DESCRIPTION LOW-FAT FOOD Technical Field [0001]The present invention relates to a low-fat food,
and a taste improving agent to be used for imparting fat-like richness and smoothness to a taste of a
low-fat food. Background Art [0002]- In recent years , attent ion has been focused on problems
associated with lifestyle-related diseases due to excess intake of calories and fat . In the food industry
, under such a background, there is increasing interest in low-calorie, low-fat, non-fat foods, or the like
because of diversified consumer needs and growing health consciousness.. On the basis of those
demands, products have been developed i vafidusflel#d! However, because the fat essentially has a
great contribution to food palatability, the general taste in low-fat or non-fat foods is plain or bland, is
‘weak in kokumi, and also is weak in fat-deﬂgﬁp_g hIneEs d smoothness, leading to a problem of the
low-fat or non-fat foods. In the present circumstances, consumer preferences are not sufficiently
satisfied. Further, in the field of dairy products, in particular, although there are many product
groups inwhich pilk fatiis fgplaced with vegetable oil and fat or the like, the difference in the taste is
clearly exhibiteﬁl in many cases. Thuys far, various efforts have been implemented in order to solve
the above2fhehtioned pr Bienis. %‘F%ﬁaﬁﬁb‘f&rﬁ relation daaﬁﬁy EPO&UE( “ih P& ar€ %Qénﬁfﬁ#ed: a
taste improverhent myethod. by incorporéting @ water-Sotubledietary Hibera Palent ®ocumentsly; a
quality improvement methad by, using aghemically-modified, stakch.or the like in combination (Patent
Documents 2 and 3); and a taste improvement method by using agar (Patent Document 4). Further, in
relation to a fat replacer, various technologies, such as a technology for a oil and fat compos ition
focused madtsqeonstitiient fatty acid ( Patent Document 5), have been reported. However, in all
cases, in igopresent cirgunysianses aansumer demands are pLaulficlently satisfied Jn terms of
palatability such as a fragrance, a flavor, a taste, and a texture, and in terms of production steps and
prices ad el CDAbSIVIEamRhild, ftRE BRIERITT Peckpict WhiSK &S8IS0CaleB T aRER AT SersifReceptor
(CaSR) ista-reteptos eonsisting of 1078 mmninmacids: whichys cassifiestintodheselass-6afd,
seven-ransmenmbrane receplors, ¢ G, proteln-coupled yegeptary, GRGR), Cloning of the gepe for the
calcium recep?or was reportea in 1993 on-patent document 1 , and the calciumreceptor |stknown to
cause vanoussoellaresidises vistel@vtion o intfaceiuiaraididmdeved eammenbeatdsadivated with

calcium gic, Thequcleotide seguencesfdhe bumansaleium recepter is fegistesed with HSenBank
Accession No. NM 0038?}and ig well l(:ons%rv.ed aman ani#rj]-alft. 0004]The above-mentioned
uncti

calcium ¥é&ce 1t1c3:’rtrﬁ(r':lyaa"rcef oebergmo geor%BSprégs%?&églcgl ctions. THerefore, at Breecs;%r‘fts,@a

therapeuticeafjehtahateutilizes. ary dctivating astion wntthe ealciuem receptorcand batherapedtiv agent that

utilizes %@fg;@%x getien gndhe calciym receptor are appropriately useddn the tieatment.ef,
neurological diseases, hepatic diseases, cardlovascuj?é dls?%sesw,” eglﬁgestlve Sﬁteg diseases, and
other disle%s‘é%?&eﬂi@n&iﬂg%@ilpatﬁﬂggi%ﬁ?@or}cﬁtigr%f orexafiplé The EaRidm FeSptor e functions

to detectmereased hiood eakiimuléveldntthe ipacathyfoith: andsuppeessthe secrétdn 1of dhuss -
parathyrejd h@ﬁ@o?ﬁf@sﬂmo carrect the: blged salciunyleyel-Therefare, apaffect of reduging the

blood calcium level is expected fora calcium receptor activator. It has been actually clarified that when
the calcitit fecepfor atlivatsrtis $15é6 to treat secondary hyperparathyroidism in a hemodialysis

‘patient, it reducezitheHZEH level without etehvating thisdalgiumantphospharusdevels.c[O0H5]Since the
funCtiongllm%On‘jﬁ@%gagg_jg%é%%?gtpéduct groups inwhichmilk fatisreplaced

with vegetable oil and fat or-the like, the difference in the

taste 1s clearly exhibited in many cases.

Thus far, various efforts have been implemented in order
to solve the above-mentioned problems. For example, in relation
to dairy products, there are éxemplified: a taste improvement
method by incorporating a water-soluble dietary fiber (Patent
Document 1); & quality improvement method by using a
chemically-modified starch or the like in combination (Patent
Documents 2 and 3); and a taste improvement method by using agar

(Patent Document 4). Further, in relation to a fat replacer,



has been conducted mainly for calcium homeostasis, the applied researches, therefore, have so
farmainly focused on bone metabolic diseases in which calcium regulation is involved. However, it has
becdme clear that the calcium receptor is widely distributed in living bodies other than the parathyroid
and kidney from the results of genetic expression ana lyses etc. (Non-patent documents 2 and 3), and’
possibilities thereof for being involved in various biological functions and causes of diseases have

been proposed. For example, it is speculated that the calcium receptor is involved in the functions of
the livery Agareuang, gdsrointastinal tradt APmpRodyté ssHparddast Cthetinvéntofd 6k the foresent

inventiop alsa-have;cantipned thatihe calciumdecenienis expregsediin a wde range ©f fissues in
living bodies by analysing RNAs extracted from each of rat tissues using RT-PCR. From the
above-n?éntiokh%?ﬂ%iéﬁﬁintﬁ?ﬁ%‘%\ﬁj 5 of activators and inhibitors of the calcium receptor are

presently rapidlyiimersesing fomapplicatiorss 00061 Morgover pinatigition €d-salsinAt; atiéds such as a
gadol iniym catian, bas ic peptides such.as palyergipine.,Polyaging sych-as sperming, amino acids

such as phen¥lala.n|ne, and so forth have been reported as calcium receptor activators (Non-patent

documer 4} HatbHt DECUME 5 FésorR & gRitHiSe (yeiiEys-GR) SaIdWw diésular weight
peptide zis & CGaSR activator but daes-ndtanerdionps any way i pessilility fariGaSR to be involved in

taste reqeptieg, [0007IThUS far,)} has ot egn known that.an aging.acidot 8 paRlide haviag a

particular structure is useful as a calcium receptor activator. [n addition, it has not been known that an

amino defltGria Pedias hading:a 8aleRmMm & r-hEtivatiig BHECENTRFifpartagiRe rchhess and
smoothrgss-ie astastesof adpwfat foedc 1z Ratent Pacument 1:hdP 208645823Z A Patent Document
2:Jng%%g%§§§%ésmembranereceptors(Gprotein—coupledreceptor;GPCR).
: Cloning of the gene for the calcium receptor was reported in 1993
{Non-patent document 1), and the calcium receptor is known to
cause various cell responses via elevation of intracellular
calcium level etc. when being activated with calcium etc. The.
nucleotide seguence of the human calcium receptor is registered;
with GenBank Accession No. NM 000388 and is well conserved among
animals. '

100047 The above-menticned calcium receptor may act to
promote or suppress biological functions. Therefore, atpresent,
a therapeutic agent that utilizes an activating action on the
calcium receptor and a therapeutic agent that utilizes an
inhibitory action on the calcium receptor are appropriately used
in the treatment of neurological diseases, hepatic diseases,'
cardiovascular diseases, digestive system diseases, and other
diseases, depending on pathological conditions. For example, -
the calcium receptor has functions to detect increased blood
calcium level in the parathyroid, and suppress the secretion of
the parathyrcoid hormone (PTH) to correct the blood calcium level.
Therefore, an effect of reducing the blood calcium level 1is
expected for a calcium receptor activator. It has been actually
clarified that when the calcium receptor activator is used to
treat secondary hyperparathyroidism in a hemcdialysis patient,
it reduces the PTH level without elevating the calcium and

phosphorus levels.



Patent Document 3: JP 2004-267160 A Patent Document 4: JP 2006-180792 A Patent Document
5:JP 2002-138296 A an-patent Document 1: Nature, 1993, Vol. 366(6455), pp. 575-580 Non-patent
Document 2: J. Endocrinol., 2000, Vol. 165(2), pp. 173-177 Non-patent Document 3: Eur. J.

Pha;rggcolJ, 2002, Vol. 447(2-3), pp. 271-278 Non-patent Document 4: Cell Calcium, 2004, Vol. 35(3),
pp. -216

(0005 Since the functional analysis of the calcium receptor
has been conducted mainly for calcium homeostasis, the applied
researches,therefore,havesofarmainlyfocusedonbonemetabolic
diseases in which calcium regulation is involved. However, it
has become clear that the calcium receptor is widely distributed
in living bodies other than the parathyroid and kidney from the
results of geneticexpressiconanalysesetc. (Non-patent documents
2 and 3), and possibilities thereof for being involved in various
biclogical functions and causes of diseases have been proposed.
Forexample,itisspeculatedthatthecalciumreceptorisinvolved
inthe functionsof the liver, heart, lung, gastrointestinal tract,
lymphocyte, andpancreas. Theinventorscﬂithepresentinvention
also have confirmed that the calcium receptor is expressed in
awiderangeoftissuesinlivingbodiesbyanalysingRNAsextracted
from each of rat tissues using RT-PCR. From the abcve-mentioned
viewpoints,thevalueséfactivatorsandinhibitorsofthecalcium
receptor are presently rapidly increasing for applications.
100067 Moreover, in addition to calcium, cations such as a
gadoliniumcation,basicpeptid@ssuchaspolyarginine,polyamine
such as spermine, amino acids such as phenylalanine, and so forth
have been réported as calcium receptor activators (Non-patent
document 4). Non-patent Document 5 reports that glutathiocne
{(y-Glu-~Cys-Gly), a low molecular weight peptide, is a CaSR
activator, but does not mention in any way a possibility for CaSR
to be invelved in taste reception.

[CO0T] Thus far, it has not been known that an amino acid
or a peptide having & particular structure is useful as a calcium
receptor activator. In addition, 1t has not been known that an
aminoacidorapeptidehavingacalciumreceptor—activatingeffect
mayimpartfat-likerichnessandsmoothnesshoeatasteofailow-fat
food.
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Non-patent Document 5: J. Biol. Chem., 2006, Vol. 281(13), pp. 8864-8870 Disclosure of the Invention
Problem to be solved by the Invention [0008]An_obje %tge resent invention is to provide a low-fat
food toRatien fat-HRE HERAdss=nd smoothneds ?aféi’f%v% ted. SUMMARY [0008a]In one aspect, there
is provigled .aJawsdatfood camprising: axcompound Whith dble ofectivate la carciub Feceptor,

-wherein the concentration of said campound inssaid foochis 1 ppyie,99,2% by weight, and:wherein the
compobifd igéetdeted #&%L}H% %d%%p cgrisist]i]lng of y-Glu-X-Gly, and y-Glu-Val-Y, wherein X is

selectetdfioni thé group consisting of Gly, Abu, t-Leu, Oe, Aib, Pen, and Ser, and Y is selected from
the grog_%}ggg%i%t'g}gtof@aéu\ﬁ@n@ta Lysu Ph; SerpRex;rirgoAsp, Meh Thry Hlis, @i Asn3Cys, GIyA,
LacA, and Gin. [0008b]In another aspect, there is provided a low-fat food comprising: a compound
which i8Bble4d hEtivite a calcium receptor, wherein the concentration of said componnd in said food
is | ppbite99:0% by weight whereirt thé edrapotifd iseTected¥rohn thd Group édrisidting BF -
y-GIu-Vﬁl}- _I)éa y-Glu-Abu-Gly. Means for solving the Problems [0009]Theinventorsofthe present

invent ion have found that an amino acid and a peptide each having a.calciu pior-acfivating
effect inlthe 6633 fof 2e&rehffya calcilm %é@gptorga}fceff\n/at’ort}?]kégnv‘g%t%)'rsr%%zﬁu r?h'erg%und that

the amipeg agidganlthe peptide may improve a taste, in particular, fat-like richness and smoothness, of
a low-fat food. Thbs, the present invention has been completed. That is, the present invention provides
the following: (1) A low-fat food, wherein a compound having a calcium receptor-activating effect
is addeé rerétosat befinaf céficentBl6R bf £ Pph to 99.9% by weight; (2) The low-fat food
according g, (L whereinthe €ompeung is-ore Kind entwicbar more kinds of amino acids or peptides

selected from the group consisting of y-Glu-X-G (g(srgggeslem,%gQ amino acid @r@p@m@@ acid
derivatiJé%PQ—@lu-Val-Y “?‘? r@%r%%%rﬁs%aﬁ;é%ﬁo%%id or an amino acid derivative), y-Glu-Ala,
y-Glu-Gly, y-GlaCys op-GlusMety p-GIo-TRE y-Glut\zal, J-GREGHT A@B—%‘Iﬁ“@%-&%ﬁ TYsMét,
GIu-Cysi ¥-Cys.d-eu-Asp, D-Cys,y-Glu-Met(0),
y-Glu-y-Glu-Val,y-Glu-Val-NH2,y-Glu-Val-ol,y-Glu-Ser,

SUMMARY

[0008za] In one aspect, there is provided a low-fat food comprising:

a compound which is able to activate a calcrum receptor, wherein the concentration of
said compound in said food is 1 ppb to 99.9% by weight, and wherein the compound is
selected from the group consisting of y-Glu-X-Gly, and y-Glu-Val-Y, wherem X 18
selected from the group consisting of Gly, Abu, t-Leu, Cle, Aib, Pen, and Ser, and Y is
selected from the group consisting of Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met,
Thr, His, Om, Asn, Cys, GlyA, LacA, and Gln.

[0008b] In another aspect, there is provided a low-fat food comprising:

2 compound which is able to activate a calcium receptor, wherein the concentration of
said compound in said food is 1 ppb to 99.9% by weight, wherein the compound is
selected from the group consisting of v-Glu-Val-Gly and y-Glu-Abu-Gly.



y-Glu-Tau,y-Glu-Cys(S-Me) (0),y-Glu-Leu,y-Glu-lle, y-Glu-t-Leu, and y-Glu-Cys(S-Me); (3) The
low-fat food according to (2), wherein the X is Cys(SNO), Cys(S-allyl), Gly, Cys(S-Me), Abu, t-Leu,
Ole, Mb, Pen, or Ser, and the Y is Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met, Thr, His, Orn, Asn,
Cys, Gin, GIyA or LacA; | (4) Thoe Igw-fg fé)od according to (2) or (3), wherein the compound is
selectafifi tHegrodip Consisting 5t y-GIT-Val-Gly and y-Glu-Abu-Gly; . (5) The law-fat food
accordingdo @ny one ofr(l3 tor(d}; vitereir the IGWEraE fS ineltiteR 'ond kind oF 76 0 mdie kinds
selectedgror?n'ghe grgggﬁogﬁlatlrgg gf@@@l%pr@gl&t, ai&oﬁz@_)rﬁam@g@mmal oil gnd fat. and/or.
vegetable ol anr(llci‘at, and an emulsified food; éGl)@VA taste |n&gjo§/ggrqg%505|rggqglggr{at-llke
richnessemeshedotiridssya aiAsE 6F & fow¥at Fo% , ihic eE?c:)smprises a compound having a calcium
receptof-actiyating efteet. Brief Description ot Drawings o0 10f 16 T sh6Wwsa Jraph ittstrating an
action of calcium on a calcium receptar: The ancalciwa receptot eRNnwas irfjected dte Xenopus
laevis GUCYLES 5 Crﬁfg&ﬁj%c%ﬁ. %/Dé%ésl %fe inﬁﬁgc;:allular response currents which flgw,whep,a.calcium
chloride salutidrkwas aeldad B s EbRFAT EoRGETitation were Tecorded. %\%e maximum value of
intracel@@&ggn@m@qudma responsecyriteritvdlue. It was confirmed that no response was
observed in oocytes injected \z}{iéh digteillsegn\zgat%@ég\ti_qg@j%ygg} agacopel. £ o1 Heidshows a
graph iIIustratinj(ké\ﬁtacﬁSﬁ of an Liamino acid on a calcium receptor. The human calcium yeceptor
cRNA was injected) info Xemogilstaéie docytes by ﬁﬂcr%inféﬁi%gp\?glugg of iﬁﬁaca:'eli%ﬁar response
currents Vé’QiE%B{'SW—V&QeJE%%Q oM, L-amine agid setitied wassadkied were addéd&Fne maximum
value of intracellular currents was defined asQ%r popse gurrent.value. It was confirmed that no
responseaiEEatseRedin dotytesiiected wit 'gstillegewater“by microinjection as a control. FIG.

oun

3 shows a graphy ilystratingan-dtiorf ofel C2ammB BetFon EalciuthT8E&ptor “Tie tinian calcium
receptor,cRNA v%%_srjg;g Gted intg XeRoRUS lagyis @ecykesay micthinjectiorp Valles stihtacehular

158 0

responsecurrents which flew whenal(). mM 0-aming acid solytion was ed were regorded, Jhe
maximufmrvaiué ?@13irﬁﬁ%ﬁb‘éﬂ’ufé?Eﬁﬁém%%soﬁﬁneﬁ%ls%igsjpgngg cuer?gﬁt value. It was confirmed that

NO resposevas opserverkn cocytesiaeteniitredistifetPwateY By ThicloinfetR&T 88 ACoiitrol.

