hf ul ness and continuity) of the food. Further, it is known that food
mat er i al soeeivairnechdly theaeimegultgl werxepbtasned iy bheaigeegsta yersitact or the
| i ke containing y-glutanylcysteine in the presence of a sugar are

ef f ect i vadcmmudptong ngaicafiydepstebie ifnaislargerdésouinted 4-§--edg., JP-A
4- 66069 and JP-A 4-91762. Mre specifically, the former (JP-A 4-66069)
descri besiaboragonymemigl yeasexuadiesby @ genefyle enghnapring e qshugter abl e
meat flavor seasoning, the inventors have found that high-qualit r oast
meat f| awdrich usughbly aevegshappess antnature.apNey thp ’éharefqee‘;&rdfbelaﬁe
above-descri bed unpl easant odors and unpl easant tastes derived from yeast
can be obimaithed apyialie any sidgar ofantilizingddesyap§t afihdadGdLlt o a yeast
extract containing 2 to 20 % by weight (solid content) of

sul f ur - coraifiwodg .conpounds such as gl ut at hi one, cysteine, or
gl utanyl cystei ne" (at the X
Further, it is known that y-glutamylcysteine or a yeast

extract or the like containing y-glutamylcysteine when added
to foods enhances *“kokumi” (thickness, mouthfulness and
continuity) of the food. Further, it is known that food
materials obtained by heating y-glutamylcysteine or a yeast
extract or the like containing y-glutamylcysteine in the
presence of a sugar are effective in improving the flavors of
foods, as described in, e.g., JP-A 4-66069 and JP-A 4-91762.

More specifically, the former (JP-A 4-66069) describes:
"As a result of extens ive. study to obtain a more preferable meat
flavor seasoning, the inventors have found that high-quality
roast meat flavor-like seasonings excellent in stability and
free of the above-described unpleasant odors and unpleasant
tastes derived from yeast can be obtained by adding sugars and,
as necessary, amino acids to a yeast extract containing 2 to
20 % by weight (solid content) of sulfur-containing compoundé
such as glutathione, cysteine, or glutamylcysteine” (at the
beginning of the “Means to Solve the Problem” section of the

patent document), and on the basis of the findings, the



begi nning of the "Means to solve the Problem section of the patent
docunent), and on the basis of the findings, the 3 - 9 April 2003
i nventors had conpleted "A process for produci ng seasoni ngs, Wwhich

conprises addi ng sugars and, as necessary, amno acids to glﬁ%ée tO extract
containing a certain amount (2 to 20 % by weight of the ex 8‘[33% Bt
or

sul fur-contai ni ng conpounds such as gl utathione, cysteine,

gl utanyl -cysteine and then heating the mxture at a tenperature of 70 to
180 C for 10 to 180 mnutes in the absence of fats and oils" (the "C ai ns"
section of the patent docunent). Further, the latter (JP-A 4:91762)

descri besthventarsudad cPBPECERD "2 RFGESHEr FU PrOIYUER NGt PRESABARIPY avor s,

all of them have different, qualities fromnatural roast flavors of neat
and t herd gl amprigeseadding siHoagGeARdy ndB SR FAvo ARIRGr BCLAR | ar

qualities to natural roast neat flavors" (the "Problem_tq Bﬁ goLved by the
I nvent i on®® seA93GT SKLFAET pReRtA LKL feREFLalR PMORL A% dOuPP &1 P¥esear ch

on a wide variety of flavors resultin from heat - browni ng various am no
aci ds andvalght $% bhetRErant)pss s W WsGAnt S 1N BgCOFRNNTH $UGH 4Ras been

found that_a flavor conposition having excell| ent rorggt rreah fbavors whi ch
coul d not9betaienianRyd CHEEEEBLor X HMtEEYL-rGYSEEHNS AR FNRT PERGAPY (o

y-gl utanyl cystei ne, then dissolving the mxture in _wat ege and ¢
heat - r eacth@ @ isrrarenityaitamparayuremfer 346 L8O C #T 19 tPsbP MBI EE to 180
m nutes, and the present invention has . .

in the absence of fats and oils” (the “Claims” section of the

patent document). |

Further, the latter (JP-A 4-91762) describes: *“Although
there are a wide variety of existing meat flavors, all of them
have different qualities from natural roast flavors of meat and
there has been a need for an agent imparting flavors more similar
qualities to natural roast meat flavors” (the “Problem to Be
Solved by the Invention” section of the patent document); and
»pAs a result of research on a wide variety of flavors resulting
from heat-browning various amino acids and sugars for the
purpose of solving these drawbacks, it has been found that a
flavor composition having excellent roast meat flavors which
could not be achieved heretofore can be produced by adding
sugars to y-glutamylcysteine, then dissolving the mixture in
water, and heat—r_eacting the solution at a temperature of 70
to 180 °C for 10 to 180 minutes, and the present invention has
been thereby completed” (the "Means to Solve the Problem”
section of the patent document); and discloses “A process for

producing a flavor composition, which comprises adding a sugar



been thereby conpleted" (the "Means to Sol ve the Probl enf

section of the

patent docunent); and discloses "A process for producing a flavor

conposition, which conprises adding a sugar 4 9 April 2003
y-gl utanyl cysteine and heating the mxture at a tenperature

to
of 70 to 180 C

for 10 to 180 minutes." However, it has been noted that theseAmril By
seasoni ngs have the problem of burnt snells getting intensified with

i ncreased neat flavors. (Disclosure of the Invention) Under the background
of the prior art described above, an object of the present invention is to

provide a food material wth h cont ent, stgjge

(% i gf g mperSture

cyst ei net? YRt H AW Loxsteirg anUhea 1PAC HamR 8GR b TREPBFor “Gr t

descri bed_above, . angther object qgf the presgnt invention is to provide a
fIavor-éﬁﬁéﬂ%ﬂﬁb]ﬁ%&eQigﬂrf¥d'thégg 248U4SF 1 avor - enhancing  agent for foods

whi ch enhance_ fl avors ,such as beef .fl.avor r _drj.ed-honi . rs of
fogds or drirﬂ&ﬂeiéﬁ'ndtgpﬁﬁ ?eQI“?tegrg&ﬁgc %5t é&ﬁﬁgﬁgglgg°5k§ﬁ§

urn

i ke d i bed ab Und h Kk d .the.prior.att ..d i bed
above. — GEVF | ChoBRGPLER, St PBF™EnEnBl LEeRECFhUdn iRbanr {EE B RAER 0"

cells for foods or a yeast extract therefrom having a high
y- gl ut amyMeHRITFhHe fgﬁi"

above-descri bed food material, flavor-

(Disclosure of the Invention)

I[ls or the

provi de yeast
content of

P&Bre as the starting material for the

Under the background of the prior art described above, an

object of the present invention is to provide a food material

with a high content of cysteine, i.e., cysteine-rich food

material.

Under the background of the prior art described above,

another object of the present invention is to provide a
flavor-enhancing material for foods and a flavor-enhancing
agent for foods which enhance flavors such as beef flavors or
dried-bonito flavors of foods or drinks, being free of the
drawbacks of strong burnt smells or the like described above.

Under the background of the prior art described above,
still another object of the present invention is to provide
yeast cells for foods or a yeast extract therefrom having a high
content of y-glutamylcysteine and suitable as the starting
material for the above-described food material, flavor-
enhancing material for foods, or flavor-enhancing agent for

foods.



enhancing material for foods, or flavor-enhancing agent for foods. 5 9
April 2003 As a result of their eager study to achieve these objects
descri bed above, the present inventors have found that y- gl utanyl cysteine

upon heating at a tenperature of 50 to 120 C and in a pH rgggq %b | to 7
I s deconposed in a period of 3 to 300 mnutes into cystein A %A

(pyrrolidone carboxylic acid), whereby cysteine can be obtained in a high
yield as a whole, that upon hydrolysis of y-glutanylcysteine with a y-
gl utanyl peptide hydrol ase, the y-glutanylcysteine is deconposed into
cysteine and glutam c acid, whereby cysteine can, be obtained.in a high

yield as a whdiea rernkl o6 heir Bpges; 5% £9 TR WPEFE RITT or a

yeast extract containing 1 or nore wejght 9% of y-glutanylcysteipe in the
absence ofesCEiRpd akgitfor ?W%r%i@§?ﬁﬁuﬂ%%?ﬂﬁ?§ﬁ Q%ﬁ%ﬂ%%ﬁ%%g¥§a§-6lutanyl
pepti de hydrolase to act thereon, a yeast .extract with_a Q'QQ ﬁ@@tent of

cyst ei ne ShWLYW WtsLiEE, URAB Bﬁ??+ﬁ§tﬁﬁn%;9§FpFﬁglSrFiﬁgi%g;,. ave rmade a
erbodi moniC et B pretaiAnaenoant i 1 s APanpered b e #EtRsH! BEduci ng a
o ey bilobe oo i aing e B A5 SR, B AP TRS  2
o & sugaRcafil | ATPIpCRsRLES FaRaie PLtaIngd 1 g Jkid'akha  absence
whole, that upon hydrolysis of y-glutamylcysteine with a y-
glutamyl peptide hydrolase, the y-glutamylcysteine is
decomposed into cysteine and glutamic acid, whereby cysteine
can be obtained in a high yield as a whole, and also that by
gsimilarly heating yeast cells or a yeast extract containing 1
or more weight % of y-glutamylcysteine in the absence of a sugar
under hydrous conditions or by allowing a y-glutamyl peptide
hydrolase to act thereon, a yeast extract with a high content
of cysteine can be obtained, and on the basis of these findings,
have made a first embodiment of the present invention.
Accordingly, the first embodiment of the present invention
relates to a process for producing a food material with a high
content of cysteine, wherein a food material containing y-
glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof is kept at 50 to 120 °C and pH 1 to 7 in the
absence of a sugar and in the presence of water, i.e., a process
for producing a cysteine-rich food material, which comprises

maintaining a food material containing y-glutamylcysteine at

a ratio of 1 or more weight % to the solid content thereof, at



for producing a cysteine-rich food material, which conprises nmaintaining a
food material containing y-glutanylcysteine at a ratio of 1 or nore weight
%to the solid content thereof, at 6 9 April 2003 a tenperature of 50 to
120C and a pH value of 1 to 7 in the absence of a sugar and in the
presence of water, and to a process for producing a food mitAerii2003with a
hi gh content of cysteine, wherein a y-glutanyl peptide hydrolase is
allowed to act at pH 3 to 9 and at 15 to 70 Cin the presence of water on a
food material containing y-glutanylcysteine at a ratio of 1 or nore

wei ght 9%t Be:h[? roﬁ.lx.iedo%oggf& V&z!ae‘rce%fnd L gjeH v%éplfeogfsf dPH jAreglucing a

cysteine-ric 0 mat ér i i ch conpri ses ow ng a y-glutanyl peptide

hydr ol asgylanalo @l Rt Al U exafpd bk 8RR LETRRI BbU Brabed to 70 C

in the presence o ter on a cont ai ni ng y-gl utamyl cysteine

at a ratdQ éso O(?fnggafow.h\gl%{i/gi%ittmea_altjrg\ﬁctﬁﬁggﬁﬁtof bgkeRineas well as

to the proce ucing a tood nateri i gh “content of

cystei nevﬂ%%%&hbfgfaggt&f’&%l}[’\lﬁgpﬁiae ttﬂﬁlr%"’l:a‘gef 0001 YHRIRN L8l ad®s althgustarting

material Ts a yea yeast™ cells. As a result of therr further

extensi ve SJOUQV?BQ A£G Johe %{ %ﬁksggé§éﬁ&@®f ahaws dnha poeaent

inventors have found that materials obtained by heatingy-glutanylcysteine,
or yeast p4ellig)0foft Aty @%lﬁr}‘:%hy@@?&@éﬂhé‘%taa@éﬂﬂn QFOUEr Abry-
o)

gl utanyl cysteine at a ratio of nore weight %to the solid

weight % to the solid content thereof, i.e., a process for
producing a cysteine-rich food material, which comprises
allowing a y-glutamyl peptide hydrolase to act at a pH value
of 3 to 9 and a temperature of 15 to 70 °Cc in the presence of
water on a food material containing y-glutamylcysteine at a
ratio of 1 or more weight % to the solid content thereof, as
well as to the process for producing a food material with a high
content of cysteine described above, wherein the said food
material as the starting material is a yeast extract or yeast
cells.

