;T HEUR () *+,e3e212(()T,t-D16z1T1\r9 April 2003 DESCRI PTI ON PROCESS FOR
PRODUCI NG A FLAVOR- ENHANCI NG MATERI AL FOR FOODS (Techni cal Field) The
present invention relates to a nethod of. easily obtaining a cysteine-rich
food material (in the present specification, "cysteine" includiQ% i.ts
oxi dized formdisulfide 'cystine' unless otherw se noted) where P 2063, d
mat eri al such as a yeast extract or yeast cells containing

Y-gl utanmyl cysteine (in~ the present specification, "Ygl.utanylcysteine~~
including its oxidized formdisul fide unless otherw se not ed) oy Of
at least 1 % (weight % to the solbEEcxmerdy t hereof ( i. e.HmmMwawmmwm“nt
of 1 or nore weight % based on the solid content thereof) as the*ﬁLﬁgting
material is heated in an acidic to neutral pH range, or a Y-glutany

pepti de h¥Q&9#§§ﬁ is allowed to act thereon. The present invention rel ates
further to & S P ROBIQ NGO 1t VIR & NHAR S ARG ;Eg}te” al for
foods wherein a food material such as a yeast extract oﬁﬂgé R F4qns
containing Y-glutamyl cysteine at a ratio of at least 1 (weight g ) to the
solid content thereof as the starting material is heated in an acidic to
neutr al pﬁTPEHQéFaérFéenglutanyl pepti de hydrolase is allowed to act

t hereon, and thgn each resulting mass is added with a reducing sugar, as
well as to a nEhRodmdsroodusi-agt 8o ri.l ,2003 fl avor-enhanci ng agent
for foods ghe(ein a flavor-enhancin% ﬁé&éﬁfgl or 21 §&dhosbt af nedsiinysuch a
way descrPBedipdsyg abowgsisiheated; T, resent .invention relates stil
further to yeagt cells gersese or g y§§% 8§$F£&Flpefl%e1ﬂnﬂ poedenhkavi ng a
hi gh cont 8Recdfigagionanylcoyshehne, |l as to a method of producing

t he saneﬂﬁéBackground Art) Cysteine igﬁﬁggglpgr e ppbdized, Eognm,

flavor i Pvkhbde obys0ofs: TheeLQNYentional methods of producing cysteine
i ncl ude proteolysis, seni-syntheggg é?ggfwéﬁﬁ fréeflot hddr<dgi ng debal y used
at presermaterei ol of @sl Vd S; an l-synt hesis. Wien cysteine is to be used
for the above purpose, thé?gyg%égP% ?%%QE%RFfKﬁaﬁ%o@Ehb$ecbatsimih§ a high
content ofFgdysheivlevikite8ne CYSieine-rich food materials}, but such food
materials with a higﬁ goﬁfbntég} c@g?eiﬁéeﬁﬁéthammqpﬂdﬁthi&ﬁﬁnoﬂgre.

| ndeed, tdierteaniB: éy%gnj ned, .as an exanpl e of
accunulatingy-gluegﬁilcystgPﬁgua}PﬂPﬁ*N%és 1zed Iformdisil Fele Whelsl n

Y- gl ut amplthyestAisie ngyaihet ase was, excessively expressed by a genetic

engi neeri ng proced&regh&hé?e%yr%&ﬂ?n9£n@¢c}§ﬁ§tné WaswaLghe s ated iy, a

maxi nmal gﬁqqatcgﬁtgn€'9§§ed:Pn,the dried yeast cells (Ontake et al.

Bi osci ence and I ndustry, VoL 56, €Ne. 10 ampmogse of W8r(mdBE2idight ¢!t 1S 1O

be not ed L1 2003 Fig . 1
baded gnAPﬁé sSOoTlYL coé%ent thereof) as the starting material

is he i idi
ated in an acidic to neutral pH range, or a Y~-glutamyl

peptide hydrolase is allowed to act thereon

The present invention relates further to amethod of easily

Obtaini j
1ning a flavor—enhanCan1naterial for foods wherein a food

acidj
ldlc to neutral pH range, or a y-glutamyl peptide hydrolase

is al
lowed to act thereon, and then €ach resulting mass is added

wi .
ith a reducing sugar, as well as to a method of producing a
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flavor-enhancing agent for foods wherein a flavor-enhancing
material for foods obtained in such a way described just above
is heated.

The present invention relates still further to yeast cells
peL se or a yeast extract per se for foods having a high content

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

sanme.

(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 purpcse, 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 tobenoted,
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1/ 2 Sequence Listing (110) A~inonoto, Co., Inc. (120) PROCESS FOR PRODUCI NG A
FLAVOR- ENHANCI NG MATERI AL FOR FOODS (130) DF26PCT/ B508 (150) JP 10-335385
(151) 1998-1i-28 (150) JP 10-335386 (151) 199%-il-26 (150) JP 1i-194172
(151) 1999-07-C8 (150) JP 11-194209 (151) 1999-09-08 (160) 5 (gégh“im521l)
21 (212) DNA t213) Artificial Sequence C220) (2Z3) Description

Artificial Sequence: prinmer (440) 1 tatgaagact gtacagtctc ¢ ~1 (210) 2
(Z11) 34 (212) DNA (213) Artificial Sequence 9 April 20@3 2/2 (220) (223)
Description of Artificial Sequence: primer (400) 2 ccggggagct cagctaaatg
gtgtacttcg ctac 34

Fig. 5
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(210) 3 (211) 29 (212) DNA (213) Artificial Sequence (224) (223)
Description of Artificial Sequence: priner (400) 3 attaacccgg gttgattcgg
taatctccg (21D) 4 (211) 30 C212) DNA (213) Artificial Sequence (220) (223)
Description of Artificial Sequence: prinmer 29 (4U0) 4 attaaccqgg,gg?g%tttag
ttttgctgge 30 (210) 5 (211) 23 (21Z) DNA (213) Artificial Sequence

(223) Description of Artificial Sequence: prinmer (400) 5 agctaaatgg
tgtacttcgc tac 23 9 April 2003 however, that those results were obtained
by the use of a yeast accumulating y- glutanylcystelne in a larger anount,
i.e., a laboratory nodel yeast nade by a genetic engineering procedure

whi ch usual ly never happens in nature. Nor is there described in the
article any idea. of utilizing the yeast as a material for foods. Further,
it is known that y-glutamylcysteine or a yeast extract or the |ike
cont ai ni ng y-gl utanyl cystei ne when added to foods enhances "kokum "

(thi ckness, nout hful ness and continuity) of the food. Further, it is known
that food naterials obtained by heating y-glutanmyl cysteine or a yeast
extract or the |like containing Y-glutanylcysteine in the presence of a
sugar are effective in inproving the flavors of foods, as described in,
e.g., JP-A 4-66069 and JP-A 4-9176i4.q My e speC|f|caIIy the fornmer {JP-A
4- 6&069) describes: "As a result of extens ive study to obtain a nore
preferable nmeat flavor seasoning, the inventors have found that

hi gh-qual ity roast ngat_flavor-like seasonings excellent in stability and
free of the above-descrijbed unpl easant odors and uppl easant tastes derived
fromyeast can be obtai equ&)adding sugars and, a$ necessary, anm no acids
to a yeast extract containing 2 to 20 ~ by weight {solid content) of

sul fur-contai ni ng comp ds such as gl utathione, cysteine, or

gl utanyl cystei ne"_{at the beglnnlng @ the "*Means: ©o Sol ve the Problent
section of the patent dqcuneml) and on the basis ¢f the findings, the

0.8 —

; ——  r-Glu-Cys
O. ---Q--  Total Cysteine

Concentration (mmo

Glutaminase( (4g/ml)
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3 9 April 2003 inventors had conpleted "A process for producing

seasoni ngs, which conprises addi ng sugars and, as necessary, amno acids to
a yeast extract containing a certain anount (2 to 20 ~ by Wi ght of the
extract ) of sul fur-containing conpounds such as gl utat hi one, 9 gpsita®ose, or
gl utanyl -cysteine and then heating the m xture at a tenperature of 70 to
180 Cfor i0 to 180 minutes in the absence of fats and oil's" (the "d ai ns"
section of the patent docunent). Further, the latter (JP-A 4-91762)
describes: "Although there are a wide variety of existing neat flavors, al
of them have different qualities fromnatural roast flavors of nmeat and
there has been a need for an agent inparting flavors nore simlar qualities
to natural roast neat flavors" (the "Problemto Be Solved by the Invention”
section of the patent docunent ) ; and "As a result of research on a w de
variety of flavors resulting from heat-browning various am no acids and
sugars far the purpose of solving these drawbacks, it has been found that a
flavor conposition having excellent roast nmeat flavors which could not be
achi eved heretofore can be produced by addi ng sugars to Y-gl utanyl cysteine,
then dissolving the mxture in water, and heat-reacting the solution at a
tenperature of 70 to 180 C for 10 to 180 m nutes, and the present invention
has been thereby conpleted" (the "Means to Solve the Problent section of

t he patent docunent ) ; and discloses "A process for produci hg a flavor
conposition, which conprises adding a sugar 4 9 April 2003 to

y-gl utanyl cysteine and heating the m xture at a tenperature of 70 to 180 C
for 10 to 180 mnutes." However, it hag, bgen noted that these flavor
seasoni ngs have the problem of burnt siells 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
provi de a food mat o4l with a hi gh contemii-36 cysteine, i.e.,
cysteine-rich faod matlerial. Under the background of the prior prt

descri bed above, anofher object of they Ll Nvention is to provide a

fl avor - enhanc&ng-nat érfi al for foods arj kr - enhanci ng agent for foods
whi ch enhance+flavors [such as beef fl g dri ed-bonito flavprs of foods
or drinks, beﬁngmfree of the drawbacks burnt snells of the Iike
descri bed aboge;juﬂdé} t he backggigund g or art described above,
still anotherﬂobgect f the pb?ﬁéﬁé [ §s to provide yeapt cells for
foods or a yeast “extract thererrom ha content of

y- gl ut anyl cystei He amd[ Ui '
above-descri bgd &ood
flavor-enhancgngmagent

0.5

materiar Tor
mat @SHI for foolls, or
03

terial, fl
for foods.