FIG. 4 shows a graph,illustratin ti aeptide on-gcalcivraregeptds , The-fiimag calcium
receptoraé‘f-‘%l@,& %:l‘lﬁje{():f:ecii fﬁtg I)%gﬁa(t)?pgg Ig%visoocytes b@erg' r vnjecti& : \ng%%s oggggqggyular
responsg €Qirents whick flew-whéta peptite %%EHOnVW§g56§§3ﬂét in a@kﬁtrary concentration were
recorded. The maximum value of intracellular currents was defined as a response current value. It was
confirmed that no response was observed in oocytes injected with distilled water by microinjection as a
control. Best Mode for carrying out the Invention [0011]Hereinafter, the present invention is described
in detail. ~ The present invention is a low-fat food containing a compound, preferably a peptide or an
amino acid, having a calcium receptor-activating effect. Further, another embodiment of the present
invention is a taste improving agent for a low-fat food which is added to a low-fat food for imparting
fat-like richness and smoothness to a taste of the low-fat food, and which contains a compound having
a calcium receptor-activating effect. The taste improving agent fora low-fat food of the present
invention has an effect of improving fat-like richness of a low-fat food when being added to the low-fat
food before eating. Further, still another embodiment of the present invention is a low-fat food in which
the taste improving agent for a low-fat food comprising a compound having a calcium
receptor-activating effect is added. [0012]First, the amino acid or the peptide having a calcium

ba



receptor-activating effect is described. The inventors of the present invention have found that the
amino acid or the peptide having a calcium receptor-activating effect may impart kokumi to a food. In
general, the term "kokumi" means a taste that cannot be expressed by five basic tastes, which are
expressed by sweet taste, salty taste, sour taste, bitter taste, and umami, in which marginal tastes of
the basic tastes, such as thickness, growth (mouthfulness),continuity,andharmbny as well as the basic
tastes are enhanced. The inventors of the present invention have found that the compound having a
calcium receptor-actjvati ffect may. impagt.kokumi, in particular, fat-like richn a thness to
a Iow-fa??cf’o_dﬁ.g?y’ HE ferm%"lo((\;\r/l-%f %%"aésl%%ﬁé r[}?gger%lsr?v’erﬁio%}}’ns"léaas%a% oo%v%r?(ﬁ?hs)ériginally
containy fa lbutthé tat cdatent of whichis Yeduddidz The ténf MarVasiused hereir has theegame

meaning ag the term " oi 1 gndtfat’. @pd encempasses both pf parrowlydefined fats whichiis a solid,
and fatty oil, which is a liquid at normal temperature, Further, the fat includes both of animal fat and
vegetable fat U~ t " FRE anfiftFadid Of ’rh‘ecﬁ{e%?r%‘égfg bé used in the present invention may impart
fat-like richness @hd sheothnessttata fatedntainiagfdbbd Jo agréadter omsmakerrextért dépeading on
the fat copleniyHus, tp.exienyalyhe regugtion” b the fatontagtis not niied cayeyerpliom the
viewpoint of an effect of imparting fat-like richness, preferred is a food having a smaller fat content
than a cBRTenfidnarsimilaP fatdohtdinitg foot, which i€ ndrsabjSctetts ‘thé’%?dcgs’%ﬁ’(g for$educing
the fat cogfentme ¢, Further, toiimpactz'fat-like richiess andlsmoctingssd entempasses both of giving
fatlike richness apd smeothness:(q.a faadhaving paatlyimperceptble fatlike fnese.and,c
smoothness, and €nhancing fat-like richness and smoothness which are inherent to a food. The
phrase ‘SRPESVERTERtDBIaRREFh g’ arid $ndbtitesS O as hiséd Reréit alsEhas the-safme’meaning.
Specificaxamples of-the-dew-fat food include: a dairy product such as cow milk, 'yogurt, butter, and
:cream; a food caontaining animal pil and fat and/or vegetable oil and fat, such.as margarine,,milk for
coffee, sauce, a% ioné%%anﬂdo gn_ég%ﬁls%?e% ood %85@%1? %r;z%sgsin%ngn fr%]gay%%njlig}a. [%%13%\/)Iéanwhile,
the termwhfat< iike ticknésy abaiscbidnteimmeAS AcHiESSKhaRIFH MitRlIe ¥aste 16 aftéRtdste which
is felt when a fatcontainingdaed isreaten Fisthes the err " smonihnessp means mildness aad
roundness which are felt when a fat}-corgﬁiré%ngcfood Fﬁ gaten. In general, when thosg two are
combinéd stigky 5 &fid Piting hroAdincet afd fatty taste are Féltin the mouth or ArouRd dhe
tongue. dhesgense of taste Varies;with the elapse of time after the, start of eating, and is sequentially
called, from immegliatelyaftex the start,ofeating, Anitiabtasteniddie.igste cand aftertastenthese are
relative notions, and typically, initial taste, middle taste, and aftertaste are tastes which are feltO to2
second< FtoALECHAGE Shd S séedritls 'of 18 r%ﬂ%?t‘ﬁ”é <tart of 8§Ifng"f &spectivaly "Héreindtter,
except fobthecase Where fiat-like cishngssrantesmedthmesscdra Wesdritse ceif Toaibination, those are
simply described as "fat-like richness" collectively in some cases. [0014]The term " calcium receptor"
in the pre sent description means a receptor that is called Calcium Sensing Receptor (CaSR) and
belongsts e clB&S EXofReVER-trahsmhEMbIAEEEEtors. The term " calcium receptor activator” in
the preseatdescription meansia substance thap binds! tosthe abdovermentioned catciuns deceptor to
activaredhe qaldy Teagptole EULbe, the Riase (. aqivaie,a calsuguesgRior R tespresent
l_descrlptl.on‘means that a ligand binds to a calcium receptor to activate a guanine nucleotide binding
protein, {6 RFSEFraRSMILESIGRAS I AGdiiSh e HEHT "BACRIT Fétepict AchAty” méans it the
calcium geceptartransmitsthe sigaalonsdn therpresent destrption] eachvaminozacickdrd amino
acids fourping eagh neptide ais Lianing agldts unless,otenyise siaied o ML =12 Eampaung having
calcium recepjfor-actlva ing afféct e compound having a calcium receptor-activating effect
maybe areamiidestid, a’feptides o Befvatiesiferedf, drivaFivgs foh idlecRarweiyhecofsounds as
long as thercampound has-ar sfedof dmproving faklikesrichrmess.ef she tovefatfeed. dhecempound

may also be a novel compound obtained by screening. For example. the campa ay be qbtained
by reactiny"& CAI&TnY ?escecgl?osrevﬁfheéj test S%BS%FI&S, hede )é%&r%lgwg %%lcﬁ%rﬁ %e%e?%gr aixc%%ﬁf It is

preferaldy corifemedthataheé thusaobtained sdmpound has an effect of improving fat-like richness of
the low-fat food.Q@16}lerginatier %msgt@d@ls&wm@ GOMRRUNERAVIAY arcalciymireseptor
activating effect is specifically described, but is %Oﬁt limited to th%followi%st%%%: 1) nﬂﬁ\%u‘ggg a
calcium #&5&btBPat Rity by HHdTS Gt Substane 18 Biealaremht sy stem of calcilim feceptor act
ivity for measurirgithencalciven raeeptaractivity ;o 2 corepabingmicaiciim recaptoractivity Wiseh adding
the test sybstance vatha ¢aleiyr receplor activity when,Being free of g teg! subsiance;And,3)

selecting the test substance exhibiting a high calcium receptor-stimulating activity when the test

substané€ iCadaed b e THEEal FeCePBF Sttt Hor exanfpldiaxtmun. value of



. measured by using a measurement system using cells that express calcium receptors. The

~ above-mentioned cells may be cells endogenously expressing calcium receptors, or may be
recombinant cells in which exogenous calcium receptor genes are introduced. The measurement
system of calcium receptor activity described above may be used without any particular limitation as
long as, when an extracellular ligand (activator) specific to a calcium receptor is added to the
above-mentioned cells that express calcium receptors, the measurement system may detect the
binding (reaction) between the activator and the_calcium receptor, or may respond to the binding
(reaction) Hehf&sn teldttivator Bhid the Eatcit i retE St To The febly tremenita detectifie gnal into
the cells1 When therchlcium dechptoractivtydsdetected thiroughthe reactionywiitdsthe fest saldstance, it
i determined thatdaa teel subslanse bes & Falclm Reepippsiawlatng Aeliylby and s a substance

that may improve e richness of the low-fat food. [0018]Meanwhile, an effect of improving fat-like
richness of the I6WFat fdod MPaiFbé cBA Fifed by EShethod Ruichas®s §hSBIAY tésthyaumans.
Further, altheugh thecamine aeid-and peptide ta he used:as a iest substancepre not RRAicdarly
imited, the.peplideis prefetably.a pepride gonsisting pl ¢ I JQ.aming aaid Keqdyes. of audatlyative
thereof, and moré preterably a pgp ide conss%lng 6f'2 61 3 &mino acid residues or a derivative thereof.
Further, tHe igriiine aeitllresidue aethe Nete FHIRARSIS of & peplitle isTprefaradlyyiglotamié acid.

[0019]The-grigin of theiahove-srentigned calsivun regepton isdnot patticutarly: limitedy Examples thereof
include not only the abpve-mentioned humandca jum receptor, but also a calcium rgcep@r derived
AShe AS At

from an afintdt S6 %%Sngr,eanr%ﬁ did a (?ogjf Tﬁ&(ﬁ s%eks%%ggg Sa%oc\:/Lel,r the calcitm receptor
activity can be sonfirhadhydising tiveccelissexpressing=a Cakei i eeceptorconitsfragment teedl
‘membranes £Xpressing ml%laﬁaé@cw&nqra&sofiafgj@%i%ina\étr% sysigm,containing a protein of a
.calcium receptor or its fragment, or the like. . An example using live cells is described below.
However, confirmafion 8f the TaRidmIEe&Nor adtivity 1$ dﬂi%i?e% BhisBxatiplé. BB 1A Ealcium
receptoras. expressediineuliuzed pelisrsuchTas:thbosevefXenapus laeviseooeytesy harfistar evarian cells,
and humanfetal kidney cglls. The calcium recepigr.can heyexnressed:by; doning 2 calgiim,receptor

gene in a ptasmid that can carry a foreign gene and’introducing the plasmid or cRNA obtained by

using thé plasiid &€ 8 témphte. TORAERTE rechion, anBleGrophyEibIogital teehAiGHE Bid a

fluorescentindicatar that indicateszan increass inriatrgceltutarcatcham levelwande ased: d022)

Expressiph.of e salimygeepion s fitstconimmed.hased antbe fespapse ta galehimorg speciiic
u

activator: oc?tae}s( that showed intracellular currenit with calcium at a concentration of about 5 mM, or
cultured RS HRAE ShEWET BEGred8dnt@-of the fldfesteht nditatbrirademavifis EaleliAtat’a s
concentrsgigr ot about 5:mM age: ysed Thercalaiitne eonaedtrationsdepentesey iswetarminaskby
changin%thgr%qIQUrQ (;Ccigcentgation. -(I_‘;-Ig)% ,,a test substance such as a peptide is prepared to a
concentration of about rﬁ\% 61 r’r?M and added to the oocytes or the cultured cells, and the calcium
receptor activity of the above-mentioned peptide or the like is determined. [0023]Examples of the
compourd to-berysed indhe presept inyeastion inslde yareusiamino acids, peptides, or derivatives
thereof, or various lowmoJecular weight compounds having a calcium receptor-activati ffect
,_(hereinazg;é,%%n "amin%%ff’:fa %?%p?eep‘?iderg?éesi%}f)?ysljes%d, %h%vgr#n%oélci& Eé’lnccjletﬁé: ﬁé’%%(ﬁe Sometimes
“mean batle 0Bad amino acid and an amino acid derivative, and both of a peptide and a peptide
derivative, respeglivelyd s he aninoracid arithe peplide having a calsium receptar-asivating effect to

be used in the present invention may be an amino acid or a peptide having, an effect of improving
fat-like RRRESETGINE loW-faPfodl Witen tHe 15 fat8od & egtghgdﬁeﬁ}ﬁgg]aﬂ%noaacig %Pfﬁleuﬂeptide is

added thesetepExamples bf sucirananfirc acid éea péptide ichidearGiué Glyn@tteprésents an
amino agid or ap.aming acid:derivative) ¢ ¥-GIU-ValaY- O repesents anapino acig or an aying acid
derivative ) , y-Glu-Ala, y-Giu-Gly, y-Glu-Cys, y-Glu-Met, y-Glu- hr, y-Glu-Val, y-Glu-Orn, Asp-Gly,
Cys-GIy,‘"’@)}sc-ﬂ'lét?G?rGi- g, E%/-%gé?‘ﬁ“éﬁ% BLYCY-GRPREE) 9 B iumy-BiG-Fal A EtiVal-NH2,
y-Glu-Vado4 )@ﬂu}&eng/s@llt—ar au,he6heCys (cSﬁer)c(ﬁ)r_,f)&GIﬂd_c&y, )&Gﬁjaﬂrlhiy-lﬁsmgrimﬁ,md
y-Glu-Cys (2:Mg)L (ieteinalipralso refried g.asa. heplide o thedike of e reseatinvernion”

togetherawit%ort%)e peptide derivative described below). In the present invention, one kind of those
peptidestarafke ikarrHe dsdd cor W ér ?néﬁé*kiﬁd?sttr?é?@ég oy Be FeeRRRRbMBIKEEdN: O
[0024]Fuither stheqeptide mayberapeptide defivative haxingi astieciure-af y-Gluw-OLH (ZYICO2H (X
represents an amino acid or an amingQ acid.derivative, and £ represents H.(a hydrogen atom) or CH3
(a methy"l’%?onup ?f:ﬁﬁhgrigﬁweegpaetp?id%r}ﬁaylgg agc%ﬁ”lp%ﬁﬁ ir‘iO \}%ﬁ%ﬁe\( ‘reeapéésn ts %ﬁ‘? ql:oﬁlr%‘le_g\éA in the

formula p-Gld-Vaiiye Preferabie opdifitndxamiplel there6ERBILde WERIEVArG A, -SRI BRLGIYA,
y-Glu-Abu-GlyA, y-Glu-Val-LacA, y-Glu-tLeu-LacA, and y-Glu-Abu-LacA. It should be noted that GlyA
represents glycolic acid and LacA represents butyrig acid. Butyric acid may be one of S- butyric acid
and R- butyric acid, and preferred is S- butyric acid.”Structural formulae of those compounds are
described below. [0025]



[0026] [00271 [0028] [0029] 11112061-13 [0030] [0031]Herein, examples of the amino acid
include: a neutral amino acid such as Gly, Ala, Val, Leu, lle, Ser, Thr, Cys, Met, Asn, GIn, Pro, Hyp,
and t-Leu, an acidic amino acid such as Asp and Glu; a basic amino acid such as Lys, Arg, and His;
an aromatic amino acid such as Phe, Tyr, and Trp; homoserine, ornithine, a-aminobutyric acid,
norvaline, norleucine, and taurine. The amino acid may also be a non-naturally occurring (non-protein
constituent) amino acid such as tert-leucine, cycloleucine, a-aminoisobutyric acid, and L-penicillamine.

1 should e foted that X 1n the peniidey:GluGly1ay be oy one glsuch 20,Age agy a

derivative’théredt described a ove, an %re%e

of des ' bly an amino acid other than Cys or a derivative
thereof. C[00B2]il4éreina alsteviatichs 3T drifo sl iesRitES AidaR Thé fobWATgtamind SRids.
is added.
[0012] First, the amino acid or the peptide having a calcium

receptor-activating effect is described.

The inventors of the present invention have found that the
amino acid or the peptide having a calcium receptor-activating
effect may impart kokuml to a food. Ingeneral,théterm"kokumi"
means a taste that cannot be expressed by five basic tastes, which
are expressed by sweet taste, salty taste, socur taste, bitter
taste, and umami, in which marginal tastes of the basic tastes,
such as thickness, growth (mouthfulness), continulty, andharmony
as well as the basic tastes are enhanced. The inventors of the
present invention have found that the compound having a calcium
receptor-activating effect may impart kokumi, in particular,
fat—like;richness and smoothness to a low-fat food.

The term "low-fat food" used in the present invention means
a food which originally contains fat, but the fat content of which
is reduced. The term "fat" as used herein has the same meaning
as the term™cil and fat", and encompasses both of narrowly-defined
fat, which is a solid, and fatty oil, which is a liguid at normal
temperature. Further, the fat includes both of animal fat and
vegetable fat.

The amino acid or the peptide to be used in the present
invention may impart fat-like richness and smoothness to a
fat-containing food to a greater or smaller extent depending on
the fat content. Thus, the extent of the "reduction" of the fat
content is not limited. However, from the viewpoint of an effect
of imparting fat-like richness, preferred is a food having a
smaller fat content than a conventional similar fat-containing
food, which is not subjected to the processing for reducing the
fat contgnt.