As a result of their further extensive study to achieve
the objects described above, the present inventors have found
that materials obtained by heatingy-glutamylcysteine, or yeast
cells or a yeast extract containing a large amount of y-
glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof, at 50 to 120°C for 3 to 300 minutes in an acidic
to neutral pH range in the absence of a reducing sugar, or by
allowing a y-glutamyl peptide hydrolase to act thereon at pH

3 to 9 and at 15 to 70 °C, followed by adding a reducing sugar



content thereof, at 50 to 120 C for 3 to 300 mnutes in an acidic

neut r al

y-gl ut anyl

C, follo

heating can serve as an excell ent

to

d by adding a reducing sugar 7 9 April 2003 thereto, are
effective in enhancing flavors of foods, and also that suctd Apst&08al s upon

fl avor - enhanci ng agent for foods,

pH range in the absence of a reducing sugar, or by allowing a
pepti de hydrol ase to act thereon at pH 3 to 9 and at 15 to 70

and on

the basis of these findings, have made a second enbodi ment of the present
i nvention. Accordingly, the second enbodi nent of the present invention

oLaes | A Bosss L1t g 8 UUguor AT od I Shlelaer foods
-glut t e t. a rati f . . o _ t
1o Lt VRHEIALE s (ul hefta B SHARE 4 oatecentpsenn e

absence o

sugar is

mat eri al

gl utany! cyshel i, ' ndye hdfCESSUhaP Gl it T2V Ao CphaBEhA

cysteine or a

mnutes in the

EEYOE A R BEnE LRk Grock £oRE Ry £ BEL T o cthsg R Y. ™

es per 1 nole of the y-

whi'ch conprises maintaining y -glutany

f ood nateniaé%gﬂﬂgaining y- glutanylcysteine at a ratio of 1 or nore wei ght
: .

%to the 301

reduci ng sugar™ an

of 50 to 120 lgcé%‘?%mi od,af s’geé&*dgogm%aﬁlﬁlati i hq:h%bssgggengf a

presence of water, and then addi ng
invention relates to a process for producing a flavor-enhancing

material for foods, wherein y-glutamylcysteine or a food
1;1aterial containing y-glutamylcysteine at a ratio of 1 or more
weight % to the solid content thereof is kept at pH 1 to 7 and
50 to 120 °C for 3 to 300 minutes in the absence of a reducing
sugar and in the presence of water, and a reducing sugar is then
added in an amount of 1 to 10 moles per 1 mole of the y-
glutamylcysteine, i.e., a process for producing a flavor-
enhancing material for foods, which comprises maintaining y
-glutamylcysteine or a food material containing Y-
glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof, at a pH value of 1 to 7 and a temperature of
50 to 120 °C for a period of 3 to 300 minutes in the absence
of a reducing sugar and in the presence of water, and then adding
a reducing sugar to the resulting mass in an amount of 1 to 10
moles per 1 mole of the y-glutamylcysteine present in said
resulting mass, and to a process for producing a flavor-
enhancing material for foods, wherein a y-glutamyl peptide

hydrolase is allowed to act at pH 3 to 9 and at 15 to 70 °C for

content thereof, at a pH value of 1 to 7 and a tenperature



a reducing sugar to the resulting mass in an anount of 1 to 10 noles per 1
nol e of the y-glutanylcysteine present in said resulting mass, and to a
process for producing a flavor- enhancing naterial for foods, wherein a

y-glutany| peptide hydrolase is allowed to act at pH 3 to % a\r,lg t 15 to
70 Cfor 6 9 April 2003 1 to 300 minutes in the presence ofP#aP&t on
y-glutanyl cysteine or a food material containing y-glutanylcysteine at a
ratio of 1 or nore weight %to the solid content thereof, and a reducing
sugar is then added in an anount of 1 to 10 noles per 1 nole of said

ugar is then added i | e Lot
rateri a1 Lo SPEGhRu 1 BePrrEaR e B G S e e

hydrol asg,tp f%?)ﬁ At ér i ¥Bl'\t'§il‘?i‘.nzfylc?.tpcan@rld:y%ttefiﬂ@eé@taufﬁtQI) d to 70 C
for a period of 1 to 300 mnutes 1n the presénce of water

ony-gl ut i‘g&[ ﬁ%%%é‘%er&r sad QRd JBLRS LahtefORhRIrabRY andhUiédnd Gist ei ne at a

rati o of or nore Ight % to the solid content thereof, and then adding

a reduci guoSHORL chdh bRABeHCSH! 4 MhdHRTSoE N &b AP YR e8f pért p ddLeml es per 1
nol e of tﬁe y-glutanyl cysteine present in said resulting mass, as well as

to a progesgaligryRetunyneyaeé L@y ors enhanciprgcagentot oprod@eiisy aherein the
flavor-enhangi ngYerateri gl ¥or foods as delg??i bed is kept at 50 to 180 C

for 10 t%l?QQrHLRH&?éind mSteridl HoRCESSd OWhBERMLHPIG sesl b BVowimnhanci ng.
agent for toods, which conprises maintaining the flavor-enhancing materi al
for foodsyap Aasg1 Pegt dde hydamnasat té cacf a¥0at pH 184 & fofr 3atpe? i od

and a temperature of 15 to 70 °C for a period of 1 to 300 minutes

in the presence of water ony-glutamylcysteineora food material

containing y-glutamylcysteine at a ratio of 1 or more weight %

to the solid content thereof, and then adding a reducing sugar

to the resulting mass in an amount of 1 to 10 moles per 1 mole

of the y-glutamylcysteine present in said resulting mass, as

well as to a process for producing a flavor-enhancing agent for

foods, wherein the flavor-enhancing material for foods as

described is kept at 50 to 180 °C for 10 to 300 minutes, i.e.,

a process for producing a flavor-enhancing agent for foods,

which comprises maintaining the flavor-enhancing material for

foods as described at a temperature of 50 to 180 °C for a period

of 10 to 300 minutes.

As a result of their still further extensive study to
achieve the objects, the present inventions have succeeded in
creating a yeast containing y-glutamyl-systeine in a large

amount of 1 or more weight % based on the dried cells, using

a Saccharomyces cerevisiae, one of the representative yeasts



of 10 to 300 mnutes. As a result of their still further extensive study to
achi eve the objects, the present inventions have succeeded in creating a
yeast containing y-glutanyl-systeine in a large anount of | or nore wei ght
% based on the dried cells, using a Saccharonyces cerevisiae, one of the
representative yeasts 9 9 April 2003 for foods, and prepa®ifnt 280y east
extract fromthe thus-created yeast (in the yeast extract,

y-gl ut anyl cystei ne being contained at a high concentration) and further by
heating the yeast extract, in obtaining another yeast extract containing

I h bef h h f
Y have i RotRr %&%ﬁﬁ”%ﬁ?%ﬁ%q 5548 Frateh, Hom ERE, A AEREN o1 )7 e

third enbodl the inve or

yeast extyeay 469% ra%tonxaﬁ %ﬂ%ﬁ%@&fﬁc%%tléﬁﬁ%énﬁﬁﬁe?’at.o of 1

or nore wei ght to the sol ont ent IQ reof q% tqb Js¢can and
ri ed %

will be d% e?spb%% ??Eﬁﬁﬁ&ﬁﬁtﬁﬂ¥ eeﬁ@an erlqy at the first
to third g i, e B%btggniﬁ§ Eegﬁgp§eag¥%ﬂkkgg%xﬂ> th g rﬁpnstltute

a group 0 nvén i oNsS“50 orma single inventive concept.

Hereinaf taf » 1 q §@C§\Mt fﬂé’r?ﬂg'ﬂge\?{'ealugs %‘?\%C&Leﬁg)ya{%m@e?féof First, the

first enbodi nen resent rnvention e al ned

have made a third embodiment of the present invention.
Accordingly, the third embodiment of the present invention

relates to yeast cells or a yeast extract for foods which

contains y-glutamylcysteine at a ratio of 1 or more weight %

to the solid content thereof.

Iincidentally, it can and will be understood from what has
been and will be described that the first to third embodiments
of the present inventions described above constitute a group -

of inventions so linked as to form a single inventive concept.

Hereinafter, the present invention will be described in

detail.

First, the first embodiment of the present invention will
be explained.

The food material as the starting material for the process
of this embodiment is a food material containing a large amount
of y-glutamylcysteine at a ratio of 1 or more weight % to the

solid content thereof. A food material with a y-

10



The food material as the starting material for the process of this
enbodi nent is a food material containing a | arge anount of

y-glutanyl cysteine at a ratio of 1 or nore weight %to the solid content
thereof. A food material with a y- 10 9 April 2003 gl utanyl cysteine
content of 1 or less %is comercially not practical becauSéPHi2%08e
resulting weak flavor potencies, and is therefore not preferable. Such
food materials include, e.g., a yeast extract or yeast cells containing
y-glutanylcysteine at a ratio of 1 or nore weight %to the solid content

thereof . haedentally. suchousaste Sebloidid i A hiRagontent, oot

Cy can be obtaine e nethod o e 7, or froma

: SPERE” el by’ PBcaml e
/et casod AmsEa e R s LTI e Y R A geni

t r eat ment, ttﬂe&:@‘f%?ésr?o‘tbgt?reaf&‘é%tlggf y-gl utanyl cystei ne therein. Further,

such yeasl‘ts extract can prepared by extraction fromsuch yeast cells or

autolysi e, § hesth ea bt SUBGTRIUINR, 440, A yelbbleBidsdeyBRsea yeas!
a -gluta Icy

extract with ower content of y steine than thé predeterm ned

anount d ri_b A | ese I;QVeRrt ijo geb a (y-
gl ut anyl g’}é}léai %gn}:lggﬁ¥ﬁ? o@gﬁ%tgg\??%$g)?és eg{te(? gtr?é:lgegg ét B‘goﬁ to 120 Cin

an act di Gudi QIS An AT A WheddPtndreo ! Pt idedfaliy ThEcRiREBE Of water

present |I's determ I’le& rom e
cells with a high content of y-glutamylcysteine can be obtained
by the method of Example 7, or from a yeast occurring in nature
and containing y-glutamylcysteine in an increased amount due
to mutation or a yeast mutant created by mutagenic treatment
to increase the amount of y-glutamylcysteine therein. Further,
such yeast extract can be prepared by extraction from such yeast
cells or autolysis thereof, or by supplmenting, with y-
glutamylcysteine, a yeast extract with a lower content of y
-glutamylcysteine than the predetermined amount described
above.

According to the present invention, such a (y-

glutamylcysteine-rich) food material is heated and kept at 50
to 120 °C in an acidic to neutral pH range, that is, at pH 1
to 7. The amount of water present is determined from the
viewpointofoperativenessand,forexample,theamouﬂtofwater
can be 1 to 100 parts by weight per 1 part (in terms of dry weight)
of the food material. A pH outside the above range may reduce

unfavorably the amount of cysteine formed. Oof course,

adjustment of the pH can be conducted using an acid such as

11



vi ewpoi nt of operativeness and, for exanple, the anobunt of water can be 1
to 100 parts by weight per 1 part (in terns of dry weight ) of the food
material. A pH outside the above range may reduce unfavorably the anount
of cysteine fornmed. of course, adjustnent of the pH can be conducted using
an acid such as 11 9 April 2003 hydrochloric acid or a baseAmiuizdd3as

sodi um hydr oxi de acceptable for food manufacturing. |If the heating
tenperature is too low, the progress of the deconposition reaction of y-
gl utanyl cysteine is del ayed, whereas at too high a tenperature, cysteine
once forned is unfavorably reduced due to side reactions. Wen the food
materi al P¥ASOBRERY BE acsdifdan PasectiGhAP Safdem Ry helds AGCERMP LS ons
descri bed above, it is possible to obtain in 3 to 300 m nutes another

food mat e£PEl Lo RANREMFGH st ehf the REAKIEIECTRRTSTH & (%Nt Yas been

formed and accumulated in_a | arge anount t(‘i .€., a cysteine-rich food

mat eri al ) Ehef tRECHESS NPt i nmthes tWRFEROFEL1PRe SISO neYt ndT be

conpl et ed, vvhereasngi ven t oo Iongga eating ti stei pe_once fornmed
14

i s unf avoiSABERTY LENE kI R4S 45 18 @PF&%%%?‘#‘]E‘G%§§§RFF3_“ * conduct
par 1 cul AP t8 LA diden gt Qi Lo CRPEaVOF hDbor SRPLEd odde i oBdag, SUoe
T Oee, e Bab S R vt DEGS mlPEEel T ab7 AUSHE el 1 Rt 1o
treatment under the heating conditions described above, it is
possible to obtain in 3'to 300 minutes another food material
with a high content of cysteine wherein cysteine has been formed
and accumulated in a large amount (i.e., a cysteine-rich food
material). If the heating time is too short, the reaction may
not be completed, whereas given too long a heating time, the
cysteine once formed is unfavorably reduced due to side
reactions.