Amounts of sulfur compounds in

the H4AGSH2 yeast cells
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As a result of their eager study to achieve these objects described above,
the present inventors have found that yglutanyl cystei ne upon heating at a
tenperature of 50 to 120 C and in a pHrange of 1 to 7 is deconposed in a
period of 3 to 300 mnutes into cysteine and PCA (pyrrolidonegQ@ﬁngglic
acid), whereby cysteine can be obtained in a high yield as a whol e, that
upon hydrol ysis of y-glutanylcysteine with a yglutanyl peptide hydrol ase,
the y-glutanyl cysteine is deconposed into cysteine and glutam c acid,

wher eby cysteine can be obtained in a high yield as a whole, and al so that
by simlarly heating yeast cells or a yeast extract containing 1 or nore
wei ght ~ of y-glutanylcysteine in the absence of a sugar under hydrous
conditions or by allowing a y-glutanyl peptide hydrol ase to act thereon, a
yeast extract with a high content of cysteine can be obtained, and on the
basis of these findings, have nade a first enbodi nent of the present

i nvention. Accordingly, the first enbodi nent of the present invention
relates to a process for producing a food nmaterial with a high content of
cysteine, wherein a food material containing yglutamylcysteine at a ratio
of 1 or nore 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 conprises
mai ntai ning a food material containing y-glutanylcysteine at a ratio of 1
or nmore weight ~ to the solid conteRidthreof, at 6 9 April 2003 a
tenperature of 50 to 120 C 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
material wth athifgh cont eidiuelys cysteine, wherern a "y-glutanyl peptide
hydrol ase js al ed to act &t pH 3 to 9 and at 15 to 70 C in|the presence
of water om a food nateri agiseest ai ni ng y-gl utanyl cysteine at a ratio of 1
or nore Weﬂgkft? T4tlothe sof seaont ent thereof  i.e. . _a praocess for
produci ng B cVst eijne- rioedn N at eri al, which cor§wiCges all owi ng a

Y- gl ut anyl Zpejpt i 2l g5y tairlco SIS —o at—a—pH-val-ve ) nd a
tenperature of 15jto 701C § presence ? Wat er| on a food paterial

cont ai ni ngay-igl U@ gnytcyste T Tarroof 1Y i - to the solid
content therepf, qds wel g rocess for producGsHa fopd materi al
with a high gont®nt of | ribed aboye, ih the said food
material as tthe stjarting is a yeast yeasticells. As a
result of Bhasr Tdrther bj ect§ descri bed
above, thefprésent|--nvel ined by

heat i ngy- gl ut anyl clyst ei | qexfract tontaining a

| ar ge anount of ggtutam or-e—wetrght o to the
solid content therjeof, at s es injan acidic to
neutral pH rangeli mTHE absence of a Tedu gar, or-py atfowing a

Y-gl utanmyl peptide hydral.a t her eon,_at and at 15 to 70 C
foll owed by adding a r@&&@?§g5§8§§b97 9 EH%FFPQ%%%{?RgretO, are effective
i n enhancing flavors of foods, and al so that such materials upon heating
can serve as an excellent flavor-enhancing agent for foods, and on the
basis of these findi@mgsngdame st SEE WL Abashmpatnas the present

i nvention. Accordingly, ?he second enbodi nent of the present invention
relates to a process for jprefucunacent! gwaesteekaneictg material for foods,
wherein y-glutanyl cysteine or a food material containing Y-glutanylcysteine
at aratio of 1 or nore weight ~ to the solid content thereof is kept at pH
1to 7 and 50 to 120 C for 3 to 300 mnutes in the absence of a reducing
sugar and in the presence of water, and a reducing sugar is then added in
an anount of 1 to 10 noles per 1 nole of the Yglutanylcysteine, i.e., a
process for producing a flavorenhancing material for foods, which conprises
mai ntaining y -glutanylcysteine or a food material containing

ygl utanyl cysteine at a ratio of 1 or nore 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 absence of a reducing sugar and in the
presence of water, and then adding a reducing sugar to the resulting nass
in an anmobunt of 1 to 10 noles per & s e of the y-glutanyl cysteine present
in said resulting mass, and to a process for producing a flavorenhancing
material for foods, wherein a Y-glutanyl peptide hydrolase is allowed to
act at pH3 to 9 and at 15 to 70 C for 8 9 April 2003 1 to 3QQ mnutes in
the presence of water on y-glutanylcysteine or a food material containing
y-glutanyl cysteine at a ratio of 1 or nore weight ~ to the solid content
thereof, and a reducing sugar is then added in an amount of 1 to 10 nol es

I . N o, o r N 1 o
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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 weight ~ based on the
dried cells, using a Saccharomyces cerevisiae, one of the repfed@ldative
yeasts 9 9 April 2003 for foods, and preparing a yeast extract fromthe
thus-created yeast (in the yeast exjraet, Y-glutanyl cystei ne being contained
at a high concentration} and further by heating the yeast extract, in
obt ai ni ng anot her yeast extract containing cysteine in a |larger anount than
before heating, and on the bas is thereof , have nade a third enbodi nent of
the present invention. Acco$atjuente/ Lishing hird enbodi ment of the present
invention relates to yeast cells or a yeast extract for foods which
contains y-glutanylcysteine at a ratio of 1 or nore weight to the solid

cont ent taﬁrﬁfé..lnctd talk , it can and will be understood from what has
been and 'ﬂ LIPROLY {UBa t the first to third enbodi nents of the
present inventions described above constitute a group of inventions so

li nked a8<a??}eautassiF@kﬁphnmeﬁkhmeAP@&%@%hpEﬁ@wﬁdﬁﬁG‘ﬁgﬁﬁﬁyhﬂﬂﬁﬁﬁﬂﬁoons

i nvention be described in detail. First, the first I ment of the
present invention will be explained. The food material as the starting

mat eri al KdB80} HF2HPCR/BEES of this embodiment is a food material containing a
| arge anount of y-glutanylcysteine at a ratio of 1 or nore weight ~ to the

solid cont(qg(» tﬁeiggg%aﬁfood material with ay 10
{151> 1998-11-26

150) JP 10-335386
(161) 1998-11-26

{150) JP 11-194172
{151) 1999-07-08

{150y JP 11-194209
(151> 1999-07-08

(160> 5§

{210) 1

(211) 2t

(212> DNA

{213) Artificial Sequence

(220)
(223) Description of Artificial Sequence: primer

(400) 1
tatgaagact gtacagtctc ¢ 21

{210} 2

{211) 34

{212) DNA

{218y Artificial Sequence



9 April 2003 glutanyl cysteine content of 1 or less ~ is comercially not
practical because of 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 or9ApHIE0RBi ght ~
to the solid content thereof -. Incidentally, such yeast cells with-a high

content of y-glutanylcysteine can be obtained by the nethod of Exanple 7,
or froma yeast occurring in-nat u%e gnd cont ai ning Y-glutanyl cysteine in an
increaszd nount due to nutation / yeast nutant created by nutagenic
treat meh€2®)0o i ncrease the anount of y-gl ut anyl cystei ne therein. Further,
such ye§823)edesadptiem obeAntifpeisddSeguense r arinem from such yeast cells or
autol ysis thereof, or by supplnenting, wth yglutanylcysteine, a yeast
extract E@@h a lower content of y -glutanylcysteine than the predeterm ned
anount é r ebed above. Accor di ng to the present invention, such a (y

gl ut amgeggegagc hecagctigat ogigteat tog atad s heated and k#pt at 50 to 120 Cin
an acidic to neutral pHrange, that is, at pH1 to 7. The anmnount of water

pr esent hf())dﬁt erm ned fromthe viewooi nt of operativeness and, for exanple,
t he anmo off water can be 1 to 100 parts by weight per 1 part { in terns
of dry 1 39) of the food material. A pH outside the above range may