Further, to impart "fat-like richness and smoothness”
encompasées both of giving fat-like richness and smoothness to

a food having nearly-imperceptible fat-like richness and



(1) Gly: Glycine (2) Ala: Alanine (3) Val: Valine (4) Leu: Leucine (5) lle: Isoleucine (6) Met: Methionine
(7) Phe: Phenylalanine (8) Tyr: Tyrosine (9) Trp: Tryptophan (10) His: Histidine (11) Lys: Lysine (12)
Arg: Arginine (13) Ser: Serine (14) Thr: Threonine (15) Asp: Aspartic acid (16) Glu: Glutamic acid (17)
Asn: Asparagine (18) Gin: Glutamine (19) Cys: Cysteine (20) Pro: Proline

smoothness, and enhancing fat-like richness and smoothness which
are inherent to a food. The phrase "improvement of fat-like
richness and smoothness" as used hereinalso has the same meaning.
Specific examples of the low-fat food include: a dairy
product such as cow milk, *yogurt, butter, and cream; a food
containing animal oil and fat and/ecr vegetable oil and fat, such
as margarine, milk for coffee, sauce, and roux; and an emulsified
food such as dressing and mayonnaise.
[0013] Meanwhile,theterm"fatmlikerichness"asusedherein
means richness mainly in middle taste to aftertaste which is felt
when a fat-containing food is eaten. Further, the term
"smoothness® means mildness and roundness which are felt when
a fat-containing food is eaten. In general, when those two are
combined, sticky taste and lasting pronocunced and fatty taste
are felt in the mouth or around the tongue. The sense of taste
varies with the elapse of time after the;start of eating, and
issequentiallycalled,fromimmediatelyafterthestartofeating,
initial taste, middle taste, and aftertaste. Those are relative
notions, and typically, initial taste, middle taste, and
aftertasteaxetasteswhicharefeltOivaseconds,3tx34seconds,
and 5 seconds or later after the start of eating, respectively.
Hereinafter, except for the case where fat-like richness and
smoothness are described in combination, those are simply
described as "fat-like richness” collectively in some Cases.
(00141 The term "calciumreceptor” inthe present description
means a receptor that is called Calcium Sensing Receptor {CaSR)
and belongs to the class Cof seven-transmembrane receptors. The
term“"calciumreceptoractivator” inthepresentdescriptionmeans
a substance that binds to the above-mentioned calcium receptor
to activate the calcium receptor. Furth?r, the phrase "“to
activate a calcium receptor" in the present description means
that & ligand binds to a calcium receptor to activate a guanine
nucleotide binding protein, to thereby transmit a signal. 1In
addition, the term "calcium receptor activity" means that the

calcium receptor transmits the signal.



(21) Orn: Ornithine (22) Sar: Sarcosine (23) Cit: Citrulline (24) N-Val: Norvaline (25) N-Leu: Norleucine
(26) Abu: a-AMinobutyric acid (27) Tau: Taurine (28) Hyp: Hydroxyproline (29) t-Leu: tert-Leucine (30)
Ole: Cycloleucine (31) Aib: a-Aminoisobutyric acid (2-methylalanine) (32) Pen: L-Penicillamine
[0033]Further, examples of the amino acid derivative include various derivatives of above-mentioned
amino acids such as an unusual amino acid, a non-natural amino acid, an amino alcohol, and a
substituted amino acid of which side chain such as the terminal carbonyl group, the terminal amino

group, and the thiol group of eysteine, s subsitted with varigus, substiluente, Examples of e
substituent incluaga gll%/farso%rb, an acyfg%up, ahy roxy group, an amino group, an alkylamino
group, afimitro:group; acsulfonyt grbep: aadlvariols proeetoh grodpss EXaiplesisfthestbttuted

amino agigjaalyde: Arg(NP2): Nsyrpitroasgining; Cys(SNE) cS-hitroexsielne sey(ScMeliting
S-methylcysteine; Cys(S-allyl): S-allylcysteine; Val-NH2: valinamide; and Val-ol: valinol
(2-amin& ﬁr‘ﬁ@tﬁyl-l-butanol). [0034]It should be noted that herein, y-Glu-Cys(SNO)-Gly has the
following structurt forauula, candithed ()t in thecaboveformelae y:Gk-Met{0yand p6GlaCystS-Me) (0)
‘“di_cate%%iﬂ@ﬁﬂea%&ﬁ%%% {The Z(pL inthey-Gly indicates that.glutamicagid binds-to anether
amino acid'via the carboxy group at the y-position in glutamic acid. [0035]
low molecular weight compounds a&s long as the compound has an
effect of improving fat-like richness of the low-fat food. The
compound may also be a novel compound obtained by screening.  For
example, the compound may be obtained by reacting a calcium
receptor with a test substance, and detecting a calcium receptor
activity. It is preferably confirmed that the thus obtained
compound has an effect of improving fat-like richness of the
low-fat food.
0016} Hereinafter, amethodof screening the compoundhaving
a;calcium.receptor activating effect is specifically described,
but is not limited to the following steps:
1}measuringacalciumreceptoractivitybyaddingatestsubstance
maanﬁasurementsyst@nofcalciumreceptoractivityforn@asuring
the calclum receptor activity:
2) comparing & calcium receptor activity when adding the test
substance with a calcium receptor activity when being free of
the test substance; and
3} selecting the test substance exhibiting a high calcium
receptor-stimulating activity when the test substance is added.
[0017] The calcium receptor activity is, for example,
measured by using a measurement system using cells that express
calcium receptors. The above-mentioned cells may be cells
endogenously expressing calcium receptors, or may be recombinant
célls in which excgenous calcium receptor genes are introduced.
The measurement system of calcium receptor activity described
above may be used without any particular limitation as long as,
wﬂen an extracellular ligand (activator) specific to a calcium
receptor isaddedtothe above-mentionedcellsthatexpresscalcium

receptors, the measurement system may detect the binding



s-Nitrosoglutathione (GNSO) [0036]y-Glu-X-Gly (X represents an amino acid or an amino acid
derivative), y-Glu-Val-Y (Y represents an amino acid or an amino acid derivative), y-Glu-Ala,
y-Glu-Gly, y-Glu-Cys, y-Glu-Mey-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly, Cys-Met, Glu-Cys,
Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met(0), y-Glu-y-Glu-Val, y-Glu-Val-NH2, y-Glu-Val-ol, y-Glu-Ser,
y-Glu-Tau, y-Glu-Cys(S-Me) (0), y-Glu-Leu, y-Glu-lle, y-Glu-t-Leu, and y-Glu-Cys(S-Me) each improve
the fat-like richness of the low-fat food. Therefore, y-Glu-X-Gly (X represents an amino acid or an
amino acid derivative), y-Glu-Val-Y (Y represents an amino acid or an amino acid de ivativeé,
L e LY :

y-Glu-Ald - BR-ER): y-BRIEEGET-BitEMer, Y- ER=THr, 4, VGIT-OM. ASp-aRy- Cys-G,

Cys-Metr6iu-ysp6hdCys, tea-Asp,D-Cys | y-&Glu-Met(0), p-SlusgeBlu-Yal, §GlungdlNHand
y-Glu-Vahol, y-6lu-Ser, v-Glu-Tau, y-Glu:Cys(3,Me)-Qbry: Clu-kelh -G hiie. s GYiheu, apd
y-Glu-Cys(S-Me) (hereinafter, also referred to as "peptide and amino, acid to be used in tmresent
inventio®) 8Frbe- Gsed BEH A5 FRroVING A66RHGCE 18T Falfobd whith isSadided t5'a PR at food
for impa!ﬁ'mg fg&-ﬁkﬁ;ﬁlmnas’sdn a teste obtheslonsfatfood, [GQSﬁ]Eheeompmmm@tb pealsetih'a the
present invention Mmay be %S%%S"%”SQE B}%}’HP%%%%@%@%%% oL arbifrary we kinds orthree or
more kinds. Of those, preﬁ‘erre compound Is a compound having the followin structural formula:
y-Glu-X-Gly { xsrébAssenBeCyB ESND3 YCYEESE&IRA ) faly, EVSE MO ABS -Céu Ok, 1G5 PEér, or Ser);
- or y-Glu-Mal-y (Y represents Gly, Val, Glu, Lys, She, Ser, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys,
Gin, GlyA, ar. LacA). Of those conpounds, patticularly preferred compound is,y-Glu-Val- r
GIADLEEY} 00 BIWHSE TE ALt e bt SO Dot € Lo e iy e et
commercidllytrewdifabtel produc ¢arr beogs e N Edries diHe s e Coptheusd s 2 pEptide; e peptide

can be optained by appropdately-ysing aknoywn-teshrigue suchias (1) amethod:of chemicalie
synthesis, or (2) a method ofiznthesi ingﬂthegaeptide t% %n enz mggigeralctiom?ﬁiln%géhe{%nber of
amino adid ragidtRE tottafé iﬁtth%‘é%% 88 to-b& 18ed T thE present imvertion 18 as comparatively
small aspeqrt3 residues; remettdulof ehemicalisimtivesis issdorvenight2 Witer Bhemicatlyasiinthesizing
the peptide ;the, oligopgptide can be synthesized or semi-synihesized by using apeptide, sypthesizer.
An example of the method of chemical synthesis of the peptide mclu%es a}Peé%lIde solid Pha e
synthetiCRIBEHoHE THE [ptid® SyntRBSiZEY 28 HaSChfed 466v8 tah BE purified By usli& fgans such
as ion exchange ehronmatography, reversedgphase hightperformance liquid ghromategraphyher affinity
Chromat%%rggtﬂ)ges%g %%@@%Efﬂ@ﬂ%%ﬂ@ qf the peptide and the subsequent peptide

purification‘are well known in this technical field. [0039]' Further, the peptide_to be used in the present

invention 8418150 be prddied bl defymatit RECTSH BOF ex&nple, tiehethBd destRbES in wo
2004/011653 sanheuseduThatlisg, therpeptide can-alsehe praduceedl: reacting®mecanimd acid or

dipeptide. gtwhich carbpyleapinysis asterified ot gidated with,an amino.add having,aieg amino
group (for exampcl)e, an amino acid of which carboxyl group is protected) in the presence of a peptide
producing&tRynerafd@itrifyig Heproditced dpagtide oritripéptidé* Bxafples Gfthe pEptide
producingsnzyme include a culture of a microorganism having an ability to produce a peptide,
microbial parated.from the culture, or a proces s roduct f the mic ism, or a
.peptide p[r(gpg?gslfg enzym?'\(‘aS arive J‘r%r":ﬁ rﬁ% r%}eeféoc;rtgla%%%ﬁ;&ﬂ%ﬁ lf%c?l%%%%%é%rg&tﬁg?{gg%z{;ide to
‘be used Prethegsrésamansldnfionss rot Ay Hréduckd KFSUChTh Ry &t i ethddct @eeteical

synthesig, methed as mantigred above,huihplsa may existia o exampleaa planksueirag asegetable
or a fruit, a microorganism sgch asa. easti gn% a syegl%te extrglg}l. tWQeri the %eptigg texilsts icgfn%tural
products® the pebtite FAFPE exfictdd from these hatural products before Use — - - Further, the

peptide deesmiotmeed tebé fsolated beford usaamd thereimay:be Lis&g a fraction containing the
peptide of the prgsent invgntion in aarge; amouat [0040iExamplestof the lovsmolegilaraweight
Compoquﬁggfzmation,of the calcium receptor activity is not limited to
this example.
[C021] Acalciumreceptor isexpressedin culturedcells such
as those of Xenopus laevis cocytes, hamster ovarian cells, and
human fetal kidney cells. The calcium receptor can be.expressed
by cloning a calcium receptor gene:in a plasmid that can carry

a foreign gene and introducing the plasmid or cRNA obtained by

10



- used in the present invention include cinacalcet
((R)-N-(3-(3-(trifluoromethyl)phenyl)prOpy1)-1-(1-naphthyl)e thylamine) and an analogous compound

thereof. Examples of the analogous compound of cinacalcet include the compound represented by the
following chemical formula (1) ((R) -N-[(4-ethoxy-3-methylphenyl)methy1]-1-(1-naphthyl)ethyl amine))
or the compound represented by the following chemical formula (2) ( (R) -N- (3-phenylprop-2-enyl) -1-
(3-methoxyphenyl) ethylamine) Those compounds may be synthesized by such a known method as
described in US Patent No. 6,211,244, for example. Further, commercially-available products may also
be used “PbRY (IF (B 3664FTRS cGmbETRIR T usedin He Breseht ifvértion alS3 indlide that in
the formeof @csattothentbe peptidel and the 'aminozacit 40 Heusesdn ¢he present inventionagre in the
form of & saft 413 881ty be A.pharrmgcolonicali agepplable.sall Exarnjes of 2-sgt wilh gn acidic
group such as a carboxyl group in the formula include: an ammonium salt; a salt with an alkali metal
such as §6diamland potdssitings# da1nviith Bhakaeledh YRRl Sich ad edéitirh M8 magiesium,
an alumipyEespl naZiRe salipa salk withan @rganicaninessuchastietbylaming, ethanalamine,
morpholine, pyrrolidine, piperidine, piperazine, 'and dicyclohexylamine; and a salt with a basic amino
acid suc}{;haf-"lsQarsglrilr?lHé3 %nP Iygiﬁg.e I':lxjp"ég)n%léscélfta saritglwvi'ﬁﬁgc(:l%1 b%%x%cg*rgﬂnpaln case where %ﬁée basic group
exists inaffe dorenuia inclidera sakhiithe &¢ ivorgamictdeio- saéty 8§ Ry 8lothith i s iftrid &eid,
phosphoric, acids Hitds, acid,and-hydrebramic agid; 4 salt withias: organic carbexyie acichsuchnas acetic
acid, citric acid, benzoic acid, maleic acid, fumaric acid, tartaric acid, §uccti_nic aci étannciic: acid, butyric
acid, hibehzi 3k, Bafﬂ%ica&?d,géﬁgthoﬂrﬂc ftid YeEandic 58T tedeid adid salicyiid acid Factic acid,
oxalic acid, marndetiv aciekl ang ndlisragid; and lesattawithi arr orgpanicesuifoniciacid suehas, &

methanesulfenic, aeid, benzenesulfonic gcyes@qgéow§r§§@lm("eac@o [0043}s2enTaste improving

‘agent for low-fat food and low-fat food The compoun

preferabg the peptide and the amino acid,

to be uséd iffieYresetinténtorthayBEuSSFaSa taste i pPSVing GGefitfor AokEFat toet which is
added ta-a lows fatfaad fordmproving fatkkestichness of theilow-faf foae. The eempeound oraybe

formed ev%']cyi e lg@:d ora mixtre gfs_tw(g)eotrégg{gr@qp_s. Further, the compound to _be gsed in the
present invention may be incorporated into the low-fat food to forma low-fat food having improved

fat-like riEAREsk] [0044] ThE 3&8te FfiproViny SgeiR e ABH-RP GO oFRRE ptdsert vehE8A Mray be
formed of oRlyraneddind or Dalydwo:erimake kintds shoser: from thecdlbve; mentibaetcompotmnds to be

usedint resent invention, for example, o e g hysQptionally adding other
_compour?é%%é%gfé gd%i‘fi%{éé’,oa%sd the il %eleea%”ﬁha%gi"r!\%gér?fn%%irg#e 0 in%jprgving ac%za:te_of"the low-fat
food. [002BTRetamoGT 'of et thBte ifpréig AjEitTéra fovkfar when "amino acid” or

"peptide" is simply used, the amino acid and the peptide sometines
mean both of an amineo acid and an amino acid derivative, and both
of a peptide and a peptide derivative, respectively). The amino
acid or the peptide having a calcium receptor-activating effect
to be used in the present invention may be an amino acid or a
peptide having an effect of improving fat-like richness of the
low~-fat food when the low-fat food is eaten after the amino acid
or the peptide is added theretco. Examples of such an aminoc acid
or a peptide include y-Glu-X-Gly (X represents an amino acid or
an amino acid derivative), y=Glu-Val-Y (Y represents an amino
acidoranaminoacidderivative), y-Glu-Ala, y-Giu~Gly, y~Glu~-Cys,
y~Glu-Met, y-Glu-Thr, y-Glu-vVal, y-Glu-Orn, Asp-Gly, Cys-Gly,
Cys-Met, Glu-Cys, Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met {0},
y-Glu-y~Glu~-val, y-Glu-vVal-NH,, vy-Glu-Val-c¢l, y-Glu-Ser,
yv-Glu-Tau, y-Glu-Cys{S-Me) {0), y-Glu-Leu, y-Glu-Ile,
y-Glu-t-Leu, and y-Glu-Cys {S-Me) {(hereinafter, also referred o

as a "peptide or the like of the present inventiocn" together with

it



food to be added to the low-fat food is not particularly limited as long as the amount may be sufficient
for improving a taste, in particular, fat-like richness, of the low-fat food. Specifically, the amount of the
compound is 1 ppb to 99.9% by weight, preferably 10 ppb to 10% by weight, and more preferably
about 1 ppm to 1% by weight in the low-fat food, for example. [0046] The low-fat food of the present
invention contains the compound to be used in the present invention. The compound may be formed
of only one kind or a mixture of two or more kinds. The ingredient of the low-fat food of the present
invention is not particularly different from that of.a conventional low-fat food except that the low-fat
food of ﬁ%ep@?é)ntt}rﬁfenﬂ%ﬁ chﬁté}h%ethg%%%\J?é-n”leg?t\i%ﬁé ¢ rhpoéﬁd.gﬁgo ?orr%%ee %%oduction
method i thredow-fatfoodrof the. preseht inveato® ARybE producels thHel ¥dmiEavamfers:dif a general
low-fat foad excent for the addition.of the. aove-meytioned.compound: Examples: [0847]Hereinafter,

the present invention is more specifically described with reference to examples. How ve‘rf.the scope of
the presEh? éention is RBEITfed tb IRIRBRAMPIREY RdAS] Tﬁ&f“e?&%& Bk&mpte’ T] Bréparation of
calcium geeepter-genes(cRNA)-THe.geneoafthié caloitin (Ecepigruysnenvias preparedras faflo@s. On the
basis of the DNA seguence regi t NCBL (calei pLor-NM; 0 +Syhthetic-eligo DNAs
(forwardp f):ri?n%ra(lnglgo I%%I\%gq%%ﬁéﬁ ?gai\;e%e' p%igr%%r%(ts%gfg NO:t2_)) USE%?%%?&PC were s lfl[r?%hesized.
[0049]Ham&T kidiFey eDNW.(aRURUred By EI8REch] EsH R B ixteRsl i BER R As
performed bywising therprimersangdsPuiujtta HINA Polymerast émanufacired by Stretagerie) under
the following_conditions. After.a reaction at 94C fqr. ' , of reagtions at 94¢ ar 30
secondsE,) TS%QE 5?95 %ecszéjr?d%% and 72CFor 3 %ﬁnﬁtgéa%%%ee%é%ﬁ%%ﬂ% ti\r{[netzgzigr?d§ ﬁlen a rgeaction was
performed @i 22C Feri7 mintftes. WhethePampliication Was aiaiied By PER was detected by