It is essential to conduct the decomposition reaction of
y-glutamylcysteine without adding a sugar, particularly a
reducing sugar such as glucose, fructose, xylose or maltose,
and in the absence thereof. This is to prevent the resulting
cysteine from reacting with a sugar, particularly a reducing
sugar, to generate burnt smells, as well as the occurrence of
browning reaction.

For formation of cysteine from y-glutamylcysteine, an
enzymatic method is also mentioned. That is, an enzyme
hydrolyzing1ﬂu3peptidebondsiny—glutamylcysteine(Y—glutamyl

peptide hydrolase) is allowed to act on the above-described

12



sugar, to generate burnt snells, as well as the occurrence of browning
reaction. For formation of cysteine fromy-glutanylcysteine, an enzynatic
method is also nmentioned. That is, an enzyne hydrolyzing the peptide bonds
in y-glutanyl cysteine (y-glutanyl peptide hydrolase) is allowed to act on
the above-descri-bed 12 9 April 2003 vy-glutanyl cysteine-ri 8Rpfil983 mat eri al
at pH3 to 9 and at 15 to 70 C. The anount of water present is determ ned
fromthe viewpoint of operativeness and, for exanple, the anount of water
may be 1 to 100 parts by weight per 1 part (in terns of dry weight) of the
food material. If the pH and tenperature are outside the ranges described
above, tfeylatainyiltysoéibéer jelylfitodnphtepipl iate piy dr bba8eand atndési rabl y
weakened. If the y- glutanylcysteine-rich food material is treated with
such an tenzyfe. uither amhent ot iwatens pdesent bHed dgbeveingdf ferl fdeerial  with
a high content of cysteine wherein cysteine has been formed and

accunul avéewpeint pfoperatpuanes s angstformsxanpdie fgrianaarertatedan be
obtained in 1 to 300 mnutes. Although there are many es of glutanyl
pept i de mAydeo} 9dP0 papsEbpaedigbtine i pask(dn tf%rfm%:aFrdzlfp

present invention include glutanyl transferase, y-gluta

cycl ot r anéf 'ehasﬁofblmﬁtt&mlﬁg\se It ¢heTRB anshd SRREERALAFCWATR u‘?ﬁ’gﬂ? content of

cysteine thus prepared can be placed on the narket in any SU|tabIe form
the ranges described above, the activity of the y-glutamyl

peptide hydrolase is undesirably weakened. If the y-
glutamylcysteine-rich food material is treated with such an
enzyme under the conditions described above, a food material
with a high content of cysteine wherein cysteine has been formed

and accumulated in a large amount (a cysteine-rich food
material) can be obtained in 1 to 300 minutes.

Although there are many types of y-glutamyl peptide
hydrolases, those particularly useful for carrying out the
present invention include y-glutamyl transferase, y-glutamyl
cyclotransferase, glutaminase etc.

The food material with a high content of cysteine thus
prepared can be placed on the market in any suitable form
including a liguid state as such, a concentrated paste state,

a dried powder state, a granular state or the like.

Hereinafter, the second embodiment of the present
invention described above will be explained.
First, the process for producing a flavor-enhancing

material for foods according to this embodiment will be

13



including a liquid state as such, a concentrated paste state, a dried
powder state, a granular state or the like. Hereinafter, the second
enbodi ment of the present invention described above will be expl ai ned.

First, the process for producing a flavor-enhancing nateri % L@%foods
according to this enbodinent will be 13 9 April 2003 des &P It can be
produced, for exanple, as described above, by heatingy-gl utanyl cysteine,

or yeast cells or a yeast extract containing 1 or nore wei ght % of
y-glutanyl cysteine, in an acidic to neutral pHrange and in the absence of

a reducing sugar, or by allow ng a_y-glutanyl peptide drol ase to act
t her eon, g&éﬁr”{’%‘ﬁfO\EécFEHyb%BHPﬁljcﬁdsé@ére"taﬁ‘é’llét'(?s q%c?%%??oﬁ}ﬁ?‘é‘?'l al as the

starting material used in such a process is Su%g {: cont ai ni ng
a large aP@!L}?ﬁat&f“‘Jngépﬁﬁﬁﬁ}?%ﬁ%?%}%eo’étyeésltﬁ ‘?rf%‘F MRFght %to

the solid content thereof (a steine-rich fqaod materlal) as
descri bed B8RRI dAMBRES Hﬁlﬁpg ﬁb ‘1‘]1 tarYAGEEERIBR 1828 ASTILT esent

i nvention. A food material wit ut a Icy ei ne or less %
i s i ndust tPalMPYETRdL P&rﬁé??‘éé‘l“ éEa b g}{?ﬁe AshFNG g’%\g%l? %I'a‘\}/f)r

potenC| es, and is theref no, referabl e.. Such fo Slda ncl ude,

e. g. , abeaktowing adf'g ?%Jtstpegt‘é??sh éidfﬁtléi £8i 1Y ac%d*rh amy c%gtiél ne at a
gﬁzhoyg;s o(lloag&eby aé&’mg % tsqlgtakll_etggrégopont ent thereof . I nci dental ly,

The food material as the starting material used in such
a process is such a food material containing a large amount of
y-glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof (a y—glutamylcystein'e—rich food material), as
described above in connection with the first embodiment of the
present invention. A food material with a y-glutamylcysteine
content of 1 or less % is industrially not practical because
6f the resulting weak flavor potencies, and is therefore not
preferable.

Such food materials include, e.g., a yeast extract or yeast
cells containing y-glutamylcysteine at a ratio of 1 or more
weight % to the solid content thereof. Incidentally, suchyeast

cells with a high content of y-glutamylcysteine can
be obtained, e.qg., by such genetic engineering method as will
be described later in Example 7. Further, such yeast extract
can be prepared by extraction from such yeast cells or autolysis
thereof, or by supplmenting, with y-glutamylcysteine, a yeast
extract with a lower content of y-glutamylcysteine than the

predetermined amount described above. This is the same as has
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cells with a high content of y-glutanylcysteine can be obtained, e.g., by
such genetic engineering nethod as will be described later in Exanple 7.
Further, such yeast extract can be prepared by extraction from such yeast

cells or autolysis thereof, or by supplnmenting, with y-glutanylcysteine, a
yeast extract with a lower content of y-glutanyl cysteine t%éﬂ“?Wé
predet erm ned anount descri bed above. This is the sane as has 14 9 Apri
2003 been descri bed above in connection with the first enbodi nent of the
present invention. According to the present invention,y-glutanylcysteine or

such food material containing y-glutanylcysteine ip a |arge. anpunt as
descri beeebERScrdbed 3po¥R dife §ORRGCK “éttR‘SBhFofi%t (,el‘?lﬁ’%dﬁ‘eggi dic to
neut r al H range, that (is, aft pH1 to 7 for 3 to 300 minutes in the

8F the s

absence eRy 40YSPtEMY in the presence of water. The conditions
concerning p

beon descr baiPSRES 19 Be AT En T i e By g ke e 3 Re "
Ui cupoi nuOk B Hatrnads CaRta P HYS orangE R Pt Sl A Mg ean be 1
L DBl B BB ad ab Mgl R, 020
y-ol utamg GYStel 081al M EoISBEEEAY ' 2aREES MHat T4SNEL" S A¥E § qudd that when

3 to 300 minutes in the absence of a reducing sugar and in the

presence of water. The conditions concerning pH, temperature

and reaction time per se are the same as has been described above

‘in connection with the first embodiment of the present

invention.

The amount of water present is determined from the

viewpoint of operativeness and, for example, the amount of water

can be 1 to 100 parts by weight per 1 part (in terms of dry weight)

of the y-glutamylcysteine or the food material with a high

content of y-glutamylcysteine.

Incidentally the present inventors have found that when

y-glutamylcysteine is heated at pH 1 to 7, at 50 to 120 °C, and,

for example for 3 to 300 minutes, the y-glutamylcysteine is

decomposed into cysteine and PCA (pyrrolidone carboxylic acid),

whereby cysteine is obtained in a high yield as a whole, and

also that when yeast cells or a yeast extract containing 1 or

more weight % of y-glutamylcysteine is heated in an analogous

manner in the absence of a reducing sugar under hydrous

conditions, a yeast extract with a high content of cysteine can

15



y-gl utanyl cysteine is heated at pH1 to 7, at 50 to 120 C, and, for
exanple for 3 to 300 mnutes, the y-glutanylcysteine is deconposed into
cystei ne and PCA(pyrrolidone carboxylic acid), whereby cysteine is
obtained in a high yield as a whole, and also that when yeast cells or a
yeast extract containing 1 or nore weight % of y-glutanyl cgsbei2oe3is
heated in an anal ogous nanner in the absence of a reducing sugar under
hydrous conditions, a yeast extract with a high content of cysteine can
15 9 April 2003 be obtained, and the flavor-enhancing action of the
conposition for foods according to the present invention is, attributable

to the cheihtddreduanbipedlAreRT$oRARALE A IRPASERAPYE HH YUt si de t he
above range may_ reduce unfavorably the amount of cystejne forned. O

cour se, §8Fu§?$éﬁnaQ9Pr9H89 E@4{Eﬁ19585885d&ﬁﬁﬁﬂfﬂﬁﬁ r 3ﬁL5§¥%F?§E%h as
hydrochl ori¢c acid or, ase such_a sodiughg%droxi e acceptable for food

manuf act &Pi he qﬂ‘ﬁ%eﬁ“oeat 55 &REME " el ‘E%H%Sé ‘Wove in connection
Lerper ature' | 8080ck BRPIERAS 56 BREE Fapde Makcuniss rERTPEEEH on o
%1 oi ne BRLEMP RS 1S9 LG, FrHRY T BBLCRM o L B oot hge 1T the
g ven 1 &8 Fang s CRBAET T BEHES thaceyermnecoRkat e AR eedn 0o abty
a base such as sodium hydroxide acceptable for food
manufacturing. This is the same as has been described above
in connection witn the first embodiment of the present

invention.

If the heating temperature is too low, the progress of the

decomposition reaction of y-glutamylcysteine is delayed,
whereas at too high a temperature, the cysteine once formed is
unfavorably reduced due to side reactions. If the heating time
is too short, the reaction may not be completed, whereas given
too long a heating time, the cysteine once formed is unfavorably
reduced due to side reactions. This is also the same as has
peen described above in connection with the first embodiment '
of the present invention.

According to the present inventors'’ findings, as has been
described above, wheny-glutamylcysteine is heated at a specific
temperature and for a specific period of time in an acidic to
neutral pH range of 1 to 7, the y-glutamylcysteine is decomposed
into cysteine and PCA (pyrrolidone carboxylic acid), whereby

the cysteine is finally obtained in a high yield, or when yeast
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reduced due to side reactions. This is also the sane as has been descri bed
above in connection with the first enbodi nent of the present invention.
According to the present inventors' findings, as has been described above,
when y-glutanylcysteine is heated at a specific tenperature and for a
specific”period of time in an acidic to neutral pH range of ARri280%¥ the
y-glutanyl cysteine is deconposed into cysteine and PCA (pyrrolldone
carboxylic acid), whereby the cysteine is finally obtained in a high
yield or when yeast 16 9 April 2003 cells or a yeast extract containing

t % | t heat ed |
1 B P S S e

I ons, a 'yeast

Conduct SHRCA h&é‘i?‘fﬁﬁtsri‘se%%t? %“C%w?a e Chaffier. iy T8N “Rading o

cys erne w thout adding a
reduci ng ar s

t | t din th
absence ?ﬁ% neg 0 ?hﬁt%dchmltjggggs%g rdé%hgé‘%é%‘h 29805 B! LOSBasgnd in the

ting cystelne fron1react|ng

th h dugl t | th
Y)“ccurri‘.iégt%#é%rzm Hafc .on&‘?trﬁ{f";‘c?vs%rﬁgséﬁﬁ [

above in conngcton. u tnfalgtfe LSRR Bhy 5 061 B S foRvet | on.