reduce piZzivdNably the amount of cysteine forned. OF course, adjustnent of
the pH /A0 an acid such as 11 9 April 2003

hydr Ochﬁgﬁﬁﬁgﬁfﬁ%ﬁl ?égggde&such as sodi um hydr oxi de acceptable for food
manuf acturing. If the heating tenperature is too |low, the progress of the
deconpogB2@®on reaction of yglutamyl cysteine is del ayed, whereas at too high
a tenper, ; (o] b f |y reduced due to side
reactioégngﬁgﬁém??gg}g Arrkgfqgileg iggmget?gjeégqugafo heat treatnment under the
heating conditions described above, it is possible to obtain in 3 to 300

ni nut es {480k Ber food material with a hi gh content of cysteine wherein
cyst ei nttheccdpeent tiat tix¢ dawtcaeegnul ated in a large ggpunt ( i. e. , a
cysteine-rich food material ) . If the heating tine is too short, the
reacti 02 g&% not be conpl eted, whereas given too long a heating tine, the
cystein 280t & formed is unfavorably reduced due to side reactions. It is
essenti &£211p donduct the deconposition reaction of Y-glutanylcysteine

wi t hout @(jgl} p¥A@ sugar, particularly a reducing sugar such as gl ucose,
fruct oseq ?xl Q3€.,0I. tose, and in the absence thereof. This is to prevent
t he resuz‘t1 d\r@/g}%‘l SGIUERGE eact i ng with a sugar, particularly a reducing
sugar, to generate burnt snells, as well as the occurrence of browning
reacti or(.ggﬁ;r formati on of cysteine from Y-glutanylcysteine, an enzymatic
nmet hod | ti.one That. i YNE, : rolyzing the peptide bonds
i ny-gl ut g%gggp%téoflygfgMﬁ%llibe%ﬁl%hgﬁrlgaﬁgse) is allowed to act on

t he above-described 12 9 April 2003 y-glutamyl cysteine-rich food materi al
at pH 3 ¢480% &nd at 15 to 70 C. The anount of water present is determ ned
fromt i i j s and, for exanple, 94 he anount of water
may behﬁtqﬁge% ggﬁtw&g?g%ﬁgggr 1 part ( in termss(?)f dry weight ) of
the food material. If the pH and tenperature are outside the ranges

descri be1@ove, the activi ty of the y-glutanyl peptide hydrolase is
undesi r a{gy ywepkened. If the yglutanylcysteine-rich food material is
treated w ﬁtéfh an enzynme under the conditions described above, a food
mat eri al YWt h™da high content of cysteine wherein cysteine has been forned
and accuf@didat &etificiall Seqenaeount (a cysteine-rich food material) can be
obtained in 1 to 300 m nutes. Although there are nmany types of Y-gl utanyl

pepti de @wl ases, those particularly useful for carrying out the present
inventio clude.y:- gl ut | .transferase, Y-glutanyl cyclotransferase,
gl utanin e{)s&s_cr*ﬁ Bg%ﬁftquléﬁ %qflﬁnéaf"h? Hi€ont ent " of cysteine thus

prepared can be placed on the market in any suitable formincluding a
l'iquid s{4006 s such, a concentrated paste state, a dried powder state, a

gr anul a%ﬁﬁ,ﬁ%%ﬁ%ﬁg?jg@é:ﬁ%ﬁg%cm ei nafter, the seconga enbodi nent of the

pr esent above wi ||l be expl ai ned:



First, the process far producing a flavor-enhancing material for foods
according to this enbodinent will be 13 9 April 2003 described. It can be
produced, for exanple, as described above, by heatingy-gl utanylcysteine, or
yeast cells or a yeast extract containing 1 or nore weight ~ §fapi 2003

y-gl utanyl cysteine, in an acidic to neutral pH range and in the absence of
a reduci ng sugar, or by allowing a Y-glutanyl peptide hydrolase to act

t hereon, each followed by adding a sugar thereto. . The food naterial as
the starting material used in such a process is such a food materi al

cont ai nil{&gmg,%]ra'r 98 22D qfesmﬂgsug,ggw&a@g |08 13! tRe"Bld %fogcﬂeg?%%gor e

wei ght %to the solid content thereof (ay-glutanylcystelne-ri

mat eri al | be ' ct.i,0 i h ' enhodi nent  of

t he preéﬁﬁ?ﬁ?ﬁegﬁﬁﬁ%ngka?géglggfggggg %ht% 2%§g§ u?gﬁiré;steinb’g%ntent of
1 or le %..5. r ractical ause. he re K g weak
flavor %bﬁnéﬁéwgﬁgeﬂﬁ%%%gﬁa(# egﬁo"% gf)ern ee? g%a%ﬁ%.lgéﬁ% S?o%%%n%#ue]?? al s

i ncl ude, oy e east extract or. yeast cells containin .

Y- gl ut amfF SR el REvP R RAnS Ly TREVES et 12 (OCFRELETT P nt ent
thereof ., incidentally, such yeast cells.with a high content of .
y-gIutaﬁV?éggféFﬂﬂiﬂéﬁaﬁg'&gFéiﬁédFtéﬁlé?ng B@esﬂ%ﬁsbeﬂ%t?dn%B%Fh%%ring
method as will be described later in Exanple 7. Further, such yeast extract
can be Qﬁmﬁ%&p%y extraction fromsuch yeast cells or autolysis thereof,
or by supplnenting, wthy-glutanyl cysteine, a yeast extract with a | ower
content of y-FRXERBREM clistisl ddavinfhafteypo bakany ke icble bpo Ut Yetedr§bed

above. This is the same as has 14 9 April 2003 been descri bed _above in
connect i ¥REEREH PhERg dsitke pondiadarng 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 ivé 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 compounds
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



of the present invention. According to the present

i nvention,y-glutanyl cysteine or such food material containing

y-gl utanyl cysteine in a |l arge anount as described above is first heated and
kept at 50 to 120 Cin an acidic to neutral pH range, that i SAmt2¢ 1 to 7
for 3 to 300 mnutes in the absence of a reducing sugar and in the presence
of water. The conditions concerning pH tenperature and reaction tinme per
se are the sane as has been descri bed above in connection with the first
enbodi nent of the present invention. The anmount of water present is

det er m nedvénoars hkad | @wel ¢t e D~ 20 pRtcaidsse oSS pabduciiay sxasphéngkhe anount
of water can be 1 to 100 parts by weight per 1 part ( in terns of dry

wei ght ) whichheoypgiséanydginsd e ugay ddE faeod ctiehirgy!, WntiRoaabiglk content
of y-glutanylcysteine. Incidentally the present inventors have found that

when y- gtot anybey st &xPeade dedtethAlg RHckltQiih adowrlt 1@ 8026 apg, for

exanple for 3 to 300 mnutes, the y-glutanylcysteine is deconposed into
cystei ne i cakb bE_achid) r i i 5 -0bt ai ned
AR S He S R b S PR TG T DS L e
extract LRl 1 wej = Y- : i i ed in an
anal ogoud acathiBfiel Mo ERfe i St Ay IR a] S EhAR heatant
conditio . xtract with j cO [ 9
pori 1 2008esE¥ERSS aBih CaRb-thb YR Db PSR AR F P o kS g AERe 88051 ti on
for foodg,.a rdi to t resent Lnavengion js attr)butahle t e

cystei neiphﬁggf%?%%%c? roo]ﬂlef\?-%& Eingrﬁ}ﬁg?st {ati—'th% ci]l’]adl;msa, pﬁfrc(a)tlhoé} éa% %E‘g above
range na Eed%Cﬁ unfavgrably t he amount of cysteine forned. OF course,
adjustneﬁ? 5Pt RESBMEREA *be” conduct ed using an acid such as hydrochloric

acid or a base such as,  sodi um hydroxid c taple for food uf act uri ng.
This is the S§H§%§§rha5h%gﬁﬂﬂaa§éPPﬁédfafkﬁéﬁﬁ S5 on ﬁHESOPH first
enbodinenb of the present invention. |f the heating tenperature is too |ow,
the pr ogF §¥CoRr et “Hé’@oﬁﬁBéPFVo?\f 1518 Beay- §lavarir st ahéheq

del ayed, whereas at too high a tenperature, the cysteine once fornmed is

unf avor abRyerdttterent dupd 14iigs feemrmadigal reashd Ipvmysglieat @8d oo
short, the reaction may not be conpl eted, whereas given too |ong _a heating
time, thé&heyetkambesacenetadiar #8 agsndvbrpdryine fles@réueoxe sinddar
reactions. This is also the sane as has been descri bed above in connection
Wt h thedtieddtiesbsdi rehtnrel rhespreszhtfiawart| dtheAd@aadilay the Bee
present inventors' findings, as has been described above,

wheny- gl Scdmeidc byt ehadl neeend s@ctdonpefi the patgrt stamumenty) f @nda
specific period of time in an acidic to neutral pHrange of 1 to 7 , the