perform@g&g&q&&@eg@@prg&@ ~ptaining avth-a.BNA stainingsreageat, aed subsenuent ultraviolet
virradiation. The chain lengths of the PGR products were _confirmed by comparison wit markers
of knowf S¥22s"WRIER Were §ir%3|¥§1%bﬁ§|yascu%?g&88€ t(lise ?ﬁeﬁ efe%rb%%gr%gi]g&l? g%falsgn %%I/igac’tor
pBR3228was/digestediwitinthe kestictpnednBme EeoRY (nembthcitiedFoy Takara). THE dene
fragment amplified by RCR was liggted $o the gleavage site-gtthe plasmishiyuasing digationdit
(manufactured by Promega). The Escherichiag coil DH5a strain was transformed with the ligation
reactionSIRRIOAMENd & HanSfPmEARFEbefng the plasmid in which the PCR amplification product
was clorfexbwas selected. The PCR amplification product was confirmed by DNA sequence analysis.
By using the recombinant plasmid as a template, cRNA of the calcium receptor gene was prepared
using a cRNA preparation kit (manu red by £Agbion). [0050] [Reference Example 2] Preparation of
various samples As L-amino acid - of special grade amino acids including alanine,
arginine, asparagine, aspartic acid, , glutamine, glutamic acid, glycine, histidine,
isoleucine,legging,lysine,methioni woline, geking, threonine, tryptophan, tyrosine,
valine, ornith?rfpe",’#ea rn otaﬁof,ﬁﬁgﬁdhydroxyproline (Nacarai Tesgue,
Inc.), were used. As @-Gys and D-Trp esque, Inc.) and calcium chloride, those of special
grade were used. [0 %Further, as peptide sangples, y-Glu-Cys-Gly (Sigma Aldrich Japan K.K.),
y-Glu-Cys(SNO)-Gly (Déjindo Laboratories), y-Glu-Ala (Bachem Feinchemikalien AG), y-Glu-Gly
- (Bachem Feinchemikalien AG), y-Glu-Cys (Sigma Aldrich Japan K.K.), y-Glu-Met (Bachem
Feinchemikalien AG), y-Glu-Abu-Cly (Abu: a-aminobutyric acid, Sachem Feinchemikalien AG),
y-Glu-Thr{Keksan Chemical Co., Ltd.), y-Glu-Val (Kokusan Chemical Co., Ltd.), y-Glu-Leu (custom
synthesis product), y-Glu-lle (custom synthesis product), y-Glu-Orn (Kokusan Chemical Co., Ltd.),
Asp-Gly (custom synthesis product), Cys-Gly (custom synthesis product), Cys-Met (custom synthesis
product), Glu-Cys (custom synthesis producH#figly-Cys (custom synthesis product), Leu-Asp (custom

' .:-'s: '.’. ct), y-Glu-Val-Arg (custom

synthesis product), y-{slu-Val- thid oduct), y-Glu-Val-Met (custom synthesis
product), y-GIu-VaI-THriécustom synthe$ls produldt), y-Glu-Val-His (custom synthesis product),
y-Glu-Val-Asn (custorﬂ ynthesis product), y-GluWal-GIn (custom synthesis product), y-Glu-Val-Cys
(custom synthesis product), y-Glu-Val-Orn (custom synthesis product) , and y-Glu-Ser-Gly ( custom
synthesis product ) were used. Glutamine and cysteine were prepared upon use, and the other
samples were stored at -20C after preparation. As the peptides, those each having a purity of 90% or
higher were used. Purity of 80% or higher was used only for y-Glu-Cys. [0052]When the solution
obtained by dissolving each sample showed an acidic or alkaline pH, the solution was adjusted to an
approximately neutral pH by using NaOH or'HC1. The solution used for dissolution of amino acids and
peptides, preparation of Xenopus laevis oocytes, and culture of the oocytes had the following
composition: 96 mM Neel, 2 mM KC1, 1 mM MgClI2, 1.8 mM



CaC12, 5 mM Hepes, and pH 7.2. [0053][Reference Example 3] Synthesis of y-Glu-Val-Gly
Boc-Val-OH (8.69 g, 40.0 mmol) and Gly-OBzI.HC1 (8.07 g, 40.0 mmol) were dissolvedin methylene
chloride (100 ml) and the solution was kept at OC. Triethylamine (6.13 ml, 44.0 mmol), HOBt
(1-hydroxybenzotriazole, 6.74 g, 44.0 ol), and WSC.HC1
(1-ethy1-3-(3-dimethylaminOpropyl)carbodiimide hydrochloride, 8.44 g, 44.0 mmol) were added to the
solution, and the mixture was stirred overnight at room temperature . The reaction solution was _
concentrated under reduced pressure, and the residue was dissolved in ethyl acetate (200 ml). The
solution WHEWdshed with water (50ml), 5% citric acid aqueous solution ( 50 ml x twice) , saturated
brine (50 ml), 5% sodium bicarbonate aqueous solution (50 ml x twice), and saturated brine (50 ml).
The organic layer was dried over anhydrous magfsium sulfate, magnesium sulfate was removed by
filtration, and the filtrate was concgptrated ugder refluced pressure. The residue was recrystallized
from ethyl acetate/n-hexane to obg4in Boc-\gal-Gly-OBz1 (13.2 g, 36.2 mmol) as a white crystal.
[0054]Boc-Yal-Bly-OBz1,(5.47 g, 5.0 mmal) was adged to a 1Adioxane solution (40 ml), and
the mixture“vvﬂak%MNte forpe rﬁfﬁtss(ﬁ%ggwgwas removed by concentration
under reduced presgure, n-hexane (30pnl) was ded to the residue, and the mixture was
concentrated under §ggluced pressure. The procgdure was repeated 3 times to quantitatively obtain
H-Val-G1ly-OBzl.H Val-Gly-OBzI.HC1 and Z-Glu-OBz1 (5.57 g, 15.0 mmol) described above
were dissolved in methylene chloride (50 ml), and the solution was kept at OC. Triethylamine (2.30 ml,
16.5 mmol), HOBt (1-hydroxybenzotriazole, 2.53 g, 16.5 mmol), and WSC.HC1
(1-ethy1-3-(3-dimethylaminOpropyl)carbOdiimide hydrochloride, 3.16 g, 16.5 mmol) were added to the
solution,gz%dz@? mixture was stirred at room temperature overnight for 2 days. The reaction solution
fwas concentrated under reduced pressure, and the residue was dissolved in heated ethyl acetate (1 ,
500 ml) . The solution was washed with water (200 ml) , 5% citric acid aqueous solution (200 ml x
twice), saturated brine (150 ml), 5% sodium, bicarbonate aqueous solution (200 ml x twice), and
saturated brine (150 ml). The organic was ghlidil.over anhydrous magnesium sulfate, magnesium
sulfate was removed by filtration, arf§l the filtPgfe was concentrated under reduced pressure. The
precipitated crystal was collected by ffiltration fnd dried under reduced pressure to obtain
Z-GIu(VaI-Ggm-@ll)-OS (6.51 g, M0.5 mmd) as a wiiite crysifQPb512-Glu(Val-Gly-OBz1)-0Bz1
described above , 10. ol) uspe ineth (200m1), 10%palladium/carbon (1.50
g) was added to the guspension, and a rgiduction fgaction w§as performed under a hydrogen
atmosphere at 55C f\%’gp hours. During he reactiorgy 100 ml jg4 total volume of water were gradually
added. The catalyst was removed by filtration using a Kiriyamaafunnel, and the filtrate was -
concentrated under reduced pressure to a half volume. The reaction solution was further filtered
through a membrane filter, and the filtrate was concentrated under reduced pressure. After the residue
was dissolved in a small volume of water, ethanol was added to the resultant to precipitate a crystal,
and the grystabwas collected by filtration and dried under reduced pressure to obtain y-Glu-Val-Gly as
a white powder (2.85 g, 9.40 mmol). [0056]ESI-MS: (M+H)+=304.1. 1H-NMR (400 MHz, D20)
.6 (ppm): 0.87 (3H, d; J=6.8 Hz), 0.88 (3H, d, J=6.8 Hz), 1.99-2.09 (3H, m), 2.38-2.51 (2H, m) 3.72 (1H,
't, J=6.35 Hz), 3.86 (1H, d, J-17.8 Hz), 3.80 (1M¥d, J=17.8 Hz), 4.07 (1H, d, J=6.8 Hz). '
[0057][Reference Example 4] Syntheditgbfy; @-Me)-Gly [Cys(S-Me): S-methylcysteine]
Reduced glutathione (15.0 g, 48.8 n&nol) wasjdded to water (45 ml) and sodium hydroxide, (4.52 g,

2.2 equivalents, 107 mmol) was addegd portiorjwise to the mixture under bubbling with nitrogen. Methyl
iodide (4.56 W}, L3 equi ts, 7 ol) ddegiB ige mixi Qazﬁnd the solution was sealed and
stirred at room gemp ture fo ours. Me reactitfn solutiok was adjusted to pH 2 to 3 with

concentrated hydroch!oric acid, suppleméhted wit} jethanol (150 ml), and stored overnight in a
refrigerator. Since anmi%dproduct was separated, fe super nt was removed. When the remained
oily product was dissolved in water and gradually supplemented with ethanol, a partially crystallized
oily product was precipitated. Therefore, the supernatant was reboved again. The residue was
dissolved in water (300 mi), adsorbed to a column fi 1 led with an ion exchange resin (Dowex
1-acetate, 400 ml ) , washed with water , and then eluted with a 1 N acetic acid aqueous solution. The
eluate was concentrated under reduced pressure, and reprecipitated from water/ethanol to obtain
y-Glu-Cys(S-Me)-Gly as a white powder (5.08 g, 15.8 mmol). ‘
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[0058]FAB-MS: (M+H)+=322. 211-NMR (400 MHz, 020) 5 (ppm): 2.14 (3H, s), 2.15-2.22
(2H, m), 2.50-2.58 (2H, m), 2.86 (1H, dd, J=9.0 Hz, J=14.0 Hz), 3.03 (1H, dd, J=5.0 Hz, J=14.0 Hz),
3.84 (1H, t, J=6.5 Hz), 3.99 (2H, s), 4.59 (1H, dd, J=5.0 Hz, J=9.0 Hz) [0059][Reference Example 5]
Synthesis of other peptides y-Glu-Met (0), y-Glu-Val-NH2, y-Glu-Val-ol, y-Glu-Ser, y-Glu-Tau,
y-Glu-Cys(S-Me) (0), y-Glu-t-Leu, y-Glu-Cys(S-ally1)-Gly, and y-Glu-cys(s-me) were synthesized in
accordance with Reference Examples 3 and 4. [0060][Reference Example 6] Evaluation of calcium
receptor-activating effect For evaluation of the calcium receptor-activating effect, a Ca ion
concent@t{gﬁiependent Cl ionic current measuring method using a Xenopus laevis oocyte
expression em was used. If each activator is added to Xenopus laevisoocytes expressing the
calcium receptor, intracellular Ca ions increase. Thég the Ca ion concentration-dependent Cl channel
opens, and the intracellular current value changgg®%&n ionic current. By measuring the change in the

known. [0061]Specifically, abdomen}®f Xenopls laevis was opened, and an egg batch was taken out
and then tre Qith a 19 solys Wﬁﬁ btain individual oocytes. Into
the oocytes, 50 fil of ™G/pl réc€ptor cRNA or 50 3 of sterilZed water per oocyte were injected by
using a micro glass ca'pillary, and the oocﬂ?t'es werq [cultured at 18C for 2 to 3 days. For the culture, a
Solution obtained by qqlﬁg;g 2 mM pyruvic acid, 10J/m1 peﬁﬁigin," and 10 pg/ml streptomycin to the
solution mentioned in Reference Example 2 was used . After the culture , a test solution was added to
the oocytes injected with cRNA or sterilized water. ElectrophYsiological measurement was performed
by using an amplifier Geneclamp 500 (manufactured by Axon) and recording software AxoScope 9.0
(manufactured by Axon). The oocytes were membrane membrane potential-clamped at -70 mV by the
double elggtrade potentiat elamp, methad; land the intracetitlas currehtivia thed€a ismeutral
concentratl,on-de%eingegé %l%nswcgﬁyrge%_uﬁg%dv he maximury value of thesiniracelular gurents was

: Lo, & c
considef&t &S tie response current value: (0062 Réference Example 7] Evaluation of calcium

receptoiactivaiihg effete of Balbiuns FHe ealefim radeptai-ddtv g et dfcaltith faSRiluated by
using themethad, dgsgrbed-in Reference Exaraple-6 That isreacytesdniected avitte cRNAtdf¢he

calcium receptor or sterilized water were prepared, and membr. oﬁq{t@l-c@ﬂpﬁgﬁ[ 7@ mV by the
double E¢HSIE FdBnA arfp rr%epf/ﬁddalyo%heap%%ergé -éla?n%%%%ocytesf calcitim was added (2

mM, 5 reMp 10k @and 20r@mM) naihCa icEconcdiftraticrRddiendent CItespsisel Bfrentias
measured, F1G. 1 shows.theresults, The resyitscasdirmed thateRNAw] the calcirreceptos injected
into the oocytes was functionall +exp‘resscgﬁi. Furtherb sig%eithe 00c tes ine%t%Q %N—il-tfe"l‘ﬂ%t%gid not
respond ©EVeREHiGH CorfcRhttatton 6T talcium, it Was =Giifirmed that the calcium receptor was not
expressegtdri theeaocytes, thermselves 1 [0063][RefererceiBrarmpré B Evdastion clicaitium 1t
should be noted that X in the peptide y-Glu-X-Gly may be any one

of such an amino acid or a derivative thereof described above,

andpreferablyanaminoacidothertbanCysoraderivativethereof.
[0032] Herein, abbreviations for amino acid residues mean
the following amino acids.

Gly: Glycine

Ala: Alanine

Val: Valine

Leu: Leucine

Ile: Iscleucine

Met: Methionine

Tyr: Tyrosine
Trp: Tryptophan

}

)

)

)

)

)

} Phe: Phenylalanine
)

}

0) His: Histidine
1

} Lys: Lysine
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receptor-activating effect of L-amino acids The calcium receptor-activating effect of L-amino acids
was evaluated by using the method described in Reference Example 6. That is, oocytes injected with
cRNA of the calcium receptor or sterili zed water were prepared, and membrane potential-clamped at
-70 mV by the double electrode potential clamp method. To the potential-clamped oocytes, alanine
(10mM), arginine (10mM), asparagine (10 mM), aspartic acid (10 mM), .cysteine (10 mM), glutamine
(20 mM), glutamic acid (10 mM), glycine (10 mM), histidine (10 mM), isoleucine (10 mM), leucine (10
mM), lysine (10 mM), methionine (10 mM), phenylalanine (20 mM), proline (10 mM), serine (10 mM),

. threoning,( WAr 0 mM), tyrosine (10mM), valine (10mM), ornithine (10mM), taurine
&30 yfg'%%x.yprg{gem@

(10 mM), or'h ine (10 mM) was added, and Ca ion concentration-dependent Cl response
current Wad messtired F1E72 shows the results. The results demonstrated that cysteine, histidine,
phenylalanine, tryptophane and tyrosine each had a definite calcium receptor-activating effect. As for
the above-mentioned mingecids the activating effect was reported in Proc. Natl. Acad. Sci. USA,
Apr. %5,( 0, ?8)): %ffg f0<(‘36§]<ﬁ%§erence Example 9] Evaluation of calcium receptor-activating
effect ofiD&ysteine: GlThamakiuns isteptor-activating effect of D-cysteine was evaluated by using
the methad degcribedAn Referenge Example 6. That is, oocytes injected with cRNA of the calcium -
receptor or sterilized water were prepared, and membrane potential-clamped at -70 mV by the double
eIectrodfelpgﬁo)teﬁti]arl1 éla@ﬁj%ae%onag. To the potential-clamped oocytes, D-cysteine (10 mM), L-cysteine
(10mM), D&ty piaphanc(@eniM); or L-tryptophan (10mM) was added, and Ca ion
concentation-dgpendent,€l response current was measured. FIG. 3 shows the results. The results
demonstrated that D-cysteine had a definite calcium receptor-activating effect. [0065][Reference
Examplé 48] E\?éﬁﬂétié%&fléﬁ}éiﬁﬁw receptor-activating effect of peptides The calcium
receptorcactivating efféetraf@speptide was evaluated by using the method described in Reference
Exampl QBTh%tﬂ%,:chy%i@'@g;gg with cRNA of the calcium receptor or sterilized water were
prepared, and membrane potential-clamped at -70 mV by the double electrode potential clamp
method. {Fd theotential Epiped-86cytes, y-Glu-Cys-Gly (50 NM), y-Glu-Cys(SNO)-Gly (50 pM),
y-Glu-Alay(50 pM)LylurGly (8@ pM3.y-Glu-Cys (50 pM), y-Glu-Met (500 LIM), y-Glu-Thr (50 pM),
y-Glu-Val (50 pM), y-Glu-Orn <Asp:Gly (1 mM), Cys-Gly (1 mM), Cys-Met (1 mM), Glu-Cys
(50 pM)?é%/?C%Q%OOQpI&W&(%%%P spl(% rrr)lal\%b/\?\l/(as added, and Ca ion concentration-dependent CI
responséxutreRtwas hfetsuféd. FIG. 4 shows the results. The results demonstrated that the
above-mengipngd peptide; hae adefinitemealcium receptor-activating effect. [0066][Reference Example
11] Evalyation of calcium receptor-activating effect of peptides The calcium receptor-activating effects
of peptid?e‘gsg\(}/er%{e%v%\lu'atg& %L%Bg%%r%nlégr%anner as that of Reference Example 10. Each of the
peptides! siowrCiheTable ¢ dvdsadtiedo potential-clamped oocytes at 1,000 pM, 300 uM, 100 pM, 30
pM, 10 pM;3 phk 1 -PM.-0:3 P i aagh0.4 JpM,cane-Gal iorecaneentyationedeipendent Cl response
current ws\% me surpdiIQe lawesf dforrlacenération at which current was detected was shown in Table 1
as the alti 't{/. & festilts Tevealed that those 32 kinds of peptides each had a calcium

receptort&dtivating effect uf00BZF1 examples of theaminoacidderivative include

various derivatives of above-mentioned amino acids such as an
unusual amino acid, a non-natural amino acid, an amino alcohol,
anda substitutedamino acidofwhichsidechainsuchasthe terminal
carbonyl group, the terminal amino group, and the thicl group
of cysteine, is substituted with various substituents. Examples
of the substituent include an alkyl group, an acyl group, a hydroxy
group, an amino group, an alkylamine group, a nitro group, a
sulfonyl group, and various protection groups. Examples of the
substituted aminoc acid include: Arg(NO2): N-y-nitroarginine;
Cys (SNO}: S-nitrocysteine; Cys(S—Me.): S-methylcysteine;
Cys(S-allyl): S-allylcysteine; Val-NHz: valinamide; and Val-ol:
valinol (2-aminc-3-methyl-l-butancl).