Furt her nor e, § otiRsican tof cys rom utanylcyste|ne an

enzymi g g@}&%g(l@s%'eiﬂen@m&s@dadarm& o oL R Bl 66 NG the

glucose, fructose, xyloseor maltose, and in the absence thereof.
This is to prevent the resulting cysteine from reacting with
such a reducing sugar to generate burnt smells, as well as the
occurrence of browning reaction. This is the same as has been
described above in connection with the first embodiment of the
present invention.

Furthermore, for formation of cysteine from y-
glutamylcysteine, an enzymatic method is also mentioned. That
is, an enzyme hydrolyzing the peptide bonds in y-
glutamylcysteine (y-glutamyl peptide hydrolase) is allowed to
act on y-glutamylcysteine or the above-described Y-
glutamylcysteine-rich food material at pH 3 to 9, at 15 to 70
°c and for 1 - 300 minutes. The amount of water present is
determined from the viewpoint of operativeness and, for example,
the amount of water may be 1 to 100 parts by weight per 1 part
(in terms o-f dry weight) of the food material. If the pH and
temperature are outside the ranges described above, the
activity of the y-glutamyl peptide hydrolase is undesirably

weakened. This is the same as has been described above in
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gl utanyl cysteine (y-glutanyl peptide hydrolase) is allowed to act on

y-gl utanyl cysteine or the above-described y- glutanyl cysteine-rich food
material at pH3 to 9, at 15 to 70 C and for 1 - 300 m nutes. The anpunt
of water present is determned fromthe viewpoint of operativeness and,
for exanple, the anobunt of water may be 1 to 100 parts by 84éPgiE00per 1
part (in terns of dry weight) of the food material. If the pH and
tenperature are outside the ranges descri bed above, the activity of the
y-glutanyl peptide hydrolase is undesirably weakened. This is the same as
has been described above in 17 9 Aprjl 2003  connection with .the first
enbodi nergedtettionpy sk phe; Higsih eBRCd MM HoBG - BFESERE R Y Pes of
y-glutanyl peptide hydrolases, those particularly.useful for .carrying out
t he presentiﬁ%ﬁﬂﬂﬁQBnWqﬁﬂﬁuﬁf?-ﬁ?ﬁﬁagype?r§ﬁ2ﬁ€§§§ an Egﬁﬁﬁﬁﬁye

cycl otrangferase | utam nase . etc, This is also th a h een
descri bedhiécg‘f) "feﬁ‘g’c &t Paﬁti)f\‘}'na’fﬂye ‘ﬁ%fs\ﬁ e%of?aﬁeﬁmgofsoutth?gesent

i ion._The heat - d ith i.gh f h
or epar ed PESSERD ARt SAnar PS¢ daabh b L bR P RS e

ve 'in an

amount of 1 to 10 nples per. 1 nole of saidy-.gl.ut | cyst el ereby the
fl avor - enﬁ&ﬁi?fnff eé:Iaisglp,) gil)lrltawwse & ct. heﬁblr%gesn?ﬂo ¥ﬁ% éam?e a\@ y.

invention can be
vt ose. anBeREREBS e SRy ByGa TG g LB S ind e Ct 05
of the present invention.
The heat-treated product with a high content of cysteine
thus prepared is supplemented with a reducing sugar described

above in an amount of 1 to 10 moles per 1 mole of said y-

glutamylcysteine, whereby the flavor-enhancing material for

foods of the present invention can be produced.

As reducing sugars, there may be mentioned glucose,
fructose, xylose and maltose, and these reducing sugars are
preferable for the reason of availability at low costs and
applicability as food.

The amount of a reducing sugar to be added (to be used)
is 1 to 10 moles per 1 mole of the y-glutamylcysteine as the
starting material or of the y-glutamylcysteine contained in a
natural food material such as yeast cells or a yeast extract
as the starting material, as described above. Amounts outside
this range are not preferable because given an amount below said
range, the effect is weaker, while given an amount above said
range, sweetness becomes too strong.

The flavor-enhancing material for foods which can be
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preferable for the reason of availability at |ow costs and applicability
as food. The anobunt of a reducing sugar to be added (to be used) is | to
10 noles per 1 nole of the y-glutanylcysteine as the starting material or
of the y-glutamyl cysteine contained in a natural food material such as
yeast cells or a yeast extract as the starting material, a3A82e93 bed
above. Anbunts outside this range are not preferable because given an
anount bel ow said range, the effect is weaker, while given an anount above
said range, sweetness becones too strong. The flavor- enhancing mat eri al

for foods which cant% 18 200 A epar%%’ln t] nanner can be
pl aced I IRFSTRrRet b ﬁﬁﬁ)“e’éuﬁ'ébtl’ 5 581 Jdin g3 Tirqaid°state as

o the | TR Ab i, EOFR APRISaRR A B Rt S P B A HPodh o e o
cyst of nobAT 1heEE PR BA T SIUR O e PR AT A e £ .123%5 p i
bt ocess PF. eab&’é@hﬁ‘ﬁﬁ%ﬂ#ﬂ%&ﬁ cRhatfy lgﬁégﬁF““%@&f'?%o fhe present
rvent et LB 0P Rl a2 0, AT
i nventi op. deser %%dcgpegfné %éﬁegt rga@@{xge%gwdssnéme@la\am tions.

in a heating step in processing treatment when used later in

food manufacturing.

Next, the process for producing the flavor-enhancing agent

for foods of the present invention will be described. It can

be obtained, for example, by subjecting the flavor-enhancing

material for foods of the present invention described above to
heat treatment under suitable conditions.

In carrying out the heat treatment, the flavor-enhancing
material for foods is heated, if necessary after concentrated
such that the cysteine concentration reaches 0.1 weight % or
more, preferably 0.6 weight % or more. The heating conditions
are those under which neither burnt smells nor browning reaction
occurs and within the range of 50 to 180°C and 10 to 300 minutes.
Such heating conditions include, e.g., those of a low
temperature and a long time such as 50 to 60 °C and 180 to 300
minutes, and those of a high temperature and a short time such
as 90 to 100 °C (around the boiling point) and 30 to 120 minutes.

For example, The flavor-~enhancing agent for foods of the

present invention which can be prepared in this manner, like
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In carrying out the heat treatnent, the flavor-enhancing material for
foods is heated, if necessary after concentrated such that the cysteine
concentration reaches 0.1 weight %or nore, preferably 0.6 weight % or
nore. The heating conditions are those,under which neither burnt snells
nor browning reaction occurs and within the range of 50 to9f80280&nd 10 to
300 m nutes. Such heating conditions include, e.g., those of a | ow
tenperature and a long tinme such as 50 to 60 C and 180 to 300 m nutes, and
those of a high tenperature and a short tinme such as 90 to 100 C (around

t he boili i nt d 3Q to 120 m.nut F I The, -enh [
agent 1 o Pob TV SHhare P RAE T TRIoeF of S it faRe DU A Eh ot n thi s
, ik 19 9 il, 2003 _the.fl - enhanci.r ial f oods,
e pl acelashetntn At REEEFAL AP Ut PEY e T AT e Ot e 1 e st ate as
h, trated t tat I , tat
o the | FKESTRFRGrTYe BRE tenPFAC S Then BOF Phes Bracert SPROGAEfon wi ||
be descrlstE%%?g}'pethQmel ve yeast nutant (yeast cells) for use in food

cont ai ni ng ut anyl cys?'ei ne at a high content can be prepared as
follows. I. e. , the glutathione synthetase gene GSH2 is first disrupted
to prepare a yeast nmutant with no functioning glutathione synthetase, and
then, the yeaglinaulgptthe thirdieaodinent cofiviens ipresentarimyention

will be described.

The inventive yeast mutant (yeast cells) for use in food
containing y-glutamylcysteine at a high content can be prepared
as follows. I.e., theglutathione synthetase geneGSH2 is first
disrupted to prepare a yeast mutant with no functioning
glutathione synthetase, and then, the yeast mutant is cultured
in a conventional manner.

Incidentally, it has been already reported that the GSH2
gene is not a gene essential for growth (Chris, M. Grant et al.,
Molecular Biology of the Cell, Vol. 8, pp. 1699 - 1707, September
1997). Because the disruption of a gene not essential for
growth is a readily occurring phenomenon via spontaneous
mutation of one gene, as is known, Example 7 described below
of the present invention can be said as one of the outcomes
potentially occurring in nature.

Concerning the present invention, additionally, a yeast
extract was prepared from the prepared yeast mutant, and it has

been clearly indicated that the resulting yeast extract was a

food material containing a high content of y-glutamylcysteine,
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Incidentally, it has been already reported that the GSH2 gene is not a
gene essential for growh (Chris, M Gant et al. , Ml ecular Biology of
the Cell, Vol. 8, pp. 1699 - 1707, Septenber 1997). Because the disruption
of a gene not essential for growth is a readily occurring _phengnenon via
spontaneous nutation of one gene, as is known, Exanple 7 89Eh40828d bel ow
of the present invention can be said as one of the outcones- potentially

occurring {fe Adee cySeRERENI NG the present invention, additionally, a
yeast extract was prepared fromthe prepared yeast nutant, and it has
been clearly indicated that the resulting yeast extract was a food

mat eri al garbaling gaithérgRpeanirant pfseyt i@k elitadny licastiepoeided2D 9 April 2003
and therefore cysteine. According to another aspect of the present

i nvent i on PreYset &rimodcing geustgincpigle fod materighoduci ng a cysteine-rich food
material, which conprises nmaintaining a food najeri { Nl /-

gl ut anyl cySaEhnEORPrASeat MG iGEa1NdPIndy - WY gHiE %Ef%ﬁtﬁgﬂé%}ﬁgﬂgd%ntent
thereof, at a tenperature of 50 to 120 C and a pH.v 0 Zyin the
absence ofdlRtamYAFYAREING Athe Bt Adelo?” IR ?’elﬂglééf&on%h%oéc?lulrdt her
aspect of the present invention, there is_p i d SSuf oduci ng
a cyst ei nEOMEERtIRRFSRH Rt & LeREER VST §S(g\é:oaﬁjoosﬁ %38;aey-§gl‘8%]é%yl

pepti de hydrolase to _act . at a val of 3. andepesratar e of 15
Por70°C 116k ha'® prius kRt s oF hedfy She Hhii BPoeini e

on mat er | contalning y-
According to further aspect of the present invention, therc is provided a
process for producing a cysteine-rich food material,
which comprises allowing a y~glutamyl peptide hydrolase to act
at a pH value of 3 to 9 and a temperature of 15 to 70 °C in the
presence of water on a food material containing Y-
glutamylcysteine at a ratio of 1 or more weight % to the solid

content thereof.

According to again another aspect of the present invention, there is provided

a process for producing a flavor-enhancing material for

(s i food
foods, which comprises maintaining y-glutamylcystelne or a

material containing Y—qlutamylcysteine at a ratio of 1 o_r_'more
weight % to the solid content thereof, at a pH value of 1 to
7 and a temperature of 50 to 120 °C for a period of 3 to 300
minutes in the absence of a reducing sugar and in the presence
of water, and then adding a reducing sugar to the resulting mass
in an amount of 1 to 10 moles per 1 mole of the y-glutamylcysteine

present in said resulting mass.
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gl utanyl cysteine at a ratio of 1 or nore weight %to the solid content
thereof. According to again another aspect of the present invention, there
is provided a process for producing a flavor-enhancing material for foods,

whi ch conpri ses maintaining y-gl.utanylcysteine or a food gﬁﬁ aﬂ?’al

containing y-glutanylcysteine at a ratio of I or nore wei o the

solid content thereof, at a pHvalue of 1 to 7 and a tenperature of 50 to
120 C for anfeldi@dio0fer Bioltitc 3QRct dli thup@seni methienalbsengeosfded ar educi ng sugar
and in the presence of water, and thgn‘ggqhgg a reducing sugar to the
resul ting r8¥ss [ PERvERBAALE B IS 10 ol es per 1 nole of the

y- gl ut anyl cystel ng, ; ArESERE skl 238 doeS U JiRgnyBsspt 2o Bydiprlidse2003
According to yet another "aspect of the present invention, there is provided
a process fQf RLOGUCI NG Baflavar seahanahdg mehpei@lurdeops-15 fwod9, which
conprises allowing a y-glut-amyl peptide hydrolase to act at: a pH val ue
of 3 to 9 awdfartenpeeied wte loto 1Pt pid@esCdf dthearRFINGE Bf “2%F 300 mi nutes
in the presence of water on y-glutanylcysteine or a food materi al '
containi ng 90 ytakuarpygustteiine S a2 r 4eP8 JREPCLH noPREWETG: Y to the
solid content thereof, and then adding a reducin ugar. .o resul ting
mass in an EHEEAYLBYSTEING A% Anbilee ?)ég.oﬁ_m%‘f é'eé?‘g‘f %e%;-hgl i‘%]g%‘w cyst ei ne

present in said resylting. an‘%sschcﬁcggég{gngg tQaskihy anpidhedo agpect of the
present i nventidh, there is provided  yeast cells or a yeast extract for
use in fOOdrMLQ:Ilnq mass in an amount of L to 10 moles per L mole of the

y~glutamylcysteine present in said resulting mass.