Y- gl ut anylhsystmasiel tt ® fdeeoaposkchn Atwidy vagiire yant PEA |y meshilddmey
carboxylic acid), whereby the cysteine is finally obtained in a high yield,
or when Yeant Hdat-BrowtinPrvar2®®3 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-reacting 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



cel-ls or a yeast extract containing 1 or nore weight ~ of y

-glutanyl cysteine is heated in an anal ogous manner in the absence of a
reduci ng sugar under hydrous conditions, a yeast extract with a high
content of cysteine can be obtained. It is essential to condughpgupob3
deconposition reaction of y-glutanylcysteine w thout adding a reducing
sugar such as glucose, fructose, xylose or naltose, and in the absence
thereof . This is to prevent the resulting cysteine fromreacting with such
a reducing sugar to generate burnt snells, as well as the occurrence of

br owni ngorvegduitamy 1€lyist eiinet hed Seret iagy hhe béphudeszt idetdmpleaatune
connection with the first enbodi nent of the present invention. Furthernore,
for forotiti70ntof 189st@ifer fIrorhoydglaft amylutyest.gi ne, an enzymatic nethod is

al so nentioned. That is, an enzyne hydrol yzing the peptide bonds in

ygl ut anyl cysHewaeety- gt uhasmbepepidital hpdnoltase)k £l adlorowed sbh iakfs on

Y- gl utanyl cystei ne or the above-described Ygl utanyl cysteine-rich food

mat eri ahage Pie3 proWlemtof Shien¥0s@eand feyttling 30RcehsuEREd Wiepamount of
wat er present is determ ned fromthe viewpoint of operativeness and, for
exanpl ejntheageaunka®l faat8ksnay be 1 to 100 parts by weight per 1 part (in
ternms of dry weight) of the food material. If the pH and tenperature are
out side the ranges descri bed above, the activity of the y-glutanyl peptide
hydrol ase is undesirably weakened. This is the sane as has been descri bed

above inplEcloRuflr bk2Qd3 0@393595 with the first enbodi ment of the

b q
present ‘i nventi on. Althougg there are many types of y-glutanyl peptide

hydr ol ases, bF&g%g gﬁéf%{%ﬂ%&%d‘%@f thef %rioc.caéﬁéi cﬁ'gs?Pibé{Eig%tPé@ée%

i nvention inc ransf erase, y-glutanyl cyc ransf er ase,

gl ut am tce Jhis i |,sa .t sane.as, has_been descri ve i n
donnect PBTE: B, he Tt Sr it SalEne o 8T v Hr QL (T IS sl

heat-tr d product with hi.gh, cqont.ent of cysteine thus_prepared,is
cuppl endtdd 4 PN rBlbEnE, St i Tnon et R A RS ENE S 1t o 10
nol es pﬁ{ 1 mol.e of said yglutanyl cysteine, whereby the flavor-enhancing
materi a aﬁgflﬁ&dds of the present invention can be produced. As reducing

sugars, there nm ntioned gl ucose, fruyctose, xylose. an | t ose, and

t hese reduciﬁ@“%%bggf kﬁF@P@%aB&e%ﬁSrPFHer@5§oﬁe§Fﬁﬁﬂﬁit§Haqﬁy'at | ow
costs and applicability as food. The anmpunt of, a reduci ng sugar. to be added
(to be @h&PheLs abiechoodpltdie ppresepbl dyetHON - §F uttohyPEQ¥LErne as the
starting material or of they-glutanylcysteine contained in a natural food
mat er i alf QYO -ghhpagsimg @ategaly fagastoedd rard as flpyost-anhany Md eri al |

as described above. Anounts outside this range are not Ereferable because
gi ven am@@afduforbépedsseliich grj@nachd lavogst sushyeakieget \hlawxs \v8h an
anount above said range, sweetness beconmes too strong. The fl avor-enhanci ng
mat er i aldfigd-fheodd-antfidvaren o fi@ds 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.



9 April 2003 prepared in this manner can be placed on the market in any
suitable formincluding a liquid state as such, a concentrated paste state,
a dried powler state, a granular states or the |ike. The flavor-enhancing
effect of the flavor-enhancing material for foods of the preseftril2d¥Enti on
is exhibited due to the reaction of cysteine with a reducing sugar
contained therein in a heating step in processing treatnent when used | ater
in food manufacturing. Next, the process for producing theflavor-enhancing
agent for foods of the present invention will be described. It can be

obt ai ned, foragxams@, thy £ Sttt BE tda@rt BQuﬁgat\!@ra'cﬂﬁr@}Eit%s@bﬁﬁie@Esf or
foods of the present invention described above to heat treatnent under

sui t abl eqegadibe@nabol/d ,Calfe/| PBeObht t RavBaabrkl eatvENfouhhe that y-
fl avor-enhancing material for foods is heated, if necessary after

Concentrélﬁﬂaﬁfﬁé kPainkhep6YshehPEngORECAt LBhHORa £ 8RENES Qolrueiight ~ or
nore, preferably % 6 wei ghltg ~ or nore. The heating conditions are those

under whe ither wau I r i i : ithin
t he range@(l;%“{kgolr?% F&E%ﬁg%ﬁ@&%%&%%ﬁ%ﬂ%ﬁg@_ Suclﬁphag ti r%gxfé‘oryr%d;yti ons

i ncl ude, ,e. f. erpe n [ .50 to 60
C and I888t gogoﬁfﬁﬁﬁ elsr?téag'#s'ﬁthé(;%eé g‘%nl&z’a%ﬁ?‘gﬂp? 5%ggg%bgc§%%%ﬁﬁ%rt tinme
such as ..o 100 C ( around.the boilin ai nt, ). and.30.t0 .120 mi hutes .
For exanBrAdI TEnPFaS C O EHS AR geh R s iiet o o e A R ent | on
whi ch can, be prepared in thi nner, like. 1 ril, 2003 ,the

fl avor-ewﬁgigi'n?aﬁﬁt SPCR thfy(‘iﬁmggﬁ'd? %H“Héugﬁﬁgzﬁ%ﬁeﬂﬁ‘g YErket? Y any
suitabl e form.i ncl udi a liqujd state as, such, concentrated paste state,
2ar od BORGBPYY; ater iy adtidso G e onEner Ty Rl FarFECTiRE i 1 g
enbodi ment of the present invention will be described. The inventive yeast
nut ant ( (ESSFMPLELASINLP (FYRERLT® FRFD P IHhAWITiactd dy- YhGrEhY SYST&SINE at a
hi gh content can be prepared as follows . | . a_. , the glutathione

synt het a§@ngbgecttppned inrathigl irkd ao pwdwdee andeadsonithadt B th no
functi oni r]g‘gl ut at hi one synthetase, and then, the yeast nutant is cultured
in a conddmilendly hephéng yersarldld pr ptyerst eiratt et aidpord dd t hat
the GSH2 gene is not a gene essential for growmh (Chris, M Gant et al. |,
Mol ecul aprBretegieight e OetdlutaiylcBsteine 169bhe abencaSeft 2gar1 997) .
Because the disruption of a gene not essential for growh is a readily
occur r i ngnglean bydrorsy candpbaonaeousbyua bt pwhnofa orglygdrey lapdns ideown,
Exanpl e 7 described bel ow of the present invention can be said as one of

t he out chuysisodeisentbabty tdoenaon ng yeasdt eareraComneetni adhidie qurdsarit
invention, additionally, a yeast extract was prepared fromthe prepared

yeast nutodhtystainetcamabe lmdar icleelyr hpdiordthatleds 1hatf these d&uldiimgs yeast
extract was a

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



food material containing a high content of Y-glutanylcysteine, 20 9 Apri
2003 arid therefore cysteine. According to another aspect of the present
invention, there is provided a process for producing a cystetne-rich food
material, which conprises maintaining a food material containgRpgri2003