[0034] It should be noted that herein, y-Glu-Cys(3NO)-Gly
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Number.PeptideActivity y-Glu-Met(0) 1,000TIM 2 y-Glu-Val-Vsl| 1,000pM 3 y-Glu-Val-Glu 1,000pM 4
y-Glu-Val-Lys 1,000pM 5 y-Glu-Val-Arg 1,000TIM 6 y-Glu-Val-Asp 1,000pM y-Glu-Val-Met

has the following structural formula, and the "{O)" in the above
and y-Glu-Cys{S-Me} (O) indicates &

formulae vy=-Glu-Met (O]
in the y-Glu indicates that

sulfoxide structure. The "(y)"
glutamic acid binds to another amino acid via the carboxy group

at the y-position in glutamic acid.
ro035]

/o

N
|
S

H

=2

NH, 0

s-Nitrosoglutathione (GNSO)

(00361 v-Glu-%-Gly (X represents an amino acid or an amino

acid derivative), y-Glu-vVal-Y (Y represents an amino acid or an

amino acid derivative), y-Glu-Ala, y-Glu-Gly, y-Glu~-Cys,

v-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly,

Cys-Met, Glu-Cys, Gly-Cys, Leu-Asp, D~Cys, yv-Glu-Met (0),

( y-Glu-y~Glu~-vVal, y-Glu-Val-NHgz, vy-Glu=~-vVal-cl, y-Glu-Ser,
y~Glu-Tau, y-Glu-Cys{S-Me} (O}, y-Glu-Leu, y-Glu-Ille,

v~Glu-t-Leu, .and y-Glu-Cys(5-Me) each improvefthe fat-like

richness of the low-fat food.
Therefore, y-Glu-¥X-Gly (X represents an aminc acid or an

amino acid derivative), y-Glu-vVal-Y (Y represents an amino acid
or an amino acid derivative), y-Glu-Ala, y—Glu-Qly, v=Glu-Cys,

y-Glu-Met, y-Glu-Thr, y-Glu-Val, yv-Glu-Orn, Asp-Gly, Cys-Gly,

Cys=-Met, Glu-Cys, Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met(0),

yv-Glu-y-Glu-val, y-Glu-Val-NHz, y=Glu-vVal-ol, y~-Glu-Ser,

v-Glu-Tau, y-Glu-Cys(8-Me) (O}, y=Glu-Leu, y-Glu-Ile,

y-Glu-t-Leu, and y-Glu-Cys(5-Me) {hereinafter, also referred to
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1,000TIM 8 y-Glu-Val-Thr 1,000pM 9 y-Glu-y-Glu-Val 1,000uM 10 y-Glu-Val-NH2 1,00011M 11
y-Glu-Val-ol 1,000pM 12 y-Glu-Ser 300 uM 13 y-Glu-Tau 300 pM 14 y-Glu-Cys(S-Me)(0)

as "peptide and amino acid to be used in the present inventiocn")
can be used as a taste improving agent for a low-fat food which
is added to a low-fat food for imparting fat-like richness to
a taste of the low-fat food.

(0037} The compound to be used in the present invention may
be used alone or may be used as a mixture of arbitrary two kinds
or three ormore kinds. Of those, preferred compound is a compound
having the following styuctural formula: y-Glu-X-Gly (X
represents Cys (SNO), Cys(S-allyl), Gly, Cys{S-Me}, hbu, t-Leu,
Cle, Aib, Pen, or Ser); oOr v-Glu-vVal-~Y (Y represents Gly, Val,
Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys,
Gln, GlyA, or Lach). Of those conpounds, particularly preferred
compound is y~Glu-Val-Gly or y—Glu-Abu~Gly.

[0038] When the above-mentioned compound is
commeréially—availabl@,a,commerciaily—availablepmoductw:anbe
used. °Further, when the compound was a peptide, the peptide can
be obtained,by appropriately using a known rechnigue such as (1)
a4 method of chemical synthesis, or (2) a method of synthesizing
the peptide by an enzymatic reaction. Since the number of amino
acid residues contained in the peptide to be used in the present
invention is as comparatively small as 2 or 3 residues, a method
of chemical synthesis is convenient. When chemically
synthesizing the peptide, the oligopeptide can be synthesized
or semi-synthesized by using a peptide synthesizer. BAn example
of the method of chemical synthesis of the peptide includes a
peptidé solid phase synthetic method. The peptide synthesized
as described above can be purified by usual neans such as ion
exchange chromatography, reversed phase high performance liquid
chromatography, or affinity chromatography. Such a solid phase
synthetic method of the peptide and thezsubsequent peptide
purification are well known in this technical field.

[0039] Further, the peptide tc be used in the present
invention can also be produced by an enzymatic reaction. For
example,themethoddescrib@dinWOZOO4/011653canbeused. That

is, the peptide can also be produced by: reacting one amino acid
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30011M 15 y-Glu-Val-His 100 pM 16 y-Glu-Val-Orn 100
pM 17 y-Glu-Leu 100 pM 18 y-Glu-lle 100
pM 19 y-Glu-t-Leu 100TIM 20 y-Glu-Cys(S-ally1l)-G1ly 100 pM 21 y-Glu-Val-Asn /

or dipeptide of which carboxyl terminus is esterified or amidated
with an amino acid having a free amino group (for example, an
aminc acid of which carboxyl group is protected) in the presence
ofapeptid@producingenzyme;andpurifyingtheproduceddipeptide
or tripeptide. Examples of the peptide preoducing enzyme include
acultureofandcroorganismhavinganabilitytoproduceapeptide,
microbialcellsseparatedfrmmtheculture,oraprocessedproduct
of cells of the microorganism, oOr & peptide producing enzyme
derived frdm the microorganism.

Itshouldixanotédthat1ﬁm3peptidetxDbeusedjjithepresent
invention is not only produced by such an enzymatic method or
achemicalsynthesismeth@iasn@ntionedabove,butalsomayexist
in, for example, a plant such as a vegetable or a fruit, a
microorganism such as a yeast, and a yeast extract. When the
peptide exists in natural products, the peptide may pe extracted
from these natural products before use:

Further, the peptide does not need to be isolated before
use, and there may be used a fraction coﬁtaining the peptide of
the present invention in a large amount.

[06040] Examples cf the lomeoleculatwweight compound to be
used in the present invention include cinacalcet
((R)—N“(3~(3~(trifluoromethyl)phenyl)propyl)—l—(l—naphthyl)e
thylamine) and an analogous compound thereof. Examples of the
analogouscompoundofcinacalcetincludethecompoundrepresented
by the following chemical formula {1)
((R)wN—[(4methoxyw3-m@thylphenyl}methyl]—l~(1mnaphthyl}ethyl
amine)) or the compound represented by the following chemical
formula (2}
((R)—N—(3~phenylpropw2—ényl)—lw(3—methoxyphenyl)ethylamine).
Those compounds may be synthesized by such a known method as
described in US Patent No. 6,211,244, for example. Further,
commercially-available products may alsc be used.

[0041) |
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30 pM 22 y-Glu-Gly-Gly 30 pM 23 y-Glu-Val-Phe 30TIM 24 y-Glu-Val-Ser 30 pM 25 y-Glu-Val-Pro
30 pM 26 y-Glu-Ser-Gly 30TIM 27 y-Glu-Cys(S-Me) 30TIM 28 y-Glu-Val-Cys

<X

(1

@

10042] The compound to be used in the present inventicn also
"include that in the form of a salt. When the peptide and the
‘amino acid to be used in the present invention are in the form
of a salt, the salt may be a pharmacclogically acceptable salt.
1Examples of a salt with an acidic group such as a carboxyl group
in the formula include: an ammonium salt; a salt with an alkali
metal such as sodium and potassium; a salt with an alkaline earth
metal such as calcium and magnesium, an aluminum salt, a zinc
'salt; & salt with an organic amine such as triethylamine,
ethanolamine, morpholine, pyrrolidine, piperidine, piperazine,
‘and dicyclohexylamine; and a salt with a basic amino acid such
‘as arginine and lysine. Examples of a salt with a basic group
'in case where the basic group exists in the formula include: a
salt with an inorganic acid such as hydrochloric acid, sulfuric
-acid, phosphoric acid, nitric acid, and hydrobromic acid; a salit
with an organic carboxylic acid such as acetic acid, citric acid,
Qbenzoic acid, maleic acid, fumaric acid, tartaric acid, succinic
‘acid, tannic acid, butyric acid, hibenzoic acid, pamcic acid,
.enanthoic acid, decancic acid, teoclic acid, salicylic acid,
lactic acid, oxalic acid, mandelic acid, and malic acid; and a
salt with an organic sulfonic acid such asznethanesulfonic acid,

benzenesulfonic acid, and p-toluenesulfonic acid.
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- 10TIM 29 y-Glu-Val-GIn 10 pM 30 y-Glu-Abu-GlY 3TIM 31 y-Glu-Cys(S-Me)-Gly 3TIM 32

_ y-C_BIu-VaI-GIy 0.1pM [0068][Reference Example 12] Kokumi-imparting activity of peptide and amino
acid to be used in present invention Typical examples are selected from y-Glu-X-Gly (X represents
Cys (SNO), Cys (S-allyl) , Gly, Cys (S-Me) , Abu, or Set) , y-Glu-Val-Y (Y represents Gly, Val, Giu,
Lys, Phe, Set, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys, or Gin) , y-Glu-Ala, y-Glu-Gly, y-Glu-Cys
y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, ’

[0043] <2>Tasteimprovingagentforlow—fatfoodandlow~fat
food

The compound, preferably the peptide and the amino acid,
habeusedjjlﬁhepzesentinventionn@yixeusedaseatasteimproving
agent for a low-fat food, which is added to a low-fat food for
improving fat-like richness of the low-fat food. The compound
may be formed of only one kind or a mixture of two or more kinds.
Further, the compound to be used in the present invention may
be incorporated into the low-fat food to forma low-fat food having
improved fat-like richness.
[0044) The taste improving agent for a low=fat food of the
present invention may be formed of only one kind or only two or
more kinds chosen from the above-mentioned compounds to be used
in the present invention, for example, or may further be formed
by optionally adding other compound, various additives, and the
like each having an function of improving a taste of the low-fat
food.
[0045] The amount of the tasté improving agent for a low-fat
food to be added to the low-fat food is not particularly limited
as long as the amount may be sufficient for improving a taste,
in particular, fat-like richness, of the low-fat food.
Specifically, the amount of the compound is 1 ppb to 9%.9% by
weight, preferably 10 ppb to 10% py weight, and more preferably
about 1 ppm to 1% by weight in the low-fat food, for example.
[0048] The low-fat food of the present invention contains
the compound to be used in the present invention. The compound
may be formed of only one kind or a mixture of two or more kinds.
The ingredient of the low-fat food of the present invention is
not particularly different from that of a conventional low-fat
foodexceptthatthelow—fatfomdofthepresentinventioncontains
the above-mentioned compound. Also for the production method,
the low-fat food of the present invention may be produced in the
same manner as in a general low-fat food except for the addition

of the above-mentioned compound.
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Cys-Gly, Cys-Met, Glu-Cys, Gly-Cys, Leu-Asp, D-Cys,y-Glu-Met(0), y-Glu-y-Glu-Val, y-Glu-Val-NH2
y-Glu-Val-ol, y-GIu_-Ser, y-Glu-Tau, y-Glu-Cys(S-Me) (0), y-Glu-Leu, y-Glu-lle, y-Glu-t-Leu, and ,
y-Glu-Cys(S-Me), in each of which a calcium receptor-activating effect was found, and the; presence or
absence of the I_<okumi-imparting activity was examined by a sensory evaluation test. [00691The
sensory eyaluatlon test was performed as follows. To distilled water containing sodium glutamate (0.05
g/dl), inosine monophosphate (0.05 g/dl), and calcium chloride (1 mM), each of alliin (S-allyl-cysteiné
sulfoxide: control experiment of kokumi-imparting activity), y-Glu-Cys-Gly, y-Glu-Cys, y-Glu-Ala, and
y-GIu-\/aI Was'mixed as a sample in an amount of 0.2 g/dl, and the presence or abse:nce of the’
kokumlaﬁﬂiﬁﬁﬂfﬁsactivity was determined. It should be noted that a sample, which became acidic after
the samle had been disselvad,afasadjusted witheNa0H t6 PHEE:8 16 7. 2 5efoRe Gse. Table 2 shows

- |tohr(ca> rrne(;léllf% é%gg 0] Table 2 Kokumi-impartingaclivity of ealGlumereseptos activatow Salciyntreeeptor
mi-imparting activity yGlu-Cys-Gly, yGlu-Cys, + Glu-Atlta + %%'UéVa!,Jn[g%Js][Reference
Examplect8} K okurhRinparfiRgactiv-y FPepticfe {08 Ubet 1R presant inventian — - A'pepide in which
a calciump teceptor-activating effestowas:fannd was exanminethfok its nfensitef KokaRRMPEting
activity gg r?equ{aglgﬂlye sensory evaluation test.
Thegeneofthecalciumreceptorgenewaspreparedasfollows.
On the basis of the DNA seqguence registered at NCBI (calcium
receptor: NM 000388, synthetic oligo DNAs (forward primer (SEQ
D NO: 1) and reverse primer (SEQ ID NO: 2)) used for PCR were
synthesized.
[0049] HumankidnechNA(manufactureﬂbyclontech)wasused
as a material, and PCR was performed by using the primers and
pfu ultra DNA Polymerase {(manufactured by Stratagene) under the
following conditions. After a reaction at 54°C for 3 minutes,
a cycle of reactions at 94°C for 30 seconds, 55°C for 30 seconds,
and 72°C for 2 minutes was repeated 35 times, and then a reaction
was performed at 75°C for 7 minutes. Whether amplification was
attainedbyPCRWasdetectedbypexformingagaroseelectrophoresis,
staining with a DNA staining reagent, and subseguent ultraviolet
irradiation. ThechainlengthsoftﬁmaPCRproductswereconfirmed
by comparison with DNA markers of known sizes which were
simultaneously subjected to the electrophoresis. The plasmid
vector pBR322 was digested with the restriction enzyme ECORV
(manufactured by Takara). The gene fragment amplified by PCR
was ligated to the cleavage site of the plasmid by using Ligation
Kit (manufactured by Promega) . The Escherichia coli DHSw strain
was transformed with the ligation reaction solution, and a
transformantharboxingtheplasmidjjzwhichthePCRamplification
product was cloned was selected. The PCR amplification product
wasconfirmedknrDNAsequenceanalysis. By using the recombinant
plasmid as a template, CRNA of the calcium receptor gene was
prepared using a cRNA preparation kit (manufactured by Ambion}.
[0050] [Reference Example 2] Preparation of various samples

As L-amino acid samples, 23 kinds of special grade amino
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The. guantitative sensory evaluation test was performed as follows. To distilled water containing
sodium glutamate (0.05 g/dl), inosine monophosphate (0.05 g/dl), and sodium chloride (0.5 g/dl), each
of y-Glu-Cys-Gly (glutathione), y-Glu-Ala, y-Glu-Met, and y-Glu-Val was mixed as a sample in ar’l
amount of 0 . 1 g/dl, and the kokumi-imparting activity intensity was measured . It should be noted
that a sample, which became acidic after the sample had been dissolved, was adjusted with NaOH to
pH 6.8_to 7.2 before use. It should also be noted that there is known that glutathione may impart
kokumi to a food, and thus, glutathione was used as a comparative control. The test was performed

with n=3 based on the following sensory evaluation scores: ; oint ' dditi
points)_.a’Fafb‘ileSS%ﬁS&y‘éqﬁg?e&%tas?ft%ﬁéulﬁ %%lr{lo% ‘fha%%tﬁ%%{]e%r%&ﬁei%al.%%%grgiggﬁagge@'is a ton©
collectiveytetm ofan initiatesterand @ Middeiasté clob7 2Pt BEsahpR Chicdftratio n(g/di)