According to still another aspect of the piesent tnveation, thece s provided

yeast cells ar a yeast extract for usc in food whuch

contains y-glutamylcysteine at a ratio of 1 or more weight %

to the solid content thereof.

(brief Description of the Drawings)

Fig. ! shows a change with time of the amount of cysteine
resulting f(rom decomposition at pH 3 of reduced-form y-
glutamylcysteine (Test Example 1).

Fig. 2 shows a change with time of the amount of cysteine
resulting from decomposition at pH S of reduced-form y-
glutamylcysteine (Test Example 1}).

Fig. 3 shows a change with time of the amount of cysteine
resulting from decomposition at pH 7 of reduced-form y-
glutamylcysteine (Test Example 1).

Fig. 4 shows the dependence at pit S of the amount of cysteine
formed from decompositijon of rcduced-(orm y-glutamylcysteine

with glutaminase upon the amount of glutaminase (Test Example

21a



contains y-glutanylcysteine at a ratio of t or nore weight % to the solid
content. thereof (Brief Description of the Drawings) Fig. | shows a change
with time of the amount of cysteine resulting fromdeconposition at pH 3
of reduced-formy- glutanylcysteine (Test Exanple I). Fig. 2 shows a change
with tinme of the anmount of cysteine resulting from deconpos?AmbR0ast pH 5
of reduegd-formy- glutanylcysteine (Test Exanple I). Fig. 3 shows a change
with time of the amount of cysteine resulting from deconposition at pH 7
of reduced-f gim.\ sigbwsd anyldepshaenee AT pat7 &K anplanalnt ¢f gysdeshews t he
dependence at pit 5 of the amount: of cysteine formed from deconposition
of redudiedwledr frym-@éadpnd ity oheo fiereduideld -gbuhayraglasemypogsthénanmount of
gl utam uase (Test Exanple 2la 9 April 2003 2). Fig. 5 shows the
dependerde haylpthnimdsd hpoanohumtamofint wsft gilneamfinased TFasdnEdavphposi ti on of
reduced-formy-glutanylcysteine wth glutam nase upon the anount of
gl utam regse (Test Exanple 2). Fig. 6 shows the dependence at pH 9 of the
amount of cysteine fornmed from deconposition of reduced-form
y- gl ut anyl cystigi. reshows hhgldepaniapse abpdd o i¢hgmnpuntodf gyeLeanfase ( Test
Exanmple 2). ’

v for)med from decomposition of reduced-form y-glutamylcysteine

with glutaminase upon the amount of glutaminase (Test Example
2) L]

Fig. 7 shows the amounts of the sulfur-containing
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Fig. 7 shows the anounts of the sulfur-containing 21b 9 April 2003
conpounds in the HAAGSH2 yeast cells (Exanple 7). Fig. 8 shows the change
in amounts of the sulfur-containing conpounds in the HAAGSH2 yeast extract
(Exanple 7). (Best Mode for Carrying, Qut the Invention) Hereinafter, the
present invention will be described in nore detail with ref%huhd®3to Test
Exanpl es and Exanples. First, Test Exanples and Exanples of the first
enbodi ment of the present invention will be given. Test Exanple 1

(Formation of cysteine by heating fromy- glutanylcysteine) The amounts of

the cysteine formed in aqueous 1 mmol reduced-form y-_gl ut anyl cyst ei ne
sol ut i onsCamPoMng;st far Bhe GSHR vesstt RaL1F s EAPede€ 5lland 7) upon heati ng

at 98 Cwere nonitored with tine. The results are ﬁ&fwn iq:IF.ings. 1to 3
bel ow. In thédd-f§ ghees theshandgeldhanoyhs 8F ite i b $an Gt "al%a

"y-3 u-Cys" neans "reduced-formy-glutanylcysteine", a "Total Cysteine"
means " cyRYEOYRAs A8 EBR BEAGHEL MEASH P%E?XF f%x%*‘,‘pjc%/rs]ﬂe'i ne can be

obtained fromy-glutanylcysteine in high yields by heating. Test Exanple 2

(Formation of cysteine by an enzyme fromy- glutanylcysteine) 22 9 April
2003 (Best Mode for Carrying Out the Invention)

Hereinafter, the present invention will be described in

more detail with reference to Test Examples and Examples.

First, Test Examples and Examples of the first embodiment

of the present invention will be given.

Test Example 1 (Formation of cysteine by heating from y-
glutamylcysteine)

The amounts of the cysteine formed in aqueous 1 mmol
reduced-form y-glutamylcysteine solutions with different pH
values (that is, pH 3, 5 and 7) upon heating at 98 °C were
monitoredwith time. The results are showninFigs. 1lto 3below.
In these figures, “PCA” means “pyrrolidone carboxylic acid”,
*y-Glu-Cys” means “reduced-form y-glutamylcysteine”, and
*Total Cysteine” means “cysteine”.

As can be seen from Figs. 1 to 3, cysteine can be obtained

from y-glutamylcysteine in high yields by heating.

Test Example 2 (Formation of cysteine by an enzyme from y-

glutamylcysteine)
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"d utam nase Daiwa' ( (glutam nase with a specific activity of 3.0

nmm m n/ ng, ex Daiwa Kasei Co., Ltd., JP) was added at varying
concentrations to aqueous 1 mml reduced-formy- gl utanyl cysteine solutions
with different pH values (that is, pHJ5, 7 and 9), and the anobunts of the
cysteine forned upon action of the enzyme at 37 C for 10 ndAptlesoere
exam ned (dependence of hydrolysis of y-glutanylcysteine upon the anount
of the enzyne). The results are shown in Figs. 4 to 6 below. In these
figures, "y-3 u-Cys" neans "reduced- formy-glutanyl cysteine”, and "Total
Cystei ne" neans "cysteine". As can be seen fromFigs. 4 to 6, equinolar
cyst ei ne can “datobiapae®aivag“Higvtpmdnay e tidh hPRESHFIF QELWLY

gl ut anyl cgstei ne with glutam nase. Exanple 1 Water was added to a yeast

extract pbwiet MEREE/RE N DRisa Kagehiehin fdrei AB) W% 3H98LAE was then

adjusted to pH 5 with hydrochloric acid to prepare(gn a[i:]u ous 2 %
sol uti onVamping GRRCeMgHtdPNS WB edtepusigh MMt eLCHF ffgﬂi“l yophi | i zed

wher eby a_yeast extract powder contajnj, 2.0 % cystei ne S, abt ai ned.
| nci dentﬁ}gﬁmWr?tterﬁ@ %é’a& 1008 Wégf't‘ §F%@§§§éd‘elsn(¥\€?%d%di ng a
seasoni ng, a seasoni ng havi ng good roast neat, fIavorg was oht.ai ned.

Exanpl e RH23 Dapg )|, argbthe gRPERtHLS HFUSHS tRLRE §RERES SRPPAT Wolder
cont ai ni ng 4.5 % ) .
of the enzyme at 37 °C for 10 minutes were examined {dependence

of hydrolysis of y-glutamylcysteine upon the amount of the
enzyme). The results are shown in Figs. 4 to 6 below. In these
figures, “y-Glu-Cys” means “reduced-form y-glutamylcysteine”,
and “Total Cysteine” means “cysteine”.

As can be seen from Figs. 4 to 6, equimolar cysteine can
be obtained (in high yield) from hydrolysis of y-

glutamylcysteine with glutaminase.

Example 1
Water was added to a yeast extract powder containing 4.5 %
y-glutamylcysteine. The mixture was then adjusted to pH 5 with
hydrochloric acid to prepare an agueous 2 % solution, which was
heated at 98 °C for 180 minutes and then lyophilized whereby
a yeast extract powder containing 2.0 % cysteine was obtained.
Incidentally, when this yeast extract powder was used in
producing a seasoning, .a seasoning having good roast meat

flavors was obtained.

Example 2
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y-gl utanyl cysteine. The m xture was then adjusted to pH 7 wth an aqueous
1 N NaOH to prepare an aqueous 2 % solution. To the solution was added

gl utam nase (the sane as in Test Exanple 2) in such anount that the
concentration was | ng/m in the solution, then the resultant m xture was
i npubated at 37 C for 10 minutes and |yophilized, whereby 8Apd#£893 extract
powder containing 2.5 % cysteine was obtained. Incidentally, when this
yeast extract powder was used in producing a seasoning, a seasoning having
good roast neat flavors, simlar to that of Exanple 1, was obtai ned. Next,

T o e FEBA: SR (b 2000 AINOM BerObohbEsRERSENLs

i nvention w | € gl ven. anpl e y-gluta stel ne) An aquéous solution

NaoH, el ALt PGV PRy S AR B0e B G alDpRELa & L ZREERLT on

his sol uti on was

added gl Lé]?\gggl%éé\hseei;ywm:ocgre a%ebﬁ%?][u%gughf $ebyht99n (i rPthe 1.4 moles

per 1 no glut anylcyst éin 0 give an inventive

povor . CHiaNean JBY sl JAlIAAlsl (L SaRISE idl e epadiRdagy 00, C Tor

180 mi nutes an yo Ive an inventive flavor-enhancing

Ao 2008 AR A B o L ent on) thus
obt ai ned,¢1ah PHIFRRLEREAE nEAUrBALd L AnPEBa €4 bitetl BtltforUse R nutes
and lyophilized, whereby a yeast extract powder containing 2.5 %
cysteine was obtained.
Incidentally, when this yeast extract powder was used in

producing a seasoning, a seasoning having good roast meat

flavors, similar to that of Example 1, was obtained.

Next, Examples and Test Example of the second embodiment

of the present invention will be given.

Example 3 (y-glutamylcysteine)

An aqueous solution containing 4 % y-glutamylcysteine and
adjusted to pH 5 with aqueous 1 N NaOH, was heated at 98 °C for
3 hours. After heating, to this solution was added glucose in
an amount of 4 % based oln the solution (i.e., 1.4 moles per 1
mole of the y-glutamylcysteine) (to give an inventive
flavor-enhancing material for foods). This material was
heated at 60 °C for 180 minutes and then lyophilized (to give
an inventive flavor-enhancing agent for foods).

With respect to the lyophilized product (a flavor-
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a systemof a commerci al beef consomme. In greater detail, this

| yophi | i zed product was added to the conmmercial beef consome in an anount
of 0.05 % based on the solid content thereof, while the comercial beef
consomme free of this product was used as the control. And which one was
preferable or stronger out of the two soups concerning var i9dws! 20081 uat i on
Itens was determ ned by a panel of 15 persons. The results are shown in
Tabl e 1 bel ow. The nunber of persons in the table is the nunber of persons
who sel ected the corresponding soup as preferable or stronger one. Table 1
: Evaluation Results 0.05 % added Present I|Invention Control Strength of
neat f| sewransingeragand Ofer Eepds PPEf Ehen®EesE e dtVERAOR) 14 W8 sons 1
person Strength of whole flavor 13 persons 2 persons .  Preference of whole
flavor 1gbpainashs 2B prgapmkertdsngranendtirn sas FArroRd129her oY 2 persons
Exanpl e 4 (y-glutanyl cysteine) G utam nase was added in sych gnount that
the conté&NELaNidN faBnergrhbeef FonFoiffeouh QSFﬁF?Bl‘?e&Br‘rﬁai%’ﬁ’g 4 %

y-gl ut anyl cystej ne, previ ously adjusted to ‘PH 7 N,tql}eggu ous 1 NaOH. The
mi xt ur e WeQPhhekand pyodecs¥as pdded GYpEhe CHPREHCL Bt oM e sol uti on

was added glucose in _an amount of 4 % based on the solution (i.e., 1.4
nmol es pe;'.ng:prﬁgm%uglf of Hx (B;S_ %uﬁsgadm itlhoez‘m}?,id content t erlcjeolf, wt(ile

the commercial beef consommé free of this product was used as
the control. And which one was preferable or stronger out of
the two soups concerning various evaluation items was
determined by a panel of 15 persons.