Ygl ut anyl cysteina at a ratio of 1 or nore weight ~ to the solid content
thereof, at a tenperature of 50 to 120 C and a pH value of 1 to 7 in the
absence of a sugar and in the presence of water. According to further
aspect of the present invention, there is provided a process for producing
a cyst eBn&empehatyog @htefitt 120 Whiadd conpHi yedugl P ngo a? yimluheany|
pepti de hydrolase to act at a pH value of 3 to 9 and a tenperature of I5 to
70 C i nabsengeestrceughr wateindrheapfesdngetaf walteromad Hiong process

ygl utamyl cysteine at a ratio of 1 or nore weight ~ to the solid content

t her eof foscpopdiagnyoa dypmichmanetrhial wsiplec hdafght benpensenf dystaenirieon, there
is provided a process for producing a flavor-enhancing material for foods,
whi ch coemerieses angigitadaniyigpegk ideaipdreyss €i inaldiowed aodagst & isH
containing y-glutanylcysteine at a ratio of I or nore weight ~ to the solid
cont ent 3t her @ofandatata 1gHrvaloe°®finl die bradibricd paraier emfa bdd 120 C
tar a period of 3 to 300 mnutes in the absence of a reducing sugar and in

the pres@iesiefl vohehindRg (RAM LA 1Y st SiQ@UEENY 1SUgRT JfO 11 HL mid@sdl ting
mass in an anount of 1 to 10 noles per | nole of the Y-glutanyl cysteine

present ydighdtl & r1as Whé NGo Mg Scordent ItABEELF2093 6. 7CROPHIR L HHt anot her
asftect ot-tlte taresciit iae~c lion, there ~s_yovtcled a process Cor

t ~r oducigigfudil Oé‘%y@'tﬂ'%i&"@at ~£5688 hfcerigaods h%hcm&ﬁ)ﬁ@iéﬁs
allomjnéﬁg)y-éfﬁy_anyl peﬁiidelhydco?ase toegét at.wa pti ualue of 3 to 9

and 2 | SRSAY & 9LoTRehRy] bhl fle RREEI B8k Ao Bde 22 Tpiues [0 the

presence a yst el ood nateri ont al ni ng

| =ei ' i gt , ~ i
R A R L LR B e i L

arount S ik 4 IR B ol LR R R e
Covent | St DS | B SRR HERANLCECky B EL 8 AR LR S I
to the Sl a8 ¥ progle enr BLLEhc RS BLuRaor L0E JHeP Y 1PSh)
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



Fig. t shows a change with trine of the anmount of cysteine resulting from
deconposition at pH 3 of reduced-formy glutanylcyst:eine (Test Exanple t )
. Fig. 2 shows a change with time of the amount of cysLeine resulting from
deconposiition at pH 5 of reduced-formy glutanyl cysteine (Tesg aAropse t) .
Fig. 3 shocas a change with tinme ot= t=he anmount of cysteine resulting from
deconposition at pEi 7 of reduced-Loan y glutanylcysteine (Test Exanple 1).
Fig. 4 shows the dependence at pEl 5 o L the anbunt o f cys teine f_or_ned
from deconpos~ti _on of reduced-Lorry y--glutanylcysteine c,~ith

gl ut am _tlseetppatd e fafretiveoin gdriam nasElalests &Xafpbds 2md adko 9 April
2003 Fig. 5 shows the dependence at pH 7 of the anount of cysteine forned

from decohposstichnmaterddleedpbar maestding aan esitws nes Wwahhegbellagntase upon
t he amount of gl utam nase (Test Exanple 2). Fig. 6 shows the dependence at

pH 9 of fheavarwenhantinyshgent fornedofis pnuneconperet bapief ofedneed form

y-gl utanyl cysteine with gl utam nase upon the anount of gl utam nase {Test

Exanpl e findings, have made a second embodiment of the present
invention.

Accordingly, the second embodiment of the present
invention relates to a process for producing a flavor-enhancing
material for foods, wherein y-glutamylcysteine or a food
material 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



2). Fig. 7 shows the amounts of the sulfur-containing 21b 9 April 2003
conpounds in the H44GSH2 yeast cells (Exanple 7). Fig. 8 shows the change
i n anounts of the sul fur-containing conmpounds in the HA0GSH2 yeast extract
(Exanple 7). (Best Mode for Carrying.Out the |Invention) Herei9vgt 003 t he

present invention will be described in nore detail with reference to 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 from glutanyl cysteine) The anounts of the
cyst ei né foR@ddrninubgscoushe pretenededaterney yghlnaapydyyséienaesol uti ons
with different pH values (that is, pH 3, 5 and 7) upon heating at 98 C were
nmoni t or et &ifidpd makerihd cesthisingg-ghutamydcFisgeinelatoa Fddslowt I n t hese
figures, "PCA" neans "pyrrolidone carboxylic acid", "y-d u-Cys" neans

"r educed-éomune geitjahyt aystrensdl idrdntEatat h€ysb i, nerid reapducyisigei ne”. As

can be seen fromFigs. 1 to 3, cysteine can be obtained

sugar is then added in an amount of 1 to 10 moles per 1 mole
of said y-glutamylcysteine, i.e., 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 ony-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, 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



from-y-glutanyl cysteine in high yields by heating. Test Exanple 2
(Formation of cysteine by an enzynme fromy giutanyl cysteine) 22 9 Apri
2003 "d ut am nase Daiwa" {glutam nase with a specific activity of 3.0

mM nin/ng, ex Daiwa Kasei Co., Ltd., JP) was added at varyingy april 2003
concentrations to aqueous 1 mml reduced-form ygl utanyl cysteine solutions
wth different pH values (that is, pH5, 7 and 9 ) , and the anounts of the
cysteine forned upon action of the enzyme at 37 C for 10 m nutes were

exam ned (dependence of hydrolysis of y-glutanyicysteine upon the anount of
t he enzyfmy .fofhis r andl psepaeishawgens tFegsrade tfirdn hdleothusnckbasedf i gures,
"y-d u-Cys" neans "reduced-forny-glutanyl cysteine", and "Total Cysteine"

means " cysistdn the yeasthexseeot | yoglirt gaylcydsteifie mijiigrobatagysetiei ne can
be obtained {in high yield) fromhydrolysis of Y glutanylcysteine with

gl utam ngsea B{yMPlc kMt Wk astledrhotReyedst dtafd PRUdebagent ai ning
4.5 Y-glutanyl cysteine. The m xture was then adjusted to pH5 with

hydr ochl 8%t ga@€| dnt &b P4 EPARS aAB tABHEALS Lext 8aLHIdHa Wi HdcpBechaat ed at
98 C for 180 mnutes and then |yophilized whereby a yeast extract powder

cont ai ni P 221 Prge £ ¥loUnE NBS b%*ib%ie’}?éjati'rﬂf,i dRAla bhe BHEMs EREe¥EaST

I
!
extract powder was used in producing a seasoning, a seasoni ng havi ng good

roast neﬂévélﬁggésam@ﬁigatg&gggimg§€ngketgeESEeﬁgnﬁﬁihbeﬁgggnwater was

added to a yeast extract powder contar ning glutanyl cystei ne. The

m XL vesRen BN 9 1o P T W ARATUSEURC, LA g iR € o1
Test Ex i t that _th trati I [, th
Test B gl (0 ety hel o be sencenbial op. s Ll g he
and | yophibLzeds WS StA NRA 2SRRI F D Fesghe HYStEl N

to the solid content thereof.

Incidentally, 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



Incidentally, when this yeast extract powder was used in producing a
seasoni ng, a seasoni ng having good roast neat flavors, simlar to that of
Exanpl e 1, was obtai ned. Next, Exanples and Test Exanple of the second
enbodi nent of the present invention will be given. Exanple 3 9 April 2003
(y-glutanyl cysteine) An aqueous solution containing 4 $ y-glutanylcysteine
and adjusted to pH5 with agueous 1 N NaOH, was heated at 98 C for 3 hours
After heating, to this solution was added glucose in an anount of 4 ~
based on the solution (i.e., 1.4 noles per | nole of the
y- gl ut amiutpsiydicgeeline gowneean bEvanbirvaeklsagorisepamarag atdtyeriad f or
foods). This material was heated at 60 C for 180 m nutes and then
| yophi | predticalgbeecaanei ofartta resfullavog eshRnciagoagenierioied pads). Wth
respect to the |yophilized product (a flavor 24 9 April 2003 enhancing
agent fds fbederfofird hetphesdeirableanti on) thus obtained, an organol eptic
exam nation was carried out, using a systemof a comrercial beef consomm .

In greater detail fo@@matbrqanslirz@md)é,odugt,vaa?easd%kﬁ&dﬂﬁérwmf ci al
beef consomme in an anount of 0.05 ~ based on the solid content thereof,

whi l e 1 Re1aemMmRitiadn ke Wg EPﬁéQH?gb?ééélRé L0l § PRRYHCLAS giSGth@as the

control. And which one s prefe e or stronger out of the two soups
o gt R RV BLVS ST 00 8 LR B PIE RS
he zszts%el'l%r%2@;%1gfz%%oﬁé@%ﬂ%%n%ﬁ%é%%ac%:n;ﬁ%%@%igwp .
e B3 Shen A ICPLRR 51108 byt M) LIRS, SRS 1y or1
e AR Y S LR A A
was add%g %&tSQEQnagguntygggg 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

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 food material. A pH outside the above range may reduce

unfavorably the amount of cysteine formed. 0f course,

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

11



concentration was 1 ng/nm, to an aqueous solution containing 4 ~

Y- gl ut anyl cystei ne previously adjusted to pH 7 with aqueous 1 N NaCH The

m xture was incubated at 37 C for 2 hours. After reaction, to the solution
was added glucose in an anount of 4 based on the solution {i.gaprifl2ohsnol es
per 1 nole of the y 25 9 April 2003 glutanylcysteine) (to give an