Kokumisigtensity. Fyaluation.comments ; Hitialandrmigdle-taste idterastes £ontolp:0:0 iy@iu-Cys-Gly
serine, threcnine, tryptophan, tyrosine, valine, ornithine, and
taurine(aliofthosefromAjincmotoCo.,Inc.),andhydroxyproline
(Nacarai Tesgue, Inc.), were used. As D-Cys and D-Trp (Nacarai
Tesque, Inc.) and calcium chloride, those of special grade were
used. '
[0051] Further, as peptide samples, y-Glu-Cys-Gly {éigma
Aldrich&épaanK.),V—GlumCys(SNO)—Gly(DojindoLaboratoriesL
yv-Glu~Ala (Bachem.Feinchemikalien AG), ymGlu—Gly {Rachem
Feinchemikalien AG), y-Glu-Cys (Sigma Aldrich Japan K.K.),
y-Glu-Met (Bachem reinchemikalien AG), y-Glu-Abu-Gly (Abﬁ:
o-aminobutyric acid, Bachem Feinchemikalien AG), y—-Glu-Thr
(Kokusan Chemical Co., Lté,); v-Glu-vVal (Kokusan Chemical Co.,
Ltd.), y-Glu-Leu {custom synthesis product}, y~Glu—Ile (custom
synthesis product), y—-Glu-Orn (Kokusan Chemical Co., Ltd.),
Asp~Gly {(custom synthesié product), Cys-Gly (custom synthesis
product), Cys-Met (custom synthesis product), Glu-Cys (custom
synthesis product), Gly—Cys {custom synthesis product), Leu-Asp
(custom synthesis productj, v—-Glu=~Val-Val (custom synthesis
product), y=-Glu-Val-Gliu (custom synthesis product],
y-Glu-Val-Lys (custom synthesis product), yv-Glu=-y-Glu-Val
(custom synthesis product), y—-Glu=-Gly-Gly ({(custom synthesis
product}, v-Glu-Val-Phe (custom synthesis product),
y—Glu—Val“Ser(custmmsynﬁhesispxoduct),v~Glu—Val—Pro{custom
synthesis product), y-Glu-Val-Arg {(custom synthesis product),
v~Glu~Val—Asp(custonlsynthesispmoduct},y*Glu—Val~Met{custom
synthesis product), y—-Glu~Val-Thr (custom synthesis productj,
valu—ValmHis(custmnsynﬁhesisproduct),yﬁGlu—Val“Asn(custom
synthesis product}, y-Glu-Val-Gln (custom synthesis product),
y—Glu-Val—Cys(custmmsynthesisproduct),y—Glu~Val—Orn(custom
synthesisproduct),andwalu—SerwGly{customsynthesisproduct)
were used. Glutamine and cysteine were prepared upon use, and

the other samples were stored at -20°C after preparation. BAs
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0._1 3.0 3.Q Th?ckness,grovvth,and continuity are enhanced. vGlu-Ala 0.1 0.5 0.2 The effect is weak, but
thickness is slightly enhlanced. yGlu-Met 0.1 1.5 0.4 Thicknessandgrowthare slightly enhanced.
yGlu-Val 0.1 3.0 1.0 Thickness andgrowthare enhanced mainly in initial and middle taste.

the peptides, those each having a purity of 90% or higher were
used. Purity of 80% or higher was used only for y-Glu-Cys.
[0052] When the solution obtained by dissolving each sample
showed an acidic or alkaline pH, the solution was adiusted to
an approximately neutral pH by using NaOH or HCl. The solution
used for dissolution of amino acids and peptides, preparation
of Xenopus laevis cocytes, and culture of the oocytes had the
following composition: 96 mM NaCl, 2 mM KCl, 1 mM MgCl,, 1.8 mM
caCl,, 5 mM Hepes, and pH 7.Z2.
{00531 [Reference Example 3] Synthesis of y-Glu-vVal-Gly

Boc-Val-OH (8.69 g, 40.0 mmol) and Gly-OBz1-HC1l (8.C7 g,
40.0 mmol) were dissolved in methylene chloride (100 ml) and the
solution was kept at 0°C. Triethylanine (6.13 ml, 44.0 mmolj},
HOBt (l-hydroxybenzotriazole, 6.74 g, 44.0 mmol), and WSC-HCI
(1—ethyl—3—(3~dimethylaminopropyl)carbodiimidehydrochloride,
8.44 g, 44.0 mmol) were added to the soluticn, and the mixture
was stirred overnight at room temperature. The reaction solution
was concentrated under reduced pressure, and the residue:was
dissolved in ethyl acetate (200 ml). The solution was washed
withwater {(50ml), %citricacidaqueoussolution(SOnﬂvxtwice),
saturated brine (50 ml), 5% sodium bicarbonate aquecus solution
(50 ml x twice), and saturated brine (50 ml). The organic layer
was dried over anhydrous magnesium sulfate, magnesium sulfate
wasremovedbyfiltration,andthefiltratewasconcentratedunder
reduced pressure. The residue Was recrystallized from ethyl
acetate/n-hexane to obtain Boc-Val-Gly-OBzl (13.2 g, 36.2 mmol)
as a white crystal.
f0054] Boc~-Val-Gly-0Bzl (5.47 g, 15.0 mmol) was added to a
4 N HCl/dioxane solution (40 ml}, and the nixture was stirred
at room temperature for 50 minutes. Dioxane was removed by
concentration under reduced pressure, n-hexane {30nﬂj'was added
to the residue, and the mixture was concentrated under reduced
pressure. The procedure was repeated 3 times to guantitatively
obtain H-Val-Gly-OBzl-HCL

H~Val-Gly~-0Bz1l-HCl and 7-Glu-0Bzl (5.57 g, 15.0 mmol)
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'[6?023]t[_|§ef_erenge Examp_le 14] Kokumi-imparting activity of peptide to be used in present invention
. E)( ptide in WhICh a pqlcpm re(_:eptor-activating effect was found was examined for its
Sgnl;ml-lmpallrtlng activity intensity by a quantitative sensory evaluation test. The quantitative
s oirnyogilza:3 ug(;c;r; F’;iztsvgﬁlstpe(rc1)‘oorgne/cij S.S follows. To distilled water containing sodium glutamate (0.05

, INC ate (0.05 g/dl), and sodium chloride (0.5 g/dI) h of |
(glutathione), y-Glu-Cys, y-Glu-Val, and ed a5 a cample & oo

: , ) , y-Glu-Val-Gly was mixed as a sample in an amount of

g/d1, or 0.01 g/dl as required, and the intensity of kokumi-imparting activity i\:)Nas measured. Itoshodl:hld

b . .

Nz gﬁ?{g& tﬁhﬁa%?ég?%g;p;z%g\é\%lfeaégega}rrﬂi %ggiq,@f@prﬁ?e@g%}pﬂ bad been dissdlwed,>Was adjusted with
| : VAL . st was, performed with n=5 hase llowi

evaluationi storess coRtESI(D pois) 58 glGthtione ad i‘ﬁ%ﬁ% %gﬁ\tsbf?féag%)'%?&{vgéi\gf rg 5:5{;:0 Y

[0074] Table 4 Sample Gonseniiatia(eid) sokuemtintensiy Evaluhtion TomMBAS ! nifdidnd middle
WsC-HCL (1—ethylw3“(S—dimethylaminopropyl)carbodiimide
hyd;ochloride, 3.16 g, 16.5 mmol) were added to the sclution,
and the mixture was stirred at room temperature overnight for
2 days. The reaction solution was concentrated under reduced
pressure, and the residue was dissolved in heated ethyl acetate
(1,500ml). Thesolutionwaswashedwithwater(200ml),5%citric
acid agueous solution (200 ml x twicel, saturated brine (150 ml},
5% sodium bicarbonate aqueous solution (200 ml x twice), and
saturated brine (150 mi). The corganic layer was dried over
anhydrous magnesium sulfate, magnesium sulfate was removed by
filtration, and the filtrate was concentrated under reduced
pressure. The prééipitated crystal was collected by filtration
and dried under reduced pressure to obtaln
Z—Glu(ValﬁGlymOle)—Ole (6.51 g, 10.5 mmol) as a white crystal.
[0055] 7-Glu(vVal-Gly-0Bzl)-OBzl described above (6.20 g,
10.03mmol)wassuspendedinethanol(200m1),lﬁ%palladium/carbon
(1.50 g) was added to the suspension, and a reduction reaction
was performed under a hydrogen atmosphere at 55°C for 5 hours.
Duringthereaction,lOOHﬂ;Mlatotaivolumeofwaterweregradually
added. The catalyst was removed by filtration using a Kiriyama
funnel, and the filtrate was concentrated under reduced pressure
to a half volume. The reaction solution was further filtered
throughan&mbranefilter,andthefiltratewasconcentratedunder
reduced pressure. After the residue was.dissolved in a small
volume<yfwater,ethanolnﬁmsaddedtxytheresultanttx)precipitate
a crystal, and the crystal was collected by filtration and dried
under reduced pressure tO obtain y-Glu-vVal-Gly as a white powder
(2.85 g, 9.40 mmol). |
[0056] ESI-MS: (M+H) =304.1.

ly-NMR (400 MHz, D;0) & {ppm): 0.87 (3H, d, J=6.8 Hz}, 0.88
(3H, d, J=6.8 Hz), 1.99-2.09 (3H, m), 9.38-2.51 (24, m) 3.72 {1H,
t, J=6.35 Hz), 3.86 (LlH, 4, J=17.8 Hz), 3.80 (1H, d, J=17.8 Hz),
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-00- yGIu-Cys—GIy 0.1 3.0 3.0 Thickness,growth,and continuit

( .0 3. 1esS, : y are enhanced. yGlu-Cys 0.1 2.0 2.
slightly weaker but comparable effect is exhibited compared with y-GIu-Cys-GIy.yThickn)(/ess oA
andgrowthare enhanced mainly in initial and middle taste. yGiu-Val 0.1 3.0 1.0

4.07 {(1H, d, J=6.8 Hz).
[0057] [Reference Example 4} Synthesis of
y-Glu-Cys (5-Me) -Gly [Cys({S—Me): S-methylcysteine]
Reduced glutathione (15.0 g, 48.8 mmol) was added to water
(4% ml) and sodium hydroxide (4.52 g, 2.2 eguivalents, 107 mmol})
was added porticnwise to themixture under bubblingwithnitrogen.
Methyl iodide (4.56 ml, 1.5 equivalents, 73 mmcl) was added to
the mixture, and the solution was sesaled and stirred at room
temperature for 2 hours. The reaction solution was adjusted to
| pH 2 to 3 with concentrated hydrochloric acid, supplemented with
ethanol (150 ml), and stored overnight in a refrigerator. Since
an oily product was separated, the supernatant was remcved. When
the remained oily product was dissolved in water and gradually
supplemented with ethanol, apartially crystallized cily product
was precipitated. Therefore, the supernatant was removed again,.
The residue was dissclved in water (300 mly, adsorbed to a column
filledwith an ion exchange resin {Dowex l—acetate, 400 ml), washed
withwater, and then elutedwitha lN aceticacid aqueo{;s sclution.
The eluate was concentrated under reduced pressure, and
reprecipitated from water/ethanol to obtain \/~GluwCyS {(5~-Me)-Gly
as a white powder (5.08 g, 15.8 mmol).
[0058] FAB-MS: (M+H) '=322.
IH_NMR (400 MHz, D,0) & {ppm): 2.14 (3H, s), 2.15-2.22 (2H,
m)y, 2.50-2.58 (2H, m), 2.86 (1H, dad, J=9.0 Hz, J=14.0 Hz), 3.03
(1H, dd, J=5.0 Hz, J=14.0 Hz), 3.84 (1H, t, J=6.5 Hz}, 3.99 (21,
&), 4.59 (1M, dd, J=5.0 Hz, J=9.0 Hz)
{.0059] [Reference Example 5] synthesis of other peptides
y-Glu-Met (O}, y-Glu-Val-NHp, y-Glu-vVal-ol, y=-Glu-Ser,
y~Glu-Tau, y-Glu-Cys (s-Me} (O), y-Glu-t-Leu,
y—G1lu-Cys (S-allyl)-Gly, and y~Glu~Cys (S-Me) were synthesized in
accordance with Reference Examples 3 and 4.
[0060] [Reference Example 6] Evaluation of calcium
receptor-activating effect
For evaluation of the calcium receptor- activating effect,

aCa ion concentration-dependent Cl ioniccurrentmeasuringmethod
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yGIu-V_aI-GIy 0.1 yGlu-Val-Gly 0.01 3.0 3.0 Thickness and continuity are mainly enhanced.The whole
. taste is enhanced. *Unmeasurable:kokumi-impartingac vity is too strong to measure by seﬁsory
gvalua}tlon. [0075][Refer9nce !Example 15] Kokumi-imparting activity of peptide to be used in present
invention A peptu;le_ |n_wh|ch_ a calcium receptor-activating effect was found was examined for its
kokuml-lmpartlng act ivity intensity by a quantitative sensory evaluation test. [0076]The quantitative
sensory ev_aluatlon test was performed as follows. To distilled water containing sodium glutamate (0.05
g/d1), inosine monophosphate (0.05 g/dl), and sodiumchloride (0.5 g/dl), each of y-Glu-Cys-Gly |

(glutathione), y-GIy-Abu-O%y Y GlysValGly w ixedls i
. ) asmixediasa sgeplear .
0.01 g}‘a‘f'lai'h% tﬁelwﬁgﬁﬁt{f{ p_f 0 urjrtli-impar%ing acti\?i)t Was%measﬁzgé dt gﬁg@%@%@i&ﬁgl >
sample,amtichdetamecidie é@&%ﬁe@érﬁﬁl@%‘ﬂ%g FdisSolved? was ag}usted with NaOH to pH
6.8 to Z.2:heforg use: Thedest was pedermed with B 12tsesdd 6t resfot lowiRg SenSafy &faluation

scores : control (0 point) and glutathiong addition (3 paings)1 Tahle Ssshoxvsahe esults. [0077]
intracellular current value changes as an ionic current. By
measuring the change in the intracellular current value, whether
the calcium receptor-activating effect is present or not can be
KNown .

[G0ol] Specifically, abdomen of Xenopus laevis was opened,
andaneggbatchwastakenoutandthentreatedwithal%collagena&a
solution at 20°C for 2 hours To obtain individual oocytes. Into
the oocytes, 50 nl of 1 pg/ul receptor cRNA Or 50 nl of sterilized
water per oocyte were injected by using amicro glass capillary,
and the oocytes were cultured at 18°C for 2 to 3 days. For the
culture, a solution obtained by adding 2 mM pyruvic acid, 10 U/ml
penicillin,” and 10 pwg/ml streptomycin to the solution menticoned
inReference Example 2wasused. Aftertheculture, atest solution
was added té the oocytes injected with cRNA or sterilized water.
Electrophysiological measurement was performed by using an
amplifier Geneclamp 500 (manufactured by Axon) and recording
software AxoScope 9.0 (manufactured by Axon). The pocytes were
membrane membrane potential—clamped at -70 mV by the double
electrode potential clamp method, and the intracellular current
via the Ca ion concentration-dependent Ccl ion was measured. The
maximum value of the intracellular currents was considered as
the responée current value.
[0062) [Reference Example 7] Evaluation of calcium
receptor-activating effect of calcium

The calcium receptor-activating effect of calcium was
evaluated by using the method described in Reference Example 6.
That is, oocytes injected with CRNA of the calcium receptor or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double electrode potential clamp method. To
the potentialmclamped oocytes, calclum was added (2 mM, 5 mM,

10 mM, and 20 mM}, andﬁjajxxlconcentration—dependenti:iresponse
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Table 5 Sample Concentratio n(g/d1) Kokumi intensit ' iti [
y Evaluation Comments In
Aftertaste Control 0 0 yGlu-Cys-Gly 0.1 3.0 3.0 taland middle taste

current was measured. FIG. 1 shows the results. The results
confirmed that cRNA of the calcium receptor injected inte the
cocytes was functionally expressed. Further, since the cocytes
injected with water did not respond to even a high concentration
of calcium, it was confirmedbthat the calcium receptor was not
expressed in the oocytes themselves.
10063] [Reference Example 8] Evaluation of calcium
receptor-activating effect of L-amino acilds

The calcium receptor-activating effect of L-aminc acids
was evaluated by using the method described in Reference Exanple
6. That is, oocytes injected with cRNA of the calcium receptor
orSterilizedwaterwereprepared,andmembranepotentialwclamped
at -70 mV by the double electrode potential clamp method. To
thepotential~clampedoocytes,alanine (10mM), arginine {10 mM),
asparagine (10 mM), aspartic acid (10 mM), ‘cysteine (10 mM},
glutamine (10 mM), glutamic acid (10 nM), glycine (10 mM),
histidine (10 mM), isoleucine {10 mM;}, leucine (10 mM}, lysine
{10 mM), methicnine {10 mM), phenylalanine (10 mM), proline (10
mM), serine (10 mM), threonine (10 mM), tryptophan (10 mM),
tyrosine (10 mM), valine (10 mM), ornithine (iO mM), taurine {10
mM), or hydroxyproline (10 mdM) was added, and Ca ion
concentration-dependent Cl response current was measured. FIG.
2 shows the results. The results demonstrated that cysteine,
nistidine, phenylalanine, tryptophan, and tyrosine each had a
definite calcium receptor-activating effect. As for the
above-mentioned amino acids, the activating'éffect was reported
iy Proc. Natl. Bcad. Sci. USA, Apr. 23, 2000, 97(9): 4814-9.
f0064] [Reference Example 9] Evaluation of calcium
receptor-activating effect cf D-cysteilne

The calcium receptor-activating effect of D-cysteine was
evaluated by using the method described in Reference Example ©.
That is, oocytes injected with cRNA of the calcium receptor or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double electrode potential clamp method. To

the potential-clamped ococytes, D-cysteine (10 mM), L-cysteine
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Thickness,growth,and continuity are enhanced. yGlu-Abu-Gly 0.01 3.0 2.0 Thicknessandgrowthare
enhanced mainly in initial and middle taste. yGlu-Val-Gly 0.01 3.0 3.0 Thickness and continuity are
mainly enhanced.The whole taste is enhanced. [0078][Example 1] Low-fat cow milk (1) A peptide
in which a calcium receptor-activating effect and a kokumi-imparting activity were found was examined
for its intensity of imparting fat-like richness to low-fat cow milk by a quantitative sensory evaluation
test. The quantitative sensory evaluation test was performed as follows. Each of y-Glu-Cys-Gly
(glutathione), y-Glu-Val-Gly, and y-Glu-Abu-Gly was mixed with commercially-available low-fat cow

milk (npn-fat milk soli - 8,604 ®rmore Jilk-fatopntenthi 5%)i4 BorieehtdidfDf 0.00001 to
CLRTUL sty oF et

1qg/d1 ens arting fat-like richness.was.measured .. - ~it;shewid e poted that each
peptide whsissoe dERATGT AT Aifkc %ﬂa§ﬁ€$ gcs{s%%%\@jsfhe p%tﬂ(;)f which W‘§$ lowered, was adjusted

with NaQH.so-that therpd mighg he @2 wiith respect & the BRSO HES o= fat Woree of peptide.