The results are shown in Table 1 below. The number of

persons in the table is the number of persons who selected the

corresponding soup as preferable or stronger one.

Table 1 : Evaluation Results

0.05 % added Present Invention Control
Strength of meat flavor 15 persons 0 person
Preference of meat flavor 14 persons 1 person
Strength of whole flavor 13 persons 2 persons
Preference of whole flavor 12 persons 3 persons
Comprehensive estimation 13 persons 2 persons

Example 4 (y-glutamylcysteine)

Glutaminase was added in such amount that the
concentration was 1 mg/ml, to an aqueous solution containing
4 % y-glutamylcysteine previously adjusted to pH 7 with aqueous
1 N NaOH. The mixture was incubated at 37 °C for 2 hours. After
reaction, to the solution was added glucose in an amount of 4 %

based on the solution (i.e., 1.4 moles per 1 mole of the y-
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gl utanyl cysteine) (to give an inventive flavor-enhancing material for
foods) . This material was heated at 60 C for 180 mnutes and then

| yophilized (to give an inventive flavor- enhancing agent for foods). Wth
respect to the |lyophilized product (a flavor- enhancing agent for foods of
the present invention) thus obtained, an organol eptic exanSoari 2893was
carried out, using a systemof a comrercial beef consomme. In greater

detail, this |yophilized product was added to the commerci al beef consomre
in an anount of 0.05 % based on the solid content thereof, while the

commer ci al _ beef consomme free of ,this product was gged as theccontrol. And
whi ch oneIHEEaMHIYELEEPE ) or (1 r 1R 38Ut 1B HHE t 62 EREpE BN %i ng
various evaluation itens S eterm ned,by a,panel. of 15 The
results af@ %ﬁ’o@%r}:i"ﬁ %00453%2 ngﬁ\ﬁargﬁ’féaﬂiu‘i%sepegFedp%? sﬁéonscofi%’s't e table is
the nunber, of persops who sel ected the cotresponding so f erabl e or
st ronger 'Bh’é‘.lt‘gsdbﬁ‘ he \)ﬁ’l‘i?i‘ﬁ&dﬁeﬂezﬁ?tglﬁ‘?o n%%‘égrégl\ggegg%féﬁenvention
Cont r ol Stéen i h of at flgvor 85 persons 0 person Preference of neat
flavor 15PRARGHRI R SERT &PPLRYth of whol e flavor 12 persons 3 persons

Preference of whale flavo %4p rsons 1\1 rso gg hensi £5¢imation 13
a -

persons 2 pers%h‘gs)h ERS 'F{e O(yeXst HERP g&’ edA agﬁégxﬁ?’acrffcont aining 4.5
0 : g
féy-glutagxhgxgigénggggé for foods of the present invention) thus

obtained, an organoleptic examination was carried out, using

a system of a commercial beef consommé. Ingreater detail, this

lyophilized product was added to the commercial beef consommé

in an amount of 0.05 % based on the solid content thereof, while

the commercial beef consommé free of this product was used as

the control. And which one was preferable or stronger out of
the two soups concerning various evaluation items was
determined by a panel of 15 persons.

The results are shown in Table 2 below. The number of
persons in the table is the number of persons who selected the
corresponding soup as preferable or stronger one.

Table 2 : Evaluation Results

0.05 % added Present Invention Control
Strength of meat flavor 15 persons 0 person
Preference of meat flavor 15 persons 0 person
Strength of whole fiavor 12 persons 3 persons
Preference of whole flavor * 14 persons 1 person
Comprehensive estimation 13 persons 2 persons

Example 5 (yeast extract)

A yeast extract containing 4.5 % y-glutamylcysteine was
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26 9 April 2003 adjusted to pH5 with aqueous 1 N NaOH to give an agueous
20 % solution (the concentration of y-glutanylcysteine in this aqueous
solution being 0.9 % . The aqueous solution was then heated at 98C for 3
hours. After heating, to this solution was added glucose in an anount of
1.8 % based on the solution (i.e., 2.8 noles per 1 nole of 9¥ARaEl 2003
y-glutanyl cysteine) (to give an inventive flavor-enhancing material for
foods). This material was heated in the sane manner as in Exanple 1,
concentrated and then spray-dried (to give an inventive flavor-enhancing

agent f%rdjfu%(%gg) o Wi B ‘(’,?é]?(;eafqg#etgggtspiolf NaBAPY 145280 2R QWES ud Blgs s 0Dt ai ned

(a flavor-enhanci ng agen the present 1 nvention), an

or ganol Ry ;@xan ti@aw@&rwehe%fo;jt_gwég 1éPee sl | oNi RGiSYStens :
(a) commerci al bee consonme, (b) curry, ™ and {c)” Japanese clear soup. The

results a\?%\f‘e O%l&f’iJ@QJe%.n'g?’O below. +Re HRRIRE 9618t Lon tdtss thyaphi | i zed

pr oduct s added 1 n the predeterm ned anbunts based on the solids shown

in the pabley athbhecarsalipursee RftdihintaRingyctovasidiseduaionhe
control ., The organol eptic exam nation was carried out, using a panel of

15 per SQpss HiedNg fiCoSe T8 RRANARSuRS o1 FX aMbaged. oR 7cie AUt 13803  Tabl e

3: Evaluation results (a) Commercial beef consome

(i.e., 2.8 moles per 1 mole of they-glutamylcysteine) (?o give
an inventive flavor-enhancing material for foods). This
material was heated in the same manner as in Example 1,
concentrated and then spray-dried (to give an inventive
flavor-enhancing agent for foods).

With respect to this lyophilized product thus obtained
(a flavor-enhancing agent for foods of the present invention),
an organoleptic examination was carried out, using the
following systems : (a) commercial beef consommé, (b) curry,
and (c) Japanese clear soup. The results are shown in Table
3 below. Ingreater detail, this lyophilized product was added
in the predetermined amounts based on the solids shown in the
table, while a sample free of this product was used as the control.’
The organoleptic examination was carried out, using a panel of

15 persons and in the same manner as in Example 3.

27



'0.05 % added Present Invention Control Strength of neat flavor 14 persons
1 person Preference of neat flavor 13 persons 2 persons Strength of whole
flavor 12 persons 3 persons Preference of whole flavor 13 persons 2
persons Conprehensive estinmation 13 persons 2 persons (b) Curr %
added Present Invention Control Strength of neat flavor 96@ﬂ§éﬁ% 2
persons Preference of neat flavor 12 persons 3 persons Strength of whol e
flavor 13 persons 2 persons Preference of whole flavor 12 persons 3
persons Conprehensive estimation 13 persons 2 persons (c) Japanese C ear
soup 0.1 % added Present Invention Control Strength of Jap. Bashi flavor
15 persons O person Prdiaddende Bvayrtigaskhesrit®or 14 persons | person
Strength of whole flavor 14 ersons rson ,Preference of whole flavor 13
persons 2 persons _Conpreher C@@m@@@ PPR™% persons 1 person anpl e 6

(yeast exgract )) oe\wgﬁgd ext | act- megahtanventog 4.5 % y- gl u@cmpll cyst e| e was
CEIER 0 EEUT o AD S E CE R
Preference of meat flavor 13 persons 2 persons
Strength of whole flavor 12 persons 3 persons
Preference of whole flavor 13 persons 2 persons
Comprehensive estimation 13 persons 2 persons
(b) Gurry
0.1 % added Present Invention Control
Strength of meat flavor 13 persons 2 persons
Preference of meat flavor 12 persons 3 persons
Strength of whole flavor 13 persons 2 persons
Preference of whole flavor 12 persons 3 persons
Comprehensive estimation 13 persons 2 persons

(c) Japanese Clear soup

0.1 % added Present invention Control
Strength of Jap. dashi flavor 15 persons 0 person
Preference of Jap. dashi fiavor 14 persons 1 person
Strength of whole flavor 14 persons 1 person B
Preference of whole flavor 13 persons 2 persons
Comprehensive estimation 14 persons 1 person

Example 6 (yeast extract)
A yeast extract containing 4.5 % y-glutamylcysteine was

adjusted to pH 7 with aqueous 1 N NaOH to give an aqueous 20 %
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aqueous solution being 0.9 % . d utam nase was added thereto in such
anount that the concentration was 1 ng/m, and the m xture was i ncubated
at 37 Cfor 2 hours. After the reaction, to this solution was added gl ucose
in an anount of 1.8 % based on the solution (i.e., 2.8 noles per 1 nole of
the y- glutamyl cysteine) (to give an inventive flavor-enhantfeity20¢&t eri al
for foods). This material was heated in the sane nmanner as in Exanple 1,
concentrated and then spray-dried (to give an inventive flavor-enhancing
agent for foods). Wth respect to this |lyophilized product (a flavor-
erhancl adiA980h [Ofe CoRds oLl e, MeRRDL L INEDM Pc Al nPGADRLEDT | C
exam natSon Wwas tartied out, asing the fiof omﬁhﬁ ystens ?a conmmer ci al
beef co Urry.. . ( J r T lts are
shoun | RhaRe 4SBT bRl LEky, AR o g S e YRk RS | 2t s
added in t pr. rm.ned Ras n e sqali S {p the table,
whi | e aqghgﬁqg P&gghgfgb%?stggggué%amas%gggdwgg %hgbég%frgﬁ&ntéﬁe

| ; . . . , q

"n the SamRrE A SRLLOR IR PR P oyt B8 O R aes 900 Lati on

results t(c?‘%:hggrg@];\fﬂﬁ:ln Q%gfamg['ﬂ%o&e Q% b adgethdPbeseng ¢ pugeai on Control
meat S

Strength o avor perso persons Preference of neat flavor 14
persons dJn PEfE°%olution {(i.e., 2.8 moles per 1 mole of the y-

glutamylcysteine) (to give an inventive flavor-enhancing
material for foods). This material was heated in the same
manner as in Example 1, concentrated and then spray-dried (to
give an inventive flavor-enhancing agent for foods).

With respect to this lyophilized product (a flavor-
enhancing agent for foods of the present invention) an
organoleptic examination was carried out, using the following
systems : (a) commercial beef consommé, (b) curry, and (C)
Japanese clear soup. The results are shown in Table 4 below.
In greater detail, this lyophilized product was added in the
predetermined amounts based on the solids shown in the table,
while a sample free of this product was used as the control.
The organoleptic examination was carried out, us ing a panel of

15 persons and in the same manper as in Example 3.
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Strength of whole flavor 12 persons 3 persons Preference of whole flavor
14 persons | person Conprehensive estinmation 14 persons 1 person (b)
Curry 0.1 % added Present Invention Control Strength of neat flavor 12
persons 3 persons Preference of meat flavor 13 persons 2 persons Strength
of whole flavor 12 persons 3 persons Preference of whol e fPApdr208® persons
3 persons Conprehensive estimation 13 persons 2 persons (c) Japanese
Clear soup 0.1 % added Present Invention Control Strength of Jap. daaN
flavor 15 persons O person Preference of Jap. nth flavor 15 persons O
person Strength of whole flavor 14 persons | person Preference of whole
flavor 15 persons O pers"%ﬂpleC&npr% Wé’“e&glsr‘f&ltﬁon 15 persons 0 person

Test Exanple 3 d ucose was i& dto, 4 % |.ut anyl cysteine solution in
an anount of 4 %based on t BIMetci e _solution was 30 9 April
2003 ther| adj usisetladded pH 5 heaﬂr&d:nahve&&nC fof 3 hourSomret i mediptely
| yophi | i zg S ntpfrﬁgaﬂa{)r The Ty %B éﬁlzed sanpl e f@ﬁr&&al ned
( Conpar at ijve—sak d bl avor ‘aneHhrg—agent—For—oods
Preference of meat flavor 14 persons 1 person
Strength of whole flavor 12 persons 3 persons
Preference of whole flavor 14 persons 1 person
Comprehensive estimation 14 persons 1 person
(b) Cuny
0.1 % added Present Invention Control
Strength of meat flavor 12 persons 3 persons
Preference of meat flavor 13 persons 2 persons
Strength of whole flavor 12 persons 3 persons
Preference of whole flavor 12 persons 3 persons
Comprehensive estimation 13 persons 2 persons