I nventive flavor-enhancing nmaterial for foods ) . This material was heated
at 60 C for 180 mnutes and then |yophilized (to give an inventive flavor

enhanci ng agent for foods). Wth respect to the |yophilized product (a

flavor enRarechdozdeci®@brf 8k OEubRQPEE8E M HyyEsH i @ h eyt ot ned,
an organo ept ic exam nation was carried out , using a syst em of a commerci al

beef congntood hadiutactiurdtig | retdlonbueplly!fsbRiadict suso aded Lo the

commer ci al beef consomm- in an anount o sed on the solid ‘content
t hereof , vyl | epfhe-coomergd al peef &g$§,ﬁ)§ﬁ~i{{&§ of - dUS; Y 0dygt was used
as the controﬁp Aﬁd I ch one was prefer e or stﬁbnger out o? tﬁ@ t wo
soups CoRG AR VRQUS £Vl %&i n i% r. g %& of 15
oovES, COBERACIRNNS EYALIAYOn LR 8 SIBEL bR
cysteine once formed is unfavorably reduced due to side
reactions. When the food material is subjected to heat
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 1is, an enzyme
hydrolyzing the peptide bonds iny~glutamylcysteine (y-glutamyl

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

12



persons in the table is the nunber of persons who selected the
correspondi ng soup as preferable or stronger one. Table 2 . Evaluation
Results 0.05 % addedPresent inventionCon#rol Strength of neat flavori15
personsO personPreference of neat flavorl5 personsO personStregpgiipoog whol e
flavor 12 persons3 personsPreference of whole flavor~ ~4 personsl

per sonConpr ehensi ve estimati onl3 persons2 persons Exanple 5 {yeast extract)
A yeast extract containing 4.5 ~ Y-glutanyl cystei ne was 26 9 April 2003
adjusted to pH 5 with aqueous 1 N NaCH to give an aqueous 20 solution (the

o Thet S AR T B A 3%“ A A

neati Ngeol fol .S 2REULKGENLES I higan gta%wd e by 8 based on
t he solutlon i no r t e y- g utanﬁﬁcystelne ) {

-enh f d Thi I
vas heat SAobBY PR A Ener ARk FALE R Eﬁgaﬁ%eém% oA RSP B Thon

d t f t.f f. Wth
fﬁégéctr%‘x%e& ) B O e B 0P S LR RGPS ORI A redREIE  ng
agent for f of the ent |nvent|on an or%anoleptlc exam nati on
was car PFc'eH fooﬂs?‘ﬁbeghé f ol Tfoviihify Pé‘yéf‘élrrﬁemng)"‘ UERmBLE qNtEdLe

consonm- curry and &ﬂé ,,Tapanese clear soup. The results are shown in
Tabl e 3tb§| mﬂgreﬁ tahave ¢ htke| yephvityeafptdguatrghdsaggded in the
predet erm ned anobunts based on the solids shown in the table, while a
sanpl e PEREIGR thvdrpladact inasindesiitablhe wasiensd., Théforghﬂohbptlc

exam nation was carried out, using a panel of 15 persons and in the sane
manner aéutnmﬂwﬁlt@lge—ﬂch gopgdr mateg031Tap| breatedawdshi sHches® ts (a)
Commer ci al beef consomme 0.05 % added~ Present InventionControl Strength of
meat f| epeyne pedsvnthepersdiPiene rdemer idfedrediovid avorfdddpeasens2l
personsStrength of whole flavorl1l2 persons3 personsPreference of whol e

fl avor 1&ifbra bigh qentsemts Ganpy setheirse wheestnngtd tonihte hasdeoms? fpersans (b)
Curry 0.1 % addedPresent InventionControl Strength of nmeat flavor1l3 persons2
per sons Rnelf eacnoeubdtedatinf |avaatgepeamans3 par sonstst ieagt clof fulvel e
flavor 13 persons2 personsPreference of whole flavorl1l2 persons3

per sons Gampirdhansicuwd et bbkhinall ipensenssdopensaasetc) Japanese C ear soup
0.1 % addedPresent InventionControl Strength of Jap. chi flavorl1l5 personsO

per sonPr ef er ane@oigh) aphefd auee’ Maler $9pes Ref s ety h @leptiale

flavor 14 personsl person _ - Preference of whole Tlavorl3 persons2

persons@@@&bﬂﬁ%@%lVQﬂﬁﬂéfﬁﬂﬂﬂﬂ&ﬁﬁéﬁﬁﬁQﬂﬁéﬁﬂﬁrﬁ&ﬁ 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 liquid 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
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Exanpl e & (yeast extract] A yeast extract containing 4.5 ~

Y- gl utanyl cystei ne was adjusted to pH 7 with agueous 1 N NaOH to give an
aqueous 20 28 9 April 2003 solution (the concentration of

t hey- gl utanyl cysteine in this aqueous solution being 0.9 ~).3@tt2dBnase
was added thereto in such anmount that the concentration was 1 ng/m, and
the m xture was incubated at 37 C for 2 hours. After the reaction, to this
sol uti on was added glucose in an anount of 1.8 g based on the solution
(i.e., 2.8 noles per 1 nole of the yglutanylcysteine) (to give an inventive

flavor - enfeangiitedt eticn beprbaeeh., AdW exARDLIE, als UBscReBLEGhId 4 he sane
manner as in Exanple 1, concentrated and then spray-dried (to give an

i nvent i vy haa@ineqb?mﬁ'taﬂy@eﬁgt;emé, fRodad st Wdin 4 88REGEaLR dhiSact
| yophi lizéd product (a flavor™ enhancing agent for foods” of the present

Cyst o o e et o -UR R Lge Bithe 1 SR ATELE 200
yophi 11 30 oy std: Pha et AR R iRl e MR aas OF T

the cont i TRt BE ARG BRI L P AR bRabbE%al v dstoBhOLHEh Bt ane "o
15 perso lai%q‘leiflﬂ tgq?%rhegcorgamr%urer rgl hi?g,gfl,:t)éanpl e 3. 29 9 April 2003 Table

4. Eval uatiron res consomme 0. 05 % addedPr esent

I nvenf | onContr, Iéﬂ: e%pth of .neat f# vorgz gersonsé ferfonsP eferenﬁ$ of
neat f | avor 14 SOt BREESHEdr BRgEASOF EARbIBIFIALST 131 N ednkB SUC
personsPref erence of whol.e flavoy14 persansl personConprehensive

esti mat i ShPFFEorsL Pt éh “%’é’)‘{ étﬂ%f?ro‘a% %C‘Jgtc?e‘d\ﬂrf@s flarge amount of
InventioangtroIStren%th of neat flavorl1l2 persons3 personsPreference of
meat f | avdr $3U58FYdRYSLEANERE & FRREPIPH ARAUS FeIGRL® & EBRs3OL1d

per sonsPreference of whole flavorl12 persons3 personsConprehensive

esti mat i GIPEEGHEr dhereodfel domgludpnydsasésd ngadchs §gpdorater dgdedrresent

I nventionConfrol Strength _of Jap. ~I ' flavorl5 personsO personPreference of
Jap. St ~K&sqiRrst ahoysr §B ARG SHHSHAERGE he Jif LifHo leabpdd i@ ofef Bons 1
personPreference of whole flavorl5 personsO personConprehensive

esti mat i dHFS 8 SV a5 onATERPd Bhalgy 2 B vE it ése- gkt aegkey s bedng g

y-gl utanyl cysteine solution in an amunt of 4 ~ based on the solution, and
t he sol ut¢tsmts of 1 or less % is industrially not practical because

c')f the resulting weak flavor potencies, and is therefore not
preferable.

Such food materials include, e.qg., 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.g., 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

14



30 9 April 2003 then adjusted to pH 5, heated at 98 C for 3 hours and

I mredi ately |yophilized. Wth respect to the |yophilized sanple thus
obt ai ned (Conparative sanple) and the flavor-enhanci ng agent for foods of
the present invention (lyophilized product = Sanple of the pressiht003

I nvention), an organol eptic exam nation wascarried out, using a system of
commerci al beef consomm-. In greater detail, these 2 kinds of |yophilized
products were added to conmmercial beef consomm- in an anmount of 0.05 ~
relative to the solids thereof, respecticely, and their conparative

eval uat b@en V\@ss EPMEIEIAbRY & RIMlectfiobOwRehsene. rikat bfbolihRedtki nds of
| yophi | i zed products were rated by each panelist on the basis of the

eval uat hentgei peesanteint@nt fognder Table 5 bel ow, and an average was
taken. Table 5. Evaluation results 0.05 % addedConparative Sanpl eSanpl e of

| nventi onSt r gR85 PR Phq Y RheSPRAd entd 18448l bAN LRy 10t MBAlcy steine or
favor4. 34.6Strength of whol e flavor4. 44. 8Preference of whole flavor4.24.6