The sensory score far fat-like, ric ngs%gqqﬁmggtr@ﬂ&w@ﬁ definedas followisi eriticl {free of
peptidé)@@tpo%ﬂ;céftlsdﬁagl:%epi?rﬁg and very strong: 5 points. Then, the test was performed with n=12.
The tastéfimproving activity was widely exhibited at the above-mentioned addition concentrations.

Table G shows the resyltsatdypieal conseniratiend.0As Elar Forh rableRd, itRas tBffirmed that the

peptide of the present invention imp ted fat-like ri ss,.agd smoothness to low-fat cow milk at a
lower c%%%@n?t?&?b‘hatﬁléﬁ‘éﬁﬁétﬂ%ng{"gce e pele

The calcium receptor—activating effect of a peptide was
evaluated by using the method described in Reference Example 6.
That is, ooéytes injected with cRNA of the calcium receptor Or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double e}ectrode potential clamp method. To
the potentialwclamped cocytes, y-Glu-Cys-Gly (50 uM),
y—GluﬂCys(SNO)—Gly (50 pMj, y-Glu-Ala (50 uMy, v-Glu-Gly {500
pM) ,  y-Glu=Cys (50 uM), y-Glu-Met {500 uM), y-Glu-Thr (50 uMj,
y-Gli-Val (50 uM) , y-Glu-0rn (500 uM), Asp-Gly (1 mM), Cys-Gly
(1 mM), Cys-Met (1 mM), Glu-~Cys (50 pMl), Gly-Cys (500 uM), or
Leu—ﬁsp (1 mM) was added, and Ca ion concentrationwdep?ndent Cl
response current was measured. FIG. 4 shows the results. The
results demonstrated that the above-mentioned peptide had a
definite calcium receptor—-activating effect. |
[0066] [Reference Example 11] Evaluation of calcium
receptor-activating effect of peptides

The calcium receptorwactivating effects of peptides were
evaliated in the same manner as that of Reference Example 10.
EacﬂofthepeptidesshowninTable1wasaddedtopotential—clamped
oocytes at 1,000 uM, 300 uM, 100 ub, 30 pM, 10 pM, 3 pM, 1 ouM,
0.3 uM, andO.l1ﬁL,andCajxﬂlconcentration—dependentClresponse
current was measured. The lowest concentration at which current
was detected was shown in Table 1 as the activity. The results

revealed that those 32 kinds of peptides each had a calcium

receptor-activating effect.
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[0079] Table 6 Sample Concentration (g/dl) Fat-like richness Smoothness Evaluation Comments
Control 00 - yGlu-Cys-Gly 0.01 2.5 3.0 Growth exists in the whole taste. yGlu-Val-Gly 0.0001

[0067]
Table 1 _
Number pPeptide - , Activity
1 v-Glu-Met (O) A 1,000 pM
2 y-Glu-vVal-Val 1,000 uM
3 v~Glu=-vVal-Glu 1,600 pM
4 v-Glu-Val-Lys 1,000 pM
5 y-Glu-vVal-Arg 1,000 uM
LS y-Glu-Val-Asp 1,000 uM |
7 y-Glu-Val-Met ' 1,000 uM
8 y-Glu-Val-Thr 1,000 uM
9 y-Glu-y-Glu-val 1,000 uM
10 y-Glu-Val—-NH; 1,000 uM
11 | y-Glu-val-ol 1,000 uM
12 y-Glu-Ser 300 uM
13 y-Glu-Tau 300 uM
14 y-Glu-Cys (S-Me) (0O) 300 uM
15 yv-Glu-Val-His 160 pM
16 v-Glu-val-Orn ) 100 uM
17 y-Glu-Leu ; 100 uM
18 y=Glu-Ile 100 pM
18 v-Glu-t-Leu , 100 pM
20 v~Glu-Cys{S5-allyl)-Gly : 100 uM
21 y-Giu~Val-Asn 30 uM
22 v-Glu-Gly-Gly ‘ 30 uM
23 v-Glu-Val-Phe 3¢ uM
24 y-Glu-Val-Ser 30 uM
25 y~Glu-vVal-Pro 30 M
26 ' y-Glu-Ser-Gly 30 uM
27 y-Glu-Cys {5-Me) ' 30 uaM
28 v=Glu-Val-Cys ' 10 uM
29 v-Glu-val-Gln : 10 uM
30 y-Glu-Abu-Gly : 3 uM
31 y~Glu-Cys (5-Me) -Gly _ 3 pM
32 v-Glu-vVal-Gly ‘ 0.1 uM
[0068] [Reference Example 12] Kokumi-imparting activity of

peptide and amino acid to be used in present invention
Typlcal examples are selected from y-Glu-X-Gly (X
represents Cys {SNO), Cys(S-allyl), Gly, Cys{S-Me), Abu, or Ser},
y-Glu-Val-Y (Y represents Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg,
Asp, Met, Thr, His, Orn, AsDh, Cys, or Gln), y-Glu-Ala, y-Glu-Gly,
v~Glu-Cys, y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly,
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_2.5_2.3 Taste is enhanced in middle taste and aftertaste. yGlu-Val-Gly 0.001 4.5 4.0 Taste is enhanced
in middle taste. and aftertaste,and strong taste is achieved. yGlu-Abu-Gly 0.001 2.3 3.0
Harmonyandgrowthexist in the whole taste. yGlu-Abu-Gly 0.01 4.3 4.0 Harmonyandgrowth exist in the
whole taste. [0080][Example 2] Low-calorie mayonnaise (low-calorie

CySmGly,Cys~Met,GluuCys,Gly~Cys,Leu—Asp,DwCys,y>Glu~Met(O),
yv-Glu-y-Glu-vVal, y-Glu-Val-NHz, y-Glu=-Val-ol, y-Glu-5Ser,
y-Glu-Tau, y-Glu-Cys(S-Me} (O), y-Glu-Leu, y-Glu-Ile,
y-Glu-t-Leu, and y-Glu-Cys(5-Mej, in each of which a calcium
receptor—activatingeffectwasfound,andthepresenceorébsence
of the kokumi-imparting activity was examined by a sensory
evaluation test.

0069} Thesensoryeva;uationtestwasperformedasfollows.
7o distilled water containing sodium glutamate (0.05 g/di),
inosine monophosphate (0.05 g/dl), and calcium chloride (1 mM)},
each of alliin (S-allyl-cysteine sulfoxide: control experiment
of kokumi-imparting activity), v-Glu-Cys-Gly, y-Glu-Cys,
v-Glu-Ala, and y-Glu-Val was mixed as a sample in an amount of
0.2 g/dl, and the presence or absence of the kokumi-imparting
activity was determined. It shouldbe noted that a sample, which
became acidic after the sample had been dissolved, was adjusted
with NaOH to pH 6.8 to 7.2 before use. Table 2 shows the results.
(00701

Table 2 Kokumi-imparting activity of calcium receptor activator

Calcium receptcor promcter Kokumi-imparting activity
yGlu-Cys—-Gly +

yGlu-Cys +

yGlu-Ala ' +

yGlu-vVal +

[0071] [Reference Example 13] Kokumi-imparting activity of

peptide to be used in present inventicn

A peptide in which a calcium receptor-activating effect
was found was examined for its intensity of kokumi-imparting
activity by a guantitative sensory evaluation test.

The guantitative sensory evaluation test was performed as
follows. To distilled water containing sodium glutamate (0.05
g/dl), inosine monophosphate (0.05 g/dl}, and sodium chloride
(0.5 g/dl), each of y-Glu-Cys-Gly (glutathione}, vy-Glu-Ala,
y-Glu~Met, and y-Glu-Val was mixed as a sample in an amount of

O.lg/dl,andthekokumi—impartingactivityintensitywasn@asured.
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salad creamy dressing) (1) A peptide in which a calcium receptor-activating effect and a
kokumi-imparting activity were found was examined for its intensity of imparting fat-like richness to
low-calorie mayonnaise by a quantitative sensory evaluation test. In the same manner as that in
Example 1 except that commercially-available low-calorie mayonnaise (having a fat content reduced
by 50% compared with a normal product) was used instead of low-fat cow milk, each peptide was
measured for its fat-like richness-imparting intensity. Each peptide widely exhibited a
taste-improving activity at various concentrations. Table 7 shows the results at typical concentrations.
As clear from Tabla 7, it was cqnfiimed thatihe peptide otthepresent ipvantion ispeastectiatlike
richness and smoothness to the low-calorie mayonnaise at a |OWE{ cq@acggtrgtion Hwé‘ glutathione.
[0081] Tate ¥ SdniflecEncehtation (§/4 ) Fdike fichRess sihbothness Evaluation Comments
Control70 § pyGlu:Gys<€ly 0.0 should also be noted that there is known that

glutathione may impart kokumi to a food, and thus, glutathione
was used as a céﬁparative control. The test was performed with
n=3 pased on the following sensory evaluation scores: control
(0 point) and glutathione addition (3 points). Table 3 shows
the results. It shouldbe noted that the term "initial and middle

taste™” isacollective termof an initial taste and amiddle taste.

f0072]
Table 3
Sample . Kokumi intensity
) Concentrétlo Initial and Afrertaste Evaluation comments
n lg/dl) middle taste
Control - . 0 0 -
' Thickness, growth, and
yGlu-Cys~Gly 0.1 3.0 2.0 continuity are
enhanced.
The effect is weak, but
yGlu~Ala 0.1 0.5 0.2 thickness is slightly
enhanced.
: .4 Thickness and growth are
yGlu-Met 0.1 Lo ) siightly enhanced.
Thickness and growth are
1.0 enhanced mainly in
yGlu-val 0.2 3.0 e initial and middle
taste.
[0073] [Reference Example 14] Kokumi-imparting activity of

peptide to be used in present  invention

A peptide in which a calcium receptor~activating effect
wasfoundwasexaminedforitskokumi—impartingactivityintensity
py a guantitative sensory evaluation test.

The quantitative sensory evaluation test was performed as
follows. To distilled water containing sodium glutamate {6.05
g/dl), inosine monophosphate {0.05 g/dl), and sodium chloride
(0.5 g/dl), each of y-Glu-Cys-Gly (glutathione), y=-Glu-Cys,
walu—Val, and y-Glu-Val-Gly was mixed as a sample in an amount
of 0.1 g/dl, or 0.01 g/dl as reguired, and the intensity of
kokumi-imparting activity was measured. It should be noted that

asample,whichbecameacidicafterthesamplehadbeendissolved,
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3.53.0 Fat-likt_e richness wi_th sweet taste is achieved. Milky flavor is enhanced. yGiu-Val-Gly 0.0001
3.0 3.0 Taste is enhgnced in middle taste and aftertaste, and lasting taste is present. yGlu-Val-Gly
0.001 4.8 4.5 Taste is enhanced in middle taste and aftertaste, and lasting taste is present. Strong

_ha_lr_mony is achi_eved. yGlu-Abu-Gly D.001 3.2 3.0 Fat-like richness with sweettasteispresentin
initialtasteandmiddle taste. yGlu-Abu-Gly

was adjusted with NaOH to pH 6.8 to 7.2 before use. The test
was performed with n=5 based on the following sensory evaluation
scores: control (0 point) and glutathione addition (3 points).

Table 4 shows the results.

[0074]
Table 4
mi int Lt
Sample Concentratio . Kokuml intensity .
n (g/dl) Initial and Aftertaste Evaluation Comments
middle taste
Contrel - G 0 -
Thickness, growth, and
vGElu-Cys-Gly 0.1 3.0 3.0 continuity are
‘ enhanced.
A slightly weaker but
3 comparable effect is
yGiu-Cys 0.1 2.0 2.0 exhibited compared with
v-Glu-Cys-Gly.
Thickness and growth are
. enhanced mainly in
yGlu-val .2 3.0 1.0 initial and middle
taste.
yvGlu-Val-Gly 0.1 * * *
Thickness and
- continuity are mainly
- -G 1 .
yGlu-Val-Gly _ .02 3.0 3.0 enhanced. The whole
taste 1s enhanced.

« Unmeasurable: kokumi-impartingactivity is toostrongtomeasure

by sensory evaluation.

[6075] [Reference Example 15] Kokumi~imparting activity of
peptide to be used in present invention

A peptide in which a caléﬁum receptor—-activating effect
wasfoundwasexaminedforitskokumi-impartingactivityintensity,
by a guantitative sensory evaluation test.
[0076] The gquantitative sensory evaluation test was
performed as follows. To distilled water containing sodium
glutamate {(0.05 g/dld, inosine monophosphate (0.05 g/dl), and
sodium chloride (0.5 g/dl), each of y=Glu-Cys-Gly (glutathione),
v—GluWAbu—Gly,andymGlu~Val—GlywasndxedasaSampleinanamouﬁt.
of 0.1 g/dl or 0.01 g/dl, and the intensity of kokumi-imparting
activity was measured. It should be noted that a sample, which

became acidic after the sample had been dissolved, was adjusted
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0.01 4.7 4.3 Fat-like richness with sweettasteispresentin initialtasteandmiddle taste. Growthexistsin the
whole taste. [0082][Example 3] Low-fat cow milk (II) A peptide in which a calcium
receptor-activating effect and a kokumi-imparting activity were found, and cinacalcet which is known to
have a calcium receptor-activating effect were examined for their intensities of imparting fat-like
richness to low-fat cow milk by a quiantitative sensory evaluation test. The quantitative sensory
evaluation test was performed as follows. Each of y-Glu-Val-Gly and cinacalcet was mixed with
commercially-available low-fat cow milk (non-fat milk solids content: 8.6% or more, milk fat content:
1.5%) ata eancentration qf 9.00001cte T gl anttthe intersity ohimpasting fad-dike eickivessadas |
measured. It.should be noted that.each sample ' i - ilk.a sample,
the pH of %ﬁlclﬁ_v&as 8\,?,&%8 ,nv%}se;}i uls ed \EI-VIgtH ﬁl% V%%Sgg) t%séptgtﬁgang%%g%gg%% vr}\%tbrtﬂ%@scgéct to the
pH of thellowefarmilk fred of asamigidone e s&nsory Jcoreddrthtiike rigAre's? ahdSMdsthness
was defingd as fallows; control (free of sample): 0 point; strong: 3 points; and very strong: 5 points.
Then, the test was performed with n=12. The taste-improving aOtivity was widely exhibited at the
above-mehtidhed addition concentrations. Table 8 shows the results at typical concentrations. As clear
from Tahlet8} & was confirmed that cinacalcet imparted fat-like richness and smoothness to the low-fat

cow MilK Wihatka conwp%rrgcpéen concentration ko paluValeGhy. t{0083] Sample Concentration (g/dl)
Fat-like richness Smopt ness kva uatioﬁ@@rirﬁhents@o’ngrgertaste Evaluation Comments
i middle taste
Control ~ 0 0 -
Thickness, growth, and
yGEiu~Cys-Gly 0.1 3.0 3.0 continuity are
enhanced.
Thickness and growth are
5 5 enhanced mainly in
yGlu-Abu-Gly 0.01 3.0 . initial and middle
taste.
Thickness and
continuity are mainly
yGlu~Val-Gly 0.01 . 3.0 3.0 enhanced. The whole
taste is enhanced.
(0078 [Example 1] Low-fat cow milk (I)

A peptide in which a calcium receptor-activating effect
and a kokumi-imparting activity were found was examined for its
intensity of imparting fat-like richness to low-fat cow milk by
a quantitative sensory evaluation test.

The quantitative senscry evaluation test was performed as
follows. Each of y~Glu-Cys-Gly {glutathione), y-Glu-Val-Gly,
and y~=Glu~Abu-Gly was mixed with commerciailymav'ailable low-fat

~cow milk (non-fat milk solids content: 8.6% or more, milk fat
content: 1.5%) at a conéentration of 0.00001 to 1 g/dl, and the
intensity of imparting fat-like richness was measured.