(c) Japanese Clear soup

0.1 % added Present Invention Control
Strength of Jap. dashi flavor 15 persons 0 person
Preference of Jap. dashi flavor 15 persons 0 person
Strength of whole flavor 14 persons 1 person
Preference of whole flavor 15 persons 0 person
Comprehensive estimation 15 persons 0 person

Test Example 3
Glucose was added to a 4 % y-glutamylcysteine solution in

an amount of 4 % based on the solution, and the solution was
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of the present invention (lyophilized product = Sanple of the present

i nvention), an organol eptic exam nation was carried out, wusing a system of
comerci al beef consonmme. In greater detail, these 2 kinds of |yophilized
products were added to comercial beef consomre in an anmobunt of 0.05 %
relative to the salids thereof, respecticely, and their corfsnrh2G03e

eval uation was conducted by a panel of 15 persons. That is, the 2 kinds of
| yophilized products were rated by each panelist on the basis of the
evaluation criteria set forth under Table 5 below, and an average was

ken. Tabl ’ ' | O 98- ¢ | Sanpl
of 1 venitahed TR RIS pEAT =R s €20 £ RSP IRE AdaB i, P Cor 4. 3

4.6 Str . .Qf ole flavor 4.4 4.8 Preference of whole flavor 4.2 4.6
<Eval uatf%%h{(}rll zée\rgpa> Score: 5: Very strong or preferable. 4: Strong or

Sl Fant Ly not Torat PR e R e o e 6 of

the thi rPc&{BJﬁdéﬂmt s QhpT P RGCSRD e 1 avBYEBhhARC Yhg ladimtdie¥eNEocts
of the present invention (lyophilized product = Sample of the
present invention), an organoleptic examination was carriedout,
using a system of commercial beef consommé. In greater detail,
these 2 kinds of lyophilized products were added to commercial
beef consommé in an amount of 0.05 % relative to the solids
thereof, respecticely, and their comparative evaluation was
conducted by a panel of 15 persons. That is, the 2 kinds of
lyophilized products were rated by each panelist on the basis
of the evaluation criteria set forth under Table 5 below, and

an average was taken.

Table 5: Evaluation results

0.05 % added Comparative Sample Sample of Invention
Strength of burnt smell : 4.6 4.2
Strength of meat flavor 43 46
Strength of whole flavor 44 48

Preference of whole flavor 42 46

<Evaluation criteria>
Score:
5: Very strong or preferable.
4: Strong or preferable.
3: Slightly strong or slightly preferable.
2: Slightly weak or slightly not preferable.
1: Weak or not preferable.

Finally, Example of the third embodiment of the present

invention will be given.
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9 April 2003 Exanple 7 (a) The foll ow ng description is about the creation
of a yeast nutant for use in food, containing y-glutanylcysteine in an
anount of 1 or nore % by wei ght based on the dry mcrobial <cells. In the
intracel | ul ar nmetabolism of yeast, y- glutanylcysteine is present as the
intermedi ate netabolite inmediately before the formation of9 AfiiZBhi one
(GSH). dutathione synthetase functions as an enzyne to convert y-

gl utanyl cysteine to glutathione. Therefore, attenpts were nade to

accunul ate y-glutamyl cysteine intracellularly in a yeast for use in food,
by inactivating the function of. the gl utathione synthetase gene (referred
to as "GSH2" hereinafter). (1) One-step-gene disruption nethod was carried
out as tgeanpathad of inactivating the function of the GSH2 gene.
Accordingly, the GSH2 gene disrupting cassette required therefor was first

prepared. In Q(Lae)atrﬁé fiel @ving@dessPepEict liy avent alleecyeasion Satahar onyces
cerevi siae (baker's yeast) for use in food was allowed to form spores by

an ordi na*é/aé@meqntm hhe SPepes, WNtiniiRgliglutahl ovesténgam nate to
gi ve yeast strains. A gene region of one of the strains (referred to as

"Strain Hdn arRindi Bbel @Y molrees by adigfitOba®éd faromhehérypsiamamalegi on of
the 32

cells.

In the intracellular metabolism of yeast, y-
glutamylcysteine is present as the intermediate metabolite
immediately before the formation of glutathione (GSH).
Glutathione synthetase functions as an enzyme to convert y-
glutamylcysteine to glutathione. Therefore, attempts were
made to accumulate y-glutamylcysteine intracellularly in a
yeast for use in food, by inactivating the function of the
glutathione synthetase gene (referred to as  “GSH2"
hereinafter). .

(1) One-step-gene disruption method was carried out as
the method of inactivating the function of the GSH2 gene.
Accordingly, the GSH2 gene disrupting cassette required
therefor was first prepared.

In greater detail, a commercially available yeast

Saccharomyces cerevisiae (baker's yeast) for use in food was

allowed to form spores by an ordinary method, and the spores
were, in turn, allowed to germinate to give yeast strains. A
gene region of one of the strains (referred to as “gtrain H4"

hereinbelow), i.e., a region of from the upstream region of the
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9 April 2003 GSH2 gene to the term nus of the GSH2 gene was anplified by
the PCR nethod. The conditions are as shown in Table 6 below. Table 6
Yeast chronosone gene 1 | 10x PCR buffer 10 |1 10 mM dNTPs 10 | 10 pnol /|
GAL11F (priner) 1 |1 Sequence: 5'-TATGAAGACTGTACAGICTCC- 3' ésane sequence
SQID No. 1 given later) 10 pnol/l GSH2R3 . (primer) 1 | Sedweiioe3
5' - CCGEGGAGCTCAGCTAAATGGTGTACTTCGCTAC- 3' (sane sequence SQ ID No. 2 given
later) MIli-Qwater 76 | Taqg polynmerase 1 1 Total 100 | Note: 3Q Cycles
of 94 Cfor 1 min, 94 Cfor 30 sec, 60 C for 40 sec, and 74 Cfor 1 mn 30
sec wer i AN r i fGSH Wwas, by an
‘3G§H%p§g1égq,o tRO& AT uRPE ithe @sxﬂ%’%&n% @&Eas'y%ﬂ%gl(f By y

ordinary pro ure, ﬂl gated to plasmd p romega Co.) and
cloned (Fgf Glteddl0 Ffe 'GHRRRGEY hre The HAG deneame ampeibwved by the PCR
method in the same nanner, to be used as a selective gene marker in the

one- step-gene-disruption nethod. The conditions are shown in Table 7
bel ow. 33

Table 6
Yeast chromosome gene 1 pl
10x PCR buffer 10 pl
10 mM dNTPs 10 pl
10 pmol/pl GALLlF (primer) 1 pl

Sequence: 5'-TATGAAGACTGTACAGICTCC-3'

(same sequence SQ ID No. 1 given later)
10 pmol/pl GSH2R3 (primer) 1 pl
Sequence: y-CCGGGGAGCTCAGCTAAATGGTGTACTTCGCTAC—?

(same sequence SQ ID No. 2 given later)

Milli-Q water 76 pl
Taq polymerase 1 pl
Total 100 pl

Note: 30 Cycles of 94 °C for 1 min, 94 °C for 30 sec, 60

°c for 40 sec, and 74 °C for 1 min 30 sec were repeated.

The thus amplified gene fragments (GSH2) was, by an
ordinary procedure, ligated to plasmid pGEM-T Easy (Promega
Co.) and cloned (referred to as "GSH2/pGEM") .

The URA3 gene was amplified by the PCR method in the same
manner, to be used as a selective gene marker in the one-
step-gene-disruption method. The conditions are shown in

Table 7 below.
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9 April 2003 Table 7 10 ng/l pYES32 (ex Invitrogen Co. 1 pl 10x PCR
buffer 101 10 mM dNTPs 10 gl . 10 pnol/l URA3F2 (priner) 1 | Sequence:
5' - ATTAACCCGGGTTGATTCGGTAATCTCCG 3" (same sequence SQ ID No. 3 given |ater)
10 prol /1 URA3R2 (priner) 1 N.1 Sequence: ,
5' - ATTAACCCGGGGTTTTTTAGTTTTGCTGGC- 3' (sane sequence SQ | D N3APH 3% en
later) MIli-Qwater 76 | Taq polynerase 1 R Total 100 R Note: 30
Cycles of 94 Cfor 1 min, 94 C for 30 sec, 52 C for 30 sec, and 74 C for
40 sec were repeated. Subsequently, GSH2/ pGEM was di gested with
restriction endonucl ease Muni andTa&det hen bl unt-ended in a conventi onal
manner. To t ke—tleavrage—ent—was—tt+gated—URASgenme—tumt==ended wth
restriction ehelamyGlleae@®sSaal( eknlnviornaan iConal) nmanner, for integration
therein (referred to as "URA3- GSH2/ pGEM hereinbelomq.uﬁy usi ng the URA3
-GSH2 /pCGEM as the tenplate, the PCR nmethod was effected by using gene
primers encodiog bcr tbufiferends of GSH2 (the af orenertd eded GAL11F, GSH2R)
to prepare the GPips 10 0

10 pmol/pnl URA3F2 (primer) 1 pl

Sequence: 5'~-ATTAACCCGGGTTGATTCGGTAATCTCCG-3'

(same sequence SQ ID No. 3 given later)
10 pmol/pl URA3R2 (primer) 1 pd
Sequence: 5'-ATTAACCCGGGGTTTTTTAGTTTTGCTGGC-3'

(same sequence SQ ID No. 4 given later)

Milli-Q water 76 pl
Taq polymerase 1 nl
Total 100 pl

Note: 30 Cycles of 94 °C for 1 min, 34 °c for 30 sec, 52

°c for 30 sec, and 74 °C for 40 sec were repeated.

Subsequently, GSH2/pGEM was digested with restriction
endonuclease MunI and was then blunt-ended in a conventional
manner. To the cleavage end was ligated URA3 gene blunt-ended
with restriction endonuclease Smal in a conventional manner,
for integration therein (referred to as "URA3-GSH2/pGEM"
hereinbelow).

By using the URA3-GSH2/pGEM as the template, the PCRmethod
was effected by using gene primers encoding both the ends of
GSH2 (the aforementioned GAL1lF, GSH2R), to prepare the GSH2

gene disrupting cassette. The PCR conditions are given in Table
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gene di srupt

"2003~"8 below. Tabl'e 8 10 ng/ | "URA3-GSH2/ pGEM 1

10 nmM dNTPa
previously (
(prinmer). 1
ID No. 5 giv
Note: 30 Cyc

(referred to

Ing cassette. The PCR conditions are given in Table 34 9
CTET 710X PCR buffer 10

10 1. 10 pnol/I GAL11F (primer) 1 Rl Sequence: described

sanme sequence SQID No. | given later) 10 prol/l GSH2R

April

| Sequence: 5'-AGCTAAATGGTO7TACTTCGCTAC 3' (sar@risad§dence SQ
en later) MIli-Qwater 76 | Taqg polynerase 1 | Total 100
les of 94 Cfor 1 min, 94 Cfor 30 see, 56 C for 30 sec and 74
Cfor 1 min were repeated. (2) Using the GSH2 gene disrupting cassette
as "URA3- GSH2" hereinbelow) , the GSH2 gene of Strain H4 of

t he yeagpt, rut ant for use in food was disrupted. First, Strain H4 was
prelimnariTy cultured in 3 mM of the YPD culture nediumunder shaking at
30 Cfor 24 hours.. One milliliter of the resulting culture |iquid was
transferred in 50 nl of the YPD culture nmedium and culturing was
conti nued Taﬁ;e g

10 ng/pl URA3-GSH2/pGEM 1 pl

10x PCR buffer 10 pl

10 mM dNTPs 10 pl

10 prol/pl GAL1LF (primer) 1 pl

Sequence: described previously

(same sequence SQ ID No. 1 given later)
10 pmol/pl GSH2R (primer) . 1 pl
Sequence: 5%AGCTAAATGQTGTACTTCGCTAc-a'

(same sequence $Q ID No. 5 given later)

Milli-Q water 76 pl
Tag polymerase 1 pl
Total 100 pl

Note: 30 Cycles of 94 °C for 1 min, 94 °c for 30 sec, 56

°C for 30 sec and 74 °C for 1 min were repeated.