<Eval uagj,ep g@bheﬁ\hasﬁsgr%bnﬁai}{%gi gﬁ%gap%gﬁ% ieﬁ@';nsgi 18kGeng or

pr ef er abl e. Slightly strong or sl i ght 'y weak or

51Ot | xphePLET 8LB0LENCA’ BP9 POLoP"RLEEBH! SnaTkBBL! e 55RRB! gaf" the
°C in an acidic to neutral pH range, that is, at pH 1 to 7 for
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
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invention wll be given. 31 9 April 2003 exanple 7 { a ) The follow ng
description is about the creation of a yeast nutant for use in food,
cont ai ning Y-glutanyl cysteine in an amount of 1 or nore ~ by wei ght based
on the dry mcrobial cells. In the intracellular netabolisn1q%%%ﬁ§§§3

ygl ut anyl cysteine is present as the internedi ate netabolite i iately
before the formation of glutathione (GSH). Qd utathione synthetase functions
as an enzyne to convert Yglutanylcysteine to glutathione. Therefore,
attenpts were nade to accunul ate y-glutanylcysteine intracellularly in a

yeast fpe disained padd the ifnacbirvahhfdcing daudd of e bbapslsytaldn one
synt het ase gene (referred to as "GSH2" hereinafter). {1) One-step-gene

di srupt ifer FBbRedavESra&dhyi €6 the @Sddit MBied iofn iiRaakicvabiuradike
function of the GSH2 gene. Accordingly, the GSH2 gene disrupting cassette

requiregot Raeetgstwasef khak Ebﬁﬁéﬁe;@rp{nny%ﬁ%ﬁﬁy%ﬂéin@. commerci al l'y
avai |l abl e yeast "Sa~char om~-ces cerevi si ae (baker s yeast) for use in food

was al | owed 08 BRANSSIdY e SbHyB andE A rfibd URssRaretIger e i n
e alns. g

turn, allowed td germnate to give yeast str ene regi on of one of

1 TR DECkl B ane LSk o iRl Wavs s of L7
of the gﬁHgagegg c‘éﬁ%u%m%!d Lis?.ggbgntahceid such as hydrochloric acid or
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
been 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, they-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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PCR nmet hod. The conditions are as shown in Table 6 bel ow Table 5 Yeast
chronosone gene 1 ~, 1 10x PCR buffer 10 ~,1 10 nM dNTPs 10 ~,| 10 pnol/ ~il
GAL11F (primer) 1 ~, 1 Sequence: 5 - TATGAAGACTGTACAGICTCC- 3" (same seguence
SQID No. 1 given later) 10 pnoll~LI GSH2R3 . (priner) 1 p,| Sespposs

5' - CCEGGGGAGCTCAGCTAAATGGTGTACTTCCGCTAC- 3" (same sequence SQ I D No. 2 given
later) MIli-Qwater 7b ~, 1 Taq polynerase 1 p,| Total 100 ~,1 Note: 30
Cycles of 94 Cfor 1 min, 94 C for 30 sec, 60 C for 40 sec, and 74 Cfor 1
mn 30 sec were repeated. The thus anplified gene fragments (GSH2) was, by
an or dieelys ppoceduesst | eégat et t opt asmi g pCEMA Tn&asywePyhrRgao€oy) and
cloned (referred to as "GSH2/ pCGEM'). The URA3 gene was anplified by the PCR
met hod {4l benpbegs t@NEr ist deltedsdt asn aanglegbuyenganerneiikeshén the one
st ep-gene-di sruption nethod. The conditions are shown in Table 7 bel ow. 33
9 Aprilagdlscdabt & k&%a&?ﬂwﬁﬁ%ﬁ ?\jgrdlr%\’l'st FOHBRtBNs), & yedsdOXx PCR
buffer 10 p.I 10 MM dNTPs 10 ~71 10 pnol/~, 1 URA3F2 (prinmer) l:/L ~ 1
Sequenceskt bac AT AP GAITCHT AN GG e (Sa Sasbedeee§Q | D No. 3
given later) 10 prol/~. 1 "URA3R2 (priner) 1 ~ 1 Sequence:

' - ATTANCCOGREG] TdddATTIT ] Endicd SAfBh SRS HAD Noacéioh VER

later) MIli-Qwater 76 ~, 1 Taq pol ynerase
y-glutamylcysteine without adding a reducing sugar such as

glucose, fructose, xyloseormaltose, 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 of 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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Total 10 O ~.1 Note: 30 Cycles of 94 Cfor 1 mn, 94 C for 30 sec, 52 C for
30 sec, and 74 C for 40 sec were repeated. Subsequently, GSH2/ pCGEM was
digested with restriction endonucl ease Munl and was then blunt-ended in a
conventional manner. To the cleavage end was |igated URA3 gergeapiigogs ended
wWith restriction endonucl ease Smal in a conventional manner, for

I ntegration therein (referred to as "URA3- GSH2/ pGEM' herei nbel ow). Hy using
t he URA3- GSH2/ pGEM as the tenplate, the PCR nethod was effected by using
gene priners encoding both the ends of GSH2 (the aforenentioned GAL11F,

GSHZR), dénnidepade Wiltd G8E% igeneeflbsaiRbhib £agsehtesehbeieEn€0pdlti ons
are given in Table 34 9 April 2003 8 below. Table 8 14 ng/~I

URAS- GSH2/ p G HolgiPCBrbub! @ird Onany XYM ONFFS-btutahyl0 paptiall ~ALLLF

(prinmer) 1. ~.1 Sequence: described previously (sanme sequence SQ ID No. -~.

giVen|Eﬁfﬂﬁoﬂé&é@?'fM%sé%?ﬂfki@ﬁiQ?I} usdfil3foPed8I4Bing out the
5' - AGCTAAATGGT~TACTTCCCTAC- 3'
present invention include y-glutamyl transferase, y-glutamyl
cyclotransferase, glutaminase etc. This is also the same as
has been described above in connection with the first embodiment
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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(sanme sequence SQ ID No. 5 given later) MIlii-Qwater T& ~C. 1 Taq
polynerase |I. p,l Total " 100 ~,1 Note: 30 Cycles of 94 Cfor | mn, 94 C
for 30 sec, 56 C for 30 sec and 74 Cfar 1 mn were repeated. (2 ) Using
the GSH2 gene disrupting cassette (referred to as UURA3- GSH2 gpril 2003

her ei nbeTow) , the GSH2 gene of Strain H4 of the yeast nutant for use

in food was disrupted. First, Strain H4 Was prelimnarily cultured in 3 ni
of the YPD culture nmedi um under shaking at 30 C for 24 hours.. One
mlliliter of the resulting culture liquid was transferred in 50 nl of the
YPD cul pregaredi inn tahe sauhhari 8gnwase poatieduet WO idykdtOghti &l ¢ growt h
stage. Thereafter, URA3-GS~i 2 was bl ended into the culture in suspension in
i M sorbstbtabfarfoatabsaguedtingl £atic@@Eer 8athes ad sackghyetdhosat rgaaqer . Thus,
35 9 April 2003 Strain H-4 was recovered, where the GSH2 gene had been

repl acegadie shatdl,sd R A RRfsestarét fae?fsﬁ@iai:%ctas;tersabﬂ_tb@ ngkeeferred to
as "H4L1GSH2" herei nbelow). (b) The yeast nutant for use in foodr

cont ai nyRg £l ASFV YIS NE dff it BFPHAE ﬁia&of-@ﬁh%&@n?%ﬁ&ée?ﬁlaihe dry
yeast cells, was prepared as fellows. The HAAGSH2 strain was

- prel i mggar Ebéfd&“é%r'i:ﬁgﬂ ngﬁeH‘E: i%e%ﬁiﬁﬂt n&t 'el%hrr%ﬂ! : Ocﬁ%ée{‘&i ghecu' ture

medi uxw cont al ni n i ut at hi one, nder shaki a for hour s.

one 1| FLLLEEEnOhe td it d SRUIUD LCUELHES ol GG BSnELRShCLREReiR 50 ML of

a synthetic m ni num-essen cul'ture nmedrum capt ar ni ng cysteine, and

lturi ' fs .S . t LLS
col | ot 59, ¥FefENy dHih, Bt Sesdtite R e mery wheh FRRY 43R iR o
ti , bj ected t ti ti t 70 Cf t
i nut b, PR RUEREPRELRATT Cont ence. The cupernatant (yeact extract

solution) collected~~by centrifugi ng the tract, was assayed:to _determ ne
t he ygIutanyk8§gt§%%£%éﬁﬁiﬁfbf .lW%gﬁE ﬁ??ﬂHQQﬂF%hﬁﬁgﬁﬁglcysteine
consequ%ntl r&coyg&g? E&r the dry yeast cells is shown in Fi%. 7. Herein,
the drylQ8atPoded| ¢t ddiyRESRER ALV RRELIGR Yhb! R GesCd P& gt RBBsured by
pl aci ng, the yeast cells contained in a given culture nediumon a filter
paper , H@a??%@l?ﬁ@{y%%ﬁne¥ﬁﬂ9¥$ﬁaPY1éﬂb@eFGPHH kbEr §1ayerreRBansy"Feasuri ng

the weight of the yeast cells after so heat--dried. 36
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
nore, 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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9 April 2003 Furthernore, the yeast extract solution was |yophilized into a
powder in a conventional manner, 20.2 ng of the powder was dissolved in 1
m of water, and the solution was then adjusted to pH 5. A part of the
resul tifig solution was heated at 98 C for 3 hours . Then, the ggmbesds of
the y-glutanyl cysteine and the cysteine in the yeast extract (yeast

extract) prior to and after heating were assayed. The results are shown in
Fig. 8 In Figs . 7 and 8 above, "Total cysteine" neans "cysteine"
"Y-d u- Cys" neans "reduced-forny-glutanyl cysteine", and”"GSH' neans
"gl ut at hhenelavoesprobhyehy mdter SanaRdt €89disqQ gay bhaplided y@asiheel | s and
a yeast extract containing a high content of y-glutanylcysteine, which have

been praduked by iMg duMeiBle EorPduet uaingehhpiygutans fwte Al Uk Used as
the starting material for producing the cysteine-rich food material,

flavor - gnBaneeA8rAREAr haktb0Et£080Sa &F;dd PUaLIhANGI g 298N J 100y f 00ds of
the present invention, but also serve as an excellent source of

Ygl ut amglayet e-nener 1Gxstei ne 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 inprovenent of foods, can be easily obtained.