It should be noted that each peptide was dissolved in low~fat
milk, and then a sample, the pH of which was lowered, was adjusted
with NaOH so that the pH might be #0.2 with respect to the pH
of the low-fat milk free of peptide. '

The sensory score for fat-like richness and smoothness was
defined as follows: control (free of peptide): O point; strong:

3 points; and very strong: 5 points. Then, the test was performed
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- 00 - yGlu-Val-Gly 0.001 4.5 4.0 Taste is enhanced in middle taste and aftertaste,and strong taste is

achieved. Cinacalcet 0.0001 1.3 1.7 Lasting is present in aftertaste. Cinacalcet 0.001 4.0 4.2
Thickness and lasting aftertaste are present.

with n=12. The taste-improving activity was widely exhibited
a2t the above-mentioned addition concentrations. Table © shows
the results at typical concentrations. As clear from Table 6,
it was confirmed that the peptide of the present invention imparted
fat-like richness and smoothness to low-fat cow milk at a lower

concentration than glutathione.

[007%]
Table 6
Sample £ i U Fat-1i
P Concentration at Llxe Smoothness | Evaluation Comments
{g/dl) richness
Control - 0 0 -
| Growth exists in the
yGlu-Cys-Gly 9.01 2.5 3.0 whole taste.
' Taste is enhanced in
yGlu-vVal~Gly 0.0001 2.5 2.3 middle taste and
aftertaste.
Taste is enhanced in
middle taste. and
- - 1 F .
vGlu-val-Gly 6.001 feo 4.0 aftertaste, and strong
taste is achieved.
Harmony and growth exist
— —_ 7
yGlu-Abu-Gly .00 2.3 3.0 in the whole taste.
Harmony and growth exist
—Abu~0 G. 4, 4. . :
yGlu-Apu-Gly 0.01 3 f 0 in the whole taste.
[0080] [Example 2] Low-calcrie Inaydnnaise (low~calorie
salad creamy dressing) (1)

A peptide in which a calcium receptor-activating effect
and a kokumi-imparting activity were found was examined for its
intensity of imparting fat-like richness to low-calorie
mayonnaise by a guantitative sensory evaluation test.

_ In the same manner as that in Example 1 except tﬁat
commercially-available low-calorie mayonnaise {having a fat
content reduced by 50% compared with a normal product) was used
instead of low-fat cow milk, each peptide was measured for its
fat-like richness-imparting intensity.

Each peptide widely exhibited a taste-improving activity
at various concentrations. Table 7 shows the results at typical
concentrations. As clear from Table 7, it waé confirmed that
the peptide of the present invention imparted fat-like richness

and smoothness to the low-calorie mayonnaise at a lower
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[0084][Example 4] Low-calorie mayonnaise (low-calorie salad creamy dressing) (II) A peptide in
which a calcium receptor-activating effect and a kokumi-imparting activity were found, and cinacalcet
yvhich is known to have a calcium receptor-activating effect were examined for their intensities of
imparting fat-like richness to low-calorie mayonnaise by a quantitative sensory evaluation test. In
the same manner as that in Example 2, each sample was measured for its intensity of imparting
fat-like richness. Each sample widely exhibited a taste-improving activity at various
congentrations. Table 9 shows the results at typical concentrations. As clear from Table 9, it was
confirmed thatthe %@@Ic@}l@p%@ggaﬂi}@d&@ness and smoothness to the low-calorie mayonnaise
at a comparable concentration to y-Glu-Val-Gly. [0085] Sample Concentration (d/di) Fat-like richness
SmootHitEs8 Bvaluation Comments Control 0 0 yGlu-Val-Gly

Table 7

Sample Concentration Fat-like
{g/dl) richness
Control - 0 0 -

Fat-like richness with
sweet taste 1s achieved.
Milky flavor is
enhanced.

Taste is enhanced in
middle taste and
aftertaste, and lasting
taste is present.
Taste is enhanced in
middle taste and
aftertaste, and lasting
taste is present.
Strong harmony 1is
achieved. :
Fat~1ike richness with
sweet taste ispresent in
initial taste andmiddle
taste.

Fat-like richness with
) sweetr taste Lspresent in
yGlu-Abu-Gly L 0.01 4.1 4.3 initial taste andmiddle
taste. Growthexistsin
the whole taste.

Smoothness | Evaluation Comments

B

vGiu~-Cys~-Gly .01 3.5 3.0

yGiu-val-Gly 0.6001 3.0 3.0

vGlu-Val-Gly 0.001 4.8 4.5

yGlu-Abu-Gly 0.001 3.2 3.0

rogszl - [Example 3] Low-fat cow milk {(II)

A peptide in which a calcium receptor-activating effect
and a kokumi-inmparting activity were found, and cinacalcet which
isknowﬁtohaveacalciumreceptor—activatingeffectwereexamined
for their intensities of imparting fat-like richness to low-fat
cow milk by a guantitative sensory evaluation test.

The quantitative sensory evaluation test was performed as
follows. Each of y-Glu-vVal-Gly and cinacalcet was mixed with
commercially-available low~fat cow milk (non-fat milk solids
content: 8.6% orinore, milk fat content: 1.5%) at a concentration
of 0.00001 to 1 g/dl, and the intensity of imparting fat-like
richness was measured.

Itshouldkxanotedthateachsampiewasdissolvediniow~fat
milk,andtheneaéample,thezﬁiofwhichwaslowered,wasadjusted

with NaOH sc that the pH might be *0.2 with respect to the pH
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0.001 4.8 4.5 Taste is enhanced in middle taste and aftertaste, and lasting taste is present. Harmony
is strong. Cinacalcet 0.0001 1.8 2.5 Lasting is present in aftertaste. Cinacalcet 0.001 4.3 4.8 Thickness
and lasting aftertaste are present. [0086][Example 5] Low-fat yogurt A peptide in which a calcium
receptor-activating effect and a kokumi-imparting activity were found, and cinacalcet which is known to
have a calcium receptor-activating effect were examined for their intensities of imparting fat-like
richness to low-fat yogurt by using a quantitative sensory evaluation test. The quantitative sensory
evaluation test was performed as follows. Each of y-Glu-Val-Gly and cinacalcet was mixed with
commesgialiynavailahle daw-fat yogurt(@endat milkssolidscontent: 10.0%, milk fat content: 1.0%) at a
concentration o&g? 00001 to 1 %Jdg.r and thedntensity, of imparting fat:like sighnessiwvasmeasured.

It should be noted That after eac sample was dissolved in low-fat yo_gu(st, and a s_am%Ie, the pH of
which wizsflowered: wapadjasted WiePRNAOH Sd tHat i pBamighthe 02 Rithtedpédt 16'te pH of the
low-fat milk.freg of.a.sample:-, = Fhe gensasy seare for fatdike rictmesssand smpethhesswads defined
as follows: control (free of sample): 0 point; strong; 3 paints; and very strong; SpQints; Ther.the test
was pe?’fér‘?ﬁ’e&v“?ﬁ h=12"R tggtse%‘lr%p%cr)n\ﬁr%gogétf\l/gﬂy E\j}v%a%slexﬁi 5|('[O|ed‘in a V\j/Lide ra§nge of the
above-mentiored: additomeondentrator s dRdbie 10 SABRE e Fdshits &t typicat Enlefitralichs. As

clear from Taple.19.itwas copfinned that ginasaleatans s GludkalGly each impaited fat-like richness
andSn?gtJgﬁsggggiﬁygguggggq:inacalcet imparted fat-like richness and
smoothness to the low-fat cow milk with at. a comparable

concentration to y-Glu-Val-Gly.

[0083]
Table 8
Sample Concentration | Fat-like o . iyrhess|Evaluation Comments
{g/dl) richness
- Control - 0 G .

Taste is enhanced in
middle taste and
yGlu-Val-Gly 0.001 4.5 4.0 aftertaste, and strong
taste is achieved.
Lasting is present in

Cinacalcet 0.0G601 1.3 1.7 sftertaste.
. 5 Thickness and lasting
Cinacalcet 6.00% 4.0 4. aftertaste are present.

roocg4! [Example 4] Low-calorie mayonnaise (low-calcrie
salad creamy dressing) (II)

A peptide in which a calcium recepﬁor—activating effect
and a kokumi-imparting activity were found, and cinacalcet which
isknowntohaveacalciumreceptor—activatingeffectwereexamined
for their intensities of imparting Tfat-like: richness to
low—caloriemayonnaisebyiiquantitativesensoryevaluationtest.

Trn the same manner as that in Example 2, esach sample was
measured for its intensity of imparting fat-like richness.

Fach sample widely exhibited a taste-improving activity
a2t various concentrations. Table 9 shows the results at typical
concentrations. As clear from Table 9, 1t was confirmed that
the cinacalcet imparted fat-like richness and smcothness to the

low-calorie mayonnaise at & comparable concentration to

vy-Glu-Val-Gly.
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at a similar concentration. [0087] Sample Concentration (g/dl) Fat-like richness Smoothness

Evaluation Comments Control - 0 0 yGlu-Val-Gly 0.001 4.5 4.0 Taste is enhanced in middle taste and
aftertaste,and strong taste is achieved. Cinacalcet

[0085]
Table 8
Sample Concentration F?tmllke Smoothness | Evaluation Comments
{g/dl} richness
Control - 0 0 -
Taste is enhanced in
middle taste and
vGilu-Val-Gly 0.001 4.8 4.5 afrertaste, and lasting
taste 1s present.
Harmony is strong.
Cinacalcet 0.0001 1.8 2.5 Lasting is present 1n
aftertaste.
!Th_‘c\ 1 N
Cinacalcet G.0C1 4.3 4.8 . Knesi and lasting
| aftertaste are present. |
[608¢] (Example 5] Low-fat yogurt

A peptide in which a calcium receptor-activating effect
and a kokumi-imparting activity were found, and cinacalcet which
isknowntohaveacalciumreceptorwactivatingeffectwereexamined
for theif intensities of imparting fat-like richness to low~fat
yogurt b& using a quantitative sensory evaluation test.

The guantitative sensory evaluation test was performed as
follows. Bach of y-Glu-Val-Gly and cinacalcet was mixed with
commercially-available low-fat yogurt
10.0%, 1.0%)
0.00DOltoiLg/dl,andtheintensityofjﬂ@artingfat¥1ikerichness

(non-fat milk solids
content: milk fat content: at a concentration of
was measured.

Itfshould he noted that after each sample was dissolved
in low-fat yogurt, and a sample, the pH of which was lowered,
was adjuéted with NaOH so that the pH might be 0.2 with respect
to the pH of the low-fat milk free of a sample.

The sensory score for fat—-like richness and smoothness was
defined as follows: control (free of sample}: O point; strong:
3 points; and very strong: 5 points.
with n=12.

range of the above-mentioned addition concentrations. Table 10

Thern, the test was performed
A taste-improving activity was exhibited in a wide
shows the results at typical concentrations. As clear fromTable
10, it was confirmed that cinacalcet and y-Glu-Val~Gly each

imparted fat-like richness and smoothness to the low-fat yogurt
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0.0001 1.5 2.0 Lasting is present in aftertaste. Cinacalcet 0.001 4.0 4.5 Lasting is present in aftertaste.
Industrial Applicability [0088]The low-fat food containing the compound, preferably the amino acid or
the peptide , having a calcium receptor-activating effect of the present invention is excellent in taste, in
particular, fat-like richness and smoothness, and hence, can be widely utilized for a dairy product, an
emulsified food, and the like. The compound having a calcium receptor-activating effect may also be
utilized as a taste improving agent which is added to a low-fat food for imparting fat-like richness to a
taste of the low-fat food. What is claimed is: 1. A low-fat food comprising:

=2t a similar cecncentration.

(00871
Table 10
Sample Conceffration F?tflike Smoothness | Evaluation Comments
{g/dl) richness
trol - Q 0 - .
SOREES Taste is enhanced in
middle taste and
vGlu-val-Gly 0.001 4.5 4.0 aftertaste, and strong
taste is achieved.
: 5 5 Lasting is present in
Cinacalcet 0.0001 1.5 . aftertaste.
5 Lasting is present in
Cinacalcet 0.001 4.0 q, aftertaste.
Industrial Applicabillity
[0088] The low-fat food containing the compound, preferably

theaminoacidorthepeptide,havingacalciumxeceptor—activating
effect of the present invention is excellent in taste, in
particular, fat-like richness and,smoothnéss, and herce, can be
widely utilized for a dairy product, an emulsified food, and the
like. The compound having a calcium receptor-activating effect
may also be utilized as a taste improving agent which is added
+0 a low-fat food for imparting fat-like richness to a taste of

the lcow-fat food.
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a compound which is able to activate a calcium receptor, wherein the concentration of said compound
in said food is 1 ppb to 99.9% by weight, and wherein the compound is selected from the group
consisting of y-Glu-X-Gly, and y-Glu-Val-Y, wherein X is selected from the group consisting of Gly,
Abu, t-Leu, Cle, Aib, Pen, and Ser, and Y is selected from the group consisting of Gly, Val, Glu, Lys,
Phe, Ser, Pro, Arg, Asp, Met, Thr, His, On, Asn, Cys, GlyA, Lack and Gin. 2. A low-fat food
comprising: a compound which is able to activate a calcium receptor, wherein the concentration of said
compound._in said flood is.1 ppb to 99.9% by weight, wherein the compound is selected from the group
consisting'%ﬁﬁ-@ﬁ?éff}‘and y-Glu-Abu-Gly. 3. The food according to claim 1, wherein the
concentration of said compound.in said food is 10 ppb to 10% by weight in the food. 4. The food
according to SIARR- IS EFPINE B8 centration of said compound in said food is 1 ppm to 1% by
weight in the food. 5. The food according to claim 2, wherein the concentration of said compound in
said food i8 ORI PAU6HI wllg e ifFthatod FAlE U MhEtBl a BT Hiig RS CRIFTTANMR N the
concentratimohosgidredmpetiddindid ferdutis 9 Hhnbroveielly sndighelivithé eosanpyurhe low-fat food
according teletash kowhereigrihe lowdatifgodfis/selecte@lrommthe-Gilotpatonsistingiof & dairy product,
a food compyigirg aoimal-oirans dahsadagd coRprsngegeaile O and fahape améenuisified food.
40 Low-Fat FoadhARSHAEE oo TRk HR0H eamRrisingn@n aaning.asid oF:8, peptidehaving an effect of
activating arﬁglﬁghus receptor C&ﬁiyz%&k&%%ﬁﬁ( represents an amino acid or an amino acid
derivative), y-G u-VaW%\/‘FES}Hrése ts’an amino acid or an amino acid derivative), y-Glu-Ala,
y-Glu-Gly, y-Glu-Cys, y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly, Cys-Met,
GIu-Cys,G%—%fgm'ﬁf-%é%,ﬁ-@%%l}%Iu-Met(O),y-GIu-y-GIu-VaI, y-Glu-Val-NH2, y-Glu-Val-ol,
y-Glu-Ser, y-Glu-Tau, y-Glu-Cys(S-Me)(0), y-Glu-Leu, y-Glu-lle, y-Glu-t-Leu, y-Glu-Cys(S-Me), etc. No
suitable figﬁr%)’?tpggéo‘é‘l\?&l? 185 R ELT6:2 Af 6%f8°€%t9flnééhe<rf§b_£ ?_8%1?8?%’ <130>
0904-08047aid compound in said food is 1 ppb to 99.9% by weight, wherein the compound is

selected from the group consisting of y-Glu-Val-Gly and y-Glu-Abu-Gly.

3. The food according to claim 1, wherein the concentration of said compound in said
food is 10 ppb to 10% by weight in the food.

4. The food according to claim 1, wherein the concentration of said compound in said
food is 1 ppm to 1% by weight in the food.

5. The food according to claim 2, wherein the concentration of said compound m said
food is 10 ppb to 10% by weight in the food.

6. The food according to claim 2, wherein the concentration of said compound m said
food 1s 1 ppm to 1% by weight in the food.

7. The low-fat food according to claim 1, wherein the low-fat food is selected from the
group consisting of a dairy product, a food comprising animal oil and fat, a food
comprising vegetable oil and fat, and an emulsified food.
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<150> JP2007-123769 <151> 2007-05-08 <160> 2 <170> Patentln version 3.1 <210> 1 <211> 49
<212> DNA <213> Artificial <220> <223> hCASR_N primer <400> 1 actaatacga ctcactatag
ggaccatggc attttatagc tgctgetgg49 <210> 2 <211> 29 <212> DNA <213> Atrtificial <220> <223>
hCASR_C primer <400> 2 ttatgaattc actacgtttt c gﬂaacagZQ

Low.Fat Food

Abstract

A low-fat food comprising an amino acid or a peptide having
an effeét of activating a calcium receptor such as y~Glu-X-Gly
(X represents an amino acid or an amino acid derivative),
y=Glu-Val-Y (Y represents an amino acid or an amino acid
dexivative), y-Glu-Ala, y-Glu-Gly, y—Glu~CyS, y-Glu-Met,
y=Glu-Thr, y-Glu-val, y-Glu-Orn, Asp-Gly, Cys-Gly, Cys-Met,
Glu“Cys,Gly—Cys,Leu—Asp,DmCys,ymGlu“Met(O),Y*Gluvwalu—Val,
waiu—ValmNHE, y-Gilu-val-ol, y-Glu-Ser, y-Glu-Tau, '
y-Glu-Cys {5-Me) (0), y-Glu-Leu, y~Glu~-Ile, y-Glu-t-Leu,
y—Glu~Cyé{S—Me), eftC.

No suitable figure
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SEQUENCE LISTING

10> Ajinomoto Co.. Inec.
<120> Low-fat food

<130>  C904-C8047

180> JP2007-123769
151> 2007-05-08

60> 2

170> Patentin version 3.1
L2100

<211> 49

212> DNA

<213> Artificial

{2207

223> hCASR_N primer
<400> 1

actaatacga ctcactatag ggaccatgge attttatage tgotgciee 49
216> 2

Q211> 29

212> DNA

213> Artificial

20>

{223> hGASR_C primer
<400> 2

ttatgaattc actacgttit ctgtaacag 29