(2) Using the GSH2 gene disrupting cassette (referred to

as “URA3-GSH2" hereinbelow), the GSH2 gene of Strain H4 of the

yeast mutant for use in food was disrupted.

First, Strain H4 was preliminarily cultured in 3 ml of the

YPD culture medium under shaking at 30 °C for 24 hours.. One

milliliter of the resulting culture liquid was transferred in

50 ml of the YPD culture medium, and culturing was continued
upto the logarithmlc growth stage. Thereafter, URA3-GSH2 was
blended lnto the culture in suspension in 1M sorbltol, for

subsequent electroporation in a conventional manner. Thus,
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upto the logarithmc growh stage. Thereafter, URA3-GSH2 was blended into
the culture in suspension in 1Msorbitol, for subsequent el ectroporation

in a conventional

manner. Thus, 35 9 April 2003 Strain H4 was recovered,

where the GSH2 gene had been replaced by the disrupting cassette (the
resulting strain being referred to as "H4AGSH2" her ei nbel o%April(2893 The

yeast nmutant for

use in food containing y- glutanylcysteine in an anmount of

1 %or nore based on the dry yeast cells, was prepared as follows. .The
HAAGSH2 strain was -prelimnarily cultured in 3 m of a synthetic m ninum
culture nedium containing i mm gl utathione, under shaking at 30

C for 24d1uns a40@§s raddvdid® wRbréthed esHbidérte Gld been! ieplgoaas
transferred in m

essenti al

of a synt hetic mnimum essential culture medi um

cont ai nigPthe dﬂ\éﬁbﬁﬁiﬁig{"@u@éé’t@#'th@rﬂé@m ?Mam%ﬁrﬂrréﬁems . Then,

the yeast” cells were co

| ect ed he coll ecte

cells were washed wth

distillqg, 4 &S re then subjected to an extraction
process at 0 8 réh?zen m nuj’ttg’%qto extract-the cell contents. The
Supernatant % 2oy &t Sﬁhé&ﬁ@nfoﬁ%kectﬁd 36q COBORLA VELRG YD

extract, saye to determne the y- glutanyl cystel ne cont t
therein m?a‘nfﬁl'lfﬁg Ca¥-ab @B §YEL & D10 Bag@deshl Yheegpyer ed per
t he dry%/eas ce IseJ'l(Hcse é"llg‘oam ?Iﬂ&Flg 7. Herein, the dry yeast cell weight
was

yeaet cells, was prepared as follows.

" .The H4AGSH2 strain was preliminarily cultured in 3 ml of
a synthetic minimum essential culture medium containing 1 mM
glutathione, under shaking at 30 °C for 24 hours. One
milliliter of the resulting culture liquid was transferred in
50 m1 of a synthetic minimum essential ctllture medium containing

5 mM cysteine, and culturing was continued for 48 hours. Then,
the yea;t cells were collected. The collected cells were washed
with distilled water three times, and were then subjected to
an extractlon process at 70 °C for ten minute, to extract-the

cell contents.

The supernatant (yeast extract solution) ocollected by
centrifuging the extract, was assayed.to determine the y-

glutamylcysteine content therein. The content of the ¢y~

glutamylcysteine consequently recovered per the dry yeast cells
ie shown in Fig. 7. Herein, the dfy yeast cell weight was
defined as the yeast-cell weight measured by placing the yeast
cells contained in a given culture medium on a filter paper,
hea"ting the yeast cells at 105 °c for 4 hours, fellowed by

meesuring the weight of the yeast cells after so heat-dried.

36



defined as the yeast cell weight nmeasured by placing the yeast <cells
contained in a given culture nediumon a filter paper, heating the, yeast
cells at 105 C for 4 hours, followed by neasuring the weight of the yeast
cells after so heat-dried. 36 9 April 2003 Furthernore, the yeast extract
solution was |yophilized into a powder in a conventional naBAeN 2009 2 ny of
the powder was dissolved in 1 m of water, and the solution was then
adjusted to pH5. A part of the resulting solution was heated at 98 C for
3 hours. Then, the contents of the y-glutanylcysteine and the cysteine in
the yeast exthachetn®as! t@¥t a&id d¥uraktt Sonntiomfaar 1lpephingzaere assayed.
The results are shown in Fig. 8 1In Figs. 7 and 8 above, "Total cysteine"

neans " gygbe owder ¥nG edatentieans magthicedof.arny-aff uhanpbegstei ne”,
and"GSH' neans "glutathione", respectively. It is needless to say that the
yeast Cehkdidididenens! nlext watér cand gheiseg ua ibinglascoheratjukted

y-gl ut anyl cystei ne, which have been produced by the inventive production

met hod, ycagun®t a0ph¥t RS ¥pedrasulditibal it Rgn e healtetioat ppddaci ng the
cysteine-rich food material, flavor-enhancing material for foods, or

fl avor - gahagaidigrAgenteh Plefc0edat e d be Preseglutanybrys tmindandal so serve
as an excellent source of y- gl utanyl cysteine or cysteine for other uses.
(I ndust rirRl cpppisalin thy)yedetoedtrart qyehet prasmwt )i préaritenand nat ur al

f
oo after heating were assayed. The results are shown in Fig. 8.

In Figs. 7 and 8 above, “Total cysteine” means “cysteine”,
“y-Glu-Cys“ means »reduced-form y-glutamylcysteine”, and “GSH"
means “glutathione“, respectively.

It is needless to say that the yeast cells and a yeast
extractcontainingzihighcontewtofy—glutamylcysteine,which
have been produced by the inventive production method, can not
only be used as the starting material for producing the
cysteine-rich food material, flavor-enhancing material for
foods, or flavor-enhancing agent for foods of the present
invention, but also serve as an excellent source of y-

glutamylcysteine or cysteine for other uses.

(Industrial Applicability)

According to the present invention, a natural food
material with a high content of cysteine, such as a yeast extract
with a high content of cysteine useful in flavor improvement
of foods, can be easily obtained.

Also, according to the present invention, a flavor-
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material with a high content of cysteine, such as a yeast extract wth a
hi gh content of cysteine useful in flavor inprovenent of foods, can be
easily obtained. Al so, according to the present invention, a flavor- 37 9
April 2003 enhancing material for foods and a flavor-enhancing agent for

f oods which can enhance flavors such as beef flavors and dRiAed-200%i to
flavors in foods, and are free of the problemof strong burnt snells or
the like, can be easily obtained. Still further, according to the nethod of
the present invention can be easily obtained yeast cells containing y-
glutanyl cysteine in a large amount. 38 9 April 2003 .CLALMS %. A process
for prodenhancingyetersalriasn tpada and ar FRAvVorvERAP U AgRS $ ntaining a

food material containing y- glutanylcysteine at ratio of (o) re wei ght
%to thefeefsdwhight €aP CRHEABEE, féf‘vﬁz?eﬁﬁgﬁataﬁr g’eoefaft 5381?‘60%’20{‘@72nd a pH

I f 1to7 inth b f d i ter. .2
4R pr o088 deHoPORENIAYGTA. £y Jete. PR TOOASRa by PLOAPRKOE oot | ses

al I owi ng ay-gl utanyl peptide hydro e to act t .a.p A of 3 to 9 and

a tenper&ﬁﬁpégoPuﬁﬂﬁt%ﬁéi}ﬁ:qrn¥gﬁeif%?eéﬁﬂbgn%f%ﬁéﬁgrHgﬁagHggod mat eri al
L ) : . . 0

containing y- gl ot apyl cyst el e 21,8, 26 €8 nbeRbaBECCHE! Gibodhbo the

invention can be easily obtained yeast cells containing y-

glutamylcysteine in a large amount.
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content thereof. 3. The process for producing a cysteine-rich food materi al
according to Claim2, wherein said y-glutanyl peptide hydrolase is an
enzynme selected fromthe group consisting of y-glutanyl transferase,
y-glutanyl cyclotransferase and gl utam nase. 4. The process for producing a
cysteine-rich food material according to any one of C ai ns9Aptid2083 wherein
said food material containing y-glutanylcysteine at a ratio of 1 or nore
weight % to the solid content thereof (as the starting material) is a
yeast extract or yeast cells. 51 A process for producing a flavor-enhancing
material for foods, which conprises naintaining y-glutanylcysteine or a

food material contalnlngyglutaﬁﬁﬁ%telne at aratio of 1 or nore 39 9
April 2003 weight %to the solid content thereof, at a pH value of 1 to 7
and a tenperature of 50 to 120 C for a period of 3 to 300 mnutes in the

2 educi ng Sdgeh PEOCERS TESBFPY G HhEL %t?ﬁsﬁ}%c-iaﬁ%n@%# pced 2y EﬁFeZ‘dS'ePgl
o1 ocess HOLTH R =a B P504RLBRn Andand PRI REFICRSTAS Yapi ch
%"?‘érbséﬁﬁlg‘m‘é’@ﬁygpaﬁ? Frop e 1 ol T PP R 5P e E R i Pt e i n
;h € presence of maler: o Jedhpl ALY 8E Y o 9202 d 204 aMBhE WaluecONnt ai ni ng
of 1 to 7 in the absence of a sugar and in the presence of water.
.24 A process for producing a cysteine-rich food material,
which comprises allowing a y-glutamyl peptide hydrolase to act
at a pH value of 3 to 9 and a temperature of 15 to 70 °C in the
presence of water on a food material containing Y-
glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof.
3. The process for producing a cysteine-rich food material
according to Claim 2, wherein saidy-glutamyl peptide hydrolase
is an enzyme selected from the group consisting of y-glutamyl
transferase, y-glutamyl cyclotransferase and glutaminase.
4. The process for producing a cysteine-rich food material
according to any one of Claims 1 to 3, wherein said food material
containing y-glutamylcysteine at a ratio of 1 or more weight %
to the solid content thereof (as the starting material) is a
yeast extract or yeast cells.
5, A process for producing a flavor-enhancing material for
foods, which comprises maintaining y-glutamylcysteine or a food

material containing y-glutamylcysteine at a ratio of 1 or more
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gl utanyl cysteine at a ratio of 1 or nore weight %to the solid content
thereof, and then adding a reducing sugar to the resulting mass in an
anount of 1 to 10 noles per 1 nole of the y-glutanylcysteine present in
said resulting mass. 7. The process for producing a flavor-enhancin
material for foods according to Claim6, wherein said y-glfeidP0depti de
hydrol ase is an enzyne selected fromthe group consisting of y-glutanyl
transferase, y-glutanyl cyclotransferase and glutam nase. 8. A process for

produci ng a flavor enhanci ng agent for foods, which conprises naintaining
t he fIavor- scrifed.

5to 7 af® % pgpﬁr%?fgééﬁ"§%gfggg CSats’éaper}?od io to 3 OOL1EL?;25
cont ai ne! VAT [ﬁsat%m BreERERCSh oG Vol & T ﬁofé*@w'e&%m 1P R solia
content thg{ggg ‘in tl;Ife absence of a reducing sugar and in the presence

of water, and then adding a reducing sugar to the resulting mass

in an amount of 1 to 10 moles per 1 mole of the y-glutamylcysteine

present in said resulting mass.

6. A process for producing a flavor-enhancing material for
foods, which comprises allowing a y-glutamyl peptide hydrolase
to act at a pH value of 3 to 9 and a temperature of 15 to 70
°c for a period of 1 to 300 minutes in the presence of water
on y-glutamylcysteine or a food material containing y-
glutamylcysteine at a ratio of 1 or more weight % to the solid
content thereof, and then adding a reducing sugar to the
resulting mass in an amount of 1 to 10 moles per 1 mole of the
y-glutamylcysteine present in said resulting mass.

7. The process for producing a flavor-enhancing material
for foods according to Cl.aiJn 6, wherein said y-glutamyl peptide
hydrolase is an enzyme selected from the group consisting of
y-glutamyl transferase, y-glutamyl cyclotransferase and
glutaminase.

8. A process for producing a flavor-enhancing agent for
foods, which comprises maintaining the flavor-enhancing
material for foods as described in any one of Claims 5 to 7 at

a temperature of 50 to 180 °C for a period of 10 to 300 minutes.

9., Yeast cells or a yeast extract for use in food which
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9 April 2003

contains Y-glutamylcysteine at a ratio of 1 or more weight %

to the soliq content thereof.
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