Al so, accordFigatldyt,héher ¢hdntd enbediment aff ltheoprEéentd iApradt 03
enhancing material for foods and a flavor-enhancing agent for foods which
can enhgige beavdessrived.as beef flavors and dried-bonito flavors in foods,
and are free of the problemof strong burnt snells or the |ike, can be

easi |y obtai ng@ ifvehkiferydese mecaidi Redst the138t hed ebethe fygsent
invention can be easily obtained yeast cells containing Y glutanylcysteine

in alacgataT4Rly y-Flutamyleysteine at a high content can be prepared

as follows. TI.e., theglutathione synthetase gene GSH2 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 Bioclogy 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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9 April 2003 CLAIMS .1 : A process for producing a cysteine-rich food
mat erial, which conprises maintaining a food nmaterial containing

ygl utanyl cysteine at a ratio of 1 or nore weight ~ to the solid content
thereof, at a tenperature of 50 to 120 C and a pH val ue of 19 Agil 2003 t he
absence of a sugar and in the presence of water. ,2 ~ A process for
producing a cysteine-rjich food material, which conprises allowing a
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2).

Fig. 5 shows the dependence at pH 7 of the amount of cysteine
formed from decomposition of reduced-form y-glutamylcysteine
with glutaminase upon the amount of glutaminase (Test Example
2).

Fiqg. 6 shows the dependence at pH 9 of the amount of cysteine
formed from decomposition of reduced-form y-glutamylcysteine
with glutaminase upon the amount of glutaminase (Test Example
2).

Fig. 7 shows the amounts of the sulfur-containing
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monitoredwith time. The results are shown inFigs. 1 to 3below.

In these figures, *PCA” means “pyrrolidone carboxylic acid’,
*Y-Glu-Cys” means “reduced-form fy-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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“Glutaminase Daiwa” (glutaminase with a specific activity
of 3.0 mM/min/mg, ex Daiwa Kasei Co., Ltd., JP) was added at
varying concentrations to agueous 1 mmol reduced-form y-
glutamylcysteine solutions with different pH values (that is,
pH S5, 7 and 9), and the amounts of the cysteine formed upon action
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. 1In these
figures, “y-Glu-Cys” means “reduced-formy-glutamylcysteine”,
and “Total Cysteine” means “cysteine”.

As can be seen from Figs. 4 to 6, equimolar cysteine can
be obtained (in high vyield) from hydrolysis of vy~

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 aqueous 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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Water was added to a yeast extract powder containing 4.5 %
y~glutamylcysteine. The mixture was then adjusted to pH 7 with
an aqueous 1 N NaOH to prepare an aqueous 2 % solution. To the
solution was added glutaminase (the same as in Test Example 2)
in such amount that the concentrationwas 1 mg/ml in the solution,
then the resultant mixture was incubated at 37 °C for 10 minutes
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 én 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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enhancing agent for foods of the present invention) thus
obtained, an organoleptic examination was carried out, using
a system of a commercial beef consommé. In greater 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 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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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 1lyophilized product (a flavor-
enhancing agent for foods of the present invention) thus
obtained, an organoleptic examination was carried out, using
a systemof a commercial beef consommé. In greater 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 flavor 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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adjusted to pH 5 with aqueous 1 N NaOH to give an aqueous 20 %
solution (the concentration of y-glutamylcysteine in this
agqueous solution being 0.9 %). The aqueous solution was then
heated at 98 °C for 3 hours. After heating, to this solution
was added glucose in an amount of 1.8 % based on the solution
(i.e., 2.8 moles per 1 mole of the y-glutamylcysteine) (1;0 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. 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, using a panel of

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

27



bFO10 910%& ()- 9 10%&' ()- 9 10%&' ()- 9L:109%& ()- 9 $| 109%& ()-1010
pX<01010%&' ()- 10%&' ()- 10%& ()- 109%& ()- -10%&' ()-
9 Aprit 2003
Table 3: Evaluation results
(a) Commercial beef consommé

" (.05 % added - Present Invention Control
Strength of meat flavor 14 persons 1 person
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) Curry

0.1 % added Present [nvention 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 flavor 14 persons 1 person
Strength of whole flavor 14 persons 1 person
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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solution (the concentra£ion of the y—glutamylcysteine in this
aqueous solution being 0.9 %). Glutaminase was added thereto
in such amount that the concentration was 1 mg/ml, and the
mixture was incubated at 37 °C for 2 hours. After the reaction,
to this solution was added glucose in an amount of 1.8 % based
on the solution (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 (cC)
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, using a panel of

15 persons and in the same manner as in Example 3.
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Table 4: Evaluation results
(a) Commercial beef consommé

0.05 % added Present Invention Control
Strength of meat fiavor 12 persons 3 persons
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) Curry

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. daghi 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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then adjusted to pH 5, heated at 98 °C for 3 hours and immediately
lyophilized.

With respect to the lyophilized sample thus obtained
(Comparative sample) and the flavor-enhancing agent for foods
of the present invention (lyophilized product = Sample of the
present invention), anorganoleptic examination was carried out,
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 : 46 4.2
Strength of meat flavor 4.3 46
Strength of whole flavor 4.4 48

Preference of whole flavor 4.2 4.6

<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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Example 7

(a) The following description is about the creation of a

yeast mutant for use in food, containing y-glutamylcysteine in

an amount of 1 or more % by weight based on the dry microbial

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 intracellulariy in a

yeast for use in food, by inactivating the function
glutathione synthetase gene (referred to as

hereinafter).

of the

1 GSH2 "

(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 “Strain H4"

hereinbelow), i.e., a region of from the upstream region of the
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Table 6
Yeast chromosome gene 1 ul
10x PCR buffer 10 pl
10 mM dNTPs 10 pl
10 pmol/pl GALL1F (primer) 1 pl

Sequence: 5'-TATGAAGACTGTACAGTCTCC-3’

(same sequence SQ ID No. 1 given later)
10 pmol/pul GSH2R3 (primer) 1 pl
Sequence: 5'-CCGGGGAGCTCAGCTAAATGGTGTACTTCGCTAC-3’

(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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By using the URA3-GSH2/pGEM as the template, the PCR method
was effected by using gene primers encoding both the ends of
GSH2 (the aforementioned GAL11lF, GSH2R), to prepare the GSH2

gene disrupting cassette. The PCRconditions aregiven inTable
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s@ mutant for use (fnS%og 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 continﬁed
upto the logarithmic growth stage. Thereafter, URA3-GSH2 t.uzas
blended int;o the culture in suspension in 1M sorbiiol, for

subsequent electroporation in a conventional manner. Thus,
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milliliter of the resulting culture ligquid was transferred in
50 m1 of a synthetic minimum essential cﬁlture medium containing
S mM cysteine, and culturing was continued for 48 hours. Then,
the yeau;t cells were collected. The collected.cells were washed
with distilled water three times, and were then squected to
an extractié)n process at 70 °é for ten minute, to extract-the
cell contents. |

The supernatant (yeast extract solution) collected "by
centrifuging the extract, was assayed.to determine £he ¥-
glutamylcysteine conteﬁt t’herein. The content of the ¢y~
glutamylcysteine consequently recovered per the dry yeast cells
is shown in Fig. 7. Herein, the dxfy 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,

heat:.ng the yeast cells at 105 °c for 4 hours, followed by

measuring the weight of the yeast cells after so heat-dried.
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was lyophilized

109! & () -

powder

was dissolved in 1 ml of water, and the solutionwas then adjusted

to pH 5. A part of the resulting solution was heated at 98 °C
for 3 hours. Then, the contents of the y-glutamylcysteine and

the cysteine in the yeast extract (yeast extract) prior to and
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
extract containing a high content of y-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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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 said y-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 maintainingy-glutamylcysteine or a food

material containing y-glutamylcysteine at a ratio of 1 or more
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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 they-glutamylcysteine
present in said resulting mass.

®&. 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 C;am 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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